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Several species of the genus Miscanthus Anderss. (elephant grass) characterized by a high rate of growth of the above-
ground vegetative mass are currently in the focus of attention due to their high practical application as a source of bioetha-
nol and cellulose. The main goals of this study were: (1) molecular genetic identification and (2) histochemical analysis of
the genus Miscanthus Anderss. species in the collection of Central Siberian Botanical Garden SB RAS in order to identify the
most perspective and technically valuable individuals. To study the collection of Miscanthus samples, a multi-disciplinary
approach was applied. To collect the samples of different species from native habitats, traditional systematic and geobota-
nical methods (comparative morphological and phytocenological) were used. According to the results of the ISSR-analysis,
16 samples of three Miscanthus species were divided into two clades: Sinensis and Sacchariflorus, the former including
two subclades. For the samples of M. purpurascens_| and I, a hybrid origin of this species was confirmed by ISSR data. The
molecular data obtained from the study allowed us to hypothesize that the samples involved in the subclade | of the Sinen-
sis clade could be used as donors of resistance to adverse environments, and the samples of the subclade II, as donors of
high biomass productivity. Based on histochemical analysis, sclerenchyma cells were characterized by the most lignin-rich
thickened membranes, so the most appropriate direction in Miscanthus selection should be based on identification and
using less lignin-containing samples.
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B HacToALee BpemA 0coObIN MHTepeC NPefcTaBAlT PacTEHUA, XapakTepu3yoLmMecs BbICOKOW CKOPOCTbIO HapacTaHuA
Ha/j3eMHOI BEreTaTMBHOWN MacChl U MMeloWMe NpakTnyeckoe NpYMeHeHre B KauecTBe NCTOUYHKKA B1o3TaHoNa 1 Lensto-
no3bl, Hanpumep, BuAbl poaa Miscanthus Anderss. (BeepHuK). Lienb aHHOro nccnefoBaHuA — MONEKyNAPHO-TeHeTnYecKan
naeHTUPMKaLMA 1N IMCTOXMMUYECKII aHann3 BUAoB poaa Miscanthus: M. sacchariflorus (Maxim.) Benth., M. sinensis Anderss.
n M. purpurascens Anderss. KOnnekUMoHHoro reHopoHgaa LieHTpanbHoro cnbupckoro 6otaHnyeckoro caga CO PAH ans Bbl-
ABMIEHNA NepPCrneKTUBHbIX TEXHUYECKNX CbIpbeBbIX pacTeHui. Ana ¢popmrnpoBaHus, n3yyeHna n ngeHTndurKaumm Konnekx-
LMOHHOro reHodoHaa popa Miscanthus npyMeHANCA MyNbTUANCUMMAMHAPHBIA MOAXOA, 3aKN0YaBLLUNICA B Cnefytolem:
npu cbope 06pasLOB B NPUPOAE MCMONb30BaNCh TPAANLMNOHHbIE METOAbI KNAacCUYECKOW CUCTEMATVKN U re0b0TaHNKM
(cpaBHUTENBHO-MOPHONOrMYECKNA 1 GUTOLLEHONOTUYECKIIA); NPY BblAeneHnn GopM Nof KOHKPETHble pecypcHble (6vo-
SHepreTMyeckune), TEXHONOrMYeCKNe 3agaun NPUMEHANNCL Bromopdonormyeckne Noaxonbl U NPOBOAUIOCH OMNMCaHue
MUKPO3KONOTMYECKMX YCIIOBUI C akLLeHTOM Ha HaviMeHee 6naronpuraTHble Ans npouspactaHua dakTopbl. MonekynspHo-
reHeTMYecKmne NCcnefoBaHnA GblIn HanpaBeHbl Ha YTOYHEHME TAKCOHOMUYECKO MPUHAANIEXHOCTY U aHaNIM3 reHeTuYe-
CKUX ONCTaHUMI MeXAy npefctaButenamm Tpex sugos Miscanthus. Mo pesynbtatam ISSR-aHanm3a n3yyeHHble o6pasubl
Tpex BUAOB MUCKaHTYCa pa3fennnncb Ha ae Knagbl: Sinensis u Sacchariflorus, uto xopoLo cornacyerca ¢ BULOBOW Npu-
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M3yueHmne KonnekLumoHHOro
reHodoHaa Miscanthus

HafNeKHOCTbIO 60NbLUNHCTBA 06pa3uoB. VicknoueHne coctaBunu pacteHna M. purpurascens_| v Il, koTopble MO AaHHbIM
MONEKy/APHO-TEHETNYECKOrO aHanmn3a oTHeceHbl K Knafie Sacchariflorus, uto MoXeT cnyxuTb noaTBEpPXKAEHNEM rbpus-
HOro NPOUCXOXAeHWs AaHHoro BuAa. Knaga Sinensis pasgenunach Ha aBe cybknagbl. B cybknagy | Bownu ob6pasubl, npous-
pacTaBLUMe B HaMMeHee 6N1aronpPUATHbIX MUKPO3KONTOTMUYECKIX YCIIOBUAX — Ha Boiee 3aconeHHbIX MouyBax, a B cyoknage Il
cocpenoToyeHbl Hanbosnee rabutyanbHO MOLLHbIE 06pa3Lbl. ITW AaHHbIe NO3BONAIOT NPEAMNONOXKUTL, YTO CPear 06pasLoB
cy6knagbl | MoryT okasaTbcA JOHOPbI YCTONUMBOCTY, @ cpefin 06pa3uos cybknaapl Il — goHopbl npoayKTnBHOCTH. M3BecT-
HO, YTO 13-3a NOBbILLEHHOr0 COAEP)KaHMA IMTHNHA CHUXKAETCA TeXHONOrMyeckasn LLleHHOCTb CbipbA. CornacHo NpoBefeHHo-
My HaMV TMCTOXMMUYECKOMY aHann3y, MOLLHOCTb MeXaHNYeCKOW IMTHUH-COAePXKaLlie TKaHV pa3nnyaeTca y pasHbIX pac-
TEHWI MMUCKaHTYyca, No3ToMy Haubonee LenecoobpaseH CceneKTBHbIN 0TO6oP 0cobelt, HaKanMBaLWMX MeHbLUE IMFHMHA
(c HaMMeHee pa3BUTON CKNEPEHXMMON). BbiABNeHHbIe MONeKynApHble NMPU3HaKM Pa3HbIX BULOB MUCKAHTYyca MOTYT ObiTb
MCMOMb30BaHbl ANA MAeHTUdUKaALMM 1 NacnopTn3aLnmy NepcnekTMBHbIX GOPM M IMHWUIA B KayecTBe anbTepHaTUBHOIO MC-
TOYHMKa 6roTONNMBA Y LIENSTION03bl.

KntoueBble cnosa: pog Miscanthus; ISSR-aHanms; rucToxumuyecknin aHanms; 6roMopdonorus; MUKPOIKONOruna; KnactepHas

AeHAporpamma; 6uosTtaHon.

Introduction

Miscanthus is considered to be one of the most efficient so-
lar energy accumulators among representatives of the Earth
vegetative kingdom (Dohleman, Long, 2009). High cellulose
content and significant plant biomass make it possible to treat
Miscanthus as a promising alternative energy source (Lewan-
dowski et al., 2000; McCalmont et al., 2017; Van Der Weijde
etal., 2017). Physiologists and biochemists deem Miscanthus
species to be unique highly productive sources of renewable
raw materials for producing ethylene and cellulose (Slynko
etal., 2013).

Miscanthus is a valuable ameliorative culture as well. High
plant growth rates, unpretentiousness to soil conditions, pro-
nounced drought resistance have contributed to Miscanthus
wide use to stabilize and reduce the intensity of soil erosion
processes (Kahle et al., 1999, 2001).

In the late 20 century, many domestic and foreign botanical
gardens started introducing M. sacchariflorus and M. sinensis
into the culture as decorative cereals. The criteria for ex situ
selection — rhythmological and ontogenetic ones — have been
developed in conformity with the prospects for their use in
landscape architecture. In the 21st century, the above-men-
tioned species, as well as M. x giganteus, are recognized by
the world scientific community as the main resource species
for elaborating the alternative energetics sphere.

The Central Siberian Botanical Garden of the Siberian
Branch of the Russian Academy of Sciences (CSBG SB RAS,
Novosibirsk) have been investigating Miscanthus species as
a part of the lawn and decorative cereals collection since the
late 1990s. Forming and studying of the collection gene pool
of the genus Miscanthus complex have recently carried out in
accordance with the world trends — decorative and bioenergetic
directions. Searching perspective forms in nature and further
studying their bioenergetic potential outside the natural range
have required the additional selection criteria development,
and economic and biological traits and properties evaluation.

The Russian Far East is the main region of field works to
study the intraspecific polymorphism of Miscanthus species
and search promising samples, where M. sacchariflorus oc-
cupies northern habitats, but M. sinensis spreads southward.
In 2013, the collection gene pool was replenished with M. si-
nensis samples from the Gamov Peninsula (Khasan District,
Primorsky Krai). In 2017, M. sacchariflorus was collected
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in the Chuguev District, and M. sinensis and, presumably,
M. purpurascens, in the Khasan District of Primorsky Krai. In
addition, living material was collected on the Kuril islands —
Shikotan, Kunashir, Iturup.

The biomorphological and microecological criteria have
been allotted as main ones to gather samples in nature. During
the expeditions, the vegetative parts (rhizome) were selected
from plants with the most powerful aboveground vegetative
mass. At the same time, it was marked microecological condi-
tions of growing, among which the following considered as
unfavorable: saline splash zone, sites with arid compacted
soil, open windy hilltops. Plants with normal shoot formation
in such habitats should obtain high adaptive potential under
more severe climatic conditions of cultivation.

It became necessary to study genetic polymorphism and
DNA identification as a result of cumulating the intraspecific
and form diversity in the collection gene pool. The study
objective is molecular-genetic identification and histochemi-
cal analysis of the CSBG SB RAS’ collection gene pool of
the genus Miscanthus species to reveal promising forms as
technical raw plants.

Materials and methods

An integrated multi-disciplinary approach to the collection
gene pool formation and certification was used in the study.
The traditional techniques of classical systematics and geo-
botany were applied to choose field sites, and collect samples
of various species in nature. While isolating forms in natural
habitats, biomorphological approaches were employed to
solve specific resource problems, microecological conditions
are described. The geographical coordinates of collecting sites
were recorded when selecting material for molecular genetic
and histochemical research.

16 samples of three species (M. sinensis, M. sacchariflorus
and M. purpurascens) were studied (Table 1). M. sacchariflo-
rus samples were gathered in the Chuguev District of Sikhote-
Alin, as well as the northern part of the National Park “Zov
Tigra (Call of the Tiger)” vicinities situated in the Chuguev,
Olgin, and Lazov Districts. This species grows here in open flat
areas and non-arable lands, which are secondary successions.

M. sinensis and M. purpurascens were collected in the
Khasan District (Primorsky Krai). These species grow as a
part of shrub-grass groupings, some specimens are taken in
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Table 1. The origin of the samples of three Miscanthus species analyzed in the paper

Species Place of collection, geographical coordinates

Sykhote-Alin. One of the most Northern Checkpoints of the area. Chuguevsky region, not reaching the river
Pokrovka. Route A181.44°51'21"N, 134°52'95"E

a light shrub-forb oakery (Quercus dentata Thunb.) on the
Telyakovsky Bay slope. The main works were carried out at
the Gamov Peninsula, 14-112 m altitudes, with a wide range
of microecological conditions in M. sinensis and M. purpura-
scens habitats.

The molecular genetic analysis to clarify samples taxonomic
position and identification was carried out using plant dried
leaves of three Miscanthus species: M. sinensis, M. sacchari-

florus, and M. purpurascens collected of 15 plants in natural
populations (see Table 1). Besides, M. purpurascens sample
from the Living Plant Collection of the CSBG SB RAS (see
Table 1, M. purpurascens_I, UNU No. USU 440534) was
analyzed.

DNA extraction was performed by the NucleoSpin Plant
11 kit (Macherey and Nagel, USA). The purity and concentra-
tion of DNA extracts were determined with spectrophotometry
(Spectrophotometer kinetic and p-cuvette, Eppendorf, Ger-
many). DNA purity was calculated as the ratio of the solution
optical power at 260 and 280 nm wavelength.

The 25 pl reaction PCR mixture consisted of: 2.7 mM
MgCl,, 1.25 mM primer, 0.4 mM mononucleotides, 1x PCR
buffer, 1.5 units Tag DNA polymerase (Medigen, Russia) and
20-30 ng matrix. The amplification program included the fol-
lowing steps: DNA denaturation: 90 s at 94 °C; 35 amplifica-
tion cycles: 40 sat 94 °C, 45 s at 41-58 °C (primer annealing),
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and 90 s at 72 °C; 5 min at 72 °C. The amplification was made
in C 1000 Thermal Cycler (BioRad Laboratories, USA), its
products were separated by electrophoresis in a 0.8 % agarose
gel in 1x TBE buffer. The obtained ISSR fragments were
stained with SYBR-Green (Medigen, Russia), visualized us-
ing the Gel Doc XR + gel documentation system, analyzed by
Image Lab Software (Bio-Rad Laboratories, USA).

The size of the identified ISSR fragments was determined
with a molecular mass marker (Medigen, Russia). Each am-
plified fragment was considered as a dominant marker, and
its presence (1) or absence (0) was noted for every compared
samples.

Statistical data processing, cluster dendrogram construction
and principal component analysis (Principal Components,
PCO) were carried on applied the PAST software (Hammer
etal., 2001).

As for the histochemical analysis, dry vegetative shoots
were selected at the final vegetation stage from 3 samples
(IV, V and V1) of M. sinensis and 1 sample (11) of M. purpura-
scens, taken as live rhizomes from 4 natural populations in
the Khasan District, Primorsky Krai, Russia. Their subsequent
vegetation took place in similar conditions as a part of CSBG
SB RAS’ Bioresource Scientific Collection USU No. 440534,
A stem part was taken from a minimal industrial height —
10 cm from the ground level (10 cm length).
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Further studies were carried out at CSBG SB RAS’ Center
for Collective Use. The bottom side shoots were longitudi-
nally cut with a scalpel into bars of about 3 mm, placed on a
freezing microtome, and 60-90 um longitudinal sections were
made. Staining was practiced in two variants: phloroglucinol
in hydrochloric acid, alcian blue in acetic acid according to
standard techniques (Barykina et al., 2004). Besides, the pos-
sibility of differentiated staining with these dyes was checked.

Microscopying with photography was performed by Carl
Zeiss Axio Scope Al light microscope.

Results

Molecular genetic analysis

The study had previously tested 16 ISSR primers, nine
of which were used for the analysis (Table 2). They are
characterized by the greatest amount and polymorphism of
the amplified fragments, and are suitable to investigate the
genetic variability of the genus Miscanthus plants at the intra-
and interspecific levels.

The extracts of Miscanthus DNA obtained from dried leaves
had 3-24 ng/ul concentration, 1.25—1.83 purity expressed
with Ay /A, ratio. The analysis of intermicro-satellite DNA
sections of the studied samples using nine ISSR primers al-
lowed identifying 177 amplified fragments of 270-1800 bp
length. Figure 1 shows the ISSR profile of samples obtained
by amplification with primer 17899B.

According to the ISSR analysis results, 16 Miscanthus
samples were divided into two clades: Sinensis and Sac-
chariflorus (Fig. 2), that is consistent with the species of each
sample (the bootstrap support value is 55). At the same time,
M. purpurascens_I and Il were distributed inside the clade
Sacchariflorus (see Fig. 2). Taking into account the admittedly
hybrid origin of M. purpurascens species, the authors tend to
evaluate the result as a confirmation of this hypothesis (Jiang
etal., 2013).

The extremely close genetic relationship found for samples
of M. sacchariflorus I and Il is remarkable (see Fig. 1, 2).
These samples, collected in one population, have almost

M. sin_Il
M. sin_Ill
M. sin_IV
M.sin_V
M. sin_VI
M. sin_VII
M. sin_VIll

<
>
=

M3yyeHne KonneKkumoHHoro 2019
reHodoHza Miscanthus 23.7
Table 2. Characteristics of ISSR primers
tested and selected (in bold)
to study the genetic polymorphism of Miscanthus species

Primer Nucleotide Temperature

sequence, 5'-3’ of annealing, °C

3 14 ........................ ( CT) 81-(:, ........................................... 5 1 ..........................
1 7898A ................. ( CA)GAC ........................................... 4 5 .........................
178983 ................. ( CA)6G-|- ........................................... 4 8 .........................
17399/.\ ................. ( CA)GAG ........................................... 4 8 .........................
178993 ................. ( CA)GGG ........................................... 4 2 .........................
8 44A ..................... ( CT) 8AC ........................................... 4 4 .........................
3 443 ...................... ( CT) BGC ........................................... 4 2 .........................
M1 .......................... ( AC)SCG ........................................... 5 6 .........................
M2 ......................... ( AC)SYG ........................................... 5 3 .........................
M7 ......................... ( GAC)S ............................................. 4 6 .........................
MH ........................ ( CA)GAR ........................................... 3 9 .........................
M14 ....................... ( GACA)4 ........................................... 4 7 .........................
H 310 ..................... ( GA)GCC ........................................... 4 3 .........................
|.|B12 ...................... ( CAC)aGC ........................................ 4 1 ..........................
|.| 314 ..................... ( CTC)3GC ......................................... 4 2 .........................
U BS 8 2 6 ................. ( AC)SC ............................................. 5 3 .........................

identical ISSR patterns, that may be evidence of these two
individuals origin as a result of vegetative reproduction of
the original plant.

Based on the principal component analysis (PCA) of ISSR-
marking data, the distance between two groups of samples
inside Sacchariflorus clade has been determined (Fig. 3). The
first group includes M. sacchariflorus_| and 11, the second —
M. sacchariflorus_l, 11 and M. purpurascens_l, 11.

M. sin_IX
M. sin_X
M. sac_|
M. sac_ll
M. sac_lll
M.sac_IV
M. purp_|
M. purp_Il
C+)

1000
900
800

700
600

500

400
300

bp

Fig. 1. ISSR-PCR profile of three Miscanthus species: ISSR primer 17899B was used for amplification.
C(+), positive control; M, weight marker. Designation of the samples of Miscanthus see in Table 1.
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Fig. 2. Cluster dendrogram reflecting the value of genetic distances
between 16 samples of three Miscanthus species.

Histochemical analysis
Histochemical studies aimed to investigate the seasonal
dynamics and peculiarities of straw lignification were under-
taken related to chemical analysis results carried out at the
Institute of Problems of Chemical and Energetic Technologies
SB RAS (IPChET SB RAS, Biysk city) showed some samples
with elevated lignin content reaching 28.1+£0.5 % in terms
of absolutely dry weight (Dorogina et al., 2018). It has been
found that high lignin content decreases the technological
value of the raw material (Dorogina et al., 2018).

Based on histochemical analysis, it is revealed that the shoot
structure of M. sinensis representatives is similar to that of
the family Poaceae. The straw outside is covered with thin

Fig. 4. The cut stem of the samples M. sinensis_VI (a) and M. sinensis_IV (b).
Staining with phloroglucinol - altianalis blue die.
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Fig. 3. The scheme of genetic relationships between 16 specimens
of three Miscanthus species resulted by the Principal Component
Analysis (PCA) of ISSR data.

single-layer epidermis; this species layers are radially spread
mechanical tissue with thick lignified cell walls (Fig. 4). The
thickened cell walls of the sclerenchyma are richest in lignin
arranged in two layers around the conducting beams (see
Fig. 4). The mechanical lignin-bearing tissue thickness differs
in various plants: the less pronounced lignified sclerenchyma
is developed in plant of population No. 3 compared with the
sample of population No. 24 (see Fig. 4, a, b).

Discussion

Based on the clade Sinensis analysis, it was found that the
clade was divided into two subclades (see Fig. 2). Subclade |
included samples growing under the most unfavorable micro-
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ecological conditions. So, the sample
of M. sinensis_VII is collected in the
Telyakovsky Bay splash or supralittoral
zones located on the sea-land border,
above the maximum tide level, which
implies more saline microecological
conditions (Fig. 5).

M. sinensis_X sample grew in a tech-
nogenically disturbed habitat, in the
gas station environs at the crossway to
Andreevka village not excluding high
exhaust gases effect (see Table 1).

It is noteworthy that the samples en-
tering subclade Il are plants with the
most powerful habitus. M. sinensis_V
and M. sinensis_VI growing in the shrub-
grass grouping on a plateau above Vityaz
Bay stood out by their morphological
parameters (Fig. 6).

Conclusion

The foresaid suggests that there are
plants characterizing with high resist-
ant in subclades | samples, and that’s
why they might be donors of resistance,
while subclades 1l samples — donors of
productivity. The revealed molecular
signs of Miscanthus various species
should be used to identify and certify
Miscanthus forms and lines perspec-
tive to get economically available plant
materials suitable for applying as envi-
ronmentally safe promising alternative
biofuels.

Based on the histological analysis of
shoots of M. sinensis representatives, it
should be assumed that some M. sinen-
sis specimens store a large amount of
lignin in dry straws after vegetation,
which could impede industrial process-
ing, therefore additional studies of
young shoots are needed to investigate
the lignin dynamics accumulation. In
this regard, feasibly earlier harvesting
of the vegetative mass should be more
productive, and selection of individuals
accumulating less lignin (with the least
developed sclerenchyma) is the most
appropriate.
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