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ABSTRACT 

Genetic analysis of molluscs relies on high yields of pure DNA samples. Here we present the optimization of 

DNA isolation and PCR conditions for RAPD analysis of Lymnaea acuminata from Indian Himalayan region containing 

high levels of polysaccharides, polyphenols and secondary metabolites. Phenol-Chloroform involves Cell lysis in lysis 

buffer supplemented with Proteinase-K and KCl & three emulsified-washings with phenol: chloroform: isoamyl alchohol 

followed by precipitation with Isopropanol & overnight RNase treatment with all steps carried out at room temperature 

efficiently removed high protein and polysaccharide contamination. The yield of DNA ranged from 1000±1.63 to 

973.08±0.88µg/ml and the purity (ratio) was between 1.821±0.002 to 1.856±0.001 indicating minimal levels of 

contaminating metabolites. The isolated DNA was used for randomly amplified polymorphic DNA (RAPD) analysis. 

RAPD protocol was optimized based on the use of higher concentration of MgCl2 (2.5µl), lower concentrations of Taq 

polymerase (1µl), 1.0µl of template DNA and an annealing temperature of 35°C & 37°C, resulted optimal amplification. 

Reproducible amplifiable products were observed in all PCR reactions. Thus, the results indicate that the optimized 

Phenol-Chloroform protocol for DNA isolation and PCR was amenable to molluscan species which is suitable for further 

work on diversity analysis. 
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INTRODUCTION 

The aquatic snail, Lymnaea acuminata (Gastropoda: Pulmonata) is widely distributed in various parts of Jammu 

region which usually prefers slow running and standing water bodies. Like most of the other pulmonates L. acuminata is a 

hermaphrodite, but do not self fertilize and only cross fertilization occurs. When cultured under lab conditions, snails were 

seen forming chains. After reaching maturity snails are reproductive powerhouses and begin egg lying only a month after 

hatching. Large gelatinous egg masses are laid preferably under weeds and other objects, which measure between 5-6 cm 

in length and contain as many as 50-120 eggs.L. acuminata is an intermediate host of various human and animal parasitic 

helminths. Fifteen species of trematodes are important parasites of sheep, cattle and human were reported 

from Lymnaea sp. which include, Fasciola gigantic, F. hepatica, Schistosoma indicum, S. nasalis, S. 

spindalis and Clinostomum giganticum, Echinostoma revolutum, E. malayanum and Orientabilharzia turkestanicum from 

L. acuminata f. typical and ruescens (Rao, 1989). 

The use of molecular biology methods in the studies of evolution and population genetics has increased 

dramatically during the last decade. Many genomic DNA extraction protocols have been described for prokaryotes and 

eukaryotes, from cell sample to specific tissues (Sambrook et al., 1989). However, the DNA isolation from molluscs 

proved to be a difficult task, because the polysaccharides present in the animals co-precipitates with the DNA and these 

polysaccharides inhibits the activity of many enzymes used in molecular biology, such as polymerases, ligases and 
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restriction endonucleases (Sokolov, 2000). Good quality DNA is essential to achieve good results in experiments, 

especially in the Polymerase Chain Reaction (PCR), in which excess of cell debris and proteins may inhibit the 

amplification process (Mullis et al., 1992). So, there is an urgent need to standardize a protocol which yielded high quality 

genomic DNA suitable for molecular studies. Moreover, the success of biotechnological tools such as molecular markers 

and genetic engineering are critically dependent on development of reliable protocol for isolating superior quality DNA 

and PCR analysis. Hence it has been widely reported in many molluscs such as Tonicella marmorea, Cepacea sp., 

Margarites helicinus, Littorina saxatilis, L. littorea and M. edulis (Sokolov, 2000), Caelatura (Caelatura) companyoi and 

Caelatura (Caelatura) prasidens (Sleem and Ali, 2009), Potamopyrgus antipodarum (Gray). (Jacobsen et al., 1996), 

Littorina striata (Wolf et al., 1998), Melanoides tuberculatus (Yousif, 2009).  

The aim of present study is to report a total genomic DNA isolation protocol for L. acuminata derived from a 

method originally developed for other animals as stated by (Ashburner, 1989). Modifications were made to minimize 

polysaccharide co-isolation and to simplify the procedure for processing large number of samples. The protocol optimized 

for RAPD proved to be inexpensive with relation to the use of primer, quantity of DNA, usage of dNTPs, Taq polymerase 

and the reaction volume. Thus, the protocol derived for both genomic DNA isolation and RAPDs, is genus independent, 

efficient, inexpensive, simple, rapid and yields pure DNA amplifiable by PCR as indicated by the results of the RAPD 

technique. The isolated DNA would be suitable for further downstream applications. 

MATERIALS AND METHODS 

Foot muscles of eight different populations of Lymnaea acuminata (Fig 1) were collected from three different 

geographical areas of Jammu province of Jammu and Kashmir, India(Table 1) and stored at -20˚C in refrigerator and used 

during the present study. 

DNA ISOLATION 

Reagents and Solutions 

Lysis buffer (50mM Tris HCl, pH 7.5; 100mM NaCl; 10mM EDTA; 1% Sodium  dodecyl sulphate), KCl (Sisco 

Research Laboratories, India), Phenol: Chloroform: Isoamyl alcohol: (25:24:1), Isoproponol (Himedia, India), 70% 

Ethanol (Merck Millipore, India), TE buffer (10mM Tris HCl, 1mM EDTA)( pH 7.4), Autoclaved distilled water, Agarose 

powder (Himedia, India), 0.5X TAE, Ethidium bromide and Bromophenol Blue. 

Phenol- Chloroform Protocol 

• 60 mg of foot muscle was sliced into 2-3 mm thick pieces and squashed in between two sheets of clean    

aluminium foil. 

• The squashed tissue was added to a 1.5 ml eppendorf’s tube containing 1 ml of the lysis buffer (50m M Tris- HCl, 

pH 7.5, 100mM NaCl, 10 mM EDTA, 1% sodium dodecyl sulphate (SDS), and 20µg/ml Proteinase-K (added just 

before use), briefly vortexed and incubated at 60˚C until complete digestion. This usually takes 1.5 hr depending 

on the size of tissue pieces. 

• 100µl KCl was added to clear lysate and mixed well by repeated tube inversion. The solution was centrifuged at 

10 X 1000 rpm for 10 min and the supernatant was collected in a clean tube. 

• Equal volume of phenol/ chloroform/ isoamyl alchohol (25:24:1) mixture was extracted thrice and centrifuged at 7 

X 1000 rpm for 10 min and the supernatant was collected. The supernatant was transferred to another tube and 

equal volume of Isopropanol was added, which was mixed by inversion and finally incubated for 10 min at room 



Optimization of DNA Isolation and PCR Protocol for RAPD Analysis from Mucopolysaccharide Rich                                                                     37 
Foot Muscles of Lymnaea acuminata (Gastropoda: Pulmonata) from Indian Himalayan Regions 

temperature. Then centrifuged for 5 min at 5 X 1000 rpm, the supernatant was discarded and DNA pellet was 

washed in 2.5 volumes of chilled 70% ethanol. Recovered DNA was washed with 70% ethanol twice. 

• 200µl of 1X TE Buffer (10mM Tris-HCl and 1mM EDTA) was air dried, re- suspended and vortexed for 10 min 

to dissolve DNA in TE Buffer. 0.3µl RNase A (Fermentas) was added to the  solution  and  incubated  for  30 min 

and stored at -20˚C for further use. 

• The obtained solution contained high molecular weight DNA, which was practically free of polysaccharide 

contamination. 

Measurement of DNA Purity and Quality 

The samples were separated by agarose gel electrophoresis which is a standard method that separates and 

identifies DNA fragments according to their molecular weights. Agarose gels were prepared as 1.8 percent in 0.5X TAE 

buffer by the boiling the solution in a microwave oven. Then, the gel was stained with Ethidium bromide (0.5µl/ml). 

Electrophoresis was run at 90 volts for 1 hour. The gel was photographed with high resolution camera. The genomic DNA 

was quantified using UV-spectrophotometer. The quantity of DNA were measured by obtaining the absorbance reading at 

260 nm and the purity of DNA were estimated by calculating the ratio of absorbance reading at 260nm and 280nm. The 

quantification can be determined base on ratio (OD260/280). As previously stated by Sambrook et al., (1989) an OD of 1 

corresponds to approximately 50µg/ml for double-stranded DNA. As stated by Linacero et al., 1998 the DNA 

concentration was determined by the formula: DNA concentration = OD260 × 50 µg/ml × dilution factor. The quality of 

DNA was verified based on ability to serve as a substrate for PCR amplification with random primers (RAPD). 

RAPD Analysis 

 For the optimization of RAPD reaction several modification  in the original protocol of Williams et al., 

(1990) were made using DNA extracted from L. acuminata,  further oligonucleotide primers from series 1- 10 RAn-C 

(Bangalore GeneiTM, India) were used for amplification to standardize the PCR conditions. The reactions were carried out 

in a PCR thermocycler and each 25 µl reaction volume contained 13 µl Sterile water (Bangalore GeneiTM, India), 5 µl 5X 

Colorless Go Taq Flexi buffer (Promega, USA), 2.5µl MgCl2 (Promega, USA), 1.5 µl dNTP mix (Promega, USA), 1.5 µl 

Primer, 1.0 µl Taq Polymerase (Promega, USA), 1.0 µl DNA Template. Amplified products were resolved on 1.8 % 

Agarose gel (1X TAE) followed by Ethidium bromide staining (5 µl/ 100 ml TAE). Gels with amplification fragments 

were visualized and photographed under UV light using high resolution camera. 

PCR Conditions  

Total No. Of cycles= 40 

Step 1: (Initial Denaturation)   94ºC for 5 min 

Step 2: (10 cycles) i. Denaturation  94ºC for 45 sec 

    ii. Annealing  35ºC for 1 min 

    iii. Extension  72ºC for 1.5 min 

Step 3: (30 cycles)       i. Denaturation  94ºC for 45 sec 

    ii. Annealing  37ºC for 45 sec 

    iii. Extension  72ºC for 1 min 

Step 4: Final extension: 72 ºC for 10 min 
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RESULTS AND DISCUSSIONS 

DNA extraction was improved by modifying some of the steps in the original Phenol Chloroform DNA isolation 

protocol (Ashburner, 1989). A simple protocol for the extraction of genomic DNA from different organisms is of high 

scientific value for a wide range of applications. In the present study, we developed a method suited for DNA extraction in 

Lymnaea acuminata, either from fresh or frozen tissue. The result in Fig 2 showed that obtained DNA has high quantitative 

and qualitative value. DNA resulted in much clearer and bright bands indicating low-levels of protein and polysaccharide 

impurities in the samples. The yield of DNA was 1000±1.63 to 973.08±0.88µg/ml by Phenol-chloroform method and the 

purity (ratio) was between 1.821±0.002 to 1.856±0.001 indicating minimal levels of contaminating metabolites (Table 3). 

Further RAPD-PCR was used to check the quality of the genomic DNA extracted by this method (Fig 3). Out of ten 

primers used, only four primers produced the strongest amplification with reproducible polymorphic bands, which were 

selected for the study. The size of bands range in between 180-1350 bp. 

Several modifications were introduced to Phenol-chloroform method for the removal of impurities (Table 2). 

Increased concentration of Proteinase-K (20µg/ml) along with phenol/ chloroform/ isoamyl alchohol and final precipitation 

with chilled 70% ethanol proved very effective. Two consecutive washes with phenol: chloroform: isoamyl alchohol 

excluded protein impurities. Isolation of DNA from foot muscles is difficult due to high levels of polysaccharide and 

protein contents (Chakraborti et al., 2006). These polysaccharides can inhibit the activity of many molecular biology 

enzymes such as polymerases, ligases and restriction endonuclease (Aoki and Koshihara, 1972). Similar analysis was done 

for inferring the degree of protein and polysaccharide impurities in different molluscs (Sokolov, 2000). Complete removal 

of polysaccharides during DNA isolation assumes critical importance due to their well established interference problems. 

These include failure of DNA amplication because of inhibition of Taq polymerase activity (Fang et al., 1998; 

Winnepenninckx et al., 1993 & Rumpho et al., 1994). Several methods on removal of polysaccharide from DNA have 

been extensively studied of which phenol-chloroform has been recommended to be most effective (Lodhi et al., 1994, 

Crowley et al., 2003, Mikhailova and Johannesson, 1998 & Sokolov, 2000). Different methods have been proposed to 

overcome the problem: high salt precipitation (Fang et al. 1998), the use of benzyl chloride with repeated extraction (Raina 

and Chandlee, 1996), phenol-chloroform method, chelex resin (Mikhailova and Johannesson, 1998) or hexadecyl 

trimethylammonium bromide (CTAB) (Stewart and Via, 1993 & Winnepenninckx et al., 1993) The latter two methods are 

most common, but Chelex processed DNA is denatured and suitable only for polymerase chain reaction (PCR). The 

substantial inconvenience of the CTAB approach is the necessity to keep the lysis buffer warm at 60-65˚C during the tissue 

grinding. It was reported that CTAB procedure sometimes results in partial DNA degradation (Fang et al., 1998). But best 

of these was phenol-chloroform method as this is an easy and inexpensive method of DNA extraction from fresh and 

preserved molluscan tissues that yields high- molecular weight DNA suitable for virtually any kind of molecular biology 

studies and this needs no special facilities and can be used in any laboratory (Sokolov, 2000).  

In the present work, triple washing with phenol/ chloroform/ isoamylalchohol ensured complete removal of 

residual of polysaccharide in the sample. Traces of polysaccharides were subsequently removed by two washings with 

chilled 70% ethanol. The purity of DNA was confirmed by qualitative (Agarose gel electrophoresis) and quantitative 

analysis (UV-Spectrophotometry) of DNA. The purity of the extracted DNA was reconfirmed by subjecting the isolated 

DNA to RAPD analysis. The reproducibility of the protocol was tested in eight different populations of Lymnaea 

acuminata, where in the protocol resulted, in all the samples, distinct, sharp & clear bands. The protocol for RAPD-PCR 

was optimized by introducing several modifications to the original as stated by Williams et al., (1990) protocol in both 

PCR- components such as template DNA, RAn-C primers, Magnesium Chloride, Taq polymerase, dNTPs, as well as in 
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amplification cycles including number of cycles, temperature and time intervals for denaturation, annealing and extension 

steps (Table 4). The optimized reaction conditions produced clear, scorable amplified products suitable for RAPD 

applications (Fig 3) in all the eight tested.The DNA obtained was suitable for enzymatic manipulations e.g. PCR and 

enzyme digestion. PCR amplification showed high intensity and indicates that the DNA was of good quality, free from 

interfering compounds, and that it would be suitable for other DNA analyses such as Southern blotting and RFLP. The 

present study on development of protocol for isolation of pure DNA from foot muscles was the first report in the species 

Lymnaea acuminata. This will form the strong beginning for future molecular characterization and genetic improvement 

works in this animal. 
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APPENDICES 

 
Table 1: Location of Collection of Lymnaea acuminata from Different Geographical Regions of Jammu Province 

 

 

S.No 
Different Climatic 

Conditions of Jammu 

Division 

 

Name of the Area 

 

Altitude (m) 

 

Longitude 

 

Latitude 

1. Subtropical Jammu 293 74.48˚ E 32.39˚ N 

Kathua 320 75.32˚ E 32.22˚ N 

Reasi 466 74.83˚ E 33.08˚ N 

Samba 384 75.08˚ E 32.53˚ N 

2. Intermediate Rajouri 1000 74.16˚ E 33.23˚ N 

3. Temperate Doda 1130 75.32˚ E 32.08˚ N 

Ramban 1156 75.25˚ E 33.25˚ N 

Kishtwar 1638 75.77˚ E 33.32˚ N 
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Table 2: Variations tried out for the Standardization of DNA Isolation Method in L. acuminata 

 

Method Variation Results 

Phenol-Chloroform 
method 
(present work) 

 

Without any modification Reduced shearing 

Proteinase-K concentration increased 
from 10 µg/ml to 20 µg/ml 

Provided efficient removal of 
mucopolysaccharide 

Additional phenol-chloroform-
isoamylalchohol extraction 

Elimination of residual proteins 

Additional Isopropanol washings Bright, clear bands 

 

Table 3: Observed Density (OD) of Purity and Quantity of DNA for Genomic DNA Extracted by Phenol- Chloroform Method 

 

Sample ID OD260 OD280 Ratio OD260/280 
DNA Quantity 

(µg/ml) 

Jammu(J) 
Kathua(Ka) 
Reasi(R) 
Samba(S) 
Rajouri(R) 
Doda (D) 

Ramban(Ra) 
Kishtwar(Ki) 

0.3997±0.0008 
0.3971±0.0009 
0.3938±0.0005 
0.3919±0.0003 
0.3898±0.0007 
0.3889±0.0004 

0.3893±0.0003 
0.3892±0.0003 

0.2195±0.0004 
0.2174±0.001 
0.2148±0.0006 
0.2135±0.0004 
0.2096±0.0006 
0.2097±0.0003 

0.2098±0.0003 
0.2096±0.0002 

1.821±0.002 
1.826±0.004 
1.833±0.026 
1.820±0.02 
1.859±0.002 
1.854±0.001 

1.855±0.001 
1.856±0.001 

1000±1.63 
992.83±2.40 
984.5±1.32 
979.75±0.90 
974.75±1.80 
972.25±1.00 

973.41±0.88 
973.08±0.88 

 

Table 4: Standardization of RAPD-PCR Reaction Parameters for L. acuminate 

PCR Parameter Tested Values 
Optimum 

Conditions 
Results 

Magnesium 

Chloride (µl) 

1.5, 2.0 & 2.5 2.5µl Lower concentration of MgCl2 gave poor amplification due 

to inadequate Taq polymerase activity 

Deoxynucleotide 
triphosphate  

(dNTPs) (µl) 

0.5, 1.0 & 1.5 1.5µl Reduced concentration of dNTPs, showed lack of 
reproducibility 

Primer 
concentration (µl) 

0.5, 1.0 &1.5 1.5µl Lower concentration of primer failed to generate proper 
amplification products 

Taq polymerase 
(µl) 

0.5, 1.0 &1.5 1.0µl Higher concentration resulted in decreased specificity and 
background (smear) formation upon gel electrophoresis 

Denaturation 
temperature (˚C) 

94, 95 & 96 94˚C Higher denaturation temperature resulted in poor recovery 
of amplified product  

Initial denaturation 

time (min) 

5, 6 & 7 5 min Higher time interval resulted in reduced amplification, loss 

of Taq polymerase activity & lack of reproducibility 

Amplification 
cycle profile 

Double cycle 
& single cycle 
profiles 

Double 
cycle profile 

The resolution of amplified products was better in double 
cycle amplification profile 

Number of cycles 25, 30, 35, 39, 
40, 41, 42, 

44& 45 

40 cycles Reduced number of cycles resulted in poor amplification  
and more than 40 cycles resulted in background formation 

 

 

 

 

 

 

 

Figure 1: Shell of L. acuminata 
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Figure 2: Electrophoretic Pattern (Lane 1-8) Showing Sharp, Distinct Bands in the Samples Isolated from Foot 

Muscles of L. acuminata Using Currently Described Method 

 

Figure 3: Electrophoretic Pattern of RAPD Products Generated with RAn-C 3 primer by Foot Muscles DNA 

Isolated from Two Different Population of L. acuminata. M: Molecular DNA  Ladder 1Kb. Lane 1-8; Specimens 

Collected from Different Areas of Jammu Province 


