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Abstract

Cryopreservation of medicinal plants is an important tool for restoration of their potential to synthesize valuable secondary
metabolites. Establishment of an efficient protocol requires detailed understanding of species/genotype-specific responses to
changing external variables. The aim of this work was to study the genotype-dependent response of Hypericum perforatum L. shoot
tips to different pre-cryogenic conditions. Shoot apices isolated from plants growing on the hormone-free medium and from clusters
induced by addition of benzylaminopurine, were subjected to pre-culture using two agents (0.3M sucrose and 0.076uM abscisic acid)
prior to cryopreservation. Although the genotypes represented the seed progeny of one mother plant, the results showed their
different capability to withstand cryogenic treatment. The differences were apparent especially in case of plants cultivated on the
hormone-free medium. The ability to recover depended also on the pre-culture agent, duration of the pre-culture period and under
certain conditions also on interaction between benzylaminopurine and abscisic acid in the medium. The results are illustrated by
anatomical alterations of the meristematic zones and adjacent leaf primordia. Long term exposure of cultures to benzylaminopurine
resulted in the delay of abscisic acid effect during pre-culture step and thus impaired regeneration capability of shoot apices after

cryopreservation.
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Abbreviations: ABA-abscisic acid, BAP-benzylaminopurine, LN-liquid nitrogen, LS-loading solution, PVS-plant vitrification

solution.

Introduction

Over the last few decades, use of cryogenic temperatures has
become an efficient tool for long-term preservation of
phytodiversity or unique plant features (Pence, 1999;
Yoshimatsu et al., 2000). Moreover, in biotechnological
terms, cryopreservation of plant cells and tissues enables their
ability to produce various bioactive metabolites to be
maintained or even improved. The importance of Hypericum
perforatum L. (St. John’s Wort) as a model for an extensive
Hypericum genus lies in the anti-depressive, anti-cancer, anti-
viral and anti-inflammatory properties of its biologically-
active secondary metabolites such as naphtodianthrones
(hypericins) and phloroglucinols. Red photosensitive
pigment, hypericin and its derivatives have been successfully
applied for photodynamic diagnostics and therapy of cancer.
These features rate H. perforatum among the potential
candidates for long-term storage in a cryo-environment.
Furthermore, the ability of cryopreserved H. perforatum
plants to produce hypericins remained unaltered or slightly
increased (Skyba et al., 2010).

Since the major role of cryobanks as large depositories of
plant genetic reserves lies in their accession, accumulation
and long-term storage, it is necessary to establish efficient
cryopreservation protocols for particular species and/or
explants. These protocols could be established either by
mostly empirical modification of external variables, e.g. pre-

culture/cryoprotection additives and exposure times, and/or
on the basis of understanding the fundamental factors
decisive for pre-determining the plants to withstand
cryogenic temperatures. Among them, physiological status
prior to cryogenic treatment is considered as one of the most
critical which could affect the post-thaw regeneration ability
of cryopreserved material. Furthermore, pre-culture
conditions should be carefully manipulated in terms of
possible interactions with some culture medium constituents
which might be essential for cell proliferation (Havlova et al.,
2008). In several cases, benzylaminopurine (BAP) added to
culture media could interfere with abscisic acid (ABA) used
during pre-conditioning of plants prior to cryopreservation
(Tran et al., 2007).

In this study we have focused on some genetic and
physiological aspects of H. perforatum cryopreservation as
follows: (1) genotypic variation in the ability of shoot tips to
withstand the low-temperature associated stresses under the
same pre-cryogenic conditions; (2) possible interaction
between long-term exposure of shoot tips to cytokinin (BAP)
in the culture medium and ABA as a pre-culture additive; (3)
anatomical differences of shoot apices subjected to
cryopreservation after short/long exposure to BAP.
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Results
Effect of genotype on post-cryogenic recovery

Plant material used in the experiments consisted of H.
perforatum shoot tips isolated from individually-growing
plants on the hormone-free RM medium and those derived
from clusters differentiated during long-term continuous
cultivation on the medium supplemented with cytokinin BAP
(RMB medium). Both sets of samples were subjected to pre-
cryogenic treatment followed by vitrification. The samples
were pre-treated in the liquid RMB medium supplemented
with 0.3M sucrose or 0.076uM ABA, each with three
different exposure times. Recovery rate of sucrose-treated
shoot tips isolated from individual plants varied from 3.3 to
50 %. The variation range indicated different abilities of
individual genotypes to recover as proved by one-way
ANOVA (P<0.05) (Table 1A). The genotypes 29/7/5 and
34/7/1 showed evidently higher tolerance to cryogenic
treatment than the others. Comparable variation range (from
3.9 to 62 %) with less significant inter-genotypic differences
was observed in response to ABA pre-treatment (Table 1B).
The results showed dependence of the mean recovery rates on
the pre-treatment period. Moreover, the majority of
genotypes achieved their maximum recovery after the longest
exposure to either sucrose or ABA. Comparison of the
average recovery rates revealed that the capability of shoot
apices to regrow depended to a certain degree on the pre-
culture time as proved by statistical evaluation using Mann-
Whitney U test, but mostly on the genetic predisposition of
particular H. perforatum genotypes. The ability of shoot
apices isolated from clusters differentiated on BAP-enriched
medium to recover after pre-treatment with 0.3M sucrose
ranged between 2.9 and 40 % (Table 2A). Whereas 16 hour
long sucrose treatment was evidently insufficient,
prolongation of pre-culture time to either 24 or 48 hours led
to improvement of the recovery rates. Post-cryopreservation
recovery and regrowth of explants pre-cultured with ABA
was comparable with the previous ones and varied from 2.9
to 37.5 % (Table 2B). Although statistical tests did not
confirm any significant differences between different
exposure times to ABA, the average recovery rates showed
almost linear increasing tendency. In contrast, five genotypes
responded to cryopreservation with improved recovery rates
after 3 day long ABA pre-treatment.

Effect of ABA-BAP interaction on the recovery after
cryopreservation

All genotypes used in the experiments showed improved
capability to regrow after cryopreservation depending on the
presence/absence of BAP in the culture medium during long-
term cultivation (Fig. 1). Differences between average
recovery rates of shoot tips isolated from plants growing on
the hormone-free-medium and from BAP-induced clusters
were evident and statistically proved especially after ABA
pre-treated samples. To discover whether decreased
regeneration rate occurred as a consequence of short and/or
long-term exposure of shoot apices to BAP and its predicted
interaction with ABA during pre-culture resulting in a delay
of its protective influence, both sets of plants were subjected
to vitrification after 10 days of 0.076uM ABA pre-treatment
in liquid medium without BAP. The recovery rates of shoot
tips isolated from both individually-growing plants and
clusters were comparable (Table 3). However, recovery rates
of shoot tips which were not exposed to BAP at all were

significantly lower in comparison with cryopreserved apices
subjected to BAP during pre-treatment. In contrast, post-thaw
recovery rates of shoot tips excised from plants exposed to
BAP during long-term culture were in accord with the
recovering ability of apices exposed to both long and short-
term influence of BAP. The results indicate that long-term
exposure of plant material to BAP may result in a delay of
ABA protection effect, but the presence of BAP in the
medium during the short-term pre-culture period was
indispensable for improvement in ability to recover after
cryopreservation.

Influence of BAP on shoot tip anatomy during short/long-
term culture

The size of the apical meristem, its compactness and position
of the first leaf primordia were examined by light
microscopy. Comparison of shoot tips subjected to short
and/or long-term cultivation in the presence of BAP revealed
anatomical differences which may contribute to overall
tolerance of cryogenic temperatures in explants. The
microscopic  observations indicated that shoot tip
meristematic domes of the plants exposed to BAP during the
pre-culture period only were nearly fully covered with the
first pair of leaf primordia (Fig. 2A, C), which were
noticeably bigger than those of the plants isolated from
clusters formed under long-term influence of BAP. Enlarged
leaf primordia may provide better protection of the
meristematic dome against low temperatures during
cryopreservation. On the other hand, shoot tips of cluster-
derived plants differentiated during long-term exposure to
BAP possessed meristematic domes of comparable size, but
unprotected by the first pair of leaves (Fig. 2B, D). More
intensive colouring of the central zone by safranin indicated
higher cell division frequency in cluster-derived plants with
more dilated intercellular spaces (Fig. 2D). In order to
discover anatomical and morphological differences caused by
predicted interaction between BAP and ABA during the pre-
treatment period, we examined the influence of short-term
exposure of shoot tips to BAP as well. To this end, the
anatomy of shoot tips excised from plants cultured on the
hormone-free medium and subsequently exposed to liquid
pre-culture medium supplemented with both BAP and ABA
for 10 days was compared with the same set of samples pre-
cultured in the liquid medium enriched with ABA only. In
comparison with the non-treated apices cultured on the basal
medium (Fig. 2 A, C), both sets of pre-treated shoot tips
possessed visibly bigger apical meristem regions (Fig. 3 C,
D). In the case of explants pre-cultured in liquid medium
supplemented with BAP and ABA, their meristematic centres
were compact and fully covered by the first pair of leaf
primordia (Fig. 3 A, C). In contrast, shoot tips pre-cultured
solely in the liquid ABA-enriched medium possessed wholly
uncovered central zones because of the only-developing leaf
primordia (Fig. 3 B, D), despite similar meristematic dome
size. Furthermore, larger intercellular spaces observed in
these structures indicated decreased compactness of shoot
apices (Fig. 3 D). The results show that long-term exposure
of plants to BAP may delay the protective role of ABA
during pre-culture, which led into reduced ability to
withstand cryopreservation as a consequence of the
uncovered meristematic zone. On the other hand, short-term
influence of BAP induced anatomical and morphological
alterations causing higher levels of meristem compactness
and protection by leaf primordia, which resulted in increased
tolerance of low temperatures.
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Table 1. Recovery rates of cryopreserved H. perforatum shoot tips derived from plants growing on the basal RM medium (BAP-free)
using 0.3M sucrose (A) and 0.076uM ABA (B) as preculture additives, each in three different time durations (16, 24, 48 hours; 3, 7,

10 days).

A 0.3M sucrose B 0.076uM ABA
tgenotype 16 hours? 24 hours™ | 48 hours™* genotype 3days” 7days™ | 10days™
5/7/2%° 0 3.3 11.8 5/7/2"¢ 15 21 62
5/7/4% 16 7.1 16.1 5/7/4%%¢ 6.7 13.6 38.9
24/7/5™ 3.6 42 8.3 24/7/5™¢ 15 55 25.7
29/7/5¢ 17.9 26.1 10.3 29/7/5° 56.3 42 29.4
34/71¢ 28.6 50 36 34/7/17" 10 3.7 38.7
36/7/2° 0 0 0 36/7/22" 13.8 26.9 13.9
40/7/2* 0 0 6.3 40/7/2° 10 3.7 23.5
40/7/3° 0 0 6.7 40/7/3*" 3.9 33.3 12.9
42/7/3" 0 0 12.5 42/7/3* 7.4 6.3 5.7
42/7/5% 0 6.7 3.5 42/7/5% 4.4 9.5 15.4
Mean Mean
recovery rate 6.6 8.6 124 recovery 12.3 225 24.6
(%) rate (%)

Statistical differences between recovery rates after various pre-culture durations (x, y, z) and among genotypes (a, b, ¢) are marked by
superscripts.tThe triple numbers represent different H. perforatum genotypes, originated from one diploid mother plant. Common ancestor is

expressed by the same number in the middle.
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Fig 1. Comparison of average recovery rates (+SEM) of H. perforatum L. shoot tips cultured on BAP-free and BAP-supplemented
medium, respectively analysed at P=0.05; statistically significant differences are marked by asterisks.

Discussion

Genetic pre-disposition, culture conditions prior to cryogenic
treatment and anatomical differences could markedly affect
the success of the cryopreservation procedure. The primary
aim of this work was to study the effect of genotype on the
tolerance of H. perforatum shoot tips to cryogenic
temperatures in terms of post-cryogenic recovery, the
interaction between cytokinin and ABA after long/short-term
exposure to BAP, and the resultant anatomical and
morphological alterations in the apical meristem.
Experimental material included two sets of shoot tips excised
from individual plants cultured on the hormone-free medium
and from clusters formed as a result of long-term cultivation
on BAP-supplemented medium respectively. These were
further pre-treated for a short time with sucrose or ABA and
cryopreserved by vitrification.

Despite their different action modes, sucrose and ABA are
widely-used preculture agents contributing to the pre-
conditioning of plant material before exposure to a cryogenic
environment. The protective role of sucrose as a disaccharide
able to penetrate cell walls lies in the maintenance of plasma

membranes in liquid crystalline state. This sugar is also
assumed to prevent protein denaturation because of its
capability to form bonds with biomacromolecules (Hoekstra
et al., 2001). Sucrose pre-culture has also been observed to
have a contributing effect on the reduction of freezable water
content in the cells (Panis et al., 1996). On the other hand,
ABA as a phytohormone is involved in plant responses to
many environmental abiotic stresses including cold.
Furthermore, acting as a signal molecule, ABA triggers the
expression of gene encoding for enzymes protecting the plant
and preserving membranes against low temperature injuries
(Minami et al, 2003; Pearce, 2004) or toxicity of
cryoprotectants (Seki et al., 2003).

Genotype-specific response to cryogenic treatment

In this study, we recorded different capabilities of individual
genotypes to withstand cryogenic temperature, despite all
genotypes represented the seed progenies of one diploid
mother plant. The genetic background of this variation might
arise from a high degree of heterozygosity in diploids, which
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Table 2. Recovery percentages of cryopreserved shoot apices derived from H. perforatum clusters originated on the BAP-enriched
medium using 0.3M sucrose (A) and 0.076uM ABA (B) as preculture agents, each in three different durations (16, 24, 48 hours; 3, 7,

10 days).

A 0.3M sucrose B 0.076uM ABA
tgenotype 16 hours 24 hours® | 48 hours ™ tgenotype 3days® 7days™ | 10days*
5/7/2* 0 0 20 5/7/2°° 3.3 154 16.2
5/7/4%° 0 2.9 13.3 5/7/4°° 16 3.9 2.9
24/7/5° 0 6.5 0 24/7/5P 37.5 3.3 21
29/7/5%° 0 8.7 19.2 29/7/5% 6.9 13 15.4
34/7/1%° 0 3.5 16.7 34/71%° 6.1 0 14.3
36/7/2° 0 0 2.9 36/7/2* 0 25 3.2
40/7/2° 0 0 3.1 40/7/2° 105 8.3 9.4
40/7/3° 0 17.6 40 40/7/3° 7.3 42 0
42/7/3% 0 3.1 10.3 42/7/3* 15.6 3.9 0
42/7/5° 0 6.5 3.7 42/7/5% 5.9 3.7 10.8
Mean recovery Mean recovery
rate (%) 0 44 122 rate (%) 4.6 73 9.8

Statistical differences between post-cryogenic recovery rates after different pre-culture durations (x, y, z) and inter-genotype variances (a, b, c) are
marked by superscripts. TThe triple numbers represent different H. perforatum genotypes, originated from one diploid mother plant. Common

ancestor is expressed by the same number in the middle.
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Fig 2. Longitudinal sections of H. perforatum L. shoot apices before cryopreservation procedure observed by light microscopy. Tips
isolated from basal RM medium cultivated plants (A and C) possessed their meristematic domes protected by leaf primordia,
whereas meristems of apices isolated from BAP-enriched medium cultivated clusters were uncovered (B and D). LP = leaf

primordium, AM = apical meristem.

were found to reproduce mostly and obligatorily sexually
(Koperddkova et al., 2004). Similar results documenting a
broad variation range of recovery rates among genotypes
were obtained by Sales et al. (2001) for Digitalis obscura L.
and by Kaity et al. (2008) for Carica papaya L. shoot tips.
However, the influence of genotype was statistically
significant solely in the case of shoot tips excised from plants
cultured on the hormone-free medium.

Response of shoot tips to different pre-culture agents

Our results reveal the dependence of average post-
cryopreservation recovery rates on the pre-treatment duration.
Effective sucrose pre-culture time may vary among plant
species, e.g. Rauvolfia serpentina L. explants reached their
maximum recovery rates after 4 days of sucrose exposure
(Ray and Bhattacharya, 2008), whereas Fragaria ananassa
Duch. shoot tips did so after 24 hour long pre-treatment
(Pinker et al., 2009). H. perforatum shoot tips reached the

highest average capability to recover after 48 hour long
exposure to sucrose. However, several genotypes showed
notably improved ability to recover even after shorter pre-
culture periods. Subjection of explants to ABA during pre-
culture markedly enhanced their average recovery rates,
which is in accord with the results of Lu et al. (2009), who
recorded increased survival abilities of Ginkgo biloba L. cell
cultures after ABA preculture in comparison with sucrose
treatment. However, average recovery rates were relatively
low (<50%) originating from both genotype-specific
contribution and possible antagonistic effect between
glycerol and ABA during loading and cryoprotective
treatment, as recorded by Mallén et al. (2008). Furthermore,
recovery rates of H. perforatum shoot tips also showed a
tendency to rise with pre-culture duration, with the highest
average recoveries achieved after 10 day long pre-treatment.
The effectiveness and rate of ABA action may vary among
plant species, which is supported by the findings of several
authors (Burritt, 2008; Na and Kondo, 1996), showing

294



Table 3. Recovery rates of cryopreserved shoot tips isolated
from plants cultivated on the basal medium (hormone-free)
and from clusters cultured on the BAP-enriched medium.
Data are showing recovery percentages after cryopreservation
with modified pre-treatment (liquid medium supplemented

with ABA only).

Long-term culture
tgenotype hormone-free BAP-enriched
5712 6.3 7.4
5/7/4 3.5 34
24/7/5 10.7 13.6
29/7/5 3.5 0
34/7/1 13.8 12.9
36/7/2 6.7 5.9
40/7/2 0 32
43/7/3 6.5 115
42/7/3 3.3 16.7
42/7/5 0 14.8
Mean recover
rate () y 5.4 8.9

The triple numbers represent different H. perforatum genotypes,
originated from one diploid mother plant. Common ancestor is
expressed by the same number in the middle.
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Fig 3. Longitudinal sections of H. perforatum L. shoot tips
after preculture observed by light microscopy. Shoot apices
isolated from individually growing plants (basal RM
medium) after 10 days long RMB+ABA pre-treatment (A
and C) were observed to have their meristematic domes
covered by leaf primordia. Apical meristems of tips
precultured for 10 days with RM+ABA medium (B and D)
reported the increased sizes with conspicuous intercellular
spaces. LP = leaf primordium, AM = apical meristem

maximum tolerance of cryogenic temperatures after short-
term ABA pre-culture.

Interaction between ABA and cytokinins

Despite both sets of plant material being subjected to the
same cryopreservation procedure, statistical assessments
revealed significant differences in average recoveries
between BAP-enriched and hormone-free long-term culture
conditions, apparent especially after pre-treatment with ABA.
The shoot tips isolated from H. perforatum plants exposed to
BAP during long-term pre-culture showed impaired

capability to withstand cryogenic temperatures, presumably
as a consequence of delayed ABA action during pre-
treatment. This synthetic cytokinin is known to induce
multiple shoot formation in tissue cultures through apical
dominance suppression, which triggers cluster differentiation.
Despite its role being quite well documented, the exact
mechanism of its action is still unclear. Although this
cytokinin does not naturally occur in plants, BAP
successfully regulates cell division, stimulates adventitious
shoot initiation and inhibits root formation, and thus becomes
very useful for gaining sufficient amounts of plant material
during a short time period (Taiz and Zeiger, 2003). This
cytokinin also functions as an efficient multiple shoot
formation agent for H. perforatum explants (Celldrova et al.,
1992). The antagonistic effects between cytokinins and ABA
are known in higher plants, especially under physiological
conditions (Werner and Schmiilling, 2009). However, it is
known that BAP may reduce the ability of plants to
acclimatize to cold due to its predicted interaction with ABA
during hardening (Baldwin et al., 1998). Moreover, Reed
(1993) noticed decreased tolerance of Rubus sp. shoot tips
induced by BAP, which was partly genotype-dependent.
Based on our results, we suggest that the interference
between BAP and ABA could represent a presumable reason
for decreased recovery rates. To discover whether the
predicted interference between ABA and cytokinin occurs as
a consequence of long or short-term exposure to BAP, both
sets of H. perforatum shoot tips were cryopreserved after
ABA pre-treatment without BAP in the pre-culture medium.
Interestingly, the results show the lowest recoveries of both
sets. Similarly, pre-culture of plant material in BAP-free
medium supplemented with ABA prevented the post-thaw
ability to recover in Gentiana scabra Bunge shoot tips
(Suzuki et al., 2006). These results suggest that short-term
exposure of explants to BAP is beneficial for improved
recovery rate of H. perforatum shoot apices. In contrast,
long-term subjection to BAP delayed the effect of ABA and
thus reduced the ability to recover after cryopreservation.

Diverse low temperature tolerance rates were found not
only at the level of plant recovery, but several dissimilarities
were also observed in the anatomy of shoot tips. Whereas
longitudinal sections of the apices isolated from
H. perforatum plants growing on the hormone-free medium
possessed central zones covered by the first pair of leaf
primordial, the shoot tips derived from clusters differentiated
after long-term exposure to BAP were much smaller and
uncovered. These observations are in accord with Helliot et
al. (2002), who found that actively-proliferating meristems of
Musa sp. were not protected by leaf primordia. Furthermore,
the size of the apical meristem was comparable in both sets,
which could be caused by redistributed impact of exogenous
cytokinin on the individual shoots of the cluster.

Effect of exposure duration to BAP on shoot tip anatomy

Anatomical study of shoot tips isolated from plants growing
on the hormone-free medium and pre-cultured with ABA in
the presence or absence of BAP revealed markedly enlarged
apical meristems. However, the apical meristem regions of
shoot tips exposed to BAP for a short time were intensively
stained by safranin, which indicated their compactness and
increased mitotic activity. On the other hand, the shoot apices
pre-cultured in BAP-free medium possessed markedly larger
intercellular ~ spaces, indicating decreased meristem
compactness. The disintegration of meristematic tissue
probably led to the significantly decreased recovery rates.
Similar results were recorded by Thinh (1997), who clearly
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demonstrated that the physiological status of plant material
plays an important role in the post-thaw recovery phase. In
the case of shoot tips, the apical dome should be at least
partially covered and thus protected by the first pair of leaf
primordia, which corresponds with our microscopic
observations. Despite these facts, the exact mechanism of
interaction between ABA and BAP remains unresolved.

The present study reveals substantial differences in the
response of individual H. perforatum genotypes originated
from one mother plant to cryogenic treatment. Post-thaw
recovery rates appeared to be dependent on the pre-culture
additive and pre-treatment duration. Besides genetic
background and pre-cryogenic treatment, growth regulators
such as cytokinins added into the culture medium could
counteract the effect of the pre-culture additive. Moreover,
the interaction between BAP and ABA resulted in anatomical
alterations of shoot apices which contributed to the decreased
post-cryogenic  recovery rate. In  conclusion, the
establishment of an effective cryopreservation protocol for
H. perforatum should include not only modifications of
particular external parameters, but rather more profound
study of the physiological status of plants prior to
cryopreservation and their genetic background.

Materials and methods

Plant material and culture conditions

Plant material used in the experiments included in vitro
grown seed-derived plants of 10 diploid (2n=2x=16)
Hypericum perforatum L. progenies originated from one
diploid mother plant. The seeds were surface-sterilised with
1% (w/v) AgNO; for 15 min and washed 4-5 times in sterile
distilled water. Subsequently they were placed on the surface
of basal RM medium containing Linsmaier-Skoog's salt
mixture (Linsmaier and Skoog, 1965), Gamborg's B5
vitamins (Gamborg et al., 1968), 30 g.l'1 sucrose, 2 mg.l'l
glycine and 100 mg.I'' myo-inositol with pH adjusted to 5.6
before autoclaving. Seedlings were cultured at 23 °C
temperature and 40% relative humidity, under 16 h /8h
photoperiod and artificial irradiance of 30 uE.m™.s". After 3-
4 weeks of cultivation, shoot tips with two leaf primordia
were excised and transferred either onto basal medium RM or
the same medium supplemented with 0.5 mgl’
benzylaminopurine (BAP; RMB medium).

Cryopreservation procedure

Shoot tips were isolated from plants cultivated on the RM
medium or on the RMB, then transferred to the liquid RMB
medium (pH =5.6) supplemented with either 0.3M sucrose
or 0.076uM abscisic acid (ABA) or to the liquid RM medium
(pH = 5.6) containing ABA. Pre-culture on sucrose lasted 16,
24 or 48 hours and ABA-preculture 3, 7 or 10 days, both on
the orbitary shaker at 120 rpm. After pre-treatment with
either ABA or sucrose, shoot tips were treated for 20 min
with loading solution (LS, pH = 5.6) composed of liquid RM
medium supplemented with 2M glycerol and 0.4M sucrose
on the orbitary shaker under laboratory temperature.
Following LS treatment explants were transferred into sterile
cryotubes (2 ml, Sarstedt) containing 1 ml of plant
vitrification solution (PVS3) consisting of 50 % (w/v)
glycerol and 50 % (w/v) sucrose (Nishizawa et al., 1993).
After 90 minutes of equilibration on ice the samples were
immersed directly into liquid nitrogen (LN, -196 °C) and

stored for at least 24 hours. Thawing was performed in a
water bath at 40 °C for 1 min and then the explants were
washed for 20 min in the liquid RM medium supplemented
with 1.2M sucrose on the orbitary shaker. Thawed shoot tips
were placed onto RM medium moistened filter followed by
transfer onto solid RMB medium. Subsequently the
regeneration phase took place in darkness for 14 days,
followed by exposure to light conditions as stated above. The
recovery rate was defined as the percentage of shoot tips able
to regrow.

Statistical evaluation

Statistical evaluation of experimental results was conducted
using the STATGRAPHICS version 5.0 package. The
experiments were performed using pseudo replication design
in three replicates. Each treatment was carried out with
overall 30 shoot tips (10 per replicate). Average recovery
rates for each pre-culture agent were compared using Mann-
Whitney U-test, and the effect of genotype on the ability to
recover was assessed using one-way ANOVA (P<0.05).

Preparation of histological slides

Five shoot tips were excised from both types of experimental
plants (grown on the RM or RMB medium) and from those
pre-treated with liquid RM/RMB medium supplemented with
0.076uM ABA. The apices were fixed using freshly-prepared
solution consisting of 4.0% paraformaldehyde, 0.25%
glutaraldehyde and 0.1M sodium phosphate buffer (ph = 7.0)
for 30 min in vacuum and 3 hours on ice. Fixed tips were
subsequently dehydrated in various aqueous ethanol
solutions, infiltrated by ethanol - xylene mixtures in different
v/v ratios, penetrated with xylene — paraplast combinations
and finally incubated in 100% paraplast in accordance with
Schmeltzer et al. (1989). Hardened paraplast blocks were
sectioned at 7um thickness with a standard rotary microtome
and deparaffinised by imbibition in 100% xylene, decreasing
concentrations of ethanol (100%, 96%, 70%, 50% and 30%)
and in distilled water. The slices were stained using Safranin-
Fast green procedure and observed under light microscope
(Olympus BX 51, Japan).
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