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Isolation and culture of protoplast of somkhag
(Garcinia atroviridis Griff.) to microcolony

Sompong Te-chato!

Abstract:
Te-chato, 8.1

Isolation and culture of protoplast of somkhag (Garcinia atreviridis Griff.) to
microcolony
Songklanakarin J. Sci. Technol., 1997, 19(3) : 255-262

Young leaves of somkhag derived from culturing shoot tip with node ir vitro were used as a source for
isolation of protoplasts. The leaves were stripped and incubated in various combinations of cellulase Onozuka
R18 and macerozyme R10. Incubation was carried out by gently shaking at 50 rpm on an orbital shaker under
dimillumination. After incubation for 4 hours complete protoplasts were collected, their densities adjusted and
thenculiured in various types of culture medium containing variouskindsand concentrations of phytohormones.
The resnlts showed that 1% cellulase R10 in combination with 2% macerozyme gave the highest yield of
protoplasts, 2.6x10° protoplasis/ml. Protoplasts started to change from globular to oval shape after 24 hour of
culture and first division was obtained after 2 days of cuiture. Embedding the protoplasts in the Murashige and
Skoog (MS) medium solidified with 0.2% Phytagel (Sigma) and containing 3% sucrose, 0.7M mannitol 0.5mg/
1 2,4-dichlorophenoxyacetic acid (2,4-D) and 5.0 mg/l benzyladenine (BA) gave the best results on division of
protoplasts. Time consumed from culture to first division in this medium was also shorter than in other types
of medium (liquidified and agarose containing medium). An optimaldensity for division was 1x10° protoplasts/
ml, In this medium protoplast-derived microcolony occurred after 21 days of culture while another types of
culture medium fail to provide a further division.

Keywords : protoplast, somkhag, Garcinia atroviridis, microcolony, isolation and cuiture

"M.Agr.(Crop Biotech.) Assoc, Prof. Department of Plant Science, Faculty of Natural Resources, Prince of
Songkla University, Hat Yai, Songkhla 90112 Thailand.
Received, June 1997
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Isolation and culture of mesophyll protoplasts of
mangosteen

Sompong Te-chato!

Abstracts
Te-chato, S.

Isolation and culture of mesophyll protoplasts of mangosteen
Songklanakarin J. Sci. Technol., 1998, 20(1) : 15-20

Various concentrations and combinations of enzymes used for isolation mesophyll protoplasts of
mangosteen was studied. Isolated protoplasts were cultured in medium supplemented with cytokinin alone or
in combination with auxin. The results showed that 4% cellulase QOnozuka RS, 2% macerozyme R10 and 1%
pectolyase Y-23 provided the highest released proteplasts (5x104/ml}. Those enzyme combinations were
dissolved in 13% mannitol in the presence of mineral salts of MS (Murashige and Skoog) medium and 3 mM
MES (2-morpholinoethylsulfonate). In the absence of pectolyase Y-23, an isolation of protoplast was net
obtained. A higher number of divided protoplasts (1-2%) was obtained when they were cultured in 1-2 ml
aliquot of MS medium supplemented with 13% mannitel, 0.5 mg/l BA (benzyladenine) and 0.5 mg/t TDZ
(thidiazuron), Culture medium containing BA and NAA (naphthaleneacetic acid) retarded division of

protoplasts. A large number of anthocyanin containing protoplasts started to divide faster than normal ones.
Division of protoplasts was observed at 4 days after culture.

Key words : culture, isolation, mangosteen, mesophyll protoplasts, anthocyanin

M. Agr. (Crop Biotech.), Assoc. Prof., Department of Plant Science, Faculty of Natural Resources, Prince of
Songkla University, Hat Yai, Songkhla 90112 Thailand.
Received 5 August 1997, accepted 15 October 1997
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Abstract
Moosikapala, L. and Te-chato, S.

Factors affecting isolation and culture of protoplasts of Somkhag
(Garcinia atroviridis Griff.)
Songklanakarin J. Sci. Technol., 2000, 22(4) : 411-420

Isolation of protoplasts was carried out from vitro-grown leaves of Somkhag at different ages of
cnlture. Yarious concentrations of cellulase Onozuka R-10 and macerozyme R-10 were tested. A sample of
ieaves was incubated in a mixture solution of the two enzymes on a gyratory shaker at 40 rpm under darkness
for 12 hours. Various densities of released protoplasts were adjusted and cultured with different kinds and
concentrations of growth regulator. Leaves at 3 months of culture incubated in 2 % cellulase Onozuka R-10 and
1 % macerozyme R-10 gave released protoplasts at 1.25x10/g.fr.wt. Viability of protoplasts was the highest
{91.19 %). Culturing of the protoplasts embedded in MS with 8.2 % Phytagel, 3 % sucrose, 0.7 M manitol, 0.5
mg/l dicamba and 1 mg/t benzyladenine (BA) promoted the best result in division of protoplasts. Age of leaves
and culture density play important roles in development of the protoplasts. Protoplasts from leaves after one
month of culture at density of 1.5x10°/ml underwent microcolony formation after 4 weeks of culture.

Key words : Somkhag, Garcinia atroviridis Griff., protoplast

Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla
90112 Thailand.

. (wasmaad) dnfinnBaanTn, ‘PhD. (Plant Cell Technology) 3eamans 19138 mAImAsmant aaningns-
PN aminmaprivmuniumd snnsmalug Smisasvm

Corresponding e-mail : tesompon@ratree.psu.ac.th
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Isolation and Culture of Mesophyll Protoplast of Garcinia spp.

Sompong Te-chato, Ludawan Musigapala and Mongkol Lim

Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, 90112 Songkhla

Abstract

Young leaves of three species in Garcinia mangostana Linn. (mangosteen), G. atroviridis
Griff. (somkhag) and G. speciosa Wall. (pawa) were stripped and digested enzymatically. Isolated
protoplasts were cultured in various phytochormone-containing media. The results showed that 1%
cellulase Onozuka R10 and 2% macerozyme R10 yielded the highest number of protoplasts (2.6x1061g
fresh weight). In case of mangosteen and pawa, pectolyase Y-23 at concentration of 0.1% and the
higher- concentration of cellulase (3-4%) were required to produce high yields of protoplasts of
mangosteen (2.5x105/g fresh weight) and pawa (1.4x106/g fresh weight). The highest frequency of
protoplast division (34%) and earliest time for the first division (2 days) and macro-colony formation
(3 weeks) was found in somkhag. For development of protoplasts of mangosteen and pawa, a period
for the first division was 4-6 days after culture. So far, only first division was obtained both in
mangosteen {2%) and pawa (6%) after 4weeks of culture. Further development of the protoplasts did
not occur. 2,4-D in combination with BA promoted division of protoplasts of somkhag and pawa

while TDZ and BA (only two cytokinins) promoted division of mangosteen protoplasts.

Keywords : mesophyll protoplast, Garcinia spp., somkhag, mangosteen, pawa
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The isolation, culture and division of protoplasts
from Shogun leaves

Sompong Te-chato'and Schlida Sriphakdi’

Abstract
Te-chato, . and Sriphakdi, S.
The isolation, cuiture and division of protoplasts from Shogun leaves
Songklanakarin J. Sci. Technol., 2000, 22(2) : 143-151

High vields (6.6 x 10" to 1.1x10* protoplasts/g.f.wt.) of isolated protoplasts were obtained from seedling
leaves of Citrus sinensis Blanco cv. "Shogun”. Kinds and cencentrations of enzyme, pH, physiological ages of
the Jeaves, period of incubation and sources of leaves were important in obtaining high viability of prepara-
tions as determined by FDA fluorescence. Seedling leaves at 35 days after emerging or germination incubated
in a mixture of enzyme solution composed of 1.5% cellulase (from Tricitoderma viride) and 1.5% macerozyme
R-10 dissolved in 0.7 M mannitol and adjusted pH 5.6 for 3-5 hours gave the highest yield and viability of
protoplasts. The cullure of mesophyll protoplasts in thin layer of liquid MS medium supplemented with § mg/
1 a-naphthaleneacetic acid (NAA) and 1 mg/l BA (adjusted osmoticum to 0.7M) under dark conditions at 25
£ 2 °C at densities of 2x10°/ml promoted the highest division and microcelony formation (ca.8-10 cells) at
approximately 4%. Adding malt extract to the medium did not improve plating efficiency of the protoplast.

Key words : protoplast isolation, Shogun, plating efficiency

'Ph.D. (Piant Cell Technology) Assoc. Prof., ‘M.S. (Plant Science) Master Student, Department of Plant
Science, Faculty of Natural Resources, Prince of Songkia University, Hat Yai, Songkhla %0112 Thailand.
Received, 22 September 1999  Accepted, 11 January 2000
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Abstract
Taweekanachote, S. and Te-chato, S.

Factors affecting isolation of protoplasts of neck orange (Citrus reticulata Blanco)
and gene transformation by Agrobacterium
Songklanakarin J. Sci. Technol., 2000, 22(1) : 15-23

Protoplasts of the neck orange (Citrus reticulata Blanco) were isolated from various sources. One-
month-old ieaves from all sources were stripped and incubated In various combinations of enzymes for 2, 3
and 4 hours on a reciprocal shaker at 40 rpm. For transformation study, leaf protoplasts were used to co-
culture with Agrobacterium, at different periods. The results showed that leaves derived from seedling gave
the highest number of mesophyll protoplasts (3.07x107 protoplasts/g. fr. wt.). However, leaves from cultured
epicotyl gave the highest viabllity of the protoplasts of §9.19%. An optimum enzyme combination for the best
result was consisted of 1.5% Cellulase Onozuka RS, 0.1% Peciolyase Y-23 and 1.0% Macerozyme R-10 dis-
solved in 0.7 M mannitol. Incubation periods of 3 hours gave the highest yields and viablity of protoplasts of

Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla,
90112, Thailand.

1 H a [ a
ML (A¥AEas) Wnfiney PhD. (Planl Cell Technology) 3BdmapTnsg amdviismand saxninomssnusna
uninmidvavaiuaiuni ainavinlng Fmiacavar %0112
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Songklanakarin J. Sci. Technol, The protoplasts and gene transformation of neck orange
Vol. 22 No. 1 Jan.-Mar. 2000 16 Taweekanachote, S. and Te-chato, S.

9.20x10° protoplasts/g fr. wt. and 81.43 %, respectively. In comparison of the first with the second pairs of
leaves, it was found that the number of viable protoplasts was not significantly different. Transformation
study showed that co-cultivation of protoplasts with Agrebacterium, LBA4404 (pBI121) for 5 minutes gave
the highest survival rate of 64 % at 72 hours of culture. However, division of protoplasts was not seen.

Key words : Citrus reticulata Blanco, citrus, protoplasts, transformation, co-culture,
Agrobacterium
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Isolation and culture of protoplast of somkhag
(Garcinia atroviridis Griff.) to microcolony

Sompong Te-chato!

Abstract:
Te-chato, 8.1

Isolation and culture of protoplast of somkhag (Garcinia atreviridis Griff.) to
microcolony
Songklanakarin J. Sci. Technol., 1997, 19(3) : 255-262

Young leaves of somkhag derived from culturing shoot tip with node ir vitro were used as a source for
isolation of protoplasts. The leaves were stripped and incubated in various combinations of cellulase Onozuka
R18 and macerozyme R10. Incubation was carried out by gently shaking at 50 rpm on an orbital shaker under
dimillumination. After incubation for 4 hours complete protoplasts were collected, their densities adjusted and
thenculiured in various types of culture medium containing variouskindsand concentrations of phytohormones.
The resnlts showed that 1% cellulase R10 in combination with 2% macerozyme gave the highest yield of
protoplasts, 2.6x10° protoplasis/ml. Protoplasts started to change from globular to oval shape after 24 hour of
culture and first division was obtained after 2 days of cuiture. Embedding the protoplasts in the Murashige and
Skoog (MS) medium solidified with 0.2% Phytagel (Sigma) and containing 3% sucrose, 0.7M mannitol 0.5mg/
1 2,4-dichlorophenoxyacetic acid (2,4-D) and 5.0 mg/l benzyladenine (BA) gave the best results on division of
protoplasts. Time consumed from culture to first division in this medium was also shorter than in other types
of medium (liquidified and agarose containing medium). An optimaldensity for division was 1x10° protoplasts/
ml, In this medium protoplast-derived microcolony occurred after 21 days of culture while another types of
culture medium fail to provide a further division.

Keywords : protoplast, somkhag, Garcinia atroviridis, microcolony, isolation and cuiture

"M.Agr.(Crop Biotech.) Assoc, Prof. Department of Plant Science, Faculty of Natural Resources, Prince of
Songkla University, Hat Yai, Songkhla 90112 Thailand.
Received, June 1997
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Somkhag (Garcinia atroviridis Griff ) belongs
to the family Guttiferae which includes some
econornically improtant species e.g. G. mangostana
Linn. (mangosteen), G. speciosa Wall. (pawa),
G.cowa Roxb.(chamuang) and G. dulcis Kurz.
(mapood) etc.. The trees can grow well under humid
conditions and are generally found at the same place
as commercially grown of mangosteen. These
species are distributed widely in the three
southernmost provinces of Thailand, Yala, Pattani
and Narathiwat. Smail numbers are found scattered
in other provinces, e.g. Songkhla, Satun, Nakhon Si
Thammarat. All non-commercial species in this
family are grown as backyard plants and also grow
naturally in their original area. Fruits of somkhag,
both fresh and dried, are used for cooking. The fruie,
sliced into small pieces and dried under the sun, can
be stored for a fong pertod of time (2-3 years or more)
and this is routinely carried out by growers. The fruits
naturally cantain an impoertant chemical, known as

hydroxy citric acid. This chemical is able to convert
lipid (fatty acid) to unsaturated fatty acid which is not
stored in the form of fat tissue. Because of this
properties of the chemical, many companies are
attempting to extract the chemical from these fruits to
produce some dietary products. In nature, two types
of plants are found, male and female. Unlike
mangosteen, the plants bear only female flowers
(unpublished data). In case of male plants, they never
produce fruits. Accordingly, the grower must be
careful to select only female seedlings to grow.
Propagation of the plants is routinely carried
out by seed and on some occasions by root cutting.
When propagating through seeds it is quite not sure
that female plants will be obtained. The latter
technique is limited due to the propagation rate
obtained and time consumed. Regarding these con-
straints, tissue culture might help solve many of the
problems as has been reported for gooseberry (Shen
et al.. 1990). Prunus spp. (Predieri er al., 1989) and
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Pyrus communis (Mante et al., 1989). Firstly, tissue
culture can help micropropagation of an elite tree in
ashort time. Second, it helps the establishment of cell
suspension and its modification to produce
secondary metabolites, especially hydroxy citric acid
for commercial use. There have been no recent
reports on cell suspension culture in any species of
Garcinia. Among three species of Garcinia,
mangosteen, pawa and somkhag, it was revealed that
friable callus could be induced from somkhag. So far,
suspension is still very difficult to establish. Cell
culture of the tree becomes an excellent source for
secondary metabolites which will be produced year-
round. So far, cell suspensions have been being
initiated from callus which was induced from various
sources of explants (Te-chato, 1997). But the good
cell suspension was not obtained. Mesophyll
protoplasts might be monitored as an alternative
source for establishing the suspension.

In this paper, the author reports protoplast
isolation and culture from somkhag leaves in order to
establish cell suspension and further regeneration.

Materials and Methods:

Plant material: Seeds of somkhag were excised
and the seed coat and vascular tissue removed. The
seeds were surface-sterilized by 20% clorox solution
for 20 minutes, followed by successive washing for
three times with sterile distilled water. The seeds
were then sown on Murashige and Skoog (MS)
medium containing 3% sucrose and 5 mg/l benzyl
adenine (BA). After a month of culture, shoot tips
with node were dissected and micropropagated on
micropropagation medium. The medium was woody
plant medium (WPM) supplemented with 3%
sucrose, 500 mg/! poly-vinylpyroridone (FVP), 0.1
mg/l BA and 0.1 mg/] thiourea (TU). Two to four
weeks after culture, half strength liquid MS contain-
ing 500 mg/1 PVP, 0.06 mg/l naphthaleneacetic acid
(NAA), 0.03 mg/l BA was added and cultured for a
further 2-4 weeks. The leaves derived from multiple
shoots were cut off and used as plant material for
protoplast isolation and culture.

Enzyme solution: In this experiment, cellulase
Onozuka R10 and macerozyme R10 were combinely

used at various concentrations. All combinations of
those enzymes were dissolved in 0.7M mannitol in
the presence of major and minor salts of MS and
3mM 2- (morpholine) ethane sulfonic acid (MES).
The pH of the solution was adjusted to 5.7 by O.IN
KOH. Sterilisation of the enzyme solution was
carried out by passing through sterilised Millipore

filter of pore size 0.45 p.

Washing solution: Washing solution was
composed of 0.7 M mannitol, major and minor salts
of MS. The pH of the solution was adjusted to 5.7
before autoclaving at 1.07 kg/em?, 121°C for 15
minutes.

Purified solution: We used two-phase layer tech-
nique to isolate protoplast. According to the proc-
esses, 21% sucrose was selected and used as the
lower phase solution. The solution was sterilised by
autoclaving at 1.07 kg/err?, 121°C for 15 minutes.

Protoplast isolation: One gram leaf tissue was
stripped and incubated in 6x1.5cm Petni-plate con-
taining 10 ml of various enzyme combinations. Incu-
bation was carried out under dim illumination on a
shaker which was shaken at 50 rpm for 4 hours. Atthe
end of the incubation period, the mixture of enzyme
solution and leaf protoplasts was passed through
a nylon mesh with pore size 771 and centrifuged
at 800 rpm for 3 minutes. Supernatant (enzyme
solution above the pellet) was discarded and the
pellet was resuspended in 5 ml washing solution.
Crude protoplast suspension together with debris
was then floated on 5 ml purified solution. The two-
phase solution was again centrifuged at 1,000 rpm for
5 minutes. Complete protoplasts at the mid phase
between sucrose and mannitol were collected by
Pasteur Pipette and transferred to a new centrifuge
tube. The protoplasts were washed two times with
washing solution and washed once with culture
medium. They were then counted and the density
adjusted to culture in various methods.

Protoplast culture: After adjusting protoplasts to
the desired density, they were cultured in 6x1.3 cm
Petri-plates containing various types of culture me-
dia and plant growth regulators. They were then
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maintained in the dark at 26°C. After 21 days of
culture one ml of fresh liquid medium containing
0.35M mannitol was added and cultured at the same
conditions for 2-3 weeks.

Effect of various combinations of enzymes on
yield of protoplasts

Cellulase Onozuka R10G at concentration 1 to
2% and macerozyme R10 at the same concentration
were used in combination for isolation of mesophyli
protoplasts of somkhag (Table 1). After incubating
one gram leaf tissue in enzyme solution for a 4 hour
period, protoplasts were isolated according to isola-
tion processes and the numbers of released protoplasts
were compared statistically.

Effect of plant growth regulators on division of

protoplasts.

MS medium was used in the presence of
various combinations hetween NAA or 2,4-
dichlorophenoxyacetic acid (2,4-D) and BA (Table
1 and 2). Protoplasts at density of 1x10° were
resuspended in those media and placed in 6x1.5cm
Petri-plates. During the culture, development of
protoplasts was observed every day using an inverted
microscope. The number of divided protoplasts was
counted and compared in each culture medium at 3
week of culture.

Effect of protoplast densities and types of culture
media on division of protoplasts.

Two types of culture media, liquid and solid
medium, were employed to test the division of

Table 1 Effect of various enzyme combinations on yield of mesophyll

protoplasts

Enzyme (%)

Cellulase R-10 Macerozyme R-10

average yield of protoplasts

1.0 1.0
1.0 1.5
1.0 20
2.0 1.0
2.0 1.5
2.0 2.0

1.45x10%
2.0x10%
2.6x10%
9.0x10°b
9.5x10°b
2.4x10%

Average not having letters in common differ significantly (P=0.05) by DMRT

Tahle 2 Effect of NAA and BA at various concentrations on

division of protoplasts.

plant growth regulators

% protoplast division

NAA (mg/l) BA (mgl) day 7 day 14

0.5 0.5 1.0 6.5
1.0 35 8.5
3.0 1.5 6.5
5.0 5.5 10.5

1.0 0.3 275 L5
1.0 0 0
3.0 0 0
50 0 0
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protoplasts. In case of solid medium, the medium

was solidified by two different gelling agents, 0.6%
agarose and 0.2% Phytagel (Sigma). Density of the
protoplasts was varied and cultured under the same
conditions as those described in the former two
" experiments. After culture for 3 weeks, division of
protoplasts was counted and compared in each den-
sity and type of culture medium separately.

Results

Effect of various combinations of enzymes on
yield of protoplasts

Cellulase Onozuka R10 at low concentration
of 1% in combination with 1.5 to 2.0% macerozyme
R10 was enough to macerate leaf tissue and release
mesophyll protoplasts (Table 1). Increase in concen-
tration of the cellulase from 1% to 2% was not proved
to promote a large number of released protoplasts
whereas macerozyme R10 at higher concentration
play a significant role on yield of protoplasts. How-
~ ever, 1% cellulase Onozuka R 10 in combination with
2% macerozyme R10 gave the best result on yield of
protoplasts (Table 1).

Effect of plant growth regulators on division of
protoplasts.

Types of auxin used in culture of protoplasts
played a significant role on division of protoplasts. A
low concentration of NAA at 0.5 mg/l in combination
with BA at all concentrations ranging from 0.5t0 5.0

promoted an increment in division of the protoplasts
(Table 2). NAA at concentration of 1.0 mg/l in
combination with BA at concentration higher than
0.5 mg/l produced an inhibitory effect on division of
protoplasts. Division of protoplasts from those com-
binations of NAA with BA was not obtained. Differ-
ent results were obtained when auxin in the presence
of 2,4-D was applied. 2,4-D provided far greater
percentage of division of protoplsts than did NAA
both in frequency and time consumed. Optimum
concentrations of 2,4-D and BA were 0.5 and 5.0 mg/
1, respectively (Table 3). In the medium containing
2,4-D, first division of protoplasts was able to see at
day 2 of culture (Figure. 1a) . After culture for 3 days,
division of protoplasts was recorded to be 2% and this
greatly increased to 34.6% at one week of culture
(Table 3). Even ahigh concentration of 2,4-Dand BA
still provided division of protoplasts but percent
division was far lower than at low concentrations.

Effect of protoplast densities and types of culture
media on division of protoplasts.

It was clearly seen that low density of
protoplasts provided a low frequency of division.
Density of 1x10° gave the best result on protplast
divison when they were embedded in Phytagel
(Table 4). Similar results were obtained in all types
of cultures. Time consumned for wall formation, first
divison and further division of protoplasts differed
greatly between the two types of culture media.
Embedding protoplasts by using Phytagel promoted

Table 3 Effect of various concentrations of 2,4-D and BA on

division of protoplasts.

plant growth regulators

% protoplast division

24D (mah) BA (mg/) day 3 day 7
0.5 0.5 1.6 27.7

1.0 13 225

3.0 15 26.0

50 2.0 345

1.0 0.5 0.6 10.4

1.0 1.0 17.3

3.0 1.0 17.3

5.0 10 17.3
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Table 4 Effect of density of protoplasts in culture on percentage and

types of division.

density
elling agent types of
geling ag 5x10¢ 1x10° 5x10°  division
0.6 %eAgarose 1.3 35 5.6 symmetric
0.15% Phytagel 6.5 18.0 2.6 asymimetric

a rapid division of protoplasts. Divided protoplasts
were observed in the medium within 1 to 3 days of
culture while culture in liquid and solid medium
solidified with agarose took 7-10 days. Division of
protoplasts obtained in medium solidified with
agarose was mostly symmetric whereas Phytagel
promoted asymmetric division. (Table 4) Second

Figure1l Development of protoplasts of somkhag

after culture for a period of time.
A : firstdivision at 2 days of culture X100
B : second division at 4 days of culture

X100
C : multicellular formation at 21 days of
culture X100

division of the protoplasts in the medium solidified
with Phytagel required 5-7 days of culture (Figure. 1b).
Microcolony or multicellular formation { more than
10 cells) was obtained in the culture medium solidi-
fied with Phytagel only (Table 5, Figure. 1c) . The
other types of culture medium, so far, have not
provided more than two cell division.
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Table 5 Time consumed for division and development of protoplasts
in various types of cultures

types of culture

time consumed (day) for

T* division

2™ division >2 division

liquid 7-10 - -

embedding

-Agarose 7-10 21 -

-Phytagel 1-3 5-7 10-14
Discussion

Tissue culture of Garcinia spp. has been
developed for at least five years. Most of the
techniques focused on micropropagation through
culturing seeds and young leaves. Species being
studied are limited to commercial varieties, i.e.
mangosteen. The other wild types of these species are
necglected. However, the future improvement of
mangosteen by biotechnological methods is tnevita-
bly touse germplasm from wild species. Even though
many researchers have been interested in mangosteen,
callus and cell suspension cultures have not yet been
reported and established, thus hindering the improve-
ment of this fruit tree through cell culture. Raj Bhansali
etal. (1991) reported success in the establishment of
cell suspension cuiture from imrmature cotyledon of
peach. This success opened a wide scope for im-
provement of the fruit tree by biotechnological meth-
ods. However, among those fruit trees, citrus has
been widely reported on protoplast isolation, culture
and fusion to produce somatic hybrid both in culti-
vated and rootstock species (Grosser, 1991; Deng et
al., 1992). So far, many authors reported success in
protoplast isolation and culture to plantlets in citrus
(Hidaka and Kajiura, 1988; Kobayashi et al., 1989;
Vardieral., 1975, Vardier al., 1982). Besides citrus,
there are also reports on protoplast isolation and
culture in Prunus, Pyrus and Diospiros. Sources of
protoplasts differ from species to species. In the case
of satsuma, embryogenic callus from nucellar em-
brye proved to be the best source (Ling er af., 19901,
However, leaves are another good source of protoplast,
espectally when somatic cell fusion is employed.

In case of Garcinia, sofar, leaves appeartobe a good
source for isolation protoplasts due to no other good
sources as mentioned earlier. Texture and compo-
nents of leaves in each species of the genus are quite
different leading to a degree of difficulty on isolation
protoplasts. Mangosteen leaves are very tough and
composed of a large quantity of yellow gum. Isola-
tion of protoplasts from the leaves required a long
time and a high concentration of enzyme compo-
nents, especially pectolyase Y23 (data not shown).
The results obtained in mangosteen differed greatly
from that in somkhag (Garcinia atroviridis). A large
number of protoplasts (2x10° protoplasts/ml) was
isolated from young leaves raised in vitre like those
reports in another fruit trees. Development of the
protoplasts was also fast. New wall formation was
observed within 24 hour of culture tollowed by first
division 24 hour later. In suitable culture medium
protoplasts can undergo division to form multicellular
or microcolonies at 21 days of culture. Unfortu-
nately, macrocolony and callus was not obtained.
From the observation in culture, it was clearly seen
that a long time of culture promoted a large volume
of vacuole instead of macrocolony development.
This phenomenon is generally observed in culture of
protoplasts of perennial tree. To prevent this phe-
nomenon and promote turther development of
protoplasts in order to gain calius some antioxidant or
phenolic compound Inhtbitants. c.g. polvvins -
pyrroridone or activated charcoal. must be added 1
the dilution medium after a period of culture.
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Isolation and culture of mesophyll protoplasts of
mangosteen

Sompong Te-chato!

Abstracts
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Isolation and culture of mesophyll protoplasts of mangosteen
Songklanakarin J. Sci. Technol., 1998, 20(1) : 15-20

Various concentrations and combinations of enzymes used for isolation mesophyll protoplasts of
mangosteen was studied. Isolated protoplasts were cultured in medium supplemented with cytokinin alone or
in combination with auxin. The results showed that 4% cellulase QOnozuka RS, 2% macerozyme R10 and 1%
pectolyase Y-23 provided the highest released proteplasts (5x104/ml}. Those enzyme combinations were
dissolved in 13% mannitol in the presence of mineral salts of MS (Murashige and Skoog) medium and 3 mM
MES (2-morpholinoethylsulfonate). In the absence of pectolyase Y-23, an isolation of protoplast was net
obtained. A higher number of divided protoplasts (1-2%) was obtained when they were cultured in 1-2 ml
aliquot of MS medium supplemented with 13% mannitel, 0.5 mg/l BA (benzyladenine) and 0.5 mg/t TDZ
(thidiazuron), Culture medium containing BA and NAA (naphthaleneacetic acid) retarded division of

protoplasts. A large number of anthocyanin containing protoplasts started to divide faster than normal ones.
Division of protoplasts was observed at 4 days after culture.

Key words : culture, isolation, mangosteen, mesophyll protoplasts, anthocyanin
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Mangosteen is an economically important fruit
crop of southern Thailand. Propagation of this plant
isroutinely carried out by seed. Asexual propagation
is limited due to latex or gum produced by the plant.
Recently, propagation through tissue culture tech-
nique has become very common and is routinely used
in some laboratory. Various explants from seedlings
or adult tree can be used as starting material for
propagation in vitro. Among those explants young
leaves from both seedling raised in vitro and field
grown trees were the most suitable for clonal propa-
gation. Te-chato, et al. (1995a, b and ¢) reported
tissue culture protocol for multiplication of plantlets
directly and through meristematic nodule callus. Suc-
cessive multiplication of mangosteen can be carried
out through meristematic nodule callus. Plantlets
obtained from this technique, so far, are true-to-type.
Nomorphological abnormalities were observed from
those plants.

Protoplasts are the cells whose cell wall has
been digested mechanically or enzymatically. They
are isolated from various sources of explants. The
iwo most cotnmon sources which provide a large
amount of viable protoplast are leaves and suspen-

sion, especially, embryogenic suspension. Many per-
ennial fruit crops, such as Cirrus (Ling et af., 1990),
Japanese persimmon (Tamuraet al., 1995) have been
reported to be successfully propagated through
protoplasts. In some plants, e.g. oil palm, zygotic
embryos was proved to be the best explant for a high
yield of protoplasts (9x 10°/ml) (Sekak et al., 1985).
Moreover, protoplasts are a wonderful tool which for
use in crop improvement. Examples includes produc-
tion of dodecaploid plant of Japanese persimmon by
colchicine treatment (Tamura et al., 1996). In addi-
tion, fusion of protoplasts with electricity was also
reported to produce hybrid commercial vaneties in
Japanese persimmon (Tamura et al., 1995). In some
rootstock species of Citrus, protoplast technology
has also offered a great potential in improving some
horticultural values such as disease resistance.
drought tolerance, etc. (Deng er al., 1992; Grosser,
1991). So far, only one attempt has been made 1o
isolate and culture protoplasts from young leaves of
somkhag (Garcinia atroviridis) (Te-chato, 1997).
The isolation and culture of protoplasts of other
species belonging to Garcinia has not vet been re-
ported. Before stepping to the use of protoplasts as a
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tool in improvement of the species, in this paper,
preliminary studies on isolation and culture of
mangosteen mesophyll protoplasts is described.

Materials and methods

Vitro-plant induction and leaf preparation

In this experiment plantlets derived from cul-
tured leaves maintained in two phase medium were
used. The lower phase medium was woody plant
medium (WPM) supplemented with 3% sucrose, 500
" mg/l polyvinylpyrroridone (PVP) and 0.1 mg/l
! benzyladenine. Overlay medium was Murashige and
Skoog in which all the components were reduced to
- half concentration except for sucrose (1/2MS) and
- supplemented with 3% sucrose, 500 mg/l PVP, 0.06
mg/l naphthaleneacetic acid (NAA) and 0.03 mg/l
thidiazuron (TDZ). In this medium, young purple or
red leaves were induced and used as leaf explant for
isolation of protoplasts.

Purple leaves from plantlets maintained in
two-phase medium were excised and sliced into
small strips. One gram of leaf tissue was used for
incubation with 10 ml of enzyme solution.

. Leafincubation and isolation of mesophyil proto-
plasts

One gram stripped leaves was placed in 10 ml
aliquots of the enzyme mixture contained in 15x60
mm Falcon plastic dishes. The enzyme consisted of
various combinations of cellulase Onozuka RS and
macerozyme R-10 as showed in Table I. Ail combi-
nations were dissolved in an osmoticum which con-
i sisted of mineral salts (macro and microelements) of
MS, 13% Mannitol, 3mM 2-morpholinoethane
sulfonic acid (MES). All combinations of enzyme
were adjusted to pH 5.6 by 1N KOH. The enzyme
solution was then purified by filtering through a
Millipore of pore size 0.45 um. After adding enzyme
toleaf sample, Petri-dishes were sealed with Parafilm
and incubated under dim illumination on a shaker at
50 rpm. Six hours after incubation, the mixture of
leaf-enzyme solution containing released protoplasts
was pelleted by centrifuging at 800 rpm for 3 min-
utes. Protoplasts were washed once with washing
solution and twice with culture medium, and counted.

Culture of released protoplasts

One ml aliquot of protoplasts were cultured in
15x60 mm Petri-dish at the density which was iso-
lated. Culture medium used in this experiment was
Murashige and Skoog (MS) supplemented with 13%
Mannitol, 0.5 mg/i benzyladenine (BA) in combina-
tion with 0.5 mg/i thidiazuron (TDZ) or 0.1 mg/l
naphthaleneacetic acid (NAA). The cultures were
incubated at 27°C in the dark condition. At five days
of culture, divided protoplasts were counted and
compared among each combination of phyto-
hormones.

Results

Isolation of mesophyll protoplasts

It was clearly seen that all combinations of
celiulase and macerozyme in the absence of Pectolyase
Y-23 gave noresult on protoplast isolation. Protoplasts
were not released under those conditions of enzyme
solution. However, 2% cellulase and 2% macerozyme
gave small amount of released protoplasts which
could not be isolated by the regular procedure. Addi-
tion of Pectolyase Y-23 at low concentration of 0.5%
promoted ahigher yield of released protoplasts. Yield
of protoplasts obtained from this combination of
enzyme (2% cellulase, 2% macerozyme and 0.5%
Pectolyase Y-23) was 1x10*/ml. Increasing concen-
tration of cellulase and Pectolyase Y-23 to 4% and
1%, respectively gave the best result of release
protoplasts of 5x10%/ml. Concentration of those en-
zymes higher than the above concentrations did not
provide protoplasts (Table 1).

Mesophyll protoplasts released from leaves
composed of two distinct types. One is anthocyanin-
containing protoplasts. Another is normal or chloro-
phyll-containing protoplasts (Figure 1). The number
of anthocyanin-containing protoplasts was lowerthan
chlorophyll-containing ones. After they were cul-
tured in liquid MS medium supplemented with two
different kinds of cytokinins with or without NAA,
0.5% BA in combination with 0.5% TDZ promoted
a better result on dividing of protoplasts. Protoplasts
lost their globular shape after culture in that medium
for 2-3 days. At 4 days of culture first division of
some of the protoplast was observed (Figure 2).
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Figure 1. Fresh mesophyll protoplasts isolated from young purple leaves of
mangosteen which consisted of both anthocyanin-containing (arrow)
and chloroplast-containing pretoplasts. (Bar = 50u)

Figure 2. First division of mesophyll protoplast at 4 days of culture in MS
medium supplemented with 0.5% BA and 0.5% TDZ. (Bar=501)

Percent division of protoplast in this medium was 1-
2% while NAA containing medium gave only 0.1-
0.5% (Table 2).

In this experiment, it was observed that di-
vided protoplasts were mainly from anthocyanin-
containing ones. Division of normal protoplasts was
also observed but the time taken for division was

more longer than that required by anthocyanin-con-
taining protoplasts. After anthocyanin containing
protoplasts started to divide, anthocyanin which was
contained in the protoplast gradually decreased. Af-
ter first division was observed anthocvanin com-
pletely disappeared.
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Table 1. Effect of various enzyme combinations on isolation of mesophyil

protoplast of mangosteen.

cellulase (%)

macerozyme(%) pectolyase Y-23(%) released protoplasts

N R N
£ S R b2 —

- 0

- 0

- nd

- +
0.5 1x10°¢

1 5x10¢

nd: non detected, -:not added, +: few but cannot be purified

Table 2. Effect of phytohormones on division of

protoplasts.
BA TDZ NAA division rate
05 0.5 - ++ (1-2%)
0.5 ¢ 0.1 +(0.1-0.5%)

+++: fairly good division, +: poor division
Discussion

So far, there has only one report on isolation
and culture of mesophyll protoplasts of somkhag
{Te-chato, 1997). This species provided a large amount
of viable protoplasts (2.6x10°/ml). The most effec-
tive enzyme combination and concentration was 1%
cellulase Onozuka R10 and 2% macerozyme R10. In
this species, it was proved that only a mild activity of
the enzyme (cellulase Onozuka R10) was enoungh to
isolate a large quanity of protoplast in the absence of
Pectolyase Y-23. For mangosteen a high concentra-
tion of high activity enzyme {cellulase Onozuka RS)
inthe presence of Pectolyas Y-23 was required. Even
when a high concentration of those enzymes was
used in combination, only small number of protoplasts
{(5x10*ml) were obtained. The difference in yield of
protoplasts between the two species might be due Lo
the diiference in leaf structure and chemical compo-
nents contained in the leaves. In the case of
mangosteen, leaves are very tough and composed of
a high quantity of laticiferous celis leading to diffi-

culty in isolating protoplasts.

A higher percentage division of mesophyll
protoplasts of mangosteen was obtained in the me-
dium supplemented only BA and TDZ. BA in com-
bination with NAA provided a lower percentage of
protoplast division. The result was similar to the
culture of young leaves which developed of both
direct shoots and meristematic nodules when cul-
tured on the medium containing BA or BA in combi-
nation with TDZ. The phenomenon provides sup-
porting evidence that young leaves of mangosteen
contain a high concentration of auxin. Addition of
exogenious auxin produced an inhibitory effect on
both callus formation and division of protoplasts. In
the case of mesophyll protoplasts of somkhag,
protoplasts divided rapidly in culture medium con-
taining NAA and BA. The same result was also
obtained when young leaves were culture in those
phytohormones-containing medium.

Anthocyanin pigment produced by epidermal
cells was reported to promote cell division leading to
callus formation from culture young purple leaves of
mangosteen (Te-chato, 1995c). A similar phenom-
enon was also found in protoplasts. Protoplasts con-
taining anthocyanin pigment started to divide faster
than non-containing ones. From this point of view, if
culture medium was modified to provide a high
quantity of purple leaves, then the leaves used as a
source of protoplasts, divided protoplasts subsequent
to callus formation might be obtained. In grape vine
cell suspension culture, concentration of sucrose in
the medium was reported to play an improtant role in
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anthocyanin formation. The higher concentration
used the higher number of anthocyanin containing
cells obtained (Decendit and Merillon, 1996). Con-
trary results were obtained in our studies in
mangosteen. We found that TDZ promoted forma-
tion of anthocyanin in the cell of epidermal layer (Te-
chato ez al.,1995c). However, protoplast isolation in
this experiment is only a preliminary study. Further
experiments on culturing methods, especially em-
bedding technique and concentrations of phy-
tohormones must be made.
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Abstract
Moosikapala, L. and Te-chato, S.

Factors affecting isolation and culture of protoplasts of Somkhag
(Garcinia atroviridis Griff.)
Songklanakarin J. Sci. Technol., 2000, 22(4) : 411-420

Isolation of protoplasts was carried out from vitro-grown leaves of Somkhag at different ages of
cnlture. Yarious concentrations of cellulase Onozuka R-10 and macerozyme R-10 were tested. A sample of
ieaves was incubated in a mixture solution of the two enzymes on a gyratory shaker at 40 rpm under darkness
for 12 hours. Various densities of released protoplasts were adjusted and cultured with different kinds and
concentrations of growth regulator. Leaves at 3 months of culture incubated in 2 % cellulase Onozuka R-10 and
1 % macerozyme R-10 gave released protoplasts at 1.25x10/g.fr.wt. Viability of protoplasts was the highest
{91.19 %). Culturing of the protoplasts embedded in MS with 8.2 % Phytagel, 3 % sucrose, 0.7 M manitol, 0.5
mg/l dicamba and 1 mg/t benzyladenine (BA) promoted the best result in division of protoplasts. Age of leaves
and culture density play important roles in development of the protoplasts. Protoplasts from leaves after one
month of culture at density of 1.5x10°/ml underwent microcolony formation after 4 weeks of culture.
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1. wavsdeylssinednouuazanuiiziavealysla-
naaa

vinmantnllslonansdludiuuunety 3 eu
niudnaminivan laolfieuled cellulase Onozuka
R-10 49wl macerozyme R-10 saundindiunidy
wun touled cellulase Onozuka R-10 4 % 3wy
macerozyme R-10 1 % Wimmluslanasd gega
14.6x 10° Tslawsnadalwinluse 1 niu aaiidse
62.13 % smoulad cellulase Onozuka R-10 2 %
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i pectolyase Y-23 usnlualawsed Tédmam
Wamun (Table 1) dntulummasssdolufudantd
woulmd cellulase Onozuka R-10 2 % 37w mace-
rozyme R-10 1 %

Table 1. Effect of enzyme concentrations on yield and viability of protoplasts
isolated from leaves of Somkhag at 3 months of culture

Enzyme concentration (%)

Yield of protoplasts/g.fr.wt

CR-10 MR-10 PY-23 (x 10%) Viatikity (%)
2 1 0 125 £2.28 91.19 £4.32
3 1 0 138+198 57.75 + 8.46
4 ] 0 146+ 138 62.13 £ 13.52
2 | 0.1 0.01 = 0.00 .
3 I 0.1 0.025 £ 0.005 i
4 ] 0.1 0.045 + 0.005 i

CR-10 = cellulase Onozuka R- 10 MR-10 = macerozyme R-10

PY-23 = pectolyase Y23

= not determine



2. gavauAIuNg v,
0 22 ;ivn 4 a.n.-6.8. 2543

o i s 5 W%
Pedufinuasamswsanazimiziaglilanaradvesduuun
415

damiad winzthar waz antles anzla

t . g aa
2. navaamglumssnnauuazauiiiiavadlilila-
nawaa
anmsusnluslanaiad luduuunidoignds
mswuamawaniuszozas 1L 2, 3 uss 4 heu
#vaulmd cellulase Onozuka R-10 2 % 32wy ma-
cerozyme R-10 1 % vuiniasviiadmiisey 40
sov/ud Tunda dlunan 12 alus wudaludauen
a o - v e 3 -~ oo
fillony 3 1weu W wauluslanaad waranuiifia
goga A 12.48 x 10* Wslawarad/nimiminas uat
o & 1 o a P (A
91.19 % A waeY mulunumqmnmauanmm %
fmmuarauldieanny (Table 2)

3. wovsamnglunasaronnuivluninasalysla-
naanasnIILtAEsasuaswannnvashlila-
waas

ynnmssnlyslawmansanluog 1, 2 was 3
al ¥ a - &

Wau MASIINANDIMITIMAT (Rssuuuiadnsiun Phy-

tagel 0.2 % mamH3gns MS 1au 2,4-D 0.5 un/a

Jqufy BA 5 an/a uazansasangusuiinga 0.7 luand

wnzannsINYBdaaslNARunnaUaI didatie: 0.1

e . o " v

s lunnauvuiuinfidoniiueoe 2 dda
' & < - w

wuihmuigsllslawsansinlueny 3 Weu dawain

iy 0.5 x 10° Tilslawsad/as Imautioasn
- . a -

Unagean 14.51 % nriuanvua 6.76 % NITRLEIL
1 L ; 1 1] ﬂ' J

ATIMUILUUINN NI T TRALLLLANIUAL AT

{Table 3)

] d A’ 1 L
atalsfeuiiadsses luduig 4 e wu

| & - X

11 Tilawisdaantueny 1 ifew uandmdzanu

Table 2. Effect of ages of leaves on yield and via-
bility of protoplast of Somkhag.

Ages of Yield of
leaves protoplasts/ Viability (%)
(month) g.fr.wt. (x 10%)
l 2.31+045 7672 £17.22
2 7.68 £ 1.08 7811 £ 15
3 1248 +2.28 91.19 £4.32
4 0.12+0.03 50.83 484

wuunn 1.5 x 107 Tuslawanad/ua f8wmawm 3 oad
Atsroutamededofians uazanInulaTaRdgege
diziioe 8 woed (Figure 1) dwmluslawaradanly
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wUsTadeTsRrowat iwunudaaddoty (luuans
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IR EUMRIANE TV TR WREINIZIREIR DALMY
Sudwdu 1.5 x 10° luslananadas
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Figure 1. Normal division of protoplast obtained
from leaves of Somkhag at 1 month after
culture with density of 3x10° /ml in MS
medium supplemented with 0.2% Phy-
tagel, 0.5 mg/l 2,4-D and 5 mg/l BA (Bar-
represents 100 (m).



1

Sengkianakarin J. Sci. Technol. Factors affecting isolation and culture of Somkhag
Vol. 22 No. 4 Oct.-Dec. 2000 416 Moosikapala, L. and Te-chato, S.

Table 3. Effect of age of leaves and culture on development of Somkhag.

Age of leaves (month)

Density of 1 9 3
protoplasts/ml - . — -
Division  Budding Division Budding Division Budding
1x10° 278+356 6.67x943 11.72+4.53 589+046 1451149 676059
2x 10° 414+3.18 871823 1023+£545 2.67+0.25 1276+ 0.96 1141 +1.54
Ix 10° 583+293 393+326 8661445 1.22+0.86 947x0.13 1234456

Table 4. Effect of culture method on development of protoplasts isolated from leaves of
Somkhag at 1 month afterculture, (Culture medinm is MS supplemented with
0.5 mg/l 2,4-D and 5 mg/l BA)

Culture Time (week)
Culture methods 1 2

Division (%)  Budding (%) Division (%) Budding (%)

Thin layer (3 ml) 0
Agarose bead 0
Hanging drop 0
Semi-solid {0.2 %Phytagel) 2.8

e B ne Bl an B e}
L}

6 5.00 0

» =dead

s i . Table 5. Effect of various concentrations of 2,4-D
dothhlananadluamisiwudislu Phytagel 0.2 % anil BAsomdevelopnrentuf protoglastsof

| - o cala r

sasdunivamrvaaluslanaaaanga [uslawanad Somkhag after culture for 1 week
- I o o '
Mdndnnuasaiuing 24-48 Falue uasuiiy
vedliiFuafausnudosiniiaelseno 2-3 oo

Growth regulator Development of protoplasts

] - ol ] ~ (mg/l)
fmudomuudu 9 ludinudaed uaswamins 2,4-D BA  Division (%) Budding (%)
10 9 188 (Table 4)
0.5 1 2.5 0
e . 1.0 1 2.1 1.6
5. mavsamimunumaeIytAulanemsniawad 1.5 1 18 21
wazwannmsvedldslanaas 20 1 2.3 2.0
25 1 2.7 0

: L
PINRIABILTIAWATEF BRI IR ILMY 1.5 X

10%s wuuifadesly Phytagel 0.2 % luamrigns

MS @nsrrnuguninsigduiemisuszanmdndn . 1 un/a lﬁﬁ’wmmw‘ﬁqﬂ uaTn UL TRALLLLAN
#1891 1 fla wudiewandu 24-D 2.5 wiageqa (Table 5)

un/a Tt BA 1 wn/a deaSunmiauaeedgonn agnalsfiemnisudneedawlngidnsmesia
27% s09mNn A N 2,4-D 0.5 wun/n 1wy BA  ldawnas ussndoanaadseeiely wudluslevenss
taun/a Winaudawed 25 % watliinnsudamed  Wdnmwaseiely wasiffiies aolufine dwmdy

o - - P . - Y
wiuusnmie dumadn 2.4-D 1.5 un/a 39uiy BA  srseiuentieds 9w llslewsadiidasduainis
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] ] (.1 e - J
el wunldfimawanle 9 (fiedu

= L4
97760

S
Memanudnisluniswizirsnsasuacus-
[ 3 - . i . . B
TanarsduesdinuunnIafvluans Garcinia deilvies

Te-chato uaramie (1995a,b and ¢) TIBIMNITTNUT

umsdmuss e Suirdulmilasnirnadsdusas
sundluvaasanasosludinge  Goh uasams (1988,
1994) unz el (2533) ﬂurmn'ntmzv.ﬁ"mluuaz
dniiueadaainde 8w usttatapon dmivldtie-
wnadin Te-chato (1998) Tnosmmiuentalanass
lusenfunsvouionslunananasosfasewlsl cellu-

lase Onozuka RS 4 % 17unyU marcerozyme R-10
2 % uat petolyase Y-23 1% Wdwwmluslanaraa
geqn 5 x 10%nfwiminas uazdsgeruniauan
Tutlawaadlugauduuuniuvanavasasdizaion lml
cellulase Onozuka R-10 1 % 9784 marcerozyme
R-10 2 % l¥dwamluslanaadgeqa 2.6 x 10%
nduimiinan adwlifealunisaneiinisldenles]
cellulase Onozuka R-10 4 % 379U marcerozyme
R-10 1% Widwanllslawsadgege 1.46x 107/
dwinae aaadFie 62.13 % luemefiniliewlsd
cellulase Onozuka R-10 2 % 3InU marcerozyme
R-10 1% W mwmluslananadindifeeiuunsoilys-
TnaadAdiingegn 9119 % dmmudueule
pectolyase Y-23 ludgaisdunisusnlislawsradlu
fuuwwn seansasiun1ITIgwYay Te-chato (1997)
INENNRANE N BIETaLAI AWl R e I
Tuslawanduosieranasnini Te-chato (1998)
nurwdayIneENkenesradlaTaiely fa lu
sananauinided uasosdsznaurosunanyial
upnluslawaadldonn uensanid Zhang uszemz
(1998) pauniuoniusiawansdsinlusauluvaan

Table 6. Effect of growth regulators on development of protoplasts of Somkhag isolated
from leaves at 1 month of culture and culture on MS medium for 3 week

Growth regulator (mg/l) Division (%)
Budding (%)
dicamba BA NAA 2cells 3celis dcells Scells 10 cells
0.5 1.0 0 9.50 - 2.74 3.13 2.44 2.86
0.5 2.0 0 8.80 - 5.05 2.22 - 1.82
0.5 30 0 10.38 = 2.29 1.52 - 6.25
1.0 1.0 0 7.14 - 4.54 5 = 4.08
1.0 2.0 0 5.85 270 259 - - 4.68
1.0 3.0 4] 7.11 - 34 - - 0
0 1.0 0.5 7.25 = 4.55 - - 0
0 2.0 0.5 58 = 2.78 - = 0
0 3.0 0.5 B.69 - 3.77 - J 6.48
0 1.0 1.0 11.02 = 3.28 - - 0
0 2.0 1.0 93 - 0 - - 6.67
0 3.0 1.0 8.82 - 2.83 - - 3.13

- Nothing occurred
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Isolation and Culture of Mesophyll Protoplast of Garcinia spp.

Sompong Te-chato, Ludawan Musigapala and Mongkol Lim

Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, 90112 Songkhla

Abstract

Young leaves of three species in Garcinia mangostana Linn. (mangosteen), G. atroviridis
Griff. (somkhag) and G. speciosa Wall. (pawa) were stripped and digested enzymatically. Isolated
protoplasts were cultured in various phytochormone-containing media. The results showed that 1%
cellulase Onozuka R10 and 2% macerozyme R10 yielded the highest number of protoplasts (2.6x1061g
fresh weight). In case of mangosteen and pawa, pectolyase Y-23 at concentration of 0.1% and the
higher- concentration of cellulase (3-4%) were required to produce high yields of protoplasts of
mangosteen (2.5x105/g fresh weight) and pawa (1.4x106/g fresh weight). The highest frequency of
protoplast division (34%) and earliest time for the first division (2 days) and macro-colony formation
(3 weeks) was found in somkhag. For development of protoplasts of mangosteen and pawa, a period
for the first division was 4-6 days after culture. So far, only first division was obtained both in
mangosteen {2%) and pawa (6%) after 4weeks of culture. Further development of the protoplasts did
not occur. 2,4-D in combination with BA promoted division of protoplasts of somkhag and pawa

while TDZ and BA (only two cytokinins) promoted division of mangosteen protoplasts.

Keywords : mesophyll protoplast, Garcinia spp., somkhag, mangosteen, pawa



Introduction

Garcinia spp. belongs to the fa.r.nﬂy Guttiferae including some economically important
species e.g. G. mangostana Linn. (mangosteen), Garcinia atroviridis Griff. (somkhag), G. speciosa
Wall. (pawa), G. cowa Roxb.(chamuang) and G. dulcis Kurz (mapood) etc. The trees can grow well
under humid conditions and are generally found at the same place as commercially grown
mangosteen. These species are distributed widely in the three southemmost provinces of Thailand,
Yala, Pattani and Narathiwat. Small numbers are found scattered in other provinces, e.g. Songkhla,

Satun, Nakhon Si Thamimarat. All non-commercial species in this family are grown as backyard
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plants. They also grow well in their natural habitats. Fruits of mangosteen are used for domestic
consumption and exported nationally and internationally while both fresh and dried fruits of somkhag
are used for cooking. The fruits of somkhag contain an important chemical, hydroxy citric acid
(HCA). This chemical can convert saturated fatty acid into unsaturated fatty acid. Pawa fruits can be
used for making flavour.

Generally, pawa plants are most tolerant to drought stress, followed by somkhag and
mangosteen, repsctviely. Mass propagation of mangosteen by grafting mangosteen scions on
rootstocks of the other two species to produce drought tolerant mangosteen is unlikely successful as
incompatibility between scions and rootstocks occurs . To transfer drought tolerant traits from tolerant
species to xhangosteen using protoplast fusion technology could be feasible. Recently, success in tissue
culture of these species has been reported (Te-chato, 1997; Suraninphong and Te-chato, 1998; Te-
chato ez al, 1995b). Steps in the culture was clearly elucidated (Te-chato and Lim, 1996; Te-chato et
al, 1995a,b,c). Regeneration of protoplasts and fused protoplasts is possible.

Protoplasts are obtained when cell walls of cells have been digested mechanically or
enzymically. They are isolated from various sources of explants. The two most common sources
providing large amount of viable protoplast are léaves and suspension, especially, embryogenic
suspension. Many perennial fruit crops, such as Citrus (Ling et al, 1990), Japanese persimmon
(Tamura et al., 1995) have been successfully propagated through protoplasts. In some plants, e.g. il
palm, zygotic embryo was the best explant for generating large number of protoplasts (9x10°/mI)
(Sekak er al.,, 1985). Moreover, protoplasts are a wonderful tool for crop improvement including
production of dodecaploid Japanese persimmon plants by colchicine treatment (Tamura et al., 1996).
In addition, fusion of protoplasts by electroporation produced commercial hybrid varieties in Japanese
persimmon (Tamura er af., 1995). In some Citrus species, protoplast technology has also offered a
great potential in improving some horticultural values such as disease or drought tolerance, etc. (Deng
et al., 1992; Grosser, 1991). Prior to the usé of protoplasts as a tool for crop improveme_m, it is of great

importance to know how to isolate and culture mesophyll protoplasts of Garcinia spp.
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Materials and Methods

Plant material: Seeds of somkhag and pawa were excised and then seed coat and vascular
tissue removed. The seeds were surface-sterilized by 20% clorox solution for 20 minutes, followed by
successive washing for three times with sterile distilled water. The seeds were then sown on
Murashige and Skoog (MS) medium containing 3% sucrose and 5 mg/l benzyl adenine (BA). After a
month of culture, shoot tips with one node were dissected and micropropagated on micropropagation
medium, a woody plant medium (WPM) supplemented with 3% sucrose, 500 mg/l
polyvinylpyrroridone (PVP), 0.1 mg! BA and 0.1 mg/ thiourea (TU). Two to four weeks after
culture, half strength liquid MS containing 500 mg/l PVP, 0.06 mg/l Ol-naphthaleneacetic acid
(NAA}, 0.03 mg/t BA was added and the tissues cultured for a further 2-4 weeks. The leaves from
multiple shoots were cut off and used as plant materials for protoplast isolation and culture. In the case
of mangosteen, plantlets from cultured leaves maintained in two phase medium were used. In this
case, BA in overlay medium was replaced with thidiazuron (TDZ) at the same concentration. Purple

leaves obtained in two-phase medium were excised and used as leaf explant for protoplast isolation,

Preparation of enzyme solution: In this experiment, cellulase Onozuka R10 and RS were
used in combination with macerozyme R10 at various concentrations. In some experiments pectolyase
Y-23 at various concentrations was added. For all combinations, enzymes were dissolved in 0.7M
mannitol in the presence of major and minor salts of MS and 3mM 2-(morpholino)ethanesulfonic acid
(MES). The pH cf the solution was adjusted to 5.7 by 0.1N KOH. Sterilization of the enzyme solution

was carried out by passing through sterilized Millipore filter of pore size 0.45 LL.

Protoplast isolation: One gram leaf tissue was stripped and incubated in 6x1.5cm Petri-plate
containing 10 ml of various enzyme combinations. Incubation was carried out under dim illumination
on a shaker which was shaken at 50 rpm for 4 hours. At the end of the incubation period, the mixture
of enzyme solution and leaf protoplasts was passed through a nylon mesh with pore size 771 and
centrifuged at 800 rpm for 3 minutes. Supematant (enzyme solution above the pellet) was discarded
and the pellet was resuspended in 5 ml of washing solution composed of 0.7M mannitol, major and
minor salts of MS. Crude protoplast suspension together with debris was then floated on 5 ml of 21%
sucrose acting as purified solution. The two-phase solution was again centrifuged at 1,000 rpm for §

minutes. Complete protoplasts at the mid phase between sucrose and mannitol were collected by
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Pasteur Pipette and transferred to a new centrifuge tube. The protoplasts were washed two times with
washing solution and washed once with culture medium. They were then counted and the density

adjusted to culture in various methods.

Protoplast culture: Afer adjusting protoplasts to the desired density, they were cultured in
6x1.5cm Petri-plates containing various types of culture media and plant growth regulators. They were
then maintained in the dark at 26°C. After 21 days of culture, one ml of fresh liquid medium

containing 0.35M mannitol was added and cultured under the same conditions for 2-3 weeks.
Result

Effect of various combinations of enzymes on yield of protoplasts

Cellulase Onozuka R10 at low concentration of 1% in combination with 1.5 to 2.0%
macerozyme R10 was enough to macerate leaf tissue and release mesophyll protoplasts of somkhag
(Table 1). Increase in concentration of the cellulase from 1% to 2% did not release a large number of
protoplasts whereas macerozyme R10 at higher concentration significantly increased yields of
protoplasts. However, 1% cellulase Onozuka R10 in combination with 2% macerozyme R10 gave the
highest yield of protoplasts. Pectoylase Y-23 did not give protoplasts of somkhag. An addition of this
enzyme to those mixture of enzyme solution gave yield of protoplasts less than lOs/g fresh weight. For
‘protoplast isolation of mangosteen and pawa, it was clear that all combinations of cellulase and
macerozyme in the absence of pectolyase Y-23 did not release protoplasts. An addition of pectolyase
Y-23 at low concentration from 0.1 to 0.5% increased yields of protoplasts. Yields of protoplasts
from leaves of pawa and mangosteen from this combination of enzyme (2% cellulase Onozuka R10,
1% macerozyme R10 and 0.1% pectolyase Y-23) was the highest, 1.4x10"and 2.5x105/g fresh weight,
respectively (Table 1). Increasing concentration of cellulase RS from 2 to 4 and pectolyase Y-23 from
0.1 to 1% gave less protoplasts (leoqu fresh weight) than did cellulase R10 (2.5x105/g fresh weight).
Concentration of those enzymes }ﬁgher than the above concentrations did not give protoplasts
(Table 1).

There were different size of mesophyll protoplasts from leaves of various species. The
protoplasts of somkhag were the biggest (50 L), followed by mangosteen (40 M) and pawa (20 LL),
respectively (Table 2). Protoplasts of somkhag and pawa contain mainly chloroplast while mangosteen
protoplasts were of two distinct types, anthocyanin-containing and chlorophyli-containing protoplasts

(Table 2) and a number of anthocyanin-containing protoplasts was lower.
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Effect of plant growth regulators on development of protoplasts.

Types of auxin used in culture of protoplasts played a significant role on division of
protoplasts of somkhag. A low concentration of NAA at 0.5 mg/l in combination with BA at all
concentrations ranging from 0.5 to 5.0 mg/] promoted division of the protoplasts (Table 3). NAA at
concentration of 1.0 mg/l in combination with BA at concentration higher than 0.5 mg/l had an
inhibitory effect on division of protoplasts. There was no division of protoplasts from those
combinations of NAA with BA. Different results were obtained when auxin in the form of 2,4-D was
applied. 2,4-D resulted in greater percentage of protoplastdivision than did NAA at day 7. Optimum
concentrations of 2,4-D and BA were 0.5 and 5.0 mg/l, respectively (Table 3). In the medium
containing 2,4-D, the first division of protoplasts was observed on day 2 of culture. After culture for 3
days, division of protoplasts was 2% and this greatly increased to 34.5% after one week of culture
(Table 3). A high concentration of 2,4-D and BA, division of protoplasts still occurred but percent of
division was lower than that at low concentrations.

Division of mesophyll protoplasts of mangosteen cultured in liquid MS medium
supplemented with 0.5mg/l BA in combination with 0.5mg/l TDZ was better than that in MS with BA
and NAA.. Protoplasts lost their globular shape after culture in that medium for 2-3 days. At 4 days of
culture first division of some of the protoplast was observed. Percentage of protoplast division in BA
and TDZ containing medium was 1-2% while BA and NAA containing medium gave only 0.1-0.5%
(Table 4). In the case of culturing mesophyll protoplasts of mangosteen, it was observed that
protoplast division occurred mainly in anthocyanin-containing protoplasts. Division of normaj
protoplasts was also observed but the division took longer time than did anthocyanin-containing
protoplasts. After anthocyanin containing protoplasts started to divide, anthocyanin was gradually
degraded. After first division, anthocyanin completely disappeared.

For culturing of mesophyll protoplasts of pawa, first division was observed after 4-6 days of
culture (7.4%). Protoplasts were embeded in MS medium supplemented with 0.5 mg/l 2,4-D and 1
mg/l BA. After two weeks of culture, protoplasts burst oﬁt leading to s release of chloroplasts and a
decrease in number of divided protoplasts (6%). However, at week 4 after culture all protoplasts died

completely and there was no further development into micro and macro-colony.
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The development of three different species of Garcinia in this study was quite different in
both time-consume and stage of development. Protoplasts of somkhag divided most rapidly (1-2 days
after culture) and could undergo division to produce macro-colony (>50 cells) within 3-4 weeks while

protoplasts of mangosteen and pawa could divide only 2-4 cells (Table 5, Figure 1).
Discussion

Tissue culture of Garcinia spp. has been developed for at least five years. Most of the
techniques focused on micro-propagation using culturing seeds and young leaves have been limited to
commercial varieties, i. €. mangosteen. The other wild types of these species have received less
attention. However, for future variety improvement of mangosteen by biotechnological methods, it is
inevitable that germplasm from wild species would be explored. Even though many researchers have
been interested in mangosteen, there were no reporis on callus and cell suspension cultures, thus
hindering the varietal improvement of this fruit tree using cell culture. Raj Bhansali et al. (1991)
reported success in cell suspension culture from immature cotyledon of peach, This success opened a
wide scope for improvement of the fruit tree by biotechnological methods. For example, protoplast
isolation, culture and fusion to produce somatic hybrid have been successful in Citrus spp (Grosser,
1991; Deng et al., 1992). So far, many workers reported success in protoplast isolation and culture
producing plantlets in citrus (Hidaka and Kajiura, 1988; Kobayashi et al., 1989; Vardi et al., 1975;
Vardi et al., 1982). In addition to citrus, there are also reports on protoplast isolation and culture in
Prunus, Pyrus and Diospyros. Sources of protoplasts vary from species to species. In the case of
satsuma, embryogenic callus from nucellar embryo proved to be the best source (Ling ef al., 1990).
However, leaves are a good source of protoplasts, especially when somatic cell fusion is employed. In
case of Garcinia, so far, leaves appear to be a good source for protoplast isolation. Texture and
components of leaves in each species of the same genus are quite different leading to a high degree of
difficulty on protoplast isolation. Mangosteen leaves are very tough and composed of a large quantity
of yellow gum in compartson with somkhag and pawa leaves. Isolation of protoplasts from the leaves
required a long time and a high concentration of enzyme components, especially pectolyase Y-23
(Table 1). The results obtained in mangosteen differed greatly from that in somkhag and pawa. A large
number of protoplasts of somkhag (2x10° protoplasts/g fresh weight) and pawa (1.4x10° protoplasts/g
fresh weight) was isolated from young leaves and cultured in vitro. However, development of the

protoplasts of somkhag occurred first (Table 5). New wall formation was observed within one day



-104 -

(24 hour) of culture, followed by first division 24 hour later. In suitable culture medium protoplasts
can undergo division to form multi-cellular or macro-colonies at 21 days of culture. However, there
was no formation of callus. From the observation on culture, it was clear that the longer the time of
culture, the larger the volume of vacuole. This phenomenon is generally observed in culturing

protoplasts of perennial tree.

A higher percentage division of mesophyll protoplasts of mangosteen was obtained in the
medium supplemented with only BA and TDZ. BA in combination with NAA resulted in a lower
percentage of protoplast division (Table 4). The research finding suppotrs previous work that culture
of young leaves could be developed into shoots and meristematic nodules obtaining from the medium
containing BA or BA in combination with TDZ (Te-chato et al.,1995a, b). The phenomenon might
provide evidence that young leaves of mangosteen contain a high concentration of auxin. Addition of
¢xogenous auxin produced an inhibitory effect on both callus formation and division of protoplasts,

Anthocyanin pigment produced by epidermal cells was reported to promote cell division
leading to callus formation from culturing young purple leaves of mangosteen (Te-chato er al, 1995¢),
Protoplasts containing anthocyanin pigment started to divide earlier than did non-anthocyanin
protoplasts. From this finding, if modified culture medium was supplied in larger quantity to purple
leaves, the protoplasts isolated form the leaves would then divide and subsequently lead to callus
formation. In grape vine cell suspension culture, concentration of sucrose in the medium played an
important role in anthocyanin formation. The higher concentration, the higher the number of
anthocyanin containing cells. {Decendit and Merillon, 1996). This seems to contrast to our studies in
mangosteen. We found that TDZ promoted formation of anthocyanin in the epidermal cell (Te-chato
et al,1995c). However, protoplast isolation in this experiment is only a preliminary study. Further
experiments on culturing methods, especially embedding technique and concentrations of
phytohormones should be undertaken, Moreover, preventing of phenolic compound production by

protoplasts using anti-oxidant, e.g. polyvinylpyrroridone or activated charcoal, should be considered.

Acknowledgement

This research is a part of project, isolation and cuiture protoplasts of Citrus and
Garcinia, sponsored by annual budget. The authors wish to thank Faculty of
Graduate School, Prince of Songkla University, Hat Yai, fo finacial support to

master degree student during doing her thesis.



- 105 -

References

Decendit, A. and Merillon, 1.M. 1996. Condensed tannin and anthocayanin production in Fitis vinifera
cell suspension cultures. Plant Cell Reports 15:762-765.

Deng, X.X., Grosser, JW. and Gmitter Jr, F.G. 1992. Intergeneric somatic hybrid plants from
protoplasts fusion of Fortunella crassifolia cultivar Meiwa with Citrus sinensis cultivar

~ Valencia. Scientia Horticulturae 49:55-62.

Grosser, I.W. 1991. Hybrid rootstocks from cell fusion offer great potential. Citrus Industry 41-42.

Hidaka, T. and Kajiura, 1. 1988 Plantlet differentiation from callus protoplast induced from citrus
embryo. Scientia Horticulturae 34:85-92,

Kobayashi, S. and Ohgawara, T. 1988. Production of somatic hybrid plants through protoplast fusion

in citrus. J. Agr. Rev. Quart. 22:181-188.

Ling, J.,, Nito, N., Iwamasa, M. and Kunitake, H. 1990, Plant regeneration from protoplast isolated
from embryogenic callus of satsuma. HortScience 25:970-972.

Suraninphong, P. and Te-chato, S. 1998. Root induction from in vitre regenerated shoot of somkhaek
(Garcinia atroviridis). Khon Kaen Agric. 26:74-84.

Raj Bhansali, R., Driver, J. and Durzan, D.J. 1991, Somatic embryogenesis in cell suspension cultures
of Prunus persica (L.). I. of Hort, Sci. 66:601-605.

Sekak, M.A., Hassan, A.H. and Noor, M.R. 1985. Research note on oil palm protoplasts culture.
Parim Bulletin 14:1-4,

Tamura, M., Tao, R. and Sugiura, A. 1995. Regeneration of somatic hybrid from electrofused
protoplasts of Japanese persimmon (Diospyros kaki 1.). Plant Science 108:101-107.

Tamura, M., Tao, R. and Sugiura, A. 1996. Production of dodecaploid plants of Japanese persimmon
(Diospyros kaki L.) by colchicine treatment protoplasts. Plant Cell Reports 15:470-473.
Te-chato,-S. 1997. Tissue culture of mangosteen (Garcinia mangostana L.), pawa (Garcinia speciosa

Wall.) and somkhag (Garcinia atroviridis Griff.). Songklanakarin J, Sci. Technol. 19:147-155.
Te-chato, S. and Lim, M. 1996. Micropropagation of mangosteen through young leaf culture. The
13th Conference on Methodological Techniques in Biological Sciences. 19-20 June, Central
Laboratory and Greenhouse Complex, KURDI, Kasetsart University, Kamphaengsaen
Campus, Nakhon Pathom,
Te-chato, S., Lim, M. and Suranilpong, P. 1995a, Embryogenic callus induction in mangosteen

(Garcinia mangostana L.). Songklanakarin J. Sci. Technol. 17:115-120.



- 106 -

Te-chato, S., Lim, M. and Suranilpong, P. 1995b. Plantlet formation from leaf-derived embryogenic
callus of mangosteen. Songklanakarin J.Sci. Technol. 17:129-13s,
Te-chato, S., Lim, M. and Suranilpong, P. 1995¢. Type of medium and cytokinin in relation with

purple leaf and callus formation in mangosteen. Songklanakarin J. Sci, Technol. 17:121-127.

Vardi, A., Spiegel-Roy, P. and Galun, E. 1975. Citrus cell culture: Isolation of protoplasts, plating
densities, effect of mutagenes and regeneration of embryos. Plant Science Letters 4:231- -236.
Vardi, A., Spiegel-Roy, P. and Galun, E. 1982. Plant regeneration from citrus protoplasts: Variability

in methodological requirements among cultivars and species. Theor. Applied Genet. 62- 171-

176.



-107 -

Table 1 Effect of various enzyme combinations on yield of mesophyll protoplasts from varnious

species of Garcinia.

Enzyme(%) Yield of protoplasts
Cellulase Cellulase Macerozyme Pectolyase mangosteen somkhag pawa
RS R10 R10 Y23
. I 1 - 0 1.45x10° 0
- 1 1.5 = 0 2x10° 0
- 1 2 - 0 2.6x10° 0
- 2 1 - 0 9x10° 0
- 2 1 0.1 0 1x10° 1.4x10°
. 2 1.5 - 0 9.5x10’ 0
- . 2 3 - 0 2.4x10° 0
- 3 1 0.1 2,5x10° 2.5x10" 3.6x10°
- 4 i 0.1 1.9x10° 4.5x10" ne
2 s 2 0.5 1x10° 0 0
4 - 2 1 5x10° 0 0

ne=no experiment

Table 2 General apparent of mesophyll protoplasts isolated from somkhag, mangosteen and pawa.

Plant Species Size (L) Color
somkhag (G. atroviridis) sots green
mangosteen (G. mangostana) 4015 green and purple

pawa (G. speciosa) 2012 preen
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Table 3 Effect of 2,4-D, NAA and BA at various concentrations on division of protoplasts of

somkhage.
Plant growth regulators Protoplast division (%)

NAA (mg/1) BA (mg/) day 7 day 14

0.5 0.5 1.0 6.5
1.0 35 8.5
30 1.5 6.5
5.0 5.5 - 10.5

1.0 0.5 275 7.5
1.0 0 0
3.0 0 : ]
5.0 0 0

2,4-D (mg/l) BA (mg/)

0.5 0.5 27.7 nd
1.0 225 nd
3.0 26.0 nd
5.0 345 nd

1.0 0.5 10.4 nd
1.0 17.3 nd
3.0 17.3 nd
5.0 17.3 nd

nd=not determine

Table 4 Effect of phytohormones on division of protoplasts of mangosteen.

BA TDZ NAA Protoplast division(%)
0.5 0.5 - ++4+ (1-2%)
0.5 [#] 0.1 +{0.1-0.5%)

+++: fairly good division, +: poor division
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Table 5 Time-consumed and developmental stage of mesophyll protoplasts of somkhag,

mangosteen and pawa.

Plant species Time-consume for Stage of final
first division (day) development

Somkhag (G. atraviridis) 1 macrocolony

mangosteen (G. mangostana) 4 2-4 cells

pawa (G. speciosa) 6 2-4 cells




Figure 1
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Development of protoplasts of Garcinia spp. after culture for diffeent period of times.

(Bar = 50}1)

A: Fresh isolated protoplast of mangosteen.

B: First division of mangosteen protoplast after culture for 4-6 days.
C: First division of somkhag protoplast after 2 days of culture.

D: Second division of somkhag protoplast after 3 days of culture.

E: Macro-colony formation from protoplast of somkhag after 3 week of culture.



1-5

The isolation, culture and division of protoplasts
from Shogun leaves

Sompong Te-chato'and Schlida Sriphakdi’

Abstract
Te-chato, . and Sriphakdi, S.
The isolation, cuiture and division of protoplasts from Shogun leaves
Songklanakarin J. Sci. Technol., 2000, 22(2) : 143-151

High vields (6.6 x 10" to 1.1x10* protoplasts/g.f.wt.) of isolated protoplasts were obtained from seedling
leaves of Citrus sinensis Blanco cv. "Shogun”. Kinds and cencentrations of enzyme, pH, physiological ages of
the Jeaves, period of incubation and sources of leaves were important in obtaining high viability of prepara-
tions as determined by FDA fluorescence. Seedling leaves at 35 days after emerging or germination incubated
in a mixture of enzyme solution composed of 1.5% cellulase (from Tricitoderma viride) and 1.5% macerozyme
R-10 dissolved in 0.7 M mannitol and adjusted pH 5.6 for 3-5 hours gave the highest yield and viability of
protoplasts. The cullure of mesophyll protoplasts in thin layer of liquid MS medium supplemented with § mg/
1 a-naphthaleneacetic acid (NAA) and 1 mg/l BA (adjusted osmoticum to 0.7M) under dark conditions at 25
£ 2 °C at densities of 2x10°/ml promoted the highest division and microcelony formation (ca.8-10 cells) at
approximately 4%. Adding malt extract to the medium did not improve plating efficiency of the protoplast.

Key words : protoplast isolation, Shogun, plating efficiency
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The successful utilisation of protoplasts
in research depends upon the ability to isolate
large numbers of viable protoplasts. An important
factor affecting yield and viability is the first step
toward this goal. Physiological age of the leaves
and concentrations and pH of the enzymes are
important parameters affecting protoplast yields
and viability. In the case of citrus, the successful
in isolation and culture of protoplasts has been
reported in nucellar callus and embryogenic
suspension (Wenbin and Zhenghua, 1983; Hidaka
and Kajiura, 1988; Ling er al., 1989, Ling et al.,
1990; Kunitake et @/.,1991; Jumin and Nito, 1995;
Spiegel-Roy and Vardi, 1984} while mesophyll
protoplasts can be isolated at high yield but suc-
cessful culture is still limited {Grosser and Chan-
dler, 1987). However, cotyledons of Valencia
were reported to be the best potential source of
protoplasts to achieve high plating efficiency
with inherent potential for the regeneration of
adventitious organs (Burger and Hackett, 1982).

Plating density has been found to be im-
portant in other protoplast systems (Durand.

1979; Nagata and Takebe, 1970, Nehls, 1978:
Power er al.,1976). Malt extract has also been
reported 1o increase organogenic events in citrus
tissue cultures (Kochba and Spiegel-Roy, 1973).
In this experiment, we explored factors required
for isolating a large number of viable protoplasts
and culture methods necessary to achieve high
plating efficiency of citrus seedling leaves.

Materials and Methods

Seeds from the fruit of Cirrus reticulata
Blanco cv. Shogun were used in all experiments.
Mature fruit was harvested and the seeds were
excised immediately, rinsed under tap water
for 15 min and surface sterilised by initial 70%
alcohol for 30 sec followed by 1% sodium hypo-
chlorite for 30 min. The seeds were then sown
onto hormone-free Murashige and Skoog (MS)
{1962) medium. After germination and initial
growth phase, seedling leaves were excised and
used for protoplast isolation.
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Protoplast isclation

The seedling leaves at 35 to 70 days were
excised, weighed, sliced into small pieces (less
than 2x2 mm) and placed in 60x15 mm plastic
Petri-dishes containing 10 ml of various concen-
trations of cellulase and macerozyme. The Petri-
dish containing the leaf pieces and enzyme
solution was sealed with Parafilm and rotated at
ca. 40 rpm in the dark on a rotary shaker for
3-5 hours. The resulting solution was then passed
through a 77-pm nylon mesh to separate protoplasts
from cell debris and aggregates. The filtrate con-
taining intact protoplasts was centrifuged at ca.
800 rpm for 3 min. The supernatant was discarded
and the pellet was resuspended in 6 ml of MS
culture medium. This washing sequence was re-
peated twice. The final protoplast suspension was
purified by floating on 21% sucrose. The complete
protoplasts at mid-phase were collected and
brought to a known volume and aliquots were
taken to measure protoplast yield and viability.
The protoplasts were cultured in various methods.

Yield and viability determination

Protoplast counts were made with a he-
macytometer.  Viability was assessed using
fiuorescein diacetate (FDA) as a test of membrane
integrity and internal diesterase activity., After
S5 min in 0.01% (w/v) FDA in culture medium,
protoplasts were observed under ultraviolet light
using a fluorescein microscope. The percent
viability was calculated as the number of proto-
plasts fluorescing green per total number of
intact protoplasts x 100.

Determination of optimum enzyme concentra-
tions and pH

A completely randomized design was de-
signcd with cellulase at concentrations of 1.5
and 2% and macerozyme at concentrations of 0.5,
land 1.5%. The osmoticum of all the enzyme
combinations were adjusted to 0.7 M by mannitol.
Leaf segments were exposed to all treatments
for a total of 3 hours. Yield and viability measure-
ments were taken at the end of incubation period.

Each pH level (5.4. 5.6, 5.8 and 6.2) tested

was used for both yield and viability of the
protoplasts. Enzyme concentrations used for
isolation were 1.5% celilulase and 1.5% mace-
rozyme R-10.

Plant growth regulators and malt extract
effects on dividing protoplasts

Protoplasts were cultured in a thin layer
MS medium containing various kinds and con-
centrations of auxins, cytokinins and gibberellin
(GA)). In the case of malt extract, it was added
alone in MT medium or in combination with
GA,. The number of dividing protoplasts was
determined by microscopic observation in all
cultures.

Methods of culturing and optimum plating
density

Three different methods of culturing pro-
toplasts were carried out. These methods were
thin layer and embedding in 0.6% agarose and
0.15% Phytagel. Plating efficiency, the percentage
of isolated protoplasts undergoing division, was
estimated after three weeks in culture. At the
time of plating, random fields of protoplasts in
agar were marked by etching a circle 1.2 mm in
diameter around the area of interest on the plastic
petri dish. The number of protoplasts in each field
was counted. After three weeks, the number of
dividing protoplasts in each field was determined.
The plating efficiency was calculated as the number
of dividing protoplasts divided by the number of
protoplasts plated x 100. The isolated protoplasts.
more than 80% viable, were cultured at densities
ranging from 1x10°/ml to 6x10° in thin layer of ca.
2 ml of MS liquid medium supplemented with 5
mg/l NAA and | mg/l BA. The osmoticumn of the
medium was adjusted by mannitol 10 0.7 M.

Physiological ages and time of incubation effects
on released protoplasts

Seedling leaves at different ages {30. 35,
45 and 70 days after germination) were collected
separately. The leaves were stripped into small
pieces and incubated in 1.5% cellulase and 1.5%
macerozyme R-10 and this osmoticumn adjusted
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by mannitol to 0.7M. After incubation under
dark conditions on a rotary shaker at 40 rpm at
27+2°C for 3 hours, protoplasts from each age
were isolated and their number and viability
were compared statistically. In the case of time
of incubation, 35-day old leaves were incubated
by those combinations of enzyme in the same
method as mentioned above. The incubation was
carried out with two different times, 3 and 5 hours.
At the end of the incubation periods, the number
and viability of protoplasts were compared.

Results and Discussion

Determination of optimum enzyme concentra-
tions and pH

Cellulase at 1.5% and macerozyme R-10
1.5% was the best combination for high yield
and viability (Table 1). Effects of enzyme concen-
trations on yield and viability were different. As
the concentration of enzymes increased, neither
yield nor viability of the protoplasts increased.
The critica} cellulase concentration with regard
to viability was 1.5%. Concentrations higher than
this were particularly detrimental to both proto-

Table 1. Effect of various combinations of cellulase
and macerozyme on yield and viability of
protoplasts isolated from seedling leaves
of Shogun at 45 days after germination.
(the osmoticum of all combinations of the
enzyme was adjusted by mannitol to

0.7M)
Number of .
Cellulase Macerozyme protoplasts Viability
(%) (%) x10%gfrwty (%)
1.5 15 66a 83b6a
20 0.5 5.0a g82.1a
2.0 1.0 54a 6921
20 1.5 32a 7030
I-test % 2
CV.(%) 37.2 17.1

Means in the column separated by Duncan’s New Multi-
ple Range Test (IDMRT)

plast yield and viability. Higher concentrations
of the two enzymes caused loss of viability and
lower concentrations did not liberate sufficient
numbers of protoplasts. Commercial enzymes
used in the present study might be composed of
impure substances, e.g. protease and nuclease.
These substances may affect membrane integrity
and internal diesterase activity such as reported
by Burger and Huckett (1982). However. in their
study, Cellulysin was used but the result was
nearly the same as the present study in terms of
yield or number of the protoplasts.

The pH of the enzyme solution also played a
significant role in release of protoplasts.
The optimum level of pH in this study was 5.6.
At this level large numbers of protoplsts of
1.1x10" /g.fr.wt. and viability of about 80% were
obtained, significantly greater than the others
levels (Figure 1). Increasing the pH to 62
produced a harmful effect on both yield and
viability of the protoplasts. The effect of pH on
isolation of protoplasts has not been widely
studied but it is related to H' and OH' released
to enzyme solutions leading to integrity and
activity of diesterase in internal protplasis.

z
g

—_ Lot
=] (¥
It
T

Number of protoplasts (x10 sJ’g.t'r.wt.) =
o
¥ 8 & 8 &8 & & %8
Viabllity of protoplasts (%) —0--

a

=

5.4 5.6 58 6 6.2

pH values

Figure 1 Effect of pH values of the enzymes on
yield and viability of protoplasts iso-
lated from 30-day old seedling leaves
of Shogun.
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Contrary results were obtained in the case of
lulo (ma-uk) in which high pH (6.2) provided
a high number of released protoplasts (Te-chato,
1988). However, the effect of pH on yield and
viability of protoplasts was reported to depend
upon plant species. Isclation of some orchid
leaves, namely Aranda, needed a very low level of
pH at 4 (Thongsidum, 1993). In general, pH used
for isolation of plant protoplasts might be adjusted
to the same pH as the culture medium.

Physiological ages and time of incubation
effects on released protoplasts

Thirty five day-old seedling leaves provided
the best result in both yield and viability of
protoplasts, significantly different from the older
leaves (Figure 2). The number of protoplasts
obtained from 70-day old seedling leaves was
1/2 that of 35-day old seedling leaves. Generally,
older leaves accumulate lignin and suberin or
more complex pectin substances that make them
very difficult to macerate and digest by mace-
rozyme and wall digest enzymes, respectively.
This variation in the number of protoplasts
was also reported to depend upon leal ages
and conditions (Grosser and Chandler, 1987).

- — o

9 //\\ + 80
X .
- N

B — 60
. v = 50
s » L
. T
. 'j 20
% 10
i i = : o
b3 4 7

Ml H

%

Number of protaplasts (10 /e Teowe)

L

Viahility of protoplasts (%) —a—

13

e}

Phvsindngical ages of seedling foaves

Figure 2 Effect of physiological ages of seedling
leaves of Shogun on vields and viabi-
lity of protoplasts.

Increasing the time of incubation to 5 hours
increased the number of protoplasts significant-
ly to 4.5x10"/g.fr.wt. the number at 3 hours had
been 3.7x10°/g.fr.wt.. However. the viability of
the protoplasts at longer periods of incubation
was inferior (Table 2). In this experiment, incu-
bation at 3 hours is satisfactory for both yield and
viability of the protoplasts. Burger and Hackett
(1982) reported a high yield and viability of
protoplasts isolated from cotyledon of Valecia
after incubation under dark conditions for 120-
200 min (2-3.3 hours). In many plant species. 1t
was reported that incubating overnight yielded a
high number of protoplasts. However, the longer
time of incubation of the leaves in the enzyme
solution, the less viability of the protoplasts
obtained. This is because the protoplasts released
earlier were submerged in the enzyme solution
and might be damaged by the erzymes and im-
pure substances included in the enzyme solution.

Plant growth regulator and malt extract effects
on dividing protoplasts

Protoplast division was increased by in-
creasing the concentration of o-naphthaleneace-
tic acid {(NAA). The best result in division of
protoplasts of 4.3% was obtained in the medium
containing 3% sugar, 0.7M mannitol, 5 mg/l NAA

Table 2, Effect of incubation time on yield and
viability of protopiasts. Seedling leaves
at 30-60 days after germination were
incubated in 1.5% cellulase and }.5%
macerozyme R-10. Osmoticum adjusted

by mannitol to 0.7M.

Time of Yield of e
incubation protoplasts Via:;'l"-‘
(hours) (x10¥/g.fr.wt.) (%)

3 36.6b 79.2
5 453 60.0
Test E e

Means in the column separated by LSDAS
nd: not determined
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and 1 mg/l BA. However, the culture medium
containing 2 mg/l indole-1-acetic acid (IAA),
2 mg/l zeatin (ZEA) and 2 mg/l GA, also gave
a high percentage of protoplasts undergoing
division (3.2%) (Table 3). Increasing the amount
of malt extract from 200 to 600 mg/l to MT
medium did not increase the number of dividing
protoplasts. The percentage of dividing proto-
plast, never exceeded 3%. However, increasing
the malt extract to 600 mg/l slightly increased
the number of dividing protoplasts (Table 4).
Contrary to cotyledon protopiasts, supplement-
ing basal MT medium with 1000 mg/l malt extract
increased plating efficiency or the number of
protoplasts undergoing division (Burger and

Hackett, 1982). Kochba and Spiegel-Roy (1972)
reported that malt extract included undefined
substances that controlled cell wall reformation
and cell division and therefore increased proto-
plast plating efficiency.

Methods of culturing and optimum plating
density

Among three methods of culturing. a thin
layer of liquid medium provided the best result in
dividing protoplasts and prolonged integrity of
membranes for more than three weeks, whereas
the other two methods resulted in bursting of the
protoplasts after a week of culture (Figure 3).
Recently, many authors reported a high plating

Table 3. Effect of plant growth regulators contained in MS medium with osmoticum adjusted
by 0.7M mannitol used for culturing protoplasts of Shogun seedling leaves.

TAA ZEA GA, BA NAA Divided Degree of
mg/l protoplasts( %) budding

0 0 0 0 0 0] 0
0.2 0.2 20 0 1] 1.0 +
0.2 2.0 0.2 0 0 1.2 +
0.5 0.2 2.0 0 0 1.0 +
1.0 20 20 0 0 1.6 +
2.0 0.2 20 ¢ 0] 2.1 +
2.0 2.0 2.0 0 0 32 +
0 0 0 0.5 0.5 0.5 +
0 0 0 1.0 0.5 1.0 +
0 0 0 30 0.5 1.2 +
0 0 0 5.0 0.5 1.3 +
0 0 0 0.5 1.0 2.0 +
0 0 0 1.0 1.0 1.1 +
0 0 0 3.0 1.0 1.9 +
0 0 0 5.0 1.0 1.5 +
0 0 0 0.5 3.0 1.8 +
0 0 0 1.0 3.0 2.5 +
0 0 0 30 30 1.2 +
0 0 0 5.0 3.0 1.7 +
¢] 0 0 0.5 5.0 2.0 +
0 0 0] 1.0 5.0 4.3 +
0 0 0 30 5.0 3K +
0 ] {} RNE S0 13 -
0] 0 {) o EFRY Lt 0
0 6] (U 10365

1.0 (i (1

+ : degree of budding frequency ranging from .5 to 1%
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Table 4. Effect of GA, and malt extract contain-
ing MT medium used for culturing
mesophyll protoplasts isolated from
Shogun seedling leaves.

GA, Malt extract  Degree of Degree of
(mg/) {mg/) cell division budding

0 0 0 0

0 200 + +

0 400 + +

0 600 ++ +

0.1 0 0 0

0.1 200 + +

.1 400 + +

0.1 600 ++ +

+ : Degree of cell division or budding ranging from 0.5 to
1%

++: Degree of cell division or budding ranging from 1 to
3%

Te-chato. §. and Sriphakdi. S.

efficiency of protoplasts by embedding in agarose
{agarose bead or disc) even in embryogenic pro-
toplasts of 'Hamlin' sweet orange (Niedz. 1993).
However, this method did not improve plating
efficiency in citrus (Shogun) in the present study.
The maximum percentage of dividing protoplast
{(ca. 4%) was obtained at 2x10° protoplasts/m}
while cotyledon protoplasts of Valecia were ob-
tained at 1x {Q' protoplasts/mi (Burger and Hackett.
1982). In the cuse of embryogenic suspension.
Vardi er al. (1975) also found that 'Shamouti’
orange formed colonies at a culture density of
ca. 1x10". Hidaka and Kajiura ( 1988) obtained the
best plating efficiency from citrus embryogenic
suspension at a culture density ranging from Ix
10° to 1x10". So far, there has been no report of
success culturing of leaf or mesophyll protoplasts
of citrus. In this study, we could induce 8-10 cells
or a microcolony from mesophyll protoplasts of

Figure 3 Chracteristics of protoplasts cultured using three different methods.
A: Embedded in 0.6 % Seaplaque agarose, B: Embedded in §.15% Phytagel gel
and C: Thin laver of liquid MS medivm. (Bar=50um)
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Figure 4 Development of leaf-derived protoplasts of Shogun in thin layer liquid MS
mediuvm supplemented with § mg/l NAA and 1 mg/l BA and adjusted osmoticum

to 0.7M by mannitol (Bar=50um}.

A: Fresh mesophyll protoplasts B: First division (7 days of culture), C: Second
division (14 days of culture) and D: microcolony formation (8-10 cells obtained

at one month of culture),

Shogun seedling leaves. Development of the
protoplasts is shown in Figure 4. Further study
should focus on some other plant growth regu-
fators, complex addenda and modified culture
media to promote further division of the protoplasts
to develop into callus subsequent to organ regen-
eration.
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Abstract
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Factors affecting isolation of protoplasts of neck orange (Citrus reticulata Blanco)
and gene transformation by Agrobacterium
Songklanakarin J. Sci. Technol., 2000, 22(1) : 15-23

Protoplasts of the neck orange (Citrus reticulata Blanco) were isolated from various sources. One-
month-old ieaves from all sources were stripped and incubated In various combinations of enzymes for 2, 3
and 4 hours on a reciprocal shaker at 40 rpm. For transformation study, leaf protoplasts were used to co-
culture with Agrobacterium, at different periods. The results showed that leaves derived from seedling gave
the highest number of mesophyll protoplasts (3.07x107 protoplasts/g. fr. wt.). However, leaves from cultured
epicotyl gave the highest viabllity of the protoplasts of §9.19%. An optimum enzyme combination for the best
result was consisted of 1.5% Cellulase Onozuka RS, 0.1% Peciolyase Y-23 and 1.0% Macerozyme R-10 dis-
solved in 0.7 M mannitol. Incubation periods of 3 hours gave the highest yields and viablity of protoplasts of
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9.20x10° protoplasts/g fr. wt. and 81.43 %, respectively. In comparison of the first with the second pairs of
leaves, it was found that the number of viable protoplasts was not significantly different. Transformation
study showed that co-cultivation of protoplasts with Agrebacterium, LBA4404 (pBI121) for 5 minutes gave
the highest survival rate of 64 % at 72 hours of culture. However, division of protoplasts was not seen.

Key words : Citrus reticulata Blanco, citrus, protoplasts, transformation, co-culture,
Agrobacterium
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Table 1. Effect of various enzyme combinations on yield and viability of protoplasts.

Sources of Enzyme (%) Protoplasts/ Viability
protoplasts PY23 CRS MR-10 s L (%)
Cotyledons 0.1 10 2.0 3.60x10°bc 68.86
0.1 1.5 1.0 1.09x10'a 80.90
0.1 20 1.0 2.80x10°% 75.30
01 2.0 20 7.20x10% 77.50
0.1 1.5 20 1.80x10’a 68.18
Average 8.50x10° 74.15
F-test ¥ ns
C.V{%) 21.96 19.14
Seedling leaves 0.1 1.0 2.0 2.45x10° 68.45
0.1 1.5 1.0 3.07x10’ 85.86
0.1 20 1.0 3.86x10 68.53
0.1 20 20 3.36x 107 64.29
0.1 1.5 20 3.12x10’ 64.60
Average 3.17x10 70.35
F-test ns ns
C.VA(%) 32.98 12.80
Epicotyl-derived 0.1 1.5 1.0 8.48x10° 89.19

leaves

*# gignificant difference at F 0.01

ns : non significant difference

Means not having letters in common within columas differ significantly by DMRT
PY-23 = Pectolyase ¥-23, CRS = Cellulase Onozuka RS, M R-10 = Macerozyme R-10
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Figure 1. Mesophyll protoplasts derived from different sources and viability of

protoplasts from epicotyl-derived leaves.

A. Cotyledan protoplasts (X200) C. Epicotyl-derived leaf protoplasts (X300)

B. Seedling leaf protoplasts (X300) D. Viability of protoplasts from epicotyl-derived leaves (X400)

Table 2. Effect of incubation period on yield and viability of protoplasts.

Incubation period (hour) Protoplasts/g. fr. wt. % Viability
2 7.20x10° 71.7a
3 9.20x10% 8143a
4 1.52x10"a 49.22b
Average 8.37x10° 69.45
F—lest Xk &,k
CV. (%) 22.23 1395

*# gignificantly different at P 0.01

Means not having letters in common within columns differ significantly by DMRT

fdnnnninalseulainreididiugs maes (2530)
et mslfieulaidansanuduivge dokn
Winlyslanaradfidiennludainmiasas fiitu
wuiliiuwidussdvaznaunasiaulwddondnded
ienlmilysfioauazdaadiandoiiuduasodelysla
winadHRuagde at1lafianu Grosser uat Chandler
(1987) usntyslawaradanluanudasgnuasd
Citrus aurantium L. Wuanslndifueiudin Ao Severinia
buxifolia Poir. Ten. wax Poncirus trifoliata L. Rat, unz

Table 3. Effect of leaf position on yield and viability

of protoplasts.

Leaves position Protoplasts/g. fr. wt. Viability (%)

First pair 6.14 x10° 88.40
Second pair 7.50x10° 87.65
Average 6.82x10° 88.03
T-test ns ns
C.V. (%) 22.29 982

ns o

non significant difference
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Table 4. Effect of co-cultivation time of mesophyll protoplasts with
Agrobacterium on viability of protoplasts.

Co-cultivation time

% Viability of protoplasts x S.E.

Agrobacterium

(minute) 24 48 72 hours

Control 81.11+296 56.37 1031 50.83 & 1.39
LBA4404 5 78.18+395 67.57x3.05 6436+494
(pBI121) 10 7522+302 67.78+139% 63.79+245

15 67.50+379 5857+235 5649+241
Average 73.63+3.59 64.64+226 61.55x+327
LBA4404 5 7654134 49.19:x445 5003 +481
{pARKS) 10 65.52+345 52.76+442 6217263

15 7237+478 5252364 49.02=x3.11
Average 7148 £3.19 51.49£4.17 53.74 £3.31

S.E. = Standard error
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