Micropropagation:


Plants can be propagated by sexual (through
generation of seeds) or asexual (through
multiplication of vegetative parts) means.



Clonal propagation refers to the process of asexual
reproduction by multiplication of genetically
identical copies of individual plants, where the term
clone is used to represent a plant population
derived from a single individual by asexual
reproduction.



In vitro clonal propagation through tissue culture is
referred to as micro propagation.



Micropropagation is the practice of rapidly multiplying stock
plant material to produce a large number of progeny plants,
using modern plant tissue culture methods.

STAGES OF MICROPROPAGATION:



Stage 0: Selection of Mother Plants



Stage 1: Initiation or Establishment of aseptic culture



Stage 2: Multiplication of shoots



Stage 3: In vitro Rooting



Stage 4: Acclimatization

Stage 0: Selection of Mother
Plant


selection of suitable mother plant is crucial.



Disease free mother explant is selected.




High potential to grow and divide.
Certain growth parameters of mother plant can be
improved by pretreatment of mother explant before
initiation of cultures.

Stage I: Establishment of
aseptic culture


The main steps involved are:-



Surface sterilisation



Establishment of explant on appropriate culture
medium.



Plant tissues are commonly associated with
bacteria and fungus. Therefore, adequate
sterilization methods are employed to eliminate
microorganisms from explants

Stage II: Multiplication of Shoot





The main objective of the stage II is the
multiplication of shoot to give rise new individual
plant.
Involves three routinely used methods like:

(a) Callus mediated multiplication
(b) Adventitious shoots mediated multiplication
(c) By apical or axillary shoots.

Stage III: In vitro Rooting



Shoots or plantlets obtained during stage 2nd not contain
roots and fails to grow in soil. Therefore, adequate steps are
taken to grow individual plantlets that can carry out
photosynthesis and survive without external supply of
carbohydrate.



Therefore, in vitro grown shoots must be transferred to a rooting
media.



There is a clear distinction between rooting media from
shooting media.



In vitro rooting can be accomplished by adding auxins to the
culture media.



By Supplying riboflavin and other adjuvants enhances root
induction process.

Stage IV: Hardening



Process of transferring plantlets from aseptic culture
medium to soil.



Immediate transfer of tissue culture plants into soil is
detrimental for survival of regenerated plants due to
desiccation, infection, and light temperature shock.
Excess of water loss was noticed from the leaves of
plants immediately after transplantation.



High rate of water loss due to lack of protective cuticle
layer.



In order to overcome these problems regenerated
plants are subjected to hardening

Steps in Hardening
Removing test tube grown plantlets and washed under
distilled water to remove media sticking to the basal
portion of the shoots


Plantlets are then placed in sterilized soil or humus soil .



These are completely covered by plastic sheet or
directly placed in green house to provide 90% to 100%
humidity for upto 15 days.



Humidity is gradually reduced to 70%.



The acclimatize plants are then transferred to the field.

Methods of Micropropagation



Meristem Culture



Callus Culture



Protoplast Culture



Embryo Culture

MERISTEM
CULTURE

CALLUS
CULTURE

• In this meristem is placed
in the growing media
culture and on allowed to
grow . The rooted plantlet
is then transferred to the
soil.

• Selected plant tissue is
kept in artificial
medium until the callus
is formed , after callus
production it is
transferred to the
medium containing
plant growth
regulators.

PROTOPLAST
CULTURE

EMBRYO
CULTURE

• The plant cell is isolated
and cultured in an
appropriate medium to
reform the cell wall and
callus. Under suitable
condition the cell wall
growth and cell division
takes place resulting in a
new plant
• Embryo is extracted and
placed into a culture media
with proper nutrient in
aseptic conditions .

Protoplast of tobacco
leaves as viewed under
microscope
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Introduction
• Micropropagation or tissue culture is the practice of rapidly multiplying stock plant
material to produce many progeny plants, using modern plant tissue culture methods.
• Micropropagation also referred as tissue culture is used to multiply plants such as those
that have been genetically modified or bred through conventional plant breeding
methods. It is also used to provide a sufficient number of plantlets for planting from a
stock plant which does not produce seeds, or does not respond well to vegetative
reproduction.

Microscope (1590)
• Invented by Zacharias Jansen eyeglass maker in Holland

• Every major field of science has benefited from the use of some form of microscope, an
invention that dates back to the late 16th century and a modest Dutch eyeglass maker
named Zacharias Janssen. While extremely rough in image quality and magnification
compared to modern versions, the Janssen microscope was nonetheless a seminal
advance in scientific instrumentation.
• Janssen was the son of a spectacle maker named Hans Janssen, in Middleburg,
Holland, and while Zacharias is credited with inventing the compound microscope,
most historians surmise that his father must have played a vital role, since Zacharias was
still in his teens in the 1590s. At that time, eyeglasses were beginning to be used widely
among the populace, focusing a great deal of attention on optics and lenses. In fact,
some historians credit both the Janssens and a fellow Dutch eyeglass maker, Hans
Lippershey, with concurrent, though independent, invention of the microscope.

Zacharias Jansen (1585-1632)
• Zacharias Janssen was a Dutch spectacle-maker who lived
most of his life in Middelburg. He is associated with the
invention of the first optical telescope
• Zacharias worked for some time in the very competitive
and secretive trade of spectacle-making and at one time
lived next door to Middelburg spectacle maker Hans
Lippershey, who is also claimed to have invented the
telescope.

• Janssen's attribution to these discoveries is debatable since
there is no concrete evidence as to the actual inventor,
and there are a whole series of confusing and conflicting
claims from the testimony of his son and fellow countrymen

Improved microscope (1674)
• In 1676, Dutch cloth merchant-turned-scientist Antony van
Leeuwenhoek further improved the microscope with the
intent of looking at the cloth that he sold, but inadvertently
made the ground-breaking discovery that bacteria exist.
• His accidental finding opened up the field of microbiology
and the basis of modern medicine.
• nearly 200 years later, French scientist Louis Pasteur would
determine that bacteria were the cause behind many
illnesses (before that, many scientists believed in the miasma
theory that rotten air and bad odours made us sick).

Antoni van Leeuwenhoek (1632-1723)
• Antoni van Leeuwenhoek (1632-1723), a cloth trader from Delft, is
the founding father of microbiology. He was the first to observe
living cells.
• In his work as a trader in cloth, Van Leeuwenhoek used magnifying
glasses to find irregularities in the cotton. He became interested in
producing the lenses, blowing the glass and grinding it down
himself.
• In 1674, he used a home-made microscope to become the first
person to discover microbes.

• He described seeing “animalcules” in a drop of water from the
murky Berkelse meer (lake). These were in fact green algae and
wheel animals (rotifers). He discovered red blood cells and
bacteria not long afterwards (in 1676).

Robert Hooke (1635 –1703)
• Robert Hooke was an English scientist, architect, and
polymath, who, using a microscope, was the first to
visualize a micro-organism.
• He remarked that it looked strangely similar to cellula or
small rooms which monks inhabited, thus deriving the
name.

• However what Hooke actually saw was the dead cell walls
of plant cells (cork) as it appeared under the microscope.
Hooke’s description of these cells was published in
Micrographia.
• The cell walls observed by Hooke gave no indication of the
nucleus and other organelles found in most living cells.

Observations of callus formation in
wounded trees
• In 18th century Henri-Louis Duhamel du Monceau became the first person
to observe growth of plant tissues after being wounded and forming
callus in damaged portion.
• Plant callus (plural calluses or calli) is a growing mass of unorganized
plant parenchyma cells. In living plants, callus cells are those cells that
cover a plant wound.

• In biological research and biotechnology callus formation is induced
from plant tissue samples (explants) after surface sterilization and plating
onto tissue culture medium in vitro.
• The culture medium is supplemented with plant growth regulators, such
as auxin, cytokinin, and gibberellin, to initiate callus formation or somatic
embryogenesis. Callus initiation has been described for all major groups
of land plants.

Henri-Louis Duhamel du Monceau
(1700-1782)
• Henri-Louis Duhamel du Monceau was a French physician,
naval engineer and botanist.
• After inheriting his father's large estate, he expanded it into a
model farm, where he developed and tested new methods of
horticulture, agriculture and forestry. The results of this work, he
published in numerous publications.

• Commission by the French Academy of Sciences in 1728
Duhamel investigate the saffron cultivation in Gâtinais. He
discovered the cause in a parasitical fungus which attached
itself to the roots. This achievement gained him admission to the
French Academy of Sciences in 1738. From then on until his
death he busied himself chiefly with making experiments in
plant physiology.

Theory of Totipotency (1830’s)
• Totipotency is the ability of a single cell to divide and
produce all of the differentiated cells in an organism.
Spores and zygotes are examples of totipotent cells. It is
possible for a fully differentiated cell to return to a state of
totipotency.
• In 1902, a German Botanist, Professor Gottlieb Haberlandt,
proposed the idea of Totipotency. He said that every
living cell of the plant body can regenerate the entire
plant body because it is obtained from the fertilized egg
and contains genetic data.

Cell theory (1838)
• In 1838, Theodor Schwann and Matthias Schleiden were talking about their studies on cells,
when they were struck by the similarity of these plant cells to cells he had observed in animal
tissues. The two scientists went immediately to Schwann’s lab to look at his slides.
• Schwann published his book on animal and plant cells (Schwann 1839) the next year, a
treatise devoid of acknowledgments of anyone else’s contribution, including that of
Schleiden (1838). He summarized his observations into three conclusions about cells:
1. The cell is the unit of structure, physiology, and organization in living things.
2. The cell retains a dual existence as a distinct entity and a building block in the construction of
organisms.
3. Cells form by free-cell formation, similar to the formation of crystals (spontaneous generation).

• We know today that the first two tenets are correct, but the third is clearly wrong. The
correct interpretation of cell formation by division was finally promoted by others and
formally enunciated in Rudolph Virchow’s powerful dictum, Omnis cellula e cellula,: “All cells
only arise from pre-existing cells”.

Theodor Schwann (1810-1882)
• Theodor Schwann was a German physician and physiologist.
His most significant contribution to biology is considered to
be the extension of cell theory to animals.
• Other contributions include the discovery of Schwann cells
in the peripheral nervous system, the discovery and study of
pepsin, the discovery of the organic nature of yeast, and
the invention of the term metabolism

Matthias J. Schleiden (1804-1881)
• Matthias Jakob Schleiden was born in Hamburg on 5 April 1804. His
father was the municipal physician of Hamburg. Schleiden pursued
legal studies graduating in 1827
• Schleiden preferred to study plant structure under the microscope.
As a professor of botany at the University of Jena, he wrote
Contributions to our Knowledge of Phytogenesis (1838), in which he
stated that all plants are composed of cells. He also recognized the
importance of the cell nucleus, discovered in 1831 by the Scottish
botanist Robert Brown, and sensed its connection with cell division.
• Schleiden was an early advocate of evolution. In a lecture on the
"History of the Vegetable World" published in his book Die Pflanze
und ihr Leben ("The Plant: A Biography") (1848) was a passage that
embraced the transmutation of species.

Keeping isolated organs alive (1887)
• Julien Jean Cesar le Gallois, a French physiologist born in 1770,
carried out a series of experiments in which he injected blood
back into severed heads, limbs and organs to see whether they
could be revived.

• His work was followed in 1887 by Jean-Baptiste Vincent
Laborde’s gruesome attempt to revive the head of a guillotined
prisoner with fresh blood. Needless to say, this wasn’t successful.
• In his second attempt, he claimed to have kept the head alive
for a full minute..
• These early experiments laid the foundation of our
understanding of the role of individual organs and the idea of
keeping them “alive” in isolation by reinstating the blood flow.

Cells arise from pre-existing cells (1858)
• All living cells arise from pre-existing cells by division. The cell is the fundamental unit of
structure and function in all living organisms. The activity of an organism depends on
the total activity of independent cells.
• Rudolf Virchow famously stated “Omnis cellula e cellula”; i.e “All cells only arise from
pre-existing cells.” The generally accepted portions of the modern Cell Theory are as
follows:
1. The cell is the fundamental unit of structure and function in living things.
2. All organisms are made up of one or more cells.
3. Cells arise from other cells through cellular division.

Rudolf Ludwig Carl Virchow (1821-1902)
• Rudolf Ludwig Carl Virchow was a German physician,
anthropologist, pathologist, prehistorian, biologist, writer, editor, and
politician. He is known as "the father of modern pathology" and as
the founder of social medicine.

• Virchow was the first to correctly link the origin of cancers from
otherwise normal cells. In 1855, he suggested that cancers arise from
the activation of dormant cells present in mature tissue (Stem cell).
• Virchow believed that cancer is caused by severe irritation in the
tissues, and his theory came to be known as chronic irritation theory.
• His theory was largely ignored, as he was proved wrong that it was
not by liquid, but by metastasis of the already cancerous cells that
cancers spread

Pasteurization (1864)
• Pasteurization or pasteurisation is a process in which packaged
and non-packaged foods are treated with mild heat, usually to
less than 100 °C (212 °F), to eliminate pathogens and extend
shelf life. The process is intended to destroy or deactivate
organisms and enzymes that contribute to spoilage or risk of
disease, including vegetative bacteria, but not bacterial spores.

• The process was named after the French microbiologist, Louis
Pasteur, whose research in the 1860s demonstrated that thermal
processing would deactivate unwanted microorganisms in
wine. Spoilage enzymes are also inactivated during
pasteurization. Today, pasteurization is used widely in the dairy
industry and other food processing industries to achieve food
preservation and food safety.

Louis Pasteur (1822-1895)
• Louis Pasteur was a French chemist and microbiologist
renowned for his discoveries of the principles of vaccination,
microbial fermentation, and pasteurization.
• His research in chemistry led to remarkable breakthroughs
in the understanding of the causes and preventions of
diseases, which laid down the foundations of hygiene,
public health and much of modern medicine. His works are
credited to saving millions of lives through the
developments of vaccines for rabies and anthrax.
• He is regarded as one of the founders of modern
bacteriology and has been honoured as the "father of
bacteriology"

Presence of hormones (1880)
• The presence of hormones was discovered by combined
efforts of Charles Darwin and Francis Darwin. They deduced
the effect of hormone in evolution and adaptability of
organism

• The English physician E. H. Starling discovered in
collaboration with the physiologist W. M. Bayliss secretin, the
first hormone, in 1902. Three years later they introduced the
hormone concept with recognition of chemical regulation,
early regulatory physiology took a major step forward.

Condenser lens for microscope (1883)
• A condenser is an optical device which is used for conditioning
illumination light, for example in an optical microscope or an
image projector. Typically, it contains one or more lenses and a
diaphragm. Even multi-lens condensers are often called condenser
lenses.
• The condenser aperture controls the fraction of the beam which is
allowed to hit the specimen. It therefore helps to control the
intensity of illumination, and in the SEM, the depth of field. This is the
first lens of a microscope and it is closest to the specimen being
observed.

Ernst Abbe (1840-1905)
• Ernst Karl Abbe was a German physicist, optical scientist,
entrepreneur, and social reformer. Together with Otto Schott
and Carl Zeiss, he developed numerous optical instruments. He
was also a co-owner of Carl Zeiss AG, a German manufacturer
of
scientific
microscopes,
astronomical
telescopes,
planetariums, and other advanced optical systems.

• In 1866, he became a research director at the Zeiss Optical
Works, and in 1886 he invented the apochromatic lens, a
microscope lens which eliminates both the primary and
secondary colour distortion. By 1870, Abbe invented the Abbe
condenser, used for microscope illumination. In 1871, he
designed the first refractometer, which he described in a
booklet published in 1874. He developed the laws of image of
non-luminous objects by 1872

First to use disinfectants
• In 1864, while working at Glasgow University as Professor of
Surgery, Joseph Lister was introduced to Pasteur’s germ
theory of disease, and he decided to apply it to the problem
of surgical infections.

• He looked for ways to prevent germs from entering a
wound by creating a chemical barrier—which he called an
antiseptic—between the surgical wound and the
surroundings. The chemical he chose to use was carbolic
acid, which killed the germs on contact.

Joseph Lister (1827-1912)
• Joseph Lister was a British surgeon and a pioneer of
antiseptic surgery. His research into bacteriology and
infection in wounds raised his operative technique to a new
plane where his observations, deductions and practices
revolutionised surgery throughout the world.
• Lister promoted the idea of sterile surgery while working at
the Glasgow Royal Infirmary. Lister successfully introduced
carbolic acid to sterilise surgical instruments and to clean
wounds.
• Applying Louis Pasteur's advances in microbiology, Lister
championed the use of carbolic acid as an antiseptic, so
that it became the first widely used antiseptic in surgery.

Sterile Technique
• Sterile technique means practicing specific procedures before and during invasive
procedures to help prevent SSIs and other infections acquired in hospitals, ambulatory
surgery centre’s, physicians' offices, and all other areas where patients undergo
invasive procedures.

• It was already in motion after Joseph Lister, but was later popularised for experiments
concerning microbes by H. Kock
• It made cultivating cultures with relative pure strains much easier and reduced the
chance for contamination

Heinrich H.R. Koch (1843-1910)
• Heinrich Hermann Robert Koch was a German physician and
microbiologist. As the discoverer of the specific causative
agents of deadly infectious diseases including tuberculosis,
cholera, and anthrax, he is regarded as one of the main
founders of modern bacteriology.
• His discoveries directly provided proofs for the germ theory of
diseases, and the scientific basis of public health.
• While working as a private physician, Koch developed many
innovative techniques in microbiology. He was the first to use oil
immersion lens, condenser, and microphotography in
microscopy. His invention of bacterial culture method using
agar and glass plates made him the first to grow bacteria in
laboratory.

Culture of isolated plant cells (1902)
• Plant tissue culture, or the aseptic culture of cells, tissues, organs, and their components
under defined physical and chemical conditions in vitro, is an important tool in both
basic and applied studies as well as in commercial application.
• It owes its origin to the ideas of the German scientist, Haberlandt, at the beginning of
the 20th century.
• The early studies led to root cultures, embryo cultures, and the first true callus/tissue
cultures. The period between the 1940s and the 1960s was marked by the
development of new techniques and the improvement of those that were already in
use. It was the availability of these techniques that led to the application of tissue
culture to five broad areas, namely, cell behaviour, plant modification and
improvement, pathogen-free plants and germplasm storage, clonal propagation, and
product formation, starting in the mid-1960s.

Gottlieb Haberlandt (1854-1945)
• Gottlieb Haberlandt was an Austrian botanist. He was the son of
European 'soybean' pioneer Professor Friedrich J. Haberlandt.
• Haberlandt first pointed out the possibilities of the culture of
isolated tissues, plant tissue culture. He suggested that the
potentialities of individual cells via tissue culture and also
suggested that the reciprocal influences of tissues on one
another could be determined by this method.
• Since Haberlandt's original assertions methods for tissue and cell
culture have been realized, leading to significant discoveries in
Biology and Medicine. His original idea presented in 1902 was
called totipotentiality: “Theoretically all plant cells are able to
give rise to a complete plant.”

First successful culture of premature
excised crucifer embryos (1904)
• Also know as Embryo rescue is one of the earliest and successful forms of in-vitro culture
techniques that is used to assist in the development of plant embryos that might not
survive to become viable plants. Embryo rescue plays an important role in modern
plant breeding, allowing the development of many interspecific and intergeneric food
and ornamental plant crop hybrids. This technique nurtures the immature or weak
embryo, thus allowing it the chance to survive.

• Embryo rescue was first documented in the 18th century when Charles Bonnet excised
Phaseolus and Fagopyrum embryos and was successful in it , planted them in soil and
the cross resulted in dwarf plants. Soon after this, scientists began placing the embryos
in various nutrient media. During the period of 1890 to 1904, systems for embryo rescue
became systematic by applying nutrient solutions that contained salts and sugars and
applying aseptic technique.

Asymbiotic germination (1922)
• Asymbiotic or in vitro germination techniques have resulted in more reliable
germination and propagation of many orchid taxa, and represents an ideal system for
studying the growth and development of orchid seeds and seedlings
• Orchid seeds are extremely small and hold scant sustenance. For this reason, in nature
they need to associate with a fungus during germination which provides them nutrients
required for growth and development. This process is known as "symbiotic germination"
and until 1922 was the only known method of seed based propagation of orchids. That
year, Lewis Knudson published an article describing an artificial method to germinate
orchids without the participation of a fungus. This method, known as asymbiotic
propagation, makes use of micropropagation techniques to achieve the germination
and development of plantules in an artificial culture medium under sterile conditions.

Lewis Knudson (1884-1958)
• Lewis Knudson (1884-1958) was an American botanist
who dedicated most of his professional life to the study
of the biology, reproduction and propagation of orchids.
• He obtained his Bachelor of Science and Arts degree at
the University of Missouri in 1908 and came to Cornell
University as an assistant in plant physiology. Here he
earned his doctorate, was appointed Assistant Professor
of Plant Physiology in 1911 and was made acting head
of this department in 1912.
• In 1916, his department became incorporated into the
Department of Botany and he became a professor of
Botany. In 1941 he was named the head of this
department. He retired in 1952.

Somatic embryogenesis (1959)
• Somatic embryogenesis is an artificial process in which a plant or
embryo is derived from a single somatic cell. Somatic embryos
are formed from plant cells that are not normally involved in the
development of embryos, i.e. ordinary plant tissue. No endosperm
or seed coat is formed around a somatic embryo.
• Cells derived from competent source tissue are cultured to form
an undifferentiated mass of cells called a callus. Plant growth
regulators in the tissue culture medium can be manipulated to
induce callus formation and subsequently changed to induce
embryos to form the callus.
• Somatic embryos are mainly produced in vitro and for laboratory
purposes, using either solid or liquid nutrient media which contain
plant growth regulators (PGR’s). The main PGRs used are auxins
but can contain cytokinin in a smaller amount.

PLANT TISSUE CULTURE
Introduction- Tissue culture is in vitro cultivation of plant cell or tissue under
aseptic and controlled environment conditions, in liquid or on semisolid well- defined
nutrient medium for the production of primary and secondary metabolite or to regenerate
plant.
The whole process requires a well equipped culture laboratory and nutrient medium. This
process involves various steps, viz preparation of nutrient medium containing inorganic
and organic salts, supplemented with vitamins, plant growth hormone and amino acids as
well as sterilization of explants, glassware and other accessories inoculation and
incubation.
Advantages – 1) Availability of raw material
2) Fluctuation in supplies and quality
3) Patent right
4) Political reasons
5) Easy purification of the compound
6) Modification in chemical structure
7) Disease-free and desired propagule
8) Crop improvement
9) Biosynthetic pathway
10) Immobilization of cells
Availability of raw material- some plants are difficult to cultivate and are also not
available in abundance. In such case, the biochemical/bioproducts from these plants
cannot be obtained economically in sufficient quantity. So tissue culture is considered a
better source for regular and uniform supply of raw material, manageable under regulated
and reproducible conditions in the medicinal plants industry for the production of
phytopharmaceuticals.
Fluctuation in supplies and quality- The production of crude drugs is subject to
variation in quality due to changes in climate, crop diseases and seasons. The method of
collection, drying and storing also influence the quality of crude drug. All these problems
can be overcome by tissue culture techniques.
Patent rights- Naturally occurring plants or their metabolites cannot be patented as such.
Only a novel method of isolation can be patented. For Rand D purpose, the industry has
to spend a lot of money and time to launch a new natural product but can’t have patent
right. Hence, industries prefer tissue culture for production of biochemical compounds.
By this method ,it is possible to obtain a constant supply and new methods can be
developed for isolation and improvement of yield , which can be patented.
Political reasons-if a natural drug is successfully marketed in a particular country of its
origin, the government may prohibit its export to up-value its own exports by supplying
its phytochemical product, e.g. Rauwolfia serpentina and dioscorea spp.from India.
Similarly the production of opium in the world is governed by as such by political

consideration, in such case, if work is going on the same drug; it will be either hindered
or stopped. Here also, plant tissue culture is the solution.
Easy purification of the compound- The natural products from plant tissue culture may
be easily purified because of the absence of significant amounts of pigments and other
unwanted impurities. With the advancement of modern technology in plant tissue culture,
it is also possible to biosynthesize those chemical compounds which are difficult or
impossible to synthesize.
Modification in chemical structure- some specific compound can be achieved more
easily in cultured plant cells rather than by chemical synthesis or by microorganism.
Disease-free and desired propagule- plant tissue culture is advantageous over
conventional method of propagation in large scale production of disease free and desired
propagules in limited space and also the germplasm could be stored and maintained
without any damage during transportation for subsequent plantation.
Crop improvement-Plant tissue culture is advantageous over the conventional
cultivation techniques in crop improvement by somatic hybridization or by production of
hybrids.
Biosynthetic pathway- Tissue culture can be used for tracing the biosynthetic-pathways
of secondary metabolites using labeled precursor in the culture medium.
Immobilization of cells- Tissue culture can also be used for plants preservation by
immobilization of cell further facilitating transportation and biotransformation.

History of Plant Tissue Culture
The German Botanist Guttlieb Haberlandt first proposed the importance of plant tissue
and cell culture in isolation, in 1902. He is regarded as the father of plant tissue culture.
He used tissue of Lamium Puroureum and Eichhornia crassipes, the epidemis of
Ornithooalium and epidermal hairs of Pulmonaria Mollissima. He grew them on a
particular salt solution with sucrose and observed obvious growth in the cells. The cells
remained alive for up to 1 month. They grew in size, changed shape; thickening of cell
walls occurred and starch appeared in the chloroplasts, which initially lacked it.
However, none of the cells divided. The failure was that he was handling highly
differentiated cells and the present day growth hormones, necessary for inducing division
in mature cells, were not available to him. Hanning (1940) had initiated a new line of
investigation, which later developed into an important applied area of in-vitro techniques.
Hanning excised nearly mature embryos of some plants like Raphanus Sativus and
successfully grew them to maturity on mineral salts and sugar solution. Van Overbeck
(1941) and co-workers demonstrated for the first time the stimulatory effect of coconut
milk, which was similar to embryo sac fluid, on embryo development and callus
formation in Datura. This proved a turning point in the field of embryo culture, for it
enabled the culture of young embryos which failed to grow on a mixture of mineral salts,
vitamins, amino acids and sugar. Subsequent detailed work by Raghavan and Torrey

(1963), Norstog (1965) and others led to the development of Synthetic media for the
culture of younger embryos. Laibach (1925, 1929) demonstrated the practical applicafion
of embryo culture in the field of plant breeding. He isolated embryos from nonviable
seeds of a particular plant and reared them to maturity on a nutrient medium. In 1922,
working independently Robbins (USA) and kotte (Germany) reported some success with
growing isolated root tips. White made the first successful report of continuously
growing tomato root tips in 1934. During 1939 - 1950 extensive work on root culture was
undertaken by Street to understand the role of vitamins implant growth and shoot-root
relationship. Gautheret (1934), White (1939) and Nobecourt successfully cultured cells of
Salix, Nicotiana-Hybrid and carrot on synthetic media. They, for the first time,
demonstrated that growth regulators and vitamins if added to media enhanced the growth
forming mess of cells called callus. Skoog (1944), Tsui (1951), and Miller (1955)
demonstrated the induction of divisions in isolated, mature and differentiated cells by
using synthetic as well as natural compounds. Muir (1953) developed a technique of
growing single cells into liquid medium in case of Tenetes Erecta and Nicotiana
Tabacum. Vasil and Hildeprandt (1965) raised whole plants starting from single cells of
tobacco. Skoog and Miller (1957) showed that changing the relative concentrations of the
two substances in the medium could regulate the organ differentiation. The first reports of
some embryo formation from Carrot tissue appeared in 1958-59 by Reinert (Germany)
and Steward (USA). Ball (1946) successfully raised whole plants of Lupinus and
Tropaeolum by culturing shoot tips. Morel and Martin (1952), for the first time,
recovered virus-free Dahlia plants from infected individuals by culturing their shoots.
Murashige (USA) used this technique to muUiply plants in large number for several
species ranging from ferns to foliage, flower and fruit plants. Guha and Maheshwari
(1966) demonstrated the possibility of raising large numbers of plantlets from pollen
grains of Dhatura. In 1972 Carlson and others produced the first somatic hybrid between
two plants by fiising their protoplasts.

Basic Requirement for Plant Tissue Culture
For tissue culture technique a tissue culture laboratory should have the following general
basic facilities:
1. Equipment and apparatus
2. Washing and storage facilities
3. Media preparation room
4. Sterilization room
5. Aseptic chamber for culture
6. Culture rooms or incubators fully equipped with temperature, light and humidity
control devices
7. Observation or recording area well equipped with computer for data processing

Equipment and apparatus
Culture vessels and glassware- Many different kind of vessels may be used for wing
cultures. Callus culture can be grown successfully in large test tubes (25×150mm) or
wide mouth conical flasks. In addition to the culture vessels, glassware such as graduated
pipettes, measuring cylinders, beaker, filters, funnel, and petri dishes are also required for
making preparations. All the glasswares should be of pyrex or corning.
Equipment- scissors, scalpels and forceps for explants preparation from excised plant
parts and for their transfer.
• a spirit burner or gas micro burner for flame sterilization of instruments
• an autoclave to sterilize the media
• hot air oven for the sterilization of glassware,
• a pH meter for adjusting the pH of the medium
• a shaker to maintain cell suspension culture
• a balance to weigh various nutrients for the preparation of the medium
• incubating chamber or laminar air flow with uv light fitting for aseptic transfer of
explants to the medium and for subculturing
• a BOD incubator for maintaining constant temperature to facilitate the culture of
callus and its subsequent maintenance
Washing and storage facilities
First and foremost requirement of the tissue culture laboratory is provision for fresh water
supply and disposal of the waste water and space for distillation unit for the supply of
distilled and double distilled water and de-ionized water. Acid and alkali resistant sink or
wash basin for apparatus/equipment washing and the working table should also be acid
and alkali resistant.
Sufficient space is required for placing hot air oven, washing machine, pipette washers
and the plastic bucket or steel tray for soaking or drainage of the detergent bath or extra
water. For the storage of dried glassware separate dust proof cupboards or cabinet should
be provided. It is mandatory to maintain cleanliness in the area of washing, drying and
storage.
Media preparation room
Media preparation room should have sufficient space to accommodate chemicals, lab
ware, culture vessels and equipments required for weighing and mixing, hot plate, pH
meter, water baths, Bunsen burners with gas supply, microwave oven, autoclave or
domestic pressure cooker, refrigerator and freezer for storage of preparaed media and
stock solutions.
Sterilization room
For the sterilization of culture media, a good quality ISI marks autoclave is required and
for small amount domestic pressure cookers, can also serve the purpose. For the
sterilization of glassware and metallic equipments hot air oven with adjustable tray is
required.

Aseptic chamber for culture
For the transfer of culture into sterilized media, contaminant free environment is
mandatory. The simplest type of transfer area requires an ordinary type of small wooden
hood, having a glass or plastic door either sliding or hinged fitted with uv tube. This
aseptic can be conveniently placed in a quiet corner of the laboratory.
Modern laboratory have laminar air flow cabinet having vertical or horizontal airflow,
arrange over the working surface to make it free from dust particle/micro contaminants.
Incubation room or incubator
Environmental factors affect the growth and differentiation of cultured tissues. A typical
incubation chamber or area should have both light and temperature controlled devices
managed for 24 h period.
AC or room heaters are required to maintain the temperature at 25±20c.
Light should be adjusted in the terms of photo period duration.
Humidity should be in the range of 20-90%.
Shelves should be designed in such a way so that the culture vessels can be placed in the
shelf or trays in such a ways that there should not be any hindrance in the light,
temperature and humidity maintenance. A label should be stick on the each tray and rack
to ensure identity and for maintaining the data of experiment. Label should having the
full detail about date of inoculation, name of explants, medium and any other special
information.
These days BOD incubators with all the requisite environmental condition maintenance
are available in the market.
They occupy less space and manageable with small generator or automatic inverter in the
case of electricity failure to maintain the necessary light and temperature conditions.
BOD incubators required to maintain the culture conditions should have the following
characteristics:
• Temperature range, 2-400c
• Temperature control±0.50c
• Automatic digital temperature recorder
• 24-h temperature and light programming
• Adjustable fluorescent lighting up to 10,000lux
• Relative humidity range 20-98%
• Relative humidity control±3%
• Uniform forced air circulation
• Shaker
• Capacity up to 0.7m3of 0.5m2shelf space
Data collection and recording the observationThe growth and maintenance of the tissue culture in the incubator should be
observed and recorded at regular intervals. All the observations should be done in
aseptic environment, i.e. in the laminar airflow. Separate dust free space should be

marked for microscopic work. All the recorded data should be fed into the
computer.

General procedures for plant tissue culture –
• Sterilization of glassware tools/vessels
• Preparation and sterilization of explants
• Production of callus from explants
• Proliferation of cultured callus
• Sub culturing of callus
• Suspension culture
Sterilization of glassware tools/vessels- All the glassware should be of Pyrex or
corning. All the glassware should be kept overnight dipped in sodium dichromatesulphuric acid solution. Next morning, glassware should be washed with fresh running
tap water, followed by distilled water and placed in inverted position in plastic bucket or
trays to remove the extra water. For drying the glassware, it is placed in hot air oven at
high temperature about 1200c for ½- 1 h.
In the case of plastic lab ware, washing should be carried out with a mild nonabrasive
detergent followed by washing under tap water or the plastic ware after general washing
with dilute sodium bicarbonate and water followed by drainage of extra water, rinsed
with an organic solvent such as alcohol, acetone and chloroform. Washed and dried
glassware or plastic ware should be stored in dust proof cupboards.
To prevent reinfection following sterilization, empty containers are wrapped with
aluminium foil. Stainless steel, metal tools (knives, scalpels, forceps, etc) are also
wrapped with aluminium foil and pads o cotton wool are stuffed into the opening of the
pipettes, which are either also wrapped in aluminium or placed in an aluminium or
stainless steel box. The period of sterilization usually ranges between 1 and 4 hour.
Preparation of ExplantExplants can be defined as a portion of plant body, which has been taken from the plant
to establish a culture. Explant can be obtained from plants, which are grown in controlled
environmental conditions. Such plants will be usually free from pathogens and are
homozygous in nature. Explant may be taken from any part of the plant like root, stem,
leaf or meristematic tissue like cambium, floral parts like anthers, stamens etc.
Age of the explant is also an important factor in callus production. Young tissues are
more suitable than mature tissues. A suitable portion from the plant is removed with the
help of sharp knife, and the dried and mature portion are separated from young tissue.
When seeds and grains are used for explants preparation, they are directly sterilized and
put in nutrient medium. After germination, the obtained seedlings are to be used for
explants preparation.
Surface sterilization of explantFor the surface sterilization of the explant, chromic acid, mercuric chloride(0.11%),
calcium hypochlorite(1-2%) and alcohol(70%) are used. Usually the tissue is immersed in
the solution of sterilizing agent for 10 s to 15 min, and they are washed with distilled
water. Repeat the treatment with sodium hypochlorite for 20 min, and the tissue is finally

washed with sterile water to remove sodium hypochlorite. Such tissue is used for
inoculation.
The explants are sterilized by exposing to aqueous sterilized solution of different
concentration.
Different types of surface sterilizing agent areName of chemical
Bromine water
Benzalkonium chloride
Sodium hypochlorite
Calcium hypochlorite
Mercuric chloride
Hydrogen peroxide
Silver nitrate

Concentration%
1-2
0.01-0.1
0.5-51
9-10
1-2
3-10
1-2

Exposure(min)
2-10
5-20
5-30
5-30
2-10
5-15
5-20

In the case of leaf or green fresh stem the explant needs pretreatment with wetting agent
(70-90% ethyl alcohol, Tween20), 5-20 drops in 100 ml of purified water or some other
mild detergent to be added directly into the sterilization solution to reduce the water
repulsion (due to waxy secretion)
Procedure to be followed for respective explants is as follows:
Seeds• Dip the seeds into absolute ethyl alcohol for 10s and rinse with purified water.
• Expose seeds for 20-30 min to 10% w/v aqueous calcium hypochlorite or for 5
min in a 1% solution of bromine water.
• Wash the treated seeds with sterile water followed by germination on damp sterile
filter paper.
Fruits• Rinse the fruit with absolute alcohol.
• Submerge into 2% (w/v) solution sodium hypochlorite for 10 min.
• Washing repeated with sterile water and remove seeds of interior tissue.
Stem• Clean the explants with running tap water followed by rinsing with pure alcohol.
• Submerge into 2% (w/v) solution sodium hypochlorite for 15-30 min.
• Wash three times with sterile water.
LeavesClean the leaf explant with purified water to make it free from dirt and rub the surface
with absolute ethyl alcohol. Dip the explants in 0.1%(w/v) mercuric chloride solution,
wash with sterile water to make it free from chloride and then dry the surface with sterile
tissue paper.
Production of callus from explantsThe sterilized explant is transferred aseptically onto defined medium contained in flasks.
The flasks are transferred to BOD incubator for maintenance of culture. The temperature

is adjusted to 25±20c. Some amount of light is necessary for callus (undifferentiated
amorphous cell mass) production. Usually sufficient amount of callus is produced within
3-8 days of incubation.
Proliferation of callusIf callus is well developed, it should be cut into small pieces and transferred to another
fresh medium containing an altered composition of hormone, which supports growth. The
medium used for production of more amount of callus is called proliferation medium.
Sub culturing of callusAfter sufficient growth of callus, it should be periodically transferred to fresh medium to
maintain the viability of cells. This sub culturing will be done at an interval of 4-6 weeks.
Suspension cultureSuspension culture contains a uniform suspension of separate cells in liquid medium. For
the preparation of suspension culture, callus is transferred to liquid medium, which is
agitated continuously to keep the cells separate. Agitation can be achieved by rotary
shaker system attached within the incubator at a rate of 50-150 rpm. After the production
of sufficient number of cells subculturing can be done.

Totipotency---A cell characteristic in which the
potential for forming all the cell types in the adult
organism are retained.
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Advantages of tissue culture over intact plants
1. The biochemical engineer can grow plant cells in liquid culture on a
large scale--Bioreactor
2. The production of dihaploid plants from haploid cultures shortens the
time taken to achieve uniform homozygous lines and varieties
3. The crossing of distantly related species by protoplast isolation and
somatic fusion increases the possibility for the transfer and
expression of novel variation in domestic crops
4. Cell selection increases the potential number of individuals in a
screening program
5. Micropropagation using meristem and shoot culture techniques allows
the production of large numbers of uniform individuals of species
from limited starting material
6. Genetic transformation of cells enables very specific information to
be introduced into single cells which can then be regenerated

Plant Tissue Culture Terminology


Adventitious---Developing from unusual points of origin, such as shoot or root tissues,
from callus or embryos, from sources other than zygotes.



Agar---a polysaccharide powder derived from algae used to gel a medium. Agar is
generally used at a concentration of 6-12 g/liter.



Aseptic---Free of microorganisms.



Aseptic Technique---Procedures used to prevent the introduction of fungi, bacteria,
viruses, mycoplasma or other microorganisms into cultures.



Autoclave---A machine capable of sterilizing wet or dry items with steam under
pressure. Pressure cookers are a type of autoclaves.



Callus---An unorganized, proliferate mass of differentiated plant cells, a wound
response.



Chemically Defined Medium---A nutritive solution for culturing cells in which each
component is specifiable and ideally of known chemical structure.



Clone---Plants produced asexually from a single source plant.



Clonal Propagation---Asexual reproduction of plants that are considered to be
genetically uniform and originated from a single individual or explant.



Coconut milk---The liquid endosperm of coconut contain the cytokinin zeatin and will
support the continued cell division of mature cells, leading to the formation of callus.



Contamination---Being infested with unwanted microorganisms such as bacteria or fungi.



Culture--- plant growing in vitro.



Detergent---Increasing the efficiency of sterilization.

Plant Tissue Culture Terminology


Differentiated---Cells that maintain, in culture, all or much of the specialized
structure and function typical of the cell type in vivo. Modifications of new cells to
form tissues or organs with a specific function.



Explant---Tissue taken from its original site and transferred to an artificial medium
for growth or maintenance.



Horizontal laminar flow unit---An enclosed work area that has sterile air moving
across it. The air moves with uniform velocity along parallel flow lines. Room air is
pulled into the unit and forced through a HEPA (High Energy Particulate Air) filter,
which removes particles 0.3 μm and larger.



Hormones---Growth regulators, generally synthetic in occurrence, that strongly
affects growth (i.e. cytokinins, auxins, and gibberellins).



Internode---The space between two nodes on a stem



Media---Plural of medium



Medium---A nutritive solution, solid or liquid, for culturing cells.



Micropropagation---In vitro Clonal propagation of plants from shoot tips or nodal
explants, usually with an accelerated proliferation of shoots during subcultures.



Node—A part of the plant stem from which a leaf, shoot or flower originates.



Pathogen---A disease-causing organism.



Pathogenic---Capable of causing a disease.



Petiole---A leaf stalk; the portion of the plant that attaches the leaf blade to the
node of the stem.

Plant Tissue Culture Terminology


Plant Tissue Culture---The growth or maintenance of plant cells, tissues, organs or
whole plants in vitro.



Regeneration---In plant cultures, a morphogenetic response to a stimulus that
results in the products of organs, embryos, or whole plants.



Somaclonal Variation---Phenotypic variation, either genetic or epigenetic in origin,
displayed among somaclones.



Somaclones---Plants derived from any form of cell culture involving the use of
somatic plant cells.



Sterile--- (A) Without life. (B) Inability of an organism to produce functional
gametes. (C) A culture that is free of viable microorganisms.



Sterile Techniques---The practice of working with cultures in an environment free
from microorganisms.



Subculture---See “Passage”. With plant cultures, this is the process by which the
tissue or explant is first subdivide, then transferred into fresh culture medium.



Tissue Culture---The maintenance or growth of tissue, in vitro, in a way that may
allow differentiation and preservation of their function.



Totipotency---A cell characteristic in which the potential for forming all the cell
types in the adult organism are retained.



Undifferentiated---With plant cells, existing in a state of cell development
characterized by isodiametric cell shape, very little or no vacuole, a large nucleus,
and exemplified by cells comprising an apical meristem or embryo

Sequence of dedifferentiation and differentiation in plant
tissue cultures
Single cell (zygote)
Zygotic embryo
Seedling
Plant

Single cell

Callus

Cell suspension

Somatic embryos
Regenerated shoots & roots
Regenerant plants

Pathways for plant regeneration
Dedifferetiation

Induction

Low degree of
cell division
Competent
Cells

Aseptic
explant
(Organs, tissues)

Realization
Direct
regeneration

Determined
Cells

Organgenesis
or embryogenesis

Abundant
cell division
Callus +
competent cells

Determined
Cells

Organgenesis
or embryogenesis
Indirect
regeneration

Protoplast
Abundant
cell division

No regeneration
Callus
From Su 2002
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Plant Regeneration System

Organogenesis--Shoots or roots are induced to

differentiate from a cell or cell clusters.

Plant regeneration

Somatic embryogenesis--New plants are

formed from somatic embryos. Somatic embryos
are formed in plant tissue culture from plant cells
that are not normally involved in the development of
embryos, i.e. ordinary plant tissue.

CSS451

Organogenesis

Direct (or Adventitious)
organogenesis

Indirect organogenesis

Cherry Regeneration System

CSS451

Somatic Embryogenesis

Celery plant regeneration

a Embryogenic calluses
b Formation of somatic embryos
c Mature somatic embryos
d Plantlets

Proliferation

Regeneration

Proliferation
Rate
9.6
9.7

27.3

18.0

17.2

5.5

Germplasm Preservation – In Vitro Approaches
1. Importance of germplasm preservation
•

Preservation of “superior genotypes”
•
Preservation of "source materials"

2. Problems with conventional storage
•
•

of

Conventional seeds – viability, pathogens, pests
Vegetatively propagated crops – expensive in terms

labor costs and space needs.
1. Basic goals of an in vitro storage system
•
•

To maintain genetic stability
To keep economically in indefinite storage w/o loss of
viability

2. Two types of systems have been developed
•
•

Storage in liquid nitrogen (LN) (-196˚ C)
Cold storage (1-9˚ C)

Germplasm Preservation – In Vitro Approaches

Advantages of in vitro methods
– Space-saving--little space needs
– Plants are free of pests, pathogens and viruses
– Labor-saving---no transfer labor (under storage
conditions)
– Stored cultures can be used as nuclear stock for
vegetative preservation
– International shipping restrictions are lessened
• no soil
• pest-free plants

Germplasm Preservation – In Vitro Approaches
Cold storage
– storage at non-freezing temps, from 1-9˚ C dep. on spp.
– storage of shoot cultures (stage I or II)
• works well for strawberries, potatoes, grapes, and etc.
• transferred (to fresh medium) every 6 mo. or on a yearly basis
– advantages – simple, high rates of survival, useful for
micropropagation.
– disadvantages
• may not be suitable for tropical, subtropical spp because of
susceptibility of these to chill injury
• alternative w/coffee – shoot cultures transferred to a medium
w/reduced nutrients and lacking sucrose
• requires refrigeration, which is more expensive than storage in
LN

Germplasm Preservation – In Vitro Approaches
Cryopreservation involving LN (-196˚C)

1.
2.
3.

Prefreezing method: combine prechilled culture with
cryoprotectant
Vitrification: use of highly concentration solution of a
cryoprotectant
Encapsulation-dehydration: used for storing
encapsulated somatic embryos in Ca-alginate beads

Micropropagation
“… the art and science of multiplying plants in vitro.”

Advantages

Conventional propagation

Micropropagation

Cuttings, budding,
grafting, layering

Tissue culture using
axillary buds and
meristems

• Equipment costs minimal.
• Little experience or technical
expertise needed
• Inexpensive
• Specialized techniques for
growth control (e.g. grafting onto
dwarfing rootstocks)

• From one to many propagules
rapidly;
• Multiplication in controlled lab
conditions & Reduce stock plant
space
• Precise crop production
scheduling
• Long-term germplasm storage
• Production of difficult-topropagate species

Micropropagation stages

Stage I sterilization

To obtain bacterium-free materials.
• Pre-treatments to clean up the explant
• Detergents
• Sterilants and Antibiotics

Stage II shoot
production

Selection of cytokinin type and concentration
determined by:
•Shoot multiplication rate
•Length of shoot produced
•Frequency of genetic variability
•Cytokinin effects on rooting and survival

Stage III pretransplant
(rooting)

•In vitro rooting: preparation of Stage II
shoots/shoot clusters for transfer to soil
(prehardening)
•Ex vitro rooting: elongation of shoots prior to ex
vitro rooting
•Fulfilling dormancy requirements

Stage IV transfer to
natural environment

Growing quality plants from in vitro to ex vitro
conditions

Somatic hybridization

Somatic hybridization involves fusion of two distantly
related, to closely related plant protoplasts at
intraspecific, interspecific, intergeneric, and
interfamily levels, with sub sequent regeneration of
hybrid cells into hybrid plants. The term protoplast
was first used by Manstein in 1880.
Somatic fusion is of particular interest for
characters related to the chloroplast or
mitochondrion. Plastids and mitochondrial genomes
(cytoplasmically encoded traits) are inherited
maternally in sexual crossings. Through the fusion
process the nucleus and cytoplasm of both parents
are mixed in the hybrid cell (heterokaryon). This
results in various nucleocytoplasmic combinations.
Sometimes interactions in the plastome and genome
contribute to the formation of cybrids (cytoplasmid
hybrids).
Creation of new nuclear-cytoplasmic
combinations

Key Parameters for Manipulation of Plant tissue culture

1. Nutrient Media
2. Culture Explants
3. Culture Growth Environments
Modulating these factors/components is the
basis for successful culturing, including regulating
growth and development.

Culture Medium
------A nutritive solution, solid or liquid, for culturing cells

Functions of culture medium
•
•
•
•
•
•

Provide water
Provide mineral nutrition
Provide vitamins
Provide growth regulators
Access to atmosphere for gas exchange
Removal of plant metabolite waste

Formulations of culture medium

Commercially,
• Many available
• Differ in salt concentrations
• Differ in presence or absence of salts

Chu N6 medium

Chu (1975)

DKW medium

Driver & Kuniyuki (1984)

Gamborg B-5 medium (B5)

Gamborg et al., 1968

Kao & Michayluk medium

Kao & Michayluk 1975

Linsmaier & Skoog medium (LS)

Linsmaier & Skoog medium 1965

Lloyd & McCown woody Plant medium
(WPM)

Lloyd & McCown 1981

Murashige & Skoog medium

Murashige & Skoog 1962

Culture Medium
Micronutrients
Macroelements
• Potassium (K) 20 -30 mM
• Phosphorous (P) 1-3 mM
• Calcium (Ca) 1-3 mM
• Magnesium (Mg) 1-3 mM
• Sulfur (S) 1-3 mM

• Iron (Fe) 1 m M
• Manganese (Mn) 5-30 m M
• Zinc (Zn)
• Boron (B)
• Copper (Cu) 0.1 m M
• Molybdenum (Mo) 1 m M
• Cobalt (Co) 0.1 m M

Vitamins
•Thiamine (vitamin B1)
• Nicotinic acid (niacin)
• Pyridoxine (B6)
• Myo-inositol

Plant growth regulators

Sugar
• Sucrose
• Others
• 20 to 40 g/l

Support system
•Agar
•Agarose
•Gelrite (Phytagel)

Essential elements for plant growth
Element
Nitrogen (N)

Function
Component of proteins, nucleic acids and some coenzymes
Element required in greatest amount

Potassium (P)

Regulates osmotic potential, principal inorganic cation

Calcium (Ca)

Cell wall synthesis, membrane function, cell signalling

Magnesium (Mg)

Enzyme cofactor, component of chlorophyll

Phosphorus (P)

Component of nucleic acids, energy transfer, component of
intermediates in respiration and photosynthesis

Sulphur (S)

Component of some amino acids (methionine, cysteine) and some
cofactors

Chlorine (Cl)

Required for photosynthesis

Iron (Fe)

Electron transfer as a component of cytochromes

Manganese (Mn)

Enzyme cofactor

Cobalt (Co)

Component of some vitamins

Copper (Cu)

Enzyme cofactor, electron-transfer reactions

Zinc (Zn)

Enzyme cofactor, chlorophyll biosynthesis

Molybdenum (Mo)

Enzyme cofactor, component of nitrate reductase

Plant growth regulators used in plant tissue culture media
Normal concentration range is 10-7 ~ 10-5M

Class

Name

Abbreviation

MW

Stock solution

Auxin

p-chlorophenoxyacetic acid

pCPA

186.6

All auxins dissolved in

2,4-Dichlorophenoxyacetic
acid

2,4-D

221.0

dilute NaOH or aqueous

IAA

175.2

ethanol

IBA

203.2

NAA

186.2

NOA

202.2

BAP

225.2

All cytokinins dissolved

2iP

203.3

in dilute NaOH or

K

215.2

aqueous ethanol

Zea

219.2

GA3

346.4

Dissolved in water

ABA

264

Dissolved in aqueous

Indole-3-acetic acid
Indole-3-butyric acid
1-Naphthaleneacetic acid
2-Napthoxyacetic acid
Cytokinin
6-Benzylaminopurine
N-Isopenteylaminopurine
6-Furfurylaminopurine (Kinetin)
Zeatin***
Gibberellin
Abscisic
acid

Gibberellic acid***
Abscisic acid

ethanol

Murashige and Skoog (MS) Medium
(1962)
Macroelement (10x)

NH4NO3 1.65 g/L
MgSO4
CaCl2

KPH2O4
KNO3

370 mg/L
440 mg/L
170 mg/L
1.9 g/L

Microelement
(1000x)
H3BO

6.2 mg/L

CuSO4

0.025 mg/L

CoCl2

0.025 mg/L

ZnSO4 (7H2O)

8.6 mg/L

MnSO4 (4H2O)

22.3 mg/L

NaMo04 (2H2O) 0.25 mg/L
KI

0.83 mg/L

*FeSO4 (7H2O) 27.8 mg/L

*Na2EDTA

37.3 mg/L

Organics

Nicotinic acid

0.5mg/L

Pyridoxin-HCl

0.5 mg/L

Thiamine-HCl

0.1 mg/L

myo-Inositol

100 mg/L

Glycine

2 g/L

Sucrose

30 g/L

Preparation of medium

1.

Procedure for 1 liter (40-60 samples)

2.

Add about 800 ml of distilled water to the 2 liter flask. You need a 2 liter flask for 1 liter of
medium to contain boil-overs that will occur during the sterilization process.

3.

Add the contents of the packet. Use a dropper to squirt some water into the packet to flush out
all of the powder. Swirl to mix completely or put on the stirrer.

4.

Add sucrose and swirl or stir to dissolve the sucrose completely.

5.

Check the pH (NO do NOT add the agar until after you adjust the pH).

6.

Adjust the pH to 5.7.

7.

Add distilled water to the 1 liter line on the flask.

8.

Add the agar (7-8 g/liter). The agar will NOT dissolve.

9.

Cover with 2 layers of aluminum foil and put a piece of autoclave tape on the label area of the
flask. Autoclave for 15 minutes at 121oC 15 lb in-2 ( standard autoclave conditions).

10. Cool to about 60oC.
11. Aseptically, pipette or pour the warm liquid medium into the sterile plastic or sterilized glass
culture vessels in a hood. The gel will set in about 1 hour.
12. Store, refrigerated after the medium has completely cooled. Wrap the entire rack in plastic to
keep the medium from drying out.

Sterilization methods

Medium, tools, vessels
•
•
•
•
•

Autoclaving
Ethylene oxide gas
UV radiation
Dry heat
Microwave

Surface-sterilizing
plant materials
•
•
•
•
•
•

Alcohol
Bleach
Calcium hypochlorite
Mercuric chloride
Hydrogen peroxide
Rinsing

Autoclaving
In order to eliminate bacterial and fungal
contaminants, media must be submitted to
heat and high pressure. Fungal spores may
survive if only heat is used. Therefore,
media is sterilized by heating to 121 ˚C at
103.5kPa for 15-20 min (15 lb in-2).

Dry Sterilization
Glassware can be sterilized in an oven by placing
them at 200 ˚C for 1-4 hours. Be sure to cover
glassware with aluminum foil to maintain aseptic
conditions after removing the glassware from the
oven. Avoid the use of any plastic caps, paper (i.e.
labeling tape), or other flammable materials as
they are fire hazards.

Filter Sterilization----for heat labile compounds

Certain media components are
susceptible to heat denaturation and
therefore must be added to the
media after autoclaving. To do so,
you must filter the components using
a 0.22µm pore size filter that is
appropriate to the solvent used.

Sterilizing
Method

Solvent

Working
Conc.
(mg/L)

IBA

Autoclave,
Filter

ETOH /
1N NaOH

0.1-10.0

2,4-D

Autoclave

ETOH /
1N NaOH

0.01-5.0

Autoclave

Water

0.00220.0

NAA

Autoclave

1N NaOH

0.1-10.0

IAA

Autoclave,
Filter

ETOH /
1N NaOH

0.01-3.0

Component

Picloram

Type

Auxins

Comments
May lose some activity
when autoclaved.

2-4 times less active than
2, 4-D

May lose some activity
when autoclaved.

BA

Autoclave,
Filter

1N NaOH

0.1-5.0

May lose some activity
when autoclaved

Zeatin

Autoclave,
Filter

1N NaOH

0.01-5.0

May lose some activity
when autoclaved

Filter

1N NaOH

0.01-5.0

Autoclave,
Filter

1N NaOH

0.1-5.0

Filter

1N NaOH

0.01-5.0

2-iP

Autoclave,
Filter

1N NaOH

1.0-30.0

May lose some activity
when autoclaved

IPA

Autoclave,
Filter

1N NaOH

0.1-10.0

May lose some activity
when autoclaved

GA3

Filter

ETOH

0.01-5.0

90% loss of activity when
autoclaved

Filter

ETOH

0.01-5.0

Filter

ETOH

0.01-5.0

Zeatin
riboside
Kinetin

Cytokinins

Kinetin
Riboside

GA4
GA7

Gibberellins

May lose some activity
when autoclaved

Thiamine (B1)

Autoclave

Pyridoxine (B6)

Autoclave

Nicotinic acid
(niacin)
Cyanocobalami
n (B12)

Vitamin
s

Calcium
pantothenate

500-5,000

Autoclave

500-

Filter

tCA (transcinnamic acid)

Antiauxi
n

Autoclave,
Filter

Coconut water

Complex
Additive

Autoclave

10-20%

Autoclave

0.2%

Activated
Charcoal

Sucrose

Degraded rapidly at
pH's much above 5.5

Carbon
Source

Autoclave,
Filter

ETOH /
1N NaOH

Water

0.1-10.0

2-3%

May lose some activity
when autoclaved.

Degradation of sucrose
into D-glucose and Dfructose may be
inhibitory to some
cultures

Laminar flow cabinets

Laminar flow cabinets
The vertical laminar flow model

Laminar flow cabinets
The horizontal laminar flow model

Preparation of the laminar flow cabinets








Before starting any sterile transfer, the operator’s hands
and lower arms are washed clearly
All internal surfaces of the cabinet are surface-sterilized
by swabbing with 70% ethanol. The air-flow is switched on
to allow equilibration for 10-15 min then the cabinet is
surface-sterilized again immediately prior to use
Only essential items are placed in the cabinet.
A trolley with shelves is useful for holding stocks of
equipment.

Experiment 1: Plant tissue culture

Objectives:
•

To know the importance of ‘aseptic’ conditions during
tissue culture

•

To get familiar with medium preparation and terminology
of plant tissue culture.

•

To practice aseptic culture of plant tissues.

•

To grow transgenic and nontransgenic tobacco on
kanamycin-containing medium.

Experiment 1: Plant tissue culture
Part 1: Medium preparation
Prepare 1L LB Medium (Luria-Bertani Medium):
Bacto-Tryptone

10

gram (g)

Bacto-yeast extract

5

gram (g)

NaCl

10

gram (g)

ddH2O to

1

litre (L)

Total volume

1

litre (L)

pH

7.0

Bacto-agar

15

Gram (g)

autoclave to sterilize
For agar medium, cool down till to 50-60C; add antibiotics if required , mix well
and pour on the sterile plates.

What is
MERISTEM?
Meristem is a shoot
tip which is found at
the shoot apical and
root apical region.
Meristem contains
high amount of auxin
concentration that
promotes plant
growth.

Meristem Culture:
 Meristem culture is a tissue

culture technique, which uses
apical meristem with 1-3 leaf
primordia to prepare clones of a
plant by vegetative propagation.

 Meristem is cultured in vitro then

it produces a small plant bearing
5-6 leaves within few weeks.

 This technique primarily involves

the isolation of meristem by
applying a V-shape cut in the
stem.

STAGES OF MERISTEM CUTURE:
Murashige reported that there are three stages of cultureSTAGE 1- Establishment stage: Ex plant may develop into single shoot
or multiple shoots. Ex plants are supplemented with cutokinin like
BA, kinetin, etc.
STAGE 2- The objective is to multiply the propagule and for this
axillary shoot proliferation is followed as it maintains higher genetic
stability. High level of cytokinin are utillised to overcome apical
dominance.

STAGE 3- In this stage, regeneration of adventitious roots form the
shoots obtain in stage 2.

PROTOCOL
FOR
MERISTEM CULTURE

ProTOCOL:
 1. Remove the young twigs from the healthy plant.
 2. Cut the tip portion of twig that should be of
1cm.
 3. Subject the shoot tip to surface sterilisation in
the sodium hypochlorite solution for 10minutes.
 4. Rinse the ex plant thoroughly with the distilled
water for about 4minutes.

 5. Then, transfer each ex plant to a sterilised petri
plate.

6. Dissect the outer leaves of the shoot tip.
7. After the dissection of outer leaves, the apex region will
be exposed and separated using a scalpel.

8. Transfer the apex or apical meristem toMS (Murashige
and Skoog’s) nutrient medium.
9. Incubate the culture at 25 degree C for 16 hours.

10. After development of a single or multiple shoots,
transfer it to hormone free medium for the root
development.
11. Then transfer the plants to the pot filled compost and
keep it under greenhouse condition for hardening.

APPLICATION:
 By meristem culture, virus

free plants can be produced as
pathogens are absent in apical
meristem.
 It is also useful in
micropropagation technique
which favours production of
thousands of plants from a
single ex plant.

 Moreover, once a stock of

multiple shoot culture is
established, it can continuously
serve as source material instead
of having to restart from fresh ex
plant.
 It also helps in plant breeding

technique, in which hybrid
breeds of plant can be grown.
 The germplasm or the seeds can

be conseved in vitro or by the
cryopreservation method.

SIGNIFICANCE:
 Apical shoot culture also helps in the production of
virus-free plants.
 The germplasm or the seeds can be conserved in-vitro
or by the cryopreservation method.

 Meristem contains high auxin concentration that
promotes plant growth.
 It can have an extraordinarily high fecundity rate,
producing thousands of propagules while
conventional techniques might only produce a fraction
of this number.

It is useful in multiplying plants which produce seeds in
uneconomical amounts, or when plants are sterile and do
not produce viable seeds or when seed cannot be stored.

Micropropagation often produces more robust plants,
leading to accelerated growth compared to similar plants
produced by conventional methods - like seeds or cuttings.
Some plants with very small seeds, including most
orchids, are most reliably grown from seed in sterile
culture.
A greater number of plants can be produced per square
meter and the propagules can be stored longer and in a
smaller area.

Meristem culture is an effective method of
cloning of plant material and to produce
disease free clean plant stock. It is very
effective in agricultural and industrial science,
for example Tobacco Mosaic Virus has been
eliminated from the petunia species, and
Cauliflower Mosaic Virus has been eliminated
from Brassica oleracea plants.

GERMPLASM
• GERMPLASM : It refers to the total genomic content that
is transferred to the offsprings through the germ cells.
• WHY CONSERVE GERMPLASM ?
1. Germplasm acts as the raw material for the development
and production of various varieties of crops.
2. Collection of germplasm is the first step and the
backbone of any breeding programme.
Hence, Germplasm conservation is of great importance.

GERMPLASM CONSERVATION
• Conservation of the germplasm is a valuable practice.
• Global organisation for germplasm conservation – IBPGR
• IBPGR — International Board of Plant Genetic Resources
• IBPGR was established in 1974. It provides the necessary
support required for –
1. Collection
2. Conservation and
3. Utilisation of Plant Genetic materials.
• IBPGR has been changed to IPGRI (International Plant Genetic
Resources Institute) in 1993.

HISTORY
• Conservation was taught in India back in 700 BC.
• August Weisamann, for the first time in the 19th century, explained
the concept of germplasm.

• Weisamann proposed his theory in 1883 which was published in
1892 as “The Germplasm: A Theory of Heredity”.
• According to this theory germplasm is independent of somatoplasm
and is the hereditary material that is from generation to generation.

HISTORY contd..
• Realising the danger of Genetic Resources, the UN Conference
on Human Environment (Stockholm,Sweden) in 1972
recommended conservation of the habitat that are rich in genetic
resources.

• Bajaj, 1995 and Staristky, 1997 — reported the loss of valuable
gene pools that might occur if efforts were not made for
conservation of germplasm.

OBJECTIVES OF GERMPLASM
CONSERVATION
• To preserve the genetic diversity of the particular plant for
future usage and production of plants with desired and
improved quality. It may also help in increasing the yeild.
• To maintain the collected germplasm in such a way that there
is minimum risk of it’s loss.
• Preservation of primitive or endangered plants for their
valuable genetic traits and special characters.

APPROACHES
• There are 2 approaches for germplasm conservation.
1. In situ conservation
2. Ex situ conservation.

CONSERVATION APPROACHES

Ex situ
conservation

In situ
conservation
• On–farm
conservation
• Biosphere reserves
• National parks
• Gene sanctuary
• Sacred grooves

•
•
•
•
•
•

In vitro storage
Seed bank
DNA storage
Pollen banks
Field bank
Botanical gardens

IN SITU CONSERVATION OF
GERMPLASM
• In situ conservation: It can be described as the conservation of
the germplasm of a particular plant in it's natural habitat.
• In situ conservation means on site conservation.
• It is regarded as the high priority germplasm conservation.

• It’s main aim is to conserve greater number of plant species
(may it be wild or cultivated) in less area.

MERITS OF IN SITU CONSERVATION
• In situ conservation allows evolution.
• In this plants and animal species can be conserved at the same
place.
• There is greater chance of population recovery.

DEMERITS
• There is risk of losing the germplasm due to environmental hazards.

• Cost of maintenance of larger number of genotypes is high.
• Larger space is required.
• Monitoring is a tough job.
• Plants can be damaged by the pests.

• Climatic changes may also cause damage to the plant species.

EX SITU CONSERVATION OF
GERMPLASM
• Ex situ Conservation : Ex situ means “off-site”. Hence, Ex situ
conservation refers to conservation of protecting the plant
species outside their natural habitat.
• These are kept under protection.
• They are kept under proper human supervision.
• Allessential nutrients are provided within the medium.
• Offsprings produced in this are released in natural habitat for
acclimitization.

MERITS OF EX SITU CONSERVATION
• Greater number of genotypes can be managed in a smaller space.
• Monitoring is easy as compared to in situ conservation.

• The plants can be easily protected from natural hazards.
• The plants can be obtained whenever required from the germplasm stock.
• Pathogen free environment can be maintained.

• There are very high chances of recovery of the population.

DEMERITS
• Seed viability may be lost.
• Animals and plants can’t be maintained together.
• It’s maintenance is expensive.
• Genetic diversity is limited,i.e., evolution doesn’t occur in this type
of conservation.
• The plants may lose the capacity to produce fertile seeds.
• Germination rate is poor.

In vitro storage
• In vitro method is best suited for conservation of germplasm.
• In this, we preserve the cells or tissues or calluses of selected
plant species in test tubes sealed with cotton plugs or corks.
• There are 3 techniques of in vitro conservation —
1. CRYOPRESERVATION
2. COLD STORAGE
3. LOW-PRESSURE AND LOW-OXYGEN STORAGE

CRYOPRESERVATION
• Cryopreservation is derived from a Greek word— krayos, which
means frost. This actually refers to the preservation in frozen state.
• This broadly refers to the storage of germplasm at a very low
temperature.
• It can be performed on several plant species.
Examples— Rice, Wheat, Cassava, Strawberry, Peanut etc.
• Cryopreservation can be done —
over solid CO2(at –80°C), in vapour phase nitrogen ( at –150°C)
or in liquid Nitrogen (at –196°C; most commonly used method).

PRINCIPLE OF CRYOPRESERVATION
• This is based on the conversion of water inside the cells into solid state.
• When cooling is done below 0°C, the biological functions are restricted by
the freezing of water.
• The cell water can freeze at very low temperature(~ -68°C). This is due to the
presence of salts and organic molecules in the cells.
• The metabolic processes of the cells/tissues are almost stopped at low
temperatures. Hence, biochemical injuries can be prevented.

STEPS OF CRYOPRESERVATION
Selection of Plant material
Pregrowth treatment

Addition of Cryoprotectants
Vitrification
Cryoprotective Dehydration
Encapsulation and Dehydration
Freezing

Storage
Thawing
Determination of viability

1. SELECTION OF PLANT MATERIALS
• Morphological and physiological conditions of plant material
influence the ability of plants to survive.
• Different tissues such as ovules, anther, pollen, embryo,
endosperm etc., can be preserved.
• Tissue should be collected from healthy and young plants.
• It should be rich in cytoplasm.
• Meristematic cells are more commonly used in this as they can
survive for longer period of time.

2. PREGROWTH TREATMENT
• The pre–growth treatment protects the plant tissues against
exposure to to liquid N.
• It involves the application of additives such as ABA, trehalose
etc. for enhancing the stress tolerance.
• The addition of low concentration of DMSO (1-5%) during pre–
growth often improves shoot tip recovery.

3. ADDITION OF
CRYOPROTECTANTS
• The compounds that can prevent the damage caused to the cells
by freezing are called as cryoprotectants.
• Widely used cryoprotectants are Sucrose and Glycerol.
• They act as antifreeze agents and lower the freezing temperature.
• They increase the viscosity and prevent the cells from damage
• Formation of large ice crystals inside the cells and toxic level of
intracellular concentration of solutes before or during freezing can
cause cell damage.

4. VITRIFICATION
• This refers to to the transformation of a liquid into solid form
without crystallization.
• The cells that are properly slow frozen are are known to be
vitrified.
• Vitrification is the ultra-rapid method of cryopreservation, in
which the embryo is transition transitioned from 37 to – 196°C
in <1 second resulting in extremely fast rates of cooling.
• High concentrations of cryoprotectants along with rapid cooling
rates are essential to to cryopreserve embryos in a vitrified state.

5. CRYOPROTECTIVE
DEHYDRATION
• Dehydration can be achieved by growth in presence of high concentration of optically
active compounds like sugar, polyols in a sterile flow cabinet or over silica gel.

DEHYDRATION
REDUCES
THE
AMOUNT
OF WATER

ICE
FORMATION

INCREASE
IN
OSMOTIC
PRESSURE

DECREASE IN
FREEZING
TEMPERATURE,
PROMOTING
VITRIFICATION

6. ENCAPSULATION and
DEHYDRATION
• It is the encapsulation of tissues in calcium alginate beads which
are pre grown in liquid culture media containing high concentration
of sucrose.
• After these treatments the tissues are able to withstand exposure to
liquid nitrogen without application of chemical cryoprotectants.

7. FREEZING
• RAPID FREEZING— In this is the plant material is placed in vials and
plunged into liq. N and decrease of – 300 to – 1000°C or more occurs.
Quicker the freezing is done, smaller is the intracellular crystal. This
method is simple and easy to handle and has been employed for
cryopreservation of shoot tips of Potato, Strawberry Brassica sp. etc.
• SLOW FREEZING— In this the tissue is slowly frozen down with
decrease in temperature from -0.1 to -10°C/min. Slow cooling allows the
flow of water from cells to outside, promoting extracellular ice
formation rather than intracellular freezing. It has been employed in the
cryopreservation of meristems of Pea, Potato, Cassava, Strawberry etc.

8. STORAGE
• Storage of the frozen material is a very crucial step.

• Frozen tissues or cells are kept at temperature ranging from –80
to –196°C.
• The temperature should be sufficiently low for long-term
storage of cells.
• This stops all metabolic activities and prevents the cell from any
biochemical injury.

9. THAWING
• In this, the frozen tissues in the test tubes are plunged into warm water at a
temperature of around 35 to 45°C with vigorous swirling.
• As soon as the ice melts the test used are placed on water bath (20 to 25°C).
This is done to to cool down the walls of the tube.
• After this, the tissues are washed and transferred into the medium.

• This is important, for the survival of the tissue, that the tube should not be
left in warm water bath after the ice melts.

10. DETERMINATION OF VIABILITY
• Regrowth of plants for from store tissues or cells is the only test
for survival of the plant materials.
• Various viability test are FDA (Fluorescein diacetate) staining,
growth measurement by cell number and dry and fresh weight
method.
• Important staining methods are—
1. Triphenyltetrazolium chloride (TTC) Staining
2. Evan’s blue staining

APPLICATIONS
1.
2.
3.
4.
5.
6.

Conservation of endangered medicinal plants
Pollens are maintained and it’s longivity is increased.
Conservation of Rare germplasms.
Maintenance of Disease free stocks.
Seed Bank
Gene Bank

ADVANTAGES OF
CRYOPRESERVATION
• Risk of microbial contamination is low.
• Reduced risk of cross contamination with other cell lines.
• Evolution does not occur.
• Prevents inbreeding.
• The plants which are are on the verge of extinction can be
recovered.

 W.TULECKE (1953)

First observed that mature pollen grains of Ginkgo biloba
(gymnosperm) can be induced to proliferate in culture to form
haploid callus.
 S.GUHA & S.C.MAHESWARI (1964)

First reported the direct development of embryos from
microspores of Datura innoxia by the culture of excised
anther.
 J.P. BOURGIN & J.P. NITSCH (1967)

Obtained complete haploid plantlets from anther culture of
Nicotiana tabacum.

 Culturing of anther

 Pollen or microspore culture is

obtained from unopened
flower bud in the nutrient
medium under aseptic
condition.
 These develop into callus
tissue or embryoids that
give rise to haploid
plantlets either though
organogenesis or
embryogenesis.

an in vitro technique by which
the pollen grains preferably at
the uninucleated stage, are
squeezed out aseptically from
the intact anther and then
cultured on nutrient medium.
 The microspores develop into
haploid embryoids or callus
tissue that give rise to haploid
plantlets by embryogenesis or
organogenesis.

 Androgenesis is the in vitro development of haploid plants

originating from totipotent pollen grains through a series of cell
division and differentiation.
 It is of two types:1. Direct androgeneis:The microspores behaves like a zygote and undergoes
chance to form enbryoid which ultimately give rise to a
plantlet.
2. Indirect Androgenesis:The microspores divide repeatedly to form a callus tissue
which differentiates into haploid plantlets.

 The production of haploid plants is to exploit the

totipotency of microspore .
 In this process the normal development and function of
the pollen cell to become a male gamete is stopped and
is diverted forcely to a new metabolic pathway for
vegetative cell division .

1. Genotype of donor plants:The genotype of the donor plant plays a significant role in determining
the frequency of pollen production. Example :- Horedum of each genotype
differs with respect to androgenic response in anther culture.
2. Anther wall factor:The anther wall provide the nourishment in the development of isolated
pollen of a number of species.
There are reports that glutamine alone or in combination with serine and
myo- inositol could replace the anther wall.
3. Culture Medium:For anther culture, medium requirements vary with genotype and the age
of the anther as well as condition under which donor plants are grown.
The iron in the medium plays a very important role for the induction of
haploids.
Potato extracts, coconut milk and growth regulators like auxin and
cytokinin are used for anther and pollen culture.

4. Effect of temperature:Temperature enhance the induction frequency of microspore
androgensis.
The low temperature treatment to anther or flower bud enhance
the
haploid formation.
The low temperature effects the number of factors such as
dissolution of microtubules lowering of absicisic acid
maintenance of higher ratio of viable pollen capable of
embryogenesis.
5. Physiological status of donor plant:Physiological status of donor plant such as water stress
nitrogen requirement and age of donor plant highly affect the
pollen embryogenesis.
Plants starved of nitrogen may give more responsive anthers
compared to those that are well fed with nitrogenous fertilizers.












Collection of unopened flower buds.
Surface Sterilization is done with 70% ethanol.
Anthers are excised from flower buds and kept separately.
Anthers in first meiotic division is selected by
acetocarmine test.
The selected anthers are inoculated in the medium
containing glutamine, L-serine and inositol.
Incubate the culture at 25 C for 15 days. Here, anthers
grow into embryoids.
Embryoids are then transfered to rooting medium under
3000 luc illumination.
After 4-5 weeks the embryoids become plantlets.
After acclimatization, plantlets are transferred to green
house.

 Collection of anthers from flower buds. Then pollen grains are

isolated and about 50 anthers are placed in small sterile beaker
containing 20 ml of liquid basal medium (MS or White or
Nitsch).
 Anthers are then pressed against the side of beaker with the
sterile glass rod to squeeze out the pollens.
 The homogenized anthers are then filtered through a nylon sieve
to remove that the anther tissue debris.
 The filtrate or pollen suspension is then centrifuged at low speed
( 500-800 rpm/min) for five minutes. The supernatant containing
fine debris is discarded and pellet of pollen is suspended in fresh
liquid medium and washed twice by repeated centrifugation and
re-suspended in fresh liquid medium.

 A 2.5 ml of pollen suspension (usually 10³ to104/ml) is

pipetted off and is spread in 5 cm petridish. Pollens are
best grown in liquid medium but, if necessary, they can
be grown by plating very soft agar added medium.
 Petridishes are incubated at 27-30°C under low intensity
of white cool light (500 lux,16 hr).
 Young embryoids can be observed after 30 days. The
embryoids ultimately give rise to haploid plantlets.

Due to following reasons pollen culture is more
advantageous then anther culture:
 During anther culture there is always the possibility
that somatic cells of the anther that are diploid will
also respond to the culture condition and so produce
unwanted diploid calli or plantlets.
 Sometimes the development of microspores inside the
anther may be interrupted due to growth inhibiting
substances leaking out of the anther wall in contact
with nutrient medium.

 It is used for study of genetic recombination in higher plants.
 It is used for study of mode of differentiation from single cell to







whole organism.
It is used for study of factor controlling pollen embryogenesis of
higher plants.
It is used for formation of double haploid that are homozygous
and fertile.
It is used for plant breeding and crop improvement.
It is used to obtain the secondary metabolites. Eg. Hyoscyamus
niger obtain by anther culture having higher alkaloid content.
Haploids are used in molecular biology and genetic engineering.
Example:- Haploid tissue of Arabidopsis and Lycopersicon have
been used for the transfer and expression of three genes from
Escherchia coli.

 Haploids are defined as saprophytes with gametophytic

chromosome number and have been produced in a variety of
plant species using a variety of methods.
 Although, haploids could be produced following delayed
pollination, irradiation of pollen, temperature shocks,
colchicine treatment and distant hybridization, the most
important methods currently being utilized include  Anther culture
 Pollen culture
 Ovule culture and
 Chromosome elimination following interspecific hybridization

(bulbosum technique).

 Triploid is an organism with three basic set of chromosomes.

 These are mostly valued for seedless fruits, ornamental

purposes as demonstrated in petunias, for trees which are grown
for biomass production such as tea, acacia and sandalwood.
 Triploids can be generated in different ways. This include Selection from natural population (Ex: Banana)
 In vitro culture of endosperm.
 Making a tetraploid parent through colchicine treatment followed

by hybridization between tetraploid female and diploid male.
 Production of a tetraploid through somatic hybridization between
two diploid lines followed by crossing with a diploid male line.
 Protoplast fusion between haploid and diploid genomes.
 Selection in anther culture derieved population.

 Diploidization is the process of converting a polyploid or

haploid genome back into a diploid one.
 Need of Diploidization :Haploids may grow normally up to flowering stage but in
the absence of homologous chromosomes meiosis is
abnormal and, consequently viable gametes are not
formed. To obtain fertile, homozygous diploids for
analyzing the progenies and the breeding behavior of the
pollen plants, the chromosome complement of the haploids
must be duplicated.
 Spontaneous duplication of the chromosomes in pollen
derived plants has been observed but its frequency fairly
very low. So, this can be significantly enhanced by using
artificial means.

 For Nicotiana tabacum (Tobacco) only 0.4% solution of

colchicine is recommended to diploidize the pollen
plants. In practice, the young pollen-derived plants are
immersed in a filter sterlized solution of colchicine for
about 96 hours and then transferred to a culture medium
to allow their further growth.
 Alternatively the treatment is given in form of a lanolin
paste. It is applies to the axils of the upper leaves and the
main axis is duplicated to stimulate the axillary buds to
grow into diploid and fertile branches.

 To maintain stable cellular division processes.
 To obtain fertile, homozygous diploids for analyzing the

progenies and the breeding behavior of the pollen
plants.
 To maintain intra-genomic chromosome pairing at
meiosis –
Chromosome pairing during meiosis is a significant
challenge for polyploids. Homoeologous chromosomes
with similar genetic content may pair with each other
resulting in trivalent or tetravalent interactions. The
resolution of these structures results in chromosome
breakage, rearrangement, and gamete infertility.
Diploidization is often required to restore the cell’s ability
to stably go through meiosis.

CALLUS CULTURE
ORGANOGENESIS AND ITS SIGNIFICANCES
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MEANING OF CALLUS
• Callus is a mass of unorganized and undifferentiated cells.
• In nature it is induced by wounding,insect attack,microorganisms or
as a result of stress under natural environment.
• Callus can be initiated in-vitro by placing a small piece of
plant(EXPLANT) onto a growth medium under sterile conditions.
• The initiation of callus formation is referred as callus induction.
• First observed by RECHINGER in 1893.

General characters of callus growth
• Cells of callus grows irregularly, they are round to flat in shape.
• Some callus are hard in nature and compacted with lignin are known
as COMPACT CALLUS.
• FRIABLE CALLUS : Shows loosely associated cells and the callus
become soft and breaks apart easily.
• Colour of callus depends upon circumstances and the Explant taken
for callus culture.
• White in dark, green due to chloroplast,purple due to presence of
anthocyanin in vacoule,yellow due to caretenoid and brown due to
phenol secretion.

Different colours of callus

Method of callus culture
• The continous division of cells produces a mass of cells or callus on
the explant.
• The callus is separated from the explant and transferred on fresh
medium.
• After attaining growth, callus is SUBCULTURED at regular interval of 34 week by dividing it into pieces and transferred to fresh medium.
• The callus piece used to inoculate a flask is known as INOCULUM.
• The callus may lose its auxin/cytokinin requirements after repeated
subculture.This is called HABITUATION.

CARROT ROOT CULTURE
• Fresh and healthy carrot root is selected.It is thoroughly washed in
running tap water.
• Upper 1cm of carrot root is discarded and then it is cut into 0.5cm
thick slices.
• The slices now transferred to a beaker containing sodium
hypochlorite solution and kept there for 10 minutes.
• Slices are placed immediately in a beaker containing distilled water.

• A carrot slice is taken and is placed on a petridish.Tissue cylinders are
cut out from the cambium region by a sterilized cork borer, after
cutting maximum numbers of tissue cylinders from the cambial region
remaining portion of the slice is discarded.
• Tissue cylinders is cut into explants measuring 5mm diameter and
2mm thickness.
• One such explant is transferred to each culture tube containing the
prepared nutrient medium.
• Culture tubes are kept in a glass storage jar and placed in an
incubator at 25°C.

• The surface of the explant after few days become somewhat rough
,indicating initiation of the callus.callus can be maintained from few
weeks to months depending on the rate of growth.
• Generally after 4 to 8 weeks the callus is sub cultured by dividing it
into small parts.
• Each piece transferred to a new flask containing fresh nutrient
medium.

CARROT ROOT CULTURE

Development of a callus culture
• Callus formation from an explant occurs in three stages.
• (a) INDUCTION STAGE
• Metabolism is stimulted and the cells prepare to divide.Cell size remains
unchanged.
• (b) PROLIFERATIVE STAGE
• Cells divide actively,cell size decreases.
• (c) DIFFERENTIATION
• Cells differentiate by the process of expansion and maturation.
• Vascular nodules or meristemoids are formed in callus from small groups of
meristematic cells.

Significance of callus culture
• Callus culture can be used to determine the total amount of nucliec
acids.(Yeoman and Mitchell).
• By using tracer elements in callus culture the path of various
metabolic processes has been determined.
• Eg : Dougall used C¹⁴ amino amino acid to understand the pathway of
protien synthesis in rose.
• Friable callus is suitable for cell suspension culture.
• Callus culture used to obtain important secondary metabolites.

ORGANOGENESIS
• The process of initiation and development of an organ is called
organogenesis.

• Organogenesis means development of adventitious organs or
primordia from undifferentiated cell mass in tissue culture by the
process of differentiation.
• Organogenesis in plant tissue culture involves two distinct phasesDedifferentiation and Redifferentiation.

• Dedifferentiation begins shortly after the isolation of the explants
tissues with an accelaration of cell division and a consequent
formation of a mass of undifferentiated cells.
• Redifferentiation also called budding in plant tissue culture may
begin any time after the first callus cell forms.In this process
tissue called ORGAN PRIMORDIA is differentiated from a single of
group of callus cells.
• The organ primordia gives rise to small meristem with cells
densely with protoplasm and large nuclei.

PROCESS OF ORGANOGENESIS
• Organogenesis takes place in two stages, namely caulogenesis or
shoot initiation and rhizogenesis or root initiation.
• Both types of organogenesis are controlled by the hormones present
in the medium.
• Organogenesis starts with the development of a group of
meristemetic cells called meristemoids,which initiate the formation of
a primordiam.
• Depending on the factors within the systems,this primordium
develops into shoot,root or embryoid.

• Caulogenesis :Initiation of adventitious shoot bud in callus culture.Low
auxin : cytokinins ratio stimulates shoot formation.
Auxin : Cytokinin = (1 : 10 or 1: 100 ) Increased shoot growth.
• Rhizogenesis : formation of adventitious roots in callus culture.
Auxin : Cytokinin = (10:1 or 100:1) increased Root growth.

TYPES OF ORGANOGENESIS
•Organogenesis are of two types.
• DIRECT ORGANOGENESIS
• INDIRECT ORGANOGENESIS

INDIRECT ORGANOGENESIS
• In indirect organogenesis callus is first formed from the explant.

• Organs then be produced from the callus.

•Explant CallusMeristemoidPrimordium

DIRECT AND INDIRECT ORGANOGENESIS

FACTORS AFFECTING ORGANOGENESIS
1. Size of explant : Organogenesis is generally depend upon size of
explant.Explant having parenchyma,vascular tissues and cambium
have greater regenerative ability than the smaller explant.
2. Source of explant : Different plant species requires different type of
explant.
Eg- leaf fragment for begonia,root explant for carrot etc.
3. Age of explant : Physiological age of explant important for in vitro
organogenesis actively growing young parts are more suitable than
older one.

4. Temperature : Generally Optimum temp.. is 25°C.
5. pH of medium : pH of the culture medium is generally adjusted
between 5.6-5.8
6. Age of culture : A young culture frequently produces organs but the
organogenic potential may decreases and ultimately disappear in old
culture.

APPLICATIONS OF ORGANOGENESIS
• Plant tissue culture or organogenesis now has direct commercial
applications as well as value in basic research into cell
biology,genetics and biochemistry.
• Micropropogation using meristem and shoot culture to produce large
numbers of identical individuals.
• Large scale growth of plant cells in liquid culture as a source of
secondary products.
• Removal of viruses by propagation from meristematic tissues.

INTRODUCTION.
Micropropagation is the clonal propagation of plants in closed
vessels under aseptic conditions. Inside the vessels, the plants are
grown on culture media that contain nutrients and growth
regulators, and are described as in vitro, which means ‘in glasses.
In contrast, soil-grown plants are described as in vivo. Plants that
are propagated in vitro are smaller than in vivo plants, hence the
term ‘micropropagation”.
OR
Micropropagation is the in vitro multiplication and/or
regeneration of plant material under aseptic and controlled
environmental conditions to produce thousands or millions of
plants for transfer to the field.
Micropropagation is the true-to-type propagation of a selected
genotype using in vitro culture techniques. Micropropagation
allows propagation of disease-free, high-quality plants, tubers and
bulbs. During the past 30 years, a whole new industry based on in
vitro plant propagation has developed. Worldwide millions of
plants of fruits such as banana and plantain, citrus, pineapple,
strawberry, and crops such as sugar cane, potato, sweet potato,
and cassava are multiplied through micropropagation. Among
ornamentals, species of Anthurium, Gerbera, orchids
(Cymbidium, Dendrobium, and Oncidium), roses, and many
more are produced through micropropagation.
Micropropagation is emerging as a promising technique for rapid
and large-scale generation and conservation of Germplasm of
medicinally important plants.

TISSUE CULTURE.
Plant tissue culture is defined as culturing plant seeds, organs,
explants, tissues, cells, or protoplasts on a chemically defined
synthetic nutrient media under sterile and controlled conditions
of light, temperature, and humidity.
TIME LINE AND A BRIEF HISTORY OF
MICROPROPAGATION.
It all begin with the ideas of the German scientist, Haberlandt, at
the beginning of the 20th century. The early studies led to root
cultures, embryo cultures, and the first true callus/tissue cultures.

Gottlieb Haberlandt
FATHER OF PLANT TISSUE CULTURE

The period between the 1940s and the 1960s was marked by the
development of new techniques and the improvement of those
that were already in use. Product (mainly secondary metabolite)
formation, starting in the mid-1960s.
The 1990s saw continued expansion in the application of the in
vitro technologies to an increasing number of plant species.
Since then the Cell cultures have remained an important tool in
the study of basic areas of plant biology and biochemistry and
have assumed major significance in studies in molecular biology
and agricultural.
By the ground breaking research of the Cornell University
botanist Frederick Campion Steward discovered and pioneered
micropropagation and plant tissue culture in the late 1950s and
early 1960s.
The 1990s saw continued expansion in the application of the in
vitro technologies to an increasing number of plant species. Cell
cultures have remained an important tool in the study of basic
areas of plant biology and biochemistry and have assumed major
significance in studies in molecular biology and agricultural
biotechnology. The historical development of these in vitro
technologies and their application introduced and opened the
gates of new arena of micropropagation to the modern world
This discovery since that day has changed the arena of plant
sciences and agriculture and has also changed the shape of the
world toward global food security.

Frederick Campion Steward
FATHER AND PIONEER IN MICROPROPAGATION
THE SCENARIO IN INDIA.
In India, work on tissue culture was started during mid-1950s at
the Department of Botany (University of Delhi) by Panchanan
Maheshwari who is regarded as father of Plant embryology in
India.

IMPORTANT OF MICROPROPAGATION.
1. Proliferation of in vitro stocks can be done at any time of the
year using this method. Also, a nursery can produce for fruit,
ornamental, and tree species throughout the year.

IMAGE DEPICTING LARGE NUMBER OF PLANTLETS IN A TEST
TUBES DEVELOPED BY TISSUE CULTURE AROUND A YEAR.

2. The tissue culture and micropropagation provides a good
alternative for those plant species that show resistance to practices
of conventional bulk propagation.

EXAMPLE OF PLUMBAGO ROSEA PLANT WHICH IS
CONVENTIONALLY DEVELOPED BY TISSUE CULTURE

3. It is alternative method of vegetative propagation for mass
propagation is offered through micropropagation. Plants in large
numbers can be produced in a short period. Any particular
variety may be produced in large quantities and that too in short
span of time.
4. Large amounts of plants can be maintained in small spaces.
This helps to save endangered species and the storage of
Germplasm, which is at risk of extinction.

STORAGE OF GERMPLASM OF MAGNOLIA TREE IS DONE
THROUGH MICROPROPAGATION AS IT’S AN ENDAGEDERD
SPECIES

5. The micropropagation helps producing disease free plant.
Hence, disease-free varieties are obtained through this technique
by using meristem tip culture. Which decreases the human
dependency of chemical pesticides and insecticides

KURFI LALIMA, BADSHAH, AND OTHER IMPORTANT
POTATO MOSSAIC VIRUS RESISTANT VARIETIES
DEVELOPED THROUGH TISSUE CULTURE
6 Micropropagation enables us to produce large number of
clones in a year using a concise amount of parent plant material.
By the conventional approach it would take a greater duration of
time to produce a same number of plants.
7. The plants produced are high in vigor, thus for floriculture and
horticulture tree species micropropagation helps to produce
more economically reluctant varieties.

Red Pearl (Bhagwa or Sinduri) VARIETY DEVELOPED
THROUGH MICROPROPAGATION.

8. Fast international exchange of plant material without the risk of
disease introduction is provided. The time required for
quarantine is lessened by this method.
9. The micropropagation technique is also useful for seed
production in certain crops as the requirement of genetic
conservation to a high degree is important for seed production.

•
EXAMPLE PRODUCTION OF BAUHINA SEED BY
MICROPROPAGITION

10. The principles of somatic embryogenesis and hybridization
helps in production of synthetic artificial seeds which are more
competent than classical seeds.
MERITS OF MICROPROPAGATION
1. Quick multiplication
(Single shoot apex: several thousand plants)
2. Disease-free material
3. True-to-type plants
4. Easier transport
5. Low gestation period for exploiting new varieties

6. Rejuvenation of old varieties
7. Germplasm storage
8. Micropropagated plants are more vigorous.
SUCCESS STORIES OF MICROPROPAGATION AND
PLANT TISSUE CULTURE.
APPLICATION OF TISSUE CULTURE IN IISR SUGARCANE
DEVELOPMENT PROGRAM.
Micro-propagation has proven very effective in rejuvenating/reviving the
local cultivars, which were facing gradual decline due to degenerating in
yield and vigour by freeing them from diseases due to accumulation of
viruses and other systemic pathogens during prolonged vegetative
cultivation. It came into notice by the program that MHAT (Moist Hot
Air Treatment) is not effective against mosaic virus. The meristem culture
is the only method to remove the SCMV (Sugarcane mosaic virus) as the
meristematic tissue remains free from virus disease.
Sugarcane is a vegetatively propagated crop and normally requires 7-8
years or even more, for a newly developed variety to spread at large scale.
During this period, deterioration of various yield and quality
characteristics is inevitable prior to commercial use on account of
systemic infections during vegetative multiplication. Tissue culture
method (micro-propagation) is the only alternative approach for fast
multiplication of a variety in its original form.
Considering the above advantages, micropropagation has an important
role to play in the 'Seed Production Chain' in sugarcane.
In a nutshell, micro-propagation in sugarcane provides a rapid technique
of providing healthy seed of new varieties and rejuvenates old run-down
varieties. The technology is not only economically viable but profitable as
well. The Indian Institute of Sugarcane Research is taking this technology
forward to various other areas of the country to help the sugarcane
cultivators.

EXAMPLES: - Co 0238, CoLk 94184, CoPK 5191(under AICRP on
Sugarcane, IISR Lucknow.)

SCOPE OF MICROPROPAGATION.
 To study the respiration and metabolism of
plants.
 For the evaluation of organ functions in plants.
 To study the various plant diseases and work out
methods-for their elimination.
 Single cell clones are useful for genetic,
morphological and pathological studies.
 Embryonic cell suspensions can be used for large
scale clonal propagation.
 Somatic embryos from cell suspensions can be
stored for long term in Germplasm banks.
 In the production of variant clones with new
characteristics, a phenomenon referred to as
soma clonal variations.
 Production of haploids (with a single set of
chromosomes) for improving crops.
 Mutant cells can be selected from cultures and
used for crop improvement.
 Immature embryos can be cultured in vitro to
produce hybrids, a process referred to as embryo
rescue.

TISSUE CULTURE EQUIPMENTS AND
THEIR IDENTIFICATION
Tissue culture is rapidly becoming a commercial
method for propagating new cultivars, rare
species, and difficult-to-propagate plants. From a
few research laboratories several years ago, a
whole new industry is emerging. Currently, the
demand for micro propagated plants is greater
than the supply with some plants. Some growers
specialize in only the micropropagation of
plantlets, leaving the growing-on to others; many
growers are integrating a tissue culture laboratory
into their overall operation.
In designing any laboratory, big or small, certain
elements are essential for a successful operation.
The correct design of a laboratory will not only
help maintain asepsis, but it will also achieve a
high standard of work.

VARIOUS ESSENTIAL EQUIPMENTS
INCLUDES:-

BASIC GLASS WEARS FOR CELL CULTURE
PREPRATIONS. / Ph. METER
Glassware (beakers, flasks, test tubes, etc.) forms the tissue culture
operation's backbone. Glassware will be are used to store your
cultures, and are used for various pieces throughout the
experiments and processes. Maintaining a sterile and contaminant
free is imperative for a successful tissue culture process. So, one
should always keep your glassware clean and organized.
One of the essential pieces of equipment for any lab is a heat
resistant Erlenmeyer flask. These flasks will be used for preparing
the tissue culture media. Other equipment pieces include a small
capacity flask and a culture jar, beaker, spatula etc.
Basic Startup Equipment includes:



A scale with two decimal places and measures in grams
A PH METER: - The pH probe/meter measures pH as
the activity of hydrogen ions surrounding a thin walled glass
bulb at its tip. The probe produces a small voltage (about
0.06 volt per pH unit) that is measured and displayed as pH
units by the meter.



Containers



Beakers



Flasks



Volumetric, petri dishes, pipettes, graduated cylinders.

VARIOUS FUNDAMENTAL EQUIPMENTS.

PIPETTES
A pipette is a laboratory instrument used to measure out or
transfer small quantities of liquid, in volumes of milliliters
(mL), microliters (μL). A pipette works by creating a vacuum
above the liquid-holding chamber and selectively releasing this
vacuum to draw up and dispense liquid. Pipettes that dispense
between 1 and 1000 and are termed micropipettes, while
macropipettes dispense a greater volume of liquid.

AUTOCLAVE.
Autoclaves are also known as steam sterilizers, and are typically
used for tissue culture and industrial applications. An autoclave is
a machine that uses steam under pressure to kill harmful bacteria,
viruses, fungi, and spores on items that are placed inside a
pressure vessel. The items are heated to an appropriate
sterilization temperature for a given amount of time. The
moisture in the steam efficiently transfers heat to the items to
destroy the protein structure of the bacteria and spores.
Autoclave serves two vital roles in your tissue culture lab. The
most obvious is in sterilizing equipment and glassware, to assure
you aren’t bringing in any disease or fungus from your explants.
But the more important task is in preparing your growth media.
It is typically used at 121 degree Celsius and 15 P.S.I pressure for
sterilization of equipment’s and culture media.

HOT AIR OVENS.
Hot air oven is the most common electrical device use for
sterilization in the laboratory working on dry heat. It works on the
principle of conduction. The temperature heats the surface of
materials and then moves at their cores layer by layer or coat by
coat. Slowly, a uniform suitable amount of heat is absorbed by the
materials that completely sterilize them. In tissue culture lab
Sterilization of articles that withstand high temperature and not
get burned is done using hot air oven e.g. Glass-wares, powders,
forceps, scissors, scalpels, glass syringes, pharmaceutical products
like liquid paraffin, fats, grease , and dusting powder, etc.
The device uses a thermostat to control temperature. The thin
double-walled insulation on the device keeps the energy or heat
conserved inside the device. The suitable temperature for sterile
materials using a thermostat is 170 °C for 30 minutes, 160 °C for
60 minutes, and 150 °C for 150 minutes.

LAMINAR AIR FLOW CHAMBER.
A Laminar flow chamber/cabinet is an enclosed workstation that
is used to create a contamination-free work environment through
filters to capture all the particles entering the cabinet.
Laminar Air Flow provides a work area with aseptic/sterile
conditions for the tissue culture. A laminar flow hood consists of
a filter pad, a fan and a HEPA (High Efficiency Particulates Air)
filter. The fan sucks the air through the filter pad where dust is
trapped. After that the prefiltered air has to pass the HEPA filter
where contaminating fungi, bacteria, dust etc. are removed. Now
the sterile air flows into the working (flasking) area where you can
do all your flasking work without risk of contamination.
Laminar Air Flow has continuous displacement of air (it provides
streamline flow of air) that passes through HEPA (High
Efficiency Particulate Air) filter that removes the particulates from
the air.

COMPOUND MICROSCOPE
A compound microscope is an instrument that is used to view
magnified images of small objects on a glass slide. It can achieve
higher levels of magnification than stereo or other low power
microscopes and reduce chromatic aberration. It achieves this
through the use of two or more lenses in the objective and the
eyepiece.
A microscope consists of a compound light microscope with high
power objectives facing upward is known as tissue culture
microscope. This is also known as inverted tissue culture
microscope because the objective faces upward.
This inverted design of objective piece is required because the
microscope is used to view the bottom of a Petri dish or flask
since the culture is growing on the bottom of the dish. The higher
the power of objective, the closer the objective needs to be to the
specimen.

REFRIDGERATOR.
The refrigerator located in the plant tissue culture lab is used for
storage of tissue/cell culture reagents and supplies, and keep these
samples away from standard biochemical reagents.
It is essential for storing various thermo- labile chemicals like
vitamins, hormones, amino acids, casein-hydrolysate, yeast
extract, coconut milk, etc. Stock solutions of salts are also kept to
prevent contamination.

PLANT GROWTH CHAMBER.
Plant growth chambers are designed to produce environmental
conditions (humidity and temperature) that maximize plant
growth. They are sometimes called environmental chambers or
terrestrial plant growth chambers. Plant growth chambers are
special type of environmental test chambers which are designed
to perform plant growth experiments inside laboratory. The aim
of a plant growth chamber is to create such atmospheric
conditions responsible for effective plant germination and growth.
It is widely used in in plant tissue culture labs for agricultural
research and growth of rice and Arabidopsis, plants etc. The
purpose of using a plant growth chamber or tissue culture growth
chamber is to create artificial environment using combination of
temperature, humidity and light at various ranges.

CENTRIFUGE.
A centrifuge is an instrument which produces centrifugal force by
rotating the samples around a central axis with the help of an
electric motor. Centrifuges can be categorized as the clinical type
(5-10,000 rpm), refrigerated high-speed centrifuges (10,00020,000 rpm) and ultra -centrifuges (20,000 to 80,000 rpm).
With increase in rpm, the friction of rotor with air produces so
much of heat that they have to be run under refrigeration (so
called refrigerated centrifuge) and both refrigeration and vacuum
are used in ultracentrifuge, which runs at very high rpm. For these
high speeds, even the rotor has to be made of special metal to
withstand the great force.
Ultracentrifuges are of two types – analytical and preparative
model.

THERMOMETER:
The thermometer is a device that measures temperature or
temperature gradient using a variety of different principles. A
thermometer has two important elements: the temperature sensor
(e.g., the bulb on a mercury thermometer) in which some
physical change occurs with temperature, plus some means of
converting this physical change into a value (e.g., the scale on a
mercury thermometer).in a tissue culture lab it is used to measure
temp of media.
Temperature is measured by maximum-minimum thermometer
or a continuous rotary dram chart type thermometer. The Ushaped maximum-minimum thermometer is commonly used for
determining diurnal maximum and minimum range of
temperature in the culture room.

MAGNETIC STIRRER.
A magnetic stirrer designed for stirring for cell cultures. The low
speed (5-200rpm) magnetic stirrer is ideal for gently stirring up to
3L flasks of cell cultures. Designed for convenient operation to
handle low speed stirring, for suspension cell culture. Magnetic
stirrers use a rotating magnetic field to move a stir bar around in
liquid samples. The movement of this stir bar mixes the sample
thoroughly with rapid movement and agitation. The speed of the
magnetic field is controlled by the user, so it can be customized to
the specific sample that's being stirred. Designed for careful and
protective mixing of cell suspensions and culture broths,
developed for highest demands as well as warming-free and
uncompromising continuous operations.

OTHER EQUIPMENTS.
Stainless Steel Forceps
These Stainless Steel Forceps are straight with blunt and pointed
tips and handles. Application: Ideal for handling and moving
membrane to and from filter holders and Petridishes. Stainlesssteel forceps are also used in plant tissue culture work, grasping of
tissues or dressings etc.
A Petri dish
petridish (alternatively known as a Petri plate or cell-culture dish)
is a shallow transparent lidded dish that biologists use to hold
growth medium in which cells can be cultured, originally, cells of
bacteria, fungi and small mosses.

A standard tissue-culture laboratory should provide facilities for:-

(a) Wash Area: For washing and storage of glassware, plastic ware
and other lab wares.
(b) Media Preparation Room: For preparation, sterilization and
storage of nutrient media.
(c) Culture Transfer Room: For aseptic manipulation of plant
material in Laminar Air Flow.
(d) Culture Room: For maintenance of cultures under controlled
conditions of temperature, light and, if possible, humidity.
(e) Green House/Net house: For hardening and acclimatization
of in vitro developed plants

CULTURE RACKS AND TUBE LIGHTS.
Tissue Culture Racks are made of tubular mild steel pipes
flawlessly constructed duly painted/powder coated for longer life
so as to provide the structure due protection from issues like
corrosion for durability. Each rack of size 48"x21" (depth) is
covered with thick unbreakable plexi glass/hylem sheet. Tissue
culture racks are very useful for various types of tissue
culture plants and other tissue culture work in tissue
culture room. Used in areas of tissue culturing of plants as well as
in other tissue culture work. It is Ideal for Agricultural Research
Labs. For artificial lighting, use two 40W cool daylight fluorescent
tubes and two yellow fluorescent tubes per shelf. The height of
the tube lights above the shelf should be set, such that the light
intensity measured should be less than 1 kLx on the cultures. The
intensity of light can be measured by a lux meter.

CHEMICAL REAGENTS AND PGR’S.
Major Constituents

Inert supportive materials
Salt Mixtures

Macronutrient Salts

-2H2O (Calcium chloride, anhydrous)
-7H2O (Magnesium sulphate, Epsom salts)
Potassium di hydrogen phosphate)
Micronutrient Salts
upto pH7.6-8.0
-4H2O (Manganese sulphate)
-7H2O (Zinc sulphate)

-2H2O (Sodium molybdate)
-5H2O (Cupric sulphate)
-H2O (Cobalt chloride)
Carbon Sources
)
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Plant Tissue Culture (PTC) is defined as a collection of experimental
methods of growing plant cells, tissues and organs in an artificially prepared
nutrient medium static or liquid, under aseptic conditions.
It is also referred to as micropropagation.
It was introduced by G. Haberland.
The basic key used in plant tissue culture is the totipotency of plant cells,
meaning that each plant cell has the potential to regenerate into a
complete plant.
With this characteristic, plant tissue culture is used to produce genetically
identical plants (clones) in the absence of fertilization, pollination or seeds.

Cell suspension Culture
▪ The cell suspension culture also called as the plant cell culture is a
system for production of fine chemicals.
▪ It can be defined as “The culture of tissue and cells cultured in liquid
nutrient medium, producing a suspension of single cells and cell
clumps.”
▪ Cell suspension culture is the primary route for studying plant cell
secondary metabolism.
▪ The cell suspension culture requires optimization of the cell line, the
cultivation media, and the bioreactor system.

Types Of Cell Suspension Cultures
There are two types of cell suspension cultures.
A. Batch culture
B. Continuous culture
Each of these cultures have its own advantage and all types are
being used in practice.

Batch Culture
• Batch culture is a type of cell suspension where the cell material
grows in a finite volume of agitated liquid medium.
• These cultures are maintained continuously by sub culturing.
• Batch cultures are most commonly maintained in conical flasks
incubated on orbital platform shakers at the speed of 80- 120
rpm.
• It is a closed system, with no additions or removal of nutrient and
waste products during the period of incubation.

Types
1.Slow rotating cultures :

• In this culture, single cells and cell aggregates are grown in a
specially designed flask, the nipple flask.
• Each nipple flask possesses eight nipple like projections, having a
capacity of 250ml.
• They are loaded in a circular manner on the large flat disc of
vertical shaker.
• When the flat disc rotates at a speed of 1-2rpm, the cells within
each nipple of the flask are alternatively bathed in the culture
medium and exposed to air.

Shaker cultures

• It is very and effective system.
• In this method, single cells and cell aggregates in fixed volume of
liquid medium are placed in conical flasks.
• These flasks are then mounted with the help of clips on a
horizontal large square plate of an orbital platform shaker.
• The square plate moves in a circular motion at the speed of 60180 rpm.

Spinning Cultures

• In this culture system, large bottles are used, usually bottles with
the capacity of 10L.
• Large volumes of cell suspension is cultured in 10L bottles, with
the bottles spinning in a spinner at 120 rpm at an angle of 45° .

4. Stirred Culture

• This system is used for large scale batch culture.
• In this method, the large culture vessel (round-bottom flask) is
not rotated but the cell suspension inside the vessel is kept
dispersed continuously by bubbling sterile air through the
culture medium.
• Internal magnetic stirrer is used to agitate the culture medium
safely.
• The magnetic stirrer revolves at 200-600 rpm.

Continuous Culture
• In continuous culture system, the old liquid medium is replaced
continuously by the fresh liquid medium to stabilize the
physiological states of the growing cells.
• In this system, nutrient depletion does not occur due to the
continuous flow of nutrients and the cells always remain in the
steady growth phase.

Continuous culture is further divided into two
types :
1. In closed type, the used medium is replaced with the fresh
medium, hence, the cells from used medium are
mechanically retrieved and added back to the culture and
thus, the cell biomass keeps increasing.

1. In open type, both the cells and used medium are replaced
with fresh medium thus maintaining culture at constant and
submaximal growth rate.

Open continuous cell suspension
culture is of two types :
Chemostat :

• In this system, culture vessels are usually cylindrical or circular in shape
and possess inlet and outlet pores for aeration and the introduction
and removal of cells and medium.
• Such a system are maintained in a steady state.
• Thus in a steady state condition the density, growth rate, chemical
composition and metabolic activity of the cells all remain constant.
• Such continuous cultures are ideal for studying growth kinetics and the
regulation of metabolic activity in higher plants.

Turbidostats :

• A turbidostat is a continuous culturing method where the
turbidity of the culture is held constant by manipulating the
rate at which medium is fed.
• In this system, the cells are allowed to grow up to a certain
turbidity, when the predetermined volume of culture is
replaced by fresh culture.
• The turbidity is measured by the changes of optical density of
medium.
• An automatic monitoring unit is connected with the culture
vessel and such unit adjusts the medium flow in such a way as
to maintain the optical density or PH at chosen, present level.

Importance of cell suspension culture
• Such systems are capable of contributing significant information
about cell physiology, biochemistry, metabolic events, etc.
• It is important to build up an understanding of an
organ/embryoid formation starting from a single cell.
• Mutagenesis studies maybe facilitated by cell suspension
culture to produce mutant cell clone from which mutant plants
can be raised

Advantages :
• The nutrients can be continually adjusted.
• This system can be scaled for large scale production of the cells.
• A whole plant can be regenerated from a single plant cell.

Disadvantages :
• The productivity of suspension cultures decreases over extended
subculture periods.
• Slow growth and low productivity of plant cells.
• Cells may get damaged by shear conditions.

z

What are Secondary metabolites??



Secondary metabolites are those chemical compounds that do not
participate in metabolism of plants.



Secondary metabolites are generally defined as small organic molecules
produced by an organism that are not essential for their growth,
development and reproduction.



The common role of secondary metabolites in plants is defence
mechanism.



In humans or plants , secondary metabolites are of great importance as
they are used in many fields such as medicine, flavouring agent,
cosmetics, food additives, antimicrobial, dyes, fragrance, etc.

z

Why they are produced?

Sec. Metabolites are produced in plants mainly for-

1. Disease resistance (from fungus, bacteria, viral, and pests)
2.

For pollination

3. To combat in extreme conditions of stress. The stress may be

biotic or abiotic [Drought, Cold,Temperature. etc.]

z

Utilization of Secondary metabolites
Secondary metabolites are widely used in many industrial
products, some of them are:


Nutraceuticals



Textile Industry



Cosmoceuticals



Pharmaceuticals



Perfume Industry, etc.

z

Production of Secondary metabolites

 Chemical synthesis of pharmaceutical secondary metabolite

compound is expensive and unattractive.
 Large biomass of natural existing or field grown plant materials

are harvested and metabolites are extracted( Low productivity).
 In vitro culture of plant cells for the extraction of secondary

metabolites

z

In Vitro Production of Secondary metabolites
 When cells undergo morphological differentiation and

maturation during plant growth, some of the cells
specialize to produce secondary metabolites.


In vitro culture of such differentiated tissues produce
secondary metabolites at high concentrations.

z

The Production of secondary metabolites comprises of
seven aspects:
(1) Selection of cell lines for high yield of secondary
metabolites

(2) Large scale cultivation of plant cells
(3) Medium composition and effect of nutrients
(4) Elicitor-induced production of secondary metabolites
(5) Effect of environmental factors
(6) Biotransformation using plant cell cultures
(7) Secondary metabolite release and analysis

z

1. Selection of Cell Lines for High Yield of Secondary Metabolites:

✓ The purpose of tissue culture is to produce high amounts of secondary metabolites.
✓ Majority of callus and suspension cultures produce less quantities of secondary
metabolites, due to the lack of fully differentiated cells in the cultures.
Some special techniques have been discovered to select cell lines that can produce
higher amounts of desired metabolites. These methods are useful to recognize the
producer cells from the non-producer cells.
✓ The techniques commonly employed for cell line selection, are:

a. Cell cloning,
b. Visual or chemical analysis
c. Selection for resistance.

z

z

2. Large Scale (Mass) Cultivation of Plant Cells:
For industrial purpose, large scale cultivation of plant cells is
required. Plant cells (20-150 μm in diameter) are generally
10-100 times larger than bacterial or fungal cell. When
cultured, plant cells exhibit changes in volumes and thus
variable shapes and sizes. Further, cultured cells have low
growth rate and genetic instability. All these aspects have to
be considered for mass cultivation of cells.
The following four different culture systems are used:
1. Free-cell suspension culture
2. Immobilized cell culture
3. Two-phase system culture
4. Hairy root culture.

1. Free-cell Suspension Culture:

z
Mass cultivation
of plant cells is most
frequently carried out by cell suspension
cultures. Care should be taken to achieve
good growth rate of cells and efficient
formation of the desired secondary
metabolite.

Many specially designed bioreactors are in
use for free-cell suspension cultures.
e.g. i. Batch bioreactors
ii. Continuous bioreactors
iii. Multistage bioreactors
iv. Airlift bioreactors

v. Stirred tank bioreactors.

3 important aspects have to be
considered for good success of cultures:

1.Media composition
2. Adequate and continuous oxygen supply.
3. Minimal generation of hydrodynamic
stresses due to aeration and agitation.

z

2. Immobilized Cell Cultures:
z

Plant cells can be made immobile and used in culture systems. The cells
are physically immobilized by entrapment. Besides individual cells, it is also
possible to immobilize aggregate cells or calluses. Homogenous
suspensions of cells are most suitable for immobilization.
Surface immobilized plant cell (SIPC) technique efficiently retains the cells
and allows them to grow at a higher rate. Further, through immobilization,
there is better cell-to-cell contact, and the cells are protected from high
liquid shear stresses. All this helps in the maximal production the secondary
metabolite.

z

z

3. Two-phase System Culture:

Plant cells can be cultivated in an aqueous two phase system for the
production of secondary metabolites.
In this technique, the cells are kept apart from the product by separation in
the bioreactor.

This is advantageous since the product can be removed continuously.
Certain polymers (e.g. dextran and polyethylene glycol used for the
separation of phenolic compounds) are used for the separation of phases.

z

4. Hairy Root Culture:

Hairy root cultures are used for the production of root-associated metabolites.
For the production of hairy root cultures, the explant material (plant tissue) is
inoculated with the cells of the pathogenic bacterium, Agrobacterium
rhizogenes.
This organism contains root-inducing (Ri) plasmid that causes genetic
transformation of plant tissues, which finally results in hairy root cultures. Hairy
roots produced by plant tissues have metabolite features similar to that of
normal roots.
Hairy root cultures are most recent organ culture systems and are successfully
used for the commercial production of secondary metabolites.

z

z

z

3. Medium Composition and Effect of Nutrients:
The in vitro growth of the plant cells occurs in a suitable medium containing all
the required elements.

The ingredients of the medium effect the growth and metabolism of cells. For
optimal production of secondary metabolites, a two-medium approach is
desirable.
The first medium is required for good growth of cells (biomass growth) while
the second medium, referred to as production medium promotes secondary
metabolite formation.
The effect of nutrients (carbon and nitrogen sources, phosphate, growth
regulators like auxin, cytokinins, precursors, vitamins, metal ions) on different
species in relation to metabolite formation are variable.

z

4. Elicitor-Induced Production of Secondary Metabolites:

Elicitors and Elicitation
An 'elicitor’ is the substance which, when introduced in small
concentrations to a living cell system, initiates or improves the
biosynthesis of specific compounds.
Elicitation is the process to induce or enhance the biosynthesis of
metabolites due to addition of trace amounts of elicitors.

z

5. Effect of Environmental Factors:
The physical factors like light, incubation temperature, pH of the medium and
aeration of cultures influence the production of secondary metabolites in cultures.
Effect of Light
Light-mediated enzymatic reactions indirectly influence the production of secondary
metabolite. The quality of light is also important for production of SMS.e.g. Blue light
enhances anthocyanin production in Haplopappus gracilis cell suspensions.

Effect of Incubation Temperature
The growth of cultured cells is increased with increase in temperature up to an
optimal temperature (25-30°C). However, at least for the production of some
secondary metabolites lower temperature is advantageous. For instance, in C.
roseus cultures, indole alkaloid production is increased by two fold when incubated
at 16°C instead of 27°C.

z

Effect of pH of the medium:
For good growth of cultures, the pH of the medium is in the range of 5 to 6.
There are reports indicating that pH of the medium, influences the formation
of secondary metabolites.
e.g. Production of anthocyanin by cultures of Daucus carota was much less
when incubated at pH 5.5 than at pH 4.5. This is attributed to the increased
degradation of anthocyanin at higher pH.
Aeration of cultures:
Continuous aeration is needed for good growth of cultures, and also for the
efficient production of secondary metabolites.

z

6. Biotransformation Using Plant Cell Cultures:
The conversion of one chemical into another (i.c., a substrate into a final
product) by using biological systems (i.c. cell suspensions) as biocatalysts
is regarded as biotransformation or bioconversion.
The biocatalyst may be free or immobilized, and the process of
biotransformation may involve one or more enzymes.

It involves the conversion of some less important substances to valuable
medicinal or commercially important products. In biotransformation, it is
necessary to select such cell lines that possess the enzymes for catalysing
the desired reactions.
Bioconversions may involve many types of reactions e.g. hydroxylation,
reduction, glycosylation.

z

7. Secondary Metabolite Release and Analysis:
The methods employed for the separation and purification of
secondary metabolites from cell cultures are the same as that
used for plants.
Sometimes, the products formed within the cells are released into
the medium, making the isolation and analysis easy. For the
secondary metabolites stored within the vacuoles of cells, two
membranes (plasma membrane and tonoplast) have to be
disrupted. Permeabilizing agents such as dimethyl sulfoxide
(DMSO) can be used for the release of products.

z

In general, separation and purification of products from plant cell cultures
are expensive, therefore every effort is made to make them costeffective. Two approaches are made in this direction:
1.Production of secondary metabolite should be as high as
possible.
2. Formation of side product(s) which interfere with separation must
be made minimal.

Once a good quantity of the product is released into the medium,
separation and purification techniques (e.g. extraction) can be used for
its recovery. These techniques largely depend on the nature of the
secondary metabolite.

z

Significance of Secondary metabolites



Used in preparation of various dyes



Used in medicine industry.



Used for making agrochemicals, insecticides andraw material for industries.



Used as perfume and cosmetics



Used as food colour and flavoring agent.



Nearly 30% of the world's population relies on traditional medicines for primary
health care, most of which involve the use of plant extracts.



In India, almost 95% of the prescriptions are plant based. The study of plants
continues principally for the discovery of novel Secondarymetabolites

SOMACLONAL
VARIATION, ITS
CAUSES AND USE
IN CROP
IMPROVEMENT

INTRODUCTION


Definition-The genetic variability observed in progeny
plants obtained after somatic tissue culture in vitro is
known as soma clonal variations.



The term somaclonal variation is given by Larkin and
Scowcroft in 1981 ( Soma, means vegetative & clone,
means identical copy)



Plants derived from somatic cells or progeny of such
plant is called somaclones and they are genetically
variable from their explant.

INTRODUCTION


These variations can be detected as genetic or phenotypic
traits.



The initiating explant for a tissue culture cycle may come
virtually from any plant organ or cell type including embryos,
microspores, roots, leaves and protoplasts. So, all somatic
tissue culture can result in somaclonal variation.



Somaclonal variation is a phenotypic changes as a result of
chromosomal rearrangement during tissue culture.

Basis features of somaclonal
variations


Variations in number and structure of chromosomes
are commonly observed.



Regenerated plants with altered chromosomal
changes often show changes in leaf shape and
colour, growth rate and habit and sexual fertility.



It is generally heritable mutations and persist in
plant population even after plantation into the field.

Mechanism of Somaclonal
Variations:
Somaclonal variation occur as a result of genetic heterogeneity in
plant tissue culture which may be


1. Genetic (Heritable Variations)

• Pre-existing variations in the somatic cells of explant
• Caused by mutations and other DNA changes

• Occur at high frequency


2. Epigenetic (Non-heritable Variations)

• Variations generated during tissue culture

• Caused by temporary phenotypic changes
• Occur at low frequency

Steps involved in induction and
selection of somaclonal variations

Callus tissue
Somaclonal
variants

Hardening and
selfing

Organogenesis

Regenerated
plants

Causes of Somaclonal
variation
Genetic Causes:


Change in chromosome number ( Aneuploidy, polyploidy etc. )



Change in chromosome structure ( Deletion, Inversion,
Duplication, Translocation etc. )



Gene Mutation ( Transition, transversion , insertion etc.)



Change in DNA ( Detection of altered fragment size by using
restriction enzyme )



Change in protein ( alteration in level of specific protein etc.)



Methylation of DNA ( Methylation inactivates transcription
process)

Causes of Somaclonal
variation


Physiological cause :

•

Exposure of culture to plant growth regulators

•

Culture conditions



Biochemical cause :

•

Lack of photosynthetic ability due to alteration in carbon
metabolism.

•

Antibiotic resistance etc.

Factors affecting Somaclonal
variation


Source of explant (genotype and ploidy) resulting in spectrum

of somaclonal variation in regenerated plants


Medium composition: High proportions of phytohormone
effect karyotypic alterations (size, shape and number of
chromosomes) in cultured plant cells.



BAP, 2, 4 D have shown to induce chromosomal variability in
cultured plant cells.



Tissue culture method, culture period, subculture frequency,

explant type and age

Isolation of Somaclonal
Variants
A. Without in vitro technique:


Unorganised callus and cells, grown in cultures for various periods on a
medium that contains no selective agents, are induced to differentiate
whole plants.



An explant (leaf, stem, root etc.) is cultured on a suitable medium,
supplemented with growth regulators.



The unorganized callus and cells do not contain any selective agent (toxic
or inhibitory substance).



These cultures are normally sub-cultured, and transferred to shoot induction
medium for regeneration of plants.



The so produced plants are grown in pots, transferred to field, and analyzed
for somáclonal variants.

B.With in vitro technique:


Cell lines are screened from cultures by their ability, to survive in the presence
of a substance in medium that may be toxic or under condition of
environmental stress.



The differentiated callus, obtained from an explant is exposed in the medium to
inhibitors like toxins, antibiotics, amino acid analogs.



Selection cycles are carried out to isolate the tolerant callus cultures and these
calli are regenerated into plants.



The plants so obtained are in vitro screened against the toxin (or pathogen or
any other inhibitor).



The plants resistant to the toxin are selected and grown further by vegetative
propagation or self-pollination.



The subsequent generations are analysed for disease resistant plants against the
specific pathogen

Detection of Somaclonal
variants


Analysis of morphological characters

> Qualitative characters: Plant height, maturity date, flowering date and
leaf size
> Quantitative characters: yield of flower, seeds and wax contents in
different plant parts


Variant detection by cytological Studies

Staining of meristematic tissues like root tip, leaf tip with feulgen and
acetocarmine provide the number and morphology of chromosomes.


Variant detection by DNA contents

Cytophotometer detection of feulgen stained nuclei can be used to
measure the DNA contents Detection and Isolation of Somaclonal
Variants

Detection of Somaclonal
variants


Variant detection by gel electrophoresis

Change in concentration of enzymes, proteins and hemical
products like pigments, alkaloids and amino acids can be detected by
their electrophoretic pattern.


Detection of disease resistance variant

Pathogen or toxin responsible for disease resistance can be used
as selection agent during culture.


Detection of herbicide resistance variant

Plantlets generated by the addition of herbicide to the cell culture
system can be used as herbicide resistance plant.

Detection of Somaclonal
variants


Detection of environmental stress tolerant variant
> Selection of high salt tolerant cell lines in tobacco.

> Selection of water-logging and drought resistance cell lines in
tomato.
> Selection of temperature stress tolerant in cell lines in pear.

> Selection of mineral toxicities tolerant in sorghum plant (mainly
for aluminium toxicity) Detection and Isolation of Somaclonal
Variants.

Advantages


Help in crop improvement.



Increased and improved production of secondary metabolites.



A good tool to create new varieties/cultivars.



Variation can occur for both nuclear and cytoplasmic traits.



Sophisticated technologies are not required.



Variations may be novel and may not be achieved thorough the conventional
breeding programs.



Large populations of the cells can be used for in vitro selections.



In vitro selection can shorten the time to isolate somaclones with the desired
traits.



New cultivars would not have socio-ethical hurdles.

Applications to crop
improvement


Production of agronomically useful plants- (Karp,1994)

In Table 46.3, somaclonal variations in a selected list of crops with useful and
improved morphological characters are given.


Resistance to diseases

Somaclonal variations have largely contributed towards the development of disease
resistance in many crops without in vitro selection and within vitro selection are
respectively given in Tables 46.1 and 46.2.


Resistance to abiotic stresses-( Karp,1994)

i. Freezing tolerance e.g. wheat.
ii. Salt tolerance e.g., rice, maize, tobacco.
iii. Aluminium tolerance e.g., carrot, sorghum, tomato.

Applications to crop
improvement


Resistance to herbicides

i.

Tobacco resistant to glyphosate, sulfonylurea and picloram.

ii.

ii. Carrot resistant to glyphosate.

iii.

iii. Lotus resistant to 2,4-dichlorophenoxy acetic acid (2, 2-D).



Improved seed quality - (Karp, 1994)

A new variety of Lathyrus sativa seeds (Lathyrus Bio L 212) with a low
content of neurotoxin has been developed through somoclonal
variations.

Disadvantages
 Not good for micropropagation.


Sometime leads to undesirable results.



Variation introduced are random, hence large number of progenies need
to be screened.



Most of the somaclonal variations may not be useful.



Optimized regeneration protocols are required to create somaclones for
any plant species.



Variations are unpredictable and uncontrolled.



May not be useful for the complex agronomic traits.



May result in negative variations along with desired traits.

