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The DNA isolation protocol we describe in the present investigation is simple, stable, adaptable, 
versatile, cost effective and with sufficient quality for PCR and enzymatic reactions. Here we 
standardized a low cost and high quality genomic DNA isolation from leaf tissues of Solanum 
lycopersicum as well as from medicinal plants with excluding the step of grinding the tissue using 
liquid nitrogen. SDS method of DNA isolation was altered at changing concentration of Tris, β-
mercaptoethanol, NaCl, and PVPP to attain maximum yield with less phenolic contamination. 
Approximately 1.5 µg to 3.5 µg of DNA concentration was attained from the standardized protocol. 
The purity of the isolated genomic DNA was excellent as evident by A260/A280 ratio ranging from 
1.75 to 1.87. The isolated DNA is free of phenolic compounds and the quality is sufficient for PCR 
and restriction digestion reactions. The DNA obtained from the standardized protocol is consistent 
and suitable for long storage purpose as well as the protocol can be applied for high throughput 
DNA isolation procedures. 
 
 

  

  
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
  
 
 

 

INTRODUCTION 
 

One of the ultimate goals of agricultural research is to increase 
yield, quality, and improved resistance to diseases and pests, to 
meet demands from industries and these have been targeted by 
breeders and plant biologists. Understanding the complex 
pathways controlling different physiological processes and 
identification of the genes involved in different stages of these 
pathways in plants is a challenging task requiring several 
genetic resources and techniques. Over the past decades 
research in the field of molecular biology such as marker-
assisted selection, diversity analysis, fingerprinting of cultivars 
and clones, population studies and transgenic has been 
increasing popularity. For this the DNA isolation phase is a 
time taking and costly component of overall time necessary for 
dealing out (Dilworth and Frey, 2000). To overcome this 
problem several procedures of DNA extraction protocols have 
been reported for several crop species (Dilworth and Frey, 
2000) as well as numerous number of costly commercial 
products are available (DNeasy 96 Plant Kit [QIAGEN], 
Wizard Magnetic 96 DNA Plant System [Promega]. In the 
literature many different protocols are available concerning the 
DNA extraction from numerous plant species; however, these 
methods produce either insufficient amounts or inconsistent 

quality of DNA (Xin et al., 2003; Geuna et al., 2000; Mace et 
al., 2003; Flagel et al., 2005). Commercial kits are also 
available to extract genomic DNA from plant tissues with 
adequate quality (Xin et al., 2006), but the quantity of DNA 
produced is  less from commercial kit DNA isolation and the 
cost can be expensive for small laboratories.  
 

Tomato (Solanum lycopersicum) tissues also contain high 
levels of polyphenolic compounds like many other medicinal 
plant species. When cell disrupts, the oxidized form of phenolic 
compound covalently bind to DNA make it useless for most 
research applications (Katterman and Shattuck, 1983; 
Guillemaut and Maréchal-Drouard 1992). One of the typically 
procedure used to avoid covalent binding of phenols to DNA is 
freezing and grinding of tissue in the liquid nitrogen (Leutwiler 
et al., 1984). Researchers have been tried to exclude the use of 
hazardous chemicals and the each protocols have its own 
advantages and disadvantages such as phenolic contaminations, 
low recovery, and unable to use to PCR and restriction 
digestions (Ikeda, 2001).  
 

Endonucleases are one of the factors that cause DNA 
degradation during isolation and purification of high molecular 
weight DNA from plants. Polysaccharides are another 
problematic factor when present in isolated DNA samples, as 
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their presence may also inhibit Taq polymerase activity and 
restriction enzyme activity (Fang, 1992; Pandey, 1996) and the 
polysaccharides in the DNA sample is identified observation of 
highly viscous solution (Do and Adams, 1991). The DNA was 
bind with the oxidized form of polyphenols covalently and 
gives a brown colour and it useless for molecular studies and 
considered as important factor that determined the quality of 
the DNA (Katterman and Shattuck 1983).  
 

We tried several published protocol for the isolation of the 
genomic DNA without polyphenolic contamination and failed 
repeatedly. In this paper we standardized low cost and high 
yield DNA isolation protocol from tomato (Solanum 
lycopersicum) as well as can be applied to any plant tissues. 
The method combines traditional SDS method excluding the 
freezing and homogenization protocol using liquid nitrogen 
that reduced significantly cost of the experiment while 
producing high yield and high quantity of genomic DNA. The 
resulting optimized protocol allows the isolation of high quality 
genomic DNA amenable to use in molecular biology studies. 
 

MATERIAL AND METHOD 
 

Isolation of Genomic DNA 
 

Genomic DNA was isolated from young juvenile leaves as well 
as old leaves in 2 ml Eppendorf tube. ~100 mg of leaf tissue 
was collected from tomato plants. Theleaftissue was grinded 
in the 1 ml of DNA extraction buffer (65 °C preheated 
extraction buffer 0.1 M Tris-HCl (pH 7.5); 0.5 M EDTA (pH 
8.0); 1.5% (w/v) SDS; 0.2 M β-mercaptoethanol; 15 mg of 
insoluble polyvinylpolypyrrolidone) usingmotor and pestle. 
Polyvinylpolypyrrolidone was added to the buffer just before 
grinding of the leaf tissue and β-mercaptoethanol was added 
after grinding of the sample. Grinded tissue was transferred in 
to 2 ml Eppendorf tubes and then incubated at 65°C in water 
bath for 1 hr for cell lysis. After incubation, tubes were cooled 
down to room temperature and 500μl of cold 6 
Mammoniumacetate was added and mixed well and then 
incubated at 4°C for 15 min followed by 30 min centrifugation 
at 10,000 RPM at 4°C. The clear supernatant containing DNA 
in aqueous phase was transferred to a new Eppendorf tube and 
added equal volume of Phenol:Choloroform:Isoamylalcohol 
(25:24:1) and mixed well by repeated inverting then followed 
by 30 min centrifugation at 10,000 RPM at 4°C. The upper 
layer was separated and to this equal volume of Choloro form: 
Isoamylalcohol (24:1) was added and mixed by inverting then 
centrifuged at 10,000 RPM at 4°C. The upper layer was 
separated and to this equal volume of ice cold isopropanol was 
added and incubated at -20 °C for at least  1 hr to precipitate 
DNA and the tubes were centrifuged at 10,000 rpm at 4 °C for 
30 min. The pellet was washed twice with 70% (v/v) ethanol 
and air dried the pellet. The pellet was dissolve in 150 μlof TE 
(10mM Tris, pH7.5, 1mM EDTA pH 8.0 supplemented with 
3.2 μg/ml RNase).  
 

Quantification of genomic DNA 
 

The samples quality and quantity was determined by running 
the samples on 0.8% (w/v) agarose gel in 1X TAE buffer at 50 
V and measured at 260 nm and 280 nm. 
 
 
 
 

PCR conditions used to check DNA quality 
 

Isolated tomato DNA was used to PCR amplification as per the 
following procedure. PCR was carried out using a 
programmable thermal cycler. The reaction was performed in 
total volume of 15μl and the components are 1X PCR buffer 
(10 mM Tris, 5 mM KCl, 1.5 mM MgCl2, 0.1% (w/v) gelatin, 
0.005% (v/v) Tween-20, 0.005% (v/v) Np-40, pH 8.8), 0.25 
mM dNTPs, 1 U of Taq polymerase, 5 pmoles of each of 
forward and reverse primers (Simple Sequence Repeats) and 20 
ng of genomic DNA. The following PCR cycling conditions 
included an initial denaturation for 4 min at 94oC, followed by 
35 cycles of denaturation at 94oC for 30 sec, annealing at 55oC 
for 45 sec followed by final extension at 72oC for 1 min, and 
followed by a final extension at 72oC for 8-10 min. RAPD 
amplification was carried out using three arbitrary 10 bp 
primers. Approximately 20 ng of the isolated DNA were used 
for PCR amplification. The PCR reaction was performed in a 
final volume of 20 μl reaction containing 1X Taq polymerase 
buffer (Himedia-MBT060), 0.5 U of TaqPolymerage (Himedia) 
200 μl of each of dNTPs (Thermo Scientific), 15 ng of primers 
(Operan Technologies), 2.5 mM MgCl2. The PCR was carried 
out using the following conditions; initial denaturation for 4 
min at 94oC, followed by 40 cycles of denaturation at 94oC for 
1 min sec, annealing at 35oC for 2 min and extension at 72oC 
for 2.5 min was followed by a final extension at 72oC for 8 min 
and stored at 4oC until electrophoresis. The amplified PCR 
products were resolved on agarose gel in 1X TAE buffer in an 
electrophoresis unit at 50 V and gel images were collected with 
Alpha Imager™ gel documentation system (Alpha Innotech, 
USA). 
 

RESULTS AND DISCUSSION 
 

The selection of suitable DNA isolation protocols depends on 
numerous factors such as quality of starting material, cost, 
time, labor requirement, quantity and quality of the genomic 
DNA. The standardized protocol in this study can be applicable 
to wide range of plant material. The isolated DNA would be 
stored at -20°C for over one year without any seeming effect on 
the yield and quality of the DNA (Fig 1). Commercial DNA 
isolation methods and high-throughput DNA extraction 
methods yielded good quality and quantity but these methods 
require expensive robotics, reagents and the minimum cost for 
DNA isolation per sample is relatively more. Therefore their 
usage by many small laboratories was not economical. 
 

We tried several published protocol for the isolation of the 
intact and pure genomic DNA from tomato leaf samples and 
these protocols had its own advantages and disadvantages. Few 
protocols required liquid nitrogen for grinding of the tissue and 
some protocols does not produce sufficient quality and quantity 
of the DNA and making the isolated DNA not acquiescent for 
molecular studies. Hence, we modified the SDS method of 
DNA isolation at varying concentration of Tris, β-
mercaptoethanol, NaCl, and PVPP with maximum yield with 
less phenolic contamination. We excluded the step of using 
expensive liquid nitrogen in the protocol, because we were 
interested in isolation of genomic DNA from large number of 
samples to reduce the cost per sample. We successfully 
subsidiary the liquid nitrogen usage by pre-chilled mortar and 
pestle and −40°C/−80°C stored leaf sample. It is likely, that 
standardized DNA isolation protocol for tomato leaf sample 
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used to isolate genomic DNA from a variety of other plant 
species. 75 g of leaf tissue was used as starting material and 1.5 
to 3 mg of genomic DNA was achieved. The DNA obtained 
after PCI step followed by precipitation of solution, the DNA is 
clear and transparent i.e., there is no visible coloration.  
 

The purity of the isolated DNA was good as evident by 
A260/A280 ratio ranging from 1.78 to 1.84 and the ration 
suggesting that the DNA was sufficiently free of proteins and 
polyphenolics (Fig 1). The isolated Genomic DNA was high 
molecular weight, intact and without RNA contamination (Fig 
1). The isolated tomato DNA is absolutely suitable for 
molecular studies and is proved by setting PCR reaction with 
SSR molecular marker and RAPD marker (Fig 2). The isolated 
DNA exhibits long storage capacity at -200C without much 
damage (lane number 4 Fig 1).  
 

Fresh and young leaf materials are the excellent choice to 
obtain good-quality DNA and mature leaves contain higher 
polyphenols and polysaccharides (Porebski, et al., 1997). The 
weight of leaf material used for the DNA isolation is another 
important factor that affects the quality and quantity of the 
DNA. Taking too much leaf material for DNA isolation leads 
to accumulation of secondary components/phenolic 
contaminations. The phenolic contamination affects the success 
rate of the PCR reaction. The isolation of high quality, pure and 
intact DNA is very crucial for numerous applications but DNA 
isolation from plants is typically conceded by excessive 
contamination by secondary metabolites (Tan and Yiap, 2009).  
Unlike animals and microbes the DNA isolation protocols need 
to be adjusted to each plant species and even to each plant 
tissue because of presence of the secondary metabolites 
(Sangwan, 1998). Several scientist and researcher examines for 
a more efficient DNA extraction protocol from plants 
containing high levels of secondary metabolites (Peterson, 
1997; Porebski, 1997; Cheng, 2003; Michiels, 2003; Xu et al 
2004). The brown colored DNA pellet contained polyphenols 
contamination and interfere in molecular biology studies. It is 
well known that phenolic compound are major secondary 
metabolites in plants which get oxidized during 
homogenization of samples and covalently binds to DNA 
giving a dark (brown/black) color and making it useless for 
molecular studies [impart brown or black dark colors to DNA 
pellet (Peterson, 1997;Katterman and Shattuck 1983). We 
therefore assessed numerous possible modifications (inclusion 
of PVP, PVPP, b-mercaptoethanol and extraction with phenol: 
chloroform: isoamyl alcohol), that could eliminate the phenolic 
compounds at the stage of tissue homogenization.  
 

The β-mercaptoethanol was added in the pre heated extraction 
buffer before stating the grinding of the tissue. It has been 
reported that high level of β-mercaptoethanol successfully 
removes the polyphenols (Suman, et al 1999) by acting as a 
strong reducing agent by breaking disulphide bonds in proteins 
and with reduce the activity of peroxidases and polyphenols 
oxidases. We tried different concentration of β-
mercaptoethanol and finally 0.2 M β-mercaptoethanol was used 
which made the protocol good for DNA isolation. The 
polyvinylpolypyrrolidone (PVPP) was included in the 
extraction buffer and the amount of PVPP optimized as it is 
essential to remove polyphenol contaminates. Polysaccharides 
may be mostly problematic and may also inhibit Taq 

polymerase activity and restriction enzyme activity (Fang, 
1992; Pandey, 1996).  
 

The addition of 400 μl of cold 6 M ammonium acetate was 
done for precipitation of the proteins and in further steps higher 
molecular weight DNA was precipitated with isopropanol. 
Compared to ethanol, isopropanol required less volume and it 
also separates polysaccharides. Treatment with Phenol: 
chloroform: isoamylalcohol (25:24:1) and followed by 
chloroform: isoamylalcohol (24:1) treatment ensured removal 
of chlorophyll, pigments, and dyes. We found that DNA 
suspended in TE (10 mM Tris pH 7.5 and 1 mM EDTA pH 
8.0) supplemented with RNase helps to remove contaminating 
RNA in DNA preparations. This protocol could also be useful 
for the isolation of the DNA from other plant species with high 
polysaccharide and secondary metabolites. 
 

 
Figure 1 Gel electrophoresis separation of genomic DNA in 0.8% agarose-

ethidium bromide gel, (A) After immediate isolation of genomic; (B) After one 
year storage at 40C. 

 

 
 

Figure 2 Assessment of quality of genomic DNA by PCR amplification using 
RAPD markers (Fig A) and SSR markers (Fig B) M- 100bp ladders. 

 

CONCLUSION 
 

Here we have standardized a simple, dependable, and cost-
efficient DNA isolation protocol for molecular and breeding 
studies. This protocol removes the step of using liquid nitrogen 
to attain good quality genomic DNA ranging from 1.5 µg to 3.5 
µg. The resulting optimized protocol permits the isolation of 
high quality genomic DNA suitable to cloning and breeding 
studies and it is suitable to even in small laboratories. 
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