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ABSTRACT

The somatic embryogenic potential of Senecio x hybridus Hyl

(Florists' Cineraria) was explored. Somatic embryos were initiated

on semi-solid MS basal media amended with 3 mg/l 2,4-D and 1 mg/l

BA (induction medium). An inverse relationship existed between

sucrose concentration in the induction medium and globular embryo

formation when sucrose exceeded 3%. The first and second leaves,

from 13-18 and 20 days post-sown seedlings, respectively, were

more responsive explants than cotyledons from the same source and

sampling times.

Somatic embryo development beyond the globular stage was

greatly delayed or prevented by remaining on auxin-rich induction

medium; therefore several two or three media transfer systems

using either 0.5% or 1.0% AC were attempted. The two media system

using (1) induction medium and a transfer to (2) MS basal medium

with 1.0% AC, but without hormones, caused explant death or decline

by 28 days post-inoculation to induction medium. The three media

transfer system using (1) induction medium, (2) MS basal medium

without hormones, supplemented with 0.5% AC for three days

followed by a transfer to (3) MS basal medium without hormones and

AC produced mature somatic embryos by 28 days post-inoculation to

induction medium; however, embryos germinated precociously.

Occasionally, explants that were not transferred from the initial



V

induction medium (controls) developed mature embryos that did not

germinate precociously after two-four months. Somatic embryos

converted to plants and were grown to maturity: however, most

plants were multi-stemmed. Histological examination of mature

somatic embryos produced verification of embryo anatomy.
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SECTION 1



INTRODUCTION

The florists' cineraria, Senecio x hybridus Hyl., (Asteraceae),

is a daisy-like flowering pot plant with a wide range of flower

colors and patterns. Brilliant and beautiful flower colors, including

white, pink, red, purple, maroon, magenta and striking hues of blue,

are its greatest attribute (Berkley, 1966; Canning, 1928; Cockrel, et

al.,1986: Hammer, 1980).

Cineraria is a perennial grown as an annual and is well-suited

to the low light intensities of winter production in the Northern

Hemisphere. Most cultivars require a low temperature induction

treatment to flower (Hildrum, 1969). Plants are propagated from

seeds August through November and marketed during late winter and

early spring. Because of the requirement for night temperatures of

13-18°C, cineraria is an inexpensive, cool season crop for

wintertime greenhouse production (Hammer, 1980; Larsen, 1985).

The cultivation of cineraria began in the late 18th century

when Francis Masson, a plant collector for Kew Gardens, gathered

several insular endemic Senecio species from the Canary Islands.

These plants were later hybridized with other Senecio species from

the Azores and Madeira ( Barkley 1966; Rolfe, 1888). Exactly when
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or precisely what actions caused the cineraria to differentiate from

its progenitors is unknown, but by the early 1800's the florists'

cineraria encompassed numerous cultivars, and exhibited great

diversity of form and flower characteristics. The available evidence

indicates that the modern florists' cineraria is of hybrid origin,

involving Senecio cruentus and S. heritieri and possibly other

species; however, a complete factual record of its origin and

development is lacking (Barkley, 1966; Canning, 1928; Lynch, 1901).

Commercial production of cineraria is for the flowering pot

plant market. Since most cineraria are self-sterile (Barkley, 1966,

1968; Canning, 1928; Lynch, 1901), current propagation is from

heterozygous seed developed by cross-pollination, which results in

several flower color phenotypes in the commercial crop.

Occasionally seeds from self-pollination are produced but plant size

and flower quality deteriorates after one or two generations

without cross pollination (Barkley, 1968).

Although many flower colors are exhibited by cineraria, the

blues are particularly striking, rare in floriculture crops and

preferred by consumers. Since commercial seed is heterozygous for

flower color, the ratio of desirable blue flowering plants to the less

desirable plants in production is unknown until the crop flowers.

Therefore, the commercial floriculture industry would benefit from

a large scale, reliable, economic method for producing clones

propagated from elite mature plants.



Many methods exist for propagating plants (Figure 1), however

only a clonal propagation method will ensure a blue flowering

cineraria crop. Conventional vegetative propagation has been tried

in an effort to produce the desired flower colors, but because of the

growth habit of cineraria this method is not feasible for large scale

production. Only a limited number of cuttings can be taken from a

single plant due to the rosette arrangement of leaves. In addition,

clones produced by this method usually have inferior habit and

flower quality which becomes more pronounced with each

successive vegetatively propagated generation (Barkley, 1966;

Canning, 1928).

When conventional vegetative methods fail to provide a

solution, micropropagation using plant tissue culture techniques is

often attempted. These techniques have become useful in

horticultural plant production systems, especially ornamentals,

when no efficient, high volume conventional clonal propagation

system exists. It has also been useful for disease detection and

elimination, germplasm preservation, investigations of

morphogenesis, production of secondary products, production of

haploid plants by androgenesis, induction of mutations especially

multiple branching, and overcoming breeding incompatibilities (Chu,

1986; Gautheret, 1983; Griesbach et al., 1988; Lutz et al., 1985).

The first plants clonally propagated using tissue culture techniques

were ornamentals (Morel, 1965).



PLANT PROPAGATION

METHODS

Sexual Reproduction Asexual Reproduction

Meiosis Mitosis

Involves the recombination

of genetic material and the
production of seedlings that
are genotypically and often
phenotipically different
than the parent generation.

Natural or

Conventional

Seed

Tissue

Culture

Embryo Culture
Protoplast Hybridization

Doesn't involve genetic
recombination. The

resulting plants will be
genetically identical
and phenotypically
very similar to the
parent plant

Natural or

Conventional

I
Apomictic

Vegetative
Cutting
Grafting
Budding
Layering

Tissue

Culture

Grganogenesis
Somatic Embryogenesis

Figure 1: Possible methods of plant propagation



Plant tissue culture is a term that has evolved to embody all

types of in vitro plant culture including growth of protoplasts, cells,

tissues, organs, embryos and plantlets (Tisserat, 1985). Plant

tissue, cells or protoplasts in culture are usually moved through a

series of media and the morphogenesis that results follows either

the organogenic or somatic embryogenic developmental pathway

(Ammirato, 1985; Tisserat, 1985).

Organogenesis (Figure 2) is the process that results in the

formation of a unipolar structure that has a vascular connection to

the explant tissue (Tisserat, 1985). Three organogenic modes for

plant regeneration are the following; (1) adventitious organ
production from callus, (2) adventitious organ production directly

from the explant without callus formation, and (3) axillary bud

proliferation (Tisserat, 1985). Axillary bud proliferation is the

most commonly used method for commercial clonal propagation

(Debergh, 1987; Lutz et al., 1985; Rowe, 1986).

Somatic embryogenesis (Figure 2) is the process that results

in the formation of bipolar, embryo-like structures from haploid or

diploid somatic cells (Tisserat, 1985; Williams and Maheswaran,

1985). Unlike zygotic embryos that result from fertilization, no

genetic recombination takes place (Pierik, 1987; Stuart and

Redenbaugh, 1987). Like zygotic embryos, somatic embryos are

independent structures, with both root and shoot meristems that are

not attached by vascular tissue to the donor explant (Ammirato,
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Seed

coat

Cotyledons

Shoot meristem

Procambium

Radicle

Zygotic Seed Somatic Embryo

B1

Structure is monopolar
and has vascular

connection to the

parent tissue

Shoot Organogenesis

Structure in bipolar
and has no vascular

connection to the

parent tissue

j!

Somatic embryogenesis

i
■igure 2: Somatic embryo and zygotic embryo similarities and

organogenesis and somatic embryogenesis comparison

(A) Zygotic embryo and somatic embryo comparison
(B) Somatic embryogenesis and organogenesis comparison
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1983; Haccius, 1978; Tisserat, 1985). They are biochemically

similar to zygotic embryos and accumulate embryo-specific storage

proteins (Crouch, 1982; Goldberg et al., 1989; Roberts et al., 1990)

and can further develop and germinate into plantlets in a manner

similar to zygotic embryos (Ammirato, 1983; Stuart and Redenbaugh,

1987). However, a somatic embryo lacks a seed coat and endosperm

(Stuart and Redenbauch, 1987). Somatic embryos are thought to

arise from a single cell (Haccius, 1978); however, this has not been

substantiated in all cases (Williams and Maheswaran, 1986), and

may develop either directly or indirectly. In direct somatic

embryogenesis, somatic embryos develop from the explant tissue

without an intervening callus stage. In indirect somatic

embryogenesis, somatic embryos develop from callus that has

formed from the explant tissue (Tisserat, 1985). Verification that a

structure is really a somatic embryo can involve three areas of

evidence: morphological, anatomical and chemical (Figure 3).

Somatic embryos are sometimes referred to as adventive embryos,

non-zygotic embryos, embryo-like structures, adventitious embryos,

vegetative embryos and embryoids.

Somatic embryogenesis as a clonal propagation system offers

several advantages. It has the potential to produce tremendous

numbers of plants (Ammirato, 1987; Lutz et al., 1985; Rowe, 1986).

If dormancy induction and encapsulation techniques can be

developed, somatic embryos could be stored or germinated as

"artificial seeds" (Ammirato, 1987; Redenbaugh et al., 1987;
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SOMATIC EMBRYO

MORPHOLOGICAL

ANATOMICAL

CHEMICAL

(1) Globular, heart, torpedo,
cotyledon stages present

(2) Cotyledons develop before
leaves

(3) Bipolar with shoot at one
end and root at the other

(4) Conversion to plants

(1) Closed radicle, no vascular
connection to parent tissue

(2) Procambium connecting the
root and shoot apices

(1) Embryo-specific storage
proteins

Figure 3: Somatic embryo verification criteria (Ammirato, 1985)
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Tisserat et al., 1979). Mechanization possibilities exist, which

could increase efficiency and reduce costs (Chu, 1986; Lutz et al.,

1985). In addition, somatic embryos might be useful for germplasm

preservation (Marin, 1988), a basic research tool to answer

questions regarding plant development (Cocking, 1987), for

exclusion of pathogens and production of secondary products (Stuart

and Redenbaugh, 1987).

Propagation of cineraria by organogenesis has been reported

(Cockrel et al., 1986; Gertsson, 1986, 1988a, 1988b, 1988c):

however, this method is thought to be less labor and cost efficient

than propagation by somatic embryogenesis (Chu, 1986; Lutz et al.,

1985). This suggests that regeneration by somatic embryogenesis

may be the preferred method of propagation.

The fundamental goal of this research project was to

regenerate Senecio x hybridus, Hyl. by somatic embryogenesis.

Therefore, the objective of this study was to optimize culture

conditions that will allow somatic embryo induction, maturation and

germination, and to verify with morphological and anatomical

evidence that the structures produced are somatic embryos.

The format of this thesis will be as follows: Section 1 will

consist of the Introduction, Literature Review and Literature Cited;

Section 2 will be two journal articles written in the format suitable

for submission to Plant Cell Reports.
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LITERATURE REVIEW

Plant Tissue Culture History and Current Status

The history of plant tissue culture began in 1838-1839 when

T. Schwann and M. Schleiden independently stated the cellular theory
which essentially states that cells are the smallest biological unit

with the inherent capability of forming all the cell types found in

the adult organism (Gautheret, 1983; Pierik, 1987). This cellular

characteristic is today referred to as totipotency (Gautheret, 1983;

Schaeffer, 1990). However, no experimental evidence at that time

provided confirmation for this theory. Haberlandt (1902, English

translation by Krikorian and Berqum, 1969), convinced of the

validity of cell totipotency, attempted to culture plant tissues.

Even though his results were inconclusive, his experimental methods

and careful interpretations laid the foundation for modern plant

tissue culture techniques (Gautheret, 1983; Krikorian and Berqum,

1969; Murashige and Huang, 1987).

Advances in plant tissue culture were largely impeded until
the discovery of plant hormones. The first plant hormone discovered

was an auxin. The pioneering work was begun in the 1880's by
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Charles and Francis Darwin while investigating the causes of

phototropism. The first auxin was determined to be a chemical

substance by Frits Went in 1926 and identified as indole 3-acetic

acid by F. KogI, A. Haagen-Smit and M. Erxleben in 1934 . The work of

Foike Skoog and his colleagues during 1945-1955 led to the

discovery of the first natural cytokinin, zeatin (isolated from corn),

which was isolated by Carlos Miller in 1961 and characterized by D.

Letham and co-workers in 1964 (Gautheret, 1983; Goodwin and

Mercer; 1983, Raven et al., 1986).

Plant hormones are defined as organic substances, produced by

the plant in one location and translocated to another, are active in

very small amounts, and result in the inhibition or promotion of

growth (Pierik, 1987; Raven et al., 1986). In addition to natural

hormones, synthetic hormones have been developed and collectively

these compounds are called plant growth regulators. 2,4-D (2,4-

dichlorophenoxyacetic acid) and BA (6-benzylamino purine), used

exclusively in this research, are plant growth regulators often used

in plant tissue culture ( Figure 4).

Plant tissue culture techniques rapidly advanced following the

discovery of plant growth regulators and improvements in culture

nutrient media. However, it was not until 1958 that somatic

embryos were first reported (Steward, et al., 1958; Reinert, 1958)

and not until 1965 was it shown by H. Kohlenback that they could be

produced from cultures derived from isolated single leaf cells. In

1958 Steward and Reinert independently produced somatic embryos
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Synthetic Auxin

0- CH2COOH

C1

2,4-d1chlorophenoxyacet1c acid (2,4-D)

i Auxin Effects

0 Promotes root elongation
© Promotes adventitious root formation
© inhibits lateral bud development

I.I.I.I.III.IJ!.n

Cytokinin

NH

\ /

6-Benzylaminopur1ne (BA)

Cytoki Effectsni

0 Promotes cell division
© Promotes lateral bud development
© Promotes shoot development

Figure 4; 2,4-D and BA chemical structures and effects
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with callus and suspension cultures of carrot, Daucus carota , when

cultured in basal medium supplemented with coconut milk (CM,

liquid endosperm) and auxin. Callus forms when a plant is wounded

or cells are grown in culture and consists of a mass of unorganized

cells. In 1959, Reinert showed somatic embryos could be induced on

synthetic medium. In 1970, additional evidence of cell totipotency

was provided by D. Backs-Husemann and J. Reinert when they

published a photograph showing the transformation of a single

somatic cell into an embryo (Gautheret, 1983; Pierik, 1987).

The technology of plant tissue culture for propagation has

more recently become well developed for commercial or research

applications. The number of universities, industries, government

laboratories and botanical gardens that are currently using tissue

culture technologies has steadily increased, with over 200

commercial micropropagation facilities currently operating world

wide (Chu, 1986).

Somatic Embrvooenesis in Asteraceae

Only six species of Asteraceae have been reported to produce

somatic embryos (Table 1): Helianthus annuus L., sunflower

(Paterson and Everett, 1985; Finer, 1987; Finer and Norris, 1988;

Prado and Berville, 1990; Pelissier et al., 1990), Cichorium intybus

L., chicory (Heirwegh et al., 1985), C. endivia L., endive (Vasil et al.,

1964; Vasil and Hildebrandt, 1966), Chrysanthemum morifolium
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Table 1: Reports of somatic embryogenesis in Asteraceae

1 PLANT SPECIES EXPLANTS HORMDNE MEDIA REFERENCE

Pterotheca

falconeri Hook

root, hypocotyl,

stem, leaf,

petiole,

cotyledon, shoot

lAA MS, 15%

coconut water

(semi-solid)

Mehra and Mehra

(1971)

Brachycome

lineariloba (DC)

Druce

leaves, buds NAA

kinetin

Millers B

liquid

Gould (1978)

Cichorium endivia

Linn

callus derived

from zygotic

embryos

kinetin inorganic

salts, coconut

milk

Vasil, Hildebrandt and

Riker (1964)

Callus derived

from zygotic

embryos

modified

MS (liquid)

Vasil and Hildebrandt

(1966)

Cichorium intybus

L.

var. 'Carolus'

roots 2,4-D

BA

MS

(semi-solid)

Heirwegh, Banerjee,

Nerum and Langhe

(1985)

Helianthus annuus

L.

hypocotyls NAA

BA

GA3

MS

(semi-solid)

Paterson and Everett

(1985)

zygotic embryos Dicamba or

2,4-D

MS

(semi-solid)

Finer (1987)

hypocotyls 2,4-D liquid Finer and Norris

(1988)

hypocotyls 2,4-D MS

(liquid)

Prado and Berville

(1990)

hypocotyls NAA

BA

MS

(liquid)

Pelissier et al.

(1 990)

Chyrsanthemum

morifoiium

Ramat.

leaf 2,4-D

BA

MS

(semi-solid)

May and Trigiano

(1991)
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Ramat., chrysanthemum (May and Trigiano, 1991), Brachycome

lineariloba (DC) Druce, (Gould, 1978), and Pterotheca falconeri, Hook

(Mehra and Mehra, 1971). Propagation of cineraria by somatic

embryogenesis has not been reported.

Tissue Culture Propagation of Cineraria

Several reports of in vitro propagation of cineraria through

organogenesis have been published, lizuka et al. (1973) attempted to

regenerate plants from callus obtained from tubular florets;

however, few shoots and no roots were produced.

Cockrel et al. (1986) reported shoot multiplication from

seedling shoot tips using MS gerbera medium (Murashige et al., 1974)

supplemented with 2.8 pM indole-3-acetic acid (lAA). Root

formation was induced using modified MS medium (Murashige and

Skoog, 1962) with 1.3 pM 1-naphthalenacetic acid (NAA). Rooted

plants were successfully grown to maturity in soilless medium.

Trichome color observed in the explant tissue proved to be an

accurate indicator of flower color.

Gertsson (1986) experimented with cineraria explant

orientation, hormonal, and media effects on shoot and root formation

using petioles from four month old plants with flower buds. Her

results indicated that shoot formation was best on either MS

(Murashige and Skoog, 1962) or Welander (Welander, 1985) medium
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containing BA and lAA, whereas root formation was best on these

same nutrient media containing 2iP {N6-(A2-isopentenyl) adenine) or

zeatin. She also found that explants formed more shoots when

placed with their morphological base either downward or sideways

in the culture vessel, but more roots were formed when the explant

was placed with its base up.

A large scale micropropagation system, using petiole explants,

was also reported by Gertsson (1988a). The most successful initial

culture medium consisted of MS macronutrients (Murashige and

Skoog, 1962), Welander micronutrients (Welander, 1979), Bourgin

and Nitsch (1967) organics, supplemented with 4-8 mg/liter lAA

concentrations and 1 mg/liter BA. Shoot initiation was successful,

but shoot multiplication required a transfer to a medium lower in

lAA. Rooting of the shoots was induced by a third transfer onto a

medium with reduced BA. Micropropagated plants flowered

normally, but some plants had multiple shoots and plant quality was

not assessed.

Gertsson (1988b) also investigated the influence of BA and

culture temperature on the development of clones from mature

seedling plants. She reported that flower color remained consistent,

but foliage height, developmental time and number of shoots, leaves

and flowers were influenced by BA concentrations. She suggested

that BA might be useful for regulating the growth of a crop.
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In an effort to improve shoot formation, Gertsson (1988c) also

investigated the effects of varying MS macronutrient concentrations

and ratios of NH4:N03, potassium concentrations, TIBA (2,3,5-

triiodobenzoic acid, a polar auxin transport blocker), and dark

treatments on shoot production. Lowering the nitrogen

concentration to 30 mM and potassium to 15 mM, dark treatment

immediately after explant inoculation for a two week period, and 1.0

pM TIBA resulted in the highest number of explants forming shoots.

Complex In Vitro Requirements for Somatic Embrvoaenesis

The conditions that will support induction, development and

maturation of somatic embryos are often elusive and difficult to

determine. This is due to the complexity and interactions of the

numerous key variables. Explant choices include donor tissues,

orientation in the culture vessel, size and physiological state of

maturity of explant tissue. Growth regulator choices include

selection of natural or synthetic compounds, ratio of one regulator

to another and concentration of each. Optimum basal medium,

concentrations, additives and carbohydrate sources must be

determined, while keeping in mind that sequential transfers to

different media at varying time intervals may be necessary. The

addition of activated charcoal to the culture medium may enhance or

inhibit somatic embryogenesis. Optimal environmental conditions,

including light/dark regimes and temperature, must be provided. The
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physical state of the medium, usually semi-solid or liquid, must be

chosen before beginning experiments. Culture vessel type, which can

include flasks, jars, test tubes, filter paper, bridges, and petri

dishes, must be chosen while considering vessel effect on the

accumulation of morphogenic substances in the vessel or dissolved

medium and the subsequent effect on the cultures (Gould and

Murashige, 1985). In addition to all of the above, explant

sterilization techniques that will yield axenic cultures while

allowing survival of the majority of the explant cells need to be

determined empirically (Ammirato, 1983; Evans et al., 1981;

Tisserat, 1985).

Sucrose is most commonly used as a carbon source for the

explant cells although other carbon sources have been used

successfully (Verma and Dougall, 1977, Kinnersley and Henderson,

1988). Many researchers have also found it to be useful as .an

osmoticum. Raising the sucrose concentration of the initial

induction medium to 12% enhanced the formation of embryogenic

callus in corn, Zea mays L., (Lu and Ozias-Akins., 1982). Precocious

germination was prevented in carrot, Daucus carota, and water

parsnip, Sium suave, somatic embryos by increasing the sucrose

concentration of the medium (Ammirato and Steward, 1971). In

studies of in vitro pea, Pisum sativum. L., embryo development,

prevention of precocious germination was accomplished by raising

the sucrose concentration to 10% (Cook, et al. 1988). Additionally,

inclusion of 3% mannitol in celery, Apium graveolens L., cell
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suspensions, which also contained 3% sucrose, produced more

singular somatic embryos (Nadel et al., 1989).

Activated charcoal is often used for the absorption of

inhibitory compounds, darkening of the medium and absorption of

auxins and cytokinins (Pierik, 1987). Inclusion of activated charcoal

in the maturation medium has proven advantageous for somatic

embryo development and maturation in many species (Buchheim et

al., 1989; Fridborg et al., 1978; Litz and Conover, 1980; Tisserat and

De Mason, 1980), but deleterious to others (Fridborg et al., 1978;

Smith and Krikorian, 1990). Activated charcoal absorbs many

substances, including phenol-like compounds, 5-hydroxy-

methylfurfural (a degradation product from autoclaving sucrose),

benzoic acids and considerable amounts of auxins and cytokinins

(Ammirato, 1983; Pierik, 1987). A recent report demonstrated that

the inclusion of 2.5 g/l activated charcoal in 0.6% semi-solid agar

medium with 2 x 10-5 M 2,4-D absorbed all but approximately 4% of

the auxin in 1 day and only 2% of the auxin remained at the end of 10

days (Ebert and Taylor, 1990).

Sequential transfers to different media are often necessary to

promote induction, maturation and germination of somatic embryos

(Ammirato, 1983; Steward et al., 1967). These transfers involve

varying media components, such as different types, ratios or

concentrations of growth regulators (Evans et al., 1981), or the

exclusion of growth regulators and/or the inclusion of abscisic acid

(Ackerson, 1984; Ammirato, 1977; Qureshi et al., 1989; Johri and
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Rao, 1984). An elaborate sequence of media may be necessary to

optimize somatic embryo development.

The requirement for auxin or auxin-like compounds in the

primary induction medium for somatic embryo initiation, while its

complete absence promoted maturation, was demonstrated for many

plant species early in somatic embryogenesis research (Halperin,

1966; Halperin and Wetherell, 1964; Johri, and Rao, 1984; Steward

et al., 1967). The most commonly used auxin for somatic

embryogenesis is 2,4-D (Evans et al., 1981), however this auxin has

been implicated as being responsible for morphological

abnormalities, inhibition of somatic embryo development and lack of

high frequency conversion in soybean somatic embryos (Buchheim et

al., 1989).

Cytokinins are considered important in fostering somatic

embryo maturation and cotyledon development (Ammirato, 1983).

The stimulation of mitosis may be the major effect of cytokinins on

cells in culture; however, a second effect might be the alteration of

cell polarity and division planes. In work with white clover,

Trifolium repens, zygotic embryos cultured in the presence of BA,

the first sign of somatic embryo induction was a shift from

anticlinal divisions to irregular periclinal and oblique divisions

(Williams and Maheswaran, 1985).
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Somatic Embrvo Anatomy

Cells capable of developing into somatic embryos have many

features which are characteristic of rapidly dividing meristematic

cells: small size, densely staining cytoplasm, large nuclei containing

prominent nucleoli, and the lack of prominent vacuoles.

Histochemical analysis suggests intense RNA synthesis and

metabolic activity (Johri and Rao, 1984; Williams and Maheswaran,

1985).

In general, zygotic embryogenesis and somatic embryogenesis

are very similar processes from the globular stage to maturity;

however, there may be differences in cell numbers, cell expansion,

presence or absence of suspensor, and shape and number of

cotyledons (Williams and Maheswaran, 1985). Populations of

somatic embryos may include a mixture of single, twin, fused and

clusters of embryos, many of which exhibit premature cell

enlargement, precocious vacuolation and differentiation, continued

cell divisions and delayed initiation of cotyledons and shoot apex

(Ammirato, 1987). Many of the morphological and anatomical

abnormalities observed in somatic embryos are believed to be the

result of deviations from the normal sequence of cellular

organization (Ammirato, 1985; 1987).
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Somatic embryogenesis and plant regeneration of Florists'

Cineraria, Senecio x hybridus Hyl. (Asteraceae)*

Abstract

Somatic embryos of Senecio x hybridus Hyl., (florists'

cineraria) were initiated on semi-solid MS basal media amended

with 3 mg/l 2,4-D and 1 mg/l BA. Globular embryo formation was

inversely proportional to the sucrose concentration in the induction

medium when sucrose exceeded 3%. The first and second leaves,

from 13-18 and 20 days post-sown seedlings, respectively, were

more responsive explants than cotyledons. Mature somatic embryos

seldom formed until two-to-four months after inoculation onto

induction medium and most were malformed. Somatic embryos

transferred to MS medium without hormones converted to plants and

were grown to maturity: however, most plants were multi-stemmed.

* Kathleen R. Malueg, Gary L. McDaniel, Robert N. Trigiano, and Effin T. Graham,
Department of Ornamental Horticulture and Landscape Design, The University of
Tennessee, Knoxville, 1990. Paper to be submitted for publication.
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Abbreviations

2,4-D, 2,4-dichlorophenoxyacetic acid; BA, 6-benzylamlno

purine.

Introduction

The florists' cineraria is a compact, low temperature-

requiring, pot plant that exhibits a wide range of flower colors,

including brilliant hues of blue. Blue flowers are rare in floriculture

crops and therefore desirable. Since nearly all cineraria are self-

sterile (Berkley, 1968), seed is produced from crosses which

maintain heterozygosity for flower color in the commercial crop.

Recently it has become possible to purchase seed that will produce

blue flowering plants, although it is expensive. Conventional clonal

propagation has been attempted in an effort to produce the desired

blue flowers; however, this method is not efficient for large-scale

production because of the rosette arrangement of leaves.

Additionally, clones produced by this method usually have inferior

habits and flower quality diminishes with each successive

vegetatively-propagated generation (Barkley, 1968; Canning 1928).

The development of an in vitro clonal propagation system would be

advantageous to the floriculture industry for production of large

quantities of selected clones.
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Propagation of the florists cineraria by organogenesis has been

accomplisheci using shoot tips from in vitro grown seedlings

(Cockrel et al., 1986) and petioles from four month old plants

(Gertsson, 1986, 1988). No report of plant regeneration by somatic

embryogenesis has been reported. Propagation by somatic

embryogenesis may offer an efficient method of clonal propagation
due to the potentially large number of plantlets regenerated

(Ammirato, 1987).

In this study we report (1) the effects of varying sucrose on

somatic embryo induction, (2) the effect of maturity of the leaf or

cotyledon explant on the formation of globular somatic embryos, and

(3) the conversion of somatic embryos to plants.

Materials and Methods

1. Plant Materials

Explants for all experiments were from seedlings and plants of

the 'Hansa' cultivar (George W. Park Seed Co., Greenwood, SC.). Seeds

were sown in soilless potting medium (Premier Pro-Mix, Cassco,

Montgomery, AL), covered with translucent plastic wrap and allowed

to germinate in a flat at approximately 21 °G. Seedlings were grown

at approximately 25°C and a 16 hour photoperiod with 50 |imol m-2

S"^ of fluorescent light. These and all other measurements of light



35

were made with a 21X micrologger (Campbell Scientific, Inc.) and

LiCor Quantum sensor (LiCor, Inc., Lincoln, NE) .

Four types of explants were used in this study: (1) cotyledons,

(2) not yet fully expanded first leaves, and (3) second leaves

removed from seedlings 13-20 days post-sowing; and (4) 3-4.25 cm

long leaves from 1.5 month old plants. The first three types of

explants were bisected longitudinally, and the fourth type was cut

to yield 6-12 explants from center portions of each leaf.

2. Media

The effects of sucrose on induction of somatic embryos was

investigated using Murashige and Skoog (1962) basal medium

amended with 3%, 6%, 9%, 12%, or 15% sucrose (w/v), 3 mg/l 2,4-D

and 1 mg/l BA, 0.8% Phytagar® (Gibco Laboratories, Grand Island,

NY), and adjusted to pH 5.8 before autoclaving. Media were poured

into 12 well dishes or 60mm petri dishes, and wrapped with

Parafilm®. The induction medium for the investigation of explant

age was identical to the above medium except only 3% sucrose was

used.

Two-to-four months following plating onto induction medium,

white somatic embryos were removed from the original cultures and

transferred to 60mm petri dishes containing MS medium without

hormones with 3% sucrose, (maturation medium) and placed in a

lighted incubator. The resulting plantlets were placed into GA7

boxes (Magenta Corp., Chicago, IL) on fresh maturation medium and
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eventually transplanted to soilless potting medium (Premier Pro-

Mix, Cassco, Montgomery, AL).

3. Surface Sterilization and Culture Incubation

Explants were surface sterilized in a 10% (v/v) commercial

bleach (0.525% NaHOCI) solution supplemented with 0.1% Triton X-

100 for 5-12 minutes with gentle agitation followed by three rinses

with autoclaved water. Cultures were incubated for 2 weeks in the

dark at 22°C, moved to a lighted incubator with 25 pmol m-2 s"'' of

light (cool white fluorescent tubes) for 10-15 days and returned to

the dark incubation. Assessment of globular embryo formation was

made with the aid of a stereoscope 28 days after culture initiation.

Results and Discussion

The sucrose concentration of the induction medium affected

somatic embryo formation. In experiments using 15-16 days post-

sown cotyledons and first true leaves, increased sucrose

concentration in the induction medium resulted in a decreased

number of explants forming globular embryos (Figure 5-A,

cotyledons and first leaves). This inverse relationship was also

observed with leaf explants from 6 week-old plants (Figure 5-A,

juvenile leaves). These results are dissimilar to reports of two

other members of Asteraceae: Chrysanthemum x morifolium Ramat.

somatic embryos formed on medium containing 9 to 18% sucrose.
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embryo formation

(B) Effect of explant age on globular embryo formation
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with 12 or 15% sucrose being the most efficient concentrations (May

and Trigiano, 1991) and Helianthus annuus L. required 6 or 12%

sucrose containing medium for somatic embryo induction (Finer,

1987).

The physiological maturity of the explant has a direct effect

on regenerative capacity of the resulting culture. Explants from

vegetative plants generally respond with higher frequency than

explants from adult plants. Embryonic, meristematic, young

vegetative material, and reproductive tissues are often excellent

choices for somatic embryogenic cultures (Ammirato, 1983). In this

study, age of explants was found to affect somatic embryo

formation (Figure 5-B). First leaf explants 13-18 days post-sowing

showed a high capacity for forming globular embryos; however, this

declined by 20 days post-sowing. Second leaf explants (20 days

post-sowing) were almost as capable of forming globular embryos

as the first leaf explants 13-18 days post sowing. Explants from

cotyledons were the least responsive explants. These results

indicate that first and second leaves are good explant choices, but

cotyledons are not the optimal explant at 13 or more days post-

sowing.

In all experiments, globular embryos were the most common

type present 28 days after initial plating; however, more mature

stages were occasionally present. Two-to-four months post

inoculation onto induction medium (with no transfer), more heart-

shaped and torpedo-shaped embryos were observed; however, most
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embryos were pluricotyl, and appeared larger than zygotic embryos.

When somatic embryos were transferred to MS medium without 2,4-

D and BA, most converted to plants (Figures 6-8). Few explants

yielded mature somatic embryos, which might be a result of

remaining on 2,4-D-rich induction medium. 2,4-D has been

implicated as being responsible for morphological abnormalities,

inhibition of somatic embryo development and the lack of high

frequency conversion in Glycine max L. Merr. somatic embryos

(Buchheim et al., 1989).

The majority of regenerated plants from somatic embryos did

not have a single basal stem, a normal characteristic of cineraria.

This may be caused by too high a concentration of cytokinin or

remaining too long on cytokinin-rich medium, since cytokinins

strongly promote axillary bud initiation.

This study demonstrated that somatic embryos can develop

from leaf and cotyledon explants of the florists' cineraria, and that

explant age and sucrose concentration affected somatic embryo

formation. More research is needed to further refine culture

conditions in an effort to increase efficiency and reduce

abnormalities.
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Figure 6 : Conversion of cineraria somatic embryo
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Figure 7: Cineraria plantiet
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Figure 8: Regenerated mature cineraria plant
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A transfer system to optimize somatic embryogenesis of
Florists' Cineraria, Senecio x hybridus Hyl. (Asteraceae)*

Abstract

Development of somatic embryos of Senecio x hybridus Hyl.
beyond the globular stage was greatly delayed or prevented by
remaining on auxin rich induction medium; therefore, two or three

media transfer systems using activated charcoal (AC) were tested.

The two media system using (1) MS supplemented with 3 mg/l 2,4-D

and 1 mg/l BA for varying lengths of time followed by transfer to

(2) MS basal medium without 2,4-D and BA supplemented with 1.0%

AC caused explant death by 25-28 days post-initial plating. A three

media transfer system using: (1) MS basal medium supplemented

with 3 mg/l 2,4-D and 1 mg/l BA for varying lengths of time

followed by transfer to (2) MS basal medium without 2,4-D and BA

supplemented with 0.5% AC for three days and a final transfer to (3)

MS basal medium without 2,4-D, BA or AC produced mature somatic

embryos by 28 days post-initial plating; however, embryos

germinated precociously. Mature embryos that did not germinate

precociously developed after approximately 7 weeks in culture

Kathleen R. Malueg, Gary L McDaniel, Robert N. Trigiano, and Effin T. Graham,
Department of Ornamental Horticulture and Landscape Design, The University of
Tennessee, Knoxville, 1990. Paper to be submitted for publication.
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without transfer from the initial medium. Verification of embryo
anatomy was accomplished by histological examination of mature

somatic embryos.

Abbreviations

AC, activated charcoal; BA, 6-benzylamino purine; GrAF III,

chromium trioxide, acetic acid, and formaldehyde; 2,4-D, 2,4-

dichlorophenoxyacetic acid

Introduction

Blue flowers are rare in floriculture crops, therefore the

floriculture industry would benefit from a clonal propagation

system that could produce commercial quantities of selected elite

blue flowering Florists' cineraria. Recent advances in molecular

genetics have made plant transformations effecting flower

pigmentation possible (Meyer et al., 1987). However, a successful

regeneration system is necessary to make transformed plants

available commercially. Somatic embryogenesis potentially could be

the means to supply large numbers (Chu, 1986) of naturally blue or

transformed blue clones.

The necessity for auxin or auxin-like compounds in the primary

induction medium for somatic embryo initiation, while its complete

absence promoted maturation, was demonstrated early in somatic
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embryogenesis research (Halperin, 1966; Halperin and Wetherell,

1964, Steward et al., 1967). The most commonly used auxin for

somatic embryogenesis is 2,4-D (Evans et ai., 1981). This auxin,

however, has been Impiicated as being responsible for morphological

abnormalities, inhibition of somatic embryo development and lack of

high frequency conversion in soybean somatic embryos (Buchheim et

al., 1989).

Sequential transfers to different media are often necessary to

promote induction, maturation and germination of somatic embryos

(Ammirato, 1983, Steward et al., 1967). These transfers involve

varying media components such as different types, ratios or

concentrations of growth regulators (Evans, 1981) or the exclusion

of growth regulators and/or the inclusion of ABA (Ackerson, 1984;

Ammirato, 1977; Qureshi et al., 1989) An elaborate sequence of

media may be necessary to optimize somatic embryo development.

Activated charcoal (AC) is often used in primary and/or

maturation media for the absorption of inhibitory compounds,

darkening of the medium and absorption of auxins and cytokinins.

Inclusion of a AC in the maturation medium has proven advantageous

for somatic embryo development and maturation in several species

(Buchheim et al., 1989; Litz and Conover, 1980; Tisserat and De

Mason, 1980), but deleterious to others (Smith and Krikorian, 1990).

AC is thought to absorb many substances, including phenol-like

compounds, 5-hydroxy-methylfurfural (a degradation product of

autoclaving sucrose), benzoic acids and considerable amounts of
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auxins and cytokinins (Ammirato, 1983). Ebert and Taylor reported

that the inclusion of 2.5 g/l activated charcoal in 0.6% semi-solid

agar medium with 2 x IQ-s M 2,4-D absorbed all but approximately

4% of the auxin in 1 day and only 2 % of the auxin remained at the

end of 10 days (Ebert and Taylor, 1990). However, AC also will

absorb certain iron chelates, thereby sometimes interfering in the

transition from globular to heart-shaped embryos (Heberle-Bors,

1980).

In this study we report on the following: (1) the beneficial

effects of a three media transfer system, (2) the precocious

germination of embryos produced by this method, (3) the appearance

of somatic embryos on aged cultures that do not precociously

germinate, (4) the effect of varying time on induction medium on

globular embryo formation, and (5) somatic embryo anatomy.

Materials and Methods

1. Plant Materials

Seeds of the 'Hansa' cultivar (George W. Park Seed Co.,

Greenwood, SC) were sown in soilless potting medium (Premier Pro-

Mix, Cassco, Montgomery, AL), covered with translucent plastic wrap

and allowed to germinate in a flat at approximately 21 °C. Seedlings

were grown at approximately 25°C and a 16 hour photoperiod with

50 fimol-m-2s-i of fluorescent light. Explants consisted of not yet

fully expanded first leaves 11-18 days post-germination (less than
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1 cm in length). Ail leaves were bisected longitudinally and both

halves placed together on the induction medium.

2. Media

The induction medium used for all experiments was MS basal

medium (Murashige and Skoog, 1962) amended with 3% sucrose

(w/v), 3 mg/l 2,4-D and 1 mg/l BA, 0.6%-0.8% (w/v) Phytagar®

{Gibco, Cat # 670-0675 IN) adjusted to pH 5.8. Media were

autoclaved at 121°C and 1.06 Kg/cm2 of pressure for 20 minutes,

poured into 60 mm petri dishes and wrapped with Parafilm®.

Transfer media consisted of (1) MS basal medium without 2,4-

D and BA (MSG), (2) MS basal medium without 2,4-D and BA amended

with 0.5% AC (MSO+0.5% AC) and (3) MS basal medium without 2,4-D

and BA amended with 1.0% AC (MSO+1.0% AC).

3. Surface Sterilization

Explants were surface sterilized in a 10% (v/v) commercial

bleach (0.525% NaHOCI) solution supplemented with 0.1% Triton X-

100 for 5-10 minutes with vigorous agitation followed by three

rinses with sterile, distilled water. A 30 second immersion in 70%

EtOH followed by three rinses with autoclaved water prior to the

standard NaHOCI treatment was added to the above procedures for
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the final experiments, which resulted in a reduction of culture

contamination.

4. Transfer Times

In order to determine the most efficient timing and media for

somatic embryogenesis, explants remained on induction medium 4-

15 days, with transfers being made daily or on alternate days to one

of the three transfer media defined above. Experiments included

transfer systems with only one transfer and some with two

transfers. In the final experiment, explants were transferred at

varying times from induction medium to MSO+0.5% AC for three days,

then transferred to MSO.

5. Culture Incubation and Assessment

Cultures were incubated in the dark at approximately 22°C.

Assessment of embryo formation was made with a stereoscope at

25-28 days post-inoculation onto induction medium. In each

experiment, control leaves remained on induction medium for

comparison to transfer treatments. Number of explants forming

globular, heart, and torpedo stages were counted along with numbers

of each embryo type per treatment.
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6. Histological Procedures

Explants and somatic embryos were fixed in CrAF III (Sass,

1958), degassed in a vacuum chamber, dehydrated in a graded

ethanol/t-butanol series and embedded in Paraplast+® (Sherwood

Medical, St. Louis, MO). Sections (10 pm) were cut on a rotary

microtome, expanded on a water pool on glass slides, and dried on a

warming tray. Sections were deparaffinized in Americlear® and

stained in (1) 0.1% toluidine blue for 15-30 minutes or (2) 0.1%

safranin O for 1-24 hours, 0.1% crystal violet for 15-30 minutes and

0.01% fast green FCF for 15-30 minutes. The stained sections were

dehydrated in ethanol, cleared with Americlear®and cover glasses

were affixed with Pro-Texx® resin.

Results and Discussion

Most explants began to curl after four days on induction

medium. After six days, explants developed a crystalline-like gloss

on all surfaces viewed and globular embryos could be seen on many

explants 13 days post-plating to induction medium.

In an effort to determine optimum length of time on the

induction medium, while also improving embryo maturation and

survival, a three media transfer system, with reduced AC

concentration and length of exposure (0.5% for three days) was

developed (Figure 9-A). After 11 or more days of exposure to



55

induction medium, explant response steadily improved, with

increased globular, heart and torpedo stages observed; however, the

optimal time to remain on the induction medium could be beyond 14

days (Figure 9-A). Embryo formation was retarded by high auxin

concentrations on the control explants (no transfer from induction

medium). Several mature somatic embryos developed on control

plates (no transfer from induction medium) approximately 12 weeks

following initial plating (Figure 10). The appearance of mature

embryos on aged cultures is probably due to the gradual degradation

of the hormones in the induction medium over time, thereby allowing

the embryos to mature. These embryos did not germinate

precociously, perhaps because of the more dehydrated conditions of

the culture vessel environment.

A comparison was made between explants transferred at

varying intervals to MSO+1.0% AC and explants remaining on auxin-

rich induction medium (Figure 9-B). Explants transferred to

MSO+1.0% AC after 4 or 6 days on induction medium did not form

globular embryos, indicating the necessity for a longer exposure to

the induction medium for embryo initiation if AC is present in the

transfer medium. Six weeks after initial plating, two explants (one

transferred to AC after 13 days on induction medium, and one

transferred to AC after 15 days on induction medium) formed white

somatic embryos. Seven weeks after plating, two control plates
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Figure 10: Cineraria somatic embryo
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(no transfer from induction medium) had one white somatic embryo

each. All somatic embryos exhibited abnormal cotyledonary growth.

After 7 weeks in culture almost all of the explants transferred to

MSO+1.0% AC were dead or browning. Somatic embryos germinated

precociously after transfer from induction medium, while remaining

on induction medium repressed further development of most globular

embryos.

The comparison of the effects of transfer to MSG and MSO+1.0%

AC is shown in Figure 11. More mature somatic embryos formed on

explants transferred to MSG than those transferred to MSG+1.0% AC

(Figure 11-A). However, when assessing all stages of embryo

development occurring on explants, the two transfer media produced

similar responses (Figure 11-B). Somatic embryos germinated

precociously on both transfer media. The majority of the explants

that remained on induction medium as controls only formed globular

embryos, suggesting that remaining on auxin rich medium prevented

embryo development beyond the globular stage (data not shown).

Histological examination of mature somatic embryos produced

by the three media transfer system showed evidence of normal

embryo anatomy: both root and shoot apices were well organized, no

vascular connection to the parent tissue was evident, and a

procambium connection of the root and shoot apices was visible

(Figure 12). Examination of these embryos showed evidence of an

active meristematic shoot region (Figure 13) while embryos that
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Figure 12: Cineraria somatic embryo anatomy
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Figure 13: Active meristematic shoot region
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developed on aged cultures more closely resembled a quiescent

embryo (Figure 14).

This study demonstrated that somatic embryo development

from leaf explants of the florists' cineraria was delayed or

prevented by remaining on the auxin-rich induction medium, whereas

embryo development could proceed if explants were transferred to a

nutrient medium without plant regulators. The use of a two media

transfer system, consisting of the induction medium and MSO+1.0%

AC, indicated that exposure to 1.0% AC for an extended period of

time was deleterious to explant and embryo survival. Use of a three

media transfer system, consisting of induction medium, MSO+0.5%

AC for three days and MSO, was beneficial for somatic embryo

development. The three media transfer system reduced somatic

embryo maturation from 2-4 months to approximately one month.

Further research on media components and timing of transfers will

be necessary to improve somatic embryo development, prevent

precocious germination and improve efficiency of embryo production

in cineraria.
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Figure 14: Quiescent shoot region
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