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Linum usitatissimum (L.) is grown as linseed (for oil) or flax (for fibre) and is one of the oldest cultivated plants in temperate regions. The oilseed 

types (linseed or oil flax) compared to the fibre types (flax) have shorter and thicker stems with more branches, whereas flax produces fewer capsules 
and smaller seeds. It is an autogamous species with about 5-10% cross-fertilization. Therefore, breeders mainly use pedigree selection, bulk breeding or 
progeny methods to develop new breeding lines and varieties. Traditional breeding methods are time consuming taking 10 – 15 years to develop im-
proved varieties. One of the most dynamically developing trends aimed at creation of a new initial material for breeding is biotechnology. Optimization 
of culturing conditions and detection of the most responsive genotypes intensify the process of developing genetically modified organisms. The aim of 
our research work was to assess a morphogenetic potential and a regenerative ability of new fiber flax and linseed cultivars for further conduction of 
agrobacterial transformation. The best morphogenetic and regeneration capabilities were demonstrared for cultivar ‘Gold Flax’. The analysis of the ob-
tained data has shown that use of linseed cultivars in programs applying methods of biotechnology is more preferable since the regeneration level in the 
given cultivars is 2 times as high as in fiber flax cultivars.  

Linum usitatissimum L., hypocotyl, morphogenic potential, regenerative ability 

 
Introduction  
 

Flax (Linum usitatissimum L.) is a valuable spinning 
and oil-yielding agricultural crop. Advanced technologies 
for processing natural fibers make it possible to produce an 
ecologically clean rich assortment of products. In the world 
production of textile fabrics, priority is given to flax fiber 
showing higher medicobiological and physicomechanical 
properties than cotton fiber. Demand for flax and flax-
containing textile fabrics increases from year to year owing 
to such a unique set of flax properties as hygienic ability, 
high strength, low electric resistance, dust capacity, com-
fort ability, and natural bactericidal action (antiseptic and 
antiputrefactive action). The share of flax and flax-
containing fabrics in the total volume of textile fabric out-
put in the world will increase to 70% by 2010 according to 
prognoses of leading French specialists.  

Development and introduction of advanced technolo-
gies for complex processing of flax seed, use in animal 
feed, as well as for dietary and medical purposes have led 
to the fact that some European countries (France, Poland, 
Czechia) growing mainly spinning flax began to carry out 
scientific programs for studying linseed gene pool (Pavelek 
M. et al., 1996; Толкачев и др., 2000; Батова, 2007). 
Seeds of oil-yielding flax are capable of accumulating 
from 35 to 52% of oil. A high content of linolenic acid 
makes it a good dehydrator and allows its application in 
production of paints, varnishes, drying oil and roadway 
covvering. Technologies for production of biodecomposed, 
biosafe and hypoallergenic linolea with flax oil application 
were developed. Depending on technological procedures, it 
is possible to produce 15-18% of edible oil from flax seed 
a unique feature of which consists in a high content of un-
saturated omega-3 fatty acids, contained mainly in sea-
products, and in a low content of saturated fatty acids un-
desirable for use in food (Жученко и др., 2000). Flax oil 
was revealed to have anticholestern and antiinflammatory 
properties. It can be used in therapy of autoimmune diseas-
es, ischemic heart disease, insults, collapse, aging, rheuma-
toid arthritis and some forms of cancerous diseases.  

Over the past five years sown areas under flax in EU 
exceeded annual overage parameters of the preceding pe-
riod by a factor of 3 (Батова, 2007). At the same time 
sown areas under fiber flax and production of flax fiber 
were reduced in Belarus. In spite of an increasing demand 
of industry for flax oil (provision of home market with oil 
products makes with oil products makes up 1/3 of the re-
quired output), linseed is not sown at all due to the absence 
of Belarusian high-yielding cultivars adapted to local con-
ditions. Fiber flax, as a crop of a temperate climate, is tra-
ditionally grown in our republic. Linseed needs higher 
temperatures and soil fertilization for its development 
(Кутузова и др., 1988). The test data of agricultural crop 
cultivars in Belarus over the period of 1998 – 2000 indi-
cate the possibility of producing high-yielding linseed. 

Development of the flax cultivars for different purpos-
es of use will increase to a great extent profitability of a 
flax branch. Modern agriculture and processing industry 
specify rather high requirements to cultivars, but breeding 
for almost incompatible traits (high yield of seed and fiber, 
high yield of fiber and its high quality, general ripeness, 
resistance to lodging, etc.) as well as genetic and morpho-
logical uniformity of cultivars coplicates the breeder’s 
work.  

One of the most dynamically developing trends aimed 
at creation of a new initial material for breeding is biotech-
nology. One can assume that the development of the in 

vitro culture in combination with working out effective 
methods of genetic transformation can make a substantial 
contribution to the development of modern flax cultivars 
and intensify involvement of valuable traits into the exist-
ing genotypes. A major advantage of producing new plant 
forms by genetic engineering methods consists in transfer-
ing a minimum DNA site into host cell that practically 
solves the problem of linking undesirable genes with the 
given locus.  

Since flax proved rather a plastic species with respect 
to biotechnology, the research work on its introduction the 
in vitro culture began more than 25 years ago (Баер и др., 
2004). At present different approaches to culturing of its 
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isolated cells and tissues followed by plant regeneration 
were developed. However, application of agrobacterial 
transformation in research works on flax breeding, in par-
ticular fiber flax, is rarely encountered (Поляков и др., 
1998; Wang et al., 2004). This is associated with the fact 
that information on regulation mechanisms of organogene-
sis and embryogenesis in both flax as a biological species 
as a whole and its different genotypes remains quite li-
mited. Regeneration of flax plants from protoplasts (Ling 
et al., 1987; Cuncha et al., 1999), seed lobes (Белоногова 
и др., 2006), hypocotyl segments (Bretague et al., 1994; 
Dedicova et al., 2000), anther culture (Nichterlein et al., 
1991; Friedt et al., 1995; Chen et al., 1999; Chen et al., 
2001; Chen et al., 2002) and isolated microspores (Nich-
terlein et al., 1993) and the effeciency of transformation by 
alien genes were known to depend to a great extent on a 
selected genotype which determines the frequency of mor-
phogenic callus formation, the efficiency of seedling rege-
neration, survival following conduction of transformation 
and exposure to selective media. Optimization of culturing 
conditions and detection of the most responsive genotypes 
intensify the process of developing genetically modified 
organisms. 

The aim of our research work was to assess a morpho-
genetic potential and a regenerative ability of new fiber 
flax and linseed cultivars for further conduction of agro-
bacterial transformation. 

 
Object, methods and conditions 
 

Six flax cultivars (3 linseed cultivars – ‘Gold Flax’ 
(Canada), ‘Nebesny’ (Russia), ‘Lirina’ (Germany) and 3 
new fiber flax cultivars of Belorussian breeding – ‘Leto’, 
‘Surpriz’, ‘Fort’) were used as a initial material. 

Plump and smooth flax seeds were selected. The flax 
seeds were soaked in a 70% alcohol solution for 1 minutes 
and then transferred into 40% bleach solution, which was 
leached by sterile filter, then washed three times with ste-
rile distilled water. Hypocotyls of 7-days seedlings, 3–5 
mm in length, were explants. Sterilized seeds were germi-
nated on agar (8 gl-1) at 240C and dark condition for 5-7 
days. Two days before further handing, the seeds were 
placed in 220C, 16h photoperiod condition. The medium 
MS9274 (Murashige and Skoog, 1962) (Sigma, USA) sup-
plemented with phytohormones: 1mgl-1 BAP (6-Benzyl-
aminopurine) and 0,05 mgl-1 NAA (α-Naphthalene-acetic 
acid), prepared on water containing cations Ca2+, Mg2+, 
Na+, K+ and anions HCO3, SO4, Cl, pH 5,7-5,8 was used 
for morphogenesis induction. Hypocotyls were incubated 
at 230C and 16-h photoperiod. Regenerated shoots, no less 
than 2 cm in length, were rooted on the hormone-free me-
dium MS5519 (Murashige and Skoog, 1962) (Sigma, 
USA) containing a half set of macrosalts and vitamins as 
well agar (7gl-1) and sucrose (10gl-1), pH 5,7-5,8. 

A morphogenetic potential of the crop was evaluated 
as the ratio of the number of calli with regenerative struc-
tures (buds, shoots, roots) to the total number of explants 
forming callus. 

The regeneration efficiency was determined in 5 
weeks following the onset of culturing the ratio of the 
shoot number (more that 5 mm in length) to the total num-
ber of explants.  

No less than 30 explants of every cultivar with 3 repli-
cations were used for estimating results. Statistical 
processing of the results obtained was carried out with a 
package of data analysis Microsoft Excel. 

 
Results 
 

We have chosen hypocotyls as explants for producing 
cell and tissue culture of the analysed cultivars as a number 
of research works (Bretague et al., 1994; Dedicova et al., 
2000) show that the given explant type is the most suitable 
for successful initiation of callus, organogenesis and em-
bryogenesis in Linum usitatissimum. Morphogenetic 
processes in hypocotyl segments of the cultivars under 
study began, on the average, on the third day of culturing 
(segments swelling and formation of callus rings along 
sections were observed, shoot initiation points emerged 
along the length of explant). 

Dedifferentiation processes in all the studied cultivars 
proceeded rather fast and already in a week following the 
onset of culturing callus was formed in all the explants. 
Callus colour varied from light-green to dark green and the 
structure did from dense to saccharine. First buds were 
formed on its surface 10-12 days later. Regerated plants, 
more than 2 cm in length, were transfered to the medium 
for rhizogenesis and later on rooted in vermiculite. The 
genotypes under study displayed an unequal ability to 
morphogenetic response under the given culturing condi-
tions. Different callus types with respect to morphological 
reaction were formed on explants of various cultivars. It 
should be noted that calli capable of regeneration had a 
bright green colour and a globular structure. Only among 
explants of cv. ‘Gold Flax’ occurred calli on which 5 
shoots (on each) were formed in 4 weeks following the 
onset of culturing. Root formation and adaptation of rege-
nerated shoots of this cultivar in soil also proceeded faster 
and easier as compared with other studied cultivars of both 
fiber flax and linseed. 

The analysis results of the obtained data on the mor-
phogenetic potential and regenerative ability depending on 
genotype are given in Fig. 1 and Fig. 2. 
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Fig. 1. The efficiency of morfogenesis in oil and fiber flax cultivars 
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Fig.2. The efficiency of regeneration in oil flax and fiber flax cultivars 

 
Discussion  
 

The basis of the transformation system consists in an 
effective delivery of vector constructions to target cells 
competent to plant regeneration. However, penetration of 
alien DNA leads to damages in host cell and the survival 
degree of plant tissue during transformation and selective 
environmental effect is reduced. Terefore, prior to conduc-
ing agrobacterial transformation it is necessary to assess 
the morphogenetic potential and regenerative ability of 
genotypes and to select the most responsive ones. Different 
protocol were worked out for various types of flax explants 
on introduction into the in vitro culture and successful 
plant regeneration from hypocotyl segments, immature 
zygotic embrioides, microspores and protoplasts was dem-
onstrated (Ling et al., 1987; Nichterlein et al., 1993; Breta-
gue et al., 1994; Dedicova et al., 2000). The efficiency of 
this process depends to a large extent on the primary ex-
plant (Cunha et al., 1996). It the case where hypocotyls are 
chosen as explants, the regeneration efficiency will depend 
on the seedling age (Bretague et al., 1994). 

We have chosen hypocotyls of 7-days seedlings as ex-
plants. Dedifferentiation processes proceeded within the 
first week under the given conditions, buds were formed 
during the next week that resulted in rather fast shooting (3 
weeks beginning from the onset of culturing). All the hy-
pocotyl explants formed callus under the given culturing 
conditions, however subsequent processes proceeded une-
qually. Different callus types for a morphological reaction 
were formed on explants of various cultivars. According to 
our observations, calli with a bright-green colour and the 
globular structure are capable of forming buds and shoots. 
According to other author’s data, calli capable of regenera-
tion are rich cream-coloured (Баер и др., 2004). 

It is widely considered that morphogenesis is strongly 
affected by genetic factors and the choice of an appropriate 
genotype of flax appears to be even more important than 
the choice of culture conditions. It can be assumed that the 
differences in morphogenetic reaction of different flax 
genotypes are determined by the balance of endogenous 
hormones. 

Our results also illustrate that the genetic bacground is 
important both for callus induction and shoot regeneration 
of in flax tissue culture. The analysis of the data, obtained 
by us on the organogenesis efficiency depending on the 
genotype, has shown that the least number of calli with 
regenerative structures was formed in fiber flax cultivars 
‘Leto’ (58,1%) and ‘Fort’ (61%). The cultivar ‘Gold Flax’, 
attributed to oil-bearing group, has exhibited the highest 
level of morphogenesis – 100% (Fig. 1). 

When estimating the regeneration efficiency, initiation 
points were not taken into account as our observations 
have shown that the given structures not always shoot 
(Fig.3).  

 

 
 

Fig. 3. Callus species cv. ‘Fort’ 
 
The comparative analysis of the regenerative ability of 

various flax genotypes has shown that the least number of 
shoots was formed on calli of the fiber flax cultivar ‘Leto’ 
(88,8%) and the highest one in the linseed cultivar ‘Gold 
Flax’ (266,6%) (Fig. 2).  
 
Conclusions  
 

The pursued research of the morphogenetic potential 
and regenerative ability of 3 new fiber flax cultivars and 3 
linseed ones has revealed a substantial difference between 
genotypes attributed to various groups. Thus, bud forma-
tion, number and rate of shoot development, formation of 
rhizogenic structures and adaptation during rooting pro-
ceeded faster in linseed cultivars. 

The analysis of the obtained data on the efficiency of 
organogenesis and regenerative ability depending on geno-
type has also shown that the regeneration level in linseed 
cultivars was 2 times as high as in fiber flax cultivars. 
Thus, the revealed high regeneration frequency in the cul-
tivars ‘Gold Flax’, ‘Nebesny’ and ‘Lirina’ is the basis of 
their recommendation for primary use in gene-engineering 
investigations. 
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Jelena Guzenko, Valentina Lemeš, Liubov Chotyleva 
 
Sėmeninių ir pluoštinių linų veislių regeneracinių galimybių palyginamoji analizė   
 
Santrauka 
 

Auginimo sąlygų optimizavimas ir labiausiai į jas reaguojančių veislių nustatymas pagreitina genetiškai modifikuotų organizmų kūrimo procesą. 
Tyrimo tikslas – įvertinti naujų sėmeninių ir pluoštinių linų veislių morfogenetinį potencialą ir tolimesnės agrobakterinės transformacijos regeneracines 
galimybes. Gautų duomenų analizė apie organogenezės efektyvumą ir regeneracines galimybes priklausomai nuo genotipo parodė, kad programose, 
taikant  biotechnologijos ir genų inžinerijos metodus, geriau naudoti veisles iš sėmeninių linų grupės, tokias kaip ‘Gold Flax’, ‘Lirina’, ‘Nebesnij’, nes 
minėtų veislių regeneracijos laipsnis du kartus didesnis negu tirtų pluoštinių linų.  

Linum usitatissimum L., hipokotilis, morfogenetinis potencialas, regeneracinės galimybės. 

 
Елена Гузенко, Валентина Лемеш, Любовь Хотылева 
 

Сравнительный анализ регенерационной способности сортов льна-масличного и льна-долгунца 
 

Резюме 

 
Оптимизация условий культивирования и выявление наиболее отзывчивых сортов ускоряет процесс создания генетически модифициро-

ванных организмов. До проведения агробактериальной трансформации необходимо оценить морфогенетический потенциал и регенерацион-
ную способность генотипов и отобрать наиболее отзывчивые. Анализ полученных данных об эффективности органогенеза и регенерационной 
способности в зависимости от генотипа показал, что предпочтительней в программах с применением методов биотехнологии и генной инже-
нерии использовать сорта льна масличной группы, а именно ‘Gold Flax’, ‘Lirina’, ‘Небесный’, так как уровень регенерации данных сортов в 2 
раза выше, чем у исследованных сортов льна-долгунца.  

 
Gauta 2008 m. gegužės mėn., atiduota spaudai 2009 m. birželio mėn.   
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