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High-Frequency in Vitro Flowering in Six Species of Ceropegia
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High-frequency in vitro flowering is reported here from in vitro regenerated shoots of in vitro-raised seedlings of rare and
endemic Ceropegia lawii, Ceropegia maccannii, Ceropegia oculata, and Ceropegia sahyadrica, as well as the widely distrib-
uted Ceropegia bulbosa var. bulbosa and Ceropegia hirsuta. In our first set of experiments, the MS medium contained 87 mM
sucrose and was supplemented with varying concentrations of BAP (4.4 to 26.6 uM). For the second set of trials, varying con-
centrations of sucrose (87 to 233 mM) were tested in MS media containing a constant 4.4 uM BAP. Sub-cultured apical as well
as axillary buds flowered with similar frequencies after 30 d of incubation. For all six species, the highest percentage of flow-
ering shoots was obtained with either 26.6 uM BAP or 175 mM sucrose. Although smaller in size, their in vitro flowers were
morphologically comparable with in vivo-derived flowers. Variations among species were noted for the number of flower
buds per shoot and the percentage of flower formation. Because all six species showed similar responses in both experi-
ments, we can suggest that this protocol is applicable across the wide range of Ceropegia species.
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Ceropegia L. (Asclepiadaceae) is a genus of climbers and MATERIALS AND METHODS
erect herbs that are distributed in tropical and subtropical
Asia, Africa, and Australia (Anonymous, 1992). The flowers During November and December (2003, 2004, and 2005),
of almost all Ceropegia species are morphologically unique,  we collected the mature follicles of rare and endemic Cerope-
having a long corolla tube at the distal end, which dissects  gia lawii Hook., C. maccannii Ansari., C. oculata Hook., and C.
out into five corolla lobes that are connate at their apices,  sahyadrica Ansari et Kulkarni, as well as the widely distributed
thus creating five small windows. These colorful flowers — C. bulbosa Roxb. var. bulbosa, and C. hirsuta Wt et Amn. These
form an attractive cage for insects. Amateur botanists and  were gathered from various regions in the Western Ghats of
collectors have always been fascinated with this exotic  India. The follicles were initially held under running tap water
appearance, and many species are thus used as ornamentals ~ for 10 min, and then soaked for 20 min in 100 mL of tap
in Europe and the United States (McNew, 2002; Hodgkiss, — water containing 2 to 4 drops of Tween-20 before being
2004; Reynolds, 2006). Although none of the Indian  washed twice with sterile distilled water. The tissues were then
Ceropegia species has yet been domesticated for this pur-  treated with 70% (v/v) ethanol for 1 min, followed by rinsing
pose, plants of the Indian subcontinent are under threat  with sterile distilled water. Afterward, they were surface-steril-
because of either habitat degradation or overutilization of  ized with 0.1% (w/v) agueous mercuric chloride (freshly pre-
their tubers. Moreover, many species of Ceropegia from  pared) for 5 min. Finally, these materials were washed thrice
peninsular India have been designated as rare (Nayar and  with sterile distilled water prior to inoculation under laminar
Sastry, 1988; Walter and Gillet, 1998) and their existence  airflow. The follicles were cut longjtudinally along their sutures
has become restricted to remote pockets in the Himalayas  to obtain the seeds, which were then inoculated on 15 mL MS
and the Western Ghats, two biodiversity hotspots. Regret-  (Murashige and Scoog, 1962) media containing 87 mM
tably, the Ceropegia genus has now been added to the list  sucrose (HiMedia, India) and solidified with agar (0.8%, w/v)
of Indian endangered plants (Botanical Survey of India,  (HiMedia) for germination. The media pH was adjusted to 5.8
2002). For its conservation, large scale propagation, espe- = 0.02 before autoclaving at 15 Ib and 121°C for 20 min.
cially in vitro, has long been encouraged (Walter and  These in vitro germinated seeds were used as the explant
Gillet, 1998). Moreover, the reproductive physiology of  source. Axillary as well as apical buds from two-week-old
these endemic species must be studied in order to design  seedlings were inoculated on MS media containing 4.4 pM
efficient breeding and conservation strategies. To the best ~ BAP. They were also sub-cultured on media of the same com-
of our knowledge, most Indian species remain to be inves-  position. These culture tubes were incubated at 25 = 2 °C and
tigated in this regard. Therefore, we describe our research  70% relative humidity under a 16-h photoperiod provided by
on in vitro flowering for six species of Ceropegia. Except for  cool white fluorescent tubes (40 umol m™ s™'; Phillips, India).
C. bulbosa, which has been previously published, this is  For all experiments, the cultures grown on MS basal media
believed to be the first report of success using such an  only with 87 mM sucrose served as our control. In the first set
approach with this genus. of trials, an MS medium containing 87 mM sucrose was sup-
plemented with one of six concentrations of BAP (4.4, 8.8,
13.3,17.7, 22.2, and 26.6 uM). In MS medium containing a
constant 4.4 uM BAP various concentrations of sucrose (87,
*Corresponding author; fax +91-20-25902648 116, 146, 175, 204, and 233 mM) were used for the second
e-mail ss.pandit@ncl.res.in set of experiments. All experiments were performed three
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times, with 30 explants per treatment. The percentage of cul-
tures showing successful floral induction was subjected to anal-
ysis of variance (ANOVA), and significant differences among
means were assessed by Duncan’s multiple range tests, at the
level of p= 0.05 (Duncan, 1955).

RESULTS

Seeds from all six Ceropegia species germinated within 14
d. Axillary and apical bud segments from two-week-old in

Table 1. Effect of BAP on in vitro floral bud formation in Ceropegia
species cultured on MS media containing 175 mM sucrose. Means
within a column followed by the same letter are not significantly
different from each other, based on Duncan’s multiple range test at
5% probability level.

Percent explants  Number of floral

Species BAP M) yith floral buds ~ buds per explant
4.4 3.6 = 1.57¢ 1.0 + 0.21°
8.8 5.4 + 0.58° 1.3 + 0.12¢
C bulbosa var. 133 16.5 + 0.58° 1.6 + 0.43°
bulbosa 17.7 19.2 = 3.06" 1.5 + 0.21°
22.2 26.1 = 1.00° 1.7 + 0.30
26.6 29.7 = 2.08¢ 1.2 + 0117
4.4 9.5 + 2.52° 1.0 + 0.50°
8.8 13.8 = 1.53¢ 1.3 + 0.81°
_ 13.3 279+ 058" 2.5+ 0.82
C. hirsuta )
17.7 34.6 + 1.53¢ 2.6 + 0.53¢
222 496 + 1.53¢ 3.1 + 0.80°
26.6 56.3 = 1.53¢ 2.6 + 051
4.4 12.5 = 0.58" 1.8 + 0.30°
8.8 16.8 = 1.53% 1.9 +0.52°
) 13.3 32.5 = 0.58° 2.1+ 081°
C. lawii d .
17.7 41.8 + 2.52 3.4 + 0.50
22.2 55.0 + 1.00¢ 3.6 + 0.32°
26.6 69.8 + 2.52¢ 2.5+ 0.71"
4.4 8.9 x 1.53° 1.0 + 0.50°
8.8 10.5 = 2.00° 1.3 +0.81°
i 13.3 16.8 = 1.00: 1.7 + 0.90;‘
17.7 21.9 = 1.53 1.9 + 0.31
22.2 31.6 = 1.52¢ 1.9 + 0.50"
26.6 34.5 + 1.52¢ 1.1+ 061"
4.4 5.8 = 1.00° 1.0 + 0.80°
8.8 13.9 = 2.08 1.2 + 0.51°
13.3 15.6 = 3.06° 1.7 + 0.30°
C. oculata b o b
17.7 24.0 = 1.00 2.3 4091
22.2 35.6 + 1.73° 2.9 + 0.50°
26.6 449 +153% 2.1+ 021
4.4 10.3 = 1.53° 1.0 + 0.30°
8.8 19.0 = 2.00° 1.5 + 0.51°
_ 13.3 27.3 = 1.00 1.9 + 0.60°
C. sahyadrica -
17.7 39.6 + 2.52¢ 2.1 4 0.57"
22.2 52.9 + 1.52¢ 2.4 + 0.80°
26.6 61.8 = 1.53¢ 1.6 + 0.31°

vitro-grown seedlings showed bud break on Day 3 when
cultured in a medium supplemented with BAP. The conver-
sion of shoot buds into shoots was seen after 7 d of culture.
These sub-cultured shoots gave rise to multiple new, vigor-
ously growing adventitious shoots after 15 d of incubation
(data not shown). Their apical and axillary buds were then
inoculated on MS media with 87 mM sucrose and 4.4 to
26.6 uM BAP where they flowered profusely after 30 d
(Table 1). However, the more immediate response (Days 5
to 15) by these buds was shoot regeneration and flowering
occurred only after the incubation for more than four weeks
on the same media. Each inflorescence consisted of four to
five flower buds. Apical and axillary buds flowered with sim-
ilar frequency. For all six species, the number of flower-pro-
ducing shoots was greatest on the MS medium containing
26.6 uM BAP (Table 1). The levels above that were associ-
ated with leaf fall and shoot tip necrosis. Higher frequencies
of flowering were also obtained with all six species when the
apical and axillary buds from regenerated shoots were trans-

Figure 1. In vitro floral bud formation from in vitro regenerated
shoots of Ceropegia species (A, C. bulbosa var. bulbosa; B, C. hirsuta;
C, C. lawii; D, C. maccannii; E, C. oculata; E C. sahyadrica) after 30 d
of culture on MS medium containing 4.4 pM BAP and 175 mM
SUCrose,
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Table 2. Effect of sucrose concentration on flower induction in shoot
explants from six Ceropegia species cultured on MS media
containing 4.4 uM BAP. Means within a column followed by the
same letter are not significantly different from each other, based on
Duncan’s multiple range test at 5% probability level.

Specios Sucrose  Percent explants Number of floral

P (mMy) with floral buds ~ buds per explant
87 3.6 + 1.67° 1.0 = 0.10°
116 15.6 = 0.58° 1.0 +0.10°
C. bulbosa var. 146 19.6 + 1.15° 1.6 = 0.58°
bulbosa 175 28.6 + 3.51° 2.0 = 0.10"
204 14.0 = 1.00° 1.0 + 0.10°
233 12.6 = 1.53" 1.3 + 0.58°
87 9.3 + 2.52° 1.0 = 0.10°
116 31.6 + 1.53" 1.6 + 0.58°
C hisut 146 64.3 + 0.58' 2.6 +0.58"
fursdta 175 95.6 + 0.58¢ 6.6 = 0.58°
204 28.6 = 1.53" 1.6 = 0.58?
233 26.6 = 0.58" 1.3 = 0.58°
87 12.3 = 0.58° 1.6 = 0.58°
116 28.0 = 1.00" 1.3 + 0.58°
C hawi 146 51.3 + 3.06° 2.3 +0.58
rawn 175 98.6 + 1.53° 5.3+ 0.58
204 27.6 = 0.53° 1.6 + 0.58°
233 25.0 + 1.73" 1.3 +0.58°
87 8.6 = 1.53 1.3 = 0.58°
116 18.0 = 1.00" 1.3 = 0.58°
c 146 413 + 0.58¢ 1.6 = 0.58°
fnaccanmit—y 2 g 95.6 + 1.53 2.6 + 0.58
204 15.6 = 1.53° 1.3 = 0.58°
233 14.3 + 0.58° 1.0 = 0.10°
87 5.0 = 1.00° 1.0 = 0.58°
116 14.6 = 1.53P 1.3 £ 0.58°
C ocul 146 18.6 = 1.53P 1.6 = 0.58°
- ocuiata 175 49.0 = 1.00° 3.0 = 1.00
204 15.3 = 1.15" 1.3 + 0.58°
233 13.3 = 0.58" 1.0 £ 0.10°
87 11.6 = 1.53° 1.0 £ 0.10°
116 25.3 * 2.08" 1.3 = 0.58°
146 48.0 + 2.00° 3.0 = 1.00"

C. sahyadrica |

175 99.6 + 0.58° 8.0 = 1.00¢
204 35.6 = 4.04 1.3 = 0.58°
233 33.3 = 1.15° 1.3 = 0.58°

ferred to MS media containing 4.4 uM BAP (constant) and
varying concentrations of sucrose (87 to 233 mM) (Table 2;
Fig. 1). The percentage of flowering shoots and the number
of flowers per explant were enhanced as the sugar concen-
tration increased, and the most flowering shoots were
obtained at 175 mM sucrose, above this concentration their
frequency decreased (Table 2). This precocious flowering
continued for up to six weeks.

For all treatments, responses varied by species with regard
to the frequency of in vitro flower formation as well as the
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number of flowers produced per explant (Tables 1, 2). The
highest percentage of flowering shoots in the BAP-varying
experiment was observed in C. lawii (69.8%), followed by C.
sahyadrica (61.8%), C. hirsuta (56.3%), C. oculata (44.9%),
C. maccannii (34.5%), and C. bulbosa Roxb. var. bulbosa
(29.7%). Similarly, the highest percentage of flowering
shoots in the sucrose-varying experiment was recorded for
C. sahyadrica (99.6%), closely followed by C. lawii (98.6%),
C. hirsuta (95.6%), and C. maccannii (95.6%), with the low
success rate for C. oculata (49.0%) and C. bulbosa Roxb. var.
bulbosa (28.6%). This could have been due to fluctuations
in the floral signal receptivity of the shoot buds of those spe-
cies. Both BAP and sucrose induced morphologically normal
in vitro flowers in all six species, but these were smaller and
paler in color than the in vivo flowers. This might have
resulted from the miniaturization of shoots during in vitro
culturing. Floral development also appeared normal, and in
vitro flowering with either BAP or sucrose could be obtained
in any season of the year (data not shown). It should be
noted that neither floral fertility nor pollen viability were
tested in this current set of experiments.

DISCUSSION

Many factors elicit in vitro flowering, e.g., high tempera-
tures in Oncidium pusillum (Livingston, 1962), TDZ in Bam-
busa edulis {Lin and Chang, 1998; Lin et al., 2006), proline
in Saccharum officinarum (Virupakshi et al., 2002), or shock
caused by the sudden deprivation of growth regulators in
Cucumis sativus (Rajasekaran et al., 1983). In several higher
plants, cytokinins also can promote this transition to the
reproductive stage in vitro, either alone (Harada, 1966; Tran
Thanh, 1977) or in combination with auxins (Saritha and
Naidu, 2007). BAP is especially useful for inducing in vitro
flowering in bamboo (Nadgauda et al., 1990) or the devel-
opment of shoot tips in bitter melon (Wang et al., 2001). In
the regenerated shoots of Perilla frutescens, BAP with
ammonium nitrate promotes such flowering (Zhang, 2007).
Likewise, a combination of BAP and GA; influences in vitro
flowering in C. bulbosa var. bulbosa (Britto et al., 2003),
while in C. jainii, application of both BAP and spermine
induces floral production (Patil, 1998). in our experiments
as well, BAP stimulated flowering in all six species, thus
proving to be a key component for the in vitro flowering in
genus Ceropegia. Increasing the concentration of sucrose in
the culture medium also stimulates flowering in the organ
segments of Cichorium (Harada, 1966), Nicotiana (Tran
Thanh, 1977), and Torenia (Tanimoto and Harada, 1981).
Furthermore, the addition of 87 to 233 mM sucrose to the
media leads to flower formation in Fortunella hindsii (Jumin
and Nito, 1996).

Although being short day species, BAP or sucrose made all
six species flower in vitro, round the year, this suggests the
strong influence of both the factors in Ceropegia. Moreover,
induction of flowering in all six species of Ceropegia in the
present experiment indicated marginally superior effect of
sucrose to that of BAP These species belong to different
micro-niches; still respond to similar culture conditions, sug-
gesting that the present protocol can be comprehensively



In Vitro Flowering in Ceropegia L. 377

used across the range of Ceropegia species.

The Indian species of this genus possess ornamental
attributes that can be preserved through domestication. This
can be achieved if researchers are able to overcome major
production barriers, e.g., seasonality, and improve other
commercial values. In vitro studies will direct us toward a
standardized, industrious protocol that will allow us to intro-
duce a new flower in the bouquet.
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