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ABSTRACT 

Neogastropoda, highly diversed group of predatory marine snails, often been confused 

by shell colour and design pattern for identification. Gastropod resources which 

became economically important in India during the last decade are the whelk. The 

species Babylonia zeylanica of the family Babyloniidae began to be fished and 

exported from the country to China, Singapore, Thailand and Europe. This paper 

reports the molecular study of the group published to date with eight families of 

neogastropod taxa. For this study the 18S rRNA gene of B. zeylanica and other 

published data were collected from the GenBank. Kimura-2-Parameter genetic 

distance, nucleotide composition and neighbour joining analyses were conducted in 

all the eight families. The result clearly shows that Babyloniidae is clustered closely 

with Columbellidae of super family of Buccinoidea. Further additional gene data and 

increased sampling is warranted to give new insights into the phylogenetic 

relationships of Neogastropoda.  
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INTRODUCTION 

Babylonia zeylanica, commonly called Indian Babylon and vernacularly 

known as “Puramuttai” or “Kozhichank” has a very smooth shell with high spire, 

rounded whorls, slightly impressed structure and a large ovate body whorl. Though the 

shell bears distinctive patches on white background, the major characteristic is the 

violet staining at the fasciole (Harasewych & Kantor, 2002). The species is distributed 

in India and Srilankan waters. The animal got both nutritional and medicinal value 

(Kesavan et al., 2013). According to current classification of Gastropoda, B. zeylanica 

belongs to order Neogastropoda; super family Muricoidea; family Babyloniidae; 

(Bouchet & Rocroi, 2005). The order Neogastropoda, is a highly diversified group of 

predatory marine shelled gastropods with more than 16,000 living species of many 

well known ecologically significant superfamilies including Buccinoidea, Muricoidea, 

Olivoidea, Pseudolivoidea, Conoidea and Cancellarioidea (Bouchet & Rocroi, 2005). 

Neogastropoda has adapted to almost every marine environment commencing with an 
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explosive radiation during the cretaceous period (Bouchet et al, 2002). The monophyly 

of the group is widely accepted among morphologists based on several 

synapomorphies mostly related with the anatomy of the digestive system (Ponder et al, 

2008), but the phylogenetic relationships among neogastaropod superfamilies based on 

morphological characters are rather unstable (Cunha et al, 2009). Hualkasin et al, 

(2008) referred the genus Babylonia belongs to the family Buccinidae of super family 

Buccinoidea. Buccinidae is one of the most diverse families of Neogastropoda. 

Therefore the phylogenetic status of B. zeylanica remains quite ambiguous.  

Considering the importance of molecular identification and as there are no 

attempts to study genetic status of Indian Babylon, despite of its economic importance 

and significant contribution in marine fishery. Therefore, the present study was 

achieved to address the taxonomic ambiguity of B. zeylanica was carried out to find 

out the phylogenetic relationships within Neogastropods through the 18S rRNA gene 

sequences. 

 
MATERIALS AND METHODS 

Sample collection and identification 

Fresh samples (Babylonia zeylanica) were collected from the trash at the fish 

landing centers of Puducherry (11º 46' and 12º 03' N; 79º 36' and 79º 53' E), India. 

Immediately after the collection, the samples were kept in the ice box and brought to 

the laboratory. The species were identified based on morphological characters. For 

DNA extraction, small piece (15g) of foot tissue was excised from each specimen 

using clean scalpel blade and stored in a plastic vial containing 95% ethanol. The vial 

was sealed with paraffin and kept at room temperature for further studies. 

DNA isolation  

DNA was isolated from the stored tissues by the genomic DNA purification kit 

from Pure Fast®, using the protocol as recommended by the manufacturer. The 

concentration of isolated DNA was estimated using a UV spectrophotometer. 

18S rRNA gene amplification and sequencing 

The 18S rRNA gene was amplified in a 50 µL volume with 5 µL of 10X Taq 

polymerase buffer, 2 µL of MgCl
2 
(50 mM), 0.25 µL of each dNTP (0.05 mM), 0.5 µL 

of each primer (0.01 mM), 0.6 U of Taq polymerase (HELINI Biomolecules, Chennai, 

India) and 5 µl of genomic DNA. The primers used for the amplification of the 18S 

rRNA gene were Forward- 5'CTTTCGATGG TAGTGTATTGGACTAC-3' and 

Reverse- 5'TGATCCTTCTGCAGGTTCACCTAC-3' (Collins, 1998). The thermal 

regime consisted of an initial step of 2 min at 95°C followed by 35 cycles of 40 s at 

94°C, 30 s at 53°C and 1 min 30 s at 72°C followed in turn by final extension of 5 min 

at 72°C. The PCR products were visualized on 1.5% agarose gels, and the most intense 

products were selected for sequencing. The cleaned up PCR product was sequenced by 

a sequencing facility (Shrimpex Biotech. Chennai, India). 
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Sequence analysis 

The 18S rRNA gene partial sequences of B.  zeylanica was unambiguously 

edited using BioEdit sequence alignment editor. The sequences were aligned in 

CLUSTAL-W and the alignment was imported to BioEdit for inspection and toggle 

translation. Sequences have been submitted to NCBI GenBank (Acc. No KF779496). 

To support the present data the 18S rRNA sequences of eight families of 

Neogastropods were retrieved from GenBank (tab. 1). Nucleotide diversity, genetic 

distance and percentage of nucleotide composition were determined by kimura-2 

parameter model (Kimura, 1980). A consensus neighbor-joining tree was constructed 

using MEGA 3.1 (Molecular Evolutionary Genetics Analysis) (Kumar et al, 2004) and 

to verify the robustness of the internal nodes of these trees, bootstrap analysis was 

performed with 1000 pseudo replicates. 
 

RESULTS AND DISCUSSION 

The 18S rRNA gene of B. zeylanica was successfully amplified by the 

primers. After the final alignment about 1332 bp were sequenced and submitted in 

GenBank (Acc. No. KF779496). Kimura 2 Parameter (K2P) genetic distance in eight 

families is given in table 2. The K2P genetic distance was high (0.0120) between the 

families Batillariidae and Melongenidae, Columbellidae. Very low K2P distance 

(0.0040) was exhibited between the families Turridae and Columbellidae, Conidae. 

The mean K2P genetic distance between the eight families was 0.0070. In the present 

investigation, the neighbor-joining (NJ) method was actually employed to get solid 

phylogenetic information by the dendrogram.  A total of 30 sequences of 18S rRNA 

gene belonging to neogastropoda were retrieved from NCBI Genbank. Of the 30 

sequences, 11 were Buccinidae family, 8 sequences belonging to family Muricidae, 9 

sequences of family Conidae and 2 sequences belong to family Batillariidae. All the 

sequences along with the sequences of B. zeylanica were subjected to phylogenetic 

analysis. The NJ tree analyses revealed the formation of two distinct clades.The first 

clade with families of Babyloniidae (superfamily-Muricoidea), Columbellidae 

(superfamily-Buccinoidea), Turridae (superfamily-Conoidea) and Conidae 

(superfamily-Conoidea) and the second clade  with Melongenidae (superfamily- 

Buccinoidea), Nassarridea (superfamily-Buccinoidea) and Muricida (superfamily- 

Muricoidea) were formed. Surprisingly both the clades have an independent 

assemblage of 14 species each with an almost similar bootstrap value of 34 and 33 

respectively. The Batillariidae was highly divergent and deviated totally as a separate 

out group clade forming the root of the phylogenetic tree. 
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Table 1. Summary of 18S rRNA gene of some Gastropod families used in this study 

Sl 

No. 

Species Family Accession No. Reference 

1. Batilaria cumingi Batillariidae HQ833994 Zou et al., 2011 

2. Batilaria zonalis Batillariidae HQ833995 ,, 

3. Chicoreus asianus Muricidae HQ834013 ,, 

4. Morula granulate Muricidae HQ834015 ,, 

5. Morula musiva Muricidae HQ834016 ,, 

6. Rapana rapiformis Muricidae HQ834012 ,, 

7. Rapana venosa Muricidae HQ834011 ,, 

8. Reishia clavigera Muricidae HQ834014 ,, 

9. Babylonia aerolata Babyloniidae HQ834021 ,, 

10. Babylonia lutosa Babyloniidae HQ834022 ,, 

11. Babylonia zeylanica Babyloniidae KF779496 Present study 

12. Nassarius conoidalis Nassariidae HQ834028 Zou et al., 2011 

13. Nassarius festivus Nassariidae HQ834027 ,, 

14. Nassarius hepaticus Nassariidae HQ834030 ,, 

15. Nassarius succinctus Nassariidae HQ834033 ,, 

16. Zeuxis siquijoresis Nassariidae HQ834032 ,, 

17. Hemifusus colosseus Melongenidae HQ834024 ,, 

18. Hemifusus ternatanus Melongenidae HQ834023 ,, 

19. Hemifusus tuba Melongenidae HQ834025 ,, 

20. Euplica scripta Columbellidae HQ833990 ,, 

21. Pseudamycla formosa Columbellidae HQ834050 ,, 

22. Bathytoma tippetti Conidae EU015462 Puillandre et al., 2008 

23. Conus Aristophanes Conidae HQ834037 Zou et al., 2011 

24. Conus betulinus Conidae HQ834044 ,, 

25. Conus quercinus Conidae HQ834043 ,, 

26. Conus sanguinolentus Conidae HQ834046 ,, 

27. Conus textile Conidae HQ834045 ,, 

28. Gymnobella sp Conidae EU015426 Puillandre et al., 2008 

29. Gemmula deshayesii Turridae HQ834047 Zou et al., 2011 

30. Lophistoma leucotropis Turridae HQ834048 ,, 

 

In this study the B. zeylanica was found genetically distinct and formed an 

independent clade. But the B. areolata and B. lutosa formed a sister clade in the NJ 

tree of 18S rRNA gene sequence. Though all the three species of Babylonia were seen 

as separate clades in all topologies but our phylogenetic analysis recover Babyloniidae 

as the closest living sister group to Columbellidae of super family Buccinoidea (fig. 1). 

The economically important Babylonia zeylanica, the subject of this study was long 

considered to be buccinid is now included in a separate family Babyloniidae 

(superfamily: Muricoidea) and is more closely related to volutoideans (superfamily: 

Muricoidea) than to any other buccinoideans, in both morphological and molecular 

phylogenies, that indicates babylonia belongs to super family Muricoidea (Harasewych 

& Kantor, 2002). However, Zou et al (2011) reported that Babyloniidae had a close 

relationship with Turbinellidae which belongs to superfamily Muricoidea. In contrast, 
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Hualkasin et al, (2008) referred the genus Babylonia belongs to the family Buccinidae 

of super family Buccinoidea. The Buccinoidea and Muricoidea are never recovered as 

monophyletic (Zou et al, 2011) and they form major monophyletic clade, sometimes 

together with Pseudolivoidea and Olivoidea. Oliverio and Modica (2010) claimed that 

Buccinoidea is recovered as monophyletic, and also forms a monophyletic group 

together with Pseudolivoidea, Olivoidea and Muricoidea. The monophyly of 

Murricoidea has not been recovered either in previous morphological and molecular 

studies (Ponder et al, 2008) revealing the ambiguousness in the phylogenetic 

relationships of B. zeylanica.  
Table 2.  K2P genetic distance between the studied Gastropod families based on 18S rRNA gene sequences 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The NJ tree showing the phylogenetic relationship of the studied Gastropod families based on 18S rRNA 

gene sequence 
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Babyloniidae *******        

Batillariidae 0.0100 *******       

Muricidae 0.0090 0.0140 *******      

Nassariidae 0.0070 0.0100 0.0070 *******     

Melongenidae 0.0050 0.0120 0.0070 0.0070 *******    

Columbellidae 0.0050 0.0120 0.0090 0.0080 0.0070 *******   

Conidae 0.0060 0.0110 0.0110 0.0100 0.0080 0.0070 ******  

Turridae 0.0030 0.0100 0.0080 0.0060 0.0050 0.0040 0.0040 ****** 

Overall mean 0.0070        
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CONCLUSION 

Based on the 18S rRNA gene sequence study, Babyloniidae is clustered 

closely with Columbellidae of super family of Buccinoidea. Additional gene data and 

increased sampling is warranted to give new insights into the phylogenetic relationship 

between all Indian species of Neogastropoda.   

 
REFERENCES 

• Bouchet P., Lozouet P., Maestrati P., Heros V. 2002. Assessing the magnitude of species richness in tropical 

marine environments: high members of mollusks at a New Caledonia site. Biol. J. Linn. Soc. 75, 421-436. 

• Bouchet P., Rocroi J.P. 2005. Classification and nomenclator of Gastropods families. Malacologia 47:1-397.  

• Collins A.G., 1998. Evaluating multiple alternative hypotheses for the origin of Bilateria: An analysis of 18S 
rRNA molecular evidence. Proc. Natl. Acad. Sci. USA. 95:15458-15463 

• Cunha R.L., Grande C., Zardoya R. 2009. Neogastropod phylogeneticrelationships based on entire mitochondrial 
genomes. BMC Evol. Biol. 9: 210. 

• Harasewych M.G., Kantor Y.I. 2002. On the morphology and taxonomic position of Babylonia (Neogastropoa: 

Babyloniidae), Bull. Malacol. 4: 19-36. 

• Hualkasin W., Tongchuai W., Chotigeat W., Phongdara A. 2008, Phylogeography of Ivory shell (Babylonia 

areolata) in the Gulf of Thailand revealed by COI gene structure and differentiation of shell color by ITSI DNA. 
Songklanakarin J. Sci. Technol. 30(2), 141-146. 

• Kesavan K., Murugan A., Venkatesan V. 2013. Nutritive profile of Ivory shell Babylonia zeylanica (Bruguiere, 
1789) (Mollusca: Gastropoda: Babyloniidae). Nat. Acad. Sci. Let. 36(3) 

• Kimura M. 1980. A simple method of estimating evolutionary rate of base substitutions through comparative 

studies of nucleotide sequences. J. Mole. Evol. 16:111-120. 

• Kumar S., Tamura K., Nei M. 2004. MEGA3: Integrated software for molecular evolutionary genetics analysis 

and sequence alignment. Brief. Bioinfo. 5:150-163.  

• Oliverio M., Modica M.V. 2010. Relationships of the haematophagous marine snail Colubraria (Rachiglossa: 

Colubrariidae), within the neogastropod phylogenetic framework. Zool. J. Linn. Soc. Lond. 158: 779-800.  

• Ponder W.F., Colgan D.J., Healy J.M., Nutzel A., Simone L.R.L., Strong E.E. 2008. Caenogastropoda. In: Ponder 

WF, (Ed), Phylogeny and Evolution of the Mollusca. University of California Press, Berkeley, 331-383. 

• Puillandre N., Samadi S., Boisselier M.C.,  Sysoev A.V., Kantor Y.I., Cruaud C., Couloux A., Bouchet P. 2008. 

Starting to unravel the toxoglossan knot: Molecular phylogeny of the ‘‘turrids” (Neogastropoda: Conoidea). Mole. 

Phy. Evol. 47: 1122–1134. 

• Zou S., Li Q., Kong L. 2011. Additional gene data and increased sampling give new insights into the phylogenetic 

relationship of neogastropoda, within the caenogastropod phylogenetic framework. Mole. Phy. Evol. 61: 425-435.  
 


