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ABSTRACT 

A research on the somatic embryogenesis in Lithospermum erythrorhizol1 has been conducted. 
Embryogenic callus was inoculated in EIM9 liquid medium (modification ofLS medium), i.e. L2PVP 
(initiation medium) and the development of somatic embryo was observed. Ten J.1M and 100).lM methyl 
jasmonate was added into L3PVP medium (differentiation medium) for somatic emb yo maLUration. 
The purposes of this research were to observe tlle development of somatic embryo and to observe the 
effect of methyl jasmonate on maturation of the somatic embryo in L erylhrorhizol/ . The results showed 
that somatic embryogenesis in L erythrorhizon derived from single cells differentiated further forming 
proembryo, globular. heart, torpedo and cotyledon stage. Treatment with 10 f.1M and 100).lM methyl 
jasmonate induced maturation of somatic embryos (cotyledon stage) after transferring them to embryo 
development medium (L4PVP). 
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ABSTRAK 

Telah dilakukan penelilian mengenai embriogenesis somatik pada LitllOspermum erythrorhizon. 
Kalus embriogenik diinokulasikan pada medium cair EIM9 (modiftkasi medium L ). yaitu L2PVP 
(medium inisiasi) dan perkembangan embrionya diamati . Meril jasmonar sebanyak 10).IM dan loo).IM 
ditambahkan pada medium L3PVP (medium diferensiasi) untuk percobaan maturasi embrio somalik. 
Tujuan penelitian ini adalah unluk mengamati perkembangan embrio somatik dan unluk mengamati 
pengaruh metil jasmonat pada maturasi embrio somatik L eryrhrorhizon. Hasil percobaan menunjukkan 
bahwa embriogenesis somalik pada L. erythrorhizon berasal dari seltunggaJ yang berdiferensiasi Icbih 
lanjut membentuk proembrio. embrio lahap globular, hati. torpedo dan kotiledon. PerIakuan dengan 
melil jasmonal 10 ).1M dan 100 f.1M dapat menginduksi maturasi embrio somatik (lahap kotiledon) setelnh 
memindahkannya ke medium perkembangan embrio lAPVP). 

Kata kunci: Embriogenesis somatik, Lithospermum erythrorhizon, merit jasmollar. 
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INTRODUCTION 

Lithospermum erythrorhizon Sieb. et 
Zucco is a traditional medicinal plant belong 
to Boraginaceae that has been used 
worldwide. L. erythrorhizon produces 
antibacterial, antifungi, wound-healing, anti ­
inflammatory, analgesic, anti-tumor compounds 
and can be used as stimulant that activates 
immune respon e (Bown, 1995; Yazaki et at., 
1999). Due to its importance and its 
indi cnminate collection from the wild, L. 
erYLhrorhizol1 is a rare and endangered plant 
in Japan (Fowler, 1983' Yazaki et at., 1997a). 

The distribution area of L. 
erythrorhiZOIl is restricted to East China, 
Japan and Korea. Today, this plant is rarely 
found and therefore needs to be conserved 
(Bown, 1995). Natural condition in Indonesia 
makes it po sible LO grow L. erytlzrorhizon 
so that a preliminary study for the 
development of this plant in Indonesia could 
be conducted. 

III vitro culture method of L. 
erythrorlzizol1 i conducted for the 
preliminary study. Korean re earcher carried 
out plant regeneration from callus culture of 
L. erytlzrorhizo'l through organogenesis 
and somatic embryogenesi . However, 
morphologically regeneration mostly has 
been conducted through organogene is (Yu 
el al., J997). Therefore, for the first time, 
omatic embryogenesis of L. erythrorhizol1 

in liquid culture is conducted. 
Melhyl jasmonale (MeJa) inhibil 

germination and growth, promotes 
senescence, induces tuber formation and 
functions as wound-inducible signaling 
pathway in various plant systems (Tokuji et 
al.. 1995). According to research on carrot 
somaLic embryo, regeneration of plantlets was 
markedly inhibited by the presence of J mM 
MeJa and was essentially absent in the 
presence of 20 mM McJa (Tokuji et ai., 
1995). Tn particular, MeJa inhibits the 
germination of lettuce seed, a propeny that 
eem to be relevant to our study of somatic 
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embryogenesis. Their result showed that 
embryogenic cell clusters cultured in liquid 
medium containing MeJa developed up to 
torpedo stage. However, further development 
to fonn plantlet was inhibited. Du ri ng the 
inhibilion process, the carrot's somatic 
embryo became mature and the torpedo 
embryo developed into plantlet in the liquid 
medium without MeJa (Tokuji ef al., 1995). 

In thi report, we describe the 
development of somatic embryo using liquid 
culture and the effect of methyl jasmonate 
on the maturation of somatic embryo in L. 
erythrorhizon . 

MATERIALSAND METHODS 

Materials 

Internode of in vitro shoot cultures 
were u ed as the explants for embryogenic 
calli induction. The internodes were cut into 
several segments, and then pUl on calli 
induction medium (CIM). The CIM 
consisting of MS Basal medium (Murashige 
& Skoog, 1962) upplemented with 10 mM 
NAA, 10 mM Kinetin, 3% sucrose and 
solidified with 0.8% agar.The cultures were 
kept in the dark at 25°C. The yellowish friable 
calli obtained were then used as a source of 
inoculum for embryogenic cell culture. 

Methods 

Embryogenic callus culture in vitro 
was maintained in embryogenic callus 
initiation medium (EIM9) (Table 1). EIM9 
medium is M9 Medium (Yazaki el al., 
1997b), a modified Linsmaier & Skoog (LS) 
medium (Linsmaer & Skoog, 1965). Four 
colonies of calli were placed in the media in 
a plastic Petri dish sealed with parafilm. The 
cultures were placed in dark culture room, at 
2SnC Four weeks old calli were subcu ltured 
onto fresh EIM9 medium. 

To initiate embryogenic cell culture 
and omatic embryogenesis, 2-3 g of 8 week­
old embryogenic calli were inoculated into L 
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20 ml L2PVP medium (Table 1). Cell 
suspension cultures were agitated on a 
reciprocal shaker (80 rpm), maintained for a 
week in the dark at 25°C. Embryogenic cells 
were subsequently proliferated in L2PYP 
liquid medium. Single embryogenic cells, 
dividing cells and proembryos were 
subcultured into fre h L2PVP medium and 
ob erved for up to 10 d. Somatic embryo 
culture were maintained in L2PVP medium 
for 3 week . Subsequently, synchronization 
wa onducted using 1 mm nylon mesh. 

For maturation, 2 week -old 
synchronized somatic embryos (globular, 
early heart and heart embryo) were 
transfered into L3PYP media (Table 1) 
containing to ).lM and 100 ).lM MeJa and 
maintained for 10 d. Thereafter somatic 
embryos were subcultured into 20 ml L4PYP 
medium (Table 1) and maintained for 20-24 
d. As a control , somatic embryos in L2PYP 
medium were subcultured Into L3PYP 
medium without MeJa for 10 d . 
Subsequently, the cultures were subcultured 
into L4PYP medium. All flasks were agitated 
on a reciprocal shaker (80 rpm) , in the dark 
at 25°C. 

Observation of somatic embryo 
development in L2PVP, L3PVP and L4PYP 
medium wa conducted every 2-3 d for 6 
weeks by using inverted microscopy. 

RESULTS AND DISCUSSION 

Development of L. erythrorhizon somatic 
embryo 

Somatic embryogenesi in L. 
erythrorhizol1 derived from single cells 
underwent different stages of development; 
proembryo, globular, heart. torpedo and 
cotyledon tages. CaJlu of L. erytlrrorhizoll 
was soft yellowi h with delicate nodules in 
the surface of callus (Figure l). Cell in the 
delicate nodules were supposed to actively 
proliferate and to form meristematic cells 
clu ter; which have the potency to become 
embryogenic celJs in an appropriate medium 
(Filho & Huttori 1997)_ 

Figure 1. Embryogenic callus of L. eryl/trorhizeJ/1 

Table 1. Medium for somaLic embryogenesis of L. erythrorhizofl 

Medium Proline Carbon source (%) 
Hormones 

(IJM) 
Gelling 
agent 

Phytagel 
(%) 

PVP 
(%) 

(giL) Sucrose Sorbitol 
Kinetin NAA 

EIM9 1.5 3 0 10 10 0.25 0 

L2PVP 1.5 3 0 0.5 5 0 0.3 

L3PVP 1.5 3 0 5 5 0 0.3 

L4PVP 1.5 2 4 5 1 0 0.3 
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Somatic embryo developed very fast 
after 3 d in L2PVP medium and formed 
proembryo from embryogenic callus. 
Decreasing NAA concentration to SIJlV1 and 
kinetin to 0.5 ~ in L2PVP medium was to 
initiate somatic embryo formation from 
embryogenic calli. Somalic embryogenesis 
occurred on high auxin and low cytokinin 
concentrations (Du val et al. L995) . 
Embryogenic cell culture was viscous, 
because the extracellular matrix 
(polysaccharides) was excreted into the 
medium (Jayasankar et al., 1999). 

Proembryo was formed on the 3 rd day 
of culturing in L2PVP medium . This 
procmbryo was derived from a single cell that 
was acti vely di vidjng longiludinally to 
become 2 cells, 4 cells, and so on until 
procmbryo was formed (Fig. 2a-2f). The 
formation of proembryo from embryogenic 
callus indicated that somatic embryo 

Figure 2. Early induction of somaLic embryo of 
L. eryt/trorhi'l.OlI 

a. Single cel ls. 
b. Asymmetric diviSIOn (2 cells) . 
c. Symmetric diviSIon (4 cells) . 
d. Further division with suspensor. 
e. 	 Further division without 

'uspen ··or. 
f. Proembrio. 
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induction of L. erythrorlzizoll occurred 
indireclly. 

A Ingle cell (Pig. 2a) appeared to be 
small and round with dense cytoplasm 
surrounded by a thin cell wall. Observation 
of the i njtiation of somatic embryo i ndicaled 
thal there were 2 kinds of divisions, i.e. 
asymmetry that resulted in 2 cells with 
different sizes (Fig. 2b) and symmetry that 
resulted in 4 cells with the same sizes (Fig. 
2c). In asymctric division, one cell received 
more cytoplasm, whereas another cell 
vacuolated. The cell containing cytoplasm 
divided longitudinally and transversally to 
become proembryo (p) (Fig . 2f). The 
vacuolated cell divided to form a small 
filament called a suspensor (s) (Fig. 2d). After 
4-cell stage, daughter cells divided fUi1her 
(Fig. 2e) to become 8 cells, 16 cells and so 
on until proembryo wa formed (Fig. 2f). 
Cells that di vide further have small sizes and 
dense cytoplasms. 

The suspensor of the omatic embryo 
was formed due to the existence of a 
suspensor gene. However, it mechani m 
have not yet known (Puspit<1watl, 1997) 
Suspensor of the somatic embryo was also 
found in Phaseo/us vuLgaris (Filriani . 2002). 
Vigna melia/a (Puspitawati. 1997; Filliani, 
200_) and Allium sal;vlIfn (Nurwendah. 
2002). In somatic embryo of Plwseollls 
vll/garis, the suspensor has a role in nutrition 
absorption from the growth medium for 
embryo development (Fitriani, 2002). The 
role of suspen or in the somatic embryo of 
L. erythrorhiZOll might be the same as that of 
Phaseo/us vulgaris. 

On the next stage of development, the 
proembryo formed a globular somatic 
embryo (Fig. 3). Observation of the globular 
somatic embryo in the 10th days of culture in 
L2PVP medium showed that it had a 
suspensor (Fig. 3b). Besides globular 
embryos with suspensors, generally globu lar 
embryos without suspensors were also found 
(Fig. 341) . In the globular stage, the whole cells 
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omatjc embryo of L el),throrhizofl (a) wilhout su pensor; (b) with su pensor 

100 Ilm 

Figure 4. Early heart somatic embryo (a) and heart somatic embryo (b) of L erythrorhizol1 

are morphologically similar and protoderms 
can be differentiated (Foskd, 1994). 

Following the transfer into L3PVP 
medium. the globular somatic embryo 
underwent a development into a heart stage 
embryo (Fig. 4). Tn the L3PVP medium, the 
concentration of NAA and kinetin was Lhe 
same (5 ~) (Table 1). Equal concentration 
of the two plant growth regulator was needed 
for somatic embryo differentiation in palm 
oil (Duva l et al. , 1995). Observation showed 
that there was a p lateau on embryo axis o f 
globular omatic embryo that was found 
before the embryo developed into heart stage 
embryo. This phase was an early heart tage 
embryo (Fig. 4a). This early heart stage 

somatic embryo were found in the L3PYP 
medium after 6d of culturing. Subsequently, 
the development of cotyledon plimordia l 
formed heart stage somatic embryo (Fig. 4b) 
in L3PVP medium wa. obtained after 10 d 
of CUlturing. 

Methyl Jasmonate treatment for 
embryo maturation 

Methyl Jasmonare (MeJa) treatment 
influenced the developmental stage of L. 
erythrorhizoll somatic embryo. MeJa induced 
the development of somatic embryo until 
early torpedo stage when the somatic embryo 
was transferred into L3PYP medium 
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containing 10 pM MeJa (Fig. Sa). In L3PVP 
medium containi ng 100 ~ MeJa, torpedo 
omalic embryo was obtained (Fig. Sb). 

Similar resulL was obtained in carrot somatic 
embryogenesi ' . One IJ-M and J00 IJ-M of 
MeJa increased the developmental stage of 
carrol omalic embryo up Lo torpedo stage 
(T kuji et al., 1995). However MeJa 
inhibited further differentiation of torpedo 

somatic embryo to become cotyledonary 
somatic embryo. 

To detect the maturity of the somatic 
embryo after a treatment with 10 ~ MeJa 
in L3PVP medium, the omalic embryos 
(globular, ea.rly heart, and heart stage) were 
transferred to embryo developm nt medium 
(L4PVP). The result showed thal v ry few 
torpedo and cotyledon were obtained after 5 
weeks of culturing (Figure 6). Likewise , afler 

Figure S. Early torpedo somatic embryo (a) and torpedo somatic embryo (b) of L erythrorhizon 

t. 5 control treatment with Me.Ja 

"E 4 

! 3 
o 

C 2 

::3 I

S 
~ O ~LL---U~__-W~ 

L2PVP L3PVP L4PVP L2PVP L3PVP + L4PVP L2PVP L3PVP + lAPVP 
10 fJ.M McJa 100 ~ MeJa 

Medium 

o proembryo 0 globular rml early heart early torpedo . torpedo • cOlyledon 

Note on number of embryo: 
1 :::: very few « 5 embryos) 
2 = few (6 - 10 embryos) 
3 == moderate (11 - 20 embryos) 
4 = abundanl (21 - 40 embryos) 

Figure 6. Production o r somatic embryo wilh MeJa treatmenl for embryo matar tion . The inoculum 
were grown on EIM9 (2x subcultures), 10 don L2PYP and 14 d on I 3PVP 
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treatment with 100 11M MeJa in L3PVP 
medium, the somatic embryos (globular, early 
heart and heart tage) were tTansferred (0 

L4PVP medium. The resull showed that very 
few cotyledons (2 cotyledons) was obtained 
on the 511 

• days of culture (Figure 6). Simi lar 
result was reported on carrot somatic embryos 
treated with MeJa. The carrOL torpedo omatic 
embryos developed into cotyledon somatic 
embryos after transfering into medium 
without MeJa (Tokuj i et Cll., 1995). 

Treatment of 100 ~MeJa in L3PVP 
medium resulted in more heart stage embryos 
( 15 embryo ) compared to those of heart tage 
embryos (8 embryos) obtained in L3PVP 
medium containing 10 ~ MeJa (Figure 6). 
On the 6111 week of culturing the amount of 
cotyledon embryos in L4PVP medium that 
previously treated with 100 jlM MeJa in 
L3PVP medium increased to 4 mature 
cotyledon embryos. 

Different result was obtained from 
L4PVP medium without MeJa treatmenl. The 
somatic embryos; 6 weeks after culturing, did 
not produce mature cotyledon embryos. The 
development of somat ic embryos only 
achieved a few torpedo stage embryos (Figure 
6). 

Harvested cotyledon somatic embryo 
has a fully expanded cotyledon showing the 
maturity of the embryo (Figure 7) . It is 
uggested that the capability of MeJa to 

induce secondary embryos (heart and torpedo 
somatic embryos) (Tokuji et ai., 1995) 
influenced further differentiation to ach ieve 
a mature cotyledon somatic embryo at the 
MeJa concentration of 100 JiM. 

In the pre ent study, it is hown that 
precocious germination of somatic embryo 
of L. erYlhrorhizon was inhibited by the 
addition of MeJa (10 J..LM and 100 ~LM) . 

Treatment of MeJa induced furthe r 
maturation of somatic embryos (coty ledon 
sLagel after transferring them to embryo 
development medium. 

Similar results were obtained from 
other studies; which showed that the addilion 

Figure 7. Cotyledon somatic embryo of L 
erYlh"orhi~on 

of 1 jlM MeJa inhibited precocious 
germination in microspore embryo of 
Brassica napus and zygolic embryo of Linum 
(Oilseed) (Wilen, 1991). 
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