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Preface 

A large number of factors such as scarce resources, biotic and abiotic stresses pose 

serious threat to crop productivity. Crop improvement programs aim to tackle these 

issues and feed our Nation which will become the most populous one by 2020. 

Biotechnological interventions for crop improvement have become a reality in the past 

two decades in our country. Micropropagation, marker assisted selection and transgenic 

development are the three major arms of plant biotechnology. Using all these three arms, 

a number of agronomically important traits including male sterility, disease resistance, 

insect-pest resistance, herbicide tolerance, quality enhancement both in terms of nutrition 

and aesthetic value have been achieved within the country and around the globe. 

Unraveling of genome has become a routine exercise yielding a vast amount of genomic 

information which has made application of biotechnology across crop and horticultural 

species possible. 

At the ICAR-National Research Centre on Plant Biotechnology, since 1985, research as 

well as training programs have been designed and initiated to serve different areas of 

agriculture in major crops and train a variety of human resources including young 

students, researchers and teachers from NARS and postgraduate students outside NARS.  

After pioneering efforts from NRCPB and ICAR system as a whole, marker assisted back 

cross breeding has become a routine in many crops such as rice, maize and wheat.  

This is the first time, at NRCPB, we are offering a training program to Technical officers 

of ICAR system. We have designed this manual with the objective of providing a ready 

reckoner for different molecular biology techniques that are essential and routine in crop 

improvement projects. The ultimate aim of this training is to acquaint as well as update 

the staff in molecular techniques and build their confidence to take part in plant 

biotechnology research. 

We are thankful to Project Director, NRCPB for his guidance and support in bringing out 

this manual in time as well as in organizing this training program. We thank ICAR and 

administration wing of NRCPB for the timely funding. 

 

Dr. Pradeep Kumar Jain                     ICAR-NRCPB, New Delhi 

Dr. Rekha Kansal                14 January, 2017 

Dr. Monika Dalal 

Dr. SV Amitha Mithra 

Dr. MS Nimmy 
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1. Isolation and Restriction of Plasmid DNA from E. coli 

Rekha Kansal 

The term ‘plasmid’ was first introduced by the American molecular biologist 

Joshua Lederberg in 1952. A plasmid is a small DNA molecule that is physically 

separate from, and can replicate independently of, chromosomal DNA within a cell (Fig. 

1). Most commonly they are found as small circular, double-stranded DNA molecules in 

bacteria. 

 

 

 

 

 

 

 

 Fig. 1 A bacterium cell showing chromosomal DNA and plasmids 

 

Plasmids almost always carry one or more genes which are responsible for a useful 

characteristic displayed by the host bacterium. The ability of a plasmid to survive in 

normally toxic concentrations of antibiotics is often due to the presence of a plasmid 

carrying antibiotic resistance genes. The antibiotic resistance is used as a selectable 

marker to ensure the particular plasmid in a bacterium. Most plasmids possess at least 

one DNA sequence that can act as an origin of replication, so they are able to multiply 

within the cell quite independently of the main bacterial chromosome (Fig. 2a).  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 The two types of plasmid integration into a host bacteria: (a) Non-integrating 

plasmids (b) episomes, integrate into the host chromosome 

(a) 

(b) 
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The smaller plasmids make use of the host cell’s DNA replicative enzymes to make 

copies of themselves, whereas some of the larger ones carry genes coding for 

enzymes for plasmid replication A few types of plasmid are also able to replicate by 

inserting themselves into the bacterial chromosome (Fig 2b). These integrative 

plasmids are stably maintained in this form through numerous cell divisions. The size 

and copy number of a plasmid are particularly important when the cloning is to be 

done. They range from about 1.0kb for the smallest to over 250kb for the largest 

plasmid. 

Plasmids are often described as being either relaxed or stringent on the basis of the 

number of copies of the plasmid that are maintained within the cell. Relaxed plasmids 

are maintained at multiple copies per cell, while stringent plasmids are present at a 

low number of copies per cell. The copy number refers to the number of molecules of 

an individual plasmid that are normally found in a single bacterial cell. Each plasmid 

has a characteristic value that may be as low as one or as many as 50 or more. 

Plasmids are divided into two groups: conjugative and non-conjugative. Conjugative 

plasmids promote sexual conjugation between bacterial cells and are spread from one 

cell to all the other cells in a bacterial culture by a set of tra genes which are absent 

from the non-conjugative types. 

Isolation of Plasmid DNA from E.coli 

The most convenient method for preparing plasmid DNA is the alkali method of 

Birnborn and Doly (1979). In this procedure, cells are lysed by SDS at high pH and 

then neutralized. The plasmid DNA reanneals rapidly while most of the chromosomal 

DNA and bacterial proteins precipitate as a protein-DNA-SDS complex. The 

procedure can be scale up to higher volume; however, for samples more than 10 ml it 

is best to deproteinize the plasmid with phenol/chloroform prior to ethanol 

precipitation. 

  Protocol 

1. Grow overnight culture of the plasmid containing bacterial strain in 10 ml L-Broth 

with appropriate antibiotic(s) at 37˚C. 

2. Spin for 20 sec in microcentrifuge, pour off supernatant (longer spin makes pellet 

hard to suspend). 

     (This spin can be at 4˚C or at room temperature). 



  
 

Use of Different Molecular Biology Techniques in Crop Improvement Program Page 3 
 

3. Suspend pellet thoroughly in 100 µl in solution I by vortexing immediately after 

adding solution I. keep on ice for 5 min. 

     (Be sure cells are completely suspended). 

4. Add 200µl freshly prepared solution II at RT. Mix gently by inverting tubes and 

keep on ice for 5 min. or until SDS distinctly precipitates. Lysate is clear at first 

but gets cloudy as SDS precipitates. 

  (The alkaline pH denatures linear host DNA but not circular forms.  Samples 

should be viscous and stringy when cap opened at completion of this step).  

5. Add 150µl of solution III at RT and mix gently by inverting tubes several times. 

Keep on ice for 5 min. (the high salt solution (3M NaOAc) neutralizes the pH and 

precipitates proteins with SDS, host DNA and RNA). 

(Mixing should be done gently and complete) 

6. Spin for 5 min at 14000 rpm at 4˚C in a micro centrifuge without disturbing the 

pellet, carefully transfer the supernatant into a fresh microtube. Discard the pellet. 

(This spin can be done at 4˚C or at room temperature). 

7. Add 2 volumes of chilled ethanol gently mix and keep at -20˚C for 2 hours. 

8. Spin in micro centrifuge for 5 min at high speed. Remove and discard the 

supernatant. 

9. Wash the pellet with chilled 70% ethanol to remove excess salts. Air dry the pellet 

for 15 min. 

10. Suspend the pellet in 20µl of T10E1,  pH 8. 

11. Check 2 µl of this isolated DNA on agarose gel. 

Requirements 

Solutions 

1    20 % glucose                   2.25ml 

0.5M EDTA, pH 8.0       1.00 ml 

1M Tris, pH 8.0              1.25ml 

Sterile distilled H2O       45.50 ml 

Store at 4˚C 

Add lysozyme 2.0 mg/ml immediately before use. 

2    10N NaOH                0.4ml 

20 % SDS                 1 ml 

Sterile distilled H2O          18.6 ml 
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Not to be autoclaved; can be stored up to 1 year at RT. 

3    3M Sodium Acetate pH 4.8 

Dissolve 40.81g of sodium acetate.3H2O in 60 ml of water. 

Adjust pH to 4.8.                                           

4    T10E1 pH 8.0 

Tris base 0.1211 g 

EDTA 0.0372 g  

Adjust pH to 8.0 with HCl.  Adjust volume to 100ml.  Autoclave and use. 

5   Rnase A 

Dissolve pancreatic RnaseA at a concentration of 10 mg/ml in 10 mmM Tris    pH 

7.9 and 15 mMNaCl.  

    Heat to 100˚C for 15 min and allow cooling slowly to room temperature.  

    Dispense into aliquots and store at -20˚C. 

 

 

 

 

 

 

                           

                                                  Fig. 3 Plasmid DNA from E.coli 

Restriction of Plasmid DNA  

Many of the revolutionary changes that have occurred in the biological sciences over 

past 15 years can be directly attributed to the ability to manipulate DNA in different 

ways. The major tools for this genetic engineering are the enzymes that the principal 

enzyme that catalyzed specific reactions on DNA molecules. From historic 

perspective, the discovery of restriction enzyme that cleaves DNA at discrete 

nucleotide sequences was the breakthrough that ushered in the rest of the technology. 

Restriction endonuleases recognizes short DNA sequences and they cleave double 

stranded DNA at specific sites with or adjacent to the recognition sequences. 

 

Protocol 

1. Take about 2.0µg of plasmid DNA in 10µl of Tris-Cl-Buffer pH 8.0 
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2. Add 2 µl of 10 X restriction buffer. 

3. Add 7 µl of sterile distilled H2O to make up volume 20 µl. 

4. Add 1 µl (10 units) of appropriate restriction enzyme. 

(In principle, 1U restriction endonuclease completely digests 1µg of purified DNA in 

60 min using the recommended conditions. Crude DNA preparations, such as those 

made by rapid procedure, often require more enzymes and/or more time for complete 

digestion. The volume of restriction endonucleases added should be less than 1/10 

volume of the final reaction mixture, because glycerol in the enzyme storage buffer 

may interfere with the reaction.)  

5. Gently mix the content and spin down for a moment. 

6. Keep the samples at 37˚C for 90 minutes. 

7. While the samples are kept for restriction, prepare 0.8 % agarose gel using low 

melting point agarose. 

8. After 90 min restriction of the plasmid DNA spin down the sample and heat 

inactivate the restriction enzymes. 

9.  Add 2 µl of DNA loading dye and load on a 0.8% agarose gel. 

 

 

 

 

 

 

 

 

Fig.4. Agarose gel electrophoresis of Plasmid DNA restricted with EcoR1 

Requirements 

 Sterile distilled H2O 

 Reaction buffer 

 Restriction enzymes 

 Plasmid DNA (2 µg) 

Vector DNA 

Insert DNA 
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2. Agarose Gel Electrophoresis and Extraction of   DNA    

from Low Melting Temperature Agarose Gel 

Rekha Kansal 

In this exercise we are going to learn how to separate a DNA fragment from an 

agarose gel. This technique is very useful in cloning DNA fragments separated by gel 

electrophoresis. 

Protocol  

1. Prepare an agarose gel (0.7%) using low melting point (L.M.P.) agarose. 

 (To 0.42g low melting point agarose add 50 ml sterile distilled water. Heat 

until dissolved. Then add 1.2 ml 50 X TAE buffer. Make up to 60 ml final 

volume with water. Add 1µl of ethidium bromide stock (EtBr) solution (10 

mg/ml). Use gloves while handling EtBr.) 

2. Cool the gel to 37°C before pouring. This will prevent splitting. 

3. Place the gel in the tank whilst the comb and the gel surround are still in 

position. Cover the gel with buffer prior to removing the comb and the 

surround. 

4. Prior to loading the samples, the gel should be pre-run for a period of     

10min. 

a. (During this time the voltage should be slowly increased until the required 

setting is      obtained. (This prevents splitting of the gel. Load the sample 

and run the gel for 2
1
/2 hr at upto 7.50 V / cm.) 

5. To isolate a specific DNA fragment, view the agarose gel under U.V. light. 

 (Care is needed when removing the gel from the plate as the L.M.P. 

agarose does not have the strength of the ordinary agarose. Remove the 

required fragment with a sterile scalpel.) 

6. The agarose is then melted by heating it to 65°C for 5 min. 

7. For 500 µl gel solution, add 50 µlof 5M NaCI. 

8. Vortex and heat at 65”C for 5 min. 

9. An equal volume of phenol is added, vortexed the contents to mix and 

centrifuged for 5min.Remove the upper aqueous layer is removed and 

extracted with phenol once again. 

10. Two volumes of ether is added, mixed by inverting the tube and remove the 

ether layer. 
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11. Heat at 65°C for 2 min. 

12. 0.1 volume of 3M sodium acetate and then 3 volumes of ethanol are added. 

 (This is then left at -20°C for overnight and the precipitated DNA collected 

by centrifugation for 10 min.) 

13. The pellet is washed with 70% ethanol, dried under vacuum for 10 min and 

re-suspended in minimum volume (10 µl) of sterile water or TE buffer. 

Requirements  

•  50 X TAE                                

-Tris    242 g 

-Glacial acetic acid  57.1ml 

-O.5M EDTA (pH 8.0) 100 ml 

Make up the volume to 1000 ml. Autoclave and use 

•       5M NaCI 

  - NaCl   29.25g 

Make up the volume to 100 ml. Autoclave and use.  
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3. Ligation of DNA Fragment to the Vector DNA 

Rekha Kansal 

Cloning of double-stranded DNA (dsDNA) molecules into plasmid vectors is 

routinely used techniques in molecular biology. The most common method of cloning 

and subcloning of DNA fragments rely on restriction enzyme digestion and ligation. 

Two crucial steps in cloning are the ligation of the foreign DNAs to the vector DNA 

and the transformation of bacteria using those ligated DNA fragments. Ligation is 

accomplished using the enzyme DNA ligase (usually from the bacteriophage T4). It 

requires ATP and magnesium ions to catalyze the reaction of a 3’-OH and a 5’-P on 

double-stranded DNA to form a phosphodiester bond. The DNA ends can be cohesive 

or blunt after restriction digestion depending on the nature of the restriction enzyme 

used. Ligation between cohesive-ended molecules is more efficient than ligation 

between blunt-ended molecules. Hence, when ligating blunt-ended molecules, the 

DNA and ligase concentrations must be higher than when ligating cohesive-ended 

molecules. The ligated DNA will then be used to transform the competent bacteria, 

which will then be selected for by plating on medium with antibiotics. Further 

selection will then be done by transferring the resulting colonies onto two different 

antibiotic plates to screen for the recombinant clones. 

Protocol  

(i) Linearization of vector DNA 

1. Take about 2 µg of vector DNA in about 16 µl of sterile water.  

2. 2 Add 2 µl of restriction buffer and 2 µl of restriction enzyme.  

3.  Keep at 37°C for about 90 min.  

4. Prepare 0.7% agarose gel in 1 X TAE.  

5. After the restriction is over, load 1-2µl of digested sample along with 

undigested sample to check whether the digestion is complete. 

6. Run for about 30 min at 50V and check under UV light.  

7. If restriction is complete, add about 80 µl of sterile distilled H20 (If not 

add 1µl more of restriction enzyme and keep for some more time at 37°C 

for complete   digestion).  

8. Add an equal volume of saturated phenol: chloroform: isoamyl alcohol. 

9. Mix the contents gently.  

10. Spin for about 2 min. 



  
 

Use of Different Molecular Biology Techniques in Crop Improvement Program Page 9 
 

11. Take the upper aqueous phase.  

12. Add 1/10
th

 volume of 3M NaOAc pH 4.8.  

13. Add 2 volumes of chilled absolute alcohol (EtOH). 

14. Keep for about 1 hr at  -70°C.  

15. After 1 hr centrifuge the DNA at high speed (12,000 rpm) for 15 minutes.  

16. Wash the pellet with chilled 70% ethanol. 

17. Dry the pellet and dissolve in 10 µl of sterile distilled H20. 

18. To check the concentration and quality of linearized vector DNA, load 1 µl 

of vector DNA and fragment DNA on 0.7% agarose gel and run at 40V for 

1 hr. View under UV and assess the quality of DNA.  

(ii) Ligation  

Set up the ligation reaction on ice as follows:  

1. Take 1µl (0.1 µg) of the vector DNA (linearized), in a sterile eppendorf 

tube.  

2. Add 1ul of equimolar amount of insert DNA (eluted fragment) and 5 µl of 

sterile distilled H20. To this add 1µl of 10 X ligation buffer and 1 µl of 

10 mM ATP.  

3. Briefly spin down the samples and add 1 µl of T4 DNA ligase (3-4U /ul).  

4. Incubate at 12-15 °C overnight, and use the mixture to transform 

competent cells of E. coli (DH5α or XL-l Blue).  

Note: Set up two control reactions each containing the vector alone and 

fragment   DNA alone, separately.  

Calculating Insert amount: 

 

Requirements:  

•  Phenol saturated with TE.  

•  Chloroform  

•  Chilled absolute ethanol 

•  70% chilled ethanol  

•  Ligase buffer lOX 

•  rATP 10mM  

•  T4 DNA ligase  

•  3M sodium acetate, pH 4.8  
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4.  Preparation of Competent Cells and Transformation 

Rekha Kansal 

Protocol  

(i) Preparation of competent cells  

1. Setup 2x10 ml of the appropriate bacterial strain in L-broth. Commonly the cells 

are stored as glycerols. Use a wire loop to inoculate. Grow overnight at 37°C on 

the rotary incubator.  

2. Inoculate 2 x 30 ml aliquots of broth with 1 ml of overnight grown culture. Grow 

at 37°C on a fast shaker until the O.D.reaches a value of 0.2 at 650 nm on the 

spectrophotometer. (This is equivalent to an O.D. of 0.1 at 600 nm for side arm 

flasks or an. O.D of. 0.14 at 600 nm for cuvettes.)  

3. When the required O.D. is reached place the cultures in ice. Transfer 30 ml of 

culture to a sterile centrifuge tube. Spin down the cells at 5000 rpm using the 

centrifuge at 5-l0°C (for 10 minutes).  

4. Decant off the supernatant. Resuspend in 5 ml of 0.1 M CaCl2 solution. Keep as 

cool as possible. Add a further 10 ml of 0.1 M CaCl2 solution.  

5. Spin down the cells as for step 3. Decant off the supernatant. Resuspend the 

pellet in 1.5 ml of 0.1 M CaCl2 solution. Store in ice prior to use.  

These cells are used for transformation. The process described above weakens 

the cell to such an extent that when mixed with plasmid DNA, and given a brief 

incubation, a number of cells will take up the plasmid and in doing so the cells 

will be transformed into plasmid carrying hosts. These can be further screened 

using min-preps etc., and then used to prepare large quantities of DNA for 

sequencing etc. via the normal large scale plasmid preparation.  

Requirements:  

• 2 x 10 ml aliquots of L-broth  

• 2 x 30 ml aliquots of L-broth 

• Appropriate bacterial strain  

• 0.1 M Calcium chloride. Keep cool prior to use.  

 

Note: The method relies on the combined effect of cold and calcium chloride to 

induce the cells towards competency.  
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(ii) Transformation of E. coli  

Protocol  

1. To 100 µl of competent cells, add 5 µl of ligation mix and mix gently.  

2. Keep the tubes in ice for 30 min.  

3. Transfer the tubes to 42°C in a water bath for 90-120 sec (for giving heat shock 

to the cells). 

4. Quickly transfer tubes to an ice bath and chill for 2-5 min.  

5. Add 1 ml of LB medium and incubate at 37°C for 1 hr with gentle shaking.  

6. Plate the cells on appropriate selective medium using different volumes (200, 

400 and 500 µl).  

7. Incubate the plates invertedly overnight at 37°C and check for the transformants 

next morning.  

 

 

 

 

 

 

                                   Fig. 5 Transformation of E.Coli 

 

Calculation of Transformation efficiency (TE): 

TE = Colonies/µg/Dilution where; 

Colonies: the number of colonies counted on the plate; µg: the amount of DNA 

transformed expressed in µg; Dilution: the total dilution of the DNA before plating 

References 

• Birnboim, H.C. and Doly, J. (1979). Nucleic Acids Research 7: 1513-1523.  

• Sambrook, J., Fritsch, E.E and Maniatis, T. (1989). Molecular Cloning: A 

Laboratory Manual, Cold Spring Harbar Laboratory Press, New York.  

• Ausubel, EM., Bent, R. Kingston, R.E., Moore, D.O., Seidman, J.G., Smith, 

J.A. and Struhl, K. (1987). Current Protocols in Molecular Biology, Greene 

Publishing Associates and Wiley-Interscience.  

• Davis L., G. Dibner, M.D. and Battey, J.E (1986). Basic Methods in 

Molecular Biology, Elsevier, New York.  
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5. Genomic DNA Isolation from Plant Tissue 

Monika Dalal 

The procedure for DNA isolation involves disruption of the cell wall, cell membrane 

and nuclear membrane to release the DNA into solution followed by precipitation of 

DNA while ensuring removal of the other biomolecules present in the cell such as the 

proteins, polysaccharides, lipids, phenols and other secondary metabolites by 

enzymatic or chemical methods. 

CTAB (Cetyl trimethylammonium bromide) method is the most commonly used 

method for DNA isolation from plant tissues. CTAB (cetyl trimethylammonium 

bromide) is a cationic detergent which helps in cell lysis and facilitates separation of 

polysaccharides.  Higher concentration of NaCl used in the buffer also helps in 

precipitating polysaccharides.  To remove phenolic compounds, polyvinyl pyrrolidone 

is added during grinding of tissues.  mercaptoethanol is a reducing agent which helps 

in denaturing proteins by breaking the disulfide bonds in the protein. Chloroform 

extraction is used to separate organic soluble molecules from the DNA. Finally, the 

DNA is precipitated with iso propanol.  

The CTAB method of DNA extraction described by Doyle and Doyle (1987) with 

minor modifications is given as follows 

Reagents  

1. CTAB Buffer (components and their concentrations are given in Table1)   

2. Chloroform: isoamyl alcohol (24:1) mixture  

3. Isopropanol  

4. 70% ethanol  

5. 10:1 TE (10mM Tris, 1mM EDTA) 

6. RNase A (10mg / ml) 

7. Phenol: Chloroform: isoamyl alcohol (24:24:1) mixture  

8. Absolute ethanol (chilled) 

9. 3M sodium acetate  

Table 1 Composition of CTAB extraction buffer 

Reagent Stock 

concentration 

Working 

concentration 

Volume to 

be added 

(for 10 ml) 

Volume to 

be added 

(for 100 ml) 

Cetyltrimethyl     
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ammonium 

bromide (CTAB)  

10 % 2.0 % 2.0 ml 20.0 ml 

Tris-Cl (pH 8.0) 1.0 M 100 mM 1.0 ml 10.0 ml 

0.5 M EDTA (pH 

8.0) 

0.5 M  20  mM 0.4 ml 4.0   ml 

NaCl 5.0 M 1.4 M 2.8 ml 28.0 ml 

β-

Mercaptoethanol 

- 0.2 % 0.02ml 0.2 ml 

H2O - - 5.78 ml 37.8 ml 

NOTE: Prepare CTAB extraction buffer immediately before use.  

Protocol 

Plant samples can be prepared by grinding tissue using liquid nitrogen in a pre chilled 

mortar and pestle. Freeze dried plants can be ground at room temperature.  

1. For each 100 mg homogenized tissue, use 1 ml of pre warmed CTAB Extraction 

Buffer. Mix thoroughly. Transfer the homogenate to a 65°C bath for 60 minutes.  

During incubation mix 1-2 times by gently inverting the tubes. 

2. Allow the homogenate to cool down to room temperature. Add an equal volume 

of chloroform/isoamyl alcohol (24:1). Mix the homogenate by inverting the tubes 

gently. Then centrifuge the sample for 10 min at 14,000 rpm to separate the 

phases. 

3. Transfer the upper aqueous phase to a new tube. Precipitate the DNA by adding 

0.7 volume isopropanol, mix the sample by inverting the tubes gently and 

incubate at room temperature for 10 minutes. 

4. Centrifuge the sample at 14,000 rpm for 10 minutes. Decant the supernatant 

without disturbing the pellet. 

5. Add 1ml of 70% ethanol and centrifuge at 14,000 rpm for 10 minutes. Decant the 

ethanol.  

6. Air dry the pellet long enough to remove alcohol, but without completely drying 

the DNA pellet. Dissolve DNA in 40 µl TE buffer (10 mM Tris, pH 8, 1 mM 

EDTA).  

7. For RNAase treatment, add 1/10 volume of RNAase A (10 mg per ml) in the 

DNA solution and incubate the samples at 37
◦
 C for 1h. 
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The genomic DNA isolated by above method can be used for PCR, however for 

applications such as Southern blotting, genomic DNA is purified by phenol: 

chloroform. The method for purification is given as follows:  

8. To the RNase treated DNA sample, add equal volume of 

phenol:chloroform:isoamyl alcohol (25:24:1) and mix. 

9. Centriguge at 14000 rpm for 10 min at RT and transfer the aqueous phase to a 

fresh microfuge tube. 

10. Add equal volumn of chloroform:isoamyl alcohol (24:1), centriguge  at 14000 

rpm for 10 min at RT and transfer the aqueous phase to a fresh tube. 

11. Add 1/10nth volume of 3M sodium acetate and 2.5 volumes (2.5 times the total 

volume) of chilled absolute ethanol. Incubate the samples for precipitation at -

20°C for 1hr. 

12. Centrifuge the sample at 14,000 rpm for 10 minutes. Decant the supernatant 

without disturbing the pellet. 

13. Add 1ml of 70% ethanol and centrifuge at 14,000 rpm for 10 minutes. Decant the 

ethanol.  

14. Air dry the pellet long enough to remove alcohol, but without completely drying 

the DNA pellet. Dissolve DNA in 40 µl TE buffer (10 mM Tris, pH 8, 1 mM 

EDTA).  

                                                    M          1            2           3           4   

                                           

 

 

 

 

 

 

 

Fig. 6 Genomic DNA isolated from wheat. Lane M: 1KB molecular weight marker, 

Lane 1-5: Genomic DNA isolated from wheat 

 

15. Check the genomic DNA on 1 % agarose gel. Fig. 6 shows the genomic DNA 

isolated from wheat.  
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16. The purity of DNA can be estimated by 260nm /280nm ratio. A value of 1.8 

indicated good quality DNA.  

Reference: 

Doyle J, Doyle J: A rapid procedure for DNA purification from small quantities of 

fresh leaf tissue. Phytochem Bull. 1987, 19: 11-15. 
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6. Determination of Purity and Quantity of Genomic DNA 

Monika Dalal and Era Vaidya 

In the previous exercise, we isolated wheat genomic DNA. The quality and quantity 

of the genomic DNA needs to be determined before proceeding with further 

applications like PCR amplification or Southern blotting. The protocol for 

determination of DNA quality by agarose gel electrophoresis using uncut λ genomic 

DNA of known concentration is as follows: 

Agarose gel electrophoresis and DNA quantification: 

Reagents needed  

50X TAE buffer 

Tris base                                             242 g 

Disodium EDTA                                18.61 g 

Glacial acetic acid                              57.1 ml 

Volume to 1 litre with dist. Water 

DNA loading dye 6X 

0.25% bromophenol blue 

0.25% xylene cyanol 

30% glycerol 

Store at 4 °C 

Ethidium bromide (10 mg/ml) 

Store EtBr solution in dark 

Protocol for agarose gel electrophoresis 

1. Select appropriate gel casting tray and matching comb; fix the comb into slots. 

2. Weigh 0.8 g agarose into 250 ml flask containing 100 ml 1X TAE and boil to 

dissolve agar completely 

3. After cooling agarose to around 50 °C, add 5 µl EtBr and mix gently so that no 

bubbles would form  

4. Pour agarose into sealed casting tray slowly in order to avoid bubble formation and 

let it solidify for 30-45 min 

5. Remove the sealing and comb and keep the tray in electrophoresis tank containing 

1X TAE buffer sufficient enough to dip the gel 
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6. Mix 1 µl DNA sample with loading dye and pipette the mix into the wells carefully 

to avoid floating out of sample. Also load 4 µl DNA ladder of known base pairs, 

preferably 1 kb 

7. Place the lid back on the running tank and connect the power supply. Run the 

apparatus at 60-80 volts for 45 min to 1h or till the bromophenol blue dye front 

migrates around 2/3 of the gel  

8. At the end take put gel along with tray and capture the image under UV light using 

gel documentation unit  

 Note 

 To quantify DNA concentration, uncut λ genomic DNA of known 

concentration (25, 50, 100, 150, 200) is used during electrophoresis (Figure 7).  

 As observed after electrophoresis, there was neither RNA contamination nor 

any sign of degraded DNA in all samples, indicating that RNA is degraded 

during the process of the extraction.  

Spectrophotometer Method: 

Different molecules absorb or transmit light at different wavelengths and this is a 

characteristic of a substance. For example, chlorophyll absorbs at around 400 nm and 

transmits at around 500 nm. DNA has absorbance maxima at 260 nm. Transmittance 

and absorbance bear an inverse relationship. A spectrophotometer measures 

transmittance and absorbance of a sample at a specific length and this is compared to 

a blank measurement (no solute or analyte) to obtain the calibrated absorbance of a 

sample.  

Transmittance = Intensity of transmitted light / intensity of incident light and  

Absorbance = - log (T)  

and absorption increases as concentration increases. 

In practice, instruments measure the power rather than intensity. Power is the energy 

per second which is a product of intensity (photons per second) and energy per 

photon. Using Beer-Lamberts law which relates absorbance to concentration of a 

particular molecule, quantification is done. Beer – Lambert’s law is given by,  

Absorbance α pathlength and concentration and  

A = E * b * c where, 

A is the absorbance,  
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E is the proportionality constant or wavelength-dependent molar absorption 

coefficient or extinction coefficient in lit/mol-cm,  

b is the path length in cm and  

c is the analyte concentration in molarity.    

For nucleic acids, the Beer-Lambert’s law is modified to use an extinction coefficient 

with units of ng-cm/µl. The generally accepted extinction coefficients for nucleic 

acids are as follows: 

Double stranded DNA: 50 ng-cm/µl 

Single stranded DNA: 33 ng-cm/µl 

RNA: 40 ng-cm/µl. 

Note: Ratio of 260 by 280 nm absorbance is used to check the quality of DNA. 

Acceptable ratio is 1.8 whereas anything below 1.8 is considered as protein or phenol 

contamination and anything above 1.9 is considered as RNA contamination. Protein 

or phenol contamination is also indicated by 230/260 ratio greater than 0.5. 

Protocol 

1. Take 1ml of TE buffer in a cuvette and calibrate the spectrophotometer at 

wavelength of 260 nm and 280 nm. 

2. Add 2 to 5μl of DNA, mix properly and record the optical density (OD) both at 

260 nm and 280 nm. 

3. Estimate the DNA concentration employing the following formula: 

4. Amount of DNA (μg / μl) = {(OD observed) X 260 x 50 x dilution factor}/1000 

5. This is based on the fact that an OD of 1 at 260 nm corresponds to approximately 

50 μg /ml for double stranded DNA. 

Nanodrop based DNA quantification 

The working principle of Nanodrop is same as that of previous method, with the 

added advantage that Nanodrop provides direct readings after software based internal 

analysis. Therefore it is more user-friendly. The parameters to check the quality do 

remain the same as in the previous method.  

Formula to calculate DNA quantity 

Concentration (µg/ml) = (A260 reading – A320 reading) × dilution factor × 50µg/ml 

Total yield of DNA is calculated using the formula given below: 

Total DNA= Concentration/ µl x total volume 
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7.  Polymerase Chain Reaction 
Era Vaidya and Monika Dalal  

 

Polymerase chain reaction, or PCR, is a laboratory technique for in vitro amplification 

or making multiple copies of a segment of DNA. The method of PCR was developed 

by Kary Mullis who received Nobel Prize in chemistry in 1993 for this work. PCR is 

a very specific and sensitive technique which can amplify billions of copies of a 

desired segment of DNA from a small amount of template DNA or cDNA in short 

period of time.  

Reaction Components 

Template: It can be genomic DNA, plasmid or cDNA which contains the sequence of 

DNA to be amplified (target DNA). The source of template can be from animals, 

plants, viruses, or bacteria. 

Enzyme: The enzyme used is DNA Polymerase which adds a nucleotide onto a 

preexisting 3'-OH group.  The original method used Klenow DNA polymerase which 

is thermolabile and had to be replenished after every cycle. However it was replaced 

by thermo stable DNA polymerase from Thermos aquaticus which can catalyze 

multiple rounds of amplification at high temperatures.  Now a day many different 

types of recombinant DNA polymerases are being used for different purposes.  

Primers: These are small 18-26 nucleotides long segments of single-stranded DNA, 

which hybridize to a specific region on either side of the target DNA sequence on 

opposite strands. It is required for initiation of amplification of the target DNA by 

DNA polymerase. Please note that the primers are custom made depending on the 

sequence to be amplified. 

Nucleotides: The four nucleotides that is dATP, dGTP, dCTP and dTTPs are used as 

mixture (dNTPs or deoxynucleotide triphosphates) and are the building blocks for 

synthesis of new DNA strands.  

Buffer:  It is an ionic solution with specific pH that helps to maintain the enzyme 

activity, stabilize the DNA and other components of the reaction. Magnesium ion 

which is a co factor for DNA polymerase is one of the main components of the buffer. 

PCR reaction 

The composition of a typical PCR reaction mix is as follows: 
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 The concentration of template varies for plasmid (pg or ng) and genomic DNA (ng). 

PCR is carried out in automated thermocycler which carries out following steps:  

1. Denaturation  

The DNA is heated to 94° C. This breaks the weak hydrogen bonds that hold 

DNA strands together in a helix, allowing the strands to separate creating 

single stranded DNA. 

2. Primer Annealing 

The mixture is cooled to temperature from 50-68° C. This allows the primers 

to bind (anneal) to their complementary sequence in the template DNA. The 

annealing temperature depends on the Tm of the primer and it is usually kept 

2-5 degrees below the Tm of the primers. 

3. Extension 

The reaction is then heated to 72° C, which allows DNA polymerase to extend 

the primers by adding nucleotides onto the primer in a sequential manner, 

using the target DNA as a template.  

These three steps are repeated to amplify the desired DNA segment. The time 

required for these three individual steps is determined by the processivity of the DNA 

polymerase enzyme and the size of the fragment to be amplified (amplicon size). In a 

typical PCr reaction the following commands or programme is given to the 

thermocycler. 

Step Temperature Time* 

Initial denaturation 95
0
C 5 min. 

Denaturation  94
0
C 1 min. 

Annealing 55
0
C* 1 min. 

Components Final Concentration Volume 

10X Buffer 1X 5 µl 

dNTP (2mM) 0.2M 5 µl 

Primer (F+R) (10M) 0.4 M 2µl 

Template DNA 10pg-100ng 1 µl 

Enzyme (Taq Polymerase) (5 U/ 

µl) 

1 U/ µl 0.2 µl 

Sterile Distilled Water 1X 36.8 µl 

 Total Volume 50 µl 
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100 bp

200 bp

M       1       2         3       4        5

150 bp

Extension 72
0
C 2 min. 

Go to step 2 Proceed for 30 cycles  

Final extension 72
0
C 10 Min. 

Storage 4
0
C Forever 

*: the time and temperature depends on the product to be amplifed and the primers 

used. 

In PCR, amplification is exponential because for each cycle, the DNA made in the  

 previous cycles can also serve as template (Fig. 8).  

 

 

 

 

 

 

 

 

 

Fig. 8 Schematic representation of first four cycle of PCR showing exponential 

amplification of DNA 

 

Visualization of the amplified product 

The PCR amplified product (amplicon) can be visualized by gel electrophoresis where 

the product is resolved in a 1% agarose gel. The % of the gel depends on the size of 

the amplicon (Fig. 9).  

 

 

 

 

 

 

Fig. 9 Visualization of PCR amplified DNA fragment. M, Molecular weight marker; 

1-5 amplified product (150bp) 
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Application 

The DNA amplified by PCR can be used in a number of laboratory and clinical 

techniques such as for amplification of gene, DNA fingerprinting, detection of viruses 

and bacteria, for diagnosis of diseases and genetic disorders etc. 
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8.  Southern Hybridization 

Rekha Kansal 

This technique, devised by Ed Southern in 1975, is a commonly used method for the 

identification of DNA fragments that are complementary to a known DNA sequence. 

Southern hybridisation, also called Southern blotting, allows a comparison between 

the genome of a particular organism and that of an available gene or gene fragment 

(the probe).  It enables us to confirm the presence of a particular gene, and provide 

information about the organisation and restriction map of that gene.  

The basic protocol describes Southern blotting via upward capillary transfer of DNA 

from an agarose gel onto a nylon or nitrocellulose membrane, using a high-salt 

transfer buffer to promote binding of DNA to the membrane. With the high-salt 

buffer, the DNA becomes bound to the membrane during transfer but not permanently 

immobilized. Immobilization is achieved by UV irradiation (for nylon) or baking (for 

nitrocellulose). The most popular membranes are made of nitrocellulose, uncharged 

nylon, or positively charged nylon. The main advantage of nylon membranes is that 

they are relatively robust and so can be reprobed ten or more times before falling 

apart. Nitrocellulose membranes are fragile and can rarely be reprobed more than 

three times; however, these are still extensively used, as they give lower backgrounds 

with some types of hybridization probe. 

Although the ease and reliability of capillary transfer methods makes this far and 

away the most popular system for Southern blotting with agarose gels, it 

unfortunately does not work with polyacrylamide gels, whose smaller pore size 

impedes the transverse movement of the DNA molecules. 

Southern blotting involves the isolation of chromosomal DNA from the organism of 

interest, and digestion with a restriction endonuclease enzyme. The restriction 

fragments are then subjected to electrophoresis on an agarose gel, which separates the 

fragments on the basis of size. DNA fragments in the gel are denatured (i.e. separated 

into single strands) using an alkaline solution. The next step is to transfer fragments 

from the gel onto nitrocellulose filter or nylon membrane. This can be performed by 

electrotransfer (electrophoresing the DNA out of the gel and onto a nitrocellulose 

filter), but is more typically performed by simple capillary action. A radiolabelled 

probe is used to detect the sequence. 

Steps involved: 



  
 

Use of Different Molecular Biology Techniques in Crop Improvement Program Page 24 
 

 Isolation of plant genomic DNA using CTAB (CetylTrimethyl 

Ammonium Bromide) buffer 

 Purification of plant genomic DNA  

 Restriction digestion of DNA samples 

 Resolving digested DNA samples onto the gel 

 Treatment of the agarose gel 

 Setting up the apparatus for southern blotting 

 Crosslinking of membrane 

 Pre-hybridization treatment 

 Preparation of probe 

 Mixing of probe with hybridization buffer in vials 

 Washing of probe wrapping of membrane and X-ray film exposure 

In the earlier chapers, we discussed DNA isolation and purification. So here we will 

discuss from restriction digestion. 

1) Restriction digestion of DNA samples: 

a) Put up restriction (20 µl) with different restriction enzymes taking 5 µg of 

DNA. Leave the sample at 37 
0
C for 5-6 h. 

2) Resolving digested dna samples onto the gel: 

a) Prepare 0.8 % gel in a long casting tray. 

b) Load Hind III/ƛ2 marker in first well. Leave the next well empty and load 

restriction products in other wells leaving one last well empty. 

c) Run the gel at 25 V till the digested DNA resolve completely. 

d) Save the gel picture with a ruler on its left side starting from wells. 

3) Treatment of the agarose gel: 

a) Treat the gel with sufficient depurination solution for 10 min. while agitating 

gently. Bromophenol blue dye in the gel should turn yellow in colour. This 

step results in partial depurination of the DNA fragments, which in turn leads 

to strand cleavage. The length reduction improves the transfer of longer 

molecules. 

b) Drain the depurination solution and wash the gel in autoclaved distilled 

water.. 

c) Wash the gel with sufficient denaturation solution for 30 min. with gentle 

agitation. Bromophenol blue dye in the gel should come back to its original 
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colour. Denaturation unzips the DNA to give single-stranded molecules that 

have unpaired bases and are suitable for subsequent hybridization analysis 

d) Discard denaturation solution, wash the gel in autoclaved distilled water. 

e) Treat the gel with neutralization solution with gentle agitation for 30 min. The 

aim of the neutralization step is to bring the gel pH down to <9.0. At higher 

pH, the transferred DNA will not bind to nitrocellulose 

f) Drain neutralization solution and wash the gel with autoclaved distilled water. 

4) Setting up the apparatus for southern blotting: 

a) Fill half of the borosil reservoir with 20 X SSC.  

b)  Place glass plate on the reservoir and place wick made up of Whatmann no. 3 

sheet (remove bubbles from the interface of glass plate and whatmann no. 3 

sheet with a glass rod).  

c) Invert the gel on this wick and remove any bubble if present.  

d) Cut the membrane of exactly the same size as the gel and place it on the gel. 

e) Place three sheets of exactly the same size of Whatmann no. 3 paper on 

membrane. 

f) Place broad parafilm strips on all the four sides to avoid direct transfer of 

buffer to the stack of filter papers. 

g) Place a stack of finely cut filter papers (atleast 5 cm high stack). 

h) Place a glass plate on the filter paper stack and put weight on the glass plate. 

Weight should not be more than 500 g for 13 x 7 cm gel. 

i) Keep the set up overnight. 

5) Crosslinking DNA to membrane: 

 

 

 

 

 

 

 

 

 

Fig. 10 Set-up for transfer of DNA from gel to nylon membrane through capillary 

action 
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a) Immobilize the DNA transferred to membrane by cross linking for 1 min at 

990 Jls in the UV cross linker.  

b) Wash the membrane in 2XSSC to remove extra salt crystals and let it dry 

completely in laminar air flow hood 

c) The membrane can be stored in a dry place after wrapping it with a cling film, 

till the next step 

6) Pre-hybridization treatment 

a) Fold the membrane with the help of forceps and put into hybridization 

vials 

b) Add 15 ml pre-hybridization buffer (Church and Gilbert buffer) 

prewarmed at 65
0
C into the hybridization vial and wet the membrane 

thoroughly 

c) Incubate the membrane with prehybridization buffer at slow speed for 1 h 

at  65
0
C. 

Composition of CHURCH and GILBERT BUFFER 

Phosphate buffer (pH – 7.2)  : 0.5 M 

SDS     : 7% (w/v) 

EDTA     :10mM 

7) Preparation of probe 

a) Elute the PCR amplified gene of interest from the gel and use as DNA probe 

b) Add the following components into 1.5 ml eppendorf tube: 

 DNA Template  (100 ng)  : x µl 

 Decanucleotide in 5X reaction buffer : 10 µl 

 Nuclease free water   : up to 40 µl 

c)  Vortex the tube and spin down the components. Incubate the tube in a boiling 

water bath for 5-10 min. and cool on ice. Spin down quickly. 

d) Based on choice of labeled triphosphate (dATP or dCTP), use mix A or mix 

C respectively 

e) Add the following components in the same tube:  

  Mix C    :3µl 

  [α
-32P 

]-dCTP   : 2µl 

  Klenow fragment  : 1µl 

  Nuclease Free Water   : 4 µl 

f) Shake the tube and spin down the contents for 3-5 sec. 

g) Incubate for 5 min. at 37 
0
C 

h) Add 4 µl of dNTP mix and incubate for 5 min. at 37
0
C 
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i) Incubate the tube in boiling water bath for 5 min. 

8) Mixing of probe with hybridization buffer in vials 

a) Take the eppendorf behind the shield 

b) Change the hybridization buffer of hybridization vials once again (add only 

pre warmed buffer) 

c) Add probe directly into the solution with pipette. (Take the probe in one go). 

Mix it well and incubate overnight at slow speed at 65
0
C.  

9) Washing of probe: 

a) The next morning discard the prehybridization buffer and probe solution and 

add 2X SSC + 0.1 % SDS to the hybridizations vials. Incubate at medium 

speed for 5 min. at 65 
0
C.  

b) Repeat the above step with 2X SSC + 0.1 % SDS. Discard the solution. 

c) Add 1 X SSC + 0.1 % SDS to the hybridizations vials and incubate at 

medium speed for 10 min at 65
0
C. Repeat this step once more. 

d) Add 0.1 X SSC + 0.1 % SDS to the hybridizations vials and incubate at 

medium speed for 15 min at 65
0
C.  

e) Take out membrane on a clean glass plate and check the radioactive count. 

The count should be between 40-100 cpm (counts per min.) 

f) If count is greater than 100 cpm,  then, the membrane is again washed with 

0.1 X SSC + 0.1 % SDS 

10) Wrapping of membrane and x-ray film exposure   

a) Cut sufficient cling film so as to wrap a membrane tightly. Put some of the 

solution 0.1 X SSC + 0.1 % SDS on the cling film and place the membrane 

onto the film. Fold the edges of film tightly so as to avoid leaking of the 

internal solution. 

b) Place the membrane in a cassette and expose an X-ray sheet in the dark room 

c) Keep it overnight at -70
0
C. 

d) Next morning, thaw the cassette for atleast 2 hours. Open the cassette and 

remove the x-ray film in dark room 

e) Put the X-ray film in developer till bands are just visible and quickly wash it 

water for 6-7 sec and immediately put in fixer for 5-10 min.  

f) Wash in sufficient running water for atleast 10 min  

g) Hang the X-ray film and let it dry  
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Reagents required for southern blotting 

1) Tris - cl (1M, pH - 8.0):100 ml 

Weigh 12.11 g of Tris base and dissolve in 80 ml of autoclaved double distilled 

water. Adjust the pH to 8.0 with concentrated HCL and make up the volume to 

100 ml with autoclaved double distilled water. 

2) EDTA (0.5 M, pH – 8.0): 100 ml 

Weigh 18.61 g of Disodium dihydrate EDTA and add 80 ml of autoclaved double 

distilled water. Adjust the pH to 8.0 with NaOH pellets. EDTA salt will not 

dissolve until the pH of the solution is 8.0. Make up the volume to 100 ml with 

autoclaved double distilled water. 

3) NaCl (5.0 M) : 100 ml 

Weigh NaCl as per requirement and dissolve in 80 ml of autoclaved double 

distilled water. Make up the volume to 100 ml with autoclaved double distilled 

water 

4) Depurination solution: 

Add 11 ml HCl to 989 ml of autoclaved distilled water. Store at room temperature 

5) Denaturation solution: 

Add 87.66 g NaCl and 20 g NaOH to 800 ml autoclaved distilled water. Mix to 

dissolve and make up the volume to 1000ml.  

6) Neutralization solution: 

Add 87.66g NaCl and 60.5g Tris base to 800 ml autoclaved distilled water. Mix to 

dissolve. Adjust the pH to 7.5 with concentrated HCl and make up the volume to 

1000ml.  

7) Nucleic acid transfer buffer (20X SSC): 

Add 88.23g Tri-Sodium Citrate and 175.32g NaCl to 800 ml autoclaved distilled 

water. Mix to dissolve. Adjust the pH to 7-8 and make up the volume to 1000ml. 
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9.  DNA Markers in Plant Breeding and Use of SSR markers 

Deepak Bisht and Amitha Mithra SV 

Molecular markers may refer to isozyme/protein/DNA/RNA based markers in 

literature. For many applications, DNA markers are preferred over other molecular 

markers since DNA is stable within an organism over time and stage of development 

whereas other molecules are dynamic. A molecular genetic marker refers to a 

fragment of DNA that is associated with a certain location within the genome i.e. the 

locus (physical position) and follows Mendelian inheritance. A DNA molecular 

marker is therefore defined as variation in the nucleotide sequence at the 

corresponding positions on homologous chromosomes which follow Mendelian 

pattern of inheritance.  Molecular markers are used in almost all areas of biology, 

more so in evolutionary biology, genetics and breeding.  

Variations in DNA across genotypes are substantial in any species and all DNA 

variations are essentially because of single nucleotide polymorphisms (and additions 

and deletions), chromosomal aberrations and copy number variations. Diversity 

within a species is a result of these sequence variations and interaction between them 

and the environment. Since the former is inherited across generations, it is worthwhile 

to identify and employ these variations in DNA for both basic (e.g. phylogeny and 

diversity analysis, molecular tagging of traits of interest) and applied studies (e.g. 

marker assisted selection, fingerprinting, genetic fidelity testing). There is an array of 

molecular markers developed to identify these variations all of which rely either on 

hybridization or PCR based approaches. Most commonly used molecular markers in 

biological sciences include Random Amplified Polymorphic DNAs (RAPDs), 

Restriction Fragment Length Polymorphisms (RFLPs), Amplified Fragment Length 

Polymorphisms (AFLPs), Cleaved Amplified Polymorphic Sequences Simple 

(CAPS), Simple Sequence Repeats (SSRs), Sequence Tagged Sites (STS), and Inter 

simple Sequence Repeats (ISSR). 

Marker assisted backcross breeding (MABB) has become a norm in the past decade in 

our country using which more than a dozen varieties have been released in rice, pearl 

millet and maize in India.  Many more are in pipeline and a sample list of varieties 

released in the country using MABB is given in the following Table. 
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Some Varieties Developed through MAS in India 

Crop Trait Variety Remarks 

Rice Resistance to BLB Improved  Pusa 

Basmati1 and Pusa 

1592 

Xa21 and xa13 

(IARI+NRCPB) 

Resistance to BLB Imp Samba Mahshuri Xa21, Xa5 and xa13 

(IIRR+CCMB) 

Resistance to BLB Punjab Basmati 3 Xa21 and xa13 (PAU) 

Resistance to BLB Improved Lalat NRRI 

Resistance to BLB Improved Tapaswini NRRI 

Resistance to Blast Pusa 1612 PiZ and Pi54 (IARI); 

developed in PS5 

background 

Resistance to Blast Pusa 1609 PiZ5 and Pi54 (IARI); 

developed in Basmati 

background 

Resistance to Blast BPT 5204 PiZ5 and Pi54 (IIRR) 

Drought tolerance MAS 946-1 (Sharada) MAS946-1 (GKVK, 

Bangalore);  QTLs 

from Azucena in IR 64 

Brown plant hopper resistance CB (MAS) 20001 TNAU 

Resistance to gall midge 2 varieties TNAU and ANGRAU 

Pearl millet Downey mildew resistance HHB 67-2 (hybrid) ICRISAT 

Cotton Resistance to cotton boll worm More than 23 hybrids  

- transferring event 

Mon 531 through 

MAS  

All private players 

using this event 

Maize Protein quality Vivek QPM9 VPKAS, Almora 

Protein quality 2 hybrids IARI 

VitA enrichment 3 hybrids IARI 

Wheat Protein content 2 varities CCS, Meerut 

 

Foreground selection: For selection of the trait of interest in a breeding population, 

either gene based markers or linked SSR markers are used. Selection can be practiced 

for either specific genes or QTLs in a population using these markers. This reduces 

the population to be forwarded to the next generation and ensures introgression of 

gene without phenotyping. 

Background selection: Once it is ensured that the trait of interest is introgressed in 

the recipient parent’s genome, it is equally important to ensure that most, if not all of 

the recipient parent’s genome, is recovered in the progeny in case of back cross 

breeding programme.  For this, any random marker system equally covering the 

genome can be used. The most popular marker system for this is SSR. Of late, high 

density SNP chips are also being used for this purpose.  

A brief discussion on SSR is givn below: 
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Microsatellites based markers or simple sequence repeats 

Microsatellites are simple sequence tandem repeats which are 1 to 6 nucleotides long 

and repeated n number of times. CA dinucleotides are the most abundant 

microsatellites in mammals where as TA and GA are more common in plants. In fact 

in plants trinucletides are the most abundant. Microsatellite based markers were 

initially developed by Zietkiewicz et al. (1989). They are highly polymorphic and 

distributed in both genic and non-genic regions and serve a very useful class of 

markers. Being locus specific and codominant markers, they are the markers of choice 

even today despite the increasing popularity of single nucleotide polymorphisms 

(SNPs). This is because the polymorphic content of SSRs is very high compared to 

SNPs. The higher PIC comes from the multiple allelic nature of the microsatellites. 

The only problem with SSRs is that developing them is a long drawn process. Once 

discovered, they are known to work across species within a genus. They are quite 

suitable for all genetic applications such as construction of genetic maps, molecular 

tagging, marker assisted selection and diversity studies within a species. 

Microsatellites are flanked by unique regions and primers are developed from these 

regions enabling the amplification of intervening repeat sequences. Since the repeats 

evolve faster than other nucleotides, due to slippage and unequal crossing over, they 

are highly polymorphic. It is also possible to multiplex their detection using 

fluorescent primers and automated fragment analyzers. Microsatellite markers are also 

known in literature by the name Simple Sequence Repeats (SSR) and Sequence 

Tagged Microsatellite Site (STMS). 

PCR and gel electrophoresis for foreground selection using SSR marker 

Materials Required: 

1. Genomic DNA (30 ng/µl) of multiple individuals from population 

2. Thermal cycler 

3. PCR tubes or plates 

4. Micro pipettes  

5. Taq DNA polymerase and buffer 

6. dNTPs (10mM/ µl) 

7. Mg Cl2 (if not included in the buffer, 50 mM/ µl) 

8. Brassica juncea microsatellite primers (20 ng/µl) 

9. Nuclease free water 

10. Metaphor Agarose (3.5%) 
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11. TBE buffer 

12. Electrophoresis unit 

13. Loading dye 

14. Ethidium Bromide 

15. Gel documentation system 

Procedure: 

1. Prepare a master mix with forward and reverse primer, dNTPs, Taq DNA 

polymerase and buffer containing MgCl2 and nuclease free water. 

2. Add 1.5 µl of genomic DNA in each well of PCR plate. 

3. Dispense 8.5 of master mix in each well.  

4. Seal the plate carefully with appropriate sealer. 

5. Vortex the plate gently and spin down. 

6. Subject it to PCR following the steps given below: 

i. Heating the lid – 99 
o
C  

ii. Denaturation -   95 
o
C – 5 min 

iii. Start cycle – 35 times 

iv. Denature – 95 
o
C – 30 seconds 

v. Primer annealing – 55 
o
C – 30 seconds 

vi. Primer Extension – 72 
o
C – 2 min 

vii. End cycle 

viii. Final extension - 72 
o
C – 7 min 

ix. End 

7. Resolve the amplicons in 3.5% metaphor agarose gel. 

8. Document your results. 

PCR and gel electrophoresis for background selection using SSR and ISSR 

marker: 

Requirements for 25 µl PCR reaction 

1. Several SSR/ISSR markers 

2. High quality DNA of working standard: 50 ng/µl  

3. Taq DNA polymerase (1 unit/reaction) 

4. dNTPs  

5. Components of gel electrophoresis 

PCR reaction mix 

 Buffer                                           2.5 µl 

 dNTPs (2.5 mM each)                  2.0 µl     
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 Primer (200-500 pg)                     1.0 µl 

 DNA template (~50 ng)                1.0 µl 

 Taq DNA polymerase (1U)           0.2 µl 

 Nuclease free water                     18.3 µl 

                                                    25.0 µl 

PCR conditions  

 95
0
C                                            5 min 

 95
0
C                                            30 s 

 45-50
 0

C                                      30 s          35 cycles 

 72
 0

C                                           2 min 

 72
 0

C                                           10 min 

 4
 0

C                                              ∞ 

 

Gel electrophoresis of PCR products 

1. Select appropriate gel casting tray and matching comb, fix into slots 

2. Weigh 2.0 g agarose into 500 ml flask containing 200 ml 1X TAE and boil to 

dissolve agar completely 

3. After cooling agarose gel to around 50 
°
C add 10 µl EtBr and mix gently so that no 

bubbles would form 

4. Pour agarose into sealed casting tray slowly in order to bubble formation and let it 

solidify for 30-45 min 

5. Remove the sealing and keep the tray in electrophoresis tank containing 1X TAE 

buffer sufficient enough to dip the gel 

6. Mix 25 µl DNA sample with loading dye (5 µl) and pipette the mix into the wells 

carefully to avoid floating out of sample. Also load 4 µl DNA ladder of known 

base pairs, preferably 1 kb. 

7. Place the lid back on the running tank and connect the power supply. Run the 

apparatus at 60-80 volts for 1h or till the front bromophenol blue dye travel around 

3/4 of the gel.   

8. At the end take put the tray along with gel and capture the image under UV light 

using gel documentation unit. 
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Fig. 11: Amplification of eight different rice varities with four different SSRs. M- 50 

bp ladder; samples 1 to 8: SSR1; samples 9 to 16: SSR2;   samples 17 to 24: SSR3; 

samples 25 to 32: SSR4  
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10. CAPS Marker and its Application in Plant Breeding 

Sasmita Pattnaik, Deepak Bisht and Amitha Mithra SV  

Introduction 

PCR based RFLP was first used by Akopyanz et al (1992) for diversity analysis of a 

gastric pathogen, Helicobacter pylori. They used PCR amplification of urease gene 

cluster (ureA to ureD) for detection of polymorphism. They tested different restriction 

enzymes to digest the monomorphic PCR amplicons of urease genes, among 60 

isolates of the pathogen, to identify polymorphism. Since the restriction pattern of 

PCR amplicons was used for detection of polymorphism, this method was 

appropriately named as PCR based RFLP. Soon after, Koneiczny and Ausubel (1993) 

named the same as CAPS for cleaved amplified polymorphic sequences and detected 

polymorphisms between the popular ecotypes, Columbia (Col) and Landsberg erecta 

(Ler) of Arabidopsis and a F2 population derived from them. They tested nearly 50 

restriction enzymes on PCR amplicons of 18 known (mapped) gene sequences and 

mapped them to chromosome arms of Arabidopsis. Since monomorphic PCR 

products of known gene sequences are restriction digested in this method, it always 

remains a locus specific, codominant genetic marker. The only drawback is that it 

cannot be automated or multiplexed unlike other marker types. 

The original procedure of developing CAPS, does not involve any sequencing, but 

only testing with many restriction enzymes to identify polymorphism. However, with 

the advent of sequencing technologies, sequence data generation has become common 

and a lot of such data are available in the public domain. Hence, wherever locus 

specific sequence data from different genotypes are available, CAPS markers can be 

easily developed using appropriate tools such as SNP2CAPS tool (Thiel et al. 2004). 

It is a freely available tool and can be downloaded from http://pgrc.ipk-

gatersleben.de/snp2caps/. 

Principle 

Any sequence variation, namely Single nucleotide polymorphisms (SNPs) or small 

Insertions/Deletions (InDels) present in a monomorphic sequence, could be detected 

by amplifying the sequence of interest, digesting with appropriate restriction enzyme 

and subsequent electrophoresis.   

Materials Required 

1. Genomic DNA (50 ng/µl) 
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2. Thermal cycler 

3. PCR tubes or plates 

4. Micro pipettes (10 µl, 200 µl, 1000 µl) 

5. Taq DNA polymerase (from stock of 5 U/ µl) and buffer  

6. dNTPs (10mM/ µl) 

7. Mg Cl2 (if not included in the buffer, 50 mM/ µl) 

8. Forward and reverse primers ((20 ng/µl) 

9. Nuclease free water 

10. Restriction enzyme and buffer  

11. Metaphor Agarose (2% gel) 

12. TBE buffer 

13. Electrophoresis unit 

14. Loading dye 

15. Ethidium Bromide 

16. Gel documentation system 

Working concentrations are given in parentheses. 

Procedure 

 Add to a PCR tube 

o Genomic DNA - 2.5 µl  

o Forward and reverse primer – 1 µl each  

o dNTPs – 0.5 µl  

o Taq DNA polymerase – 0.4 µl  

o Taq Buffer containing MgCl2 – 2.5 µl (from 10X solution) 

o Nuclease free water – 17.1 µl. 

o Total volume = 25 µl 

 Prepare the above using genomic DNA from two samples in two replications. 

 Seal the tubes carefully. 

 Vortex the tubes briefly and spin down. 

 Subject it to PCR following the steps given below: 

 Heating the lid – 99 
o
C  

 Denaturation -   95
o
C – 5 min 

 Start cycle – 35 times 

 Denature – 95
o
C – 30 sec 

 Primer annealing – 55
o
C – 30 sec 

 Primer Extension – 72
o
C – 2 min 
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 End cycle 

 Final extension - 72
o
C – 20 min 

 Store at 4
o
C 

 To the PCR amplicons add specific restriction enzyme 1U and buffer 2.5 µl. 

 Keep the tubes at 37 for 30 min. 

 Deactivate the restriction enzyme by placing the tubes in 65 for 10 min. 

 Resolve the restriction enzyme digested amplicons in 2% agarose gel. 

 Document your results. 

 

Fig. 12 Identification of SNPs by CAPS analysis  

Lanes Un: Uncut amplicon, 1: Genotype1, 2: Genotype2 and M: Marker (50 bp DNA 

ladder as size standard). Arrows indicate the polymorphic amplicons.  

Single Nucleotide Polymorphisms (SNPs) 

A single nucleotide polymorphism or SNP (pronounced as snip) is an individual 

nucleotide base difference (could be insertion/deletion/substitution) between two 

homologous DNA sequences. They are hailed as the newest markers of choice since 

they make up about 90% of all genetic variation.  As a nucleotide base is the smallest 

unit of inheritance, SNPs provide the ultimate form of molecular marker. SNPs are 

meaningful only when their position is clearly defined and also with respect to a 

reference genome. Reference genome can either be the standard ones, such as B73 in 

maize or can be fixed by the researcher with respect to the phenotype the gene is 

responsible for. For example, if the trait is low phytate soybean, then the candidate 

genes between low and high phytate genotypes are compared using the best low 

phytate genotype as reference. Jordan and Humphries first time used SNP based 

diagnostic marker for a specific trait. SNPs are often mentioned in connection with a 

technique which allows the specific recognition of the SNP. SNP are detected by 

techniques like resequencing, comparison of genomic sequences, Denaturing gradient 

gel electrophoresis (DGGE), Single-Strand Conformation Polymorphism (SSCP), 

RFLP, CAPS etc. SNPs are locus-specific, codominant and more often than not bi-

allelic.  
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11. RNA Isolation and Quantification 
Nimmy MS and Jain PK  

Extraction or isolation of DNA, RNA and protein is an indispensible part of 

molecular biology. Among these, RNA isolation and downstream processing with 

RNA needs more care and precautions because it is more prone to degradation in 

in vitro conditions.  Therefore an ideal protocol for RNA isolation should have 

less processing time and should maintain purity and integrity of the RNA. Till 

early 1980s, the method used for RNA isolation involved use of guanidinium 

thiocyanate which could separate RNA from DNA, but required long hours of 

ultracentrifugation (Cesium Chloride method) Chirgwin et al. (1979). Later in 

1987, a single step method of RNA isolation was reported by Chomczynski and 

Sacchi (1987) which revolutionized the RNA extraction and expression studies in 

biological systems (Cited 65362 times as on 13
th

 Jan 2016). This procedure 

involved a single extraction with an acid guanidinium thiocyanate-phenol-

chloroform mixture that could give pure and undegraded RNA with high yield and 

could be completed within 4 h. This method facilitated processing of large 

samples in shorter time.  

Nowadays readymade one step reagents and various column based kits are 

available for isolation of high quality pure total RNA as well as mRNA from plant 

samples. TRIZOL Reagent (U.S.Patent No.5, 346,994) is a ready-to-use reagent 

for the isolation of total RNA from cells and tissues. The reagent, a mono-phasic 

solution of phenol and guanidine isothiocyanate, is an improvement to the single-

step RNA isolation method developed by Chomczynski and Sacchi in 1987. 

During sample homogenization or lysis, TRIzol reagent maintains the integrity of 

the RNA, while disrupting cells and dissolving cell components. Addition of 

chloroform followed by centrifugation separates the solution into an aqueous 

phase and an organic phase. RNA remains exclusively in the aqueous phase. After 

transfer of the aqueous phase, the RNA is recovered by precipitation with 

isopropyl alcohol. The precipitated RNA is then washed with ethanol and 

resuspended in RNase free water. Usually the  RNA isolated by this method is 

DNA free, still for down stream processing such as RT-PCR, it is advised to treat 

the RNA with RNase free DNAase.  

A general method for RNA isolation from plant tissues is given below: 
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Isolation of RNA from chickpea seedlings (TRIzol method) 

Materials and Chemical required 

i. RNase free Mortar and Pestle 

ii. RNase free Micro Centrifuge tubes 

iii. Trizol  reagent   

iv. Isopropyl alcohol 

v. 75% Ethanol (in DEPC-treated water) 

vi. RNase free water 

Protocol 

1. Pour liquid nitrogen in mortar and pestle and place 80-100 mg weighed 

tissue and grind quickly and carefully occasionally adding liquid nitrogen 

until the sample becomes a very fine powder.  

2. Transfer the powder into a microcentrifuge tube containing 1ml Trizol (per 

100mg tissue), mix well by shaking. 

3. Incubate the homogenized sample for 5 minutes at room temperature to 

permit complete dissociation of nucleoprotein complexes. 

4. Add 0.2 ml of chloroform for each 1ml of Trizol taken, shake the tube 

vigorously by hand for 15 seconds and incubate at room temperature for 2-3 

minutes. 

5. Centrifuge the samples at 12,000 g for 15 minutes at 4 °C.  Following 

centrifugation, the mixture separates into a lower red phenol-chloroform 

phase, a cloudy white interphase, and a colourless upper aqueous phase. 

6. Transfer the aqueous phase to a fresh micro centrifuge tube and add 0.5 ml 

of isopropyl alcohol per 1ml of Trizol reagent. Mix gently. 

7. Incubate sample at room temperature for 10 minutes and then centrifuge at 

12,000 g for 10 minutes at 4 °C. 

8. Remove the supernatant and wash the RNA pellet with 1ml of 75% ethanol 

per1 ml Trizol reagent.  

9. Mix the sample and centrifuge at 7500 g for 5 minutes at 4 °C. Discard the 

wash.  

10. Air dry the pellet (5-10 minutes) and dissolve RNA pellet in RNase- free 

water.  
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28s rRNA
18s rRNA

11. Check the yield of RNA by taking absorbance at 260 nm and 280 nm and 

using the formula  

 A260 x dilution x 40 = μg RNA/mL 

12. Take an aliquot of RNA and Check the RNA bands in a denaturing 1.2 % 

formaldehyde agarose gel. Store the remaining RNA at –70°C till further 

processing. 

DNase treatment of RNA 

Protocol 

1. Add the following components to a 1.5ml micro centrifuge tube on ice:- 

           Component      Amount 

 RNA sample         1 µg 

10X DNase I Reaction Buffer       1 µl 

Dnase I, Amp Grade         1µl 

DEPC- treated water to        10µl 

 

2. Incubate the tube for 15minutes at room temperature. 

3. Inactivate the DNaseI by the addition of 1µl of 25mM EDTA solution to 

the reaction mixture 

4. Heat for 10 minutes at 65°C. 

 

 

                                          

 

 

 

 

                Fig. 13 RNA isolated from 30 days old chickpea roots 

Preparation of denaturing formaldehyde agarose gel  

I. 10x formaldehyde agarose gel buffer (MOPS buffer) 

 200 mM 3-[N-morpholino]propanesulfonic acid (MOPS) (free acid)* 

 50 mM sodium acetate 

 10 mM EDTA 

 pH to 7.0 with NaOH 
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II. 5x RNA loading buffer 

16 μl saturated aqueous bromophenol blue solution 

80 μl 500 mM EDTA, pH 8.0 

720 μl 37% (12.3 M) formaldehyde 

2 ml 100% glycerol 

3.084 ml formamide 

4 ml 10 x FA gel buffer 

RNase-free water to 10 ml 

Stability: approximately 3 months at 4°C 

880 ml RNase-free water 

III. RNA sample preparation for gel electrophoresis 

Add 1 volume of 5x RNA loading buffer to 4 volumes of RNA sample and 

mix. 

Incubate for 10 min at 55°C, chill on ice, and load onto the gel. 

Procedure 

To prepare 1.2% denaturing agarose gel  (100ml) (change components 

proportionately for different size gels) 

1. Take1.2 g agarose in 88 ml of RNase-free water, add 10 ml 10x MOPS gel 

buffer.   

2. Heat the mixture to melt the agarose.  

3. Cool to 50°C.  

4. Add 1.8 ml of 37% (12.3 M) formaldehyde and 1 μl of a 10 mg/ml ethidium 

bromide stock solution. 

5. Mix thoroughly and pour into the gel casting boat.  

6. Run gel at 5–7 V/cm in 1x MOPS buffer. 

Important Notes 

 All glassware used for RNA work should be cleaned with a detergent 

thoroughly rinsed, and should be double autoclaved.  

 Solutions (water and other solutions) should be treated with 0.1% DEPC. 

(Add 0.1 ml DEPC to 100 ml of the solution/water to be treated and shake 

vigorously to bring the DEPC into solution. Incubate the solution for 12 

hours at 37°C. Autoclave the solution /water  for 15 minutes to remove any 

trace of DEPC. 
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 Hands are one of the major sources of contaminating RNase, hence wear 

gloves while handing RNA and RNA related glassware. Change gloves 

frequently. 

 TRIzol® Reagent contains phenol (toxic and corrosive) and guanidine 

isothiocyanate (an irritant), therefore should be handled carefully.   

 It is essential to use the correct amount of starting material to obtain optimal 

RNA yield and purity. The sample size should not exceed 10% of the 

volume of TRIzol® Reagent used for homogenization. (80-100mg /ml of 

Trizol). 

 It is always advisable to treat RNA samples with RNase-free DNase to 

remove contaminating DNA. 

 The A260/A280 ratio is used to assess RNA purity. An A260/A280 ratio of 1.8–

2.1 indicates highly purified RNA. A A260/A230 ratio of 2.0-2.2 indicates 

good quality of RNA. A lower ratio indicates the presence of contaminants. 

 References 

1. Chirgwin  et al (1979)  Biochemistry 18, 5294–5299 (1979). 

2. Chomczynski, P., and Sacchi, N (1987) Anal. Biochem. 162, 156 (1987). 

3. Molecular Biology: a laboratory manual Vol 2 (2001) Joseph Sambrook and 

David W. Russell 3
rd

 edition, CSH 
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12. Expression Analysis Using RT-PCR 

Sonam Singh, Vishesh Kumar, Kirti Arora  and Amolkumar U solanke 

RT-PCR (reverse transcription-polymerase chain reaction) is one of the most 

sensitive techniques for detection and quantification of mRNA till date. It has 

advantage over other RNA detection techniques such as northern blot analysis, in 

terms of quantity of RNA required, processing time, scale up and problems 

associated with RNA degradation. RT-PCR has been extensively used for i) 

detection and analysis of gene expression and ii) isolation of genes for over-

expression or functional characterization in prokaryotic and eukaryotic systems 

respectively.  

RT-PCR is a two step reaction in which RNA template is first converted into 

complementary DNA (cDNA) by the enzyme reverse transcriptase. The cDNA is 

then exponentially amplified using polymerase chain reaction. The exponential 

amplification provides sensitivity to detect even very low copy RNA in the cells. 

The general method of RT-PCR is described as follows: 

First strand cDNA synthesis form total RNA 

Material & Chemicals:- 

0.2 ml nuclease free PCR tubes, Thermal Cycler, Micro centrifuge, Vortex mixer, 

Ice 

Reaction components:  

 Oligo(dT)20 (50 μM)  or Random hexamers (50 ng/μl) 

 10X RT buffer 

 25 mM MgCl2  

 0.1 M DTT  

 10 mM dNTP mix  

 SuperScript. III RT (200 U/μl) 50 μl (Invitrogen) 

 RNaseOUT. (40 U/μl) 100 μl (Invitrogen) 

 E. coli RNase H (2 U/μl) 50 μl (Invitrogen) 

 DEPC-treated water  

Protocol 

1. Mix and briefly centrifuge each component before use. 

2. Combine the following in a 0.2- or 0.5-ml tube: 

 Component Amount 
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 Total RNA    n μl 

 Primer*    1 μl         

 (*50 μM oligo(dT) 20 or 50 ng/μl random hexamers) 

 10 mM dNTP mix   1 μl 

 DEPC-treated water to  10 μl 

 

3. Incubate at 65°C for 5 min, then place on ice for at least 1 min. 

4. Prepare the following cDNA Synthesis Mix by adding each component 

in the indicated order. 

Component      1 Rxn  

10X RT buffer     2 μl  

25 mM MgCl2     4 μl  

0.1 M DTT      2 μl  

RNaseOUT. (40 U/μl)    1 μl  

SuperScript. III RT (200 U/μl)   1 μl  

5. Add 10 μl of cDNA Synthesis Mix to each RNA/primer mixture, mix 

gently, and collect by brief centrifugation.  

6. Incubate for 50 min at 50°C (for Oligo(dT)20) or 10 min at 25°C 

followed by 50 min at 50°C (for Random hexamer primed) 

7. Terminate the reactions at 85°C for 5 min. Chill on ice. 

8. Collect the reactions by brief centrifugation. Add 1 μl of RNase H to 

each tube and incubate for 20 min at 37°C. 

9. cDNA synthesis reaction can be stored at -20°C or used for PCR 

immediately. 

Amplification by PCR 

Component Volume 

Autoclaved water     38.1 μl 

10X PCR buffer minus Mg++   5 μl 

50 mM MgCl2     1.5 μl 

10 mM dNTP mix     1 μl 

Gene specific forward primer (10 μM) 1 μl 

Gene specific Reverse primer (10 μM)  1 μl 

cDNA from (1
st
 strand reaction)RNA  2 μl 
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500 bp

200 bp

100 bp

M          1         2          3         4

Taq DNA polymerase (5 units/μl)   0.4 μl 

Final volume     50 μl 

Mix the contents of the tube. Centrifuge briefly to collect the reaction components. 

Place reaction mixture in thermal cycler.  

Thermal cycler programe: 

1. 1cycle of initial denaturation at  94°C for 4 minutes; 

2. 35 cycles of: 

 94 °C for 45 sec (denaturation) 

 60 °C for 45 sec (annealing, temperature depending on primer Tm) 

 72 °C for 1 min (extension) 

3. 1 cycle of final extension at 72 °C for 7-10 minutes 

4. Upon completion, maintain reactions at 4°C. The reactions can be stored at -

20°C. 

5. Check 10 μl of each sample using agarose gel electrophoresis  

 

 

 

 

 

 

 

 

 

    

    Fig. 14 RT-PCR with actin gene specific primers 
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13. Agrobacterium mediated plant transformation 

Ravi Prakash Saini, Murali Mohan N, Kartik Kesiraju and Rohini Sreevathsa 

Transgenic technology has emerged as a powerful tool that is being used by scientists 

globally in plant research. Various techniques and strategies are used with and 

without involving the bacterium, Agrobacterium tumefaciens. Indirect DNA transfer 

methodology which is the most commonly used method for obtaining transgenic 

plants involves the introduction of T-DNA, harbouring gene(s) of interest into plant 

cells by a pathogenic bacterium Agrobacterium tumefaciens or A. rhizogenes. So far, 

a number of successful protocols are available both in crop plants and tree species. In 

plant species that are amenable to transformation and regeneration by A. tumefaciens, 

T-DNA-directed gene transfer remains the method of choice because of its ease, 

efficient transgene delivery and integration into the host genome. Agrobacterium  

tumefaciens-mediated gene transformation depends on host susceptibility. Based on 

the utility of tissue culture and plant regeneration, A.tumefaciens-mediated genetic 

transformation is further segregated into a) plant transformation methods that exploit 

the plant regeneration and in vitro tissue culture techniques, and b) transformation 

methods that avoid the tissue culture regeneration. Hence, they are referred to as 

tissue culture dependent (in vitro) and independent (in planta) A.tumefaciens-

mediated plant transformation strategies, respectively.         

Regeneration-based transformation in tobacco 

Agrobacterium Preparation for infection 

The Agrobacterium strain culture harbouring desired construct is inoculated into 5 ml 

LB medium (as primary culture)containing selection antibiotics followed by 

incubation at 28°C with 180 rpm in shaker for 18 hours. The Agrobacterium primary 

culture about 100-150 μl is inoculated into fresh LB, containing antibiotics and kept 

for incubation at 28°C with 180 rpm in shaker for 12-14 hours. Next day pellet down 

Agrobacterium culture in sterile oak ridge tube by centrifugation at 8000 rpm for 10 -

15 minutes. Discard the supernatant and wash the pellet by adding 10-20 ml of fresh 

MS plain medium (acidic pH-5.2)  by centrifuging at 8000rpm for 10-15 min. Discard 

and add 20-50 ml of fresh MS plain medium (acidic pH-5.2) depending upon the 

pellet size and use for infection. 

Preparation of tobacco leaf discs   
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The upper leaves of 4-6 week old in vitro grown tobacco plantlets are excised and cut 

into small pieces (5mm
2
-1cm

2
) with sterile scalpel blade under aseptic condition. 

About 80-100 such leaf explants are pre-cultured in dark for two days in plates 

containing MS medium, pH- 5.8, supplemented with 2 mg/l BAP and 0.1 mg/l NAA 

(pre-culturing media). 

Agrobacterium mediated tobacco transformation:  Agro infection and Co- 

cultivation 

The tobacco leaf discs are shifted from pre-culturing media to a sterile petri plate. The 

next step is addition of Agrobacterium suspension onto the leaf disc and kept for 15 

min with intermittent swirling. The Agrobacterium culture is drained properly and the 

infected leaf discs are blotted dry on a plate containing sterile filter paper. After blot 

drying infected leaf discs are shifted to preculture medium containing petriplates and 

incubated at 25°C for 2 days. Plates were sealed and incubated at 25°C in dark for 2 

days. 

Selection and regeneration 

The co-cultivated leaf discs after completion of two days are transferred to selection 

medium [MS basal medium supplemented with 2 mg/l BAP, 0.1 mg/l NAA, desired 

plant selectable marker, cefotaxime 250 mg/l pH = 5.8] and kept at 25±1°C under 16 

hours light and 8 hours dark photoperiod regime. Regenerated shoots from callus are 

excised after 2-3 round of selection and transferred onto culture bottle containing 

selection medium and incubated at 25°C in light for one week. When shoots have 

attained the length of 3-5 cm, they are excised and subcultured individually on rooting 

medium [MS medium with half strength containing desired plant selectable marker 

and cefotaxime 250 mg/l, pH- 5.8] and kept for shoot elongation and rooting. The 

rooted putative transformants are transferred to pots containing sterile soilrite and 

covered properly with polythene with holes to maintain humidity and gaseous 

exchange and kept under 16 hours light and 8 hours dark condition. 

In planta transformation  

Materials required 

 Freshly prepared L.B.Broth. 

 A.B.MINIMAL MEDIA. 

 Antibiotic stock solutions [kanamycin and Rifampicin]. 

 Streaked petri plates containing the bacterial colonies. 
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 Autoclaved double distilled water. 

 Washed and autoclaved glass ware. 

 Filter paper discs cut in the size of petri plates. 

 Soil rite 

 Pots with soil. 

Preparation of AB minimal media: 

AB Glucose  

Glucose-2.25gms 

Distilled water-450ml 

[Take 45ml for each bottle]. 

AB Salt-[for 100ml] 

NH4Cl-2gm 

MgSO4.7H2o-0.6gm 

KCl-0.3gm 

CaCl2-0.03gm 

FeSO4.7H2O-0.005gm 

AB buffer –[for100ml], pH7.0 

K2HPO4-6gm 

NaH2PO4-2gm 

AB minimal media 

AB Glucose-45ml 

AB Salt-2.5ml 

AB Buffer-2.5ml. 

To this media, add 3 ml of starter culture. 

Protocol 

Seed sterilization 

 Cotton seeds are sterilized by dipping them in 1%bavastin solution for 10min. 

and then with0.1%mercuric chloride solution for few seconds. 

 After treatment with each sterilent, seeds were washed thoroughly with double 

distilled autoclaved water. 

 Then were finally washed with distilled water and were dipped in double 

distilled   autoclaved water for 5min. 

Seed germination 
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 Finally sterilized seeds were kept for germination. 

 The sterilized seeds were allowed to soak overnight in mouth lidded glass jars 

in double distilled autoclaved water. 

 The seeds were placed at 30
0
C in dark overnight. Thus germination of seeds 

begins to take place. 

 Next day i.e. (DAY-2) the seeds were transferred to petri plates with filter 

paper disks soaked in water placed at the top and bottom of the plates. 

 Petri plates were kept in dark for 24hrs at 30
0
C. Thus the plumule emerges out 

and seeds begin to germinate.   

Preparation of inoculum 

 Agrobacterium tumefaciens strain EHA105 bearing the binary vector 

Pcambia1302, was used for infection. It confers resistance to kanamycin and 

rifampicin. 

 Agrobacterium was inoculated in L.B.broth (5ml broth+culture+5ul kan+2.5ul 

rif) aseptically in laminar air flow chamber, into a glass tube and sealed with 

Para film, kept at 28 
0
C, 220rpm in water bath for 24hrs on the first day 

(starter culture), i.e. the day the seeds are sterilized. 

 On the second day, 3ml of starter culture was inoculated into 50ml A.B. 

minimal media (containing 45ml AB glucose+2.5ml AB salt+2.5ml AB 

Buffer), aseptically in laminar, kept at 28
0
c, 220rpm in water bath for 16-

18hrs. 

 Mature tobacco leaves (yellowish-green) were crushed/grinded using an 

autoclaved mortar and pestle, autoclaved double distilled water was added 

(10-15ml) and allowed to stand overnight in dark. 

 On the third day, the leaf extract was transferred into the media and placed at 

220rpm, 28
0
C in water bath for 4-5hrs. 

 This solution was used for infection. 
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Transformation and recovery of transformants 

 The germinating embryos were taken; the seed coat is removed. The embryo 

was pricked at the region of the meristem by observing under the microscope, 

each seed was pricked 4-6times with a sterile needle. 

 The pricked seeds were transferred to media containing the leaf extract and 

incubated at 28
0
c, 50rpm for 1hr in the water bath. 

 Thus the seeds would get infected with Agrobacterium. 

 The embryos were then transferred to soil rites and grown in culture rooms fo 

r7-10 days at 26-28
0
C, 35 μmol m

-2
s

-1
 of light intensity, with a photo period of 

14hrs under fluorescent light. 

 These plantlets were then transferred to the transgenic glass house and allowed 

to grow in the isolated chambers in the pots containing soil. 
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