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Abstract: The aim of the present study was to investigate the importance of the preculture conditions on 

the survival of redwood (Sequoia sempervirens (D. Don.) Endl.) shoot tips  cryopreserved using a combined droplet-
vitrification procedure. In vitro grown Sequoia plants were used for cryopreservation. Preculture was critical for the 
survival of shoot tips after cryopreservation. Among the different tested sugars and sugar alcohols (glucose, sucrose, 
mannitol and sorbitol), treatment with 0.5 M sucrose for 24 h was the most efficient one. One-step vitrification 
protocol with PVS2 for 30 minutes was efficient for shoot regeneration following cryopreservation. After rapid 
thawing and transfer of shoot tips on recovery medium, 67% growth recovery was observed. Plants produced from 
control and cryopreserved shoot tips were phenotypically similar. 
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Introduction 
The continuous loss and degradation of important plant genetic resources having as effect 

the diminuation of the biodiversity led to the conservation of plant germplasm [5]. As the 
maintenance of field gene banks is problematic and costly, in vitro conservation is increasingly 
being considered as a safer, more practical option [1]. Cryopreservation in liquid nitrogen (LN) 
therefore offers great potential for the long-term conservation of plant germplasm. 
Cryopreservation techniques which promise a high genetic stability and long-term storage of 
plant material have been developed for many species [4]. Cryopreservation has an important role 
in conservation strategies for woody species. Among woody species white spruce and interior 
spruce [8], silver birch [9] or pinus [6] were successfully cryopreserved until now. Vitrification 
protocols have been first used to crypreserve shoot apices [10] and it has become the preferred 
method for cryopreservation over the last decade, for more than 100 species and cultivars [10].  

In the present study the optimal preculture conditions for successful cryopreservation of 
Sequoia shoot tips using a combined droplet-vitrification method were determined.  
 

Materials and Methods 
Plant material and micropropagation   
In vitro grown redwood (Sequoia sempervirens D. Don. (Endl.) plants were selected in 

this study for cryopreservation using the droplet-vitrification method. The plants were multiplied 
by montly subculturing of nodal stem segments (approx. 1.5 cm in length). Stock cultures were 
grown in Erlenmeyer flasks on 25 ml sterilized basal MS [7] medium, supplemented with 0.5 mg 
l-1 6-benzylaminopurine (BAP), 0.1 mg l-1  indole-1-acetic acid (IAA) and 30 g l-1  sucrose 
(noted S medium). The pH was adjusted to 5.7 and the medium was solidified with 7.5 g l-1  agar 
before autoclaving at 121ºC. The plants were grown at 24°C during a 16 h light / 24 h 
photoperiod with a light intensity of 34 µmol m-2 s-1 provided by cool white fluorescent tubes. 
For plant regeneration following cryopreservation a modified S medium with reduced agar (4 g l-

1) content was used (noted S1).  
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Explants and preculture 
Shoot tips (1-2 mm in length) with 2 to 3 leaf primordia were excised from 1-to 2-months 

old axillary shoots using two hypodermic needles under a stereo microscope in sterile conditions. 
Shoot tips were transferred to MS liquid basal medium enriched with 0.5 M glucose, sucrose 
mannitol or sorbitol. Sterile filter paper were placed in Petri dishes (5 mm diameter) and were 
soaked with 2.5 ml of MS medium supplemented with sugars and sugar alcohols mentioned 
above. The incubation took place at 24°C for 24 h and 48 h. 

Vitrification and cryopreservation 
Following preculture for 24 h or 48 h in sugar and sugar alcohol solutions, shoot tips 

were dehydrated in a 4 µl droplet of plant vitrification solution - PVS2 [11] placed on sterilized 
aluminium foil strips (0.5 x 2 cm in length) for 10-30 minutes at room temperature in sterile 
conditions. After dehydration with the vitrification solution the aluminium foils with shoot tips 
were transferred directly in liquid nitrogen (–196°C) contained in a 10 l Dewar flask. Samples 
remained in LN for 24 h. 

Growth recovery after cryopreservation 
Thawing of the samples was performed in liquid MS medium at room temperature.  

Recovery of cryopreserved shoot tips took place on semisolid (with 5 g/l agar) S medium. A 
number between 10 and 12 shoot tips were used for each of the three replications per treatment. 
The results were expressed as the mean ± standard deviation (s.d.). Data were analysed by 
ANOVA using the Tukey test for data comparison. 

Root formation medium 
Shoots (approx. 3-4 cm in length) regenerated from cryopreserved shoot tips were used 

for rooting and were transferred to MS medium supplemented with 1-naphtyl-acetic acid (NAA) 
in different concentrations (0.1, 0.25, 0.5, 1.0, 1.5 and 2 mg l-1) to improve rooting. After 1 
month in culture, the percentage of root formation, the number and length of the formed roots 
were recorded.  

 
Results and Disscusion 
Effect of preculture medium on the survival of cryopreserved shoot tips 
The results obtained after preculture in sucrose, glucose, mannitol and sorbitol were 

variable. It was possible to obtain high survival rates, 64% after 24 h preculture and 42% after 48 
h preculture in sucrose and dehydration treatment with PVS2, which indicated that preculture in 
sucrose protected the cells against freezing in liquid nitrogen (Table 1).  
 
Table 1: Effect of preculture in 0.5 M sugars and sugar alcohols on regrowth of non-cryopreserved (control) 

and cryopreserved shoot tips 

Shoot tips Preculture 
duration (h) 

Shoot regeneration (%±s.d.) 
sucrose mannitol sorbitol glucose 

non-cryopreserved 24 97.7±0,5a 93.3±1.0a 82.2±1,1ab 53.3±1.7b 

48 88.8±0.5a 77.7±1.5ab 60.0±2.0b 35.5±1.1c 

cryopreserved 24 64.4±1.5a 40.0±3.4b 28.8±1.5c 22.2±1.5c 

48 42.2±2.3a 33.3±3.4ab 31.1±2.0ab 17.7±2.8b 

Values followed by the same letter in the same row are not significantly different at p=0.05. 
 
The lowest regeneration percentages for both non-cryopreserved and cryopreserved shoot 

tips were obtained when glucose was used in the preculture medium (Table 1). 
It is known that sucrose stabilized membranes and proteins during dehydration [2]. It is 

possible that the cells may absorb sugars with different rates during preculture and may have 
different quantities of crystallizable water. It was demonstrated that sucrose was efficient for the 
induction of tolerance to dehydration of meristems [3]. Additional experiments including 
measurement of sucrose uptake during pregrowth for various durations and the analysis of 
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thermal behaviour of apices during the freeze/thaw cycle may contribute to explain the 
differences in survival after cryopreservation. 

 
Effect of vitrification solution on the survival of cryopreserved shoot tips 
After the preculture with different sugars and sugar alcohols described above, the cell 

content was sufficiently concentrated to tolerate the exposure to cryoprotective solutions for a 
more marked dehydration.  
 In the case of cryopreservation by vitrification it is important to determine the toxicity of 
the cryoprotective mixture intending to ensure cellular vitrification, without endocellular 
crystallization, at the time of the immersion of tissues in liquid nitrogen, as well as to find the 
optimal time for the exposure of the plant material to this mixtures. In order to find the optimal 
time for the vitrification of Sequoia shoot tips different exposure durations were tested (Table 2).  
 
Table 2: Effect of the cryoprotective treatment duration on regrowth of non-cryopreserved and 

cryopreserved shoot tips 

Duration of treatment 
(min.) 

Shoot regeneration (%±s.d.) 

non-cryopreserved  cryopreserved 
0 98±0.5a 0 

10 93±1.0a 11±1.5c 

15 89±1.1a 15±2.5c 

20  84±1.5ab 47±2.0b 

25 80±2.6b 60±1.7a 

30 82±0.5b 67±1.7a 

40 75±2.0bc 42±3.7b 

Values followed by the same letter in the same column are not significantly different at the 0.05 probability level. 
 

The regeneration rate of non-cryopreserved shoot tips was higher than 75% regardless of 
the treatment duration (Table 2). The highest regrowth rate (67%) following cryopreservation 
was found for a 30 min. treatment duration. The fact that the best results regarding shoot 
regeneration following cryopreservation were obtained using high cryoprotective mixture 
concentrations was emphasized by Yamada and Steponkus [13, 12]. The authors considered that 
as much as 90% of the water responding to osmotic dehydration can be eliminated by this 
treatment. The combined vitrification-droplet method has the advantage that practical application 
and handling seem to be easier than for other methods.  
 

Rooting 
Initiation of rooting in the shoots obtained from cryopreserved shoot tips occurred within 

3 weeks. Different NAA concentrations showed differences on rooting (Table 3). The highest 
number of roots was observed when shoots were cultured on MS medium supplemented with 
0.75 mg/l NAA. 
 
Table 3. The effect of NAA concentration in MS medium on the root formation of Sequoia shoots regenerated 

from cryopreserved shoot tips 
NAA 
(mg/l) 

Rooting rate 
(%±s.d.) Number of roots±s.d. Root length 

(cm±s.d.) 
0.1 28.8±0.5c 2.6±1.1c 0.6±0.4c 

0.25 37.7±1.5bc 6.3±0.5a 1.2±0.3b 

0.5 44.4±1.1b 3.3±1.5b 1.8±0.3b 

0.75 62.2±0.5a 3.0±0.0b 2.9±0.2a 

1.0 46.6±1.0b 2.3±0.5c 1.7±0.8b 

1.5 31.1±1.5c 1.3±1.5d 0.4±0.1c 

Values followed by the same letter in the same column are not significantly different at p=0.05. 
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Conclusions 
The preculture of apices in a medium containing 0.5 M sucrose for 24 h and dehydration 

with PVS2 for 30 min. at room temperature were found beneficial for survival and regeneration 
of shoot tips after freezing in liquid nitrogen. The results presented here confirm that the 
combined vitrification-droplet procedure is a practical method for cryopreservation of Sequoia. 
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INFLUENŢA PRECULTURII ASUPRA REGENERĂRII PLANTELOR DIN APEXURI 
CRIOCONSERVATE DE SEQUOIA SEMPERVIRENS (D. DON.) ENDL. 

 
(Rezumat) 

 
Pentru experimentele de crioconservare prin vitrificare în picătură au fost utilizate apexuri caulinare de 

Sequoia sempervirens (D. Don.) Endl., provenite de la plante crescute in vitro. Rezultatele obţinute au demonstrat 
faptul că, precultura în soluţie de zaharoză 0,5 M este esenţială pentru regenerarea de plante după congelare în azot 
lichid (-196°C). Cel mai ridicat procent de regenerare de 67% a fost obţinut ca urmare a unui tratament de 30 minute 
cu soluţia de vitrificare, prealabil crioconservării. Plantele regenerate din apexuri conservate nu au prezentat 
diferenţe fenotipice faţă de cele care nu au fost supuse crioconservării. 
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