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Introduction
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 

can be involved in interspecific crosses with the 
subsequent use of such hybrids in breeding. In 
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-

UDC 633.521:58.085  https://doi.org/10.21498/2518-1017.15.2.2019.173558

Callus formation, organogenesis 
and microclonal reproduction in different species 
of the genus Linum L. in vitro
S. V. Mishchenko*, L. M. Kryvosheieva

Institute of Bast Crops, NAAS of Ukraine, 45 Tereshchenkiv St., Hlukhiv, Sumy region, 41400, Ukraine, 
*e-mail: serhii-mishchenko@ukr.net

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.

Keywords: Linum L.; in vitro; nutrient medium; phytohormones; shoot. 

Serhii Mishchenko
https://orcid.org/0000-0002-1979-4002
Larysa Kryvosheeva
https://orcid.org/0000-0001-6688-6930

Біотехнологія
та біобезпека
ББіотехнологіяіотехнологія
та біобезпеката біобезпека



125ISSN 2518-1017  Plant Varieties Studying and protection, 2019, Vol. 15, No 2

Biotechnology and biosafety

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 
1-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 cm 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 × 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-

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/l BAP and 0.1 mg/l 
NAA; 0.1 mg/l BAP and 0.2 mg/l 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/l 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/l 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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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)
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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 

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/l 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/l 
glucose; III – Murashige and Skoog modified, 
containing 1/2 macro-, 2/1 micro-salts and vi-
tamins, 0.3 mg/l IAA, 10.0 g/l sucrose ; IV – 
White (1943), supplemented with 12.5 g/l suc-
rose; V – Gamborg and Eveleigh [25], supple-
mented with 12.5 g/l sucrose; VI and – Gam-
borg and Eveleigh, supplemented with 12.5 g/l 

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 
rhizogene sis were ranked in descending order.

Results and discussion
Various species of the genus Linum L. proved 

to be ve ry 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/l NAA and 1.0 mg/l 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 

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)

             à                      b                        c             à                      b                        c                  à                                  b                 à                                  b

11 22

Table 1
The ability to callus formation and organogenesis in vitro in different species of the genus Linum L.

Species

Intensity of callus formation Intensity of organogenesis
Frequency of 

calus formation, 
%

Mass of a callus 
from explant, 

g

Frequency
of organogenesis, 

%

Number 
of shoots, 

pcs

Hight of shoots, 
cm

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/l IAA, 10.0 g/l 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/l 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/l 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).

Table 4
Optimum media for microclonal propagation of species of the genus Linum L.

Medium
Murashige and Skoog Murashige and Skoog (modified) White Gamborg and Eveleigh
L. bienne,
L. nervosum,
L. perenne,
L. austriacum,
L. grandiflorum,
L. strictum

L. usitatissimum
convar. usitatissimum

L. usitatissimum
convar. usitatissimum,
L. nervosum,
L. flavum,
L. campanulatum,
L. strictum

L. bienne,
L. corymbulosum,
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/l NAA, 1.0 mg/l 
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/l 
of glucose. At the final stages of microclonal 
propagation, before transferring microclones in 
vivo, it is advisable to use the White medium, 

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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Öåëü. Óñòàíîâèòü ÷àñòîòó è èíòåíñèâíîñòü êàëëóñî- 
è îðãàíîãåíåçà, ýôôåêòèâíîñòü ìèêðîêëîíàëüíîãî ðàç-
ìíîæåíèÿ ðàçëè÷íûõ âèäîâ ðîäà Linum L. (Linaceae) â 
óñëîâèÿõ in vitro. Ìåòîäû. Äëÿ èíäóöèðîâàíèÿ êàëëóñî- 
è îðãàíîãåíåçà â óñëîâèÿõ in vitro ãèïîêîòèëüíûå ñåã-
ìåíòû âèäîâ Linum usitatissimum L. (convar. elongatum 
è 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. êóëü-
òèâèðîâàëè íà ñðåäå Ìóðàñèãå è Ñêóãà ñ äîáàâëåíèåì 
0,05 ìã/ë 1-íàô òèëóêñóñíîé êèñëîòû è 1,0 ìã/ë 6-áåí-
çèëàìèíîïóðèíà ïðè 16-÷àñîâîì ôîòîïåðèîäå, èíòåí-
ñèâíîñòè îñâåùåíèÿ 2500 ëê, îòíîñèòåëüíîé âëàæ-
íîñòè 60–80% è òåìïåðàòóðå âîçäóõà 22–24 °Ñ. Äëÿ 
ìèêðîêëîíàëüíîãî ðàçìíîæåíèÿ èñïîëüçîâàëè ñðåäû 

Ìåòà. Óñòàíîâèòè ÷àñòîòó òà ³íòåíñèâí³ñòü êàëó-
ñî- é îðãàíîãåíåçó, åôåêòèâí³ñòü ì³êðîêëîíàëüíîãî 
ðîçìíîæåííÿ ð³çíèõ âèä³â ðîäó Linum L. (Linaceae) 
â óìîâàõ in vitro. Ìåòîäè. Äëÿ ³íäóêóâàííÿ êàëóñî- é 
îðãàíîãåíåçó â óìîâàõ in vitro ã³ïîêîòèëüí³ ñåãìåí-
òè âèä³â Linum usitatissimum L. convar. elongatum ³ 
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. 
êóëüòèâóâàëè íà ñåðåäîâèù³ Ìóðàñ³ãå ³ Ñêóãà ç äîäà-
âàííÿì 0,05 ìã/ë 1-íàôòèëîöòîâî¿ êèñëîòè òà 1,0 ìã/ë 
6-áåíçèëàì³íîïóðèíó çà 16-ãîäèííîãî ôîòîïåð³îäó, 
³íòåíñèâíîñò³ îñâ³òëåííÿ 2500 ëê, â³äíîñí³é âîëîãîñò³ 
60–80% ³ òåìïåðàòóð³ ïîâ³òðÿ 22–24 °Ñ. Äëÿ 
ì³êðîêëîíàëüíîãî ðîçìíîæåííÿ âèêîðèñòîâóâàëè ñå-
ðåäîâèùà Ìóðàñ³ãå ³ Ñêóãà, Óàéòà, Ãàìáîðãà ³ Åâåëåãà òà 
¿õ ìîäèô³êàö³¿. Ðåçóëüòàòè âèì³ðþâàíü ³íòåðïðåòóâàëè 
çà ñåðåäí³ì àðèôìåòè÷íèì, ïîõèáêîþ âèá³ðêîâî¿ ñåðåäíüî¿, 
íàéìåíøîþ ³ñòîòíîþ ð³çíèöåþ òà ðàíæèðóâàëè. Ðåçóëüòàòè. 
Ð³çí³ âèäè ðîäó Linum çíà÷íîþ ì³ðîþ çäàòí³ äî óòâîðåí-
íÿ êàëóñó ³ ðåãåíåðàö³¿ ïàãîí³â çà âêàçàíèõ óìîâ êóëü-
òèâóâàííÿ. ×àñòîòà êàëóñîãåíåçó äëÿ äîñë³äæóâàíèõ 
çðàçê³â íà 35-òó äîáó êóëüòèâóâàííÿ çì³íþâàëàñÿ â ìå-
æàõ 81,25–100%, ìàñà êàëóñó ç îäíîãî åêñïëàíòà – 0,21–
1,64 ã, ÷àñòîòà îðãàíîãåíåçó – 12,50–100%, ê³ëüê³ñòü 
ïàãîí³â – 1,8–7,6 øò. ³ âèñîòà ïàãîí³â – 0,82–2,12 ñì. 

Çà âèñîêîþ ³íòåíñèâí³ñòþ êàëóñîóòâîðåííÿ âèä³ëèëèñÿ 
òàê³ âèäè: L. usitatissimum convar. elongatum, L. tenue, 
L. bienne ³ L. strictum. Íàé³íòåíñèâí³øèé îðãàíîãåíåç âëà-
ñòèâèé âèäàì L. tenue, L. bienne, L. flavum, L. austriacum 
³ L. grandiflorum. Åôåêòèâí³ñòü îòðèìàííÿ ñîìàêëîí³â 
áóëà äîñèòü íèçüêîþ â L. nervosum ³ L. campanulatum. 
Çàãàëîì äëÿ ì³êðîêëîíàëüíîãî ðîçìíîæåííÿ âèä³â ðîäó 
Linum îïòèìàëüíèìè º ñåðåäîâèùà Ìóðàñ³ãå ³ Ñêóãà, Ãàì-
áîðãà ³ Åâåëåãà ç äîäàâàííÿì 12,5 ã/ë ãëþêîçè. Íà çàâåð-
øàëüíèõ åòàïàõ ì³êðîêëîíàëüíîãî ðîçìíîæåííÿ ïåðåä 
ïåðåíåñåííÿì ì³êðîêëîí³â in vivo äîö³ëüíî âèêîðèñòî-
âóâàòè ñåðåäîâèùå Óàéòà, ÿêå ñïðèÿº âèñîê³é ÷àñòîò³ ðè-
çîãåíåçó. Ð³çíîâèäè L. usitatissimum convar. elongatum ³ 
convar. usitatissimum ìàëè ð³çíó ðåàêö³þ íà êóëüòèâóâàí-
íÿ â óìîâàõ in vitro. Âèñíîâêè. ×àñòîòà, ³íòåíñèâí³ñòü 
êàëóñî- é îðãàíîãåíåçó, åôåêòèâí³ñòü ì³êðîêëîíàëüíîãî 
ðîçìíîæåííÿ çàëåæàëà â³ä ãåíîòèïó ïåâíîãî âèäó, òîìó 
äëÿ êîæíîãî ç íèõ äîö³ëüíî îêðåìî äîáèðàòè ñêëàä ïî-
æèâíîãî ñåðåäîâèùà ³ ðåãóëÿòîðè ðîñòó. Äåÿê³ âèäè 
ðîäó Linum ùå íå äîñë³äæåí³ â óìîâàõ in vitro, òîìó 
îòðèìàí³ ðåçóëüòàòè íàäàë³ äàþòü çìîãó ðîçøèðèòè ñôå-
ðó ¿õ âèêîðèñòàííÿ ó ïðàêòè÷í³é ä³ÿëüíîñò³, çîêðåìà â 
ñåëåêö³¿ ÿê íîâèé âèõ³äíèé ìàòåð³àë ³ç ñîìàêëîíàëüíîþ 
ì³íëèâ³ñòþ, ó ì³æâèäîâèõ ñõðåùóâàííÿõ, ó äåêîðàòèâíî-
ìó êâ³òíèêàðñòâ³.

Êëþ÷îâ³ ñëîâà: Linum L.; in vitro; æèâèëüíå ñåðåäîâè-
ùå; ô³òîãîðìîíè; ïàã³í.
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Ìóðàñèãå è Ñêóãà, Óàéòà, Ãàìáîðãà è Ýâåëåãà è èõ ìîäè-
ôèêàöèè. Ðåçóëüòàòû èçìåðåíèé èíòåðïðåòèðîâàëè ïî 
ñðåäíåìó àðèôìåòè÷åñêîìó, ïîãðåøíîñòè âûáîðî÷íîé 
ñðåäíåé, íàèìåíüøåé ñóùåñòâåííîé ðàçíèöå è ðàí-
æèðîâàëè. Ðåçóëüòàòû. Ðàçëè÷íûå âèäû ðîäà Linum â 
çíà÷èòåëüíîé ìåðå ñïîñîáíû ê îáðàçîâàíèþ êàëëóñà è 
ðåãåíåðàöèè ïîáåãîâ â óñëîâèÿõ in vitro ïðè óêàçàííûõ 
óñëîâèÿõ êóëüòèâèðîâàíèÿ. ×àñòîòà êàëëóñîãåíåçà äëÿ 
èññëåäóåìûõ îáðàçöîâ íà 35-å ñóòêè êóëüòèâèðîâàíèÿ 
êîëåáàëàñü â ïðåäåëàõ 81,25–100,00%, ìàññà êàëëóñà 
ñ îäíîãî ýêñïëàíòà – 0,21–1,64 ã, ÷àñòîòà îðãàíîãå-
íåçà – 12,50–100%, êîëè÷åñòâî ïîáåãîâ – 1,8–7,6 øò. 
è âûñîòà ïîáåãîâ – 0,82–2,12 ñì. Ïî âûñîêîé èíòåí-
ñèâíîñòè êàëëóñîîáðàçîâàíèÿ âûäåëèëèñü ñëåäóþ-
ùèå âèäû: L. usitatissimum convar. elongatum, L. tenue, 
L. bienne è L. strictum. Íàèáîëåå èíòåíñèâíûé îðãàíî-

24. Murashige T., Skoog F. A revised medium for rapid growth and bio 
assays with tobacco tissue cultures. Physiol. Plant. 1962. Vol. 15, 
Iss. 3. P. 473–497. doi: 10.1111/j.1399-3054.1962.tb08052.x
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of glucanases in suspension cultures of wheat and barley. 
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ãåíåç ñâîéñòâåííûé âèäàì L. tenue, L. bienne, L. flavum, 
L. austriacum è L. grandiflorum. Ýôôåêòèâíîñòü ïîëó÷å-
íèÿ ñîìàêëîíîâ áûëà äîñòàòî÷íî íèçêîé ó L. nervosum 
è L. campanulatum. Â öåëîì äëÿ ìèêðîêëîíàëüíîãî 
ðàçìíîæåíèÿ âèäîâ ðîäà Linum. îïòèìàëüíûìè ÿâëÿ-
þòñÿ ñðåäû Ìóðàñèãå è Ñêóãà, Ãàìáîðãà è Ýâåëåãà ñ äî-
áàâëåíèåì 12,5 ã/ë ãëþêîçû. Íà çàâåðøàþùèõ ýòàïàõ 
ìèêðîêëîíàëüíîãî ðàçìíîæåíèÿ ïåðåä ïåðåíîñîì ìè-
êðîêëîíîâ in vivo öåëåñîîáðàçíî èñïîëüçîâàòü ñðåäó 
Óàéòà, êîòîðàÿ ñïîñîáñòâóåò âûñîêîé ÷àñòîòå ðèçîãå-
íåçà. Ðàçíîâèäíîñòè L. usitatissimum convar. elongatum 
è convar. usitatissimum èìåëè ðàçíóþ ðåàêöèþ íà êóëü-
òèâèðîâàíèå â óñëîâèÿõ in vitro. Âûâîäû. ×àñòîòà, èí-

òåíñèâíîñòü êàëëóñî- è îðãàíîãåíåçà, ýôôåêòèâíîñòü 
ìèêðîêëîíàëüíîãî ðàçìíîæåíèÿ çàâèñåëà îò ãåíîòèïà 
îïðåäåëåííîãî âèäà, ïîýòîìó äëÿ êàæäîãî èõ íèõ öåëå-
ñîîáðàçíî îòäåëüíî ïîäáèðàòü ñîñòàâ ïèòàòåëüíîé ñðå-
äû è ðåãóëÿòîðû ðîñòà. Îòäåëüíûå âèäû ðîäà Linum íå 
èññëåäîâàíû â óñëîâèÿõ in vitro, ïîýòîìó ïîëó÷åííûå 
ðåçóëüòàòû äàþò âîçìîæíîñòü â äàëüíåéøåì ðàñøèðèòü 
ñôåðó èõ èñïîëüçîâàíèÿ â ïðàêòè÷åñêîé äåÿòåëüíîñòè, 
â ÷àñòíîñòè â ñåëåêöèè êàê íîâûé èñõîäíûé ìàòåðèàë 
ñ ñîìàêëîíàëüíîé èçìåí÷èâîñòüþ, â ìåæâèäîâûõ ñêðå-
ùèâàíèÿõ, â äåêîðàòèâíîì öâåòîâîäñòâå.

Êëþ÷åâûå ñëîâà: Linum L.; in vitro; ïèòàòåëüíàÿ ñðå-
äà; ôèòîãîðìîíû; ïîáåã.
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