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Abstract
Elevated levels of UV-radiation can change dramatically different aspects of plant growth and development that 
reflects in a wide variety of morphological and physiological responses. In the present research the influence of 
heat pretreatment and UV-B pre-exposure on barley plant resistance to ultraviolet radiation as well as the effects 
of UV-B irradiation on plant vegetative and reproductive organs of two barley cultivars were analyzed. The 
increasing of UV-resistance of barley plants was observed in terms of seedling viability, stability of statolitic 
starch in embryo roots, leaf tissue structure and pollen fertility. Molecular genetic analysis using ISSR-markers 
showed the increasing of polymorphic level up to 80% in somatic tissue, while the decreasing of this parameter 
to 33% was detected in reproductive tissue under the giving conditions. Results obtained in our research suggest 
that UV-irradiation can cause genomic instability of barley plants and pre-treatments used in our experiment 
may lead to plant acclimation and adaptation to UV-B radiation.
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Introduction
The influence of UV-B radiation on plant 

organisms and the impact associated with UV-B 
exposure have been intensively studied over the last 
decades. UV-B radiation, a part of the sunlight, has 
wavelength ranges from 280 to 320 nm. The effects 
caused on plants can be direct and indirect, being 
damages detected in many cell components 
including membranes, proteins, DNA, in 
conjunction with alterations on plant growth, 
morphology, physiological and biochemical 
processes (Jansen et al., 1998). 

Two main effects are believed to be evoked by 
UV-B radiation in seed plants: the first is 
considered as a response to induced damage and the 
second one – as a response to the perception of UV-
B by receptors and leading to UV-B induced 
photomorphogenesis and acclimation  (Frohnmeyer 

and Staiger, 2003; Ulm and Nagy, 2005; Jenkins, 
2009). Development of both responses depends, 
namely on the dose and duration of UV irradiation, 
wavelength and fluency rate. Activation of general 
stress response, implying changes in gene 
expression, takes place when UV-B causes 
damages (Ulm and Nagy, 2005). As it was 
identified for Arabidopsis that the complex of UV 
response locus 8 (UVR8) and the multifunctional 
E3 ubiquitin ligase locus (COP1) are involved in 
UV-B-specific responses, being their interaction the 
early step in a signaling pathway that ensure plant 
UV-B acclimation and protection (Favory et al., 
2009).

Plants respond to UV-B radiation through the 
synthesis of protective pigments and UV-absorbing 
compounds, changes of gene expression that 
encode DNA repair proteins and enzymes 
responsible for scavenging reactive oxygen species 
(Hideg and Vass, 1996; Agrawal et al., 2009). 
Besides, the up-regulation of the genes of the 
general phenylpropanoid pathway was defined in 
plants under UV-B (Daugherty et al., 1994). 
According to (Fedina et al., 2006), the 
accumulation of UV-inducing compounds might act 
not only as protective substances but also be a 
consequence of stress-induced damage. It has also 
been suggested that selection of the most optimized 
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environment to cultivate plants under UV-B 
radiation is one of the most important tasks of 
agronomy. To induce cross-acclimatization plants 
to UV-B exposure a various pretreatments of plant 
materials are usually applied. For instance, it has 
been shown a cross-acclimation to UV-B in four 
barley cultivars as a result of salt treatment 
(Çakırlar et al., 2008). Seed hardening by the 
increasing of plant heat and drought tolerance is 
also a useful approach to raise UV-resistance 
(Genkel, 1982). Plants that were grown from 
hardened seeds characterized by xeromorphic 
morpho-physiological features further correlated 
with their increased resistance to UV-B. However 
heat stress is one of the major factor limiting the 
productivity and adaptation of crops, especially 
when temperature extremes coincide with the 
critical stages of plant development.

The process of plant adaptation to a various 
environments is a complex process that includes a 
broad range of different morphological, 
physiological, biochemical and genetic changes. 
While the impact of UV-B radiation on plant 
growth, morphology, physiology and development 
has been studied in many researches, little is known 
about its influence on plant genome stability. 
Rearrangement of genome can be one among lots 
of mechanisms of plant adaptation (Kovalchuk et 
al., 2004). Besides, development of the plant 
adaptive response under stress conditions can be 
referred to high level of genome variability that 
allows plants to adapt to environments (Kunah, 
2005).

Plants grow and develop under sunlight that is 
required for photosynthesis and under influence of 
UV-B and infrared radiation as the components of 
sunlight. In our study these two agents were chosen 
because they are part of natural environment and 
plants already have protective mechanisms against 
both of them that were developed during the natural 
selection. There were found some common features 
in responsive reaction to UV-B and heat stress that 
suggests the possible activation of the common 
signal transduction pathway and existence of the 
regulatory relationship between the plant responses 
to heat stress and UV damages (Jenkins et al., 
1997). The aim of the present work is study the 
effects caused by pretreatment of barley plants with 
heating and UV-B irradiation on their response to 
UV light, in terms of morphogenetic characteristics 
of vegetative and reproductive tissues, and analyze 
mechanisms of adaptive processes that occurred in 
two cultivars of Hordeum distihum L.

Materials and Methods
Plant material and experimental setup

Two barley cultivars (Hordeum distihum L., 
2n=14) – Ksanatu and Jergey were chosen for our 
study. Cultivars are of French selection, high purity 
and with low protein content. All seeds were 
divided onto three groups. The first group of seeds 
was treated with heating and UV-C, the second -
with UV-B, caffeine and UV-C. After mentioned 
treatments the seeds were planted in soil. The third 
group of seeds was germinated on filter paper in 
Petri dishes for three days. Three-day seedlings 
irradiated with UV-B and/or UV-C and were 
moved to a water culture. Three days later the 
seedlings have been planted in soil and cultivated to 
study the survival of plants in natural conditions, 
development of vegetative and generative organs 
and some other morphogenetic features of 
development. We used different types and duration
of treatments and selected the following 6 variants: 
1) three days old plants were exposed to UV-B for 
30 min; 2) three days old plants were UV-C 
irradiated for 7 min; 3) three days old plants were 
subjected to UV-B exposure for 30 min and they 
were tested with UV-C irradiation for 7 min after 4
hours; 4) soaked seeds were subjected to UV-B 
exposure for 30 min then pretreated  with 5mM 
caffeine for 4 hours and tested with UV-C 
irradiation for 15 min; 5) seeds were pretreated 
with heating at 40 оС for 6 hours; 6) seeds were 
pretreated with heating at 40 оС for 6 hours and 
after three days seedlings were tested with UV-C 
for 7 min.  Seedlings were irradiated with a 20 W 
Philips TL ultraviolet lamp with filter cutting off 
the short-wave region of the ultraviolet spectrum. 
Radiation dose of UV-B was 5.4 kJ/m2 with the 
intensity 6 W/m2s-1. For UV-C a OBM-150 m was 
used. Radiation dose of UV-C was 3.4 kJ/m2  and
7,2 kJ/m2  with the intensity 8 W/m2s-1.

Cytological analysis 
Stomata topography and leaf tissue morphology 

were analyzed using light microscopy. For this 
purpose barley leaf sections were prepared and 
slides were stained with acetocarmin. We 
determined the number of stomata per mm2 of leaf 
epidermis from adaxial and abaxial sides of leaf. 
Material for the study was taken on the third day 
after test-irradiation or UV-irradiation and two 
weeks later. The fixation of spike was made from 
the differentiation stage of microsporocytes to 
maturation of pollen grains by using of the 
Navashin mixture; temporal slides were stained 
with acetocarmine according to the standard 
cytological protocol. The anthers were stained with
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DAPI (0.5μg/mL) and a mixture of fluorescent 
dyes: fluorescein, propidium iodide and DAPI 
(FDA+PI+DAPI) in the following concentrations:
FDA 2.5 μg/mL, PI 1.0 μg/mL, DAPI 0.5 μg/mL.
Preparations were analyzed by UV microscopy
(Axiostar, Carl Zeiss, Germany). After analysis in 
the ultraviolet spectrum, preparations were 
visualized using acetocarmine for studying in the 
visible region of the spectrum. Quantitative analysis 
of cell system anomalies was also performed. 
Anthers with microsporocytes (30) were evaluated. 
Additionally, 30 anthers per variant were used to 
estimate pollen grains. The data were statistically 
processed.

Determination of starch content in root cap
The resistance of statolitic starch grains of root 

cap was tested using hot hydrochloric acid 
hydrolysis (1N HCl), being the roots stained with 
iodine potassium iodide (IKI). The color intensity 
of starch was determined on a 5-point scale using 
light microscopy (Genkel, 1956; O'Brien and 
McCully, 1981). The caryopses of embryonic roots 
of the first plant generation were analysed.

PCR and PCR-RFLP analysis
Total plant DNA was isolated from barley 

leaves and anthers, using the CTAB protocol 
described by Doyle and Doyle (1990).

The PCR reaction mixture (25 µL) contained 
10x PCR buffer (Promega, USA), 2 mМ MgSO4, 2
mМ of each dNTPs, 15 pmol of the single primer, 
2.5 U Taq-polymerase and 30 ng of the genomic 
DNA. PCR was performed in the thermocycler 
GeneAmp® PCR System 9700 (Applied 
Biosystems). The amplification profile considered 2
min at 94°С and 45 cycles of 30 sec at 94°С, 45 sec 

at 52°С and 2 min at 72°С, with the final extension 
of 7 min at 72°С. Totally 7 primers containing di-, 
tetra- and pentanucleotide repeats were chosen to 
analyze barley genome variability, since they had 
been described among polymorphic markers used 
in the study (Tsumura et al., 1996). 

PCR-RFLP analysis was carried out using 
endonuclease HpaII (Fermentas, Lithuania). PCR-
products were digested with restriction enzyme 
according to manufacturer’s instruction.

The amplified products, restriction fragments 
and Gene Ruler 100 bp DNA ladder (Fermentas, 
Lithuania) were loaded in 1.7% (w/v) agarose gel 
containing 0.01% (v/v) ethidium bromide. Results 
were visualized in a UV chamber and processed 
using program GelAnalyzer.

Dendrogram of relationships between groups of 
barley plants, under different treatments, was 
constructed using the Program “PopGen32” (Yeh 
and Boyle, 1997).

Results 
The analysis of some morphological and 

cytological features was carried out to define the 
effects in two cultivars of Hordeum distihum L. 
under the influence of UV-radiation and to assess 
changes of plant response to UV exposure after 
pretreatments.

The values of the seeds germination and the 
seedlings growth rate in the soil of the Ksanatu 
cultivar approached to the control ones (after all 
treatments), unless seedlings were exposed to UV-
C. Moreover, plants of the Jergey cultivar displayed 
adaptive responses, mainly after heating of seeds 
(Figure 1). 

Figure 1. Effect (% relatively to the control) of a various treatments on seedlings viability                                               
and survival of plants in the soil (on the 10th days of growth).
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A B C D

E F G H

Figure 2. Effect of UV treatment and heating on the stability of starch in root cap: A - control (without hydrolysis), B
- control after the hydrolysis,  C - UV-B treatment (after hydrolysis); D - heat treatment (without hydrolysis),  E - UV-C
treatment (after hydrolysis), F- UV-B+UV-C treatment (after hydrolysis), G, H - heat treatment (after hydrolysis) (A, C, 

E, F,G – Ksanatu cultivar, B, D, H – Jergey cultivar).

The decreasing of seedlings viability was 
detected in both cultivars after the caffeine 
treatment, indicating the important role of the DNA 
repair mechanism, inducible repair particularly, to 
adapt to UV radiation. Eventually the increasing of 
seedlings viability after heat treatment was 
determined by alteration in cell metabolism, 
activation of heat shock protein synthesis 
specifically. It is known the concentrations of some 
heat shock proteins were found significantly greater 
at the open than shaded area, reaching their 
maximum in the summer, especially in plants 
experiencing full sunlight (Manitasevic et al., 2007).

Stability of root cap starch
Both cultivars, without any treatments, were 

defined as having low stability according to the 
results of root cap hydrolysis analysis. After 
treatments barley plants of Jergey cultivar were 
characterized as having medium resistance (3 – 4
points), while Ksanatu cultivar displayed a low 
resistance (2 – 3 points) (Figure 2 A - H). Thus, 
increasing drought resistance was observed in both 
cultivars, being assumed the induction of adaptive 
response under UV-B exposure in Ksanatu and pre-
heated seeds in Jergey plants. 

Structure of leaf tissues
Under the influence of UV radiation, the 

structure of the leaf tissues of both cultivars was 
altered and depended on the duration of UV 
exposure. The leaf palisade mesophyll of the 
control plants was not completely differentiated, 

and both types of mesophilous cells were not
greatly distinguishable (Figure 3 A, C). Preferential 
development of palisade chlorenhimal cells was the 
most characteristic changes of irradiated plants 
(Figure 3 B, D). After UV-exposure, mesophilous 
tissue became more compacted and the bundle 
sheath cells as a layer of the large chlorenchymal 
(or parenchymal) cells surrounded vascular bundles 
(Figure 3 B, D). Reduction of the spongy tissue and 
developing of palisade tissue on both leaf sides are 
associated with the xeromorphic plants (Esau, 
1965). Stomata pores on adaxial leaf side and 
chlorenhymal intercellular spaces were compressed. 
The signs of xeromorphic organization were more 
clearly distinguishable in the leaf of Jergey cultivar. 
In Ksanatu, leaf stomatal opening occurred more 
faster and mesophilous tissue were re-filling with 
air (Figure 3 E, F). The leaf stomata number and 
their arrangement on the both sides of the leaf were 
slightly different in the treated plants relatively to the 
control ones (Figure 4). However, changes of the 
number of stomata of both sides of the leaf were 
associated with acquired xeromorphy after UV-B 
exposure. The number of stomata registered on the 
adaxial leaf side in the Jergey cultivar increased 
whereas on the abaxial leaf side decreased. The 
rising of stomata density was accompanied with size 
reduction and sinking into epidermis. The number of 
stomata on the adaxial leaf side decreased in the 
Jergey cultivar after heat treatment and UV-C 
irradiation (Figure 4), which can be considered an 
adaption to a drought environment.
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A B

C D

E F

Figure 3. Changings of the leaf tissue structure under influence of UV radiation. A, C- control, B, D, E, F – UV-B 
exposure: the palisade chlorenhimal cells on the leaf adaxial side (1); the palisade chlorenhimal cells on abaxial side (2);
stomata pore on the leaf adaxial side (3); stomata pore on the leaf abaxial side (4); (A, B, D – Jergey cultivar; C, E, F –

Ksanatu cultivar) (Ad- adaxial side, Ab - abaxial side).
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Figure 4. The number of stomata per 1mm2 (% to control) detected on the leaf adaxial and abaxial sides of Ksanatu (A) 
and Jergey (B) cultivars. The number of stomata per 1 mm2 revealed in control plants is taken as 100%.

Reproductive system microsporogenesis
Microsporogenesis is realized by the 

successive type with the formation of tetrads of the 
isobilateral structure (Figure 5 A, C). Under the 
influence of UV radiation, cytomixis is the main 
type of pathology in microsporogenesis.
Accordingly, three types of cytomixis should be 
discriminated: weak (local), intensive and
destructive (pathological). Local cytomixis seems 
to be a physiological norm for barley. In variant 
with UV-B-radiation cytomixis could cover about 
20% of microsporocytes (Figure 5 A, B). In this 
case, stickiness and fluidity of chromatin increased 
in microsporocytes. We observed a kind of 
transitional chromatin (fragments of nuclei, 
chromosomes, micronuclei, bands of chromatin 
from cell to cell) (Figure 5 A - C). In barley the 
bulk of “transitional” chromatin often remained 
either in the composition of cynticia or in the 

intracellular space (Figure 5 B, C). In the case of 
intensive and destructive cytomixis the 
microsporocytes lose contact with the tapetum
cells, there is a thickening of the callose of inner 
walls. Sometimes broken microsporocytes "sealed" 
in such a way and undergo apoptosis (Figure 5 C). 
According to Lytvyn et al. (2010) UV-B irradiation 
can indeed initiate apoptotic processes in plant 
cells. 

Not all microsporangia and microsporocytes 
were affected by cytomixis. Most of the 
microsporocytes completed meiosis with the 
formation of normal, only rarely non-balanced, 
tetrads of microspores (Figure 5 D). In the variant 
with heating of the seeds, intensive cytomixis was 
rare. Moreover, destructive cytomixis was observed 
in reduced flowers and in immature spikes of the 
second growth of all variants. 

Adaxial side of the leaf Abaxial side of the leaf

A B
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Figure 5. Microsporogenesis and pollen grains of barley plants: A - prophase of the 1st meiotic division, local and 
intensive cytomixis, UV-B and UV-C exposure; B - telophase of the 2nd meiotic division, intensive cytomixis, UV- C 

exposure; C – thickening of the callose of inner walls and "sealing" of broken microsporocytes; D – the stage of tetrads 
of microspors; UV exposure; E - H – three-cellular pollen grains  in the control (E, G) , UV-C exposure (F) and after heat 

treatment (H);  C, D, E, G – Ksanatu cultivar; A, B, F, H - Jergey cultivar.

(C)

(B)(A)

(D)

(E) (F)

(G) (H)
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Development and structure of pollen grains
(PGs)

Ussually the development of male gametophyte
in barley, as in most cereals, begins with releasing 
of microspores from the microsporocyte envelope 
and includes the stages that complete the formation 
of sporoderm, growth and polarization of
microspore (Heslop-Harrison, 1979; Mascarenhas, 
1989). The following steps are: the first asymmetric 
mitosis with polarization of two-cellular PGs, 
followed by the second mitotic division, linked to 
the synthesis of cytoplasm and deposition of 
reserve substances in the vegetative cell cytoplasm. 
The mature PGs has a pair of arrow-shaped sperms 
and a vegetative cell nucleus, the cytoplasm of 
which is filled with amyloplasts (Figure 5 E).
Ultraviolet radiation led to an enhancement of 
polymorphism and to disturbance of polarity in 
microspores and two-cellular PGs, unsynchronized 
development, increase of the frequency in the 
formation of «oligoplasm» PGs (Figure 5 F). The 
latter evidences of nonspecific character of gametic 
disturbances are caused by different stress factors. 
The appearance of “oligoplasm” PGs may be 
associated either with mutations of specific genes 
of PGs, whose expression intensifies after the first 
mitosis or with mutation, which determines the 
male cytoplasmic sterility (Mascarenhas, 1990;
Nirmala and Kaul, 1991) (Figure 6). However, the 
level of mature pollen sterility after UV-B exposure 
decreased (Figure 6). 

In the case of UV exposure, the level of PG 
sterility had not a high negative correlation with 
cytomixis activation. For Ksanatu plants, the 
reduction of pollen sterility was observed under UV 
irradiation in all experimental variants (except the 
6th variant). Nevertheless, after heat treatment
cytomixis was not activated and the level of pollen 
sterility increased. The rising of pollen sterility 
level in Jergey plants was detected in all 
experimental variants (excepting the 2nd variant). It 
could be the reflection of the formation of specific 
responses that are connected with reduction (i.e., 
decreasing cell number and size) of vegetative and 
generative tissues and organs to develop 
xeromorphic phenotype. Thereby, the increasing of 
the pollen sterility level up to 7–8% is not a crucial, 
especially for self-pollinated plants. 

Thus, results obtained by analysis of pollen 
grain sterility demonstrated differences in the 
response to treatments between both cultivars. 
Some different adaptive features of both barley 
cultivars due to genotype were remarkable: UV 
irradiation induced adaptive response in Ksanatu 
plants whereas seeds heating stimulated it in Jergey 
plants.

Figure 6. The percentage of sterility of 
pollen grains in two barley cultivars under 

different treatments.

Figure 6. The percentage of sterility of pollen grains in 
two barley cultivars under different treatments.

Genetic analysis of barley plants
The genome variability of both barley cultivars 

were characterized by PCR-analysis with primers to 
microsatellite repeats, since these repeated 
sequences are widely distributed in plant genome, 
being considered a source of genetic polymorphism 
(Varshney, 2005). 

The amplification with 7 primers to
microsatellite repeats revealed that total pattern of 
PCR-fragments comprised 24 clear detectable and
reproducible bands, when genetic material of 
vegetative organs was analyzed and 29 bands, when 
analysis of plant reproductive organ was conducted. 
The number of amplicons varied from 2 to 9 and, 
depending on primer content, their size range was 
200–1500 bp. The high level of polymorphic 
products was further defined using primers to 
dinucleotide repeats and the low one – to 
pentanucleotide repeat. Comparative analysis of 
amplicon patterns obtained by PCR with primers to 
microsatellite repeats revealed differences between 
plants exposed to the various treatments (Figure 7).
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A B

Figure 7. Electrophoregram of PCR-fragments obtained using amplification with a primer to pentanucleotide repeat and 
DNA isolated from leaves (A) and anther (B). M – Gene Ruler 100bp DNA ladder; A:  –5 – control plants; 6–8 – UV-B 
irradiated plants; 9 – 12 – UV-B + UV-C irradiated plants; 13, 14 – plants grown from preheated seeds; B: 1, 2 – control 

plants; 3, 4 – UV-B irradiated plants; 5, 6 – UV-B + UV-C irradiated plants; 7, 8 – plants 
grown from preheated seeds.

PCR-analysis of barley somatic tissues
Among 7 used primers, amplification only with 

two oligonucleotides gave polymorphic fragments. 
The level of polymorphic bands detected using both 
primers reached to 80%. It should be noted that 
differences between amplicon patterns were 
observed also in each group of treated plants, if one 
of two primers was used: variability rate among 
control plants was 43%, exposed to UV-B and UV-
B+UV-C – 57%, whereas there were no 
polymorphic products in amplicon pattern of plants 
grown from preheated seeds. The distinctive feature 
between the last group and the remaining plants 
was 1000-bp amplicon synthesized with the second 
primer.

Since 5 of 7 primers were found monomorphic, 
PCR-RFLP analysis has been carried out. 
Amplification products were digested with the 
restriction enzyme HpaII and differences between 
samples were revealed. Two patterns of restriction 
fragments were obtained – the first was specific for 
the control and UV-B exposed plants, the second 
one – for UV-B + UV-C irradiated plants and 
plants grown from preheated seeds.

PCR-analysis of barley reproductive tissues
The same 2 of 7 primers, as used to amplify 

DNA isolated from somatic tissues, were found to 
be polymorphic, if DNA extracted from 
reproductive tissues was amplified. But the level of 
polymorphic bands was low and amounted to 33%. 
In each group of barley plants, the value of this 
parameter was 65% in the control and UV-B 
exposed plants, 50% in the group of plants 
irradiated with UV-B + UV-C, although there were 
no polymorphic products in amplicon pattern of 
plants grown from preheated seeds. Results of 
PCR-RFLP analysis further showed no differences 
between the amplicon patterns of barley plants.

The relationship dendrogram between barley 
plants that were subjected to different treatments 
considered the data obtained by PCR-analysis 
(Figure 8). 

Figure 8. Dendrogram of grouping barley plants under different treatment, using the UPGMA method, on the basis of 
data obtained by amplification with primers to microsatellite repeats.
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All samples combined into two main clusters: 
the first united the control and exposed to UV 
irradiation plants and the second was formed of 
plants grown from preheated seeds. It was found 
that, at a genome level, pre-exposure to UV 
promotes defense mechanisms that protect plants 
from action of the following stress factors. It also 
considers the involvement of some other genome 
rearrangement in response to heat treatment. 

It is worth noticing that data of genetic analysis 
in both barley cultivars remained similar. There 
were slight differences between two cultivars, when 
the level of polymorphic bands was calculated, yet 
it remained in the range of 1 – 3%. The average 
percentage was given in this study. Moreover, 
differences between dendrograms of grouping 
barley plants of two cultivars were not defined.

Discussion
The acquired resistance to UV irradiation 

observed in both barley cultivars was linked to the 
development of complex changes at an anatomical, 
cytological, physiological level. These changes 
reflect adaptive reactions caused by genotypic 
potentials. The differences between both cultivars 
in relation to treatment used showed an adaptive 
response induced by UV-B exposure mostly in one 
cultivar and by heat pretreatment in another. 
Distinguishing features of xeromorphic 
organization after all treatments was more clearly
formed in the Jergey cultivar, namely the increasing 
of root cap starch stability, the alteration of leaf 
mesophilous tissue and stoma apparatus and the 
increasing of pollen sterility.

Under UV influence, changes in the 
development of the leaf epidermal layer were 
detected in Glycine max and Arabidopsis plants as a 
result of increasing trachoma density and reduction 
of stomata index (Gitz et al., 2005; Lake et al., 
2009). Stomata behavior depends on the 
concentration of ABA that varies under UV-B. 

The state of the reproductive system is an 
important indicator of adaptation. It has been 
shown that additional UV-B radiation can produce 
genotoxic effects on the meristem, inhibit the 
growth and development, influence the pollination,
decrease the quantity of produced pollen and the 
seed production of plants (Flint and Caldwell,
1984; Conner and Neumeier, 2002; Koti et al., 
2004a, b, 2007). Besides the direct action on the
generative organs (the main target of which is cell 
DNA), UV-B radiation further produces indirect
effects realized by mechanisms connected with
photoreception, transduction of signals and
hormonal regulation (Tevini et al., 1981; Flint and

Caldwell, 1984; Santos et al., 1998; Caldwell et al.,
2007; Demkura et al., 2010; Keller et al., 2011; 
Krasylenko et al., 2011). The effect depends 
namely of genotype, ecotype and stage of 
ontogenesis (Jordan, 1996; Torabinejad et al., 1998; 
Caldwell et al., 2007; Li et al., 2010). The 
generative system might furnish increased 
protection against the influence of these agents 
(Flint and Caldwell, 1983; Barnes et al., 1988; 
Rozema et al., 2001; Bohne et al., 2003). However, 
the data on mechanisms of the effect of UV-B 
radiation on the generative organs are not available.

It is known that in response to a rising of the 
level of cytogenetic disturbances, the systems of 
DNA repair become more active and thereafter 
apoptosis induction or proliferative death of 
unrepaired cells via the cell selection occurs 
(Calendo, 2001). The role of cell selection in 
protective mechanisms of generative tissues against 
mutagenic factors remains unclear. There are two 
main types of cell selection in the course of the 
reproductive system development – premeiotic and 
haplontic cell selection (Gaul, 1957, 1959; Redei, 
1965; Grodzinsky et al., 1996; Kravets, 2009, 
2011). Сytomixis occurring in microsporocytes at 
the beginning of meiosis, is worthy of special 
attention (Heslop-Harrison, 1966a, b;  Zheng et al., 
1987; Bellucci et al., 2003; Guo and Zheng, 2004; 
Liu et al., 2007; Kravets, 2009, 2011). Via 
cytomixis, which is activated by exposure to UV-
irradiation, the population of microsporocytes 
releases from the excess of genetic load, and cells 
with recessive lethal mutations are eliminated 
through haplontic cell selection. 

Different treatments of seeds and seedlings 
could induce the emergence of mutations kept for 
generations and thereby extend mutagenesis. The 
decrease of the disturbance number in the 
reproductive sphere, after influence of UV 
radiation, is probably connected with the activation 
of restore processes, in particular inducible DNA-
repair, cell selection and other mechanisms of 
unspecific responses. The increasing of sterility PG 
after heat treatment may be due to more significant
metabolic alterations in barley plants. However, a 
slight increase of male sterility, promoted by 
recovery systems, could be associated with an 
adaptive response. 

The increasing genetic polymorphism under 
influence of UV-B irradiation detected with ISSR-
markers was shown in Gnaphalium luteo-album
(Cuadra et al., 2010). It was mentioned that 
intraspecific variability could occur due to 
morphological differences between non-irradiated 
and irradiated plants. Similar effects (i.e., increment 
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of intraspecific variation under UV-B irradiation) 
were marked in 19 different lines of Arabidopsis
plants (Usmanov et al., 1988) and elevated level of 
genome instability was revealed in tobacco plants 
as response to solar UV-B irradiation (Ries et al., 
2000). 

PCR and PCR-RFLP analyses revealed the 
increasing genome variability in plants that were 
exposed to UV exposure. Probably UV irradiation 
can induce recombination processes involving 
repeated sequences used in our research as DNA-
markers. Rearrangements between homologous 
DNA sequences in somatic cells are strongly
stimulated by DNA-damaging agents as it has been 
shown (Puchta and Hohn, 1996). Additionally, it 
should be mentioned that the polymorphic level 
was higher in vegetative tissues than in 
reproductive ones. It has been assumed that 
reproductive organs are generally considered to be 
well protected from UV-B during their 
development, but long-term exposure to high UV-B 
levels may affect the reproductive tissues of plants 
and cause DNA damage (Ries et al., 2000). It can 
be further possible that reproductive tissues have 
stronger or more reliable protective mechanisms 
that activate DNA repair processes and/or cell 
selection (cell death) in response to exposure to 
mutagenic agents. 

Moreover, against UV radiation, thermal effect 
is not a direct mutagenic agent. Adaptative responses 
stimulated by heating can have another nature, 
likely, metabolic and hormonal. Hormonal 
disbalance caused by heating induces the synthesis 
of stress proteins including HSPs. Heat shock 
proteins synthesis (HSPs) protect cells against the 
deleterious effects of heat stress (Feder, 1999; Feder 
and Hofman, 1999; Iba, 2002; Krishna et al., 2004). 
Unfortunately, the participation of HSPs in DNA 
repair has received little attention. Yet, it was 
recently reported that some of the HSPs can reach 
the nucleus and it was clear that although the HSPs 
were not capable of repairing the DNA damages by 
themselves, they efficiently contribute to the 
different mechanisms of DNA repair, as part of their 
molecular chaperone capabilities, interacting with 
DNA repair proteins, producing their stimulation and 
reactivation (Nadin and Ciocca, 2012). Eventually, 
this could be one of the mechanisms of plant cross-
acclimatization to UV radiation.

Conclusion
In the present study some morphological and 

cytological features were defined as physiological 
response to exposure to UV after pretreatment with 

UV-B and heating. The detected changes could be a 
result of nonspecific stress response whereas 
genome rearrangement may be implicated in 
specific UV-response. DNA is one of the main 
targets of UV-B irradiation and there is a specific 
DNA repair mechanisms to restore nucleotide 
sequences (Jansen et al., 1998), while heat stress 
induced mainly changes in gene expression that is 
specific for most stresses (Wolf et al., 2010). It is 
supposed that pre-heating does not activate systems 
to perceive UV and that is one of the reasons why 
plants grown from pre-heated seeds formed the 
separated group on the dendrogram constructed on 
the base of genetic analysis. To sum up genetic 
variability plays an important role in plant adaptive 
strategy. It is possible that any pretreatment of UV 
activates similar processes of genome 
rearrangement in both barley cultivars that is why 
we detected no significant differences of genome 
variability between them. The changes of 
morphological and cytological characteristics 
caused by such rearrangement and accompanied 
adaptation to UV are appeared to intensify 
xeromorphic features of both barley cultivars.

As a result of morphological and cytological 
researches, an adaptive response was revealed for 
both barley cultivars although some cultivar-
specific features were defined. The increasing 
genome variability was detected both for vegetative 
and reproductive tissues. It seems that pretreatment 
induces a genome rearrangement that in its turn 
promotes activation of protective mechanisms and 
has reflection in changing the morphological and 
cytological characteristics that depends on the 
genetic background. Such complex changes leads to 
the increasing of barley plants unspecific resistance 
to stress factors, as a consequence of cross-
acclimatization to UV radiation. 
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