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CRYOPRESERVATION OF IN VITRO- SHOOT TIPS OF TWO
LOCAL ORANGE (CITRUS SINENSIS) CVS.
[11]

Wanas, Wafaa H.'; L Desouky'; A, El-Hammady' A. Abo Doma’
and Salwa El-Habashy’

ABSTRACT

This investigation was a part of a study to conserve the germplasm of some or-
ange cultivars. It was performed through establishing a protocol for high propaga-
tion rate, the application of cryopresevation method with the exploration of the best
cryoprotectants to achieve high survival during long-term storage of orange shoot
tips. Addition of cryoprotectant led to increasing the survival % and recovery of
shoots especially with using glycerol at low concentration. Exposure to all cryopro-
tectants treatment (T1-T10) for 5-10 min was encugh to achieve 100% survival for
the orange shoot tips. However, the survival percentage was decreased with increas-
ing exposure dutation to 15 min upwards especially for T1 (0.4 M sucrose + 15%
PEG + 30% glycerol + 15 % DMSQ), T3 (0.4 M sucrose + 30% glycerol) and T4
(0.4 M sucrose +15% DMSO). Exposure to treatments T2, T8 & T10 forup to 110
min continued to record 100% survival but recovery was decreased after the expo-
sure to T5, T6, and T7 &T9 for 80-90 min. The results of cryopreservation experi-
ment showed that the recovery of {rozen shoot tips reached 100% after one day post
culture when the exposure to PV32 was 5-40 min for Succari cv. shoot tips and 5-60
min for Ahmar Bedamo cv. There was a gradual insignificant decrease in the sur-
vival of both cultivars of oranges by the increasing exposure time for 40 min. The
decrease became significant after 50-100 min exposure time and also by increasing
post culture time to 15-20 days. The survival perceatage reached 40 and 50 % after
20 days of post culture for the shoot tips exposed to PVS2 for 5§ min while it was 10

. and 0.0% when the exposure time was 100 min, respectively for Succari and Ahmar
Bedamo cvs and the differences were insignificant.

Key words: Citrus, Cryopreservation, Cryoprotectants, Germplasm, In-vitro, Shoot
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INTROPUCTION germplasm is to preserve the greatest

possible genetic diversity of a particular

The function of any technique de-  piant for future use. This diversity may be
signed for the conservation of plant  found at the species level, and into other
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groupings such as varieties, cultivars or
discrete local populations (Grout, 1990).
In vitro storage technique includes the
medium-term  storage option  utilizing
slow growth procedures (Wanas et al
1986 and Wanas 1992 & 1999), and
long-term storage using cryopreservation
of plant material {(Wanas 1987 & With-
ers and Eapgelmann, 1997).

Cryopreservation of plant material is
the only viable option for the long-term
storage of germplasm of vegetatively
propagated species. This involves storage
at uitra low terperatures, usually that of
liquid nitrogen (-196°C). At this tempera-
ture, cell division and metabolic proc-
esses stop, and plant material can thus be
stored without modification or alteration
in genetic make up for unlimited periods
of ime (Ashmore, 1997). In most cases
the freezing of plant tissues has been per-
formed in the presence of cry protective
chemicals such as dimethyl sulfoxied
(DMSQ), glycerol, sugars, large molecn-
lar weight polymers, or combinations of
these . These compounds protect plant
cells from damage by freezing even at
veéry cold temperatures, so that growth
can continpe after thawing (Finkle and
Ulrich, 1979).

Since cryopreservation involves cs-
sentially three steps, specimen treatments
and freezing, storage at ultra-low tem-
perature, and thawing an ideal cryopro-
tectants should protect cells from all the
factors which would affect the viability of

‘the frozen biological sample during all
these stages. Such cryoprotectants can
Jower the temperature at which freezing
first occurs and can alter the crystal habit
of ice when it separates, It is to be borne
in mind that exposure duration of cryo-
protectants to cells needs to be such that
the concentration applied does not cause

sudden plasmolsis, which in itself could
be a major cause of injury to the osmotic
responsiveness of the cells (Kartha and
Engelmann, 1994).

Sakai (1995) wused vitrification
method for cryopreservation of shoot tips
of navel orange. He Obtained high sur-
vival (80-90%) when treated with PVS2
solution contains (wfv) 3G% glycerol,
15% ethylene glycol and 15% DMSO in
0.4M sucrose solution at 25°C for 3 min
after cooling to -196°C but the survival
decreased rapidly after longer exposure.
The same method was successfully ap-
plied to in vitro —grown shoot tips of 5
apple cultivars, 8 pear cultivars and 13
mulberry species or cultivars (Niino et af
1992). Also, shoot tips of cherry recorded
high survival (80%) when treated with
PVS2 at 25°C for 105mia (Niino ef af
1997) and in banana the survival reached
10 70% (Takagt e al 1998) while almond
roatstock M 51 apices achieved limited
survival {10%) when treated with PVS2
for 120-180 min (Shatnawl e af 1999).
In another work, shoot tips of two almond
cvs. recorded high survival and the re-
covery after thawing was 87.5, 60 and

. 72.5%, respectively (Channuntapipat et

al 2000). High rate recovery growth
reached 85-100% by Vitis vinifera and
65-75% by Rubus idaeus (Wang et al
2003 & 2005).

"~ During this investigation the effect of
different cryoprotectants on the survival
of orange cvs. shoot tips prior to freezing
was explored. Also the vitrification
method with PVS2 was applied to in-
vitro grown shoot tips of orange cvs.-

MATERIALS AND METHODS

This study was achieved through the
period from year 2000 until 2005 in the
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Tissue Culture Laberatory, Horticulture
Department, Faculty of Agriculture, Ain
Shams University, Caire. The different
steps for this investigation will be ex-
plained as follow:-

Establishment of orange Cifrus sinensis
stem pode cultures

Two cultivars of orange (Cifrus sinen-
sis) werg used through out this stdy
namely; Acid less orange "Succari”,
Blood orange "Ahmar Bedamo”, orange.
Shoots at 10-15 cm in length were col-
lected during the growing season (March-
May) from adult trees of citrus located in
the orchard of the Faculty of Agriculture,
Ain Shams University. The stem nodes
were surface sterilized and grown for fous
weeks in basal salts and vitamins of free
hormones Murashige and Skoog 1962
(MS) plus 30 gi” sucrose and 7 gl agar

and maintained in the cuiture room for
¢stablishment,

The expiants from established cultures
were transferred to jars (85 x 50 mm)
filled with 35 m} MS salts and vitamins at
full strength plus (as mgt') (0.2) benzyl
amino purine (BAP) and (0.5) indole-3-
butyric acid (IBA) 30 gl' sucrose, and
kept in the cultyre room as a stock for the
cryopreservation experiments,

Cryopreservation experiments

Effect of culturing period in different
cryoprotectants on shoot tips survival
and regrowth of shoots

In this experiment, different combina-
tions of cryoprotectants were used, the
types and concentrations were listed in
Table (1).

Table 1. Different concentrations and combinations of cryoprotectants

Polyethylene Dimethyl sul-
Glycerol )
Treatment Sucrose glycol (PEG) y; foxide
% 4 (DMSOY%
1{control} 0.4M 15% 30% 15%
2 0.4M 15% 0.0 0.0
3 0.4M 0.0 30% 0.0
4 0.4M 0.0 0.0 15%
5 0.4M 10% 0.0 0.0
6 0.4M 0.0 20% 0.0
7 0.4M 00 0.0 10%
3 0.4M 0.0 106% 0.0
9 0.4M 0.0 0.0 5.0%
10 04M 0.0 5.0% 0.0
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Four weeks old cultures were cold
hardened at 7°C for 2 wecks. Shoot tips
were dissected and cultured in full
strength MS medium supplemented with
the previously mentioned concentrations
of the cryoprotectants at 25°C for differ-
ent periods (5, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 150, 180 and 210
min). Four shoot tips were tested per each
of two replicates for each treatment. And
the data on survival percentages were
collected after 7 days of transfer to nor-
mal culture medium,

Effect of exposure time to PVS2 solu-
tion during cryopreservation on the
survival of orange cvs.

The main aim of this experiment was
the determination of the optimal time of
exposure to PVS2 at 25°C when using
vitrification method for cryopreservation.

Vitrification procedure

Shoot tips 3mm (in length) were dis-
sected from four weeks old cold hardened
cultures. Cold hardened shoot tips were
precultured at 7°C for 24 h on full
strength MS supplemented with 0.7M
SUCFOse.

Following preculture treatments, each
treatment consisted of 2 replicates, five
shoot tips in each replicate were trans-
ferred to 1.0ml of Plant vitrification sotu-
tion 2(PVS;) in a 2 ml plastic cryotube at
25°C .The vitrification solution (PVSy)
contains at {(w/v) 15% DMSO0, 30% glyc-
erol and 15% PEG in MS basal medium
plus 0.4 M sucrose (pH5.8). After 30 min
treatment, the PVS, was removed using a
Pasteur pipette, and repiaced twice with
fresh PVS; and held at 25°C for different
periods of time (5, 10, 20, 30, 40, 50, 60,

70, 80, 90 and 100 min ). The cryotubes
in which shoot tips were finaily sus-
pended in 0.7 ml of fresh PVS; were im-
mediately strained before being directly
plunged and held in LN. Shoot tips stored
in Liquid nitrogen (LN) overnight from
were rapidly warmed in a water bath at
37-40°C,

After rapid warming, PVS, was
drained from cryotubes and replaced
twice with liquid MS medium containing
1.2M sucrose and held for 30 min. The
thawed shoot tips were transferred to fil-
ter paper for 10 min for desiccation of the
media. After that, shoot tips were cul-
tured onto 6.7% agar MS medium exclud-
ing NH,NOy and contain {as mgi-1) 0.2
BA + 0.5 IBA, for recovery the shoot tips
incubated for 48 h in dark, then trans-
ferred to standard conditions (Light
3000%ux for 16h at 27°C}. The survival of
shoot tips after freezing and thawing pro-
cedures was judged by their green color
after 2 weeks of post culture.

Recovering of the shoot tips was ob-
served for 20-30 days. Shoot formation
was recorded as percent of total number
of shoot tips forming shoots 30 days after
plating Ten shoot tips were tested for
each replicate, three replicates were used
for cach treatment in a completely ran-
domized design and means comparisons
were done according to Snedecor {1980).

RESULTS AND DISCUSSION

In a trial to increase the survival per-
centage, different cryopotectants were
used as shown in Table (2). Exposure
time starting from 5 min was ¢nough to
achieve 100 % survival with all the 1ested
cryopotectants. The survival percentages
decreased with increasing exposure dura-
tion especially for T, and T, at 20 min
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Table 2. Effect of exposure times to different cryoprotectants on shoot tips survival.

Time T, T, T Ts Te Tr Ts To T
(min)
5 100 100 100 100 100 100 i00 100 100 100
10 100 100 100 75 100 100 160 100 100 100
15 75 100 100 75 160 100 100 g0 100 100
20 75 100 75 100 100 100 100 100 100 100
30 75 100 100 75 100 100 100 100 100 100
40 75 100 50 50 100 100 75 100 75 100
50 75 100 75 50 100 100 75 100 75 100
60 75 100 7 75 100 100 75 100 75 100
70 30 100 75 30 100 100 75 100 75 100
80 50 100 30 50 100 100 50 100 75 100
20 50 100 50 25 100 75 50 100 50 100
100 30 100 25 25 75 73 50 100 50 100
110 25 100 25 a3 75 75 25 100 50 100
120 25 25 50 25 0.0 75 75 25 100 30
150 25 23 23 0.0 73 50 25 100 25 75
180 25 25 25 00 75 50 25 100 50 50
210 25 25 25 0.0 50 50 25 75 25 50
Sucrose PEG(%) Glycerol{%) DMSO(%0)
Ti 04M 15 30 I5
T2 04M 15 0.0 Q.0
T3 04 M 0o 30 0.0
T3 04 M 0.0 0.0 15
T35 04M 10 0.0 0.0
T6 0.4M 0.0 20 0.0
T7 04M 00 0.0 10
T8 04M 0.0 10 0.0
T9 04M 0.0 0.0 5
T10 04M 0.0 5 0.0

Annals Agric. Sci., Sp. Issue, 1, 2006




144

and for all the exposure between periods
20-210 min and ail cryoprotectants except
for T;, T5, T6, TR and T,4. Stmilar case
was noticed by Druart (1985} on Prunus,
Malus and Cydonia clones when DMSO
and glycerol at 5, 10 and 13 % were
added to the multiplication medium.
Table (3) showed the effect of cryo-
preservation using different exposure
times to PVS2 solution on the survival
percentage for orange cvs. shoot tips.
After one-day post culture for the cryo-
prescrved shoot tips, the survival reached
100% when the time of exposure to PVS2
was 5-30 min in case of Succari cv or 3-
60 min in case of Ahmar Bedamo cv.
Therc was a gradual decrease in the sur-
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vival of both cultivars by increcasing of
the exposure time from 40 or 60 o 100
min and aiso by increasing of post culture
time from 15-20 davs for Succan shoot
tips and for 20 davs in Red Bedamo shoot
tips. The survival % reached 40 and 50 %4
after 20 days of post culture for the shoot
tips exposed to 3 min PVS2, while it was
10 and 0.0 % when the exposure time was
100 min, respectively for Succari and
Ahmar Bedamo.

The green surviv2d tips continue to
differentiate and ¢longate the leaf ori-
merdia within 7-28 days in the recovery
madium. Increasing exposurs fmg o
PVS2 turned cut to be toxic and rzduced
survival percentags.

Table 3. Effect of cryopresrvation (using different exposure times to PVS2 solution) on
the survival %6 of orange shoot tips ovs Succari and Red Bedamo after 1-20

days post culture.

Days after recovery of Red Bedamo

Time Days after recovery of Succari shoot tips .
{min} shoot tips
i 3 7 10 13 20 1 3 7 10 15 20
5 100a 100a 10Ca 1003 60z 40a 1002 100a %0a 70a 70a 30a
10 100a 90a 80a 70a 350a 30a 100a 90z 70a 3502 20b 10b
15 100a 9a 80a 70a 602 30a 100a 90a 802 350a 30a 20b
20 1002 80a 70a  70a 502 40a 100a 9%0a 9Ca 70a 70a E0a
30 100a 803 80a 60a 3S0a 402 1002 90a 902 7T0a 30a 30a
10 100a 90a 80a 6Ca 402 50a 1002 90a 80a 70a 50a 30a
50 90a 70a S0a 20b 10c 0O0b 100a 90a 902 70a d0a 20b
60 9%0a 60a 50a 50a 10b OOb 100a 80a 70a 60a 30a 10b
79 %0a 80a 80a 60a 30a 00b 90a 802 70a 350a 302 L10b
30 80a 80a 80a 70a 40a 200 802 80a 702 40a 20b 00b
90 %80a 80z 70a 70a 30a i0b S0a 70z 7T0a T70a 30a 20b
100 70a 70a 702 60a 20b 10b 70a 70a 3502 30a 0.0b

70a
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In the current study, longet exposure
to PVS2 (100 min) led to rapid significant
decrease in survival (0 and 10%) after
cooling to —196°C. Similarly, almend
rootstock M3! apices achieved limited
survival (10%6) when treated with PVS2
for 120-180 min (Shatanwl ef al 1999).
On the contrary cherry shoot tips re-
corded high survival (80%) when treated
with PVS2 for 1035 min at 25°C (Niino et
al 1997},

It is obvious that 5-40 min. exposure
time offers significant survival after 20
days recovery (40-30%) for orange cvs,
Comparative higher survival percentages
were recorded by Sakai (1995); Niino et
al (1997} and Wang et af (2003& 2005).
Further studies would be suggested to
increase survival and recovery of Citrus
germplasm. Such improvement would be
achieved through the application of sorbi-
tol in the pregrowth medium as well as
the use of different cooling rates and
transfer temperatures suggested by Wa-
nas (1987).
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