
CALLUS INDUCTION, MAINTENANCE AND REGENERATION 

OF INTERSPECIFIC ALLIUM HYBRIDS 

by 

CHUNG-CHENG LU, B.S. 

A THESIS 

IN 

HORTICULTURE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

Accepted 

August, 1987 



n •-- . 

i'3 

'\-OP ' r--

ACKNOWLEDGEMENTS 

I would like to thank Dr. Ellen Peffley for her guidance and 

encouragement during my studies. I would also like to thank my 

committee members. Dr. Henry Nguyen, Dr. Ray Jackson, and Dr. Norma 

Trolinder, for their assistance. 

Special thanks go to Dr. Leslie Currah and Dr. Wen-Chung Wang for 

their advisement, and to Elsa Munyon and Rito Hernandez for their 

assistance in the laboratory procedures. 

Gratitude and thanks are extended to my parents for their 

continuing support, encouragement, and patience during all my endeavors 

n 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ii 

ABSTRACT v 

LIST OF TABLES vi 

LIST OF FIGURES vii 

ABBREVIATIONS viii 

CHAPTER 

I. INTRODUCTION 1 

II. LITERATURE REVIEW 4 

Onion Callus Culture. 4 
Proline and Vitamins. . . . 7 
Iron Concentration in Culture Medium 9 
Embryogenes'is 11 

Direct Embryogenesis « . • • 12 
Indirect Embryogenesis 13 
Key Variables 14 

Explants 14 
Endogeneous auxin 15 
Culture medium 15 
Culture maintenance time 16 

Embryogenesis From Callus Culture of Onion 16 
Future Prospects . . . . . . 17 

Genetic Instability 18 
Somaclona! Variation 20 

Kinds of Variation 21 
Critical Variables 23 

Isozyme Analysis 25 

III. MATERIALS AND METHODS 27 

Genetic Materials 27 
In Vitro Techniques. 27 

Explant Selection 27 
Disinfection Procedure 31 
Culture Conditions 31 
Medium Comparisons 32 

Callus induction 32 
Callus maintenance and regeneration 37 

Cytological Analysis 40 
Isozyme Analysis 40 

i i i 



IV. RESULTS AND DISCUSSION ^1 

In Vitro Technique ^^ 
Explant Selection ^̂  
Disinfection Procedure ^̂  
Culture Conditions ^^ 
Medium Comparisons ^^ 

Callus induction ^^ 
Callus maintenance and regeneration 47 
Patterns of plant regeneration 53 
Success of regeneration and plant establishment. 59 
Somaclona! variation 60 

Cytological Analysis 60 
Isozyme Analysis 63 

V. CONCLUSIONS 64 

REFERENCES ^̂  

APPENDIX 7^ 

IV 



ABSTRACT 

A culure system for plant regeneration via somatic embryogenesis of 

interspecific F^ hybrids was developed. Inflorescence and basal plate 

of 25 genotypes of interspecific Allium fistulosum x ^. cepa F. hybrids 

were cultured. Basal BDS medium containing 0.75 mg/1 picloram and 2.0 

mg/a BA was ideal to induce and maintain callus culture. Callus 

regeneration was enhanced by proline and vitamins. Embryogenesis was 

regenerated on 2 media from 6 out of 25 genotypes of basal plate 

explant. Inflorescence explant contained higher regeneration potential 

and regenerated from 15 out of 16 treatments. Somaclonal variants were 

obtained. No karyotypic analyses were conducted so no putative 

chromosomal abnormalities occurring during culture were observed. 

Furthermore, variable isozyme banding patterns were found in Adh and 

Pgi. 
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CHAPTER I 

INTRODUCTION 

The commercial bulb onion (Allium cepa L.) is the most widely-grown 

onion species worldwide and the most important horticultural crop in 

Texas. The 1986 acreage for onions in Texas was 17,300 acres, valued at 

$53 million (Texas Agricultural Facts, 1987). 

The commercial bulb onion is susceptible to many diseases, one of 

which is pink root disease caused by the soil-borne fungus Pytenochaeta 

terrestris (Hans.). This fungus proliferates rapidly and persists in 

the soil over long periods of time, reducing acreage suitable for onion 

production. Different methods and techniques have been used to improve 

the potential to resist pink root disease. Related Al1ium species 

containing desirable characteristics of interest to onion breeders, 

i.e., disease resistance, are needed for onion improvement. 

A closely related species, ^. fistulosum L. (Japanese bunching 

onion), contains many desirable characteristics, e.g., resistance to 

pink root, high dry matter content, as well as winter hardiness, which 

would be of value in Â . cepa (van der Meer, 1978). 

Interspecific F̂  hybrid plants are highly sterile, which limits 

introgression between the two species (Jones and Mann, 1963). Fertile 

interspecific crosses e^re important because the crosses will determine 

how extensively the desirable genes from closely related species may be 

utilized in a breeding program (Poehlman, 1979). Because of chromosomal 

structural differences between species, meiotic behavior prevents normal 



chromosomal pairing, which prevents gene recombination. The sterility 

may be attributed, at least in part, to one translocation and on 

inversion differentiating the species (Emsweller and Jones, 1935; 

Peffley, 1986). 

One technique which may aid introgression of genese from related 

species into k* cepa is somatic recombination via tissue culture. 

Recombination may be exhibited as somaclonal variation (Scowcroft et 

al., 1983). Somatic recombination may occur in vegetative tissues of 

the sterile hybrids which contain the desired characters. The most 

widely-employed method for creating genetic variation via tissue culture 

has been the use of a callus culture cycle (Reisch, 1983). 

Mutations occur at much higher frequencies than normally expected 

when higher plant cells or tissues are induced to proliferate in vitro 

for a brief period of time (Murata and Orton, 1983). Chromosomes are 

unstable in callus culture and can give rise to different chromosomal 

structure (Evans et al., 1986). The somatic genomes of eukaryotes can 

be significantly and permanently changed by genetic, developmental and 

environmental perturbations (Scowcroft et al., 1985). All of these 

perturbations may occur in a tissue culture situation. 

Potential advantages include the production of novel gene 

associations and chromosomal mutations useful in breeding programs 

(Larkin and Scowcroft, 1981). If genetic changes can be induced, 

fertility may be increased in plants regenerated from these altered 

cultures. Gene introgression can be verified using isozyme analysis 

(Vallejos, 1983) and applied to onion using procedures of Peffley et al. 

(1985). 



The objectives of this study were: 

1. To establish long term callus culture of interspecific F, hybrids. 

2. To develop a plant regeneration model of interspecific F. hybrids. 

3. To analyze regeneraged plants cytogenetically. 

4. To analyze regenerated plants for isozyme banding patterns. 



CHAPTER II 

LITERATURE REVIEW 

Onion Callus Culture 

The development of in vitro approaches to facilitate the breeding 

of commercially valuable Allium species has been achieved. Tissue 

culture of onion (Â . cepa) from callus culture has been established 

(Dunstan and Short, 1978; Phillips and Luteyn, 1983; Phillips and 

Hubstenberger, 1987). 

In the earliest report of successful onion culture, Fridborg (1971) 

isolated callus from the cultured aerial bulbs of Â . cepa var. 

proliferum. The callus was compact and firm with a yellowish color. 

Visible chlorophyll formation took place only in regenerated leaves or 

proximal parts of roots which had regenerated. The formation of organs 

was vigorous and occurred shortly after transfer of the tissue onto MS 

medium (Murashige and Skoog, 1962) with 5 /uM Indole-3-acetic acid (lAA), 

5-50/JM 1-Naphthylacetic acid (NAA), 5 juM 2,4-dichlorophenoxyacetic acid 

(2,4-D), and 2.5-25 jum N^-(2-isopentyl ) adenine (2iP). During the first 

6 to 8 months, cytokinin seemed to have a positive effect on bud 

formation. A synergistic effect of lAA or NAA and cytokinin was 

observed by Yamane (1975) in the formation of roots, while 2,4-D 

strongly inhibited root formation. 

Davey et al. (1974) studied in detail the growth and defined 

structure of callus derived from onion roots. The callus grew well in 

the presence of 11.3 >uM 2,4-D, 11.4/JM IAA, and 0.9 /JM 6-

furfurylaminopurine (KIN). Callus growth and root initiation were 



stimulated by 5.4 or 13.4 ^M NAA with or without 0.9 uM KIN. 

Approximately 400 root primodia were produced per gram fresh weight of 

the tissue, but no buds formed in any treatment. 

Freeman et al. (1974) reported the results of Mackenzie and Oavey 

(1974), who observed both root and shoot differentiation on calluses 

derived from basal plate, although shoots formed at low frequency. The 

callus was initiated and maintained on B5 medium with 4.5 ^M 2,4-D. 

Shelby and Collin (1976) initiated callus cultures from seedling 

root tissue of three varieties. Twenty separate clones of each variety 

were subcultured for nine passages and estimates were made of growth, 

friability, sliminess and pigmentation at each subculture. Measurement 

of allinase activity and precursor level was made at the ninth 

subculture. Some of the callus clones developed stable characteristics 

with wide differences between various lines for any of the above 

parameters. These differences became established soon after callus 

initiation and were maintained at least until the ninth or tenth 

subculture. 

Dunstan and Short (1977, 1978) studied in detail callus formation 

in onion, and optimized the BDS culture medium by increasing ammonium, 

phosphate and nitrogen levels in comparison with Gamborgs' B5 medium 

(1968) from which it was adapted. Calluses derived from small dry 

umbels and radicle tissues gave rise to shoots. Calluses from two bulb 

explant sources responded optimally to the medium containing 9.9 uM 2iP 

and 0.3 /JM NAA while seedling radicle-derived callus showed a wide range 

of responses. It was found that subsequent growth on organogenic media 

(BDS with 39.35 juM 2iP, in combination with 1.34 or 5.37 pM NAA) 



resulted in shoot production only when the callus had been previously 

initiated in the presence of both NAA and 2,4-D. Shoot formation was 

also dependent on callus age and total darkness during culture. 

Some combinations of 2iP with NAA (11.1 and 9.9 JJM, 0.4 and 0.3 /JM, 

respectively) have been shown to induce somatic embryo development 

(Dunstan and Short, 1978). The occurrence of embryos was usually 

associated with an increase in shoot number in the regenerative callus 

tissue. 

Havel (1982) reported that a yellow callus with green regions was 

formed during the culture of flower heads (Havel, 1982). Sometimes 

shoot regeneration took place on callus-inducing medium (BA 10-81 ;JM, 

NAA 5 jLiM). An increased rate of regeneration was observed after 

transfer to hormone-free medium. A culture was selected which showed a 

high degree of regeneration even after 18 months. 

Phillips and Luteyn (1983) found that the synthetic auxin, 4-amino-

3,5,6-trichloropicolinic acid (picloram), was comparable or superior to 

the 2,4-D control for induction, continued maintenance and friability of 

callus, and subsequent regeneration of plants. They reported that 

somatic embryos developed at high frequency in some lines of two 

cultivars studied (Yellow Grano and Yellow Sweet Spanish) on BOS medium 

containing 0.75 mg/1 (3.11 pM) picloram and 1.5-2.0 mg/1 (6.66-8.88 juM) 

6-benzyl-aminopurine (BA). These results were obtained with seedling 

shoot meristem-tip and mature bulb basal plate-scale explants. 

Phillips and Hubstenberger (1987) have also published the 

procedures for micropropagation and plant regeneration from callus for 

several Allium species and progeny of interspecific crosses of selected 



species with Â . cepa. Each of the genotypes exhibited shoot 

multiplication in micropropagation systems, and most regenerated plants 

from callus. The results demonstrated the general applicability of the 

picloram-based tissue culture model for the genus Allium. 

Based upon the number of reports of successful onion culture, it 

may be concluded that onion callus is quite easy to achieve. However, 

clonal shoot regeneration is still difficult. This process is 

apparently dependent on callus age, hormone treatments, primary explant 

tissue and donor plant genotype. 

Proline and Vitamins 

Generally, amino acids are not essential callus culture media 

components. However, amino acid added as pure compounds can be a way of 

ensuring against possible medium deficiencies or provide a source of 

nitrogen that is immediately available to cultured cells or tissues 

(George and Sherrington, 1984). 

Proline is an amino acid associated with stress conditions. 

Proline has been known to accumulate in plants during osmotic stress and 

has been found to function as an osmoprotective compound for plants and 

animals as well as bacteria (Strom, 1983). Steward and Lee (1974) 

examined the higher plant halophytes and found that proline is the major 

component of the amino acid pool in these plants. They suggested that 

the capacity to accumulate proline is correlated with salt tolerance and 

that proline functions as a source of solute for intercellular osmotic 

adjustments under saline condition. Proline is a compound with three 

functions in response to osmotic stress: 1) a neutral compound, 2) high 
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solubility (162 g/100 ml at 25°C), and 3) little effect on enzyme 

activity at high concentration. 

The first enzyme in the proline biosynthetic pathway is r-

glutamylkinase, which catalyzes the phosphorylation of glutamate in a 

reaction strongly feedback-inhibited by proline (Strom, 1983). Initial 

characterization of this enzyme was based on an assay system dependent 

on proline inhibitable activity units for the enzyme (Baich, 1969). 

During stress, proline will not be overproduced by this pathway, 

indicating that feedback inhibition of the kinase, as well as other 

control systems modulating proline levels in the cell operates more or 

less normally during stress. Organisms may acquire their needed supply 

of osmoprotective compounds via synthesis or by uptake from the 

environment. 

Another application for proline is the storage of cultured cells in 

liquid nitrogen, with proline widely used as a cryoprotectant. Withers 

and King (1979) indicated that increased freeze tolerance could be 

achieved by pregrowth for 3 to 4 days in medium containing proline. 

They suggested that proline may act by offering protection to the cell 

against solution effects caused by dehydration during freezing. 

Herber et al. (1971) investigated the effect of amino acids on 

thylakoid membranes of chloroplasts during freezing. Freezing 

inactivates photophosphorylation of thylakoids by irreversibly altering 

essential membrane properties. They found that the washed thylakoids, 

frozen in the presence of proline, were protected against inactivation 

by freezing. 



There are also numerous reports on beneficial effects achieved by 

addition of thiamine, nicotinic acid, pyridoxin, pantothenate, biotin 

and folate (folic acid). Protoplast media often contain a mixture of 

these listed essential vitamins (Kao, 1977; Gamborg et al., 1981). A 

mixture of 2.5 mg/1 glycine (which is one of the amino acids), 0.5 mg/1 

biotin (which is vitamin B ) , and 0.05 mg/1 folate, was used in media for 

culturing potato leaf protoplast (Shahin, 1984). 

Iron Concentration in Culture Media 

Iron is an essential micronutrient in tissue culture medium when 

supplied in a chelated form. Chelating agents are compounds whose 

molecules are capable of holding a metal iron with several chemical 

bonds, thereby forming a ring complex (a chelate). Metals can be held 

in solution by a chelating agent under conditions where free irons would 

precipitate. Iron added to tissue culture in the chelated form of 

ethylenediamine tetra-acetic acid (EDTA) improves the availability of 

the element, EDTA is the most widely-used as standard medium component 

(George and Sherrington, 1984). 

Growth regulatory effects of low concentration of EDTA are similar 

to those produced by auxins (George and Sherrington, 1984); 1) the 

elongation of coleoptiles (Heath and Clark, 1956), 2) the promotion of 

leaf epinasty (Weinstein, 1956), and 3) the inhibition of root growth 

(Burstrom, 1961. 1963). Burstrom (1960) noted that EDTA inhibited root 

growth in darkness (but not in light), and that the growth inhibition 

could be overcome by addition of Fe or several other metal ions 

(Burstrom, 1961). He recognized that reversal of EDTA action by an iron 
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or a metal iron did not prove the metal was physiologically active but 

that EDTA might release another cation which had previously been made 

unavailable to the tissue by chelation. 

Although low concentrations of EDTA markedly stimulate the growth 

of whole plants in hydroponic cultures by making iron more readily 

available, the compound becomes toxic at higher levels. 

Toxicity can also occur in in vitro cultures. Dalton et al. (1983) 

found that 0.3 mM EDTA (compared to the 0.1 mM in MS medium) reduced the 

growth rate of Ocimum cell suspensions. However, the growth rate of 

Begonia flower buds was not greatly depressed by the presence of 0.1 mM 

Fe EDTA (Berghoeg and Bruinsma, 1979) but at 1.5 mM EDTA, growth was 

inhibited, particularly when the medium contained only a low level of 

phosphate. Berghoeg and Bruinsma reported the growth inhibition was 

probably due to precipitation of phosphate by Fe released by the Fe 

EDTA. 

Chelating agents have been found to inhibit the action of the 

growth substance ethylene by possible sequestered copper ions within 

plant tissues, thereby interferring with the synthesis or action of a 

2+ 
Cu containing enzyme responsble for ethylene metabolism. EDTA can 

also inhibit the activity of plant polyphenol oxidase enzyme in vitro 

(Weinstein et al., 1951), and Smith (1968) thought that this might occur 

because EDTA made copper ions less available for enzyme incorporation. 

Several oxidative reactions are also biochemically catalysed by 

ions such as Cu •*", Co^"^, and Zn^"^ in the following cases, e.g., 1) the 

oxidation of glutathione (Martin, 1979; and 2) chatecole amine oxidation 

(Gergely and Kiss, 1979). EDTA is inhibitory for above cases. At 
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2+ 
neutral pH, chelating agents can inhibit respiration by removing Ca 

from mitochondrial membranes (Moller and Palmer, 1981). 

Embryogenesis 

The developmental processes of zygotic and somatic embryogenesis 

are essentially the same (George and Sherrington, 1984). Somatic 

embryoids are structurally similar to sexual embryos in that both have a 

shoot and a root pole, believed to be derived from unspecialized tissue. 

Somatic embryogenesis can proceed from either a population or 

populations of sporophytic or gametophytic cells of a cultured explant 

(Evans, 1981). Embryos produced in culture are called somatic embryos 

or embryoids (George and Sherrington, 1984). 

Two general patterns of in vitro embryogenic development may be 

characterized by their relative times of determination and 

differentiation into embryogenic cells (Sharp et al., 1980). Direct 

embryogenesis proceeds from Pre-Embryogenic Determine Cells (PEDC), 

while indirect embryogenesis requires the redetermination of 

differentiated cells, callus proliferation, and Induced-Embryogenic 

Determined Cells (lEDC). 

Hypothetically, PEDC's await either synthesis of an inducer 

substance or removal of an inhibitory substance, before they can resume 

mitotic activity and embryogenic development (Sharp et al., 1980). 

Conversely, cells undergoing EIDC differentiation require stimulation of 

cell division to re-enter the mitotic cell cycle, and this may be 

provided by exposure to specific concentrations of growth regulators. 

Cyto-differentiation and the emergence of multicellular organization are 
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multi-step processes in which each step leads to the establishment of a 

particular pattern of gene activation, allowing transition to the next 

essential state of development (Street, 1978). 

Direct Embryogenesis 

Direct embryogenesis in vitro has mainly been described in explants 

of physiologically juvenile tissues or organs. Embryogenic callus has 

been most commonly obtained from seed embryos, nucelli or young 

inflorescence primordia (George and Sherrington, 1984). 

Many instances of direct embryogenesis have been recorded in Citrus 

soecies. In addition to the natural occurrence of nucellar 

polyembryony, in vitro cultures of nucellar explants may give rise to 

embryos and eventually to fully developed plants (Evans et al., 1981). 

Early events of embryogenesis in nucellar cultures consist of an initial 

proliferation of callus and subsequent development of "pseudobulbils" in 

the absence of exogenous plant growth regulators. Some of these 

pseudobulbils continue embryogenic development and eventually become 

entire plantlets. Mitra and Charurvedi (1972) reported that embryos may 

arise directly from the nucellus, or indirectly from nucellar callus. 

Growth regulators such as Naphthalene acetic acid (NAA) and kinetin 

(KIN) or complex addends (casein hydrolysate or yeast extract) may be 

beneficial in increasing the frequency of observed embryos. However, 

embryogenesis may also occur in the absence of these compounds, 

Evans et al. (1981) considered PEDC-mediated embryogenesis from 

nucellar tissues, both in vivo and in vitro. They reported that the 

cells of the nucellus are actually PEDCs, and their proliferation as a 
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callus mass and subsequent embryogenesis may be viewed simply as cloning 

of these cells. Thus it appears that embryogenesis in the nucellus may 

be autonomous (at least in Citrus) and may be observed even in the 

absence of exogenous growth regulations. Although low concentrations of 

KIN and NAA may be beneficial, they are not absolute requirements for 

embryogenic determination. Exogenous growth regulators probably 

contribute to the multiplication of these FEDCs. 

The direct embryogenesis is autonomous and may be observed even in 

the absence of exogenous growth regulators (Evans et al., 1981). 

Exogenous growth regulators probably contribute to the cloning of these 

PEDCs, those increase the relative number of embryogenic cells. 

Indirect Embryogenesis 

Indirect formation of somatic embryos from callus cultures is 

observed more frequently than direct embryogenesis (George and 

Sherrington, 1984). Depending on the origin of the explant tissue, some 

callus cultures are found from first initiation to have the regeneration 

capacity for somatic embryos. For the initiation of embryogenic cells 

or somatic embryos, cultures as usually grown in the presence of an 

auxin and then subcultured to a medium containing a reduced auxin 

concentration or without any auxin concentration. 

Evans et al. (1981) explain the redetermination of differentiated 

cells to the embryogenic pattern of development by using the concept of 

Induced-Embryogenic Determined Cells (lEDCs). Evidence exists that the 

auxin or auxin/cytokinin concentration in the primary culture medium or 

conditioning medium is not only critical to the onset of mitotic 
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activity in non-mitotic differentiated cells but to the eoigenetic 

redetermination of these cells to the embryogenic state of development. 

The auxin used, 2,4-D. elicits a response at the translational level 

during primary culture. Subsequently, an additional response at the 

transcriptional and translational levels occurs shortly after subculture 

onto a secondary or induction medium. 

Key Variables 

Explants. For Daucus carota (Ammirato, 1983), many parts of the 

plant body taken at any time of development have produced somatic 

embryos in culture: excised embryos, hypocotyl, young roots, taproots, 

petioles, peduncles, and protoplasts. However, genotypic variation 

exists for somatic embryos within the species. 

For most species, only certain regions of the plant body may 

respond in culture (George and Sherrington, 1984). Immature embryos 

have been used in many species. Floral or reproductive tissue, in 

general, has proven to be an excellent source of embryogenic material, 

e.g., ovules and peduncles. In summary, embryogenic, meristematic, and 

reproductive tissues appear to have a propensity for embryogenesis. The 

physiological state of the plant from which the explant is taken is also 

important, as is the season during which material is removed. 

Tisserat et al. (1979) concur that the type of explant and specific 

associated physiological qualities are the most significant determinants 

of embryo initiation, while the in vitro environment acts primarily to 

either enhance or repress the embryogenic process. That is, the cells 

that undergo embryo initiation are predetermined, and their subsequent 
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exposure to exogenous growth regulators simply allows embryogenesis to 

occur. 

Endogenous auxin. Embryogenesis may be stimulated by the 

regulation of endogenous auxin levels. Chourey et al. (1973) reported 

that cultured cells had reduced edogenous auxin contents after they had 

been irradiated. Callus derived from protoplast cultures of Citrus 

treated with half lethal dose of X-ray has been found to produce embryos 

more freely on media without auxin than callus derived from 

nonirradiated tissue. 

Culture medium. Differentiation of the primary embryogenetic cells 

appears to be predominantly controlled by the level of auxin (George and 

Sherrington, 1984). Auxin at concentrations necessary to initiate cells 

capable of formation of somatic embryos and/or to promote the initial 

formation of somatic embryos may be inhibitory to further embryoid 

development. 

When embryoid development is inhibited (George and Sherrington, 

1984), the division of cytoplasmically-dens proembryoidal cells 

continues, and they form globular cell clumps which have been described 

as embryogenic clumps, spherical meristems, nodules, or pseudobulbils. 

Embryos have been induced to form and develop into well organized 

structures or even plantlets in a single medium. This may occur because 

the effective concentration of the auxin growth regulator is reduced 

through metabolism or adsorption within the tissue. 

It has been reported that a supply of reduced nitrogen, 

specifically the ammonium ion, is necessary for embryogenesis to occur 

in callus cultures (George and Sherrington, 1984). For embryogenesis in 
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carrot cultures, Wetherell and Dougall (1976) have shown that in a 

medium containing potassium nitrate, reduced nitrogen in the form of 

ammonium chloride matched the effectiveness of an equivalent 

concentration of nitrogen from casein hydrolysate. Casein hydrolysate 

could be replaced by glutamine, glutamic acid, urea, or alanine. 

Culture maintenance time. The differences in the embryogenic 

potential of the explants might be epigenetically determined by the 

level of the natural growth substances in the cells. Galston and Davis 

(1969) found cell auxin content declined during the aging of cultures 

and that aging appears to be effective in restoring embryo formation in 

embryogenic Citrus callus. Long-term cultures on high auxin medium 

usually arrests the development of the embryos, resulting in a loss of 

embryogenic capability. 

Embryogenic callus of some species can continue to give rise to 

somatic embryos during many subcultures over long periods (George and 

Sherrington, 1984). Sometimes the number of embryos produced rises 

during the first few passages and then slowly falls. If the callus is 

continually on the same medium, the ability to form somatic embryos may 

eventually be lost completely. 

Embryogenesis From Callus Culture of Onion 

Somatic embryogenesis of Â . cepa has been obtained from callus 

derived from the following explant sources: 1) seedling radicle (Dunstan 

and Short, 1978; Phillips and Luteyn, 1983), and 2) aerial bulb 

(Fridborg, 1971). Callus induction and embryo formation of 

interspecific F, hybrids has been described by Phillips and 
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Hubstenberger (1987). Plant regeneration and somatic embryogenesis from 

callus culture of nonbulbing onions. Â , fistulosum Japanese bunching 

onion and ^. fistulosum x _A. cepa Beltsville Bunching, were induced by 

Shahin and Kaneko (1986). 

Future Prospects 

Substantial populations of somatic embryos can be raised in small 

volumes of liquid medium. Somatic embryogenesis could then be used for 

large-scale clonal propagation (Ammirato, 1984). However, the 

maintenance of chromosomal and genetic integrity is essential if the 

goal is clonal reproduction. Hussey and Falavigna (1980) have 

investigated this possibility and found that regenerants are generally 

of multicellular origin which essentially decreases the unfavorable 

effect of spontaneous mutation in culture. A mutation is a single cell 

event. Therefore, with cells involved in the formation of a new 

meristem, there is a smaller chance of a mutant cell developing into a 

significant volume of tissue in the resulting shoot. Hence, axillary or 

adventitious buds which have not passed through a callus stage are 

probably preferable for clonal propagation (Hussey and Falavigna, 1980). 

Conversely, somaclonal variation that has arisen spontaneously 

appears to have tremendous potential for producing novel and useful 

varieties. Theoretically (Ammirato, 1984), it should be possible, to 

initiate and maintain suspension cultures, if embryogenic callus can be 

obtained. Embryogenic suspension cultures present an excellent tool for 

both theoretical studies and practical applications. For example, 

selection schemes with embryogenic cultures have given rise to 



18 

temperature sensitive carrot variants for studies of differentiation 

(Breton and Sung, 1982) and stable salt-tolerant Citrus embryos and 

plants (Kochba et al., 1982). 

Genetic Instability 

A study on genetic variability of tissue culture has become a major 

subject of these investigations because it is the understanding of the 

causes and mechanisms of somaclonal variation which will enable us to 

choose culture procedures resulting in maximum variability or in genetic 

stability (Novak et al., 1986). Allium tissue cultures are genetically 

unstable, as are tissue cultures of most other plant species (Roy, 1980; 

Yamane, 1975). 

The rate of reproduction in Allium cepa (2n=16) long-term callus 

culture is significantly slower than that in intact meristems (Sekerka 

and Murin, 1977). A mitotic cycle time of 68 hours was recorded in 

culture, while in intact meristems the mean cycle time was 13.5 hours. 

To study the cytological effect of cytokinin in callus culture, the 

dependence of hormonal composition of the culture medium was reported by 

Nandi et al. (1977) in Allium cepa var. proliferum. Almost 100% diploid 

was observed when 2iP was used in the medium. Mixoploid root tips were 

found in the control series (i.e., without added cytokinin and NAA). 

Although chromosomal instability in vitro may be influenced by the type 

of explant from which the callus originated, cytokinin may promote root 

formation and growth by favouring and accelerating normal mitosis. 

High chromosome numbers and few chromosomal aberrations of the 

eighteen month-old callus of Â . cepa were reported by Roys (1980). 

Callus was derived from the basal disc explants grown in B̂ . ,. 
^ b medium 
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supplemented with 1.0 mg/1 2,4-D. The adaptation of the cells in the 

new environment in ^. cepa was achieved by the multiplication of the 

basic chromosome set. i.e.. by polyploidy. 

Wider variation of chromosome number from 8 to 72 was found in 

callus cells of ^. cepa (Yamane, 1975). The medium used in this study 

was modified White s basal medium supplemented with 2 mg/1 IAA, 2 mg/1 

2.4-D. 0.8 mg/1 kinetin and other organic compounds. Of 40 cells 

observed, one had the normal diploid number of 16 chromosomes, nine 

showed the haploid, while the rest of the 30 had higher chromosome 

numbers, and one was found to be nonaploid (2n=72). The result 

indicates that calluses of A. cepa tend to become aneuploid, producing 

haploid, heteroploid or polyploid cells. 

The most recent review of the literature indicated that species of 

the genus Allium are polysomatic species characterized by 

endopolyploidization in the course of tissue differentiation (Novak et 

al., 1986). Due to endopolyploidization, the initial explant may 

already contain polyploid cells which may participate in the development 

of a karyologically heterogeneous population. 

Chromosome structural changes in callus culture have been noted. 

Genetic instability may be due to chromosomal aberrations, e.g., 

translocations, deletions, inversions, acentric and centric fragments 

(Novak et al., 1986). Methods of differential staining of chromosomes 

suitable for studying the changes in question were developed using 

banding techniques for Allium cepa by Novak et al. (1986). Sekerka and 

Murin (1977) observed changes in chromosome length and centromere 

position in diploid cells of Allium cepa cell culture. 

\ 
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Genetic instability may also be due to other mechanisms, e.g.. 

somatic cross-overs, gene aplification or diminution, sister chromatid 

exchange (SCE) or transporable elements (Larkin and Scowcroft, 1981). 

Because of its superior sensitivity and ease of scoring, the SCE test 

has been widely used for the detection of mutations. A correlation has 

been found between chemicals that induce SCEs and those that cause 

mutations (Abe and Sasaki, 1982). The study of sister chromatid 

exchange in plant cells cultured in vitro may be helpful for the study 

of their genetic instability. 

Somaclonal Variation 

Somaclonal variation - variation originating in cell and tissue 

cultures (Larkin and Scowcroft, 1981), may be of value in crop 

improvement. Several recent reviews have discussed many of the 

published reports of somaclonal variation (Evans and Sharp, 1986; Evans 

et al., 1984; Scowcroft et al., 1983; Orton, 1984). In the major crop 

plants, rice, wheat, maize, barley, triticale, sugarcane, potato, and a 

few grasses, a large number of reports of somaclonal variation have been 

published. 

Reported somaclonal variants include chlorophyll-deficient plants, 

and those with changed morphology, single-gene mutations, polyploidy, 

aneuploidy, chromosomal rearrangements, modified yield, quality and 

disease resistance, and occasionally novel variants not present in the 

natural gene pools. In contrast to spontaneous mutations in vivo, in 

vitro generated variation seems to occur more frequently and is detected 

more easily because variants can be readily noticed in a limited space 

and in a short time (Ahloowalia, 1986). Hence, somaclonal variants can 
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be detected more frequently in cell cultures than jjl vivo derived 

mutations in field grown populations. 

Somaclonal variation will be of limited use if the variation 

generated is far removed from that intended or required or is too 

drastic and involves changes inn several characters. Other limitations 

to the use of somaclonal variation are imposed by the type and frequency 

of variation, and by the unwanted variation. Moreover, synergistic 

effects and associated changes in other characters may result. 

Kinds of Variation 

Albinos, chlorophyll-deficient and defective variants are the most 

frequently observed and most easily detected variants, e.g., in ryegrass 

(Torello and Symington, 1984), red fescue (Torello et al., 1984), maize 

(Cowley et al., 1984). Such variants, for obvious reasons, are of no 

value in plant breeding. 

Chromosomal changes may involve changes in chromosome number and 

structure, i.e., polyploid, aneuploidy, translocation, deletions, 

inversions, and perhaps duplications. Presence of polyploid and 

aneuploid plants and cells in tissue cultures has been recorded in 

nearly all crops (Ahloowalia, 1983). Extreme cases were the presence of 

haploid plants recovered in the SC4 generation in wheat (Ahloowalia and 

Sherrington, 1985). Changed chromosome numbers result in genomic 

instability and add to the problems of cross incompatibility between the 

diploid and the polyploids which are frequently obtained among 

somaclones. 
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Variation in quantitative characters such as grain yield, short 

height, pollen fertility and protein content have been reported in 

several crops. The limitation on the use of such somaclonal variation 

has been primarily due to a combination of synergistic effects on other 

characters, and often because of unstable expression of changed 

characters in different environments and genetic backgrounds 

(Ahloowalia. 1986). 

Single gene mutation has been the least reported among the 

somaclones and not pursued for genetic analysis. Evans and Sharp (1983) 

reported 13 different single gene mutations among 230 regenerated plants 

in tomato. These mutations were verified in the subsequent generations 

and involved both recessive and dominant mutations. 

Novel variations either do not exist in heterozygous plants or are 

hard to find in the natural gene pools, e.g., variants for herbicide 

resistance, such as glyphosate resistance in tobacco and atrazine 

resistance in corn (Ortonn, 1984). Other variants, which have little or 

no selective advantage or have low survival and fecundity, hence have 

been observed rarely in germplasm, may also be included in this category 

of somaclonal variation, e.g., headless variant in ryegrass and 

spontaneous haploids in wheat. Such variation has yet to be explored 

for its use in plant improvement. 

In mutagenesis, each type of variant normally has a fixed 

frequency. It would seem that there must be some sort of order and 

frequency with which variation would be expected among the somaclones 

(Ahloowalia, 1986). It is necessary to know the frequencies of 
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different variants and establish selection procedures at the cell and 

plant level wherever specific variation is wanted, e.g., for herbicide, 

salt, stress, phytotoxin and metal tolerance. It is essential to 

establish complete expression and stable transmission through successive 

generations and subsequent propagation of somaclonal variants. 

Critical Variables 

Four conditions such as genotype, explant source, duration of 

culture, and culture conditions all appear to be critical in Allium as 

these factors influence both the ability to regenerate plants and the 

frequency of plants produced (Evans and Sharp, 1986). Somaclonal 

variation appears to be the result of both pre-existing genetic 

variation that is expressed in regenerated plants and cell culture-

induced variation that is induced by the process of culturing explants 

(discussed earlier in embryogenesis section). If a variable relating to 

cell culture or genotype influences either of these sources of 

variation, it can alter the frequency of somaclonal variation. 

D Amato (1978) has stated that, based on nuclear genetic 

differences between differentiated cells and genetic phenomena occurring 

during the first few mitotic divisions of callus formation, most 

explants comprise a heterogeneous cell population. Chromosome mosaicism 

has been found in many studies on somaclonal variation. 

The genotype of plants used for somaclonal variation is an 

important variable. Genotype can influence both frequency of 

regeneration and the frequency of somaclones. These factors are most 
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evident in potato where a larger number of cultivars have been examined 

in several laboratories. Gunn and Shepard (1981) found differences in 

the number of plants regenerated from two cultivars of potato using 

identical conditions. 

The source of explant has been considered most often as a critical 

variable for somaclonal variation. Work with geranium (Ferlagonium 

spp.) has demonstrated that explant source is critical for recovery of 

somaclonal variants (Skirvin and Janick, 1976). Variants were recovered 

from in vivo root and petiole cuttings, but not from stem cutting of 

geranium. Similarly, it has been well documented that in cultivars of 

sugarcane (Saccharum spp.) that are chromsome mosaics, propagation by 

stem cuttings can result in plants with variable chromosome numbers 

within and between plants (Liu, 1981). In addition, since not all 

explants are equal in terms of regenerability, it is likely that 

different selective pressures may be exerted against different explants. 

This could result in different frequencies and spectra of somaclonal 

variation among plants from different explants. 

Chromosome number variation has been reported for many established 

plant cell culture (Bayliss, 1980). This variation in chromosome number 

is influenced by several factors: 1) pre-existing chromosome mosaicism 

in plants used for culture condition, 2) nuclear fragmentation 

associated with first cell division of callus initiation (Cionini et 

al., 1978), 3) endoreduplication or endomitosis occurring during culture 

initiaton (D Amato, 1978), and 4) abnormalities of the mitotic process 

resulting in aneuploid cells. While there is evidence that chromosome 
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stability can be achieved in long-term cell culture (Evans and Gamborg, 

1982), it is widely accepted that most long-term cultures are 

chromosomally variable. 

It has been known for several years that growth regulator 

composition of the culture medium can influence frequency of karyotypic 

alterations in cultured cells (Bayliss. 1975). The growth regulator 

2,4-D has been most frequently considered to be responsible for 

chromosome variability (Singh and Harvey, 1975). A high concentration 

of 2,4-D was associated with increased variability among regenerated 

Hordeum plants (Deambrogio and Dale, 1980). Similarly, use of 2,4-D in 

place of NAA in culture medium for potato also increased the frequency 

of abnormal plants (Shepard, 1981). 

Isozyme Analysis 

Electrophoretic variations have been reported for several isozymes 

of carrot cells grown in embryogenic and nonembryogenic media (Lee and 

Dougall, 1973). Greatest differences were observed in the pattern of 

glutamate dehydrogenase (1 glutamate:NAD oxidoreductase), which was 

represented by only slowly migrating bands in the embryogenic cells 

while the nonembryogenic cells had additional faster migrating bands. 

An embryogenic line of Shamouti orange callus (Kochoa et al., 1977) 

showed a sudden upsurge of embryos. A particularly interesting finding 

was that at the time when the rise in activity was underway, a new band 

specific to the embryogenic cell line was also detected in the isozyme 

profile. The pattern of enzyme changes during embryogenesis remains 



26 

obscure. The small amount of evidence abvailable suggests that isozyme 

changes in glutamate dehydrogenase are altered with accelerated nitrogen 

metabolism in the embryogenic cells. 

Metabolic patterns in calluses may be modified during culture. The 

isozyme patterns of several proteins in Phaseolus vulgaris changed 

during a growth cycle (Yeoman and Forche, 1980). Glutamate 

dehydrogenase changed from a pattern of five to a single electrophoretic 

band after subculture and then gradually returned to five toward the end 

of the culture period (Arnison and Boll, 1974). 

Several isozyme markers of Â . cepa, Â . fistulosum, and their 

interspecific hybrids have been established (Peffley, 1985). Selectable 

genetic variability and stability are essential in the subsequential 

breeding program for the improvement of onion. Isozyme markers offer a 

means to identify variation existing at the molecular level without 

relying on morphological markers. Four isozymes were used in this 

study: Adh, Idh, Pgm, and Pgi. 

Based upon the literature reviewed, the callus culture of ^. cepa, 

A. fistulosum and interspecific hybrids has been achieved. However, 

regeneration of callus culture is still difficult. This study 

concentrated on the establishment of a long term callus culture system 

which included callus induction, maintenance, regeneration and 

subsequently cytogenetic analysis and isozyme analysis. 



CHAPTER III 

MATERIALS AND METHODS 

Genetic Materials 

Plant materials used in this study included Â . cepa cvs. 'New 

Mexico Yellow Grano' (NMYG) and 'Temprana;' _A. fistulosum cvs. 'He-Shi-

Ko,' 'Formosa Bunching No. 1,' Ishokura Long White;' the interspecific 

F^ hybrid genotypes (̂ . fistulosum x Â . cepa) generated in previous 

studies: 'Formosa Bunching' x 'NMYG' (population 1 ) . 'Ishikura Long 

Whhite' X 'NMYG' (Population 2 ) . 'Bunching No. 1' x 'NMYG' (Population 

3 ) . 'Algara Bunching' x 'NMYG' (Population 4) as listed in Table 1; and 

^. cepa X _A. fistulosum amphidiploid 'Beltsville Bunching.' Germinating 

mature seeds or one-month-old seedling radicle used in this study were 

A. cepa cv. 'Temprana;' _A. fistulosum varieties 'He-Shi-Ko,' 'Bunching 

No. 1,' 'Formosa Bunching' and 'Ishikura Long White;' and 'Beltsville 

Bunching.' 

Six genotypes from interspecific F^ hybrid Population 1, Severn 

genotypes from Population 2, eight genotypes from Population 3, and four 

genotypes from Population 4, titaling 25 F^ genotypes and 279 bulbs were 

cultured (Table 1 ) . 

In Vitro Techniques 

Explant Selection 

Experiment 1: 

Various plant parts (Figure 1) from different Al1ium sources (Table 

2) were used inn an initial callus induction experiment. Explants were 

27 
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Table 1. Interspecific F^ hybrid pedigrees. 

POPULATION 

1 

2 

3 

4 

GENOTYPE 

82-7-1 

82-7-3 

82-7-5 

82-7-9 

(1) 
(5) 
(9) 

(10) 
(13) 
(14) 

(20) 
(30) 
(34) 
(45) 
(47) 
(48) 
(50) 

(5) 
(11) 
(14) 
(18) 
(20) 
(22) 
(35) 
(43) 

(1) 
(4) 
(7) 
(8) 

A. fistulosum 

'Formosa Bunching' 

'Ishikura Long White' 

'Bunching No. 1' 

'Algara Bunching' 

A. cepa 

80-20-1 
selected from 
'NMYG' 

80-20-1 

80-20-1 

80-20-1 
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SELECTION OF EXPLANTS 

INFLORESCENCE 

SCALES -
NEW LEAF 
MERISTEM TIP 
BASAL PLATE 
ROOT— 

Figure 1. Explant sources from onion plant 
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Table 2. Explant sources of Allium materials response to the callus 
medium containing 0.75 mg/1 picloram and 2.00 mg/1 BA. 

Explant Source Allium Source Response 

Leaf Scale A. cepa 'NMYG' Swollen and fast-growing 
Fj hybrids scale tissue but no 
'Beltsville Bunching' callus formed 

New Leaf A. cepa 'NMYG' Swollen and fast-growinng 
T, hybrids leaf tissue but no 
'Beltsville Bunching' callus formed 

Roots A. cepa 'NMYG' Slow growing callus 
"^BeTtWi 11 e Bunching' with anthocyanin 

Meristem Tip _A. cepa 'NMYG' Leaf primordia and 
'BeTtsVille Bunching' basal plate developed 

Basal Plate A. cepa 'NMYG' Firm, nodular, white-
F, hybrids yellow callus 
'Beltsville Bunching' 

Inflorescence Tissue F̂  hybrids Friable callus with 
'Beltsville Bunching' compact knobs 

white-yellowish 

Seedling Radicle Â . cepa 'Temprana' Compact callus with 
knobs . ̂  

A. fistulosum and protuberances with 
~ 'He-shi-Ko' mucilage covering, 

'Formosa Bunching' with glistening 
'Ishikura Long White' appearance 
'Beltsville Bunching' 
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taken from p lant mater ia ls to determine which por t ion provided a 

su i t ab le explant f o r ca l l us p r o l i f e r a t i o n . The explants used were: 

1 . Leaf sca les ; 0.5 x 0.5 cm outer and inner sca les . 

2 . New l e a f : basal 0.5 cm of the new lea f in the center of bu lb . 

3. Roots: 0.5 cm long newly-grown root conta in ing the r o o t - t i p . 

4 . Meristem t i p : the center part ins ide the bulb plus one or two new 

leaves. 

5. Basal P la te : a 0.5 x 0.5 cm block of stem t issue contain ing no 

discernable l ea f or root i n i t i a l s . 

6. Inf lorescence t i s s u e : receptable or unruptured immature umbels. 

7. Seedling r a d i c l e : germinating mature seeds. 

D i s i n fec t i on Procedure 

Dead t i ssue and outer scale leaves were removed from f ie ld-grown 

m a t e r i a l s . Bulbs, umbels, or seeds were s u r f a c e - s t e r i l i z e d by immersion 

in 70% alcohol f o r ten minutes and then in d i l u ted commercial bleach 

so lu t i on (50% sodium hypochlor i te) w i th s t e r i l e d i s t i l l e d water and 

detergent f o r ten minutes. Three r inses wi th s t e r i l e d i s t i l l e d water 

f o l l owed . 

Cul ture Condit ions 

Cultures were incubated at 25°C wi th 0 - , 1 2 - , or 24-hour l i g h t 

pe r iods . 
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Medium Comparisons 

Cultures were grown on Dunstan and Short's BDS medium (1977) (Table 

3) with different combinations of auxin and cytokinin sources, with or 

without 2.5 g/1 proline (Phillips and Hubstenberger, 1987), or with 

modified Shahin's vitamins [as used for potato protoplast culture by 

Shahin (1984): glycine 2.5 mg/1, folic acid 0.5 mg/1, and biotin 0.05 

mg/1], using solidifying agent either; 1) 0.2% Gel rite with or without 

additional 0.75 g/1 MgCl^, or 2) 0.8% Caroline Biological Brand Tissue 

Culture Agar. All media were adjusted to pH 5.8 with NaOH or HCl, 

autoclaved at 121 C. 1.05 kg/cm for 15 minutes and poured into either 

100 X 20 mm sterile polystyrene petri dishes or 25 x 95 mm shell vials. 

Ten experiments were conducted to select the optimum medium for callus 

induction, maintenance, and regeneration (Table 4 ) . 

Callus induction. Experiment 1 was designed to identify the 

responses of several explants on BDS medium containing 6-

bensylaminopurine (BA) at 2.0 mg/1 with 4-amino-3.5,6-trichloro-2-

trichloropicolinic acid (Picloram) 0.74 mg/1 (B14) (Table 4) (Phillips 

and Luteyn, 1983). Explants from bulbs of ^. cepa 'NMYG' and 

amphidiploid 'Beltsville Bunching' and seeds of Â . fistulosum, Â . cepa, 

and 'Beltsville Bunching' were cultured. Medium was solidified with 

0.8% agar. All the cultures were placed under 12-hour photoperiod as 

this was the optimum light period as described by Phillips and Luteyn 

(1983). 

Experiment 2: 

Experiment 2 compared the effect of 2,4-dichlorophenoxyacetic acid 

(2,4-D) and picloram to induce callus formation. Basal plate explants 



33 

Table 3. Levels of compounds in the BDS medium. 

COMPOUND WEIGHT/LITER MOLARITY 

CaCl^.H^O 

KNO3 

KH^NO^ 

NH^H^FO^ 

(NH^)2.S0^ 

MnS04.4H20 

ZnS0^.7H20 

CUSO^.SH^O 

KI 

C0CI2.6H2O 

^3^^3 

NaMo0^.2H20 

NaH2P0^.2H20 

Na^EDTA 

N ico t in ic acid 

Thiamine HCl 

Pyridoxine HCl 

Meso-inositol 

Sucrose 

Agar 

( g e l r i t e + MgC12) 

pH 5.8 

Dunstan and Short , 

150 mg 

2.53 g 

320.16 mg 

230.06 mg 

247 mg 

13.2mg 

2.0 mg 

0.0039 mg 

0.75 mg 

0.025 mg 

3.0 mg/1 

0.25 mg 

27.85 mg 

37.25 mg 

1.0 mg 

10 mg 

1.0 mg 

100 mg 

30.0 g 

8.00 g 

(2 .00 g + 0.75 g) 

1977. 

1.02 mM 

25.02 mM 

4.0 mM 

2.0 mM 

1.00 mM 

0.045 mM 

6.95 mM 

0.1 /uM 

4.52 /JM 

0.105 pM 

0.049 JUM 

1.03 yuM 

0.1 juM 

0.1 juM 

8.1 yuM 

0.03 /JM 

4.9 JuM 

1.8 pM 

0.088 M 
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Table 4. Callus induction, maintenance and regeneration experiments. 

Ex^ GENO-^ EXPLAN^ C.C.^ SOLID^ IRON" MEDIUM USED^ DATE 

Callus Induction 
17 

2. 
3. 
4. 

"IT" 
BB 
AF 
AC 

xn— 
All 
Seed 
B.P. 
B.P. 
IN FLO 

12H AGAR/G 

12H 
12H 
Dark 
Dark 

Callus Maintenance 

TTBF) 5. 

6. 

^ 

1 

7. F 
1 

C(BP) 

C(BP) 

Dark 

Dark 

Dark 

Callus Regeneration 
M 8. 
AF 

AF 
10. F̂  

C(S) 
C(BP) 

C(BP) 
C(S) 
C(I) 

G+MgCl« 
AGAR/G"̂  
G+MgCU 
AGAR '^ 

G+MgCl2 

G+mgClp 

G+MgCl2 

r2H G+MgCl 

0.1 B14 10-10-85 

0.5 
0.1 
0.5 
0.1 

0.5 

B11,B12,B13,B14 03-20-86 
B11,B12,B13,B14 11-23-85 
B13,B13P,B14,B14P 07-16-86 
B14,B14P,BV14,BV14P 11-24-86 

B14P,B16P,B17P, 09-05-86 
B18P,B19P,B35P 

0.5 B14,B14.5,B35.5, 10-22-86 
B35.5P,B35.6P,B36 

0.1/0.5 B14,B14A,B14B,B14P 11-08-86 

0.5 BS21,BS22,BS23,BS24 04-86 

Dark AGAR 0.1 B14,B14P,BV14,BV14P 12-18-86 
BSV24 

Dark AGAR 0.1 BSV21,BSV22,BSV23, 02-03-87 
BSV24 

z: Experiments 

y: Genotypes: 

x: Explants: 

w: 

u 

AC: Al1ium cepa 
AF: A. fistulosum 
F, : TTF X AC interspecific F, hybrids 
BB: Amphidiploid hybrid 'BeTtsville Bunching' 

B.P.: Basal Plate 
INFLO: Inf lorescence 
C(BP): Basal Plate-Derived Callus 
C ( I ) : In f lorescence-der ived Callus 

Cal lus c o n d i t i o n : 12-hour photoperiod 
Dark 

S o l i d i f i e d Agent: AGAR: 0.8% Carolina B io log ica l Brand Tissue 
Culture Agar 

G: 0.2% Ge l r i t e 
MgCl^: 0.75 g/1 MgCl^ 

I ron Source: 0.1 mM: 27.85 mg/1 FeSo. 7H 0 + 37.25 mg/1 Na EDTA 
0.5 mM: 253.19 mg/1 Fe-Na EDTA 

t : L is ted in Table 5 
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from Â . cepa were cultured on BDS medium containing BA at 2.0 mg/1 with 

0.14, 0.40, and 0.70 2m4-D mg/1 or 0.75 picloram mg/1. The iron source 

used as defined in the original BDS medium protocol is 0.1 mM Fe as 

FeSO^VH^O 27.85 g/1 and Na^ EDTA 37.25 mg/1. Media were solidified 

with 0.8% agar. All the cultures were placed under 12-hour photoperiod. 

Note on Iron Levels in Media: In experiments 1 and 2, the iron 

concentration used was 0.1 mM/1 as in the original BDS medium. In 

experiments 3, 5, 6, 7, and 8, Fe-Na EDTA 253.19 mg/1 as 0.5 mM Fe-EDTA 

was inadvertently substituted because of a miscalculation. Media were 

solidified with 0.2% Gelrite and 0.75 g/1 M g C K in these experiments. 

Experiment 3: 

Experiment 3 compared the effect of 2,4-D and picloram with or 

without proline during the callus induction stage. Basal plate explants 

of interspecific F̂  hybrids were placed on BDS medium containing 2.0 

mg/1 BA plus 0.70 mg/1 2,4-D or 0.75 mg/1 picloram with or without 2.5 

g/1 proline (B13, B13P, B14, B14P) (Table 5). General linear regression 

model statistical analysis determined differences in the effect of 2,4-D 

and picloram on interspecific F, hybrids basal plate derived callus 

induction and the effect of proline, among 25 genotypes from four 

populations at three culture conditions: 0-, 12-, or 24-hour 

photoperiods. 

Experiment 4: 

In experiment 4, the regeneration capacity as effected by callus 

induction media was compared by using media with or without proline and 
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Table 5. Addition of growth regulator, proline, and vitamins to BDS 
media (Dunstan and Short, 1977). 

CULTURE GROWTH REGULATORS 

MEDIUM 

Bll 
B12 
B13 
B13P 
B14A 
B14 
B14B 
B14P 
BV14 
BV14P 
B14.5P 
B16P 
B17P 
B18P 
B19P 
B35P 
B35.5 
B35.5P 
B35.6P 
B36 
BS21 
BS22 
BS23 
BS24 
BSV21 
BSV22 
BSV23 
BSV24 

* Shahin's 
Glycine 

PIC 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

1.50 
0.38 
0.20 
0.38 
0.20 
0.38 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

(1984) V 
J 2.5 

Folic acid 0.5 
Biotin 0.05 

2 

0 
0, 
0 
0, 

1. 
2, 
0, 

.4-D BA 
(mg/1) 

.14 

.40 

.70 

.20 

,00 
.00 
.50 

itamins 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
0.35 

0.35 

(mg/1): 

2iP 

0.32 
1.12 
2.24 

0.32 
1.12 
2.24 

PROLINE 
(g/'l) 

2.5 

2.5 
2.5 

2.5 
1.25 
2.5 
2.5 
2.5 
2.5 
2.5 

1.25 
1.25 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

VITAMINS* 

+ 
+ 

+ 
+ 
+ 
+ 

MgCU** 
-2—2 
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+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

** MgCl." 0.75 g/1 
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additional Shahin's vitamins (glycine, folic acid and biotin) (1984). 

Three unruptured, immature umbels of one genotype of interspecific 

hybrid Population 1 (refer to Table 1) were used. Each inflorescence 

was divided into four equal pieces and one piece was put onto each of 

B14, B14P, BV14 and BV14P media (Table 5). The media used in this 

experiment contained 0.1 uM iron and 0.8% agar. All cultures were 

placed in the dark. 

Callus maintenance and regeneration. Calluses were subcultured 

approximately every eight weeks. Shoots, shoot primodia, or dead tissue 

from explant during the callus induction phase were removed and 

discarded. The proliferating calluses were divided into two pieces, of 

which one was used for callus maintenance and the other for callus 

regeneration. 

Experiment 5: 

Experiment 5 continuted with auxin sources used in experiment 3. 

Picloram and 2,4-D in varying concentrations were used to evaluate 

callus maintenance and induce callus regeneration on the callus 

induction experiment 3 described earlier. At the first subculture, 

termed experiment 5, half of the callus was transferred onto the media 

containing higher or lower 2,4-D (0.50, 1.00, and 2.00 mg/1) or higher 

or lower picloram (0.38, 0.75, and 12.5 mg/1) all with 2.00 mg/1 BA 

(B13P, B14P, B16P, B17P, B18P, B19P and B35P) (Table 5). The other half 

of the callus was transferred onto one of the four regeneration media 

termed experiment 8, described later (Table 5). 
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Experiment 6: 

At the second subculture, termed experiment 6, decreased levels of 

picloram and proline were used (B14, B14.5, B35.5, B35.5P, B35,6P, and 

B36) (Table 5 ) . Callus was transferred from the media containing high 

concentrations of picloram (0.38, 0.75. or 1.50 mg/1) and proline (2.50 

g/1) to media containing the same or lowered concentration of picloram 

(0.20, 0.38. and 0.75 mg/1) with 0 or 1.25 g/1 proline. 

Experiment 7: 

Experiment 7 evaluated factorially the effect of solidifying agent 

and proline in callus culture. Four media containing 0.75 mg/1 picloram 

and 2.00 mg/1 BA with or without the combinations of proline (2.5 g/1) 

and with or without MgCl« (0.75 g/1) were used. Media were solidified 

with 0.2% Gelrite (B14. B14A. B14B and B14P) (Table 5 ) . 

Experiment 8: 

Experiment 8 tested the regeneration ability of callus from basal 

plate explants from different culture histories compared on identical 

shoot induction media. Half of the basal plate-derived calluses from 

experiments 3. 5. and 6 were transferred onto four regeneration media 

containing 0.03 mg/1 picloram in combintation with either 0.32, 1.28, or 

2.24 mg/1 2iP or 0.35 mg/1 BA (BS21, BS22, BS23 and BS24) (Table 5 ) . 

Calluses, after being transferred onto regeneration media, were moved 

into a 12 hour photoperiod. 

Experiment 9: 

Experiment 9 tested the effect of amino acids and vitamins on the 

cultures. The basic medium containing 0.75 mg/1 picloram and 2.0 mg/1 
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BA was modified in another attempt to improve callus culture testing the 

addition of proline (0.75 g/1) or Shahin's vitamins (glycine, folic acid 

and biotin). At the same time, a change was made by changing 0.5 mM Fe-

Na EDTA back to the original 0.1 mM Fe-EDTA as used in experiments 1 and 

2. Gelrite and MgCl« were replaced by agar. 

Experiment 10: 

In experiment 10, ten-week-old inflorescence-derived calluses from 

experiment 4 were transferred onto four regeneration media in a 4 x 4 

factorial experiment, (BSV21, BSV22, BSV23 and BSV24) (Table 5), all 

with Shahin's vitamins (glycine, folic acid and biotin). All media in 

this experiment contained 0.1 mM iron and 0.8% agar. Calluses on 

regeneration media were cultured in the dark. 

After regeneration was obtained, multiple shoots and embryos were 

transferred to sterile Magenta vessels or baby food jars containing 

either half or full strength basic BDS medium supplemented with or 

without auxin sources: 0.01 mg/1 picloram or 0.1 mg/1 IBA. Media were 

solidified with agar. After rooting and the second leaf was 

established, the plantlets were transferred to sterile soil-filled 

plastic commercial corsage boxes. Within one or two weeks until another 

new leaf appeared, the corsage boxes were opened gradually to decrease 

the humidity and acclimate the plants. Then the plantlets were moved to 

the greenhouse. At first they were heavily shaded, then gradually 

exposed to more normal lighting and ventilating conditions over a period 

of four to eight weeks. 
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Cytological Analysis 

Sixteen month-old callus of _A. cepa, which was rapidly 

proliferating, friable, translucent and white to yellow in color, was 

fixed in 3:1 enthanol:glacial acetic acid fixative, at 4°C for 24 hours. 

After fixation, the callus was hydrolyzed in 5.0 N HCl for ten minutes 

at room temperature and then stored in 70% alcohol. Callus tissue was 

cut into pieces as small as possible and squashed in acetocarmine. 

Chromosomes were viewed at metaphase stage. 

Isozyme Analysis 

Seven- and sixteen-month-old callus, roots which regenerated from 

callus directly, and roots from regenerated plants were assayed 

electrophoretically for alcohol dehydrogenase (ADH), isocitrate 

dehydrogenase (IDH), phosphoglucoisomerase (PGI), and phosphoglucomutase 

(PGM) enzymes (Vallejos, 1983). Interspecific hybrids from Â . cepa and 

Â . fistulosum parents can be identified by using these four isozymes 

loci (Peffley, 1985). 

A yery small amount of callus (>3 x 8 mm) or root tissue 

(approximately 2 or 3 sections of roots about 5 cm long) were taken and 

homogenized in 50 îl of 0.1 M pH 8.5 tris buffer reduced with 1 percent 

glutathione to pH 7.5 as after Vallejos (1983). Crude extracts were 

taken up into 3 x 8 electrophoresis paper wicks, and the wicks were 

inserted sequentially into a transverse cut 12 percent potato dextrose 

starch gel. Two gel buffers were used: tris-citrate pH 7.2 - 7.8, and 

histidone pH 6.8 - 7.0. The tank buffers used were boric acid pH 7.8 

and histidine pH 7.0. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

In Vitro Techniques 

Experiment 1: 

Explant Selection 

The responses of several genetic explant sources were tested in 

experiment 2 and are summarized in column 3 of Table 2. The quality of 

callus initially depended upon the explant source. The behavior of new 

leaf and scale explants (Figure 2} on callus medium was similar and did 

not produce callus. They swelled and grew fast in the first few days of 

culture, but no callus formed even when the explants were transferred to 

other media for several subcultures. 

Calluses from root explants were slow-growing, in addition, 

anthocyanin formed on the surface, giving the callus a red color. The 

developing leaf primordia, as well as swelling basal plate were induced 

when meristem-tip explants were placed on callus media. Some callus was 

produced from root and meristem-tip tissue. Most callus was induced 

from basal plate and inflorescence tissue, and seedling radicle with the 

latter giving the largest amount of callus (Figure 2 ) . Results were 

similar for the explants from different genetic materials. 

Since no seeds are available from the interspecific F^ hybrids, 

basal plate and inflorescence tissues were used. Inflorescence tissue 

is most desirable as a non-destructive source because the mother bulbs 

are left intact. However, the use of inflorescences is limited as they 

are available only once a year in the spring. Basal plates are 

available year round and thus provide a more consistent source of 
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A 
B 

D 

Figure 2. Callus from various explants of onion. 

A. Cell elongation and proliferation without callus formation 
from leaf scales. X 8 

B. Firm, nodular callus from basal plate. X 8 
C. Compact and protuberant callus with knobs from inflorescence 
D. Mucilage covering callus from seedling. X 8 
E. Friable twenty-month-old callus from basal plate. X 8 

X 8 

\ 
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As shown in Figure 2, basal plates yielded firm, nodular callus, 

white to yellow in color. Callus from inflorescence tissue was friable, 

with compact knobs and protuberances, also white to yellow in color. 

Callus from seeds or seedling radicles was compact, nodular and 

proturbent and was covered with a mucliage that gave the tissue a 

glistening appearance. 

A proportion of basal plate explants forming adventitious shoots 

increased on callus induction media during flower shoot induction season 

(December and January). Different responses of growth on the same 

medium in the same explants may be related to endogenous hormore levels 

that change with the time of year. 

Disinfection Procedure 

The basal plates are underground in the field surrounded by 

bacteria and fungi. Sterilization procedures from previous reports 

(Phillips and Luteyn, 1983; Dunstan and Short, 1977) were tried but 

clean materials could not be obtained. 

It was found that harvesting bulbs prior to irrigation instead of 

after irrigation decreased the growth of bacteria and fungi because 

there was less moisture in between the bulb scales (J. Hubstenberger, 

personal communication). The concentrations of bleach and time 

intervals for which explants were immersed in the solution were 

increased. Eventually, the explants were sterilized by using 70% 

alcohol and 50% bleach for ten minutes and allowed to dry in aseptic 

conditions for 24 to 48 hours before excision of the central portion for 
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placing onto the callus medium. Allowing the explants to dry in sterile 

conditions appeared to be a critical step to obtain almost 100% clean 

materials. 

Culture Conditions 

Different photoperiods had been used in previous investigations: 

Dunstan and Short (1977) kept cultures in the dark, Phillips and Luteyn 

(1983) used 12-hour photoperiod. The effect of light, 0-, 12-, or 24-

hour day length on callus induction was compared. In experiments 1 and 

2. Al. cepa calluses were induced and maintained under 12- and 24-hour 

photoperiods. In experiment 3. a different response of the plant 

materials from interspecific F̂  hybrids was found. Under 12- or 24-hour 

photoperiod, the explant surface turned brown and ceased to grow. In 

subsequent experimentation callus was initiated only in the dark. 

Experiment 2: 

Medium Comparisons 

Callus induction. To compare the effect of two auxin sources on 

the induction of callus, three levels of 2,4-D (0.14, 0.40 and 0.70 

mg/1) and one level of picloram (0.75 mg/1) with BA (2.0 mg/1) were 

tested in experiment 2. An auxin is generally required to be 

incorporated into the nutrient medium for the induction of callus from 

explants. 2,4-D and picloram were used as auxin sources because both 

were used in published protocol (Phillips and Luteyn, 1983). The 

experiments reported previously concluded that picloram is a suitable 
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auxin source for onion tissue culture and superior to 2,4-D for 

continued maintenance and friability of callus and subsequent 

regeneration of plants. Explants were basal plates of A. cepa 'NMYG'. 

After 4 weeks, the callus was separated from basal plate explants and 

transferred to fresh medium. 

Callus was induced by all treatments and began growing from the 

border or edge of the basal plate. It was found that the ratio of final 

fresh weight and initial weight increased as the 2,4-D concentration 

increased. The medium containing picloram yielded more callus than any 

2,4-D treatment as reported previously by Phillips and Luteyn (1983) and 

picloram was therefore selected as the auxin source for all subsequent 

callus cultures. 

Note on iron levels in media: The BDS medium of Dunstan and Short 

(1977) was originally formulated with 27.85 mg/1 FeSO^ 2H2O and 37.35 

mg/1 Na^ EDTA, i.e., 5.59 mg or 0.10 mM iron per liter. Fe-Na EDTA was 

substituted for this formula in the subsequent experiments 2, 3, 5, 6, 

and 8. The concentration of Fe-Na EDTA (253 mg/1, equivalent to 27.85 

mg/1 or 0.5 mM/ iron) was miscalculated and was approximately 5 times 

the strength of the original iron concentration. As Weinstein et al. 

(1951) suggested that toxicity can arise through a competition among 

EDTA, enzymes and other physiologically-active complexes, callus culture 

was inhibited significantly for these experiments. 

Experiment 3: 

After substituting the recommended iron level with the above 

mentioned supra-optimal iron source in all media, interspecific F. 
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hybrid basal plate explants were placed on callus induction media in 

experiment 3 (Table 4 ) . Some callus formed on the top or the border of 

the explants. but it was not as healthy as the callus induced on the 

original BDS medium (0.1 JJM iron) which was faster growing. After 

several weeks, some of the explants turned brown, stopped or kept 

growing very slowly. Adventitious rooting, with or without root hairs, 

took place on approximately 10% of the explants. 

The percent of explants showing callus induction in experiment 3 

determined after 4 weeks. Data were analyzed statistically by using 

general linear regression and analysis of variance. No significant 

differences were found due to the high experimental error within 

population. No differences in percent callus formed for genotypes 

within population or between populations were detected. Optimum growth 

of interspecific hybrid callus tissue was obtained on B14P medium (Table 

5 ) . In populations 1,2, and 3, the media containing proline (B13P and 

B14P) responded with higher percentages of callus formation than the 

media containing the same auxin source without proline (B13 and B14). 

The media containing picloram either with (B14P) or without proline 

(B14) induced a higher percentage of callus formation than the media 

containing 2,4-D with (B13P) or without proline (B13P) for Populations 

1, 2, and 3. The highest percentage (96%) of callus formation was for 

Population 3 cultured on medium containing picloram and proline (B14P). 

The callus induction rate was much lower than the amount obtained from 

experiments 1 and 2, probably because these four media contained five 

times strength iron source (0.5 mM Fe-Na EDTA). 
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Experiment 4: 

Experiment 4 tested the effect of proline and Shahin's vitamins 

(1984) in the media on callus induction for a single genotype. 

Inflorescence tissue of [82-7-1 (3)] was induced on four different media 

B14, B14P and BV14P) (Table 5 ) . Calluses from four callus induction 

treatments were analyzed statistically but did not appear to differ 

quantitatively and qualitatively. 

Experiment 5: 

Callus maintenance and regeneration. Since low levels of callus 

induction occurred in experiment 3 because of the high iron 

concentration, different media were tested to improve the growth of 

callus in experiment 5. Callus used in experiment 5 was established in 

experiment 3. Three levels each of picloram at 0.38, 0.75, and 1.50 

mg/1 (B14P, B19P and B35P) and 2,4-D at 0.50, 1.00, 2.00 mg/1 (B16P, 

B17P and B18P) (Table 5) were tested. Callus was rated on a 0 to 5 

scale indicated from dead to best callus formation after four weeks. 

None of the media produced more callus than those used in experiment 3. 

The growth of callus was not enhanced by altering the auxin 

concentration. 

Experiment 6: 

Calluses from experiment 5 were transferred to each of media 

containing 0.20, 0.38, and 0.75 mg/1 picloram, 2.0 mg/1 BA, with or 

without 1.25 g/1 proline (B14, B14.5P, B35.5, B35.5P, B35.6P and B36) 

(Table 5 ) . Callus stopped growing and died gradually on those media 

containing the decreased auxins and proline. The results of experiments 
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5 and 6 showed that callus maintenance was not improved either by the 

changes in auxin and proline concentrations, or by combinations. 

Experiment 7: 

MgCl„ was used as a solidifying agent with gelrite in experiments 

3, 5, and 6. In fact, the adding of MgCl« as a solidifying agent with 

gelrite was used in bacterial culture. To compare the effect of MgCK 

and proline, a factorial experiment (7) with four media was performed 

using established proliferating calluses derived from experiment 3. The 

growth of callus rated on a 0-5 (as in experiment 5) scale was greater 

from the media with proline (B14P and B U B ) than the media without 

proline (B14 and B14A) Growth was slowed in all media with MgCl^* 

Growth was slightly stimulated after the deletion of MgCl^. This 

experiment revealed that when MgCl« was used in media for callus 

induction and maintenance growth was inhibited. Callus growth rate was 

enhanced by proline and the deleterious effect of MgCl^ was apparently 

overcome by proline. 

Experiment 8: 

Half of the calluses from experiments 3, 5 and 6 were transferred 

to the four regeneration media in experiment 8. All the calluses 

transferred onto regeneration media to induce regeneration were put 

under 12-hour photoperiod. All the cultures stopped growing and turned 

brown under light conditions. Some adventitious root or root primordia 

formed and died slowly, presumably due to the interaction of high iron 

concentration and light environment. Temperatures at this time in the 

lab varied from 25 - 33°C. Those grown at 33°C appeared to stop growing 

and turned brown, those grown at 25°C appeared slow growing. 
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Experiment 9: 

Experiment 9 investigated the effect of vitamins with or without 

proline on 2 media: 0.75 mg/1 picloram and 2.0 mg/1 BA and 0.03 mg/1 

picloram and 2.24 mg/1 2iP. The other half of the calluses from 

experiment 8 from different culture histories and the survived calluses 

of experiment 5, 6, and 7 were transferred onto five media, BSV24, B14, 

BV14, or BV14P (Table 5 ) . MgCl^ was omitted from all the media because 

of the results of experiment 7, whole the declined iron source of 0.1 

mM/1 was used. All media were solidified with 0.8% agar as in initial 

experiments 1 and 2. All cultures were kept in the dark at 25°C in a 

controlled temperature incubator which provided a more stable 

environment than the open shelves in the laboratory. 

The result of experiment 9 is shown in Table 6. Callus growth rate 

increased visually and shoots regenerated within 3 weeks after the 

reduction of iron concentration and the deletion of the MgCK in the 

above media. In each of the media without proline, some calluses ceased 

to grow and turned brown. Other calluses, however, started to 

proliferate on the same media without proline with or without vitamins 

(B14 and BV14). The callus growth rate was stimulated much higher on 

the medium containing proline (B14P) than on the media without proline 

(B14 and BV14). The results showed that proline enhanced the growth of 

callus. Green and white adventitious roots, with or without root hairs, 

also occurred occasionally. Data on this experiment was not taken 

because of the difficulty in obtaining measurable parameters. 

Conclusions on the comparison of these four media were drawn from visual 

comparison. 
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Firm, nodular calluses established in experiments 5. 6. and 7. 

approximately 5-25 mm in diameter, were transferred onto each of the 

media. After 4 weeks, vigorous embryos were induced and had expanded 

all over the media containing both proline and vitamins (BV14P and 

BSV24). 

Ten genotypes were cultured on BV14P. Six out of ten genotypes 

[82-7-1 (10), 82-7-1 (14). 82-7-3 (30), 82-7-3 (45), 82-7-5 (14) and 82-

7-5 (20] regenerated embryos regardless of their culture histories, 

e.g., 82-7-1 induced from 2,4-D media (B13P--B17P--BV14P) and from 

picloram medium (B14P--B19P--BV14P). Embryos from 82-7-3 (45) were 

induced from picloram (B14P—B19P--B35.5--B14.5—BV14P0 and (B14P—B19P-

-BV14P) media. Three out of thirteen genotypes regenerated embryos on 

BSV24 medium, one from 82-7-3 (45), one from 82-7-5 (14) and one from Â . 

fistulosum Bunching No. 1 (Table 6). The other genotypes died from 

contamination or unexplained causes. 

The results revealed that the capacity of somatic embryogenic 

regeneration was genotype dependent. Apparently, there are not four _A. 

fistulosum parents but individual genotypes were different because the 

somatic embryogenesis was induced from four investigated populations. 

In genotypes from each population, embryos were regenerated. The 

genotypic effect therefore is not solely due to the ^. fistulosum 

parent. Those genotypes that grow vigorously in the field are also good 

regenerant genotypes in culture. 

These results support the reports (George and Sherrington, 1984) 

that a supply of reduced nitrogen is necessary for embryogenesis to 
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occur in callus culture. The results of experiment 9 (Table 7) 

indicated that the combination of proline and vitamins stimulated 

embryogenesis. Although this result came from media with different 

auxin and cytokinin levels (0.75 mg/1 picloram and 2.0 mg/1 BA or 0.03 

mg/1 picloram and 2.24 mg/1 2iP) they (BV14P and BSV24) both contained 

proline and vitamins. The combination of B vitamins and proline is 

apparently highly favorable to embryogenesis from basal plate-derived 

callus. Shahin's vitamins profited potato protoplast culture, and also 

increased the regeneration potential of onion callus culture in this 

study. 

Patterns of plant regeneration. Somatic embryos, organogenic 

shoots, roots with chlorophyll or root hairs were induced 

simultaneously. Most regenerated plants from BSV24 and BV14P media 

developed from somatic embryos rather than organogenesis, following a 

pathway similar to that of germinating seedlings. The structure formed 

on the BV14P or BSV24 media via somatic embryogenesis were identified by 

two criteria. Firstly a bipolar structure developed (Figure 3), 

followed by a cotyledon, then cotyledonary sheath growth and subsequent 

adventitious root development. Secondly, embryoids developed into 

shoots and roots simultaneously directly on regeneration medium without 

another subculture on other media. 

Embryoids formed from basal plate-derived callus of interspecific 

F hybrids were subcultured from BV14P medium in petri dishes onto half-

strength BDS medium in flasks or Magenta jars for plantlet development 

(Figure 4 ) . When left on the BV14P medium, embryoids still developed 
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Table 7. Cul ture h i s t o r i e s of embryogenesis from i n t e r s p e c i f i c F, 
hybr id basal p la te -der ived ca l lus (Exo 9 ) . 

GENOTYPES PREVIOUS HISTORY 

82-7-3 (45) from (0.75) pic + (2.00) BA + 2.5 g/1 proline"^ 
to (1.50) pic + (2.00) BA + 2.5 g/1 proline 

to (0.20) pic + (2.00) BA 
to (0.75) pic + (2.00) NA + 1.25 g/1 p ro l ine 
to (0.03) Pic + (2.24) 2iP + 2.5 g. l p ro l ine + V 

82-7-5 (14) from (0.70) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (2.00) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (0.38) Pic + (2.00) BA + 1.25 g/1 pro l ine 
to (0.03) pic + (2.24) 2iP + 2.5 g/1 pro l ine + V 

82-7-5 (14) from (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine 
to (0.38) pic + (2.00) BA 
to (0.03) pic + (2.24) 2iP + 2.5 g/1 pro l ine + V 

A. f i s t . from (0.70) 2,4-D + (2.00) BA 
~ to (0.38) Pic + (2.00) BA 

to (0.38) Pic + (2.00) BA + 1.25 g/1 pro l ine 
to (0.03) pic + (2.24) BA + 2.5 g/1 pro l ine + V 

82-7-1 (10) from (0.70) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (2.00) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine + V 

82-7-1 (10) from (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine 
to (1.50) pic + (2.00) BA + 2.5 g/1 pro l ine 
to (0.75) Pic + (2.00) BA + 2.5 g/1 pro l ine + V 

82-7-3 (30) from (0.70) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (1.00) 2,4-D + (2.00) BA + 2.5 g/1 pro l ine 
to (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine + V 

82-7-3 (45) from (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine 
to (1.50) pic + (2.00) BA + 2.5 g/1 pro l ine 
to (0.20) Pic + (2.00) BA 
to (0.75) pic + (2.00) BA + 1.25 g/1 pro l ine 
to (0.75) Pic + (2.00) BA + 2.5 g/1 pro l ine + V 

82-7-3 (45) from (0.75) Pic + (2.00) BA + 2.5 g/1 pro l ine 
^^ ^ ^ ^ > ^0 (1,50) pic + (2.00) BA + 2.5 g/1 p ro l ine 

to (0.75) pic + (2.00) BA + 2.5 g/1 pro l ine + V 

z : p ro l i ne 1.25 or 2.5 g/1 

V Shahin's vi tamins (1984): . ^ «r 
g lyc ine 2.5 mg/1 ; f o l i c acid 0.5 mg/1 ; b i o t i n 0.05 mg/1 

y 
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A B 

Figure 3. Structures regenerated by callus culture. 

A Adventitious roots and shoots from callus. X 8 
B' Orqanogenic multiple shoots from callus. X 8 ^ . ^ 
c! Globular embryoids differentiated on basal plate-derived 

callus (arrowhead). X 8 . . . .̂  i 
D Bipolar structures, shoot differentiated simultaneously 

with root formation, from somatic embryoids. X. 8 
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Figure 4. Further development of somatic embryos. 

A. Various stages of somatic embryos. 
B. Clusters of embryoids protruding from the embryogenic callus 
C. Regenerated plantlets from basal plate-derived callus. 

^ 
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normally, producing germlings analogous to seedlings similar to those 

found by Ammirato (1983). 

It was found that the globular embryoid germinated if individually 

transferred to full strength or half strength BDS medium without growth 

regulators, but the less well developed ones or the organogenic shoots 

needed to be moved to half strength basal BDS medium containing 0.01 

mg/1 picloram or 0.1 mg/1 to induce roots. 

Experiment 10: 

The regeneration potential may be affected not only by the 

regeneration medium and previous culture history, but also by donor 

plant genotype and primary explant tissue. To test the relationship 

between callus culture history and regeneration media, the inflorescence 

tissue on a single genotype from experiment 4 which had been induced to 

form callus on four different media (Table 5 ) . To compare the effect of 

two cytokinin sources (0.32. 1.12. and 2.24 mg/1 liP and 0.35 mg/1 BA) 

with 0.03 mg/1 picloram on callus regeneration, callus from four callus 

induction treatments was transferred onto four regeneration media in a 4 

X 4 factorial experiment. 

When experiment 10 was set up. more than one type of callus tissue 

arose from one genotype. Some genotypes had the capacity to form 

somatic embryos, while others had no obvious morphogenetic capacity. 

The result of experiment 10 in shown in Table 8. Only the number of 

embryoids was counted although embryogenesis and organogenesis was 

induced simultaneously, somatic embryos are easily established and the 

preferred regenerant type. All treatments from this experiment but one 
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Table 8. Number of embryoids induced from inflorescence-derived callus 
using genotype 82-7-1 (3). (Exp. 10). 

(mg/1) 
0.35 BA 0.32 2iP 1.12 2iP 2.24 2iP Total 

-V-P 
-V+P 
+V-P 
+V+P 

7 
4 
5 
6 

9 
3 
9 

19 

0 
3 
7 

19 

4 
9 
7 
6 

10 
19 
28 
48 

Total 22 40 27 26 115 

'̂  



59 

induced embryoids in 4 weeks after being transferred onto regeneration 

media. Comparing the four regeneration media, more embryoids were 

induced on the medium containing the lower 2iP (0.32 mg/1) (BSV22) than 

media with either BA or higher levels of 2iP. The callus initiated from 

the callus induction medium containing vitamins and proline (BV14P) 

showed the highest regeneration potential. The combination of vitamins 

and proline must be essential to induce embryogenesis. 

Spontaneous bulbil formation was observed to be a common phenomenon 

in many types of the interspecific F. hybrids in our greenhouse and 

field. This has been observed in other Al1ium species (Andrew, 1951; 

Novak et al., 1986). The formation of bulbils can be stimulated in vivo 

by treating the inflorescence with growth regulators or just water 

(Thomas, 1972). 

Success of regeneration and plant establishment. Somatic embryo 

was highest on BV14P (Table 5 ) . The development of embryoids were 

initiated on the same medium with or without transferring to medium 

containing lower growth regulator concentrations. Somatic embryos grew 

more vigorously than the organogenic shoots on all kinds of rooting 

media, half or full strength basic BDS medium with or without 0.01 mg/1 

picloram or 0.1 mg/1 IBA. Organogenic shoots needed an additional 

subculture to induce root development on rooting media. The use of 

Magneta vessels and baby food jars containing rooting media induced 

foliage leaves on both regenerant types. After roots and the second 

leaf were established, plantlets were transferred to corsage boxes 

containing sterilized soil. The acclimization of regenerated plantlets 
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by gradually decreasing the humidity and increasing light intensity 

provided almost 100% survival rate. Hundreds of regenerants have been 

transferred to potting soil and are established in the greenhouse 

(Figure 5 ) . 

Somaclonal variation. The most common morphological variants are 

two chimeric, chlorophyll-deficient, mutant plants regenerated from 

basal plate-derived callus of 82-7-3 (30) as reported in many Allium 

crops. 

Investigation on genetic variability occurring in cultured callus 

or differentiated plantlets was concentrated on the analysis of 

morphological characters, chromosome numbers and isozyme patterns. 

Cytological Analysis 

The chromosome number at mitotic metaphase was investigated in root 

tips of the chromosome number of these two mutants was 2n-16 (Figure 6 ) . 

No karyotypic analyses were conducted so no putative chromosomal 

abnormalities occurring during culture were observed. 

Seven- and sixteen-month-old calluses were investigated 

cytologically. Endopolyploid (2n-32) and normal diploid (2n-16) cells 

were obtained. This supports the current knowledge that the 

endopolyploidization occurs in vivo in the course of tissue 

differentiation in the genus Al1ium (Novak et al., 1986). It is 

possible for the initial explant to contain polyploid cells; therefore, 

a karyologically heterogeneous population may be developed. The same 

results of endopolyploidization were obtained from the root tips of the 

plantlets and the mutants regenerated from callus. 
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B 

D 

Figure 5. Establishment of regenerated plantlets. 

A. Regenerated plantlet transferred into corsage box. 
B. Well-developed plant in corsage box. 
C. Further plant established in pot. 
D. Hundreds of regenerants in greenhouse. 

kk ^ 
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Figure 6. Regenerated chlorophyll-deficient mutant with 16 
chromosomes. [82-7-3 (30)] 
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The result of cytological observations of sixteen-month-old callus 

showed a high genetic stability with diploid chromosome number observed. 

This evidence supported the reports that picloram provided a system for 

long-term callus culture with genetically stable genome as reported by 

Phillips and Luteyn (1983). 

Isozyme Analysis 

Four electrophoretic loci were used to detect interspecific 

heterozygotes, Adh-1, Idh-1, Pgm-1, and Phi-1. Heterozygosity of these 

isozyme loci confirmed the plants to be interspecific F̂  hybrids. 

Changes of Adh and Pgi isozyme patterns were observed at different 

stages of callus differentiation (Figure 6 ) . Gains and losses of higher 

and lower bands were found in Pgi. Those are most likely post-

transcriptional alterations in the expression of the bands (Peffley et 

al., 1985). Callus produced heavily stained Adh bands, as callus became 

organized and produced roots, banding patterns became more normal and as 

plants developed toward the regeneration stages the bands gradually 

returned to normal patterns. Freeling (1973) reported that Adh activity 

has been induced during the callus culture stages as a response to 

anaerobiosis. All genes are differentially regulated in the sense that 

each gene is expressed at different levels in different tissues and 

times during callus culture stages (Johns et al., 1984). 



CHAPTER V 

CONCLUSIONS 

A system of regeneration of somatic embryos was established from 

this study. Inflorescence and basal plate tissue were desirable explant 

sources. Disinfection was improved by a long sterilization procedure 

and by draining the explants. 

Cultures grown in 24 hour darkness were superior to those in 12- or 

24-hour light periods. Cultures grown on media containing picloram were 

superior to those containing 2,4-D. 

The growth of callus was inhibited by M g C K and/or high iron 

concentration. Embryogenesis was enhanced by the addition of vitamins 

and proline. Inflorescence-derived callus contained higher regeneration 

potential than basal plate-derived callus. The callus derived from 

inflorescence tissue retained an embryogenic competence and enabled new 

somatic embryos to be initiated readily from superficial cells. 

The embryogenesis from inflorescence-derived callus in this study 

might possibly be characterized as the cases of pre-embryogenic 

determined cells of Citrus. Chlorophyll-deficient chimeral plants were 

found to be 2n = 16. 

Variable isozyme banding patterns found were Adh and Pgi. 
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APPENDIX 



RECOMMENDED CULTURE SYSTEM 

Explant: 

Basal plate and inflorescence tissue. 

Disinfection: 

10 min. in 70% alcohol 

10 min. in 50% Clorox and Tween 

Three DD H^O rinses 

Callus induction and maintenance medium: 

BDS + 0.75 mg/1 Pic + 2.0 mg/1 BA (Dark) 

Embryogenesis initiation medium: 

BDS + 0.75 mg/1 Pic + 2.0 mg/1 BA + 2.5 g/1 Proline + Vitamins (Dark) 

for 4 weeks. 

Embryoid induction and development medium: 

BDS + 0.03 mg/1 Pic + 2.24 mg/1 2iP g/1 Proline + Vitamins (Basal plate-

derived callus) 

BDS + 0.03 mg/1 Pic + 0.32 mg/1 2iP + 2.5 g/1 Proline + Vitamins 

(Inflorescence-derived callus) (12 hours photoperiod) 

Plantlet establishment: 

Half strength BDS in Magenta or baby food jar 

1:1:1: Sand:Soil :Perlite in Corsage box 
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