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ABSTRACT

This paper describes a protocol for the efficieegjatative propagation @fleome roseédy somatic embryogenesis.
Leaf and stem explants from nursery-grown seedlofdS. roseawere cultivated on Murashige and Skoog (MS)
medium supplemented with indole-3-acetic acid (JA&naphthaleneacetic acid (NAA), 4-amino-3,5,6-
trichloropicolinic acid (picloram) or 2,4-dichlordpenoxyacetic acid (2,4-D). Nodular calli were pradd from
both explant types in the presence of 4.5 and 81024-D. Embryo development and maturation wereieact
when calli from stem explants were transferred &dim containing a ten-fold reduction of 2,4-D comization
initially used (0.45 and 0.90 uM). Leaf-derivedlicdid not form embryos with the same treatmentse highest
frequency of embryogenic callus formation (85%) amuinber of embryo per callus (13#458) were achieved
during the first subculture on medium supplement&ti 0.90 uM 2,4-D. Embryo conversion into plargl@as
achieved following transfer to growth regulatordré1S medium solidified with 2 g'phytagel. An acclimatization
rate of 53% was found three months after transfeex vitro conditions and the recovered plants presented a
normal phenotypic aspect.

Key words: auxin; embriogenic callus; histology; phytagel; stimembryos

INTRODUCTION number of plant species not yet studied with
regard to their pharmacological activities.

The higher plants constitute one of the mos€leome roseas a Brazilian herbaceous annual
important sources of major bioactive compoundspecies whose medicinal potential has been
and the world market for medicinal plants hagndicated in studies using plants collected from
been estimated on US $ 60 billion per year (Kartahatural populations, as well as vitro plants
2007). However, the indiscriminate extraction andSimdes et al., 2006). It is frequently found in
overexploitation have caused a significansandy coastal plains (restingas), ecosystems
reduction in natural populations. Furthermorejntensely affected by human occupation for
environmental impact of human action in all thehousing, tourism and land speculation, resulting in
ecosystems results in the extinction of a greeagerious environmental damages (Zamith and
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Scarano, 2006). This species is also employed a@sys on MS medium (Murashige and Skoog,
garden ornamental due to its pink and attractivé962), containing 30 gt sucrose and
inflorescences. supplemented with the auxins indole-3-acetic acid
Considering the rapid depletion of important(IAA) at 5.7 and 11.4 uMg-naphthaleneacetic
natural wealth, the search for effectiveacid (NAA) at 5.4 and 10.7 uM, 4-amino-3,5,6-
multiplications methods has assumed addettichloropicolinic acid (picloram) at 4.1 and 8.3
significance in conservation and reintroductionuM or 2,4-dichlorophenoxyacetic acid (2,4-D) at
programs. This is especially interesting for4.5 and 9.0 uM. Media were adjusted to pH 5.8
medicinal plants, in order to allow the supply ofprior to adding agar (8 g1, Merck), autoclaved
botanical material with uniform quality for (121° C, 104 KPa) for 15 min and dispensed into 8
biotechnological, pharmacological andx 7 cm flasks (30 mL per flask) closed with
phytochemical studies. In this context, plant celpolypropylene caps. Cultures were incubated in a
and tissue culture technologies, which include thgrowth chamber under 16-h photoperiod provided
induction  of organogenesis and  somatidy cool-white fluorescent tubes (#nol m’s?) at
embryogenesis, present many advantages over thg + 2° C. Four explants were inoculated into each
conventional methods, such as independence fsk with a total of 40 explants per treatment.
geographical and seasonal variations and rapid
production (Ramachandra Rao and Ravishankapevelopment, maturation and conversion of
2002). somatic embryos
Somatic embryogenesis is an important system fafo promote somatic embryo (SE) development
vegetative propagation, whereby somatic cells cagnd maturation, calli were transferred to MS
generate embryos due to the totipotency of plarthedium as follows: a) growth regulator-free; b)
cells, returning to a dedifferentiated state tigat isupplemented with 1.8 uM 6-furfurylaminopurine
redetermined towards the embryogenic pathwaykinetin); c) similar auxin composition used to
This process provides a useful experimental mod@lromote callus induction; d) ten-fold reduction in
to investigate the events of plant embryogeneside auxin concentration used to promote callus
and is also one of the most important means fanduction. The cultures were kept under the same
mass propagation of elite or genetically modifiechhysical conditions described above. Subcultures
plants (Santos et al., 2002). into fresh medium were performed at 20-day
Although in vitro regeneration has been achievedntervals. At each subculture, the SE developed on
through organogenesis in son@eome species callus surfaces were isolated and transferred to
(Nassen and Jha, 1994; 1997; Simdes et al., 200kowth regulator-free full or half-strength (MS1/2)
Albarello et al., 2006), somatic embryogenesis hagiS medium solidified with 8 g.t agar (Merck)
not been reported on the genus. or 2 g.L' phytagel (Sigma) to promote
The present work was undertaken to study thgermination (conversion stage). A total of 46
effect of different explant types and plant growthembryos were used per treatment on conversion
regulators on induction, maturation and conversioassays and the results were expressed as the
of somatic embryos df. rosea percentage of whole plants or other morphogenetic
responses obtained.

MATERIALS AND METHODS Histological studies
Embryogenic calli and SE were fixed in FAA 50,
Induction of embryogenic calluses dehydrated in a graded ethanol series and

Two month-old nursery-grown seedlings wereembedded in paraffin (Johansen, 1940). Serial
washed with triclosan detergent (1% v/v) andsections (10 pm) were double-stained in astra
rinsed in running tap water, followed by theblue-basic fuchsin. Photographs were obtained
removal of the roots. The aerial part was immersedith the image capture system Image-Pro Plus for
for 10 min in NaOCI (0.5% v/v) plus Tween 80 Windows using a video camera Optronics
(0.05% v/v) under agitation (100 rpm) and rinsedOlympus, German) attached to an Olympus BX40
three times with sterile distilled water (5 minmicroscope (Olympus, German).

each). Segments from stems (0.5 cm) and leaves

(0.5 cnf) were excised and cultured during 30
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Acclimatization However, embryo development and maturation
The plantlets were transferred to plastic pots X7.5 were achieved when calli derived from the stem
7.0 cm) containing a mixture of garden soil ancexplants in response to 4.5 and 9.0 uM 2,4-D were
sand (2:1). The pots were placed into glasgansferred to media supplemented with 10-fold
chambers (80 cm x 40 cm x 40 cm) at 28+2° @educed concentration of this growth regulator. On
under a 12-h photoperiod for 30 days. In order tthe other hand, picloram-induced calli did not
reduce the relative humidity inside the chambergriginate embryos when transferred to the same
the covers were gradually opened after the seconiceatment. The ability of 2,4-D in triggering the
week and completely removed 30 days afteembryogenic pathway may be related to its
transplanting. Plant survival was evaluated aftecapacity to induce stress genes, which have been

three months. shown to contribute to the cellular reprogramming
of somatic cells toward embryogenesis (Kitamiya
Statistical analysis et al., 2000).

Data were analyzed using one-way analysis ofhe acquisition of embryogenic competence by
variance (ANOVA) and the means were comparedomatic cells must involve reprogramming of gene
by Tukey test. The statistical analysis wasxpression patterns as well as changes in the
performed at the 5% level of significance using thenorphology, physiology and metabolism. In
MSTATC statistical software package. addition, a high level of endogenous auxin is
considered as one of the crucial signals
determining embryogenic competence (Fehér et
RESULTS AND DISCUSSION al., 2003; Gaj, 2004) and in most species further
development of SE usually requires reduction of
The morphogenetic responses @f roseacallus auxin level (Jiménez, 2005), as observed in the
cultures varied according to the treatmenPresent work. However, in some species, both
emp|0yed_ Embryogenic’ rhizogenic and nonStages were achieved in the same medium
embryogenic callus lines were obtained. Medidlnamdar et al., 1990; Magioli et al., 2001; Patrk e
supplemented with IAA did not cause anyal., 2005).
morphogenetic response in leaf exp|ant3, whilén contrast to calli obtained from stem explants,
inducing the development of shoots in stemieaf-derived calli did not follow an embryogenic
segments. On the other hand, media containin@ute when transferred to medium with a reduction
NAA stimulated rhizogenesis in both explanton 2,4-D concentration. This variation between the
types. In callus cultures from shoot apices ofesponses displayed by different explant types
Crataeva nurva|a another Capparaceae Species(}OUld be attributed to the physiological statehaf t
the use of NAA promoted a low calogenic growth donor organs, mainly related to the level of
whereas the supplementation with IAA inducedendogenous phytohormones and sensitivity to
root differentiation (Inamdar et al., 1990). auxins due to variations in the number of receptors
The presence of 2,4-D or picloram induced th@r receptor affinity (Jiménez, 2005).
development of friable light beige calli both fromCalli induced by 2,4-D presented a nodular
leaf and stem explants. The calogenic procegpearance (Fig. 1a), which is considered a typical
began within the first week of culture and aPhysical feature of embryogenic calli. However,
positive correlation between growth regulatorthis —correlation  between appearance and
concentration and callus yield was observed (dag@mbryogenic competence must be used carefully,
not shown). When these calli were transferred tgince calli that present the same features observed
MS supplemented with 1.8 uM kinetin or toin C. rosea like rough surface, friable texture and
growth regulator-free MS medium, only smallpale coloration, are considered as non
white roots with dense root hairs were formed. Ogmbryogenic (Quiroz-Figueroa et al., 2006).
the other hand, KIN associated with 2,4-D wad-alli transferred to media supplemented with 0.45
effective in inducing SE in callus cultures 6f ©0r 0.90 pM 2,4-D showed an asynchronous and
nurvala (Inamdar et al., 1990). continuous differentiation of SE. Embryos at the
Calli maintained on media with the sameglobular stage were observed 7-9 days after
concentrations of 2,4-D or picloram used to induc&ansfer to media with a reduced 2,4-D
calogenesis, showed a continuous callus growt§oncentration and some of them presented a
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proliferation of cells near the callus tissue

suggesting the presence of a suspensor-likdature embryos loosely attached to the callus
structure (Fig. 1b). Although suspensor-likesurface were observed 15 days after transfer to
structures are not frequently reported (Quirozmedium with reduced 2,4-D concentration (Fig.
Figueroa et al., 2002), their presence could bge). These embryos showed a bipolar structure
considered as an indication of the unicellulawith the presence of procambial strands
origin of somatic embryos (Nonohay et al., 1999)connecting the root and the shoot apices and with
The occurrence of both multicellular andno vascular connection to the callus tissue (Fig.
unicellular origins of SE, as observed in thelf). The frequency of embryogenic callus
present work, is considered a commorformation as well as the mean number of SE
phenomenon, although the multicellular origin isproduced per callus were significantly higher on
more likely to occur in indirect somatic medium supplemented with 0.90 uM 2,4-D (Table
embryogenesis (Fernando et al., 2001; Gaj, 2004)1). A gradual reduction in the embryogenic
The globular embryos presented a protodermompetence was observed after the second
formed by cells dividing in anticlinal plane (Fig. subculture, probably due to the prolonged culture
1c). The protoderm is considered one of the uniquen medium containing 2,4-D. In order to explain
features of SE development and could regulate threduced embryogenic competence in sweet potato
embryogenic process by applying physical and cettallus lines during continuous exposure to 2,4-D,
division limitations (Sharma et al., 2004). ThePadmanabhan et al. (2001) suggested that this
ground meristem under the protoderm waprocess was related to a decrease in auxin-
characterized by a pronounced cell vacuolizationesponsive gene expression correlated with ageing
and narrow cells with dense cytoplasm formed thef the culture. Changes in cellular competence to
procambium at the central core. Embryos with affiorm embryos in the presence of 2,4-D were also
elliptical shape, which could be recognized as anbserved in sugarcane callus culture (Guiderdoni
intermediary stage between the heart and torpedmd Demarly, 1988). In addition, Myers and
stageswere visualized (Fig. 1d). Quiroz-FigueroaSimon (1999) reported a decrease in the
et al. (2002) also reported the presence adrganogenic potential and an increase in genetic
transition stages between the globular and hearistability in callus cultures ofAllium sativum
stages, as well as between the heart and torpenw@intained for extended periods of time on
stages in the indirect somatic embryogenesimedium supplemented with this growth regulator.
system ofCoffea arabica

Table 1 - Percentage of embryo-producing calli and meambar of somatic embryos per callus (SE/callus)
achieved during the subcultures on media suppleedesith 2,4-D.
2,4-D concentration
0.45uM 0.90uM
Embryo-producing calli (%) Embryo-producing calli (%)

Subcultures

SE/callus SE/callus
1 60" 5.12+0.96" 857 13.45:2.80°
2 50° 3.06t0.88 80° 11.372.99
3 12.8 0.81+0.31° 65° 6.60:1.88
4 03 o 40 2.93t1.61

Data represent mean + standard deviation.
Same letters on each column are not significarniffgrént by Tukey test at 5%.
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Figure 1 - Aspects of the somatic embryogenesi€laome rosea(a) Embryogenic callus produced on
stem explant cultivated on medium with 9.0 uM 2,48ar = 1.6 cm; (b) Longitudinal section
of a globular embryo exhibiting a suspensor-likecure (arrow). Bar = 50 um; (c) Detail of
a globular embryo showing the protoderm (pt) forrbgdcells in anticlinal division (arrow),
the ground meristem (gm) and the procambium (pa).-B30 um; (d) Longitudinal section of
an embryo with elliptical shape showing the procamb(arrow). Bar = 60 yum; (e) Mature
embryo detached from the callus. Bar = 0.06 cml.¢fgitudinal section of a mature embryo
showing procambial strands connecting the roottaaghoot apex (arrow). Bar = 640 um; (g)
Plants regenerated from somatic embryos after hmsaf planting. Bar = 2.6 cm.

The conversion stage, which is characterized bsegulator-free MS medium. Embryo conversion
the germination of the SE and development oéfficiency was influenced both by salt

plantlets, demonstrating their physiological andconcentration and type of gelling agent (Table 2).
morphological maturity, was achieved on growth

Braz. Arch. Biol. Technol. v.53 n.3: pp. 679-686aWwlune2010



684 SimdesC. et al.

Table 2 - Morphogenic responses observed on somatic emslngaulated on auxin-free full (MS0) or half-stgém
(MS1/2) MS medium solidified with agar or phytagafter thirty days.

Morphogenic responses (%)

Culture medium

Whole plantlets Only aerial part Only roots Basal allus
MSO0 + Agar - - 23.9 45.6
MS1/2 + Agar - - 36.9 8.6
MSO0 + Phytagel 41.3 - 13.0 0
MS1/2 + Phytagel 28.2 13.0 30.4 13.0

Data represent the percentage of response retatetbtal of 46 embryos (100%) per treatment.

Media solidified with agar only induced the An acclimatization rate of 53% was found three
development of roots or callus at the basal end ohonths after the transfer of plantlets ér vitro
some embryos. The highest rate of whole plantletsonditions. Plants presented a normal phenotypical
formation (41.3%) was achieved on full-strengthaspect (Fig. 1g), flowered after eight months and
MS medium solidified with phytagel. Saito andproduced fruits. The seeds were collected and
Nishimura (1994) and Magioli et al. (2001) alsogerminated in nursery conditions originating a
observed highest conversion rates of SE on medgecond generation of plants with normal features.
solidified with phytagel, as compared to thoseThe present work reached its objective in
solidified with agar. The use of phytagel couldestablishing a methodology for propagationCof
reduce water availability in the culture mediumrosea through somatic embryogenesis, showing
and contribute to desiccation (Klimaszewska et althe ability of 2,4-D to induce this process from
2000; Choudhury et al., 2008), similarly to thestem explants. The system described here
natural process that occurs in most zygoticepresents an alternative approach for clonal
embryos (Bradford, 1994). Reduced watepropagation and provides a basis for further
availability seems to modulate embryo metabolisnstudies on somatic embryogenesis Gleome
inducing the synthesis of proteins and enzymespecies.

found in germinating seeds and is considered by

some authors as the most important factor to

improve germination of SE (Malabadi et al., ACKNOWLEDGEMENTS

2004).

In all treatments applied to induce the conversiorhe authors are grateful to Jeanne A. T. Gléria
step, some SE did not present any morphogen{@niversidade do Estado do Rio de Janeiro) for the
response and some of them showed highaluable technical assistance and Dr Claudia F.
oxidation. The lack of SE conversion might be duesarros (Instituto de Pesquisa Jardim Botanico do
to morphological abnormalities as a consequenqRio de Janeiro) for the use of Image Capture
of the long exposure to 2,4-D (Raghavan, 2004)system. This work was supported by Fundac&o
Such abnormalities could result from defectiveCarlos Chagas Filho de Amparo a Pesquisa do
polar transport of endogenous auxins in respongestado do Rio de Janeiro (FAPERJ) and Conselho

of the exogenous growth regulator (Choi et al.Nacional de Desenvolvimento Cientifico e
1997). Insufficient storage products in theTecnolégico (CNPQ).

cotyledons could also result in lack of shoot
development from SE (Chengalrayan et al., 2001).
Nevertheless, considering that in some specigSESUMO
normal plants can be recovered from abnormal

embryos, it is possible that these embryos obtain§ irabalho descreve um protocolo para a
from C. roseaalso could germinate and develc’ppropagagéo in vitro de Cleome rosea por

normally. Thus, in spite of the high conversiongyiggenese somatica. Explantes foliares e

rate obtained on growth regulator-free  MScg jjinares, obtidos de plantas germinadas sob
medium solidified with phytagel, the eStab"Shedcondigéesin vivo, foram cultivados em meio de

protocol could be further optimized to improve theMurashige and Skoog (MS) suplementado com
conversion capacity. acido 3-indolacético (AIA), acido naftalenoacético
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(ANA), acido 4-amino-3,5,6-tricloropicolinico Fernando, J.A.; Melo, M.; Soares, M.K.M.; Appezzato
(picloram) ou é&cido 2,4-diclorofenoxiacético (2,4- da-Gléria, B. (2001), Anatomy of somatic
D). Calos de aspecto nodular foram produzidos a&mbryogenesis dtarica papaya.. Braz. Arch. Biol.

partir de ambos os tipos de explante na presen(éaT echnol.45(3), 277-286

de 4,5 e 9,QM de 2,4-D. O desenvolvimento e a aj, M.D. (2004), Factors influencing somatic
matu,ra(;éo’ de E;mbric”)es somaticos  foram embryogenesis induction and plant regeneration with

, particular reference toArabidopsis thaliana(L.)
alcancados quando calos obtidos de explantesHeynh_ Plant Growth Reguk3, 27-47

caulinares foram transferidos para meio de cultur@yiderdoni, E.; Demarly, Y. (1988), Histology of
suplementado com uma concentragao de 2,4-D dezomatic embryogenesis in cultured leaf segments of
vezes menor do que aquelas utilizadas na inducaaugarcane plantlets. Plant Cell Tiss. Org. Cul,

do processo de calogénese (0,45 e (M) Calos 71-88

derivados de explantes foliares ndo produzirarfuzzo, F.; Baldan, B.; Mariani, P.; Lo Schiavo, F.;
embrides ao serem submetidos a estes mesmogerzi. M. (1994), Studies on the origin of totipody
tratamentos. Os maiores valores de frequiéncia defe!lS in explants obaucus carotd.. J. Exp. Bot.45,
calos embriogénicos (85%) e numero médio d%l427_1432

o amdar, J.A.; Nataraj, M.; Mohan, J.S.S;
embries por calo (13,45+2,8) foram alcancados Subramanian, R.B. (1990), Somatic embryogenesis

durante & primeira subcultura em MeI0 fom callus cultures ofCrataeva nurvala- Buch.
suplementado com 0,9M de 2,4-D. O processo  Ham. Phytomorphology}0, 319-322

de conversado dos embrides somaticos em plantdigénez, V.M. (2005), Involvement of plant hormones
foi observado apos transferéncia dos embridesand plant growth regulators oim vitro somatic
para meio MS sem suplementagdo hormonal embryogenesis. Plant Growth Regdlr, 91-110
solidificado com 2 g.]} de fitagel. Trés meses Johansen, S. (1940), Plant Microtechnique. Mc Graw-
apods a transferéncia para condicéesitroa taxa ~ Hill Book Company, New York

de aclimatizacéo alcancada foi de 53% e as plantiétal. M. (2007), Intellectual property protectionthe
natural product drug discovery, traditional herbal

apresentavam um aspecto fenotipico normal. medicine and herbal medicinal products. Phytother.
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