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Preparation of media for plant tissue culture (MS and B5) 

Aim: 

The aim is to prepare nutrient-rich media that supports the growth and development of plant 

tissues in vitro (in a controlled laboratory environment). 

Principles: 

1. Balanced Nutrient Composition: Media should contain essential nutrients in 

balanced proportions (macro and micronutrients). 

2. pH Control: pH should be adjusted to an appropriate level (typically around pH 5.7 

for MS and pH 5.8 for B5) to facilitate nutrient uptake. 

3. Growth Regulators: Addition of plant growth regulators like auxins and cytokinins 

to induce specific growth responses (e.g., rooting, shoot proliferation). 

4. Sterility: Media must be sterilized to prevent contamination and ensure the growth of 

only desired plant tissues. 

Materials: 

 Macro- and Micronutrients: Salts such as nitrates, phosphates, sulfates, potassium 

salts, magnesium sulfate, calcium chloride, iron salts (Fe-EDTA), etc. 

 Vitamins: Typically, myo-inositol, thiamine (B1), pyridoxine (B6), nicotinic acid 

(B3), etc. 

 Plant Growth Regulators: Commonly used are auxins (e.g., indole-3-acetic acid, 

IAA; indole-3-butyric acid, IBA) and cytokinins (e.g., kinetin, 6-benzylaminopurine, 

BAP). 

 Agar or Gelrite: Solidifying agents to solidify the medium. 

 pH Adjusting Agents: Typically, potassium hydroxide (KOH) or hydrochloric acid 

(HCl). 

 Water: Distilled water for preparing solutions. 

Methodology: 

1. Preparation of Stock Solutions: 

o Prepare stock solutions of macro- and micronutrients, vitamins, and plant 

growth regulators. 

2. Medium Preparation: 

o Mix appropriate volumes of stock solutions according to the recipe for MS or 

B5 media. 

o Adjust the pH of the medium using KOH or HCl to the desired level (pH 5.7 

for MS, pH 5.8 for B5). 

o Add agar or Gelrite (at around 0.8-1.0% w/v) to the medium to solidify it, if 

making solid medium. 

3. Sterilization: 

o Autoclave the medium at 121°C for 15-20 minutes to sterilize. 

o After autoclaving, cool the medium to around 50-55°C before pouring into 

sterile containers or plates. 
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Procedure: 

1. Weighing and Mixing: Weigh out the required amounts of each component 

according to the specific recipe for MS or B5 media. 

2. Dissolution: Dissolve the salts and other components in distilled water to prepare 

stock solutions. 

3. Adjusting pH: Use a pH meter or pH paper to adjust the pH of the medium to the 

specified range. 

4. Adding Solidifying Agent: If preparing solid medium, add agar or Gelrite to the 

liquid medium before autoclaving. 

5. Autoclaving: Place the medium in suitable containers (e.g., conical flasks, bottles, or 

culture vessels), seal them, and autoclave. 

6. Cooling and Pouring: Allow the medium to cool sufficiently after autoclaving before 

pouring it into sterile culture vessels or plates under aseptic conditions (preferably in a 

laminar flow hood). 

7. Storage: Store prepared media in a cool, dark place until used. Avoid exposure to 

light to prevent photodegradation of vitamins and other light-sensitive components. 

Expected Results: 

 Upon proper preparation and sterilization, the medium should remain clear and free 

from contamination. 

 The solid medium should solidify properly and remain firm without excessive 

condensation. 

 When used for plant tissue culture, the medium should support the growth of explants 

or cells according to the intended purpose (e.g., callus induction, shoot proliferation, 

root formation) 
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                   Establishment of callus cultures from carrot cambial tissue 

Aim: 

The aim of establishing callus cultures from carrot cambial tissue is to induce the formation 

of undifferentiated, proliferative masses of cells known as callus. Callus cultures are valuable 

in plant tissue culture for studying biochemical pathways, genetic transformation, and 

regeneration of whole plants. 

Principles: 

 Totipotency: Carrot cells, particularly those from cambial tissue, are totipotent, 

meaning they have the potential to regenerate into a whole plant under appropriate 

conditions. 

 Hormonal control: Growth regulators such as auxins (e.g., 2,4-

Dichlorophenoxyacetic acid, 2,4-D) and cytokinins (e.g., kinetin) play crucial roles in 

inducing and maintaining callus formation. 

Materials: 

 Carrot cambial tissue: Obtained from young carrot roots, typically under sterile 

conditions. 

 Culture medium: Contains essential nutrients, vitamins, amino acids, and growth 

regulators (auxins and cytokinins). 

 Sterilization equipment: Including ethanol, bleach, laminar flow hood, autoclave, 

and sterile petri dishes. 

Methodology: 

1. Preparation of explants: Select young carrot roots, sterilize them (usually by surface 

sterilization with ethanol and bleach), and dissect out the cambial tissue. 

2. Inoculation: Place the cambial tissue explants onto a sterile culture medium 

containing appropriate concentrations of auxins and cytokinins. This medium should 

support callus initiation and growth. 

3. Culture conditions: Maintain cultures in a controlled environment (e.g., temperature 

around 25°C, with a 16-hour light/8-hour dark photoperiod for green light-dependent 

cultures). 

4. Subculture: Transfer proliferating callus to fresh medium periodically (every 2-3 

weeks) to maintain growth and prevent browning or contamination. 

Procedure: 

 Sterilization: Surface sterilize carrot roots with ethanol and bleach, followed by 

rinsing in sterile water. 

 Dissection: Remove cambial tissue under sterile conditions and transfer to culture 

medium. 

 Culture initiation: Inoculate explants onto medium supplemented with appropriate 

concentrations of auxins and cytokinins. 
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 Incubation: Place cultures in a growth chamber under controlled conditions. 

 Subculture: Transfer actively growing callus to fresh medium as needed. 

Expected Results: 

 Callus formation: Initially, small, white or yellowish masses of callus should appear 

around the cambial tissue explants. 

 Proliferation: Over time, the callus should proliferate and become more substantial in 

size. 

 Maintenance: With regular subculture onto fresh medium, the callus should remain 

healthy and continue to grow. 
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                         Establishment of cell cultures and plating 

Aim: 

The aim of establishing cell cultures is to create a sustainable and reproducible population of 

cells that can be studied under controlled conditions, allowing researchers to observe cell 

behavior, test hypotheses, and develop treatments. 

Principles: 

1. Sterility: Maintain a sterile environment to prevent contamination from bacteria, 

fungi, or other cell types. 

2. Nutrient Supply: Provide appropriate growth medium containing essential nutrients, 

growth factors, and hormones necessary for cell growth. 

3. Optimal Environment: Control environmental factors such as temperature, humidity, 

and pH to mimic physiological conditions. 

4. Cell Adherence or Suspension: Depending on the cell type, provide a suitable 

substrate for adherence (e.g., tissue culture-treated plastic) or maintain cells in 

suspension (e.g., for suspension cultures). 

5. Aseptic Technique: Handle cells and culture media under sterile conditions to avoid 

introducing contaminants and compromising cell health. 

Materials and Methodology: 

1. Cell Culture Medium: Select a medium appropriate for the cell type (e.g., DMEM, 

RPMI-1640) supplemented with fetal bovine serum (FBS) or alternatives, antibiotics, 

and growth factors as needed. 

2. Cell Culture Vessels: Use tissue culture-treated plasticware such as petri dishes, 

culture flasks, or multi-well plates. 

3. Cell Lines: Obtain cells from a reliable source, either primary cultures derived 

directly from tissues or established cell lines. 

4. Incubator: Maintain cultures in a CO2-regulated incubator set at 37°C to mimic body 

temperature. 

Procedure: 

1. Cell Seeding: 

o Thaw frozen cells or obtain cells from a tissue source. 

o Count cells using a hemocytometer or automated cell counter. 

o Plate cells at a suitable density in culture vessels pre-coated with substrate if 

necessary. 

2. Culture Maintenance: 

o Regularly change culture medium to provide fresh nutrients and remove waste 

products. 

o Monitor cell growth and morphology under a phase contrast microscope. 

o Passage cells by detaching them with trypsin-EDTA, followed by dilution and 

replating to maintain optimal growth conditions. 

3. Sterility Maintenance: 
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o Perform routine checks for contamination under a microscope. 

o Use aseptic techniques during all handling procedures and maintain clean 

workspaces. 

Expected Results: 

Successful establishment and maintenance of cell cultures should result in: 

 Cell Proliferation: Cells should grow and divide, forming a confluent monolayer or 

suspensions depending on the type. 

 Viability: Healthy cells should exhibit typical morphology (e.g., fibroblastic, 

epithelial) and maintain their functional characteristics over passages. 

 Genetic Stability: Minimize genetic drift or mutations over passages to ensure 

reproducibility in experiments. 

 Experimental Utility: Cells should be suitable for experiments such as drug 

screening, gene expression studies, or toxicity assays. 
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                                     Embryo culture of maize/ Crotalaria. 

Aim: 

To propagate plants through embryo culture, ensuring rapid multiplication and preservation 

of desirable traits. 

Principles: 

1. Embryo Development Stage: Immature embryos are harvested from developing 

seeds before they reach full maturity. 

2. Aseptic Conditions: Culture media and procedures must be sterile to prevent 

contamination and support embryo growth. 

3. Nutrient Requirements: Media composition is tailored to support early embryo 

development and subsequent growth into plantlets. 

Materials: 

 Maize or Crotalaria Seeds: Sourced from healthy, disease-free plants. 

 Disinfectants: (e.g., ethanol, bleach) for sterilization. 

 Culture Media: Nutrient-rich media containing vitamins, minerals, sugars, and 

growth regulators. 

 Petri Dishes or Culture Flasks: Containers for embryo culture. 

 Laboratory Equipment: Sterile tools for embryo isolation and manipulation. 

Methodology: 

1. Seed Surface Sterilization: 

o Maize: Treat seeds with ethanol and sodium hypochlorite (bleach) to remove 

surface contaminants. 

o Crotalaria: Similar surface sterilization procedure tailored to the species. 

2. Embryo Isolation: 

o Extract immature embryos under aseptic conditions using sterile techniques 

(e.g., under a laminar flow hood). 

o Carefully excise embryos from the seeds using sterile tools. 

3. Embryo Culture: 

o Place isolated embryos onto prepared sterile culture media in petri dishes or 

flasks. 

o Incubate at controlled conditions (temperature, light/dark cycles) suitable for 

the species (e.g., 25°C and 16-hour photoperiod for maize). 

4. Subculture and Maintenance: 

o Transfer developing embryos to fresh media as they grow. 

o Monitor for contamination and adjust growth conditions as necessary. 

Procedure: 

1. Preparation: Set up a sterile workspace, prepare media, and sterilize equipment. 

2. Seed Sterilization: Treat seeds with disinfectants, rinse thoroughly with sterile water. 
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3. Embryo Isolation: Extract embryos, place on culture media. 

4. Culture Maintenance: Incubate cultures under optimal conditions. 

5. Subculture: Transfer embryos to fresh media to promote growth and multiplication. 

Expected Results: 

 Maize: Successful development of embryos into plantlets. 

 Crotalaria: Similarly, successful development of embryos under tailored conditions. 

 Propagation: Rapid multiplication of plants with desired traits. 

 Potential Applications: Conservation of genetic resources, propagation of hybrids, 

and research purposes. 
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                   Organogenesis and regeneration of plants from tobacco explants 

Aim: 

The aim of the study is to induce organogenesis and regenerate whole plants from tobacco 

explants in vitro. Organogenesis refers to the formation of new organs (like shoots or roots) 

from explants (pieces of plant tissue cultured in a nutrient medium). 

Principles: 

1. Totipotency of Plant Cells: Plant cells retain the ability to differentiate into various 

types of cells and tissues under suitable conditions. 

2. Plant Growth Regulators (PGRs): Hormones such as auxins (like Indole-3-acetic 

acid, IAA) and cytokinins (like Benzylaminopurine, BAP) play crucial roles in 

controlling the growth and differentiation of plant tissues in vitro. 

3. Sterile Techniques: Ensuring sterility throughout the process is crucial to prevent 

contamination and ensure successful tissue culture. 

Materials and Methodology: 

Materials: 

 Tobacco explants (typically leaf or stem segments) 

 Culture media (Murashige and Skoog medium, commonly used for plant tissue 

culture) 

 Plant growth regulators (auxins and cytokinins in specific concentrations) 

 Sterile instruments (scalpels, forceps, etc.) 

 Growth chamber with controlled environmental conditions (light, temperature, 

humidity) 

Methodology: 

1. Explant Preparation: Excise young and healthy explants from the tobacco plant 

under sterile conditions. 

2. Surface Sterilization: Treat explants with disinfectants (e.g., ethanol or bleach) to 

eliminate surface microorganisms. 

3. Inoculation: Place the sterilized explants onto the culture medium supplemented with 

appropriate plant growth regulators. 

4. Incubation: Culture the explants under controlled conditions (typically in a growth 

chamber with specific light cycles and temperature). 

5. Observation and Sub-culturing: Monitor the explants for the formation of callus 

(undifferentiated mass of cells) and subsequent organogenesis (formation of shoots or 

roots). 

6. Regeneration: Once shoots or roots develop, transfer them to a fresh medium to 

promote their growth into whole plants. 
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Procedure: 

1. Preparation of Culture Media: Prepare Murashige and Skoog (MS) medium 

supplemented with specific concentrations of auxins and cytokinins suitable for 

tobacco tissue culture. 

2. Sterilization: Sterilize all equipment and culture media to maintain aseptic 

conditions. 

3. Inoculation and Culture: Inoculate the explants onto the medium and seal the 

containers to prevent contamination. 

4. Incubation: Place the cultures in a growth chamber with controlled temperature 

(typically around 25°C) and light conditions (16 hours light/8 hours dark). 

5. Monitoring: Regularly monitor the cultures for the formation of callus and 

subsequent differentiation into shoots or roots. 

6. Sub-culturing: Transfer the developing shoots or roots to fresh medium to promote 

further growth and development. 

Expected Results: 

Successful organogenesis and regeneration of tobacco plants from explants should result in: 

 Formation of callus within the first few weeks. 

 Differentiation of shoots and/or roots from the callus. 

 Development of healthy plantlets that can be transferred to soil for acclimatization. 
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                                 Anther culture and production of haploids. 

Aim: 

The aim of anther culture and production of haploids is to generate haploid plants from pollen 

grains (microspores) found within anthers. This technique is valuable in plant breeding and 

genetics for its ability to produce homozygous lines quickly, which are useful in crop 

improvement programs. 

Principles: 

Anther culture relies on the ability of pollen grains to develop into haploid plants under 

controlled in vitro conditions. The process involves inducing microspores to undergo 

embryogenesis or organogenesis, resulting in the formation of haploid plantlets. 

Materials and Methodology: 

Materials: 

 Anthers collected from flower buds at a specific developmental stage. 

 Nutrient media enriched with growth regulators, vitamins, and nutrients necessary for 

pollen grain development. 

 Sterilization equipment (e.g., ethanol, bleach) for handling plant materials. 

 Culture vessels (Petri dishes, test tubes, or culture flasks) with suitable agar or liquid 

media. 

Methodology: 

1. Collection of Anthers: Anthers are collected from flower buds just before or during 

anthesis (flowering) to ensure that pollen grains are at the correct developmental stage 

for culture. 

2. Sterilization: Anthers are surface sterilized to eliminate contaminants that could 

interfere with culture. 

3. Culture Initiation: Anthers are placed on nutrient media in culture vessels. The 

media is supplemented with growth regulators like auxins and cytokinins to promote 

pollen grain development. 

4. Incubation: Culture vessels are placed in a controlled environment with appropriate 

temperature, light conditions (often low light or darkness initially), and humidity to 

facilitate microspore development. 

5. Development: Over several weeks, microspores develop into haploid embryos or 

haploid plantlets through embryogenesis or organogenesis. 

6. Subculture: Haploid embryos or plantlets are transferred to fresh media periodically 

to support their growth and development. 
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Procedure: 

1. Anther Collection and Preparation: 
o Select flower buds of appropriate size and developmental stage. 

o Remove anthers under sterile conditions. 

o Surface sterilize anthers to eliminate contaminants. 

2. Culture Initiation: 
o Place anthers on culture media in sterile conditions. 

o Incubate cultures in the dark or under low light initially to promote 

development. 

3. Culture Maintenance: 
o Transfer developing embryos or plantlets to fresh media as needed. 

o Maintain cultures under controlled conditions (temperature, light, humidity). 

4. Haploid Plantlet Regeneration: 

o Monitor cultures for the development of haploid plantlets. 

o Transfer plantlets to soil or rooting media once they reach a suitable stage of 

development. 

Expected Results: 

Successful anther culture should yield haploid plants. These plants are genetically uniform 

and can be used in further breeding programs or genetic studies. The success rate can vary 

depending on the species, genotype, and environmental conditions during culture. 
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                 Micro propagation using suitable system: Potato / Solanum 

Micropropagation of potato (Solanum tuberosum) involves the propagation of plants using 

tissue culture techniques rather than traditional methods like seeds or tubers. Here's an outline 

of the principles, materials, methodology, procedure, and expected results for 

micropropagation of potatoes: 

Principles: 

1. Sterile Conditions: The entire process requires sterile conditions to prevent 

contamination and ensure the growth of healthy plants. 

2. Plant Growth Regulators: Hormones like cytokinins and auxins are used to 

stimulate the growth of shoots and roots from tissue explants. 

3. Nutrient Medium: A nutrient medium containing salts, vitamins, sugars, and growth 

regulators is essential for the growth of potato tissues in vitro. 

Materials: 

1. Potato Explants: These are the small pieces of tissue (such as shoot tips or nodal 

segments) taken from a healthy potato plant. 

2. Sterilization Equipment: Includes ethanol or bleach for surface sterilization of plant 

material, laminar flow hood for working under sterile conditions, autoclave for 

sterilizing media and equipment, etc. 

3. Culture Vessels: Petri dishes or culture jars containing the nutrient medium for 

growing the potato tissue. 

4. Growth Regulators: Typically include cytokinins (like benzylaminopurine) and 

auxins (like indole-3-acetic acid) in precise concentrations. 

Methodology: 

1. Initiation: Surface sterilize the potato explants using appropriate disinfectants (e.g., 

ethanol followed by bleach), and transfer them to a sterile environment (laminar flow 

hood). 

2. Establishment: Place the sterilized explants onto a nutrient medium containing plant 

growth regulators (e.g., cytokinins) to induce shoot formation. Maintain under 

controlled environmental conditions (light intensity, temperature, humidity). 

3. Multiplication: Subculture the developed shoots onto fresh medium periodically to 

promote multiplication. Adjust the concentration of growth regulators as needed. 

4. Rooting: Transfer the multiplied shoots to a medium with a higher concentration of 

auxins to induce root formation. 

5. Acclimatization: Once roots develop, gradually acclimatize the plantlets to ex vitro 

conditions (normal greenhouse or field conditions) by slowly reducing humidity and 

increasing light intensity. 

 

 



D.N.R College (A), Bhimavaram                                                                Department of Biotechnology  

 
 

Name of the Faculty: Sri E BHARAT RAJU                                                          Lab manual  for MSc 

                                     Head & Lecturer 

                                    Dept of biotechnology 
 

                             
 

Expected Results: 

1. Shoot Formation: After a few weeks, the potato explants should start producing 

shoots in the culture medium containing cytokinins. 

2. Root Formation: With the addition of auxins, these shoots will develop roots. 

3. Plantlet Development: Eventually, complete plantlets with well-developed roots 

should be obtained. 
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