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Introduction

!

Morphogenesis, or developmental morphology, is a dynamic process!and a
fascinating field of investigation. Since the beginning of this century plant
morphologists (Eames, 1961), anatomists (Eames and Macdaniels, 1947) and
embryologists (Maheshwari, 1950) have studied the processes of
development and differentiation by observing whole plants and their
histological preparations and have generated a wealth of information on the
structural changes associated with various developmental stages in the life
cycle of a large number of plant species. Around 1940 plant morphogenesis
became an experimental field when plant physiologists initiated studies on
the effect of treatments, such as application of physiologically active
compounds or growth regulators, irradiation, exposure to different daylength, temperature and injury, on morphological and structural changes.
During the past two decades geneticists and molecular biologists have
become interested in plant morphogenesis and extensive work is being done
to understand the regulation of gene expression during morphogenesis and
how the products of genetic information control the developmental
processess.
All sexually reproducing organisms begin as a single-celled zygote,
which by growth and cell divisions gives rise to the complex body of the
mature organism. Since the divisions involved are mitotic, every cell in the
plant body of an organism should have the same genetic material as in the
zygote. Yet the organism comprises a vast array of cell, tissue and organ
types which are structurally and fimctionally very different. This process of
differentiation of genetically identical cells into various different types of
tissues has intrigued biologists for a very long time.
xi
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As early as 1868, Hofmeister, in his publication "General Morphology of
Growing Things" had raised a very basic question, as to how during growth
does the observed form or structure of an organism comes to be as it is and
what factors are involved. A similar question was asked by Haberlandt in his
famous address to the German Academy in 1902. The classic experiments of
Vochting on polarity in cuttings, carried out in 1878, had clearly
demonstrated that all cells along the stem length are capable of forming
shoots as well as roots but it was Haberlandt who introduced the concept of
cellular trotipotency and suggested that terminally differentiated plant cells,
as long as they contain the normal complement of chromosomes, should be
capable of regenerating whole plants. He made a novel approach to prove
this hypothesis in which single cells were isolated from a highly
differentiated tissue of the plant body and cultivated in nutrient solution.
Although Haberlandt did not succeed in his experiments due to technical
problems at that time, his ideas attracted many scientists to pursue this line
of investigation, and in 1939 ability of plant cells for unlimited growth was
demonstrated by Gautheret, Nobecourt and White, independently. Further
progress in the cultivation of plant cells, tissues and organs on artificial
medium, under controlled environmental conditions, gave birth to a large
number of aseptic techniques, collectively called Plant Tissue Culture. These
laboratory techniques have proved to be a powerful approach to manipulate
morphogenesis under highly controlled conditions and to understand the role
of various extrinsic factors and correlative effects of various tissues in
morphogenesis. The three important aspects of morphogenesis to which
significant contributions have been made with the aid of plant tissue culture
techniques are: (1) cytodifferetiation, (2) organogenic differentiation and (3)
somatic embryogenesis. These studies are not only of academic interest but
of considerable practical importance.

1

CYTODIFFERENTIATION

In vitro tracheary element differentiation has long been used to study
cytodifferentiation. A variety of experimental systems, such as internodes,
storage tissues, suspension cultures, single cells and protoplasts, have been
used in these studies. One of the most significant advances was the
optimization of the Zinnia mesophyll cell system by Fukuda and Komamine
(1980) and Church and Galston (see Church, 1993). In this case 50-60% of
the cells directly (without a cell division) and fairly synchronously
differentiate into tracheary elements within 72 h (Church, 1993).
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2

ORGANOGENIC DIFFERENTIATION

As early as 1939, White (l939b) had reported controlled differentiation of
shoots from tissue cultures of tobacco. In 1957 Skoog and Miller put forth
the concept of hormonal control of organ formation, according to which root
and shoot differentiation is a function of the auxin-cytokinin ratio; relatively
higher concentration of cytokinin promotes shoot formation and relatively
higher auxin concentration favours root formation. This concept proved to of
wide applicability. In 1965 it was shown for the first time that full plants can
be obtained starting from a single isolated cell (Vasil and Hildebrandt,
1965). By emperically manipulating the medium and other environmental
factors it has been possible to induce shoot differentiation from explants,
calli, cells and/or protoplasts of over 1000 species (Thorpe, 1993). It is now
well established that plant regeneration can be achieved from all living cells
irrespective of their nature of specialization and ploidy level. In 1964 Guha
and Maheshwari first time reported organogenic differentiation from haploid
microspores. The technique of anther and isolated microspore culture to
produce androgenic haploid plants is now well established. Even the triploid
endosperm cells have been shown to be totipotent (Johri and Bhojwani,
1965).

3

SOMATIC EMBRYOGENESIS

In 1958 an important contribution was made to the field of experimental
morphogenesis when Steward (working in the USA) and Reinert (working in
Germany) observed the differentiation of embryos in somatic cell cultures of
carrot. The development and appearance of these somatic embryos were
comparable to the zygotic embryos of this plant. These reports attracted the
attention of several developmental botanists because until that time it was
believed that embryo formation is the monopoly of the zygote and a few
other ovular cells, and embryo development requires a special environment
available only inside the female gametophyte or embryo sac. During the last
three decades somatic embryogenesis has dominated the research activities
in the field of plant morphogenesis not only because of its curiosities but
because of its potential role in basic and applied aspects of plant sciences.
Until recently, plant embryogenesis had been studied intensively to describe
morphological and anatomical changes that characterize embryo
development in different species (Natesh and Rau, 1984; Raghavan, 1986;
Bhojwani and Bhatnagar, 1999); almost nothing was known about the
molecular and genetic control of embryogenesis because of the practical
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problems of inaccesibility to the zygotic embryo which develops under
several cell layers. The progress in the field of somatic embryogenesis
during the last two decades has been such that in systems such as carrot
(Terzi et al., 1985) gram quantities of practically pure fractions of embryos
(histologically and biochemically similar to zygotic embryos) at different
developmental stages can be obtained. It has, therefore, now become
possible to study genetic and molecular control of morphogenesis during
embryogenesis. Using this system about 21 "embryo specific" or "embryo
enhanced" genes have been cloned from somatic embryos (Zimmerman,
1993). Investigations related to cellular and molecular aspects of
organogenesis and somatic embryogenesis would not only increase our
knowledge and understanding of the processes involved but is also expected
to enhance our capacity to increase the level of regeneration in presently
recalcitrant systems.

4

PRACTICAL IMPORTANCE

The value of in vitro morphogenesis as a commercially viable procedure for
plant propagation and as an essential step in genetic improvement of crops
through the modem methods of biotechnology has considerably promoted
research in this area. Mass production of genetically identical plants by
regeneration from vegetative tissues via organogenesis or somatic
embryogenesis is of considerable interest to the horticulturists and foresters.
Regeneration via embryogenesis is of particular interest as embryos are
bipolar structures bearing both root and shoot meristems and may allow
certain degree of automation during production and their field planting.
Several groups are investigating large scale production of somatic embryos
in bioreactors and their encapsulation to produce artificial seeds to facilitate
their mechanized planting in the field.
Regeneration of haploid plants from pollen grains has become a popular
technique in plant breeding as it enables to achieve homozygosity in a single
step, as against several years required to achieve it by the traditional method
of recurrent selfing. Androgenesis is also serving as a novel sourse of useful
genetic variability (Gametoclonal variation). Plant regeneration from
protoplasts, cells and tissue explants is extremely important in hamesing the
potential values of somatic hybridization and genetic engineering in crop
improvement.
Thus, in vitro morphogenesis is of considerable importance in basic and
applied areas of growth and differentiation. However, most of the tissue
culture books published during the last two decades (over 100) mainly deal
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with the basic aseptic techniques and their practical applications with very
little or no emphasis on morphogenesis. The only book which has discussed
in vitro morphogenesis to some extent is "Plant Tissue Culture and
Morphogenesis", written in 1964 by Butenko. On the other hand, the book
entitled "Plant Morphogenesis", by Sinnot (1960), only deals with in vivo
morphogenesis. The substantial advances made in the field of in vitro
morphogenesis during the last 25 years was the driving force to bring out
this volume on Morphogenesis in Tissue Cultures. It covers all aspects of
morphogenesis at cellular, tissue and organ levels. This book includes 16
chapters written by some internationally renowned scientists with
considerable experience in their fields. Each chapter discusses upto-date
literature in the field, and the text is amply supported by tables and
illustrations. The chapters have been classified into two sections, one dealing
with articles on the basic aspects and the other on applied aspects of
morphogenesis. We feel that the students and teachers of plant sciences
would find this book useful.
We are indeed very grateful to the contributors for their ready cooperation without which it would have not been possible to bring out this
volume. We would also like to thank Professor Duck Yee Cho, Department
of Biology, WooSuk University, Chonbuk and our students Mrs. Sil Yoon,
Ee Youb Kim, Jong Cheun Lee, Hak Soo Kim, Ki Shik Moh and Jae Dong
Lee, and Misses. Byung Sook Kang, Ae Ryeong Cho, Eun Kyung Lee, Sun
Ah Joo, Bo Rib Jang, and Jung Soon Shin at the Department of Biological
Sciences, Chonbuk National University, Korea for their help in various ways
in the preparation of this book for press.
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