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Abstract

The genetic and biotechnological progress of the Helianthus annuus L. (sunflower) it can be catalogued through
two major directions, namely: tissue culture and meristems in vitro, for the induction and selection of useful
characters and genetic engineering or DNA manipulation, for plants transformation. In general, sunflower tissues
are very easy to grow, but the problem arises due to the low reproducibility, sunflower being one of the most
difficult species from this point of view. The two methods of the vitrocultivated sunflower regeneration are
organogenesis and embryogenesis, the difference between them being given by the different number of cells from
which the neoplants are formed. To date, a limited number of sunflower genotypes have been found for
regeneration. For this reason, several methods are sought for the regeneration of this plant, as it is a necessity to
find new, stronger genotypes that adapt to the current conditions. From this point of view, the use for vitroculture of
tissues initiated from immature sunflower embryos is an effective strategy for plant regeneration. So far, good
results have been obtained in the reproductive genetics of this plant but other future results are being sought, when
it is expected that genetic and biotechnological progress will continue. One of the basic research methods of
genetics and genetic engineering remains the study of gene expression and the elucidation of new aspects at the
genome level of the species H. annuus.
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INTRODUCTION

Biotechnologies generally refers to all
techniques and applications that use biological
systems, living organisms or derivatives
thereof in order to modify or create new
products,  with  improved  production,
nutritional and quality characteristics.

The sunflower culture, an oleic plant of global
interest, has developed progressively and has
gone through several stages, determined by
the progress made in the genetic improvement
of this noble plant. Worldwide, sunflower
areas have grown significantly over the years,
especially due to their high adaptability [6].
Sunflower is a plant with various uses, in the
feeding of humans and animals but also for
industrial and energy uses. The sunflower is a
crucial source of pollen and nectar in early
summer for honeybees. Also, its contribution
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to the aesthetic value of landscape should be
highlighted. In the present and future context
of climate change, sunflower cropping offers
a wide range of options for adaptation.
According to Vranceanu (2000), the four
major stages of sunflower progress are: the
stage of local population selection, with low
oil content; the stage of improved varieties,
with good stability and adaptability, with
medium oil content; the stage with of high oil
varieties and the stage of the F1 hybrids,
created by crossing the inbred lines [31]. This
stage, which began in the 70's, is still ongoing
and the hybrid sunflower is experiencing an
unprecedented expansion and the production
of vegetable oils has spectacular increased.
Within the genus Helianthus naturally occur
diploid, tetraploid and hexaploid species. In
contrast, haploid sunflower plants appear
spontaneously at a reduced frequency.
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Through polyploidy, biotechnology in general
and genetics in special are involved to
increase the frequency of formation of diploid
tissues and normal sunflower gametes. Wild
forms of the genus Helianthus are currently
used as a very important material for modern
sunflower enhancement [16].

The cytogenetics of sunflower is based on the
study of heredity on the level of chromosomes
and other cellular organisms. The genetic
information about this taxon comes from the
analysis of interspecific hybrids and
molecular studies [11, 29].

The objectives of improving the sunflower are
improve the productivity, by increasing the
seed production and the oil content; genetic
resistance to diseases and pests and increasing
the level of ecological plasticity through
adaptability to  various  environmental
conditions [2, 3, 4, 31]. A very important
objective especially for it is made of very
good quality oils that meet the needs of
consumers, is to diversify the quality of the
oil, by creating new hybrids, with high oleic
acid content. It is worth mentioning that some
environmental conditions, such as
temperature, may change the ratio of oil and
linoleic acids to sunflower hybrids [18].
Efficient methods of sunflower regeneration are
useful for facilitating breeding programs for
improved cultivars by  providing  rapid
multiplication of plants having desirable traits.
The availability of a large number of regenerated
plants increases the speed of selection and further
breeding cycles. It is also of considerable interest
to apply the methods of plant genetic engineering
to develop improved sunflower cultivars. The
application of these methods to sunflower
improvements requires the development of
methods for the efficient production of plants
which have been transformed to contain foreign
DNA.

This reason is motivating to encourage more
methods of regeneration for the sunflower
plant, wanting to be of a physiologically better
quality in the plant creator.

For this reason an important role is
engineering genetics, where the qualitative
reproduction of the sunflower plant is
pursued. Foreign DNA obtains rapid
application, reducing the number of genetic

methods to care for information on obtaining
quality soils or hybrids.

MATERIALS AND METHODS

This is a bibliographical study, in which we
have tried to render the some recent results
communicated by different authors, regarding
the sunflower recent development from
genetic and biotechnological point of view.
Various electronic and printed resources were
used for documentation.

RESULTS AND DISCUSSIONS

Sunflower is widely grown in the world [6].
Newly created hybrids of sunflower, which
possess genetic resistance to diseases and
pests, high production capacity but also
resistance to some unfavourable
environmental factors, such as drought, for
example, have contributed to this expansion.
Since 1948, A.V. Vranceanu, a Romanian
researcher with pioneering in the field of the
hybrid sunflower, presented a morphological
and physiological ideotype for this plant, that
is, a model capable of providing a higher
quantity of quality seeds and oil, under certain
environment conditions well defined [31]. His
scientific activity in the field of sunflower
breeding has a major contribution to the
genetic progress of this species. In 1975, as
recognition of the Romanian priorities in
sunflower genetics, it is assigned to A.V.
Vranceanu coordinating the International
Research Network F.A.O. in this domain [15].
A sunflower model has been proposed by
other authors to determine the changes printed
by certain factors (e.g. latitude) on oil yield
and quality [22].

Agro-engineering and mechanization are two
important factors on which the regeneration of
other varieties or hybrids of the sunflower
with much improved character depends. For
this reason, all the general characteristics of
this plant were evaluated and where they had
the best performances according to the area of
establishment of the culture.

Generally, the evaluation of genetic progress
is performed with the results obtained from
the cultivar trials performed in different areas.
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According to Follmann et al. (2017), just the
genotypes with high yield characteristics are
suitable for on-going assessment [14].
Historically, moisture and temperature during
flowering time had significant impacts on the
absolute levels of linoleic fatty acid
(polyunsaturated) and oleic fatty acids
(monounsaturated), and therefore on their
ratios [22].

Sunflower seed grown in cooler climates
yielded generally higher linoleic acid
contents, while seed produced under warmer
conditions saw higher oleic acid contents. In a
very general sense, the inverse relationship
results in a one percent increase in oleic acid
approximating a simultaneous one percent
decrease in linoleic acid and vice versa,
depending on the climate. The other fatty
acids see only limited changes. Some research
has been leading to the development of high
oleic sunflower varieties with oil that may
approach or exceed 90% oleic fatty acid
content [29].

In addition to using biological systems for
various useful transformations [1, 31], modern
biotechnology also involves the use of new
technological innovations, some of which are
based, for example, on allelopathy [5] or
various biochemistry researches [7, 27].

In some cytogenetic studies, the heritability of
quantitative and qualitative characters in crop
plants is controlled by several genes, both
dominant and recessive [9, 28]. In this sense,
sunflower oil depends for example on the
common action of the embryonic and
maternal genomes [19].

The leaves and roots of the plants form the
vegetative system that through specific
growth processes puts in action the root and
foliar sensors. The development of the leaf
surface is of major importance on
photosynthesis and transpiration. The total
leaf surface area per plant is determined as a
logistic function of the anthesis and the
thermal time from sunrise, while the
distribution of the solar radiation at the leaf
level is determined by the ISF, the angular
distribution of the leaves [21, 21].

Application of plant protection measures and
an optimal management of agricultural culture
establishment create favourable conditions for
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the photosynthetic process and improving the
physiological status of the plants [1, 8, 25,
26].

Although it is recognized as a drought-
resistant plant, sunflower does not produce
high yields of seeds and oil under high heat
conditions and low humidity conditions.
Therefore, genetic progress follows the
selection of new plants, capable of tolerating
the loss of leaf turgescence.

The modern management of drought in the
sunflower includes a series of practices that
can have the effect of maintaining its
productivity (Figure 1).
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Fig. 1. The drought stress and management practices to
sunflower
Source: Mubshar et al., 2018 [17].

Improving of the drought resistance is not
straightforward, due to the complex and
polygenic nature of this feature. Genetic
progress from this point of view implies the
improvement of a whole set of characters that
will contribute to increasing the tolerance of
the sunflower to water stress.

The studies of correlations to sunflower are
important for the breeder in order to associate
all the possible valuable features in the newly
created genotypes. The oil yield is the trait
with greater economic interest in sunflower
and its increase has being achieved in
sunflower with increasing grain yield [14].
One of the secondary products of the oil
extraction is seed hulls. They can be ground
and used in the feeding of ruminant animals or
in the manufacture of fibreboard plaques.
Another use of sunflower seed hulls is to
obtain the fodder yeast, a valuable protein
product for animal and poultry feed.
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Fig. 2. The involving of biotechnology in
transformation of the sunflower waste into bioproducts
Source: Casoni et al., 2019.

However, these secondary products can be
transformed, thanks to modern biotechnology,
in furfural (Figure 2), widely used in organic
synthesis, as well as other types of bio-
products, who can be obtained through certain
processes such as acid hydrolysis [12].

Another implication of modern
biotechnologies in the genetic progress of the
sunflower is given by the genetic

transformation of the plants and selected of
the  transformed  cells [13].  This
transformation is made through the infection
with  Agrobacterium  tumefaciens, the
technique of bombardment of tissues with
microprojectile,  respectively the direct
absorption of DNA in protoplasts [31].

There are some studies involving transgenic
sunflower plants to increase yield, oil content,
insect/fungal resistance, stress tolerance and
production of biopharmaceutical proteins [10,
23, 24]. As the selection for disease resistance
within the genus Helianthus remains, for the
time being, a sensitive issue, genetic and
biotechnological research for sunflower is
oriented towards the original source of genes
for resistance to diseases, namely, wild
species. Using the direct organogenesis
method in interspecific hybridization, fertility
restorer lines were developed which possess
very good combining ability in hybridization
and resistance to some economically
important diseases and parasites on sunflower.
In the plant biotechnology, the vitroculture
and micropropagation can be effective
techniques for rapid multiplication a large
number of sunflower genotypes. The indirect
somatic embryogenesis, with intermediary
callus formation, is useful in researches

regarding the vitroculture for the resistant
forms to biotic and abiotic stress factors.
Therefore, extension of time to maintain the
callus at culture medium is utile, because can
favorized the increase of genetic variation
within  grown calluses and  between
regenerated plants. Embryogenesis can be
performed directly from the explant source or
indirectly from the callus.

The explants used for the sunflower
vitrocultivation can have their origin from
different tissues of the plant: tips of shoots or
apical meristems, stem nodes, hypocotyls,
cotyledons of mature and immature embryos,
leaves, etc. However, the most used are
immature embryos, because the tissues
initiated from them allow the reproductive
regeneration of sunflower neoplants. Along
with immature embryos, sunflower cotyledons
also have a high potential for direct
regeneration of shoots.

The basic culture medium for sunflower
cultivation is made up of different
components (mineral salts, amino acids,
source of carbon, agar, water, etc.). The most
widely used culture medium is MS medium
(Murashige-Skoog),  supplemented  with
different concentrations of phytohormones,
such as, for example: naphthalene acetic acid,
indolyl acetic acid, cytokines (benzyl adenine
and benzyl amino purine) and Kinetin.

In the present and future context of climate
change, sunflower cropping offers a wide
range of options for adaptation. That's why we
can talk about a high sustainability of the
sunflower within an efficient management and
genetic control.

CONCLUSIONS

Globally, the expansion of sunflower occurred
with the introduction of new genotypes, with
improved production qualities and high
resistance to stress conditions.

The agricultural biotechnological research
with precise targeting toward sunflower
brings together results on complex genetic
mechanisms that control the manifestation of
important  traits  for  improving and
understanding the genetic control of seed
production and oil quality.
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In perspective, genetics and biotechnology
must propose new approaches in analysing the
genotype-environment interaction at
sunflower.

Genetics and biotechnologies represents the
future in sustainable sunflower management,
by increase the yield, oil content, insect/fungal
resistance, stress tolerance and production of
biopharmaceutical proteins.
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