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INDUCTION OF SOMATIC EMBRYOS IN CULTURED LEAF EXPLANTS
OF Coffea arabica.

Qleh : E. Noerhadi*, T. Yasuda**, Arbayah Siregar®, and Risco G. Budji***

SARI

Tulisan ini menguraikan induksi embric somatik dan pertumbuhan planfet yang dihasilkan
dari kultur jaringan daun Coffea arabicq. Untuk pembentukan kalus, potongan jaringan
daun ditanam pada medjum Linsmaier dan Skoog dengan 3% sukrosa ditambah berbagai
konsentrasi 2,4-asam diklorofenoksi asetat atau asam naftalen asetat dan kinetin. Delapan
belas minggu setelah penanaman, kalus akan dibentuk pada medium Linsmaier dan Skoog
dengan 2 pM 2 4-asam diklorofenoksi asetat dan 5-7 uM kinetin dan juga pada medium
dengan 0,05 uM asam naftalen asetat dan 6--8 uM kinetin, Pembentukan embrio somatik
diperoleh dengan pemotongan kalus pada medium padat Linsmaier dan Skoog dengan
3 uM sampai 35 M kinetin dan 0,05 uM asam indole butirat dan juga dalam medium cair
Gamborg, Miller, dan Ojima yang diberi 0,05 uM sampai 2,5 uM 2 4-asam diklorofenoksi
asetat.

ABSTRACT

Somatic embryo induction and subsequent plantlets development in culture of Coffen
arabica leat’ tissue explants was described. For callus formation leaf segments were grown on
medium Linsmaier and Skoog with 3% sucrose and varying concentrations of 2 .4-Dichloro-
phenoxyacetic acid or Naphthalene Acetic Acid and Kinetin. Eighteen wecks after ino-
culation, callus will be formed on Linsmaier and Skoog's medium with 2 uM 2 4-Dichloro-
phenoxyacetic acid and 3-7 uM Kinetin and also on -medium with 0.05 M Naphtalene
Acetic Acid and 6—8 pM Kinetin, Somatic embryos are then formed by inoculation of
calli segments on medium Linsmaier & Skoog with 3 uM to 35 uM Kinetin and 0.05 uM
Indoie Butyric Acid. Somatic embryos are also formed in liquid medium of Gamborg,
Miller and Ojima supplemented with 0.05 uM to 2.5 uM 2.4-Dichlorophenoxyacetic acid.
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Introduction

Coffce is one of the most important agriculture commodities in the inter-
national market. Its production is restricted to tropical countries including
Indonesia. There are two commercially important coffee species: Coffea
arabica L. (Arabica coffee) and C canephora Pierre (Robusta cotfec). Quality
beverage is produced [rom Arabica coffee which represent 70% of the commer-
cial coftee of the world (Sondahl et af., 1985). Those two important species
are propagated via seeds. Propagation using tissue culture might provide a
superior alternative to seed or vegetative propagation by cuttings, Recent
advances of cell and tissue culture open the possibility of applying the impro-
vement of cconomically important plants (Smith, 1974; Chaleff and Carlson,
1974). Coffee geneticists are interested in the application of this technology for
the regeneration and selection of genetic variability for ebtaining new cultivars.

Staritsky (1970) published the first work on coftee tissue culture in which
callus cetls were successfully cultivated using explants trom soft internodes of
yvoung orthotropic shoots of Coffea arabica, C. canephora, and C. liberica.
He also succeeded in producing somatic embryos and plantlets of ¢ canephora
shoots. For these studies Sturitsky used a modified medium of Linsmaier &
Skoog with 2. 4-Dichlorophenoxyacetic acid (2,4-D) 0.1 mg/l or Naphthalene
Acetic Acid (NAA) 1.0 mg/l and Kinetin 0.1 mg/l. Herman and Haas (19753)
have reported of obtaining organoids from leaf explants of C arabica cultured
on medium Linsmaier & Skoog (medium LS) supplemented with 0.46 pM
Kinetin and 0.45 M 2 4-D after 60 days in darkness. Many of these organoids
showed abnormal leaf formation. Selected organoids characterized by green
spots with normal leaves were subcultured onto medium Gresshott and Doy
no. 4 containing 0.54 uM NAA in the absence of Kinetin. Root formation
occurred after 60 days and following 7 months the surviving plantlets were
transferred to soil. Recently, Sondahlet al. (1985) obtained plantlets of coffee
by somatic embryogenesis and auxillary bud culture. Leaf explants were grown
on Murashige & Skoog's inorganic salts, 30 uM thiamine-HCL, 210 uM L-lysine,
550 pM meso-inositol, 117 uM sucrose, and 8 g/l Difco Bacto agar supplemen-
ted with 20 uM Kinetin and 5 uM 2 4-D. Somatic embryogenesis was observed
on Murashige & Skoog's organic salts, 58.4 uM sucrose, 2.5 uM Kinetin, and
0.5 uM NAA. In these studies of somatic embryogenesis, plant regeneration
with coffee tissue has becn accomplished from solid cultures using relatively
high amount of 2 4-D or NAA.

In our laboratory at the Dept. of Biology., ITB, attempts have been made to
evaluate the feasibility of developing various aseptic techniques for clonal
multiplication and improvement of C arabica. This paper reports the results
of initial experiments designed to establish somatic embryogenesis using solid
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and liquid cultures with relatively high amounts of Kinetin in the absence or
with relatively low amount of NAA.

Materials and Methods

The originat coffee plants were cultivated in the arca of Pengalengan near Cibi-
ana at an altitude of about 900 meter above sea level and obtained through the
Perkebunan Rakyat Tanaman Pangan Ekspor in West Java. Young leaves from
plagiotropic branches of about 2 years old C arabica plants were surface
sterilized in 1.6% Na-hypochlorite with 0.1% Tween 20 as surfactant for 20
minutes, then washed several times in sterile distilled water. Interveinal seg-
ments about 5 mm? were excised and transferred to basal medium for callus
formation. The source of experimental material was callus obtained from these
leaf segments. Therefore, some parts of the callus were inoculated on sotid
medium of Linsmaier & Skoog (1965) for multiplication of callus and for
induction of somatic embryogenesis. Some other parts of the callus were
transferred into liquid medium of Gamborg, Miller, and Ojima (1968) for
somatic embryogenesis. All the cultures were grown in diurnal condition at
room temperature.

The basal nutrient medium for all callus cultures is of Linsmaier and Skooyg
{1965) or LS medium containing the following substances (mg/liter):

NH;NO; 1650; KNO,; 1900; CaCl,.2H,0 440; MgSO,.7H,0 370; KH, PO,
170: Na; EDTA 37.3; FeS0O,.7H,0 27.8; H;BO, 6.2; MnSO,.7H,O 22.3;
ZnS0,.7TH, 0 8.6; Kl 0.83; Na,Mo0,.2H,0 0.25; CuS80,.5H,0 0.025;
CoCl,.6H,0 0.025; thiamine-HCI 0.8; myo-inositol 100; sucrose 30 g/l; and
agar 8 gfl. The pH is adjusted to 5.7 before sterilization in an autoclave at
120°C for 15 minutes. The basal nutrient medium for liquid culture is of
Gamborg, Milier, and Ojima (1968) or GA medium which contains the follow-
ing substances (mg/liter): KNO, 2500; CaCl,.2H, 0O 150; MgSO,.7H, 0 250;
(NH;),504 134, NaH,P0O,.H,0 150; K1 0.75; H;BO; 3.0; MnSO,.H,0 10;
ZnS0,.7H, 0 2.0; Na;Mo0,.2H,0 0.25; CuS0,.5H,0 0.025; CoCl,.6H,O
0.025; Na, EDTA 37.3; FeS0,.7H,0 27.8; myo-inositol 100; thiamine-HCI
10; pyridoxine-HCI 1.0; nicotinic acid 1.0 sucrose 20 g/1; and pH 5.7.

Results and Discussion

Culture of leaf segments. Two auxinsg 2 4-Dichlorophenoxyacetic acid (2,4-D)
or Naphthalene Acetic Acid {NAA) and one cytokinin in the form of Kinetin
were used for callus initiation on leaf segments of Coffea arabica. For this
purpose different combination and concentrations of growth regulators were
used. In cultures on LS medium with 2 uM 2,4-D and 5—7.5 uM Kinetin organi-
zed growth occured 18 weeks after inoculation (Fig. 1 A). In cultures contain-
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ing 0.5 uM NAA compact callus were formed after two weeks, However these
calli scon became brown and failed to be subcultured. The only organized
growth occured on LS medium containing O or 0.05 uM NAA and 6—8 uM
Kinctin. White and friable callus were formed. Globular tissues and ‘‘green
spots™ as sighs of shoot formation appcared on the surface ot the callus (Fig.
1 B). Somatic embryos will then be formed 5 weeks after callus initiations
(Fig.2).

Fig. 1T A Callus formation on !eaf segments grown on medium Lins-
maier and Skoog with 2 uM 2,4-D and 5-7,5 uM Kinetin.

Fig. 1 B Close-up view on globular types and “green spots” an the
surface of the callus.
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From the above results it is again clear that for callus formation both auxin
and cytokinin are necessary. However, the amount of the respective growth
regulators might be different. For example, Staritsky (1970) and Herman &
Haas (1975) or Sondahl and Sharp (1975, 1977) and Sondahl et af. (1985)
needed relatively high amount of auxin and relatively low cytokinin for the
induction of callus on leaf segments of C. argbica and for their induction of
somatic embryos. In contrast we have found for this inductions relatively
low amount of auxin and relatively high amount of cytokinin. The same
phenomena of direct somatic embryogenesis were observed by Dublin (1981)
and Yasuda ef al. (in press). However, Dublin (1981) used medium of Mura-
shige & Skoog (1962) containing high content of cytokinin in the form of
Benzylaminopurine (BAP). He studied leaf segments of Arabusta cotfee and
needed 0.01-1 mg/l 2,4-D and 1-10 mg/l BAP for somatic embryogenesis.
Yasuda ef al. (in press) studied somatic embryogenesis of C. arabica on medium
Murashige and Skoog containing only 5 uM BAP.

Culture of leaf callus. Leaf calli were subcultured on two different kinds of
media: a solid medium of LS and a liquid medium of GA. Callus which was
formed on LS mediun containing 0 or 0.5 pM NAA and 6—8 gM Kinetin was
subcultured on a similar medium for multiplication and somatic embryo-
genesis. However, plantlets were subcultured on LS medium without growth
regulators (Fig. 3) or LS medium with Indole Butyric Acid (IBA) as much as
0.05 uM for root formation,

Callus segments originating from LS media containing 2,4-D and Kinetin were
all trunsferred into GA liquid medium with 0—-0.25 uM 2.4-D. Organized
growth was observed 8—10 weeks after transferring. With varying length of
time in culture random cell division actively occured. These scattered regions
of high mitotic activity led to the formation of aggregates, which became more
friable and continued to divide. Continue division of the surface led to the
tormation of small proturbances giving the tissue a nodular appearance which
then produced embryos. These embryos were released when they reached the
globular stage (Thorpe, 1982; Sondahl et al., 1985). This stage was followed by
heart stage and torpedo stage (Fig. 4 A, B, C) and cotyledonary stage. At a later
stage these embryos were subcultured from the liquid medium (Fig 5 A) to
GA solid medium containing 0.5% sucrose and 0-0.1 gM 2 4-D. Within 4—6
weeks after transferring these somatic embryos developed into plantlets (Fig,
5 B). This pattern of in vitro embryogenic development could be considered
as Induced-Embryogenic Determined Cells (IEDC) as proposed 'by Sondahl
and Sharp (1977).
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Fig. 2 Spongy type of callus tissue {left}, somatic embryos, and
plantlets {right) of Coffea arabica.

Fig. 3 Older plantlets grown on LS medium with 3% sucrose without
growth regulators.
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Fig. 4 A and B Globular and heart stage embryos,

Fig. 4 C Terpedo stage embryos.
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Fig. 5 A Somatic embryos formed in liquid culture,

Fig.5 B Plan.tlé.t.s gr-bwﬁ oﬁ GB medium (see text).
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