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______________________________________________________________________________ 

 

ABSTRACT:  

 Genetic approaches are increasingly being considered for investigations into the 

systematics and the conservation biology of molluscs. Here, we investigate the potential of using 

shell material for DNA based analyses, using the Shell (grinding) of Bellamya bengalensis. 

Tissue and shells from 12 dead specimens were sampled. Their shells were collected and used 

for the quantity and quality of extractable DNA was assessed, using tissue samples as a 

reference. A combination of short shell-exposure time, medium grinding size and phenol–

chloroform extraction procedures resulted in the most robust PCR and in lowest microsatellite 

genotyping errors. Amplification of nine microsatellite loci was successful in 89% of samples 

derived from fresh shell DNA. Genotyping errors were mostly the result of false alleles (7.8%), 

whereas allelic dropout only occurred at a rate of 5.7%. Shell material re-exposed to stream 

water for 1 month did not produce reliable genotyping results but amplification of mitochondrial 

COI was still successful. Real-time quantitative PCR of microsatellite-flanking DNA regions 

was shown to be an effective tool for pre-assessing DNA-quantity in shell material. These results 
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suggest that fresh shell material may be a useful source of DNA for genetic analyses in mollusc 

species if the increased risk of errors compared to the use of soft tissues is adequately addressed. 

KEY WORDS: DNA, mollusc shells, bellamya bengalensis. 

______________________________________________________________________________ 

 

INTRODUCTION:  

The use of genetic tools for investigating the systematics and conservation biology of 

molluscs is of increasing interest. Sampling of genetic material, however, is the first and most 

crucial step. Molluscan soft tissues are often either not available or they have been preserved 

using formalin-containing solutions, which greatly hampers their use as a source of DNA 

(Legrand et al., 2002). Sampling of soft tissue (e.g. mantleclipping from living mussels) is highly 

subjective to the sampler’s experience and has been shown to result in increased  mortality and 

regression of shell formation, at least in some mollusc species (Henley, Grobler & Neves, 2006 

and references therein). For many species, haemolymph sampling (Geist & Kuehn, 2005) or 

swabbing of viscera (Henley et al., 2006) provide easy alternatives, but neither method can be 

applied in extinct populations where only shell material is left. DNA extraction and amplification 

of one nuclear gene from ligament tissues of Mytilus, with a success rate of 50%, was recently 

described by Doherty, Gosling & Was (2007). To our knowledge, the successful extraction of 

DNA from bivalve shell valves has not yet been reported. Generally, shells from dead 

individuals can be easily collected after periods of high mortality in the field without negative 

impacts on living populations, which is a significant consideration for threatened species. 

Mollusc shells may offer  the potential for DNA-based analyses, but information about the extent 

to which exposure time, shell grinding and extraction procedures influence the yield of DNA and 

the robustness of genetic data, is necessary. 
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Freshwater mussels, in particular freshwater pearl mussels (Margaritifera margaritifera), have 

gained a high conservation priority internationally (Geist, 2005). Freshwater pearl mussels are 

adapted to cool, oligotrophic streams and attain a lifespan of up to 100 years in central Europe 

(Bauer, 1992). Genetic information is important in the design of conservation strategies for 

freshwater pearl mussels (Geist et al., 2003; Marchordom et al., 2003; Geist & Kuehn, 2005; 

Bouza et al., 2007; Geist & Kuehn, 2008). Due to their conservation importance and their 

massive shells, pearl mussels are suitable target species for testing the applicability of DNA 

analyses based on molluscan shells. The goal of this study was to assess the potential of using 

mollusc shell material for DNA-based analyses, using the endangered freshwater pearl mussel 

(Margaritifera margaritifera). 

Although there are several publications referring to population studies of P. nobilis 

(Richardson et al. 1999; Šileti´c & Peharda 2003; Katsanevakis 2005; Galinou-Mitsoudi et al. 

2006; Garcia-March et al. 2007), only a single study deals with a partial COI mtDNA sequence 

in the Pteriomorphia subclass in which P. nobilis belongs (Matsumoto 2003), but it does not 

include P. nobilis. There is neither nuclear nor mtDNA sequence, as well as no genetic analysis 

of the species published. Furthermore, 

only few mtDNA sequences from Pinnidae bivalves have been characterized, despite the 

occurrence of endangered and of economic importance species. Mitochondrial DNA (mtDNA) 

has been considered as a potential genetic marker in phylogeny, population and evolutionary 

studies for a wide variety of animal taxa (Saccone 1999), including the bivalves, due to its 

maternal inheritance, its haploid nature and the fact that its effective population size is the one 

fourth of that of the nuclear DNA. The characterization of mitochondrial genes has contributed 

to the identification of informative sequences that have improved our understanding of organism 
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evolution and the diversity of the mitochondrial genome. Cytochrome oxidase subunit I (COI) 

gene of the mitochondrial DNA shows varying degree of conservation throughout its sequence, 

and a range of nucleotide substitution rates that can be used for different evolutionary analyse. It 

has been extensively used for evolutionary studies in bivalves (Kojima et al. 1995, 1997; 

Matsumoto 2003; Cho et al. 2007). 16S rDNA mtDNA gene is generally useful as an 

interspecific taxonomic  marker and was used to resolve taxonomic problems in the family 

Mytilidae (Rawson & Hilbish 1995), Veneridae  (Canapa et al. 1996) and Pectinidae (Canapa et 

al. 2000; Saavedra & Pena 2003).  In this study, a major part of the COI mtDNA  gene, as well 

as a part of the 16S rDNA mtDNA gene of two Pinnidae species, P. nobilis and Atrina fragilis 

(Pennant, 1777), were genetically characterized and used for a preliminary analysis of the 

population genetic structure of P. nobilis. The characterization of specific mtDNA regions in 

these species could provide informative markers for screening genetic variability and population 

dynamics, as well as for conservation plans for their protection and/or aquaculture investigations. 

 Our objective was to assess the effects of shell degradation over a period of 6 months, of 

different shell grinding procedures, and different extraction methods, on the quality of genetic 

analyses, considering amplification of the mitochondrial COI gene and genotyping success of 

nine microsatellite loci. 

 

MATERIAL & METHODS 

Shell grinding, DNA Extraction and Assessment of DNA:   

A pair of pliers was used to crumble each of the shell quarters into smaller pieces of 

about 0.5 g. To test the effect of shell grinding procedure, three replicate samples from each shell 

were either (i) directly used for DNA extraction without further grinding.  To prevent 
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contamination between samples, in between pulverization of individual samples in the container 

and the steel balls were cleaned for 5 min in 1% (v/v) acetic acid, rinsed with distilled water, put 

into an ultrasonic bath (Bandelin Sonorex RK 100 H) for 10 min, rinsed and dried. The effect of 

removal of the periostracum before shell grinding was tested within a subset of five samples. 

Phenol–chloroform extraction was carried out as described by Hogan, Costantini & Lacy (1986), 

with modifications. Briefly, samples were digested in 500 ml of lysis buffer (50 mM Tris–HCl 

pH 8.0, 100 mM EDTA pH 8.0, 100 mM NaCl, 0.5% SDS) and 25 ml of proteinkinase K (10 

mg/ml) at 568C for 12 h. During the subsequent extraction and shaking procedures, 600 ml of 

phenol (Roth), phenol/chloroform/isoamylalcohol  (25:24:1) and 600 ml of chloroform were 

added for separation of nucleic acids from proteins and lipids. DNA was precipitated with 700 

ml of cold isopropanol (2208C) and the pellet was washed with 300 ml of ethanol (70%). After 

drying, the DNA pellet was dissolved in 100 ml 5 mM Tris pH 8.5. Kit-based extraction 

procedures (NucleoSpin Tissue Kit, QIAamp Stool Mini Kit) were carried out according to the 

manufacturers’ recommendations, with the following modifications. 

For shell DNA extraction with the NucleoSpin Tissue Kit, double the suggested volume 

of lysis buffer and ethanol was used to ensure sufficient mixing between shell/shell powder and 

lysis buffer. After incubation according to the manufacturer’s protocol, tubes were centrifuged 

(11,000 g, 60 s) for removal of suspended particles.  

Only the supernatant was transferred into a new vial for further analyses. This additional step 

became necessary since previous tests had shown that particles would otherwise have clogged 

the extraction column. 

 DNA extractions from tissue material were used as a reference standard for assessing 

genotyping errors in shell material. Total genomic DNA from about 50 mg of adductor muscle 
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and 50 mg of foot tissue were extracted from each specimen using the NucleoSpin tissue kit 

(Machery-Nagel). Assessment of DNA quality, quantity and genotyping errors Integrity of DNA 

was checked by four different means. First, 4 ml of tissue DNA stock solutions and 10 ml of 

shell DNA stock solutions were visually checked under UV-light after electrophoresis on 0.8% 

agarose gels, using lHindIII (MBI-Fermentas) as a reference marker.  

RESULTS AND DISCUSSION 

The results of the present study demonstrate that fresh shell material may, at least in some 

mollusc species, be a valuable resource for DNA-based studies. Our results also suggest that 

caution in interpretation of genetic data obtained from shell analyses is warranted due to the 

increased risks of genotyping errors compared to the use of soft tissue samples (Fig. 1). Shells 

were of limited use for genetic analyses, probably due to the rapid degradation of shell material 

in stream water. However, it may be that degradation could occur at lower rates if dead 

individuals are quickly taken out of the water and their shells adequately stored. Shell DNA 

analyses offer a series of potential applications. For instance, genetic parameters within 

populations (effective population sizes, genetic variability) and their history (pedigree-analyses, 

genetic drift and inbreeding) could be analysed by using shells of dead specimens and comparing 

them with actual parameters of their living relatives. These data could reveal genetic changes, 

such as bottleneck effects, and thus provide insights into the life-history of specific populations if 

adequately stored shells from different time periods are available.  

For restocking or reintroduction purposes, genetic information obtained from ancient 

shells may also be a valuable tool for selecting locally adapted populations from the same  

evolutionarily significant unit or conservation unit. Another application of shell material is to 

compare genetic parameters between populations and to investigate past or present levels of gene 



International Journal of Advanced Scientific and Technical Research                  Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

 Page 588 
 

flow, migration, hybridization and genetic differentiation. Shell samples from extinct taxa or 

populations could contribute to a better understanding of systematics, as well as of evolutionary 

and phylogenetic processes between extant and extinct taxa or populations. Similar to forensic 

applications, shell DNA analyses may also be useful for species identification, e.g. in the context 

of the convention on international trade in endangered species of wild fauna and flora. Our study 

demonstrated that exposure time, grinding intensity and extraction procedure can greatly 

influence the potential usefulness of mollusc shells for DNA-based analyses. 

Increased exposure in water, particularly in the slightly acidic stream investigated in this 

study, results in fast dissolution of calcium carbonate. DNA is a hydrophilic molecule and both 

elution and degradation may contribute to the quickly reduced suitability of older shells. 

Grinding of shell material probably has two contrary effects. On the one hand, it increases the 

surface and thus the contact area between lysis buffer and shell material which can explain the 

increased yield of DNA of coarsely ground material compared to the use of native shell pieces. 

On the other hand, an intense pulverization may have adverse effects on DNA integrity or 

increase possible adsorption surface area for DNA. Both effects could explain the decreased 

yield of DNA from finely pulverized shell material compared to less intensely ground shells. 

Competitive adsorption effects may explain the better suitability of phenol–chloroform based 

extraction compared to column-based kit systems. It is likely that several other factors can affect 

the usefulness of shell material for genetic analyses. The quantity and quality of DNA that can be 

extracted from shells largely depends on the mollusc species, its shell composition and shell 

crystal structure (Geist, 2005). The results of this study show that the periostracum with its high 

content of organic material is an important source of DNA in these freshwater bivalves. It is thus 

likely that species with massive shells, a thick periostracum and a high organic content within the 
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shell, such as the freshwater pearl mussel used in this study, tend to yield comparatively high 

quantities of DNA. This is in accordance with recent findings in the marine bivalve genus 

Mytilus, where extraction and amplification of DNA from archived specimens was successful 

from the ligament, which likewise contains a protein–calcium carbonate matrix (Doherty et al., 

2007). Physical and chemical degradation before sampling and during storage of shells can 

happen, especially if samples are exposed to extreme temperatures, UV light or to high humidity. 

Our results show that processing of the shells (e.g. grinding procedure) and DNA extraction 

method used are crucial. A series of potential errors can happen when analyzing samples with 

low quantities or poor quality of DNA, depending on the type of genetic analysis. Of special 

concern is the avoidance of cross-contaminations with non-target-DNA between and within 

species. The use of universal primers that bind to conserved DNA-regions can result in cross-

species amplification even between distantly related taxa (e.g. bivalves – algae). Cross-species 

contaminations between molluscs are possible during processing of samples in the laboratory. 

Whereas all cross-species contaminations can be detected with species-specific markers, within-

species contaminations are more difficult to detect and become critical when processing low 

amounts of target DNA. Genotyping errors can result in the missing detection of alleles (allelic 

dropout), the misinterpretation of lack of amplification of certain loci (false null alleles), or the 

incorrect detection of PCR-product lengths (false alleles/chimeric alleles; e.g. Taberlet et al., 

1999). These effects are often connected with degradation and low concentration of template 

DNA may be an option when conventional PCR methods experience low success due to limited 

DNA concentrationand/or quality. In declining and endangered freshwater mussel species such 

as Margaritifera margaritifera, shells are often still common in streams and provide an easy 

sampling alternative. After recent natural disasters, fresh shells are often available even for 
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endangered species for which live collection is not possible. In cases where mussel populations 

have already gone extinct or where sampling from living specimens is restricted, the use of shell 

DNA may be the only option for obtaining material for genetic studies. The methodology 

suggested in this paper may also be useful for analyses of archived museum specimens. 

Successful amplification of ligament DNA from museum specimens has recently been 

demonstrated (Doherty et al., 2007). In summary, shell DNA may provide a useful additional 

source for DNA-based analyses but additional input in terms of extraction optimization and 

evaluation of data are required to ensure high quality of data.  

In recent years, there have been accidental introductions of alien and invasive species into 

the Indian subcontinent. The impact of these invasive snails and slugs such as Lissachatina 

fulica, Derocerus leave, and Semiperula sp. on native land snail populations needs to be 

monitored. The introduced species generally occupy transformed habitats and their 

agricultural/horticultural pest status is more of an issue than being a threat to the native snails. 

However, impact of invasive and pest species on native land snails and on the economic damage 

they incur to agriculture and horticultural crops needs to be assessed. For the exotic invasive 

malacofauna of the Indian sub-continent to be controlled in a timely way its status urgently needs 

to be assessed. Further, studies needed to resolve the taxonomically problems of groups such as 

Glessula through molecular phylogenetic tree applications or through DNA bar-coding should be 

initiated and implemented. 
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Fig: 1. Shell (grinding) of Bellamya bengalensis  DNA extraction in mollusks as visible after 

electrophoresis in 0.8% agarose gel (staining with ethidiumbromide; 1–5 and 6-9, G - tissue; M, 

size marker l Hind III with bands at 23,130, 9,416, 6,557, 4,361, 2,322, 2,027 and 564 bp). 
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