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Summary

To establish a plant-regenerating system through frequent somatic embryogenesis, a

detailed investigation was undertaken on the effects of kinds, concentrations, and com-

binations of growth regulators on callus and somatic embryo formation from spinach root 

segments. Although no somatic embryogenesis occurred on the culture medium containing 

auxins alone, a low frequency of somatic embryo formation was shown on culture media 

containing auxins combined with natural cytokinins, namely 10  ,ƒÊM NAA with 10  ƒÊM 

zeatin, 30  ,ƒÊM  NAA with 10  ,ƒÊM  2-iP, and 1  ƒÊM 2, 4-0 with 0.1  ƒÊM zeatin or 10  ƒÊM 

 2-iP. Somatic embryos also formed on culture madia containing auxins combined with 

GA3. From 50 to  70% of the root segment differentiated somatic embryos on culture 

media containing 10 to 30  ƒÊM NAA combined with 1 to 100  ƒÊM GA3. These results 

show that spinach somatic embryogenesis is most facilitated by NAA combined with GA3.

Introduction

In spinach  (Spinacia oleracea L.), plant regenera-

tion systems through tissue culture are expected 

to obtain new cultivars, which have tolerance for 

the unsuitable cultivating conditions (acid soil, 
higher temperature and disease) and contain little 

oxalic acid, and to multiply female plants excellent 

in F1-seed production. There have been some stu-

dies on plant regeneration in spinach (Sasaki, 
1989; Kondo et al., 1991; Al-Khayri et al., 1992; 

 Mii et al., 1992; Satoh et al., 1992; Mutoh et al., 

1992; Xiao and Branchard, 1993; Komai et al., 

1996), and a few have succeeded in somatic 

embryogenesis (Mutoh et al., 1992; Xiao and Bran-
chard, 1993; Komai et al.,  1996).

For successful somatic embryogenesis, cultures

maintained on a medium with auxin are transfer-

red to the medium without growth regulators 

(Ammirato, 1984).  Tetu et al. (1987) showed that 
in sugar beet, which belongs to Chenopodiaceae as 

spinach does, not one growth regulator sequence

but two or multiple growth regulator sequences 

were necessary for the induction and development 

of somatic embryos. For somatic embryogenesis in 
spinach, individual researchers have used diffe-

rent kinds and concentrations of growth regulators 

(Mutoh et al., 1992; Xiao and Branchard, 1993; 
Komai et al., 1996). Furthermore, the number of 

embryos per regenerating callus has not been esti-

mated because of the low frequency of somatic 

embryogenesis. Therefore, in this paper, we made 
further studies on the effects of growth regulators 

on spinach somatic embryogenesis by testing the 
various kinds, concentrations, and combinations of 

growth regulators on this process in spinach. We 
based our success on the number of somatic
embryos per regenerating callus.

Materials and Methods

Plant material

Spinach (Spinacia oleracea L. cv. Jiromaru) seeds
from which pericarps were removed were surface-

sterilized in 70% (v/v) ethanol for 30 sec., and 

then in sodium hypochlorite solution  (3% active 

chlorine, containing a few drops of Tween 20) for
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2 hrs, followed by several rinses with sterile dis-

tilled water. The seeds were then placed on a solid 

medium (pH 5.7) containing Murashige and 

Skoog's (MS) medium (Murashige and Skoog, 1962) 

with 20 g•Eliter-1 sucrose and 8  g•Eliter-1 agar, and

germinated at 25 •Ž in the dark.

Tissue culture

To induce callus, root segments 8 mm long were

excised from 10-day-old seedlings and transferred 

aseptically onto a solid medium (primary culture 

medium) containing a half strength of inorganic 

salts in MS medium, 0.5  mg•Eliter  1 nicotinic acid, 

0.5  mg¥liter  1  pyridoxine¥HCI, 0.4  mg•Eliter 

 thiamine¥HCI, 100  mg•Eliter  1  myo  -inositol, 10 

 g•Eliter sucrose, various kinds and concentrations 

of growth regulators, and 8  g•Eliter  1 agar. The fol-

lowing growth regulators were added to the prim-

ary culture medium: auxins [indole-3-acetic acid 

(IAA), indole-3-butyric acid (IBA), 1-naph-

thaleneacetic acid (NAA), and 2,4-dichlorophe-

noxyacetic acid (2,4-D)] at 0, 0.1, 1, 10, 30, and 

100  MM; cytokinins [6-(4-hydroxy-3-methyl-but-

trans -2-enylamino) purine (ZEA), 2-isopentenyl-

adenine (2-iP),  6-furfurylaminopurine (KIN),  6- 

benzylaminopurine (BAP), and N  -(2-chloro-4- 

pyridy1)-N'-phenylurea (CPPU)] at 0.01, 0.1, 1, 

and 10 ƒÊM; gibberellic acid (GA3) at 0.01, 0.1, 1, 

10, and 100  ƒÊM. The pH was adjusted to 5.7 be-

fore autoclaving. Cultures were kept at 25 •Ž 

under 70  ƒÊE  m -2s-1 (white fluorescent lamp) and 

a  16-hr•Ed -1 photoperiod. After 4 weeks, the root-

derived calli were transferred to a secondary cul-

ture medium containing the same ingredients as in 

the primary culture medium except a full MS 

strength of inorganic salts and 20  g•liter-1 suc-

rose were substituted and no growth regulators 

were incorporated. After 2 weeks of secondary 

culture, the number of somatic embryos produced 

per callus was counted under a dissecting micro-

scope, and the frequency of somatic embryo forma-

tion was calculated.

Histological observation

Histological specimens were fixed for 24 hrs in

Carnoy's solution (ethanol: chloroform: acetic acid, 

60 : 30 : 10, v/v). After dehydration in n-butanol, 

the samples were embedded in paraffin, and serial-

ly sectioned at 8  ƒÊm; the sections were stained 

with hematoxylin, and observed with light micro-

scope.

Results and Discussion

1. Effect of auxins

Effects of auxins on the formation rate and

growth of the calli derived from root segments are 

summarized in Table 1. Calli were formed on 

almost all media  containing auxins, but their 

formation rate and growth differed according to 

kinds and concentrations of auxins added to the 

culture medium. The intensity of callus growth ex-

celled on the primary culture media containing one 

of the following auxins: 100  ƒÊM IAA; 30 or 100 

 ƒÊM IBA; 10 or 30  ƒÊM NAA; 1  ,ƒÊM 2,4-D. 

Although 30 to 100  ƒÊM of IAA and IBA were re-

Table 1. Effect of auxins in a primary culture medium on the formation and growth

of calli derived from root segments of  spinachz.
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quired to induce calli, at 0.1 to 10  ƒÊM of these 

indole-auxins, lateral roots were frequently in-

duced from the root segments (data not shown). 

When the calli from the primary culture medium 

containing auxins alone were subcultured, no

somatic embryos were formed even after 8 weeks.

It is well known that somatic embryo formation

occurs when the explants are cultured on the 
medium with some kinds and concentrations of au-

xins and then transferred to a culture medium 

without growth regulators (Ammirato, 1984). 
When the above procedure was applied to our spi-

nach root culture, somatic embryos did not form. 
Consequently, it seemed that combining auxins 

with the other growth regulators is required for

somatic embryogenesis in spinach.

2. Effect of auxins combined with cytokinins

In a number of plant species, somatic embryos

form on a culture medium comtaining auxins com-

bined with cytokinins (Ammirato, 1984). To in-

duce the calli maintaining the somatic embryo-
forming ability, spinach root segments were cul-

tured on the primary culture medium containing 

various combinations of auxins (100  ,ƒÊM IAA, 30 

or 100  ƒÊM IBA; 10 or 30  ƒÊM NAA, and 1  ƒÊM 

2,4-D) and cytokinins (ZEA,  2-iP, KIN, BAP, or 

CPPU) at 0.01 to 10  M.  M. Somatic embryos were 

formed on the culture media containing 10  ,ƒÊM 

NAA combined with 10  ƒÊM ZEA, 30  ,ƒÊM NAA 

combined with 10  ,ƒÊM 2-iP, and 1  ƒÊM 2,4-D and 

0.1  ƒÊM ZEA or 10  ,ƒÊM  2-iP (Table 2). The max-

imum number of embryos per callus was obtained 

on the medium containing 1  ƒÊM 2,4-D combined 

with 0.1  ,ƒÊM ZEA, however, the frequency of 

somatic embryogenesis was low. Adventitious 

shoots did not differentiate on any combination of 

auxin and cytokinins. Since somatic embryos were 

formed on a primary culture medium containing 

natural cytokinins (ZEA or  2-iP) but not on those 

with synthetic cytokinins (KIN, BAP, or  CPPU), 

natural cytokinins seemed to play an effective role

in the spinach somatic embryogenesis.

3. Effect of auxins combined with  GA3

Gibberellic acid has been rarely used in the cul-

Table 2. Effect of auxins  combined with cytokinins on somatic embryo formation from calli derived from root

segments of  spinach.
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ture medium for maintaining embryogenic cell line 

or somatic embryogenesis (Ammirato, 1984). 
Kochba et al. (1978) found that gibberellic acid 

suppressed embryogenesis in tissue culture of cit-

rus. Recently, several researchers found that 
somatic embryo formation can be induced by ap-

plying gibberellic acid in papaya (Chen et al., 
1987), tepary bean (Kumar et al., 1988), and 
black mustard (Vibha et al., 1990). When we cul-

tured spinach root segments on a primary culture

medium containing auxins (favorable to callus 

formation)  combined with various concentrations 

of GA3, somatic embryos were obtained in every 

combination (Table 3). A high frequency of soma-

tic embryogenesis was observed on the culture 

media containing 10 to 30  ƒÊM NAA and from 

0.01 to 100 ƒÊM GA3 (Fig. 1-A and B). These 

somatic embryos grew into plantlets with a light 

red color, peculiar to the spinach plant, at the bas-

al portion of the hypocotyl and petiole (Fig.  1-C

Table 3. Effect of auxins combined with GA3 on somatic embryo fomation from calli derived from root segments of spinachz.
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and D). No adventitious shoot formed on any com-
binations of auxins and GA3. These results show 

that spinach somatic embryogenesis is most facili-
tated on the culture medium containing NAA and

 GA3.
-It has been recognized that adventitious shoot

formation in spinach were influenced by concen-
trations of GA3 added to the culture medium (Al-

Khayri et al., 1992). In our experiment, GA3 

evidently stimulated somatic embryogenesis from 
root segments of spinach rather than natural cyto-

kinins. Consequently, GA3 seems to play an impor-

tant role in plant regeneration of spinach.

These results lead us to conclude that combining

auxins and cytokinins or GA3 is essential for 

plant regeneration through somatic embryogenesis 

from root tissues of spinach, and that the combina-

tions of NAA and GA3 fostered embryogenesis and

yielded the maximum number of embryos. The 

effective combinations of growth regulators de-

scribed here would be useful for establishing a tis-

sue culture system suitable for somatic embryo-

genesis in spinach.
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ホウレンソウ根組織片からの不定胚形成に効果的な植物生長調節物質の組合せ

駒井 史訓1*・ 奥瀬一 郎2・ 原 田 隆1

1北海道大学農学部060札 幌市北区

2弘前大学農学部036弘 前市文京町

摘 要

ホウレンソウにおける不定胚経 由の植物体再生系を

確立す るため,培 地に添加す る生長調節物質の種類,

濃度および組み合わせを変えて,根 組織片からのカ-

スおよび杯 定胚形成に及ぼす影響 について詳細に検討

した.不 定胚 は,オ 一キシンを単独で添加 した培地で

は形成 されなか ったが,オ ーキシンと天然サイ トカイ

ニ ンとを組み 合 わせ て添 加 した培地,す な わ ち,

NAA10μM十zeatin10μM,NAA30μM十2-iP10μ

M,お よび2,4-D1μM+zeatin0.1μMま たは2-iP

10μMを 含 む培 地において,低 頻度で形成 された-

さらに,不 定胚形成 はオーキシン(工AA,IBA,NAA,

2,4-D)とGA3と を組み合 わせ て添加 した培地 にお

いて も認め られ,特 に,NAA10～30μM+GA31～

100μMを 含 む培地 では高頻度で認 め られ た(50～

70%).こ れ らの結果か ら,ホ ウ レンソウの不定胚形

成 には,NAAとGA3と の併用が最 も効果的であ ると

考 えられる.
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