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Introduction

In vitro culture can be used for endangered species preservation but its effect on biochemical
properties and genetic stability of plants requires further research. Aim. The study on fatty
acids content, phenolic compounds and phylogenetic relationships of Crambe aspera plants
upon aseptic cultivation in vitro. Methods. Morphogenic potential of Crambe aspera leaf, root
and petiole explants was studied in the Murashige and Skoog (MS) medium with different
concentrations of growth factors. Fatty acids (FA) content was determined by gas chromatog-
raphy-mass spectrophotometry of FA ethers, phenolic compounds were determined by spec-
trophotometry. Polymerase chain reactions were used to study phylogenetic relationships.
Results. The efficient protocols of seed surface sterilization as well as methods of fast micro-
clonal multiplication and obtention of C. aspera callus tissue for were developed. Conclusions.
Leaves of both in vitro and in vivo cultured plants had a high content of a-linolenic acid
whereas erucic acid was absent. At the same time, the difference in biochemical composition
between the plants grown in aseptic and non-aseptic conditions was shown. /n vivo populations
of C. aspera showed a high level of polymorphism but its genome did not undergo changes
after the in vitro establishment.

Keywords: Crambe aspera, regeneration, fatty acids, phenolic compounds, SSR and ISSR
markers.

Ukraine (vulnerable) and requires conservation
measures. Application of in vitro techniques

Crambe aspera M. Bieb. can be used as a fod- results in a relatively high propagation coef-
der crop, food and oil culture [1]. At the same ficient even for the species with problematical
time, it is listed in the Red data book of in situ and ex situ reproduction. These methods
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provide long-term conservation of plant spe-
cies outside their natural habitats (in seed
banks, under introduction conditions, in cryo-
banks and in vitro collections) for thorough
study and it can be a significant addition to the
global system of plant biodiversity conserva-
tion [2]. In vitro cultivation may cause soma-
clonal variation in plants [3, 4] therefore the
C. aspera genome study for possible consider-
able changes after in vitro establishment is
advisable. The Brassicaceae plants bioche-
mistry study is fairly important due to a high
economic value of this family [5]. The long-
chain FA analysis of green mass is important
for the researches as these acids are the com-
ponents or precursors of numerous specialized
metabolites synthesized in specific cell types
and widely used in medicine [6, 7]. Phenolic
compounds are the plant metabolites that take
part in growth, pathogenic resistance, prede-
termine different plant parts pigmentation,
have antioxidant activity and protect mem-
brane lipids from oxidation [8]. They also have
a protective effect against the bacterial patho-
gens [9, 10]. Therefore, the determination of
FA composition and phenolic compounds con-
tent in threatened native species grown in vitro
can enlighten possible applications of the
C. aspera plants.

Table 1. Media used for morphogenic potential study

Materials and Methods

The C. aspera seeds were used for initializing
in vitro culture. The seed surface sterilization
protocol established in our previous works was
conducted to obtain the C. aspera aseptic cul-
ture [11].

The plants explants (leaf, petiole and root)
in vitro morphogenic potential was studied on
Murashige and Skoog (MS) medium [12] with
the addition of 6-Benzylaminopurine (BA)
(1-5 mg/L), Naphthaleneacetic acid (NAA)
(0.1-1.5 mg/L), and kinetin (1-5 mg/L) in
different combinations (Table 1). The calluso-
genesis was estimated (from no visible callus
to more than 10 mm of callus all over the
explant). Each experiment was repeated twice
with three replicates

Regeneration frequency (RF) was estimated
after 30—45 days and determined by formula:

RF = (N1/N) x 100 %,

where Nr — is a number of regenerated ex-
plants; N — number of explants used in the
study of each medium [13].

Determination of phenolic compounds was
conducted on ULAB 108UV spectrophotom-
eter according to [14] for quantitative estima-

Growth Medium number and its growth regulators content, mg/L
regulators Nel No2 Ne3 Ne4 Ne5 Ne6 Ne7 Ne® No9 NelO | Nell Nel2
BA 1 1 1 1 2.5 2.5 2.5 2.5 5 5 5 5
NAA 0.1 0.5 1 1.5 0.1 0.5 1 1.5 0.1 0.5 1 1.5
Growth Medium number and its growth regulators content, mg/L
regulators Nel3 | Neld Nol5 Nol6 | Nel7 Nol8 Nol9 No20 No21 | Ne22 | No23 | Ne24
Kinetin 1 1 1 1 2.5 2.5 2.5 2.5 5 5 5 5
NAA 0.1 0.5 1 1.5 0.1 0.5 1 1.5 0.1 0.5 1 1.5
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tion of polyphenolic compounds content (with
pirogalol used as a reference), according to
[15] for hydroxycinnamic acids content (with
chlorogenic acid used as a reference) and ac-
cording to [16] for estimation of total amount
of flavonoids (with luteolin used as a refer-
ence). Air dried leaves from plants grown in
vitro (on hormone-free solid MS medium at
24°C with a 16-h photoperiod and recurrent
transplantation on the fresh medium every 30
days) and in vivo (plant material was gathered
in May with average monthly temperature of
21°C) were used.

For the gas chromatography-mass spectro-
photometry (GC/MS) analyses fresh apical
leaves from plants grown in vitro and in vivo
were used. In vivo plants were grown in M.M.
Gryshko National Botanic Garden and pro-
vided by Prof. Dzhamal B. Rakhmetov.

The FA extraction and methylation were
carried out stepwise accordingly to R.°Garces
[17]. FA composition was determined using
GC/MS system Agilent 6890N/59731inert
(Agilent Technologies, USA). Identification
was performed by means of mass spectrum
library NIST 02 and standard bacteria methyl
fatty acid ethers solution (Supelco).
Heptadecanoic acid (C17:0) (chemically pure,
ABCR, Germany) was used as an inner stan-
dard.

All data were expressed as a mean (M) +
SD (m).

Molecular genetic analysis. Total DNA was
1solated with the modified CTAB method [18].
Polymerase chain reaction (PCR) of 20 pl in-
cluded 0.5 uM of forward and reverse primers
(Metabion, Germany), 1 x Reaction Buffer B
(Solis BioDyne, Estonia), 2 mM MgCl,,
0.2 uM of each deoxyribonucleoside-3-phos-
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phate (Thermo Fisher Scientific, USA), 1 unit
of FIREPol® DNA Polymerase (Solis BioDyne,
Estonia), 30 ng of purified total plant DNA.

The primer sequences for SSR loci
gHGL218091, gHGL110933, gH032602 [19],
NalO-FO08 [20] and ISSR primers UBC827,
UBC864, UBCS890 [21], A17898, B17899,
IS-05 [22] were used in the study.

The PCR products were separated by elec-
trophoresis in 1.5 % and 2 % agarose gels in
lithium borate buffer, 0.1 pg/ml ethidium bro-
mide [23, 24]. The gels were visualized in
UV-light with a photosystem Canon EOS
600D. Phylogenetic relationship was calcu-
lated by the unweighed pair-group method
using arithmetic averages cluster analysis
(UPGMA) with the DARwin 6.0.010 soft-
ware [25].

Results and Discussion

The applied method of seed surface steriliza-
tion provided 90 % of aseptic seed material,
46 % of those germinated in 2—4 days after the
sterilization procedure.

There are no available data on the C. aspera
in vitro microclonal propagation. Recent re-
ports on Crambe species microclonal propaga-
tion were based on the hypocotyls and roots
(rarely leaves) regeneration potential study
[26-28].

Leaf explants grown on the medium con-
taining 1 mg/L BA with 0.1-1.5 mg/L NAA
(Nel—4) had no plantlets formed during culti-
vation period. Regeneration occurred on the
medium containing 2.5 mg/L BA with 0.1 mg/L
NAA (Ne5) or 1.5 mg/L NAA (Ne®) (Fig. 1).
Cultivation on the medium with kinetin in
combination with 0.1-0.5 mg/L NAA (Nel3,
14, 18, 19, 21, 22) showed the regeneration



Crambe aspera plants in vitro propagation and its effect on fatty acids and phenolic compounds content and genome stability

activity of leaves up to 40 %. Further increase
in the NAA content suppressed the plantlets
formation. At the same time, the leaf explants
cultivated on the medium with kinetin and
NAA (Nel13-24) had very high rhizogenic po-
tential (11 %-100 %) in contrast with the ones

A

grown in the BA presence (fig. 1). Callus pro-
liferation was noted on all leaf explants culti-
vated on the medium with BA and NAA but
only on cut ends (2.5 mm). The kinetin and
NAA presence in the medium resulted in small
callus proliferation at cut ends only.
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Fig. 1. C. aspera different explants morphogenesis on solid MS media supplemented with growth regulators: 4 — re-
generation frequency; B — rhizogenesis frequency. Data shown as M £ m.
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For another Crambe species C. tataria the
leaf explants were reported to have high cal-
lusogenic activity and no ability to form plant-
lets on the MS medium with BA and NAA as
well as with kinetin and NAA [28].

Petiole explants grown on the MS medium
supplemented with BA and NAA showed high
regeneration frequency (Fig. 1). Petiole ex-
plants cultivation on the medium with the
lowest BA and NAA content (Nel) resulted in
the highest morphogenic activity — practically
all used explants formed plantlets. A further
increase of NAA content suppressed the plant-
lets formation. On the media Ne5, 6 (with BA
2.5mg/L and NAA 0.1-0.5 mg/L) petiole ex-
plants also had relatively high regeneration
activity. 100 % of plantlets formation rates
from petioles were observed on the medium
Nell (5 mg/L BA and 1 mg/L NAA). Kinetin
and NAA addition to MS medium resulted in
a high rhizogenic activity of C. aspera petiole
explants. The rhizogenic activity rate was di-
rectly proportional to the NAA content in me-
dia up to 1 mg/L (Fig. 3). The highest rhizo-
genic activity was observed on the medium
Nel5 (1 mg/L kinetin and 1 mg/L NAA). Thus,
the petiole regeneration study revealed its
highest potential for fast microclonal propaga-
tion. Callus tissue was formed on most of the
used petiole explants but for those grown on
the media with kinetin addition the callus pro-
liferation occurred only at the cut ends (rarely
on a whole explant).

Root explants showed the lowest regenera-
tion ability. However, the reports on other
Crambe species in vitro propagation (C. ta-
taria and C. maritima) show rather high or-
ganogenic activity of root explants on media
containing auxins with cytokinins [27, 28].
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Callus formation on the contrary was rather
high for C. aspera roots grown on the media
supplemented with BA and NAA (Nel-12). On
the media with kinetin and NAA (Nel3-24)
callusogenesis occurred at cut ends only.

After the estimation of three types of ex-
plants regeneration ability, we assumed peti-
oles to be the most promising material for fast
microclonal propagation of C. aspera aseptic
plants. The dissemblance in different plant
genus and even habitats in response to the
same growth regulators (with the use of same
explants) has been previously reported [13,
29]. It can be explained by big influence of the
plants genotype on regeneration — each geno-
type in the same conditions has various mor-
phogenic response [13, 29]. Those findings
suggest the necessity of further study on the
content of Crambe species endogenous growth
regulators in different plant parts.

Phenolic compounds content. Evaluation of
different phenolic compounds in the plants
grown in vitro and in vivo revealed great dif-
ference due to the cultivation in aseptic condi-
tions (Fig. 2). The total amount of flavonoids
for the in vitro cultured plants was approxi-
mately three times higher than for those grown
in vivo. The quantitative estimation of poly-
phenolic compounds content revealed even
greater difference — six times more polyphe-
nols accumulated in the aseptic platns.
Therefore, the study on hydroxycinnamic acids
content showed the greatest increase in plants
due to in vitro cultivation (Fig. 2). A number
of phenolic compounds are the auxin syner-
gists, they stimulate plant growth due to the
Indolyl-3-acetic acid-oxidase inhibition [30].
The aseptic green mass for estimating pheno-
lic compounds content was taken from in vitro
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Fig. 2. Phenolic compounds content in Crambe aspera plants grown in vitro and in vivo (Data shown as M + m;

* —p<0.05).

cultured plants previously cultivated on hor-
mone-free MS medium for 30 days. Thus, we
assume that only endogenous growth regula-
tors were present in the plants. Therefore, as
phenolic compounds stimulates plants growth
it is clear that in vitro plants which are in the
state of active growth and vegetation have
higher content of all studied phenolic com-
pounds than in vivo grown plants.

Fatty acid content. FA can be divided by
the unsaturation degree into two groups: satu-
rated (SFA) and unsaturated (USFA) (mono-
unsaturated and polyunsaturated). FA ethers
gas-spectra of the samples from leaves of the
aseptic and not aseptic plants showed the pres-
ence of such SFA as lauric acid (C12:0), pal-
mitic acid (C16:0), stearic acid (C18:0) and
lignoceric acid (C24:0). Monounsaturated FA
(oleic acid (C18:1 A9, ® 9) and polyunsatu-
rated FA (linoleic (18:2 A9, 12, ®6), a-Linolenic
(18:3 A9, 12, 15, o 3) were detected. Leaf
samples of aseptic plants had higher FA con-
tent (4.78 £ 1.93 mg/g) than not aseptic plants
(3.56 £ 0.06 mg/g). Extracts from in vitro

plants had almost twice as much USFA as SFA
but extracts from in vivo plants had approxi-
mately three times more USFA than SFA.
Therefore, we can assume that aseptic plants
accumulate FA in higher amount than not asep-
tic ones and SFA to USFA ratio is different too
(Table 2).

Table 2. Total amount of FA, SFA, USFA in leaves
of C. aspera grown in vitro and in vivo.

Fatty acids content In vivo plants In vitro plants
FA, mg/g 3.56+0.06* 4.78+1.93
SFA, mg/g 0.95+0.03* 1.61+0.37
USFA, mg/g 2.68 £0.10* 3.16 £1.56

Note: data shown as M +m, * —p < 0.05.

Further FA ethers gas-spectra study showed
[the] lauric acid presence in leaf samples
(Fig. 3). While [the] in vivo plants had insig-
nificant amount of C12:0 (0.34 = 0.01 mol%)
a part of lauric acid in [the] in vitro plants was
higher (4.22 + 2.02 mol%). Palmitic acid rep-
resented the majority of saturated FA in asep-
tic leaf samples (29.24 + 3.72 mol%).
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Fig. 3. Fatty acid content of in vitro and in vivo cultured Crambe aspera plants (Data shown as M £ m; * - p <0.05).

The amount of C16:0 was also high for not
aseptic plants (24.48 + 1.22 mol%). Also,
leaves had higher content of C18:0 (3.19 +
0.81 mol% for in vitro and 1.92 £ 0.17 mol%
for in vivo plants). Only leaf samples from in
vivo cultivated plants had lignoceric acid
(C24:0) (0.90 £ 0.12 mol%) while in vitro
cultivated samples had no traces of that FA.
The data from other research also show the
presence of C24:0 in plants cultivated
in vivo [31].

Some polyunsaturated FA were detected in
leaf samples. Linoleic and a-Linolenic acids
are essential fatty acids. Therefore, food with
high content of these acids should be included
in human diet [32, 33]. The amount of C18:2
in C. aspera in vivo grown plants was rela-
tively high (13.54 + 0.47 mol%) while aseptic
plants contained 4.06 + 1.12 mol% of C18:2
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only. a-Linolenic acid content was the highest
among all FA in the leaf samples for in vivo
(57.37 £ 1.17 mol%) and in vitro (49.86 +
0.39 mol%) cultured plants. Oleic acid content
had the lowest amount of C18 FA group for
both in vitro and in vivo plants (Fig. 3).

Molecular genetic analysis. In vitro cultiva-
tion could cause polyploidy, mutations or so-
maclonal variations due to different factors —
long-term cultivation, type of explants, indirect
organogenesis, medium composition, stress,
etc. [3, 4]. There are practically no literature
reports on the application of molecular mark-
ers to study the in vitro cultivation effect on
the genome stability of Crambe plants.
Therefore, the present evaluation of C. aspera
plants from in vitro and in vivo with prese-
lected 4 SSR and 7 ISSR markers [34] was
conducted for the first time.
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Table 3. Characteristics of ISSR and SSR marker
systems implemented for C. aspera genotyping.

ISSR marker Artr::;idﬁsed Pol{;ﬁ)&shic Polymozl;phism,
A17898 10 6 60.00
B17899 8 8 100.00
HB10 - - -
IS-05 13 10 79.92
UBC827 11 1 9.09
UBC864 11 3 27.27
UBC890 20 13 65.00

SSR marker
gHGL218091 |2 2 100
¢gHGL110933 |3 3 100
gH032602 2 2 100
Nal0O-FO8 3 3 100

Note: Polymorphism was calculated as the correlation between
the number of polymorphic and amplified bands in percentages.

Most of the marker systems utilized in this
study, remarkably well, formed clear and re-
producible bands. The ISSR and SSR primers
provided amplification of DNA fragments
within 270-2300 base pairs (bp) and 80-190
bp, respectively. In this case, the ISSR primers
generated 73 amplified fragments, among

which 41 were polymorphic. The SSR primers
produced 7 polymorphic amplified fragments
(Table 3). The sequences A17898, B17899 and
UBC890 were the most informative among the
ISSR markers for genotyping C. aspera. Primer
HB10 did not amplify the DNA clearly.

The results of ISSR and SSR analyses were
used in the study on genetic relationship for 3
in vivo and 7 in vitro C. aspera genotypes. The
denrogram (Fig. 4) was assembled by means
of the UPGMA method using DARwin soft-
ware.

According to the dendrogram the genotypes
were distributed into two main clusters. The
first cluster group included 7 genotypes from
in vitro and a genotype from in vivo; the sec-
ond — 2 genotypes from in vivo. Seven geno-
types obtained from in vitro were identical and
formed a separate subcluster group.

High level of polymorphism in C. aspera
plants is common for wild populations which
was established in other researches [35, 36].
However, the results obtained by us denote
that C. aspera genome does not undergo de-
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Fig. 4. Dendrogram based on the ISSR and SSR analyses for 10 C. aspera genotypes.
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tectable changes after in vitro establishment
under optimal conditions.

Conclusions

The study on morphogenic potential of leaf,
petiole and root explant showed that the use
of petiole for the fast microclonal propagation
was highly advisable due to its greatest poten-
tial to form plantlets (MS with BA 1 mg/L and
NAA 0.1 mg/L or MS with BA 5 mg/L and
NAA 1 mg/L).

C. aspera plants grown in vitro and in vivo
leaf samples FA ethers gas-spectrum analysis
suggested that the aseptic conditions benefited
to SFA accumulation but reduced the USFA
amount in plant material. /n vitro cultivation
causes an increase of polyphenolic compounds
and hydroxycinnamic acids content as well as
an increase of total amount of flavonoids in C.
aspera plants.

For the first time, 6 ISSR and 4 SSR mark-
ers were validated for C. aspera genotyping.
The obtained data confirmed that the in vitro
methods could be surely applied for biodiver-
sity conservation as they did not cause any
detectable genome changes in Crambe aspera
under optimal conditions.
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BnimB po3mMHOXKeHHS in vitro pocaud Buxy Crambe
aspera Ha BMICT "KHPHHUX KHCJIOT, (peHOJIBHHUX
CIIOJIYK Ta FeHeTHYHY cTaliJbHicTh

H. O. llymkapsosa, O. P. Jlaxueko, b. B. MorpyH,
M. B. Kyuyk, . b. bmrom, A. I. €mernp

3acTocyBaHHsI KYJIBTYPH iR Vitro JUTs 30€pexXeHHs piIKic-
HUX BUJIB Mae psf nepesar. Meta. JlocmipkeHHS BMICTY
JKUPHUX KUCIIOT, JEHOIBHUX CIOYK Ta (iJIOTeHETHYHHUX
3B’s13KiB pociuH Crambe aspera MOe JTOTIOMOITH OLiHH-
TH BIUIUB KyJIETUBYBaHHS in vitro. Metomu. byno nocni-
JUKEHO MOP(OTeHHHH TOTEHIia JINCTKOBHX, KOPEHEBHUX
Ta YepPELIKOBHX eKCIUIaHTiB Crambe aspera Ha cepelioBU-
i MS 3 pi3HAM BMICTOM PerymsTopiB pocTty. BmicT xwup-
HUX KHMCJIOT BU3HAYAJIM 32 JIOTIOMOT'OIO T'a30BOT XpoMaro-
Mac CIEKTpOMETpil edipiB KUPHUX KUCIIOT. Bmict ¢e-
HOJIBHUX CITOJYK BH3HAYJIM 32 JIOIIOMOTO0 CIEKTPO(o-
tomerpa. [ToniMepasHa JlaHIIOroBa peakiisi Oyia 3acTo-
COBaHa TSl TOCTIIKCHHS (PITOTCHETUYHUX 3B S3KiB.
PesyabraTu. bByno BcTaHOBNIEHO e(eKTHBHI MPOTOKOIH
MOBEPXHEBOI CTepUIIizallii HACIHHS Pa3oM 3 METOIaMH
LIBUJIKOTO MIKPOKJIOHAJIBHOTO PO3MHOKEHHS Ta OTPUMaH-
HS KaIFOCHOI KynsTypH 11t Buny C. aspera. BucHOBKH.
Otpumani pe3yiabTaTd CBIAYaTh MPO BUCOKHI BMICT
O-JIIHOJICHOBOT T BIICYTHICTh €PYKOBI KHCIIOTH Y JINCTKAX
POCTIVH IO KyJIBTHBYBAJIH SIK i1 Vitro, Tak 1 in vivo. B Toit
Ke vac, OyJI0 BCTAHOBJICHO PI3HUITIO O10XIMIYHOTO CKIIATY
MDK POCIMHAMHU 3 aCENTHYHUX Ta TPYHTOBHUX YMOB.
Tonymnsmii C. aspera 1mo 3pocTaiy B yMOBax in vivo TO-
Ka3aJIi BUCOKHUI piBeHb NOJIIMOp(hi3My ajie IX TeHOM ITic-
JIs1 BBEJICHHS KYJIBTYPY 71 Vitro OyB CTaOUTEHIIM.

Kawuoi caosa: Crambe aspera, perenepalis in
Vitro, )WpHI KHCIIOTH, (heHombHi criomykn, SSR- ta ISSR-
MapKepH.
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H. A. Ilymxkapéa, O. P. Jlaxaeko, b. B. MorpyH,
H. B. Kyuyx, . b. bmrom, A. 1. Emenp

Hcnonb30BaHue KyabTyphl in Vitro ¢ LEIbI0 COXPaHEHUs
peaKuX BUAOB HUMeeT psia npeumymiects. Llessb.
HccnenoBanne cocraBa )KUPHBIX KHUCIIOT, (PeHOIBHBIX
COSAMHEHUN M (PMIIOTEHEeTHYCCKUX CBS3CH pacTeHUN
Crambe aspera MOXeT IOMOYb B OLICHKE BIIUSIHUS KyJIb-
TUBUPOBAHUS in Vitro. MeTonbl. BplI0 ycTaHOBIEHO MOp-
(hOTEHHBII MOTEHITNA JINCTOBBIX, KOPEIIKOBBIX M YEpEeTl-
KOBBIX 3KCIUIaHTOB Crambe aspera Ha cpene MS c pas-
JIMYHBIM COCTaBOM PEryssaTopoB pocra. ConepikaHue
JKHPHBIX KHCIIOT OIIPEIEIISUIN € TTOMOIIIBIO Ta30BOH Xpo-
MaTo-Macc CIIEKTPOMETPHUH 3(PHUPOB KUPHBIX KHCIIOT.
Conepxanue (pEeHOJIBHBIX COEIMHEHUH ONpEeaessIi Ha
cnekrpodoromepe. ITommepasHas rienHast peakiys Obiia
WCIIOJIb30BaHa JJIsl UCCIICOBaHMSI (PHIIOTeHETHYECKUX
cBs3eil. Pesysibrarhl. beuio ycraHoBieHo 3(h(eKTHBHEIC
TIPOTOKOJIBI TOBEPXHOCTHOM CTEPHUIIN3ALINH CEMSTH BMECTE
C MeToaMH1 OBICTPOTO MUKPOKJIOHATBHOTO PA3MHOKEHHS
U TIOJIy4€HMsl KaIIOCHOU KynbTypsl 1iist Buja C. aspera.
BoiBoabl. [TomydeHHbIE pe3ynbTaThl CBHACTEILCTBYIOT O
BBICOKOM COZEPKAHUU O-JIMHOJIEHOBOM U OTCYTCTBUU
SPYKOBOH KHCIIOTBI B JIUCTBSAX PACTEHUH KYJIIETUBHPYEMBIX
KaK in vitro, Tak ® in vivo. B To ke Bpems ObIIa yCTaHOB-
JieHa pa3HuIa OMOXMMHUUYECKOTO COCTaBa MEXKIy PacTeHHU-
SIMU U3 aCENTUYECKUX U FPYHTOBBIX ycaoBui. [Tomymsmu
C. aspera TIpOM3paCTAIONINE B YCIIOBHSX i1 ViVo TIOKa3aJIH
BBICOKHH YPOBEHb MOJIMMOP(U3MA, HO X T'€HOM IOCIIe
BBE/ICHUSI B KYJIBTYPY in Vitro ObUI CTAaOWUIIEHBIM.

KawueBbie caoBa: Crambe aspera, pereHepanus
in vitro, >)KUPHBIC KUCJIOTHI, (DCHOIBHBIC coenMHEHMs, SSR-
u ISSR-mapxkepsr.
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