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Callus formation, organogenesis
and microclonal reproduction in different species
of the genus Linum L. in vitro
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Purpose. To reveal the frequency and intensity of callus formation and organogenesis, the effectiveness of microclonal
reproduction of various species of the genus Linum L. (Linaceae) in vitro. Methods. For in vitro induction of callus forma-
tion and organogenesis, hypocotyl segments of species Linum usitatissimum L. convar. elongatum and convar. usitatis-
simum, L. tenue Desf., L. bienne Mill., L. corymbulosum Pchb., L. nervosum Waldst. & Kit., L. flavum L., L. campanulatum L.,
L. perenne L., L. austriacum L., L. grandiflorum Desf., L. strictum L. were cultivated on Murashige and Skoog medium sup-
plemented with 0.05 mg/l 1-naphthylacetic acid and 1.0 mg/l 6-benzyl aminopurine at 22-24 °C, relative humidity of
60-80%, with 16 hours photoperiod (2500 flux). For microclonal reproduction Murashige and Skoog, White, Gamborg and
Eveleigh media and their modifications were used. The measurement results were interpreted by the arithmetic mean,
standard error for the sample mean, the least significant difference and ranked. Results. Different species of the genus
Linum to a large extend are capable of forming callus and regenerating shoots under the specified cultivation conditions.
The frequency of callus formation for the studied samples on the 35th day of cultivation varied within 81.25-100%, the
mass of callus from one explant — 0.21-1.64 g, the frequency of organogenesis — 12.50-100%, the number of shoots -
1.8-7.6 pcs. and the height of the shoots was 0.82-2.12 cm. The following species: L. usitatissimum convar. elongatum,
L. tenue, L. bienne and L. strictum were distinguished by a high intensity of callus formation. Intensive organogenesis
was pecular to L. tenue, L. bienne, L. flavum, L. austriacum and L. grandiflorum. The efficiency of somaclone obtaining was
quite low in L. nervosum and L. campanulatum. In total, for the microclonal reproduction of species of the genus Linum
Murashige and Skoog, Gamborg and Eveleigh media supplemented with 12.5 g/l glucose were optimal. At the final stages
of microclonal propagation, before transferring microclones in vivo, it is advisable to use White medium, which contributes
to a high frequency of rhizogenesis. Varieties of L. usitatissimum convar. elongatum and convar. usitatissimum had diffe-
rent responses to in vitro culture. Conclusions. The frequency and intensity of callus formation and organogenesis, the
effectiveness of microclonal reproduction depended on the genotype of a particular species; therefore it is advisable to
select the composition of the nutrient medium and growth regulators for each of them. Some species of the genus Linum
have not yet been studied in vitro, so the obtained results allow expanding the scope of their use in practice, in particular
in breeding as a new source material with somaclonal variation, interspecific crosses, and ornamental floriculture.
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can be involved in interspecific crosses with the

Introduction subsequent use of such hybrids in breeding. In

The practical significance of the species of
the genus Linum L. (Linaceae) is due to their
beneficial properties. The species are used as
fiber, oilseeds, melliferous, medicinal, fodder,
essential oil and ornamental plants [1]. Under
certain conditions, various species of this genus
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agrarian production, diverse varieties of flax
(Linum usitatissimum L.) are common, which
are mainly grown to obtain natural fiber for the
textile industry, seeds, edible or technical oil.
Although flax has been known for several
millennia, it still remains the subject of nume-
rous scientific studies on phylogenesis and taxo-
nomy, breeding and growing technology, bio-
technology, etc. The culture of isolated cells and
tissues can be used in practical breeding. The
regenerated plants formed in vitro in compari-
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son with the starting material are characteri-
zed by somaclonal variability, which, in case of
positive changes, can be used for the creation
of new varieties. Undesirable mutant forms can
be rejected at the stage of regeneration in vitro.

Methods of plant cells and tissues regenera-
tion, somatic embryogenesis, anther culture and
doubled haploids, isolated protoplasts, cell sus-
pensions, etc. in breeding programs have been
well designed and described precisely for L. usi-
tatissimum. In particular, for the induction of
somatic callus formation and organogenesis in
flax in vitro, the successful experience of using
l-naphthaleneacetic acid (NAA) and 6-ben-
zylaminopurine (BAP) [2, 3], 2,4-dichlorophe-
noxyacetic acid (2,4-D) and BAP [4], thidiazu-
ron (TDZ) [5], etc. is known. In the cell suspen-
sion culture, the addition of the phytohormones
NAA (0.1 mg/l) and BAP (0.5 mg/l) was opti-
mal. At the same time, a high concentration of
BAP in a liquid medium limited cell prolifera-
tion and reduced biomass formation [6]. Low-
molecular five-and six-membered nitrogen-con-
taining heterocyclic compounds (derivatives of
pyridine, pyrimidine, pyrazole, and isoflavones)
have also been found to exhibit a high stimula-
ting effect on direct organogenesis of flax, thus
these compounds are promising as effective
substitutes for traditional (common) auxin NAA
and cytokine BAP [7].

The effectiveness of callus formation and or-
ganogenesis depends not only on the determina-
tion of optimal concentrations and combinations
of auxins and cytokinins in the medium. It was
higher in the case when hypocotyl segments
were immersed in sterile distilled water before
being placed on hormonal nutrient medium and
shaken slightly for 20 minutes, compared with
the option where they were immediately placed
on medium. Such pretreatment softened the epi-
dermis layer and increased its permeability,
what caused a higher metabolic activity of the
tissues due to increased water, nutrients and
growth regulators absorption from the medium
[8]. The competition among the explants was
achieved by changing the distance between them
in Petri dishes: in particular, at a distance of
1.0 ecm compared with placement at 2.0 cm, the
number of regenerants and their length in-
creased, and in the case of reducing the distance
to 0.5 cm decrease in the frequency of organo-
genesis and size of the formed shoots was ob-
served [9]; the placement of explants according
to the 1.5 x 1.5 cm scheme was optimal [10].

Although the anther culture is less efficient
for the regeneration of flax plants, compared
with the somatic cell culture, it is often used in
biotechnological research. It is regenerants ob-
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tained from anther cells that have increased
resistance against Fusarium wilt [11]. Pretreat-
ment of donor plants, the genotype (variety),
the type and ratio of exogenous growth regula-
tors, the temperature of cultivation of explants
had a significant impact on the induction of
callus formation in flax anther culture. An-
thers of donor plants grown under lower tem-
peratures (14-18 °C) significantly increased the
intensity of callus formation compared with an-
thers grown at higher temperatures (18-22 °C).
Combinations of phytohormones should be de-
veloped for each genotype separately. In par-
ticular, for certain varieties such combinations
are described as effective: 0.1 mg/l BAP and
0.2 mg/l 2,4-D; 0.2 mg/l1 BAP and 0.1 mg/I]
NAA; 0.1 mg/l1 BAP and 0.2 mg/] indole-3-ace-
tic acid (IAA), depending on the genotype, must
be supplemented with nutrient medium with
sucrose [12-14], maltose for effective regenera-
tion of the shoots [15] or lactose, which in-
creases the intensity of callus formation [16].
The number of anthers with callus formation was
greater at a cultivation temperature of 28 °C,
compared with 33 and 6 °C [17].

Methods for obtaining callus tissue from the
embryo (ovary) of flax, followed by regeneration
of shoots are also developed. It was revealed
that callus was the most intensively formed and
shoots were regenerated on medium supplemen-
ted with 1.5 mg/l1 IAA and 1.5 mg/l BAP, but
rhizogenesis in this case was not observed, roots
developed on medium only with auxin 2.4-D
[18]. Other studies have shown that the fre-
quency of callus formation can vary widely
(9.17-100%), depending on the variety and phy-
tohormonal composition of the medium, and in
some varieties, organogenesis did not occur at
all. In most cases, the highest rate of shoot
regeneration was obtained on a medium supple-
mented with 0.1 mg/l NAA and 0.2 mg/1 TDZ.
Cytological analysis shows that 21.88% of the
regenerated plants were haploids, and the rest
were diploids or mixoploids (78.12%) [19].

The processes of callus formation and or-
ganogenesis of L. usitatissimum in vitro are
determined by genetic factors. Callus forma-
tion and the ability to regenerate are influ-
enced by the non-additive effects of genes. At
the same time, the degree (intensity) of callus
formation and organogenesis has different ge-
netic nature [20].

Representatives of the genus Linum are cha-
racterized by a significant variety of biological
features, among which a special place is occu-
pied by the structure and color of the flower
(Fig. 1), the stem morphology and life form. The
genus belongs to the critical and systematically
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complex groups of vascular plants, so the views
of researchers on its volume and the status of
some taxa, as well as the diagnostic signifi-
cance of morphological features are debatable
[1]. In our work, we give the names of species
according to the classification and version 1.1
of the “The Plant List” [21]. L. usitatissimum
varieties grouping was done according to the
modern widespread -classification [22]; accor-
ding to it, the species described earlier as inde-
pendent, are combined into one polymorphic
species with four varieties. Such a classification
is most suitable for breeding, and the allocation
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Fig. 1. The variety of generative organs of various species of Linum L.:
L. usitatissimum L.: flowering (1) and separate flower (2) L. flavum L.:
flowering (3) and separate flower (4); L. bienne Mill. (5) and L. perenne L. (6);
L. austriacum L.: flowers (7) and placement of seeds (8);
various colors of L. grandiflorum Desf. (9, 10)

of higher taxa does not make sense, since the
morphotypes and ecotypes of modern flax varie-
ties are very diverse [23].

It should be noted that L. usitatissimum
being the most common in agricultural pro-
duction and selection studies is mainly used
in vitro culture. In our work we investigated
various species of the genus Linum, which
had distinctive features when cultivated in
the indicated artificial conditions and at the
same time could give new ideas not only
about the biological diversity of the genus
Linum, but also expanded the scope of its
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use in human practice, which determined
the relevance of the research in this direc-
tion.

The purpose of the research is to determine
the frequency and intensity of callus formation
and organogenesis, the efficiency of micro-
clonal reproduction of different species of the
genus Linum L.

Materials and methods

Samples from the collection of genetic re-
sources of the Institute of Bast Crops of the
National Academy of Agrarian Sciences of
Ukraine, including 11 species of the genus Li-
num L.: L. usitatissimum L., L. tenue Desf.
(UF0401804, USA), L. bienne Mill. (UF0401805,
USA), L. corymbulosum Pchb. (UF0401806,
USA), L. nervosum Waldst. & Kit. (UF0401807,
USA), L. flavum L. (UF0402168, Germany),
L. campanulatum L. (UF0402172, Germany),
L. perenne L. (Ukraine), L. austriacum
L. (UF0402192, Ukraine), L. grandiflorum
Desf. (UF0401580, Germany), L. strictum L.
(UF0401841, Portugal) were the object of the
study. The species L. usitatissimum was repre-
sented by two varieties and two samples of
each of them, namely: L. usitatissimum L. con-
var. elongatum — ‘Glinum’ (UF0401603,
Ukraine), ‘Krom’ (UF0401494, Russia), L. usi-
tatissimum L. convar. usitatissimum — ‘Ruta’
(UF0402228, Lithuania), ‘Opus’ (UF0402142,
Belarus).

The seeds were sterilized with a 3% aqueous
solution of sodium hypochlorite (NaOCl) with
12.5-15 minutes of exposure, washed three
times with sterile distilled water. Seeds of each
species were germinated on agarized hormone-
free nutrient medium Murashige and Skoog
with 10 g/l sucrose. On days 7-15 hypocotyls
segments of seedlings 2—-3 mm long were cul-
tivated in biological test tubes 2 cm in diame-
ter on Murashige and Skoog medium, supple-
mented with 0.05 mg/l NAA and 1.0 mg/1 BAP,
30 g/l sucrose, with 16 hours photoperiod
(2500 flux) at 22—-24 °C, relative humidity of
60—-80%, to induce calus formation and or-
ganogenesis.

To obtain regenerated plants, such nutrient
media were used: I — Murashige and Skoog [24],
supplemented with 12.5 g/l sucrose; II — Mu-
rashige and Skoog, supplemented with 12.5 g/I
glucose; III — Murashige and Skoog modified,
containing 1/2 macro-, 2/1 micro-salts and vi-
tamins, 0.3 mg/1 IAA, 10.0 g/1 sucrose ; IV —
White (1943), supplemented with 12.5 g/l suc-
rose; V — Gamborg and Eveleigh [25], supple-
mented with 12.5 g/I sucrose; VI and — Gam-
borg and Eveleigh, supplemented with 12.5 g/I
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of glucose. Microclonal propagation of regene-
rated plants was performed when they reached
a height of about 10 cm.

Registrations were carried out on the 35th
day of cultivation in terms of the frequency of
callus formation (the percentage of explants on
which callus was formed), the mass of callus
from one explant, the frequency of organoge-
nesis (the percentage of calluses on which sho-
ots were formed), the number of shoots that
formed (excluding meristematic zones and em-
bryonic shoots), and the height of normally de-
veloped shoots. A sampling was at least 30
explants and observations for each flax species
and medium variant. The arithmetic mean, the
error of the sample mean, and the least sig-
nificant difference between the variants of ex-
periment (LSD) were determined. Microclones
for the height of shoots and the frequency of
rhizogenesis were ranked in descending order.

Results and discussion

Various species of the genus Linum L. proved
to be very sensitive to in vitro culture. The
vast majority of them in 100% of cases formed
a callus on the hypocotyl segments under the
condition of cultivation on the Murashige and
Skoog medium supplemented with 30 g/l suc-
rose, 0.05 mg/l1 NAA and 1.0 mg/1 BAP, with
16 hours photoperiod (2500 flux) at 22-24 °C,
relative humidity of 60-80%. The only excep-
tions were L. campanulatum (the frequency of
callus formation — 81.25%) and L. grandiflo-
rum (90.62%). At the same time, the intensity
of callus formation in different species was
uneven. On average, the mass of callus from
the explants varied from 0.21 + 0.032 (L. gran-
diflorum) to 1.64 = 0.069 g (L. tenue).

The frequency of organogenesis, which
ranged from 12.50 (L. campanulatum) to 100%
(L. tenue and L. flavum), did not depend on the
intensity of callus formation. On hypocotyl
segments of L. grandiflorum, the callus was
hardly formed (on average, only 0.21 g from
explants), but shoots were formed with a very
significant frequency (96.88%) and height
(2.12 cm). The sign of the frequency of organo-
genesis had a significant range of variation
(the difference between the maximum and
minimum values) at the level of 87.5%, which
indicates significant genotypic differences in
the ability to form shoots from the undifferen-
tiated group of cells in vitro in the presence of
the aforementioned growth regulators or the
possibility of initiating organogenesis as long
as other phytohormones or their concentra-
tions were added. Such an indicator as the
number of shoots formed from a callus of one
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hypocotyl explant also varied depending on the
studied species — from 1.8 = 0.25 (L. grandi-
florum) to 7.6 = 0.28 pcs. (L. perenne), that was
more than four times. The height of the shoots
and their habitus on the 35th day of cultiva-
tion in different species, as well as in natural
conditions, also differed significantly (Fig. 2),
namely, the limits of variation ranged from
0.82 = 0.067 (L. nervosum) to 2.12 = 0.351 cm
(L. grandiflorum). The relationship between
such traits as the number of shoots and their
height was not observed (Table 1).

Microclonal propagation of the obtained re-
generating plants (Fig. 2) showed differences
in the reaction of different species of the ge-

nus Linum L. to the composition of the nutri-
ent medium. Similarly to the natural condi-
tions, according to the average data on all
nutrient media, shoots were high in L. stric-
tum, L. tenue, L. usitatissimum convar. usi-
tatissimum and L. corymbulosum (grades 1-4);
L. bienne, L. nervosum, L. usitatissimum con-
var. elongatum and L. campanulatum (grades
5-8) had had an average height; L. flavum,
L. perenne, L. grandiflorum and L. austriacum
(ranks 9-12) belonged to low-growing plants.
The height of the shoots varied from 1.89 to
12.52 cm.

According to the average data for 12 species
and varieties, shoots grew intensively on the

(=2
To) 2
e
e c'—
-
= 4]
(=) 3]
| ————— _-|
o-
Fig. 2. Regeneration of shoots from callus and microclones of various species of the genus Linum L.:
1 - L. usitatissimum convar. usitatissimum (a), L. strictum (b) and L. perenne (c);
2 - L. perenne (a), L. usitatissimum convar. elongatum (b)
Table 1
The ability to callus formation and organogenesis in vitro in different species of the genus Linum L.
Intensity of callus formation Intensity of organogenesis
: Frequency of | Mass of a callus Frequency Number .
Species calus formation, | from explant, | of organogenesis,| of shoots, Hight S;ShOOtS’
% g % pcs
L. usitatissimum convar. elongatum 100 1.14 £ 0.092 90.62 3.0+£0.24 | 1.00+0.062
L. usitatissimum convar. usitatissimum 100 0.87 +0.080 58.22 2.2+0.36 | 1.15+0.062
L. tenue 100 1.64 +0.069 100 2.6 +£0.14 1.62 £ 0.238
L. bienne 100 1.10 £ 0.091 93.75 2.8+0.13 1.28 + 0.091
L. corymbulosum 100 0.48 £ 0.068 65.62 2.2+0.13 0.83+£0.076
L. nervosum 100 0.73+£0.075 50.00 2.0 +£0.07 0.82 +0.067
L. flavum 100 0.40 + 0.050 100 3.8+0.24 0.90 +0.071
L. campanulatum 81.25 0.42 +0.046 12.50 3.7+0.22 1.04 +0.078
L. perenne 100 0.60 +0.058 53.33 7.6+0.28 1.76 £+ 0.158
L. austriacum 100 0.54 +0.029 93.75 2.0+0.08 1.54 +0.175
L. grandiflorum 90.62 0.21+0.032 96.88 1.8+0.25 2.12+0.351
L. strictum 100 0.94 +0.105 87.50 2.6 +0.41 | 1.51+0.243
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Murashige and Skoog medium (8.43 cm in the
variant with the addition of 12.5 g/l sucrose
and 8.52 cm with the addition of 12.5 g/l glu-
cose). Somewhat less, the height of microclones
appeared on White’s medium with the addition
of 12.5 g/l sucrose and Gamborg and Eveleigh
medium containing 12.5 g/l glucose (7.88 cm
each). An increase in height was observed on
White’s medium, but the leaves and lateral meris-
tems died at 2/3 of the lower part of the shoot,
what made further microclonal reproduction
impossible. The modified Murashige and Skoo-
ga medium with half the dose of macrosalts,
a double dose of micro salts and vitamins,
0.3 mg/1 IAA, 10.0 g/1 sucrose was ineffective.

A particular composition of the medium on a
particular type of flax may affect differently.
For example, in L. usitatissimum convar. elon-
gatum abrupt growth suppression was observed
on the modified Murashige and Skoog medium
with half a dose of macro salts, a double dose
of micro salts and vitamins, 0.3 mg/l IAA and
10.0 g/1 sucrose, and shoots of L. usitatissimum
convar. usitatissimum were the highest when
cultivated on this medium (Table 2).

Like the trait of height, rhizogenesis in dif-
ferent species of the studied genus occured
with unequal intensity. According to the avera-
ge data, the microclones of L. strictum, L. co-
rymbulosum, L. usitatissimum convar usitatis-
simum and L. tenue (ranks 1-4) had the highest
frequency of rhizogenesis. The average frequen-
cy of normal developed roots was in L. usitatis-
simum convar. elongatum, L. austriacum, L. bien-
ne and L. nervosum (ranks 5-8), the lowest in-
cidence of rhizogenesis was observed in L. cam-
panulatum, L. flavum, L. perenne and L. gran-
diflorum (ranks 9-12). The average frequency
of rhizogenesis was in the range of 29.30-
100%.

Most often microclones formed roots on
White’s medium with 12.5 g/1 sucrose (78.12%),
which was quite predictable, positive results
were obtained on Murashige and Skoog, Gam-
borg and Eveleigh media (from 71.25 to 75.56%).
At the same time, glucose, as a source of carbo-
hydrates in the medium and osmotic pressure

in the cells, to a certain extent increased the
intensity of rhizogenesis. The modified medium,
although it contained auxin IAA, turned out to
be less suitable for the induction of rooting in
regenerated flax shoots (Table 3).

Just as within one species of L. usitatissimum,
callus tissue formation, regeneration, growth,
development and rooting of shoots in vitro de-
pends on the genotype (starting material) [2,
12-14, 16, 19, 20], and within the whole genus,
there are significant differences in the course
of these phenomena. In general, according to
the intensity of callus formation (by a complex
of characters), the following species were dis-
tinguished: L. usitatissimum convar. elongatum,
L. tenue, L. bienne and L. strictum. The most
intensive organogenesis (by the complex of
characters) is inherent in the species: L. tenue,
L. bienne, L. flavum, L. austriacum and L. gran-
diflorum. The efficacy of obtaining somaclones
in vitro under the described cultivation condi-
tions was rather low in L. nervosum and L. cam-
panulatum (the frequency of organogenesis was
50.00 and 12.50%, respectively). Despite the
fact that the combination of NAA and BAP is
most often described as optimal for flax calus
formation and organogenesis [2, 13], in less sen-
sitive species to culture in vitro and these
growth regulators of exogenous origin, the pos-
sibilities of increasing the production of regene-
rative plants in the event of a change, for ex-
ample, of the phytohormonal composition of the
medium remain open.

In general, for microclonal propagation of
species of the genus Linum, the Murashige and
Skoog, Gamborg and Eveleigh media with the
addition of 12.5 g/l glucose were optimal. At
the final stages of microclonal propagation, be-
fore transferring microclones in vivo, it is ad-
visable to use the White medium, which con-
tributes to a high frequency of rhizogenesis.
For each species, among the studied media and
modifications by the complex of features, it is
possible to select the optimal ones — those that
contribute to the intensive growth and develop-
ment of the shoots, and those on which active
rhizogenesis is observed (Table 4).

Optimum media for microclonal propagation of species of the genus Linum L.

Medium

Murashige and Skoog

Murashige and Skoog (modified)

L. bienne, L. usitatissimum
L. nervosum, convar. usitatissimum
L. perenne,

L. austriacum,
L. grandiflorum,
L. strictum

Table 4
White Gamborg and Eveleigh
L. usitatissimum L. bienne,
convar. usitatissimum, | L. corymbulosum,
L. nervosum, L. strictum
L. flavum,
L. campanulatum,
L. strictum
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Different varieties of L. usitatissimum — fi-
ber flax and oilseeds — have distinctive tenden-
cies in the intensity of callus formation, or-
ganogenesis, and the growth of microclones,
which must be taken into account in agricul-
tural biotechnology and when used in breeding
programs.

It is practically impossible to choose a uni-
versal nutrient medium for effective callus for-
mation and organogenesis and microclonal
propagation of different plants in vitro, even if
they belong to the same genus. In vitro culture
morphogenetic reactions may differ not only
from the age and type of the explant selected
in the study, but also from the studied variety
or sample of the same species, therefore, very
often, researchers have to select for each stu-
died variety (genotype) separately and appropri-
ate growth regulators (concentration (s) of phy-
tohormone (s) and/or their ratio) for the effec-
tive induction of somatic organogenesis (shoot-
and-root formation) or embryogenesis in vitro.

Conclusions

Various species of the genus Linum L., with
a few exceptions, are largely capable of forming
callus and regenerating shoots in vitro when
cultivated at 22-24 °C, relative humidity of
60—-80%, with 16 hours photoperiod (2500 flux)
on agar nutrient Murashige and Skoog medium,
supplemented with 0.05 mg/1 NAA, 1.0 mg/1
BAP. The frequency, intensity of callus forma-
tion and organogenesis, the effectiveness of mic-
roclonal reproduction depended on the genotype
of a particular species, therefore for each of
them it is advisable to select separately the com-
position of the nutrient medium and growth
regulators. The frequency of callus formation of
the studied samples on the 35th day of cultiva-
tion varied within 81.25-100%, the mass of a
callus from one explant — 0.21-1.64 g, the fre-
quency of organogenesis — 12.50-100%, the
number of shoots — 1.8-7.6 pcs. and the height
of the shoots is 0.82-2.12 cm. The following spe-
cies L. usitatissimum convar. elongatum, L. te-
nue, L. bienne and L. strictum were distin-
guished by the high intensity of callus forma-
tion. Intensive organogenesis characteristic of
the species L. tenue, L. bienne, L. flavum, L. aust-
riacum and L. grandiflorum. The effectiveness
of shoots growth was quite low in L. nervosum
and L. campanulatum. In total, for the micro-
clonal reproduction of species of the genus Li-
num L., Murashige and Skoog, Gamborg and
Eveleigh are optimal with the addition of 12.5 g/1
of glucose. At the final stages of microclonal
propagation, before transferring microclones in
vivo, it is advisable to use the White medium,
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which contributes to a high frequency of rhizo-
genesis. Varieties of L. usitatissimum convar.
elongatum and convar. usitatissimum had dif-
ferent responses to in vitro culture.
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MeTta. YcTaHOBMTM 4acToTy Ta iHTEHCUBHICTb Kajy-
Co- i opraHoreHesy, e(eKTUBHICTb MiKPOK/IOHaNbHOIO
PO3MHOXeHHA Ppi3Hux Buais popy Linum L. (Linaceae)
B yMoBax in vitro. Metoau. [na iHAYKyBaHHA Kanyco- M
opraHoreHesy B YMOBax in Vitro TinoKOTW/bHi cermeH-
™ BuaiB Linum usitatissimum L. convar. elongatum i
convar. usitatissimum, L. tenue Desf., L. bienne Mill.,
L. corymbulosum Pchb., L. nervosum Waldst. & Kit.,
L. flavum L., L. campanulatum L., L. perenne L.,
L. austriacum L., L. grandiflorum Desf., L. strictum L.
KynbTUBYBanM Ha cepeposuwi Mypacire i Ckyra 3 popa-
BaHHAM 0,05 mr/n 1-HadTunoutoBoi kucnotv 1a 1,0 mr/n
6-6eH3unamiHonypuHy 3a 16-roguHHoro dotonepioay,
iHTEeHCMBHOCTI ocBiTNneHHAa 2500 K, BiAHOCHI BoNOrocCTi
60-80% i Temnepatypi nositpa 22-24 °C. [Ons
MiKPOK/IOHaNbHOFO PO3MHOXEHHA BWUKOPWUCTOBYBanu ce-
peposuwa Mypacire i Ckyra, YaitTa, lambopra i EBenera 1a
ix mogudikauii. Pe3ynbtaTn BUMiptoBaHb iHTepnpeTyBanu
3a cepefiHiM apudMeTMyYHUM, NOXMOKOI0 BUGIPKOBOT cepeaHbo,
HaNMeHLIO0 ICTOTHOIO Pi3HMLEl0 Ta paHXXuUpyBanu. Pesynbraru.
Pi3Hi Buau pony Linum 3Ha4yHO Mipoto 34aTHi O YTBOPEH-
HA Kanycy i pereHepauii naroHiB 3a BKa3aHMX YMOB KyJb-
TUBYBaHHA. YacToTa KanycoreHesy ANA AOCHiAXKYBAHUX
3pasKiB Ha 35-Ty Ao0Oy KynbTMBYBaHHA 3MiHlOBanaca B Me-
*ax 81,25-100%, maca kanycy 3 ofHOro ekcnnaHta — 0,21-
1,64 1, yactota opraHoreHesy — 12,50-100%, KinbkicTtb
naroHis — 1,8-7,6 wr. i Bucota naroxie — 0,82-2,12 cm.
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33 BUCOKOIO iHTEHCUBHICTIO KaNyCOYTBOPEHHS BUAINUANCS
Taki Bugu: L. usitatissimum convar. elongatum, L. tenue,
L. biennei L. strictum. HaltiHTeHCMBHiWN opraHoreHes Bia-
ctusuit Bupam L. tenue, L. bienne, L. flavum, L. austriacum
i L. grandiflorum. EdeKTMBHICTb OTPUMAHHA COMAK/OHiB
Oyna pocutb HU3bKOW B L. nervosum i L. campanulatum.
3aranom pns MiKpOKIOHANbHOMO PO3MHOXEHHSA BUAIB poay
Linum ontumanbHumu € cepegosuwa Mypacire i Ckyra, lam-
6opra i EBenera 3 gofaBaHHam 12,5 r/n rnioko3u. Ha 3aBep-
WanbHUX eTanax MiKpOKJOHANbHOFO PO3MHOXEHHA Mepes
nepeHeceHHAM MiKpOKMOHIB 1 vivo AOUiNbHO BUKOPUCTO-
BYyBaTU cepefloBuLLe YaliTa, ke CpUsS€E BUCOKI YacToTi pu-
3oreHe3y. PisHoBuaw L. usitatissimum convar. elongatum i
convar. usitatissimum manu pi3Hy peakuilo Ha KyNbTUBYBaH-
HA B yMOBax in vitro. BUCHOBKM. YacToTa, iHTEHCUBHICTb
Kasnyco- i1 opraHoreHesy, eeKTUBHICTb MiKPOKNOHANIbHOTO
PO3MHOXEHHA 3anexana Bif reHoTUNy NeBHOTO BUAY, TOMY
AN KOXHOTO 3 HUX JOLiNbHO oKpeMo fobupatu cknap no-
XWBHOTO cepefoBuwa i perynatopu pocty. [eski Buaw
pony Linum we He pocnipxeHi B ymoBax in vitro, Tomy
OTpWUMaHi pe3ynbTaTu Hagani faloTb 3MOTY po3wWupuUTH cde-
py iX BUKOPUCTAHHA Yy NPaKTUYHil AisnbHOCTi, 30Kpema B
cenekuii sk HOBMIt BUXifHWUI MaTepian i3 COMaKNOHaNbHO
MiHJMBICTIO, Y MIXXBUAOBUX CXPELLYBAHHAX, Y AeKOPATUBHO-
My KBiTHWKapCTBi.

Knrouosi cnosa: Linum L.; in vitro; xusunsHe cepedosu-
we; pimo2o0pMoHu; NaziH.
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Llenb. YcTaHOBUTb YACTOTY M MHTEHCUMBHOCTb Kannyco-
“ opraHoreHesa, 3 HeKTUBHOCTb MUKPOK/IOHANbHOIO pas-
MHOXEHUA pa3nuyHblx BULoB popa Linum L. (Linaceae) B
ycnoBusax in vitro. Metoabl. [lns MHAYLUPOBAHUA Kaniyco-
M opraHoreHesa B YCNOBUAX 7N Vitro rMNOKOTUNbHbIE Cer-
MeHTbl BURoB Linum usitatissimum L. (convar. elongatum
u convar. usitatissimum), L. tenue Desf., L. bienne Mill.,
L. corymbulosum Pchb., L. nervosum Waldst. & Kit.,
L. flavum L., L. campanulatum L., L. perenne L.,
L. austriacum L., L. grandiflorum Desf., L. strictum L. kynb-
TUBUpOBanu Ha cpeae Mypacure u Ckyra c fobasneHuem
0,05 mr/n 1-HadTunykcycHon kucnotel u 1,0 mr/n 6-6eH-
3unamuHonypuHa npu 16-yacosom dotonepuope, UHTEH-
CMBHOCTM ocBelleHna 2500 NK, OTHOCUTENbHOW BlaX-
HocTn 60-80% u TemnepaTtype Bo3gyxa 22-24 °C. Ons
MUKPOKJIOHANIbHOTO Pa3MHOXEHUA MCMO/Ib30BaN Cpeabl
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Mypacure u Ckyra, Yaiita, [ambopra u Isenera u ux Moau-
dukaumun. PesynbtaTbl U3MEPEHUI WHTEPNPETUPOBANN NO
cpeaHeMy apuMeTU4YeCcKOMY, NOTPELHOCTU BEIOOPOYHOIA
CpegHein, HauMMeHbllen CyWeCcTBEHHOM pasHWLe W paH-
XupoBanu. Pesynbratbl. PaznuuyHbie Bugbl poaa Linum B
3HauMUTeNbHOI Mepe cnocolOHbI K 06pa3oBaHuio Kanayca u
pereHepayuu noberos B YCNOBUAX in Vitro npn yKasaHHbIX
VYCNOBUAX KYyNbTUBMPOBaHUA. YacToTa KannycoreHesa ans
uccnepyemblx 06pasLoe Ha 35-e CYTKM KYNbTUBUPOBAHUSA
konebanacb B npegenax 81,25-100,00%, macca Kannyca
C ofHoro 3kcnnauwta - 0,21-1,64 r, yactota opraHore-
He3a - 12,50-100%, konuyectso noberos — 1,8-7,6 wr.
u BbicoTa noberos — 0,82-2,12 cM. Mo BbICOKON MHTEH-
CMBHOCTM Kannycoobpa3oBaHWs BbIAENUINUCH Chepyio-
wue Buabl: L. usitatissimum convar. elongatum, L. tenue,
L. bienne v L. strictum. HanGonee WHTEHCUBHBIA OpraHo-
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reHes cBoiicTBeHHbIN Bugam L. tenue, L. bienne, L. flavum, TEHCUBHOCTb Kanayco- U opraHoreHesa, 3HeKTUBHOCTb
L. austriacum v L. grandiflorum. 3ddheKTMBHOCTb NOJYyYe-  MUKPOKNOHANbHOIO Pa3MHOXEHUSA 3aBUCENA OT reHOTMNA
HUS COMAK/IOHOB BblNa AOCTATOYHO HU3KOMW y L. nervosum  onpepeneHHOro BUAA, NO3TOMY /1A KAXAOI0 UX HUX Liene-
n L. campanulatum. B uenom pns MUKPOKNOHaNbHOTO  COOGpa3HO OTAENbHO NofGMpaTh COCTaB NUTATENbHOM Cpe-
pPasMHOXeHUs BWAOB popaa Linum. onTUManbHbIMK ABNA-  fAbl U perynatTopbl pocta. OTaenbHble BUALI pofa Linum He
totcs cpegbl Mypacure u Ckyra, lamGopra v 3Benera ¢ 4o-  WUCCAefOBaHbl B YCNOBUAX in Vitro, N0O3TOMY NONYyYEHHbIE
6asneHnem 12,5 r/n rnoko3sbl. Ha 3aBepwatmowmux 3tanax  pesynbTathl 4al0T BO3MOXHOCTb B AaJIbHEWEM paclnpuTb
MUKPOK/IIOHAJbHOFO Pa3MHOXeHUA nepef NepeHocoM MU-  chepy UX UCMONb30BaHUA B MPAKTUYECKOI AeATENbHOCTH,
KPOKNOHOB in Vivo Lenecoobpa3Ho UCMOAb30BaTh Cpefly B YAaCTHOCTM B CeNeKLMW KaK HOBbIA UCXOLHbIA MaTepuan
YaitTa, KoTopas cnoco6CTBYET BLICOKOW 4acTOTe pU30re- C COMaK/NOHaNbHOU M3MEHYUBOCTLIO, B MEXBUAOBLIX CKpe-
He3a. PasHoBupgHoctu L. usitatissimum convar. elongatum  WWBaHMAX, B LEKOPAaTUBHOM LIBETOBOACTBE.

W convar. usitatissimum vmenu pasHylo peakunto Ha KyNb- Kniwouyessie cnosa: Linum L.; in vitro; numamensHas cpe-
TUBMPOBAHMWE B YCNOBUAX in vitro. BbiBoAbl. YacToTa, MH-  0a; pumozopmonsi; nobee.
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