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Abstract Shoots of orange jessamine (Murraya panicu-
lata) a member of the Rutaceae family flowered in vitro
on half-strength MT basal medium containing 5% sucrose.
The highest percentage (95%) of flowering was obtained
on medium supplemented with 0.1 mg I™* N®-benzylade-
nine and pH 5.7. A “floral gradient” was detected among
the stem internodes and root segments derived from seed-
lings, with shoot and flower formation significantly influ-
enced by position on the shoot internodes and root seg-
ments. Flower buds originating from shoots derived from
seeds but not other tissues developed into normal flowers
and produced zygotic embryos.
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Introduction

The ability of explantsto form flowersin vitro dependson
numerous factors, internal and external, chemical and
physical, and virtually all of these factors interact in vari-
ous complex and unpredictable ways (Tran Thanh Van
1973; Tran Thanh Van et al, 1974; Scorzaand Janick 1980;
Croes etal. 1985; Lang 1987; Compton and Vielleux
1992). Flowering is considered to be a complex process
regulated by a combination of environmental and genetic
factors (Tisserat and Galletta 1995). Especially important
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factors are carbohydrates, growth regulators, light, and pH
of the culture medium (Heylen and Vendrig 1988).

Reasons for studying flower formation in vitro can be
summarized as (1) to provide amodel system for studying
flower induction and development, (2) to provide a means
for conducting microbreeding, and (3) to provide a source
of biochemical sand pharmaceutical s(Tisserat and Galletta
1990).

Flowering can regularly occur from several explants
taken from flowering plants of some woody plant species
(Scorza 1982). Reduction of flowering ability was ob-
served with increased distance from the apex (Scorza and
Janick 1980; McDaniel eta. 1989; Jumin and Nito
19964, b). The cause of this floral gradient is unknown.
Jumin and Nito (1995, 1996b) have successfully induced
flowering in vitro from plantlets derived from protoplasts
and from branch internodes of Murraya paniculata, but
they have not yet successfully induced flowering in vitro
from epicotyl segments of seedlings. Explants from rela-
tively young vegetative (juvenile) plants regenerate only
vegetative buds, even under favorable conditions for
flower bud formation (Lang 1987). This paper reports the
success obtained in inducing flowering in vitro at high fre-
quency from seeds, stem internodes, and root segments de-
rived from seedlings of M. paniculata.

Materials and methods

Seeds of M. paniculata used in this study were obtained from ma-
ture plants at the Germplasm Collection, Faculty of Agriculture, Sa-
ga University, Japan. Seeds were sterilized in sodium hypochloride
(1% available chlorine) for 20 min, then rinsed in 70% (vol/vol) eth-
anol for 1 min followed by three washes in sterile distilled water.
The seed coat was removed and a single seed was cultured on half-
strength MT (Murashige and Tucker 1969) basal medium contain-
ing 5% sucrose and supplemented with either 0.0, 0.001, 0.01, 0.1,
or 1.0mg|™ NO-benzyladenine (BA). Medium (20 ml) was dis-
pensed into individual 25x150 mm glass culture tubes. The pH was
adjusted to 5.7 before autoclaving and 3.0 g I Gelrite (Kelco, San
Diego, Calif.) wasadded and finally autoclaved at 121°C for 10 min.
The cultures were maintained at 25°C under a 16-h 1photoperiod us-
ing cool, white fluorescent light (52.9 pmol m=2 s71). The effect of



Fig. 1 In vitro flowering of a Murraya paniculata shoot derived
from seed on half-strength MT basal medium containing 5% sucrose
supplemented with 0.01 mg It BA after 60 days of culture (tube di-
ameter is 25 mm)

pH on flowering was investigated by culturing seeds in MT basal
medium containing 5% sucrose plus 0.01 mg I BA at pH 3.7, 4.7,
5.7, 6.7 or 7.7 (as measured before autoclaving). After completion
of first flowering, stem internodes (1st to 5th, starting from the apex)
and root segments of the seedlings (1st to 5th, starting from the cot-
yledons) were cut into 5-mm segments. A single explant was cul-
tured on the medium in each culture. Shoots and flowers were ex-
amined and counted at 2-week intervals for each culture. The num-
ber of flower buds was counted after 60 days, and open flowerswere
counted after 90 days. Zygotic embryos were observed under an in-
verted microscope 7—14 days after flower opening if ovaries were
>2 mm in diameter. The experiments were conducted with at least
ten cultures per treatment with three replications.

Specimens were prepared for scanning electron microscopy as
described by Fowke et al. (1994). Tissue samples were affixed on
aluminum stubs with silver paint and coated with gold palladium in
a fine-coat lon Sputter Topcon ABT-32. The tissue samples were
examined under a scanning electron microscope, Topcon ABT-32 at
15 KV.

Results and discussion
Flower induction

BA induced flowers from in vitro shoots of M. paniculata
at concentrations from 0.001 to 0.1 mg I™* (Fig. 1). BA at
0.01 mg It was the most effective with 100% of the seeds
forming shoots and 95% initiating flowers (Fig. 2). Sriniv-
asan and Mullin (1978) state that exogenous cytokinin
stimulates flowering by activation of endogenous cytoki-
nin in ascending xylem sap. Exogenous cytokinin in api-
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Fig. 2 Effect of BA oninvitro shoot formation and flowering of M.
paniculata after 90 days of culture (means+ SE of three independent
replications)
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Fig. 3 Effect of medium pH on in vitro shoot formation and flow-
ering of M. paniculata after 90 days of culture (means+ SE of three
independent replications)

cal meristems of Sinapsis alba triggered the mitotic cycle
that commonly precedes flowering (Bernier et al. 1977).
Jumin and Nito (19964, b) found that cytokinin applied to
branch internodes of flowering plants of Fortunella hind-
sii and M. paniculata could induce flowering in vitro.
Optimal in vitro flower formation occurred when M.
panicul ata seedswereincubated on medium at pH 5.7—6.7
(Fig. 3). At pH 3.7, only 3% of the seeds produced shoots,
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Fig. 4 a Scanning electron micrograph of longitudinal section of
floral bud (bar 161 um). b Scanning electron micrograph of longi-
tudinal section of ovary derived from seed cultures. Zygotic embryo
produced 14 days after flower opening (bar 161 pm)

but noneflowered. At pH 5.7, all seedsgrew and 95% flow-
ered. Most flowers were normal and complex, and ap-
peared in the leaf axils. Several flowerswere pollinated in
vitroand only flowersoriginating from seeds produced em-
bryos (Fig. 4) but did not set fruit, because the ovary died
about 30 days after flower opening. Flowers originating
from stem or root segments produced embryosthat aborted.
The production of zygotic embryos from in vitro flower-
ingiscommon in citrusrelatives (Jumin and Nito 1996a).
InF. hindsii, floral buds devel oped into normal flowersand
produced zygotic embryos at 0.01 mg I BA, 5% sucrose,
and pH 5.7 (Jumin and Nito 1996a). Teich and Spiegel-
Roy (1972) reported that nucellar embryogenesiswas only
displayed in polyembryony of citrus. Wefound that flower
production gradually decreased above pH 6.7. The optimal
concentration of BA and medium pH obtained from these
results were used in al subsequent experiments. With the
optimal BA concentration and medium pH, there were a

Tablel Murraya paniculata flower buds (60 days after culture),
opened flowers (90 days after culture), and zygotic embryos (7-14
days after flower opening) on half-strength MT basal medium con-
taining 5% sucrose plus 0.01 mg |™* BA (mean+ SE)

Explant Number per explant
source
Flower Opened Zygotic
buds flowers embryos
Seed 2.0£0.0 1.7+0.6 0.9+0.6
Stem internode 1.3+0.6 0.8+0.4 0+0.0
Root segment 0.9+0.6 0.7+0.6 0+0.0

mean of 2 buds formed from the inflorescence, 1.3 buds
from each shoot that devel oped from stem internodes, and
0.9 buds from each shoot derived from root segments
(Table 1). Cousson and Tran Thanh Van (1981) reported
that tobacco thin cell layer stem explants produced either
floral buds or floral and vegetative bud at pH 6.5, while
only vegetative buds were obtained at pH 5.6.

Floral gradient

A gradient for shoot and flower formation was detected
among the stem internode and root segment positionstaken
from seedlings after theformation of thefirst flower (about
60 days after germination). The explants were taken from
the 0.01 mg I™* BA treatment. Preliminary tests indicated
that shoots derived from root segments initiated flowers
only if they were obtained from root segments that origi-
nated near the cotyledons. Explants (5 mm) were taken se-
quentially starting from the cotyledons (1st to 5th seg-
ments) and from the 0.01 mg I™* BA treatment to investi-
gate theinfluence of root explant source and position (age)
on flowering. About 30% of the shoots from the 1st root
segment produced flowers, but shoots initiated from the
4th root segment were all vegetative (Fig. 5). In contrast,
shoot formation was not significantly influenced by the po-
sition of root segments. Similarly, the shoots that devel op-
ment from stem internodes initiated flowers only if they
were taken from stem internodes originating close to the
apex. A very high frequency (95%) of flower formation
wasobtained from shootsthat devel oped fromthefirst stem
internodes and flowering gradually decreased with in-
creased distance from the apex (Fig. 6). These results in-
dicatethe presence of a“floral gradient” in both young and
old tissue (position) of root segments and stem internodes.
Branch internodes of F. hindsii and M. paniculata flow-
ered only if they originated close to the shoot apex (Jumin
and Nito 19964, b). In the present experiment, the ability
to form flowers decreased basipetally from the cotyledons
in the root. However in stem internodes, the highest abil-
ity to induce flowerswas obtained from young tissue. Tran
Thanh Van (1973) indicated that thereisthisapronounced
gradient in floral regenerative capacity, decreasing from
the apical to the basal regions and expressed in both the
number of floral regeneratesformed and the degree of com-
mitment to floral regeneration. The existence of a flora
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Fig. 5 In vitro shoot and flower formation as influenced by posi-
tion of root segment of M. paniculata after 90 days of culture. The
explant was 5 mm long and flower formation was counted after
70-90daysof culture (means+ SE of threeindependent replications)
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Fig. 6 In vitro shoot and flower formation as influenced by posi-
tion of stem internode (1st to 5th, starting from the apex) of M.
paniculata after 90 days of culture. Explants were 5 mm in length
and flower formation was counted after 70—90 days of culture
(meanst SE of three independent replications)

gradient in vitro has been reported with several speciesand
explant sources (Scorza 1982). Scorza and Janick (1980)
and McDaniel et al. (1989) suggested that this apex-to-
base floral gradient may be a result of endogenous gra-
dients of growth substances in the stem. The floral gradi-
ent may result from changes in the capacity for develop-
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ment, changesin the capacity of particular cellsto produce
or react to afloral stimulus, agradient of afloral promoter
or inhibitor at the time of explant excision, or acombined
promoter-inhibitor gradient (Wardell and Skoog 19694, b;
Tran Thanh Van 1973; Scorza and Janick 1980; Lang
1987). The position of the explant on theintact plant isex-
tremely important when attempting to obtain de novo flow-
ersin thin-cell-layer explants of a photoperiodically sen-
sitive tobacco cultivar (Bridgen and Veilleux 1985; Rajee-
van and Lang 1987; Altamura et al. 1989).

Juvenile plants do not flower duetoinability to produce
flowering factor(s) or theinability of meristemsto respond
to aflowering factor (Lang 1965; Hackett 1985). Stem tis-
suefrom juvenile tobacco (Wardell and Skoog 1996b) and
leaf discs from juvenile Passiflora suberosa (Scorza and
Janick 1980) do not flower. In the present results, juvenile
tissue from 2-month seedlings or stem internodes derived
from seedlings could produce flowers at high frequency
(95%). Chang and Hsing (1980) reported that the produc-
tion of embryos from root callus of mature ginseng (Pa-
nax ginseng), and the embryos formed flowerswith fertile
pollenwithin 1 month of subculture. Flowering of explants
originating from juvenile plants is rate. This leads to a
model system useful for studying microclimates or nutri-
tional effects on plant vegetative and reproductive pro-
CESSEeS.
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