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A b s t r a c t 
 

 DNA based markers have extensively been used in genome mapping. Restriction Fragment Length 
Polymorphism (RFLP) markers were the first to be used for this purpose. With the advent of Taq 
DNA Polymerase, PCR-based markers have become popular since they require less time, effort and 
expense for molecular mapping.  PCR based studies such as in construction of a linkage map, 
estimating genetic diversity in a germplasm etc. involves a limited number of samples (50-200). Such 
studies require isolation of sufficiently pure DNA, which is suitable both for the purpose as well as 
for preserving the same for a considerable period of time. Although the DNA needed per reaction in 
PCR based markers is very low, the number of PCR reactions to be performed is large and hence a 
good amount of DNA would be needed for such studies. We have developed a simple method for 
isolation of DNA from plant tissue (leaf or seed). The method is suitable for isolating DNA from a 
small to medium number of plant samples. The DNA can be stored for a longer duration. The 
method involves extraction of DNA using a buffer (pH 8.0) containing Tris (100 mM), EDTA (20 
mM), 7 M urea, 0.5 M NaCl and 0.1% β- mercaptoethanol, followed by purification of DNA with 
phenol, chloroform and Isoamlyalcohol and finally precipitation of DNA by sodium acetate and 
isopropanol. The protocol is simple and fast as it does not involve time consuming steps such as 
incubation at higher temperatures, does not require expensive chemicals such as proteinase K, 
liquid nitrogen etc., and no special equipment is needed. 
 

Introduction 
 

n recent years, considerable emphasis has 
been placed on the development and use of 
molecular markers for a variety of 

objectives. One of the most extensive uses of the 
molecular markers has been the development of 
genetic and physical maps of genomes. 
Molecular markers are also used for a wide 
range of purposes such as germplasm 
characterization, genetic diagnostics, 

characterization of transformants, study of 
genome organization, phylogenetic analysis, 
marker-assisted selection, mapping Quantitative 
Trait Loci (QTL) etc. (Gupta et al, 1999) Till 
recently this was achieved by Restriction 
Fragment Length Polymorphism (RFLP) 
analysis. However, the advent of thermo stable 
Taq DNA Polymerase has led to the 
development of several PCR- based markers 
such as Random Amplified Polymorphic DNA 
(RAPD), Inter Simple Sequence Repeats (ISSR), 

I
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Sequence tagged Microsatellite Site (STMS), 
Amplified Fragment Length Polymorphism 
(AFLP), etc. Some of the advantages PCR based 
markers have over RFLP are that they are faster, 
easier, need less amount of DNA per assay and 
high purity of DNA  is not an absolute 
requirement as compared to RFLP.  
 
The quality and quantity of DNA required 
depends upon the objective. In marker assisted 
selection the number of samples are high but the 
number of PCR reactions to be performed are 
few and hence the amount of DNA needed is 
small and need not be stored for a long duration 
[McCarthy et al (2002), Guo-Liang Wang et al 
(1993)]. On the other hand in case of QTL 
mapping or population studies of RILS, F2 
population etc., the number of PCR reactions to 
be performed are large and therefore 
considerable amount of purified DNA would be 
needed which can be stored for a longer 
duration.  
 
Although several protocols are available for 
DNA isolation in wheat [(Stein et al (2001), 
Dellaporta et al (1983), Sharp, et al (1988), 
Murray et al (1980), Chunwongse et al (1993), 
McCarthy et al (2002), Clarke et al (1989), 
Benito et al (1993), etc.)] and in other plant 
species [Krishna and Jawali (1997), Hong Wang 
et al (1993), Xiao-Dong Wong et al (1996), 
Lange et al (1998), Kamalay et al (1990), 
Francois Guidet (1994), etc.] all of them either 
involve elaborate and time consuming steps such 
as hours of incubation at 65ºC or 37ºC or use of 
expensive chemicals such as proteinase K, liquid 
nitrogen etc. Some methods involve use of 
specific equipment designed especially for DNA 
isolation. Although the method by McCarthy et 
al (2002) for DNA isolation does not involve 
incubation and specific equipment, it is suitable 
for isolation of DNA from seed material and not 
for leaf tissue. 
  
In this paper we describe a DNA isolation 
method suited for isolation of reasonably pure 
DNA in sufficient amount from wheat leaves 

that can be stored for a longer duration and 
lasting for several PCR reactions. The method is 
rapid involving no incubation steps, expensive 
chemicals and specific equipment. 
 
Materials and Methods 
 
Materials 
 
Segregating F2 population obtained from a cross 
Sonalika X Kalyansona (bread wheat: Triticum 
aestivum L .) was used for this study. Fresh as 
well as frozen leaf tissue was used in this 
method. Leaves from one-month-old field grown 
plants were harvested and brought on ice to 
laboratory. The leaves were thoroughly washed 
with tap water and rinsed with distilled water, 
blot dried and weighed. The leaves were either 
stored at –70˚C or used directly for extraction.  
 
The chemicals needed for isolation of DNA viz. 
Tris, EDTA were obtained from Sigma and 
Sodium chloride, urea, SDS, Isopropanol, 
sodium acetate, chloroform, Isoamlyalcohol and 
phenol were of the analytical grade. PCR grade 
dNTPs were procured from Roche chemicals. 
Enzyme Taq DNA Polymerase, 10X-assay 
buffer for Taq DNA Polymerase and Magnesium 
chloride were obtained from Bangalore Genei 
Pvt. Ltd. The primers were obtained from Gibco 
BRL. The agarose used for gel electrophoresis 
was also obtained from Sigma. The Hoechst dye 
used for DNA estimation was procured from 
Amersham Pharmacia biotech. 
 
Methods 
 
DNA from the samples was isolated as follows. 
Around 0.5 g of leaf tissue was placed in a 
mortar and homogenized with 2 ml of extraction 
buffer. The extraction buffer (pH 8.0) consisted 
of 100 mM Tris, 20 mM EDTA, 0.5 M NaCl, 7 
M Urea, 0.1% β-mercaptoethanol and 2% SDS. 
Long fibers of the tissue were retained back after 
crushing and the homogenate was transferred to 
a 2 ml-microfuge tube. An equal volume of 
phenol:chloroform :Isoamlyalcohol ( 25:24:1) 
was added to the tubes and mixed well by gently 
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shaking the tubes. The tubes were centrifuged at 
room temperature for 15 min at 15,000 rpm. The 
upper aqueous phase was collected in a new tube 
and an equal volume of chloroform: 
Isoamlyalcohol (24:1) was added and mixed. 
 
The upper aqueous phase obtained after 
centrifuging at room temperature for 10 min at 
15,000 rpm was transferred to a new tube. The 
DNA was precipitated from the solution by 
adding 0.1 volume of 3 M Sodium acetate pH 
7.0 and 0.7 volume of Isopropanol. After 15 min 
of incubation at room temperature the tubes were 
centrifuged at 4ºC for 15 min at 15,000 rpm. The 
DNA pellet was washed twice with 70% ethanol 
and then very briefly with 100% ethanol and air-
dried. The DNA was dissolved in TE (Tris-Cl 10 
mM pH 8.0, EDTA 1 mM). To remove RNA 5 
µl of DNAse free RNAse A (10 mg/ml) was 
added to the DNA.  
 
Estimation of DNA 
  
The amount of DNA in the RNAse treated 
mixture was estimated by measuring the 
fluorescence emission using the dye Hoechst.  
Since the dye binds specifically to double 
stranded DNA, the presence of small fragments 
of degraded RNA in the sample did not interfere 
with the measurements. The fluorescence 
intensity was measured at emission maximum of 
546 nm using the fluorimeter Hoefer DyNA 
Quant 200. The amount of DNA was estimated 
by comparing the emission intensity obtained 
using a known amount of standard DNA (100 
µg/ml) (provided by Amersham) which acts as 
the reference. The DNA was also observed on 
2% agarose gel by electrophoresis using 1X TBE 
buffer. The DNA fragments were stained with 
ethidium bromide and viewed under UV light 
and subsequently photographed. The quantity of 
the DNA was estimated against a marker 
(λHindIII, 100 ng/µl) which was also loaded in 
the gel along with the DNA. The DNA was 
further used for PCR.  

PCR Analysis 
 
AP-PCR ANALYSIS: AP-PCR amplification 
was carried out in a volume of 25 µl containing 
100 ng of template DNA, 2 mM MgCl2, 25 
pmoles of primer SS26.1 (5'-
GAA\GGG\TAA\TTC\ AGA\GCC\A -3'), 2.5 µl 
of 10X assay buffer which includes (10 mM Tris 
(pH 9.0), 50 mM KCl, 1.5 mM MgCl2, and 
0.01% Gelatin), 0.2 mM each of dNTPs and 1 
unit of Taq DNA Polymerase. The PCR 
amplification was carried out in an Eppendorf 
Mastercycler-Gradient thermal Cycler as 
follows: 1 cycle of 5 min at 94ºC, 5 min at 45ºC 
and 5 min at 72ºC, and 35 cycles of 1 min at 
94ºC, 1 min at 45ºC and 1 min at 72ºC, followed 
by a final 10 min extension at 72ºC. 
 
ISSR ANALYSIS: PCR amplification of 
template DNA using a 3′ anchored ISSR primer 
was carried out in a volume of 25 µl. The 
reaction mixture contained 100 ng of template 
DNA, 2 mM MgCl2, 25 pmoles of the primer 
SSR11.2 (5'-GAC\AGA\GAC\AGA\GAC\A 
(C\T)C -3') 2.5 µl of 10X assay buffer which 
included (10 mM Tris (pH 9.0), 50 mM KCl, 1.5 
mM MgCl2, and 0.01% Gelatin), 0.2 mM each 
of dNTPs and 1 unit of Taq DNA Polymerase. 
The PCR amplification was carried out on an 
Eppendorf Mastercycler-Gradient thermal 
Cycler as follows: 1 cycle of 5 min at 94ºC, 5 
min at 50ºC and 5 min at 72ºC, 45 cycles of 1 
min at 94ºC, 1 min at 50ºC and 1 min at 72ºC 
followed by a final 10 min incubation at 72ºC. 
  
The PCR products obtained by AP-PCR and 
ISSR were separated on 2% agarose gel by 
electrophoresis using 1X TBE buffer. The DNA 
fragments were stained with ethidium bromide 
and viewed under UV light and subsequently 
photographed (Sambrook et al 1989). 
 
Results and Discussions 
 
To check the efficiency and reliability of the 
procedure, the DNA was isolated from leaves of 
150 wheat plants. The amount of the leaf sample 
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used varied from 0.5 g to 0.6 g.  By using mortar 
and pestle one person could easily isolate DNA 
from 48 samples in a day.  On an average 200 µg 
of DNA was obtained and significant positive 
correlation was observed between the leaf 
weight in the range 0.5 g to 1.0 g and the DNA 
isolated  indicating the reliability of the protocol. 
The efficiency of the protocol is indicted by the 
quantity of the DNA obtained which is 
comparable to the yield obtained by other 
extraction protocols [Stein et al (2001), Clarke et 
al (1989)]. Considering that 100 ng is required 
for one PCR reaction the amount of DNA 
obtained is sufficient for 2000 reactions.  
 
The suitability of the DNA isolated as a template 
in PCR amplification reactions such as AP-PCR 
and ISSR was analyzed. The AP-PCR 
amplification product profiles using 19mer 
primers using DNA as template from F2  plants 
was analyzed. The DNA isolated from all the 
150 plants yielded consistently amplified 
products. As an example the products obtained 
from the parents and some F2 plants using 
primer SS26.1 are shown in Fig.1.  A 

polymorphic band was detected between the 
parents which segregated among the F2 
individuals in the ratio 2.75:1 that is close to the 
expected value of 3:1 with a chi-square value of 
0.32 at significance level of 1%. The results 
showed that the DNA isolated by the above 
method is reliable and sufficiently pure to be 
used in AP-PCR analysis to study genetic 
segregation.  
 
The results also showed that the DNA isolated 
by this protocol produced consistent and reliable 
ISSR profiles with several 3′ anchored ISSR 
primers. Fig.2 shows an example of ISSR 
profiles obtained from F2 plants using the primer 
SSR11.2 As in the case of AP-PCR analysis, the 
bands that were polymorphic between the 
parents showed segregation in the F2 population. 
DNA isolated using the above method and stored 
at 4ºC for over a year was used in AP-PCR and 
ISSR analysis to check its quality. The results 
showed that all the 150 samples yielded 
amplification products with their profiles being 
the same as obtained earlier.  
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Fig. 1 AP- PCR analysis of 22 F2 plants of wheat (Triticum aestivum) derived from a cross between Sonalika
(Sk) X Kalyansona (Ks). The PCR products were analyzed as indicated in Materials and Methods. The
polymorphic band showing segregation has been indicated. 
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DNA isolated from plants often contains certain 
compounds that inhibit PCR amplification 
reactions (Krishna and Jawali 1997, McCarthy et 
al 2001, etc.). In this method Sodium chloride 
and β-mercaptoethanol were added in the 
extraction buffer to take care of the 
polysaccharides and the polyphenols in the leaf 
tissue which are the compounds which could 
contribute to the inhibition of the DNA 
amplification during PCR reactions. Hence there 
were no additional steps needed for the removal 
of these compounds [McCarthy et al (2002), 
Maliyakal, E.J et al 1992, Oard, J.H. et al (1992) 
Shirzadegan et al (1991)]. The presence of the 
enzyme RNAse A in the DNA solution does not 
hamper the amplification. Hence repurification 
of the DNA is not needed. (Sharp et al 1988). 
 
While this method was designed especially for 
isolating DNA from leaf tissue of hexaploid 
wheat for marker analysis, it was also found to 
be suitable for wheat seeds, and from leaf and 

seed material of mungbean, mustard, sesbania. 
(data not shown). Our experience showed that 
the DNA isolation protocol could be 
successfully applied to a broad range of plant 
species. 
  
The advantages of this procedure over existing 
methods are its simplicity, rapidity of isolation 
and reduction in the cost. DNA could be isolated 
from 48 samples by one person within a day as 
the protocol did not involve time consuming 
steps such as incubation at 65ºC or 37ºC. In 
addition the protocol did not require liquid 
nitrogen that may not be easily available in 
many laboratories. All chemicals used are 
inexpensive and equipments used are available 
in the laboratories. The method is best suited for 
isolating DNA from a small to medium sized 
population, and where storing for a longer 
duration of time is required. 
 

                                             F2INDIVISUALS                                                   M 

Fig. 2 ISSR analysis of 21 F2 plants of wheat (Triticum aestivum) derived from a cross between Sonalika X 
Kalyansona. Lane M: Φx174 DNA digested with Hae III. The polymorphic band showing segregation
has been indicated. 
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