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Introduction 

Various molecular techniques like polymerase chain reaction (PCR) and 
restriction enzyme digestion require isolation of genomic DNA of suitable purity. 
Successful extraction of genomic DNA that can be amplified by PCR and 
digested by restriction enzymes can lead to the establishment of DNA 
fingerprinting for the individual genotypes for various molecular approaches. 
These fingerprinting techniques can be used as diagnostic tool for land race 
identification. 

Though the basic idea behind the DNA extraction is not very complicated, 
growing number of DNA isolation protocols for specific plant species suggest 
that the extraction procedures are not always simple and the published protocols 
are not necessarily reproducible for all species (Porebski et al., 1997). For those 
working with minor crops or unexploited crop species, where specific DNA 
extraction protocol has not been established, the extraction to reliable quantity 
and purity is a challenging job. The only way is to try various published 
protocols and do necessary modifications so that a suitable protocol can be 
designed. This process is both time consuming and expensive.  

The DNA extraction process involves separation of DNA from naturally 
occurring plant cell constituents such as polysaccharide and polyphenolic 
compounds (Pandey et al., 1996; Porebski et al., 1997) followed by 
deproteinisation of the aqueous solution containing the DNA, precipitation and 
purification of DNA. The problem often encountered during the extraction is that 
these compounds form complexes with and become bound to nucleic acids 
(Varadarajan and Prakash, 1991). Polysaccharides are visually evident in DNA 
extractions by their viscous, glue-like texture and make the DNA unmanageable 
in pipetting and unamplifiable in the PCR by inhibiting Taq polymerase (Fang et 
al., 1992).  

Theory underlying isolation procedures 

The process of DNA isolation from plant tissues requires the cell walls to 
be broken in order to release the cellular constituents. This should be done with 
care such that DNA shearing is minimised especially when extracting whole 
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genomic DNA. The general procedure to achieve complete digestion of cell walls 
while minimising DNA shearing involves dehydration of plant tissue in liquid 
nitrogen and, while still frozen, ground to a powder using a pestle and mortar.  

After breaking the cell walls the next step is to disrupt the cell membranes 
so that the DNA is released into an extraction buffer. This part is achieved by 
using detergents; just the same way we wash dishes to free them out of oil and 
grease. There are two main detergents that are used to achieve this depending on 
the protocol: Sodium dodecyl sulphate (SDS) or cetyl trimethyl ammonium 
bromide (CTAB). During DNA extraction process the DNA should be protected 
from endogenous nucleases and this is achieved using ethylene diamine 
tetraacetic acid (EDTA) disodium salt which is included in DNA extraction buffer 
to chelate magnesium ions, a necessary co-factor for most nucleases. For efficient 
DNA extraction, a pH of 8.0 or higher must be maintained because at lower pH 
DNA is selectively retained in the organic phase leaving the RNA in the aqueous 
phase. Moreover, lower pH will depurinate the DNA. High molecular weight 
DNA is subject to shearing during vortexing or when drawn quickly through a 
small orifice. Care must therefore be taken all the time to avoid shearing of the 
DNA. 

Depending up on the method used deproteinisation is done using the 
organic compounds such as phenol, chloroform or isopropanol. The use of 
chloroform improves the efficiency of DNA extraction due to its ability to 
denature the proteins, thereby dissociating nucleic acids from proteins. However, 
use of chloroform in DNA extraction may cause foaming, thus interfering in 
DNA extraction. Usually isoamyl alcohol is added to chloroform to prevent 
foaming. 

The DNA extraction protocol as such is not specific to DNA alone, and is 
generally a nucleic acid extraction protocol.  Therefore, the initial DNA extracts 
often contain large amount of RNA, proteins, polysaccharides and other 
pigments that are difficult to separate from the DNA. However, much of the 
RNA is cut by ribonucleases or RNAses (enzymes that cut RNA) that are released 
when the cells are broken open. However, DNA free from RNA can be obtained 
by treating the extracts with enzyme RNAse A. The presence of the RNA in DNA 
extracts is not a major problem as this usually does not interfere with PCR or 
restriction digestion.  But in some cases it is important to isolate DNA free from 
RNA to be able to quantify the DNA yield accurately using a spectrophotometer. 
Proteins from the cell soup are generally removed during extraction by 
denaturation and precipitation using chloroform and/or phenol. In the 
potassium acetate-SDS protocol, in presence of high molarity potassium acetate, 
SDS forms insoluble potassium dodecyl sulphate complexes with proteins and 
polysaccharides which are removed from the DNA extracts by centrifugation. If 
higher presence of polyphenols is expected polyvinylpyrrolidone is used to bind 
and remove polyphenols. 

Sample collection and storage 

 Fresh plant material is highly suitable for isolation of DNA.  But this is not 
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always practical. Instead, frozen material, at -20°c for short periods or -70°c or 
lower temperature (liquid nitrogen) for longer periods, can also be used. In the 
case of frozen materials, care must be taken not to allow frozen material to thaw 
for even a brief period. Freezing preserves nuclease activity and degradation of 
DNA in thawed tissue may be rapid because of subcellular disruption caused by 
freezing. Fresh material may also be kept for a couple of days in a cold 
room/refrigerator at around 4°c without harming the subsequent DNA 
preparation. Dry plant material may also be used allowing extraction of DNA 
from herbarium samples and permitting the collection and storage of large 
numbers of samples at room temperature at low cost. The method of drying is 
important and slow drying under the conditions that maintain the integrity of the 
tissue is necessary. 

 
Protocol for cetyl trimethyl ammonium bromide [CTAB] method 
 
Equipment required 
 
Balance 

Pestle and mortar 

Gloves 

Forceps 

50 ml polypropylene centrifuge tubes 

Centrifuge 

Micropipettes and tips 

65 and 37°c water baths 

Ice bucket 

-20°c freezer 

4°c refrigerator and/or cold room 

Orbit shaker 

Glasswares 

pH meter 

Autoclave 

 
 

It is advisable to sterilise all the glassware, centrifuge tubes, pipette tips, mortar 
and pestle before extraction to avoid possible contamination. 
 
Materials and reagents 
 
Sample of plant tissue (about 5g) 

Liquid nitrogen (LN2) 

Polyvinylpyrrolidone (PVP 360) 

2x CTAB Extraction buffer pH 8.0 
preheated to 65°c 

2-mercaptoethanol 

Isopropanol (prechilled) 

Tris – EDTA (TE) buffer pH 8.0  

RNase A (10 mg ml-1) 

Chloroform: Isoamyl alcohol mixture 
(24:1) 

3M Sodium acetate pH 5.0 

70% ethanol 

Absolute ethanol 

Double distilled water (ddH2O) 

Concentrated HCl 

NaOH pellets 
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The action of detergent 
 
Each cell is surrounded by a sack called the cell membrane. DNA is found inside a second 
sack (the nucleus) within each cell. 
 
 

 

To get the DNA, these two sacks are to be broken 
open. This is done with detergent. This is like using 
the soap to remove the grease.  
The detergent molecules and grease molecules are 
made of two parts:  Heads, which like water 
(hydrophilic) and tails, which hate water 
(hydrophobic).  

 
 
Both soap and grease molecules organize themselves in bubbles (spheres) with their heads 
outside to face the water and their tails inside to hide from the water. When soap comes 
close to grease, their similar structures cause them to combine, forming a greasy soapy ball. 
 

 
 
 
A cell's membranes have two layers of lipid (fat) molecules with proteins going through 
them. 

 
 
 
When detergent comes close to the cell, it captures the lipids and proteins. 
 

 



113 Genomic DNA extraction 
 
Composition of reaction mixtures 
 
A. 2X CTAB Buffer (1 litre) 
 20 g of CTAB dissolved in 860 ml of ddH2O 
 81.82 g of NaCl 
 100 ml of 1M Tris pH 8.0 
 40 ml of 0.5M EDTA pH 8.0 
 Sterilise by autoclaving 
B. 1 M Tris pH 8.0 (1 Litre) 
  121.1 g Tris 
  700 ml ddH2O 
  Dissolve Tris and bring to 900 ml 
  Adjust pH to 8.0 using concentrated HCl (about 50ml) 
  Makeup the volume to 1000 ml using ddH2O 
  Sterilise by autoclaving 
C. 0.5M EDTA pH 8.0 (1 litre) 
  186.12 g of EDTA 
  750 ml of ddH2O 
  Add about 20 g of NaOH pellets 
  Slowly add more NaOH until the pH is 8.0 
  Make up the volume to 1000 ml using ddH2O 
  Sterilise by autoclaving 
(Note: EDTA will not completely dissolve until the pH is around 8.0) 
 
D. TE buffer (1 litre) 
  10 ml of 1M Tris pH 8.0 (10 mM) 
  2 ml of 0.5M EDTA pH 8.0 (1 mM) 
  Make up the volume to 1000 ml. 
  Sterilise by autoclaving 
 
E. 3M Sodium acetate, pH 5.2 (1 litre) 
  408.24 g of sodium acetate in 800g of ddH2O 
  Adjust the pH with glacial acetic acid 
  Make up the volume to 1000 ml 
  Sterilise by autoclaving 
F. Rnase A 
  Dissolve 10 mg of RNase in 1 ml TE buffer 
  Preheat the mixture to 80°c for 10 minutes to inactivate DNases 
 
G. Chloroform: Isoamyl alcohol (500 ml) 
  480 ml of Chloroform 
  20 ml of Isoamyl alcohol 
Procedure 
 
1.  Grind 5g of leaves frozen with liquid nitrogen to a very fine powder in a 

cooled mortar and pestle. Wear protective gloves.  Liquid nitrogen (-196°c) 
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may cause cryoinjury on contact with bare skin. 

2. Add 1% polyvinylpyrollidone (PVP-360) to the buffer just before extraction, 
if high concentration of phenols is suspected  

3. Add 40µl of 2-mercaptoethanol per 20ml of the buffer just before the use, 
preferably under a fume hood. 

4.  Transfer the powder to a 50 ml tube. Add 20 ml of CTAB Buffer. 

5.  Incubate at 65°c for 30 min with occasional vigorous shaking. 

6.  Add 20 ml of Chloroform: Isoamyl alcohol, shake well, and place on an orbit 
shaker at room temperature for 20 min. 

7.  Centrifuge at 4,000 rpm for 30 min to resolve phases. 

8.  Carefully pipette out and transfer the aqueous phase to a fresh tube, add 20 
ml of prechilled Isopropanol, mix, and incubate at -20°c or at 4°c or on ice for 
1 hour or overnight. 

9. If the nucleic acid precipitated is hookable, hook out the pellet to a new tube; 
else centrifuge at 3,000 rpm for 5 min to collect the precipitate. 

10.  Discard the supernatant and wash the pellet in 70% ethanol and then drain 
dry. 

11.  Add 5 ml of TE Buffer and dissolve the precipitate by gentle inversion. 

12. Add 15 µl of RNase A (10 mg/ml) and incubate at 37°c for 30 minutes. 

13.  Add 0.5 ml of 3M Sodium acetate and 10 ml of absolute ethanol. Incubate the 
mixture at -20°c for 1 hour or overnight. 

14. If the DNA yield is good hook out the DNA to a new tube; else centrifuge at 
3000 rpm for 5 minutes. 

15. Rinse the pellets with 70% ethanol and drain dry. 

16. Dissolve the pellets in 500 µl TE buffer; transfer the contents to a 1.5 ml 
microfuge tube.  Rinse the 50ml tubes with 200 µl TE buffer. Add the wash to 
microfuge tube. 

17. If any debris are noticed spin the microfuge tubes at 12000 rpm for 5 minutes. 
Transfer the DNA solution to a clean, new tube. 

18. Store the solution at -20°c.  

 

Estimation of DNA quantity 

DNA quantification can be done using spectrophotometric measurement 
of UV absorption at wavelengths 230, 260 and 280 nm. Measures of DNA purity 
can be determined by the OD260:OD280 and OD260:OD230 ratios. These ratios 
provide indications of protein, and polyphenol and carbohydrate contamination, 
respectively (Manning,1991). The DNA should show a clear absorbance peak at 
260 nm. The OD260 value provides a measure of concentration (roughly 1.0 
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reading at OD260 is equivalent to 50 µg/ml). A pure DNA solution has an 
OD260:OD280 ratio of 1.8 ± 1. 

The DNA concentration is calculated using the formula, 

DNA concentration (µg /µl) = OD at 260 nm × dilution times × standard 
value 

If OD260 is 1.00, it is equivalent to 50 µg DNA per ml (standard). We are 
taking 50 µl of DNA in 1 ml TE buffer, which means it is diluted 20 times. 

For example: if the spectrophotometer reading is 0.112 (say), then the 
concentration of DNA is calculated as, 

DNA concentration (µg/µl)  = 0.112 × 20 × 50 

    = 112 µg/ml 

Most DNA extracts are not reasonably pure and therefore estimates of 
concentration using spectrophotometric measurements of UV absorption may be 
misleading because of the interference by RNA or non-nucleic acids 
contaminants. In this case, quantification of the DNA can be achieved by running 
the DNA samples on 1 % agarose gel stained with ethidium bromide (0.5 µg/ml) 
(Ethidium bromide is a fluorescent chemical that intercalates between base pairs 
in a double stranded DNA molecule). Aliquots of the DNA extracts are loaded 
[e.g. 7 µl of DNA mix (5 µl of each DNA sample and 2 µl of loading dye)] 
alongside a range [7 µl each of 5, 10, 25 and 50 ng/µl] of uncut lambda DNA 
standards. High molecular weight DNA will appear as a well-resolved band 
alongside the lambda DNA bands whilst the smearing below the band indicates 
mechanical or chemical degradation. A smeared band towards the bottom of the 
gel is an indication of the presence of RNA in the extract. A rough estimate of 
DNA content (±10 ng) may be obtained by comparing band intensities of the 
DNA extract and the standards by eye. Greater precision may be obtained with 
the aid of commercial gel imaging equipment and gel analysis software. 
However, most applications do not require that the amount of DNA be known 
exactly. Techniques such as RAPD analysis depend more upon ensuring a 
consistent amount of DNA from sample to sample. 

Procedure for spectrophotmetric measurement 

1.  Switch on the spectrophotometer and allow to warm up. 

2.  Turn on the mode to UV. 

4.  Set the wavelength to 280 nm. 

5.  Wash the cuvette with distilled H2O. Dry with tisuue. 

6.  Using a micropipette, clean the inside of the cuvette by TE buffer. 

7.  Insert the cell containing 100 µl of TE into chamber. 

8.  Set the reading to zero. 

9.  Set wavelength to 260 and then set the reading to zero. 
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10.  Remove the cuvette from its compartment and discard the TE. 

12.  Add 5.0 µI of the DNA sample in the cuvette. Add 95 µl of TE. Mix solution 
thoroughly. 

13.  Insert the cuvette into the sample compartment and close the cover tightly. 

14.  Read the OD value directly from the screen. This gives the DNA 
concentration when multiplied by 1000. That is, if OD equals 0.200 then DNA 
concentration equals 0.200 x 50 x 20 = 200 µg/ml (50 because 1 unit OD 
corresponds to a concentration of 50 µg/ml and 20 because the DNA solution 
was diluted 20 X). 

To assess purity of the samples: 

16.  Read the OD at 280 nm. 

17. Compute for OD260/OD280. A ratio value of 1.8 suggests a highly pure 
preparation of DNA. Ratio values much less than that implies significant 
presence of contaminants (generally proteins) such that accurate quantitation 
of nulceic acids is not guaranteed. 

18.  Read the OD values for the other samples at 260 and 280 nm by repeating the 
steps described above. Make sure to wash the cuvette thoroughly with TE 
between DNA samples. 

Checking the quality by agarose gel electrophoresis 

DNA fragments produced through amplification or through restriction 
enzyme digestion are separated by using electrophoresis. Either agarose and 
polyacrylamide gels are used which act as a selective filter so that DNA 
molecules having different molecular sizes are separated into specific bands as 
they move away from the one electrode to other. DNA is negatively charged and 
will migrate to the positive electrode (anode) in an electric field. Because DNA 
molecules have a uniform charge:mass ratio, they exhibit similar electrophoretic 
migration properties in a resistance free medium. The migrated DNA is 
visualized under UV light with the help of an intercalating dye, ethidium 
bromide, which fluoresces when irradiated with UV. The size of the fragment 
generated can be estimated by comparing the electrophoretic mobility (distance 
migrated through the gel per unit time) of an unknown DNA molecule to the 
electrophoretic mobilities of DNA molecules for which the sizes are known. 

The standard method used to separate, identify and purify DNA 
fragments is electrophoresis through agarose gels. The technique is simple, rapid 
to perform and capable of resolving mixtures of DNA fragments. The migration 
rate of DNA through agarose gels is additionally dependent upon the molecular 
size of the DNA, the agarose concentration, the conformation of the DNA and the 
applied current. A DNA fragment of a given size migrates at different rates 
through gels containing different concentrations of agarose. Thus, by using gels 
of different concentrations, it is possible to resolve a wide size-range of DNA 
fragment. 
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Agarose gel electrophoresis are performed generally on the horizontal slab 
gels, which very easy to handle and has the advantages of simplicity in pouring, 
loading and handling, versatility in size using the same apparatus. Tanks are 
available in all sizes and can be cheaply made according to a required design. 
The electrophoresis is carried out in a buffer which is either Tris-acetate EDTA 
(TAE) or Tris-borate EDTA (TBE). Tris-acetate has a low buffering capacity and it 
tends to become exhausted during extended electrophoresis (the anode becomes 
alkaline, the cathode becomes acidic) whereas Tris-borate has higher buffering 
capacity. Tris-borate gives better resolution than Tris-acetate. 



Classical and modern plant breeding techniques 118 
 
Materials and Reagents 

Agarose (as per the requirement, see table below) 
1x Tris-Borate EDTA buffer pH 8.0/ 1x Tris-Acetate EDTA buffer pH 
8.0 
10 x loading buffer 
Ethidium bromide 
Hind III λ 
1 Kb ladder 
 

Composition of reaction mixtures 
 
A.  Agarose (May change according to the electrophoresis unit) 

Gel size 
(cm) 

Agarose 
(0.8%) 

Agarose 
(1.0%) 

1x Gel buffer Sample volume 

11 × 14 0.80 g 1.00 g 100 ml 20 µl 
11 × 20 1.20 g 1.50 g 150 ml 20 µl 
20 × 20 2.40 g 3.00 g 300 ml 25 µl 
20 × 25 2.80 g 3.50 g 350 ml 50 µl (thick 

comb) 
 
B.  50x TAE (Tris-Acetate EDTA) buffer pH 8.0 ( 1 litre) 
  242 g Tris base in 750 m ddH2O 
  57.1 ml Glacial acetic acid 
  100 ml 0.5M EDTA pH 8.0 
  Stir, do not adjust the pH 
  Make up to 1000 ml 
Dilute to 1x concentration for the use in electrophoresis by taking 40ml of 50x 
buffer and making the volume to 2000ml by adding 1960 ml of ddH2O 
 
C.  5x TBE (Tris-Borate EDTA) buffer pH 8.0 (1 litre) 
  54 g Tris base 
  27.5 g Boric acid 
  20 ml 0.5M EDTA, pH 8.0 
  Stir, do not adjust the pH 
  Sterile distilled water to 1000 ml 
Dilute to working concentration of 1x by taking 400 ml of 5x TBE and diluting it 
to 2000 ml using 1600 ml of ddH2O 
D.  Ethidium bromide 
  10 mg/ ml  
Note:  Ethidium bromide is highly carcinogenic.  Always wear gloves and 

protective goggles while handling ethidium bromide.  Do not dispose to 
open environment. 

E.  10x loading buffer 
  1.6 g of bromophenol blue (40%) 
  0.16 g of xylenecyanol FF 
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  Mix with 50 ml glycerol. Make the volume up to 100 ml. 
  Aliquot to 1.5 ml tubes. 
  Heat the tube for 10 minutes, cool and store at 4°c.  
 
F.  Hind III λ 
 1.  Digest 200 µl of λDNA (0.25 µg/µl) using 25 µl of HindIII enzyme. 

Incubate the reaction at 37°c overnight. 
 2.  Test the DNA for complete digestion. If the DNA is digested incubate 

the mixture at 65°c for 10 minutes. 
 3.   Distribute the 250 µl to five 1.5 ml tubes each to have 50 µl and make up 

the volume of each 50 µl to 200 µl by adding 20 µl of loading buffer and 
130 µl of distilled water to make the final concentration of 50ng/µl. 

G. 1 Kb ladder 
 Take 100 µl of 1 Kb ladder (1 µg/µl) and 200 µl of 10x loading buffer and 

mix with 1700 µl of distilled water to get final concentration of 50 ng/µl. 
 

Preparation of DNA 

1.  Prepare 10 µl of each DNA sample and digest the sample with restriction 
enzyme EcoRI. 

2.  Make a reaction mixture with the following: 6 µl of sterilized water + 2 µl of 
enzyme buffer + 1 µl of spermidine + 1 µl of Eco RI (10 u/µl) enzyme / 
sample.  

For example, if there are five samples, make a cocktail with 36 µl of sterilized 
water, 12 µl of enzyme buffer, 6 µl of spermidine and 6 µl of enzyme. 

3.  Add 10 µl of reaction mix to each sample and incubate at 37°C for 2-3 hours. 

4.  Load the digested DNA of each sample along with undigested DNA in a 0.9% 
agarose gel. Both digested and undigested DNA of each sample should be 
loaded side by side. 

5.  It is always advisable to load a DNA of known concentration for comparison. 

6.  Decide the concentration of each DNA sample based on the intensity of the 
florescence due to ethidium bromide staining. 

Notes: 

Estimation of DNA concentration through gel electrophoresis may utilize 
undigested unknown samples for comparison with undigested concentration 
standards. However, undigested samples tend to display equally intense 
fluorescent bands so that subtle differences in their concentrations are difficult 
to discern on the gel. 

Molecular weight standards such as lambda HindIII can be used as concentration 
markers for plasmids and probe inserts. The precise weight distribution of the 
different molecular size fragments present in a volume of such standard 
loaded on the gel can serve as markers for comparing with unknowns. 
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Preparing the gel 

1.  Prepare the electrophoresis unit, clean the casting tray, running platform, 
combs 

2.  Add the correct amount of powdered agarose to a measured quantity of 
electrophoresis buffer. 

3.  Heat the slurry in microwave oven until the agarose is completely dissolved. 

4.  Cool the solution to 60°C and add 5 µI of ethidium bromide for every 100 ml 
of agarose slurry (from a stock of 10mg/ml) (Follow step 14 if ethidium 
bromide is not added at this stage). 

5.  Setup the mould (casting tray) on an equal plane so that the agarose will be 
distributed uniformly through out the mould. Check the level using a spirit 
level. 

6. Seal both the ends of the casting tray with sealing tape. 

6.  Pour the agarose gel solution into the mould slowly without the formation of 
any air bubbles. 

7.  Allow the mould undisturbed for about 30-45 minutes until the agarose 
solidifies completely.  

8.  Prepare the electrophoresis buffer (1x TAE or TBE) and fill the gel tank.  

9.  Remove the sealers carefully and place the mould in the gel tank having the 
electrophoresis buffer. 

10. Allow the gel with combs for some time in the buffer, so that the removal of 
combs will be easy without making any hole in the gel. 

Loading the gel 

11. Samples are mixed with loading buffer and are loaded in the slots of the 
submerged gel. The maximum volume of the sample to be loaded depends on 
the slot size. Usually sample volume of 20-30 µl is loaded in each slot. 

12. Load the size marker (HindIII λ or 1 Kb ladder) along with the samples. 

Running the gel 

13. Agarose gels for most purposes are run at room temperature. Run the gel 
very slowly (20-30V/cm), if it is to be blotted. It is advisable to run the gel 
overnight if the blotting is to be done. 

Staining the gel 

14. Stain the gel with EtBr (1 µg/ml) solution 

Photography 

15. Resolve the gel under UV light and take the picture using the polaroid films 
(Type 57 or 667). The DNA will light up under UV since it has the ethidium 
bromide. 



121 Genomic DNA extraction 
 
REFERENCES 

Fang, G., S. Hammar, and R. Grumet (1992). A quick and inexpensive method for 
removing polysaccharides from plant genomic DNA. BioTechniques 
13:52-54. 

Pandey, R.N., R.P. Adams, and L.E. Flournoy (1996). Inhibition of random 
amplified polymorphic DNAs (RAPDs) by plant polysaccharides. Plant  
Moecular Biology Reporter, 14:17-22.  

Porebski, S., L.G. Bailey, and B.R. Baum (1997). Modification of a cTAB DNA 
extraction protocol for plants containing high polysaccharide and 
polyphenol components. Plant  Moecular Biology Reporter, 15:8-15. 

Sambrook, J., E.F. Fritsch and T. Maniatis (1989). Molecular cloning; a laboratory 
manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NewYork. 

Varadarajan, G.S. and C.S. Prakash. (1991) A rapid and efficient method for the 
extraction of total DNA from the sweet potato and its related species. 
Plant  Moecular Biology Reporter, 9(1):6-12.  


