Protoplast Fusion or Somatic
hybridization



Protoplast

The cell membrane and everything contained within the entire cell without its
inherent cellulosic cell wall.

A cell without cell wall = Protoplast

Protoplasts are single cells that have been stripped of their wall exposing the
plasmalemma.




Protoplast Fusion or Somatic hybridization

Two genetically different protoplast isolated from the somatic cells and are
experimentally fused to obtain parasexual hybrid protoplasts.

The technique of fusion of isolated protoplasts from somatic cells and
regeneration of hybrid plants from the fusion products, called somatic
Hybridization

Somatic hybridization allows combining genomes of two desirable parents,
irrespective of their taxonomic relationship.

Somatic hybridization has a unique potential to combine both nuclear and
cytoplasmic genes simultaneously unlike sexual hybridization or genetic

engineering.



HISTORY
First isolation of protoplast was achieved by Klercker in 1892 by using

mechanical method

Real interest in genetic manipulation of somatic plant cells developed after
Cocking (1960) demonstrated the feasibility of enzymatic degradation of
plant cell walls

Carlson et al. (1972) reported first somatic hybrid production in the genus

tobacco.

Steps of somatic hybridization

The essential steps in the technique of somatic hybridization are:
(1) isolation of protoplasts,

(2) fusion of protoplasts,

(3) culture of protoplasts to raise full plants,

(4)

4) selection of hybrid cells and hybridity verification



ISOLATION OF PROTOPLAST

Protoplast can be isolated from almost all plant parts i.e. roots, leaves, fruits,
tubers, root nodules, endosperm, pollen mother cell etc.

Protoplasts are isolated from cells by two methods
Mechanical method

The isolation of protoplasts from higher plant cells mechanically, by incubating
them in a plasmolyzing solution and cutting with a sharp knife, was reported as
early as 1892 by Klercker. However, the yield of the protoplasts by this
mechanical method was very poor and the technique was applicable only to
vacuolated cells. This method is laborious and tedious.

Enzymatic method

The plant cell wall is mainly composed of cellulose, hemicellulose and pectin
which are respectively degraded by the enzymes cellulase, hemicellulase and
pectinase. In plant cells, we mainly uses these enzymes (cellulase,
hemicellulase and pectinase) for the isolation of protoplast.



ISOLATION OF PROTOPLAST
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Methods of protoplast fusion:

Protoplast fusion can be broadly classified into two categories:

Spontaneous fusion:

Protoplast during isolation often fuse spontaneously and this phenomenon is
called spontaneous fiusion. During the enzyme treatment, protoplast from
adjoining cells fuse through their plasmodesmata to form multinucleate
protoplasts.

Induced fusion:

Fusion of freely isolated protoplasts from different sources with the help of
fusion inducing chemicals agents is known as induced fusion. Normally isolated
protoplast do not fuse with each other because the surface of isolated protoplast
carries negative charges (-10mV to -30mV ) around the outside of the plasma
membrane. Thus their is a strong tendency in the protoplast to repel each other
due to their same charges. So this type of fusion needs a fusion inducing
chemicals which actually reduce the electronegativity of the isolated protoplast

and allow them to fuse with each others



Chemofusion

Several chemicals has been used to induce protoplast fusion (also known as
fusogen) such as sodium nitrate, polyethylene glycol (PEG),Calcium ions
(Ca?*).

Freshly isolated protoplasts from the two selected parents are mixed in
appropriate proportions and treated with 15-45 % PEG (1,500-6,000 MW)
solution. After 15-30 min, the protoplasts are gradually washed with the
culture medium containing a high level of Ca?*ions (50 mM CaCl,.2H,0) and

pH adjusted to 9-10.

Electrofusion

In this method, an electric field of low strength (10Kv/m) gives rise to
dielectrophoretic dipole generation within the protoplast suspension or a high
strength of electric field (100Kv/m) for some micro seconds are applied this

lead to fusion.






Protoplast culture for regeneration of somatic hybrid
plants

(1) Semi solid medium
(2) Liquid medium

Selection and verification of Somatic Hybrids
Cytological analysis

GISH (Genomic In situ Hybridization)
FISH (Fluorescence In Situ Hybridization)
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Use of molecular techniques such as isozyme analysis and DNA analysis

by RFLP, RAPD, SSR, AFLP etc.



FUSION PRODUCTS - THE HYBRIDS AND CYBRIDS

The nuclei of two protoplasts may or may not fuse together even after fusion
of cytoplasms.

The binucleate cells are known as heterokaryon or heterocyte .

When nuclei and cytoplasm both are fused, the cells are known as somatic
hybrid or synkaryocyte .

When only cytoplasms fuse and genetic information from one of the two

nuclei is lost is known as cybrid i.e. cytoplasmic hybrid or heteroplast .
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A Classical example of somatic hybridization
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APPLICATION OF SOMATIC HYBRIDIZATION AND CYBRIDIZATION

« Somatic cell fusion overcomes sexual incompatibility barriers. In some
cases somatic hybrids between two incompatible plants have also found
application in industry or agriculture.

« Somatic cell fusion appears to be the only means through which two
different parental genomes can be recombined among plants that cannot
reproduce sexually (asexual or sterile).

» Protoplasts of sexually sterile (haploid, triploid, and aneuploid) plants can be
fused to produce fertile diploids and polyploids.

« Somatic cell fusion is useful in the study of cytoplasmic genes and their
activities and this information can be applied in plant-breeding experiments.

 Cybridization has been successfully used to make intergeneric and
interspecifc transfer of cytoplasmic traits, such as male sterility and disease

and herbicide resistance.



Some somatic hybrids produced during the last decade

Species

Dearable trait

Reference

Brassica juncea + B. oleracea

Tumip Mosaic Virus resistance

Chen et al. (2005)

B. oleracea + Matthiola incana

Generate breeding material

Sheng et al, (2008)

B. napus + Crambe abyssinica

Oil guality

Wang et al. (2003)

Citrus unshin + C. sinensis

Produce alloteraploids for breeding

An et al. (2008)

(C. nobilis x C. deliciosa) + C.
Sinensis

Produce alloteraploids for breeding

Wu et al. (2005)

(C. nobilis x C. deliciosa) + C. Produce alloteraploids for breeding Wu et al. (2005)

clemenitinag

Helignthus annuus + H. maximiliani  White rot resistance Taski-Ajdukovic et al.
(2006)

Lupinus
angustifolivs + L. subcarnosus

Establishment of protocol for somatic
hybridization

Somntag et al. (2009)

Nicatiana tabacum +N. tabacium

Eesistance to antibiotics

Rikosy-Tican et al.
(2001)

). sativa + ). meveriana

Bacterial blight resistance

Yan et al. (2004)

Solanum fmuberosum + 5. brevidens

Tuber soft rot and Early blight resistance

Polgar et al. (2000)

5. tuberosum + 8. pinnatisectum

Late blight resistance

Srczerhakowa et al.
{2005)

8 tiberozum + 8. rickii

Antibiotic resistance

Matveeva et al. M8

& ruberosum + 5. rarnii

Potato Virus Y and Late blight resistance

Thieme et al. (2(0)8)

8 tuberosum + 8. vernel

Plastome recombination

Trabelsi et al. (2005)

Trificum aestiviem + Arabidopsis
thaliana

Establishment of protocol for somatic
hybridization

Deng et al. (2007)




Haploid plant production



Haploid plants

Haploid plants are characterized genetically by the presence of only a single
set of chromosomes in their cells (i.e., half the number of chromosomes as in
somatic cells)

In nature, haploids arise as an abnormality when the egg cell develops into an
embryo without fertilization (Apomixis). The natural haploids of Datura
stramonium were first discovered in 1922 by Blakeslee et al. Since then
spontaneous occurrence of haploids has been reported in about 100 species.

Haploid plants are of great significance for the production of homozygous
lines (homozygous plants) and for the improvement of plants in plant breeding

programmes.



In vitro techniques for haploid production

In the plant biotechnology programmes, haploid production is achieved by
two methods.

1. Androgenesis:

Haploid production occurs through anther or pollen culture, and they are
referred to as androgenic haploids.

2. Gynogenesis:

Ovary or ovule culture that results in the production of haploids, known as
gynogenic haploids.

The basic principle is to stop the development of pollen cell or unfertilized
ovules into a gamete and force it to develop into a haploid plant.

The first report of haploid pollen embryo and plant formation in
anther cultures of Datura innoxia, by Guha and Maheshwari (1964,
1966)



Androgenesis

In androgenesis, the male gametophyte (microspore or immature pollen)
produces haploid plant.
There are two approaches in androgenesis—

anther culture and pollen (microspore) culture

Anther Culture

It is a technically simple and efficient method, requiring minimum facilities.
Flower buds, with pollen grains at the most responsive stage are surface
sterilized and the anthers, excised under aseptic conditions, cultured on semi-
solid or in liquid medium. In some cases, where the flower buds are small,
whole buds or inflorescences enclosing the anthers at the appropriate stage of
pollen development are cultured. Depending on the plant species, and to some
extent the culture medium, the androgenic pollen either develop directly into

embryos or proliferate to form callus tissue.
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Microspore or the immature pollen can be used as the explant to get the
haploid plants directly.

For pollen or microspore culture the flower buds are collected, surface
sterilized and the anther lobes are dissected out from the flower buds as
before. Then the anther lobes are squeezed with the help of a scalpel within
a tube or small beaker to collect the microspore or pollen in nutrient media.
Then the anther tissue debris is removed by filtering the suspension through
a nylon sieve with a diameter slightly larger than the pollen size (40u-100u)
allowing the microspore only to pass through it.

Then the microspore-suspension washed and concentrated to a plating
density. The microspores obtained are then mixed with an appropriate culture

medium and plated in small petriplate.
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Advantages of Pollen Culture over anther culture

« The main disadvantage of anther culture is that the plants or
embryos or calli not only originate from microspore or pollen but
may also originate from various other parts of anther lobes
(anther wall, nucellus, tapetum) which are diploid tissues.

 The explants i.e., microspores or pollens are all haploid cells.

 The sequence of androgenesis can be observed starting from a
single cell.

« The microspores are ideal for uptake, transformation and
mutagenic studies, and the microspores are evenly exposed to
chemicals and physical mutagens.

« Higher yields of plants could be obtained.
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Gynogenesis:

Haploid plants can be developed from ovary or ovule cultures. It is
possible to trigger female gametophytes (megaspores) of angiosperms
to develop into a sporophyte. The plants so produced are referred to as
gynogenic haploids.

Gynogenic haploids were first developed by San Noem (1976) from the
ovary cultures of Hordeum vulgare. This technique was later applied for
raising haploid plants of rice, wheat, maize, sunflower, sugar beet and
tobacco.

In vitro culture of un-pollinated ovaries (or ovules) is usually employed
when the anther cultures give unsatisfactory results for the production of

haploid plants.



Diploidization

Haploid plants are sexually sterile. In the absence of homologous
chromosomes meiosis is abnormal, and as a result viable gametes are not
formed. In order to obtain fertiie homozygous diploids, the chromosome
complement of the haploids must be duplicated.

Production of double haploid plant

Haploids can be diploidized (by duplication of chromosomes) to produce
homozygous plants.

For production of double haploid plant, the pollen plants should be treated
with 0.1-0.4 % colchicine solution to diploidize them. Generally, the pollen-
derived plants, with 3—4 leaves, are soaked in a 0.5 % aqueous solution of
colchicine for 24—48 h and, after washing with distilled water, transferred to a

potting mixture for hardening and further growth.



Applications of haploid plant

Development of Pure Homozygous Line

Haploids and DHs are of considerable importance in genetics and plant
breeding programs. The main advantage of haploids in plant breeding
programmes is to achieve complete homozygosity in a single step by
doubling the chromosome number. These genetically pure homozygous
lines are used for breeding as well as genetic research purpose.

Use in Hybrid Development

Induction of Mutagenesis

Induction of Genetic Variability

Development of polyploidy



Somaclonal Variation



Somaclonal Variation

Genetic variations in plants that have been produced by plant tissue culture
and can be detected as genetic or phenotypic traits.

The genetic and epigenetic changes observed in plants regenerated from
cultured somatic cells are referred to as somaclonal variation

(soma = vegetative, clone = identical copy), a term coined by Larkin and
Scowcroft (1981).

The terms used in this context are calliclones (somaclones from callus
cultures) and protoclones (somaclones from protoplast cultures)

In general, multiplication involving a callus phase is considered to be most
unreliable for clonal propagation, while plantlets regenerated through
enhanced axillary branching or direct somatic embryogenesis has been

reported to be genetically uniform



Mechanism of Somaclonal Variations

Genetic (Heritable Variations)

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

* Occur at high frequency
Epigenetic (Non-heritable Variations)

« Variations generated during tissue culture for short period
« Caused by temporary phenotypic changes

* Occur at low frequency



Causes of Somaclonal
| Variations _~

Physiological " Biochemical



Physiological Cause

O Exposure of culture to plant growth regulators

O Culture conditions

Tissue culture environment and influence of culture conditions like
culture media, type of explant, successive transfer of culture,
temperature, pH etc. cause alterations in cellular controls, resulted

genomic changes in the in vitro raised plantlets

Biochemical Cause

] Lack of photosynthetic ability due to alteration in carbon metabolism
] Biosynthesis of starch via carotenoid pathway
] Nitrogen metabolism

1 Antibiotic resistance.



Genetic Cause

» Change in chromosome number
« Change in chromosome structure
« Gene Mutation

« Tansition

« Transversion

* Insertion

* Deletion
 Transposable element activation
« DNA sequence

 Change in DNA

« Change in Protein

* Methylation of DNA



Detection and Isolation of Somaclonal Variants

* Analysis of morphological characters

« 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 molecular markers
PCR independent i.e. RFLP and dependent molecular
markers i.e. RAPD, ISSR, SSR, AFLP



Disadvantages of Somaclonal Variations

A serious disadvantage occurs in operations which require clonal
uniformity, as in the horticulture and forestry industries where tissue
culture is employed for rapid propagation of elite genotypes

« Sometime leads to undesirable results

« Selected variants are random and genetically unstable

* Require extensive and extended field trials

» Not suitable for complex agronomic traits like yield, quality etc.



Advantages of Somaclonal Variations

* Help in crop improvement

« Creation of additional genetic variations

* Increased and improved production of secondary metabolites

« Selection of plants resistant to various toxins, herbicides, high salt
concentration and mineral toxicity

« Suitable for breeding of tree species



