ISSN : 0974 -

Trave Science Inc.

7435 Volume 6 Issue 10

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 6(10), 2012 [317-326]

Plant regeneration through callus-derived protoplasts of
Phellodendron amurense Rupr.

Mustafa Abul Kalam Azad

Department of Botany, Univer sity of Rajshahi, Rajshahi 6205 (BANGLADESH)

E-mail: drmakazad@gmail.com

ABSTRACT

A method for the isolation, culture of the callus-derived protoplasts, and
plantlet regeneration in Phellodendron amurense is described. In this
study, the highest 92.0% viability with theyield of 2.4 x 10° protoplast/ g
fresh weight was obtained from callus, when the materialsweretreated for
6 hrswith Cellulase Onozuka R-10 plus Driselase. Sustained cell division
and colony formation from the protoplasts were best supported by a0.2%
Gellan gum solidified or liquid medium containing 2.0 uM BAP with 4.0
uM NAA, IBA or 2,4-D, where the plating density was 4 x 10°to 6 x 10°
protoplasts/ml. The highest frequency (0.33 + 0.02%) of colony formation
was observed, when the protoplasts were cultured on MS medium
supplemented with 2.0 uM BAP and 4.0 uM NAA.. The protoplast-derived
colonies formed green compact calli on 0.2% Gellan gum solidified MS
medium containing 2.0 uM BAPwith 4.0 uM NAA or IBA. Adventitious
shoots from protoplast-derived callus were induced on MS medium
supplemented with 2.0 uM BAP and 1.0 uM NAA or 2.5 uM IBA. Shoot
multiplication and elongation occurred on M S medium containing 1.0 uM
BAP. The highest 90.0% of in vitro grown shoots were rooted on MS
medium containing 2.0 uM IBA. Plantletsweretransferred to the Kanuma
soil and successfully established under greenhouse condition.
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Callus.

Plant protopl astshave been proved to be an excel -
lent tool for invitro manipulation, somatic hybridiza-
tion, genetic transformation, and for theinduction of
somaclonal variation. Thesestudiesreflected thefar-
reaching impact of protoplast aternations on agricul-
tureand forest biotechnol ogy. However, theisolation
and cultureof protoplastsintree speciesarevery diffi-

cult, and thereareonly alimited number of reportson
thesuccessful cultureof protoplasts. Theisolation effi-
ciency andviability of protoplastsinwoody plantsare
fully depended ontheinitid plant materids, fromwhich
tree protoplasts could be prepared successfully. Plant
biotechnol ogy isanimportant tool for cultivar improve-
ment in conventiona breeding,

Phellodendron amurense belongs to family
Rutaceaeisthebest known and d most widely growing
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in Far East region. The extractsfrom bark tissues of
thistreeareused asacrudedrugin Japanandin China
asananti-stomachic, for intestinal function control, and
asan anti-inflammatory and anti-pyretic agent, chola
gogue, and antibacteriad medicing™. Thebark extracts
mainly contain berberinederivativesasactive constitu-
ents.

Most works on P. amurense have concentrated
on biochemical studies. Thereisonly limited research
worksin thetissue culture of P. amurensg21517.1820],
Sofar, thereisno report on shoot regeneration from
protoplast culture. Inthispaper anove plant regenera-
tion system from protopl astsisol ated from stem seg-
ment-derived callusisdescribed.

MATERIALSAND METHODS

Plant materials

Plant materialsfor starting in vitro culturewere
seedlings. Fruits of Phellodendron amurense Rupr.
were collected from a 50 years old tree growing at
theMedicina Plant Garden of Kumamoto University,
Japan. After removing thefleshfromfruits, seedswere
recovered and surface-sterilized. The sterilized seeds
were germinated on 10 ml of MS mediumi??in cul-
turetubewithout any growth regulators. The cultured
seeds germinated within 3 weeks, and gaveriseto
shootswhich developed two to three nodesfiveto six
weeks | ater. Plants were then propagated by subcul-
turing single-node cuttings at 4-week intervalson M S
medium with 2.0 uM BAP, and 2-4 cm long
mi crocuttings were cultured on M S medium supple-
mented with 2.0 uM IBA.. The stem segmentswere
taken from 4-5 week-old in vitro grown shoots and
used asthe sources of protoplasts.

Callusinduction

The stem segments (1-1.5 cmlong) wereincubated
on M Smedium containing different concentrations (viz.
1.0,2.0, 4.0, and 6.0 uM) of NAA, IBA or 2,4-D in
combination with either 1.0, 2.0, and 4.0 uM BAR,
TDZ, or CPPU for testing their effectson callusinduc-
tion. Themediawere solidified with 0.2% Gellan gum,
andthepH adjusted to 5.7. Theexplantswere cultured
on the surface of medium in glass Petri dishes. Each
Petri dish contained 10 explantsand sed ed with Parafilm
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M (American Nationa Can., USA). All cultureswere
transferred tothe new medium containingthe same com-
position every 4 weeksfor callusproliferation. Theex-
perimentswererepeated 4 times.

Protoplast isolation from callus

Friablecdli (about 0.2 g freshweight) induced from
stem segmentswerecut into small pieceswithasurgi-
cal blade, and used as materialsfor protoplast isola
tion. Twenty-four enzymecombinationswereexamined
with theduration of 24 hrsto select the best enzyme
combination. Thefollowing enzymeswereused: Cdlu-
lase Onozuka RS (Yakult, Tokyo, Japan), Cellulase
Onozuka R-10 (Yakult, Tokyo, Japan), Driselase
(KyowaHakko Kogyo, Tokyo, Japan), Hemicellulase
(Sigma, St. Louis, Missouri, USA), Macerozyme R-
10 (Yakult, Tokyo, Japan), and Pectolyase Y-23
(Seishin Pharm. Co., Tokyo, Japan). All enzymeswere
dissolvedin 0.6 M Mannitol solutionand used at 1.0%
concentration, except for Pectolyase Y-23 at 0.5%.

Purification, yied, and viability of protoplasts

About 0.2 g fresh weight of thefriablecalli were
incubated with4 ml of enzymesolutionin 30 ml sample
bottlefor different duration (6, 8, 10, 12, and 18 hrs)
tofind out the optimum treatment duration for proto-
plast isolation. After thetreatment of different duration
at room temperature, debriswasfiltered off with a40
um nylon mesh, and the protopl astswere collected by
centrifugation at 100 x gfor 3 min, followed by 3times
washing with 0.6 M mannitol solution. Protoplast yield
was measured with ahaemocytometer slide (Nitrin,
Tokyo, Japan) under an inverted microscope
(OLY MPUS X 70-S8F) and cal cul ated by thefollow-
Ing equation:

Protoplast yield (protoplasts/ ml) =5 x number of proto-
plasts x 10*

To find out the effects of the osmotic potentia of
enzymesolutionontheyiddandviahility of protoplasts,
different concentrations(viz. 0.4, 0.6, and 0.8 M) of
mannitol wereal so tested. After measuring the proto-
plast yield, protoplastswere stained with 0.01% (w/v)
fluorescein diacetate (FDA)? in 0.6 M mannitol for 3
minto examinetheir viability. The protoplastswere
observed under afluorescence microscope with the
excitation of bluelight (WBV colour combination) us-
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ingtheexdtationfilter of Olympusmode BA 475. Pro-
toplast viability was ca cul ated asthe percentage of the
number of viable protopl aststo the number of tota pro-
toplasts.

Protoplast culturemedium and plating efficiency

Protopl asts obtai ned from stem segment-derived
calluswereculturedinliquid or onsolidMS, MMS,
(v2 strength of MS Medium) and WPM (Woody Plant
Medium) medium solidified with 0.2% Gellangum (w/
V) containing different concentrations(viz. 1.0, 2.0, and
4.0 uM) of BAPor TDZ incombination with NAA,
IBA or 2,4-D (2.0and 4.0 uM), 2.0% sucrose (w/ v),
and 0.6 M mannitol. Protoplast culture mediawere
adjustedtopH 5.7.

Inall theexperiments, cdll density wasadjusted to
2x 10°, 4 x 10°, and 6 x10° protoplasts/ ml by adding
2-5 pl of the concentrated protoplast suspensionto 50
ul of themediumina96-well plate (FALCON, Becton
Dickinsonand Co., USA). About 10 ul of the sterilized
distilled water was dispensed i n between the space of
every 4 wellsto maintain the humidity, and the plate
wastightly sealed with Parafilm M. Protoplast suspen-
sion (1.5-2.0 ml) was al so cultured on the surface of
M Ssolid mediuminaPetri dish, wherethe protoplasts
density was 4 x 10° protoplast / ml. Protoplastswere
observed at 24 hrsintervalsunder an inverted micro-
scope during 3 monthsof culture, by thistimethepro-
toplast formed cell colonies. After 2 monthsof culture,
the number of colonieslarger than 200 umin diameter
in each well was counted twice. Frequency of colony
formationwascd culated asfollows:

Number

Frequency of of colonies

= X
colony formation (%) Number of originally
plated protoplasts

Proliferation of protoplast-derived callus

After 2monthsof culture, themicrocalli (about 2-3
mm diameter) obtained from stem segment-derived pro-
toplasts were used for callus proliferation. These
microcalli weretransferred to Petri dishesor 200 ml
flasks containing M S solid medium. Themedium con-
tained 1.0, 2.0, or 4.0 uM BAP or TDZ in combina-
tion with 2.0 or 4.0 uM NAA, IBA, or 2,4-D, and
wasfortifiedwith 3.0% sucrose(w/v) and 0.2% Gellan
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gum (w/ v) to promotecdlusproliferation. Microcalli
were subcultured every 4 weeks.

Plant regeneration from microcalli

Microcalli were transferred to a sequence of re-
generation mediasupplemented with variouscytokinins
and auxinsfor plant regeneration. Thecalli weretrans-
ferred to 200ml conical flask containing 50 ml of MS
medium supplemented with different concentrations(viz.
0.5,1.0, 2.0, or 4.0 uM) of BAP or CPPU in combi-
nationwith of NAA or IBA (0.5, 1.0, 2.0, or 4.0 uM)
for shoot regeneration. For the elongation of shoots,
they weretransferred to M S medium containing differ-
ent concentrations (viz. 0.5, 1.0, 1.5, or 2.0 uM) of
BAP.

Culturecondition

All culturesweremaintained inthecontrolled envi-
ronment with 25+ 1°C and16 hrsillumination per day
at 50 umol-mr2 -s* provided with cool whitefluorescent
tubular bulb. Humidity of the growth chamber wasnot
controlled for any experiment.

Rootingof in vitroregener ated shootsand ex vitro
establishment

The elongated shoots were cut into 2-4 cm long
and cultured on M Sbasd medium fortified with either
0.5, 1.0, 2.0, or 4.0 uM IBA, NAA, or IAA for ad-
ventitiousrooting. Datawererecorded on percentage
of rooting and the number and length of roots after 4
weeksof transfer onto therooting media. Rooted plant-
lets were removed from the culture media after one
month and the roots were washed in tap water to re-
movead | tracesof Gellangum. Plantletswerethentrans-
ferred to plastic pots containing Kanumasoil (Kanuma
Bosai Potting Medium Co., Japan) and covered witha
smdll transparent plastictent (Height 127 x Wide 12”)
to ensure high humidity during the acclimatization pe-
riod of 20 days. They were maintained under culture
room conditions. The potted plantswereirrigated with
12 M Sbasal salt solutionsdevoid of sucroseand myo-
inositol every 4 daysfor 3weeks. Theplastictentswere
then removed after threeweeksin order to acclimatize
plantstolaboratory room condition. Acdimetized plants
werethentransferred to larger potsand maintainedin
greenhouse.
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Data analysis

Threereplicateswere used for the experiments of
colony formation. The effects of different mediaand
source of protoplastswere quantified, andthedatawere
analyzed by analysisof variance (ANOVA). Tukey’s
multiplecomparisonwasused to digtinguish differences
among treatments.

RESULTS

I nduction of callusfrom stem segment explants

Different level sof auxin and cytokinin combinations
showed agreet variation of themorphol ogy and amount
of formed callus. Within 3 weeksof incubation, callus
was proliferated from cut marginin different media.

Themediacontaining2.0 uM BAP, or TDZ incom-
bination with 4.0 M NAA, IBA or 2, 4-D was more
effectivefor calusinduction. Thiscombination produced
maximum frequency (80.0%) of callusformation (Fig-
ure1a). Calusgrowthinthesemediawasfairly active,
and theca luscontinued to grow for morethan 3 months
without browning. In thisexperiment, it was observed
that low (1.0 uM) and high (6.0 uM) concentrations of
al auxinsin combinationwith cytokinin gavethelowest
frequency (20.0%) of callusformation, and thesecalli
showed browning within 6 weeks. Inthe present studly,
itwasrevededthat 2.0 uM BAP+4.0uM NAA, 2.0
uM BAP + 4.0 uM IBA, 2.0 uM TDZ + 4.0 uM
NAA, and 2.0 uM TDZ + 4.0 uM 2,4-D were suit-
ableformulationfor calusinductionin P. amurense.

| solation of protoplastsfrom callus

Ingeneral, selection of digesting enzymesisvery
important to obtainahigh viability and yield of proto-
plasts. Therefore, 24 enzyme combinationsweretested
preliminary for obtaining the high viability and yield of
protoplasts. In thisstudy, it wasfound that among the
24 enzyme combinations, Cdlulase OnozukaR-10 plus
Drisdase, Cellulase OnozukaRS plus Drisdase, Cel-
lulase Onozuka RS plus Hemicellulase plus Driselase
plus Pectolyase Y-23, and Cellulase OnozukaRS plus
Pectolyase Y-23 weresuitablefor protoplast isolation
from stem segment-derived callus (datanot shown).
On the other hand, both Macerozyme R-10 and
Hemicellulase were not effective in combination with
Cellulase OnozukaR-10 or RSfor isolation of callus

protoplastsfrom calus. Protoplasts obtained from cal-
lusareshownin Figure 1b.

) #55 0

a: Callusinduced from stem-segment explants. b,c: Protoplasts
from stem segment-derived-callus. d: Fluorescence micropho-
tograph of protoplasts stained with FDA. Vigorous protoplasts
showing yellow-green fluorescence. Arrowheads indicate the
damaged protoplasts. ¢ and d indicate the same field. e: Divid-
ing cells after two weeks of culture (arrowheads) in MS me-
dium containing 2.0 uM BAP and 4.0 uM IBA. f: Enlarging and
non-spherical cells after two weeks of culture in M'S medium
containing 2.0 uM BAP and 4.0 uM 2,4-D. g: Colony formation
after 5weeksof culturein M S medium containing 2.0 uM BAP
and 4.0 uM IBA. h: Callusformation after 4 months of culture
in MS medium containing 2.0 uM BAP and 4.0 uM IBA. i:
Shoot differentiation from protoplast-derived calli on MS
medium containing 2.0 uM BAP and 1.0 uM NAA. j: Multipli-
cation and elongation of shoots on M S medium containing 1.0
uM BAP. k: Rooting of in vitro grown shoots on M'S medium
containing 2.0 pM IBA. I: Plantlet growing on the Kanuma
soil under culture room conditions after 2 weeks of transfer

Figurel: Plant regeneration through protoplast-derived
callus

Generdly, living protoplastsemit ydlow-greenfluo-
rescence under afluorescence microscope, when pro-
toplasts were stained with FDA, whereas dead
protoplasts do not!??. In the present study, protoplasts
stai ned with yellow-green fluorescencewerejudged to
bevigorous, and theviability of protoplastswas mea-
sured from the number of fluoresced protoplasts (Fig-
ures 1c, d). Figure 2 showstheinfluence of incubation
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timefrom 6to 18 hrson theyield and viability of proto-
plasts. Theyield gradually increased asincreasing the
incubationtime. Ontheother hand, theviability consd-
erably decreased with theincreaseinincubationtime.
Inthisstudy, the highest 92.0% viability with theyield
of 2.4 x 10° protoplast / g fresh weight was obtained
when the materialsweretreated for 6 hrswith Cellu-
lase OnozukaR-10 plusDrisdlase. Thehighest yield of
cdlusprotoplasts(10.0 x 10° protoplast/ g freshweight)
was obtained by thetreatment for 18 hrswith Cellulase
Onozuka RS plus Driselase, whereas the protopl ast
viability was 0%. Among the different enzyme combi-
nation and incubation time, Cellulase OnozukaR-10
plusDriselasefor 8 hrswasthe most suitablefor pro-
toplast isolation, theyield and viability of protoplasts
were5.5 x 10° protoplasts/ g fresh weight and 90.0%,
respectively.

100

4 =) o0
< = =3
| |

Protoplast viability (%)
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Protoplast yield (x105 / g FW)

0 |
6 8101218
R-10+D

L B =
6 8101218
RS+P

68101218 6 8101218
R-10+P RS+D
Enzymatic treatment time (hrs)

—“— Protoplast Yield
—-S- Protoplast viability

Figure?2: Effectsof enzymatictreatment timeon theyield
and theviability of protoplasts

Effects of osmotic potential on the yield and vi-
ability of protoplasts

Theosmoticpotentia inisolation mixturesasoin-
fluenced theyield and viability of protoplastsfrom ca-
luscultures. Generdly, mannitol isused asan osmaticum.
Different concentrations (0.4, 0.6, and 0.8 M) of man-
nitol and theenzyme combination of CellulaseOnozuka
R-10 plusDriselase were used for examining the ef-
fectsof osmotic potentia on protoplast isolation. The
yield of protopl astsincreased with increasein mannitol
concentration from 0.4 t0 0.6 M, and the maximum
viability (90.0%) andyield (5.5 x 10° protoplasts/ g
fresh weight) of protoplastswereobtainedwith 0.6 M
mannitol a 8 hrsenzymatictreatment (Figure3). It was
a so noted that higher osmoldity induced lower proto-
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plast yield and lower osmolality resultedin more cell
burst.
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Figure3: Effectsof mannitol concentration ontheyield and
viability of protoplasts

Cultureof protoplasts

Protoplastswere cultured in MSliquid medium
supplemented with different combinationsand concen-
trations of cytokininsand auxinsat threedifferent cell
densitiesi.e. 2 x 10°, 4 x 10°, and 6 x 10° protoplasts
/ ml. After oneweek of culturein samemedia, there
was no changein protoplast growth. It seemed that the
cell wall regeneration had commenced only after one
week of growth. However, thefirst cell divisionwas
observed after 2weeksof cultureinthemediacontain-
ing high concentration (4.0 uM) of NAA, IBA, or 2,4-
D with 2.0 uM BAP (Figure 1€), suggesting that the
timerequired for the cell wall regenerationwasabout 2
weeks. IntheM S mediacontaining BAPwith NAA or
IBA, protoplastsdevel oped spherical cellswith el di-
vison, whereasinthe mediacontaining BAPplus2, 4-
D they showed both spherical and non-spherical cell
enlargement (Figure 1f).

The colony formation from the protopl astswas ob-
sarved intheM Sliquid mediacontaining 0.6 M manni-
tol incombinations of BAPor TDZ (1.0, 2.0, or 4.0
M) and NAA, IBA, or 2,4-D (2.0 or 4.0 uM) after 5
weeksof culture (Figure 1g). Thecoloniesactively pro-
liferated after one month of culture, and grew upto 1
mm indiameter. Among thedifferent densitiesof proto-
plasts examined here, the plating density of 4 x 10°
protoplasts/ ml effectively induced the active growth
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and cdll division of protoplasts(Figure4).
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Figure4: Effectsof different combinationsand concentrations
of cytokinin and auxin, and plating densities on colony
formationin protoplast culture

After 2 months of culture, the obtained
microcoloniesdevel oped intothemicrocali larger than
2 mm in diameter, and then they were transferred to
Petri dishes containing 30 ml of M Ssolid medium of
the same componentswithout mannitol. After 4 months
of cultureinthismedium, themicrocali 4 mmindiam-
eter and their proliferation were observed (Figure 1h).
Among the different mediacomposition, MS media
containing 2.0 uM BAP with 4.0 uM NAA or IBA
were suitablefor the proliferation of stem segment-de-
rived callus, when protopl astswere cultured at the den-
sity of 4 x 10° protoplasts/ ml.

Effectsof culturemedium on colony for mation

Theeffectsof components and conditions of me-
dium on colony formation from cultured protoplasts
were examined. |solated protoplastswere culturedin
liquidor solidified (0.2% Gellan gum) mediumwith each
of three different media, MS, MMS , and WPM. The
liquid mediacontained 3.0% sucrose, 0.6 M mannital,
2.0uM BAP, and 4.0 uM NAA, and solidified media
had no mannital. Inthisstudy, the plating density was4
x 1P protoplasts/ ml. After onemonth of culture, data
wererecorded and are presented in TABLE 1. Both
medium and typeof culture, and their interactionhad a
sgnificant effect on colony formation. Colony forma:
tion of protoplastsinduced on M S solid medium was
sgnificantly higher (0.33%) than other media. Thisfact
revealed that M Ssolid medium wasthebest for calus-

derived-protoplast culture of P. amurense, whereassM S
liquid mediumwaslesseffective.

TABLE 1: Effectsof culture medium on colony for mation
fromprotoplast culture

Medium  Typeof culture  Colony formation (%)

MS Solidified medium 0.33+0.02a
Liquid medium 0.26 + 0.01b

MMS, SQIiQified medi um 0.27+0.01b
Liquid medium 0.20+0.01c
Solidifi i .14+ 0.

WPM : i _| ied n_wedmm 0.14+0.01d
Liquid medium 0.11+0.01d

All media contained 2.0 uM BAP and 4.0 uM NAA, and plating
density was 4 x 10° protoplasts / ml. Values represent means +
standard errors of three replicates per treatment in three re-
peated experiments. Data wer e recorded after 4 weeks of cul-
ture. Means followed by the same letter are not significantly
different by Tukey’s multiple comparison test at 0.05 prob-
ability level

Proliferation of protoplast-derived callus

The protoplast-derived microcalli (about 2-3 mm
in diameter) were cultured on MS medium supple-
mented with different combinationsand concentrations
of acytokinin and an auxin. TABLE 1 revealed that
liquid mediawerelesseffectivefor colony formation or
proliferation of calus. In contrast, solid medium stimu-
lated thecallusproliferation. Thecaluscultured onthe
M S medium, solidified with Gellan gum, containing 2.0
uM BAPand 4.0 uM NAA or IBA exhibited active
growth for 3 months. The mediacontaining 1.0 uM
TDZ and 4.0 uM NAA, IBA, or 2,4-D showed active
calusgrowth for 2 months, and after that, they gradu-
ally becamebrown. In P. amurense, BAPwith NAA
or IBA seemed to bemore effectivefor thecaluspro-
liferation and culture of green callus, compared with
TDZ and2,4-D considering that ingenera greencallus
isphysiologicaly activeand suitablefor differentiation
of shoots.

Themaximum 80.0% of calusproliferationwasob-
tained from the protopl ast-derived microcalli onMS
medium containing 2.0 uM BAPand 4.0 uM NAA or
IBA (Figure5). BAPor TDZ incombinationwith 2,4-
D produced white-greenish caluswith the highest pro-
liferationrateof 60.0%. Thelight conditionsasoinflu-
enced thecalus proliferation. In genera, the dark con-
ditioniseffectivefor thegrowth of calus. Inthisexperi-
ment, thecalusgrew actively inthelight and remained
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green, whereasthe dark conditioninhibitedthecalus M BAP. Among thedifferent concentrationstested,
proliferation and caused browning of callusafter one 1.0 uM BAP showed the highest |ength and maximum

month. Inthe present study, successful proliferation of
callusthrough the protoplast culture was obtained.

[~ 10g

Callus proliferation (%)

\AVAVAVAVAN
2 ¢ }
Callus profiferation (%)

777771

40
/d-ug/zﬂ_m“MJ
Pt 10 ~1BA (M)
BAP (UM) 9 2 o0 :
Tnm‘\ 20 AA (M)

Figure5: Effectsof plant growth regulator on proliferation
of protoplast-derived callus

Regeneration of plantletsfrom protoplast-derived
callus

For plant regeneration, protoplast-derived cdli were
transferred to asequence of regeneration mediasupple-
mented with various cytokininsand/or auxins. Inthis
study, M Ssolid mediacontaining 0.5, 1.0, 2.0,and 4.0
uM of BAP or CPPU in combination with 0.5, 1.0,
2.5,and 5.0 uM NAA or IBA were used.

Theadventitious shootswere successfully induced
from the protoplast-derived green calli (Figure 1i),
whereasroot differentiation occurred from thewhite-
greenish cali on M Smedium containing 0.5 uM BAP
and 1.0 uM IBA. Thegreen calli were soft compact,
whilewhite-greenish calli were hard compact. Among
thedifferent plant growth regulators, 2.0-4.0 uM BAP
plus 0.5-1.0 uM NAA, and 2.0-4.0 uM BAP plus
1.0-2.5 uM IBA in MS medium produced adventi-
tiousshoot regenerationfromthegreen cali. Themaxi-
mum 80.0% of shoot proliferation wasobtainedonMS
medium after 5 weeksof culture, when 2.0 uM BAP
plus1.0 uM NAA wasused asplant growth regulators
(data not shown). In this study, 1.0 uM CPPU and
1.0-2.5uM NAA deve oped only green cdlus, but these
failed to produce any shoots. For themultiplicationand
elongation of shoots, the proliferated shootsweretrans-
ferredtoMSmedium containing 0.5, 1.0, 1.5, and 2.0

number of shoots (Figures ), 6).
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Figure 6 : Effects of different concentrations of BAP on
multiplication and elongation of shoots induced from
protoplast-derived callus

Rooting and establishment of in vitro prolifer ated
shoots

The microcuttings (2-4 cm long) were prepared
from elongated shootsinduced from callus, and were
trangferred to M S medium containing different concen-
trationsof IBA or NAA for rooting. One week after
inocul ation, root formation was noticed from the basal
cut portion of shoots. Therewere asatisfactory result
inrooting: 90.0% shoots, 4.2 total number of roots,
and 4.6 cm average length could beobtainedon M S
medium containing 2.0 uM IBA (Figure 1k), while
80.0% root formation, 2.5 maximum number of roots,
and 3.0 cm averagelength were obtained with 1.0 uM
NAA.

Twenty plantletswereremoved from culturetubes,
and the Gellan gum was washed away from theroots
thoroughly with running tep water, thenthey weretrans-
ferredtosmall plastic pot containing Kanumasoil for
hardening under diffuse light (16 hrs photoperiod).
Normal growth of the potted plantswas observed after
one week of transfer. Two months later, they were
moved to another larger pot containing the same soil
and transferred to greenhouse. Theinvitrogrown plant-
letswere gradually acclimatized and successfully es-
tablished onthe Kanumasoil under greenhouse condi-
tionwithasurviva rateof 90% (Figure 1l), wherethey
showed no morphological variation with mother plants.
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DISCUSSION

Themost significant finding of thisstudy wasthe
development of protocol sfor plant regeneration from
protoplasts of amedicinal tree P. amurense. Before
starting protoplast culture, it should be needed to find
out essentid cultureconditionsand cultureenvironment
of callusinduction from the experimental explants. To
find out their calusinduction efficiency, ssem segment
explantswere cultured on M S medium containing dif-
ferent combinationsand concentrationsof acytokinin
and an auxin. Friable calluswasformed on MS me-
dium supplemented with 2.0 uM TDZ and 4.0 uM 2,4-
D. Li-Chun et al. reported the sameresultsfor callus
production from stem in Cinnamomum camphora.
Stem segment explantsproduced highly proliferating
friable calusshowing green col our onthe medium con-
taining 2.0 uM BAPwith 4.0 uM NAA, IBA, or 2,4-
D. Schween and Schwenkel® reported thesimilar re-
sultsfor calusproductionin Primulaspp. Ikutaet al ™
reportedthat 0.1 uM Knwith 1.0 uM 2,4-D was bet-
ter for callusinduction from the stem segment in P.
amurense. In the present study, it was revealed that
2.0uM BAPor TDZ with4.0 uM NAA, IBA, or 2,
4-D werethebest formulations, and stem segment was
asuitableexplant for calusproductionin P. amurense.
Theresultsaresimilar to those of callusinductionin
Astragalus adsurgens®®. No adventitious embryos
wereinduced from the subcultured callusduring the
prolonged culture periodsin thisstudy.

Considering protoplast yield and viability theenzy-
matic treatment with Cellulase Onozuka R-10 and
Driselasefor 6-8 hrswasrd atively better among the
24 enzyme combinationsused. Thebetter yield and vi-
ability in combination enzymeétic trestment might bedue
to their synergetic effects. Wakitd® reported that Cel-
lulase OnozukaR-10 with Drisdl asewasbetter for high-
est yield and viability of leaf protoplasts in Betula
platyphyllaand Alnusfirma. Sofar, thereisno report
on protoplagtisolation of P. amurense. Thisstudy, there-
fore, isthefirst experiment of protoplastisolaioninthis
plant species.

Either mannitol or sorbitol asan osmotic stabilizer
for protoplasting of both green plant materialsand cell
suspension cultureshas been used generally. The os-
motic potentid inisolation mixturesa soinfluenced pro-
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toplast isolation of P. amurensewere used toisolate
protoplastsfrom stem segment-derived cdlus. Among
thethree concentrations (0.4, 0.6, and 0.8 M) of man-
nitol theyield of protoplastsimproved when mannitol
concentration was increased from 0.4 to 0.6 M, but
theyield decreased at 0.8 M. Poor yield of protoplast
at 0.4 and 0.8 M concentrations might be due shrink-
age and bursting of protoplast at lower (0.4 M) and
higher (0.8 M) concentration respectively. Similar re-
sultswerereported in Prunua amygdalus?, Ginkgo
biloba, Alnus firmal®d, Artemisia judaica, and
Echinops spinosi ssimus™,

A minima number of protoplasts per ml isalways
required to ensurecell divisong?. [t wasfoundinthis
study that protoplastscould dividefrom aplating den-
sty aslow as2 x 10° protoplasts/ ml, and an optimum
of 4-6 x 10° protoplasts/ ml. In order to optimize colony
formation, theincubation period had to belimited to 6
hrs despiteamaximal protoplast yield recorded after
12-18 hrs. Similar observation wasfound in Platanus
orientalig®!. Among thedifferent combinationsand
concentrationsof acytokininandanauxin, 2.0 uM BAP
with 4.0 uM NAA or IBA showed the best perfor-
mance of colony and microcallus formation, and
microcdlusproliferationin M Sliquid mediumfromca-
lusprotoplagts. Thisagreeswith reportsfor other woody
species, such as Gentiana scabral®¥ and Ginkgo
bilobal4.

Apparently, theenzymesfrequently show sometox-
icity. Light isnecessary during enzymeincubation, as
darkness is shown to increase protoplast mortality.
Therefore, light may contributeto protoplast defence
against enzymetoxicity and osmotic stress”. Theim-
portance of light for protoplast culture was demon-
strated in the present study, since more colonieswere
formed under thiscondition. Thisresultisdifferent from
the procedure reported so fart?¥, in which the proto-
plast cultureof thefirst week wasperformedinthedark.

Morecolonieswere produced in M Ssolid medium
without mannitol thaninliquid mediumwith mannitol,
whereasMM S, and WPM medium showed | ess per-
formance. Under these conditions, protoplastsand colo-
niesgrew mainlyintheupper part of themedium, where
gasand light areeasily accessible. Inliquid medium
contai ning mannitol, coloniesfrequently fell tothebot-
tom of thedish, wheregasand light accessibility seem

Hn Tudian Jounual



BTAIJ, 6(10) 2012

Mustafa Abul Kalam Azad

325

————, FyurL PAPER

to be probably lower. The beneficial effects of solid
medium on protoplast culture have been previoudy re-
ported™. However, thebeneficial effectsvaried with
thenatureof thegelling agent'@. For P. amurense, gellan
gum wasthe most efficient one. Thisresult could be
explained elther by the presence of toxic compoundsin
the gdlling agent™ or by theinfluence on nutrients or
growth regulator availability™.

Individual groups of 20-25 protoplast-derived
microcalli (approx. 2-3 mm in diameter) weretrans-
ferred to Petri dishesor flasksincluding gellan gum-
solidified M Smedium, without mannitol, containing 1.0-
4.0 uM BAPor TDZ with 2.0-4.0 uM NAA, IBA, or
2,4-D. Inthisstudy, BAPand NAA or IBA werethe
most effective plant growth regulatorsfor proliferation
of protoplast-derived callus. Sameresultswerefound
in many other woody species, such as. Gentiana
scabral®Y, Ginkgo bilobal*¥, and Rosa hybridal® .

Thisexperiment revedl ed that theratio between low
concentration of auxin and high concentration of cyto-
kinin enhanced adventitiousbud formation, i .e. adven-
titiousbuds could beinduced by transferring calusfrom
the medium containing 0.5-1.0 uM NAA or 1.0 uM
IBA to themedium containing 2.0-4.0 uM BAP under
16 hrsphotoperiods. In addition, the nitrogen concen-
tration of the medium appeared to affect theregenera-
tion of adventitiousbudsfrom protoplast-derived calli
in P. amurense. M S medium was more effective for
adventitious bud formationthan MM S, or WPM me-
dium. Similar results were reported in Actinidia
deliciosa®, Rosa species, and Diospyros kaki?Y.

For further devel opment of shoots, protoplast-de-
rived adventitious shoot budsweretransferredtoM S
medium containing different concentrationsof BARP. The
subculture of the small buds on the medium supple-
mented with 1.0 uM BAP gave better growth and de-
velopment of the shoots. Similar observationwasfound
in Solanum khasiamum®.

In vitro rooting was achieved successfully when
themi croshootswere cultured on M Smediacontain-
ingauxins, IBA or NAA. Successof invitrorooting
of microshootsexcised from proliferating culturesde-
pends frequently on the species and clone used, on
the mediacombination, and on the concentration of
the auxin used®. In general, low salt mediastimu-
lated root number and lengthin Phellodendrond. Kim

et al.[*? reported that 500 uM IAA wasbest for root
induction of P. amurense microshoots, whileboth IBA
and NAA failed to produce any roots. In the present
study, 2.0 uM IBA showed the best result for root
induction and the rooted shootswere successfully es-
tablished onthe Kanumasoil and grew up gradudly in
the greenhouse conditions.
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