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Specific shoot formation in Miscanthus sacchariflorus (Poaceae)
under different environmental factors and DNA passportization
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Abstract. The generic complex Miscanthus Anderss. (Poaceae) is a unique example among herbaceous plants charac-
terized by high values of growth of aboveground vegetative mass and practical use as a valuable source of alternative
energy. Miscanthus is one of the most efficient solar energy accumulators, and since phytomeliorative use implies the
cultivation of these resource plants in inconvenient and semi-shady areas, the question about the effect of insufficient
lighting on the productivity of Miscanthus arises. As a result of a long-lasing introduction effort, the Central Siberian
Botanical Garden SB RAS created a population of Miscanthus sacchariflorus (Maxim.) Benth., which has good prospects
for growing under the conditions of the forest-steppe area in Western Siberia. The goals of our study were: (1) to deter-
mine the peculiarities of shoot formation, (2) to assess the cellulose and lignin accumulation in M. sacchariflorus popu-
lations under different lighting conditions and (3) to perform a DNA passportization of the Miscanthus population by
ISSR marking. Evaluation of shoot formation and the amount of accumulated cellulose and lignin in plants was carried
out under different degrees of illumination: one variant was grown in a sunny area, and the other, in partial shade. As
a result of analysis of variance, it was found that the number of shoots does not depend on environmental conditions,
but on the age of the plant, while environmental conditions have a significant effect on plant height. Although the
samples of both M. sacchariflorus variants were characterized by different rates of creation of a continuous projective
cover, plants in semi-shaded areas formed up to 89.34 % of shoots compared to their peers in illuminated areas, which
did not affect significantly the size of the aboveground mass and the cellulose content in it. As a result of ISSR-analysis
of genomic DNA in the M. sacchariflorus population, unique molecular polymorphic fragments were identified, which
can be used for identification and DNA passportization at the inter-population level. Thus, the complex use of M. sac-
chariflorus as a valuable meliorative and bioenergetic culture is due to the high adaptive potential of this species. It was
found that the illumination factor has virtually no effect on the amount of the cellulose content in the shoot, and a re-
duced content of the technologically undesirable lignin was observed in plants growing in the partial shade conditions.
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AHHoOTaLUA. YHVKaNIbHbIM NPUMEPOM TPABAHUCTBIX PACTEHUI, XapaKTepr3YOLNXCA BbICOKUMU 3HaYeHMsAIMY HapacTa-
HVA Hafj3eMHOI BereTaTMBHOMN MacChl 1 NMPAKTUYECKM NPYIMEHEHNEM B KauecTBe NCTOYHMKA anbTepHATMBHOMN SHep-
reTuKkm, ABNAEeTCA pofoBoin komnnekc Miscanthus Anderss. (Poaceae). MMcKaHTyC OTHOCUTCA K umMciy Hambonee 3¢-
bEKTUBHBIX aKKyMyIATOPOB COMTHEYHON SHEPTN, 1 MOCKONbKY GYTOMENMOPATUBHOE MCMOb30BaHME Nogpa3yMeBaeT
BblpalUMBaHNE STUX PECYPCHBIX BUAOB Ha Hey[06bAX 1N MOMYTEHNCTLIX yYacTKax, TO BCTAET BOMPOC O BAUAHWMN HeLo-
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OcobeHHocTy noberoobpasosaHua B nonynauyuax Miscanthus
sacchariflorus n nacnopTnsayms ¢ nomouybto ISSR-mapkepos

CTaTOYHOrO OCBeLLeHVA Ha NoKa3aTeny NPoAyKTMBHOCT MUCKaHTYca. B pesynbTtaTe AnvuTenbHON MHTPOAYKUMK B LieHT-
panbHOM cnbrpckom 6oTaHnYeckom cagy CO PAH cosgaHa nepcneKkTvBHas Ans ycioBuin necoctenu 3anagHor Cnbrpu
nonynsauua Miscanthus sacchariflorus (Maxim.) Benth. Llenbto faHHOro uccnefosaHua 6bi10 M3yyeHne 0Co6eHHOCTEN
noberoo6pasoBaHyiA, OLEHKa Liefonosbl U IMFrHMHA B nonynauuax M. sacchariflorus npy pasnnyHbiX yCNoBrAX OCBe-
LEeHHOCTI 1 MacnopTn3aumna NepcnekTMBHON nonynaummn ¢ nomollbio ISSR-mapknpoB. OueHka no6eroobpasoBaHua 1
KONMYeCTBa HaKananBaemowm Liesiiioio3bl U IMTHKHA Y PacTeHWI NPOBOAMIACh B 3aBUCMMOCTM OT OCBELLEHHOCTY (0AMH
BapUWaHT BblpaLLMBasICA Ha CONTHEYHOM YYacTKe, a APYron — B NONyTeHN). B pe3ynbtaTe ANCNEPCMOHHOrO aHanm3a ycra-
HOBJEHO, UTO YMC/O MOBErOB 3aBUCUT HE OT SKOIOrMYECKUX YCIIOBUIA, @ OT BO3pacTa pacTeHNs, B TO BPeMA Kak Ha BbICO-
Ty pacTeHUIA CYLLEeCTBEHHO BO3AENCTBYIOT IKONOrMYecKme ycnosus. HecMoTpa Ha To UTo Ans 06pa3LoB 06omx BapraH-
ToB M. sacchariflorus 6bina xapakTepHa pasfnyHas CKOPOCTb CO34aHNA CMIOWHOMO NPOEKTUBHOIO MOKPbITAA, pacTeHMUsA
Ha NoyTeHNCTbIX yYacTKax 06pa3oBbiBanm Ao 89.34 % noberos B CpaBHEHUN C PACTEHMAMU Ha OCBELLEHHbIX yYacTKaXx,
YTO He OKas3blBasio CYLLEeCTBEHHOTO BVAHUA Ha BENUYMHY Hafj3eMHOWM MacCbl U cofiepKaHne B Hell Lienono3bl. B pe-
3ynbTate anekTpodopesa reHomHon AHK B nonynsuun M. sacchariflorus npy amnnuéoukaumm ¢ natoto ISSR-npaiimepamm
BbIAABNEHbI YHUKAJIbHblE MOMEKYISIPHbIE MONMMOPPHbIE GparMeHTbl, KOTOPbIE ObINN MPUMEHEHbI 1A NAEHTUMKaLMK 1
nacnopTu3auum jaHHON nonynaumin. Takum 06pa3om, KOMNIEKCHOEe ncnonb3oBaHue M. sacchariflorus B kauectse cpefo-
ynyyLatowiel 1 GrosHepreTnyecko KynsTypbl 06yCIOBAEHO BbICOKMM afanTyBHbLIM NOoTeHUManom suga. O6HapyXeHo,
41O haKTOP OCBELLEHHOCTV NPAKTUYECKM He BANAET Ha KOJIMYECTBO LieNsTiono3bl B cTebrie, a NOHMKEHHOE coflepKaHne
TEXHOJIOTUYECKM HEXENaTeSIbHOTO KOMMOHEHTa, IMTHMHA, OTMEYEHO MPU BbipalyMBaHUN B YCIOBUAX NMOMYTEHN.

KnioueBble cnosa: pog Miscanthus; 61osHepreTvKa; Lennonosa; NMUrHnH; noberoobpasoBaHue; nacnoptusauus; ISSR-

MapKepbl.

Introduction

Over the past two decades, species of the genus Miscanthus,
also known as elephant grass, have become one of the plant
objects that are practically inexhaustible sources of renewable
raw materials for the production of glucose, which is a basic
product for many developments in the field of alternative
energy (Slynko et al., 2013). Miscanthus is one of the most
efficient solar energy accumulators on the planet (Dohleman,
Long, 2009). According to physiological researches, Miscan-
thus species have high productivity potential. The production
of up to 40 tons of dry biomass per hectare is associated with
the C, type of photosynthesis, which is characteristic for these
species. Unlike most traditionally cultivated C, plants, such
as sugarcane and corn, Miscanthus is able to maintain a high
rate of photosynthesis even under relatively low temperatures
(Naidu et al., 2003; Anisimov et al., 2016). This explains the
high productivity of this grass grown in more severe than
natural climatic conditions for the purpose of economic use
as a technical (bioenergetic) crop in the forest-steppes of
Western Siberia. Phytomeliorative use implies the cultivation
of a resource species in inconvenient and semi-shady areas.
In particular, this also applies to M. sacchariflorus plants
for photosynthesis, which requires a significant influx of
photosynthetically active radiation. There is almost no data
concerned with M. sacchariflorus usage as resource plants
in semi-shady areas.

Currently, the problem of genetic identification of wild plant
species and their populations is extremely urgent and is at the
initial stage of development, although genetic passportization
is believed to be an important stage required for registration
and certification of new varieties (Kalayev et al., 2012).

The basis of selecting forms or varieties for the purpose of
genetic passportization is to mark genetically determined char-
acteristics using molecular methods. Some protein molecules
like storage proteins or isozymes, or specific DNA loci can
be used as molecular markers (Naeem et al., 2014; Chelyust-
nikova et al., 2019). Passportization of varieties and hybrids
of many agricultural plants and crops was carried out using
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ISSR and IRAP markers (Sukhareva, Kuluev, 2018), as well
as molecular certification of rare and endemic plant species
and their natural populations like two species of Adonis,
A. vernalis and A. sibirica (Boronnikova, 2009). On the basis
of this technique, I.V. Boboshina, S.V. Boronnikova received
a patent for the invention “Method of molecular-genetic iden-
tification of woody plant species populations” (Boboshina,
Boronnikova, 2014). To identify raw materials of medicinal
plants by roots or other plant tissues, DNA and chemical
markers are used, since they are not tissue-specific and have
a high resolution power and accuracy (Wallinger et al., 2012;
Ganiea et al., 2015). However, we found no literature data
on the molecular certification of promising populations and
varieties of Miscanthus.

Consequently, the goals of the present study were: (1) to
determine the specific shoot formation in M. sacchariflorus
populations under different environment conditions, (2) to as-
sess the cellulose and lignin accumulation in various lighting
conditions and (3) DNA passportization of M. sacchariflorus
population by ISSR marking.

Materials and methods
The experimental plots of the Central Siberian Botanical
Garden (CSBG SB RAS, Novosibirsk, Russia) are located in
the forest-steppe part of Western Siberia, which belongs to the
IV lighting zone and, in terms of the total number of hours of
sunshine, it is close to Krasnodar and Yalta. The object of the
study was a selective population of M. sacchariflorus, iden-
tified as a result of many years of introduction experiments,
which was formed from material collected in the Khasansky
district of Primorsky Krai. One sample from this population
was grown in partial shade (sample 1), and the other sample
(sample 2) was grown in an open, well-lit area. The control
(sample 3) was the introduction population of M. sacchariflo-
rus, from which selections were made to study the features
of shoot formation..

Experimental individuals were planted in 2017 on plots
2x2 m in size in four replicates. Sample 1 was placed in the
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penumbra (factor A,), and sample 2 — in an open, well-lit
place (factor A,). On the plots, 1 rhizome (rhizome piece)
with 5 shoots was planted in each of the staggered 16 holes
(4 luns/m?). Thus, the total number of shoots during planting
was 20 shoots/m?2. Sample 3 (control) represented a continuous
perennial clump located in an illuminated place. In autumn,
at the end of the vegetation season, we carried out continuous
pruning of the plants, leaving the height of the shoots 15 cm
from the soil level.

Subsequently, at the end of the growing seasons, the number
of shoots was counted for the plants generated from rhizomes:
for 2-year-old plants in 2018 (factor B), and for 3-year-old
plants in 2019 (factor B, ). The results of the two-factor experi-
ment were processed by the method of variance described by
Dospekhov (1985).

The dynamics of growth and shooting of M. sacchariflorus
was studied by the method of phenological observations, car-
rying out biometric measurements and counting the number
of shoots formed during three growing seasons.

The chemical composition was studied in 2019 in the aerial
part of the Miscanthus, cut off at a distance of 10—15 cm from
the ground. Before performing the chemical analysis, the raw
material was dried in air to minimize the moisture content
(less or equal 8 %) and grinded up to a size of 5—10 mm. The
chemical composition of plant materials was determined by
standard analytical methods using the equipment of the Biysk
Regional Center for Collective Use (Institute for Problems of
Chemical and Energetic Technologies SB RAS, Biysk, Rus-
sia). The determination of the mass fraction of cellulose was
carried out using the Kurschner method (in terms of absolutely
dry raw material — a.d.m.), with the determination of the mass
fraction of acid-insoluble lignin (a.d.m.), the mass fraction of
pentosans (a.d.m.), ash content (a.d.m.), the mass fraction of
extractives — fatty wax fraction (FWF) (extractant — dichloro-
methane, a.d.m.), according to the standard analysis of plant
raw materials (Obolenskaya et al., 1991).

Extraction of genomic DNA from dried leaves was per-
formed by the CTAB method (Doyle J.J., Doyle J.L., 1990).
DNA concentration was determined spectrophotometrically
using a BioSpectrometer kinetic and a pCuvette G1.0 mi-
crocuvette (Eppendorf, Germany).

For molecular analysis of populations, 16 ISSR (inter simple
sequence repeats) oligonucleotides (primers) were tested.
The most polymorphic five oligonucleotides were selected
to obtain molecular genetic formulas (Table 1).

PCR was carried out under the following conditions:
(1) DNA denaturation: 90 s at 94 °C; (2) 35 amplification
cycles: 40 s at 94 °C, 45 s at 41-56 °C (primer annealing) and
90 s at 72 °C; (3) elongation: 5 min at 72 °C. The PCR mixture
with a volume of 25 pL consisted of 2.7 mM MgCl,, 1.25 mM
primer, 0.4 mM dNTPs, 2.5 pLL 10x PCR buffer, 1 unit of Taq
DNA polymerase and 20 ng genomic DNA. PCR was per-
formed on a Thermal Cycler C1000 amplifier (Bio-Rad, USA).
Electrophoretic analysis of ISSR-PCR products was carried
outin 1 % agarose gel. The amplified fragments were stained
with SYBR-Green (ThermoFischer Scientific). Visualization
and recording of the separated PCR fragments was carried out
using the Gel-Doc XR+ gel documentation system and the
ImageLab Software Imaging System (Bio-Rad).

Specific shoot formation in Miscanthus sacchariflorus
and DNA passportization using ISSR markers

Table 1. Characteristics of ISSR primers tested
and selected (in bold) for the study of genetic polymorphism
of M. sacchariflorus population

No. Nucleotide sequences, Temperature
5-3' of annealing, °C
..... 1 (CA)GGT42
2 ............. (CA)GGG ...................................................... 42 ..........................
3 ............. (CA)sAG ...................................................... 47 ..........................
4 ............. (CT)SGC ...................................................... 48 ..........................
5 ............. (CT)STG ....................................................... 51 ...........................
6 ............. (AC)BYG ....................................................... 55 ..........................
. 7 ............. (CT)BAC ....................................................... 48 ..........................
8 ............. (AC)BCG ....................................................... 47 ..........................
. 9 ............. (AG)wG ....................................................... 64 ..........................
10 ............. (CA)sRG ....................................................... 49 ..........................
11 ............. (CTC)SGC .................................................... 42 ..........................
12 ............. (CA)GAC ....................................................... 42 ..........................
13 ............. (CAC)3GC .................................................... 41 ...........................
14 ............. (GACA)4 ...................................................... 45 ..........................
15 ............. (GT)6GG ...................................................... 48 ..........................
16 ............. (GAA)6 ......................................................... 48 ..........................

Molecular genetic formulas for the passportization of the
M. sacchariflorus population were drawn up according to
the principle proposed by A.A. Novikova and co-authors
(Novikova et al., 2012). Statistical analysis was carried out
using the MS Excel program.

Results

Under experimental conditions, M. sacchariflorus plants
regrowth and further development was observed in the third
decade of May — first decade of June, 2018. No active growth
of the vegetative mass was noted in the third decade of May
since the air temperature did not exceed 9.6 °C (Fig. 1).
Starting from the second decade of June, with an increase in
temperature, the number of shoots rose due to active tillering
and intensive growth rates.

From the meteorological point of view, 2019 was favorable
for the elephant grass. The average temperature in May was
10.8 °C, which contributed to active vegetation. Further, in
plants with a well-developed and successfully overwintered
underground shoot system, an aboveground part was formed,
resembling a clearly polycentric biomorph: diasporas are
formed on the plagiotropic shoots of this species, at the mo-
ment of the appearance of their own root system they are fixed,
maintaining a connection with the mother plant.

In June, the temperature slowly increased without drops (see
Fig. 1), the tillering process took place from July (especially
during the period of maximum precipitation) to the beginning
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Fig. 1. Hydrothermal conditions of the growing seasons 2018-2019.
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Table 3. Results of the variance analysis

of a two-factor experiment studying the influence

of environmental conditions and the age of rhizomes
on the height of M. sacchariflorus plants

Lighting Age of Number of shoots, X Lighting Age of Height of plants, X
cONditions (A)  rhizomes (B) =i CONitions (A)  rhizomes (B) s
I Il i \Y I I i v
AO ........................... BO ........................ 83 ........ 120 .......... 80 ........ 88 ........... A O .......................... BO ........................ 965 ...... ”60 ...... 10781363 .....
B1 ...................... 228 ........ 260 ........ 275 ........ 320 ......... 31 ....................... 1155 ...... 1403 ...... 17231750 .....
A1 ............................ BO ........................ 68 .......... 83 ........ 150 ........ 143 ......... A 1 ........................... BO ...................... 1123 ...... 1385 ...... 12951303 .....
31 ...................... 205 ........ 293 ........ 283 ........ 563 ......... 31 ....................... 1390 ...... 1663 ...... 18201908 .....
Dispersion Sumof Freedom Medium Fg Fos Dispersion Sumof Freedom Medium Fg Fgs
squares level square squares level square
Common dlsper5|on I 2 55531 5 .............. _ ................ _ ......... _ ......... Com mon dlsperswn ........ 1 2 3944 1 5 .............. _ ................ _ .......... _ .......
Lighting conditions ()~ 697 1 697 10 475  Lightingconditions (&) 61622 1 61622 143 475
Ageofthizomes®) 16241 1 16241 227 475  Ageofrhizomes® 10401 1 10401 24 475
ABmteractlon .......................... 4 11 ....................... 41 .......... 01 ..... 475 ABmteractlon .......................... 2 761 ..................... 276 ......... 01 ..... 475
Remain (mistakes) 8574 12 715 -~ - Remain(miswkes) 51645 12 304 - -

of August. Plants in all variants formed a greater number of
shoots during the 2019 growing season than in 2018. In the
second half of August, the activity of the tillering process
correlated with the temperature and humidity level (22 mm of
precipitation — 33 % of the norm). Plants reduced the produc-
tivity of the vegetative mass and started generative processes.
At this time, active elongation of shoots was observed due to
the increase in a hollow peduncle, the formation of an upper
“flag” leaf and the appearance of panicle inflorescences, which
lead to growth of the vegetative mass of shoots.

To identify the effect of ecological conditions and plant
age on the shoot formation of M. sacchariflorus (in 2018
and 2019), a two-factor analysis of variance was carried out
(Tables 2 and 3). As can be seen from Table 2, the number
of formed shoots was significantly influenced by the age of

rhizomes (B); at the same time, the influences of environmen-
tal conditions (A) and the interaction of factors (AB) were
insignificant. The factor of ecological conditions (A) has an
influence on plant height (see Table 3), but the effects of the
age of rhizomes (B) and the interaction of factors (AB) were
insignificant.

Thus, as a result of a variance analysis (see Table 2, at
F=0.5), it was revealed that the factor of the age of rhizomes
(B 22.7>4.75) has a significant effect on the number of shoots,
but not the ecological conditions. Meanwhile, the height
of the plants largely depends on environmental conditions
(A 14.3 > 4.75), but not on the age (see Table 3).

The control population consisted of perennial plants located
in a well-lighted place. As is shown on Figure 2, there is
a little increase in the number of shoots in control plants that
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Fig. 2. Features of shoot formation of M. sacchariflorus specimens under
various ecological conditions.

Sample 1 - semi-shade area, sample 2 — well-lighted area, sample 3 (control) -
perennial plants.

have previously formed a dense curtain, and, on the contrary,
intensive shoot formation in young plants (initially represented
by rhizomes) at the 2nd and 3rd years of life. It was revealed
that M. sacchariflorus plants in semi-shady areas at 2 years
of age formed up to 89.34 % of shoots in comparison with
illuminated areas.

However, sample 1, which has grown in the shade, in
terms of the number of shoots developed during the second
(148 shoots) and third (433) years of life, lags behind sample 2
with 177 and 537 shoots, respectively. The effect of higher
illumination stimulates tillering in sample 2, which leads to
quick closing of separately located plants.

Less intense tillering was observed in sample 1 in the pe-
numbra; however, in this case, too, the projective vegetation
cover in the third year of experiment was quite high — from
65 to 75 %. Sample 3 has been growing in one place for more

Specific shoot formation in Miscanthus sacchariflorus
and DNA passportization using ISSR markers

than 15 years. It is noted that plants actively grew and deve-
loped annually, no degradation phenomena were observed. The
projective cover was over 70 %. However, the possibilities of
intensive shoot formation were practically exhausted, there-
fore, in 2019, the increase in the number of shoots compared
to 2018 was only 9.06 % (816 and 890 shoots). For sample 1
located in the semi-shade area, this increase was 192.57 %
(148 and 433), and for sample 2 located in the well-lighted
area —203.40 % (177 and 537).

Chemical analysis of these three samples, carried out on
the material of M. sacchariflorus in 2019, separately on the
stems (since the stem cellulose is valued higher) and leaves,
showed that the cellulose content in the penumbra (50.9 %)
was higher than in the illuminated area (50.1 %). Reduced (by
12 %) content of a technologically undesirable component
lignin was noted in the least economically valuable semi-
shady area (Table 4). This could be caused by the fact that
tissue differentiation of shoots, including lignification, occurs
more intensively in sufficient illumination.

The mass fraction of cellulose in the leaf regardless of the
light conditions (40.2 % in the partial shade area and 42.2 % in
the sunny area) is significantly lower than in the stem, which
is in good agreement with the previously obtained results
(Gismatulina et al., 2019). Similarly to the stem, the mass
fraction of lignin is 7.6 % lower in the partial shade area than
in the sunny area. The mass fractions of pentosans, FWF, and
ash are approximately at the same level both in the stem and in
the leaf, regardless of the lighting conditions of the plantation.

As a result of electrophoresis of PCR products of genomic
DNA in the M. sacchariflorus population obtained by am-
plification with five selected ISSR primers, a high genetic
polymorphism of the studied objects was found (Fig. 3).

Table 4. Chemical composition of three samples of M. sacchariflorus in 2019

Chemical and technological Sample 1, Sample 2, Sample 3 (control),

indicators Semi-shade area Well-lighted area perennial plants
..................................................................................................................... Stem
We.ghtg ............................................................. 3 39 ................................................. 2 95 ................................................. 2 94 ..............................................

Hum|d|ty% ........................................................ 5 7¢o1 .......................................... 5 3¢o1 .......................................... 5 7101 .......................................

ASh% ................................................................. 1911005 ..................................... 1601005 ..................................... 1431005 ..................................

|_. gnm% ............................................................. 187 101 ........................................ 2 13 101 ........................................ 2 55 i 01 .....................................

ce||u|ose accord. n g to KurSChne r% ................ 5 09 101 ........................................ 5 01i01 ........................................ 5 20 i 01 .....................................

pentosans% ...................................................... 2 32101 ........................................ 2 39101 ........................................ 2 21101 .....................................

FWF% ................................................................. 0 3101 .......................................... 19101 .......................................... 0 9101 .......................................
...................................................................................................................... Leaf
We.ghtg ............................................................. 130 ................................................. 134 ................................................. 1 34 ..............................................
Hum|d|ty% ........................................................ 9 3101 .......................................... 7 5101 .......................................... 7 5101 .......................................
Ash%474100543310054831005 ..................................
ngnm% ............................................................. 2 01101 ........................................ 2 17101 ........................................ 2 17101 .....................................
ce||u|oseaccordmgtoKurschner%402101422101422101 .....................................
pe n tosans % ...................................................... 2 38 101 ........................................ 2 33 101 ........................................ 2 33 i 01 .....................................
FWF% ................................................................. 19101 .......................................... 13101 .......................................... 18101 .......................................

Note. FWF - fatty wax fraction; the half-width of the confidence interval was determined at the significance level of 0.05.
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From one to four specific molecular markers (unique
PCR fragments) were identified (Table 5). As follows from
Table 5, the length of polymorphic fragments in ISSR analysis
ranged from 660 to 2000 bp. The identified unique molecular
polymorphic fragments representing sequences of a certain
length were selected for passportization of M. sacchariflorus
population.

Thus, taking into account the genetic formula proposed
by A.A. Novikova with co-authors for Rhododendron ca-
nadense (Novikova et al., 2012), the genetic formula for
the M. sacchariflorus population will be the following:
ISSR/(CA)6AG-925,980/(CT)8GC-600,690,780,940/
(CT)8TG-1060/(CT)8AC-690,800,1030,1390/
(AC)8YG-650,975,1470,2000.

Discussion

The study of the specificity of shoot formation in M. sac-
chariflorus introduced into CSBG under the conditions of
the continental climate of Western Siberia showed that early
generative development of plants is undesirable for growing
this species as a bioenergetic culture, since the accumulation
of biomass stops. It was found that this species has a rather
long period of active growth. It should be taken into account
that plants of M. sacchariflorus start growing only after the
air warms up to 25 °C. In experimental 3-year-old plants
the projective vegetation cover in triplicate varied from 70
to 80 %.

Based on the results of variance analysis we can conclude
that the number of shoots depends on the age of the plants and
the influence of environmental conditions, and the interaction
of'these factors on the number of shoots is insignificant. At the
same time, ecological conditions have a significant effect on
plant height and age, and the interaction of these factors prac-
tically do not affect plant height. In this regard, an important
issue in the study of the shoot formation of M. sacchariflorus
is the initiation of tillering period, which is associated either
with the beginning of the growth of lateral shoots in the zone
of shortened internodes (Langer, 1963; Smelov, 1966), or with
intensive growth of this zone (Dobrynin, 1969; Gorchakova,
2003).

It should be noted that the mass fraction in the stem of
the technologically significant component cellulose does not
change depending on the lightning conditions (50.9 % in
partial shade area and 50.1 % in the open area). At the same
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(CA)gAG (CT)gGC

7 M1 M2 1 M1 M2

Fig. 3. PCR-ISSR profile of M. sacchariflorus generated from amplification
with the primers (CA)4AG and (CT)gGC.

The track numbers correspond to the samples: 1 — M. sacchariflorus (No. 1),
M1 and M2 — molecular weight markers.

time, the mass fraction of lignin, which adversely affects
technological processes, was 12 % lower in the penumbra.

Thus, it was found that the adaptive potential of M. sac-
chariflorus, the high content of cellulose (52.04 %) with
a relatively low content of lignin (21.3 %) allows to suggest
the population as an environment-improving and bioenerge-
tic culture.

For genetic passportization of the population, five ISSR
markers were selected. Based on our studies and the results
obtained by other authors, we can conclude that ISSR primers
which have been used are polymorphic and can be recom-
mended for identifying other samples, populations and spe-
cies, as well as for composing genetic formulas and passports
for the genus Miscanthus (Boronnikova, 2009; Artyukhova
et al., 2011; Novikova et al., 2012; Lebedev et al., 2014).
I.A. Klimenko with co-authors carried out identification and
certification clover varieties using SSR and SRAP markers
and proposed a set of DNA markers (Klimenko et al., 2020).
The data obtained using DNA analysis are the most objective
for describing plant varieties and species, since they are not
susceptible to genotypic variability and mostly have a co-

Table 5. ISSR markers used in the study to identify the molecular formula of M. sacchariflorus population

Primer, 5'-3’ Number of specific markers*

(CA)sAG ............................... 2/8 (25 %) ........................................................
(CT)BGC ............................... 4/7 (57 %) ........................................................
(CT)STG1/3(33%) ........................................................
(CT)BAC ............................... 4/7 (57 %) ........................................................
(AC)SYG ............................... 4/13 (31 %) ......................................................

Length of polymorphic phragments, bp

*Total number of markers (denominator), number of unique markers (numerator) and their percentage (in brackets).

** ISSR markers with a weak fluorescent signal.
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dominant type of inheritance (Ramazanova, Kolomytseva,
2020).

The genetic passport of M. sacchariflorus, presented as a
genetic formula generated by amplified DNA, contains infor-
mation about the method used, oligonucleotide sequences,
and specific amplified DNA fragments lengths. If necessary,
it is possible to improve the form of recording the molecular
genetic formula indicating the specificity level of a frag-
ment (generic, species, polymorphic), as it was suggested by
S.V. Boronnikova (2009). In general, the molecular genetic
formula population makes it possible to determine the belong-
ing of the Miscanthus individuals not only to the species and
variety, but also to a specific population.

Conclusion

The results obtained during the study allow concluding that
M. sacchariflorus can be successfully grown in semi-shady
forest steppes of Western Siberia, and the lignin content in
raw plant material will be reduced by the time of harvesting
in case of growing at the local microecological conditions.

The high projective vegetation cover under various envi-
ronmental conditions, as well as the longevity of the clones,
indicate the prospects for the phytomeliorative use of selected
forms of M. sacchariflorus in the continental climate of the
forest-steppe of Western Siberia. The content of cellulose in
the stem, the most important component in technical plant
material, varies slightly depending on the lighting conditions.
At the same time, the content of lignin, which negatively af-
fects technological processes, turned out to be lower in plants
grown in partial shade.

The obtained molecular genetic formulas for the M. sac-
chariflorus population make it possible to determine the
belonging of individuals of Miscanthus not only to the species
and variety, but also to a specific population.

Genetic passportization based on molecular data of promis-
ing forms of Miscanthus, the development of scientific and
practical recommendations and a set of cultivation techniques
will make it possible to use the representatives of this genus
in breeding under the conditions of the continental climate
of Western Siberia.

The selective work with the varieties obtained by vegetative
reproduction of the perspective individuals and their molecu-
lar DNA identification make it possible to recommend the
genus Miscanthus as an environmentally friendly technical
crop and as a renewable source of plant material promising
for the implementation of an alternative bioenergy program
in Western Siberia.
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