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Cryopreservation of the vulnerable medicinal plant
Nothapodytes nimmoniana (J. Graham) Mebb.’s shoot
tips using the vitrification technique: effects of the
vitrification procedure and recovery media
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Abstract

Nothapodytes nimmoniana (J. Graham) Mebb. is a highly valuable anticancer
medicinal plant and a near-threatened species on the Red List of Taiwan Plants. This
study aims to study the influence of the vitrification technique’s treatment procedures
and recovery media on the survival of in vitro shoot tips in cryopreservation. To prepare
the explants for a suitable state before cryopreservation, the pretreatment involved
comparing sucrose concentrations ranging from 0.3 M to 0.7 M and durations ranging
from one to seven days following the 0.7 M concentration. Additionally, to ensure
reliable cryopreserved results, we tested the cryoprotectant (PVS2) dehydration period
and the recovery medium after post-thawing. The results of sucrose pretreatment
after non-cryopreservation showed that the highest survival rates, 72.6% and 73.3%,
were achieved either with a 0.7 M sucrose concentration or after a three-day sucrose
pretreatment. These results are based on the following procedure: intact plantlets
underwent different pretreatment processes, in which dissected shoot tips were treated
with a loading solution containing 2.0 M glycerol and 0.4 M sucrose for 60 minutes at
25°C, and the shoot tips were subsequently dehydrated in PVS2 for 90 minutes at 0°C
before being plunged into liquid nitrogen. The optimum cryoprotectant dehydration for
90 minutes resulted in a 68.8% survival rate after cryopreservation. Rewarming was
conducted in a water bath for 30 seconds at 40°C, and PVS2 was replaced with a 1.2
M sucrose solution for 30 minutes at 25°C. Shoot tips transferred to WPM medium
supplemented with 1.0 mg-L™' BA and 0.1 mg-L™' IBA achieved a 73.3% survival rate
after four weeks of recovery. The procedure provided another high survival rate of in

vitro preservation of N. nimmoniana.
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Introduction

Nothapodytes nimmoniana (J.
Graham) Mebb., a member of the
Icacinaceae, is a vulnerable tree species.
It is recommended as an ornamental
greening plant in urban Taiwan for its
various adaptable capacities (Chen and
Wu 2012). This species is distributed
across an extensive range, including the
Western Ghats of India, Sri Lanka, North
Sumatra, southeast Asia, southern China,
and the Philippines, as well as Orchid
Island and Green Island in Taiwan
(Chang 1993; Kérehed 2001). The tree
contains abundant sources for extracting
camptothecin (CPT) and 9-methyl
camptothecin (9-Met CPT) in higher
quantities than other natural sources
(Isah and Mujib 2015). Previous studies
have demonstrated that CPT exhibits
excellent antitumor activity; therefore,
the species is considered a medicinally
valuable tree (Padmanabha et al. 2006;
Beretta et al. 2013; Yang et al. 2022).

CPT can be isolatable from different
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parts of the whole plant, but the stem
and bark have the highest accumulation
content and yield quantity (Isah and
Mujib 2015). The most common way
to utilize N. nimmoniana involves
cutting it down and stripping the bark to
extract alkaloids. Consequently, natural
populations of N. nimmoniana have
been overexploited and destroyed due
to the increasing market demand for
natural sources of CPT, which is used to
produce high-quality anticancer drugs.
This has led to the species becoming
extinct or extremely rare, resulting in its
classification as a red-listed endangered
species (Swamy et al. 2021). In Taiwan,
the species is reported as near-threatened
(NT) in its native habitat, and similarly
in many other countries, it is considered
endangered or threatened by extinction
under IUCN categories (Isah and Mujib
2015; Prakash et al. 2016; Editorial
Committee of the Red List of Taiwan
Plants 2017).

Based on the reasons above,



conserving this endangered and highly
valuable medicinal species has become
a significant issue. Traditional ex situ
conservation methods for such forest
trees typically involve the use of seed
banks or field collections. However,
conserving plant species through these
methods is generally challenging due
to their high heterozygosity, making
it difficult to preserve extraordinary
genotypes (Engelmann 2011). In
addition, seed banks often rely on storage
conditions that may cause some seeds
to lose viability and require frequent
renewal to maintain seed vitality (van
Treuren et al. 2017). Plants remaining
in field gene banks are subjected to
abiotic and biotic stress, necessitate
costly labor for maintenance, face space
constraints, and are vulnerable to human
errors, among other challenges (Hu ef al.
2015). Cryopreservation has advantages
in terms of safety, low contamination
risks, cost savings in maintenance,

and stability for long-term storage
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(Engelmann 2011; Hu ef al. 2015).
Moreover, selecting superior individuals
from the wild population is essential to
achieve a high yield of phytoextraction
alkaloids in N. nimmoniana. Maintaining
genetic consistency and stability emerges
as a crucial objective in this process.
Among the various types of explants,
shoot tips stand out as differentiated
vegetative organs that, lacking genetic
heterogeneity, are established to be
the most practical choice for the
cryopreservation of an economically
valuable crop (Benelli et al. 2013; Isah
and Mujib 2015; Coelho et al. 2020).

A previous study reported on the
cryopreservation of N. nimmoniana
using embryonic axes, which were
heterozygous explants in a storage
situation where the future growth was
unclear (Radha et al. 2010). This study
is the first report on using in vitro shoot
tips of N. nimmoniana to examine
cryopreservation by vitrification,

including various processes such as
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the effect of sucrose pretreatment
and cryoprotectant dehydration
durations on survival of shoot tips
after cryopreservation (+LN) or non-
cryopreservation (-LN). This study also
investigated the effect of the recovery
medium by comparing various plant
growth regulators involved in the

survival of shoot tips.

Materials and methods

Plant material

Seeds of N. nimmoniana were
collected from the Botanical Garden
of the National Museum of Natural
Science, Taichung, Taiwan, and seedlings
were cultivated in the nursery of the
Department of Life Sciences at National
Chung-Hsing University in Taichung
under a 60% shading greenhouse.
Shoots, approximately 1-2 cm in length
with two to three nodes, were collected
from two-year-old seedlings. They were
initially rinsed in running tap water for

30 minutes to remove surface dirt, then
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sterilized with 1.5% sodium hypochlorite
(NaOCl) supplemented with one drop
of Tween 20 for ten minutes, and rinsed
three times in sterile distilled water under
a laminar flow hood. Aseptic shoots were
incubated in 617-mL Erlenmeyer flasks,
each containing 125 mL of woody plant
medium (WPM) (Lloyd and McCown
1981) supplemented with 0.5 mg - L'
BA, 0.05 mg - L' IBA, 3% (w/v)
sucrose, and 0.7% (w/v) agar (Fei Kuan
Agar Co.) for multiplication. The pH of
all media was adjusted to 5.8 with 0.1 M
KOH before autoclaving at 121°C for 15
minutes. The experimental explants were
maintained in a culture room at 25 + 2°C
for 60-90 days under a photosynthetic
photon flux density of 60 pmol-m s
provided by cool white fluorescent tubes,
following a 14/10 day/night photoperiod

(China Electric Manufacturing

Corporation, Taipei, Taiwan).

Effect of various sucrose concentra-

tions or 0.7 M sucrose pretreatment



duration on shoot tips survival after
cryo- and noncryopreservation

(1) Effect of sucrose concentrations:
After 60-90 days of multiplication,
the in vitro stock plants had their
roots removed, and then six to eight
plantlets were transferred to 617-mL
Erlenmeyer flasks, each containing 125
mL of WPM medium supplemented
with 0.3, 0.5, or 0.7 M sucrose for
three days. After pretreatment with
various sucrose concentrations, shoot
tips were dissected from the pretreated
plantlets and placed in a cryovial with
a loading solution (Matsumoto et al.
1994) for 60 minutes. They were then
dehydrated with plant vitrification
solution 2 (PVS2) (Sakai et al. 1990)
for 90 minutes before immersion in
liquid nitrogen (LN). (2) Effect of 0.7
M sucrose treatment durations: The
experimental materials were the same as
in the previous paragraph. The plantlets
with their roots eliminated were placed

in Erlenmeyer flasks containing 125 mL
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of WPM medium supplemented with
0.7 M sucrose for one, three, or seven
days. After various durations of 0.7 M
sucrose pretreatment, shoot tips were
dissected from the pretreatment plantlets
and placed in a cryovial with a loading
solution for 60 minutes. They were then
dehydrated with PVS2 for 90 minutes

before immersion into LN.

Effect of PVS2 dehydrated treat-
ments on survival after cryo- and
noncryopreservation

After 60-90 days of 2-3 cm
multiplication, in vitro stock plants were
transferred, with six to eight plantlets
in each 617-mL Erlenmeyer flask. Each
flask contained 125 mL of WPM medium
supplemented with 0.7 M sucrose for a
three-day pretreatment. The shoot tips
underwent the same process described
in the previous paragraph and were
dehydrated with PVS2 for 60, 90, or 120
minutes before immersion in LN.

Cryopreservation protocol and effect
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of recovery media

(1) Cryopreservation basic protocol:
The method was performed based on
the protocols from our previous studies
(Hu et al. 2015; 2021). As mentioned
above, experimental plantlets underwent
the pretreatments, osmoprotection
during loading, and PVS2 dehydration
steps. The cryovials for cryopreserved
were immersed in LN and stored for
at least 24 hours (Table 1). Regardless
of cryopreservation (+LN) or non-
cryopreservation (-LN), the cryovials
were warmed in a water bath at 40 °C
for 30 seconds. PVS2 was replaced with
an unloading solution (1.2 M sucrose),
and incubated at 25°Cfor 30 minutes.
After being treated with the unloading
solution, the shoot tips were transferred
onto sterile Petri dishes with filter paper
on the surface of the recovery medium
to remove any residual cryoprotectant
solution. The culture medium and
filter paper were replaced daily in the

dark for one week, and then the shoot
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tips were transferred to fresh recovery
medium under dim light conditions (5
umol-m>-s™") for three weeks. (2) Effect
of recovery media: The stock explants
underwent a three-day pretreatment
with 0.7 M sucrose. The excised shoot
tips were subjected to cryopreservation
using the vitrification procedure, which
included osmoprotection for 60 minutes
and dehydration with PVS2 for 90
minutes. After cryostorage, they were
thawed using the unloading process
mentioned above. The recovery medium
was prepared using WPM medium
supplemented with either 1.0 mg - L™
BA and 0.1 mg - L' IBA (Nn) or 2.0

mg - L' BAand 0.1 mg - L' IBA
(P). In each experiment, survival rates
were recorded by observing the shoot
tips turning green compared to the total
number of tests after four weeks of

rewarming (Table 1 and Fig. 5)

Statistical analysis

All experiments involved ten shoot



tips in each treatment and were repeated
three times. Statistical analysis was
performed using SPSS software. The
significance of the differences between
mean values was evaluated using Fisher’s
protected least significant difference test.

(LSD, p <0.05).

Result

Effect of various sucrose concen-
trations or pretreatment duration on
shoot tips survival after cryo- and
noncryopreservation

After subjecting in vitro stock
plants to 0.3, 0.5, and 0.7 M sucrose
pretreatments for three days, the survival
rates of shoot tips were 90.0%, 93.3%,
and 93.3%, respectively, after being
placed in cryopreservation with loading
solution for 60 minutes and dehydrated
with PVS2 for 90 minutes. The results
showed no significant differences in the
non-cryopreservation group. In contrast,
the survival rates in the cryopreservation

group were 61.3%, 64.2%, and 72.6%,

62

Cryopreservation of Nothapodytes nimmoniana shoot tips & g #% &5 BB (K BIR 15

respectively, and displayed significant
differences among the various sucrose
concentration pretreatments (Fig. 1).
The survival rates got higher when the
sucrose concentration reached 0.7 M.
Survival rates of non-cryopreserved
explants after one, three, and seven
days of 0.7 M sucrose pretreatment
were consistently above 90% and did
not show any significant differences
after dehydration with PVS2 for 90
minutes (Fig. 2). However, the survival
rates of cryopreserved samples showed
significant differences after one (55.1%),
three (73.3%), and seven (51.5%) days
of 0.7 M sucrose pretreatment. Explants
subjected to a three-day 0.7 M sucrose
pretreatment exhibited a higher survival
rate compared to those with shorter or

longer pretreatment times (Fig. 2).

Effect of PVS2 dehydrated treatments
and loading osmoprotection duration
After subjecting in vitro N.

nimmoniana explants to 0.5 M
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sucrose pretreatments for three days,
no significant differences in survival
rates were observed in the non-
cryopreservation group, regardless
of the varying PVS2 treatment
duration (Fig. 3). After 24 hours of
cryopreservation and four weeks of
recovery, the cryopreservation group
showed significant differences in
shoot tip survival rates. Specifically,
cryoprotection with PVS2 for 90 minutes
resulted in a higher survival rate (68.8%)
compared to shorter (32.9%) or longer
(40.0%) PVS2 exposure periods of 60

and 120 minutes (Fig. 3).

Effect of recovery media

After four weeks of re-warming
incubation, cryopreserved explants were
examined using Nn and P recovery
medium, resulting in survival rates of
73.3% (Nn) and 44.8% (P), respectively,
which exhibited a significant difference
(Fig. 4). In the Nn medium, reduced

plant growth regulator concentrations
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were observed, which led to a higher
recovery rate. The growth and greening
of the cryopreserved shoot tips indicated
that the recovery medium with the
appropriate concentration of plant growth
regulators effectively promoted explant

regrowth.

Discussion
The first attempt to cryostore N.

nimmoniana germplasm was conducted
by the team of Radha ef al. (2010),
using embryonic axes and a dehydration
method under laminar airflow to
minimize ice crystal damage during the
cryopreservation process. Notably, N.
nimmoniana is a high-profile medicinal
tree producing the alkaloid camptothecin,
a popular anticancer drug. This species is
widely distributed from India to Taiwan
and is characterized by high genetic
diversity (Shrivastava et al. 2021). The
search for abundant natural chemical
extracts from high-yielding individuals

to produce substances through a clonal



multiplication system with a high
camptothecin yield represents a future
application trend (Isah and Mujib
2015). Therefore, our cryopreservation
approach, focusing on shoot tips, aligns
more closely with current needs. It marks
the first successful application of the
cryopreservation by vitrification protocol
to this species.

Pretreating explants is a crucial
step because it can enhance the
dehydration tolerance of plants and
subsequently improve survival rates
after cryopreservation. This approach
has been successfully employed in
various crops, including root and tuber
crops (Hu et al. 2021; Zhang et al.
2023), raspberry (Palonena and Junttila
1999), papaya (Tsai ef al. 2009), cherry
(Barraco et al. 2012), and pineapple
(Hu et al. 2015). Sucrose-enriched
pretreatments play a pivotal role in
enhancing the physiological tolerance
of donor plantlets and improving their

survival during cryopreservation (Dumet
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et al. 2000; Sulong et al. 2018; Bettoni
et al. 2021b). Pretreating plantlets
with the right sucrose concentration
has been shown to effectively reduce
osmotic potential, leading to a decrease
in water content. This, in turn, helps
prevent cryoprotectant toxicity and the
crystallization of cells when exposed
to liquid nitrogen (El Merzougui et al.
2023). However, previous studies have
reported that plantlets overexposed to
sucrose can cause toxicity to plant cells
(Quain et al. 2009; Oliveira et al. 2017).
This study examined the appropriateness
of sucrose concentrations and
pretreatment durations in the recovery of
shoot tips after cryopreservation using
vitrification. We found that a steadily
increasing sucrose concentration of
0.7 M and a three-day duration in the
pretreatment medium contributed to an
increase in the survival of shoot tips after
cryopreservation (Fig. 1, 2). Furthermore,
our study used intact plantlets instead

of the traditional excised apical shoot
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tips, allowing for hardening through
pretreatments before dehydration.
This approach can withstand higher
concentrations of sucrose (0.7 M)
and a longer treatment duration (three
days). A similar method has also been
successfully applied in cryopreservation
studies for pineapple and sweet potato
within our team (Hu et al. 2015, 2021).
Cryoprotectant solutions are another
critical factor that influences the survival
rate after cryopreservation. In the
vitrification method of cryopreservation,
high concentrations of cryoprotectant
solutions, such as PVS2, are used to
reduce the water content of explants
and increase the solute concentration.
This prevents damage from ice crystals,
allowing the explants to be directly
plunged into liquid nitrogen (Sakai et
al. 1990; Panis and Lambardi 2005;
El Merzougui et al. 2023; Zhang et
al. 2023). PVS2 has been widely
employed as a cryoprotectant to induce

a vitrified state in plant cells and has
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made significant contributions to
cryopreservation studies in various
genera (Coutinho Silva et al. 2013;
Vollmer et al. 2014; Bettoni et al. 2021a;
El Merzougui et al. 2023). Nevertheless,
PVS2 contains several toxic chemicals,
such as glycerol, DMSO, and ethylene
glycol. Overexposure of explants to
PVS2 can be harmful (Yi et al. 2012;
Merhy et al. 2014; Rafique et al. 2015).
Therefore, the duration of explant
exposure to PVS2 for dehydration is
another critical factor affecting the
recovery rates after cryopreservation.
Our results observed the highest survival
rate in the treatment of PVS2 for 90
minutes on ice after cryopreservation
(Fig. 3). According to previous studies,
the optimal exposure time can vary
tremendously, ranging from 20 minutes
to over 200 minutes. This variation
may depend on plant species, explant
conditions, treatment temperature, and
additional factors such as pretreatment

and preculture procedures (Bettoni et al.



2021a; El Merzougui et al. 2023).

To evaluate the success of
cryopreserved rare plant species or elite
genotypes, it is essential to consider
not only the post-thaw survival rate
of shoot tips but also the likelihood of
somaclonal variation in the recovery
medium. An appropriate tissue culture
system for shoot tip recovery after
cryopreservation is necessary (Bettoni et
al. 2021 a). The base medium commonly
used for in vitro multiplication of woody
plants is WPM medium, which was
also employed in this study. Besides
the base medium, medium supplements
with different concentrations and types
of plant growth regulators play another
key role in shoot tip recovery after
cryopreservation. Chang et al. (2008)
reported the MS medium supplement
0.5 ml - L' TDZ obtained 100% multi-
shoots in N. nimmoniana shoot tip
in vitro multiplication. However, the
genetic stability of the cryopreserved

material is a vital target for the long-
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term conservation of plant genetic
resources (Engelmann 2011). Many
studies have reported that inappropriate
use of TZD may induce abnormalities
in plant growth and development, cause
poor elongation, and weaken rooting
capacity, ultimately affecting the overall
health and productivity of the plant
(Dewir et al. 2018; Faisal et al. 2023).
In our experiment, the best survival
performance was obtained with the WPM
medium containing 1.0 ml - L' BA and
0.1 ml - L' IBA after four weeks of
recovery incubation (Fig. 4). Prakash
et al. (2016) showed that the positive
combined effect of BA and IBA was
significantly proved in N. nimmoniana’s
multiple shoot induction. On the basis
of a previous similar study, a WPM
medium containing 2 ml - L' BA
and 0.2 ml - L' IBA induced a higher
average number of shoots from axillary
buds (Ju 2010). Ju’s (2010) report also

mentions that the medium raised the

BA concentration and simultaneously
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encouraged callus formation. In our
study, we intensified the synergistic
auxin/cytokinin fitting ratio, so that lower
auxin and higher cytokinin concentration
were conducive to shoot tip survival after

cryopreservation recovery.

Acknowledgements
We gratefully acknowledge the

Council of Agriculture, Executive Yuan

(Taiwan), for funding this project.

Reference
Barraco, G., P. Chatelet, E. Balsemin,

T. Decourcelle, I. Sylvestre and F.
Engelmann. 2012. Cryopreservation
of Prunus cerasus through
vitrification and replacement of
cold hardening with preculture on
medium enriched with sucrose and/
or glycerol. Scientia Horticulturae:
148: 104-108.

Benelli, C., A. De Carlo and F.
Engelmann. 2013. Recent advances

in the cryopreservation of shoot-

derived germplasm of economically
important fruit trees of Actinidia,
Diospyros, Malus, Olea, Prunus,
Pyrus and Vitis. Biotechnology
Advances 31 (2): 175-185.

Beretta, G. L., L. Gatti, P. Perego and
N. Zaffaroni. 2013. Camptothecin
resistance in cancer: insights into the
molecular mechanisms of a DNA-
damaging drug. Current Medicinal
Chemistry 20(12): 1541-1565.

Bettoni, J. C., R. Bonnart and G.
M. Volk. 2021a. Challenges in
implementing plant shoot tip
cryopreservation technologies. Plant
Cell, Tissue and Organ Culture 144:
21-34.

Bettoni, J. C., Z. Markovi¢, W. Bi, G.
M. Volk, T. Matsumoto and Q. C.
Wang. 2021b. Grapevine shoot tip
cryopreservation and cryotherapy:
Secure storage of disease-free
plants. Plants (Basel) 10: 2190.

Chang, C. E. 1993. Icacinaceae. pp. 676-
679. In: T. C. Huang (ed.). Flora



of Taiwan, second edition. Vol. 3.
Lungwei Printing Company, Ltd.

Taipei, Taiwan.

Chang, S. H., J. Y. Tsay, Y. C. Yeh and

C. K. Ho. 2008. Micropropagation
of Nothapodytes Nimmoniana.
Quarterly Journal of Chinese

Forestry 41(1): 17-27.

Chen, F. H. and R. A. Wu. 2012.

Research on the inventory of native
tree with adaptive capacity in
resilient urban forests. Quarterly
Journal of Chinese Forestry 54(4):
181-200.

Coelho, N., S. Gongcalves and

A. Romano. 2020. Endemic
plant species conservation:
Biotechnological Approaches. Plants

9(3): 345.

Coutinho Silva, L., R. Paiva, R.

Swennen, E. André and B. Panis.
2013. Shoot-tip cryopreservation by
droplet vitrification of Byrsonima
intermedia A. Juss.: a woody

tropical and medicinal plant species

68

Cryopreservation of Nothapodytes nimmoniana shoot tips & g #% &5 BB (K BIR 15

from Brazilian cerrado. CryoLetters

34(4): 338-348.

Dewir, Y. H., Nurmansyah, Y. Naidoo

and J. A. Teixeira da Silva. 2018.
Thidiazuron-induced abnormalities
in plant tissue cultures. Plant Cell

Reports 37: 1451-1470.

Dumet, D., Y. J. Chang, B. M. Reed and

E. E. Benson. 2000. Replacement
of cold acclimatization with high
sucrose pretreatment in black
currant cryopreservation. pp. 385-
387. In: F. Engelmann and H. Takagi
(eds.). Cryopreservation of Tropical
Germplasm. Current Research
Progress and Application, JIRCAS

and Rome.

Editorial Committee of the Red List

of Taiwan Plants. 2017. The red
list of vascular plants of Taiwan,
2017. pp. 82. Endemic Species
Research Institute, Forestry Bureau
Council of Agriculture, Executive
Yuan and Taiwan Society of Plant

Systematics.



BIEEYZERIEAI TW J. of Biodivers.26(3):54-78 2024

El Merzougui, S., C. Benelli, R. El

Boullani and M. A. Serghini. 2023.
The cryopreservation of medicinal
and ornamental geophytes:
Application and Challenges. Plants
12: 2143.

Engelmann, F. 2011. Use of

biotechnologies for the conservation
of plant biodiversity. In Vitro
Cellular & Developmental Biology -
Plant 47: 5-16.

Faisal, M., A. A. Qahtan and A. A.

Hu,

Alatar. 2023. Thidiazuron induced
in vitro plant regeneration, phenolic
contents, antioxidant potential, GC-
MS profiles, and nuclear genome
stability of Plectranthus amboinicus
(Lour.) Spreng. Horticulturae 9:
277.

W. H., S. F. Liu and S. I. Liaw.
2015. Long-term preconditioning
of plantlets: a practical method for
enhancing survival of pineapple
(Ananas comosus (L.) Merr.)

shoot tips cryopreserved using

Hu,

vitrification. CryoLetters 36 (4):
226-236.

W. H., S. F. Tsai and S. I. Liaw.
2021. Cryopreservation of sweet
potato using vitrification technique:
effect of the vitrification procedure
and sucrose treatments. Propagation

of Ornamental Plants 21: 123-130.

Isah, T. and A. Mujib. 2015. In vitro

Ju,

propagation and camptothecin
production in Nothapodytes
nimmoniana. Plant Cell, Tissue and
Organ Culture 121: 1-10.

L. S. 2010. Establishment of
multiplication protocol on medicinal
plants of Nothapodytes nimmoniana
(Graham) Mablerley and Ginkgo
biloba L. Master thesis, Department
of Life Sciences, National Chung-

Hsing University.

Karehed, J. 2001. Trees of tropical Asia

old Icacinaceae. American Journal

of Botany 88: 2259-2274.

Lloyd, G. B. and B. H. McCown.

1981. Commercially feasible



micropropagation of mountain laurel
(Kalmia latifolia) by use of shoot-
tip culture. Proceedings Internation
Plant Propagators Society 30: 421-
437.

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 Reports 13:

442-446.

Merhy, T. S. M., M. G. Vianna, R.

O. Garcia, G. Pacheco and E.
Mansur. 2014. Cryopreservation of
Passiflora pohlii nodal segments
and assessment of genetic stability

of regenerated plants. Cryoletters

35:204-215.

Oliveira, A. B., W. A. Vendrame and L.

C. N. Londe. 2017. Efficiency of
cryoprotectants for in vitro and ex
vitro germination of cryopreserved

Jatropha curcas seeds. HortScience

52(8): 1117-1121.

70

Cryopreservation of Nothapodytes nimmoniana shoot tips & g #% &5 BB (K BIR 15

Padmanabha, B. V., M. Chandrashekar,

R. T. Ramesha, H. C. Hombegowda,
G. Rajesh, S. Suhas, R. Vasudeva,
K. N. Ganeshaiah and R. Uma
Shaanker. 2006. Patterns of
accumulation of camptothecin,
an anti-cancer alkaloid in N.
nimmoniana Graham., in the
Western Ghats, India: implications
for identifying high-yielding sources
of the alkaloid. Current Science

90(1): 95-100.

Palonena, P. and O. Junttila. 1999. Cold

hardening of raspberry plants in
vitro is enhanced by increasing
sucrose in the culture medium. Plant

Physiology 106: 386-392.

Panis, B. and M. Lambardi. 2005. Status

of cryopreservation technologies in
plants (crops and forest trees). pp.
43-54. In: J. Ruane and A. Sonnino
(eds.). The Role of Biotechnology
in Exploring and Protecting
Agricultural Genetic Resources.

Rome, Italy, United Nations Food



BIEEYZERIEAI TW J. of Biodivers.26(3):54-78 2024

and Agriculture Organization, FAO.

Prakash, L., S. K. Middha, S. K.

Mohanty and M. K. Swamy. 2016.
Micropropagation and validation
of genetic and biochemical fidelity
among regenerants of Nothapodytes
nimmoniana (Graham) Mabb.
employing ISSR markers and
HPLC. 3 Biotech. 6(2): 171.

Quain, M. D., P. Berjak, E. Acheampong

and J. I. Kioko. 2009. Sucrose
treatment and explant water
content: critical factors to consider
in development of successful
cryopreservation protocols for
shoot tip explants of the tropical

species Dioscorea rotundata (Yam).

CryoLetters 30: 212-223.

Radha, R. K., S. William Decruse

and P. N. Krishnan. 2010.
Cryopreservation of excised
embryonic axes of Nothapodytes
nimmoniana (Graham) Mebberly—
A vulnerable medicinal tree species

of the Western Ghats. Indian Journal

71

of Biotechnology 9: 435-437.

Rafique, T., S. I. Yamamoto, K. Fukui,

Z. Mahmood and T. Niino. 2015.
Cryopreservation of sugarcane
using the V cryo-plate technique.

CryoLetters 36(1): 51-59.

Sakai, A., S. Kobayashi and I. Oiyama.

1990. Cryopreservation of nucellar
cells of navel orange (Citrus sinensis
Osb. var. brasiliensis Tanaka) by
vitrification. Plant Cell Reports 9:

30-33.

Shrivastava, V., N. Sharma, V.

Shrivastava and A. Sharma. 2021.
Review on camptothecin producing
medicinal plant: Nothapodytes
nimmoniana. Biomedical and
Pharmacology Journal 14(4): 1799-
1813.

Sulong, N., N. F. Shahabudin and N. M.

Noor. 2018. Critical vitrification
steps towards survival of Garcinia
hombroniana (Clusiaceae) shoot tips

after cryopreservation. Revista de

Biologia Tropical 66(3): 1314-1323.



Swamy, M. K., S. Nath, S. Paul, N. K.

Jha, B. Purushotham, K. C. Rohit
and A. Dey. 2021. Biotechnology
of camptothecin production
in Nothapodytes nimmoniana,
Ophiorrhiza sp. and Camptotheca
acuminata. Applied Microbiology
and Biotechnology 105: 9089-9102.

Tasi, S. F., S. D. Yeh, C. F Chan and

S. I. Liaw. 2009. High-efficiency
vitrification protocols for
cryopreservation of in vitro grown
shoot tips of transgenic papaya
lines. Plant Cell, Tissue and Organ

Culture 98: 157-164.

van Treuren, R., R. Hoekstra and T. J. L.

van Hintum. 2017. Inventory and
prioritization for the conservation
of crop wild relatives in the
Netherlands under climate change.
Biological Conservation 216: 123-
139.

Vollmer, R., A. Panta, D. Tay, W. Roca

and D. Ellis. 2014. Effect of sucrose

preculture and PVS2 exposure

72

Cryopreservation of Nothapodytes nimmoniana shoot tips & g #% &5 BB (K BIR 15

on the cryopreservation of sweet
potato shoot tips [I[pomoea batatas
(L.) Lam.] using the PVS2 droplet
vitrification. Acta Horticulturae

1039: 265-271.

Yang, Y., S. Ren, W. Huang, J. Dong,

J. Guo, J. Zhao and Y. Zhang.
2022. Camptothecin delivery via
tumor derived exosome for radio
sensitization by cell cycle regulation
on patient-derived xenograft mice.
Frontiers in Bioengineering and

Biotechnology 10: 876641.

Yi, J. Y., [. Sylvestre, M. Colin, M.

Salma, S. Y. Lee, H. H. Kim,
H. J. Park and F. Engelmann.
2012. Improved cryopreservation
using droplet-vitrification and
histological changes associated
with cryopreservation of madder
(Rubia akane Nakai). Korean
Journal of Horticultural Science and

Technology 30 (1): 79-84.

Zhang, A. L., M. R. Wang, Z. Li, B.

Panis, J. C. Bettoni, R. Vollmer,



BIEEYSERMEAZE TW J. of Biodivers.26(3):54-78 2024

L. Xu and Q. C. Wang. 2023. cryopreservation of root and tuber

Overcoming challenges for shoot tip crops. Agronomy 13(1): 219.

Table 1 Experimental scheme of Nothapodytes nimmoniana cryopreservation by vitrification

T 1 FHEREE AR R R E R 5

Cryo-step Treatment Categories
Pretreatment 1. Pretreatment sucrose concentration 0.3,0.5,0.7 (M)
varied (each pretreatment for 3 days)
2. Pretreatment duration (at 25°C) 1, 3,7 (day)

(pretreatment in 0.7 M sucrose medium)

Cryoprotectant Dehydration period (duration) 60, 90, 120 (min)

(PVS2? at 0°C) (each treatment with LS® for 60 min)
Recovery Recovery media for four weeks(Filter =~ Nn® medium
Post-thaw paper on top of recovery medium and P¢ medium

change filter papers daily in first week)

2 PVS2: plant vitrification solution (Sakai et al. 1990).

LS: Loading solution (Matsumoto et al. 1994).

¢ Nn medium : WPM containing 1.0 mg-L™! BA and 0.1 mg-L™' IBA
4P medium : WPM containing 2.0 mg-L™' BA and 0.1 mg-L™! IBA
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Fig. 1 Effect of sucrose pretreatment for 3 days with 60-min LS and 90-min PVS2 dehydration treatments,
with subsequent cryopreservation (+LN) or non-cryopreservation (-LN), on the survival (%) of
shoot tips of Nothapodytes nimmoniana.

Bars represent the standard error of the mean (n = 3). The letters indicate significant differences
among the treatments based on Duncan’s multiple range tests at p < 0.05.
1 FHERCEETAN A R R TR 3 K > FHETT 60 7388 LS & 90 738 PVS2 MMt /KpzE g -
EEEHE R PR AR R RIS -
SEREMEE =R B RREARFREESE (0=3) » FNEESCEARSEEMEKEE K
BB 2 B RIEIE (p<0.05) -
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Fig. 2 Effect of 0.7 M sucrose pretreatment for different periods with 60-min LS and 90-min PVS2
dehydration treatments, with subsequent cryopreservation (+LN) or non-cryopreservation (-LN),
on the survival (%) of shoot tips of Nothapodytes nimmoniana.

Bars represent the standard error of the mean (n = 3). The letters indicate significant differences
among the treatments based on Duncan’s multiple range tests at p < 0.05.
2 FEHEA EETHRS 0.7 M FEREAEAR [FEIRF TS & - FR#ETT 60 7308 LS Jz 90 77§ PVS2 i /Kpz % -
EEEHEH R (R AR SRR R R B S R
AR ERE =K B EREAREESZE (0=3) » AEFECFRARSEIEELE ALK
EMIER R 2 R RIBY (p<0.05) -
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Fig. 3 Effect of 0.5 M sucrose pretreatment for 3 days with 60-min LS and PVS2 dehydration treatments,
with subsequent cryopreservation (+LN) or non-cryopreservation (-LN), on the survival of
Nothapodytes nimmoniana shoot tips.

Bars represent the standard error of the mean (n = 3). The letters indicate significant differences
among the treatments based on Duncan’s multiple range tests at p < 0.05.

3 FHeRCETER 0.5 M RERETERSE 3 K > FFHETT 60 7388 LS KA [FRHfH] PVS2 Kz % - tb
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EHEREERE = - B EREARERERE (0=3) » FAEEXF RS EHEMELEEK
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Fig. 4 Shoot tips survival rates of Nothapodytes nimmoniana on Nn and P medium after cryopreservation
by vitrification. Explants through 3 days of 0.7 M sucrose pretreatment, excised shoot tips under
60-min LS and 90-min PVS2 dehydrated.

Bars represent the standard error of the mean (n = 3). The letters indicate significant differences
among the treatments based on Duncan’s multiple range tests at p < 0.05.
4 FHHEIIETRR 0.7 M EERETARSE 3 5 » FRIE(T 60 S74 LS F 90 435 PVS2 B KRR - 45
LA BARAT » Ll Nn Al P RS R EER -
BEEEEE =R B RRERFREESRE (0=3) » RNEESCERHMUER SR MKE K
BN 2 EZERIFE (p<0.05)
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Fig. 5 Cryopreservation of Nothapodytes nimmoniana shoot tips after four weeks of culture on recovery

media. Cryopreservation explants through three days of 0.7 M sucrose pretreatment, excised shoot
tips under 60-min LS and 90-min PVS2, dehydrated, then plunge into LN for 24 hr. The arrows
indicated survival shoot tips. The scale bar indicated 5 mm.
5 EER TR R R FRE - PR EHERF R ARTE 4 FEREHIRN - BHERER 0.7 M EEfETH
B 3 K&V T &IH B THIEST 60 7388 LS K 90 735# PVS2 B K Hi 1% - B AKRESE
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