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Abstract 

Somatic embryo formation from immature cotyledons was improved in the following ways: by cutting into sections, 
supplementing culture media with spermine and using solid/liquid/solid type of culture. Cut cotyledons of the eight 
genotypes examined expressed a higher ability for somatic embryogenesis than whole cotyledons. Of the three 
polyamines tested, spermine considerably stimulated and putrescine slightly inhibited induction of somatic embryos. 
The ability of embryoid formation on medium with spermidine depended on the genotype. The solid/liquid/solid 
type of culture was better than the continuous solid culture. The best nitrogen ion content for the subculture 
of somatic embryos was 10 mM NHaNO3 and 30 mM KNO3. The possibility of using these modifications in 
Agrobacterium transformation is discussed. 

Introduction 

There have been several reports concerning the regen- 
eration of soybean plants from tissue cultures. Shoot 
organogenesis occurred from tissues such as cotyle- 
donary nodes (Graybosch et al., 1987) and primary 
Leaves of seedlings (Wright et ai., 1987), while somat- 
ic embryogenesis occurred from immature embryos or 
cotyledons. Various studies examined the effects of 
genotype (Parrott et al., 1989; Komatsuda & Ohyama, 
1988), growth regulators (Hammatt & Davey, 1987; 
Lazzeri et al., 1987a; Ranch et al., 1985), sucrose 
and growth regulators (Hartweck et al., 1988), basal 
media and hormones (Christou & Yang, 1989) or sug- 
ar, pH, light intensity and dissection of embryos as well 
as cotyledons (Lazzeri et al., 1987b) on induction of 
somatic embryos. Germination of such embryos and 
their transition to plantlets have also been described. 
The influence of growth regulators (Ranch et al., 
1985) and sucrose together with growth regulators 
(Hartweck et al., 1988; Lazzeri et al., 1988; Komat- 
suda et al., 1991, 1992) was examined. Buchheim et 
al. (1989) reported that maturation of somatic embryos 
was achieved on medium containing activated charcoal 
with sucrose. 

Looking forward method of soybean plant regen- 
eration via somatic embrogenesis, for other, agronom- 
ically important genotypes (cultivars), several addi- 
tional aspects were investigated. They included influ- 
ence of polyamines, liquid medium, cotyledons injur- 
ing (cutting) and nitrogen ions on this process. Some 
modifications of culture conditions were made to adopt 
this method for Agrobacterium transformation. 

Materials and methods 

Plant material 

The seeds of four cultivars: Polan (Sp), Aldana (Sa), 
Progres (Spr) and five breeding lines named: L4, L5, 
L6, L8, L9 were provided by Prof. Szyrmer from the 
Plant Breeding and Acclimatization Institute. Plants 
were grown in pots under a 16/8 light/dark photoperi- 
od (350 #M-2s - 1) at 22/16 ° C day/night temperature 
regime. 

Pods containing immature seeds were collected and 
surface sterilized by immersing them in 70% alcohol 
followed by 20 min in sodium hypochlorite (7.5% v/v) 
and rinsed three times with sterilized distilled water. 
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Embryos from 3 to 6 mm long were removed from 
immature seeds. Their randomly selected cotyledons 
were placed in abaxial orientation up on agar solidified 
medium. Whole cotyledons were used only in the first 
experiment. Additionally, in the first and in the next 
experiments, cotyledons were cut into three pieces, 
perpendicular to their long axes. Four whole cotyle- 
dons or 12 pieces were cultured per Petri dish (80 mm 
in diameter), and each treatment included at least 20 
cotyledons explants (3 x 20 cut pieces of cotyledons). 
The pieces from one cotyledon were placed next to 
each other on solid medium or were separated in liquid 
medium. They were scored as one cotyledon-explant. 
The number of replicates varied from two (Table 1, 3, 
4, 5; Fig. 2) to five (Table 2). 

Media and culture conditions 

The basal culture medium containing MS salts and 
vitamins (Murashige & Skoog, 1962) supplemented 
with 5 mg 1 - l  2,4-D and 3% sucrose, was used in 
primary culture. Additionally, in one experiment the 
polyamines: putrescine and spermidine at 10 mg 1-1 
and spermine at 10 and 50 mg 1-1 concentrations 
(Table 3) were added to this medium. In this exper- 
iment explants were first put on MS2,4-D medium for 
four days of  preliminary culture and next, on the media 
containing polyamines. For better examining the influ- 
ence of polyamines and solid/liquid/solid type of cul- 
ture on general response (including percent of regen- 
erated cotyledons and mean number of embryoids per 
cotyledon) we estimated the coefficient of response 
according to the equation: 

percent of regenerated cotyledons × mean no. of embryos 
= coef.resp. 

100% 

The influence of liquid culture (Table 4) was inves- 
tigated over three days of treatment in liquid media, 
after two days of preliminary culture on solid medium. 
Media were solidified with 2 g 1-1 Gelrite and auto- 
claved for 15 min at 1210 C. Polyamines were st~ilized 
by filtration. The pH of the media was adjusted to 5.8 
before autoclaving. 

In subculture experiments, MS and MS modified 
media with altered nitrogen source and nitrogen ion 
proportion were used. Nitrogen ion contents was as 
follow: 10 mM NHaNO3 + 30 mM KNO3 (M1 and 
M3 medium), 1 mM (NH4)2SO4 + 25 ~ KNO 3 (M2 
medium) and 21 mM NHaNO3 + 19 mM KNO3 (MS1 
medium). M3 basal medium was supplemented with 
0.1 mg 1-1 abscisic acid (ABA) and zeatin. M1, M2 

Fig. 1. Induction of somatic embryos along the wounded edge of 
cut cotyledons in Sa cultivar (A) and L9 line (B) after 4 weeks of 
culture. 

and MS1 media contained the same growth regula- 
tors as M3 and additionally 0.1 mg 1- l IBA. Plantlets 
were developed on MS medium containing 1 mg 1-1 
GA3. 

Somatic embryos were classified into three size 
categories: I - < 2.9 mm, II - 3.0-5.9 mm, III - 6.0- 
10 mm length or they were measured individually. 

Results 

Globular embryos developed on the whole as well as 
the cut cotyledons. The percentage of explants form- 
ing somatic embryos and the number of embryos per 
cotyledon were higher in cut cotyledons in all test- 
ed genotypes (Table 1). In the case of whole cotyle- 
dons, somatic embryos were formed typically around 
the submarginal surface (Hartweck et al., 1988). How- 
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Table 1. The ability of cut and whole immature cotyledons of different lines and cultivars of  
soybean to form embryoids 

Genotype L4 L5 L6 L8 L9 Sp Sa Spr 

1 2 1 2 1 2 1 2 l 2 1 2 1 2 1 2 

cut 27/5.5 29.5.3 100/9.7 48/3.5 66/4.3 40/4.8 72/3.2 69/4.2 

whole 13/2.1 0.0 44/4.0 20/2.8 18/3.1 16/2.8 23/2.9 21/3.0 

1 - percentage of explants forming somatic embryos. 
2 - mean number of  embryos per one cotyledon. 
Note: There were significant differences between cut and whole cotyledons of the genotypes in 
percentage of regenerated cotyledons and mean number of embryos according to LSD test. 

Table 2. The ability of  two lines and three cultivars of sectioned cotyledons of soybean to 
form embryoids in five replicated experiments 

Genotype No. of % of regenerated cotyledons Mean no. of  SD 

cotyledons range mean embryos per cot. 

L8 97 37.9-87.5 58.8 4.45 3.27 

L9 136 25.0-100.0 75.7 5.49 3.67 

Sp 162 40.0-100.0 56.2 3.36 2.27 

Sa 138 37.5-81.8 63.8 4.22 3.64 

Spr 50 53.8-62.5 58.0 4.31 2.55 

Note: There were no significant differences between genotypes in percentage of regener- 
ated cotyledons and mean number of  embryos according to LSD test. 

Table 3. The influence of spermine, spermidine and putrescine on embryoid for- 
mation in primary culture of Sp, Spr cultivars and L9 line 

Genotype/polyamide* % of regenerated Mean no. of  Coef. SD 

cotyledons embryos of resp. 

Sp/control 33.5 2.23 0.75 0.58 

Sp/Putl0 18.2 1.08 0.20 0.75 

Sp/Spd 10 33.3 2.25 0.75 1.62 

Sp/Spml0 34.8 3.89 1.35 2.16 

Sp/Spm50 42.6 2.75 1.17 1.26 

Spr/control 37.6 2.18 0.82 1.09 

Spr/Putl0 46.8 2.34 1.09 1.59 

Spr/Spdl0 36.6 1.85 0.68 0.45 

Spr/Spml0 56.9 3.87 2.20 2.39 

Spr/Spm50 72.1 3.29 2.37 2.27 

L9/control 76.5 3.38 2.58 2.39 

L9/Putl0 56.7 2.47 1.40 1.12 

L9/Spdl0 62.5 1.80 1.13 0.67 

L9/Spml0 77.4 4.54 3.51 2.58 

* PutlO - putrescine 10 mg 1-1 ; SpdlO - spermidine 10 mg 1-1 ; SpmlO, Spm50 
- spermine lO or 50 mg 1-1 , respectively. 
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Table 4. The effect of three day culture in liquid medium on embryoid formation 
in L9 line, Sp and Sa cultivar 

Genotype treatment % of regenerated Mean no. of Coef. SD 
cotyledons embryos of resp. 

L9 85.5 4.29 3.66 2.43 
L9 2/3* 100.0 6.00 6.00 2.32 
Sp 50.3 6.40 3.22 4.88 
Sp 2/3 75.0 4.17 3.13 1.72 
Sa 15.2 3.33 0.51 1.53 
Sa 2/3 25.7 3.67 0.94 1.53 

* Two days of preculture on solid medium, three days of culture in liquid medium 
and 23 days of culture on solid medium. 

Table 5. The number (percentage) of L9 line somatic embryos on media 
containing different nitrogen ion compositions in three size categories 
after four weeks of subculture 

Medium No. of embryos < 2.9 mm 3-5.9 mm > 6 mm 

M1 125 54 (43) 59 (47) 12 (10) 
M2 114 73 (64) 33 (29) 8 (7) 
M3 107 70 (65) 29 (27) 8 (8) 
MS1 119 92 (77) 27 (23) 0 

ever, induction of  somatic embryos on cut cotyledons 
mainly occurred along the wounded edge (Fig. 1). 

The regeneration capacity was high for all geno- 
types used (Table 2). The best one was L9 line with the 
highest percent of  responding cotyledons (76%) and 
mean number of  embryos per cotyledon (5.5). Howev- 
er, the range of  the percentage of  responding cotyle- 
dons was so wide and the standard deviation for the 
mean number of  somatic embryos in five repeats of  
the experiment so high that the differences estimated 
statistically were not significant. 

The effect of  three polyamines:  spermidine, sper- 
mine and putrescine were tested on two cultivars (Sp 
and Spr) and the L9 line (Table 3). According to the 
percent of  regenerated cotyledons high concentration 
of  spermine considerably increased somatic embryo- 
genesis in Spr cultivar (72.1% comparing with 37.6%) 
and slightly in Sp cultivar (42.6% comparing with 
33.5%). Mean number of  embryos per explant as well 
as coefficient of  response was higher on both 10 mg 1 _1 
and 50 mg 1-1 spermine medium. However, putrescine 
decreased the efficiency of  embryogenesis  in Sp culti- 
var and L9 line. The same level of  response in the case 

of  Sp or lower (Spr, L9) than the control, was obtained 
on the medium with spermidine. 

The influence of  continuous 4 weeks culture on 
solid medium versus a solid/l iquid/solid culture (two 
days solid, three days l iquid and the next 23 days solid) 
on the abil i ty to produce somatic embryos were com- 
pared with three genotypes (Table 4). The percentage 
of  cotyledons forming embryos was higher in all cases 
in the solid/liquid/solid (2/3/23 days) culture than in 
the continuous solid culture. Similarly, the number of  
somatic embryos was higher in L9 line and very litt le 
in Sa cultivar. Only Sp cultivar formed about 1/3 less 
embryos per explant on 2/3/23 type of  culture compar- 
ing with solid medium. 

Somatic embryos growing on media containing dif- 
ferent nitrogen ion composit ion were classified into 
three categories, according to their length (Table 5). 
On the basis we could estimate their growth and mat- 
uration. The highest number (percent) of  embryos in 
the second and third classes (from 3 mm to more than 
6 mm), was obtained after subculture on M1 medium. 
In case of  the other media, the numbers of  embryos 
reaching these classes decreased from about 20% on 
M2 to 34% on MS 1. The lowest number was obtained 
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Fig. 3. Growth of L9 line somatic embryos on MS modified (M1) 
medium after two weeks of subculture. 
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Fig. 2. The percentage of three classes of somatic embryos after 2, 
4 and 6 weeks of subculture on M1 medium. 

on MS medium that contained the same growth reg- 
ulators as in M1 and M3. Subsequent culture for the 
following 2 and 4 weeks on M1 (Figs 2 and 3) showed 
that almost all embryos were longer than 6 ram. These 
embryos (longer than 6 mm) were able to continue 
their development to plantlets (Fig. 4) and plants. The 
effect was similar for all genotypes tested. 

Fig. 4. Plantlets of L9 line developing on MS medium with 1 mg 
l -  1 GA3. 

Discussion 

The aim of the first experiment was to determine the 
possibility of obtaining somatic embryogenesis from 
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cut cotyledons, especially from their wounded part. 
Such woundingcould make an opportunity for easier 
infection of plant cells by Agrobacterium tumefaciens. 
In the experiment, embryo formation was stimulated 
by cutting and it occurred on the wounded parts of 
cotyledon. The stimulation of embryogenesis by dis- 
section of immature embryos or cotyledons in soybean 
was reported by Lazzeri et al. (1987b). However, the 
ways of dissection presented by the authors were differ- 
ent. They noticed that embryogenesis occurred mainly 
from intact tissue. 

Many articles have revealed the influence of geno- 
type on in vitro response. In soybean, the differences in 
somatic embryogenesis from immature embryos were 
indicated (Ranch et al., 1985; Komatsuda & Ohyama, 
1988). The ability of the immature cotyledons to form 
embryoids was determined by Parrott et al. (1989b) by 
means of variance analysis. The authors reported that 
the genotypes with the highest percentage of respond- 
ing cotyledons also formed more somatic embryos per 
cotyledon. We could see a similar tendency in geno- 
types investigated in this work. However, in contrast 
to Parrott et al. (1989b) statistically estimated differ- 
ences of embryogenic ability were not significant in 
our experiments. 

The wide range of regeneration ability between 
repeats, in spite of precisely controlled culture con- 
ditions of plants and explants, revealed that there were 
other factors, closely connected with the physiological 
state of explants, influencing this trait. The importance 
of non-heritable components in tissue culture has been 
shown for various plants (Nadolska-Orczyk & Malep- 
szy, 1989; Dunwell et al., 1987), but not for soybean. 
It seemed to be especially important for this type of 
explant, where the endogenous compounds could play 
important role in embryogenesis. 

The influence of polyamines on somatic embryo- 
genesis has been investigated mainly with carrot cul- 
tures as a model system (see review Mengoli & Bagni, 
1992). Following a general trend in untreated cultures, 
spermine was increased during the transition from 
globular to heart stage of embryos, while putrescine 
was the major polyamine between heart and torpedo 
stage. In our experiment a supplement of spermine after 
four days of preliminary culture of cotyledons caused 
an increase in somatic embryo formation. Putrescine 
added at the same time of culture decreased or had no 
effect on the response. Further observations revealed 
that polyamines added to the primary culture influ- 
enced the subsequent growth of somatic embryos (data 
not shown). This experiment indicated that polyamines 

could have a strong effect on somatic embryogenesis 
in grain legumes. 

The aim of the examination of the three day culture 
in liquid was to adapt this method to coculture with 
Agrobacterium. The experiment showed that culture on 
solid/liquid/solid medium is not only possible but also 
gave better rates of regeneration. Lazzeri et al. (1987a) 
reported that the production of somatic embryos in 
solid cultures, transferred several times (first after 5 
days) to fresh medium, was similar to those maintained 
for the 30 days. Considering these results, we supposed 
that the increase of response in our experiment was not 
the result of triple transfer but the effect of culture in 
liquid medium and the time of the first transfer. In 
contrast to Lazzeri et al. (1987a), it was done after 
two days of preculture - during the period of somatic 
embryo initiation. 

The basal medium used for growth of somatic 
embryos has been mainly MS (Christou & Yang, 1989; 
Buchheim et al., 1989; Lazzeri et al., 1987b) or B5 
(Ranch et al., 1985; Hammatt & Davey, 1987). Nei- 
ther MS nor B5 was effective enough in our experi- 
ments. Comparing nitrogen ion contents in MS modi- 
fied media (Table 5), the best one for the first subculture 
of somatic embryos and subsequent growth for four 
weeks (Fig. 2) was the medium that contained 10 mM 
NH4NO3 and 30 mM KNO3. The same ratio of ammo- 
nium to nitrate ions was effective for the subculture 
oflupin somatic embryos (Nadolska-Orczyk, 1992) as 
well as pea somatic embryos (1994). But, in the case 
of lupin, the NH4/NO3 ratio had to be increased to 
be effective (from 1:25 in primary to 1:3 in subcul- 
ture) while, for soybean it had to be decreased (from 
21:19 to 1:3). ABA and zeatin as well as IBA in small 
amounts, were effective growth regulators for soybean 
embryos. Other authors also applied IBA (Ranch et al., 
1985) or IBA and ABA (Christou & Yang, 1989) but 
in different concentrations and compositions. 
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