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INTRODUCTION                                                                                                                           

From the very beginning of human existence, man has familiarized himself with plants 

and used them in a variety of ways throughout the ages. In search of food and disease cure, 

primitive man began to distinguish plants for nutritional purpose and definitive pharmacological 

action. This relationship has grown between plants and man, and many plants came to be used as 

drugs. The growth of knowledge to cure disease continues at an accelerating pace, and number of 

new plant-derived drugs increase likewise. Herbal medicine is currently experiencing a revival in 

 

ABSTRACT  

                                                                                                                                     

The distribution and morphology of many plant species is found overlapped with each other, which 

makes the identity of such species more difficult based on phenotypic (vegetative and reproductive) 

characters. It is further very important to identify plant or plant material used in the preparation of 

drug. Molecular biology approaches could provide reliable and authentic identification solution for 

the same. The present study describes optimization of DNA extraction protocol and molecular 

identification of medicinal important plant species Amla (Phyllanthus indofischeri (C. E. C. 

Fischer)). A protocol based on cetyltrimethylammonium bromide (CTAB) was optimized for DNA 

isolation for P. indofischeri using leaves as source tissue. The protocol yields high quality genomic 

DNA (A260/A280-1.8) with average yield of 110 ng/µL. Molecular identification was carried out 

based on chlroplastic intergenic spacer psbA-trnH. The results are practically helpful for genetic 

improvement of Amla as well as certification of Amla based herbal products. Further it can be used 

for population and diversity study of local flora. 

 

Key words: Phyllanthus indofischeri, chlroplastic intergenic spacer psbA-trnH, restriction    
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Western society, along with other complementary therapies such as traditional Chinese 

medicines, Osteopathy and Homeopathy [1].  Ayurveda is the most ancient science of life having 

a holistic health approach. The preparation of medicines i.e. pharmacy is an integral part of this 

science, and evolved from a very rudimentary form [11]. In India, around 20,000 medicinal 

plants have been recorded .The existences of these species in state forest flora establish the base 

for the species rich biome. The forest flora can be classifying according to their utilization for 

various human needs such as timber and non-timber species [14]. Phyllanthus is an important 

genus belonging to the family Euphorbiaceae. Plants of the genus Phyllanthus i.e. P. amarus 

Schum. & Thonn.  P. debilis Klein ex Willd, P. fraternus Webster, P. niruri L. and P. urinaria 

L. have been used in Ayurvedic medicine for over 2000 years and have an enormous number of 

traditional uses in many countries [16]. 

Among these plant species three species P. emblica Linn, P. indofischeri Bennet and P. 

acidus are having common occurrence in western and Eastern Ghats [9].P. emblica and P. 

indofischeri, known locally as amla, are distributed across parts of South and Southeast Asia’s. 

Emblica is a medium-sized tree that grows 15–20 m tall and is found in dry deciduous forests. P. 

indofischeri trees are smaller (8–10 m tall) and are restricted to scrub forests. Older trees of both 

species tend to be parasitized by a hemiparasite (Taxillus tomentosus), and infestations have 

negative impacts on fruit production .Amla fruits mature in about mid-November. The fruits are 

round and vary from about 1.5 to 3.5 cm in size, with fruits of P. emblica tending to be smaller 

than those of P. indofischeri [13].Primary morphological features of these two plants are difficult 

to recognize and not always distinguish P. indofischeri from P. emblica from each other [4]. 

Amla is famously known for its hepatoprotective and antioxidant activities. Amla is rich 

source of Vitamin-C. It is rich in quercetin, phyllambic compound, Gallic acid, pectin and others. 

Amla berries have the highest amount of naturally occurring vitamin C of any ripe fruit in the 

world used as a traditional food. Numerous studies conducted on Amla fruit suggest that it has 

anti-viral properties and also functions as an anti-bacterial and anti-fungal agent [3].Fruits of 

Phyllanthus emblica are commonly used in the treatment of anorexia diarrhea, jaundice, cough, 

and ulcer.  Phyllanthus emblica bark is useful in gonorrhoea, jaundice, diarrhoea and myalgia. 

Phyllanthus emblica leaves are useful in treatment of conjunctivitis, inflammation, dyspepsia, 

diarrhoea and dysentery. It is also having significant amount of mineral and vitamin contents 

including calcium, phosphorous, iron, carotene, thiamine, riboflavin, and niacin. The amla seeds 

contain a fixed oil, phosphatides, and an essential oil. The fruits bark, and the leaves of this tree 

are rich in tannin [15].The root contains ellagic acid and lupeol and bark contains 

leucodelphinidin. The seeds yield a fixed oil (16%) which is brownish-yellow in colour. It has 

the following fatty acids: linolenic (8.8%), linoleic (44.0%), oleic (28.4%), stearic (2.15%), 

palmitic (3.0%) and myristic (1.0%)  [5]. 

Over the years, the genetic diversity of forest trees has been detected and assessed 

extensively using morphological features however, these are not much appropriate for the closely 

related species and diversity analysis of individuals produced by breeding program. Amla being 

a perennial crop, molecular tools can be of great utility to support the conventional breeding. 

Therefore, isolation of intact high quality DNA is essential for carrying out molecular studies 

[7].Moreover proper identification of plant is an essential need to distinguish these two plant 

species having commercial worth. Moreover proper identity of the species, from which the 

resource of commercial interest is collected, is also very important for conservation biologists 

and forest managers to protect these plant species from overexploitation and extinction. Proper 
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identity of such species also enables traders and consumers to avoid adulteration of products, and 

aids officials concerned to prevent smuggling or bio-piracy [10]. 

MATERIALS AND METHODS  

Sample Collection: 

Leaves of mature plant were collected from Basan centre of Forest department, 

Government of Gujarat, Gandhinagar (N 23
0 

12’0.20
’’ 

and E 072
0
 40’ 46.1”). Material was stored 

at -80˚C before genomic DNA extraction.  

All the chemicals and reagents which were used are of Hi-Media Laboratories and all were of 

Laboratory grade. 

Common Reagents: 

4% CTAB extraction buffer (pH-8), Β-mercaptoethanol, 2 % Ascorbic acid, Absolute 

alcohol,  70 % alcohol, 0.5M Sodium chlorid, Isopropenol, 10X TE buffer (pH-8), Proteinase K, 

RNase A, 5X TBE Buffer (for 1000ml), Phenol, Chloroform, Isoamyl alcohol, 0.8% Agarose, 

Ethidium Bromide, Bromophenol Blue. 

Methodology: 

There were total five different protocols for DNA extraction were selected in the present 

study. Out of four three of them were manual protocols named as protocol A, B and C. Protocol 

D and E was commercial protocols comprising the use of kits. All four protocols were performed 

with triplicate samples for the comparison of DNA quality and quantity. 

In Protocol A 600 gram of leaves were cut into tiny pieces without mid rib, veins and 

margins were chopped and grind to fine powder in a pre-chilled mortar and pestle with help of 

liquid nitrogen under 3 ml of freshly prepared preheated (65˚C) CTAB extraction buffer (4% 

CTAB buffer, 0.5M EDTA, 5M NaCl, 6 % PVP, 1M Tris buffer (pH-8) with 6.1µl of β 

mercaptoethanol. Samples were incubated at 65˚C for 60 min in water bath with gentle mixing of 

samples at a regular time intervals. They were allowed to attain room temperature (RT). The 

sample was further centrifuged at 15,460 x g for 5 min. After centrifugation supernatant was 

transferred to fresh microfuge tube without disturbing pellet. Sample was further treated with 

proteinase K, mixed gently by inversions and incubated at 65˚C for 1 hr. Subsequently sample 

was treated with equal amount of Phenol: Chloroform: Isoamylalcohol (25:24:1), mixed gently 

and centrifuged further for 15 min at 15,460 x g Kubota High speed refrigerated centrifuge 6500. 

The upper aqueous layer was carefully collected and transferred to fresh tube. Equal volume of 

Chloroform: Isoamylalcohol (24:1) was added and centrifuged further at 15,460 x g for 15 min 

(performed twice). The sample was further subjected for RNase treatment and incubated for 1 hr 

65˚C. Precipitation of the DNA has been carried out at -20˚C after 60 minute incubation with 

equal volume absolute alcohol and 1/10
th

 volume of 3M sodium acetate. The sample was further 

centrifuged at 10,730 x g for 10 minutes at 4˚C. Supernatant was discarded and pellet was 

washed with 1 ml of 70% ethanol. The sample was again centrifuged at 10,730 x g for 10 

minutes at 4˚C to collect the pellet. Pellet was air dried and dissolved in 200 µl of 1x TE buffer 

(pH 8.0). The yield of DNA per gram of leaf tissue was determined using UV visible 

spectrophotometer at λ260.The purity of DNA was determined by calculating the ratio of 

absorbance at λ260/λ280. Concentration and purity of DNA from various samples was further 

determined by running the DNA samples on 0.8% agarose gel and compared with λDNA.  

Electrophoresis run of the DNA was observed using BIORAD-Chemidoc
TM

 XRS + gel 

documentation system equipped with image Lab
TM

 3.0 software. 
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     However, modifications were done in extraction buffer which are described in Table 2.1. 

     Table 2.1 Comparison of Extraction Buffer. 

Protocol No. Composition of extraction buffer 

Protocol A 3% CTAB buffer, 0.5M EDTA, 5M NaCl, 6 % PVP, 1M Tris buffer 

(pH-8). 

Protocol B 4% CTAB, 5 M NaCl, 0.5 M EDTA,1M Tris, 5.5 gm PVP, 2% 

Ascorbic acid (pH-8). 

Protocol C 2% CTAB, 1.42 M NaCl, 20mM EDTA, 100mM Tris HCL, 4% w/v 

PVP (pH-8). 

Protocol D CTAB extraction buffer manufactured in Kit 

Protocol E CTAB extraction buffer manufactured in Kit 

 

    Other minor differences includes in Protocols which are described in Table 2.2 

    Table 2.2 Differences includes in Protocols. 

 

PCR Amplification: 

1.6 μl DNA solutions were taken from each tubes and added 5µl of PCR master mix 

(contains: 10 X Taq buffer, 2 mM MgCl2, 0.4 mM dNTP mix, and 2U proofreading Taq DNA 

polymerase) respectively then added 1 µl of marker (psbA-trnH) specific primer. Amplification 

was performed using Thermal Cycler (Eppendorf) with the following PCR conditions: 95˚C for 

4min; 35 cycles of 94˚C for 0:30 min, 55˚C for 1 min and 72˚C for 1 min and final extension at 

72˚C for 10 min. PCR products were subjected to agarose gel (2%) electrophoresis in 0.5 X TBE 

buffer with DNA ladder and observed for ensuring the suitability of genomic DNA for PCR 

amplification. 

 

 

 

Protocol Modification 

Protocol A Common CTAB based Protocol. 

Protocol B Treatment of enzyme RNase was given after dissolving the pellet in 

1xTE buffer. Other main difference in precipitation step, this step added 

2/3 volume of Isopropenol and 500 µl 0.5 M Nacl. 

Protocol C Equilibrated Phenol, Enzymes RNase and ProteinaseK were not used. 

Protocol D Hi-Media (HiPurA) Kit protocol (REF: MB502-50 Preps). 

Protocol E Macherey-Nagel (NucleoSpin Extract II) kit protocol (Cat. No. 740 

609.10). 
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Purification of PCR product: 

After completion of the PCR remaining contaminants like used oligos, primers and 

enzymes hindersin further cycle sequencing reaction. PCR product purification was done using 

of ExoSAP-IT reagent (Applied Biosystems). The following steps were performed as per 

manufacture’s kit. 7µl of PCR product from each of three was added in 3µl ExoSAP-IT reagent 

in tube. Thermal cycling condition for purification of PCR product: 96˚C for 1min; 25 cycles of 

96˚C for 0:10 min, 53˚C for 0:40 min and 60˚C for 4 min and final extension at 60˚C for 4 min. 

             ExoSAP products which were obtained after PCR purification was further utilized for 

the cycle sequencing. The steps of cycle sequencing was performed as per manufactures protocol 

and the resulting product was further utilized for sequencing purpose by automated sequencer 

3130 Applied Biosystems Sequence analysis and analyzed using the BLAST and submitted to 

NCBI. 

 

RESULTS  

Extraction of genomic DNA: 

DNA extraction from fresh leaves was carried out with total four different protocols 

named as protocol A, B, C and D. The protocol A, B and C were manual DNA extraction 

protocol based on CTAB. Combination of changes (i.e. reagent composition and alterations of 

process steps) were performed and named as protocol A, B and C. The fourth protocol was 

commercial kit protocol where HiPurA plant DNA extraction kit (Cat. No. MB502-50PR) of 

HiMedia make has been tested. Comparative results of the all the tested protocols are 

summarized in Table 4.1 whereas; visual conformation of the DNA results was made on 0.8 % 

agarose gel (Figure 3.1) DNA extraction was carried out initially using protocol A, which was 

based on basic protocol of Doyle and Doyle (1987) for plant DNA extraction. The protocol A 

resulted highest yield (297.4 ng / μl) amongst all the tested protocols (Table 3.1). The 

confirmation of the DNA purity and integrity on 0.8 % agarose gel electrophoresis showed mild 

shear and presence of RNA contamination (Figure 3.1a). Based on the resulted quality of the 

DNA the protocol was further modified and performed as Protocol B (Figure 3.2 and 3.3). 

Protocol B was specifically modified with addition of sodium chloride treatment, which helps for 

the removal of polysaccharide contaminants effectively. The results have proved the changes 

very effective. The protocol found most effective amongst all the tested protocol, where average 

purity of the DNA was 1.7 and average DNA yield was 59.3 ng/μl (Figure 3.2 and 3.3). The 

protocol A had been performed parallel with this without addition of enzymes (RNase A and 

proteinas K) and phenol treatment to check the individual need of these steps for the effective 

extraction of quality DNA. These changes were considered as separate protocol and named as 

Protocol C. The changes were found less appropriate and resulted poor A260/280 purity ratio 1.03 

and poor DNA yield, 3.35 ng/μl (Figure  3.2 and Figure 3.3). The results have indicated the 

worth of enzymatic treatment and phenol treatment for effective removal of RNase, protein and 

pigment contaminants. DNA extraction from Amla was further performed using commercial 

plant DNA extraction. This protocol was found effective and produced quality DNA with 

average purity ratio of 1.9 (Table 3.1). However, significantly low yield (26.4 ng/μl) of DNA has 

been observed comparing the results with protocol A and B (Figure 3.3). The results are further 

reflected in quality check of the DNA on 0.8 % agarose gel electrophoresis (Figure 3.1d).  
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(a) 

 

 

 

 

            (b) 

 

 

 

 

            (c) 

 

 

 

 

          (d) 

Protocl A Protocol B Protocol C Protocol D 

    
                 

Figure 3.1: Conformation of the DNA extraction results of the tested protocol on 0.8 %  agarose 

gel 

           Table 3.1: Comparison of the resulted quality and quantity of the DNA 

Sample 
Concentration 

ng/µl 
A260/280 A260/230 A230 A260 A280 A320 

Protocol A 

K1 185 1.171 1.629 0.489 0.672 0.742 0.198 

K2 202 1.052 0.890 0.146 0.136 0.132 0.055 

K3 505 1.200 2.787 0.153 0.282 0.327 0.080 

Average 297.4 1.141 1.768 0.262 0.364 0.400 0.111 

Protocol B 

K1 60.0 1.692 0.349 0.074 0.033 0.024 0.011 

K2 55.3 1.727 0.396 0.050 0.021 0.013 0.002 

K3 62.5 1.671 0.417 0.068 0.033 0.025 0.008 

Average 59.27 1.697 0.387 0.064 0.029 0.020 0.007 

Protocol C 

K1 5.75 1.142 0.473 0.386 0.240 0.191 0.125 

K2 2.50 1.023 0.327 0.209 0.106 0.091 0.056 

K3 1.80 0.923 0.346 0.154 0.086 0.072 0.050 

Average 3.35 1.029 0.382 0.249 0.146 0.118 0.077 

Protocol D 

K1 25.0 2.0 0.323 0.145 0.220 0.132 0.178 

K2 27.0 1.8 0.297 0.122 0.124 0.099 0.078 

K3 27.0 1.9 0.344 0.212 0.176 0.231 0.098 

Average 26.4 1.9 0.321 0.159 0.173 0.154 0.118 
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Figure 3.2: Comparison of the resulted quantity of DNA 

                        

                              Figure 3.3: Comparison of the resulted quality of the DNA 

 PCR amplification: 

 PCR amplification of the chloroplastic psbA-trnH intergenic region was carried out 

successfully. Amplification product of around 370 bp was resulted and confirmed on 2 % 

agarose gel (Figure 3.4). 
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                       Figure 3.4: Electrophoresis of the PCR product on 2 % agarose gel. 

Sequencing: 

The PCR amplified product has been further subjected for sequencing. The forward primer has 

generated 185 bp sequencing product, where reverse primer has generated sequencing product of 

267 bp.  

Post Sequencing analysis: 

Genomic DNA of Phyllanthus indofischeri was analysed with nucleotide BLAST search in 

Genbank database. The sequence of Phyllanthus indofischeri which was obtained is; 

Forward sequence 

CCTATCTCTACTTATAAAAGTAGTAAGTTATCATTCAATTTCATCTTTCCTATAGGAT

AAAGAAGATAAAAAACTAACTGCACAAAAAAAAGATATTTTTTATAATAAAAAAAG

GAGCAATATCAAGAGAGTTGGTATTGCTCCCTTTTTTTTAAGAACTCGTACACACTA

AAAACGAAGACTTATGCTTTTATCCCTTGATAGAAGGGGCTTCCCACAGCCGCTAGG

GCTTGAGGGAAGTTATGAGAATTACGTTCATGCCTAACA 

 Reverse sequence                 

TCTATCAATGGATAAAAAGCATAAGTACTTCGGTTTTAGTGTGTACGAGTTCTTAAA

CAAAAAGGAGCAATATCAACTCTCTTGATATTGCTCCTTTTTTTATTATTATATATAT

CTTTTTTTTGTGCAGTTAGTTTTTTATCTTCTTTATCCTCTAGGGAAAAAGGGAATTG

AATGATAACTTACTACTCTTTTTATTAAGTAGAGTATTAGGGGGCGGGATGTAGCCA

AGTGGCTCAAGGCAGTGGGATTGTGAATCCACCCCTGGCGCGGGAGATGGGTTGGG

AAATCCCCCCATGTGGGAAAAAGGGAATTGGATTTGTAACCCCCCC 

These sequences were further analyzed by NCBI nucleotide BLAST for similarity search.The 

BLAST search result for both the sequences presents the highest relationship of the tested Amla 

plant with accession no. GU598560.1 deposited as Phyllanthus indofischeri. 

 

CONCLUSION 

DNA extraction from Amla was tested and optimized using four different protocols. All the 

tested protocols were of CTAB based and changes have been made at various stages of DNA 

extraction and purification. The first protocol A was based on the method of Doyel and Doyel, 

performed with some modifications. The protocol was simple and performed with 4 % CTAB and 

5.5 % PVP concentration. This protocol was found best considering the quality of the DNA (Table 

3.1). The quantity of the DNA was also confirmed on the Agarose gel which was also found 

satisfactory with sharp band with mild shear. However, RNA contamination was observed in all the 

replicates (Figure 3.1a). Further to minimize the shearing and RNA contamination the protocol was 

planned to modify and subsequently two modifications of the protocols were tested as protocol B and 

370bp 
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protocol C. The protocol B was performed in combination of protocol A and steps suggested by 

Nagrajan et al, 2011. An additional was of sodium chloride has been performed and isopanol 

precipitation to remove the polysaccharide contaminants. Further to avoid the RNA contamination, 

RNase treatment has been applied after dissolving DNA in TE. These modifications were found very 

effective and generated the best quality of DNA among all the tested manual protocols. Incorporation 

of additional steps of RNase treatment and pellet washing (protocol B) was resulted quality DNA 

however; considerable yield loss was also observed (Figure 3.3).  

Protocol C had been performed parallel with protocol B without addition of enzymes (RNase 

A and proteinas K) and phenol treatment. These steps suggest the importance of such steps in 

effective extraction of DNA. The idea behind minimization of steps was to reduce the potential yield 

loss usually occurs during the purification steps. Any such addition in purification found with 

considerable amount of yield loss [2]. Further these changes were also found less appropriate and 

resulted poor purity ratio and poor DNA yield, (Figure 3.2 and Figure 3.3). The results have 

indicated the worth of enzymatic treatment and phenol treatment for effective removal of RNase, 

protein and pigment contaminants. The probable reason for dearth in yield after minimizing the 

protocol steps was loss of DNA during handling [12]. 

A commercial kit based on CTAB based buffer has been also tested for comparison of 

extracted quality and quantity of DNA. The process was completed according to the manufacturer’s 

protocol named here as protocol D. The protocol was simple and found effective comparing the 

results. This protocol was found best and resulted high purity ratio compared to the all the tested 

protocols (Figure 3.2), but the protocol failed to result comparatively good quantity of DNA (Figure 

3.3). The details of individual reagents and kit components in protocol D were not provided, which 

was a major drawback found for majority of commercial kits.  

Amla plants are commonly found in forest area of Gujarat [8]. But there were no report 

found in literature showed the precise molecular identity for it. According to the literature review two 

Phyllanthus species P. embilica and P. indofischeri are known as Amla. The distribution and 

morphology of both the species was found overlap with each other, makes the identity of the species 

more difficult based on phenotypic (vegetative and reproductive) characters. Development of reliable 

and authentic identification based on molecular approaches is necessary for precise identification of 

plant species in the forest of Gujarat. There are reports which indicate the previous efforts for the 

establishment of molecular identity of the various Phyllanthus species but these were not indicates 

the status of plant reported in Gujarat.  

The results derived in present study based on chlroplastic intergenic spacer psbA-trnH 

establish the identity of the tested plant material as Phyllanthus indofischeri, one of the species from 

genus Phyllanthus commonly reported as Amla. The chloroplstic region of psbA-trnH spacer is 

popularly reported as site for molecular identification of plant species [6]. The sequence analysis 

based on this target region considered highly effective for plant diversity analysis and especially for 

interspecies studies (CBOL plant working group, 2009). Chlorplastic psbA-trnH region is a potential 

DNA marker for precise identification of these two species. Recent report of Ganesan on 

identification of these Amla species was based on trnL (UAA) intron gene-specific primes. The 

species identification of Amla trees is further helpful for the population and diversity study of local 

flora in Gujarat. The study results could be further utilized for practical application in genetic 

improvement of Amla as well as certification of Amla based herbal products.  
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