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1.1

Micropropagation of Mangosteen Through Young Leaf Culture
Sompong Te-chato and Mongkol Lim

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

Hat Yai, Songkla 90112, Thailand

ABSTRACT

A four-step procedure was used for plant regeneration from in vitro grown

laminae (5-15 mm long) of mangosteen. Step I medium was Murashige and Skoog
...(MS) with benzyl adenine {BA) at 0.5 mg/l in combination with thidiazuron (TDZ)
s mg/l.  Step H medium was woody plant medium (WPM) with BA alone at 0.1
mg/l.  Step III medium was step 1I medium overlaid with half strength liquid MS with
0.06 naphthaleneacetic acid (NAA) and 0.03 mg/1 BA. Step IV medium was WPM
with 0.25 mg/l BA, 0.25% activated charcoal (AC) and or 5.6 mg/I phloroglucinol
(PG). Lamina explants were cultured in medium I for 3-4 weeks to induce callus and
the calluses were subcultured to the medium I for 2-3 times in order to multiplication.

Step II medium was designed to induce leaf primordia. Medium III and IV were used

to promote elongation of the shoots and induce roots, respectively.



Effects of Explant Types on Meristemati¢ Nodular Callus Formation from
Young Leaves of Mangosteen

Sempong Te-chato'

ABSTRACT

Callus induction from various types of leaf explants were investigated. All the leaf explants
were cultured on callus induction medium for 3-4 weeks, Subculture of the callus was carried out 3-4
week intervals. The results showed that whole leaf explants produced meristematic nodular calli
which could be multiplied and regenerated into plantlets. The calli arised from proximal end, midrib
and lamina in all explants. Segmented leaf explants produced friable calh that were easily dispersed
in liquid medium to establish cell suspension cultures. Most of leaf apex both in whole leaf or
segmented leaf explants provided fuzzy or lignified callus which can not be multiplied and induced
to form meristematic nodules. Stripped leaf explants also provided meristematic nodule gallus but
growth and multiplication rate were much lower than that of whole leaf explants. In casc of clonal
propagation of mangosteen through meristematic nodule callus, it is advisable to use whole leaf
cxplant.

key words : explant type, callus, mangosteen, meristematic nodule, young leaf
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Improvement of Mangosteen (Garcinia mangostana 1.} In Vitro by Gamma-Ray

Inen wanwil' woz axdes wyzln'

ABSTRACT

Callus obtzined from culturing young purple leaves of mangosteen (Garcinia mangostana L.)
were treated with gamma ray in difference doses, 0, 5, 10, 20 and 40 gy. After cultured for 3 weeks,
callus recover rate was checked.Significant decrement of recover rate was found in 20 and 40 gy
compared to control. At such dosage levels also affected stemn growth length and generated some
abnomal characters in plants (M1R1) such as two leaves apex, serrate leaves and advcntiﬁous
branches. Peroxidase enzyme was assayed to confinn genetic variation. Eventhough, no difference of
banding pattern was detected at zone 1 but more activity of peroxidase was observed in treated plants,
especiall.y 20 gy. However, banding pattern of this enzyme at zone 2 of all treated plants were
different from control indicated induce mutation could be generated .

key words : improvement, mangosteen, in vifro, gamma-ray
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4.1

_ORIGINAL ARTICLE

Recent potential in the biotechnology of mangosteen
I : Micropropagation

Sompong Te-chato

Abstract
Te-chato, S.

Recent potential in the biotechnology of mangosteen I : Micropropagation
Songklanakarin J. Sci. Technol., 1998, 20(3) : 275.284

Micropropagation of mangosteen {n vitro could be established by X types of cultures; seed, young
red leaf and callus culture. Seeds and sced segments provided a maximum number of shoot bud in Mura-
shige and Skoog (MS) or modified MS (MMS) enriched with BA (25 pM or 5 mg/l). Young purple leal
cultures provided a wide range of 2 to 40 shoots per leaf. In this case, the leaves or a cluster of shoots must
be pre-cultured in the two-phase medium which was modified for a humber of tiny shoot bud induction.
Callus cultures were established using a four-step culture procedures. First, callus was induced on callus
induction medium (CIM}, followed by induction of sheot primordia on shoot primordia induction medium
(SPIM), elongation of the shoot on shoot elongation medium (SEM) and subscquently induction of root
on rool induction medium (RIM). Nodular calli could be induced from almost all explant on benzyladenine
(BA) and thidiazuron (TDZ) containing MS medium. Callus cultures gave the most advantageous to
micropropagalion of mangosteen due to its successive proliferation and production of plantlet year round.
Moreover, it may be useful to apply in vitro technique for mangosteen improvement, especially, induction
of somaclonal variations or mutations.

Key words : mangosteen, biotechnology, micropropagation, callus culture, seed culture,
young purple leaf

M.Agr(Crop Biotechnology), Assoc. Prof., Department of Plant Science, Faculty of Natural Resnurces,
Prince of Songkla University, Hat Yai, Songkhla, 90112, Thailand.
Received 15 December 1997 Accepted 2 April 1998
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ORIGINAL ARTICLE

Recent potential in the biotechnology of mangosteen
I1 : Cultivar improvement

Sompong Te-chato

Abstract
Te-chato, S.

Recent potential in the biotechnology of mangosteen II : Cultivar improvement
Songklanakarin J. Sci. Technol., 1998, 20(3) : 285-293

Somaclonal variation obtained from culturing apomict seed of mangosteen on modified Murashige
and Skoog (MMS) medium supplemented with 25 uM benzyladenine (BA) for 8 weeks consisted three
types of phenotypic variants; chimera, malformed leaves and chlorosis. Phenotypic variation frequency of
those variants ranged from 6x10 (far chimera) to 3x10°? (for chlorosis). In the case of induced mutation,
gamma irradiation at 10 grays and 0.5% ethylmethane sulfonate (EMS) caused more than 50% decrement
of percent leal forming callus. DNA analyses of culli induced from treated and non-treated leaves by
randomly amplificd polymorphic technique (RAI'D) revealed difference polymorphisms. This confirms
radio- and chemo-sensitivity of the two different types of mutagens. The results of DNA analyses were
related with an inhibitory effect on percent leaf ferming callus.

Key words : mangosteen, biotechnology, cultivar improvement, somaclonal vartation,
RAPD

M.Agr.(Crop Biotechnology), Assoc. Prol., Department of Plant Science, Facully of Natural Resources,
Prince of Songkla University, Hat Yai, Songkhla, 90112, Thailand.
Received 15 December 1997 Accepted 2 April 1998
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Mutation Induction in Mangosteen: Response of Explants to Mutagaens
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Abstract

Young red leaves of mangosteen raising in two-phase medium and
callus were collected and treated with two different sources of mutagens.
gamma ray and ethylmethane sulfonate (EMS). After weating with both
mutagens leaves and calli were cultured onto callus induction medium for
evaluating the effect of mutagens on percent leaf forming callus and survival
percentage of callus. The results showed that an increament of EMS caused
decreasing in survival rate of calli. The concentration which inhibited 50%
growth of the calli was 0.5%. Similar result was also found in the case of leaf
forming callus. A 50% inhibition of leaf forming callus was obtained by
treating with EMS at concentration of 0.5-0.75%. In case of irradiation,
gamma ray at dose of 20 and 40 grays gave survival percentage of 84.20 and
80.80%, significant difference from that of control which gave survival
percentage of 100%. Contrary result was obtained when young red leaves were
exposed to gamma ray. Drastical decrease in leal’ forming callus was found
when leaves were irradiated with dose at higher than 10 grays. A 20 and 40
gray irradiation could inhibit callus formation from leaves absoutely while 5
and 10 gray irradiation gave leaf forming callus percentage of 50 and 10%.

The dose which inhibited 50%callus formation was 10 grays.

Keywords: Mangosteen, mutation, leaf, callus, survival rate
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Abstract

Nodular calli induced from voung red leaves raising in viire was
brought to irradiation with various doses of gamma ray and soaking in
ethylmethanesu!fenate (EMS) at various concentrations. Treated-calli were
subjected to examining cytologically and biochemically in order to determine
an optimum dose of both the mutagens. The results showed that calli irradiated |
with gamma ray at 40 grays for 2 times caused damage to epidermal cells
more than the other doses and 0.5% EMS. However. double irradiation
subsequent to application of EMS at the above concentration and period
caused the most severe damage to the cells. Peroxidase was the most effective
isozyme system for identification of mutants obtained from first regenerants.
Zymogram patterns of the enzyme extracted from both leaf and calli showed
the difference in terms of both number and density between treated- and non-
treated leaf or calli. It can conclude that 0.5-1% EMS or 5-10 gray gamma ray

could induce mutation in mangosteen.

Key words: Mutation, mangosteen, biochemical change. histological change,

mutagen
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Induction Mutation of Mangosteen by Colchicin Treatment with Shoot
Bud Cultured I Vitro
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Abstract

A cluster of mangosteen buds was treated with various concentra-
ions of colchicine ranging from 0 to 10,000 mg/l for 2 hours to 30 days in
order to induce ploidy level for varietal improvement. The result revealed
that concentration of 1,500 mg/l for 2 hours provides a non-significant
difference in mean survival of shoots but proved significant in the size of
shoot, a number of roots, leaves and leave areas. In addition, application of
500 mg/l colchicine induced chlorophyll a content, significantly higher than
other concentrations produced. Increasing dilution treatment duration to 10
hours and concentration to 3,000 to 10,000 mg/l reduced the percentage bud
forming shoot whereas chlorophyll a and total chlorophyll content increased.
In the case of treating buds with colchicine at 500, 750 and 1,500 mg/] for 30
days, it was found that average number of shoots, and the percentage of buds
forming shoots, decreased. These concentration promoted clongation of roots
but reduced the number of leaves, while producing no significant change in
chlorophyll. When concentration of colchicine was increased to 3,000, 6,000
and 10,000 mg/1, the percentage of buds forming shoots fell o 12% and
developed shoot were stunted. followed by leal dropping. A number root tip
chromosomes could not be distinguished between colchicine treatment and
control due to the very small size of it. The numbers and sizes of guard cells
varied. Treating with 750 and 1,000 mg/] colchicine for 30 days caused an
increment in the size and color of guard cells. A study on 4 systems of
1isozyme revealed that peroxidase and esterase can preliminarily distiguish

the difference between treated and non-treated plantlets.

'M.Agr. (Crop Biotechnology), Assaciate Professor, Department of Plant
Science, Faculty of Natural Resources, Prince of Songkla University, Hat
Yai, 90112, Thailand. "M.S. (Plant Science). Rescarcher at Bangkok Seed

Company.
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Micropropagation of Mangosteen Through Young Leaf Culture
Sompong Te-chato and Mongkol Lim

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

Hat Yai, Songkla 90112, Thailand

ABSTRACT

A four-step procedure was used for plant regeneration from in vitro grown

laminae (5-15 mm long) of mangosteen. Step I medium was Murashige and Skoog
...(MS) with benzyl adenine {BA) at 0.5 mg/l in combination with thidiazuron (TDZ)
s mg/l.  Step H medium was woody plant medium (WPM) with BA alone at 0.1
mg/l.  Step III medium was step 1I medium overlaid with half strength liquid MS with
0.06 naphthaleneacetic acid (NAA) and 0.03 mg/1 BA. Step IV medium was WPM
with 0.25 mg/l BA, 0.25% activated charcoal (AC) and or 5.6 mg/I phloroglucinol
(PG). Lamina explants were cultured in medium I for 3-4 weeks to induce callus and
the calluses were subcultured to the medium I for 2-3 times in order to multiplication.

Step II medium was designed to induce leaf primordia. Medium III and IV were used

to promote elongation of the shoots and induce roots, respectively.



INTRODUCTION

In vitro culture of mangosteen (Carcinia mangostana Linn.) were established
using seeds (1, 10), young leaves from in vitro (13) and field grown Scedlings and
maiure trees (2). Most of those reports described plant regeneration directly from
cultured explants. Propagation of mangosteen by formerly mentioned protocols is less
effective and leading to a' fz:lil'ure in mass propagation of the trees. Recently, there are
some reports on callus formation from young leaf culture (15). The calluses are
classified to be compact ngdulc one. Histological studies revealed that it is composed
of meristematic dome émd"ﬁ pair of leaf primordia. Origin of the nodules are from the
two main sources of cells so called epidermis and vascular bundle (13). This success

has been achieved by manipulating culture medium with thidiazuron (TDZ) (186).

55



TDZ at concentration higher than 1 pM was reported to promote callus formation,
adventitious shoots or somatic embryos in many fruit crops (5, 7, 8, 9).

So far, there has no report on plant regeneration from meristematic nodule callus
induced from any explant of mangosteen tree. This successful might be very helpful for
mass propagation in a short term and improvement of this crop by, genetic engineering
technique in the near future. In this paper, we report clear distinguish steps routinely
using in plant regeneration method for clonal propagation of mangosteen.

L4

MATERIALS AND METHODS

Plant material:

In vitro shoot cultures of mangosteen were maintained using seed and leaf
explant subcultured every 3-4 weeks. Seed—- and leaf-derived shoots were excised and
placed in half-strength liguid Murashige and Skoog (1/2MS). Culture conditions were
similar to those reported previously (15, 16). Young purple or red and green leaves

were collected from 3-6 week-old shoots and used for culture.

- Meristematic nodule callus induction and multiplication.

The leaves with size approximately 5-15 mm in length were excised and
transferred to step I medium. The medium was MS modified by supplemented with
500 mg/l polyvinylpyrrolidone (PVP), 3% sucrose, BA and TDZ at various
concentrations showed in Table 1. The medium was solidified with 0.2 Phytagel
(Sigma). Multiplication of the callus was carried out by regular subculture at 3 week-
intervals to fresh medium of the same composition supplemented with BA and TDZ at
an equal concentration of 0.5 mg/l during the initial 4 subcultures, number of nodules

was counted at the end of each subculture and multiplication rate was recorded.

Shoof bud induction:

Shoot bud induction from the callus was performed in step II medium. The
medium was woody plant medium (WPM) supplemented with 500 mg/1 PVP, 3%
sucrose, 0.39% Phytagel and BA at various concentrations. Three pieces of the callus

were transferred to 25 ml of the medium containing in medium bottle (40 x 80 mm).
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Elongation of the shoots:

The callus with tiny shoot buds which compose of meristematic dome and one
pair of leaf was transferred to step III medium. The media used in step III were step II
medium with two different quantities, 15 and 25 ml and two phaééé media. Lower
phase medium is 10 ml of step II medium and upper phase medium is 1/2MS liquid
medium supplemented with 0.06 mg/l NAA and 0.03 mg/l BA. Each cultare bottle

was contained one piece of the callus.

Root induction:

Elongated shoots of more than 10 mm (in length) were excised and subjected to
various treatments (Table 4). In case of treating, the basal cut end of shoots were
wounded. The shoots were then dipped in the solution of 1,000 mg/1 IBA which was
sterilised by filtering through Millipore membrane with pore size 0.45 pm in the dark
for 15 minutes. Each shoot was finally transferred to test tube (20 x 150 mm)
containing 10 ml of step IV medium. The medium is WPM supplemented with 0.25
mg/1 BA, 0.25% activated charcoal (AC), 5.6 mg/I phlorogiucinol (PG), 3% sucrose
and 1.0% Agar-Agar.

All the culture were maintained at 28°C under 2,000 hux iIluminatioﬁ for 16
hour photoperiod.  For callus induction and multiplication, 25 explants wérc placed in
each Petri-dish. A minimum of 5 Petri-dishes were designed to each treatment. In
case of shoot bud induction and elongation of the shoots, 3 pieces of the callus were
placed in medium cultured bottle containing 25 ml of culture medium. A minimum of
25 vessels were designed to each treatment. Data on percentage of the callus
formation, number of nodules and shoot regeneration were recorded. The data were
statistically analysed using completely randomized design (CRD) and mean among each
treatment was separated by Duncan’s Multiple Range Test (DMRT). For root
induction in step IV procedure, a hundred shoots were used to each treatment. Initially,
the cultures were maintained under darkness for 2 weeks to induce root primordia. To
promote elongation of the roots, the cultures were transferred to illuminated condition
with 2,000 lux, 16 hour photoperiod at 26°C for further 2-4 weeks. At the end of

culture period, percentage of root formation, number of root were scored.
>
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RESULTS

Meristematic nodule callus incuction and multiplication:

All concentrations of BA and TDZ tested in this experiment could provide
men’sternatic nodule callus (Table 1). A lower (0.1 mg/1) or higher (1.0 mg/1)
concentration of TDZ in combination with BA (0.5 mg/1) caused decrement percentage
of meristematic nodule callus. An equal concentration of BA and TDZ at 0.5 mg/1
gave the best results (Table 1).

Table 1 Effect of various concentrations of BA and TDZ on meristematic nodule callus
formation

BA (mé?l) TDZ (mg/1) % meristematic nodule callus  avr. no. of nodule

0.5 0.1 15.0+ 4dc 11.3a
0.5 0.5 . 68.81420.1a 10.3 a
10 0.5 66.7 + 19.5 a 8.6a
1.0 1.0 25.0+ 7.3b 5.6 b

Mean not sharing letter in common within column Cdiffer significantly by DMRT
(P=0.05).

The result in Table 1 showed that step I medium used for callus induction is
basal MS supplemented with 500 mg/l PVP, 3% sucrose, 0.5 mg/l1 BA, 0.5 mg/I
TDZ and 0.2% Phytagel. The medium was also used for multiplication the callus.
During four times of subculture, an average number of multiplication rate of the nodules

was recorded to be 4 to 5 times within 3-4 weeks of culture (Table 2).



Table 2 Effect of subculture on multiplication of the nodules

no. of subcuiture muitiplication rate
1 4.7
2 4.8
3 4.2
4 4.1

Shoot bud induction:

The calluses induced in induction step I medium ccased to undergo further
development. An additive or additional meristematic nodules was obtained when they
were kept in the same medium. After transfer to WPM in the absence of TDZ, the
nodules developed beyond globular-like stage.  Yellow or cream immature nodules
turns to mature green one. A great number of shoot bud formation was obtained in the
medium supplemented with 0.1-0.5 mg/l BA (Table 3). A high concentration of BA
(1.0 mg/1) rcduced average number of shoot bud formation, According to the result,
step [l medium is WPM supplemented with 500 mg/1 PVP, 3% sucrose, 0.1 mg/i BA
and 0.3% Phytagel. '

Table 3 Effect of various concentrations of BA in WPM on average number of shoot
bud formation from the nodule

BA (mg/1) avr. no. of shoot at length

0-5 6-10 >10 mm

0.1 9.27 a 0.97 0.58
(2-19) (0-7) (0-6)

0.5 8.39a 0.94 0.48
(3-19) (0-6) (0-5)

1.0 5.90b 0.48 0.22
(1-13) (0-5) (0-5)

Mean not sharing letter in common within column differ significantly by DMRT
(P=0.05).
Number in parenthesis shows the range of shoots.
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Elongation of the shoots:

Shoots obtained from all concentrations of BA clongated very slowly. Transter
a cluster of tiny shoot buds to a thick layer of step II medium (25 ml) or overlaid thin
layer medium with 10-15 ml of liquid 1/2MS containing 0.06 mg/1 NAA and 0.03
mg/l BA promoted a rapid elongation of shoots (Figure 1). Step III medium is the

medium used for overlaying on step II medium.

L 100.¢£
80 |-
60 |-

40 |

A B Cc
{mm % shoot formation m No. of shoot J

Figure 1 Effect of step III medium on shoot bud formation. A: thin, B: thick layer of

step II medium and C: overlay with step III medium,

Root induction:

The highest percentage of root induction was obtained from micro-shoots which
was wounded and treated with IBA solution (Table 4). Addition PG to the medium
caused a slightly decrease in percentage of root induction. However, in some
experiment Iaddition PG promoted a 100% root induction. Wounds applied to the basal
part of the shoots play a significant role on root induction.  Without wounding,
percentage of root induction was severely decreased. Percentage of root induction in the

absence of wound and IBA treatment was 0% (Table 4).
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Table 4 Effect of various treatments to micro-shoots o root induction

treatment wound IBA PG % root # root
1 + + - 68.24 a 0-2
2 + + + 50.23 b 0-3
3 * = + 38.36 c 0-2
4 = # + 4.44d 0-1
5 - = + 0.00d

Mean sharing letter in common within coluran differ significantly by DMRT (P=0.05).

DISCUSSION

Generally, cultured young leaves of mangosteen onto WPM or MS supplemented
with 5 mg/1 BA has been reported to produce 2-50 micro-shoots (3, 13). Addition
of TDZ in step I medium provided meristematic nodule callus formation (Table 1). By
regular subcultuze the callus to fresh medium at 4 week-interval, more than one million
(3”) of plant will be produced a year from one lamina.  Contrary to the results
obtained by Gol et al, (3) they reported that as many as 45 shoot buds were obtained
from a single seedling leaf. Each leaf from an in vitro shoot could yield up to 8 shoot
buds. They calculated that about 1,500 plantlets could be obtained in the first year
from one pair of seedling leaves. They also reported that a wound response in the
presence of BA was necessary to trigger shoot bud differentiation. The present results
demonstrated that those response was not found to trigger callus formation. TDZ has
been reported to be the most active cytokinin-like substance for shoot induction in
woody plant tissue culture (4). The plant growth regulator in combination with CPPU
(N-(2-chloro-4 pyridyl)-N’-phenylurea  (forchlor-fenuron) stimulated callus
formation in common bean and faba bean (6). From our results it appears that callus
formation in mangosteen leaves is controlled by TDZ and BA. However, TDZ
produced an inhibitory effect on shoot bud formation so that it is necessary to transfer
the callus to shoot bud formation medium or step II medium (Table 3). This evidence

has also been reported on proliferation of guava (7). The use of TDZ in proliferation
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of guava induce abnormal shoot growth. Shoots were stunted with yellowish leaves,
and this effect increased with increasing TDZ. Some of ihese shoots grew normally

upon transfer to the medium with BA.

Goh et al. (3) reported that percentage of root induction was obtained about
80% by transferring shoots of 10-15 mm in rooting medium without any treatment.
Different results were obtained in our results. Wourding plays the most important role
in induction roots followed by IBA treatment (12). Wounding in combination IBA
treatment promoted the best results (Table 4). Even PG was reported to promote a
100% root induction (11), but in this evidence we used the young generation shoots.
The same concentration of PG which was used in the former experiments might be
higher enough to cause a harmful effect on young tissue. Regardingly, percentage of
root induction obtained in the presence of PG in the present studies was significant lower
than absence of PG. However, time comsumed for root induction was the same. Root
primordia induction and root elongation took place 2 weeks in the dark and 2 weeks in
illumination condition, respectively. Total time consumed for root induction was 4

weeks shorter than that reported by Goh et al. (3).
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Effects of Explant Types on Meristemati¢ Nodular Callus Formation from
Young Leaves of Mangosteen

Sempong Te-chato'

ABSTRACT

Callus induction from various types of leaf explants were investigated. All the leaf explants
were cultured on callus induction medium for 3-4 weeks, Subculture of the callus was carried out 3-4
week intervals. The results showed that whole leaf explants produced meristematic nodular calli
which could be multiplied and regenerated into plantlets. The calli arised from proximal end, midrib
and lamina in all explants. Segmented leaf explants produced friable calh that were easily dispersed
in liquid medium to establish cell suspension cultures. Most of leaf apex both in whole leaf or
segmented leaf explants provided fuzzy or lignified callus which can not be multiplied and induced
to form meristematic nodules. Stripped leaf explants also provided meristematic nodule gallus but
growth and multiplication rate were much lower than that of whole leaf explants. In casc of clonal
propagation of mangosteen through meristematic nodule callus, it is advisable to use whole leaf
cxplant.

key words : explant type, callus, mangosteen, meristematic nodule, young leaf



INTRODUCTION

Mangosteen, Garcinia mangostana L. is an economically important fruit crop of castern and
southern Thailand. In former time, the tree is usually propagated by apomictic secds. Recently, tissuc
culture of the tree can overcome both the low availability of seeds and the inability to propagate
vegetatively by conventional methods. In our previous studies, we established a tissue culture
protocol for direct shoot bud regeneration from seeds (2) and young leaves (3). In the latter, plant
regeneration was achieved through meristematic nodular catlus induction (7,8). Root induction from
those shoots was also well achieved (4,5,6). As the nodular calli induced from young leaf of
mangosteen are able to regenerate plantlets with a high frequency, it may be useful to apply in vitro
technique for mangosteen improvement. Especially induction of somaclonal variations or mutations
to be useful for the breeding of mangosteen which is a crop lacking the normal function of sexual

organs.

l‘i)e;;ua.; .ment of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai,

Thailand 90112,

¢-mail address Tesompon@ratree. psu.ac.th
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In this study, we developed a method for high frequency shoot regeneration through
meristematic nodular callus derived from young leaves of mangosteen with special emphasis on the

role of explant types.

MATERIALS AND METHODS
Plant material
In this experiment, young leaves of mangosteen raised in vitro were used. The leaves were

collected from two different sources, seed and leaf-derived shoots, both of which were maintained as

described previously (7).

Culture condition

Nutrient medium used in callus induction was Murashige and Skoog’s medium (MS)
supplemerited with 30 g/ sucrose, 500 mg/l polyvinylpyrroridone (PVP), 2 g/1 Phytagel, 0.5 mg/l
benzylaminopurine (BA) and 0.5 mg/l thidiazuron (TDZ) at the same concentration of 0.5 mg/l.
Explants were cultured in Petri-dishes (dia. 9 cm) containing 10 ml of the medium, with adaxial
surface down. The pH of the medium was adjusted to 5.7 before autoclaving at 1.05 kg/cm?2 for 15
min. All cultures were sealed with single layer of Parafilm. Cultrues were maintained at 26120C
under Gro-lux illumination (2,000 lux) with a 16 hour photoperiod. Subculture of callus together with

explants onto fresh medium was carried out at 3-4 week intervals.

Explant types

Three main different explant types were compared for their ability to form callus. Young
leaves were cultured as intact ones (whole leaf explants), those notch at two site on midrib or leaf
sections afier segmenting each leaf transversely into 2 cr 3 parts with ca.10 mm long (Figure 1). To
study the effect of explant types on callus formation, 25 explants were cultured in each Petri-dish. A
minimum of 5 Petri-dishes were designed for each treatment. Data on percentage of callus formation,
proliferation rate and quality of the callus were recorded. The data were statistically analysed using
completely randomized design (CRD) and mean among each treatment was separated by Duncan's

Multiple Range Test.
RESULTS

All types of leafl explants produced calli but proliferation rate, guality of the calli and time

consumed for callus induction were different among the different explant types. Both whole leaf and
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segmented ieaf explants cultured on callus induction mmedium produced meristematic nodular callus
directly on proximal end, midrib and on mesophyll tissues(Table 1). The ability to form calius varied
greatly from explant to explant. Whole ieafl explants showed the highest production of meristematic
nodular callus which was significantly different from those of other explants. Quality of the calli was

distal segment

7 distal segment i

©

two segments three segments

proximal segment
whole leaf segmented leaf notched leaf

Figure 1 Types of leaf explants used for callus induction.

markedly influenced by the type of explant. In cases of whole and notched leaf cultures, there was no
evidence of callus formation at distal end (leaf apex). Similar results were also obtained in the culture
of segmented leaf explants. High proliferation rate of the callus was obtained in proximal explants, in
which calli were formed at proximal end, midrib and in some cases, from mcsophyll tissues (Tablc 2
and Figure 2). Nodular calli were obtained from midrib at proximal end of the proximal segments or
proximal explants. All of the leaf explants produced the callus on the abaxial side of the midrib.
Wounding of midrib by notching treatment triggered callus formation in only the wounded area of
midrib (both proximal and distal end)}(Figure 2).

The quality of the calli was varizd greatly in different explants probably due to the difference

in origin of the cells (Figure 2). Both "whole and notched leaf explants provided the calli mostly at
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proximal end and notch sites on midrib. These calli had compact, globular-like structure and
classified as meristematic nodular calli. Segmented leaf explants provided three different types of
calli. First type was meristernatic nodular calli obtained from proximal end of the proximal segments
(25%) and some 6-10% which was obtained from distal segments. The calli were induced and
originated from the cells similar to those in case of whole leaf explants. In case of the calli produced
from distal segments, development of & pair of leaves developed from each nodule was clearly
observed (Figure 3). Second type was friable calli which were mostly induced at proximal end,
midrio and distal end of the middle segments and at proximal end of distal segments at low
frequencies. This type of calli were easily dispersed in liquid medium to form homogeneous cell
suspension (Figure 4). However, the cells in suspension were mainly vacuolated cells and failed in
proliferation and maintenance. However, the calli could induce the meristematic nodular calli on
proliferation jmedivm and further regenerated plantlets.The third type was spongy calli with
yellowish-brown to brown color (Figure 5) obtained from the most distal end or leaf apex of distal
segments. The cells contained in the spongy tissue were consisted of lignified cells wall and calli can

not be multiplied.

DISCUSSION

Plant regeneration from young leaf culture through meristematic nodular callus formation has
previvusly been reported using whole leaf explant (8,10) in which the calli were routinely come out
from proximal cut end, along with midrib and lamina at abaxial side. In the present study division of
leaf explants into 2-3 segments did not change the patterns of callus induction but quality of the calli
was altered. The calli arised by wounding at cut surface of both proximal and distal end of middle-
segmented explants were friable (Table 2). In contrast, meristematic nodular calli had previously
reported to arise from a layer of epidermal cells in lamina and vascular cambiurm of the midrib (3,9).
In conclusion, wounding caused by excising leaf explants might trigger friable or spongy callus
formation. These calli were not suitable to use for regeneration experiments. In another way, it is
interesting that cell suspension of mangosteen could be induced by using friable callus obtained from
middle or distal segments became of the potential use for improvement of mangosteen through
biotechnological treatments such as protoplast fusion and gene transfer. Appropriate culture medium
for proliferation and maintenace of the suspension culture will be needed for this purpose.

Goh et al.(l) reported improved production of shoot buds by segmentation of leaf cxplants,
They stated that inerease i explant number per leaf would incerease the otal number of shoot hud

production, They speculated that endogeneous auxin in the leaf might probably be transported pularly
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i ]
within the cut segment leading to induce shoot regeneration at the only distal end of the explant. In
case of calius induction in the present study obtained was the similar result in which most of the calli
(25-55%) were induced at proxima! end (Figure 2). As Goh er al.(1) reported that wounding teatment
triggered shoot bud formation, wounding also showed sigﬁiﬁcant role on callus induction. However,
wounding the leaves caused a mixture of friable and spongy calli leading to low quality of calli and

delayed plantlet regeneration._
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Table 1. Effects of wounding on callus induction of mangosteen leaf.

leaf callus formation (%) at

explant proximal end distal end both ends midrib lamina
whole 51.6a Oc 17.2b 16.0b 14.0%4.3a
segmentd

-proximal 25.0c 2.3b 15.0b 38.0a 6.616.2b
-middle 36.0b Oc 26.0a 13.0b otoc
-distal 55.0a 4.7a 13.3b 8.3¢c 10.047.1b
ﬁotched

one” 0d 0c 206 0d otoc
-two 0d 0c 36a - 0d 0t0c
-three 0d Oc 17b od otoc -

" Mean not sharing lettér in common within column differ significantly by DMRT (P=0.05).

“Number of notches made on the explants.

Table 2. Effects of wounding on characteristics of the calli induced and their proliferation.

leaf explant multiplication characteristics

whole leaf -+ meristematic nodular callus
segmented leaf

-proximal 4+ meristematic nodular callus
-middle = friable callus

-distal + spongy callus

notched leaf ++ metistematic nodular callus
++++ excellent, - fare

+++  good + poor



=1

Figure 2. Callus formation from various explant types of leaves derived from in
vitro grown plants (arrows show proximal end).
A: whole leafexplant B: proximal segment  C:middle segment

D-distal segment  E: leaf explants with notching at 3 sites
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Figure 3. Nodular callus with shoot primordia produced at proximal end of distal

explant of 2-segmented leaf

Figure 4. Cell suspension derived from friable callus derived from both proximal

and distal end of middle seument of 3-segmented leaf




Figure 5. Spongy callus with yellowish-brown to brown color derived from distal

end of 2-and 3-segmented lcaf
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Improvement of Mangosteen (Garcinia mangostana 1.} In Vitro by Gamma-Ray

Inen wanwil' woz axdes wyzln'

ABSTRACT

Callus obtzined from culturing young purple leaves of mangosteen (Garcinia mangostana L.)
were treated with gamma ray in difference doses, 0, 5, 10, 20 and 40 gy. After cultured for 3 weeks,
callus recover rate was checked.Significant decrement of recover rate was found in 20 and 40 gy
compared to control. At such dosage levels also affected stemn growth length and generated some
abnomal characters in plants (M1R1) such as two leaves apex, serrate leaves and advcntiﬁous
branches. Peroxidase enzyme was assayed to confinn genetic variation. Eventhough, no difference of
banding pattern was detected at zone 1 but more activity of peroxidase was observed in treated plants,
especiall.y 20 gy. However, banding pattern of this enzyme at zone 2 of all treated plants were
different from control indicated induce mutation could be generated .

key words : improvement, mangosteen, in vifro, gamma-ray
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Abstract
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Recent potential in the biotechnology of mangosteen I : Micropropagation
Songklanakarin J. Sci. Technol., 1998, 20(3) : 275.284

Micropropagation of mangosteen {n vitro could be established by X types of cultures; seed, young
red leaf and callus culture. Seeds and sced segments provided a maximum number of shoot bud in Mura-
shige and Skoog (MS) or modified MS (MMS) enriched with BA (25 pM or 5 mg/l). Young purple leal
cultures provided a wide range of 2 to 40 shoots per leaf. In this case, the leaves or a cluster of shoots must
be pre-cultured in the two-phase medium which was modified for a humber of tiny shoot bud induction.
Callus cultures were established using a four-step culture procedures. First, callus was induced on callus
induction medium (CIM}, followed by induction of sheot primordia on shoot primordia induction medium
(SPIM), elongation of the shoot on shoot elongation medium (SEM) and subscquently induction of root
on rool induction medium (RIM). Nodular calli could be induced from almost all explant on benzyladenine
(BA) and thidiazuron (TDZ) containing MS medium. Callus cultures gave the most advantageous to
micropropagalion of mangosteen due to its successive proliferation and production of plantlet year round.
Moreover, it may be useful to apply in vitro technique for mangosteen improvement, especially, induction
of somaclonal variations or mutations.

Key words : mangosteen, biotechnology, micropropagation, callus culture, seed culture,
young purple leaf
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Muangosteen (Garcinia mangostana L) is
an indigenous fruit tree of Southeast Asia (Lim,
1984). The fruit tree is cultivated in most areas of
Thailand and neighbouring countries primarily as
a crep in mixed gardens and secondarily as one
in commercial fruit orchards which have recently
been developed with specialized production. The
production technology for the fruit tree still Jacks
documented information on rootstock, stock-scion
relationship and large scale clonal propagation
methods. Especially, traditional vegetative propa-
gation using inarching technique still time-consu-
ming (7-8 months) and the percentage of successful
grafting is quite low (Lim, personal communica-
tion). Husan (1990) reported a high success on
asexual propagation of mangosteen by various
methods. Among those methods, side grafting gave
90% success followed by top grafting and chip
budding which gave 87 and 77% success, respec-
tively. However, mass propagation of the tree by
the techniques for commercial purpose was not re-
ported. Young grafting of mangosteen shoot raised

wovitre on routstock of pawa (Garcinia speciosa
Wall.) was also reported (Te-chato er af., 19924).
but establishment of grafted plants in soil was
quite low,

A number of authors have reported clona
propagation of mangosteen through tissue culture
techniques (Goh er af.. 1988, 1990, 1994; Te-chato
and Aengyong, 1988 Normah, 1992). In addition.
critical factors for propagation of mangosteen
through seed segment culture (Normah et al., 1995)
and young leaf culture (Goh er al., 1994: Goh
et al., 1997; Lakshmanan et al., 1997) were elu-
cidated. Nodular calli are one of the most feasible
tools which are expected to proliferate with high
frequency yeur round, Induction of the calli from
young leaf explants have been reported to produce
the best result under optimum culture conditions
of the leaves (Te-chato er al,, 1995a,b). As tie
nodular calli induced from young leaf are able to
regenerate plantlet with a high frequency, it may
not only be useful to apply in vitro technique not
only for propagation but alse for varietal improve-
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ment of mangosteen. In this study, micropropaga-
tion of mangosteen from various types of cultures
are deseribed.

Materials and Methods

Establishment of ascptic culture

The seeds of mangosteen were excised from
fresh fruit, soaking in a 10% (w/v) solution of
Na,CO, for 15-30 mun. The seeds were cleaned
and rinsed many times under tap water and then
wrface sterilized in 2% sodium hypochlorite for
15 min Tollowed by rinsing with sterile distilled
waler for five times. The seeds were cultured on
basal Murashige and Skoog (MS) medium and
modificd MS according to Te-chato and Aengyong
{1988) containing 5 mg/l benzyladening (BA} (or
35 uM) for 3 weeks. The seeds were then sub-
cultured to a liquid medium under static condition
for 3-6 weeks. The latter medium is half strength
MS (1/2MS) supplemented with 0.03 mg/l BA or
thidiazuron (TDZ} and (LO6 mg/l 1-naphthalenc-
acetic acid (NAA) (Te-chato of ¢f., 1995b),

In the case of ex vitro leaves, young red
leaves were collected from nursery-grown seed-
lings or field-grown mature tree. The leaves were
rinsed with tap water, soaked in a 70% ethanol for
30 sec and then sterilized in a solution of 20%
sodium hypochlorite for |5 min. The final sterilant
was removed by rinsing with sterile distilled water
3-5 times. Prior to culture, the leaves were either
cit transversely or notched at mid rib then cultured
on varicus phytohormone-containing media for
further purposes.

Callus induction and plantlet regeneration
After culture of the seeds for 6-8 weeks, the
percentage of seeds forming multi-shoot, growth of
seedlings and root and axillary bud development
were exarnined. Main shoot derived from cultured
seed was excised and brought to root induction,
The remaining seeds were sectioned into pieces
and cultured onto basal MS medium supplemented
with various concentrations of 2,4-dichlorophe-
| noxyacetic acid (2,4-D). In the case of leaf, both

those raised n virre and raised ex virro. and both
purple and green leaves, were used as explants
for callus induction. Culture medium used for
induction of callus was MS suplemented with
3% sucrose, 500 mg/l polyvinylpyrroridone (PVP),
.5 mg/t BA and 0.5 mg/d TDZ. After induction
of calli they were passed through regeneration
medium, Steps or procedures in plant regeneration
were mnvestigated,

Results and Discussion
Establishment of aseptic culture

Seed culture

A single sced produces a single seedling or
several identical seedlings depending on the weight
of the seed. The weight of seeds is highly variable,
ranging from 0.2-2.2g. Although the seed was clas-
sified as polyembryony, the production of several
identical seedlings occur in about 10% of sceds.
In case of sowing seed (n vitro, a high frequency
of poelyembyony of more than 40% wus obtiained
(Table 1). Numerous factors have been found to
influence the production of polyembryony in vitro.
Among those factors type of culture medium and
type and concentration of phytohormones and
some antioxidants such as activated charcoal (AC)
or PVP play a significant role on polyembryony
formation. Culture media are in common use in-
cluding formulations derived by Murashige and
Skoog (1962) and its modification. Different com-
positions of the medium resulted in dilferent res-
ponse as shown in Table 1, especially development
of axillary buds. Cytokinin in the presence of BA
was the most effective in inducing seeds to form
multiple shoots compare with KN and 2-iP. Con-
centration of cytokinin also plays an important
role in determining the number of shoot buds pro-
duced. BA at 5mg/! or 25 uM preduced eoptimum
shoot bud development. Higher concentrations
caused a clustering and stunting of shoot buds, On
the other hand, lower concentrations provided only
a single shoot. In case of culture of seed segment
in woody plant medium (WPM) (McCown and
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Table 1 Effect of medium composition on development of seed on 25 mg/l BA-

containing medium.

culture media seedling

% axillary bud  %shoot or seed %seed forming

length (cm) development forming root multi-shoots
MS 1.91 38.4a 2t4 40.3
MMS 1.81 28.8b 12.8 42.5
lsd.O1 ns ns ns
CV. (%) 158 15.7 337 66.4

ns : net significant difference, *significant difference at P = 0.01
Average not having letters in common differ signilicantly by DMRT.
MS : Murashige and Skoog medium, MMS : modified Murashige and Skoog medium

Llcyd, 1981), most shoots formed on the segment
produced roots. Normah et al. (1995} reported that
activated charcoal reduced shoot formation in most
cases. Culture of seeds in segment required BA at
40 uM alone or in combination with 2.5 uM NAA.
When seeds were dissected and cultured a higher
concentration of BA was required. Dissecting seed
s not a critical factor for multiple shoot formation.
After culture of the whole seed on o modificd MS
medium contiaining S mg/l BA for 3-4 weeks, the
seed with numerous of shoot buds was dissected
into 4-6 segments and transferred to culture onto
MS medivm containing a low concentration of BA.
Even though WPM was reported to induce both
shoot and root simultaneously {(Normah et «af..
1995} in this mvestigation that phenomenen was
never found. Addition of NAA in initintion medium
did not promote the number of shoots. But NAA
enhanced production of phenolic compound leading
to browning of seed segment and culture medium.
Protocel for shoot induction and proliferation from
culturing seeds is shown in Figure 1.

Leaf culture
Young purple or red leaves of mangosteen
were obtained from either field-grown mature trees
or cluster of shoot culture (2-4 cm tall) maintained
on two-phase medium as mentioned earlier. Leaves
cellected from field-grown tree need to be sterilised
before culturing whereas in virro material need not

to be sterilized. Sterile leaves were notched at mid-
rib and placed by adaxial contact to culture me-
dium. In case of in vitro leaves, they were placed
directly in the medium in the saume way as ex vitro
leaves but without notching. New shoots from ex
vitro leaves developed from the notch areu at the
midrib at both proximal and distal end. Twe to five
shoots per explant were produced trom ex vipro
explunts, For in vitro feal explants a number of tiny
shoot buds were initiated in the former medium
(two-phase medium). Those buds were dense at leaf
apex and leaf margin of the distal end and scatered
to the midnib, The number of shoots reached 40
shoots per leaf. In some cases a large shoot with
distinet shoot primordin was found and that grew
vigorously. Histological sty of in vino leaves
revealed that the tiny shoot buds developed from
two dilferent man sources, One was fron the epi-
dermal layer and another from the vascular tissue,
Shoot bud obtained from the two sources of keat
explants on culture medium was induced directly
without prior callus formation. The ability to form
shoot buds was not greatly influenced by the size.
but source of the explunt played a significant role
in both percentage of explants producing shoot
buds and the number of shoot buds. Wounding of
midrib, without complete severence of ev viiro
young red leaves triggered shoot bud differentia-
tion in all the leaves cultured on shoot regeneration
medium (SRM). All shool buds arose from the
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seeds

|
¢lean, sterilise

and culiure on

MMS+5 mg/l BAJ' 4 weeks

multiple
shoots

segmented seed

I 172 M8+0.06 mg/l NAA+G.03 mg/l BA
II - WPM+0.1 mg/l BA
I overlay medium I on medium il

4-6 weeks

whole seed

clongated

shoots
WPM+0.25% AC+ 4-6 weeks
(125 mgdl BA+5.6 mg/ PG+
Hio Avar
X
rooted plants
transfer to soif

plant in soil

Figure 1 A protocol for plant regeneration from culturing seed of mangosteen.

midrib on mainly abaxial surface near proximal

and. A cluster of shoot buds derived from cultu-
mng leaves were elongated and proliferated in two-
phase medium. Elongate shoots were then rooted
i rooting medium and complete plantlets were
teady to transfer to soil. Goh et al. (1994) reported a
high frequency direct shoot bud regeneration from
wcised leaves of mangosteen. In their investiga-
fion they found that explants from field-grown

seedlings had a higher organogenic potential than
those obtained from in vitro shoots. Unfortunately,
we did not do the experiment on segmented leaves,
Accordingly, comparison of results between the
notched and segmented leaves is not reported. In
the case of our investigation, it seems very difficult
to induce shoot bud formation from segmented
leaves. Steps in direct shoot bud formation from
cutturing leaf explant are illustrated in Figure 2.
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young purple leaves

1 172 MS liguid
0.06 mg/i NAA+
0.03 mg/t BA

h s

4 weeks

shaot bud induction

tiny shoot buds

upper layer L 172 MS liquid
0,06 mg/t NAA+
.03 mg/l BA

lower layer 11 WPM+0.1 mg/i BA+
500 mg/ PYP+0.4%
Gelrite

A4

4-6 weeks
elongation of shovts

elongated shoots

dip in 1,000 mg/l IBA

I WPM+0.25% AC+
0.25 mg/l BA+5.6 mg/t PG+
1% Agar

3

4-0 weeks

rod induction

complete plantlets

transfer 1o soil

plant in soil

Figure 2 Direct plant regeneration through culturing of young purple leaves.

Callus induction and plantlet regeneration
Callus culteres of mangosteen have been
previously established in auxin containing-medium.
2,4-dichlorophenoxy acetic acid (2,4-D) was in-
corporated in MS medium for callus induction from
culturing seed segments. A concentration at 0.5 mg/
| of the phytohormone provided the best percent

seed forming callus (72%) (Table 2}, However, the
calli could not be multiplied and regenerated even
though various kinds and concentrations ot phyto-
hormones were used in combination. Thidiazuron
(TDZ) was selected as the cytokinin which was
required for callus production. The phytohonmone
has an auxin-like activity and plays a role in orga-
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Table 2 Effect of varicus concentrations of 2,4-D
on callus induction from culturing sced
segments

concentration of 2,4-D % seed forming

{mg/) callus
0.5 72.2a
1.0 47.6b
2.0 25.0¢
F-test X
C.V. (%) 11.5

significant difference ot P = 0,01
Average not haviag letters in coonmon differ significantly by
DMRT,

nogenesis in many fruit trees (Fiola ef al., 1990:
Matsuta and Hirabayashi, 1989; Neuman et al.,
1988) und woody piant species (Huetteman, 1993).
[n the case of mangosteen a low concentration of
TDZ in combination with BA at the same concen-
ration of (L5 mg/l produced the best results in
cillus formation. All explants from seedlings rai-
sing in vitro including sced segments, before or
after inducing shoot buds, gave rise to callus in
“callus induction medium (CIM). However, those
explants must be prepared by proper metheds. Cul-
wred seeds or leafs from cluster of shools in two-
phase medium provided the best sources of explants.
In the top or upper layer medium TDZ alone or
in combination with BA at low concentration sup-
plemented in the medium are recommended, TDZ
plays an important role in the formation of antho-
cyanin in epidermal and parenchymatous cells.
Anthocyanin formation has a close relation with
callus formation. To prevent browning of the tissue
and prolonged culture of the callus, PVP gave the
tetter result than AC (data not shown). The ad-
dition of AC to the medium reduced callus prolife-
ration subsequent to shoot proliferation. Although
AC has been known to adsorb phenolic compound
from explants, however at the same time it does
adsorb growth regulators. The main activity of AC
was improving shoot growth. Callus obtained from
all explants was characterised as meristematic no-

dular callus. Even all the explants provided cailus
leal explant gave the highest response both percen-
tage of leaf forming callus and time required for
callus induction. Besides source of explant, size of
explant also produced a significant role on callus
induction. Proliferation of the callus was also
carried out in CIM, In this mediam 3-4 times pro-
liferation rate was obtained during 4 weeks of cul-
ture. It is calculated that at least a million pieces
of callus should be proliferated within a year. Calii
maintained in this medium seem to muitiply with-
out regeneration. Additon of auxin, either NAA
or 2,4-D promoted necrosis of the tissue due to
enhancing phenolic compound formation. This
compound produced by callus and exuded to culture
medium leading to a dark brown color of culture
medium as well. Fluctuation of temperature 3-7C
retarded formation of meristematic nodule callus
whereas consistency temperature at 25°C was su-
perior to proliferation of the callus. Meristematic
nodule maintained in CIM ceased to undergo
further stage of development. After removing TDZ
and transferring the callus 1o shoot primordia in-
duction medium (SPIM) containing only 0.1 mg/l
BA a pair of tiny leaf primordia developed. SPIM
was woody plant medium (WPM) supplemented
with 3% sucrose, 500 mg/l PVP and 0.1 mg/l BA.
Leaf primordia appeared after a month of culture.
Culture vessels also play a role in shoot primordia
induction. At this stage of development carbon
dioxide is required. Accordingly, transferring calli
to 9 cm Petri-dish containing 15 ml of SPIM was
superior in accelerating development of shoot pri-
mordia. BA at higher concentration than 0.1 mg/l
inhibited elongation of the shoot. The shoots ob-
tained in SPIM supplemented with | mg/l BA
were clustered. However, shoots obtained in SPIM
elongated very slowly. To promote elogation of the
shoot for rooting purpose shoot elongation medium
(SEM) was added to SPIM after 2-4 weeks of culture.
SEM was half strength liquid M8 (1/2MS) miedium
supplemented with 3% sucrose, 500 mg/l PVP,
0.06 mg/l NAA and 0.03 mg/l BA. In this medium,
shoot elongated rapidly. Liquid WPM was also
tried to overlay as SEM but adverse effects were
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young purple leaves

seeds/seed segments

I MS+0.5 mg/l BA+0.5 mg/l BT+

I MS5+0.5 mg/l BA+0.5 mg/t BT

500 mg/l PVP+0.2% Gelrite (CIM) 3-4 weeks +500 mg/l PVP+0.2% Gelrite

A

callus induction

A

meristematic

nodule calli

multiplication
—-

I WPM+0.1 mg/l BA+500 mg/l
PVP+0.4% Gelrite (SPIM)

Y

4-]2 weeks

shoo! primordia induction

shoot pri

mordia

1L overlay with 1/2 MS liguid
+0.06 mg/! NAA+0.03 mg/l BA+
500 mg/l PVP (SEM)

Y

4-6 weeks
elongation of shoots

clongated shoots

dip in 1000 IBA
IV WPM+0.25 mg/d BA+0.25%
AC+5.6 mg/l PG+ 1% agar (RIM)

3

4 weeks

root induction

complete

Plantlets

transfer 1o soil

plant in soil

Figure 3 Four steps in plant regencration through meristematic nodular callus induced

from young purple leaves.

cbtained. The medium caused a severe browning of
the shoots and culture medium. Elongate shoots at
this period were ready for rooting. A 100% root
induction could be achieved from excised single

shoot in root induction medium (RIM). The medium
was WPM containing 0.05% AC, 0.25 mg/l BA
and 5.6 mg/l phloroglucinol (PG). Before inscrting
the shoots in RIM they were wounded at the basal
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root induction in RIM

transfer to soil

Figure 4 Direct and indirect shoot formation from culturing various plant parts,

part and dipped in 1,000 mg/! filter sterilised IBA
i the dark for 15 min. At first 2 weeks the shoots
in RIM were kept in the dark. Then they were
mansferred to culture under light. Addition of AC
to RIM for making dark conditions seems not to
praduce a good result in induction of root. During
2 weeks under dark condition root primordia were
aready formed. Elongation of the root took place

after transfer to the light. Recently, clonal propaga-
tion of mangesteen through callus culture was rou-
tinely carried out by four-step culture, First step was
callus induction in CIM. Second step was shoot
primordia induction in SPIM. Third step was ¢lon-
gation of the shoot in SEM. The final step was
root induction in RIM. All the steps are showed
in Figure 3 and Figure 4.
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Somaclonal variation obtained from culturing apomict seed of mangosteen on modified Murashige
and Skoog (MMS) medium supplemented with 25 uM benzyladenine (BA) for 8 weeks consisted three
types of phenotypic variants; chimera, malformed leaves and chlorosis. Phenotypic variation frequency of
those variants ranged from 6x10 (far chimera) to 3x10°? (for chlorosis). In the case of induced mutation,
gamma irradiation at 10 grays and 0.5% ethylmethane sulfonate (EMS) caused more than 50% decrement
of percent leal forming callus. DNA analyses of culli induced from treated and non-treated leaves by
randomly amplificd polymorphic technique (RAI'D) revealed difference polymorphisms. This confirms
radio- and chemo-sensitivity of the two different types of mutagens. The results of DNA analyses were
related with an inhibitory effect on percent leaf ferming callus.
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Micropropagation of mangosteen (Garcinia
mangosiana L.) has been established using whole
seeds (Goh, er al., 1986; Te-chato and Aengyong,
1988), seed segments {(Normah, 1992: Normah, et
al., 1995), young leaves from in virro (Te-chato
et al., 1992a; Goh er al., 1994) and field-grown
seedling and mature tree and nodular calli from
young leaves (Te-cahto er al.,, 1995). So fur, there
appear 1o be no distinet cultivars of mangosteen
and there are no records of atlempts being made to
improve the cultivars. Almost all the attempts have
been made in the temperale fruit crops e.g. apple
(Predieri and Fasolo Fabbri Malavasi, 1989; Pan-
dey and Phung, 1982), Japanese pear (Sanada, 1986).
It is possible that the evolution of mangosteen has
ceased, since the members of this species are known
to consist of a single genotype which reproduce
apomictically by seed. Although tissue culture of
the species has been reported, there are still limita-
tions to direct shoot organogenesis. According to
the aforementioned limitations, there is an ap-
parent lack of genetic variation in this species.
Biotechnology involving modern tissue culture

technique, cell biology and molecular biology ofters
the opportunity to develop new germplasm that is
better adapted to changing demands. Firstly, so-
maclonal variation arising in the culture of various
explants must be provided. Secondly, a mutagenc-
18 in vitro might (urther create more variants.
Thirdly, in an alternative approach 1o classical
breeding, attempts are being made to develop trans-
formation systems using agrobaclerium-based pene
trunsfer. Moreover, protoplast also offers o wide
scope for use as a new tool for somatic cell hybri-
disation of mangosteen. In this present study.
somaclonal and induced variation of mangosteen
are discussed.

Materials and Methods

Somaclonal variation through tissue culture
Main shoots of mangosteen obtained from
culturing seeds in vitro on modified Murashige and
Skoog (MMS) medium supplemented with 25 uM
BA were excised and rooted in rooling medium.
The procedures for root induction and establish-
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ment of complete plantlets to soil were described
previously by Te-chato er af. (1992b). A 1,500 to
2,000 plantlets were transferred to nursery under
4 50% shading and watering twice a day. During
maintenance in nursery stage abnormalities of the
plants were screened and frequency of off-type
plants was recorded.

Induction of variability in tissue culture :

A week after plating, Petri-dishes contained
leaves were irradiated with y-ray at the dose of 5, 10,
20 and 40 grays. Source of y-ray was *Co which
was provided by the Department of Radiology,
Faculty of Medicine, Prince of Songkla University,
Hat Yai. Irradiated leaves were cultured in the same
dishes uatil meristematic nodular calli appeared.
The calli were then teanslerred onto shoot primordia
iduction medium (SPIM), shoot elongation me-
dium (SEM} and finally root induction medium
(RIM). The details of each medium were described
previously by Te-chato (1998). Ethylmethane sul-
fonate (EMS) was setected and used as mutagen
for inducing mutation in mangosteen. The chemi-
cal at concentrations of 0.25, 0.5, 0.75 and 1.0%
were applied. Young leaves were put in a 100 ml
Erlenmyer flask containing 25 ml mixture solution
of liguid medium and EMS adjusted to the above
concentrations. Incubation was carried out on an
orbital shaker with a low speed of 60 rpm for 2
hours. Immediately after the end of treatment, the
leaves and calli were washed thoroughly by sterile
distilled water to remove excess EMS. The leaves
were cultured and plantlet formation induced ac-
cording to the following four-step media,

Determination of variation :

After transferring plantlets of mangosteen to
the nursery, morphological characteristics, e.g. leaf
{shape, type and arrangement) and stem, were care-
fully observed. DNA analyses were also employed
to determine an optimal dosimetry of mutagens
and screen mutants. In this activity, DNA was ex-
tracted from small leaves of mutagenised plantlets
regenerated on SRM (MIR1) by the following the
method. A small piece of leaf sample (ca. 20 mg)

was homogenised in 1.5 ml Eppendorf tube con-
taining 150 uL TE (Tris-EDTA) buffer in the
presence of 10% sodium dodecyl sulfate (SDS).
Crude extracts were incubated at 70°C for 30
minutes and cooled immediately after addition of
NH,OAc. DNA was isolated and purified by cen-
trifugation at 4°C and precipitation in isopropanol.
It was then dried, dissolved in TE buffer and
stored in -20°C to -80°C. DNA concentration was
measured using small gel electrophoresis (MUPID)
in comparison with standard DNA.

At least 25 arbitrary 10-mer primer (Operon
Technology Inc. Alameda, California) belonging
to a series of OPA and OPB were used to amplify
DNA. Amplification was carried out in 25 pl of
PCR mixture solution of 1.25 dNTPs. 20 pmol/l of
the primer, 2 unit/it} of Tag DNA polymerase and
approximately 5 ng/ul of genomic DNA. DNA
amplification was performed for [ cycle of 94°C
for 2 min, 51°C for 2 min and 72°C for 2 min. and
32 cycles of 94°C for 30 sec, 41°C for | min and
72°C for 2 min followed by final cycle of 94°C for

"3 min, 41°C for | min and 72°C for 10 min. The

amplification products were size separated by 2%
agarose gel electrophoresis in 0.5xTBE buffer and
stained with 0.01% ethidium bromide. Polymeor-
phisms of DNA from each treatment were com-
pared and analysed.

Results and Discusion

Somaclonal variation through tissue culture

In vitro culture of apomict seed of mangos-
teen in modified Murashige and Skoog (MMS)
medium with 25 UM BA produced some phenotypic
variations., Those vartants were detected among
plantlets just after transferring to soil. Only one
case of the variant phenotype was heritable due 1o
a mutation in chloroplast. Mitotic abnormalities
were not detected. Consequently, somacional va-
riation did not appear to be a very frequent event
in plantlets regenerated from the culture of apomict
seeds in a high concentration of BA. The variants
could be classified into 3 types as following;

1. Chimeral leaf : In this case, each pair of
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new leaves was mosaic with pale green and white
color at leaf margin. Leaf color was also slightly
lighter green than the normal leaf (Figure la). This
was due to a low level of chlorophyll content in the
chleroplasts or fewer chloroplasts per unit area.
However, its growth was not significantly different
from that of normal plants.

2. Malformed leaf : A pair of leaves being
developed at the top whorl was replaced with a
single rolled leaf with the appearance closed funnel
{(Figure 1b). This leaf had a long and thin petiole
with dark green to purple color. The size of the leaf
varied from plant to plant according to its vigor.
Growth of these plants was slower than normal
plants and chimeric plant as classified in 1. After
flushing new leaves, they were normal and growth
of the plant was observed to be the same as in
normal plants.

3. Chlorotic leaf : Most of these plants had
pale yellow leaf due to the lack of chlorophyll.
Some had mottled green spots spread out through a
pale vellow leal blade (Figure lc). This symptom
coutd be cured by sufficient application ol ferti-
fizer. However, a few plants died alter showing
severe symptoms. The remaining plants grew up
very slowly in comparison with the other abnormal
types, 1 and 2. Frequencey of those variants is shown
in Tuble 1.

Table 1 Morphological abnormality of vitro-
plants derived from culture seed of
mangosteen on MMS medium with
25 uM BA.

ariati total number of number of mutation

RPIIOn plants variant(s) frequency

chimeral feal 1,500 1 6x 107

maltormed teal” 1,500 10 6x 107

chloratic leat” 1,300 50 3x10°

From Table | and characteristics of variants
formerly characterized, it was suggested that only
the chimeric character was genetically inherited.

This is the first report on somaclonal varation ari-
sing in tissue culture of mangosteen. As mentioned
earlier, all mangosteen in cultivation belongs to one
cultivar because it is an apomictic cultivar, theretore
the new variant could be amended by tissue culture
technique via somatic mutation. Convention:l
breeding of this cultivar is impossible due to the
lack of sexual reproduction. {n vitro technique
alone or in combination with appropriate mulagens
is likely to provide fair chances of obtaining new
cultivars for further selection.

Induction of variability in tissue culture :

Callus induction rate or percent leaf forming
callus from irradiated and chemical-treated leaves
were expressed as a percentage of control (non ir-
radiated/treated) samples.

Gamma irradiation :

To characterize dosimetry (radiosensitivity |
the LD, or IC,; is commonly used to define as the
dose corresponding 1o 50% decrease of callus in-
duction percentage. The percentage of cidlus-pro-
ducing explunts decreased with increasing dose o
irradintion (Figure 2000 Tomost experinieils sery
few leat explunts produced callus at 40 g
whereas 5 grays irradiation did not allect the per-
centage of callus Tormation after culture for N
weeks. The LD, of gamma ray was 10 grays.

EMS treatment :

EMS at concentration from O o 10"
applied in order to evaluate the response ol leanes
in terms of leal Torming callus (Figure 2bi. Sinulo
10 the response to gamma rays, the callus foinmie-
tion decreased with increasing concentriation of
treatment. The decrement was proportional 1o the
concentration at 8 weeks of culture. The LD, wus
about 0.5%.

Mutagens can be used to induce mutanon
plant cell, tissue and organ cubture. Mutation oceurs
by alteration of one or a few characters, particulury
with the vegetatively propagated cultivars. In [ruit
trees, spontaneous mutation in vitro has been pro-
cessed through somaclonal variation. This evidenee
is also reported and proved to play an impurtan
role in the improvement of cultivars as somaclonal

Sl



Songklanakarin J. Sci. Technol. Potential in the biotechnology of mangosteen
Vol. 20 No. 3 Jul.-Sep. 1998 289 Te-chato, S.

Figure 1 Somaclonal variations obtained from culturing mangosteen sceds on
MMS supplement with 25 1M BA.

{a) : chimeral leaf  (b) : malformed leaf {(¢) : chlorotic leal
100 7= 100 == —
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Figure 2 Effects of gamma ray (a) and EMS (b) at various concen-
trations on percent leaves forming callus of mangosteen.
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vanation but the frequency of mutants occuring
was quite low. Thus, the induction of mutation by

introducing mutagens 1o tissue culture may be of

great importance in the improvement of the apo-
mictic plants.

Manipulation of n vitro materials to various
types of mutagens has also been reported. Advent-
tious regeneration lrom wradiated detached leaves
has been chosen to develop pear varieties (Pyrits
communis) less susceptible to fire blight (Erwinia

callus leafl leafl calius
T e o= @ & > x> oz g
=R B o B TS - R S R £
8 o ™~ & o wn =~ <o O Z 5 - =
(%) o < —_ < (o < — wvy -— ™~ 3 [l -

Figure 3 Polymorphisms of DNA amplified by OPB1(a) and OPB3
{b) from mangosteen leaf and callus,
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amylovora) (Leblay et al., 1991; Chevereau et al.,
1989; Predieri er al., 1989; Abu-Qaoud et al.,
1990,1991). Recently, plant regeneration has been
reported in a number of fruit cultivars but regene-
ration frequency has been reported to depend on
genotypes and explant sources. In the present
study, tissue cultures of mangosteen were recently
well established from various explants (seed, leaf,
siem and petiole). Among those explants young
leaves proved to be the best explant that provided
shoot regeneration from a single cell of the epi-
dermal layer or small cluster of those cells. The
cells divided rapidly to form meristemoid structure.
Accordingly, young red leaves of the fruit trees
prepared in vitro was chosen by our laboratory to
improve mangosteen cultivar for resistance to
drought and early fruit bearing. However, to the
best of our knowledge, no reports related to muta-
genesis of mangosteen leaves have been published.

Determination of variation :

Of all primers tested for the first trial, OPB1,
3 and 4 produced different polymorphisms among
10 grays irradiation, 0.5% EMS treatment and con-
trol (Figure 3). Although OPB2 could amplify
genomic DNA, its polymorphisms gave insuffi-
cient resolution to determine the variation while
OPA could not amplify the DNA. In the second trial
using only 10 gray irradiation, 0.5% treatment and
control were tested by some series of OPB. The
results still confirmed that OPB 11, 12 and 15
can distinguish the difference among polymorphic
DNAs (Figure 4). From PCR products, a clear dis-
tinction can be made among those treatments and
control. Treatment of leaves with 10 gray gamma
ray caused a change at the DNA level. Similar
results were obtained when the leaves were treated
with 0.5% EMS. The results of DNA analyses were
correlated with percentage of leaf producing callus
in CIM. A 10 gray irradiation or 0.5% EMS treat-
ment produced an approximately 50% inhibitory
effect on percent leaf forming callus. DNA analyses
using PCR markers are a very important technique
for high efficiency in identification dosimetry of
irradiation and chemical mutagen in vitro.

12 1

0P8 15

Figure 4 Polymorphisms of DNA obtaining from
plantlet of mangosteen treated with two
different sources of mutagens.

The radiosensitivity to gamma ray is gene-
rally genotype dependent, Low dose irradiation of
apple leaves promotes callus formation and totipo-
tency of the explants (Predieri and Fosolo Fabbri,
1988). LD, is commonly used to identify radio-
sensitivity or chemosensitivity. However, LD lower
than 50 was also reported for use in citrus proto-
plasts and banana shoot tip (Lapins, 1983). Optimum
dose of gamma in our experiment was 10 grays
while banana and pear required higher concentra-
tion of 20-40 grays. In those species regeneration is
still possible from leaves irradiated with up to 40
grays. In mangosteen, very few meristematic no-
dule calli were produced. Plantlet regeneration was
never found. EMS has been widely used to induced
maize resistance to S-methytryptophan (5-MT).
This resistance to amino acid analogue might be
useful not only for studying amino acid bicsynthe-
sis but also for improving the nutritional quality
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(Kang and Kameya, 1993). Many cereals have been
reported to improve many characters, e.g. lodging
resistance, dwarf, high yield ete,, by incorporation
with EMS. In case of soybean, EMS conferred in-
heritance of oligomycin resistance. The effective
concentration ranged from 0.2 to 2%. Higher and
lower concentrations were reported to be necessary
for seed and tissue culture material, respectively. In
our case, 0.5% EMS was the best concentraticn. In
annual crop plants, mutants might be easily isolated
or identified by chlorophyll deficiency or survival in
the next generation (MIR1, M1R2, .., MIRn). In
mangosteen, distinct variations with reference to
growth habits, leaf size and branching were very
difficult to determine.

A large program for the genetic improve-
ment of Mediterenean fruit tree species (apricot,
almond, clementine, kiwi and mandarin) is being
undertaken in Montpellier, France, using bud irra-
diation technique. By this technique, a number of
mutants hiave been reported. The examples of those
mutants are late flowering in almond, variation in
fruit ripening of apricot and a variegated mutant of
clementine which is of ornamental interest. Iden-
ufication of mutants by morphological characters
is usually time-consuming. The plants must grow
to seil tll bearing fruit. DNA marker technique
mediated identification of mutants 15 increasing
the cefficiency of plant breeding programs. This is
because DNA markers are closely linked to a gene.
The power of DNA technique is superior for iden-
tifying species or the plant which is difficult to
screen by phenotypic characters. A procedure for
dentifying reproducible randomly amplified poly-
morphic DNA (RAPD) markers for woody plants
including fruit trees DNA has been reported (Levi
et al., 1993). In this study, we also proved the use
of PCR as markers for identification/confirmation
dose of mutagens when morphological characters
can not be used,
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Abstract

Young red leaves of mangosteen raising in two-phase medium and
callus were collected and treated with two different sources of mutagens.
gamma ray and ethylmethane sulfonate (EMS). After weating with both
mutagens leaves and calli were cultured onto callus induction medium for
evaluating the effect of mutagens on percent leaf forming callus and survival
percentage of callus. The results showed that an increament of EMS caused
decreasing in survival rate of calli. The concentration which inhibited 50%
growth of the calli was 0.5%. Similar result was also found in the case of leaf
forming callus. A 50% inhibition of leaf forming callus was obtained by
treating with EMS at concentration of 0.5-0.75%. In case of irradiation,
gamma ray at dose of 20 and 40 grays gave survival percentage of 84.20 and
80.80%, significant difference from that of control which gave survival
percentage of 100%. Contrary result was obtained when young red leaves were
exposed to gamma ray. Drastical decrease in leal’ forming callus was found
when leaves were irradiated with dose at higher than 10 grays. A 20 and 40
gray irradiation could inhibit callus formation from leaves absoutely while 5
and 10 gray irradiation gave leaf forming callus percentage of 50 and 10%.

The dose which inhibited 50%callus formation was 10 grays.

Keywords: Mangosteen, mutation, leaf, callus, survival rate
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Table | Effect of EMS on leaf forming callus and survival callus percentage.

concentration leaf forming callus (%o survival callus (%)
3

(%) week 3 week 4 week 3 week 4
0 98 100 58 50

p.23 g0 85 47 43

.30 58 73 31 24

0. 75 52 70 26 22

1.00 a5 43 11 10




Table 2. Effect of gamma irradiation on leaf forming callus and survival callus

percentage,
doses teaf forming callus (%) survival callus (%)
{Gy) week 3 week 4 week 3 week 4
0 100 100 100 100
5 80 82 96 97
10 30 40 93 94
20 0 5 g4 87
40 0 0 80 81

10
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Fig. 1. Effect of EMS on callus formation and survival percentage.
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Mutation Induction in Mangosteen: Effect of Mutagens on Biochemical and Histological
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Abstract

Nodular calli induced from voung red leaves raising in viire was
brought to irradiation with various doses of gamma ray and soaking in
ethylmethanesu!fenate (EMS) at various concentrations. Treated-calli were
subjected to examining cytologically and biochemically in order to determine
an optimum dose of both the mutagens. The results showed that calli irradiated |
with gamma ray at 40 grays for 2 times caused damage to epidermal cells
more than the other doses and 0.5% EMS. However. double irradiation
subsequent to application of EMS at the above concentration and period
caused the most severe damage to the cells. Peroxidase was the most effective
isozyme system for identification of mutants obtained from first regenerants.
Zymogram patterns of the enzyme extracted from both leaf and calli showed
the difference in terms of both number and density between treated- and non-
treated leaf or calli. It can conclude that 0.5-1% EMS or 5-10 gray gamma ray

could induce mutation in mangosteen.

Key words: Mutation, mangosteen, biochemical change. histological change,

mutagen
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Table 1 Effect of gamma irradiation on isozyme systems from leaf of M1R1 and callus

M1RI1CI.

treatments - grays isozyme svstems

PER EST MDH ADH PGI
Ry +A +B + ~ -
MRy -5 +A +B + — -
Mi{R1-10 +A +B + - -
MiR1-20 +A +B + - -
M;R1-40 +A +B + = -
Cq +A +B + + +
MiRy1Cy-5 +A +B - + +
MiR1C1-10 +A +B + + +
M{RyC1-20 +A +B - + +
M1R1Cy-40 +A +B + + +
PER :peroxidase + lpresent MR ctirst regeneration of mutiy
EST lesterase - :not present M1R1Cq callus induced from leaf of M1R1

MDH imalatedehydrogenase A :clearRy control leaf
ADH laleoholdehydrogenase B inot clesr  Cqp control callus

PGI iphospheglucoisomerase



Fig.1. Histology of callus treated with the two different sources of mutagens.
a: non-treated callus

b: double irradiation (40 gy y-ray)
c: double treatment (0.5% EMS)
d: irradiation (40 gy y-ray) followed by 0.5% EMS treatment
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M1R1 M1R{Cy

Fig 2. Isozyme patterns of first regenerate-mutant leaf (M1R1) and callus
(MIRI1C1) after exposing to various doses of gamma ray.
(a: peroxidase, b: esterase, ¢: malate dehydrogenase and
d: alcoholdehydrogenase)
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Fig. 3. Zymogram patterns of peroxidase obtained from first regenerate-mutant
leaf (M1R1) and callus (M1R1C1) after treating with various concen-
trations of EMS.
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Induction Mutation of Mangosteen by Colchicin Treatment with Shoot
Bud Cultured I Vitro
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Abstract

A cluster of mangosteen buds was treated with various concentra-
ions of colchicine ranging from 0 to 10,000 mg/l for 2 hours to 30 days in
order to induce ploidy level for varietal improvement. The result revealed
that concentration of 1,500 mg/l for 2 hours provides a non-significant
difference in mean survival of shoots but proved significant in the size of
shoot, a number of roots, leaves and leave areas. In addition, application of
500 mg/l colchicine induced chlorophyll a content, significantly higher than
other concentrations produced. Increasing dilution treatment duration to 10
hours and concentration to 3,000 to 10,000 mg/l reduced the percentage bud
forming shoot whereas chlorophyll a and total chlorophyll content increased.
In the case of treating buds with colchicine at 500, 750 and 1,500 mg/] for 30
days, it was found that average number of shoots, and the percentage of buds
forming shoots, decreased. These concentration promoted clongation of roots
but reduced the number of leaves, while producing no significant change in
chlorophyll. When concentration of colchicine was increased to 3,000, 6,000
and 10,000 mg/1, the percentage of buds forming shoots fell o 12% and
developed shoot were stunted. followed by leal dropping. A number root tip
chromosomes could not be distinguished between colchicine treatment and
control due to the very small size of it. The numbers and sizes of guard cells
varied. Treating with 750 and 1,000 mg/] colchicine for 30 days caused an
increment in the size and color of guard cells. A study on 4 systems of
1isozyme revealed that peroxidase and esterase can preliminarily distiguish

the difference between treated and non-treated plantlets.

'M.Agr. (Crop Biotechnology), Assaciate Professor, Department of Plant
Science, Faculty of Natural Resources, Prince of Songkla University, Hat
Yai, 90112, Thailand. "M.S. (Plant Science). Rescarcher at Bangkok Seed

Company.
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Table 1. Some morphological changes of mangosteen plantlets obtained
from colchicin-treated shoot buds for 2 hours (repeat 1).

Concentratio N Root No.  Root length  LeafNo. Leafshape Leafarea Shootsize

n (average) (cm) {average) {(w/1) (mmz) (cm)

{mg/l.)
0 22 1.0119 2.1577b 7.1190 0.4092 10.1708 1.7625 ab
500 20 1.1407 29704 a 6.5407 0.3546 8.4202 1.5870 b
750 20 1.1778 3.1296 a 6.6222 0.3650 10.9210 1.8071 ab
1,000 27  1.1852 2.5741 ab 6.1481 0.4442 10.3874 1.7778 ab
1,250 15 1.000 2.0667 b 5.6000 0.4039 11,4617 2.0333a
1,500 23 1.2143 2.3839 ab 6.9524 0.4230 10,3201 2.0060 a

F-test ns ¥ ns ns ns *
C.V.(%) 13.71 16.20 9.13 8.45 10.89 8.55

* . significant difference P=0.05, ns : non significant difference

Mean not sharing letter in common within column differ significantly by
DMRT

N : Number of plantlets tested

Table 2. Some morphological changes of mangosteen plantlets obtained
from colchicin-treated shoot bud for 2 hours (repeat 2).

Concentraton N Root No. Root length ~ LeafNo. Leafshape Leafarea Shoot
{(mg/l) (average) (cm) {average) {(w/l) (mmz) size
(cm)
0 20  (.68894a 0.7019 52926 a 03812 9.6012a 1.0452
500 23 0.6905a 0.2065 6.0595 a 0.4260 7.1235 ab 0.9065
750 27 0.6667a 0.5926 5.4074 a 0.4646 9.7827 a 1.1000
1,000 14 1.000a 0.7400 52333 a 0.7494 7.4437 ab 1.0250
1,250 7 0.1667b 0.1667 3.7778 b 0.4i80 6.2965 b 07722
1,500 6 0.8333a 0.8333 6.000 4 0.3051 5.083 b 1.0500
F-test * ns ¥ ns ¥ ns
C.V.(%) 36.32 69.36 11.54 406.00 21.29 16.41

* - significant difference P=0.05, ns : non significant difference

Mean not sharing letter in common within column differ significantly by
DMRT

N : Number of plantlets tested

Table 3 Corelation (R) of some morphological features ol mangosteen
plantlets after treating shoot buds with colchicine at varous
concentrations for 2 hours.

treatment Root No.:Root length  Height:Leaf No  Leat No:Leaf area  Height: Root length

sh2hrs! 0.749 0.636 0.010 0.857*
sh 2 hrs 1l 0.643 0.302 0.402 0.605

* signifcant corelation at P=0.05
sh : shoot; hrs : hours; 1 : repeat I; 11 : repeat
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Table 4. Analysis of covarience between root length and shoot height
after treating with colchicine at various concentrations for 2

hours.
Concentrations (mg/l) Root length {cm)*
0 2.21 £ 028
500 231 £0.29
750 3.03£033
1,000 293 +0.28
1,250 234 £0.30
1.500 2474028
F-test ns
C.V. (%) 18.82

* . Average + standard deviaton
ns : non significant

Table 5. Some morphological changes of mangosteen plantlets obtained from

treatng with colcichine for 30 days.

Concentratio N RootNo.  Root length  Leaf area Leaf Leafarea Shoot size
i {average) {cm) {average) shape mm2 {cm)
(mg/l) (w/l}
0 29 0.6889 0.7019 b 52926 ab 03812 9.6012 1.0452
500 33 09394 14152 a 58(82a 04526 8.4406 Ll 273
750 24 0.8750 1.3417 a 4500 b 0.4367 6.9234 1.0208
1,000 29 0.9963 1.5178 a 44370b  0.4593 8.7582 1.2044
F-test ns * * ns ns ns
C.V. (%) 19.78 24.75 10.87 8.78 13.17 13.05

* - significant difference P=0.05, ns : non significant dilterence
Mean not sharing letter in common within columa diller sipnificantly by

DMRT

N : Number of plantlets tested
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Table 6 Chlorophyll content in leaves of mangosteen plantlets obtained from
treating shoot buds with colchicine at various concentrations for 2

hours.
Conc. of colchicine Chlorophyll content (mg/g fresh weight)
(mg/) Chlorophyll a Chlorophyll b Total chlorophyl!
0 0.283 b 0.144 0.427
500 0.410a 0212 0.662
750 0.290b 0.158 0.448
1,000 0.263 b 0.141 0.404
1,250 0.222 b 0.116 0.338
1,500 0.306 b 0.205 0.511
F-test * ns ns
CV. (%) 11.10 22.21 14.83

* : Significant difference at P=0.05, ns : non significant ditference
Mean not sharing letter in common within column differ significantly by
DMRT.

Table 7 Chlorophyll content in leaves of mangosteen plantlets obtained from
treating shoot bud with colchicine at various concentrations for 10

hours.
Conc. of colchicine Chlorophyll content {mg/g fresh weight)
{mg/t) chlorophyll a Chlorophyll Total chlorophyli

b

0 0.276 ¢ 0.147 b (0,420 ¢
3,000 (0445 a 02154 0.660 a
6,000 0.365b (0.186a 0.551b
10,000 0.355b ' (L187a 0.542 b
F-test * * *
C.V. (%) 5.63 5.48 7.20

* . Significant difference at P=0.03
Mean not sharing letter in common within column ditfer significantly by
DMRT.

Table 8 Chlorophyll content in leaves of mangosteen plantlets obtained from
treating shoot bud with colchicine at various concentrations for 30

days.
Conc. of colehicine Chlorophyil content (mg/g fresh weight)
(mg/t) Chlorophyll Chilorophyil b Total chlorophyll
a

0 0.283 (0.134 0.427

500 0.220 G111 0.332

750 0.287 (.128 0416
1,000 0.233 0.117 0.350
F-test ns ns ns

C.V. (%) 12.39 15.59 10.99
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Fig. 1 Effect of various concentrations of colchicine on shoot survival percentage.
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Fig.2 Effect of various concentrations of colchicine on average number of shoots.
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Fig.3 Effeat of various concentrations of colchicine on shoot survival percentage.



Fig. 4 Chromosomes from root tip of mangosteen plantlet obtained from
treating shoot buds with colchicine at 750 mg/l for 30 days
(X600).

Fig. 5 Stomata cells from mangosteen plantlet leaf obtained from treating
shoot buds with 750 mg/l (A) and 3,000-10.000 mg/l (B) colchicine
for 30 days (X600)
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1 Tl } = B
Fig. 6 Zymogram patterns of peroxidase (A) and esterase (B) from
mangosteen plantlet leaves obtained from treating and non-treating
shoot buds.
Lane 1,2 = Non-treating shoot buds, Lane 3.4 = 500 mg/l, Lane 5,6 =
750 mg/l, Lane 7,8 = 1,000 mg/l.
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