Publication ID: BUAT/M/2024/47

Laboratory Manual
Elementary Plant Biotechnology
HBB 211

Prepared By

Dr. Shalini Purwar
Assistant Professor (Plant Biotechnology)
College of Forestry,
Banda University of Agriculture and Technology, Banda
Dr. Vishal Chugh
Assistant Professor (Plant Biochemistry)
College of Horticulture,
Banda University of Agriculture and Technology, Banda

Published by:
Banda University of Agriculture and Technology,
Banda -210001 (U.P.)
Year of Publication: 2024



Table of Contents

S. No Content Page No.

1. Media components and preparations 3-6

2. Sterilization 7-13

3. Aseptic manipulation of various explants; Callus induction | 14-16

4. Micro propagation of Banana 17-19

5. Anther, Embryo and Endosperm culture; Hardening / 20-22
Acclimatization of regenerated plants

6. Demonstration of Culturing of protoplast 23-24

7. Demonstration of Isolation of DNA 25-26

8. Demonstration of gel electrophoresis techniques. 27-28

9. Demonstration of Gene transfer techniques, direct 29-30
methods.

10. Demonstration of Gene transfer techniques, indirect 31-32
methods.

11. Demonstration of Confirmation of Genetic transformation | 33-34




Objective 1: Media Components and Preparations and Sterilization for Plant Tissue
Culture

Introduction:

Plant tissue culture is a sophisticated and vital technique in the field of plant biology and
biotechnology. It allows for the cultivation of plant cells, tissues, and organs in a controlled,
sterile environment, facilitating various applications, including micropropagation, somatic
embryogenesis, and genetic transformation. However, the success of plant tissue culture
largely depends on the quality of the culture media and the stringent aseptic conditions
maintained throughout the process. To explore the critical components of plant tissue culture
media, the meticulous preparations required ensure their sterility, and the importance of
sterile techniques. Understanding these fundamental aspects is essential for researchers,
horticulturists, and plant biotechnologists who seek to harness the potential of plant tissue

culture for crop improvement, conservation, and scientific research.

As we design into the specifics of media components and preparations and
sterilization, there will discover the intricacies of nurturing plant growth at the cellular level

and the critical role of maintaining a contamination-free environment.

Section 1:
Media Components for Plant Tissue Culture

Plant tissue culture media are meticulously formulated to provide plants with the necessary
nutrients, growth regulators, and a solid support structure for their growth and development.
The composition of the medium can vary depending on the specific requirements of the plant
species and the type of tissue or cells being cultured. In this section, we will explore the key
components of plant tissue culture media:

1.1. Nutrient Sources:

MS media, also known as Murashige and Skoog medium, is a widely used and well-
established plant tissue culture medium that provides a balanced mixture of essential
nutrients, vitamins, and growth regulators to support the in vitro growth and development of
plant cells, tissues, and organs. It was developed by Toshio Murashige and Folke K. Skoog in
1962 and has become a standard in plant tissue culture. MS medium can be modified to suit
the specific needs of different plant species and applications.

Key Components of MS Medium:



Macro- and Micronutrients: MS medium includes a full spectrum of essential macronutrients
(such as nitrogen, phosphorus, and potassium) and micronutrients (trace elements like iron,

copper, and zinc) to support plant growth and development.

+ Carbon Source: Typically, sucrose is used as the primary carbon and energy source
for plant cells in MS medium. It provides the necessary energy for cell growth.

+ Vitamins: MS medium contains various B vitamins, including thiamine (B1),
pyridoxine (B6), and nicotinic acid (B3), which are essential for various metabolic
processes and cell division.

+ Growth Regulators: Plant hormones, such as auxins (e.g., indole-3-acetic acid or
IAA) and cytokinins (e.g., kinetin), are often added in precise combinations and
concentrations to influence tissue culture outcomes. The specific ratios of these
growth regulators can be adjusted to promote callus formation, shoot multiplication,
or root development, depending on the goals of the tissue culture.

+ Solidifying Agent: Agar is commonly used to solidify MS medium when solid media

are required. Agar provides a stable substrate for plant tissues to grow on.

Table 1: Composition of MS media

Macro nutrients (10%) Amount per litre (mg)
KNO; 1900
MgS04.7H,0 370

NH4NO3 1650
CaCL.2H;O 440

KH2PO4 170
Micronutrients (100%) Amount per litre (mg)
MnSOs. 4H,0 223

H3BOs 6.2
ZnS04.7H>0O 8.6
Na;Mo04.2H,0 0.25
CuS02.5H,0 0.025
CoCl,.6H.0 0.025

KI 0.83

Iron source (10x) Amount per liter (mg)
FeSO4.7H20 27.8
Na;EDTA.2H,0 37.3
Vitamins(100x) Amount per liter (mg)
Nicotinic acid ‘ 0.5




Pyridoxine HCI 0.5
Thiamine HCI 0.1
Glycine 2.0

Myo inositol 100mg
Sucrose 30000mg
Agar 9gm

pH 5.8

Table 2: Composition of N6 media

Macro nutrients(10x) Amount per litre (mg)
KNO3 2830
MgS04.7H20 185
CaCl2.2H20 166
KH2PO4 400

KNO3 2830
Micronutrients (100x) Amount per litre (mg)
MnSO4. 4H20 33

H3BO3 1.6
ZnS04.7H20 1.5
Na2Mo04.2H20 0.25

Iron source(10x) Amount per liter (mg)
FeSO4.H20 27.84

Na EDTA 37.24

KI 0.8
Vitamins(100%) Amount per liter (mg)
Nicotinic acid 0.5
Pyridoxine HCl 0.5
Thiamine HCI 1.0

Glycine 2.0

Carbon source

Sucrose 30000mg
Agar 6000mg

pH 5.8

Applications of MS Medium:

MS medium is versatile and can be used for various applications in plant tissue culture,
including:

e Micropropagation: MS medium is often used for the rapid multiplication of plants
from small explants (e.g., shoot tips or nodal segments), allowing for the production
of disease-free, genetically identical plantlets.

¢ Somatic Embryogenesis: It supports the induction and development of somatic
embryos from various plant tissues, which can be useful in clonal propagation and
genetic transformation.



e Callus Culture: MS medium can be tailored to encourage the formation of callus
tissue, which can be used for subsequent organogenesis or somatic embryogenesis.

e Organogenesis: By adjusting the concentrations of growth regulators, MS medium
can promote the development of shoots, roots, or other plant organs from explants.

¢ Genetic Transformation: MS medium serves as a suitable medium for the genetic
transformation of plants by introducing foreign DNA using various techniques.

MS medium provides a well-balanced and standardized foundation for plant tissue culture,
but modifications can be made to meet the specific requirements of different plant species or
tissue types. Researchers often fine-tune the medium by adjusting nutrient levels and growth
regulator concentrations to achieve the desired outcomes in their experiments.



Objective 2: Sterilization of material utilizes during Culture, prepare
media and its components

Sterilization is the process of completely eliminating or destroying all forms of microbial
life, including bacteria, viruses, fungi, and spores, as well as their dormant forms. The
primary purpose of sterilization is to create a sterile environment, free from any living
microorganisms that could cause contamination, infection, or spoilage. Sterilization is critical
in various fields, including healthcare, laboratory research, food preparation, and

manufacturing processes.

There are several methods for achieving sterilization, each with its own set of

advantages and disadvantages. Some common sterilization methods include:

Autoclaving: Autoclaving is a widely used method of sterilization that employs high
pressure and saturated steam to effectively kill or inactivate microorganisms, including
bacteria, viruses, fungi, and spores. The process of autoclaving is essential in various fields,
such as healthcare, microbiology, research laboratories, and the pharmaceutical industry, to
ensure that equipment and materials are free from harmful contaminants. The autoclave is
heated to the desired sterilization temperature, usually around 121°C (250°F) or higher. The
temperature may vary depending on the specific requirements of the items being sterilized.
As the temperature increases, pressure builds up within the autoclave, creating a controlled
environment of high temperature and high pressure. The elevated pressure raises the boiling
point of water, allowing it to reach temperatures sufficient for sterilization. The items in the
autoclave chamber are exposed to these elevated temperatures and pressures for a specified
period, usually ranging from 15 to 20 minutes. This exposure kills or inactivates any
microorganisms present. After the sterilization cycle is completed, the autoclave is gradually

depressurized and cooled to a safe temperature.

Autoclaving is highly effective for sterilization and is widely used because it is capable of
penetrating porous materials and is relatively simple to operate. However, it may not be
suitable for heat-sensitive items or materials that can be damaged by moisture or high
temperatures. In such cases, alternative sterilization methods like chemical sterilization or

radiation sterilization may be employed.
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Chemical Sterilization:

In plant tissue culture, various chemicals are used for sterilization to ensure that the growth
medium, equipment, and plant tissues are free from contaminants. The choice of sterilization
chemicals depends on the specific materials and the level of sterilization required. Common

sterilization chemicals used in plant tissue culture include:

1. Sodium Hypochlorite (Bleach): A diluted solution of sodium hypochlorite is often
used for surface sterilization of plant materials, such as explants (small sections of
plant tissue). It is effective in killing surface contaminants.

2. Ethanol (Alcohol): Ethanol is used for the surface sterilization of plant materials and
equipment. It is especially effective for disinfecting tools and instruments used in
tissue culture.

3. Hydrogen Peroxide (H202): Hydrogen peroxide is sometimes used for surface
sterilization and can also be added to the culture medium to prevent contamination. It
helps eliminate fungal and bacterial contaminants.

4. Mercuric Chloride (HgCl2): Mercuric chloride is a potent disinfectant used for
surface sterilization of plant materials, but it is highly toxic and poses safety concerns.

5. Calcium Hypochlorite: Calcium hypochlorite is another chlorine-based compound
used for surface sterilization of plant materials. It is a less toxic alternative to
mercuric chloride.

6. lodine-Based Disinfectants: lodine-based disinfectants are sometimes used for

surface sterilization, and they are less toxic than some other options.



7. Plant Preservative Mixture (PPM): PPM is a broad-spectrum antimicrobial agent
specifically formulated for plant tissue culture. It can be added to the culture medium

to prevent contamination.

Radiation Sterilization: Radiation sterilization is a method used to sterilize equipment,other
items by exposing them to ionizing radiation, typically gamma rays or high-energy electron
beams. This process is highly effective at destroying the microorganisms, making it a reliable

method for achieving sterility. Here are the key points about radiation sterilization:
Types of Ionizing Radiation:

1. Gamma Radiation: Gamma radiation is produced from the decay of radioactive
isotopes, most commonly cobalt-60 (*60Co) or cesium-137 (*137Cs). It is widely
used for radiation sterilization because of its high penetrating power and consistent
dose delivery.

2. Electron Beam (E-beam) Radiation: Electron beam radiation uses a stream of high-
energy electrons generated by an electron accelerator. E-beams are often used in
situations where the radioactive materials associated with gamma radiation are

undesirable.

Filtration: Filtration and sterilization are critical processes in plant tissue culture to ensure
that the growth medium and equipment are free from contaminants, which can negatively
affect the health and development of plant tissues. In plant tissue culture, the growth medium
used for plant tissue cultures needs to be free from particulate matter and contaminants.
Filtration can also be used to sterilize heat-sensitive materials, such as some vitamins and
organic additives commonly used in plant tissue culture.This is achieved through the use of
sterile filtration. Nylon membranes with appropriate pore sizes can be used for the isolation
and culturing of microorganisms or plant pathogens from plant tissues. This is important for
research and diagnostics. The liquid medium is passed through a sterile membrane filter with
specific pore sizes (0.25 to 0.45 micrometer). The choice of the specific nylon membrane
pore size and its application in plant tissue culture will depend on the requirements of the
experiment or procedure. Nylon membranes are known for their strength, durability, and
chemical resistance, making them suitable for a range of applications in plant tissue culture

and other laboratory settings.



Flame Sterilization: In plant tissue culture, instruments and equipment such as scalpels and
forceps are often flame-sterilized before use. This process involves passing the metal parts of
the tools through a flame to kill any potential contaminants. Proper aseptic techniques are

crucial in maintaining sterility throughout the culture process.

Laminar Flow Hood: A laminar flow hood, also known as a laminar flow cabinet or clean
bench, is a piece of laboratory equipment designed to provide a controlled and sterile
environment for various applications, including plant tissue culture. It is an essential tool for

maintaining aseptic conditions during experiments and procedures.

Airflow: Laminar flow hoods create a unidirectional, sterile airflow that moves from the back

to the front of the hood, minimizing the risk of airborne contaminants entering the workspace.

HEPA or ULPA Filters: These hoods are equipped with high-efficiency particulate air
(HEPA) or ultra-low penetration air (ULPA) filters that remove particulates and

10



microorganisms from the incoming air. HEPA filters remove particles down to 0.3
micrometers in size, while ULPA filters are more efficient and capture particles down to 0.12

micrometers.

Work Surface: The work surface within the hood is typically made of stainless steel or other
easy-to-clean materials. It is designed to be free from obstructions and contaminants,

providing a clean area for various tasks.

UV Lamp: Some laminar flow hoods have built-in ultraviolet (UV) lamps for periodic
sterilization of the work surface. UV light helps inactivating microorganisms on exposed

surfaces.
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Uses of a Laminar Flow Hood in Plant Tissue Culture:

Aseptic Techniques: Laminar flow hoods are crucial for maintaining aseptic conditions
during plant tissue culture procedures. They create a sterile environment that minimizes the
risk of contamination, ensuring that plant tissues or explants remain free from unwanted

microorganisms.

Micropropagation: Laminar flow hoods are commonly used in micropropagation, a
technique that involves the multiplication of plants through tissue culture. They provide a

controlled space for transferring and manipulating plant tissues during the process.

Media Preparation: Plant tissue culture media often require precise preparation. A laminar
flow hood can be used to weigh and mix media components, ensuring sterility and accuracy

in media formulation.

11




Subculture and Transfer: The hood allows for the subculture and transfer of plant tissues
from one vessel to another, such as from one culture dish to another, without introducing

contaminants.

Sterile Instrument Handling: Laminar flow hoods are used to store and handle sterile

instruments, such as scalpels, forceps, and other tools used in plant tissue culture.

Seed Sterilization: In certain cases, laminar flow hoods can be used for the surface

sterilization of seeds before they are placed on culture media for germination.

Laminar flow hoods are essential in plant tissue culture and other life science applications
where maintaining a sterile environment is critical. They help ensure the success of
experiments, minimize contamination risks, and promote the growth and propagation of
healthy plant tissues. Proper care and regular maintenance are necessary to keep the hood's

airflow and sterility within the required specifications.

Glove Box: In some specialized plant tissue culture applications, a glove box with a
controlled environment (usually nitrogen gas) is used to maintain sterility and prevent

contamination during the handling of sensitive plant tissues.

Dry Heat Sterilization: Dry heat sterilization is a method of sterilizing equipment and
materials by exposing them to high temperatures in the absence of moisture. It is often used
in plant tissue culture to sterilize heat-resistant items, such as glassware, metal instruments,
and some types of growth media or substrates. A hot air oven, also known as a dry heat
sterilizer, is a piece of laboratory equipment used for sterilizing various items, including
glassware and metal tools, by subjecting them to high temperatures in a dry environment. It is
widely used in laboratories, healthcare settings, and plant tissue culture facilities to eliminate

microorganisms and achieve sterility.




The choice of sterilization method depends on the materials or equipment being
sterilized, their heat sensitivity, and the specific requirements of the application. Proper
sterilization procedures are crucial in various industries to ensure the safety and quality of

Plant tissue Culture procedure.
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Objective 3: Aseptic manipulation of various explants and Callus induction

Aseptic manipulation is a critical aspect of plant tissue culture, especially when working with
various explants to induce callus formation. Callus is an undifferentiated mass of plant cells
that can serve as a source of totipotent cells for regeneration and propagation.

Materials Needed:

e Sterile laminar flow hood or biosafety cabinet

e Sterile culture vessels (e.g., Petri dishes or culture tubes)
e Sterile scalpels or dissecting tools

e Sterile forceps

e Sterile growth medium

e Sterile filter paper or sterile cotton swabs

e Sterilization equipment (e.g., alcohol burner, ethanol)

e Sterile working area with proper lighting

Procedure:
Preparation:

Ensure that your work area and all materials and equipment are sterilized or have been
properly autoclaved. Put on appropriate personal protective equipment (PPE), such as
lab coats and gloves.

+ Explant Selection: Select the explants from the plant material you wish to culture.
Explants can include stem segments, leaf sections, root sections, or other plant parts.
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+ Surface Sterilization: Place the explants in a container with a surface sterilization
solution (e.g., sodium hypochlorite or ethanol) for a specified duration to remove
surface contaminants. Rinse the explants several times with sterile distilled water to
remove any remaining sterilization solution.

+ Aseptic Transfer:

+ Using sterile forceps and a sterile scalpel, transfer the surface-sterilized explants to
the sterile work area within the laminar flow hood.
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4+ Callus Induction Medium: Prepare the callus induction medium, which typically
contains growth regulators like auxins (e.g., 2,4-dichlorophenoxyacetic acid or

naphthaleneacetic acid) and cytokinins (e.g., kinetin or benzylaminopurine).

4+ Inoculation:

Carefully place the explants on the callus induction medium in the
culture vessel Ensure Incubation. Seal the culture vessels with sterile lids or parafilm

to prevent contamination Incubate the vessels in a controlled environment with

appropriate temperature, light, and humidity conditions.
#+ Subculture: Periodically, observe the explants for callus formation and growth.
When callus tissue has formed, it can be subcultured onto fresh medium to promote

further growth.

+ Record Keeping: Maintain detailed records of the explants used, culture conditions,
and any observations or changes during the callus induction process.

Sterilization of Tools: After use, sterilize all tools and equipment (e.g., forceps, scalpels) by
dipping them in ethanol or flaming them in an alcohol burner.

Aseptic manipulation is crucial at every step to prevent contamination and ensure the success
of callus induction. Following strict aseptic techniques and maintaining a sterile working
environment are key factors in the success of plant tissue culture experiments.

Observation: Observation of Culture and Subculture upto 2 to 3 month

Date of Media
Preparation

Date of Culture and
Subculture

Observation recorded

15




Conclusion remarks:

16




Objective 4: Micro propagation of Banana

Micropropagation, also known as tissue culture or in vitro propagation, is a common
technique for multiplying banana plants rapidly and efficiently. This method involves
growing small pieces of banana plant tissue, such as shoot tips or meristems, in a controlled
laboratory environment. Here's a general overview of the micropropagation process for
bananas:

Materials and Equipment Needed:

e Banana plants as the source of explants

e Sterile culture vessels (e.g., culture tubes, jars, or Petri dishes)

e Sterile culture medium containing nutrients and growth regulators

e Sterile surgical tools (scalpels, forceps)

e Laminar flow hood or sterile working area

e Plant growth chambers with controlled environmental conditions (light, temperature,
and humidity)

e Sterilization equipment (alcohol burner, ethanol, sodium hypochlorite)

e Personal protective equipment (PPE), such as lab coats, gloves, and safety goggles

Procedure:

e Source of Explants: Choose healthy banana plants as the source of explants. The
preferred explants are shoot tips or meristems, as they have the highest regeneration
potential.

e Surface Sterilization: Surface sterilize the selected explants to eliminate any
contaminants. Typically, this involves a series of washes with a sterilization solution
(e.g., sodium hypochlorite) followed by multiple rinses with sterile distilled water.

o Aseptic Transfer: Using sterile surgical tools, transfer the surface-sterilized explants
to the sterile work area (laminar flow hood or biosafety cabinet).

e Culture Medium Preparation: Prepare the culture medium, which should contain
the necessary nutrients, vitamins, and growth regulators (e.g., cytokinins and auxins)
to support the growth and multiplication of banana tissue.

e Inoculation: Place the explants onto the culture medium in the culture vessels.
Ensure that the explants are in contact with the medium.

¢ Incubation: Inculate the culture vessels to create a controlled environment. Place the
vessels in a growth chamber with specific conditions. Banana plants typically thrive
in a warm, humid environment with controlled lighting.

e Subculture: Periodically, monitor the growth of the explants. When the explants
have developed into multiple shoots and have grown to a suitable size, they can be
subcultured onto fresh culture medium to continue their growth.

¢ Rooting: (Optional): If needed, the regenerated shoots can be transferred to rooting
medium to encourage the development of roots.

17



e Acclimatization: = Once the plantlets have grown sufficiently, they can be
acclimatized to external conditions, usually in a greenhouse or nursery, before being
planted in the field.

e Record Keeping: Maintain records of the source of explants, culture conditions, and
observations throughout the micropropagation process.

Micropropagation allows for the rapid multiplication of healthy banana plants, which is
valuable for producing disease-free planting material and increasing yields. It is important to
maintain strict aseptic techniques throughout the process to prevent contamination and ensure
the success of micropropagation.

Observation: Observation of Culture and Subculture upto 2 to 3 month

Date of Media Date of Culture and Observation recorded
Preparation Subculture
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Conclusion remarks:
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Objective 5: Anther, Embryo and Endosperm culture; Hardening /
Acclimatization of regenerated plants

Anther, embryo, and endosperm culture are techniques used in plant tissue culture to
propagate plants or produce genetically identical clones. After the tissue culture process, the
regenerated plants need to be acclimatized or hardened to adapt to external environmental
conditions before they can be successfully transplanted into the field or garden. Here is an
overview of these techniques and the subsequent hardening/acclimatization steps:

Anther Culture: Anther culture is a technique used to produce haploid plants from the
anthers (the male reproductive part of a flower). The procedure involves:

e Isolation of Anthers: Anthers are carefully excised from flower buds and sterilized to
eliminate contaminants.

¢ Culture Medium: Anthers are placed on a specialized culture medium containing the
necessary nutrients and growth regulators.

Embryoid Formation: Under suitable conditions, anthers may produce embryoids (embryo-
like structures) that can develop into haploid plantlets.

e Embryo Culture: Embryo culture is a method used for rescuing embryos from seeds
that may not germinate under normal conditions. The process includes:

e Isolation of Embryos: Embryos are dissected from mature seeds and surface-
sterilized to remove contaminants.

e Culture Medium: Embryos are placed on a culture medium that provides the
necessary nutrients for their growth and development.

e Plantlet Formation: Under controlled conditions, embryos can develop into
plantlets.
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Endosperm Culture: Endosperm culture is less common but is used to culture the
endosperm portion of a seed. The endosperm provides nourishment to the developing
embryo. The procedure is similar to embryo culture and is used for specific breeding or
research purposes.

20
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Hardening/Acclimatization of Regenerated Plants:  After successful culture, the
regenerated plants—whether from anther, embryo, or endosperm culture—need to be adapted
to external environmental conditions before being transferred to the field or nursery. This
process is known as hardening or acclimatization and involves the following steps:

Transplant to Soil: Transfer the regenerated plants from the culture medium to cocopit of
soil or a suitable growing substrate in pots or trays.

Controlled Environment: Initially, place the pots or trays with the plants in a controlled
environment, such as a greenhouse or growth chamber, to provide favorable conditions and
gradually introduce them to natural conditions.

Gradual Exposure: Over a period of weeks to months, gradually expose the plants to
outdoor conditions, including variations in light, temperature, humidity, and wind.

Watering and Fertilization: Carefully monitor and adjust the watering and fertilization
regime to meet the specific needs of the plants during the acclimatization process.

Pest and Disease Management: Implement pest and disease control measures as needed to
protect the plants during the transition.

Monitoring and Care: Continuously monitor the health and growth of the plants, providing
care as required to ensure their successful acclimatization.

Transfer to Field: Once the plants are well acclimatized and demonstrate healthy growth,
they can be transplanted into the field or the desired environment for further growth and
development.

The hardening or acclimatization phase is critical to ensure the survival and establishment of
the regenerated plants in their intended growing environment. Proper care and a gradual
transition are key factors in the success of this process.

Observation: Observation of Culture and Subculture upto 2 to 3 month

Date of Media Date of Culture and Observation recorded
Preparation Subculture/Date of Trasfer
to Nethouse/Polyhouse
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Objective 6: Demonstration of Culturing of protoplast

Culturing protoplasts is a fundamental technique in plant cell and tissue culture. Protoplasts
are plant cells with their cell walls removed, allowing them to be isolated, cultured, and
regenerated into whole plants.

Materials and Equipment:

e Plant tissue (e.g., leaf or stem tissue)

e Enzymes for cell wall digestion (e.g., cellulase and pectinase)
e Sterile culture vessels (Petri dishes, culture tubes, or plates)

e Sterile culture medium

e Sterile pipettes and pipette tips

e Sterile filter paper

e Sterilization equipment (e.g., autoclave or pressure cooker)

e Sterile working area (laminar flow hood or biosafety cabinet)
e Microscope for monitoring protoplasts

e Sterile surgical tools (scalpel, forceps)

Procedure:

Preparation of Enzyme Solution: Prepare an enzyme solution by dissolving cellulase and
pectinase in a sterile buffer (e.g., calcium and magnesium solution). The concentration and
specific enzymes used may vary depending on the plant species and tissue type.

Tissue Isolation: Select plant tissue (e.g., leaves or stems) and dissect it into small pieces.
The tissue should be sterile, and this can be achieved by surface sterilization using ethanol
and sodium hypochlorite.

Protoplast Isolation: Incubate the sterile tissue pieces in the enzyme solution at an
appropriate temperature and for a specified duration to digest the cell walls and release
protoplasts. Gently shake or stir the solution periodically.

Protoplast Collection: After digestion, filter the suspension through sterile filter paper or a
mesh to remove undigested debris and isolate the protoplasts.

Washing and Pelleting: Wash the isolated protoplasts with a sterile solution to remove any
remaining enzymes. Centrifuge the protoplast suspension to collect the protoplasts as a pellet.

Culture Medium Preparation: Prepare a sterile culture medium suitable for the specific
plant species. The medium should contain the necessary nutrients, vitamins, and growth
regulators to support the growth and regeneration of protoplasts.

Protoplast Culture: Resuspend the protoplast pellet in the culture medium. The density of
protoplasts in the medium can vary based on the objectives of the culture.

23



Incubation and Regeneration: Incubate the protoplast culture under controlled
environmental conditions, including temperature, light, and humidity, to support their
regeneration and growth.

Subculture: Periodically, monitor the growth and development of the protoplasts. As they
grow and form small plantlets or callus, they can be subcultured onto fresh culture medium to
promote further growth and regeneration.

Monitoring: Monitor the protoplast cultures regularly using a microscope to observe their
development and regeneration.

Protoplast culture can be a complex process and may require optimization based on the
specific plant species and objectives. It is important to maintain strict aseptic techniques and
provide the appropriate conditions to support the successful regeneration of protoplasts into
whole plants.
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Objective 7: Demonstration of Isolation of DNA

Isolating DNA from plant tissue is a fundamental technique in molecular biology and plant
genetic research. Here's a simplified demonstration of the isolation of DNA from plant
material using a common laboratory method known as the CTAB method
(Cetyltrimethylammonium bromide). This method is suitable for small-scale DNA extraction:

Materials and Equipment:

Fresh plant tissue (e.g., leaves or young stems)
Liquid nitrogen or a mortar and pestle for grinding
CTAB buffer (pre-prepared)
Phenol:chloroform:isoamyl alcohol (25:24:1)
Chloroform:isoamyl alcohol (24:1)

Isopropanol (99%)

Ethanol (70% and 100%)

Microcentrifuge tubes

. Centrifuge

O 0N AW

10. Microcentrifuge
11. Pipettes and tips
12. Disposable gloves and lab coat

Procedure:
Sample Preparation:

Collect fresh plant material (e.g., a small leaf sample). Place it in liquid nitrogen and grind
it to a fine powder using a mortar and pestle. The liquid nitrogen helps prevent degradation of
the DNA.

Extraction Buffer:

Prepare the CTAB buffer. It typically contains CTAB, Tris-HCl, EDTA, and NaCl. Heat
the buffer to dissolve any precipitates.

+ Tissue Lysis: Transfer the ground plant material into a microcentrifuge tube. Add a
suitable volume of the CTAB buffer to the tube. The volume should be based on the
amount of tissue you're using. Close the tube and gently mix by inverting it several
times.

4+ Incubation: Incubate the tube in a water bath or heat block at 65°C for 30 minutes,
occasionally inverting to mix the contents.

Phenol:Chloroform:IAA Extraction: Add an equal volume of phenol:chloroform:isoamyl
alcohol to the tube.

+ Close the tube and shake vigorously for a few seconds.
+ Centrifuge the tube at maximum speed for 5 minutes. This will separate the aqueous
(top) and organic (bottom) phases.
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Aqueous Phase Transfer: Carefully transfer the aqueous (top) phase to a new
microcentrifuge tube. Be cautious not to transfer the organic phase, which contains proteins
and other contaminants.

+ Add an equal volume of chloroform:isoamyl alcohol to the tube.
+ Close the tube and shake vigorously for a few seconds.
+ Centrifuge the tube at maximum speed for 5 minutes to separate the phases.

Aqueous Phase Transfer: Carefully transfer the aqueous phase to a new microcentrifuge
tube.

Precipitation of DNA: Add an equal volume of cold isopropanol to the tube. Gently invert
the tube to mix.

+ Centrifuge the tube at maximum speed for 10-15 minutes. The DNA will precipitate
as a visible white pellet. Wash the DNA Pellet:

+ Carefully decant the isopropanol without disturbing the DNA pellet.

+ Add 70% ethanol to the tube and gently invert it to wash the DNA pellet.

DNA Pellet Recovery: Centrifuge the tube for a few minutes to collect the washed DNA
pellet. Carefully remove any remaining ethanol.

DNA Resuspension: Allow the pellet to air dry briefly. Add a suitable volume of TE buffer
(Tris-EDTA) to resuspend the DNA pellet. You can also use distilled water.

DNA Quantification: Measure the DNA concentration using a spectrophotometer or other
appropriate methods.

The extracted DNA can be used for various downstream applications, such as PCR, DNA
sequencing, and genetic analysis. Ensure proper disposal of hazardous chemicals and
materials as per your lab's safety protocols.
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Objective 8: Demonstration of Agarose gel electrophoresis techniques

Agarose gel electrophoresis is a common technique used to separate and analyze DNA
fragments based on their size. Here's a simplified demonstration of agarose gel
electrophoresis:

Materials and Equipment:

Agarose powder

TAE (Tris-Acetate-EDTA) buffer

Electrophoresis chamber

Gel casting tray with combs

DNA samples (with loading dye)

DNA ladder (for size reference)

Power supply

UV transilluminator

Gel documentation system (for visualizing results)
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Preparing the Gel:

Prepare a gel by dissolving agarose powder in TAE buffer. The concentration of agarose will
depend on the expected size range of DNA fragments you want to separate. Common
concentrations are 0.7% to 2%. Heat the mixture in a microwave or on a hot plate until it's
completely dissolved. Allow the agarose-TAE solution to cool to around 60°C.

Casting the Gel: Set up the gel casting tray with combs. Pour the molten agarose solution
into the tray, leaving space for the combs. Insert the combs into the gel at one end, ensuring
that they are evenly spaced. Allow the gel to solidify.

Sample Preparation: Mix the DNA samples with loading dye. Loading dye helps to
visualize the sample migration and provides density for easier loading.

Loading the Samples: Remove the combs from the gel. Place the gel in the electrophoresis
chamber filled with TAE buffer, ensuring that the wells are on the side facing the negative
electrode (black). Load the DNA samples and a DNA ladder into the wells using a
micropipette.

Electrophoresis: Connect the electrophoresis chamber to a power supply. The positive
electrode (red) should be connected to the side where the wells are. Apply a low voltage
(around 80-120 V) and run the gel for a suitable duration (typically 30 minutes to 2 hours,
depending on the gel concentration and the size of DNA fragments).

DNA fragments will migrate through the gel towards the positive electrode. Smaller
fragments will move faster and travel farther.

Stopping the Electrophoresis: When the DNA fragments have migrated sufficiently, turn
off the power supply and disconnect the electrodes.
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Visualization: Carefully remove the gel from the electrophoresis chamber and place it on a
UV transilluminator.

Photographing the Gel: Use a gel documentation system or a camera with a UV filter to
capture an image of the gel. The DNA fragments will appear as bands on the gel.

Analysis: Analyze the DNA fragment sizes by comparing them to the DNA ladder or a
known standard. Smaller fragments are closer to the positive electrode.

Agarose gel electrophoresis is a versatile technique used in various molecular biology
applications, including DNA fragment analysis, DNA separation, and DNA purity
assessment.
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Objective 9: Demonstration of Gene transfer techniques, direct methods

Direct gene transfer techniques involve the introduction of foreign genetic material (genes)
directly into the target organism's cells. These methods are commonly used in genetic
engineering and biotechnology to modify an organism's genetic makeup. A simplified
demonstration of a direct gene transfer technique called "microinjection," which is commonly
used in research to introduce foreign DNA into animal cells. Please note that this
demonstration is for educational purposes, and actual lab procedures may vary:

Materials and Equipment:

Microinjection pipettes (microcapillaries)
Microinjector (microinjection system)
Micromanipulator

Stereomicroscope

Glass slides

Microscope slides

Injection buffer (e.g., physiological saline)
DNA plasmid of interest
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Procedure:

Preparing the Microinjection Setup: Set up the microinjection system, including the
microinjector, micromanipulator, and stereomicroscope. Prepare the microinjection pipettes
by pulling them from glass capillaries to create fine tips.

Mounting the Cells: Place the cells you want to inject on a glass slide under a microscope.
These can be cultured animal cells.

Microscope Observation: Using the stereomicroscope, locate the cells you want to inject.
You may need to focus on the cell's nucleus, which is the target for gene transfer.

Pipette Filling: Load the microinjection pipette with the DNA plasmid solution. Ensure that
the pipette tip is filled with the solution.

Rubber Tube Tube Connecion
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Microinjection: Under the stereomicroscope, gently insert the microinjection pipette into the
target cell. The pipette should penetrate the cell membrane and reach the nucleus. Inject a
small volume of the DNA plasmid solution into the nucleus. This will introduce the foreign
DNA into the cell.
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Microinjector Control: Use the microinjector to precisely control the injection process.
Adjust the injection pressure and duration as needed.

Cell Recovery: After injection, remove the pipette from the cell and let the cell recover.

Observation and Monitoring: Observe the injected cells over time to confirm successful
gene transfer and monitor any resulting genetic changes or expression of the introduced gene.

Data Collection: Record and analyze the data, including the success rate of gene transfer,
any phenotypic changes in the cells, and the overall experimental outcomes.

Direct gene transfer techniques like microinjection are powerful tools for introducing specific
genetic modifications into cells. These techniques are widely used in biotechnology and
genetic research for creating genetically modified organisms, studying gene function, and
developing new therapies. Real-life microinjection experiments often involve additional
steps, such as cell culture and optimization of injection conditions, and require more
specialized equipment and expertise.
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Objective 10: Demonstration of Gene transfer techniques, indirect methods
(Agrobacterium methods)

Indirect gene transfer techniques involve the introduction of foreign genetic material into an
organism's cells through intermediary vectors, such as plasmids, viruses, or nanoparticles.
These methods are commonly used in genetic engineering and biotechnology A specific
Agrobacterium tumefaciens strain is chosen for the gene transfer process. This strain
typically carries a Ti (tumor-inducing) plasmid, which includes the genes required for T-
DNA transfer.

Plasmid Manipulation: Researchers modify the Ti plasmid by replacing the tumor-inducing
genes with the transgene (foreign gene) of interest that they want to introduce into the plant.

Culturing Agrobacterium: The modified Agrobacterium strain is cultured in a suitable
growth medium to achieve a high concentration of bacteria.

Plant Tissue Preparation: Plant tissue, such as leaf, stem, or root explants, is prepared for
transformation. The choice of tissue depends on the plant species and the desired outcome.

Infection: The prepared plant tissue is exposed to the Agrobacterium culture, which contains
the modified Ti plasmid. The bacteria use a specialized structure called a "T-DNA transfer
complex" to transfer the T-DNA portion of the plasmid into plant cells.

Integration of Transgene: Inside the plant cells, the T-DNA is integrated into the plant's
genome. This means the transgene becomes a permanent part of the plant's DNA.

Formation of Transgenic Cells: Some plant cells successfully take up the T-DNA and
become transgenic cells. These cells carry the introduced transgene.

Selection and Regeneration: Transgenic cells are typically selected using a marker gene,
such as one that confers resistance to a specific antibiotic or herbicide. These selected cells
are then regenerated into whole plants through tissue culture techniques.

Confirmation: Molecular techniques, such as PCR (polymerase chain reaction) and DNA
sequencing, are used to confirm the presence of the transgene in the regenerated plants.

Propagation and Study: Transgenic plants are propagated and studied to assess the
expression and function of the introduced gene. This information is essential for evaluating
the success of the genetic modification.

Agrobacterium-mediated gene transfer is considered a relatively precise and controlled
method for creating genetically modified plants. It has been used to develop plants with traits
such as pest resistance, disease resistance, herbicide tolerance, and improved nutritional
content. While Agrobacterium-mediated transformation is more commonly used in
dicotyledonous plants, other methods like biolistics (particle bombardment) are employed for
monocotyledonous plants like rice and wheat.
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Objective 11: Demonstration of Confirmation of Genetic transformation

Confirmation of genetic transformation is a crucial step in any genetic engineering
experiment to ensure that the foreign gene (transgene) has been successfully integrated into
the host organism's genome. The following steps provide a simplified demonstration of how
to confirm genetic transformation in a model organism, such as E. coli, after introducing a
plasmid with a selectable marker gene:

Materials and Equipment:

Transformed E. coli cultures (prepared using a plasmid with a selectable marker)
LB agar plates with the appropriate antibiotic
Sterile pipettes and tips

Microcentrifuge tubes

PCR reagents (primers, DNA polymerase, buffer)
PCR machine

Electrophoresis gel and electrophoresis equipment
Gel-loading buffer

DNA ladder

UV transilluminator

Sterile laboratory equipment
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Procedure:

Plating Transformed E. coli: After transforming E. coli with a plasmid containing a
selectable marker (e.g., an antibiotic resistance gene), streak the transformed E. coli culture
onto LB agar plates containing the appropriate antibiotic. This antibiotic will kill non-
transformed E. coli but allow transformed cells to grow.

Incubation: Incubate the plates at 37°C overnight. The transformed E. coli will grow into
colonies on the agar plate.

Visual Observation: After incubation, observe the plates. Presence of bacterial colonies
indicates that the transformed E. coli cells have successfully taken up the plasmid with the
selectable marker.

Picking Colonies: Use a sterile loop or pipette tip to pick individual colonies from the plate
and transfer them into microcentrifuge tubes containing sterile liquid culture medium. This is
known as "making a starter culture."

Starter Culture Growth: Incubate the starter cultures in a shaking incubator overnight to
amplify the bacterial cells.

DNA Extraction: Extract plasmid DNA from the bacterial cultures using a standard DNA
extraction kit or method.

PCR Amplification: Set up PCR reactions using primers specific to the transgene of interest.
Amplify the transgene from the extracted plasmid DNA.
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Electrophoresis: Run the PCR products on an agarose gel using electrophoresis to check for
the presence of the amplified DNA fragment. You can also run a known DNA ladder for size
reference.

Gel Visualization: Visualize the gel under UV light using a UV transilluminator. If the
transgene is present, it will result in a distinct band at the expected size on the gel.

Confirmation: The presence of the amplified transgene band in the PCR gel confirms the
successful genetic transformation of the E. coli cells.

Confirmation of genetic transformation is a critical step in genetic engineering experiments to
ensure the success of the introduced gene. While this demonstration focuses on E. coli, the
general principles of confirmation apply to a wide range of organisms and gene transfer
methods. The specifics of the experiment may vary depending on the organism and the type
of gene being introduced.
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