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Abstract

Embryoi’enic cell suspensions of rubber dchveJ from ininuULire intlorcscences and inner integuments ol' immature
fruits released 3.1 = 0.2 x 10" protoplasts g" * Wwi. (mean = s.e.m.H = 10) and 3.2 + 0.2 x |0’ protoplasts g“ "
f. wt., with mean viab

es of S3 + 2> and 77 + H/r. respectively. Sustained mitoiic division was observed only
when protoplasts were cultured in KPR liquid medium on nitrocellulose membranes overlying the same semi-solid
medium containing/.-<>//»/»(»/////<'/m///» nurse cells. Protoplast-derived cell colonies were produced wirhin 2 months
ofcullUTv. Proioplasi-derived cell colonies proliferated, upon suheulture to MS-based regeneration medium, with
40% of (he protoplast-derived calli developing somatic embryos. The latter germinated into plants on the same

medium after 3 mi®nths of culture.

Abhrevianons: BA - 6-benzyladenine; 2.4-n - 2.4-dichlorophenoxyacetic acid; FDA - lluore.scein diacetaie: FPE

- final protoplast plating efficiency; MES  2-(N-morpholino)ethanesulphonic acid; MS - Murashige and Skoog

(1962); NAA -a-naphthaleneacetic acid; PCV - packed cell volume

Nalunil rubber can be found in many spccies rep-
resenting 300 genera and 79 families, but the main
source is Hevea hrasiiicnsis (Euphoi'biaceae). The
latter is a heterozygous perennial tree crop with a
long reproductive cycle and. hence, improvement via
conventional breeding is lengthy. The ever-increasing
commercially-driven demand for natural rubber has
made it imperative to develop in vitro techniques for
rapid propagation of elite H, hrasiiicnsis gcrmphsm~”
and to facilitate plant improvement through somatic
cell approaches. Somatic embryogenesis has been
described for a range of H. brusiUensis explants, in-
cluding plant production by anther culture or from
unpollinated ovules (Guo etal.. 1982).

Somatic hybridisation or cybridisation, mediated
hy protoplast fusion, provides a means of circumvent-
mg the sexual incompatibility barriers encountered
in traditional plant breeding approaches and may be

especially beneticial for rubber, since agronomieally-
important trails are cytoplasmically controlled. Direct
gene transfer, via proioplusts. will also be a future
option for the mtrogression of agronomically useful
genes, such as those coding for key en/.ymes m nibber
, biosynthesis.

Proiophist culture has been attempted iorW./jra.v/-
liensis anti //. inaicijlorc (Callloux and Lleras. 1979;
Wilson and Pinver. 1989). but suslauied mitotic di-
vision was not reported in these cases. Subsequently,
Ca/aux and d’Au/ac (1994) obtained microcalli troni
cmbryiigenic callus-derived protoplasts of H. hrasi-
ticnsis. but without plant regeneration. This paper
reports, for the lirst lime, the eflicient regeneration of
plants, via somatic embryogenesis. from pnMoplasis
ol'W. hrasilien\is.

Immature inllorescences and inner integuments of
immature Iruits. taken 6-8 weeks alter aathesis from



i5 year-old mature trees of H. hml.iliensis (clone RRII
105). were supplied by the Rubber Research Inslhute
of hidia (Kerala. India). Newly e,vcised explants were
surface sterilised in O.IC'r (w/v) mercuric chloride (1
min) and washed 4 times in sterile revcrse-osmosis
water. Four, undissectcd inflorescence buds (each 2-

mm in length) or inner integument tissues were each
placed into indi\idual culture tubes (2.5 x 15 cm)
containing 20 ml of MS-l)ased medium supplemen-
ted with 0.90 ,iM 2.4-d. :.6S ;<M NAA. Oyl /M
kinetin and 3.0C (w/v) sucrose and senii-solidilied
with 0.2» (w/v) Phytagel iSignia. Poole. I'K). pH
5.6 (MSC niediuml. Cultures were mainlained in the
dark at 24 + 2 »C for 40-5() days. Dexcloping call,
20 ml aliquots of a

were transferred individuall!)
difTerentiation medium tdesignatcil MSDI which was
MS-based but contained 570 mg 1 * KfhPOj. 120 mg
r' MgsS04.7H;0 . 1.11 ;<M BA. 1.07 /<M NAA and
3.09r (w/v) sucrose and V\as semi-siili d u iih 0.2S
(w7v) Phytagel at pH 5.6. Callus was maintained in the
dark at 24 £ 2 X with transfer eN\ety 21 da\s until it

became embrv ogenic. irrespcctiie of origin, with dil-
ferentiation of somatic embryos alter !<4- 112 da\s ol
culture.

Embiyogenic calli were iransfoned lo 50 ml
aliquois of shoot regencniiion medium (desigriiiied
MSR) in 175 ml screu-cupped sliss |;us (Bcafson
Clarke and Co. Ltd.. Roiherham. L'Ki. The ror
lion of MSR medium was as lor MSD medium, bui
with 5.0% (v/v) liquid ccKonui endosperm and 5,7 /zM
JAA replacing both BA and NAA. Laier. cultures were
incubated in the light <20-30 //mol m - sec C'ool-
W hiie fluorescent tubes; Thorn EMf Ltd.. Iki*es, L"Ki
with a 16-h pholoperiod (25 + 2 C), lor germination
of somatic embryos (within 28 da>s). For immature
influorescence protoplast-derived calli. MSR metlium
was modified by the inclusion ol glutamine at 50.
100. 200, 400 or 500 mg T ~ since Montoro et al.
(1995) have shown thal free ammo acids anti, in par-
ticular glutamine, are implicated in the lievelupmeni

of rubber .somatic embryos.

For protoplast isolation. IViable embryogcnic calk
(Figure la) from immature inflorescence and/oi in-
ner integuments (84-112 days old; 1,0 g rv\ii on
MSD medium were used to initiate cell suspensions
by transfer from semi-solid MSD medium to 20 ml
volumes of the same liquid medium in 100 ml Erlen-
meyer flasks. Cultures were incubated in ihe dark on
a horizontal platforin shaker i90 rpm) ai 25 + 2 'C.
Suspensions were maintained by fully replacing the
.spent MSD medium wiMi new medium every 7 days.

When the input PCV had increased about 3-fold sus
pensions were transferred to 50 ml aliquots of MSD
medtum. contained in 250 ml Erlenmeyer flasks and
subculiured. as before, every 7 days. Such cell sus
pensions were used for protoplast isolation 56 days
alter iniiiation. Aliquois consisting of 1,0 g f. wt. of
enibryogenic cells were transferred to 20 ml ofan en
/yme mixture, in a 9,0 cm Peiri dish. The enzyme
mi.xture consisted of Im  (w/vl Cellulase RS (Yakult
HonshaCo.. Nishinomiya Hyogo. Japan). 0.1% (w/v)
rreclolyase Y23 (Seishmi Pharmaceutical. Tokyo Ja-
pan) and 5 mM MES m CPWI."M solution (Freaison
ct al.. 197.") at pH 5,8, CPWI.*M .solution was mod-
ified from the published tornuilatioii by increasing
CaCh,2H_'() to 1,48 g | The mixture was incub-
ated with constant agitation of 40 rpm. in the dark for
17 h, at 28 =+ 2 C, Tlie en/ynie-protoplast mixture
was liltered thnuigh a .0 //m p(“re si/e nylon sieve
ti' remove undigested cells. The tillered protoplasts
were subsequentiy transferred to 16 ml screw-capped
tubes and pelleted by ceiitrifugaiion i80 x g; 8 min).
Protoplasts were washed twice by resuspension and
centril ugation m modilied CPW13M solution prior to
coiniiing using a haemoc\ tomeier Protoplast viability
was assessed using FDA (Widholm, 1972).
Prctoplasts vverc cultured in 1.0 ml aliquots of li-
cjuid KPR meduim (Abdullah et al.. 1986) in 3.5 cm
diameter IVtrl dishes iNiinc. Roskilde. Denmark),
Cultures were maintained in the dark at 25 + 2 °C.
Protoplasts were also embedded at 1.0, 2,0 or 6,0 x
10" mi ' in KPR meilium scini-solidilied with 0.8*"
(W/\) Sea Plaijue agarose (I-MC Bioproducis, Rock-
land, L'S.Xi. KPR agarose mcdiinn containing suspen-
ded protoplasts, was dispensed as 5.0 ml semi-solid
thin la\ers containeil in 5.5 cm diameter Petri dishes,
or as 100 //1semi-soliil dro[ilets (6 droplets per 5.5 cm
[\tri dish) overlaid wMh 10 ml ol' liquid KPR medium.
KPR medium was chosen-since it contained a relat-
N\ high concentration of 2.4-t) known to promolc
embiAogenic cle\elopmeni of rice proioplast-derived
catli (Abdullafi el al.. 1986). ihe di\ision of rubber
proto]-)lasts (Cii/au.\ and d’Aii/ac. 1994) and would
also support both the grow th of the Loliiiiii im lorum
and Mi'rii miilid (irr
Suspen.su>ii cells of Loliiini or foriiiiiiclici were

nurse cullure cells.

used as feeder kiyer.s t'or nurse culture of rubber proto-
plasts. Nurse cells (5 ml PCV) harvested 4 day.s after
sub-culture, were ini.xed with 100 ml of KPR medium
semi-solidilied with 0.8'/r (wA) Sea Plaque agarose.
KPR medium was prepared al double final strength
and mi,\ed wiih an equal vokune of molten 1.6~ (W/v)
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Tublf 1. Plaunii elTidency aiij piiuil regeneration of rubber pnHoplasis isolated fami
cell suspensioDN derived from iminaiure mnorestences and iiiicgumenis iuid tuliured
onmembninc'.tnerlayinji KPR medium in ihepn-sence at LtUum nurse cell’

PrHloplasi source/
intliul plating density

or more somiitic

ProiopljM-deriveti

ProioplaM-derived

colonies giving one  colonies regeneraling

(ine or more plants®

einbrvos" - (‘vi rij
Inflorescence-derived
cell suspensions
30x10"ml * 43+ id
15X 10" ml-* 34x2 3x2
Inleguincni-derive)
cell stisjwnsitins
30X 10 ml * 1K+S  32%2 1
1.5x10< ml * 25 23x2 43

w'Mean + s.e.ni.; n = 3 Peiri dishes each L'oniaining 50 colm
“Colonies cultured on MSR medium u ithoui ‘sluiamine.

Sea Plaque agarose medium, prioi- it) addition of the
respective nurse cells. Such nun“e cultures were imme-
diately dispensed as 10 ml aliquots iu 5.5 cm diameter
Petri dishes. 24 h prior to proioplast culture. A 47 inm
diameter membrane tiller (0.2 /;m pore si/e; type
GVWP: Millipore. Maidstone, UK) was placed on ihe
surface of each nurse culture. Two hundred //I of the
lubber protoplast suspension, in KPR medium, was
spread over the surface of the membrane filter using a
sterile plastic bacterial inoculation loop (Elkay Labor-
atory Products Ltd.. Basingstoke. UK). Two plating
densities (3 X 10”orl.5x 10" prcitoplasts ml ) were
used. Protoplasts were further cultured on the surfacc
of membranes overlaying KPR medium, but lacking
Lolium cells, in order to assess any benelicial effects
of nurse culture. Cultures were maintained in ihc dark
ai 25 + 2 °C. Growth was assessed at 40 days in terms
of the FPE. defined as lhc percentage of protoplasts
which had formed cell colonies compared with the
total populalion of protoplasts initially plated on ihe
membranes. Discrete protoplast-derived cell colonies,
which developed on membranes overiaying Uiliwu
nurse cultures, were transferred after 50 days of cul-
ture to 25 ml aliquots of MSR medium, semi-solidilicd
with 0.8% (w/v) agar (Sigma; 50 colonies per 9 cm
Petri dish). Cultures were maintained for 28 days on
MSR medium under ihe same growth conditions as
used for the germination of somatic embryos.

Means and standard errors (s.e.m.) were used
throughout. Statistical signilicance between mean
plating efficiencies was deternuned using a Mann-

VVhitney U test, A pr(»habilit\ of p < 0.05 was
considered signilicanl.

Embryogcnic cell suspensions froin immature in-
ll{)rescences gave a mean yield of 31 = 0.2 x 10
protoplastsg * f. wi. (Figure Ib) uith a mean viability
01'83 + y.<. Similarl). ihe mean yield and viability
of pnitoplasts from immature integument-derived cell
suspensions u;i.s 3.2 = 0.2 x 10" g"* f. wi. and 77
+ 8'.;. respecii\'cly \n = 10 throughout). There were
no significant differences between protoplast yields
and viiihi lilies from ilie two cell susjx'nsions of differ-
ent explani origin. Individual protoplast populations
from immature inllorcscence-derivedcell suspensions,
underwenl susiained division lo give cell colonies
(Figure Ic.d) when culuired al 3 x 10" mI"' in KPR
medium on metnbranes overlaying Loliinn nurse cells.
Such piotopkisis si>metiines gave a significantly (p <
0.05) greater mean FPH (38 =+ 5'r. 12) than pro-
toplasts al a densii\ of 1.5 x 10" with the same nurse
cells (20 = 2'4). but this was not always .signilicantly
different for all individual protoplast isolations. How-
ever, the mean FPE fora given piotoplasi population
culiured on membranes in the absence ol'Lolium nurse

cell.s. was always signilicantly {p < 0.05) lowerai bolh
3.0 X 100 ml ‘(4 % 2/f) or 1.5 x 10" mP* (14 =
6%) compared to proloplasls cultinvd in the pre.senee
of Ldli nurse cells (cf. data in Table I). The trend in
these data for the FPE of proloplasls cultured without
Lolium nurse cells was lhe reverse of the FPE for pro-
loplasls culiured wviih nurse cells (i.e. the value w-as
higher at 1.5 x 10" ml in the former case). Sus-




laincd mitotic division Wiis not observed when rubber
protoplasts were cultured on metnbranes overlaying
KPR medium either alone or coniaining Moricandia
nurse cells. Addiiionally. division was nol sustained
when proioplasis were cniiured in KFR liquid me-
dium. or in KPR medium semi-solidilied as agarose
dropleisoras lhin layers.

In comparisons of the I-PF. of protoplasts isolated
from celt suspensions derived from immature inllor-
escences or inner iniegumenis and cultured in KPR
medium with Lnlium nurse cells at either density, there
were no signilicani differences in ihe respective FPH
and the mean percentage of cok)nies regenerating inio
plants (Table 1). If protoplasi-derived colonies/calli
reached approximaiely 3 mm in diameler in KPR
medium, this permitted their direct transfer to MSR
medium, thus eliminatuig the need Dr a prolifera-
tion/induction period on MSD medium. The majority
of protoplast-derived colonies/calli reached ihis si/e
without further sub-culture on KPR medium. Pr)lo-
plasts isolated from both inflorescence-derived and
integument-derived cell suspensions and cultured ai
3 X 10" mI’ ' in KPR tnedium gave a siguihcani™\
greater (p < 0.05) percentage of colonies capable of
producing somatic embryos (Figure le. fi on M.SR
ally cultured at the higher

medium than when
density of L5 x 10" ml ' (Table 1), Furthermore,
protoplasts isolated from inllorescence-derived cell
suspensions gave a signi licantly greater i/> < QQ'Si per-
centage of colonies producing somatic embryos than
protoplasi-derived colonies from integument-deri\ed
cell suspen.sions. irrespective of the initial proU)plast
plating density. Thus, the choice of initial explani
for the initiation of cell suspensions can signilicantly
influence plant regeneration capacity via pi'oioplasts.
with infiore.scence-derived cell suspensions for this
clone (RRJI 105) of rubber being the preferred option
for the isolation of totipotent protoplasts.

In the present study, the conversion of protoplasi-
derived somatic embryos to plants contrasted with
the repoit of Veisseire et al. (1994, the de-

velopment of somatic embryos required a period ot
growth on medium containing adenine and cvtokiniiis
followed by tran.sfer to a medium lacking growth reg-
ulators. Thus, in the rubber protoplast system reported
«lI the present paper, plants could be recovered directly
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from somatic embryos (Table 1) maintained on me-
dium containing liquid coconut endosperm and IAA.
Montoro et al. (1995) have demonstrared that glutam-
ine can promote somatic embryogenesis from callus of
rubber. Indeed, this observation has been confirmed in
(he present study, in which the addition of glutamine at
400 mg r ‘ to MSR medium increased the percentage
of protoplast-derived tissues giving rise to somatic em-
bryos from 40.7Vr (control) to 59.39”. There was also
a corresponding increase in the number of protoplast-
derived (issues regenerating plants (Figure | g.h.i)
from 11J9c (control) to 2H.7Vr.
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