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Abstract 
Melia dubia Cav. of family Meliaceae is a fast growing, high value tree species native to India. Iso-
lating DNA from matured dried leaves of M. dubia was difficult due to accumulation of secondary 
metabolites, majorly polyphenolics, which resulted in dark brown to black colour of the pellet. In 
this study, a modified STE-(Sucrose, Tris-HCl and Ethylene Diamine Tetra Acetic Acid) CTAB 
(hexadecyltrimethylammonium bromide) method was standardized for removal of polyphenolics. 
The protocol developed yielded 200 - 1000 ng/µl of quality DNA without any impurities as evident 
by A260/280 ratio ranging from 1.75 - 2.0. It was also suitable for extracting quality DNA from 
other members of Meliaceae like Azadirachta indica and Melia azedarach. In downstream applica-
tions, the extracted DNA was used for PCR amplification by using ISSR and SSR markers. ISSR PCR 
conditions were optimized in a reaction volume of 25 µl, consisting of 30 ng of template DNA, 1.5 
mM MgCl2, 200 µM of each of dNTPs and 2 U of Taq polymerase. The best amplification was ob-
served and the same was applicable for SSR markers. 
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1. Introduction 
Melia dubia Cav. (Meliaceae) is a large deciduous fast growing tree species, commonly known as Malabar 
Neem. It is an indigenous multipurpose tree species, naturally distributed in Sikkim Himalayas, North Bengal, 
upper Assam, Khasi hills of Orissa, Deccan and Westran Ghats at altitudes of 1500 - 1800 m [1] [2]. This spe-
cies is an excellent raw material for wood based industries like paper and plywood due to its increased pulp re-
covery and strength [2]. The wood is also used for packing cases, ceiling planks, construction, agricultural im-
plements, pencils, match boxes, splints and furniture [1]. M. dubia has medicinal properties and the extract from 
different parts of the plant has antiviral activity [3]. The leaf oil is reported to exhibit bacteriostatic, fungistatic 
[4] and antifeedant activity [5]. The fruits of M. dubia are used in folk medicine as an antihelmintic, astringent 
and in the treatment of colic [6]. Paste made out of the green fruits is used in treatment of scabies and maggot- 
infested sores [7]. Despite of its high value and wide spread use, there is no information available on its existing 
germplasm diversity. Therefore it becomes very essential to catalogue its natural genetic diversity to raise qual-
ity planting stock as well as to preserve this valuable species for long term. 

The most crucial step for any molecular study is isolation of pure, intact and high-quality DNA [8]. However, 
due to excessive presence of secondary metabolites, isolating pure DNA from plants is very difficult as com-
pared to animals and microorganisms [9]. Various factors are responsible for degrading DNA during extraction. 
One such problem is the presence of endonucleases which directly or indirectly interferes with enzymatic reac-
tions [10]. Presence of polysaccharides makes DNA more viscous [11], inhibits Taq polymerase activity [12] 
and restriction enzyme activity [13]. Another major problem encountered with most of the fully developed and 
mature leaves is accumulation of polyphenolics and tannins. These, when in oxidized, form covalently binds 
with DNA and make it resistant to restriction enzymes and give DNA a brown colour [14]. Various methods have 
been developed for plants in order to encounter all these problems and isolate high quality DNA [12] [15]-[21]. 

The biochemical composition of each plant and tree species varies considerably. So it is quite impossible to 
develop a single isolation protocol which suits every plant species. It has been found that even closely related 
species require different protocol [10]. In addition to a reliable DNA extraction protocol, the storage of leaf tis-
sues is also very important [22]. Most of the reported DNA extraction protocols use young leaves for DNA ex-
traction. However, when the samples are to be collected from distant places it is always not possible to cryo-
genically store the leaf till extraction. Unlike evergreen species, in deciduous species young leaves are not 
available throughout the year. So, drying and storage of leaf tissues is very important. Therefore, there is a need 
of such protocols which could extract DNA from matured dried leaves. Moreover, the DNA isolated must be 
useful to several downstream protocols such as cloning and other related molecular applications. 

The aim of present study was to standardize protocol for extraction of quality DNA from mature dried leaves 
of M. dubia. We also report the optimization of ISSR-PCR which could be useful for diversity analysis of this 
species.  

2. Materials and Methods 
Fresh mature green leaf samples were collected from different locations of Karnataka, India. Leaves were 
cleaned with distilled water, dried and put in zip lock covers containing silica gel for complete removal of 
moisture. Upon dehydration, dry leaves were separated from silica gel and stored at −20˚C until use. 

2.1. DNA Extraction and Quantification 
2.1.1. DNA Isolation 
Two genomic DNA extraction kits were employed 1) GF-1 Plant DNA extraction Kit (Vivantis technologies 
Sdn. Bhd., Malaysia) and 2) DNAsure plant Mini Kit (Genetix Biotech Asia Pvt. Ltd., New Delhi). Different 
methods employed to extract DNA were CTAB method [23], CTAB method [23] with varying concentration of 
PVPP and β-mercaptoethanol, protocol developed for extracting DNA from mature dried leaves of Quercus 
humboldtii and Colombobalanus excelsa [17], DNA isolation from four angiospermic plants [24] and for plants 
from mangroves and salt marshes [18]. 

In addition to the above protocols, a new modified CTAB method was developed and standardized to isolate 
high quality DNA from mature dried leaves of M. dubia. The standardized protocol was as follows: 

Incubation with Extraction buffer-I: Leaf sample (400 mg) was ground to a fine powder in a ceramic mortar 
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and pestle using liquid nitrogen with 25 mg of PVPP. The powdered leaf tissues were immediately transferred to 
a 20 ml centrifuge tube containing 4 ml of prewarmed extraction buffer-I (0.5 M Sucrose, 120 mM TrisHCl, 50 
mM EDTA and 1.7 M NaCl) and 100 µl of β-mercaptoethanol was added to it and vortexed well. Freshly pre-
pared extraction buffer-I was used. Tubes were incubated at 65˚C for 60 minutes. Then centrifuged at 10,000 
rpm for 10 minutes and supernatant was transferred to a new tube. 

Incubation with Extraction buffer-II: Prewarmed 4 ml extraction buffer-II (100 mM TrisHCl, 20 mM EDTA, 
1.7 M NaCl, 2% CTAB) was added to the supernatant and tubes were kept on incubation for 30 minutes at 65˚C. 
After incubation an equal volume of chloroform: isoamylalcohol (24:1) was added and mixed vigorously by in-
verting 15 - 20 times. Samples were centrifuged at 12,000 rpm for 10 minutes. Aqueous phase was transferred to 
a new tube. 25 µl of RNase (20 mg/ml) was added to the tubes and incubated at 37˚C on dry bath for an hour. 20 
µl Proteinase K (20 mg/ml) treatment was also given for the same time. Chloroform: Isoamylalcohol separations 
were done until clear solution was obtained. Clear supernatant was taken and 1/4th volume of 5 M NaCl and 
equal volume of chilled isopropanol was added and gently inverted for several times and kept at −20˚C over-
night. Next day samples were centrifuged at 12,000 rpm for 10 minutes. DNA pellet was given 70% (v/v) etha-
nol washes for 3 times, then air dried at room temperature for 2 - 3 hours and dissolved in 50 - 100 µl of TE 
buffer (10 mM TrisHCl and 1mM EDTA pH-8.0) and stored at −20˚C for further use. 

2.1.2. Quantitative and Qualitative Analysis of Isolated DNA 
To check the purity, the purified DNA was separated on 0.8% (w/v) agarose gel prepared using 1X TAE buffer 
and visualized on Gel Documentation system (Herolab, Germany). DNA was quantified using Biospectropho-
tometer (Eppendorf, Germany) at a wavelength of 260 and 280 nm. Purity was checked from ratio of absorbance 
260/280 [25]. 

2.2. Optimization of ISSR-PCR Conditions  
For standardization of PCR condition, in 25 µl reaction mixture, varying concentration of DNA (10 to 70 ng), 
dNTPs (100 to 300 µM), Taq polymerase (0.5 to 2.5 U) and MgCl2 (0.0 to 3.5 mM) (Table 1) were tried in 
DNA thermocycler (Eppendorf mastercycler gradient, Germany). Different concentration of agarose gel (1.5 to 
3.0 %) was also tried. PCR condition was set at initial denaturation of 94˚C for 3 minutes, followed by 94˚C for 
30 seconds, specific annealing temperature of primer for 30 seconds, elongation for 1 minute at 72˚C and the 
cycle was repeated 39 cycles and a final extension step at 72˚C for 10 minutes and a hold temperature of 4˚C at 
the end. The PCR product was analyzed on 2% (w/v) agarose gel and visualized under gel documentation sys-
tem (Herolab, Germany). Standardized conditions were used for SSR markers also. 

3. Results and Discussion 
3.1. DNA Extraction and Quantification 
The isolation of genomic DNA from mature dried leaves of M. dubia was complicated due to high contamina-
tion of polyphenolics, polysaccharides and proteins. Accumulation of polyphenolics increases with leaf devel-
opment [26], and it reduces DNA quality in mature leaves than in young leaves. For DNA isolation, fresh young 
leaves could not be used all the time as the locations were in distant areas and collections were done at different 
periods of time. To avoid oxidation leaves were dried in Silica Gel.  
 
Table 1. Optimization of ISSR-PCR reaction parameters for M. dubia.                                                      

PCR parameter Tested range Optimum concentrations 
in 25 µl 

Template DNA concentration (ng) 10, 20, 30, 40, 50, 60 30 

Each Deoxy nucleotide triphosphate (dNTPs) (µM) 100, 150, 200, 250, 300 200 

Magnesium Chloride (MgCl2) mM 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 1.5 

Taq DNA polymerase (U) 0.5, 1.0, 1.5, 2.0, 2.5 2.0 

Agarose (%) 1.5, 2.0, 2.5, 3.0 2.0 
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DNA extracted using commercially available kits contained polyphenolic impurities (Figure 1, Lane 1 and 2) 
with poor yield and A260/280 value less than 1.6 which did not meet optimal limit of 1.8 [25].  

Genomic DNA extracted using CTAB protocol [23] yielded dark brown to black colour pellet showing very 
high contamination of polyphenolics (Figure 1, Lane 3). Next, we attempted to modify the CTAB protocol [23] 
with varying quantities of PVPP and β-mercaptoethanol to remove polyphenols released during cell lysis [27]. 
Addition of antioxidants did not help much as the pellet obtained was brown in colour. Later a protocol contain-
ing LiCl in extraction buffer for extracting DNA from mature leaves was employed [17]. The pellet was light 
brown in colour, the quantity of DNA obtained was very low and absorbance ratio was between 0.99 and 1.33 
(Table 2), without any band (Figure 1, Lane 4). CTAB protocol was further modified by adding STE as described  

 

 
Figure 1. Genomic DNA isolated from mature and dried M. dubia leaves (Lane 1 to 9) resolved under 0.8% agarose. Lane 
M, 100 bp plus DNA marker, Lane 1-2 DNA isolated through GF-1 Plant DNA extraction Kit (Vivantis) and DNAsure Plant 
Mini Kit (Genetix) respectively. Lane 3, DNA isolated by CTAB protocola. Lane 4, DNA extracted by protocol for Quercus 
humboldtii and Colombobalanus excelsab. In Lane 5 DNA extracted by protocol for plants from mangroves and salt marsh-
esc. Lane 6 shows DNA isolated through protocol for four angiospermic plantsd. Lane 7 shows DNA from supernatant by 
STE buffer having 1.0 M NaCl. Lane 8 shows DNA from pellet by STE buffer with 1.7 M NaCl. Lane 9, DNA isolated 
through standardized protocol from supernatant through STE buffer with 1.7 M NaCl. Lanes 10-11 DNA isolated from dried 
leaves of Azadirachta indica and Melia azedarach respectively using standardized protocol.                            
Note: a reference [20], breference [17], creference [18], dreference [21].                                                                                   

 
Table 2. Comparison of different protocols opted for DNA extraction.                                                                                   

Protocols Dried leaf weight 
(mg) Purity (A 260/280) Quantity 

(ng/µl) 

DNAsure Plant Mini Kit (Genetix) 100 1 - 1.35 30 - 50 

GF-1 Plant DNA extraction Kit (Vivantis) 100 0.60 - 1.12 10 - 20 

CTAB protocola 500 1.00 - 1.08 130 - 140 

CTAB protocol awith varying concentration of PVPP and 
β-mercaptoethanol, 500 1.00 - 1.20 10 - 60 

Protocol for Quercus humboldtii and Colombobalanus excelsab 500 0.99 - 1.3 30 - 50 

Protocol for four angiospermic plantsc 500 1.1 - 1.3 80 - 100 

Protocol for plants form mangroves and salt marshesd 1000 1.20 - 1.50 20 - 100 

Standardized CTAB protocol Melia dubia 400 1.75 - 2.0 200 - 1000 

Standardized CTAB protocol Azadirachta indica 400 2.00 310 

Standardized CTAB protocol Melia azedarach 400 1.87 300 

Note: areference [20], breference [17], creference [21], dreference [18]. 
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in protocol used for four angiosperms [24]. Pellet obtained in this case was brown in colour with absorbance ra-
tio 1.1 - 1.3 (Figure 1, Lane 6). As per protocol for mangrove plants [18], by incubating with STE buffer (Su-
crose, TrisHCl and EDTA) with 1.0 M NaCl, further processing of the pellet did not yield good DNA (Figure 1, 
Lane 5). However, incubating with STE buffer along with 1.0 M NaCl and taking supernatant for further proc-
essing resulted in quality DNA (Figure 1, Lane 7). Further increasing the concentration of NaCl to 1.7 M and 
taking the pellet also did not improve the quality of DNA much (Figure 1, Lane 8). The DNA quantity and 
quality was further improved by incubating the sample with STE buffer containing 1.7 M NaCl (extraction 
buffer -I) and taking the supernatant, as observed by spectrophotometer readings (1.75 - 2.0) and ethidium bro-
mide stained agarose gel image (Figure 1, Lane 9). Incubation time with extraction buffer-I was increased from 
40 to 60 minutes which improved the process of breakage of cells and nuclear membrane thereby improving the 
quality of DNA [28]. Increased concentrations of NaCl help in breakage of cell membrane and inhibit 
co-precipitation of polysaccharides with DNA by increasing polysaccharide solubility in ethanol [29]. Although 
sucrose has been used in extraction buffer for total DNA isolation from plant cells, its role is not very specific, 
but if omitted it can adversely affect DNA yield in 50 % of the cases [24].  

The other factors which helped in extracting quality DNA are use of liquid nitrogen, addition of PVPP, β- 
mercaptoethanol and higher concentrations of NaCl (extraction buffer-2). Liquid nitrogen was used for grinding 
the tissues which helped in creating non-oxidative environment and also thick cell wall was easy to grind as it 
was tough to homogenize dry leaves in buffer. During homogenization, polyphenols are released from vacuoles 
and they then react rapidly with cytoplasmic enzymes so PVP purges and forms complex hydrogen bonds with 
polyphenols and gets precipitated, which can easily be separated from DNA by centrifugation [30]. β-mercap- 
toethanol acts as strong reducing agent in higher concentrations and helps in reducing the polyphenols [31]. 

The standardized CTAB protocol yielded good quality of DNA, as depicted by A260/280 ratio ranging from 
1.75 - 2.0 indicating insignificant levels of impurities in comparison to other protocols (Table 2). The quantity 
of DNA ranged from 200 - 1000 ng/µl. The agarose gel electrophoresis (0.8%) of genomic DNA isolated 
through various protocols showed that the standardized CTAB protocol yielded high quantity of DNA (Figure 1, 
Lane 9). Standardized protocol was also used to extract DNA from other members of Meliaceae, Azadiracta in-
dica and Melia azedarach and it worked for these two species. DNA quality and quantity ranged from 1.87 to 
2.0 and 300 to 310 ng/µl respectively (Table 2), with intact band (Figure 1, Lane 10 and 11). 

3.2. Optimization of ISSR-PCR Conditions  
DNA samples isolated through standardized DNA extraction protocol were used as template for ISSR-PCR 
which showed good amplification. Experiments were further carried out for optimizing the parameters of the 
ISSR- PCR. The optimal content of DNA depends on the kind of material and purity of DNA [32]. Studies have 
shown that for good amplification template DNA ranges between 5 - 500 ng for most of the tree species [33]. 
We tested template DNA (10 - 70 ng), and the target amplification did not differ for 10, 20 and 30 ng of DNA. 
Using the three concentrations, we carried out PCR analysis with three different sets of primers i.e. UBC 855, 
UBC 891 and UBC 847. The template DNA of 30 ng was found to be optimum (Figure 2(a), Lane 9). Other re-
searchers have also reported that 30 ng DNA as optimal quantity for these types of PCR [32]. Concentration of 
200 µM for each of dNTPs gave the best results (Figure 2(b), Lane 3) when tested with range of 100, 150, 200, 
250, and 300 µM with primer UBC 813. dNTPs concentration had great influence on ISSR-PCR amplified re-
sults [34]. Taq polymerase activity was tested with the gradient concentrations between 0.5 U to 2.5 U with 
primer UBC 870 and 2.0 U produced clear bands (Figure 2(c), Lane 4). In the earlier reports it has been shown 
that Taq polymerase, a thermo-stable enzyme, which assembles a new DNA strand from the nucleotides, with 
lower concentrations did not amplify and increased concentrations showed good amplification with difference in 
specificity [35] [36].   

Since Mg2+ ion influenced PCR, we attempted to vary MgCl2 concentrations starting from 0.0, 0.5, 1.0, 1.5, 
2.0, 2.5, 3.0, 3.5 mM with primer UBC 888. The optimum concentration for ISSR was found to be 1.5 mM 
(Figure 2(d), Lane 4). As the concentration of MgCl2 was increased, the bands were not clear and formation of 
smear was observed. Mg2+ concentration have been an important factor in opening the double helix of primer 
and template DNA and stimulating Taq polymerase activity [32]. In an earlier study, excess of MgCl2 concen-
trations has shown non-specific amplifications or poor yield of amplicons [36]. 

DNA fragment analysis depends on the pore size of the agarose gel. The lower the concentration of the agarose,  
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Figure 2. Optimization of ISSR-PCR parameters for M. dubia. (a) Optimization of 
template DNA, lane 1-3 contains 10 ng of DNA lane 4-6 contains 20 ng of DNA and 
lane 7-9 contains 30 ng of DNA with 3 primers UBC 855, UBC 891 and UBC 847 
respectively. (b) dNTPs concentration from 100, 150, 200, 250, 300 µM with primer 
UBC 813 (lane 1-5). (c) Grading concentration of Taq polymerase (0.5, 1.0, 1.5, 2.0, 
2.5 U) with primer UBC 870 from lane 1 to 5. (d) Varying MgCl2 concentration, Lane 
1 to 8 showing 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 mM of MgCl2 with primer UBC 888. 
(e) Concentration of agarose from 1.5% to 3.0% with primer UBC 813 and UBC 845.                                          

 
the larger the pore size and hence larger the DNA that can be sieved. However, low-concentration gel (0.1% - 
0.2%) are fragile, difficult to handle and in the higher concentration of gels, electrophoresis of large DNA 
molecules can take several days. Therefore, varying concentrations of agarose were tested (1.5%, 2%, 2.5%, 
3.0%) with two primers (UBC 813 and UBC 845) and 2% gel was found optimum for running the PCR products 
that we generated in our experiment (Figure 2(e)). 

DNA extracted from samples collected from different locations were run using the optimized PCR parameters 
by using ISSR markers (Table 1) and it showed very clear amplification with primer UBC 864 (Figure 3). The 
standardized conditions of ISSR-PCR (Table 1) were used for SSR marker MSSR7 with 1.5 µl of each forward 
(F: ACGCAAAGCTTCGAGAACCTTCAA) and reverse primer (10 pm/µl) (R: ACGATGTGGGCGTTCTAC- 
GCA) at annealing temperature (Ta) 62˚C and the amplified products showed very clear bands in 2.5% agarose 
gel (Figure 4). 
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Figure 3. ISSR-PCR amplification in 2% Agarose gel. Lane M 
represent 100 bp plus DNA marker and lane 1-12 showing M. dubia 
DNA samples collected from different locations of Karnataka with 
primer UBC 864.                                                                                   

 

 
Figure 4. SSR-PCR amplification in 2.5% Agarose gel. Lane M, 100 
bp plus DNA marker and lane 1-15 representing M. dubia DNA sam-
ples collected from different locations of Karnataka with primer 
MSSR7.                                                                       

 
In this study, a fast inexpensive DNA extraction protocol was standardized for M. dubia, which enabled to 

extract highly pure DNA from mature dried leaves containing high content of polyphenolics and secondary me-
tabolites. This protocol was also applicable for extracting quality DNA in other Meliaceae members. Extracted 
DNA showed very good amplification with ISSR and SSR markers which would be useful for molecular studies 
in M. dubia. 
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