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EXP NO: 1 

DATE:    

PREPARATION OF TISSUE CULTURE MEDIA 

AIM 
To prepare culture media for propagation of plant cells in in-vitro conditions. (Murashige and Skoog, 

1962). 

INTRODUCTION 
For successful aseptic culture of plant cells and tissues on an artificial media are it liquid or agar in sterile 

containers like test tubes or flasks, the nutritional and hormonal requirements have almost been perfected over 
decades based on nutritional needs of whole plant. Several media have been formulated and modified from time 
to time to suit nutrition of particular tissues whether free cells in suspension, somatic embryos or protoplasts. A 
complete media contains macro and micronutrients, sugar, vitamins, amino acids, growth regulators and 
undefined supplements such as yeast extract, or fruit juices etc... 

PRINCIPLE 
To a large extent, selection of the medium is related to the objectives of the proposed research; whether 

to initiate a callus for study of nutrition and growth or examination of its potential regeneration or determination 
of totipotency. It is also dependent upon the nature of the test subject such as woody or herbaceous, a dicot or 
monocot, shoot tip or mesocotyl and the nature of the particular tissue. 

Factors affecting growth and morphogenesis vary also with the genotype, substrate and the immediate 
milieu in which the tissue grows. A fast growing callus is least conducive for organogenesis. Precise culture 
conditions in regard to hormones and explants origin have to be ascertained for each plant species, capable of 
yielding reproductive results every time the experiment is repeated. 

 

 

 



COMPOSITION OF WIDELY USED TISSUE CULTURE MEDIA  

The media listed in the below tables can be prepared from stock solutions of: 

A. MACRONUTRIENTS: As its name suggests, in plant tissue culture media these components provide the 
elements which are required in large amounts (concentrations greater than 0.5 mmole l-1) by cultured plant cells. 
Macronutrients are usually considered to be carbon, nitrogen, phosphorous, magnesium, potassium, calcium and 
sulphur. Nitrogen is generally used as nitrate or ammonium salts, sulphur as sulphates and phosphorus as 
phosphates. 

1. Nitrogen: Nitrogen is the major component supplied in the form of nitrates or ammonium salts. Nitrogen 
is an important part of amino acids, proteins, nucleic acids. Inorganic nitrogen is utilized in order to 
synthesize organic molecules. For most purposes, a nutrient medium should contain from 25 to 60 mM 
inorganic nitrogen. 

2. Potassium: Potassium is required at concentrations of 2 to 26 mM. This element is generally supplied as 
the nitrate or as the chloride form and cannot be substituted by sodium. It is a monovalent cation with high 
mobility in the plant. Potassium salts have an important function in the osmotic regulation of the cell.  
Potassium ion is essential for the activation of many enzymes.  

3. Calcium: Calcium is essential for cation-anion balance by counteracting organic and inorganic anions. A 
concentration of 1-3 mM of calcium is usually adequate. Calcium is also important for cell and root 
multiplication. Calcium, a component of the cell wall, is largely bound to the cell wall. The stability of 
cell membrane is highly influenced by Ca++.   

4. Phosphorus: Phosphorus is present in the plant in the form of inorganic phosphate (iP). A concentration 
of 1-3 mM phosphate is usual adequate. The high-energy pyrophosphate bond of phosphorus, when bound 
to another P atom as in ATP, is very important for the energy metabolism in the cell.   

5. Magnesium: A concentration of 1-3 magnesium is usually adequate. This element is an essential 
component for many enzymes reactions and is very important in photosynthesis. Magnesium is 
indispensable for the energy metabolism of the plant because of its importance in the synthesis of ATP.   

6. Sulphur: A concentration of 1-3 mM sulphate is usually adequate. These have to be reduced first for the 
synthesis of sulphur containing compounds such as amino acids, proteins and enzymes.  

B. MICRONUTRIENTS: It provides the elements that are required in trace amounts (concentrations less than 
0.5 mmole l-1) for plant growth and development. These include manganese, copper, cobalt, boron, iron, 
molybdenum, zinc and iodine. These salts are essential for the growth of tissues and are required in trace quantities. 

1. Boron: Boron is required for the synthesis of cell wall as well as in the stabilization of the constituents of 
cell wall and cell membrane.   

2. Chlorine: Chlorine is taken up as a chloride and is very mobile in the plant. The main functions of the 
ions are in osmoregulation. Chlorides play a role in photosystem II during the Hill reaction. Chlorine also 
regulates the opening and closing of stomata and is thus very important in the regulation of the osmotic 
potential of vacuoles as also to turgor-related processes.   

3. Copper: Copper is taken up by the plant as Cu++ or as a copper chelate complex. Within the cell, copper 
is mostly part of the enzyme complexes and important in redox reactions executed by these enzymes. It is 
useful in photosynthesis.   

4. Cobalt: Cobalt is assumed to be important in nitrogen fixation. In higher plants the function of this 
element is not very clear.   



5. Manganese: Manganese is taken up by the plant as bivalent unbound Mn++ ions. The element is strongly 
bound to several metalloproteins. The ion is involved in the Hill reaction of photosystem II in which water 
is split into oxygen and protons.   

6. Molybdenum: Molybdenum is used as a cofactor in many enzymes, including nitrogenase and nitrate 
reductase. It is also directly involved in the reduction of N2.   

7. Zinc: Zinc is taken up by the roots as Zn++. It is neither oxidized nor reduced in the plants. It is an 
important component of a number of enzymes, e.g. alcohol dehydrogenase in the meristem zone of the 
plant. Zinc is also very important for protein synthesis.   

C. IRON SOURCE: Iron is generally added as a chelate with ethylene diamine tetra acetic acid (EDTA). In this 
form, iron remains available up to a pH of 8.0. It is mainly bound to chelators and complex compounds in plants. 
Most plants absorb only ferric ions (Fe3+). The main function of iron is to form iron chelates and two kinds of 
proteins: haeme proteins and iron sulphur proteins. It is considered the most important constituent and required 
for the formation of several chlorophyll precursors and is a component of ferredoxins (proteins containing iron) 
which are important oxidation: reduction reagents. 

D. ORGANIC SUPPLEMENTS (VITAMINS): Like animals, in plants too vitamins provide nutrition for 
healthy growth and development. The plants are synthesize many vitamins under natural conditions and, 
therefore, under in vitro conditions they are supplied from outside to maintain biosynthetic capacity of plant cells 
in vitro. There are no firm rules as to what vitamins are essential for plant tissues and cell cultures. The only two 
vitamins that are considered to be essential are myo-inositol and thiamine. Myo-inositol is considered to be 
vitamin B and has many diverse roles in cellular metabolism and physiology. It is also involved in the biosynthesis 
of vitamin C. These are in the form of casein hydrolysate (0.2-1g/l), glutamine, asparagines, and adenine. They 
induce morphogenesis. Some anti-browning compounds such as activated charcoal, citric acid, ascorbic acid are 
used to prevent oxidation of phenols during tissue injury. 

E. CARBON SOURCE: This is supplied in the form of carbohydrate. Plant cells and tissues in the culture 
medium are heterotrophic and are dependent on external source of carbon. Sucrose is the preferred carbon source 
as it is economical, readily available, relatively stable to autoclaving and readily assimilated by plant cells. During 
sterilization (by autoclaving) of medium, sucrose gets hydrolyzed to glucose and fructose. Plant cells in culture 
first utilize glucose and then fructose. Besides sucrose, other carbohydrates such as, lactose, maltose, galactose 
are also used in culture media but with a very limited success. 

F. GELLING AGENTS: The media listed above are only for liquids, often in plant cell culture a ‘semi-solid' 
medium is used. To make a semi-solid medium, a gelling agent is added to the liquid medium before autoclaving. 
Gelling agents are usually polymers that set on cooling after autoclaving.  

1. Agar: Agar is obtained from red algae- Gelidiumamansii. It is a mixture of polysaccharides. It is used as 
a gelling agent due to the reasons: (a) It does not react with the media constituents (b) It is not digested by 
plant enzymes and is stable at culture temperature.  

2. Agarose: It is obtained by purifying agar to remove the agaropectins. This is required where high gel 
strength is needed, such as in single cell or protoplast cultures.  

3. Gelrite: It is produced by bacterium Pseudomonas elodea . It can be readily prepared in cold solution at 
room temperature. It sets as a clear gel which assists easy observation of cultures and their possible 
contamination. Unlike agar, the gel strength of gelrite is unaffected over a wide range of pH. However, 
few plants show hyperhydricity on gelrite due to freely available water.  



4. Gelatin: It is used at a high concentration (10%) with a limited success. This is mainly because gelatin 
melts at low temperature (25°C) and as a result the gelling property is lost.  

F. GROWTH REGULATORS:In addition to nutrients, four broad classes of growth regulators, such as, auxins, 
cytokinins, gibberellins and abscisic acid are important in tissue culture. In contrast with animal hormones, the 
synthesis of a plant growth regulator is often not localized in a specific tissue but may occur in many different 
tissues. They may be transported and act in distant tissues and often have their action at the site of synthesis. 
Another property of plant growth regulators is their lack of specificity- each of them influences a wide range of 
processes. 

The growth, differentiation, organogenesis and embryogenesis of tissues become feasible only on the 
addition of one or more of these classes of growth regulators to a medium. In tissue culture, two classes of plant 
growth regulators, cytokinins and auxins, are of major importance. Others, in particular, gibberellins, ethylene 
and abscisic acid have been used occasionally.  

Auxins & Cytokinins 

Auxins are found to influence cell elongation, cell division, induction of primary vascular tissue, 
adventitious root formation, callus formation and fruit growth. The cytokinins promote cell division and axillary 
shoot proliferation while auxins inhibit the outgrowth of axillary buds. The auxin favours DNA duplication and 
cytokinins enable the separation of chromosome. Besides, cytokinin in tissue culture media, promote adventitious 
shoot formation in callus cultures or directly from the explants and, occasionally, inhibition of excessive root 
formation and are, therefore, left out from rooting media. The ratio of plant growth regulators required for root or 
shoot induction varies considerably with the tissue and is directly related to the amount of growth regulators 
present at endogenous levels within the explants. In general, shoots are formed at high cytokinin and low auxin 
concentrations in the medium, roots at low cytokinin and high auxin concentrations and callus at intermediate 
concentrations of both plant growth regulators. Commonly used plant growth regulators are listed in Table 3.  

G. pH: pH is important to maintain metabolism in biological systems. Nutrient medium pH ranges from 5.0 to 
6.0 for suitable in vitro growth. pH higher than 7.0 and lower than 4.5 generally stops the growth and development. 
pH of the medium changes during autoclaving. It generally falls by 0.3 to 0.5 units after autoclaving. pH higher 
than 6.0 gives a fairly hard medium and a pH below 5.0 does not allow satisfactory gelling of the agar. 

UNITS FOR SOLUTION PREPERATION 
1) Units in weight(mg/ml) 

10-6 = 1mg/L or 1ppm 
10-7= 0.1mg/L 
10-8= 0.01mg/L 
1ug/l = 10-9= 0.001mg/L 

2) Molar concentration 
A molar solution contains the same amount of substance as in given by molecular weight in total volume 
of 1 liter. 
1M =  molecular weight in g/L 
1mM =molecular weight in mg/L or 10-3M 
1µM = molecular weight in ug/L or 10-6Mor 10-3mM 



REQUIREMENTS 
1) Glassware, plastic wares 
2) Beakers of different sizes of 50ml, 100ml, 200ml 
3) Chemicals of sigma grade depending upon the medium 
4) Conical flask (wide mouth) of different capacities  
5) Culture tubes (25mm * 150mm) 
6) Funnels, glass markers 
7) Measuring cylinders of different volumes 
8) Non absorbing cotton or muslin or cheese cloth for cotton plugs 
9) Petri dishes of different sizes (glass or sterilized plastics) 
10) Pipettes (glass) of different size (1ml to 10ml) 
11) Sterile filtration assembly 
12) Wrapping paper 
13) Chemicals for media preparations (Analytical grade ) 

 

PROCEDURE: 

 Preparation of stock solutions: Since it is a time - consuming and tedious process to weigh the necessary 
products each time a medium is prepared, concentrated solutions of the desired composition of a medium 
are used which one dilutes adequately. These concentrated solutions are called stock solutions. Simple 
stock solutions comprise only one constituent at a time. Complex stock solutions comprise several 
chemicals. Stock solutions of macro and micronutrients, vitamins and growth regulators are prepared in 
distilled water. Chemicals should be of analytical grade. 

i. Macronutrient stock solution(s): Usually, the stock solution of macronutrients is prepared as 10X. 
All the macronutrients are dissolved one by one except CaCl2 for macronutrient stock solution. The 
stock solution of CaCl2is prepared separately in order to avoid precipitation of the other salts. 

 
ii. Micronutrient stock solution: A stock solution of all the micronutrients with 100X is generally 

prepared. Since copper and cobalt are required in very small quantities, it is preferable to first make a 
separate stock solution of these two salts (100X) and then an appropriate volume can be pipette and 
put into the main micronutrient stock solution. 

 
iii. Iron-EDTA: Iron EDTA is added fresh. 
 

iv. Vitamins and growth regulators stock solutions: These are simple stock solutions. All the growth 
regulators are not soluble in water. Solubility of different growth regulators is given in Table 3. The 
compound should be dissolved in a few ml of solvent and then water is slowly added to make the 
requisite volume. Concentrations of compounds are generally taken on weight /volume calculation. 

 

 

 



Table 1 : Composition of plant tissue culture media (values expressed as mg / litre) 

Constituent White (1963) 
Gamborg's 
(1968) - B6 

Chu (1978) N6 
Murashige & Skoog (1962) - 
MS 

KCl 65 - - - 

MgSO4 . 7H2O 720 250 185 370 

NaH2PO4 . H2O 16.5 150 - - 

CaCl2 . 2H2O - 150 166 440 

KNO3 80 2500 2830 1900 

Na2SO4 200 - - - 

NH4NO3 - - - 1650 

KH2PO4 - - 400 170 

Ca(NO3)2 . 4H2O 300 - - - 

(NH4)2SO4 - 134 463 - 

*FeSO4  . 7H2O - - 27.8 27.8 

MnSO4 . 4H2O 7 - - 22.3 

MnSO4 . H2O - 10 3.3 - 

Kl 0.75 0.75 0.8 0.83 

CoCl2 . 6H2O - 0.025 - 0.025 

ZnSO4 . 7H2O 3 2 1.5 8.6 

CuSO4 . 5H2O - 0.025 - 0.025 

H3BO3 1.5 3 1.6 6.2 

Na2MoO4.2H2O - 0.25 - 0.25 

Fe2(SO4)3 2.5 - - - 

*EDTA disodium salt - - 37.3 37.3 

*EDTA-Na ferric salt - 43 - - 

m-inositol - 100 - 100 

Thiamine HCl 0.1 1.0 1.0 0.1 

Pyridoxine HCl 0.1 1.0 0.5 0.5 

Nicotinic acid 0.5 1.0 0.5 0.5 

Glycine 3 - - 2 

Cysteine 1.0 10 - - 

Sucrose 20,000 20,000 30,000 30,000 

*Instead of FeSO4 . 7H2O (27.8 mg) and EDTA - Disodium salt (37.3 mg), EDTA-NaFerric salt (40) mg can be added. 

 



Table 2: Preparation of stock solutions of Murashige and Skoog (MS) medium 

Constituent 
Concentration (mg/L) Volume of stock /L 

of medium  MS medium  Stock Solution 

Macronutrients (10x) Stock solution I 

NH4NO3 1650 16500 100 ml 

KNO3 1900 19000  

MgSO4 . 7H2O 370 3700  

KH2PO4 170 1700  

Macronutrient (10x) Stock solution II 

CaCl2 2H2O 440 4400 100 ml 

Micronutrients (100x) Stock solution III 

H3BO3 6.2 620 10 ml 

MnSO4 . 4H2O 22.3 2230  

ZnSO4 . 7H2O 8.6 860  

Kl 0.83 83  

Na2MoO4.2H2O 0.25 25  

CuSO45H2O 0.025 2.5  

CoCl2 . 6H2O 0.025 2.5  

Iron source 

Fe EDTA Na salt 40 Added fresh  

Vitamins 

Nicotinic acid 0.5 50 mg/100 ml 1 ml 

Thiamine HCl 0.1 50 mg/100 ml 0.2 ml 

Pyridoxine HCl 0.5 50 mg/100 ml 1 ml 

Myo-inositol 100 Added fresh  

Others 

Glycine 2.0 50 mg/100 ml 4 ml 

Sucrose 30,000 Added as crystals  

Agar 8000 Added as powder  

pH 5.8 

 

 

 



Table 3:  Solubility of growth regulators 

 

 

 

 

 

 

  



PREPERATION OF MS MEDIA 

The steps involved in preparing a medium are as follows:  

1. Prepare a stock solutions as shown in Table 2 & 3. In a sequence, different components are added into a 
beaker according to the list : nutrients, iron-EDTA, vitamins, myo-inositol, growth regulators (if 
thermostable and autoclavable), organic supplements, etc., by using the correctly sized graduated 
cylinders or pipettes or balance. 

2. Make up the final volume of the medium with distilled water  
3.  Add and dissolve sucrose.  
4.  After mixing well, adjust the pH of the medium in the range of 5.5 - 5.8, using 0.1 N NaOH or 0.1 N HCl 

(above 6.0 pH gives a fairly hard medium and pH below 5.0 does not allow satisfactory gelling of the 
agar).  

5.  Add agar, stir and heat to dissolve. Alternatively, heat in the autoclave at low pressure, or in a microwave 
oven.  

6.  Once the agar is dissolved, pour the medium into culture vessels, cap and autoclave at 121°C for 15 to 20 
min at 15 pounds per square inch (psi). If using pre-sterilized, non-autoclavable plastic culture vessels, 
the medium may be autoclaved in flasks or media bottles. After autoclaving, allow the medium to cool to 
around 60°C before pouring under aseptic conditions.  

7.  Allow the medium to cool to room temperature. Store in dust-free areas or refrigerate at 7°C (temperature 
lower than 7°C alter the gel structure of the agar).  

REVIEW QUESTIONS  

1. Difference between in-vitro and in-vivo plant growth. 
2. What are the needs for plant tissue culture? 
3. Write the different types of plant tissue culture media and their compositions? 
4. List the macro elements and their roles in plant life? 
5. What are the micro elements and their essential role in the plant physiology? 
6. What are the roles of sugar alcohols and vitamins in Murashige & Skoogs (MS) media? 
7. Apart from agar, what other gelling agent can be used for media preparations? 
8. How will you prepare EDTA solution for MS media? 
9. Why pH of MS media is range between 5 to 6 and how will you arrive this while media preparation? 
10. Differentiate between Molarity, Molality, Percentage of solution and Normality?  
11.  How will you infer the w/v, v/v, w/w (NPK fertilizer) and v/w? 
12. Why stock solutions are prepared for MS media for stock 
13. What are the advantages for using sucrose as a carbon source in MS media? 
14. What are the different methods of sterilization in plant tissue culture? 
15. List the major growth regulators in plant 
16. What are the synthetic auxins and cytokinin being used in tissue culture? 
17. Explain the hormone stock solution preparation for tissue culture 
18. Does plant growth regulators are thermo labile? If yes, how to sterilize them? 
19. Define: plasticity and totipotency 
20. Why any part of plant (explant) tissue or cell can regenerate into whole plant but the same regeneration 

capacities are not possible in mammalian including human cells / tissues? 



RESULT: 
 

The required MS media was prepared, adjusted pH to 5.8 and sterilized and ready to use for propagation 
of plant cell in vitro conditions. 

 
INFERENCE: 
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Procedure (On the day of experiment) 1 0 

0 
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(On next experiment)  

1 0.5  
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EXP. NO: 2 

DATE :     

PLANT TISSUE CULTURE - DIRECT AND INDIRECT ORGANOGENESIS 

 
AIM: 

a) To induce callus from the given explants and to produce adventitious shoot proliferation from callus. 
b) To induce multiple shoot from apical or intercalary meristem of the given explant for production virus 

free plants. 

INTRODUCTION: 

Plant tissue culture has become popular among horticulturists, plant breeders and industrialists because of 
its varied practical applications. It is also being applied to study basic aspects of plant growth and development. 
Currently, the most popular commercial application of plant tissue culture is in clonal propagation of disease - 
free plants. In vitro clonal propagation, popularly called micropropagation, offers many advantages over the 
conventional methods of vegetative propagation: (1) many species (e.g. palms, papaya) which are not amenable 
to in vivo vegetative propagation are being multiplied in tissue cultures, (2) the rate of multiplication in vitro is 
extremely rapid and can continue round the year, independent of the season. Thus, over a million plants can be 
produced in a year starting from a small piece of tissue.  

Callus is an actively dividing, non-organized mass of undifferentiated and differentiated cells, often 
developing either from injury (wounding) or in tissue culture in the presence of growth regulators.  Quiescent 
(non-dividing) types of parenchyma and the cells in the meristems, cambia and embryonic tissues are 
“undetermined” or totipotent and can be manipulated to switch over to different pathways of development 
depending on the micro-environment in which they grow. Undetermined cells exhibit a high degree of plasticity 
in response to external stimuli as a means of adaptation and strategy for survival in unfavorable conditions. Thus 
undetermined cells are capable of de-differentiation to produce cell masses which is a callus. Explants from 
embryonic tissues, fleshy storage organs, aerial tubers, shoot buds and base of apical meristems, pith, segments 
of root and stem, floral parts, etc. can be induced to form callus. However, explants with mitotically active cells 
(young, juvenile cells) are generally good for callus initiation. Callus is produced on explants in vitro from 
peripheral layers as a result of wounding and in response to growth regulators, either endogenous or exogenously 
supplied in the medium. The season of the year, donor conditions of the plant, the age and physiological state of 
the parent plant contribute to the success of the organogenesis in cell cultures.  

Meristematic tissue: A group of identical cells which are in a continuous state of cell division. Some of the 
cells from the meristematic tissue stops dividing and exhibit certain changes to become permanent tissues of the 
plant. This change from meristematic to permanent state is called as differentiation. The meristematic tissues 
are self-perpetuating.  

Features of meristematic cells: The meristematic cells may be round, oval, polygonal or rectangular in shape. 
These cells are arranged closely without intercellular spaces. They have dense cytoplasm with large nucleus. 
They have smaller vacuoles scattered throughout the cytoplasm.   

 



Classification of meristems:  

Based on its position they are classified into three types: Apical meristem, Intercalary meristem and Lateral 
meristem  

 

I.  Apical meristem: Apical meristem is found at the tips of the roots, stems and branches. It is divided into three 
zones namely protoderm, procambium and ground meristem. Protoderm gives rise to epidermal tissue. 
Procambium gives rise to primary vascular tissue and ground stem gives rise to cortex and pith.  

II. Intercalary meristem: Intercalary meristems are present in the nodal region and are very prominently found 
in the monocotyledons, e.g., grasses. The name itself represents that intercalary meristems are found in 
between the permanent tissues. It is responsible for the elongation of nodes.  

III. Lateral meristem: The meristem that is present along the longitudinal axis of stem and root is called lateral 
meristem, for example, vascular cambium and cork cambium. It produces secondary meristem tissues, which 
result in the thickening of stem and root.  

PRINCIPLE: 

Growing any part of the plant (explants) like, cells, tissues and organs, in an artificial medium under 
controlled conditions (aseptic conditions) for obtaining large scale plant propagation is called micropropagation. 
The basic concept of micropropagation is the plasticity, totipotency, differentiation, dedifferentiation and re-
differentiation, which provide the better understanding of the plant cell culture and regeneration. Plants, due to 
their long life span, have the ability to withhold the extremes of conditions unlike animals. The plasticity allows 
plants to alter their metabolism; growth and development to best suit their environment. When plant cells and 
tissues are cultured in vitro, they generally exhibit a very high degree of plasticity, which allows one type of 
tissue or organ to be initiated from another type. Hence, whole plants can be subsequently regenerated and this 
regenerated whole plant has the capability to express the total genetic potential of the parent plant. This is unique 



feature of plant cells and is not seen in animals. The meristematic tissues are differentiated into simple or complex 
tissues called differentiation. Reversion of mature tissues into meristematic state leading to the formation of 
callus is called de-differentiation. The ability of callus to develop into shoots or roots or embryoid is called re-
differentiation. The inherent potentiality of a plant cell to give rise to entire plant and its capacity is often retained 
even after the cell has undergone final differentiation in the plant system is described as cellular totipotency.   

A de-differentiated tissue such as a callus can re-differentiate into a variety of organs under appropriate 
culture conditions. Plant production through organogenesis can be achieved by two modes: (i) Organogenesis 
through callus formation with de novo origin; and (ii) Emergence of adventitious organs directly from the 
explants. Spontaneous shoot bud regeneration from an explant, without intervention of a callus and in the absence 
of plant hormones is observed in some species. Organogenesis in the form of shoots/roots/embryogenesis from 
somatic cells and tissues may occur depending upon the concentration of phytohormones. Thus by varying the 
phytohormones or growth regulator levels, i.e., lowering the auxin and increasing the cytokinin concentration is 
traditionally performed to induce shoots from the explant. Thus organ formations is determined by quantitative 
interaction, i.e. ratios rather than absolute concentrations of substances participating in growth and development. 

It is well known that the distribution of viruses in plants is uneven. In infected plants the apical meristems are 
generally either free or carry a very low concentration of the viruses. In older tissues the virus titer increases with 
increasing distance from the meristem-tips. The reasons proposed for the escape of meristem from virus invasion 
are:  

(a)  Viruses readily move in a plant body through the vascular system which is absent in the meristem.  

(b) The alternative method of cell-to-cell movement of the virus through plasmodesmata is rather too slow 
to keep pace with the actively growing tip.  

(c) High metabolic activity in the actively dividing meristem cells does not allow virus replication.  

(d) The ‘virus inactivating systems' in the plant body, if any, has higher activity in the meristem than in 
any other region. Thus, the meristem is protected from infection.  

(e) A high endogenous auxin level in shoot apices may inhibit virus multiplication.  

EQUIPMENTS: Autoclave, pH-meter, Magnetic stirrers, Magnetic beads, Weighing balance, Laminar-air-flow, 
Hot plate,  

MATERIALS REQUIRED: 

1. Murashige and Skoog's (MS) medium  
2. Growth regulators – Auxin – 2,4 D, NAA, IAA & IPA (0.5mg/l): Cytokinin – BAP (1.5mg/l) 
3. Reagent bottles  
4. Culture tubes or conical flasks  
5. Measuring cylinders and beakers of various sizes 
6. Sterile Petri dishes (Plastic & Glass) 
7. Scalpel, forceps, spatula, scissor and needles 
8. Sterile distilled water 
9. Alcohol (70% v/v) 



10. Detergent (Tween 20, Teepol, etc;) 
11. Sterilants – HgCl2, Sodium Hypochlorite 
12. Tissue rolls 
13. Cotton plugs 
14. Aluminum foils 
15. Muslin cloth 
16. Autoclavable polybags & rubber bands 
17. 1N KOH, 1N HCl 
18. Micropipette, micropipette-tips 
19. Plant material – Given explants material – leaf and apical meristem containing shoot apex or lateral 

meristem containing lateral buds  

METHOD: 

1. Prepare 100 mL of MS medium supplemented with appropriate growth regulators, sucrose 3% w/v and 

0.8% agar w/v, dispense the medium into tubes (10 to 15mL each) and allow it to solidify. 

2. Autoclave the media at 121°C for 15 to 20 min at 15 pounds per square inch (psi). Allow the medium to 

cool to room temperature as slanting position.  

3. Carry out all the subsequent steps under aseptic conditions 

4. Sterilize the working area within the Laminar-air-flow with cotton or sterile a tissue soaked with ethanol 

(70%v/v). Switch on the ultra violet (UV) lamp for 10 minutes 

(Thoroughly wash your hands with soap and water before starting the aseptic procedure). 

5. Switch off the UV lamp, turn the blower on. 

6. Light the Bunsen burner and then place the scalpels and forceps in the ethanol dip. 

7. Fill sterile Petri dishes halfway with 0.1% HgCl2/ hypochlorite / 70% Ethanol / sterile distilled water. 

8. Flame the forceps and transfer the sliced explants to a tubes/petridish containing sterile water.  

PROTOCOL:  

 Surface sterilization of Explants 

1. The explants (small pieces of leaves, shoot apex or lateral buds) were washed by submerging in 
water with a few drops of detergent in a beaker with gentle shaking by hand. 
 

2. The explants were submerged in 70% alcohol for 40seconds after which the alcohol was decanted. 
 

3. The explants were transferred to a flask containing 10 to 20% commercial sodium hypochlorite 
solution and left there for 2 – 5 minutes for surface sterilization. Or if concentration of 0.5 - 1.0% 
sodium hypochlorite for plant material is usually immersed in this solution for 10 - 20 minutes. 
Later they were rinsed thrice with distilled sterile water.  

Alternate for surface sterilization  



1.  Surface sterilizes the freshly plucked leaves by using 0.1% HgCl2 for 10 min and rinse thrice 
with sterile distilled water.  

2.  Bring sterilized leaf samples under sterile conditions inside the Laminar-air-flow. 

 Inoculation: 

1.  Make leaf-disc, shoot apex & lateral buds of uniform size by using scalpel  

2.  Using sterile forceps inoculate the explants horizontally on either of the following media in 
Petri plates or test-tubes –  

For callus: 1:1 ratio of auxin and cytokinin  

 MS +BAP (5µM) + IAA (5µM) 

 For direct organogenesis – Multiple shoot formation: 

MS + TDZ (5µM) / MS + Kinetin (5µM) / MS+BAP (5µM)  

MS + BAP (5µM) + IAA (0.1µM) / MS +BAP (5µM) + NAA (0.5µM)  

MS +BAP (5µM) + 2iP (5µM)  

3.  Seal the Petriplates with parafilm or test-tube with cotton plug.  

4.  Label each Petriplate/test-tube with date and media combination used.  

5.  Incubate the cultures at 25 ± 2°C temperature and 50-60% relative humidity under a 16/8 hour 
(light/dark) photoperiod with diffuse light (1000-2000 lux).  

6.  Observe the cultures at regular intervals for adventitious shoot proliferation directly or 
indirectly via callus proliferation, and remove the contaminated culture, if any.  

For indirect organogenesis: 

7.  Callus started appearing within 2 weeks and good callus growth can be observed in 3-4 weeks. 

8. Record the time of shoot proliferation, number of shoots per culture and the size of each shoot in 
single culture.  

9. Take photographs for the record.  



 

A schematic representation of in vitro adventitious shoot proliferation from explant 

Factors affecting shoot-bud differentiation  
 

The genotype and plant growth regulators are well known to affect regeneration frequency. Plant growth 
regulators play a major role in the regeneration which mainly depends upon the concentration and type of growth 
regulators used. For in vitro differentiation genotype plays equally, if not more critical role as the growth 
regulator. Besides, there are certain other factors which play a critical role in regeneration are:  
 

Explant: Regeneration of an explant is influenced by several factors such as, the organ from which it is derived, 
the physiological state of the explants like age of the explant, young vs. mature, position of the explant on the 
plant and the explant size. Orientation of the explant on the medium and the inoculation density may also affect 
shoot-bud differentiation. There may be a decline in the number of shoots per culture and the percent cultures 
showing regeneration with increasing age of the seedlings.  

Preparation of explants: Shoot buds or roots are formed at the cut end of the petiole, depending on the culture 
medium. Lamina lacks this potential. However, the presence of laminar tissue is essential for the petiolar cells to 
exhibit totipotency. Therefore, the ideal explant to achieve regeneration is the lamina together with a short (1mm) 
petiole.  

Orientation of the explants: Orientation of explant is proved to be critical for organogenic differentiation in 
cotyledon cultures. Inoculating the cotyledons with their abaxial surface (lower surface away from the stem) in 
contact with the medium and the petiolar cut end embedded in the medium gave best response. The explants in 
which due to expansion and curling of the lamina, the petiole lost contact with the medium within 3-5 days after 
culture, failed to form roots or shoots. Generally, the explants inoculated horizontally on the medium produced 
three times more shoots than those planted vertically.  

 



Physical Factors:  

1. Explants grown on liquid or semi-solid medium give different degree of organogenesis. In few species, 
like tobacco, the medium with 1% agar showed only flower formation. With lowering the agar 
concentration the frequency of flower formation dropped and vegetative bud differentiation occurred. In 
liquid medium, the tissue exhibited callusing and vegetative bud formation. 

2. The quality of light also influences organogenic differentiation. Alternating light and dark period 
(diffused light, 15-16 hrs) proved best. Callus maintained under continuous light remained whitish and 
may not exhibit organogenesis. Blue light promote shoot-bud differentiation whereas red light stimulated 
rooting in tobacco.  

3. Skoog (1944) studied the effect of a range of temperature on tobacco callus growth and differentiation. 
Growth of callus increased with rise in temperature up to 33°C, but for shoot-bud differentiation 18°C 
was optimum. 

REVIEW QUESTIONS: 

1. What are the applications for using plant tissue culture techniques? 

2. Define: Callus, differentiation, de-differentiation and re-differentiation 

3. Explain the totipotent cells in plants? 

4. How will you sterilize the soft and hard explants? 

5. What is your opinion about the existence of primary and secondary meristem in plants? 

6. How the apical meristem cultures help us to develop virus free plant in vitro?  

7. Explain the apical dominance. 

8. Explain the hormonal stock solution preparation for callus induction 

9. What is the suitable ratio of growth supplements for direct organogenesis of shoot formation? 

10. What are the factors affecting the regeneration capacity of the plant? 

11. Discuss the difference between plant and mammals organogenesis 

12.  What are the precautions to be considered while doing in this experiment 

RESULT AND INFERENCE: 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exp. No.: 2 
 

COMPONENTS 

MARK SPLIT UP 

OBTAINED 
Present 

Present but 
not completed 
 

Absent  
 

Procedure (On the day of experiment) 1 0 

0 

 

Performance, Observation and Viva 
(On the day of experiment) 

2 1.5  

Results and Inference with reference 
and answers for review questions 
(On next experiment)  

1 0.5  

TOTAL MARKS 4 2.0 0  

Signature of the Faculty with date  



EXP NO: 3 

DATE: 

                                  ISOLATION OF PLANT GENOMIC DNA 

AIM: 

To isolate the genomic DNA from given plant materials. 

INTRODUCTION: 

The plant does contain three genomes: nuclear, mitochondrial and chloroplast. The nuclear genome 
isolation is very important for the gene editing and manipulation in plants for traits improvement. There are 
several methods for extraction of nuclear DNA among them CTAB and Salk line are being commonly used 
methods. 

PRINCIPLE: 

CTAB (Cetyl tri-methyl ammonium bromide), a detergent is used to break open and solubilize the contents 
of plant cells. Chlorophyll and some denatured proteins are removed from green plant tissue in an organic 
chloroform or octanol step and the organic phase is separated by centrifugation. Since the extract contains DNA 
and RNA, RNA can be removed by the addition of RNase A, the DNA is precipitated and washed in organic 
solvents before re-dissolving in aqueous solution. The DNA recovered is not free from contaminants such as 
carbohydrates, but is of suitable grade for enzyme digestion, southern blotting and analysis by PCR. 

 

The Salk line method is applicable to a variety of plant species and has the added advantage of not 
requiring any phenol or chloroform extraction. Thus it is possible to complete an extraction within 15 minutes 
without handling any hazardous organic solvents. 

 



EQUIPMENTS: Electrophoresis, pH meter, UV-Visible spectrophotometer, Centrifuge, Pestle and mortar and 
UV-transilluminator or Gel documentation.   

REAGENTS REQUIRED FOR CTAB METHOD:- 

1) CTAB extraction buffer (500ml) 
a) Tris HCl (pH 8.0)                                  0.1M or 100mM 
b) Sodium chloride                                    1.4M 
c) EDTA (pH 8.0)                                      0.02M or 20mM 
d) CTAB                                                    2.0 % (w/v) 
e) 2-Mercaptoethanol / Dithiothreitol        0.1 % (w/v) 

(The extraction buffer must be autoclaved without 2-Mercaptoethanol. 2-Mercaptooethanol should be added prior 
to use) 

2) Liquid Nitrogen 
3) RNase A solution                                             10mg/ml 
4) Chloroform: Isoamyl alcohol                             24:1 
5) TE Buffer:- 

a) Tris-HCl (pH 8.0)                                       10mM 
b) EDTA (pH 8.0)                                           1mM 

 
6) Absolute alcohol, Isopropanol 
7) NaCl                                                                 3M 
8) Sodium acetate (pH 5.2)                                    3M 
9) TBE / TAE buffer 
10)  Ethidium bromide  
11) Xylene xylenol blue  
12) DNA ladder  
13) Agarose 
14) Bromophenol blue 
15) Pipettes and tips  

REAGENTS REQUIRED FOR SALK LINE METHOD: 

1) DNA extraction buffer (200mM Tris-HCl, pH 7.5 - 8;  

250mM NaCl;  

25mM EDTA,  

0.5% SDS)  

2) Centrifuge tubes 

3) Isopropanol 

4) TE buffer ( 10mM Tris HCl, pH 7.5-8; 1mM EDTA) or ddH2O  

A) Procedure for plant genomic DNA extraction by CTAB method: 

1) Take 500mg of leaf tissue was frozen in liquid Nitrogen and pulverized by using a mortar and pestle and 
was transferred into a 50ml falcon tube. To the ground material 9ml of pre-warmed CTAB extraction 



buffer was added, suspended thoroughly. (CTAB buffer preparation: 10mg of DTT (Dithiothreitol) + 
90mg of CTAB powder in 9mL of CTAB extraction buffer and pre-heat the solution to 65°C) 
 

2) The suspension was incubated at 65°C for 30 minutes with occasional mixing. 
  

3) The mixture was cooled to room temperature (5 min.)  
 

4) Add equal volume of chloroform: isoamyl alcohol mixture (24:1) and mixed well to get an emulsion by 
inverting the tube several times for 5 min. 
 

5) Aliquot the 1 ml of mixture into 2ml eppendorf tube.   
 

6) The mixture was centrifuged at 5000 rpm for 5 minutes and the aqueous layer was carefully transferred 
into fresh tube. 
 

7) Add 2µl of RNaseA (20mg/ml). Mix the sample gently by inversion and incubate for 30 minutes at room 
temperature. 
 

8) To which add equal volume of isopropanol (1mL) to each tube. Mix the samples gently by inversion until 
a white fluffy DNA precipitate appears. 
 

9) Centrifuge the samples at 5000 rpm for 5 minutes at room temperature to pellet the DNA. Discard the 
supernatant. 
 

10) Re-suspend the pellet in 1ml of cold diluted CTAB wash buffer. Incubate at room temperature for 20 min 
(Preparation of CTAB wash buffer:  1:3 ratio of CTAB wash buffer concentrate: Absolute ethanol 

(100%) is used). 
 

11) Centrifuge at 5000 rpm for 5 min. at room temperature and collect the pellet. 
 

12) Add 1ml of cold 70% ethanol to the tube containing DNA (pellet). Centrifuge at 5000 rpm for 5 min at 
room temperature. Discard the supernatant. 
 

13) Air dries the pellet to remove the traces of ethanol for about 5- 10 minutes.  

 
14) The DNA pellet was solubilize in TE buffer/sterile water for qualitative and quantitative analysis and 

stored at -20°C for future use.  

 

B) Procedure for plant genomic DNA by Salk line method: (by Ignacio Sancho-Martinez - Salk's Laboratory 
of Genetics) 

1)  The lid of a 1.5 ml micro centrifuge tube was used to clip off a young leaf from a plant and frozen in liquid 

nitrogen. Use separate tube for each plant that you want to extract DNA from.  



 

2)   A small pestle was used to grind the leaf; pulverized for 15 seconds without buffer. A separate pestle was 

used for each sample or Bead mill method of blending.  

 

3)   Add 400µl of DNA extraction buffer (200mM Tris-HCl, pH 7.5-8; 250mM NaCl; 25mM EDTA, 0.5% 

SDS) to each tube and vortexes for 5 seconds   (At this stage samples can be kept at room temperature 

until all samples have been collected). 

 

4)  The tubes were centrifuged at 10,000rpm for 5 minutes to pellet cellular debris. 

 

5)   Collect 300µl of the supernatant from each tube was transferred into fresh, labeled, 1.5ml tubes. Avoid 

taking any of the debris. 

 

6)   Add 300µl of isopropanol to each tube, mixed by inverting the tubes several times, and left at room 

temperature for 5 minutes. 

 

7)   The tubes were centrifuged at 10,000rpm for 5 minutes to pellet the DNA. 

 

8)   Collect the pellets and dried by incubating the open tubes at 37oC for several minutes. Do not over dry 

the pellets or it will be difficult to dissolve the DNA. 

 

9)  100 µl of sterile TE buffer was added (10mM Tris HCl, pH 7.5-8; 1mM EDTA) or distilled H2O to each 

pellet and dissolved by gently flicking of the tube (do not vortex). 

 

10)  The DNA is of suitable quality for digestion with restriction enzymes and for PCR. Unused portions were 

frozen until needed. 

 
To check the purity and concentration: 
 

1. Add 1 or 2ml of elution buffer to the DNA pellet, and dissolve the pellet gently by pipetting. 
 

2. Measure the absorbance of the extracted DNA sample at 260nm and 280nm to check the purity by 
calculating the ratio of A260/A280nm. The ratio of 1.7 to 2.0 is good quality of DNA.  
 

3. Concentration of the DNA sample (µg/mL) = 50 X A260 X dilution factor. (An Absorbance of 1.0 at 260nm 
corresponds to approximately 50µg/mL of DNA).  
 

To load on agarose gel electrophoresis: 
1. Add 50µl of elution buffer to the DNA pellet, and dissolve the pellet gently by pipetting. 

 
2. Take 5µl of DNA sample and mix 5µl of loading dye with EtBr on parafilm and load onto 1.5% of agarose 

gel, switch on the electrophoreses, after 30min view the gel under the UV-trans-illuminator and document.   



 

REVIEW QUESTIONS: 

1)  How many sub cellular organelles does have genetic materials in plants? 
2) Does genomic and cytoplasmic DNA in plants have structural difference – Justify 
3) What are the methods for disrupting the plant cells? 
4) What is the role of CTAB? 
5) What is the role of isopropanol in DNA extraction and explain the phase separation? 
6) What is the role of EDTA in DNA extraction? 
7) How does chloroform play a significant role in phase separation? 
8) Why there is no use of choloform in salk line method? 
9) What are the different phases will be observed after phase separation? 
10)  What is the role of β-mercaptoethanol in DNA isolation? 
11) What makes DNA highly hydrophilic in nature? 
12) What is the major role of ethanol in DNA extraction? 
13) Compare and contrast between CTAB and Salk line methods 
14) Write your opinion about the genomic DNA extracted from bacteria and plants 
15) Why the purity of the DNA checked at 260/280nm in UV – Vis. Spectrophotometer? 
16) What is the maximum absorbance of nucleic acids and justify 

 

RESULTS AND INTERPRETATION: 
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EXP NO: 4 

DATE: 

EXTRACTION OF TOTAL RNA USING TRIZOL REAGENT 

AIM: 

To extract, quantify and detect the total RNA from plant by TRIZOL method. 

INTRODUCTION: 

High quality of RNA extraction is an important step for quantification gene expression by RT-PCR, 
Northern Blot analysis, Dot Blot hybridization, poly(A)+ selection, in vitro translation, RNase protection assay, 
and molecular cloning.RNA is mostly single stranded, often contains ribose sugar that carries 2’ hydroxyl group 
that makes the RNA more subjected to hydrolysis than genomic DNA. It is more complicated to obtain high 
quality RNA especially when plant samples contain high level of RNAase, large quantities of polysaccharides, 
low concentration of nucleic acid (high water content), different types of phenol compounds like tannins and 
lignin that are difficult to remove. One of the most important aspects in the isolation of RNA is to prevent 
degradation of the RNA during the isolation procedure. The cells are first disrupted by grinding in the presence 
of liquid nitrogen. The Trizol reagent is a mixture of phenol and guanidine isothiocyanate. Trizol maintains RNA 
integrity during homogenization, solubilizing or precipitating other cellular components.  

 

PRINCIPLE: 

TRIzol Reagent is a ready-to-use reagent, designed to isolate high quality total RNA (as well as DNA and 
proteins) from cell and tissue samples of human, animal, plant, yeast, or bacterial origin, within one hour. TRIzol 
Reagent is a monophasic solution of phenol, guanidine isothiocyanate, and other proprietary components which 
facilitate the isolation of a variety of RNA species of large or small molecular size. TRIzol Reagent maintains the 
integrity of the RNA due to highly effective inhibition of RNase activity while disrupting cells and dissolving cell 
components during sample homogenization. TRIzol Reagent allows for simultaneous processing of a large 
number of samples, and is an improvement to the single-step RNA isolation method developed by Chomczynski 
and Sacchi, 1987. TRIzol Reagent allows performing sequential precipitation of RNA, DNA, and proteins from 
a single sample (Chomczynski, 1993). Afterhomogenizing the sample with TRIzol Reagent, chloroform is added, 



and the homogenate is allowed to separate into a clear upper aqueous layer (containing RNA), an interphase, and 
a red lower organic layer(containing the DNA and proteins). RNA is precipitated from the aqueous layer with 
isopropanol. The precipitated RNA is washed to remove impurities, and then re-suspended for use in downstream 
applications. 
 
EQUIPMENTS: Magnetic Stir Plate, Cooling Microcentrifuge, Bench top – Mini lyzer (Homogenizer), 
Pipetters - Adjustable, 1-10 μL, 5-20 μL, 20-200 μL, 100-1000 μL, Nanodrop or Microdrop or UV-Vis 
spectrophotometer, Vortex Mixer, Water Bath, Electrophoresis, pH meter, and UV-transilluminator or Gel 
documentation and etc.. 

MATERIALS REQUIRED:Centrifuge tube or 1.5ml Safe-lock Eppendorf tubes,Chloroform, Nuclease Free 
Water, 75% Ethanol (-20˚C), Isopropanol, TRIzol reagent, Liquid Nitrogen, Plant material, glass beads, tissue 
paper and etc…. 

METHODS: 

RNA extraction from plants using TRIZOL 

1. Homogenization:  
1. Prepare 1.5ml Safe-lock Eppendorf tubes and add 5-6 glass-beads.  
2. Add 4-6 young leaves to each tube and freeze immediately in liquid nitrogen. Samples can be used 

immediately or stored for up to several months at -80°C.  
3. Cool samples in liquid nitrogen (5 min).  
4. Homogenize the tissue in a mini lysezer for 10secX 4 times. 

 
2. RNA extraction:  
5. Immediately add 1ml of TRIZOL to the homogenized tissue  
6. Vortex and incubate at Room Temperature (RT) for 10 min.  
7. Centrifuge the samples at 13000 rpm for 10min at 4°C to remove extracellular material and glass beads.  
8. Transfer the supernatant to new tubes.  
9. Add 0.2ml of chloroform per 1ml TRIZOL reagent 
10. Shake vigorously by hand for 15 seconds.  
11. Incubate at RT for 3 min.  
12. Centrifuge the samples at 13000 rpm for 15min at 4°C for phase separation.  
13. Transfer the aqueous upper phase to new tubes (ca 50-60% of TRIZOL vol.)  
14. Precipitate RNA by mixing with 0.5 ml isopropanol per 1ml TRIZOL  
15. Incubate at RT for 10 minutes  
16. Centrifuge the samples at 13000 rpm for 10min at 4°C to obtain pellets  

 
 

3. RNA wash:  
17. Remove supernatant and wash pellets with 1ml 75% EtOH (diluted with DEPC treated water).  
18. Vortex once and centrifuge at 7500 x g for 5min at 4°C  
19. Discard supernatant and dry pellets for 5 min at RT (or in speed-vac)  
20. Dissolve pellets in DEPC treated water  



21. Incubate at 55°C for 10 minutes.  
 

4. Store at –80°C until use. 
To check the purity and concentration of RNA 

15) Add20μL or 2ml of DEPC treated waterto the RNA pellet, and dissolve the pellet gently by pipetting. 
 

16) Measure the absorbance of the extracted RNA sample at 260nm and 280nm to check the purity by 
calculating the ratio of absorbance at 260nm to absorbance at 280nm 

17) Concentration of the RNA sample (µg/mL) = 50 X A260 X dilution factor. 
 

To load on agarose gel electrophoresis: 

Take 5-10µl of RNA sample and mix 2 - 4µl of loading dye with EtBr on parafilm and load onto 2% of 
agarose gel, switch on the electrophoreses, after 30min view the gel under the UV-trans-illuminator and record 
the picture. 
 

REVIEW QUESTIONS: 
1) What is the role of TRIzol in RNA isolation? 

2) How does pH play a significant role in RNA isolation? 

3) What phenomenon retains DNA in the inter phase and RNA in aqueous phase? 

4) What is the role of guanidine isothiocyanate (GITC)? 

5) How is RNA significant for transcriptomics study? 

6) What are major constituents in the organic phase? 

7) Difference between prokaryotic and eukaryotic rRNA? 

8) Justify, if you are getting smear bands on the well or around the wells, and dye front observed after 

separation of RNA on agarose electrophoresis. 

9) What is the correct percentage of agarose can be used for DNA and RNA separation – Justify 

10) How many bands will appear on agarose gel after separation of good quality of RNA? 

11) The purity of RNA is checked by the ratio of 260/280nm. What does it imply if the ratio falls below 

1.6 or above 1.8 

12) Write the recipes of electrophoresis buffer   

 
RESULTS AND INTERPRETATION: 
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EXP NO: 5 

DATE: 

TRANSFORMATION OF BINARY VECTOR TO AGROBACTERIUM  

AIM: 

To transform the binary vector (pCAMBIA 1301), to Agrobacterium tumefaciens. 

INTRODUCTION: 

Binary vector systems include the most commonly used vectors devised for Agrobacterium gene transfer to 
plants. In these systems, the T-DNA region containing a gene of interest is contained in one vector and the vir 
region is located in a separate disarmed (without tumor-genes) Ti plasmid. The plasmids co-reside in 
Agrobacterium and remain independent. 

In the binary vector system, the two different plasmids employed area wide-host-range small replicon which 
has an origin of replication (ORI) that permits the maintenance of the plasmid in a wide range of bacteria including 
E. coli and Agrobacterium. This plasmid typically contains foreign DNA in place of T-DNA the left and right T-
DNA borders (or at least the right T-border), markers for selection and maintenance in both E. coli and A. 
tumefaciens, a selectable marker for plants. 

 

 

 

pCAMBIA1301
11837 bp

Lac Z alpha

Gus first exon

Gus second exon

kanamycin (R)

hygromycin (R)

pVS1 sta

Catalase intron

T-Border (right)

Histidine tag

pBR322 bom

T-Border (left)

Nos poly-A

CaMV35S polyA gusA-1256

gusA1403

gusA-1400

gusA-1551

gusA1701

gusA176

gusA350

gusA-354

gusA478

gusA-648

gusA779

gusA-952

gusA1099

CaMV 35S promoter

CaMV35S promoter

pBR322 ori

pVS1 rep



PRINCIPLE: 

Plant transformation vectors are plasmids that have been specifically designed to facilitate the regeneration 
of transgenic plants. The most commonly used plant transformation vectors are termed binary vectors because of 
the ability to replicate in both E. coil and Agrobacterium tumefaciens bacteria used to insert the recombinant DNA 
into plants. When the bacterium with the desired vector is transformed into the plant and the transformed cells 
are selected using antibiotics such as genes encoding kanamycin resistance, ampicillin resistance etc... 

Description of pCAMBIA vector: 

1. Foreign DNA in place of T-DNA 
2. The left and right T-DNA borders 
3. Markers for selection and maintenance in both Agrobacterium and E. coli 
4. A selectable marker for plants 

The plasmid is said to be "disarmed" since its Ti genes located in T-DNA have been removed. A helper Ti 
plasmid, harbored in A. tumefaciens which lacks the entire T-DNA region contains only the Vir genes. 

In pCAMBIA vectors the backbone is derived from pPZP vectors. pCAMBIA vector often.  

Characteristics of binary vector pCAMBIA: High copy numbers in E. coli for high DNA yields, Pv 81 
replicon for high stability in Agrobacterium, Small size, 11 kb depending on plasmid, Restriction sites in 
multiple cloning sites designed for introducing our DNA of interest, Bacteria selection with chloramphenicol 
or kanamycin, Plant selection with kanamycin or hygromycin, and Simple to construct translation fusions to 
GUS or GFP reporter genes.  

Nomenclature of pCAMBIA 1301 vectors: The four-digit numbering system works as follows 

1stdigit indicates Plant Selection Marker: 0) for absence, 1) for hygromycin resistance, 2) for kanamycin, 3) for 
phosphinothricin (the vectors containing the phosphinothricin resistance gene are no longer available from 
CAMBIA at the request of Bayer, which owns patents restricting itsuse in some countries). 

Second digit - indicates bacterial selection: 1) for spectinomycin/streptomycin resistance, 2) for 
chloramphenicol, 3) for kanamycin, 4) for spec/strep and kanamycin. 

Third digit - indicates polylinker used: 0) for pUC 18 polylinker, 8) for pUC8 polylinker, 9) for pUC9 
polylinker. 

Fourth digit - indicates reporter gene(s) present:0) for no reporter gene, 1) for E. coli gusA, 2) for mgfp 5, 3) 
for gusA: mgfp5 fusion, 4) for mgfp5: gusA fusion, 5) for Staphylococcus sp. gusA (GUS Plus). 

Fifth digit - notes some other special feature: So far this has been used only with pCAMBIA1305.1 and 
plasmids derived from it, where the 1 denotes the absence of a signal peptide from the GUSPlusTM protein. 

pCAMBIA1305. 2 where the 2 denotes the presence of the GRP signal peptide for in planta secretion of the 
GUSPlusTMprotein. 

Lagging letter: X indicates that the reporter gene lacks its own start codon and the vector is for creating fusions 
to the reporter. Z indicates presence of a functional lacZ a for blue-white screening; a/b/c indicates the reading 
frame for fusions with the Fuse and Use vectors. 



EQUIPMENTS: Magnetic Stir Plate, Cooling Microcentrifuge, Micro Pipettes - Adjustable, 1-10 μL, 5-20 μL, 
20-200 μL, 100-1000 μL, UV-Vis spectrophotometer, Vortex Mixer, Water Bath, pH meter, Incubator and etc.. 
 
MATERIALS REQUIRED: Agrobacterium strain LBA4404, YEP Agar (1% yeast extract. 1% tryptone 
peptone. 0.5% NaCl, pH 7.0), YEP medium containing rifampicin (10 µg/m1), Ice-cold calcium chloride (20 
mM), Ice-cold YEP, pCAMBIA binary vector construct, kan + rif + YEP agar plates (kanamycin — 50µg/mL), 
Liquid nitrogen, Petri-Plates, tissue paper and etc…. 

METHODS: 

1. Streak Agrobacterium strain LB13A4404 on YEP agar plate and incubate overnight at28°C. 
 

2. Pick up and inoculate a single bacterial colony in 5mL of YEP medium containing 10µg/mL of Rifampicin 
and grow overnight with shaking at 28°C. 
 

3. Inoculate the overnight grown cultures with the concentration of 1/100th of the starter culture to 10 mL 
of YEP medium and grow overnight till OD595 reaches to 0.6-0.8. 
 

4. Take 3mL of this culture and centrifuge for 10 minutes at 5000 rpm at 4°C, collect the pellet and suspend 
in 200µL of ice cold 20 mM CaCI2. 
 

5. Wash the pellet with 200µL of ice cold 20 mM CaCI2 treated cells by by centrifugation for 10 minutes at 
5000 rpm at 4°C and then re-suspend in 200µL of ice cold 20 mM CaCI2. 
 

6. Add 10µg of isolated plasmid construct (pCAMBIA 1301) and freeze the cell in liquid nitrogen and then 
give heat shock at 37°C for 10 minutes incubation. 
 

7. Treat the cells immediately in ice for 5 minutes and add 800µL of YEP media and incubate at 28°Cfor 3 
hours. 
 

8. Collect the pellet after centrifugation for 10 minutes at 5000 rpm at 4°Cin the tubes and re-suspend the 
cells in 200µL of sterile broth.  
 

9. Plate the re-suspended cells in YEP agar plates containing kanamycin (50µg/mL, rifampicin (10µg/mL). 
 

10. Incubate the plates at 28°C for two days for the colonies to form. 

Preparation of the solutions: 

 YEP Agar: To prepare 100 mL of YEP Agar, weigh 1g of yeast extract, 1g of tryptone peptone, 0.5g of 
Sodium chloride and dissolve its 50mL of distilled water in a reagent bottle. Once dissolved finally make 
up the volume to 1mL and set the pH to 7.0. Finally add agar powder. 

 Kanamycin stock (50mg/mL): To prepare 1mL of stock, weigh 50mg of kanamycin and dissolve in 500µL 
of sterile distilled water in a 1.5mL eppendorf tube. Once dissolved finally make up the volume to 1mL. 

 Rifampicin (50 mg/mL): To prepare 1mL of stock, weigh 50mg of rifampicin and dissolve in 500µL of 
methanol in a 1.5mL eppendorf tube. Mix it nicely and finally make up the volume to 1mL. 



Notes: Rifampicin is used as a selection marker to grow the Agrobacterium strain is light sensitive and 
carcinogenic so it has to be handled carefully. Kanamycin is used as a bacterial selection marker to select the 
Agrobacterium containing pCAMBIA1301. 

REVIEW QUESTIONS: 

1) Write about the structure of vector. 
2) What are the basic features of vectors? 
3) Ti plasmid containing bacteria is a natural genetic engineer – Justify.  
4) Explain the binary vector? 
5) What does 1301 indicate in pCAMBIA binary vector? 
6) What are the ways to confirming transformation? 
7) What is the significant feature of Agrobacterium LBA4404? 
8) Write the role of CaCI2 in transformation? 
9) Write the different markers and reporter assays in plant molecular biology? 
10) Why immediate heat shock treatment after freezing the cell in liquid nitrogen? 
11) What is the role of polylinkers? 
12) What do you mean by transformation? 
13) Write about competent cells 
14) Write the difference between binary and co-integrative vectors 

 

RESULTS AND INTERPRETATION: 
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COMPONENTS 

MARK SPLIT UP 
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not completed 
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Procedure (On the day of experiment) 1 0 

0 
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(On the day of experiment) 

2 1.5  

Results and Inference with reference 
and answers for review questions 
(On next experiment)  

1 0.5  

TOTAL MARKS 4 2.0 0  

Signature of the Faculty with date  



EXP NO: 6 

DATE: 

SCREENING OF AGROBACTERIUM COLONIES FOR  
CONFIRMING TRANSFORMATION OF pCAMBIA 1301 AND AGROBACTERIUM - MEDIATED 

GENE TRANSFORMATION IN PLANT LEAF DISCS 
AIM: 

To screen the Agrobacterium colonies for confirming transformation of pCAMBIA 1301 by using colony PCR 
and to transform GUS gene into plant leaf discs using Agrobacterium mediated transformation with a binary 
vector. 
 
INTRODUCTION: 

Agrobacterium tumefaciens, a gram-negative, soil-borne plant pathogen has the ability to insert foreign 
DNA sequences into the plant genome. The major advantage of Agrobacterium mediated gene transfer over 
biolistic is its ability to integrate fewer copies of foreign inserts into the plant genome, thereby reducing the risk 
of transgene rearrangements and gene silencing. It is also considered to be comparatively inexpensive method. 
To over express desired gene in target plant, the cDNA was cloned in pCAMBIA1301. The resulting recombinant 
construct, pCAMBIA1301 with the desired gene had the CaMV35S promoter driving expression of desired gene. 
This construct was then mobilized into A. tumefaciens strain LBA4404 by a freeze-thaw method (Holsters et al 
1978). A. tumefaciens (LBA4404), containing the recombinant binary plasmid -(pCAMBIA1301-gene of interest) 
was used as the vector system for transformation. The Agrobacterium mediated plant transformation is the most 
widely used method. It is more precise and delivers the gene of interest at random to the plant genomic DNA. It 
is better than biolistic gene gun mediated transformation because it incorporates a single copy of the gene which 
is not possible with the latter. 

The DNA fragment is ligated with vector of choice and transformed into E. coli cells. The transformed 
cells were streaked on the selectable markers medium plate resulting in a multitude of colonies overnight. The 
specific number of recombinant clones is identified by screening for a positive result in either Blue-white 
screening, Colony PCR or Sequencing. 

PRINCIPLE: 

When the bacteria with the desired, implanted gene are grown, they are made containing a selector which 
is useful to isolate and distinguish the desired cells. A gene that makes the cells resistant to an antibiotic such as 
the antibiotics kanamycin, ampicillin, spectinomycin or tetracyclin is an easy selector to use. The desired cells 
(along with any other organisms growing within the culture) can be treated with an antibiotic, allowing the desired 
cells to survive while other organisms cannot. The antibiotic gene is not usually transferred to the plant cell. 
Plasmids replicate to produce many plasmid molecules in each host bacterial cell. The number of copies of each 
plasmid in a bacterial cell is determined by the origin of replication. This is the position within the plasmids 
molecule where DNA replication is initiated. Most of the binary vectors have a higher number of plasmids copies 
when they replicate in E. coli. The plasmid copy-number is usually less when the plasmid is resident within 
Agrobacterium tumefaciens. Therefore, plasmids are replicated in the polymerase chain reaction (PCR) using 
GUS gene specific forward and reverse primers to confirm the transformation of Agrobacterium with the 
pCAMBIA 1301. The amplicon size is usually expected to be around 300bp. 
 



The Agrobacterium tumefaciens – mediated gene transformation method is commonly used to develop 
transgenic plants. Agrobacterium is an effective tool for plant genetic engineering, since a portion of the plasmid 
DNA from Agrobacterium is incorporated into higher plant cells where it results in crown gall in the host plant 
tumor induction is initiated by bacterial recognition of monosaccharide’s and phenolic compounds secreted by 
the plant wound site. Activated Agrobacterium transfers a particular gene segment, called transfer DNA (T-DNA), 
from the Ti Plasmid. T-DNA is stably integrated in to the chromosomal DNA in nucleus of the host plant the 
genes for opine synthesis and tumor inducing factors in T-DNA are transcribed in the infected cells. This 
expression of the foreign gene in the host plant results in neoplastic growth of the tumors, providing increased 
synthesis and secretion of opines for bacterial consumption. Opine is the condensation product of an amino acid 
with a keto acid or a sugar, and is a major carbon and nitrogen source for Agrobacterium growth. Agrobacterium 
tumefaciens has been used for plant genetic engineering extensively by focusing on using the bacteria's ability to 
easily infect plants to their advantage by using the bacteria's DNA as a vector to transfer genes of interest into a 
desired host. 
 

In this experiment, Agrobacterium tumefaciens was used to transfect plant leaf with genes encoding for 
kanamycin resistance (nptII gene- bacterial selection marker), hygromycin resistance (hpt II gene- plant selection 
marker) and GUS (plants stain blue) expression. 

 
vir gene Function of gene products 

virA and virG Perceive plant-derived compounds and induce 
expression of other vir genes 

virD2 Endonuclease that nicks T-DNA, covalently 
attaches to 5′ end of T-DNA strand  

virD1 Helicase needed for T-DNA cleavage 

virE2 Binds T-DNA strand, protects from nucleases  

virB1 - virB11 and virD4 Form type IV secretion system (T4SS) through 
which T-DNA moves out of bacterial cell 

 
EQUIPMENTS: Thermo cycler (PCR machine), Magnetic Stir Plate, Cooling Microcentrifuge, Micro Pipettes 
- Adjustable, 1-10μL, 5-20μL, 20-20μL, 100-1000μL, UV-Vis spectrophotometer, Vortex Mixer, Water Bath, pH 
meter, Incubator, Agarose gel electrophoresis, UV- trans-illuminator, Laminar air flow chamber and etc. 
 
MATERIALS / REAGENTS REQUIRED: Agrobacterium strain LBA4404, YEP Agar (1% yeast extract. 1% 
tryptone peptone. 0.5% NaCl, pH 7.0), YEP medium containing rifampicin (10 µg/m1), Petri-Plates, tissue paper, 
Forceps, Spirit lamp, Lighter, Cotton and etc…. 

For Colony PCR: Sterile distilled water, Inoculums for a colony PCR, PCR mix-10X Taq buffer- 5μl, dNTP – 
5μl (10 mM), 10 pm GUS gene forward primer + reverse primer – 2μl, Taq DNA polymerase (1U/μl) – 0.5μl, 
Ethidium bromide, Bromo-Phenol blue dye, PCR tubes.  
 
For Transformation by Co-cultivation method: 



Pre-cultivation medium- Half strength MS media + 3% sucrose + 1% agar 
Selection medium-MS media + 3% sucrose + 1% agar + 50μg/ml hygromycin 
Shoot induction medium- MS media + BAP (1μg/ml) + NAA (0.1μg/ml) + 3% sucrose + 1% agar + 50μg/ml 
hygromycin 
 
pCAMBIA 1301 overnight culture, 70% ethanol, Plant leaves and etc..... 

PROCEDURE FOR COLONY PCR: 

1. Take 40μl of sterile distilled water in a PCR tube. 
 

2. From thepCAMBIA1301 transformed Agarobacterium cells grown on kan + rif + YEP agar plate, one 
colony was touch using a toothpick and was placed it gently inside thesterile distilled water containing 
PCR tube. 
 

3. Vortex the tube at low speed to obtain a homogenous solution. 
 

4. To the inoculum, the following was added in the order specified: 

 10X Taq buffer- 5μl 

 dNTP – 0.5μl 

 10 pm GUS gene Forward primer + Reverse primer - 2μl 

 Taq Polymerase (1 U/μl) – 0.5μl 
 

5. The PCR tube was made to spin with components added using low speed small micro centrifuge machine. 
 

6. The tubes were placed in the Thermal cycler under the set program as follows: 
 
Initial Denaturation  - 94°C for 5 min 
 
Denaturation   - 94°C for 1 min 
Annealing   - 55°C for 1 min          35cycles 
Extension   -  72°C for 1 min 
 
Final Extension  -  72°C for 5 min 
Hold    -  16°C  
 
 

7. The program was allowed to run. 
 

8. After the program was completed, 20μl of the PCR product was made to run in 1% agarose gel using 
agarose gel electrophoresis apparatus.   
 

9. The results were viewed using UV- Transilluminator. 

 



Notes: 

 Take the polymerase enzyme just prior to addition from ice 

 Clean your hands frequently with 70% ethanol 

 Do not contaminate the reaction mixture by using the contaminated pipette tips 

 

 

 

PROCEDURE FOR TRANSFORMATION BY CO-CULTIVATION METHOD: 

1. Centrifuge, 50 ml of an overnight grown culture of a binary vector (pCAMBIA 
1301) transformed Agrobacterium at 5000 rpm for 5 minutes at 28 °C. 
 

2. Discard the supernatant and re-suspend the pellets in half strength MS liquid medium with 3% sucrose pH 
5.8 (5 - 10 ml). 
 

3. Desired plant leaf discs were cut from sterile MS medium (In-vitro grown) or Surface sterilizes the leaf: 
The explants were submerged in 70% alcohol for 30seconds after which the alcohol was decanted. Wash 
the leaves in sterile distilled water. The explants were transferred to a 2% commercial sodium hypochlorite 
solution and left there for 1– 3 minutes for surface sterilization. Later they were rinsed thrice with sterile 
distilled water. Remove the water content on the surface of leaves by blotting with tissue paper and trim 
the leaves.  
 

4. Co-cultivate the sterile plant leaf discs with the re-suspended Agrobacterium in half strength MS broth for 

20 minutes with occasional shaking. 

 

5. The co-cultivated leaf discs were blotted on sterile WhatmannNo.1 discs and transferred to MS medium 
containing 3% sucrose, and 0.8% bacto agar pH 5.8. 
 



6. After 48h, the leaf discs were washed several times in liquid MS medium with 3% sucrose pH 5.8 
containing 50μg/ml hygromycin, 20mg/ml carbenicillin. 
 

7. Excess moisture on the leaf discs was blotted on sterile Whatmann No.1 filter paper. 
 

8. The discs were then placed on selection media, [MS medium containing 3% sucrose, 1 mg/l BAP, 0.1mg/l 
NAA, 0.8% bacto-agar containing 50μg/ml hygromycin] at 28°C in the tissue culture room. 
 

9. The leaf discs were transferred to fresh selection media every 14 days until multiple shoots regenerated. 
 

10. Independent shoots were then transferred to rooting medium [MS medium containing 3%sucrose,0.8% 
bacto-agar, pH 5.8 containing 50μg/ml hygromycin]. 
 

11. After establishment of roots in the medium the plants were sub-cultured in fresh rooting medium every 30 
days. 

 
 

RESULTS AND INTERPRETATION: 
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EXP NO: 7 

DATE: 
GUS REPORTER ASSAY FOR SCREENING OF  

TRANSGENIC PLANTS 
AIM: 

To detect GUS activity in the transgenic plant tissue transformed with the binary vector by Agrobacterium 
tumefaciens.  

INTRODUCTION: 

A screening can be possible by screening or scorable or reporter gene, incorporated into the transformation 
vectors, which allows for the detection of transformed cells, tissues or plants. Transgenic plants are generated 
using selection and screening markers. Selection markers are antibiotics which kill the non-transformed plants 
while screening markers are used as reporter genes to find the transgenic plants. The essential features of an ideal 
reporter gene are: i. An efficient and easy detection with high sensitivity, ii. Lack of endogenous activity in plant 
cells, iii. A relatively rapid degradation of the enzyme. The screening markers presently used are mostly derived 
from bacterial genes coding for an enzyme that is readily detected by the use of chromogenic, fluorigenic, photon 
emitting or radioactive substrates. A screening marker gene is functional only if an enzyme with comparable 
activity is not present in non-transformed cells. The utility of any particular gene construct as a transformation 
marker varies depending on the plant species and the tissue involved. The kanamycin resistance gene is probably 
the most extensively used selectable marker phenotype and UidA gene (also referred as gus), which encodes β-
glucuronidase, is the most versatile reporter gene. The screened cells and the plants regenerated from 
transformation are further subjected to biochemical analyses, such as Southern hybridization, PCR and Northern 
hybridization. The former determines the presence and the number of copies of the introduced gene while the 
latter demonstrates the presence of transcripts of the transgene.GUS is widely used as screening marker and is 
helpful for qualitative and quantitative analysis. 

 

 



PRINCIPLE: 

Control of gene activity can be manifested at many levels, including the initiation of transcription or 
translation and the processing transport or degradation of mRNA or protein. The use of precise gene fusions can 
simplify analysis of these complex processes and delineate the contribution of transcriptional control by 
eliminating the specific signals or post-transcriptional controls and replacing them with sequences from readily 
assayed reporter gene. The bacterial enzyme β-glucuronidase, which is coded by the Escherichia coli uidA (gusA) 
gene, is the most widely used reporter in plants for analysis of gene expression in transformed plants. Gene fusions 
constructed using the cauliflower mosaic virus CaMV 35S promoter is used to direct the expression of β--
glucuronidase in transformed plants. GUS is very stable and tissue extracts continue to show high levels of GUS 
activity after prolonged storage. Histochemical analysis has been used to demonstrate the localization of gene 
activity in cells and tissue of transformed plants. The histochemical GUS assay determines the tissue specific 
expression of the enzyme activity. The enzyme utilizes the external substrates 4-methyl umbelliferyl 
glucuronide (MUG) for measurements of specific activity and 5-bromo-4-chloro-3-indolyl glucuronide (X-
gluc) is a very efficient chromogenic substrate for histochemical localization of β-glucuronidase activity tissues 
and cells, giving a blue precipitate at the site of enzyme activity. It is therefore a conditional non-selectable marker 
gene. GUS activity is found widely in microorganisms, vertebrates and invertebrates (Gilissen et al., 1998) but 
there is very little background activity in plants. 

The GUS enzyme is very stable within plants and is non-toxic when expressed at high levels. A secreted, 
codon optimized form of the Bacillus GUS enzyme, Bo GUS, has been developed which is very stable under 
denaturing conditions and with very high activity. GUS activity results in the deposition of an insoluble blue 
precipitate, effectively identifying the precise location of expression. 

EQUIPMENTS: Measuring Balance, Magnetic Stirrer, Micro Pipettes - Adjustable, 1-10 μL, 5-20μL, 20-200 
μL, 100-1000 μL, Vortex Mixer, pH meter, Incubator, Laminar air flow chamber Dissection microscope and 
etc.. 
 
MATERIALS / REAGENTS REQUIRED: Petri-Plates, tissue paper, Forceps, Spirit lamp, Lighter, Cotton, 
Eppendorf tubes (1.5/2 mL), Sodium phosphate buffer (50 mM, pH 7), Potassium ferricyanide (100mM), 
Potassium ferrocyanide (100mM), GUS histochemical reagent, X-GLUC substrate, ethanol 70% and etc….  

PROTOCOL: 

1. Take freshly prepared X-GLUC staining solution around30-40µL in the microcentrifuge tube. 
 

2. Use co-cultivated leaf (Agrobacterium - Mediated Transformation of plant leaf discs) for making a thin 
section and place into the tube which contain X-GLUC staining solution. 
 

3. Stain the plant leaf sections for 4-5hr or overnight at 37°C in the incubator under dark condition. 
 

4. After staining, fix the tissues on the glass slide by adding 5μ1 of 95% ethanol: glacial acetic acid (3:1v/v) 
and put the cover slip (Incubate for 30min @ room temperature to complete the fixation and score for 
GUS). 
 

5. View the tissues under dissection microscope for GUS (blue) stain and take the picture.  



PREPARATION OF THE SOLUTIONS: 

1. Sodium phosphate buffer (50 mM, pH 7) 

Stock A: 100mL of 0.2M monobasic sodium phosphate, Stock B: 100mL of 0.2M dibasic sodium 
phosphate, 38ml of Stock A & 62mL of Stock B was mixed together and the solution was then made up 
to 400mL using distilled water.The final concentration of the solution obtained was 50mM. 

2. Potassium ferricyanide (100mM) 

The 3.3mg of Potassium ferricyanide (MW: 329.2 g/gmol) was dissolved in 100µL of sodium phosphate 
buffer. 

3. Potassium ferrocyanide (100mM) 

The 4.22mg of potassium ferrocyanide (MW: 422.2 g/gmol) was dissolved in 100µL of sodium phosphate 
buffer. 

4. GUS histochemical reagent 

 

Reagents  Volume  Final concentration 

Sodium phosphate buffer (50mM, pH 7) 40mL 50mM 

EDTA (0.5M, pH 7) 100µL 1mM 

Potassium ferricyanide 50µL 1mM 

Potassium ferrocyanide 50µL 1mM 

The above reagents were all mixed together and the solution was then made up to a final volume of 50mL 

with sodium phosphate buffer. 

5. X-GLUC Stock solution (2mM) 

The 5.2mg of X-GLUC (MW: 521g/gmol) was dissolved in 50µL of DMSO and the volume was then 
made up to 5mL using histochemical reagent (by keeping in ice). 

6. X-GLUC Staining solution 

Reagents Volume Final concentration 

Methanol 2mL 20% 

X-GLUC (2mM Stock Solution) 5mL 1mM 

Sodium phosphate buffer 3mL 50mM 

Mix the components together to a final volume of 10mL. 

Notes:  

 Prepare the solution just before use. Store it in the dark condition. 

 



RESULTS AND INTERPRETATION: 
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EXP NO: 8 

DATE: 

EXTRACTION AND DETECTION OF PLANT SECONDARY METABOLITES 

AIM: 

To extract and detect the plant secondary metabolite (Flavonoid - quercetin from onion dried peels and 
alkaloid - caffeine from Camellia sinensis - Tea). 

INTRODUCTION: 

Plant-derived substances are of great interest due to their versatile applications. These plant derived 
substance are richest bio-resource of drugs of traditional systems of medicine, modern medicines, folk medicines, 
pharmaceutical intermediates and chemical entities for synthetic drugs. Extraction is the separation of medicinally 
active compounds from plant tissues using selective solvents through standard protocol.  

The purpose of standardized extraction protocol for crude drugs is to attain the therapeutically desired 
portions and to eliminate unwanted material by treatment with a selective solvent known as menstruum. The 
extract obtained, after standardization, may be used as medicinal agent as such in the form of tinctures, fluid 
extracts or further processed to be incorporated in any dosage form, such as tablets and capsules. These products 
consist of complex mixture of many medicinal plant metabolites, such as alkaloids, glycosides, terpenoids, 
flavonoids and lignans. In order to be used as a drug, an extract may be further processed through different 
techniques of fractionation to isolate individual chemical entities, such as vinblastine, hyoscyamine, hyoscine, 
pilocarpine, forskolin and codeine.  

The quality of an extract is influenced by several parameters. These parameters include plant parts used 
as starting material, the solvent used for extraction, the manufacturing process used with the type of equipment 
employed, and the crude-drug: extract ratio. The use of appropriate extraction technology, plant material, 
manufacturing equipment and solvent and the adherence to good manufacturing practices certainly help to 
produce a good quality extract.  

PRINCIPLE: 

Plants are the source of effective phytomedicines since times immemorial. Man is able to obtain from 

them a wondrous variety of industrial chemicals. Plant based natural constituents can be derived from the plant 

part, like bark, leaves, flowers, roots, fruits, seeds, etc i.e. any part of the plant may contain active components. 

Fresh or dried plant materials can be used as a source for the extraction of secondary plant components. The logic 

behind this came from the ethno medicinal uses of fresh plant materials among the traditional and tribal people. 

But as many plants are used in the dry form by conventional healers and due to differences in water content within 

different plant tissues, plants are generally air dried to a constant weight before extraction. Other researchers dry 

the plants in the oven at about 40°C for 72 h. In most of the reported works, underground parts (roots, tuber, 

rhizome, bulb etc.) of a plant were used extensively compared with other above ground parts in search for 

bioactive compounds. 



Choice of Solvent for Extraction: Properties of a good solvent in plant extractions include, low toxicity, ease of 

evaporation at low heat, promotion of rapid physiologic absorption of the extract, preservative action, inability of 

the extract to complex or dissociate. The factors affecting the choice of solvent are, quantity of phytochemicals 

to be extracted, rate of extraction, diversity of different compounds extracted, diversity of inhibitory compounds 

extracted, ease of subsequent handling of the extracts, toxicity of the solvent in the bioassay process, potential 

health hazard of the extracts. The various solvents that are used in the extraction procedures are: Water (Water is 

universal solvent, used to extract water soluble flavonoids, phenolics), Acetone (Acetone dissolves many 

hydrophilic and lipophilic. Tannins and other phenolics were better in aqueous acetone than in aqueous methanol), 

Alcohol (The higher activity of the ethanolic extracts compared to the aqueous extract can be attributed to the 

presence of higher amounts of polyphenols), Chloroform (Terpene lactones have been obtained by following 

extractions of dried barks with hexane, chloroform and methanol with activity concentrating in chloroform 

fraction), Ether (Ether is commonly used for the selective extraction of coumarins and fatty acids), 

Dichloromethane (It is specially used for the selective extraction of only terpenoids), Methanol (Used to extract 

major plant secondary metabolites).  

Extraction procedures: Plant tissue homogenization: Dried or wet, plant parts are grinded in a blender, with 

certain quantity of solvent, to fine particles, and shaken vigorously for 5-10 min or left overnight before filtering 

the extract.Soxhlet extraction: Soxhlet extraction is only necessary where the preferred compound has a limited 

solubility in a solvent, and the impurity is insoluble in that solvent. This method cannot be used for thermolabile 

compounds as prolonged heating may lead to degradation of compounds.Maceration:In maceration (for fluid 

extract), whole or coarsely powdered plant-drug is kept in contact with the solvent in a container with stopper for 

a defined period with frequent agitation until soluble matter is dissolved. This method is best suitable for use in 

case of the thermolabile compounds. Decoction: This method is used for the extraction of the water soluble and 

heat stable constituents from crude drug by boiling it in water for 15 minutes, cooling, straining and passing 

sufficient cold water through the drug to produce the required volume.Percolation:This is the procedure used 

most frequently to extract active ingredients in the preparation of tinctures and fluid extracts.Sonication: The 

procedure involves the use of ultrasound with frequencies ranging from 20 kHz to 2000 kHz. This increases the 

permeability of cell walls and produces cavitations.  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caffeine is an alkaloid and used as a central nervous system and metabolic stimulant, and is used to reduce 
physical fatigue and to prevent or treat drowsiness. Around sixty plant species are known to contain caffeine. Tea 
contains more caffeine than coffee by dry weight. Also contributing to caffeine content are growing conditions, 
processing techniques, and other variables. Thus, certain types of tea may contain somewhat more caffeine than 
other teas. 

Quercetin is an important flavonol glycoside which is a type of pigment found in almost all herbs, fruits, 
and vegetables. Quercetin is the aglycone form of other flavonoid glycosides, such as rutin and quercitrin, found 
in citrus fruit, buckwheat and onions.  

EQUIPMENTS: Rotary vacuum evaporator, UV – Portable Lamp, HPLC, Water Bath, Hot Plate, Magnetic 
stirrers, Magnetic beads, Weighing balance, and etc.   

MATERIALS REQUIRED: Tea bags, Onion peel, Distilled Water, Beaker, Heating Mantle, Separating Funnel, 
Ethyl Acetate, Methanol, Trifluoroacetic acid, Standard Caffeine, ethanol, Dichloromethane, Sodium suphite and 
etc.. 

 

Steps involved in the extraction: For extraction from plant explants, most important steps are size 
reduction, extraction, filtration, concentration and drying.  

Size reduction: The objective for powdering the plant material is to rupture its organ, tissue and cell structures so that 
its medicinal ingredients are exposed to the extraction solvent. 

↓ 
Extraction: Extraction of the plant material is carried out in three ways: 
1. Cold aqueous percolation: The powdered material is macerated with water and then poured into a tall column. 
Cold water is added until the powdered material is completely immersed. It is allowed to stand for 24 h so that water-
soluble ingredients attain equilibrium in the water. 

2. Hot aqueous extraction: This is done in an open-type extractor. One part powdered plant material and sixteen parts 
demineralised water is fed into the extractor. Heating is done by injecting steam into the jacket. The material is allowed 
to boil until the volume of water is reduced to one-fourth its original volume. 

3. Solvent extraction: The principle of solid-liquid extraction is that when a solid material comes in contact with a 
solvent, the soluble components in the solid material move to the solvent. This gives rise to different types of 
extractions: cold percolation, hot percolation and concentration.   ↓ 

Filtration: The extract so obtained is separated out from the marc (exhausted plant material 
↓ 

Concentration: The enriched extract from percolators or extractors, known as miscella, is fed into a rotary 
evaporator The solid mass, thus, obtained is pulverized and used directly for the desired pharmaceutical formulations 

or further processed for isolation of its phyto-constituents. 
↓ 

Drying: Drying process is final extraction step. Freeze drying is a drying method where the solvent is frozen prior to 
drying and is then sublimed, below the melting point of the solvent.  



METHODS: 

A. Quercetin: Extraction, detection and quantification:  

1. Collect the dried onion peelings and cut into small pieces. 
2. Take 2g of onion peelings about 50 ml of distilled water and heat at 80°C temperature for 15 to 30 mins. 
3. Cool the extract on ice. 
4. Collect the clear supernatant or extract after filter the extract using four layers of cheese cloth. 
5. Extract the quercetin by adding an equal volume of ethyl acetate in separating funnel. 
6. Mix thoroughly for liquid - liquid extraction. (Take care while shaking, every 2 times shaking, vent the 

separating funnel to relieve vapor pressure) 
7. Allow for phase separation for about 10 min without disturbing the separating funnel kept on tripod.  
8. Collect the ethyl acetate layer and subjected to concentration by Rotary evaporation at 55oC. 
9. May collect as a powder or semi – solid of crude quercetin from RB flask from rotary evaporator and 

solubilize in minimal volume of methanol (2ml) and for detection by TLC and HPLC.  
10. TLC separation: Spot the extracted samples and standard on pre-coated TLC sheet. 
 Mobile Phase: Toluene: ethyl acetate: methanol (4:0.5:0.5). Detection: The developed plate was sprayed 

with 5% ethanolic ferric chloride solution to observe the color of the spots in both sample and standard 
quercetin.  

 
11. HPLC conditions: Agilent 1260 infinity series with Photodiode array detector. Zorbax Eclipse C18 

4.6X250mm, 5 micron particle size 2µL of sample injected through auto sampler. Mobile phase A: HPLC 
grade water 0.1% Tri-fluoro acetic acid, Mobile phase B: HPLC grade methanol. Isocratic flow 1mL/min 
of methanol 60%: water 40% throughout the run Detection is performed at 370nm for quercetin. Total run 
time 15min. The quantification was done by using standard.  

B. Procedurefor extraction, detection and quantification of caffeine:  

1. Take 1tea bag, 1 g of sodium carbonate and place them in the beaker with 25mL of distilled water. Stir to 
dissolve Na2CO3 

2. Keep the tea bags in the boiling water for 10 minutes and occasionally swirling the beaker.  
3. Remove the tea bag and cool the boiled clear extract on the ice until reaches the extract to room temperature 

(The boiling point of dichloromethane is 40°C). 
4. To the crude tea extract by adding equal volume of dichloromethane in separating funnel and mix thoroughly 

for liquid- liquid extraction. (Take care while shaking, every 2 times shaking release the gas from separating 
funnel) 

5. Allow for phase separation for about 10 min without disturbing the separating funnel kept on tripod (Do not 
get dichloromethane on your hands). 

6. Carefully collect the bottom of the dichloromethane layer and discard the aqueous top layer. 
7. Dry the combined dichloromethane solutions with anhydrous Sodium sulfite. Add about 1 teaspoon of the 

drying agent until it no longer clumps together at the bottom of the flask. Mix well and leave it for 10 
minutes. 

Distance moved by solvent from origin 

Distance moved by substance from origin  
Rf   =   



8. Decant the dichloromethane into a 15ml falcon tube. Evaporate the dichloromethane solvent in a hot water 
bath. The yellowish green - white crystalline caffeine was observed after evaporation.  

9. Detection of Caffeine on TLC: Spot the extracted samples and standard on pre-coated TLC sheet. Mobile 
Phase: 5mL of acetic acid: 95mL of ethyl acetate. Detection: The developed plate was observed under the 
portable UV light and the Rf value was calculated with standard caffeine and caffeine extracted from tea.  

 
10. HPLC conditions: Agilent 1260 infinity series with Photodiode array detector. Zorbax Eclipse C18 

4.6X250mm, 5 micron particle size 2µL of sample injected through auto sampler. The separation of caffeine 
by using standard protocol. The quantification was done by using standard. 

 

REVIEW QUESTIONS: 

1. What are the classes of plant secondary metabolites?  
2. What is AYUSH and write their roles 
3. Explain the polar based extraction of plant secondary metabolites  
4. Describe the various methods of maceration? 
5. Write the different steps involved for the extraction 
6. How will you choose the solvent for extraction? 
7. What is the purpose of using sodium bicarbonate in caffeine extraction? 
8. Define the retention factor? 
9. What are the properties of quercetin as proven by cell line studies? 
10. Describe the neurochemistry behind caffeine as a neuro-stimulant? 
11. How do you explain the HPLC peak indicating methoxy caffeine? 
12. What can you infer from the peak height and its width? 
13. What is the role of Mobile phase in chromatography? 
14. What you mean by elution and write the types of elution in HPLC  
15. Differentiate between TLC and HPTLC  

 
RESULTS AND INTERPRETATION: 
 

 

 
 
 
 
 
 
 
 
 
 

Distance  moved  by  solvent  from  origin 

Distance  moved by  substance  from  origin  
Rf   =  
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EXP NO: 9 

DATE: 

ISOLATION OF PROTOPLASTS  

AIM: 

Isolation of protoplasts from leaves by mechanical or enzymatic method for somatic hybrids or somatic 
cybrids productions.  

INTRODUCTION: 

The term protoplast refers to the cellular content excluding cell wall or can also be called as naked plant 
cell. It is described as living matter enclosed by a plant cell membrane. Protoplast isolation for the first time was 
carried out by Klercker in 1892 using mechanical method on the plasmolysed cells. The application of protoplast 
technology for the improvement of plants offers fascinating option to complement conventional breeding 
programs. The ability of isolated protoplasts to undergo fusion and take up macromolecules and cell organelles 
offers many possibilities in genetic engineering and crop improvement.  

The experiments involving protoplasts consist of three stages: i. Protoplast isolation, ii.  Protoplast 
fusion, and iii. Development of regenerated fertile plants from the fusion product (Hybrid).  

Since leaf tissue is a readily accessible source of genetically uniform cells, it is often desirable to use 
mesophyll protoplasts in somatic hybridization studies, but, leaf tissues, in general, do not yield large number of 
protoplasts owing to the difficulty in removing the lower epidermis.  An alternative, therefore, is the cultured cell 
material where protoplasts can show greater potential to divide.  

PRINCIPLE: 

In plant breeding programme many desirable combination of characters could not be transmitted through 
the conventional method of genetic manipulation. Higher plants that could lead to the genetic process involving 
fusion between the subsequent developments of a product to a hybrid plant known as somatic hybridization.  

The protoplast can be isolated from almost all plant parts: roots, leaves, fruits, tuber, root nodules, pollen 
mother cell etc. Protoplast isolated by mechanical method is crude and tedious procedure. Cells are plasmolysed 
causing the protoplast to shrink from the cell wall. The protoplast obtained from this method is then cultured on 
suitable culture medium. The principle deficiency of this approach is that the protoplast released is few in number.  

Protoplasts are isolated by treating tissues with a mixture of cell degrading enzyme in solution, which 
contain osmotic stabilizer. A most suitable source of protoplasts is mesophyll tissue from fully expanded leaves 
of young plants or new shoots. The release of protoplast is very much dependent on the nature of composition of 
enzymes used to digest the cell wall. There are three primary components of the cell wall which have been 
identified as cellulose, hemicellulose and pectin substance. Pectinase (macroenzyme) mainly degrades the middle 
lamella while cellulase and hemicellulase degrades the cellulose and hemicellulosic components of the cell wall. 
During this enzymatic treatment, the protoplast obtained should be stabilized because the mechanical barrier of 
the cell wall which offered support has been broken. For this reason an osmoticum which prevents the protoplast 
from bursting is maintained. 



MATERIALS REQUIRED: 

Young leaves, 70% ethanol, 2% cellulose, 13% mannitol, 0.5% macroenzyme, CPW salt solution: KH2PO4, 
KNO3, CaCl2,  MgSO4, KI, CaSO4. Mortar and Pestle, Eppendorf tubes, Spinwin, Haemocytometer, Microscope, 
Glass slides, Phosphate buffer pH- 7.0 
 

PROCEDURE: 

Protoplast isolation: Protoplast isolation may be carried out by Mechanical disruption method or enzymatic 
method. Out of these two methods, enzymatic method is preferred as it provides better protoplast yield with low 
tissue damage while mechanical method causes maximum tissue chopping with lower protoplast yields. Both of 
these methods are described below:  

i. Mechanical method 
The mechanical method, the cells were kept in suitable plasmolyticum, for example CPW containing 13% 

w/v mannitol. Once the plasmolysis is complete, while remaining in the osmoticum, the leaf lamina would be cut 
with a sharp-edged knife. In this process some of the plasmolyzed cells were cut only through the cell wall, 
releasing intact protoplasts while some of the protoplasts may be damaged inside many cells. Protoplasts that 
were trapped in a cell and only the corner had been cut off could be encouraged to come out by reducing the 
osmolarity slightly to force the protoplasts swell to force their way out of the cut surface. The released protoplasts 
then have to be separated from damaged ones and cell debris.  
Steps for isolation:  

1. The young leaves were collected and washed in sterile distilled water thrice. 
2. The leaves were cut into small bits and homogenize gently in mortar and pestle with Phosphate buffer 

containing 0.3M Mannitol 
3. Centrifuge the crude protoplast suspension at 50-100 rpm for 2-3 minutes. 
4. Collect the supernatant containing intact protoplast. 
5. Observe the protoplast placed on slide with cover slip under light microscope to locate protoplasts. 
6. Mix a known volume of protoplast suspension with equal volume of Evans Blue dye. 
7. Count the colourless viable protoplasts against the blue background using Haemocytometer and estimate 

the percentage viability. 
8. Count the number of cells in corner squares and express as average no. of cells / mL of the medium. 

          Disadvantages: 

           Lower protoplast yield, Labour intensive method, Protoplast obtained has low viability and Method is applicable 
only to vacuolated cells.  

ii. Enzymatic method  
This method involves leaf sterilization followed by peeling of the lower epidermis to release cells which are 
plasmolyzed and added to enzyme mixture followed by harvest of protoplast. Either of the procedures for 
enzymatic isolation can be used: sequential enzymatic hydrolysis or mixed enzymatic hydrolysis.  
 
In the sequential isolation, firstly, cells are separated by the use of a maceration enzyme – a pectin hydrolyzing 
enzyme such as, macerozyme or Pectolyase. Once the cells are separated, they are washed in CPW solution free 



of enzymes but containing plasmolyticum by gentle centrifugation (100g). The pellet is retained and resuspended 
in the second enzyme like, cellulases and hemicellulases, used to hydrolyse the remaining cell was component. 
Once the protoplasts are released they are washed with CPW to remove the debris.  
 
In the mixed enzymatic approach, Plant tissues are plasmolyzed in the presence of a mixture of pectinases and 
cellulases, thus, inducing simultaneous separation of cells and degradation of their walls to release the protoplasts 
directly in a single step.  

 

Steps involved in protoplast isolation, fusion and regeneration 

Conditions required for enzyme activity : pH range 4.7 - 6.0 and temperature range of 25-30°C is used,  
Duration of enzyme pre-treatment and condition of light presence required for incubation, Enzyme mixture 
must consist of cellulose, hemicellulase and pectinase which facilitate the degradation of cellulose, 
hemicelluloses and pectin, respectively, The concentration of sugar alcohols used as osmoticum - mannitol.  

Steps for isolation:  
1. The young leaves were collected and washed in sterile distilled water thrice. 

 
2. Surface sterilization of leaves is done by first immersing in 70% ethanol for 60 seconds followed by 

dipping into 4 % sodium hypochlorite solution for 5 minutes. 
 

4. After 5 minutes, the sterilant is poured off and leaves are washed aseptically 3-4 times with sterile distilled 
water to remove every trace of hypochlorite.  
 

5. Leaf pieces are placed in 30 ml bacterial filter sterilized solution of enzyme containing 2% Cellulase 
(Onozuka R1O), 0.5% Macerozyme in 13% Mannitol added CPW (Cell and Protoplast Washing) Medium 
(pH 5.8). 
 

5. Leaf pieces in enzyme solution are incubated in the dark at 24-26°C for 16-18 hrs. 
 

6. Without disturbing the digested leaf pieces the enzyme solution is gently replaced by CPW 13M. Then 
digested leaf pieces are gently agitated and squeezed with sterile fine forceps to facilitate the release of 
the protoplast. 
 

7. The protoplast suspension is then allowed to pass through a 60µm - 80µm nylon mesh to remove the larger 
pieces of undigested tissue. 



 
8. The filtrate is transferred to centrifuge tube and is centrifuged for 5 minutes at 100g. 

 
9. The supernatant is pipetted off and the pellet is re- suspended in CPW 21S solution. It is again centrifuged 

for 5 - 7 minutes at 200g. 
 

10. The viable protoplasts will float at the top surface of CPW 21S in the form of dark green band while the 
remaining cells and debris will sink at the bottom of the tube. 
 

11. The viable protoplasts are collected from the surface and are re-suspended again in CPW 13M to remove 
the sucrose. Centrifugations are repeated two-three times for washing. 
 

12. The isolated protoplasts are observed under microscope and live protoplasts in the suspension are counted 
using a haemocytometer. 

Table: Salt mix of protoplast washing media solution (Cocking, Peberdy and White – CPW)  

 

Mannitol  0.4M 7.28g 

Cellulase 1% 1g 

Macerozyme 0.25% 0.25g 

Protoplast viability: The isolated protoplast must have a spherical shape when observed by a light microscope, 
protoplast can be stained using following stain:  

1. Fluorescein diacetate staining method: FDA accumulates inside the plasma lemma of viable protoplasts. 
FDA dissociates from membrane after about 15 min. It is used at a concentration of 0.01% dissolved in 
acetone. 

 
2. Calcofluor White staining: This staining method assures protoplast viability by detecting onset of cell 

wall formation. Optimum staining is achieved when 0.1 ml of protoplast is mixed with 5.0 μl of 0.1% w/v 
solution of CFW. 

 
3. Evans Blue: 1% Evans blue (100 ml) Dissolve 1 g Evans blue in 100 ml water 



 

Schematic diagram of protoplast purification 

Protoplast fusion: Protoplast fusion could be spontaneous during isolation of protoplast or it can be induced by 
mechanical, chemical and physical means.  

Cybrids or cytoplasmic hybrids: Sexual hybridization involves fusion of the nuclear genes of both the parents 
but somatic hybrids involve even cytoplasm from both the parental species in hybrid obtained by protoplast 
fusion.  

Protoplast culture  

The following techniques have been adopted in order to maintain number of protoplast population between 
minimum and maximum effective densities after plating up:  

i. Liquid method : In Liquid medium, the protoplast suspension is plated as a thin layer in petriplates, incubated 
as static culture in flasks or distributed in 50-100 μl drops in petriplates and stored in a humidifier chamber.  

ii.  Embedded in Agar/ Agarose : In practice, the protoplasts suspended in molten (40°C) agarose medium (1.2% 
w/v agarose) are dispensed (4ml) into small (3.5-5cm diameter) plates and allowed to solidify.  

iii.  Feeder layer : In order to culture protoplast at low density, a feeder layer technique is adopted.  

iv. Co-culturing : This method involves co-culture of protoplasts from two different species to promote their 
growth or that of the hybrid cells. The co-culture methods is generally used where calli arising from two types of 
protoplasts can be morphologically distinguished.  

Culture medium  

The nutritional requirement of protoplast is almost similar to that of the cultured plant cells. Mostly the salts of 
MS (Murashige and Skoog, 1962) and B5 (Gamborg et al. 1968) media and their modifications have been used. 
Growth regulators are required essentially in protoplast culture generally high concentration of auxins (NAA, 2,4-
D) along with lower concentration of cytokinins (BAP, Zeatin ) is used.  



Environmental conditions: High light intensity inhibits growth of protoplast hence initially protoplast is grown 
in dim light for few days and then transferred to light of about 2000-5000 lux. However, better results are obtained 
when cultured in darkness.  

 

Protoplast isolation and cell wall regeneration. A. Isolated protoplast showing spherical structure; B. Wall is 
regenerated around the protoplast and one of the protoplasts showing cell division (arrow marked) 

Cybrids provide the following unique opportunities: (i) transfer of plasmogenes of one species into the nuclear 
background of another species in a single generation, and even in (ii) sexually incompatible combinations, (iii) 
recovery of recombinants between the parental mitochondrial or chloroplast DNAs (genomes), and (iv) 
production of a wide variety of combinations of the parental and recombinant chloroplasts with the parental or 
recombinant mitochondria.  

REVIEW QUESTIONS: 

1. What are the applications of somatic hybridization?  
2. Discuss about the plasmolysis of plant cells  
3. Why is mannitol not metabolized by the cells? 
4. High intensity of light inhibit protoplast growth - Justify? 
5. Write about the chemistry of plant cell wall 
6. What are the enzymes are being used for isolation of plant protoplast? 
7. What is the tryphan blue exclusion principle? 
8. How does high Ca2+ ion concentration achieve cell fusion? 
9. What is the mechanism behind PEG mediated fusion? 
10. What is the principle of FDA staining? 
11. Differentiate between protoplasts and normal cells? 
12. Define cybrids? 
13. What is the need for two different CPW buffers? 
14. Write the different methods of culturing of protoplast 

RESULT AND INFERENCE: 
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EXP NO.:  10 
DATE:  

CELL SUSPENSION CULTURE 
 

AIM:  
         To establish the cell suspension cultures from friable callus and to enhance the production of secondary 
metabolites by using elicitor(s).  
 
INTRODUCTION:  
 

In spite of advances in synthetic organic chemistry, chemical synthesis of several compounds is not yet 
feasible due to their complex structures. The plants still contribute significantly to the bulk of the market products, 
such as secondary metabolites. The major limitations to the commercial use of potential metabolites is their very 
scarce supply from the field grown plants due to their seasonal growth, genetic, geographical and climatic 
variations, and insect and pathogen attack. The environmental fluxes cause alterations in type and quantity of 
metabolites produced. In this context, the cell culture technique is complimentary and may provide competitive 
metabolite production systems when compared to whole plant extraction. Since the plant cells are totipotent in 
nature, consequently, the cultured cells will also contain the genetic information for the production of therapeutic 
compounds with added potential of increasing yield by explants selection and manipulation of culture conditions. 
The cell cultures have several advantages over conventional isolation of metabolites from the intact plants, such 
as stable supply, freedom from disease and vagaries of climates, closer relationship between supply and demand, 
and growth of large amount of plant tissues in minimal space. Such an alternative method has considerable 
implication as it would reduce the pressure on natural population and, thus, may prevent the plant from becoming 
endangered. It may also help to steer clear of contaminated pharmaceutical raw material. 

 
Plants and/or plant cells in vitro, show physiological and morphological responses to microbial, physical 

or chemical factors which are known as ‘elicitors’. Elicitation is a process of induced or enhanced synthesis of 
secondary metabolites by the plants to ensure their survival, persistence and competitiveness. 

Elicitors are the compounds which induce the production and accumulation of secondary metabolites in 
plant cells. Elicitors produced within the plant cells include cell wall derived polysaccharides, like pectin, pectic 
acid, cellulose etc. Product accumulation also occurs under stress conditions caused by physical or chemical 
agents like UV, low or high temperature, antibiotics, salts of heavy metals, high salt concentrations which are 
grouped under abiotic elicitors. Addition of these elicitors to the medium in low concentration enhances the 
production of secondary metabolites.  

 
PRINCIPLE: 
                 A suspension culture is developed by transferring the relatively friable portion of a callus into liquid 
medium and is maintained under suitable conditions of aeration, agitation, light, temperature and other physical 
parameters. The increased cell dissociation means increased culture uniformity. Plant cells are significantly larger 
and slower growing cells than most microbial organisms. They mostly resemble to parenchymatous cells in having 
relatively large vacuoles, a thin layer of cytoplasm and thin, rounded cell walls. The species/genotypes and 
medium composition used can influence in vitro cell morphology and different cell types with different 
morphological/physiological properties can co-exist within a single culture. 



          For general purpose, the objective with cell suspension cultures is to achieve rapid growth rates, along with 
uniform cells, all the cells being viable. Cells should be sub cultured at weekly intervals or less if they are to be 
used for experimental purposes. Optimally, suspension cultures passage length is 1-2 weeks, but the exact time 
and the dilution required must be determined for each cell line. Dilutions of 1:4 after 1 week or 1:10 after 2 weeks 
are commonly used. It is recommended that a small sample should be withdrawn and the cell density determined 
before sub culturing. 

Cell growth: The most commonly used cell suspensions are of the closed (or batch) type where the cells 
are grown in fixed volume of liquid medium and which are routinely maintained through the transfer of a portion 
(ca 10%) of a fully-grown culture to fresh medium at regular intervals. The growth curve of a cell suspension 
culture (Shown in figure) has a characteristic shape consisting of four essential stages- an initial lag phase, an 
exponential phase, stationary phase and death phase. The duration of each phase is dependent on the species or 
genotype selected, explant used, culture medium and subculture regime. The lag phase is shortened when 
relatively large inocula are used although paradoxically, growth terminates earlier and overall biomass production 
is reduced. 

 

Figure: Growth curve for plant cell suspension grown in closed 
system. The four different growth phases are labeled: (1) Lag 
phase, (2) Exponential phase, (3) Linear phase, (4) Stationary 
phase. 

Plant cell cultures are potentially rich sources of useful 
phytochemicals but relatively few cultures can synthesize these 
metabolites. Expression of genetic informations on the secondary 
metabolism is thought to be generally repressed in such actively 
proliferating cells. It would be beneficial to be able to "switch on" the repressed activities by the addition of a 
specific inducer to these cultures but the control mechanism is, at present, only poorly understood. Microbial 
infection often induces the production of antibiotic substances in plant cells and the molecules which stimulate 
their synthesis. 

EQUIPMENTS: Autoclave, Magnetic stirrers, Magnetic beads, Laminar-air-flow, Microsopes, Incubator 
shaker, pH-meter, Weighing balance, Haemocytometer.   

MATERIALS REQUIRED: Salts and vitamins of Murashige and Skoog's, sucrose, agar, conical flasks, 
measuring cylinders and beakers of various sizes. Cotton plugs, aluminium foils, muslin cloth, scissor, media 
stocks, 1N NaOH, 1N HCl, myo-inositol. Autoclavable polybags, rubber bands. Erlenmeyer flasks. Reagent glass 
bottles for storage, spatula, tissue rolls, distilled water. Micropipette, tips, test-tube stands, autoclavable baskets, 

 



plastic trays, cork borer, friable callus. Plant Growth regulators: Benzyl amino purine (BAP), Naphthalene acetic 
acid (NAA), 2-4-dichlorophenoxyacetic acid.  

METHODS  

i. Establishment of cell suspension cultures  

1. The healthy, green, friable and soft calli maintained on responding semi-solid medium were utilized to 
establish suspension cultures.  

2. Cultures were initiated in Erlenmeyer flasks of 250 ml capacity, containing 50 ml of liquid MS medium.  
3. These friable calli pieces (0.2g) after finely chopped with sterile pestle and mortar are transferred to sterile 

liquid MS media using sterile spatula. 
4. The cultures were incubated in an orbital shaker under shaking conditions at 120 rpm at 25°C ± 2°C and 

maintained in diffuse light (1000-1600 lux) with 16 h photoperiod or in continuous darkness.  
5. The cell biomass was sub cultured regularly into fresh medium at every three weeks.  
6. The viability of cells under each condition was checked with 1% fluorescein diacetate (FDA) solution. 

Within the cells, the molecule is cleaved by esterase activity to fluorescein which is unable to pass through 
the cell membrane of live cells while it leaches out from the dead cells. Hence, only the live, intact cells 
take up the stain and fluoresce green. (To prepare a FDA stock solution 5 mg of fluorescein diacetate is 
dissolved in 1 ml acetone) 

 ii. Cell count:  

The cell number in very finely divided suspensions may be counted directly in a haemocytometer. However, most 
cultures usually contain aggregates and it is difficult to count the number of cells in each clump. Thus clumps are 
generally broken and then the cell number is counted. 

1. The cells is drawn to the 0.5 mark and diluted to the 11 mark with the tube diluting with water. All the 
suspension cells are washed into the bulb of the pipette (which has a volume of 10). Therefore, 0.5 volumes 
of sample are contained in 10 volumes of diluted cells. The resulting dilution is 1:20.  

2. Haemocytometer: The depth of the counting chamber is 0.1 mm and the area counted is 4 sq mm (4 squares 
are counted, each with an area of 1.0 sq mm therefore, 4 x 1.0 sq mm = a total of 4 sq mm). The volume 
counted is: area x depth = volume. Four sq mm x 0.1 mm = 0.4 cu mm.  

The formula is as follows:   

 

 

Calculate the average number of cells per chamber:  15+18+20+14 / 4 = 16.75 

Average numbers of chamber (4) cells counted X Dilution (20) 

Volume (0.4) 



iii. Preparation of Elicitors and challenging to cell suspension:  

1. A rapidly growing and well-dispersed suspension cultures were developed from calli 

2. The cell suspension culture was measured and cells were inoculated to a fresh MS media with the 
concentrations of 1X106-7 cells/mL or 1:4 after 1 week or 1:10 after 2 weeks of cells.  

3. Filter sterilized elicitors of Yeast extract and salicylic acid were added to the subcultures of cell suspension 
at final concentrations of 0.01% each. 

4. The cultures were incubated in an orbital shaker under shaking conditions at 120 rpm at 25°C ± 2°C and 
maintained in diffuse light (1000-1600 lux) with 16 h photoperiod or in continuous darkness. 

5. The cells were harvested after 2 weeks of incubation for extraction of secondary metabolites. 

Major Advantages:  

1. Compounds can be produced under controlled conditions as per market demands. 

2. Culture systems are independent of environmental factors, seasonal variations, pest and microbial diseases 
and geographical constraints. 

3. Cell growth can be controlled to facilitate improved product formation. 

4. The quality of the product will be consistent as it is produced by a specific cell line. 

5. Recovery of the product will be easy. 

6. Plant cultures are particularly useful in case of plants which are difficult or expensive to be grown in the 
fields. 

7. Mutant cell lines can be developed for the production of novel compounds of commercial importance, which 
are not normally found in plants. 

8. Biotransformation reactions (converting specific substrates to valuable products) can be carried out with 
certain cultured cells. 

9. The production time is less and labour costs are minimal. 

Considering the advantages listed above, about 25-30% of medicines for human use, and the various chemical 
materials for industrial purposes are obtained from plant tissue cultures. In general, tissue culture production of 
natural materials is cheaper compared to synthetic production. However, there are certain limitations associated 
with tissue cultures. 

Limitations/Disadvantages:  

1. In general, in vitro production of secondary metabolites is lower when compared to intact plants. 

2. Many a times, secondary metabolites are formed in differentiated tissues/organs. In such a case, culture cells 
which are non-differentiated can produce little. 



3. Cultured cells are genetically unstable and may undergo mutation. The production of secondary metabolite 
may be drastically reduced, as the culture ages. 

4. Vigorous stirring is necessary to prevent aggregation of cultured cells. This may often damage the cells. 

5. Strict aseptic conditions have to be maintained during culture technique: Any infection to the culture 
adversely affects product formation. 

REVIEW QUESTIONS: 

1. What are the advantages for plant cell suspension culture?  
2. Write about the elicitors  
3. How will you differentiate between plant cell and microbial cells? 
4. What do you mean by PAMPs or MAMPs? 
5. Write about the passage of the cells and also explain the sorting of the cells  

RESULTS AND INTERPRETATION: 
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EXP NO: 11 

DATE: 

SOMATIC EMBRYOGENESIS 

AIM: 

To induce the somatic embryos from the plants and to demonstrate the developmental stages of embryo 
in florets of Tridax procumbens. 

INTRODUCTION: 

In somatic embryogenesis (SE), embryo-like structures analogous to zygotic embryo are formed either 
directly from the tissue or via an intervening callus phase. The process is opposite of zygotic or sexual 
embryogenesis. The fertilization process prompts the egg cell or zygote to divide and develop into an embryo. 
This process is called embryogenesis. However, fertilization is not always essential to stimulate the egg to undergo 
embryogenesis. As happens in parthenogenesis, the pollen stimulus alone, or simply the application of some 
growth regulators may induce the egg to undergo embryogenic development. Moreover, it is not the monopoly 
of the egg to form an embryo. Any cells of female gametophyte (embryo sac) or even that of the sporophytic 
tissue around the embryo sac may give rise to an embryo. The development of adventives embryos from nucellar 
cells is a very common feature in case of Citrus and Mangifera. These in vivo observations would suggest that 
for their growth and development of embryos require a special physical and chemical environment available only 
inside the embryo sac. The first observations of in vitro somatic embryogenesis were made in Daucus carota and 
in other species like, Citrus species, Medicago species, etc.  

 

Longitudinal section of an ovule 

In vitro somatic embryogenesis: In vitro somatic embryogenesis was first demonstrated in 1958 by Reinert and 
Steward. There are two ways  i) Indirect, where first the callusing is induced from the explants by rapid cell 
division and later the callus give rise to somatic embryos, and ii) Direct, where the somatic embryos are developed 
directly from the explants without an intermediate of callus phase. In either of the cases, the somatic embryos 
resemble the zygotic embryos. In dicotyledonous plants, the somatic embryo passes through the globular, heart, 
torpedo and cotyledonary stages, as happens in zygotic embryos shown in Figure. The embryos germinate and 
develop into complete plantlets. The only major difference between somatic and zygotic embryogenesis is that 



somatic embryos do not pass through the desiccation and dormancy phases as happens in zygotic embryos, but 
rather continue to participate in the germination process. 

 

Different stages of embryo development: (A) One cell stage, (B & C) two cell and octant (D) globular, (E) heart 
shape, (F) torpedo, (G) cotyledonary and germination 

PRINCIPLE:  

The term somatic embryogenesis is to the pronounced morphological similarity of this vegetative regeneration 
pathway to zygotic embryogenesis. Whether originating directly or indirectly via callusing, somatic embryos arise 
from single special cells located either within clusters of meristematic cells in callus mass or in the explants tissue. 
The important difference compared to zygotic embryogenesis is the need for both, transcriptional and translational 
reprogramming of a somatic cell. Somatic embryogenesis is regarded as a three step process: i. Induction of 
embryo, ii. Embryo development, and iii. Embryo maturation. 
Organogenesis versus embryogenesis: In tissue cultures, plant regeneration via somatic embryogenesis may 
offer many advantages over organogenesis, such as i. Embryo is a bipolar structure rather than a monopolar one. 
ii. The embryo arises from a single cell and has no vascular connection with maternal callus tissue or the cultured 
explants. On the other hand during organogenesis shoots or roots develop from a group of cells resulting into 
chimera formation which later establish a strong connection with the maternal tissue.  
iii.   Further, induction of somatic embryogenesis requires a single hormonal signal to induce a bipolar structure 
capable of forming a complete plant, while in organogenesis, it requires two different hormonal signals to induce 
shoot first and then root organ. 
 
EQUIPMENTS: pH meter, Magnetic Stir Plate, Micro Pipettes, Vortex Mixer, Laminar air flowand etc.. 
 

MATERIALS REQUIRED: 

Murashige and Skoog's (MS) medium, Growth regulators – Auxin and cytokinin, Reagent glass bottles 
for storage, Culture tubes or conical flasks containing media, Measuring cylinders and beakers of various sizes, 
Sterile Petri dishes, Scalpel, forceps, spatula, scissor and steel dissecting needles, Sterile distilled water, Alcohol, 
Detergent (Tween 20, Teepol, etc;), Sodium Hypochlorite, Tissue rolls, Cotton plugs, Aluminum foils, Muslin 

Embryonic development of Arabidopsis 

Root apical meristem 

Shoot apical 
meristem 



cloth, Autoclavable polybags & rubber bands, 1N KOH, 1N HCl, Plant material – Zygotic embryos, or excised 
cotyledons or hypocotyls or Callus. Growth regulators: Auxin – 2, 4 – D (0.5mg/l). 

PROTOCOL: 

For somatic embryogenesis:  
9. Prepare 100 mL of MS medium supplemented with appropriate growth regulators, sucrose 3% w/v and 0.8% 

agar w/v, dispense the medium into tubes (10mL each) and allow it to solidify. 
10. Autoclave the media at 121°C for 15 to 20 min at 15 pounds per square inch (psi). Allow the medium to 

cool to room temperature as slanting position.  
11. Carry out all the subsequent steps under aseptic conditions. 
12. Sterilize the working area within the transfer chamber with cotton or sterile a tissue soaked with ethanol 

(70%v/v). Switch on the ultra violet (UV) lamp for 10 minutes. (Thoroughly wash your hands with soap and 
water before starting the aseptic procedure). 

13. Switch off the UV lamp, turn the blower on. 
14. Light the Bunsen burner and then place the scalpels and forceps in the ethanol dip. 
15. Surface sterilization of Explants 

a) The explants (Zygotic embryos, or excised cotyledons or hypocotyls) were washed by submerging in water 
with a few drops of detergent in a beaker with gentle shaking by hand. 

b) The explants were submerged in 70% alcohol for 30seconds after which the alcohol was decanted. 
c) The explants were transferred to a flask containing 20% commercial sodium hypochlorite solution and left 

there for 1– 3minutes for surface sterilization. Later they were rinsed thrice with distilled sterile water. 

8. Inoculation: Using sterile forceps inoculate the explants horizontally on MS media containing 2, 4 – D 
(0.5mg/l).  

9. Incubate the cultures at 25 ± 2°C temperature and 50-60% relative humidity under a 16/8 hour (light/dark) 
photoperiod with diffuse light (1000-2000 lux).  

10. Embryo like structure or somatic embryos will be observed after 3weeks.  

For dissection of the developmental stages of embryo in florets of Tridax procumbens: 

1. Collect the head inflorescence from the Tridax procumbens, separate the florets.   
2. Select the correct stage of floret and with the help of needle collect the ovary. 
3. Placed the ovary on the glass slide and put the cover slip. 
4. Gently tap for the getting out of the developing embryo from the ovary. 
5. The stage of the embryo observed under the dissection microscope and record.  

Applications of somatic embryogenesis  

The somatic embryogenesis using various explants, most popular ones being zygotic embryos, or excised 
cotyledons or hypocotyls  

i. Somatic embryogenesis offers immense potential to speed up the clonal propagation of plants being bipolar in 
nature.  



ii. Being single cell in origin, there is a possibility to automate large scale production of embryos in bioreactors 
and their field planting as synthetic seeds.  

iii. The bipolar nature of embryos allows their direct development into complete plantlet without the need of a 
rooting stage as required for plant regeneration via organogenesis.  

iv. Epidermal single cell origins of embryos favour the use of this process for plant transformation.  

v. It can also be used for the production of metabolites in species where embryos are the reservoir of important 
biochemical compounds.  

vi. The production of artificial seeds using somatic embryos is an obvious choice for efficient transport and 
storage.  

vii. The embryo culture technique is applied to overcome embryo abortion, seed dormancy and self-sterility in 
plants.  

 REVIEW QUESTIONS: 

1)  What is apogamy and parthenocarpy? 
2)  What are the difference between embryos and embryoids? 
3)  What are the stages of embryogenesis? 
4)  Define double fertilization? 
5)  Write the applications of somatic embryos  
6)  Describe amphimixis and apomixis? 
7)  What is the shelf life of synthetic seeds? 
8)  Explain the economical importance of parthenocarpy? 
9)  Describe the bipolar nature of embryo? 

  
RESULTS AND INTERPRETATION: 
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EXP NO:12 

DATE: 

CRIME SCENE INVESTIGATION WITH FUNGI 
 
AIM: 

To stimulate the investigative nature of our students as they use forensic plant pathology techniques to 
‘prove’ their innocence in a murder investigation. To become familiar with the cytological events involved in the 
establishment of infection by a fungal pathogens and their colonization in given plant tissues. 
 
INTRODUCTION: 

All plants, native and cultivated, are prone to diseases and injuries. One definition is that disease is 
suboptimal plant growth brought about by a continuous irritant, such as a pathogen (an organism capable of 
causing disease) or by chronic exposure to less than ideal growing conditions. In the case of diseases, the effects 
are caused by a continuing process or irritation. The source of continuous irritation may be abiotic (non-living) 
or biotic (caused by a pathogen). Biotic diseases are caused by pathogens and are often referred to as infectious 
diseases, because they can move within and spread between plants. Plant pathogens are very similar to those that 
cause disease in humans and animals and include viruses, bacteria, fungi, and nematodes.  

Pathogens may infect any part of the plant including leaves, shoots, stems, roots, fruit, and seeds. For an 
infectious disease to develop, a susceptible host, a pathogen capable of causing disease and a favorable 
environment for the pathogen to grow is required. Regardless of which pathogen, disease development on a plant 
requires that the pathogen must: (a) come into contact with a susceptible host (referred to as inoculation); (b) gain 
entrance or penetrate the host through either a wound, a natural opening on plant surface (stomata, lenticels, etc.) 
or by direct penetration of the host; (c) establish itself within the host; (d) grow and multiply within or on the 
host; and (e) be able to spread to other susceptible plants. Successful pathogens must also be able to survive long 
periods of unfavorable environmental conditions in the absence of a susceptible plant host.  

Two terms that are often used when discussing plant disease and injury are sign and symptom. In the 
medical field, the two words are used differently than in the plant world. In dealing with plants, the word sign is 
used when the pathogen or part of the pathogen is observed in or on an infected plant. Examples include: fungal 
hyphae or mycelium, spores, fruiting bodies, bacterial cells, or virus particles. Symptoms are visual or noticeable 
changes of a plant which result from disease or injury. Early after infection, disease symptoms are often invisible 
since they take time to develop. Examples of common symptoms are: yellowing of leaves; wilting of leaves; 
dropping of leaves or fruit; and stunting of plant parts or the whole plant. 

Penetration and establishment of infection in host tissue are key events in the disease cycles of fungal 
pathogens (Figure 1). Fungal spores on plant surfaces usually can survive in a dormant state during periods of 
unfavorable environmental conditions. However, much like a germinating seed, the germinating spore is the most 
vulnerable stage in the life of a fungus to environmental conditions, exposed as it is to the possibility of desiccation 
as well as other stresses. In addition to facing risks from unfavorable environmental conditions, germinating 
spores must breach the physical barriers provided by the host (cuticle, cell walls) and face the onslaught of plant 
biochemical defense mechanisms present in host cytoplasm. Finally, they must do this all while in a juvenile, 
germling state. It is not surprising, therefore, that management practices are often directed at these delicate events 
in the disease cycle. 



The germ tube, a slim fungal tube emerging from the spore upon germination, the appressorium, a 
swollen structure at the end of a germ tube which attaches to the plant cell about to be penetrated, infection 
hypha. For the purposes of this experiment, all fungal structures within host cells can be considered as "infection 
hyphae." 

 

 

 

 

 

 

 

 

 

Figure. 1 

 

 

 
 
 
 
 
 
 
 
PRINCIPLE: 

This exercise can be used to stimulate the investigative nature of students as they use forensic plant 
pathology techniques to ‘prove’ their innocence in a murder investigation. In order to truly understand the nature 
of science and technology, the students must model the process of scientific investigation through inquiries. This 
experiment does not require the purchase or maintenance of special cultures, since fungi are easy to find on plants 
in nature. The leaves infected with fungi have to be collected.  
 
Background information 

CRIME SCENARIO: An eyewitness thought he saw you running from a wooded park or rice / groundnut 
fields where a murder took place. The police have brought you in for questioning and during their investigation 

 



they notice that the leaf pieces stuck to your shoelaces/cloths have the same fungi-like appearance as the leaf 
pieces that were found on the murder victim’s clothes. Although only circumstantial, the public is demanding the 
arrest of a suspect and it appears that you are going to be arrested for murder unless you can prove them wrong. 
You must delve into the depths of forensic plant pathology and use diagnostic skills and tools to prove your 
innocence…that is, if you AREinnocent!. 

FORENSIC BACKGROUND INFORMATION:Plant disease caused by a fungi that forms a different types 
of symptoms on plant of fungal hyphae (thread-like structures) and spores on the surface of leaves, stems, fruits, 
buds and flowers. (Figure in reference chart). Different genera of fungi can be identified most easily at the end of 
the plant’s growing season when they reproduce sexually to form spores. The distinctive structure of the spores 
helps to differentiate the genera for identification of them. 

MATERIALS:  
Fresh plant specimens with disease collected from specific location, Dissecting microscopes, Compound 

microscopes, Razor blades, Lactophenol cotton blue stain, Microscopeslides, Coverslips, Pith material to take 
thin section.  
 

PROTOCOL: 
 

1. Selectfresh plant specimens with disease collected from specific location. 
2. Take a thin section through the healthy and infected area of the plant material collected and from your 

sample with the help of razor and pith.  
3. Select a thin section and stain with Lacto-phenol cotton blue stain to detect the fungi alone in the plant 

tissues. 
4. Stained plant material sections washed with water and mounted on glass slide and place the cover slip. 
5. View the plant section infected with fungi collected from the location under the microscope. 
6. Observe the fungi (mycelium structure, type and structure of the spore, colonization – inter cellular or 

intra cellular) which was collected from the murder location and stuck on your shoe lace of infected plant 
material.  

7. Compare the above parameter of the fungi similarity between leaf collected on the cloths of dead body 
and leaf pieces stuck to your shoelaces/cloths and prove.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
Reference Chart to identify the fungi: 

 
 

REVIEW QUESTIONS: 

1)  Explain the classification of fungi based on the spores? 
2)  Describe the appressorium? 
3)  How does lacto-phenol cotton blue stain the fungi? 
4)  List five groups of fungi causes the diseases on the plants? 
5)  How will you determine the exact species of the fungi? Describe gene sequencing? 
6)  Give two examples of the great famines caused by fungal pathogen? 
7)  What do you mean by elicitors? 
8)  Which fungi dethrone Drosophila from the kingdom of genetics? 
9)  Explain about the PAMPS / MAMPS? 
10)  How does a fungi breach the plant cell wall? 

 
RESULTS AND INTERPRETATION: 
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EXP NO: 13 

DATE: 

PARTICLE BOMBARDMENT MEDIATED GENE TRANSFORMATION IN PLANT  

Demo Experiment  

AIM: 
To introduce a gene of interest into plant leaves through particle bombardment method using biolistic gene 

gun. 

INTRODUCTION: 
Different systems are now available for gene transfer and successive regeneration of transgenic plants and 

the most common being Agrobacterium -mediated transformation. However, the preferred host of Agrobacterium 
is the dicot plants and its efficiency to transfer genes in monocots is still unsatisfactory. The alternative to this is 
the introduction of DNA into plants cells without the involvement of a biological agent like, Agrobacterium, and 
leading to stable transformation, known as direct gene transfer. The direct DNA transfer methods have been 
subdivided into three categories: 1. Physical gene transfer method, 2. Chemical gene transfer method, and 3. DNA 
imbibitions by cell, tissue and organ.  

Physical gene transfer method: Particle Bombardment  

The Particle bombardment device, well known as the gene gun, was developed to enable penetration of 
the cell wall so that genetic material containing a gene of interest can be transferred into the cell. This physical 
direct gene transfer method, gene gun, is used for genetic transformation of several organisms to introduce a 
diverse range of desirable traits. Plant transformation using particle bombardment follows the same steps as in 
Agrobacterium mediated transformation method:  i. Isolation of desired genes from the source organism, ii. To 
develop a functional transgenic construct including the selected gene of interest; promoters to drive expression; 
modification of codon, if needed, to increase successful protein production; and marker genes to facilitate tracking 
of the introduced genes in the host plant, iii. Insertion of transgenic construct into a useful plasmid.iv, Introduce 
the transgenes into plant cells, v. Regenerate the plants cells, andvi. Test the performance of traits or gene 
expression under in vitro, greenhouse and field conditions.  

In particle bombardment method, 1-2 µm tungsten or gold particles (called micro-projectiles) coated with 
genetically engineered DNA are accelerated with air pressure at high velocities and shot into plant tissues on a 
Petri-plate. This is the second most widely used method, after Agrobacterium mediated transformation, for plant 
genetic transformation. The device accelerates particles in one of the two ways: (1) by means of pressurized 
helium gas or (2) by the electrostatic energy released by a droplet of water exposed to high voltage. The earlier 
devices used blank cartridges in a modified firing mechanism to provide the energy for particle acceleration, and 
thus, the name particle gun. It is also called Biolistics, Ballistics or Bioblaster).  

The microcarriers (or microprojectiles), the tungsten or gold particles coated with DNA, are carried by 
macrocarriers (macro projectiles) which are then inserted into the apparatus and pushed downward at high 
velocities. The Macro-projectile is stopped by a perforated plate, while allowing the microprojectiles to propelled 
at a high speed into the plant cells on the other side. As the micro-projectiles enter the plant cells, the transgenes 
are free from the particle surface and may inserted into the chromosomal DNA of the plant cells. Selectable 



markers help in identifying those cells that take up the transgene or are transformed. The transformed plant cells 
are then regenerated and developed into whole plants by using tissue culture technique. 

The technique has many advantages and can be used to deliver DNA into virtually all the tissues, like immature 
and mature embryos, shoot-apical meristem, leaves, roots etc. Particle bombardment methods are also useful in 
the transformation of organelles, such as chloroplasts, which enables engineering of organelle-encoded herbicide 
or pesticide resistance in crop plants and to study photosynthetic processes.  

Limitations to the particle bombardment method, compared to Agrobacterium-mediated transformation, include 
frequent incorporation of multiple copies of the transgene at a single insertion site, rearrangement of the inserted 
genes, and insertion of the transgene at multiple insertion sites. These multiple copies can be associated with 
silencing of the transgene in subsequent progeny. The target tissue may often get damaged due to lack of control 
of bombardment velocity.  

PRINCIPLE: 

Particle bombardment, or biolistic, is a commonly used method for genetic transformation of plants and 
other organisms. Millions of DNA-coated metal particles are shot at target cells or tissues using a biolistic device 
or gene gun. The DNA elutes off the particles that lodge inside the cells, and a portion may be stably incorporated 
in the host chromosomes. 

Gene gun employs high velocity microprojectiles to deliver substances into cells & tissues. For genetic 
transformation, DNA is coated onto the surface of micron-sized tungsten or gold particles by precipitation with 
calcium chloride and spermidine. Once inside the cells, the DNA elutes off the particles. If the foreign DNA 
reaches the nucleus, then transient expression will likely result and the transgene may be stably incorporated into 
host chromosomes. 

The system employs high-pressure helium released by a rupture disk to propel a macrocarrier sheet loaded 
with millions of DNA-coated metal particles (microcarriers) toward target cells. A stopping screen halts the 
macrocarrier, and the microcarriers continue toward the target and penetrate the cells. Because of its physical 
nature and simple methodology, the biolistic process can be used to deliver substances into a wide range of intact 
cells and tissues from a diversity of organisms.In plant research, the major applications have been transient gene 
expression studies. 

 

MATERIALS REQUIRED: 
Goldparticles, Absolute ethanol, 0.1M Spermidine, 2.5 M CaCl2, Petri-Plates, Micro Pipettes 



Micro tips, Biolistic Gene Gun apparatus (He-driven Delivery system, PDS1000/Bio-Rad, USA) 
Vortex and etc. 
PROTOCOL: 

1. The growth chamber grown target plant leaves used for this study 
2. Transformation of 30mg of gold particles are suspended in 500µl of absolute ethanol, vortexed and 

centrifuged at 10,000 rpm for 30-60 sec.  
3. They were then allowed to settle at room temperature for 15 min and centrifuged at 15000rpm for 10 sec. 
4. The supernatant is discarded and the pellet is resuspended in 100µL of absolute ethanol followedby 

vortexing at high speed.Then 3µL of gold particle dispensed in eppendorf and stored at -20°C. 
5. The 50µL of absolute ethanol is added to an aliquot of 10µL gold particle suspension. 
6. The solution is kept on ice for 3 sec and vortexed for 30 min.It was again kept in ice for 30 sec and 

centrifuged for 10 sec at 5000 rpm. 
7. The supernatant is discarded and the step is repeated twice. 

8. Then 50µL of absolute ethanol is added to the gold particle. 
9. Gold particles (8mg) were mixed with DNA of 5µL-10µL (20.0 ng - 2.0µg) and vortexed. 
10. Then 2.5 M CaC12 and 20µL of 0.1 M spermidine is added, vortexed for I min and incubated in ice for 15 

min. 
11. The suspension is centrifuged at 5000 rpm for 5 sec and supernatant is discarded and pellet is washed with 

absolute ethanol.The pellet is dissolved in 20µL alcohol. 
12. The 10µL of this suspension having DNA coated gold particles was uniformly distributed onto 

macrocarriers and allowed to dry for 10 min for ethanol evaporation. 
13. These microcarriers are finally used for the particle bombardment in Gene Gun (Bio-Rad, USA). 
14. The accessories for bombardment like rupture discs, stopping screens, microcarriers and microcarrier 

holders are sterilized for 1 min in absolute ethanol and air dried under the laminar airflow before use. 
15. The DNA coated gold particles are re-suspended in 20µL of absolute ethanol and 10µL pipetted out and 

placed slowly in the center of the macrocarriers for uniform spreading of gold suspension on its surface. 
16. The plants/explants were bombarded aseptically by placing in vacuum (25 mm Hg) using 1100 psi rupture 

discs. 
17. Bombarded plants/explants were transferred immediately to glass house/culture room for maintained 

temperature conditions. 
 

REVIEW QUESTIONS: 

1)  Why agrobacterium mediated transformations is preferred in dicots and not in monocots? 
2)  How to calculate transformation efficiency in plant transformation? 
3)  What is the difference between direct and indirect gene transfer method? 
4)  How DNA is coated with gold or tungsten particles? 
5)  Why gold is used to coat DNA particles in gene gun method? 
6)  Can you coat DNA particles with metals other than gold or tungsten? 
7)  What is the use of CaCl2 and spermidine in gene gun experiment? 
8)  How will you screen a plant cell to confirm the transformation? 
9)  What are the limitations to the use of biolistic gun method? 
10)  What are the conditions need to be kept in mind to maintain and culture the transformed plant? 

  



INTERPRETATION: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exp. No.: 13 
 

COMPONENTS 

MARK SPLIT UP 

OBTAINED 
Present 

Present but 
not completed 
 

Absent  
 

Procedure (On the day of experiment) 1 0 

0 

 

Observation and Viva 
 

2 1.5  

Inference with reference and 
answers for review questions 
(On next experiment)  

1 0.5  

TOTAL MARKS 4 2.0 0  

Signature of the Faculty with date  

 


