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Abstract. An influence of different sucrose concentrations in the culture 
media on the photosynthetic parameters, photosynthetic apparatus related 
genes expression, oxidative processes and acclimation of grape plants 
cultured in vitro was examined in this article. An increase of the sucrose 
concentration in the culture media resulted in a reduced expression of several 
photosynthetic genes. The most effective functioning of the photosynthetic 
apparatus was discovered by a decreased amount of surcose in culture 
media. An increase of the sucrose concentration in the culture media disrupts 
pigments synthesis, particularly carotenoids, which can be a cause of the 
secondary oxidative stress formation and grape plants growth reduction 
during acclimation. 

Introduction 
Clonal micropropagation is a promising method for obtaining healthy planting material, 
replicating the required number of plants in a short time. In vitro plants are grown in certain 
conditions: high relative humidity, low light, constant temperature, increased sugar 
concentrations in the culture media, growth regulators and nutrients, which countribute to the 
plant growth [1]. Plantlets lose their transpiration regulating mechanisms while adapting to 
the in vitro environment single [2], resulting in an abnormal anatomy and leaf morphology, 
poor granas development [3] and low photosynthesis rates [4]. Such deviations lead to the 
rapid desiccation of micropropagated plantlets when exposed to reduced relative humidity 
[5]. Sucrose usually serves as a carbon source during clonal micropropagation and ensures in 
vitro plants growth and development. However, it also inhibits photosynthesis and makes it 
more difficult to transfer plants from the in vitro to the ex vitro. Survival of plants grown in 
the highly enriched media depends on the accumulated carbohydrates catabolism during the 
first two weeks after transfering into the ex vitro conditions. Photoinhibitions occurs during 
plantlets transferring in the greenhouse conditions. It induces an oxidative stress, which can 
increase plant death rate [7, 8]. 
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Materials and Methods 

Microcuttings of 1 cm long with one node of Kandavasta grape variety were used in 
experiment. Cuttings were cultured in the basal MS medium. The medium was supplemented 
with 5, 10, 20 and 30 g/l sucrose. Each variant included 50 micropropagated plantlets. 
Plantlets were grown at 23-24 ˚С and 2000-2500 lx. Cultivation lasted for 8 weeks, during 
which the physiological and biochemical parameters of plantlets were estimated. 30 days 
after planting the adaptation process of the plants to ex vitro conditions was estimated. 
Provided data comprised of mean values of three experiments.  

Analyses were carried out at 28 days of cultivation (28DC), 56 days of cultivation (56DC) 
and 14 days of acclimatization (14DA). Quantum yield of photosynthesis was measured 
using PAM fluorometry in light adaptive leaves [9]. Hydrogen peroxide concentration was 
evaluated according to the FOX1 method [10]. Malonic dialdehyde (MDA) content measured 
spectrophotometrically by the reaction with thiobarbituric acid according to Heath R.L. и 
Packer L. (1968). Pigments concentration was determined in the acetone extract according to 
H.K. Lichtenthaler and C. Buschmann (2001). Analysis of gene expression was conducted 
using RT-PCR reaction on the CFX96 Touch Real-Time PCR Detection System (BioRad, 
USA) with commercial kit qPCRmix-HS SYBR according to the manufacturer 
recommendations (Evrogen, Russia). Glyceraldehyde 3-phosphate dehydrogenase served as 
a reference gene. Relative gene expression level was calculated using ΔCt method (T. 
Schmittgen, K. Livak, 2008). Sequences of the primers used in the analysis are as follows: 
Light harvesting complex (Lhcb6) F – AACTTCTGCTGCTGTGTTGAATG, R - 
CGACGACAATGAGCCTCCTG [11]; Rubisco-activase (RuAc) F – 
ACAAGGCAGTGGTGGTGTTAGC, R - GACGGAGGTGATGTCGGTGTTG [12]; Chloroplast 
ATP synthase (ATPsy) F – CGCCAAGAATGTGAGAATCAAGAC, R – 
GAACCGCCACTTCCATACCTG [11]; Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) F – 
CCACAGACTTCATCGGTGACA, R - TTCTCGTTGAGGGCTATTCCA [13]. 

Results and Discussion 
An increased content of the photosynthetic pigments alongside with the elevated sucrose 
concentration in the culture media was established in 28 DC plantlets, which can be linked 
to the increased availability of organic compounds. However, chlorophyll content in 56DC 
plantlets, cultivated with high sucrose concentration in the culture media, was lower than that 
in the media with 5 g/l sucrose. A similar tendency continued during the period of plants 
acclimation, however, total pigments content was significally higher, which is related to the 
autotrophic nutrition induction (fig. 1). 

56DC plantlets were characterized by the high Chl A/B ratio. After transfering into the 
ex vitro conditions chlorophyll B content increased and the ratio decreased respectively. 

   

28 DC 56 DC 14 DA 

Fig. 1. Chlorophyll content in grape leaves 
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Carothenoids are the most important detoxification elements of the reactive oxygen 

species (ROS) which are generated in the chloroplasts. Carothenoids content in the grape 
plantlets raised with the increase of the sucrose concentration in the culture media on the first 
month of the in vitro cultivation. In later periods 20 and 30 g/l of sucrose in the culture media 
resulted in a decline of the carothenoids concentration (fig. 2). 
 

Fig. 2. Carotenoid content in grape leaves 

 

In 56DC grape plantlets increased sucrose concentration in the culture media inhibited 
expression of ATPsy, LHCb6, RuAc. It was shown, that expression of the nuclear 
photosynthetic genes is substantially inhibited with the increase of the soluble carbohydrates 
in the cytoplasm [14-16]. The most significant decrease of genes expression has been already 
observed at 10 g/l of sucrose in the culture media. Expression of LHCb6 decreased gradually 
as the concentration of the sucrose in the culture media increased. Expression of RuAc and 
chloroplast ATPsy, which are directly involved in the CO2 assimilation, was minimum at 10 
g/l of sucrose, and slightly increased at 20 and 30 g/l. The level of these genes expression is 
well correlated, which is explained by dependence of the RuAc expression activity on the 
ATP content [17]. A low-enriched culture medium was necessary at the stage of in vitro 
rooting for subsequent good development and the photosynthetic apparatus of grape plantlets 
(fig. 3). 

 

   

Fig. 3. Photosynthesis related genes expression, 56 DC 

Quantum yield of photosynthesis (QY) in light adaptive leaves declined with the increase 
of the sucrose concentration in the culture media. Plantlets cultured on the media with 5 and 
10 g/l of sucrose were characterized by higher QY. 56DC and 14DA plantlets cultured on the 
media with 20 and 30 g/l of sucrose were characterized by a decreased QY. Decline of the 
QY can be associated with the induction of the stress condition as well as with the inhibition 
of the photosynthetic processes by sucrose (data not shown).  
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Plantlets cultivated on the low-enriched media easily change over to autonomous 
autotrophic nutrition, grow and develop [6]. It was shown that the low sucrose content in the 
culture media promotes a substantial increase of pigments content and enchances functional 
characteristics of antennas and light harvesting complexes [18], which is consistent with our 
results. 

A poorly formed photosynthetic apparatus cannot provide normal donor-acceptor 
relationships between plant organs, which enhances the formation of ROS and reduces plant 
resistance to environmental conditions. 

Oxidative stress, estimated on the basis of MDA content, was formed more intensively in 
plantlets grown at high concentrations of sucrose in culture media. This result is consistent 
with a reduced leaf carotenoid content and a reduced quantum yield of the photosynthesis. 
Generally, MDA content was significantly higher in plantlets in ex vitro conditions than in 
in vitro cultured plantlets (fig. 4). 
 

  
56 DC 14 DA 

Fig. 4. MDA content in grape plantlets 

Plants cultivated on the highly-enriched media had the highest biomass before 
transferring into ex vitro conditions. The contribution of the plant's vegetative organs in the 
total mass varied. Thus, an increase of the sucrose concentration in the culture media resulted 
in a more intense growth of roots. Difference of shoots length between experimental variants 
was insignificant (fig. 5). 
 

 

 
      30 g/l        20 g/l           10 g/l       5 
g/l 

Fig .5. Biometric characteristics of grape plantlets cultured in vitro 

There were no significant differences between plantlets establishment during transferring 
into ex vitro conditions. However, a positive effect of low sucrose concentration in culture 
media on ex vitro plantlets development should be noted (table 1).  

Table 1. The influence of various sucrose concentrations in the culture medium on the 
acclimatization of grape plantlets to ex vitro conditions (30 days of acclimatization) 
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5 g/l 10 g/l 20 g/l 30 g/l 
Plant height, cm 15,0 ±1,7 11,3 ±1,7 12,1 ±1,8 10,4 ±1,6 
Number of leaves, pcs. 9,3 ±1,3 6,2 ±0,6 6,0 ±0,8 5,1 ±0,8 
Number of internodes, pcs. 11,5 ±0,8 8,9 ±1,1 7,7 ±1,1 6,6 ±1,0 
Internode length, cm 1,3 ±0,13 1,3 ±0,17 1,6 ±0,07 1,4 ±0,33 
Leaf surface, cm2 79,5 ±17,1 40,1 ±8,4 47,2 ±13,4 39,6 ±5,9 
Number of roots observed on the 
walls of transparent pots, pcs. 14,2 ±3,4 17,1 ±3,5 15,6 ±4,6 15,4 ±5,1 

Adaptability, score 4,3 ±0,17 4,0 ±0,21 4,1 ±0,23 3,8 ±0,7 

Survival,% 100,0 + 0,0 
          - 13,3 

100,0 + 0,0 
          - 13,3 

100,0 + 0,0 
           - 13,3 

96,0 + 3,3 
         - 15,5 

 
After 1 month of cultivation in greenhouse conditions plantlets cultured with 5 g/l 

sucrose, were superior to other experimental variants in terms of growth characteristics. 
Hence, a deficiency of growth processes in the in vitro plantlets, cultivated on the low-
enriched media, was mitigated by a reduced oxidative stress and more developed 
photosynthetic apparatus  

Conclusions 
Low-enriched media facilitated more effective formation of the photosynthetic apparatus of 
grape's plantlets at rooting stage. Content of photosynthetic pigments and quantum yield PSII 
declined with the increase of the sucrose concentraiton in the culture media. Weakening of 
the photosynthetic apparatus formation associated with the reduced expression of the 
Rubisco-activase, light harvesting complex proteins, chloroplast ATP-synthase genes, which 
was caused by an increased sucrose concentration. Plants, grown on the high-enriched media, 
were characterised by the presence of a more intense oxidative stress, which associated with 
both with the osmotic stress and with the disruption of the photosynthetic apparatus 
formation.  

Plants with the highest biomass, obtained on the culture media with 20 and 30 g/l sucrose, 
didn't bring any benifits to the growth in the greenhouse conditions, which is linked to the 
unbalanced physiological state. For the development and formation of the effective 
photosynthetic apparatus and further ex vitro growth and development the application of the 
low-enriched media on the plant rooting stage is recommended.  
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