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I. Introduction 

About 450 snail species are available in Bangladesh and they are the most abundant and commercially valued 

mollusks which are belong to the family of Ampullariidae [1], [2]. This freshwater apple snail is of greatest 

demand all around the world due to their high protein, fat, vitamin and mineral content as well as their highly 

delicious meat quality [3]. This eco-friendly snails are also known as excellent source of some required trace and 

minor elements which is needed for the proper growth and development of any organism and can also be used as 

high-nutrient supplementary feed for domestic animals, birds and even for shrimp and fish culture [4]-[7]. In 

addition, fertilizer, lime, etc. are also produced from snail shell which is regularly used in agriculture and 

aquaculture [7]. It has become increasingly obvious that people whose capital input is relatively lower should 

think about alternative sources of income, ideas and business, which are at least affordable by themselves. The 

members of the genus Pila are a major group of apple snails vastly comprises P. ampullacea, P. angelica, P. 

gracilis, P. pesmei and P. polita, among which Pila gracilis was chosen for this experiment which is found in a 

wide range of close and running freshwater habitats including in paddy fields, irrigation canals and similar 

habitats in freshwater and it can aestivate through the dry season. However, the number of fresh water snails has 

started to decline due to various reasons like siltation, dam construction and other channel modifications, 

industrial and agricultural pollution, etc. All of which have concurrently degraded the habitats on which most of 

these species are dependent [8]. Not only this, over exploitation of snail fauna for intensive prawn farming as well 

as for the paddy cultures, the natural habitat of the apple snails are also rapidly being destroyed resulting in a 

major threat to the existence of apple snails which badly requires scientific management [9],[10]. Therefore, 

particular attention through suitable management of habitat is necessary for the survival of these species with 

small distributional ranges [11].  

It has been acknowledged that several works were done on their abundance and nutritional perspective but their 

genetic diversity is still not well studied although both of the genetic and ecological environments play a vital role 

in controlling the genetic structure of a specific population [12]. Very limited research has been undertaken on 

this species even most noticeably no genetic research has been conducted till today [13], [14].  Due to high socio-

economic and ecological importance of the species Pila gracilis, number of this species are reducing day by day 

from the nature of Bangladesh as a consequence of over exploitation. The objective of this study was to assess the 

genetic diversity of the freshwater snail, Pila gracilis and to examine the genetic relationships among individuals 

of this species for knowing the genetic structure and developing conservation strategies and management program 
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of this snail in the nature of Bangladesh. This is the first time genetic based study in Bangladesh that has been 

conducted on this particular species. 

II. Materials and Methods 

Sample Collection and Species Identification 

The apple snail Pila gracilis were collected by passing a dip net through the upper surface of sediment, water 

and vegetations from the experimental fish pond which is under the Department of Genetic Engineering and 

Biotechnology (GEB) at Shahjalal University of Science and Technology (SUST), Sylhet, Bangladesh. 

Collected snails were transferred to the general laboratory of the Department of GEB, SUST and kept in pre-

labeled plastic containers as well as the species of Pila gracilis morphologically identified according to the 

[9],[15].  

Tissue Isolation and Preservation  

A hammer was used to gently crack the shell of the snails. A sterilized forceps was used to pry the shell from the 

soft tissue of the snail. 7 individuals of Pila gracilis were dissected one after another using scissors, needles etc. 

to find out the adductor muscle. Collected adductor muscles were kept in seven different eppendorf tubes 

containing 100% ethanol and preserved them at – 20°C until DNA extraction. Tissues were collected in the 

general laboratory but DNA extraction, PCR amplification and Gel electrophoresis were performed in the 

Animal Biotechnology Laboratory (ABL) and USDA Laboratory of this Department. 

DNA Extraction  

A long protocol of DNA extraction from Molluscs and according to this protocol, DNA was extracted from this 

experimental Pila species where visceral tissues were used [16], however, in this experiment, adductor muscles 

were used.  

Checking Quality of Extracted DNA 

DNA quality was checked by gel electrophoresis on 1% agarose gel with 3µl DNA where 1kb plus ladder was 

used to compare migration of DNA and the gel was run at 70 volt for 40 minutes. This gel was then placed in 

gel documentation system and photograph was taken by digital camera (Panasonic”DMC-FS20) while clear 

bands with good concentration of DNA were found from each of the individuals. 

PCR Amplification 

In this experiment, three decamer RAPD primers such as B 03 (5'- CAT CCC CCT G-3'), C 04 (5'- CCG CAT 

CTA C-3') [17] and OPB 12 (5’-CCT TGA CGC A-3’) [18] were adopted for studying genetic diversity. PCR 

reactions were performed each sample in a 15µl reaction mixture for each sample with 8µl of master mix 

(Promega Hot Start), 1µl of primer, 2µl of template DNA and 4µl deionized distilled water for RAPD primers 

were used. PCR reaction was conducted for pre heating 94˚c 3 minutes, denaturation at 94ºc for 1 minutes; 

annealing temperature for this PCR was 34˚c (for B 03 and OPB 12) and 35ºc (for C 04) in 1 minute and  2 

minutes for elongation or extension at 72˚c. A final step of 7 min for 72ºc was added to allow complete 

extension of the amplified fragments. The PCR was run for 35 cycles.  

Checking PCR-RAPD Products  

PCR products were checked by electrophoresis on 2% agarose gel with 3µl DNA where 1kb plus ladder was 

used to compare migration of DNA.  The gel was run at 70 volt for 40 minutes. This gel was then placed in gel 

documentation system and photograph was taken by digital a camera (Nikon Coolpix P100 26X Zoom 10.3 

Megapixel camera). 

Data Analysis 

Using different software and equations, RAPD data of this experiment was interpreted. The software 

AlphaEaseFC 4.0 was used for measuring molecular weight of bands. Pair wise similarity was calculated by D = 

1- Nxy / Nx+Ny- Nxy, where, D = the genetic distance between sample x and y, Nxy = number of band shared 

by sample x and y, Nx =the number of bends in sample x, Ny =the number of bends in sample y. Nei’s genetic 

similarity among individuals were measured by F= 2Nxy/ Nx+Ny, where, F= Nei‟s genetic similarity, Nxy= 

Number of shared Band between X and Y, Nx= Number of bend in X, Ny = Number of band in Y. 

Polymorphism information content (PIC) was measured as 

                                                                               n  

                  PIC = 1- ∑ Pij2  

                                                                                j=1  

Where, Pij is the frequency of the jth allele for the ith marker Summed over ‘n’ alleles. Linkgae distance based 

on new.sta and Intra-individual relationship through dandogram was analyzed by using a softwere “Statistica”. 

 

III. Results 

DNA Profile and Data Scoring  

In this experiment, three arbitrary primers were used to study genetic diversity among 7 individuals of Pila 

gracilis. DNA profiling was compared with 1kb plus ladder was used and bands were found between 75bp to 

20000 bp length (Gene ruler TM). Each amplified band profile was defined by either the presence of bands (1) 
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or absence of bands (0) at particular positions on the gel. This was done separately for each individual and each 

primer. Only few bands were observed in RAPD gel of primer OPB 12 where one to four bands were seen in 

different individual and the bands size was ranged from 126-1670 bp length. The primer B 03 and C 04 were 

produced only some bands and maximum 4 bands were seen in each individual while the RAPD primer B 03 

ranged from 143bp to 1105bp length and the size of amplified products of the primer C 04 was ranged from 85-

485 bp length.  

Bands Summary 

A total of 54 bands with 11 polymorphic bands were detected among the individuals of Pila gracilis (Table 1). 

The highest number of bands (21) was amplified by the primer C04 and the lowest number of bands (15) was 

amplified by the primer OPB12. Highest polymorphism (22.22%) was showed by the primer B03 and lowest 

polymorphism (19.04%) was showed by the primer C04 among the tested individuals. The highest to lowest 

numbers of bands with 3, 2.57 and 2.14 were amplified per individual by C04, B03 and OPB 12 respectively. 

Primer B03 showed highest polymorphism information content (PIC) (0.8765) while an average PIC was 0.865. 

Table 1: Summary of the bands revealed from three primers based on RAPD band analysis. 
 

Primers 
 

Size of 

DNA bands 

(bp) 

P. gracilis 

Total number of DNA 
bands 

Number of 
polymorphic loci 

Percentage of 
polymorphic loci 

(%) 

Number of 
bands per 

individual 

Polymorphism 
information content 

(PIC) 

B03 143-1105 18 4 22.22 2.57 0.8765 

C04 85-485 21 4 19.04 3 0.8117 

OPB12 126-1670 15 3 20 2.14 0.907 

Total - 54 11 - - - 

Average - 18 3.66 20.42 - 0.865 

 

Inter-individual Pair Wise Similarity Indices 

The inter-individual pair wise similarity indices was recorded 6, 4, 3, 2 and 1 respectively but in two cases no 

inter individual pair wise similarity was seen, though highest similarity was seen only the individual pair 6 and 7 

(Table 2). 

Table 2: Inter-individual pair wise similarity 
Individuals Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 

Individual 1 --- 2 3 0 2 2 0 

Individual 2  --- 2 1 2 3 2 

Individual 3   --- 2 3 4 3 

Individual 4    -- 1 2 2 

Individual 5     --- 2 1 

Individual 6      --- 6 

Individual 7       ---- 

 

Genetic Distance 

The genetic distance among individuals of Pila gracilis was found highest 1.000 and the lowest genetic distance 

(0.750) was recorded. Relatively higher distance was recorded in this experiment (Table 3). 

Table 3: Genetic distance among individuals of Pila grecilis 
Individuals Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 

Individual 1 -- 0.800 0.786 1.000 0.818 0.846 1.000 

Individual 2  -- 0.867 0.889 0.818 0.750 0.857 

Individual 3   -- 0.846 0.800 0.750 0.833 

Individual 4    -- 0.900 0.818 0.833 

Individual 5     -- 0.857 0.938 

Individual 6      -- 0.538 

Individual 7       -- 

 

Nei’s Genetic Similarity  

Considering the Nei’s genetic similarity analysis it was found highest and lowest value 0.631 and (0.00) 

respectively. Highest value was found only in one pair of individual while two pairs of individuals showed 

lowest value of this Nei’s genetic similarity. However, in general lower Nei genetic similarity of these 

individuals was observed (Table 4).    

Table 4: Nei’s genetic similarity among individuals of Pila gracilis 
Individuals Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 

Individual 1 -- 0.333 0.352 0.00 0.308 0.267 0.00 

Individual 2  -- 0.235 0.200 0.308 0.400 0.250 

Individual 3   -- 0.267 0.333 0.400 0.286 

Individual 4    -- 0.182 0.308 0.286 

Individual 5     -- 0.250 0.118 

Individual 6      -- 0.631 

Individual 7       -- 
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Linkage Distance  

The values of pair-wise comparisons of linkage distance were computed from combined data for these three 

primers ranged from 8.0 to 17.0 (Table 5). Comparatively higher linkage distance was observed between all 

other individual’s pair.  

 

Table 5: Squared Euclidean distances (new.sta) 
Individuals Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 

Individual 1 0       

Individual 2 8 0      

Individual 3 9 11 0     

Individual 4 10 8 9 0    

Individual 5 9 9 10 9 0   

Individual 6 11 9 10 9 12 0  

Individual 7 17 13 14 11 16 8 0 

 

Genetic Relationships among Individuals 

A cluster analysis using UPGMA based on linkage distance was done to resolve the phylogenetic relationships 

among experimental individuals of Pila gracilis. The UPGMA clustering system generated six clusters (Figure 

1) in total in which two genetic clusters (Cluster 1 & 5) formed at linkage distance 8 between individual 1 & 2 

and individual 6 & 7. Individuals from each of these two clusters were observed very much related to each 

other. At linkage distance 9, two clusters were formed where cluster 1 forms second cluster with individual 4 

and individual 4 & 5 forms cluster 3. The fourth cluster was seen near about linkage distance 10 and linkage 

distance was observed more than 12 in cluster number 6 which was indicated that individual 6 & 7 were 

distantly related with the rest of the individuals. 

 

 
Figure 1. Genetic relationships of experimental individuals of Pila gracilis 

 

IV. Discussion 
The effectiveness of RAPD in detecting polymorphism among individuals of Pila gracilis, their applicability in 

population studies, and the establishment of genetic relationships has been demonstrated with this study. The 

final target of this study was to investigate intra-species genetic variation in the population of the species Pila 

gracilis from the experimental samples. Considering different parameters, moderately higher degree of genetic 

diversity was found among individuals of the collected experimental samples using RAPD analysis. This study 

reflects the fact that, this species has experienced moderate genetic deterioration. However, the vulnerable state 

of this species may cause much genetic deterioration in the coming future, if proper steps for conservation and 

stock enhancement are not taken. 

A study was conducted in Thailand on analysis of the genetic diversity of introduced Pomacea canaliculata and 

native apple snails (Pila) by RAPD technique which is quite similar to this study (Thaewnon-ngiw et. al. 2003). 

Three primers OPA07, OPB10 and UBC122 exhibiting reproducible and easy scoring results were selected for 

analysis of genetic diversity and identification of molecular markers of apple snails in Thailand whereas in 

current research three primers such as B03, C04 and OPB12 were used for the genetic diversity study of Pila 

gracilis. According to research in Thailand, their overall species for instance Pomacea canaliculata, and four 

native apple snails; Pila ampullaceal, P. angelica, P. pesmei and P. polita were found polymorphic and the 

average number of polymorphic bands of each species was nearly identical although a lower level of 
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polymorphism was observed in P. angelica. Those result suggested that the potential of RAPD analysis for 

determination of inter and intra-specific genetic differences of apple snails in Thailand. Another important 

notification is that, genetic diversity and molecular diagnostic markers of exactly these species in Thailand were 

also studied by PCR-RFLP of cytochrome oxidase subunit I and COI surprisingly the result was contradictory to 

that from RAPD analysis. This should have resulted from limited sample sizes of native apple snails in that 

study. In the present study, three random primers were amplified 54 DNA bands in total with an average of 18 

bands where the size of the band ranges from 85- 1670 bp with a very high specificity. All the primers revealed 

11 polymorphic loci and the intra-specific polymorphism was 22.22 %, CO-04 was recorded in an average of 

20.42 %. The same primers were used on two different apple snails Pila polita (Leamon, 2014) and Pila globosa 

(Rahaman, 2014) respectively while total 55 DNA bands in Pila polita and 56 DNA bands in Pila globosa were 

found within the same size. Also less inter-individual pair wise similarity indices was found among the 

individuals of Pila gracilis which was mostly similar of the findings of Pila polita (Leamon, 2014) and Pila 

globosa (Rahaman, 2014). Contrary, relatively higher genetic distance was observed in Pila gracilis but much 

higher distance was recorded in Pila polita (Leamon, 2014) and Pila globosa (Rahaman, 2014) by the same 

primers. Lower Nei’s genetic similarity was recorded in Pila globosa (Rahaman, 2014) however moderate 

similarity was found in Pila polita (Leamon, 2014) and the result of the present study agrees on that result. 

Other result of this experiment, comparatively higher linkage distance was observed between the individual 

pairs which was similar to the studies on Pila polita (Leamon, 2014) and Pila globosa (Rahaman, 2014).  

 

V. Conclusion 
In this study, genetic diversity of the freshwater snail Pila gracilis was observed. Overall genetic diversity of 

this species was found satisfactory level in the experimental ecosystem. Though, the genetic distance value 

showed higher genetic diversity but as only seven individuals of this species were studied with very few banding 

patterns. To find out a very good genetic status, large number of individuals should be analyzed with more 

RAPD primers. However, this was the first genetic diversity based research of this species which could be 

proved as a base line study for future investigation on this species. 

 

References 

[1]    P. Gain, (1998). Chanda beel: shrimps attacks snails and environment. pp. 17-20. In: P. Gain (ed.), Earth Touch. The Society for 

Environment and Human Development (SEHD), Dhaka, Bangladesh.   

[2]     S.A.A Nahid., Henriksson P.J.G. and Wahab M.A. (2013). Value-Chain analysis of freshwater apple snail (Pila globosa) used for 
on-farm feeds in the freshwater prawn farming sector in Bangladesh. 3 (2): 22-30. 

[3]    D. Nargis, Talukder, S. H. A, Pramanik and M. R Hasan (2011). Nutritional Value and Physico-Chemical Characteristics of 

Apple Snail Pila globosa (Swainson) and Lymnaea luteola Lamark, J. Sci. Ind. Res. 46(4): 539-542. 
[4]     J.Abedin, and Kabir, K. (1999). Cost benefit analysis of gher system under Khulna areas before project intervention. A survey 

report prepared by Greater Options for Local Development through Aquaculture Project of CARE-Bangladesh. 

[5]    M.S Jahan and M.R Rahman. (2000). Prospects of snail culture in Bangladesh. Environment & Agriculture: At the cross road of 
the New Millennium, pp: 522-526. 

[6]    R.D Nath, M.L. Rahi, G.S. Hossain, and K.A. Huq, (2008). Bangladesh status of fresh water snail in Khulna district. Bangladesh 

Res.Pub. J. 1 (4): 337-347. 
[7]     Baby R. L, Hasan.I, Kabir K. A. and Naser. M.N (2010). Nutrient Analysis of Some Commercially Important Molluscs of 

Bangladesh. 2 (2):390-396. 

[8]   P.D Johnson., Research scientist, Tennessee Aquarium Research Institute, Cohutta, (2009). Freshwater Snail Biodiversity and 
Conservation. Publication 420-530. 

[9]    M.S Jahan., S.M Akter., M.M Sarker, M.R Rahman and M.N Pramanik. (2001). Food Presence & Breeding Ecology of the Apple   
Snail Pila Globosa (Swainson) in simulated habitat. J. Asiat. Soc. Bangladesh, Sci, 27(1): 117-124, June 2001 

[10]    S.A.A Nahid., P.J.G. Henriksson and M.A. Wahab (2013). Value-Chain analysis of freshwater apple snail (Pila globosa) used for 

on-farm feeds in the freshwater prawn farming sector in Bangladesh. 3 (2): 22-30. 
[11]     F.Kohler, M .Seddon, Arthur E. Bogan, D.V Tu, P.S Aroon., and D. Allen (2010). The status and distribution of freshwater 

molluscs of the Indo-Burma region. 

[12]    J. S.  Jones (1973). Climatic selection has an important effect on some patterns of gene distribution in snail populations. Science 

9 November 1973:  182:4112 pp. 546-552. 

[13]    B .Thaewnon-ngiw, S.Klinbunga, K.Phanwichien, N.Sangduen, N. Lauhachinda, and P.Menasveta, (2003). Genetic diversity of 

introduced Pomacea canaliculata and native (pila) apple snails in Thailand revealed by Randomly Amplified polymorphic DNA 
(RAPD) analysis. AJSTD, 20 (3, 4): 289-306. 

[14]    B .Thaewnon-ngiw, S.Klinbunga, K.Phanwichien, N.Sangduen, N. Lauhachinda, and P.Menasveta, (2004). Genetic Diversity 

and Molecular Markers in Introduced and Thai Native Apple Snails (Pomacea and Pila). Journal of Biochemistry and Molecular 
Biology, 37 (4): 493-502. 

[15]    S. Klinbunga., B. Thaewnon-ngiw , K. Phanwichien., N. Sangduen, N. Lauhachinda, P. Menasveta (2003). Genetic diversity of 

introduced (Pomacea canaliculata) and native (Pila) apple snails in Thailand revealed by Randomly Amplified Polynorphic DNA 
(RAPD) Analysis, 20 (3, 4): 289-306. 

 [16]  M. K. Krause, (1997). Molecular Approaches to Zoology-Molecular Zoology: Advances, Strategies, and Protocols Joan D. 

Ferraris Stephen R. Palumbi. Bioscience 47 (3):194-196 
 [17]  K. Schwenk, A. Sand, M. Boersma, M. Brehm, E. Mader, D. Offerhaus and P. Spaak (1998). Genetic markers, genealogies and 

biogeographic patterns in the cladocera. Aquatic Ecology 32: 37–51. 

[18]  M. S. Alam, M. S. Islam and M. S. Alam, (2010). DNA Fingerprinting of the Freshwater Mud Eel, Monopterus cuchia 
(Hamilton) by Randomly Amplified Polymorphic DNA (RAPD) Marker. International Journal of Biotechnology and 

Biochemistry, 6(2): 271-278. 



Shamita Mahzabin et al., American International Journal of Research in Formal, Applied & Natural Sciences, 7(1), June-August, 2014, pp. 

91-96 

AIJRFANS 14-376; © 2014, AIJRFANS All Rights Reserved                                                                                                               Page 96 

 

Acknowledgements 
Authors are very much indebted to the Biotechnology Research Centre, University of Dhaka, Bangladesh for providing financial supports 
through the research project entitled “Apple snail (Pila spp): Molecular identification and population genetics for conservation and 

management in Bangladesh”. 


