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Abstract. Shoot tips from 4- to 6-week-old in vitro grown plantlets of six different cultivars of papaya were
cryopreserved by vitrification. Shoot tips were treated in a 2 ml cryo-tube filled with a solution of 2 M glycerol and
0.4 M sucrose at 25°C for 20 min, then dehydrated with 1 ml pre-cooled vitrification solution at 4°C for 60 min.
Treated samples were kept in liquid nitrogen for at least one week.  The recovery percentages of six cultivars’ shoot
tips after vitrification were between 48% and 93%. Cryopreserved shoot tips after being warmed resumed growth
within 7 days and developed shoots directly without intermediate callus formation.  Prolonged storage in the liquid
nitrogen up to 2 years had no affect on regeneration. This study has successfully developed a simple and effective
protocol for the cryopreservation of papaya shoot tips.
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Abbreviations:  BA, 6-Benzylaminopurine; DMSO, Dimethylsufoxide; IBA, Indole-3-butyric acid; LS, Loading
solution.

Introduction

 Promoting sustainable utilization of biological resources
is critical to the development of modern biotechnology.
Because plant germplasm is indispensable for breeding new
cultivars that enable the maintenance of genetic diversity
and ecological environment and the avoidance of genetic
erosion (Lambardi et al., 2000), germplasm conservation
plays an important role in the sustainable utilization of bio-
logical resources.

Traditional methods of preserving plant germplasm are
seed storage and maintaining plants in the field (Thinh et
al., 1999). Those ways apply to most cultivars but have
many disadvantages. Field collections require a large space
and considerable labor, and the quantity of the species that
can be preserved is limited (Hirai and Sakai, 1999; Lambardi
et al., 2000; Pennycooke and Towill, 2000; Matsumoto et
al., 2001). Field collections are also subject to environmen-
tal stress, climate change, and various plant diseases (Hirai
and Sakai, 1999; Pennycooke and Towill, 2000; Matsumoto
et al., 2001).

In vitro culture techniques supplement plant conserva-
tion and have been applied to germplasm collection,
preservation, and rapid clonal multiplication. Due to fac-
tors such as the methods and duration of storage and the
characteristics of the species, in vitro culture systems pro-
vide only short-medium term storage. Short-medium term
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storage achieves conservation by delaying growth and in-
creasing the time interval between culture generations, but
this is laborious and time consuming (Engelmann, 1991;
Escobar et al., 1997; Charoensub et al., 1999). In addition,
genotypes could possibly be lost due to contamination
or human error during the process (Engelmann, 1991; Thinh
et al., 1999; Vandenbussche et al., 2000). Therefore, in vitro
culture cannot be efficiently applied to long-term plant
germplasm conservation.

For long-term conservation of plant germplasm,
cryopreservation is currently the only option (Engelmann,
1991; Takagi et al., 1997; Thinh et al., 1999; Tsukazaki et
al., 2000; Sakai, 2000; Matsumoto et al., 2001; Helliot et
al., 2002). Storing plant seed, organs, tissues and cells in
liquid nitrogen (-196°C) halts metabolic activities yet main-
tains their viability. In theory, this method enables plant
materials to be stored indefinitely without physiological
alteration or generation of somaclonal variation, and it re-
quires minimal storage space and maintenance
(Charoensub et al., 1999; Hirai and Sakai, 1999; Thinh et
al., 1999; Sakai, 2000; Matsumoto et al., 2001; Touchell et
al., 2002).

Traditional cryopreservation often uses a slow cooling
to avoid intracellular ice formation, a common cause of le-
thal cell damage (Thinh et al., 1999; Lambardi et al., 2000;
Touchell et al., 2002). However, equipment is costly, and
the method is not effective for low temperature sensitive
species (Pennycooke and Towill, 2000). Recently, ap-
proaches to plant germplasm cryopreservation involving
direct plunging into liquid nitrogen have been explored,
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and vitrification procedures proved to be the most prom-
ising among them (Matsumoto et al., 1994; Takagi et al.,
1997; Hirai and Sakai, 1999; Lambardi et al., 2000; Tsukazaki
et al., 2000).

In practice, plant materials are gradually dehydrated by
application of a vitrification solution, with an aim to re-
duce water content to levels where ice crystal formation
does not occur or is non-lethal during immersion in liquid
nitrogen. The vitrification can let the cell solidify into a
non-crystalline, glassy-state (Fahy et al., 1984; Hirai and
Sakai, 1999; Lambardi et al., 2000; Sakai, 2000; Touchell et
al., 2002). The vitrification procedure is easy to perform
and often has a high recovery percentage, which makes it
widely applicable, particularly to the conservation of plant
species sensitive to low temperature (Takagi et al., 1997;
Thinh et al., 1999).

Carica papaya is a plant native to tropical America and
a member of the Caricaceae. Owing to its fast growth, easy
cultivation, long fruiting season, high yield, and high nu-
trition content, papaya has become an economically im-
portant fruit crop, widely cultivated in tropical and
subtropical regions around the world. Papaya, as a typi-
cal cross-pollinated and seed-propagated plant, appears
genetically unstable in subsequent generations when seed
is the only means of propagation. It is also susceptible to
viral infection and environmental stress under conven-
tional field maintenance, which result in loss of germplasm
and worsened genetic erosion. In addition, seeds cannot
be used to preserve the germplasm of transgenic lines.
Therefore, in order to maintain biological resources and
sustain genetic diversity, a cryopreservation method for
vegetatively propagated lines is needed.

Materials and Methods

Plant Material
Shoots were obtained from six cultivars (Tai-nung No.

1, Tai-nung No. 2, Tai-nung No. 5, Tai-nung No. 6, Red Lady
and C

4k-7 
× C

4k-2 
[cv. Florida]) of Carica papaya L. Shoot

tips from in vitro cultures of Tai-nung No. 2 were used to
establish the cryopreservation protocol. Mother plants
were cultivated on a semi-solid MS medium (Murashige
and Skoog, 1962) containing 0.1 mg l-1 6-benzylaminopurine
(BA), 0.05 mg l-1 indole-3-butyric acid (IBA), and 30 g l-1

sucrose at pH 5.8 (Yie and Liaw, 1977). All cultures were
incubated under light intensity of 60 µmol s-1 m-2 (white
fluorescent lamps) with a 14-h photoperiod at 25 ± 1°C.
For cryopreservation experiments, 4- to 6-week-old in vitro
plants were used. Shoot tips (about 0.8 to 1.2 mm) were
dissected from plants cultured on semi-solid MS medium
without any plant growth hormone for one week.

Vitrification Procedure
Shoot tips were put into 2 ml cryotubes containing 1

ml of loading solution (LS) of 2 M glycerol and 0.4 M su-
crose (Matsumoto et al., 1994) at 25°C for 20 min.
Subsequently, shoot tips were dehydrated with 1 ml of vit-
rification solution at 25°C for 0-100 min or ice-cold vitrifi-

cation solution at 4°C for 0-100 min. The cryotubes were
directly immersed into liquid nitrogen and stored for at
least one week. This vitrification solution (modified from
PVS2 solution; Sakai et al., 1990) consists of 3% (w/v)
polyethylenglycol 6000, 0.02 M proline, 20% (v/v) glycerol,
13.6% (v/v) ethylene glycol, 10% (v/v) dimethylsufoxide,
and 0.4 M sucrose dissolved in liquid MS medium.

Thaw and Regrow
After storage in liquid nitrogen for 1 week, vials were

thawed rapidly in a water bath at 40°C for 90-120 seconds.
After warming, shoot tips were washed by liquid MS me-
dium in a sucrose concentration series of 1.2 M, 0.8 M and
0.4 M for 15 min each. Thawed shoot tips were cultured
on a semi-solid MS medium containing 0.1 mg l-1 6-
benzylaminopurine (BA), 0.05 mg l-1 indole-3-butyric acid
(IBA), and 30 g l-1 sucrose at 25°C in the dark. After 3 days,
shoot tips were transferred to fresh medium under the light
conditions described above. Initial survival was scored af-
ter 14-21 days and was defined as greening and active
growth of the apical region. Regeneration shoots were as-
sessed under the microscope to check the regeneration of
the meristem.

Statistical Analysis
In the cryopreservation experiments, 20 shoot tips were

used in each treatment. No liquid nitrogen was used in the
control group. In vitrification trials, each experiment was
performed at least three times, and data were calculated
using the Microsoft Excel program.

Results

Shoot tip survival decreased with exposure duration of
the vitrification solution (Figure 1). At room temperature
when the vitrification solution treatment lasted more than
20 min the survival decreased to 50% or lower. When
samples were treated at 4°C for more than 40 min, the sur-
vival dropped below 50%.

At 25°C if a loading solution was used, survival
dropped below 50% at 30 min of exposure to the vitrifica-
tion solution (Figure 1). However, with vitrification solu-
tion application at 4°C, survival did not drop below 50%
until 50 min of exposure.

Figure 2 shows the results of survival after vitrification
solution application and liquid nitrogen exposure. Survival
with vitrification solution application at 4°C was superior
to 25°C exposure. Furthermore, pretreatment with a load-
ing solution increased survival. The best result was ob-
tained when the vitrification solution treatment was
between 50-65 min (survival was 68%). After culture, some
part of the tissue appeared yellow or white, but after one
week, some green coloration was observed. This green re-
gion contained a meristem that grew into a seedling of 10
mm after 8-10 weeks. This growth did not involve callus
formation but direct shoot elongation (Figure 3). No mor-
phological abnormalities were observed in the plants de-
veloped from cryopreserved shoot tips.
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Figure 1.  Effect of exposure times to vitrification solution on
percent survival of papaya (Tai-nung No. 2) shoot tips. Shoot
tips were excised and treated with (�,�) or without (�, �)
loading solution for 20 min at 25°C before dehydration with
vitrification solution at 25°C (�, �) or 4°C (�, �) for 0-100
min. Samples were not exposed to liquid nitrogen. Data are pre-
sented as means ± standard error.
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Figure 2.  Effect of exposure times to vitrification solution on
percent survival of papaya (Tai-nung No. 2) shoot tips after
liquid nitrogen storage for one week. Shoot tips were excised
and treated with (� , �) or without (� , �) loading solution
for 20 min at 25°C before dehydration with vitrification solu-
tion at 25°C (�, �) or 4°C (�, �) for 0-100 min, followed
by immersion into liquid nitrogen. Data are presented as means
± standard error.
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Figure 3.  Shoot development and root-
ing from successfully cryopreserved
meristems. A, The shoot tip of papaya
(arrows) from plantlet was excised from
an in vitro plant (bar: 1 mm ); B, Excised
shoot tips utilized for cryopreservation
(bar: 1 mm); C, After vitrification and
warming, shoot tip remained green dur-
ing culture and resumed growth within 1
week without forming callus (bar: 1 mm);
D, Shoot tip elongated after 4 weeks
(Bar: 1 mm); E, Rooting of elongated
shoot occurred after 8 weeks (bar: 1 cm).



32              Botanical Bulletin of Academia Sinica, Vol. 46, 2005

Papaya shoot tips were stored for different durations
(Table 1). The survival percentage of the papaya shoot tips
did not differ with storage duration. This procedure was
then applied to six different lines, and the survival of shoot
tips from these cultivars ranged from 48 to 93% (Table 2).

Discussion

The treatment of vitrification solution subjects cells to
osmotic stress, making it very likely for some constituents
to enter into cells and resulting in an in vivo toxication
phenomenon (Matsumoto et al., 1994; Escobar et al., 1997;
Takagi et al., 1997; Pennycooke and Towill, 2000;
Matsumoto et al., 2001; Helliot et al., 2002; Touchell et al.,
2002). Therefore, careful vitrification solution exposure is
critical. Damage to tropical and subtropical plants can oc-
cur with short exposure periods to a vitrification solution.
This damage may be due to chemical toxicity or osmotic
stress (Matsumoto et al., 1994; Takagi et al., 1997;
Charoensub et al., 1999; Thinh et al., 1999; Sakai, 2000).
Therefore, delaying permeation of some components of
vitrification solution but still allowing time for adequate
dehydration is critical (Charoensub et al., 1999; Tsukazaki
et al., 2000).

These results in papaya demonstrate that the vitrifica-
tion solution used caused damage to papaya shoot tips.
However this damage was minimized by means of reduc-

Table 1.  Effect of storage duration on percent survival of pa-
paya shoot tips after a loading solution pretreatment and liquid
nitrogen storage.

                                     Survival rate (%)
Store duration

Tai-nung No. 2 Tai-nung No. 5

1 day 72 ± 4 70 ± 3
1 week 68 ± 3 75 ± 4
1 month 65 ± 8 78 ± 2
3 month 74 ± 6 69 ± 8
6 month 72 ± 4 78 ± 6
1 year 70 ± 3 76 ± 4
2 year 76 ± 4 79 ± 3

Note: Shoot tips were excised and pretreated with loading solu-
tion for 20 min at 25°C, then dehydrated with vitrification
solution at 4°C for 60 min before immersion into liquid
nitrogen. Data are presented as means ± standard error.

ing the application temperature. Reducing the temperature
from room temperature to 4°C has improved survival in
other cases (Thinh et al., 1999; Lambardi et al., 2000; Helliot
et al., 2002).

Applying a loading solution pretreatment has also been
proven useful in reducing damage during dehydration
(Matsumoto et al., 1994; Takagi et al., 1997; Charoensub
et al., 1999; Thinh et al., 1999; Lambardi et al., 2000;
Pennycooke and Towill, 2000; Tsukazaki et al., 2000;
Vandenbussche et al., 2000; Matsumoto et al., 2001). The
use of a loading solution and application of vitrification
solution at 4°C improved survival of the cryopreservation
of papaya shoot tips, and the results strongly indicated
that both were beneficial.

 The issue of whether storage in liquid nitrogen affects
the viability of the preserved material is controversial.
Many studies have shown no viability decline with short-
term storage (Dereuddre et al., 1991). However, in this
study, the storage was extended to 2 years. Viability did
not decline over this duration. Similar results have been
presented for carrot (Dereuddre et al., 1991) and sugarcane
(Martínez-Montero et al., 1998; González-Arnao et al.,
1999).

This cryopreservation procedure was effective for six
papaya cultivars but also demonstrated that survival was
dependent upon genotype. Similar genotype dependence
results have been reported for banana (Thinh et al., 1999),
black spruce (Touchell et al.,  2002), sugar beet
(Vandenbussche et al., 2000), and taro (Takagi et al., 1997).
These results demonstrate that this method may be fea-
sible as a standard method for cryopreservation. With the
advantages of easy operation, fewer expenditures on lab
equipment, and a short processing time, this method
should be useful for long term germplasm conservation.

Acknowledgement.  The authors thank the Council of
Agriculture, Executive Yuan, ROC. for financial support. Also,
the authors greatly thank Professor Hungchen- Emilie Yen, De-
partment of Life Sciences, National Chung-Hsing University, for
her suggestions on improvements to this manucript.

Literature Cited

Charoensub, R., S. Phansiri, A. Sakai, and W. Yongmanitchai.
1999. Cryopreservation of cassava in vitro-grown shoot
tips cooled to -196°C by vitrification. Cryo-Letters 20: 89-
94.

Table 2.  Effect of exposure times to vitrification solution on percent survival of shoot tips from six cultivars of papaya after
loading solution pretreatment and liquid nitrogen storage for one week.

Exposure times to Survival rate (%)

 vitrification solution (min) Tai-nung No. 1 Tai-nung No. 2 Tai-nung No. 5 Tai-nung No. 6 Red Lady C4
k-7

 × C4
k-2

50 55±9 67±5 80±5 48±4 75±9 83±5
60 52±7 75±4 74±6 52±8 68±5 87±6

Note: The papaya shoot tips were excised and treated with loading solution for 20 min at 25°C, then dehydrated with vitrification
solution at 4°C for 50 or 60 min before immersion into liquid nitrogen. Data are presented as means ± standard error.



WANG et al. — Cryopreservation of in vitro-grown shoot tips of papaya      33

Dereuddre, J., S. Blandin, and N. Hassen. 1991. Resistance of
alginate-coated somatic embryos of carrot (Daucus carota
L.) to desiccation and freezing in liquid nitrogen: 1 effects
of preculture. Cryo-Letters 12: 125-134.

Engelmann, F. 1991. In vitro conservation of tropical plant
germplasm-a review. Euphytica 57: 227-243.

Escobar, R.H., G. Mafla, and W.M. Roca. 1997. A methodol-
ogy for recovering cassava plants from shoot tips main-
tained in liquid nitrogen. Plant Cell Rep. 16: 474-478.

Fahy, G.M., D.R. MacFarlane, C.A. Angell, and H.T. Meryman.
1984. Vitrification as an approach to cryopreservation.
Cryobiology 21: 407-426.

González-Arnao, M.T., C. Urra, F. Engelmann, R. Ortíz, and
C. De la Fe. 1999. Cryopreservation of encapsulated sug-
arcane apice; effect of storage temperature and storage
duration. Cryo-Letters 20: 347-352.

Helliot, B., B. Panis, R. Swennen, P. Lepoivre, and E. Frison.
2002. Cryopreservation for the elimination of cucumber
mosaic or banana streak viruses from banana (Musa spp.).
Plant Cell Rep. 20: 1117-1122.

Hirai, D. and A. Sakai. 1999. Cryopreservation of in vitro-grown
axillary shoot-tip meristems of mint (Mentha spicata L.)
by encapsulation vitrification. Plant Cell Rep. 19: 150-155.

Lambardi ,  M. ,  A.  Fabbri ,  and A.  Caccavale .  2000.
Cryopreservation of white poplar (Populus alba L.) by vit-
rification of in vitro-grown shoot tips. Plant Cell Rep. 19:
213-218.

Martínez-Montero M.E., M.T. González-Arnao, C. Boroto-
Nordelo, C. Puentes-Díaz, and F. Engelmann. 1998.
Cryopreservation of sugarcane embryogenic callus using a
simplified freezing process. Cryo-Letters 19: 171-176.

Matsumoto, T., K. Mochida, H. Itamura, and A. Sakai. 2001.
Cryopreservation of persimmon (Diospyros kaki Thunb)
by vitrifiation of dormant shoot tips. Plant Cell Rep. 20:
398-402.

Matsumoto, T., A. Sakai, and K. Yamada. 1994. Cryopreservation
of in vitro-grown apical meristems of wasabi (Wasabia
japonica) by vitrification and subsequent high plant
regeneration. Plant Cell Rep. 13: 442-446.

Murashige, T. and F. Skoog. 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol.
Plant. 15: 473-497.

Pennycooke, J.C. and L.E. Towill. 2000. Cryopreservation of
shoot tips from in vitro plants of sweet potato [Ipomoea
batatas (L.) Lam] by vitrification. Plant Cell Rep. 19: 733-
737.

Sakai, A. 2000. Development of cryopreservation techniques.
In F. Engelmann and H. Takagi (eds.), Cryopreservation of
tropical plant germplasm current research progress and
application. Japan International Research Centre for Agri-
cultural Sciences, Tsukuba/International. Plant Genrtic Re-
sources Institute Rome, pp. 1-7.

Sakai, A., S. Kobayashi, and I. Ojimal. 1990. Cryopreservation
of nucellar cells of naval orange (Citrus sinensis Osb. var.
brasiliensis Tanaka) by vitrification. Plant Cell Rep. 9: 30-
33.

Takagi, H., N. Tien-Thinh, O.M. Islam, T. Senboku, and A. Sakai.
1997. Cryopreservation of in vitro-grown shoot tips of taro
(Colocasia esculenta (L.) Schott) by vitrification 1 Investi-
gation of basic conditions of the vitrification procedure.
Plant Cell Rep. 16: 594-599.

Thinh, N.T., H. Takagi, and S. Yashima. 1999. Cryopreservation
of in vitro-grown shoot tips of banana (Musa spp.) by vit-
rification method. Cryo-Letters 20: 163-174.

Touchel l ,  D.H. ,  V.L.  Chiang,  and  C.J .  Tsa i .  2002.
Cryopreservation of embryogenic cultures of Picea mariana
(black spruce) using vitrification. Plant Cell Rep. 21: 118-
124.

Tsukazaki, H., M. Mii, K. Tokuhara, and K. Ishikawa. 2000.
Cryopreservation of Doritaenopsis suspension culture by
vitrification. Plant Cell Rep. 19: 1160-1164.

Vandenbussche, B., G. Weyens, and M. De Proft. 2000.
Cryopreservation of in vitro sugar beet (Beta vulgaris L.)
shoot tips by a vitrification technique. Plant Cell Rep. 19:
1064-1068.

Yie, S.T. and S.I. Liaw 1977. Plant regeneration from shoot tips
and callus of papaya. In Vitro 13: 564-568.



34              Botanical Bulletin of Academia Sinica, Vol. 46, 2005

4-6 2 M 0.4 M 20 

vitrification solution 4°C 60 

48% 93% 

2 


