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EXERCISE No. – 1 

 

REQUIREMENTS FOR PLANT TISSUE CULTURE AND BIOTECHNOLOGY 

LABORATORY 

Plant biotechnology is a combination of tissue culture and genetic engineering. Plant 

tissue culture and biotechnological research requires dust free laboratories, equipped with 

uninterrupted electric supply, adequate water availability and proper air conditioning 

facilities for better research outcome. Plant biotechnology laboratory can be divided into 

different sections depending upon function and purpose of the operations as well as the 

availability of funds. The overall design of laboratory must focus on maintaining aseptic 

conditions. The following kind of building space and apparatus is required in a standard 

plant tissue culture and biotechnological laboratory to carry out the research objectives.  

 

[A] Plant Tissue Culture Laboratory [B] Genetic Engineering Laboratory 

(1) Media Preparation Room (8) Molecular Biology Laboratory 

(2) Inoculation Room (9) Genetic Transformation Laboratory 

(3) Culture Room (10) Transgenic Glass House 

(4) Observation Room (11) Laboratory for Radioactive Work 

(5) Dark Room (12)  Cold Room 

(6) Washing Room (13) Store Room 

(7) Green House (14) Generator Room 

 

[A]  PLANT TISSUE CULTURE LABORATORY 

 

(1) Media Preparation Room: 

 It is also known as kitchen of plant tissue culture. At least two laboratories (size 20’ 

× 15’ and 20’ × 20’) are needed, one for preparation of solutions, stock solution, culture 

media and preparation of explants and the other for sterilization of living and non-living 

materials. 

 

The following items/ instruments are essential for this laboratory: 

 

 List of Instruments: 

 

 

1. Refrigerator 9. Hot plate with magnetic stirrer 

2. Weighing balances 

(1to 200 g and 1 to 1000 mg) 

10. Micro pipettes 

3. Autoclave (one or two) 11. Orbital shaker 

4. Hot air oven 12. Incubator 

5. Microwave oven 13. Vortex Mxier 

6. Digital pH meter 14. Cooling centrifuge 

7. Water bath with temp. control 15. Micro centrifuge 

8. Filter sterilization assembly   
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Suggestions: 

1. The operating manuals of all the equipments must be kept along with respective 

equipments. 

2. The chemicals, glasswares and  plasticwares should be assigned to specific areas. 

3. The chemicals should be arranged alphabetically and stored according to its 

temperature requirement. 

4. Strong acids and bases should be stored separately. 

5. Chemicals like Chloroform, alcohol, phenol, etc. which are volatile or toxic in 

nature, must be stored in a fume hood 

 

(2) Inoculation Room OR Transfer Room: 

 

This room of 20’ × 15’ size is required for transferring the plant materials into culture 

vessels. Tissue culture techniques can be successfully carried out in a clean and dry 

atmosphere with protection against air-borne micro-organisms. This room should be 

perfectly sterilized, clean and dust free for routine transfer and manipulation work and it 

should have a arrangement of UV lights on the walls. The inoculation chamber is consists 

of the Laminar airflow cabinets. It is the most common accessory used as a bench for 

aseptic manipulation / transfer of the plant materials in culture vessels. One or more 

laminar airflow cabinets can be housed in such inoculation room. 

 

The following items/instruments are essential in this laboratory. 

 List of Instruments:  List of Accessories: 

1. Laminar air flow cabinets  

(Single or double door 

benches)  

1. Height adjustable chairs 

(Revolving chairs) 

2. Glass bead sterilizers 2. Culture trolleys 

3. Safety burners / Spirit lamps 3. Gas cylinder with LPG 

4. Incubators 4. Scissors and Blades  

  5. Scalpels and Needles  

  6. Forceps and Spatulas 

  7. Parafilms 

 

(3) Culture Room OR Incubation Room OR Growth Room: 

 

This is the room where the cultures are incubated for growth so it is called as culture 

room or incubation room or growth room (20’ × 20’). The most important aspect is 

maintenance of high sterility in this room. It is cut off from the outside air completely and 

is completed isolated. It should clean regularly so as to avoid any sort of dust deposition. 

For placing cultures, this room should have enough wooden or iron racks. Each rack 

should have tube lights and bulbs for providing the required photoperiod. Culture room 

should attach with a dark room for housing liquid cultures and other cultures requiring 

dark conditions. 
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The following items/instruments are essential in this laboratory. 

 

 List of Instruments:  List of Accessories: 

1. Air conditioners (2 to 4)  1. Culture racks (10 to 12) fitted with 

electric tube rods with fluorescent light 

2. Heat blowers (2 to 4) 2. Automatic timers to regulate light 

duration and temperature 

3. Humidifiers 3. Culture trolleys 

4. Maximum and minimum 

thermometer/Hygrothermometer 

4. Marker pen 

5. Lux meter   

6. Environmental shakers   

7. Table top shakers   

 

Suggestions: 

1. Persons should not enter without prior washing and disinfecting hands. 

2. Outside clothes and shoes should not be allowed into the culture room. 

3. As far as possible, entry of people should be restricted in this area. 

Plant tissue cultures should be incubated under conditions of well-controlled temperature, 

illumination, photoperiod, humidity and air circulation. For this purpose, there should be 

air conditioners, heaters, humidifiers, fluorescent lights, lux meter and a maximum and 

minimum thermometer. All these can be kept under the control of regulators and auto-

timers so that desired conditions are maintained. A twenty-four hours automatic timer can 

be used to control the lighting duration and temperature in the culture room. Usually the 

temperature of the culture room is maintained around 25  2 OC, light intensity 2000-

3000 lux, light duration of 16 hrs light / 8 hrs dark regimes per day and relative humidity 

around 60 to 80 % but close to 100 % in the culture vessels. 

Temperature:  

The real temperature of tissues inside culture vessels can be 2 to 4OC greater than that of 

the culture room. Practically, the room temperature should be regulated at 2 OC lower 

than that desired for the culture tissues. It is advantageous to maintain a temperature of 20 

 2 OC for temperate species and 25  2 OC for tropical species. 

Light:  

Light requirements for the cultures can be divided into different parameters: (a) Light 

intensity (b) Duration of light and (c) Quality of light. Photoperiod, light quality and 

intensity may be set according to the types of culture. Carbohydrates are present in the 

media hence, the process of photosynthesis is not important at initial stage of cultures. 

However, photosynthesis is always going on slowly in the tissues.  

 

(a) Light intensity: Unit used for measuring light intensity are Lux, Foot candles, Joule 

per square meter (J/m2), watts per square meter (W/m2), watts per square centimeter 

(W/cm2). Lux unit is widely used for measuring the light intensity, but it should be 
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discarded as (i) it depends on the physiology of human eye and (ii) is totally unadapted to 

the needs of the plant. 

 In tissue culture rooms, light intensities ranges from 5 to 25 W/cm2 (1000 to 5000 

lux), with the most common use of 10 to15 W/cm2 (2000 to 3000 lux). The preferred 

term for photosynthetically active radiation units is to use photon flux density (μmol 

photons/m2/s), which is equal to μE/m2/s. 

(b) Duration of light: It is the quantity of light energy received which is equal to 

intensity x light duration. Most of the tissue culture rooms have a light duration of 16 to 

18 hours/day. 

(c) Quality of light: Spectral quality of light received by in vitro cultures is very 

important. Normally, daylight is richer in blue radiations and brilliant white light is richer 

in red radiations. Generally, commercial white fluorescent tubes are adequate for plant 

tissue culture work. 

Incubation room or culture room could also be replaced by incubator cabinets or 

environmental shakers or plant growth chambers. 

Plant Growth Chamber: It is a chamber in which all the facilities are provided which is 

present in a culture room. It has UV lights for sterilization from time to time, fluorescent 

lights, arrangements for the maintenance of required humidity, temperature controller and 

timer to maintain the required photoperiod etc. 

 

(4) Observation Room: 

 Besides the above mentioned facilities, plant tissue culture laboratory should also 

have space (10’ × 10’) for the observation of cultures. Usually a separate space is left in 

the culture room itself. This requires various kinds of microscopes like Binocular 

stereomicroscope, Inverted microscope and Compound microscope with camera. This are 

should have sufficient light arrangements and should be neat and clean. 

 

(5) Dark Room: 

 A small dark room (10’ × 10’) is required for photography equipped with cameras.  

 

(6) Washing Room: 

 A single span (20’ × 15’) washing room is required for cleaning glasswares or plastic 

wares. This room should include the following facilities. 

1. Adequate water supply 4. Wall racks / cupboards 

2. Double sink 5. Hot air oven 

3. Glassware washing machine 6. Big size plastic buckets 

 

 How to wash the glasswares or reusable plastic wares? 

 

1. Cleaning of glassware involves acid soak followed by thorough washing with tap 

water and subsequent rinsing with distilled water. However, due to corrosive nature 

of acids, it is recommended that the glasswares should be soaked in a 2 % detergent 

for 16 hrs followed by cleaning with help of a brush and scrub, washing with 60-70 
OC hot tap water to remove the last traces of detergent and finally rinsed with double 
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distilled water. 

2. The glassware is first air dried and then kept in an oven for two hours at 160 OC for 

dry sterilization. 

 

3. The clean glasswears are stored in completely clean, dust free wall racks/cupboards 

present in the washing room. 

4. The reusable plastic wares should be washed with mild detergent followed by rinsing 

first with 60-70 OC hot tep water and then with distilled water. 

 

(7) Green house:  

 Green house (40’ × 20’), with controlled temperature and relative humidity, is 

required to grow regenerated plants up to maturity especially during the off seasons. This 

facility is also required for hardening of plantlets of culture containers so that they can be 

transferred to the field. Green house requires cooling system, misting system to 

acclimatize the plants. Artificial lighting system is also necessary for adjustment of 

photoperiod. 

 

[B] GENETIC ENGINEERING LABORATORY  

 

(8) Molecular Biology Laboratory: 

 At least two laboratories (size 20’ × 15’ and 20’ × 20’) are required for molecular 

biology research. One lab is needed for routine preparation work and one for sophisticated 

instrumentation. 

 

The following items/instruments are essential in this laboratory. 

 List of Instruments:  List of Accessories: 

1. Table top centrifuge 13. ELISA reader 

2. Refrigerated centrifuge 14. Weighing balances 

3. PCR machines (one or two) 15. Digital pH meter 

4. Gel electrophoresis unit 16. Hot plate with magnetic stirrer 

5. Gel documentation system 17. Micro pipettes 

6. UV - Transilluminator 18. Vortex mixture 

7. Deep freezer (-20 and -80 OC) 19. Orbital shaker 

8. Ice flanking machine 20. Incubator 

9. Liquid nitrogen cylinder 21. Microwave oven 

10. Hybridization Oven 22. Refrigerator (one or two) 

11. Spectrophotometer (Nano-Drop) 23. Pestle and Mortar 

12. UV-crosslinker 24. Fume hood 

 

(9) Genetic Transformation Laboratory: 

 A laboratory of a single (20’ × 15’) with double door entry is required for genetic 

transformation work using Agrobacterium and particle gun methods. 

 

  



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 6 
 

 The following items/instruments are essential in this laboratory. 

 List of Instruments: 

1. Laminar air flow cabinets  (Two) 5. Helium gas cylinder 

2. Table top centrifuge (10000 rpm) 6. Particle gun 

3. PCR machines  7.. Vacuum pump 

4. Electrophoresis apparatus 8. Sonicator 

 

(10) Transgenic Glass House: 

A transgenic glass house (20’ × 15’) with very good temperature and light control facility is 

required to grow transgenic plants up to the stage of maturity and maintaining them. 

(11) Laboratory for Radioactive Work: 

 In Southern and northern blotting techniques, radio labeled DNA or RNA probes are 

used to hybridize the target gene. All such experiments should be carried out in specialized 

laboratory (20’ × 20’) with necessary safety measures and radioactive disposal facilities 

under the permission and guidance of Bhabha Atomic Research Center (BARC), Trombay. 

(12) Cold Room: 

 A small cold room (10’ × 10’) is maintained at 4 OC is required for doing 

DNA/protein work. 

(13) Store Room: 

 A store of about 20’ × 15’ is needed for storing chemicals, apparatus, glasswares, 

plastic wares, stationery etc. 

(14) Generator Room: 

 A generator room of about 10’ × 10’ is needed for supplying uninterrupted power 

supply in case of non-availability regular power in plant tissue culture and biotechnology 

laboratories. 

 

USE OF EQUIPMENTS: 

 

 [A] Use of Equipments: 

 

(1) Micropipettes: 

 Micropipette is used (i) to take micro quantity of any liquids accurately and (ii) to 

avoid the risk of sucking toxic/poisonous chemicals in the mouth. 

 There are two types of micropipettes: 

(a) Fixed volume: The volume of micropipette is fixed. E.g. 10 μl.  

(b)  Variable volume: Three categories micropipettes are commonly used in the plant 

tissue culture and biotechnology laboratory with the following measuring ranges: (i) 0.5 to 

10 µ1 (ii) 10 to 100 µ l (iii) 100 to 1000 µ l 

 An essential component of the micropipettes is a tip that fits on the end of pipettes. 

The tip holds the liquid that is being measured. There are two kinds of tips available in the 

markets: Sterilized, disposable tips and Autoclavable tips. 

How micropipette works? 

Micropipettes function by pressing a plunger that displaces the air in the pipette tip. When 

the tip is placed beneath the surface of the liquid and the plunger is released, liquid is pulled 
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into the tip. For accuracy, the plunger reaches a point of resistance that indicates that the 

desired volume is measured accurately. To dispense the liquid, the plunger is pressed to a 

second point of resistance. The used tip is ejected by pushing the plunger or in some pipettes 

by ejection of button. 

(2) Weighing Balances: 

 It is used to weigh the exact quantity of any substances or chemicals accurately and speedily. 

Most modern balances have single pan digital balances. 

 It is preferable to install an electronic digital balance with sensitivity of 0.001 

g. One must read the instruction given in the manual to become familiar with the 

balance. Chemicals are weighed by placing them on a piece of weighing paper, in a 

weigh boat, or in a beaker. After placing the weighing paper, use tare that resets the 

balance to zero so that one may read the desired weight directly. 

(3) Centrifuge: 

 It is used to separate the cells, macromolecules such as DNA, RNA and proteins or 

sub cellular organelles including mitochondria, ribosome, and nuclei by homogenizing the 

cells. The centrifuge may be used either preoperatively for the isolation of pure components 

or analytically to determine sedimentation rate. 

 The centrifuges vary in the sample size they will hold and in the centrifugal force 

they can generate. Force (g) is determined by the following formula. 

Force (g) = 11.18    r (rpm / 1000)2 

 Where, r = radius of the centrifuge 

  rpm = revolutions per minute 

Types of centrifuges: There are two types of centrifuges in general. 

(a) Low-speed centrifuges: The low-speed centrifuge has a fixed angle rotor and holds 

a maximum tube size of 15 ml. The low- speed centrifuge is capable of 4000 rpm 

and is not adjustable. 

(b) Micro centrifuges: micro centrifuge has a rotor that will hold 1.5 ml micro 

centrifuge tubes. The speed may be adjusted from 1000 rpm to a maximum speed of 

20,00 rpm. 

(4) Autoclave: 

 It is an Instrument used for wet sterilization. It works on the principle of pressure 

cooker. Autoclave can be used for sterilization of many things viz., medium, glasswares, 

filter papers, surgical instruments etc but only after proper wrapping them in paper or 

aluminium foil to prevent from wetting. 

 It has a double walled body of stainless steel, iron or aluminium, which helps in 

insulation. A rubber gasket is provided for tight closure and a lid with locking bolts, a gauge 

to measure the pressure of the steam, a safety valve and a steam release valve. It is fitted 

with an electric heater and a central bucket to place materials to be autoclaved. Before 

operating the autoclave, water is filled in it up to the indicated mark. The water level is very 

crucial, as heater should completely be immersed in water. 

 

Types of autoclaves:  

Autoclaves of different size and of varied capacity are available in the market, which can 

autoclave large volumes of media at a time. These are two basic types of autoclave: (a) 
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Horizontal autoclave and Vertical autoclave. Now-a-days sophisticated automatic autoclaves 

are available with timers, indicator lights and temperature and pressure regulators, which 

make handling very easier. 

(5) Hot air oven:  

It is a cabinet which provides a high temperature in a varied range. It is used for 

general drying of glasswares at 75-80 OC and also for dry air sterilization at a temperature 

equal to 125 OC for 4 – 5 hours. The glasswares are arranged in the oven such that proper 

circulation of air is possible. It should not be overloaded with glasswares or plastic wares 

and should be cleaned at regular intervals. 

(6) Laminar Air flow Cabinet: 

 It is a cabinet or chamber having a constant blow of sterile air towards outer 

direction, which provides sterile air towards outer direction, which provides sterile 

conditions for the inoculation of material in culture vessels. It provides platform for aseptic 

work during inoculation of explants, separation and transfer of plantlets from one glass 

vessel to another.  

 

Principle:  

A motor sucks air from the lower side of the cabinet and blows it in the working area of the 

bench towards the outer side. Prior to blowing, the air is passed through two different two 

filters, which render the air sterile. 

(a) Pre-filter: It is present on lower side, which traps coarse dust particles from the 

incoming air. 

(b) HEPA (High Efficiency Particulate Air) Filter: This filter having pore size less 

than 0.03 μm which removes all microorganisms (bacteria, fungi, spores etc) from 

the air. The sterile air is then blown in the working area of the bench towards outer 

direction with a velocity of equal to 27  3 m per minute, which is adequate to 

prevent the dust particles from setting on the bench. 

A bench is made up of stainless steel and contains added arrangements like a UV 

light, a fluorescent light and a Bunsen burner. An ultraviolet (UV) germicidal light is kept 

on the roof of the cabinet for per sterilization of the interior surface of the bench prior to 

work. A fluorescent light is also kept for providing lights during work. Before starting work, 

it is desirable to swab down the inside of cabinet and table top with 70 % alcohol. 

Types of Laminar Airflow Cabinets:  

It is of two types. 

(a) Horizontal Laminar Airflow Cabinets: They are preferable for plant tissue culture 

work, which flow the air from back towards to the front. 

 

(b) Vertical Laminar Airflow Cabinets: They are preferable for working with 

pathogens or Agro-bacterium mediated genetic transformation which flow air from 

upper (top) towards the lower (bottom) sides. If tissue culture work itself requires 

screening against pathogens or isolation of toxin etc. then the pathological work are 

must be separated. 

(7) pH Meter: 

pH is defined as a negative logarithm of H+ ion concentration. The pH scale ranges from 0 to 
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14. A pH of A pH of 7.0 is neutral, values below 7.0 are acidic and those above 7.0 are 

basic. Each pH unit represents a ten fold change in hydrogen ion concentration.  

There are two ways to measure and adjust pH:               

(a) colorimetrically using pH paper/strips  

(b) electronically using a pH meter.  

(a) pH paper:  

The acidity or basicity of solutions is an important consideration in the preparation of 

buffers, culture media, and other solutions. Usually distilled water or buffers are used as 

solvents to prepare solutions. The pH strips are organic in nature and their colour depends on 

the pH of the solution. Based on this property, pH of the solution can be determined by 

observing the colour developed when these strips are immersed in the solution. Different 

types of pH strips are available in the market and they give good results but the exact pH up 

to two decimals can be determined with help of pH meter only. 

(b) pH Meter:  

An instrument which is used to measure the H+ ion concentration in the solution is 

called pH meter. A pH meter consists of electrodes (a glass electrode and calomel 

electrode) and a meter. The glass electrode measures the H+ ion concentration i.e. the pH. 

The calomel electrode, which is filled with a saturated solution of potassium chloride, acts as 

the reference electrode. The function of this electrode is to complete the electrical circuit and 

is not sensitive for H+ ions. 

 

Both these electrodes are connected to a meter, which is actually a potentiometer to 

measure the electro motive force (e.m.f.), which can be read on the display and directly is 

the pH. In other word, the meter provides a gauge or read out of the pH that is being 

measured by the electrode. 

Most electrodes are combination electrodes, incorporating a glass electrode and a 

reference electrode. The glass electrode is permeable to hydrogen ions, thus an 

electrochemical potential develops across the glass. The pH meter measures the potential 

that develops between the glass electrode and the reference electrode. 

The measurement of pH is temperature dependent. Most modern pH meters include a 

temperature probe along with the glass and reference electrodes to automatically adjust for 

this variable. 

 

Standard Protocol for Calibration and Use of the pH meter: 

(1) Obtain a series of reference buffers at room temperature.  

(2)  Plug in the pH meter and turn it on. 

(3)  Place pH 4.0 reference buffer in a beaker, sufficient to cover the bottom 2 cm of the 

electrode.  

(4)  Immerse the electrode in the buffer. Allow the meter to equilibrate, then adjust the 

meter to read 4.0. 

(5)  Remove and rinse the electrode with a stream of distilled water from a wash bottle. 

(6)  Repeat step 3 and.4 with the pH 7.0 buffer. Rinse as in step 5.  

(7)  Repeat step-3 and 4 with the pH 9.2 buffer. Rinse as in step 5. 
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(8)  Obtain a chemical or biological sample whose pH is unknown. Place enough of the 

sample in a clean beaker to cover the bottom 2 cm of the electrode. 

(9)  Immerse the electrode in the sample and allow the meter to equilibrate. 

(10)  Read the pH and write your results. 

(11)  Rinse as in step 5. 

(12)  When the electrode is not in use, immerse in pH 7.0 buffer or 3 M KCI. 

(13)     Be sure to rinse the electrode between each sample. 

(8) Magnetic stirrer (with hot plate):  

It is a stirring device used to induce variable stirring speed for preparation of 

solutions, stock solutions and media with help of magnetic beads in a non-magnetic vessel. 

It is also used to boil agar- agar with media before autoclaving or melting of agarose for 

preparation of gel. 

 In contains a metallic top on which the vessel containing the solution to be mixed is 

placed. It contains a speed regulator to achieve the desired speed of stirring. Magnetic 

stirrers with heating arrangement (hot plate) are available in the market, which are used to 

heat the solution simultaneously during stirring. Magnetic stirrer with hot plate is very 

beneficial as it shortens the time required for dissolution of the chemicals having poor 

solubility. 

(9) Orbital Shaker:     

 It is used to agitate explants for rapid multiplication in medium, suspension culture 

or dissolving substances in liquid medium. Generally, suspension culture is carried in 

conical flasks with a long neck. For suspension cultures, orbital shaker which having slots 

for placing conical flasks of different capacities are required so that proper aeration is 

provided to cells because the cells may die out due to less concentration of oxygen in the 

liquid medium. The speed of the orbital shaker can be adjusted according to the requirement. 

(10) B.O.D. Incubator: 

It is used to maintain the low and high temperature during incubation of cultures, 

preservation of vitamins, hormones and chemical’s stock solution at low temperature. 

Simple incubators can be used to control the proper incubation temperature of the cultures. 

Now-a-days, environmental shakers or orbital shaker cum incubators are available in 

the market in which arrangements for providing appropriate photoperiod and temperature 

are made so that all the cultures get suitable conditions for growth. 

(11) Maximum and Minimum Thermometer: 

It is a devise to record the maximum and minimum temperature of the environment. 

It is an indispensable part of the plant tissue culture laboratory since constant monitoring of 

the temperature of the culture room is required. 

Principle: When temperature rises, mercury expands in one arm and shrinks in the other 

arm. Similarly, when the temperature falls, mercury shrinks in one arm and expands in the 

other arm. It has an H-shaped tube fitted on a steel plate having a marked index. The tube is 

filled with mercury and alcohol. As temperature rises mercury expands and along with it the 

needle also moves upwards. The position of the needle can be read from the index, which 

indicates the temperature. 

(12) Lux Meter (Photo Meter OR Digital Light Meter): 

 It is a devise to measure the intensity of light. Plant cells required light in the visible 
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range of spectrum (between wavelength 380-760 nm) for growth, which is provided by the 

fluorescent tube lights in the culture room. The intensity of light required is usually around 

2000-2500 lux but it varies from time to time for various experiments. Therefore, culture 

room is provided with a lux meter, which records the intensity of light. 

Principle: The lux meter contains a photoelectric cell and a micro ammeter. The 

photoelectric cell is sensitive towards light and converts the light signals to electric current 

due to which a deflection is provided in the needle of ammeter, which can be read with the 

help of the calibrations provided on the scale underlying the needle. 

 Thus, the ammeter converts electric signals to digital ones, which are directly 

proportional to the intensity of light. Now-a-days digital displays are also available. 

(13) Humidifire: 

 Tissue culture room contains a humidifier under the control of a humidistat, which 

provides humidity in the room. Around 60 to 80 % relative humidity is required in the 

culture room, which is continuously recorded by an instrument called hygrometer. 

Principle: Hygrometer contains a synthetic fiber, which expands and contracts when 

humidity increases or decreases, respectively. If the humidity of the room is less the medium 

dries out and if the humidity of the room is more there is a risk of fugal growth on the walls 

of culture vessels. Thus the humidifier and hygrometer helps in constant maintenance of the 

desired humidity. 

 

(14) Water Distillation Unit: 

 It is used to prepare single or double distilled water required for preparation of 

various stock solutions, tissue culture media, sterilization of explants, final washing of 

glasswares and plastic wares and for other purposes. A water distillation assembly should be 

installed either in the washing area or in the media preparation room. 

 

Types of water distillation unit: It is of two types. 

 

(a) Single water distillation unit and 

(b)  Double water distillation unit. 

 Double distilled water is free from all minerals and organic matter and is preferred 

over single distilled water for plant tissue culture works. 

(15) Water Bath with Temperature Control: 

 It is a device used to maintain appropriate temperature in culture vessels or micro 

centrifuge tube reaction mixtures for specific period. When using a water bath, always fill it 

before use and make sure that it contains enough water for the incubation period. 

 One must allow the equipment to equilibrate the correct temperature before use. 

When changing the temperature of water bath, always use a thermometer to check accuracy; 

the dial serves only as a rough gauge. The temperature should remain stable for at least 15 

minutes before use. 

(16) Refrigerator (4 OC) and Deep Freezer (-20 OC or -70 OC): 

 It is used to store the chemicals, stocks solutions, pH buffer solutions, growth 

regulators, various kinds of reaction mixtures, vitamins, enzymes, bactericide injections etc. 

at low temperature required for plant tissue culture      (4 OC)  and biotechnological 
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works (-20 OC or -70 OC). All the chemicals and solutions kept in refrigerators and deep 

freezers should be arranged either alphabetically or as per requirements in small basket. 

(17) Electrophoresis Unit: 

 It is used to separate, identify and purify DNA fragments on agarose gel or running 

amplified PCR products. There are two types of electrophoresis.                  

(a) Horizontal electrophoresis  

(b) Vertical electrophoresis 

(18) UV Trans-illuminator: 

 It is used to visualize the ethidium bromide stained DNA samples in agrose gel 

electrophoresis. View the gel on UV Trans-illuminator and photograph the gel. 

(19) DNA Thermal Cycler (PCR): 

 It is used for invitro amplification of DNA samples. i.e. doubling of target DNA 

copies at every cycle. 

(20) Gel Documentation System: 

 It is a UV Trans-illuminator fixed with CCD/digital camera that is attached to a 

computer. It is used for visualizing or recording of ethidium bromide stained DNA samples 

in agarose gels. 

(21) Microwave Oven: 

 It is used for rapid heating of solutions or melting of agrose gel. 

(22) Dry Bath: 

It is used to heat the contents uniformly from ambient temperature to 110 OC and 

avoids contamination of samples unlike in a water bath. 

(23) Vertex Mixer: 

 It is used to spin for short period from 100 to 3200 rpm speed. 

(24) Hybridization System: 

 It is used for hybridization (DNA fragments with radioactive probe) filters at 

constant temperature with continuous rotation of bottles. 

(25) UV Cross-linker: 

 It is used for baking hybridization (DNA fragments with radioactive probe) filters  

with the help of UV rays. 

(26) VU Spectrophotometer (Nano drop): 

 It is used for quick quantification (estimation) of DNA and RNA Concentration in 

the samples. 

(27) Mortar and pestle: 

 It is used for grinding leaf tissue or seeds in liquid nitrogen. 

(28) Microscopes: 

 Plant tissue culture laboratory should also require various kinds of microscopes for 

the observation of cultures at various stages of growth. This requires dissecting microscope, 

binocular stereoscopic zoom microscope, inverted microscope and compound microscope 

with camera. This area should have sufficient light arrangements and should be neat and 

clean. 

(29) Small apparatus: 

 Small apparatus such as forceps of different sizes, scalpels with sterile blades, 

dissection needles, scissors etc., are required in tissue culture laboratory. Para film strips, 
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disposable gloves, paper towels/napkins, aluminium foil, microfuge tubes, centrifuge tubes, 

pipettes tips, glass markers should always be present while working. 

 

[B] USE OF GLASSWARES: 

 

  The glasswares used for plant tissue culture and biotechnological works needs to be 

cleaned properly and should be devoid of micro-organisms. Several methods are adopted for 

cleaning and preparation of glasswares. Different types of glasswares are used with different 

experimental works and hence cleaning and preparation of glasswares differ accordingly. 

 Glasswares are regularly used in plant tissue culture laboratory, as they are cheaper, 

reusable, clear and autoclavable. It is always better to use only borosilicate or pyrex 

glasswares as the ordinarily soda glass may be toxic to some tissue types. Culture vessels 

made up of clear plastic wares are generally pre-sterilized and disposable, but certain types 

are autoclavable and therefore, reusable. Generally, plastic wares are much costlier than 

glass vessels. 

Types of glasswares: 

(1) Test tube: Mostly 150 × 25 mm test tubes without rim are used for inoculation of 

different explants/cultures. e.g. seed culture, callus culture, meristem culture etc. 

(2) Conical flask: Flasks are used for different purpose such as media preparation, 

washing of explants, raising of suspension culture etc. They are available in different 

size ranging from 50 ml to 500 ml or even more which can be selected depending 

upon the requirements. 

(3) Jam jars: Recently jam jars are being used as they are very convenient for bulky 

cultures like banana and sugarcane micro propagation as well as fpr large-scale 

multiplication. Due to wide mouth of the jars, cultures don’t get damaged while 

handling of the jars. Generally, 300 g and 400 g capacity jars are being used in plant 

tissue culture laboratory. Moreover, these are cheaper as compared to test tubes and 

conical flasks. 

(4) Petri dishes: The 80 mm and 200 mm Petri dishes are most commonly used. Now-a-

days disposable polypropylene Petri dishes are available which are pre-sterilized and 

do not required cleaning and sterilization. 

Washing and Drying of Glasswares: 

 All the glasswares used should be free from chemical and microbial contaminants. 

Therefore, special cares have to be taken to clean them. 

(1) Soak the glasswares in water (after removing previous material in case of reused). 

(2) Dip and boil the glasswares in detergent for 30 – 45 minutes to remove sticky 

particles. 

(3) After cooling, washing the glasswares with running tap water till the traces of soda is 

completely removed. 

(4) Rinsing of glasswares with single or double distilled water. 

(5) Drying of glasswares is easily done in open air on special racks made for drying 

purposes. 

(6) Hot air ovens at 60-80 OC temperature are used which ensures faster drying and also 

provides some amount of sterilization. 
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Plugging of Glasswares: 

(1) For using glasswares as culture vessels, test tubes, flasks etc have to be either 

polypropylene capped or plugged with cotton.  

(2) Generally, non-absorbent cotton plugs, which are often wrapped in cheesecloth, are 

used for plugging of the glasswares. Plugs made out of this cotton should be tight 

enough so as to close the mouth of the culture vessel tightly. Preparation of cotton 

plugs on a large scale is time consuming, tedious and inconvenient. Now-a-days, 

polypropylene or metal (alluminium or stainless steel) caps are also used for this 

purpose. 

(3) Jam jars are enclosed with autoclavable polypropylene lids. These lids should be 

screwed properly before autoclaving. 

 

Autoclaving of Empty Glasswares:  

 

Autoclaving is done for sterilizing cleaned and plugged empty glassware at 121 OC 

temperature and 15 pounds per square inches (psi) for minimum 15-20 minutes. At this 

temperature and pressure, all the microorganisms are killed completely. 

 

[C] LABORATORY SAFETY MEASURES:  

 

 Working in the laboratory may involve some degree of hazard. The students must be 

clear on the task at hand, understand use of the equipments, reagents and biological 

materials and must be clear about the procedures for conducting the experiments. Safety 

issues may be divided into four areas: 

 

 (I) General Rules.                                    (III) Chemical hazards 

(II) Physical hazards                                (IV) Biological hazards 

 

I. General Rules: 

 

(1)  Keep your belongings and other materials in the storage area away from the 

laboratory benches. 

(2)  Use protective clothing and shoes in the laboratory. 

(3)  Use disposable gloves when handling microorganisms, enzymes, nucleic acids and 

other biochemical reagents. 

(4) UV protective goggles are required when using UV-Tran illuminator. 

(5) Food, beverages, chewing gum etc are never permitted in the laboratory as reagents 

or microbes could accidentally be introduced into the mouth or skin. 

(6)  Each person must wash his or her hands before leaving the laboratory. 

(7)  Avoid mouth pipetting. Use pipettor / automatic micropipettes for all the solution 

transfers. 
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II. Physical Hazards: 

 

 In biotechnology laboratories, the major physical hazards are posed by fire, 

autoclaved and hot solutions, broken glass wares and sharp instruments, electrical 

equipments, power supplier and UV radiations. 

(A) Fire: 

 Know the location of the master shut off controls tar gas and electricity. 

 Super heated agarose solutions or media can boil over causing bums. Care must be 

taken then removing them from the hot plate. Use tongs and heat proof gloves. 

 Never leave or flaming Bunsen burner unattended. 

 

(B)  Autoclave: 

 Use heat proof gloves to remove media from the autoclave. 

 When autoclave door is opened, steam may escape, causing burns. The autoclave 

should be opened only after sufficient working. 

 

(C) Electrical Equipments: 

 Never plug or disconnect any equipment into or from a power supply unless the 

power is off. 

 Electrical equipment should not be used in or near water. 

 

(D) UV-Trans-illuminator: 

 UV radiation can damage the skin and eyes. 

 Use a UV  trans-illuminator with a UV- blocking lid. 

 Use a UV- blocking face mask or eye goggles. 

III. Chemicals Hazards: 

 Before use of any chemical reagent, one must know about its proper use. 

 Never pipette anything by mouth. 

 Use disposable gloves, lab coats and chemical splash goggles while using hazardous 

chemicals. 

 Avoid contact with skin or inhalation of chemicals like acryl amide (neurotic), 

phenol (corrosive), chloroform, lysozyme etc. 

 Use gloves while handling ethidium bromide (highly carcinogenic) and other 

carcinogenic chemicals.  

IV. Biological Hazards: 

 Most biological hazards arise from working with cultures of micro-organisms. 

 Avoid all fingers to mouth and fingers to eye contact. 

 Do not put pens into your mouth. 

 Wash your hands thoroughly with anti-microbial soap before leaving lab. 

 Never remove reagents, media or cultures directly from the laboratory. 

 

************** 
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ASSIGNMENT  

EXERCISE No. – 1 

Q-1 What are the apparatus required in plant tissue culture and biotechnological 

laboratory? 

 

 

 

 

 

 

 

 

Q-2 Explain about Inoculation Room OR Transfer Room required for transferring the 

plant materials into culture vessels. 

 

 

 

 

Q-3 What is the procedure for washing / cleaning the glasswares or reusable plastic 

wares? 

 

 

 

 

 

 

Q-4 Write about Culture Room / Incubation Room / Growth Room for incubated growth 

cultures regarding temperature, illumination, photoperiod, humidity and air 

circulation. 

 

 

 

 

Q-5 Which instruments are essential for genetic transformation work?  
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Q-6 How micropipette works? 

 

 

 

 

 

Q-7 Explain about the instrument used for wet sterilization?  

 

 

 

 

 

Q-8 Which instrument is used for aseptic work during inoculation of plant materials? 

Discuss about it in detail. 

 

 

 

 

Q-9 List out the various types of glasswares used for plant tissue culture and 

biotechnological works. 

 

 

 

 

 

Q-10 Mention the general rules regarding safety issues working in the laboratory.  
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EXERCISE No. – 2 

 

STERILIZATION TECHNIQUES 

 

Sterilization is a procedure used for elimination of microorganisms. The maintenance 

of aseptic (free from all the micro-organisms) or sterile conditions is essential for successful 

plant tissue culture and biotechnological procedures. To maintain an aseptic condition, 

culture tubes, nutrient media, instruments and glassware as well as the explants must be 

sterilized. The air and every surface of transfer area or laminar airflow and the surface of 

working table should be free of dust. If tissue culture work itself requires screening against 

pathogens or isolation of toxin etc., then the pathological work area must be separated. 

 Three Main Causes of Infection in Plant Tissue Culture Laboratory: 

(1) Through air (2) Through explants (3) Through our skin and breath 

 Main Sources of Contamination in Plant Tissue Culture Laboratory: 

1. Culture vessels (glasswares) 6. Working place 

2. Culture medium 7. Transfer are 

3. Media preparation room 8. Inoculation Room 

4. Small metallic instruments 9. Culture room 

5. The researchers 10. Observation are 

 

 Different Categories of Sterilization Procedures: 

(a) Sterilization of the media: Steam sterilization in autoclave 

(b) Sterilization of the glass wares: Dry sterilization in hot air oven 

(c) Sterilization of metallic instruments: (i) Dry sterilization in hot air oven,    

    (ii) Incineration, (iii) Glass bead sterilization (iv) Infra red sterilizer 

(d) Sterilization of thermo-labile compounds: Filter sterilization 

(e) Sterilization of the transfer area (Maintenance of aseptic conditions): 

 (i)   Alcohol sterilization                   (ii) Flame sterilization   

          (iii) Preparation of Laminar Airflow Cabinet 

(f) Sterilization of the plant material: Surface sterilization or chemical sterilization 

(g) Sterilization of the culture room  

 

(a)     Sterilization of the media:  Steam (wet) sterilization in autoclave: 

Except a few, all the components of plant tissue culture media are stable towards heat. 

Thus, most nutrient media are sterilized by using an autoclave or pressure cooker that 

provides steam under conditions of high temperature and pressure. The higher the pressure, 

higher the temperature of the confined steam becomes. An autoclave has a temperature 

range of 115 °C to 135 °C. When 100 °C steam is subjected to pressure of 15 pounds per 

square inch (psi), the resulting temperature rises to 121°C. Autoclaving under these 

conditions for 20 minutes kills all microorganisms. Thus, the standard conditions for 

autoclaving the media are 121°C with a pressure of 15 psi (or 1.06 kg per cm2) for 20 

minutes. This condition is followed for test tubes or other containers containing 20-25 ml of 

nutrient media. Longer times might be required for large volumes or bulky items. Good 
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sterilization depends upon time, pressure, temperature and volume of the object to be 

sterilized. Domestic pressure cookers are also very useful in sterilizing a small amount of 

media. 

Types of 

containers 

Volume of 

media 

Time required Temperature 

required 

Pressure 

required 

Test-tubes or     

Flasks 

20-50 ml 20 minutes 121°C 15 psi 

Flasks 50-500 ml 25 minutes 121°C 15 psi 

Flasks 500-5000 ml 35 minutes 121°C 15 psi 

 

 Advantages of Autoclave: are speed, simplicity and destruction of viruses and 

microorganisms. 

 Disadvantages of Autoclave: 

(1) pH of the media is lowered by 0.3-0.5 units. 

(2) Components can separate out. 

(3) Chemical reactions can occur resulting in a loss of activity of media constitutes. 

(4) Volatile substances can be destroyed. 

(5) Autoclaving at too high temperature can caramelize sugars, (may b toxic). 

(6) Autoclaving for too long periods can precipitate salts and depolymerase the agar. 

 Precautions during Autoclaving: 

(1) Verify the level of water in the bottom of autoclave or a pressure cooker. 

(2) Ensure that the lid of autoclave/pressure cooker is properly closed. 

(3) Ensure that the air exhaust is functioning normally. 

(4) Do not accelerate the reduction of pressure after the required time of autoclaving. If 

the temperature is not reduced slowly, the media begins to boil again. Matter in the 

containers might burst out from their closures because of fast and forced release of 

pressure. 

(5) Bottles when autoclaving should not be tightly packed / screwed and their tops 

should be loose. After autoclaving, these bottles are kept in the laminar air flow and 

tops of these bottles are tightened on cooling. 

(6) Care should be taken to use the correct duration, temperature and pressure. 

 

(b)     Sterilization of glasswares:  Dry sterilization in hot air oven:  

 

 The sterilization of glassware and metallic instruments can be carried out in dry heat 

for 3 hours at 160-180 °C temperature in an oven. An exposure of 160 °C dry heat for two 

hours is regarded as equivalent to moist heat (steam) sterilization at 121 °C for 15 minutes. 

Dry sterilization is used when the material to be sterilized is totally dry and no container 

contains liquid material for sterilization. Dry goods (instruments, empty glassware, tips and 

boxes) can either be wrapped in aluminium foil or put in metal containers and then sealed in 

order to maintain sterility condition followed by heating in an oven. 

 Now-a-days, autoclaves available in market with both dry and steam sterilization 

programmes. If any material to be autoclaved is dry (instruments, empty glassware, pipettes 

tips etc.,), and then dry cycle in an autoclave should be used. For sterilization of liquid 



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 20 
 

material (media, water etc.), steam/wet sterilization employing either autoclave or domestic 

pressure cooker can be used, but with a precaution of slow exhaust. 

 

(c) Sterilization of metallic instruments :  

 

 Four methods are used for sterilization of small metallic instruments. 

(i) Dry sterilization in hot air oven: Dry goods (small metallic instruments) can either 

be wrapped in aluminium foil or put in metal containers and then sealed in order to 

maintain sterility condition followed by heating in an oven. 

(ii) Incineration: Small metallic instruments like forceps, scalpels, needles etc., are 

ordinarily flame sterilized by dipping them in 95 % alcohol followed by flaming. 

This process of killing microorganisms by burning is called incineration. It is 

customary to flame mouths of culture vessels prior to inoculation and sub culturing. 

(iii) Recently glass bead sterilizers are used for sterilization of small metallic instruments 

like forceps, scalpels, needles etc. This device uses dry heat. 

In the glass bead sterilizer, a high watt element heats up the glass beads 

contained in a brass crucible at the center of the box. The temperature of the beads is 

raised to 250 °C in 15 to 20 minutes. Sterilization of small metallic instruments is 

effected by pushing them into the beads for 5-7 seconds.  

A regulator maintains the temperature at 250 °C by a 15 second cut off and 

an indicator light. Being well insulated, these sterilizers do not spill out large 

quantities of heat. These are safe as compared to Bunsen burner, which could cause 

heat burns-fire hazards. 

(iv) Infra red sterilizer: It provides a temperature as high as 700°C which sterilize the 

small metallic instruments like forceps, scalpels, needles etc. in just 2-5 seconds. 

Both these sterilizers are always kept in the laminar airflow cabinet and are switched 

on before starting the work. 

 

(d) Sterilization of thermo-labile compounds: Filter sterilization: 

 

It is not always useful to autoclave a reagent. Sometimes the extreme heat 

conditions of autoclave will cause important components to denature or break down. 

In this case, ultra fine filtration, passing the solution through filters with pore sizes of 

0.22 m to 0.45 m, is the method for sterilization.  

Some growth regulators, amino acids, vitamins and toxics are heat labile (or 

thermo-labile) and get destroyed during autoclaving with the rest of nutrient medium. 

Such chemicals are, therefore, sterilized by filtration through a sieve or filtration 

assembly using filter membranes of 0.22 m to 0.45 m. The filters trap and remove 

bacteria. A range of bacteria proof membrane filters is available in the market for 

sterilization of different volumes of liquid in the range of 1 to 200 ml. Most filters 

are cellulose acetate and/or cellulose nitrate and are available in pre-sterilized, plastic 

disposable units. During filter sterilization, all the particles, microorganisms and 

viruses, which are bigger than the pore diameter of filter used are trapped and 

removed.  



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 21 
 

 Disadvantages of filter sterilization:  

(1) Adsorption of substances in the filters. 

(2) Some virus particles even smaller than pore diameter can pass through filter. 

(3) The procedure is time consuming and not as simple as autoclaving.  

 

(e) Sterilization of the transfer area (Maintenance of aseptic conditions):  

 

 The following procedures are employed during aseptic transfer. 

(i) Alcohol sterilization: 

 Prior to commencing work, one must wash one’s hands first with antiseptic soap 

(antibacterial detergent) followed by spraying on hands with 70 % alcohol. 

 The cabinets of laminar air flow or working table can be sterilized by rubbing all the 

surfaces with 70 % alcohol.  

(ii) Flame sterilization: 

This method is used for sterilization of instruments (forceps, scalpels, pointers) that 

are continuously used during manipulation work (i.e. transferring the explants in the media). 

The instruments are soaked in 70% alcohol followed by flaming on a burner in the laminar 

airflow hood, which should be carried out repeatedly while aseptic manipulation work is in 

progress. This is essential even if instruments have been subjected to prior dry or steam 

sterilization. 

(iii) Preparation of Laminar Airflow Cabinet: 

(1) Switch on the UV light for 30 minutes and close the door. 

(2) After required time is over, switch off the UV light, open the door and switch on the 

airflow. 

(3)  Rub all the sides and the working table with cotton or cloth soaked in                          

70 % alcohol. 

(4) Bunsen burner is lighted and all transfer operations are carried out in the vicinity of 

the flame. 

 Precautions during maintenance of aseptic conditions: 

(1) Culture containers should be covered as quickly as possible after an operational step 

is completed. 

(2) Talking in the laminar airflow hood should be avoided as far as possible. 

(3) Set up all materials including containers, media etc. on one side of the cabinet. It 

should not disturb the airflow pattern. 

(f) Sterilization of the plant material (Explants): Surface Sterilization OR 

Chemicals Sterilization: 

All the explants are treated with appropriate sterilizing agents to kill the 

contaminating microorganisms present on their surface. This is called as surface 

sterilization. Plant material can be surface sterilized by a variety of chemicals. So it is also 

called as chemical sterilization. It is the eradication of microorganisms with the aid of 

chemicals. Some commonly used chemical sterilants are given in following Table. 
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Table 2.1: Disinfectants used for surface sterilizing plant materials. 

Sr. 

No. 

Sterilizing 

agents 

Conc. 

Used 

 

Treatment 

duration 

(Minutes) 

How to prepare it? 
Remarks 

1 Sodium 

hypochlorite 

(NaOCl) 

1.0 – 1.4 5 - 30  1 % NaOCl Solution:   

It is available with 5 % active 

chlorite content, so 20 % can be 

used. 

Very 

effective 

2 Calcium 

hypochlorite 

[Ca(ClO)2] 

4.0 –10 5 - 30 Ca(ClO)2 Solution :  

Dissolve 4 to 10 g Ca(ClO)2 in  

100ml distilled water, agitated for 

10 min, allowed to settle and 

clarified and filtered supernatant 

solution is used for sterilization 

Very 

effective 

3 Sliver nitrate 

[AgNO3] 

 

1.0  5 - 30 1 % Sliver nitrate solution Effective 

4 Hydrogen 

peroxide 

10.0 –

12.0  

5 – 15 10 % Hydrogen peroxide solution Effective 

5 Mercuric 

chloride 

[HgCl2] 

0.01–1.0  2 – 10 Dissolved 0.01 to 1 % for HgCl2 

in 100 ml distilled water. It is 

extremely toxic for plants, so 

rinsing must be thorough at least 

five times. 

Satisfactory 

6 Bromine 

water 

1.0-2.0  2 – 10 1 % Bromine water solution Very 

effective 

7 Antibiotics 4.0-50.0  30 – 60 4-50 mg/l of antibiotic solution: 

Cefotaxime antibiotic at 50 mg/l 

conc. In nutrient medium, it is 

used to control bacterial infection. 

Effective 

8 Alcohol 70.0  0.5 – 2 70 % Alcohol: It is used for 

sterilization of plant material by 

dipping them for a period of 30 

second to 2 minutes. Generally 

alcohol alone is not sufficient to 

kill all the microorganisms and 

the plant material after alcohol 

treatment is treated with another 

chemical sterilant.  

--- 

 

(g) Sterilization of the culture room: 

The culture room should be sterilized at regular intervals by fumigation with 

formaldehyde or with the help of ultraviolet (UV) lights. Regular cleaning of the culture 

room is required. The walls of the culture room should be waterproof for proper cleaning by 

the detergent. There should not be dust deposition in the room and it should be completely 

cut off from the direct air of the surroundings. Now-a-days Ozonizer is used for sterilization 

of whole inoculation room and culture room within 20-30 minutes. 
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Table 2.2: Method of sterilization for various items/materials used in plant tissue 

culture laboratory. 

No. Method of sterilization  Various items/materials to be sterilized 

1. Wet Heat Sterilization: 

Autoclaving at 121 OC 

temperature at 15 psi in 

autoclave for 20-30 minutes. 

: 1. For sterilization of all kinds of nutritional 

medium. 

2. For preparation of sterile water. 

3. For sterilization of miscellaneous items like 

Napkin papers, Aprons, Masks, Caps, Filter 

holder, Aluminum foil and Absorbent cotton. 

4. For sterilization of small metallic 

instruments like Blade handle, Forceps, 

Scissors, Needles, and Used bottles. 

5. For sterilization of glass vessels like Petri 

dishes, Conical flasks Glass Pitettes, 

Beakers, Test tubes, Culture tubes, 

Centrifuge tubes, etc. 

2. Dry Heat Sterilization: 

Heating at 160-180 OC 

temperature in oven for 2-3 

hours. 

: 1.  For sterilization of glass vessels like Petri 

dishes, Conical flasks Glass Pitettes, 

Beakers, Test tubes, Culture tubes, 

Centrifuge tubes, etc. 

3. Alcohol Sterilization OR 

Rectified Sprit Sterilization: 

70 % 

: 1. For sterilization of sprit lamp (glass or 

aluminum) and reusable plastic hand gloves. 

2. For sterilization of working table or top of 

Laminar Air Flow Cabinets 

3. For washing of hands before working under 

Laminar Air Flow Cabinets. 

4. Flame Sterilization: : 1.  For  sterilization of small metallic instruments 

like Blade, Forceps, Scissors, Needles, 

Scalpels etc immediately during inoculation 

under Laminar Air Flow Cabinets. 

5. Glass Bead Sterilization: : 1.  For  sterilization of small metallic instruments 

like Blade, Forceps, Scissors, Needles, 

Scalpels etc immediately during inoculation 

under Laminar Air Flow Cabinets. 

 

6. Filter Sterilization:  Filter the 

prepared stock solution of 

same chemicals with Millipore 

filter holder device using ultra 

filter paper (0.22 μm to 0.45 

μm). 

: 1.  For  sterilization of thermo-labile chemicals 

(Giberellic acid, Ascorbic acid etc),  

Fungicides (Auriofungin), Bactericides 

(Dicrystacine, Chloromphenical or 

Streptomycin etc), toxins, serums, antibodies 

etc.  

7. Chemical Sterilization: Using 

liquid detergent,   70 % 

alcohol, and HgCl2 or NaOCl 

: 1. For  sterilization of explants such as 

 Meristems or shoot tips; 

 Seeds or grains or dehusked grains; 
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 Immature embryos; 

 Woody plant tissue; 

 Segment of leaves, stem, petioles, nodes or 

roots; 

 Section of bulb scale or bulbils, corm, 

rhizomes, suckers, tubers; 

 Seedlings of hypocotyls; 

 Floral parts like calyx, corolla, androecium, 

gynoecium, Ovular tissues. 

 Anther / Pollen grains (Microscopes) 

8. Radiation Sterilization: 

Giving UV rays treatment  

: 1. For  sterilization of explants such as Anther / 

Pollen grains 

 

 

*************** 
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ASSIGNMENT  

EXERCISE No. – 2 

Q-1 What is sterilization? Write main sources of contamination in plant tissue culture 

laboratory.  

 

 

 

 

 

 

 

Q-2 Explain about Dry sterilization in hot air oven. 

 

 

 

 

 

Q-3 What are the different methods used for sterilization of metallic instruments? 

 

 

 

 

 

 

 

 

 

 

Q-4 How you can sterilization of thermo-labile compounds?  

 

 

 

 

Q-5 List out the sterilizing agents / disinfectants used for surface sterilizing plant 

materials.  
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EXERCISE No. – 3 

 

COMPOSITION OF TISSUE CULTURE MEDIA 

(A) MEDIA COMPONENTS AND PREPERATION 

Nutrition Medium: 

A nutrient medium is defined by its mineral salt composition (macronutrients and 

micronutrients), carbon source(s), vitamins, aminoacids, growth regulators, other organic 

supplements. All these compounds help in the in vitro growth of the plant. Therefore, the 

success in plant cell/tissue culture is dependent upon the composition of nutrient media used. 

 There are two types of medium according to its chemical composition    

(a) Natural medium:  

If any medium consists of complex, chemically undefined compounds (fruit 

juices, plant extract, vegetable extract etc), such medium is known as natural 

medium. 

(b) Synthetic medium:  

If any medium composed of chemically defined compounds, such medium is 

known as artificial medium. 

Types of media and its composition: 

 A large number of basic media compositions are specified for particular types of 

tissues and organs of the plant (Table 3.1). Generally, in all the media, the nutritional media 

consists of inorganic nutrients, carbon, and energy source, vitamins, growth regulators and 

complex organic supplements. It is desirable to choose a composition according to the 

knowledge of the physiology of species vis-à-vis mineral nutrition. The MS medium is 

widely used in plant tissue culture work because of its success with large number of plant 

species (more specifically for herbaceous foliage plants) and various kinds of explants. 

Table 3.1: Different types of media and their usefulness in plant tissue culture 

Sr. 

No 

Types of media Scientist(s) who 

develop a media 

Usefulness 

1. White's media White (1953) For root culture 

2. MS media Murashige and Skoog 

(1962) 

For induction of organogenesis and 

regeneration of cultured plant tissues. 

3. LS media Linsmaier and Skoog 

(1965) 

For induction of organogenesis and 

regeneration of cultured plant tissues. 

4. B5 media Gambarg et al (1968) For cell suspension and callus culture. 

5. Nitsch's media Nitsch and Nitsch 

(1969) 

For anther culture and other tissue 

cultures. 

6. SH media Schenk and 

Hildebrandt (1972) 

Ammonium phosphate is used in place of 

Ammonium nitrate. 

7. Modified  

B5 media 

Gambarg et al (1976) For cell and protoplast culture and for 

regeneration of protoplast. 

8. N6 media Chu (1978) For cereal anther culture  

9. Woody Plant 

media 

Loyd and McCoun 

(1980) 

For woody plants and trees. 
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Principal Components in Plant Tissue Culture Media:  

 

(1)  Inorganic nutrients (6)    Antibiotics   

(2) Organic chemicals (7) Amino acids 

(3) Carbon source (8) Organic supplements 

(4) Growth regulators (9) Gelling agents  

(5) Vitamins (10) Water 

 

(1) Inorganic nutrients:  

Most inorganic chemicals have (i) high melting points, (ii) mostly soluble in water 

and insoluble in organic solvents, (iii) conduct electricity in water, (iv) very fast in chemical 

reactions, and (v) few will burn. When mineral salts are dissolved in water, they undergo 

dissociation and ionization. 

According to the recommendations of the International Association for Plant 

Physiology (IAPP), there are two types of inorganic nutrients.  

 

(a)  Macro nutrients or Major elements: 

 The elements that required by plants in concentration greater than 0.5 m mol/l are 

called to as macronutrients or major elements. 

 Macronutrients salts provide six major elements viz., Primary macro nutrients (N, P 

and K), Secondary macro nutrients (Ca, Mg and S) which are essential for plant cell 

and tissue growth of higher plants. 

 The salts used for providing macronutrients also provide Na and Cl. 

 In whole plants, nutrients are taken up passively or actively. The biochemistry and 

physiology of nutrient up take in tissue culture may be similar but not necessarily 

same. 

 Most significant improvement in the composition of macronutrients is 

 Introduction of nitrogen in the form of NH4
+ together with use of higher 

concentration of NO3
- and K+. 

 Culture media should contains at least 25 m mol/l NO3
- and K+.   

 Good results can be obtained by both NO3
- and NH4

+. 

 Other major elements in the range of 1 to 3 m mol/l . 

(b)  Micro nutrients or Minor elements: 

 The elements that required by plants in concentration less than 0.5 m mol/l are called 

as micronutrients or minor elements or trace elements. 

 Micronutrients viz., Iron (Fe), Manganese (Mn), Zinc (Zn), Boron (B), Copper (Cu), 

Molybdenum (Mo), Cobalt (Co) and Iodine (I) are required in extremely small 

quantity for the healthy growth of plants. 

 They are the components of plant cell proteins of metabolic and physiological 

importance. 

 (2) Organic chemicals: 

 Organic molecules are those molecules that contain at least one carbon atom, which 

is bonded to another carbon atom or to a hydrogen atom. Examples of organic compounds 

include carbohydrates, hormones, proteins and enzymes. They can be gases, liquids, or 



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 28 
 

solids 

Most organic molecules have (i) low melting points, (ii) mostly insoluble in water 

and soluble in organic solvents, (iii) do not conduct electricity in water, (iv) a very slow in 

chemical reactions, and (v) most organic compounds can burn. Plants normally manufacture 

their own organic compounds, so they rarely need to be fed to outdoor or greenhouse plants. 

However, plants in culture cannot synthesize all the organic chemicals they need, so organic 

substances must be added to media to augment the plantlets' self-generated supply.  

 

(3)  Carbon source (Carbohydrates): 

Carbohydrates include organic chemicals such as sugars, starches and cellulose and 

contain Carbon (C), Hydrogen (H) and Oxygen (O) in varying amounts and 

configurations. 

Sucrose (C12H22O11): Sucrose is the most commonly employed carbon source in plant 

tissue culture media. It is the indirect product of photosynthesis. Sucrose is a disaccharide 

which is composed of two chemically combined monosaccharide i.e. glucose (C6H12O6) 

and fructose (C6H12O6). Plants growing in culture can not manufacture sufficient amounts 

of sugars they require, so a high concentration of sucrose (30 g/l) is suggested for most 

media formulation. Sugar from sugarcane and sugar beet are good sucrose for most tissue 

culture media. Occasionally fructose or glucose is substituted for sugar in media. 

(4)     Growth regulators: Growth regulators/hormones are not nutrients, but they influence 

growth and development of plants. They are generally produced naturally in plants. 

Tissue cultures plants, however, usually do not manufacture sufficient quantities of 

growth regulators, so they must be added selectively to culture media. 

Major categories of plant growth regulators or hormones: 

(a) Auxins: Auxins are phytohormones that influence cell enlargement, root initiation, 

and adventitious bud formation. Auxins suppress the initiation of lateral buds. 

Auxins are commonly used in tissue culture media, either combined with cytokinins 

during the multiplication stage (Stage II) or without cytokinins for the rooting stage 

(Stage III). The details of types of Auxins are given in Table 3.2 along with their 

usefulness. 
 

Table 3.2: Different types of auxins and their uses in plant tissue culture. 

Name/Chemical Formula Solubility Usefulness 

1. Natural Auxin 

 IAA (Indole-3 acetic acid) 

 

C10H9NO2 

M. Wt. = 175.2 

1 N NaOH 

or  

96 % 

ethanol 

 It is used for callus induction at 10-30 µm. 

 It is used for rooting in tissue culture media. 

 It is inactivated by light and readily 

oxidized by plant cells. 

 It should be stored in darkness. 

IBA (Indole-3 butyric 

acid) 

C12H13NO2 

M. Wt. = 203.2 

1 N NaOH 

or  

96 % 

ethanol 

 It is used for root induction at 1-50 µm. 

 It is more stable than IAA. 
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2. Synthetic Auxin: 

NAA (1-naphthalene acetic 

acid) 

C12H10O2 

M. Wt. = 186.2 

1 N NaOH 

or  

96 % 

ethanol 

 It is used for callus induction at 2-20 µm. 

 It is used for root induction at 0.2-2 µm. 

 It is synthetic analogue of IAA. 

2, 4-D  

(2, 4 dichloro phenoxy 

acetic acid) 

C8H6O3Cl2 

M. Wt. = 221.0 

96 % 

ethanol 

heated 

lightly 

 It is most commonly used as synthetic 

auxins for inducing callus growth and 

maintaining cells in suspension culture in 

de-differentiated stage. 

 It is used sole auxin at 1-50 µm. 

 

(b) Cytokinins: Cytokinins are growth regulators that are required in tissue culture 

media for cell division, shoot multiplication, and axillary bud proliferation. They 

help delay senescence (aging), and they influence auxin transport. If cultures are too 

spindly increased cytokinin will help foster shorter, stouter stems. Cytokinins are 

usually omitted from media for the rooting stage. The details of types of Cytokinins 

are given in Table:3.3. 

 

Table 3.3: Different types cytokinins & their uses in plant tissue culture. 

 

Name/Chemical Formula Solubility Usefulness 

1. Natural Cytokinins: 

2iP (2-isopentenyl 

adenine) 

C10H13N5 

M. Wt. = 203.3 

1 N NaOH  It is less commonly used than Kinetin and 

BAP for callus induction, growth (2-10 µm) 

and multiplication (30-50 µm) 

Zeatin 

C10H13N5O 

M. Wt. = 219.2 

1 N NaOH 

or  

1 N HCl 

heated 

lightly 

 It was first discovered in corn seed 

endosperm. 

 It can be used for induction of 

morphogenesis (0.05-10 μm). 

 It is seldom used for callus induction. 

 It is thermo labile and must not be 

autoclaved. 
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2. Synthetic Cytokinins: 

BAP (6-benzyl amino 

purine) OR 

BA (Benzyl adenine) 

C12H11N5 

M. Wt. = 225.2 

1 N NaOH  It is used in culture media for callus and cell 

suspensions (0.5-5 µm) and induction of 

morphogenesis              (1-10 µm). 

 At higher conc. (5-50 µm), it can be used to 

induce rapid multiplication of shoot and 

auxiliary/adventitious buds. 

Kinetin (6-furfuryl amino 

purine) 

C10H9N5O 

M. Wt. = 215.2 

1 N NaOH  It is used in culture media to promote cell 

division. 

 It is also used in culture media for callus 

induction, callus growth, all suspensions 

and induction of morph genesis (1-20 µm). 

 At higher conc. (20-50 µm), it can be used 

to induce rapid multiplication of shoot, 

auxiliary/adventitious buds. 

 

(c) Gibberellins: Gibberellins are a group of naturally occurring substances that 

influences cell enlargement and stem elongation. Kurasawa (1926) noted that 

secretions from a fungus (Gibberella fujikuroi) results in abnormally rapid growth in 

rice seedlings. Later on, GA3 was isolated in crystalline state from both fungi and 

higher plants. Thirty-four gibberellins have been chemically identified. Some of 

them appear in embryos, where they initiate production of the enzyme (alpha 

amylase), which converts starches to sugars and stimulates other enzymes. GA3 is 

used as GR to supplement auxins and cytokinins. 

(d) Enthylene (C2H4): It has growth regulatory properties and is involved in fruit 

ripening, induction of flowering, tuberization and leaf abscission. Ethylene 

production is greater in vitrified cultures than normal cultures. 

 There is a wide range of interactions between auxins and cytokinins. They also 

interact with other chemicals and are affected by environmental factors, such as light 

and temperature. Under some conditions, an auxin might even react as a cytokinin 

and a cytinin as an auxin might even react as a cytokinin and a cytokinin as as auxin. 

It is important that tissue culture media contain the right kinds of hormones and in 

the correct ratio for each variety of plant being cultured. 

(5) Vitamins: 

The vitamin B complex contains essential compounds for plant metabolism and 

growth. Yeast extract has been used in plant culture media in the past, are now identified as 

thiamine (vitamin B1), nicotinic acid (niacin, or vitamin B3), and pyridoxine (vitamin B6), all 

of which are members of the vitamin B complex. Inositol, thiamine, nicotinic acid, 

pyridoxine, pantothenic acid, folic acid, choline, riboflavin and biotin are known to promote 

healthy growth of plant tissue cultures (Table 3.4). 
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Table 3.4: Different kinds of vitamins and their uses in plants tissue culture. 

No. 

 

Vitamins Usefulness 

1 Thiamine 

(Vit. B1) 

 It is essential for most culture media because it functions as a 

coenzyme to assist the Kreb’s cycle. 

 It is added as thiamine hydrochloride @ 0.4 mg/l  

2 Riboflavin 

(Vit B2 or VIt. G) 

 It is active in carbohydrate metabolism.  

 It is essential to cellular respiration. 

3 Nicotinic acid 

(Vit. B3 or Niacin) 

 It is a component of coenzymes active in light energy reactions. 

 It is added in PTC media usually from 0.1 to 10 mg/l. 

4 Adenine 

(Vit. B4 or  

6-amino purine) 

 It is important to cells as part of the DNA and RNA. 

 It has a weak cytokinin effect.Adenine is used in culture media 

as adenine sulfate to promote shoot formation. 

5 D-pantothenic 

acid (Vit. B5) 

 It is active as a coenzyme in fat metabolism. It should be cold 

sterilized.It is added as the calcium salt to some plant tissue 

culture media. 

6 Pyridoxine 

(Vit. B6) 

 It is active as a coenzyme in metabolic pathways. 

 It is added in PTC media as the hydrochloride form. 

7 Cyanocobalamin 

(Vit. B12) 

 It is added to PTC media as a growth promoter. 

8 Folic acid 

(Vit. B9) 

 It functions as coenzyme activity. 

9 PABA 

(Vit. Bx) 

 It serves as an antiseptic and a preservative.  

 It also plays a role in folic acid metabolism. 

10 L-Ascorbic 

 acid 

(Vit. C) 

 It is added to PTC media as an antioxidant to prevent phenolic 

oxidation (browning of plants). It should not be used for 

extended periods because it become an oxidant itself. 

11 Tocopherol  

(Vit. E) 

 It is occasionally used in culture media to promote dispersion in 

suspension cultures of soybean.  

 Cell aggregation was increased when vitamin E was removed 

from the medium. 

12 Biotin 

(Vit. H) 

 It is important in fat, protein, and carbohydrate   metabolism. It 

is commonly used in media. 

13 Myo-Inositol 

(Inositol) 

 It is often referred to as vitamin B8, inositol is not a vitamin but 

it is sugar alcohol in its phosphate form, it is part of various 

membranes, particularly in chloroplasts. 

 Inositol, though not essential for growth but often beneficial 

when added to tissue culture media at 100 mg/l. 

14 Choline  It is an alkaloid. Choline chloride is occasionally specified in 

media. It is not a vitamin nor a mineral. However, it is often 

grouped with vitamin B complex. 
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(6) Antibiotics:  

An antibiotic is a substance produced by plants or microorganisms (or made 

synthetically) that has a toxic effect on other microorganisms. Antibiotics can retard, prevent 

or inhibit the growth of such microorganisms or kill them. Antibiotics are not routinely used 

against contaminants in micro propagation because (i) they are ineffective, (ii) they kill the 

cultures, (iii) they induce chromosomal instability. Antibiotics are widely used in gene-

transfer experiments to control or eliminate Agrobacterium (Smith 1992) (Table 3.5).   

 

Table 3.5: Different kinds of antibiotics and their uses in plants tissue culture. 

 

No. 

 

Antibiotics Usefulness 

1 Ampicillin  

(100 to 400 mg/l) 

 It is used in culture of Petunia protoplasts. 

2 Streptomycin                        

(20 to 100 mg/l) 

 It is useful in plant tissue culture media even if 

autoclaved. 

3 Gentamicin sulfate 

 (50 mg/l)  

 Autoclavable and antibacterial. 

4 Carbenicillin (500 mg/l)  

& Augmentin (250 mg/l)  

 

 It is used advantageously in some genetic-

engineering experiments for controlling Agro 

bacterium. 

5 Cefotaxime (25 mg/l) +  

Tetracycline (6 mg/l) + 

Rifampicin (6 mg/l) 

 It is used to eliminate certain bacteria in woody 

plants. They are cold sterilized because they 

degrade when heat treated. 

6 Methylolurea  

 

 It is a useful antibiotic against certain yeasts. 

Autoclavable.  

7 Polyxin B   It is an antibiotic occasionally used in cell culture. 

8 Ribavirin    It is a broad-spectrum antiviral agent that is 

particularly effective against some potato viruses. 

 

 (7) Amino acids: 

Amino acids are building blocks of proteins, some of which combine with nucleic 

acids to form nucleoproteins. Although many amino acids can be synthesized in laboratories, 

only 20 essential amino acids are found in nature. These are all in the L-chemical form. 

These are alanine, argenine, asparagines, cysteine, glutamine, glycine, lysine, proline, serine 

and tyrosine (Table 3.6) 
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Table 3.6: Different amino acids and their usefulness in plant tissue culture 

 

 

No. Amino acids Usefulness 

 

1 Alanine  It helps to increase the number of embryos in some cell cultures. 

2 Arginine  It assisted root initiation. 

3 Asparagine  It used in cell culture of soybean 

4 Cysteine  Sulfur-containing amino acid, added to media as hydrochloride 

5 Glutamine  It contributed to somatic embryogenesis. 

6 Glycine  It used in a medium for Poinsettia cell culture. 

7 Lysine  It combined with proline has enhanced the quality and quantity of 

embryos produced. 

8 Proline  It used in combination with other amino acids for embryo culture. 

9 Serine   It used in microspore (pollen) culture to grow haploid embryos. 

10 Tyrosine  It is effective in shoot initiation and is useful as a nitrogen source. 

 

(8) Organic supplements:  

 Chemically undefined organic supplements are often used in plant tissue culture 

media with specific advantages. They are listed as under: 

 

(a) Coconut milk/Coconut water (e) Corn starch 

(b) Casein hydrolysate (f) Potato extract  

(c) Activated charcoal (g) Yeast extract 

(d) Corn milk/Corn endosperm   

 

(a) Coconut milk/Coconut water: It is liquid endosperm of coconut. This undefined 

medium was used with great success in early plant tissue culture and is still used 

today as a source of casein. 

(b) Casein hydrolysate: It is undefined protein mixture used in media as a non-specific 

source of organic nitrogen. Casein (a phosphoprotein in milk) is hydrolyzed (treated 

with water) to form this weak acid. 

(c) Activated charcoal: It is frequently added to rooting media to absorb root-inhibiting 

agents. Sometimes, it is added to stage I media to adsorb toxic phenolics substances 

and occasionally to stage II media intermittently for curative purpose. 

(d) Corn milk/Corn endosperm: It is rarely added to tissue culture media. It is 

suggested that the presence of cytokinin and zeatin in corn milk may be the source of 

benefit.  

(e) Corn starch: It has recently been reported as an agar substitute. Stanley (1995) 

found that it is an effective or better than agar as a substrate for certain fruits like 

apple, berries and pears. She recommended 50.0 g of cornstarch and 0.5 g of Gel rite 

for one litre of medium. 
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(f) Potato extract: It is added to media for monocot and anther culture. 

(g) Yeast extract: It is a natural source of vitamins. It is available in powder from and is 

occasionally used in media. 

(9) Gelling agents: Plant tissue culture media are used either in the liquid phase or in a 

solid phase. When the media are used in semi-solid state, a gelling agent is employed. Agar 

is most commonly used gelling agent in preparation of PTC media. 

 Agar is a mixture of polysaccharides derived from extracts of several species of red 

algae. As a gelling agent, the agar in tissue culture media is strong enough to support the 

culture, and to allow the nutrients to diffuse through the medium to the plantlets. Although 

agar is supposedly an inert material, in tissue culture media if frequently contains traces of 

other elements. Because it is not completely defined chemically, any medium containing 

true agar (as opposed to synthetic agar) must be considered only a partially defined medium. 

Agar may be found on the market as Agar-Agar or Gum Agar. 

 Several agar substitutes, which are highly refined polysaccharides, are commercially 

available. The trade names for such agar substitutes include Gelrite, Gellan, and Phytagel. 

Media made with these substitutes are exceedingly clear and usually have no ill effects, but 

such synthetic gels are known to cause vitrification, which is a physiological problem 

occurring during tissue culture of many species. To overcome this problem, a new product 

called Agar gel (a blend of agar and Phytagel) has been produced by Sigma company. This 

product is a mixture of agar and the synthetic gel and offers the best attributes of both 

products while reducing the problems of vitrification. It should be used at 3.5 to 5.o g per 

litre. This product can be made in the laboratory by mixing one gram of Gel rite (phytagel) 

with four grams of agar in one litre of water. 

Advantages of Agar Gel over other gelling agents: 

1. Agar gel does not react with media constituents. 

2. They are not digested by plant enzymes. 

3. They remain stable at all feasible incubation temperatures. 

 

*************** 
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(B) PREPARATION OF SOLUTIONS, STOCK SOLUTIONS AND MEDIA 

Preparation of solutions, stocks solutions and media is a critical part of any 

experimental procedure in plant tissue culture and biotechnological work. When a substance, 

called a solute, is dissolve in another substance, called the solvent, a solution is formed. A 

solution is a uniform distribution of solute in solvent. For example, Vinegar is a solution of 

acetic acid (solute) dissolved in water (solvent). Thus, the amount of solute dissolved in a 

solvent is important and can be expressed in several different ways. 

Units for Preparation of Solution: The concentration of a particular substance in 

media/solution can be expressed in various units. They are as under: 

(1) Moral solution: When number of molecular weight (moles in grams) of the solute is 

dissolved in one litre of a solution, the solution is called one molar (l M) solution. 

OR Molarity means the number of moles of solute per litre of solution. [1M (w/v) = 

M. Wt in g/l] 

 The M. Wt. is the sum of the atomic weights of all atoms in a molecule. The 

concentration of substance in solution can be, expressed as, 

 1 molar (mole) (M) = the molecular weight in g/l 

 1 mM (millimole)   = the molecular weight in mg/l = 10-3M 

 1 µM (micromole)  = the molecular weight in µg/l  = 10-6M 

 1 nM (nanomole)   = the molecular weight in ng/l   = 10-9M 

 1 pM (picomole)    = the molecular weight in pg/l   = 10-12M 

Example: One litre of a solution of Na2CO3 contains 106 g Na2CO3. This is 1M 

solution. 

(2) Molal solution: When number of molecular weight (moles in grams) of the solute is 

dissolved in one kilogram of a solvent, the solution is called one 

Example: 106 g Na2CO3 is dissolved in one kiligram of solvent. This is 1m solution. 

(3) Normal solution: When number of equivalent weight of the solute is dissolved in 

one litre of a solution, the solution is called one normal      (l N) solution. OR 

Normality means the number of equivalents solute per litre of solution. [1N (w/v) = 

Eq. Wt in g/l] 

Example: One litre of a solution of Na2CO3 contains 53 g Na2CO3. This is 1N 

solution. (M wt of Na2CO3 = 106g  So, Eq. Wt of Na2CO3 = 106/2= 53 g)  

(4) Percent (%) solution: The concentration of a particular substance in a solution can 

be also be expressed as percent (1 g/100 ml). (conc. = 10-2) The percent solution is 

expressed in three different ways: 

(a) Weight per volume (w/v): It means number of grams of solute per 100 ml of 

solution. It is used when powdered reagent is dissolved to make liquid solution. It is 

based on one gram of solute dissolved in 100 ml solvent to make 1 % solution.  

 Example: 5 g NaOH is dissolved in 100 ml solution (w/v) = 5 % 

(b) Mass Percent (w/w): It means number of grams of solute per 100 g of solution. It is 

used when powdered reagent is dissolved in specific solvent and makes liquid 
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solution. It is based on one gram of solute dissolved in 99 g solvent to make 1 % 

solution.  

Example: 5 g NaOH is dissolved in 100g solution (w/v) = 5 % 

(c) Volume Percent (v/v): It means number of milliliters of solute per 100 ml of 

solution. It is used when both solute and solvent are liquid and to make liquid 

solution. It is based on one ml of solute dissolved in 99 ml solvent to make 1 % 

solution. 

Example: 5 ml alcohol is added in 95 ml water (v/v) = 5 % 

(5) Milli Equivalent (m. e.): It is one thousand part of gram equivalent weight. 

Example: Eq. Wt of Na2CO3 = 53 g. 1 m.e. of Na2CO3 =  53/1000 = 0.053 

(6) Part Per Million (ppm): It is the parts of unit weight present in one million units. 

ppm = 1 mg per litre (concentration, 10-6). 

Stock solutions: 

Since it is a time-consuming and tedious process to weight the necessary substance 

each time a medium is prepared, concentrated solutions of the desired composition of a 

medium are used and diluted adequately. These concentrated solutions are called stock 

solutions. OR The solutions which are prepared well in advance in concentrated from (10 

times or 100 times) and used as per needs in a required quantity are called as stocks 

solutions 

 There are two types of stock solutions: 

(a) Simple stock solutions: It comprises only one constituent at a time. 

(b) Complex stock solutions: It comprises of several chemicals at a time. 

            PREPARATION OF MS MEDIUM: 

The various constituents and their concentrations used for preparing the MS medium 

are given in table No. 3.7.  

 

Procedure: 

 Take 800 ml of double distilled water in a one litre cylinder. 

 Add stock solutions of A, B, C, D and E, i.e. 50 ml, 10 ml, 5 ml, 10 ml and 1.0 ml, 

respectively to above double distilled water in a cylinder. 

 Add sucrose (30.0 g) and myo-inositol (100 mg) to the above stocks. 

 Make up the final volume to 1000 ml by adding more double distilled water. 

 Adjust the pH of the MS medium to 5.8 by using pH meter by stirring and adding 

drop wise 1 N NaOH (or 1 N KOH) or 1 N HCl. 

 Place the medium on hot plate and warm it. 

 Add 8.0 g Agar powder and dissolve it by heating and stirring the medium until the 

entire agar is dissolved. The solution becomes transparent when the agar is 

completely dissolved 

 Dispense the medium in test tubes/jam jars and autoclave at 121 OC temperature at 

15 psi for 20 minutes.  
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Table 3.7: Preparation of Stock Solutions of Murashige and Skoog (MS) medium  

Group Constituent Concentration in 

MS medium (mg/l) 

Quantity for 

stock solution 

(mg) 

Quantity 

dissolved in 

Volume to be 

taken per litre of 

medium 

Macronutrients Stock solution I (20x) 

(A) NH4NO3 1650 16500  

500 ml 

 

50 ml KNO3 1900 19000 

MgSO4 7H2O 370 3700 

KH2PO4 170 1700 

Macronutrients Stock solution II (100x) 

(B) CaCl2 2H2O 440 4400 100 ml 10 ml 

Macronutrients Stock solution III (200x) 

(C) 

 

 

 

 

*a) 

*b) 

H3BO3 6.2 620  

500 ml 

 

5 ml MnSO4 4H2O 22.3 2230 

ZnSO4 7H2O 8.6 860 

KI 0.83 83 

Na2MoO4 2H2O 0.25 25 

CuSO4 5H2O 0.025 2.5 

CoCl2 6H2O 0.025 2.5 

Iron-EDTA source Stock Solution IV (100x) 

(D) FeSO4, 7H2O 27.80 278  

100 ml 

 

10 ml Na2EDTA 37.28 373 

Vitamins and Amino acids (1000x) 

(E) Thiamine HCl  0.1 10  

100 ml 

 

1 ml Nicotinic acid 0.5 50 

Pyridoxine HCl 0.5 50 

Glycine 2.0 200 

Others 

 Myoinositol* 100 Added fresh 

Sucrose 30,000 Added fresh 

Agar 8000 Added fresh 

pH of the MS Medium = 5.8 

*a) Dissolve 100 mg CuSO4 5H2O & CoCl2 6H2O in 100 ml distilled water. 

 

******************** 
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ASSIGNMENT  

EXERCISE No. – 3 

Q-1 Explain various types of media given by different scientist with its Usefulness.  

 

 

 

 

 

 

 

 

Q-2 What are the Principal Components in Plant Tissue Culture Media? 

 

 

 

 

Q-3 Which are the different types of auxins and cytokinine uses in plant tissue culture 

laboratory? 

 

 

 

 

 

 

 

Q-4 List out chemically undefined organic supplements are often used in plant tissue 

culture media? 

  

 

 

 

Q-5 What are the advantages of preparation of stock solutions? Explain types of stock 

solutions 
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EXERCISE No. –4 

 

CALLUS INDUCTION FROM VARIOUS EXPLANTS 

  

 Callus is homogeneous, unorganized and undifferentiated mass of cells, whereas cell 

suspension culture contains single cells or few cell aggregates suspended in the liquid 

culture medium. Both callus and cell suspensions, collectively constitute somatic cell 

cultures. 

Explants Used For Callus Induction: leaf, hypocotyls, cotyledon, stem bit, petal, 

meristem, shoot tip, tuber, corm, bulb, bud, node, nucellus, embryo, endosperm etc.  

Objectives: 

1. To demonstrate totipotency by induction of plant regeneration from callus and   

      suspensions cultures. 

2. To induce somaclonal variation. 

3. To isolate protoplasts. 

4. To develop somatic embryos. 

5. To produce of secondary metabolites. 

6. To obtain explants for genetic transformation of plants. 

Experiment-1: Establishment of callus cultures in rice 

Material: Single distilled water (SDW), detergent (Teapol, Qualigents India Ltd. 

Mumbai), HgCl2 solution (0.15 % w/v) 500 ml, 70 % alcohol, Autoclaved SOW-800 

ml, test tubes. 

Procedure: 

1. Take healthy immature or mature rice grains. 

2. Add five drops of detergent in 400 ml SDW and dip the grains in it and shake the 

solution for 10 minutes. Remove all the traces of detergent by through washing with 

SDW. 

3. Wash the explants with 70 % alcohol for 2 minutes. 

4. Wash with SDW to remove any traces of alcohol. 

5. Surface sterilizes the grains using 0.1 % HgCl2 for 10 minutes. 

6. Wash the grains thoroughly at least three times with sterile water in the Laminar Air 

Flow Cabinet. 

7. Inoculate aseptically, 5-10 grains/culture vessel containing semi-solid MS (1962) 

medium supplemented with 2, 4-D (2.5 mg/l) + Kinetin(0.5 mg/l). 

8. Incubate cultures in total dark in the growth room for 3 to 4 weeks. 

Observations to be recorded:  

                        Number of grains exhibiting callus formation 

1. Per cent callusing =    ----------------------------------------------------  × 100    

                 Total number of grains cultured 

2. Record observations regarding number of days taken for callus initiation, callus 

growth, color and texture of callus under the stereomicroscope. 
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 PLANT REGENERATION THROUGH CALLUS FORMATION: 

 

Indirect Organogenesis: Organogenesis through callus formation. The plant 

regeneration from cultured explants involves the initiation of callus followed by 

shoot bud differentiation. Callus is often developing either from injury or in tissue 

culture in the presence of growth regulators. Explants with young, juvenile tissues 

are good callus initiation. 

 Success of organogenesis depends upon the age and donor conditions of the parent 

plant, season and other factors. The specific conditions for successful plant 

regeneration must be determined for each plant species. 

 Growth regulator concentration in the culture medium is critical for morphogenesis. 

Auxin at moderate to high concentration induces callus formation. Cytokinins alone 

or in combination with auxins bring about shoot formation. Root production may 

occur simultaneously or may subsequently be induced at low auxin concentration in 

medium. 

 Callus induction is ore-requisite for induction of somaclonal variation and 

development of transgenic plants. The main objective is to develop efficient and 

reproducible plant regeneration from cultured tissues. 

 

***************** 
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ASSIGNMENT  

EXERCISE No. – 4 

Q-1 Define callus. Mention various explants used for callus induction.  

 

 

 

 

 

 

 

Q-2 Give the important objectives of callus culture.  

 

 

 

 

 

 

 

Q-3 Mention the different steps for establishment of callus cultures in rice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q-4 Narrate the formula for per cent callusing? 
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EXERCISE No. – 5 

 

MICROPROPAGATION OF IMPORTANT CROPS 

(A)  BANANA THROUGH MERISTEM CULTURE  

 The pathogen population keeps accumulating generation after generation, in 

vegetatively propagated crops like banana, sugarcane, pomegranate etc. following 

conventional propagation on large (commercial) scale, which leads to varietal decline or 

clonal degradation. Conventional methods are not very satisfactory to clean the planting 

material. However, meristem derived plants are usually free even from systemic pathogens, 

which can be multiplied through micro-propagation to generate clean planting material. 

Viruses move from one cell to other through plasmodesmata (tubular connections between 

the adjacent cells). Meristematic cells does not have plasmodesmata connections, due to 

these they are free from viruses. 

Experiment: Micro-propagation of through meristem culture: 

 Banana is one of the major cash crops cultivated in India. Bunchy top and infectious 

chlorosis are two main viral diseases which severally affect this crop. Meristem tip culture 

technique described here is useful for the large scale production of high quality planting 

material. The general procedure for the micro propagation of banana plantlets is as under: 

(A) Establishment of the cultures 

 1. Selection of the suckers 

 2. Surface sterilization of the explants 

3. Dissection, inoculation of the explants and incubation of the cultures 

(B) Multiplication of the cultures 

 1. Transfer of cultures to multiplication media 

 2. Sub-culturing of the cultures for multiplication 

(C) Production of plantlets 

(D) Induction of rooting  

(E) Transplanting and hardening of the plants 

 General Instructions: 

1. Start UV light of  Laminar Air flow Cabinet (LAFC) at least 30 minutes before use. 

2. Wipe the top of LFC with 70 % alcohol before starting work. 

3. Wipe all the culture bottles / tubes with 70% alcohol and flame its mouth before 

inoculation. 

4. Before starting any work, screen the cultures thoroughly for any contamination in the 

medium and/or on the shoots. 

5. Arrange the culture vessels for incubation in such a way that all the cultures will get 

equal exposure to light. 

 

Protocol No. 1: ESTABLISHMENT OF THE CULTURES: 

 

I. Selection of the Plant Material (Suckers): 

 Material: Knife and flask (preferably of 1000 ml capacity) 

 Procedure: 

1. Collect the rhizomes from the selected elite plant. 
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2. Clean and cut the rhizome from all the sides in such a way that the centrally placed 

growing tip (length 5-7 cm) with its base remains protected by the leaf bases. 

3. Keep these buds in a 1000 ml conical flask. 

II. Surface Sterilization of the Explants: 

 Material:  

A. Autoclaved-distilled water 3-4 liters, 1000ml flask. 

B. 10 % savlon solution, 0.07% HgCl2 solution, 70 % alcohol, Container to collect waste 

water after washing. 

Procedure: 

1. Add 10 % savlon solution to the flask containing cleaned buds and shake in for one 

minute. 

2. Decant savlon solution and wash thoroughly with sterile distilled water. 

3. Shift these buds to 1000ml sterile flask in LFC. 

4. Add 70 % alcohol to this flask for 30-60 seconds and immediately wash with sterile 

distilled water 

5. Add 0.07 % HgCl2 solution to the flask and shake it for 6-7 minutes. 

6. Decant HgCl2 solution and wash buds with sterile distilled water for 4-5 times. 

Suggestions: 

1. Keep only 6-8 buds in a 1000 ml flask. 

2. See that the buds are completely immersed in all the three solutions used for surface 

sterilization. 

3. Concentration of  HgCl2 solution can be varied from 0.05 to 0.1 % depending on the 

contamination and sprouting response of the buds. 

III. Dissection, Inoculation of Explants and Incubation of Cultures: 

Material:   

A.   Sterilized forceps and scalpel, Petri plates 15 cm diameter, 1% ascorbic 

B.  Spirit lamp, 70 % alcohol, coplin jar 

C.  Medium (MS)  

 

Procedure:  

1. Take out a bud in a Petri plate containing 15-20 ml of 1 % ascorbic acid solution. 

2. Remove the outer layers of the leaf bases with the help of forceps and scalpel 

carefully and inoculated the meristem tip along with a papery leaf sheath on medium 

No.1  

3. Incubate the tubes containing meristem under a photoperiod of 16 h with 11.7 

μE/cm2/s light intensity (cool white fluorescent light) at 25  2oC. 

4. Observe the cultures regularly and discard the contaminated cultures. 

5. Transfer these cultures after 7-8 days of the incubation to fresh medium in the LFC. 

Clean the base of the explants wherever required. 

6. Incubate these cultures for 10 days at the same culture conditions as mentioned 

earlier. Observe the sprouting cultures. 
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Suggestion: 

To avoid bacterial contamination the antibiotic such as claforan (Filter sterilized: 50 

to 100 mg/l) can be added aseptically to the medium. 

 

Protocol No.2: MULTIPLICATION OF THE CULTURES  

 

I. Transfer of Cultures to Multiplication Media: 

Material: A. Autoclaved Petri plates, forceps, scalpel, 

       B. Spirit lamp, 70 % alcohol, coplin jar 

Medium: Medium (MS) 

Procedure: 

1. Take out the sprouted rhizome bud on a Petri plate with forceps, Clean the basal 

region of the bud if necessary.  

2. Inoculate the bud on Medium. 

3. Incubate these cultures for 3 to 4 weeks as described earlier. Observe the spouting of 

the adventitious buds from all the sides of the bud. 

 

II. Sub-culturing of the Cultures for Multiplication 

 Material: A. Autoclaved Petri plates, forceps, scalpel, 

       B. Spirit lamp, 70 % alcohol, coplin jar 

Medium: MS 

Procedure: 

1. Take out the sprouted culture in a sterile Petri plate and cut it vertically into 2-3 

clumps, each clump with at least 3-4 growing shoots. Inoculate these clumps on fresh 

Medium. 

2. Incubate the cultures for 3 to 4 weeks. 

3. Repeat the same procedure for 5 to 6 times for multiplication. 

 

Protocol No.3: PRODUCTION OF THE PLANTLETS: 

 

Material: A. Autoclaved Petri plates, forceps, scalpel, 

       B. Spirit lamp, 70 % alcohol, coplin jar 

Medium: MS 

Procedure: 

1. Take out the clumps of the shoot buds developed on the Medium. 

2. Cut the clump vertically in small pieces each containing at least 3-4 shoots. 

3. Inoculate each small clump to medium separately. 

4. Incubate the cultures for 20-25 days under the same conditions as described earlier. 

5. Separate the shoots lengthwise. 

6. Remove the shoots > 5 cm for transfer to rooting. 

7. Inoculate the remaining clump containing shoot < 5 cm length to Medium. 

8. Incubate the culture for 20-25 days as described earlier. 

9. Repeat steps 6 to 8 for 5 to 6 times for the cultures incubated on Medium. 
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Protocol No.4:INDUCTION OF ROOTING: 

 

Material: A. Autoclaved Petri plates, forceps, scalpel, 

       B. Spirit lamp, 70 % alcohol, coplin jar 

Medium: Medium (White’s) 

 

 

Procedure: 

1. Remove the full clump from Medium No.3 on a sterile Petri plate with the help of a 

sterile forceps. 

2. Separate the clump into smaller clumps each containing 2-3 shoots. 

3. Transfer the individual shoot clumps for rooting in rooting Medium. 

4. Incubate under the same conditions of light for 10-15 days. 

5. After 10-15 days when roots appear, Transfer the plantlets into polybages  

Suggestions: 

1. When plantlets are separated from the main clump, the basal region of the plantlets 

should remain intact along with its root system. 

2. If the shoots are well rooted but of small length <5 cm, they can be separated out 

from the clump if necessary and grown again on Medium for 15 -20 days to increase 

the shoot length and then used for transplanting.  

 

Protocol No.5: TRANSPLANTING AND HARDENING OF PLANTLETS: 

 

Material: Poly bags with 3-4 holes at the base, Size: (a) 2.5 × 10 cm (b) 10 ×15 cm, 

Bavistin solution (0.2 %) forceps, Sterile sand (autoclaved sand): Farm yard manure 

(FYM): Soil in 1 : 1 : 1 mixture, Plastic container for storing the plantlets till 

transfer. 

 

Procedure: 

1. Remove the plantlets from the culture bottles with the help of forceps. 

2. Clean the base of the plantlets and wash in water to remove any traces of the 

medium. 

3. Separate out the plantlets as per their size to maintain the uniformity. 

4. Keep the plantlets in plastic container containing little water and cover with lid til 

transfer. 

5. Dip the plantlets in bavistin solution (0.2 %) for 2-5 minutes before planting. 

6. Transfer the plantlets to the small polythene bag (2.5 × 10 cm) containing sterile 

sand. 

7. Water the plantlets. 

8. Keep the plantlets in polytent in greenhouse for 15-20 days at 80-90 % humidity and 

25  20C temperature.  

9. Spray water regularly in the polytent if required to maintain the humidity. 

10. Remove plantlets from polytent and keep in cool place in greenhouse for further 

acclimatization for 10-15 days. 
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11. Water the plantlets daily if required. 

12. Transfer these acclimatized plants to bigger poly bags (10 × 15 cm) containing Sand: 

Soil: FYM (1 : 1 : 1) mixture and keep under the shade net / shady place to attain the 

height up to 20-25 cm within 45-60 days. 

13. The plants are ready for transfer to field. 

 

 

Suggestions: 

 

1. While transplanting the plant to sand, root system of the plant should not be 

damaged. 

2. Water logging of the plants should be avoided. 

3. Care should be taken to avoid transit shocks by proper covering of the plants during 

transportation.  

 

 

******************* 
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ASSIGNMENT  

 

EXERCISE No. – 5 

Q-1 What is meristem? Why meristem culture is better shoot tip culture? 

 

 

 

 

 

Q-2 Why tissue culture plants of banana are more desirable than plantation of suckers in 

field? 

 

 

 

 

Q-3 How many stages of the micro propagation of banana plantlets? Write them.  

 

 

 

 

 

 

Q-4 State the various steps of establishment of the banana cultures? 

  

 

 

 

Q-5 Explain the transplanting and hardening of banana plantlets. 
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EXERCISE No. – 6 

 

HARDENING / ACCLIMATIZATION OF REGENERATED PLANTLETS 

 

 Tissue culture grown plants are maintained under closely controlled and aseptic 

conditions. Since the tissue culture medium contains both inorganic and organic substances, 

the plants are usually heterotrophs and very delicate in the absence of biotic/abiotic stresses. 

Direct transfer of tissue cultured plantlets to soil leads to heavy mortality. Therefore, 

hardening of tissue cultured plantlets is essential to improve their survival in the soil. 

 

Experiment: Hardening of micro-propagated plants of banana / sugarcane / pomegranate 

and their transfer to soil 

 

Procedure: 

1. Remove the well rooted shoot clumps from the culture vessels. 

2. Wash them thoroughly in running tap water to remove the salts and sugar. 

3. Place the rooted shoot clumps on moist cotton kept in water filled tray by changing 

water every day for 4-5 days, under strong light (4000 lux) in the incubation room. 

4. When roots start growing in water, separate the shoot clumps into individual 

plantlets and transfer to soil in polythene bags, kept in green house under high 

relative humidity (80-90 %). 

 

Observations to be recorded: 

                                              Number of plants survived in the soil 

Per cent Survival =  -----------------------------------------------------  =× 100 

                                         Total number of plants transferred to the soil 

 

 

 

******************** 
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ASSIGNMENT  

 

EXERCISE No. – 6 

 

Q-1 What is hardening / acclimatization? Why plants are considered as autotroph? 

 

 

 

 

 

 

 

 

Q-2 Why direct transfer of tissue cultured plantlets to soil leads to heavy mortality? 

 

 

 

 

 

Q-3 What are the facilities required for hardening of micro-propagated plantlets of 

banana?  

 

 

 

 

 

 

 

 

 

 

 

 

Q-4 Give the formula for Per cent Survival of the banana cultures? 
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EXERCISE No. – 7 

 

DEMONSTRATION OF ISOLATION OF DNA 

 

 Several procedures (protocols) have been standardized for isolation of high 

molecular weight genomic DNA from plants. Basically all the procedures involve removal 

of cell wall and nuclear membrane from around the DNA and the separation of DNA from 

cell wall components such as cell wall debris, proteins, lipids or RNA without affecting the 

integrity of DNA. In this exercise, we will discuss only two large-scale DNA isolation 

procedures and one mini-scale DNA isolation procedure. The most commonly used large-

scale DNA isolation procedures are CTAB Method and Potassium Acetate Method. 

Equipments: 

Pestle and mortar, 50 ml polypropylene tubes, 1.5 ml eppendorf tubes, Water bath, Ice box, 

Cooling centrifuge, Incubator, -20OC Deep freezer. 

 

How to prepare individual stock solutions? 

 

1. 5 M NaCl (Sodium chloride): 

Dissolve 146.1 g sodium chloride (M.wt = 58.44) in ~400 ml. Adjust the final 

volume to 500 ml with double distilled water. Sterilize the solution by autoclaving 

and store at room temperature. 

2. 1 M Tris HCl (pH 8.0): Trizma base (Tris [hydroxymethyl] amino methane  

Add 121.1 g Tizma base (M.wt = 121.1) in about 800 ml H2O. Stir vigorously, using 

a magnetic stirrer. Adjust pH to 8.0 by adding ~42ml conc. HCl. Cool the solution to 

room temperature and adjust volume of the solution to 1.0 litre with ddH2O. Sterilize 

the solution by autoclaving. 

(Note: if solution turns yellow, discard it) 

3. 0.5 M EDTA (pH 8.0): 

EDTA: Ethylenediamine tetra acetic acid disodium salt (Na2EDTA, 2H2O)  

Add 186.12 g Na2EDTA, 2H2O (M.Wt 372024) in ~ 800 ml H2O. Stirr vigorously, 

using a magnetic stirrer. Add about 20.0 g NaCl pellets (EDTA will not dissolve 

without adding NaCl). Adjust pH = 8.0 with NaOH pellets and make up the volume 

of the solution to 1.0 litre with ddH2O. Sterilize the solution by autoclaving. 

4. 10 % CTAB: 

 CTAB- Hexadecetyl trimethyl ammonium bromide 

It is difficult to dissolve this solution. Dissolve 4.1 g NaCl in 80 ml sterile ddH2O 

and slowly add 10 g CTAB while heating and stirring. If necessary heat the solution 

to ~65OC temperature to dissolve it. Adjust the final volume to 100 ml with sterile 

ddH2O. 

5. RNase: 

Dissolve RNase at a concentration of 10 mg/ml in 10 mM Tris – HCl (pH 7.5) and 

15 mM NaCl. Heat 100OC for 15 minutes and allow cooling slowly to room temp. 

Dispense into aliquots and store at -20OC. 
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6. 3 M Sodium acetate (pH 5.2): 

Dissolve 40.81 g sodium acetate 3H2O (M. Wt = 136.03 g) in 70 ml dH2O.  Adjust 

pH to 5.2 with glacial acetic acid and make up the volume to 100 ml. Autoclave 

before use. 

7. 5 M Potassium acetate (pH 5.5): 

Dissolve 49.07 g potassium acetate (M. Wt = 98.14 g) in 70 ml dH2O.  Adjust pH to 

5.2 with glacial acetic acid and make up the volume to 100 ml. Filter sterilize it and 

store at room temperature. 

8. Proteinase K: 

Dissolve 20 mg proteinase K in one ml double distilled water and store it at -20OC. 

9. 25 % SDS: 

Dissolve 25 g SDS in 100 ml distilled water and warm it. Store it at room 

temperature. 

10. Other Chemicals: Liquid nitrogen, Isopropanol, 100 and 70 % Ethanol, Sodium 

Bisulphite, β-mercaptoethanol, Chloroform-isoamyl alcohol, Phenol. 

11. TE Buffer (100 ml): 

 

Components Volume Final concentration 

1 M Tris- Cl, pH 8.0 1.0 ml 10 mM 

0.5 M EDTA, pH 8.0 0.2 ml 1 mM 

Double distilled water 98.8 ml --- 

 

Functions of Chemical used in Isolation of Plant DNA: 

 

1. Tris:   It maintains the ionic strength of DNA and stabilizes it in 

the buffer. 

2. EDTA:   It is a chelating agent that ties up divalent metal ions; these 

ions are often, cofactors necessary for the action of DNA 

ses-enzymes present in the cell, which, when released by 

lysis along with the DNA, can degrade DNA.  

3. NaCl:   It raises the ionic strength by adding 5 M NaCl. 

  It provides an environment in which DNA-protein 

interaction, are thermodynamically neutralized by the 

presence of other ions. This helps to dissociate protein 

from nucleic acid. 

4. CTAB:   It is a non-ionic detergent, which causes cell lysis to 

liberate DNA. It complexes with DNA. 

5. Sodium 

Bisulphite & β-

mercaptoethanol 

  They are antioxidants. These prevent oxidation of DNA by 

Polyphenols. 

6. Chloroform-

isoamyl alcohol: 

  It is used to deproteinize. The chloroform causes surface 

denaturation of proteins; the isoamyl alcohol reduces 

foaming, aids separation and maintains the stability of the 
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layer of the centrifuged, deprotienized solution. 

7. Phenol:   It is used to remove the proteins. 

8. Isopropanol:   It lowers the effective water concentration, causing large 

biomolecules to interpenetrate and aggregate. The result is 

a visible precipitate at the interphase, where the alcohol is 

concentrated. As DNA is precipitated and removed, more 

is exposed to the alcohol and will precipitate. 

9. Proteinase K:   It is used to remove the proteins. 

10. RNase:   It is used to remove the RNase. 

11. SDS:   It ruptures the cell wall and cell membrane by interrupting 

the protein- protein and protein-lipid interactions. 

12. Sodium acetate:   Use with alcohol for DNA precipitation. 

13. Potassium 

acetate: 

  It precipitates single stranded DNA by salting out process; 

glacial acetic acid reverts to its normal condition by 

lowering the pH and helps in renaturation. 

 

Procedure of DNA Extraction by CTAB Method: 

 

1. Collect leaf samples from the field in glassine paper bags and temporarily store in 

ice. (The leaf samples can be stored for a longer period at - 80OC) 

2. Grind about 5-7 g of leaf samples in liquid nitrogen and transfer the frozen powder in 

50 ml centrifuge tube containing CTAB buffer preheated to 65OC temperature in 

water bath (Use 2.0 ml buffer per gram of tissue.). 

3. When all the samples are grind, add ~ 15 ml of 2X CTAB buffer to all the tubes. 

Resuspend leaves in buffer by inverting the tubes and incubate at 65OC for 45 to 60 

minutes in a water bath. Mix the samples occasionally while maintaining at 65OC. 

4. Add equal volume (15 ml) of chloroform: isomyl alcohol (24:1) and swirl the tubes 

until if make emulsion. The tubes are placed on a rotary shaker for 15 minutes to one 

hour at room temperature. (While preparing chloroform:  isomyl alcohol, stir well 

before using). 

5. Centrifuge the tubes at 12,000 rpm at room temperature for 15 minutes. 

6. Transfer supernatant to a clean sterile tube and add 5μl RNAase (10 mg/ml). 

Incubate at 37 OC in a precision oven for one hour. (Filter it using sterile Mira cloth). 

7. Repeat chloroform: isoamyl alcohol extaction. Gently shake for 15 minutes on a 

rotary shaker and centrifuge at 12,000 rpm at room temperature for 15 minutes. 

Transfer supernatant to a clean sterile tube.  

8. Add about 0.8 volume of isopropanol cooled to 4OC for at least 30 minutes. Invert 

the tubes gently several times. The DNA will form white cotton like precipitate and 

will float a top. Only good quality DNA will float a top and poor quality DNA 

will settle down. Hook out the floating DNA using a sterile hooked Pasteur pipette 

or a wooden prick. If the DNA is not hookable then it can be pelleted by 

centrifugation. 



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 53 
 

9. Transfer the hooked or pelleted DNA into clean sterile 2.0 ml microfuge tubes. Wash 

the DNA 2 to 3 times with 70 % ethanol. (The DNA pellet can frist be centrifuged 

for a few seconds in a microfuge – this prevents DNA pellet from falling down while 

cleaning with 70 % ethanol. Ethanol removes traces of CTAB and chloroform 

precipitated with DNA). 

10. Decant the ethanol completely by turning down microfuge tubes on a blotting paper 

and air dry the pellet for half an hour. (Presence of small quantities of ethanol will 

interfere in DNA digestion and PCR reaction). 

11. Resuspended the DNA pellet in 100 – 200 μl of TE buffer depending upon the 

quantity of DNA. Leave the tubes for few hours at room temperature. Tapping the 

microfuges with fingertips can help in dissolving DNA completely. If the Pellet does 

not dissolve, either leaves the samples overnight at room temperature or heat the 

samples at 60OC in a water bath for 10-15 minutes. 

12. For removal of proteins, add 100 μg/ml of  proteinase K solution, 1/10th volume of 

sodium acetate (pH 5.2) and  1/10th volume of 25 % SDS to above mixture. Mix well 

and incubate at 60OC for one hour. 

13. Add equal volume of phenol: chloroform: isomyl alcohol (25:24:1) to that with DNA 

and spin at 10,000 rpm at room temperature for 5 minutes. 

14. Give two wash of chloroform: isomyl alcohol (24:1) with above mixture. 

15. Precipitate the DNA using double volume of 95 % chilled ethanol. Wash the pellet 

twice with 70 % ethanol and dry it partially. 

16. Re-dissolve DNA in TE buffer and check the purity of DNA. 

17. DNA can be stored at 4OC for several months and at – 20OC for several years. 

 

Precautions: 

 

 Handle liquid nitrogen carefully. 

 Always wear gloves while DNA extraction because our skin surface has high DNase 

activity. 

 Always number the tubes while DNA extraction. 

 Alcohol can erase most forms of marker inks. Be careful not to spill alcohol on 

marked parts of the tubes. 

 

************** 
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ASSIGNMENT  

 

EXERCISE No. –7 

 

Q-1 How separation DNA is occurring? 

 

 

 

 

 

 

 

 

Q-2 Which methods are most commonly used for large-scale DNA isolation?  

 

 

 

Q-3 Which are the Equipments requires for DNA isolation? 

 

 

 

 

 

 

 

 

Q-4 Give the CTAB, Sodium Bisulphite and Chloroform-isoamyl alcohol. 

  

 

 

 

 

 

Q-5 How you can prepare stock solution of  1 M Tris HCl? 
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EXERCISE No. –8 

 

QUANTIFICATION OF NUCLEIC ACID 

 

The quantification of nucleic acids is common to many applications in basic science 

and clinical research. These assays use either absorbance or fluorescence to measure the 

concentration of DNA or RNA in the sample. Many laboratories have adapted single cuvette 

protocols to a 96- and 384-well microplate-based format. 

 

Nucleic acid quantification encompasses key methods including: 

 Spectrophotometric determination of dsDNA, ssDNA, RNA at A260 

 Fluorometric determination of dsDNA with fluorescent dyes, for example, 

PicoGreen 

 Determination of purity based on A260/A280 ratios 

PROCEDURE: 

 

1. 

 

Make a sure the power with ground wire. Clean the pedestals for 3 times with pure 

water.   

2. With the upper pedestal open, pipette the sample (2µl onto the lower pedestal).  

3. Lower the sampling arm, the sample column is automatically drawn between the 

upper and lower measurement pedestal. Then the measurement initiates.  

 

4. 

 

When the measurement is complete, open the upper pedestal and wipe the sample 

from both the upper and lower pedestal. 

5. 

 

Nano-LI-5100 is with measurement of OD600. Lift the upper pedestal; enter into 

OD600 interface from the touch screen. 

6. Users can measure the concentration of nucleic acid sample without dilution with the 

0.5mm path length. The absorbance value of nucleic acid measurement is consistency 

of the reading value under 1cm path length. 

7. There are three options of Nucleic Acids, Report, help for different functions, only 

the light blue area is clickable. 

 

8. Click to choose Nucleic Acids type, DNA-50 for dsDNA, RNA-40 for RNA, ssDNA-

33 for ssDNA. When you choose "others" and type in the Nucleic Acids factor, the 

instrument will calculate as you set. 
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9. Blank the buffer, this step   is essential   before measurement. Blank absorbance value 

is during 0.004-0.03 Abs. The validity of blank control is 30 min and after 30 min, 

the system will automatically remind you to make blank detection.  

 

OPERATION STEPS: 

 

(1) Set the batch No. and Nucleic Acids type; 

(2) Clean the upper and lower pedestals with dust proof paper, input the 2 l buffer    

     solution to make blank; 

(3) Clean the buffer solution on the lower pedestals with dust proof paper; 

(4) Measure sample with volume of 2u±. Click "Sample" and then enter the interface. 

 

10. After measurement, pedestals must be cleaned before next measurement. Detection 

result data will display. 

11. A260: The absorbance of 10mm wavelength under 260nm. 

A280: The absorbance of 10mm wavelength under 280nm. 

A260/A280: The ratio of absorbance 260nm, 280nm can be used to judge the purity 

of DNA or RNA. Pure DNA ratio can reach around 1.8, pure RNA ratio can reach 

about 2.0. If the ratio value is lower, it means the sample contains some protein, 

phenol or other contaminants. 

 

12. FUNCTIONS OF BUTTON: 

 

 SAMPLE: Click it to measure the sample.  

 PRINT: Click it to print the data as Fig 4.5 with the equipped printer. 

 BACK: Click it back to the main interface.  

 EXPORT: Export the result to U disk (Insert the U disk into the USB port at back 

of instrument 

 DELEAT DATA: Delete the selected results 

 DELETE FILE: Delete all the files by click "File Name" and click "Delete file". 

 

 

**************** 
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EXERCISE No. –9 

 

DEMONSTRATION OF AGAROSE GEL ELECTROPHORESIS 

 

 Electrophoresis through agarose is the standard method used to separate, identify and 

purify DNA fragments. Electrophoresis means carrying with electricity. DNA has a negative 

charge, due to its acidic phosphate groups. Therefore, if an electric current is applied to the 

DNA, it will move towards the positive electrode. DNA fragments are separated based on 

size or molecular weight. DNA molecules travel through pores in agarose gel. Concentration 

of agarose determines the resolving capacity of the gel. At higher concentration of  agarose, 

pore size of the gel decreases and only smaller fragments will move through the gel. 

Decreasing the amount of agarose will increase the pore size of the gel and larger DNA 

fragments can be separated effectively. TO make the DNA bands visible, ethidium bromide 

is used. This dye intercalates between the bases of DNA and fluorescence orange when 

irradiated with UV light. Each band contains thousands of DNA molecules all of which are 

similar in size. The array of bands forms a pattern that is sometimes referred as a fingerprint. 

Equipments: 

Electrophoresis unit, Micropipettes (1 to 2 μl), UV Tran-illuminator with safety glasses or 

Gel documentation system, Microwave oven, Exam gloves. 

Chemicals: 

(1) 10x TBE (Tris borate electrophoresis buffer) pH 8.0   

Component Quaninty Final conc. 

Tris-Cl 108 g 0.89 M 

Borate 55 g 0.89 M 

0,5M EDTA 40 ml 0.02 M 

DdH2O Up to 1 L --- 

(2) Agarose: Dissolve 1.0 g Agarose in Tris-borate (gel-running) buffer. 

(3) Gel-Loading Buffer (10X) 

Component Quaninty Final concentration 

Bromophenol Blue (BB) 0.2 g 0.4 % 

Xylene cyanol FF (XC) 0.2 g 0.4 % 

50 % Glycerol in water 25 ml 50 % 

Sterile water  to 50 ml  

Note: Use 0.5X TBE for preparing Agarose gel and same concentration is used to fill 

buffer in the tank. 

 Purposes of Gel-Loading buffer: 

1. It increases density of the sample so that DNA drops evenly in the well. 

2. It adds color to the sample thus facilitating DNA loading in the gel. 

3. It tracks the movement of the DNA. The BB migrates through agarose run in 0.5X 

TBE at appx. The same rate as linear double stranded DNA molecule 300bp in 

length and XC migrates appx. the same rate as linear double stranded DNA molecule 

4.0 kbp in length. These relationships are not significantly affected by the 

concentration of agrarose in the gel over the range of 0.5 % to 1.4 %. 
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4. DNA Preparations (Plant DNA, plasid DNA, recombinant DNA etc) 

5. Standard DNA for Size Determination:  

(DNA cut with restriction endonucleases, Eco RI and Hind III) 

6. Double distilled water (One litre): 

7. Ethidium Bromide (10 mg/ml stock): Use 5 μl/100ml solution. Ethidium bromide 

chelates with DNA and fluoresces under UV light. It can be added directly to the 

agarose gel or prepared as solution in distilled water and gels treated after 

electrophoresis. It reduces electrophoresis mobility of linear DNA by about 15% 

because the dye intercalates between stacked base pairs, extending length of the 

DNA molecule and making them more rigid. 

Caution: Ethidium bromide is a potent mutagen and highly carcinogenic, should not 

be handled with bare hands. 

 

Factors affecting Agarose Gel Electrophoresis: 

 

(1) DNA mobility in the Gel: The double-stranded linear DNA molecules migrate 

through gel matrices at rates that are inversely proportional to the log10 of the number 

of base pairs. 

(2) Composition of buffer: The composition and inonic strength of electrophoresis 

buffer affects electrophoretic mobility of DNA. If the ions are absent, the electric 

conductance is minimal and DNA migrates very slowly. If buffer concentration is 

very high (e.g. 10X by mistake) the electric conductance is very high and significant 

amount of heat is generated (It can melt the gel and denature DNA). 

(3) Applied voltage: A voltage of ~5 V/cm is good for obtaining resolution of DNA 

fragments larger than 2 kb (Note: distance is measured as shortest distance path 

between the electrodes and not merely the length of the gel itself). 

 

Procedure of Agarose Gel Electrophoresis: 

(1) Form a wall around clean dry, gel-casting glass plate (10 x 6.0 x 0.5 cm) using zinc 

oxide tape. This should give a leak proof wall about 1 cm high all around the plate. 

Alternatively, the plate is placed in a suitable gel casting tray purchased from a 

commercial supplier. Placed the set-up perfectly horizontal over a leveled plate. 

(2) Dissolve 1.0 g of agarose in 100 ml of 0.5X TBE (for 1.0 % gel) and heat until the 

agarose gets completely dissolved (heat preferably in a microwave oven). The 

solution will become transparent. Cool it down to 60OC while constantly stirring on 

an orbital shaker. Add ethidium bromide to a final concentration of 0.5 μg/ml buffer 

(5 μl stock solution for 100 ml gel). 

(3) Pour the agarose solution in the gel casting plate. Pour slowly along the sides to 

avoid formation of any air bubbles. 

(4) Immediately place a suitable well-forming comb about 1 cm from one end of the 

plate. The teeth of comb should not touch the glass plate. Allow the gel to set for one 

hour. (Note: The buffer in the tank should be the same as used for preparing the gel. 

The combs should be removed after transferring the gel into buffer tank; otherwise 

the wells may be damaged). 



Introductory Biotechnology, Course No. Biotech. 5.1 
 

Page 59 
 

(5) Remove the comb from the gel, carefully. Transfer the gel along with the glass plate 

to the electrophoresis tank such that the wells are near the cathode (black). Pour 

single-strength Tris-borate buffer into the tank until the gel (including zinc oxide 

wall) is submerged. 

(6) Connect the electrodes to the power supply with the cathode (black/negative) at the 

well end of the gel. 

(7) DNA preparation: While the gel solidifies, add loading dye to the DNA sample 

such that final concentration of the loading dye is 1 X. 

(8) Load DNA samples (5-20 μl) and standard taken in gel-loading solution using a 

micropipette. 

(9) Turn on the power supply and run at 75 V (10-15 mA). Monitor the progress of fast-

running (bromophenol blue) traking dye during electrophoresis. Terminate the run 

when the tracking dye is about to leave the gel. 

(10) Transfer the gel onto a thick plastic sheet, place on a UV Tran-illuminator and view 

the gel under ultraviolet light (300nm). Nucleic acids on the gel will appear orange 

owing to the fluorescence of bound Ethidium bromide. Photograph as soon as the gel 

has been checked for the presence of bands. Use the photograph as soon as the gel 

has been checked for the presence of bands. Use the photograph for further 

interpretation of band patterns. The image can also be stored into the computers 

using CCD or Digital cameras. Special computer packages are available for this 

purpose. 

(11) Measure (from photograph) the distance moved by each band from the front of the 

loading well. Plot the distances against log molecular weight of standards (DNA 

fragments) to give a calibration curve. Deduce the size of DNA and/or restricted 

fragments of samples using the curve. 

 

************* 
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ASSIGNMENT  

EXERCISE No. –9 

 

Q-1 What is gel electrophoresis? Why it is used? 

 

 

 

 

 

Q-2 Why DNA, it will move towards the positive electrode?  

 

 

Q-3 Which are the factors affecting during travel DNA molecules through pores in 

agarose gel?  

 

 

 

 

 

 

 

 

Q-4 Which are the components used in Gel-Loading Buffer?  

  

 

 

 

Q-5 What are the purposes of Gel-Loading buffer? Explain in brief. 
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EXERCISE No. – 10 

 

POLYMERASE CHAIN REACTION (PCR) AND DNA FINGERPRINTING 

 

(A) POLYMERASE CHAIN REACTION (PCR) 

 

 The basic principle of polymerase chain reaction (PCR) involves amplification of 

target DNA using two oligonucleotide primers that hybridize to opposite strands. The PCR 

technique consists of a series of cycles involving template denaturation, primer annealing 

and the extension of the annealed primers by DNA polymerase, resulting in an exponential 

accumulation of a specific fragment. Since the primer extension products, synthesized in one 

cycle, the number of target DNA copies approximately doubles at every cycle. Invention of 

a thermo stable DNA polymerase (Taq polymerase) from Thermos aquaticus transformed 

the PCR can be employed after producing cDNA by reverse transcription reaction. 

 PCR permits the in vitro amplification of defined sequences of DNA, whereby gene 

segments can be amplified. The most important application of this technique is to enhance 

gene probe detection of specific gene sequences. By exponentially amplifying a target 

sequence, PCR significantly enhances the probability of detecting rare sequences in 

heterologous mixtures of DNA. 

Steps of PCR: First the DNA is denatured to convert double stranded DNA into single 

stranded DNA; primers are annealed to the target DNA; and the DNA ia extended by 

nucleotide addition from the primers by the action of DNA Polymerase. The oligonucleotide 

primers are designed to hybridize to regions of DNA flanking a desired target gene 

sequence. The primers are then, extended across the target sequence using free 

deoxynucleotide triphosphates, resulting in a duplication of the starting target material. 

Melting the product (DNA duplexes) and repeating the process many times result in an 

exponentialincrease in the amount of target DNA. 

 The PCR is a rapid procedure for in vitro enzymatic amplification of specific 

segments of DNA using specific primer sequences. The applications of PCR include 

analysis of sequence variation, genetic fingerprinting, cloning of genomic DNA and cDNA, 

in vitro mutagenesis, etc. 

 

Objectives: 

1. To set up a PCR reaction mixture 

2. To amplify DNA and detect bands from the amplified PCR products 

Primers: 

 A primer is a short, single stranded sequence of DNA, an oligonucleotide capable of 

binding to a region of DNA adjacent to the desired target sequence. Two different 

primers are used, one strand at 5' end and the other to the opposite strand at the 3' end 

of the desired sequence. Primer selects the specific region on to DNA to be 

amplified. 

 Primers are oligonucleotide of length 15 to 30 bases and complementary to sequence 

at 5' ends of template strands. 
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 It is important that PCR primers do not contain any complementary structures with 

each other longer than two bases, especially at 3' ends which, may result in the 

primer dimmer formation. 

 For good amplification, 40-60 % G + C content is often recommended for both 

primers with no long stretches of anyone base. 

 The primer annealing temperature depends on Tm value which is calculated using 

general formula: Tm (
OC) = 2 (A +T) + 4 (G + C). 

  Concentration of primers is within 0.1 to 1.0 μM range in symmetric PCR. 

 Sometimes, apparently well-defined and properly synthesized primer is less efficient 

than expected in the PCR. Prepare new primer respositioned slightly along the target 

will often correct the problem. 

Chemicals: 

 10X PCR buffer with Mg++, Tag DNA polymerase, Four 10 mM deoxynucleotide 

triphosphates, two primers, thermal cycler, template DNA, PCR tubes, etc. 

Materials required (for 25 μl reaction mixture): 

Sr. No. Stock solution Quantity required Final Concentration 

1 DNA (40-50 mg/μl) 2.00 μl 80-100 mg 

2 PCR buffer (10X)  

(without MgCl2) 

2.50 μl 1X 

3 MgCl2 (15 mM) 2.50 μl 1.5 mM 

4 dNTPs (1 mM) 2.50 μl 100 μM 

5 Primer, F (5 μl) 1.25 μl 0.25 μM 

6 Primer, R (5 μl) 1.25 μl 0.25 μM 

7 Taq polymerase (5U/ μl) 0.20 μl IU 

8 ddH2O 13.30 μl - 

 Total 25.00 μl  

 

PCR Buffer (10X) 

100 mM Tris-cl (pH 8.0) 

500 mM KCI 

0.1 % Gelatin 

 DNTPs: These are commercially 

available as 100 mM concentration. 

Dissolve 25 μl of each dNTP to prepare 

100 μl of 25 mM stock solution. From 

this prepare 1 mM working solution.  

 

Primers: Primers are available 

commercially as 200 μM 

concentration. Dissolve the stock in 

sterile water to prepare working 

solution of 5 μM. 

  

 

Procedure: 

1. Isolation of DNA from the plant to be used as a template DNA. 

2. Preparation of PCR master mix. It contains all four deoynucleotide triphosphates, 

Taq DNA-Polymerase, buffer with Mg++ and two different oligonuceotide primers. 

3. Add 2.0 μl of DNA to 9.7 μl of PCR master mix. Add double distilled water to adjust 

the final (total) volume to 25 μl. 
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4. Pulse the tubes in the micro centrifuge to mix. 

5. Most of the thermal cyclers are equipped with a heated lid which eliminates the need 

of oil. [If not then add 50 μl of mineral oil to each tube which prevents evaporation 

during temperature cycling]. 

6. Place the sample in the thermal cycler. A tube of PCR master mix without DNA 

template should be placed as a negative control. 

7. Programming of the thermal cycler: 

 

Cycle 1 (First cycle) 

Step 1: 94OC for 5 minutes 

Step 2: 65OC for 2 minutes 

Step 3: 72OC for 2 minutes 

Cycle 2 to 34   

Step 1: 94OC for 2 minutes 

Step 2: 65OC for 2 minutes 

Step 3: 72OC for 2 minutes 

 

Cycle 35 (Last cycle) 

Step 1: 94OC for 2 minutes 

Step 2: 65OC for 2 minutes 

Step 3: 72OC for 5 minutes 

Hold at room temperature. Last cycle contains an extended elongation step to permit 

completion of amplification products. 

(8) Analysis of PCR products can be carried out by electrophoresis with 1.5 to 2.0 % 

agarose gels for one hour which provide optimal resolution of PCR products less 

than 1000 bp in size. 

(9) Observe the gel in the UV Trans-illuminator and take a photograph of the gel or 

observe the gel directly in the gel documentation system. 

 

(B) DNA FINGER PRINTING 

In the 1970s, the basic techniques for DNA fingerprinting, Southern Blot analysis 

and Restriction Fragment Length Polymorphism (RFLP), were developed (Rudin, 2002). In 

1985, Alec Jeffreys used RFLP as a way to identify individuals from their DNA, a process 

he termed DNA fingerprinting. In 1985, Kary Mullis and colleagues first published the 

Polymerase Chain Reaction (PCR) method of replicating specific regions of DNA utilizing 

gene specific primers and specific thermocycler conditions. The combination of RFLP with 

PCR led to the possibility of identifying individual specific regions of DNA from limited 

samples, such as a single hair shaft with an intact follicle left at a crime scene. This 

technology, termed DNA profiling, would allow detectives to link a suspect to a crime scene 

by using his/her DNA fingerprint. The DNA of every human being on the planet is 99.9% 

same. However, 0.1% of DNA is unique to the individual that makes all the difference. The 

United Kingdom became the first country to use DNA profiling to exonerate one suspect of 

rape.   
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DNA Fingerprinting “(DNA technology) – The most awesome and powerful tool 

acquired by man since the splitting of atoms. Conventional fingerprint of an individual 

comes from finger tip and unique for an individual. This is used for identification of a 

person in forensic lab, police station etc. However, the major drawback of the conventional 

fingerprints is that it can be changed by surgery. There is another type of fingerprint unique 

to an individual called DNA fingerprint. This remains same in all body parts, tissues and 

cells as well as cannot be altered by any known methods. Thus, DNA fingerprint method is 

becoming primary method for identifying an individual. 

 
 

 

OUTLINE OF THE AFLP PROCEDURE: 

 

(1) Template fragments are generated by Digestion of genomic DNA with a combination 

of the two restriction enzymes EcoRI and MseI (blue and red arrows represent EcoRI 

and MseI restriction enzyme sites, respectively);  

(2) Ligation of the double-stranded EcoRI- (blue) and MseI- (red) specific adapters to the 

fragment ends;  

(3) A pre-amplification step using primers that match the adapter sequences and that 

carry each one selective nucleotide (represented by N) at their 3 end are used to 

PCR-amplify subsets of the EcoRI/MseI templates;  

(4) A final selective PCR-amplification step in which additional selective nucleotides are 

added to the EcoRI and MseI primers; and  

(5) The electrophoretic size fractionation and the display on denaturing polyacrylamide 

gels of the EcoRI/MseI amplification products. 
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         High quality genomic DNA 

 

 

 

1. DNA cut by 2 restriction enzymes: a 

rare cutter (i.e. EcoRI) and frequent 

cutter (i.e. Msel). 

 

 
 

 

2. Double stranded adapters that 

correspond to the restriction site are 

ligated to fragments. 

 

 
3. Complex genomes (i.e. Plant, animal) 

amplified using 2 rounds of PCR: a pre-

selective' PCR where primers contain 1 

selective' base 

 

4. A selective' amplification where primers 

contain 2-4 selective bases at the 3' 

end. A subset of the available 

fragments is amplified 

 
5. Complex and highly informative 

banding profile obtained when the end 

labeled amplified products are 

denatured and separated on a 

denaturing polyacrylamide gel and 

detected by exposing an X ray film or 

using an automated sequencer. The 

primer corresponding to the rare cutter 

is end-labeled; thus only single-strand 

fragments that contain the EcoRI end 

are visualized. 

 

 

DNA amplification fingerprinting (DAF): 

 

A single arbitrary primer, as short as 5 bases, is used to amplify DNA using PCR. DAF 

requires careful optimization of parameters; however, it is extremely amenable to 

automation and fluorescent tagging of primers for early and easy determination of amplified 

products. 

  

DAF differs from RAPD in following respects: 

i. Higher primer concentrations are used in DAF. 

ii. Shorter primers of 5-8 nucleotides are used in DAF. 

iii. Two temperature cycles in DAF as compared to three in RAPD. 

iv. DAF usually produce very complex banding pattern. 

v. Products of DAF are analyzed on acrylamide gels and detected by silver staining. 
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Arbitrarily primed polymerase chain reaction (AP-PCR): 

 

This is a special case of RAPD, wherein discreet amplification patterns are generated by 

employing single primers of 10-50 bases in length in PCR of genomic DNA. In the first two 

cycles, annealing is under non-stringent conditions. AP-PCR differs from RAPD in 

following respects: 

i. In AP-PCR the amplification is in three parts with its own stringency and concentration of 

constituents.  

ii. In AP-PCR higher primer concentrations are used in the first PCR cycles. 

iii. Primers of variable length, and often designed for other purposes, are arbitrarily chosen 

for use (M13 universal sequence primer). 

iv. Products of AP-PCR are mostly analyzed on acrylamide gels and detected by 

autoradiography. 

 

Amplified fragment length polymorphism (AFLP): 

This is a highly sensitive method for detecting polymorphism throughout the genome 

and is becoming increasingly popular. It is essentially a combination of RFLP and RAPD 

methods and it is applicable universally and is highly reproducible. It is based on PCR 

amplification of genomic restriction fragments generated by specific restriction enzymes and 

oligonucleotide  adapters of few nucleotide bases. It is a novel DNA fingerprinting 

techniques.  DNA fingerprinting involves the display of a set DNA fragments from a 

specific DNA sample. Fingerprints are produced without prior sequence knowledge using a 

limited set of  genetic primers. AFLP technique with uses stringent reaction conditions for 

primer anneling and combines the reliability of RFLP technique with  the power of PCR 

technique.  

In principle it involves the following steps:  

1. DNA is cut with restriction enzymes (generally by two enzymes) at double stranded (ds) 

oligonucleotide adapters are ligated to the ends of the DNA fregments. 

2. Selective amplification of sets of restriction fragments is usually carried out with 32P 

labeled primers designed according to the sequence of adaptors plus 1-3 additional 

nucleotides. Only fragments containing the restriction site sequence plus the addit ional 

nucleotides will be amplified. 

3. Gel analysis of the amplified fragments. The amplification products are separated on 

highly resolving sequencing gels and visualized using autoradiography. Fluorescent or 

silver staining techniques can be used to visualize the products in cases where 

radiolabeled nucleotides are not in the PCR. 

A schematic representation of the' has been shown in Fig.. The restriction 

fragments for amplification are generated by two restriction enzymes, a rare and frequent 

cutter. The figure shows that fragments are generated from EcoR I\ and Msel 

Oligonucleotides are generally used as adapters and primers. AFLP adapters consist of a 

core sequence and an enzyme specific sequence.  
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The restriction fragments with their 5' protruding ends are obtained and then 

adapters are ligated. The sequence of the adapters and the adjacent restriction site serves 

as primer binding sites for subsequent amplification of the restriction fragments. 

Selective nucleotides are included at the 3'ends of PCR primers, which therefore can only 

prime DNA synthesis from a subset of the restriction sites. Only those restriction 

fragments in which nucleotides flanking the restriction site match the selective 

nucleotides will be amplified. 

The AFLP procedure results in predominant amplification of restriction fragments 

having a rare cutter sequence on one end and a frequent cutter sequence on the other end. 

The method allows specific coamplification of a high number of restriction 

fragments. Typically 50-100 restriction fragments are amplified and detected on 

denaturing polyacrylamide gels. 

This method generates a large number of restriction fragment bands, thereby 

facilitating the detection of polymorphism. Choosing the different base number and 

composition of nucleotides in the adapters can control the number of DNA fragments that 

are amplified. Although not many maps using AFLP markers have been developed so far, 

this method is now widely used for developing polymorphic markers. AFLP is a 

technique that detects genomic restriction fragments and resembles RFLP in this respect, 

with the major difference that PCR amplification instead of Southern blotting is used for 

detection of restriction fragments. In general there is a linear correlation between the 

number of amplified fragments and genome size. Most AFLP fragments correspond to 

unique positions on the genome and hence can be exploited as landmarks in genetic and 

physical maps, each fragment being characterized by its size and its primers required for 

amplification.  
 

 

Advantages 

1. This technique is extremely sensitive. 

2. It has high reproducibility, rendering it superior to RAPD. 

3. It has wide-scale applicability, proving extremely proficient in revealing diversity.  

4. It discriminates heterozygotes from homozygotes when a gel scanner is used. 

5. It permits detection of restriction fragment in any background or complexity, including 

pooled DNA samples and cloned DNA segments. 

6. It is not a simple fingerprinting technique but can be used for mapping also. 

Disadvantages 

1. It is highly expensive and requires more DNA than is needed in RAPD (1ug per reaction) 

2. It is technically more demanding than RAPDs as it requires experience of sequencing 

gels. 

3. AFLPs are expensive to generate as silver staining, fluorescent dye or radioactivity detects 

the bands. 
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APPLICATIONS OF DNA FINGERPRINTING:  

 

1. In Forensics Science: DNA Fingerprinting and Forensics science can be defined as the 

intersection of law and science. The DNA profile of each individual is highly specific. 

The chances of two people having the exact DNA profile are 30,000 million to 1 (except 

for identical twins). Biological materials used for DNA profiling are: Blood, Hair, Saliva, 

Semen, Body tissue cells etc. DNA isolated from the evidence sample can be compared 

through VNTR (Variable number of tandem repeats) prototype. It is useful in solving 

crimes like murder and rape.  

2. Paternity and Maternity Determination: A Person accedes to his or her VNTRs from 

his or her parents. Parent-child VNTR prototype analysis has been used to solve disputed 

cases.  

3. Personal Identification: The concept of using DNA fingerprints as a sort of genetic bar 

code to pinpoint individuals has already been discussed above.  

4. Diagnosis of Inherited Disorders: It is also useful in diagnosing inherited disorders in 

both prenatal and newborn babies. These disorders may include cystic fibrosis, 

hemophilia, Huntington's disease, familial Alzheimer's, sickle cell anemia, thalassemia, 

and many others.  

5. Development of Cures for Inherited Disorders: By studying the DNA fingerprints of 

relatives who have a history of some particular disorder, DNA prototypes associated with 

the disease can be ascertained. 

6. Detection of AIDS: By comparing the band of HIV "RNA" (converted to DNA using 

RT-PCR) with the bands form by the man’s blood, person suffering with AIDS can be 

identified.  

7. Breeding Program: Breeders conventionally use the phenotype to evaluate the genotype 

of a plant or an animal. For example, homozygous dominant genotype AABB is always 

desirable.  

 

 

*************** 
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ASSIGNMENT  

EXERCISE No. –10 

 

Q-1 What is basic principle of polymerase chain reaction (PCR)?  

 

 

 

 

Q-2 What do you mean by oligonucleotide primers?  What is it’s used? 

 

 

 

 

Q-3 Explain about Taq polymerase. 

 

 

 

 

 

 

 

 

Q-4 Which are the components / Chemicals used in PCR?  

  

 

 

 

 

Q-5 What are the steps of PCR? Explain in brief. 

 

 

 

 

 

 

 

************** 
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