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Cultivars Using Two Steps Vitrification Protocol
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Abstract: Cryopreservation of tissue-cultured plant, cells, meristems and organ is an important method for long-
term storage of plant genetic resources using a minimum of space and maintenance. In this work, shoot tips
from two Egyptian cultivars (Black Matrouh and Bez El-Anza) obtained from greenhouse were successfully
cryopreserved by two step vitrification protocol. Shoot tips were excised cultured on 1/2 MS +0.16 mM
glutathione +0.14 mM ascorbic acid in addition to different concentration 0.1M, 0.2M and 0.3M of sucrose and
then treated with a mixture of glycerol and sucrose for 20 min at 25°C. They were then dehydrated with mixture
of 1/2X PVS2 and PVS2 for 150-20 min. then plunged into LN for 1 hr. Samples were then warmed rapidly in
water at 40°C. Precultured shoot tips with high sucrose concentrations to form Osmo-protected shoot tips were
showed using 0.3M sucrose that gave the highest recovery before plunging into LN. After pluning into liquid
nitrogen the recovery percentage were ranged 12-10 for Black Matrouh and Bez El-Anza, respectively. The
recovery of the shoot tips amounted to approximately 40-46% after dehydration with PVS2 and plunging in
liquid nitrogen. This method incorporates a simple and reliable approach for providing high levels of growth
recovery. It also appears promising for the cryopreservation of Vitis germplasm. 
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INTRODUCTION maintained as live plants in field gene banks. The field

Grape (Vitis spp.) is one of the most economically disasters such as disease epidemics and therefore, in
important fruit crops worldwide for  table  food  and for vitro gene bank establishments are vital to safeguard
the production of grapes and dry fruit. Germplasm against the germplasm extinctions. In vitro conservation
preservation plays an important role in the maintenance of involves the maintenance of explants in a sterile,
biodiversity and avoidance of genetic erosion, but the pathogen-free environment. It is widely used for the
preservation of woody plants in the field gene banks conservation of species which produce recalcitrant seeds,
requires huge land areas and is very expensive. More no seeds at all, or for material which is propagated
importantly, the materials are threatened by attacks of vegetatively to maintain particular genotypes [1]. In this
pests, diseases and other natural hazards [1, 2]. So, In respect, different in vitro conservation methods are
vitro back-up (both conventional and slow-growth) is employed depending on the storage duration required.
possible but is very labor intensive and expensive to There are two main types of in vitro storage of plant
maintain [3]. On the other hand, problems with these in germplasm. First is the slow growth which achieved by
vitro techniques include high cost of maintaining a large modifying the culture medium or reducing temperature
number of stocks, space requirements and risk of losing requirements. Second is cryopreservation which
materials by contamination and accumulation of understood as storage between -79 and -196°C, the low
somaclonal variation with increasing time. In Egypt, grape extreme being the temperature of liquid nitrogen. 
is considered to be the second most important fruit crop In the light of the great progress in cryobiological
after citrus fruits. The genetic diversity of perennial investigations on plants [1,2], cryopreservation has been
plants, including grapevines, is usually sampled and considered  as  an  ideal  means  of  long-term  storage  of

gene bank collections and plantations are prone to natural



World Appl. Sci. J., 28 (2): 254-258, 2013

255

germplasm; all cellular divisions and metabolic processes The axillary shoot tips were excised from the stem of 1
of the plant materials stored in this way are stopped. year -old plantlets (5 to 10 cm in height). Axillary shoot
Theoretically, the plant materials can thus be stored tips, about 1 mm in length, consisting of an apical dome
without any changes for an indefinite period of time [1]. with three to five tiny primordial leaves were used.
Moreover, the materials are stored in a small volume,
which largely avoids contamination and requires only Sterilization and Preculture with Sucrose: Axillary shoot
very limited maintenance. In recent years, several new tips were excised then defoliated and disinfested with 70%
techniques have been developed for cryopreservation of ethanol for 1 min. followed by 10% bleach for 10 min.
shoot tips of tropical and temperate plant species [1, 2]. In Shoot tips were excised from axillary buds and maintained
particular, there are few reports on cryopreservation of on (1/2MS+0.3M sucrose+0.16mM glutathione + 0.14mM
grape. Cryopreservation of Vitis shoot tips has been ascorbic acid+2.5g/l gellan gum at pH 5.7), (1/2MS+0.2M
shown to be feasible using both vitrification and sucrose+0.16mM glutathione+0.14mM ascorbic
encapsulation-dehydration techniques. Preliminary study, acid+2.5g/l gellan gum at pH 5.7) or (1/2MS+0.1M
grape apices sampled from in vitro plantlets has been sucrose+0.16mM glutathione+0.14mM ascorbic
cryopreserved using encapsulation-dehydration, after acid+2.5g/l gellan gum at pH 5.7 for 3 days at 25°C in
two-step cooling; only 24% plantlet recovery was darkness and then Loaded with 2M glycerol+0.4M
achieved [4]. Later, an improved protocol for sucrose +1/2 MS for 20 min at 22°C C before being
cryopreservation of grapevine shoot tips was reported by dehydrated with a highly concentrated vitrification
Plessis et al. [5]. In this context, Zhao et al. [6] solution (PVS2) [12]. 
cryopreserved three cultivars of grape using the
encapsulation-dehydration protocol combined with a slow Vitrification and Cryopreservation: Pre-cultured shoot
freeze-dehydration to – 40°C. Recovery ranged from 15 to tips were treated with a mixture of 1/2X PVS2 (PVS2
40%. This protocol is complicated, time consuming and contains 30% (w/v) glycerol, 15% (w/v) EG, 15% (w/v)
still  produced  relatively  low   levels   of  recovery DMSO and 0.4 M sucrose in MS medium at pH 5.8) for 10-
growth. Vitrification techniques with or without 15 min. followed by full strength PVS2 (1X PVS2) for 10-20
encapsulation offer various advantages over min at 0°C (two step dehydration). Then form droplets of
encapsulation dehydration [7] in terms of greater PVS2 on foil strips one at a time and sufficiently
recovery,  Vitrification  techniques  have  also  been dehydrated shoot tips were added to droplets on foils.
applied to a wide range of plant materials [8,9,10]. Foil strips with shoot tips in droplets were submerged into
Successful  cryopreservation  techniques  for  4  cultivars liquid nitrogen for one hour in liquid nitrogen.
of  in  vitro-cultured  grape  shoot  tips  by  vitrification
were reported by Matsumoto and Sakai [11]. The average Growth Recovery after Cryopreservation: For recovery of
recovery growth ranged from 47 to 85%. This Vitrification the cryoprserves cultures, foil strips with shoot tips were
protocol has been further improved and successfully removed from liquid nitrogen and warmed in room
applied to ten Vitis cultivars. In this paper we use the two temperature and treated with 1.2 M sucrose in MS medium
step vitrification protocol to preserve shoot tips of two and incubated for 20 min at room temperature. Shoot tips
local grape cultivars Black Matrouh and Bez El Anza for were then transferred onto MS recovery medium (1/2MS
the first time in Egypt. basal medium containing 1 mg l  BA, 3% sucrose and

MATERIALS AND METHODS week after 1 week move to faint light and observe growth

Plant Material: Plant materials in this study,
greenhouse/screenhouse-grown plants of two grape Viability and Differentiation: Shoot tips were cultured on
(Vitis vinifera) cultivars i.e. “Bez El Anza” and “Black the recovery medium under white fluorescent light
Mtrouh”, two of the most popular cultivars for table grape (50µmol s  m ) with a16 hr. photoperiod at 25°C. Shoot
were used as source shoot tips and employed for formation was expressed as a percentage of the total
vitrification. These cultures were established from the number of shoot tips forming shoots within 1 month after
accessions of grape germplasm maintained in culturing ten shoot tips were tested for each of three
greenhouses:  Harvest  shoot  tips  from  source  plants: replicates for each experiment. 

1

0.2% gellan gum)and cultured at 25°C in darkness for 1

after 4-8 weeks.
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Statistical Analysis: The obtained data were statistically
analyzed according to Snedecor and Cochran [13]. Least
significant difference (LSD) at p 0.05 was employed to
estimate the significant of differences among the
treatment means.

RESULTS AND DISCUSSION

Effect of Sucrose Concentration in Pre-culture Medium
on Recovery: In this work, the effect of different
concentrations (0.1, 0.2 and 0.3 M) of sucrose on recovery
of shoot tips of two grape cultivars i.e., Black Matrouh
and Bez El Anza was investigated. The obtained results
showed that pre-culture in sucrose generally enhanced
the freezing tolerance of shoot tips of the two cultivars.
Moreover, pre-culture in a medium containing high
sucrose concentration was a prerequisite for recovery of
shoot tips after freezing. In this respect, it was found that
pre-culture in sucrose enhanced the tolerance of shoot
tips, also, against the treatment with the PVS2 deleterious
to non sucrose protected shoot tips. To enhance
osmotolerance to PVS2 excised shoot tips were
precultured with different concentrations of sucrose. The
results showed that shoot tips precultured on medium
containing 0.3 M sucrose produced the highest recovery
of shoot tips Black Matrouh and Bez El Anza cultivars
and without plunging into LN (Table 1). While the lowest
percentages of recovery were recorded with medium
containing for 0.1M of sucrose. This result is in agreement
with those obtained by Matsumoto and Sakai [11] and
Shatnawi et al. [15]. Whereas all shoot tips treated with
LN died. Using two-step dehydration procedure for two
cultivars revealed that 46-40% of shoot tips developed
shoots (Table 2).These results are in parallel with those
reported by Matsumoto and Sakai [14] and Shatnawi et al.
[15]. In this respect, Bekheet et al. [16] stated that among
different types of sugars (fructose, glucose, sorbitol and
sucrose) used as osmotic agents in pre-culture medium,
sucrose was the best for the survival of cryopreserved
date palm tissue cultures. The highest percentage of
survival (80 %) and conversion to plantlets (75%) were
observed with 1 M sucrose. Pains et al. [17] reported that
sucrose pre-culture improves post-thaw survival of
cryopreserved meristem cultures of banana. They added
concentration of 0.4 and 0.5 M was especially effective,
resulting in a re-growth of 25 and 42%, respectively. In
this connection, Uragami et al. [18] an indirect effect of
sucrose could be due to the accumulation of  endogenous

Table 1: Effect of sucrose concentrations of preculture on recovery of
cryopreserved shoot tips of Black Matrouh cultivar and Bez El
Anza cultivars

Shoot tips recovery %
--------------------------------------------------------------------
Black Matrouh Bez –El Anza

Sucrose ----------------------------- ------------------------
concentration -LN + LN -LN +LN

0.1M 15 c 0 b 10 c 0b
0.2M 20 b 0 b 15 b 0b
0.3 M 50 a 12 a 40 a 10a

Table 2: Leaves number, shoot numbers, shoot growth and shoot recovery
of two grape cultivars (Black Matrouh and Bez El Anza)
cryopreserved by two step vitrification protocol

Treatment Black Matrouh Bez El Anza

Number of leaves
-pvs2, - LN 0.000 a 0.666 a
+pvs2, -LN 0.666 a 0.000 a
+ PVS2, + LN 0.333 a 0.000 a

Number of shoots
-pvs2, - LN 5.00 a 3.667 ab
+pvs2, -LN 3.667 ab 2.00 b
+ PVS2, + LN 1.667 b 3.333 ab

Shoot growth (%)
-pvs2, - LN 100.0 a 86.67 a
+pvs2, -LN 86.67 a 40.0 b
+ PVS2, + LN 46.67 b 40.0 b

Shoot survival (%)
-pvs2, - LN 100.0 a 80.00 ab
+pvs2, -LN 80.00 ab 40.0 b
+ PVS2, + LN 46.67 b 40.0 b

compounds induced by a mild osmotic stress, that then
offer protection against further water stress and
cryopreservation.

Effect of Vitrification on Recovery: In this part of study,
the effect of dehydration induced by PVS2 was examined.
Results showed that using PVS2 only without plunging in
liquid nitrogen increased the recovery of shoot tips 80 %
for Black Matrouh and 66% for Bez El Anza, while lowest
shoot formation about 46% for Black Matrouh cv. and
40% for Bez ElAnza were obtained with shoot tips
dehydrated with PVS2 and plunging into liquid nitrogen
(LN) (Table 2). The recovered shoot tip cultures were
successfully regenerated into plantlets within three
months (Fig. 1A and B).The developed plantlets was
normal and similar to mother plant. Various techniques
have been developed to minimize desiccation and freezing
damage,   thus    ensuring     high     propagule    recovery.
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Fig. 1: Shoot development from successfully cryopreserved of two local grape cultivars ( Black Matrouh and Bez El
Anza) shoot tips: (A) shoot tips 30 days after planting (B): shoot development after 3 months after planting.

In  the  present  study,  cryopreservation  procedures ACKNOWLEDGEMENT
were  developed  for  shoot  tip  cultures  of  Black
Matrouh and  Bez  El  Anza  grapes.  We could underline This Research has been supported by Dr.Volk
the  effect of  some  pre-treats  affecting   the  recovery Gayl–Fort Colens, USA and her team through a training
and   re-growth    of   grape   cryopreserved   shoot  tips. granted to Ahmed Hagag. 
In this study, induction of osmotolerance to PVS2 was
achieved   by   pre-culturing   excised   shoot   tips  with REFERENCES
0.3 M sucrose for 3 days, followed by a mixture of 2 M
glycerol   plus   0.4   M   sucrose   (loading   solution)  for 1. Engelmann, F., 1997. In vitro Conservation Methods.
20 min. The same positive effects of loading solution In: Callow JA, Ford-Lloyd and H.J. Newbury (Eds)
treatment   following  sucrose  preculture  have  reported Biotechnology     and     Plant   Genetic   Resources
in temperate and tropical plants [19, 20]. Two-step (pp: 119-161). CAB International, Oxford.
dehydration procedures at 0°C following loading 2. Withers,   L.A.   and   F.   Engelmann,  1998.
treatment  considerably  provided  a  high  recovery of Conservation     of     Plant      Genetic    Resources.
grape  shoot  tips  cooled   to   –196°C   by   vitrification. In:   A.   Altman   (Ed)   Agricultural   Biotechnology
In  this  context,  Matsumoto  and  Sakai  [14] and (pp: 57-88), Marcel Dekker, New York.
Shatnawi et  al.  [15] preserved Vitis vinifera shoot tips 3. Toregrossa,  L.,  A.  Bouquet  and  P.G.  Goussard,
by vitrification. Cryprotectants like PVS2 was used to 2000.   In:   K.A.    Roubelakis-Angelakis   (Ed.),
protect and to recover the plant material after storage in Molecular Biology and Biotechnology of Grapevine,
LN [21]. It was proved that dehydration with PVS2 pp: 195-240. Kluwer Publ. Co., Amsterdam.
increased the tolerance to freezing of sweet potato shoot 4. Plessis, P., C. Leddet and J. Dereuddre, 1991.
tips [22]. Nevertheless, the exposure of explants to the Resistance to dehydration and to freezing in liquid
high concentrated vitrification solution is potentially nitrogen of alginate coated shoot tips of grapevine
injurious due to the phytotoxic effects of individual (Vitis vinifera L. cv. Chardonnay). C.R. Acad. Sci.
components or their combined osmotic effects on cell Paris. Serie III, 313: 373-380.
viability [22]. To protect the tissue the cryoprotectants 5. Plessis,       P.,       C.      Leddet,     A.     Collas     and
have to penetrate the plant tissue and each cell, therefore J.    Dereuddre,     1993.      Cryopreservation      of
also the minimal exposure time has to be determined. Vitis vinifera L. cv. Chardonnay shoot tips by
Thus,  the   acquisition   of   osmotolerance   for   shoot encapsulation-dehydration: effect of pretreatment,
tips to PVS2 is essential in obtaining successful cooling   and    postculture   conditions.   Cryo-lett.,
cryopreservation by vitrification. 14: 309-320.



World Appl. Sci. J., 28 (2): 254-258, 2013

258

6. Zhao, Y., Y. Wu, F. Engelmann, M. Zhou, D. Zhang 14. Matsumoto,     T.     and    A.    Sakai,   2003.
and S. Chen, 1999. Cryopreservation of apple shoot Cryopreservation     of     axillary     shoot     tips    of
tips by encapsulationdehydration: effect of in vitro-grown grape (Vitis) by a two-step
preculture, dehydration and freezing procedure on vitrification protocol. Euphytica, 131: 299-304.
shoot regeneration. Cryo-lett., 20: 103-108. 15. Shatnawi, M., G. Anfoka, R. Shibli, M. Al-Mazraawi,

7. Matsumoto,     T.,      2002.      Cryopreservation      of W.   Shahrour      and      A.      Arebiat,    2011.
In vitro-grown Apical Shoot Tips of Wasabi Clonal   propagation   and   cryogenic   storage   of
(Wasabia     japonica)    by   Different   Procedures. virus-free grapevine (Vitis vinifera L.) via merstim
In:    L.E.   Towill   and   Y.P.S.   Bajaji   (Eds.), culture. Turk. J. Agric. For., 35: 173-184.
Agriculture and Biotechnology 50, Cryopreservation 16. Bekheet,   S.A.,   H.S.   Taha,   M.E.  Solliman  and
of Plant Germplasm II, pp: 180-195, Springer-Verlag, N.A.    Hassan,    2007.   Cryopreservation   of  date
Berlin, Germany. palm   (Phoenix   dactylifera  L.)  cultured in vitro.

8. Sakai, A., 1997. Potentially Valuable Cryogenic Acta Horticulturae, 736: 283-291. 
Procedures for Cryopreservation of Cultured Plant 17. Pains, B., N. Notte, K. Van Nimmen, L.A. Withers and
Meristems. In: M.K. Lazdan and E.C. Cocking (Eds.), R.  Swennen,  1996.  Cryopreservation  of  banana
Conservation of Plant  Genetic  Resources  In  vitro, (Musa spp.) meristem cultures after preculture on
pp: 53-66. Science Publishers, USA. sucrose. Plant Science, 121: 95-106. 

9. Sakai, A., 2000. Development of Cryopreservation 18. Uragami, A., A. Sakai and M. Nagai, 1990.
Techniques. In: F. Engelmann and H. Takagi (Eds.), Cryopreservation of dried axillary buds from plantlets
Cryopreservation  of   Tropical   Plant   Germplasm, of     Asparagus     officinalis    L.   Plant   Cell   Rept.,
pp: 1-7. JIRCAS, Tsukuba, Japan. 9: 328- 331.

10. Engelmann, F., 2000. Cryopreservation of Tropical 19. Thinh, N.T., H. Takagi and S. Yashima, 1999.
Plant Germplasm. Current Research Progress and Cryopreservation      of     in    vitro-grown    shoot
Application, Japan International Research Center for tips of banana (Musa spp.) by Vitrification method.
Agricultural Sciences, Tsukuba, Japan/International Cryo-Lett. 20: 163-174
Plant Genetic Resources Institute, Rome, pp: 8-20. 20. Pennycooke, J.C. and L.E. Towill, 2000.

11. Matsumoto, T. and A. Sakai, 2000. Cryopreservation Cryopreservation of shoot tips from in vitro plants of
of in vitro cultured axillary shoot tips of Vitis by sweet potato [Ipomoea batatas (L.)Lam.] by
vitrification. Acta Hort., 538: 173-175. vitrification. Plant Cell Rep., 19: 733-737.

12. Sakai, A., S. Kobayashi and I. Oiyama, 1990. 21. Sakai, A., 1995. Cryopreservation of Germplasm of
Cryopreservation of nucellar cells of navel orange Woody Plants. In: Y.P.S. Bajaj (Ed) Biotechnology in
(Citrus sinensis Osb. var. brasiliensis Tanaka) by Agriculture and Forestry 32. Cryopreservation of
vitrification. Plant Cell Rep., 9: 30-33. Plant Germplasm I (pp: 53-69). Springer, Berlin.

13. Snedecor,   C.W.   and   W.G.   Cochran,   1982. 22. Towill, L.E. and R.L. Jarret, 1992. Cryopreservation of
Statistical Methods. 7  Ed. The Iowa State University sweet potato (Ipomoea batatas [L.] Lam.) shoot tipsth

in Ames, Iowa, USA. by vitrification. Plant Cell Rep., 11: 175-178.


