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Fig. 1. Leaf lamina cross-section of N. nuda in vivo plants (A, B), in vitro regenerated plants (C),  
in vitro regenerated cryopreserved plants (D), ex vitro adapted in vitro cultured plants (E), and  

ex vitro adapted in vitro regenerated cryopreserved plants (F)
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similarly in the process of cultivation. For many species it 
has been registered that the architecture of the assimilation 
parenchyma in the leaves of in vitro cultured plants differed 
from the same leaf tissue in in vivo-grown plants (Zhao et al., 
2006; Dousseau et al., 2008; Jarda et al., 2011; Stefanova et 
al., 2011). It is very common for in vitro cultivation that in-
stead of bifacial leaves a uniform assimilation parenchyma to 
be structured. Our studies on in vitro and cryo N. nuda plants 
revealed the same morphological characteristics of the newly 
formed leaves.

The anatomical study of in vitro and cryo plants regen-
erated and subsequently adapted to ex vitro conditions has 
shown that the ex vitro N. nuda plants have the same his-
tological organization of the leaves as in vivo-grown plants. 
The typically structured assimilation parenchyma and epi-
dermal tissues in ex vitro formed leaves are indicators of the 
high regeneration potential of N. nuda duing cultivation. At 
cellular and tissue level of organization these are indicators of 
genetic stability of the anatomical features (Zhao et al., 2006) 
which is an essential but not always a sufficient precondition 
for successful regeneration of plants.

At a physiological level, photosynthesis is strongly af-
fected by exposure to cold and the photosynthetic pigments 
are highly sensitive to the deleterious effect of freezing. Low 
temperature causes a significant reduction in chlorophyll a 
and chlorophyll b, as well as significant changes in the caro-
tenoid composition (Partelli et al., 2009). In a study of regen-
erated Hypericum tetrapterum plants after cryopreservation 
(Georgieva et al., 2014) no significant changes were observed 
in the amount of photosynthetic pigments, which according to 
the authors showed that this species is more tolerant to freez-
ing procedures. In another study with H. rumeliacum plants 
after cryopreservation, Danova et al. (2012) also has found 
an increase in the amount of chlorophyll a and chlorophyll 
b. Significant enhancement in the amount of carotenoids was 
found in cryopreserved H. rumeliacum plants, which have a 
protective role for the oxidative stress (Georgieva et al., 2014). 
It is well documented that carotenoids may act as antioxi-
dants, which functions include membrane protection against 
free radicals’ damage and their abundance increases at low 
temperatures (Ivanov et al., 2006). It could be suggested that 
the accumulation of plastid pigments in in vitro propagated 
(non-frozen and cryo) and ex vitro adapted N. nuda plants is 
a kind of compensatory mechanism associated with the cul-
tivation conditions.

Conclusion

As many previous research reports, the present study also 
showed that a direct relation between anatomical structures 

of leaves of in vitro and cryo N. nuda plants and the level 
of plastid pigments could not be made. The question that re-
mains is: why is it so high the content of chlorophyll a and 
caroteneoids in these plants, if the histogenesis of assimila-
tion parenchyma is disturbed? The answer of this question 
could be found in further studies on the structural organiza-
tion of the plastid apparatus and the putative compensatory 
mechanism at subcellular level.
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