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ABSTRACT

Soybean somatic embryos obtained from immaturetizygonbryos were histologically analyzed in order t
determine possible ontogenetic routes followechkge embryos. The proembryo stage and globulart-shaped,
torpedo and cotyledonary embryo stages were focindely resembling the ontogeny of zygotic embiyiogever,
the absence of a characteristic suspensor as vgetha delay in the establishment of inner orgamratvere the
main differences between these two embryogeniepses.
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INTRODUCTION Finer and McMullen, 1991; Kiss et al., 1991; Liu
et al., 1992; Sato et al., 1993). However, a

Somatic embryogenesis can be described as tlbaracterization of the different developmental

process through which haploid or diploid somaticstages of soybean somatic embryos was performed

cells develop into different plants throughonly by Christou and Yang (1989), Fernando et al.

characteristic embryological stages without fusio{2002), and Rodrigues et al. (2005). In this study,

of gametes (Wiliams and Maheswaran, 1986)we analyzed different soybean somatic embryos in

This phenomenon has been observed in tissugder to characterize ontogenetic routes followed

cultures of several angiosperm and gymnosperfy these embryos by means of histological

plant species. The anatomical aspect of somatRpproaches. We also present three differentiation

embryos has been presented by many authofgutes followed by the somatic embryos based on

(Auboiron et al., 1990; Gill and Saxena, 1992the comparison between somatic and zygotic

Decout et al., 1994; Suhasini et al., 1994)embryogenesis.

However, only some studies characterized the

different ontogenetic stages of these embryos

(Fransz and Schel, 1991; Toonen et al., 1994;

Yeung et al.,, 1996). In soybean, histological

sections ofle novaformed embryogenic structures MATERIALS AND METHODS

can be found in some reports (Barwale et al., 1986;
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Somatic embryos were obtained from immaturevere very similar, the collection and fixation were

cotyledons of soybearG{ycine max(L.) Merr. cv  randomly made.

BRAGG, IAS-5 and RS-7) as previously describedsomatic embryos at different developmental stages
by Santoset al. (1997). Explants were cultured were fixed in formaldehyde:acetic acid:alcohol

a solid induction medium (MSD40, Finer, 1988)(FAA - 5:5:90 v/v, Johansen, 1940) for 48 hrs and
containing MS salts (Murashige and Skoog 1962stored in 70% ethanol. These tissues were
Gamborg’s B5 vitamins (Gamborg et al., 1968)dehydrated in an ethanol series (Johansen, 1940)

40 mg/l 2,4-D, 6% sucrose, and 0.7% agar (ptnd taken into hydroxyethylmetacrylate (Jung’s

5.7) in the presence or absence of AgND8 or Historesin) (Gerrits and Smid, 1983). Serial 5 um
4.2 mg/l) or aminoethoxyvinylglycine-AVG (0.8 sections were cut on a Base Sledge Microtome
or 2.0 mg/l). After three months on induction(Leitz 1400), mounted on cytological glass slides
medium, somatic embryos were transferredand stained with 0.05 % toluidine blue (3-5 min.).

individually or in clusters, to maturation medium.The investigations and photomicrographs and/or
This medium consisted of MS salts, Gamborg’snacrographs were conducted in a Leitz

B5 vitamins, 6% maltose, 0.3% phytagel and 0.8nicroscope (Dialux-20EB) and in a stereoscopic
% activated charcoal. Since the morphologicamicroscope (Wild-M7A). In both cases, a Leica

aspects of embryos obtained from different mediaamera MD-2 was used.

Figure 1 - Schemata of soybea@lfcine mak somatic embryo ontogenetic routes. a. First tinisf
somatic embryo; b. Anticlinal division of the proemjo basal cell; c-f. Periclinal
divisions in the two series of derivatives from theesal cell; g. Globular embryo; h. Heart
embryo; i. Torpedo embryo; j.Cotyledonary embryo; Enlarged primary globular
embryo; |. Enlarged structure with three growthteesy m. Differentiation of secondary
embryos from an enlarged primary embryo; n. Eatdgs globular embryos originated
from adjacent epidermal cells; 0. Fusion of glob@mbryos; p. Fasciated cotyledonary
embryos. ac= apical cell; bc= basal cell

RESULTS AND DISCUSSION culture, secondary globular embryos were formed

on the surface of the older embryos. When
Somatic embryos were first observed on théransferred to maturation medium, these embryos
surface of cotyledon explants four weeks aftedeveloped from globular to heart-shaped, torpedo
initiation of cultures. With increased time in and cotyledonary stages.
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Histological analysis of soybean somatic embryo3he absence of a well-defined suspensor as well as
revealed three possible ontogenetic routes (Fig 1the delay in the formation of inner organization
The first route showed an ontogenetic similarityrepresent remarkable differences between the
with soybean zygotic embryo development stagesoybean somatic and zygotic embryogenesis. In
(Carlson, 1973; Chamberlin et al994). In this zigotic embryos of this species, the suspensor was
route, the primary somatic proembryo initiatedpresent even in developed cotyledonary embryos
from a periclinal division of one epidermal cell of (Carlson, 1973) whereas differentiated internal
the explant. This division originated an inner basalissues (such as procambium, shoot and root apical
cell and an outer apical oéthe proembryo (Fig. meristems) could be found in heart-shaped
2 and 1a). Liu et al. (1992) and Gyulai et al.(1993gmbryos (Chamberlin et alLl994).

also showed somatic embryos with a single-celDuring the late torpedo and cotyledonary stage
origin. In contrast, Fernando et £002) reported embryos, all meristematic tissues were developed:
that none of the somatic embryos presentedrotoderm, procambium, ground meristem, shoot
unicellular origin in two studied soybeanand root apical meristems (Figs. 8-11, 1li-j). The
genotypes. According to the authors, the globulasomatic embryos obtained in this study showed
structures were originated from subepidermal cethormal developed cotyledons, different from those
divisions in the cotyledonary mesophyll. presented by Christou and Yang (1989) in the
Nevertheless, in a detailed histological study irsame species. These authors, who carried out a
soybean anther culture, somatic embryogenesis detailed histological and biochemical study,
unicellular origin was observed from the epidermigoncluded that with the possible exception of the
and the middle layer, and of multicelluar origincotyledonary stage, soybean somatic embryo
from connective calluses (Rodrigues et al., 2005).development resembled very closely the
The basal cell divided anticlinally, forming two development of zygotic embryos. The main
derived cells which through periclinal divisions, difference between the study carried out by
formed two series of suspensor-resembling cellChristou and Yang (1989), and our analysis was
where the apical cell was maintained as initiathe culture medium. In the present study, after
(Figs. 3 and 1b-f). Later, the apical cell dividedinduction, the embryos were developed in absence
forming a globular embryo (Fig. 4). At subsequenbf 2,4-D, while the induced ones by Christou and
proembryo stage was not observed a well-definedang (1989) were kept in presence of a synthetic
suspensor structure, although, in a few cases, soraaxin. Thus, the removal of the somatic embryos
layers of more densely-stained cells seemed twom the auxin-containing medium must be crucial
support a connection between the globular embrym the normal cotyledons development.

and the explant (Fig.5 and 1g). These cells couldlumerous abnormal histodifferentiated embryos
represent either a disorganized suspensor or have been observed as decribed by Santos et al.
differential developmental pattern of this structure(1997). In the present study, a torpedo-like embryo
The absence of a suspensor-like structure wassembling a trumpet was histologically analysed.
described by Fernando et al. (2002). Thestn this embryo type, the procambium is well-
different results could be explained due the origimefined but neither an apical shoot meristem nor a
of the embryos. According to Williams and root meristem were detected (Fig.12). Fernando et
Maheswaran (1986), the multicellular original. (2002) also recorded soybean trumpet embryos
normaly produces somatic embryos fused witlbut they observed a normal root meristem while
parental tissue, while an unicellular origin gavethe shoot meristem was absent. The analysis of
rise to embryos attached by a suspensor-likkistological sections in mature trumpet embryos in
organ. peanuts showed a poorly developed meristematic
The protoderm was only identified in late globularregion (Wetzstein and Baker, 1993). Embryos like
staged embryos but no evidence of inner celhese presented a low conversion rate not only in
organization was observed neither in globular nopeanuts (Wetzstein and Baker, 1993) but also in
in early heart stage embryos (Figs. 5 and 6). Theoybean (Buchheim et al., 1989, Kiss et al., 1991;
procambial initials arose in late heart-shapedrernando et al., 2002).

embryos (Fig. 7, arrows and 1h).

Brazilian Archives of Biology and Technology



52 Santos, K. G. B. et al.

Figures 2-11 -Ontogeny of soybear{ycine max primary somatic embryos in longitudinal sections.
2. apical cell and basal cell from periclinal digis of explant epidermis. 3.
Establishment of suspensor through basal cell idivis 4. Early globular stage
embryo. 5. Late globular stage embryo. 6. Earlyrths@ge embryo. 7. Later heart
stage embryo with procambial initials (arrows).Léte torpedo stage embryo. 9.
Cotyledonary stage embryo. 10. Detail of shoot apkeihe embryo in Fig. 9. 11.
Detail of the root apex of the embryo in Fig. 9=apical cell; bc= basal cell; ct=
cotyledons; pc= procambium; RA= root apex; s= snspe SA= shoot apex. Scale
bar =50 umin 2,3 and 7; 100 umin 4, 5 and nim in 8 to 11.
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Figures 12-16 -Ontogeny variation of soybeaiGlfcine max somatic embryos in longitudinal
sections. 12. Trumpet embryo grew on an inductivedium with a high
concentration of 2,4-D.13. Enlarged embryos witbbwgh centers, procambial
initials (arrow). 14. Enlarged structure from fussatly-staged globular embryos.
15. Fasciated cotyledonary embryos with individzedi procambium (arrows). 16.
Shoot apex detail from Fig. 15. pc= procambium;attyledons; SA= shoot apex.
Scale bar =5 mm in 12, 13 and 14; 10mm in 1516d
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In the second route, the primary globular embryosota de desenvolvimento, provaveis rotas
showed enhanced growth (Fig. 1k). Thealternativas de diferenciacdo séo apresentadas.
histological analysis of these enlarged structures

pointed out the existence of meristematic centers

within the protoderm (Figs. 1l and 13). In someREFERENCES
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