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ABSTRACT. The neritid species Clithon retropictum (Gastropoda), an 

oviparous snail, is distributed in freshwater and brackish water in 

southern Korea, south-east Japan, southern China and Taiwan. This 

species is listed as a class II endangered species in Korea because of its 

decreasing population size. It has led to an increase in the need for 

genetic information about this species. For this aim, in this study, we 

developed microsatellite markers for C. retropictum by using next-

generation sequencing. A total of 185,972 sequences containing motifs 

with a minimum of five repeats motifs were identified from 3,392,119 

reads. Of the 46 loci screened among 49 individuals, 36 were 

successfully amplified and 21 were polymorphic among 49 individuals, 

with 14 tri-nucleotide repeats and 7 tetra-nucleotide repeats. All loci 

exhibited relatively high genetic variability except one locus (CR08), 

with an average of 10.33 alleles per locus, and the mean observed and 

expected heterozygosities were 0.661 and 0.758, respectively. Our 

results demonstrated the utility of next-generation sequencing as a 

method for the rapid and cost-effective identification of microsatellites. 

These 21 newly developed microsatellite markers will be informative 
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tools for investigating the genetic structure and diversity among 

populations of this endangered species and will help facilitate effective 

strategies for its conservation.  

Key words: Clithon retropictum, Microsatellite loci, Genetic                              

variability, Endangered species, Conservation          

INTRODUCTION 

Clithon retropictum (Martens, 1879) (Gastropoda: Neritidae) is a small snail species (shell size of 15–25 mm) 

inhabiting hard substrates, such as stones and concrete blocks, in brackish or freshwater riverbeds in Korea, 

Japan, southern China and Taiwan (Furujo and Tomiyama, 2000; Ohara and Tomiyama, 2000; Noseworthy et 

al., 2013). It is among the most long-lived gastropods, with a lifespan of 12 years (Furujo and Tomiyama, 2000; 

Shigemiya and Kato, 2001). They are an ecosystem indicator species and play an important role in assessing 

water quality; they act as cleaning agents by ingesting sediments in the water.  

It is designated as a class II endangered species by Department of Environment of Korea and also on that of the 

Marine Organisms under Protection by Ministry of Oceans and Fisheries in Korea (Species Korea, 

https://www.nibr.go.kr). While the causes of the decline are unknown, habitat loss from coastal development 

and ecological impacts of environmental change may be contributing factors. Species extinction and 

biodiversity loss are increasingly becoming a worldwide concern (Wallmo and Lew,2011), fostering a need for a 

basic understanding of population genetics. Therefore, further assessment and monitoring of genetic diversity in 

endangered and key indicator species are required. 

Among the various currently available molecular markers, microsatellites (MS), also known as simple sequence 

repeats (SSRs), are very useful for molecular genetic analyses because they have many desirable features, such 

as ease of use, codominance, and high mutation rates (Sunnucks, 2000). Especially, microsatellite genetic 

markers have been used extensively to detect genetic diversity and to evaluate population structure in marine 

organisms, including various gastropods (An et al., 2012; Hyun et al., 2016). MS genetic markers with adequate 

high levels of polymorphism allow the genetic diversity and structure of various endangered marine species to 

be easily inferred (An et al., 2013; Lee et al., 2013; Pirog et al., 2016). However, only one molecular genetic 

analysis has been published for C. retropictum (Park et al., 2016). Therefore, the development of powerful and 

efficient species-specific markers is necessary to analyze the population genetics of this endangered species. 

Recently, with the advent of next-generation sequencing (NGS) platforms, development of SSRs in non-model 

species has grown rapidly (Ekblom and Galindo, 2011). In this study, we developed 21 novel polymorphic 

microsatellite markers by using the NGS platforms, Illumina MiSeq. The polymorphic microsatellite markers 

described here will be useful for future genetic studies that will help us to better understand the genetic status of 

C. retropictum and facilitate the conservation of this endangered species in Korea.  

MATERIALS AND METHODS 

Sample collection and illumina sequencing 

Total 49 samples of C. retropictum were collected from three southern coastal sites in Korea: Goseong (n = 20), 

Geoje (n = 20), and Changwon (n = 9) in August 2016. The collected samples were immediately preserved in 

95% ethyl alcohol at the site until DNA extraction. For microsatellite isolation, high-molecular-weight DNA (≥2 

μg) was extracted using the QIAGEN DNeasy Blood & Tissue kit (QIAGEN, Valencia, California, USA) from 

the musculature tissue of an individual of C. retropictum. A whole-genome shotgun library was constructed with 

a commercial kit Illumina’s TruSeq Nano DNA kit (Illumina, San Diego, CA, USA) following the 

manufacturer’s protocol (Paired-End Library Construction). For genotyping to characterize the microsatellite 

DNA loci, total genomic DNA was extracted from the small amount of musculature tissue of all collected 

individuals of C. retropictum using the QIAGEN DNeasy Blood & Tissue kit (see above). The extracted 

genomic DNA was stored at −20°C until further use. 

Microsatellite discovery and primer screening  

The resulting raw sequences from C. retropictum were assembled into contigs using IDBA-UD assembler v1.1.1 

(Peng et al., 2010; Peng et al., 2012). To search out microsatellite markers among assembled contigs (305,591), 
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we used the MISA (Microsatellite identification) software, a SSRs motif scanning tool written in Perl 

(http://pgrc.ipk-gatersleben.de/misa/). Sequences were screened for longer than 300 bp with a minimum of five 

repeats of di-, tri- or tetra-nucleotide repeat motifs from the contigs and singletons using the software 

MSATCOMMANDER 1.08 (Faircloth, 2008). Primers were selected using Primer3 software (Untergasser et al., 

2012). The key parameters set for primer design were as follows: (1) optimum annealing temperature 54–60°C 

with a maximum 1°C difference between paired primers, (2) PCR product size of 150–500 bp, (3) GC content of 

45% to 55%, (4) primer length of 18–26 nucleotides, and (5) primers self-complementarities and quality criteria 

with default parameters.  

PCR amplification and genotyping  

All of the newly designed PCR primer pairs were tested for consistency in PCR amplification, which was 

performed on a sample set from four C. retropictum collected from Goseong, Korea. The PCR amplification 

was performed using a SimpliAmpTM Thermal Cycler (Thermo Fisher Scientific, Waltham, MA, USA) in a 15 

μL reaction mixture containing 0.5 U of Ex Taq DNA polymerase (Takara Biomedical, Inc., Shiga, Japan), 1× 

PCR buffer, 0.2 mM dNTPs, 10 pmol of each primer, and ~30 ng of template DNA. The forward primer from 

each pair was 5'-end-labeled with 6-FAM, VIC, NED or PET dyes (Applied Biosystems Inc., Foster City, CA, 

USA). PCR reactions were run for 10 min at 95°C followed by 35 cycles of 20 s at 95°C, 40 s at 59°C, and 1 

min at 72°C with a 3 min final extension at 72°C. The PCR amplification was considered to be successful based 

on the presence of a visible band after running 2 μL of the PCR product on a 1.5% denaturing agarose gel. The 

Gene Ruler 100 bp plus DNA Ladder molecular weight marker (Thermo Fisher Scientific) was used as a 

standard to assess the product size. If no amplification was detected, that primer set was excluded from further 

analysis. For the remaining loci, polymorphism was examined in all collected individuals. To increase the 

efficiency of the genotyping, fluorescent labeled PCR products with different size of 4 or 5 markers were pooled 

in a single-track sequencing reaction and microsatellite size variations were identified using an ABI PRISM 

3130 xL Genetic Analyzer (Applied Biosystems), and alleles were designated by PCR product size relative to a 

molecular size marker (GENESCAN 500 LIZ, Applied Biosystems). Fluorescent DNA fragments were analyzed 

using GENOTYPER, version 4.1 software packages (Applied Biosystems). 

Genetic analysis 

The MICROCHECKER version 2.2.3 software (Van Oosterhout et al., 2004) was used to detect the possible 

genotyping errors due to null alleles, stuttering, or large allele dropout using 1000 randomizations. The genetic 

diversity of each locus was evaluated using the number of alleles (NA), the observed and expected 

heterozygosity (Ho and He, respectively), and the polymorphic information content (PIC) with CERVUS 

version 3.03 (Kalinowski et al., 2007). Linkage disequilibrium to determine the extent of distortion from the 

independent segregation of loci and Hardy–Weinberg equilibrium (HWE) using the inbreeding coefficients 

(FIS) (Weir and Cockerham, 1984) were tested with GENEPOP program, version 4.2 (Rousset, 2008). 

Significance levels were adjusted for multiple tests using the sequential Bonferroni correction (Rice, 1989). 

RESULTS AND DISCUSSION 

Illumina paired-end sequencing  

A total of 3,392,119 reads or sequences, consisting of 1,299,622,759 bp (Q30 = 94.07%), were generated from 

the C. retropictum sample. The raw sequences could be assembled into contigs. This process eliminates the 

repetitive sequences and creates longer reads, which may increase the probability of detecting microsatellite 

repeats and suitable primers within a read (Perry, 2011). The high-quality filtered reads were assembled into 

305,591 contigs with a length of 146,095,261 bp (average 478 bp), N50 scaffold size of 452 bp, and 43.53% GC 

content (Table 1).  

We obtained a longer average read length compared with previous studies, with average read lengths of 369 bp 

in Haliotis diversicolor supertexta using 454 GS-FLX pyrosequencing (An et al., 2012). Longer reads increase 

the likelihood of detecting loci with a greater number of repeats, which are expected to be more polymorphic, as 

well as the probability of detecting MS repeats and suitable primers within a single read. Therefore, a sufficient 

depth of genome coverage is needed to develop a more comprehensive MS marker set via de novo sequencing 

(Farrer et al., 2009).  
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The number of identified SSRs sequences 1,897,156 with each repeat type were classified as follows: di-, tri-, 

tetra-, penta-, and hexa- nucleotide repeats of 39.7% (752,664), 26.1% (495,878), 27.5% (520,944), 4.7% 

(89,975), and 2.0% (37,695), respectively (Figure 1). A total of 185,972 unique sequences containing 

pure/compound microsatellite regions and primer-designable flanking regions were selected. 

 

 

Description   

Total number of bases 1,299.62 Mb 

Average read length 383 nt 

Number of reads 3,392,119 

Number of contigs 305,591 

Total contigs 146,095,261 nt 

Average contig read length 478 nt 

Max. contig length/Min. contig length 15,969/155 nt 

N50 452 nt 

 

 

Figure 1. Distribution of simple sequence repeat (SSR) nucleotide classes among different nucleotide types in Clithon retropictum 

 

Microsatellite loci isolation 

Among 185,972, 80 sequences with a minimum of nine tri- or tetra-nucleotide repeat motifs were used to 

develop MS primers. To design the primers, sequences that were of adequate length (more than 300 bp) and 

unique sequences flanking the MS array (minimum of 100 bases) were selected. Thus, 46 MS loci (27 tri- and 

19 tetra-nucleotides) were selected for subsequent polymorphism screening. Of these 46 MS loci, 36 (20 tri- and 

16 tetra-nucleotides) were amplified successfully in the initial evaluation of the MS primers.  

The remaining 10 primers did not generate the desired amplification products in all the tested four individuals. 

Additionally, 13 loci showed faint or inconsistent bands, which may be due to nonspecific PCR amplification. 

Subsequently, further screening revealed that 21 (58.3%) loci were polymorphic and 2 loci were monomorphic 

Table 1. Summary of Illumina MiSeq sequencing. 
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in the four C. retropictum samples. The primer sequences, repeat motifs, fluorescent labels, and GenBank 

accession numbers for the 21 novel polymorphic microsatellite loci are summarized in Table 2.  

For efficient genotyping, PCR products of 4 or 5 loci pooling in a single-track reaction using per product size 

variation were used. By sequencing in the same track the products of PCR reactions, analysis time and cost was 

significantly reduced compared with the conventional (no pooling). The introduction of microsatellite markers 

to population genetic studies has greatly advanced our ability to determine the genetic structure of population, 

test parentage and relatedness, assess genetic diversity and study recent population history. Compared to 

traditional cloning-based approaches, NGS is faster and produces a larger, most cost-effective database for 

microsatellite discovery (Yu et al., 2011).  

Of the 21 polymorphic microsatellite loci 14 were tri-nucleotide repeats and 7 were tetra-nucleotide repeats. 

Until recently, for most marine species for which microsatellite markers have been developed, di-nucleotide 

repeats, such as (AG)n, are still the predominant markers. However, tri- and tetra-nucleotide repeats are reported 

to be highly polymorphic, more stable and show clearer than the dinucleotide ones (Lindqvist et al., 1996). The 

advantages of generating microsatellites by NGS were added in this study.  

 

 

Locus 

(GenBank  

accession no.) 

Primer sequence (5'-3') Repeat motif Size 

range 

(bp) 

NA Ho He PIC  FIS 

CR02 CGCCAAAACAATCCATTTTCGG-vic (ATG)11 157-196 10 0.896 0.844 0.815 -0.062 

(MF461429) TCATGACTCTGTTGGTGGGC        

CR05 TCGCTGTACCTCTCGGAGAT-vic (GGA)11 170-188 6 0.511 0.623 0.549 0.182 

(MF461431) AAAGCCGGGTTCTTAGGCAA        

CR06 TCCGTGTCAAGTAAGCTGCA-pet (ACT)10 183-219 13 0.854 0.888 0.867 0.039 

(MF461432) CCTTGACACTTTTTAGCTGTGGT        

CR07 GTGGGCTGCCAGTATGATCT-vic (TTG)9 192-207 6 0.488 0.663 0.626 0.265 

(MF461433) AGAACCTCATGTATCTGCGACT        

CR08 ACCAGTCTGTGTGCCTACTG-pet (GTG)10 212-215 2 0.043 0.042 0.041 -0.011 

(MF461434) CCACGAACGAGCACATTTCC        

CR10 CAGGAACAACAAAACCGGCA-vic (AGC)10 217-259 12 0.766 0.879 0.855 0.129 

(MF461435) TCGAGTTCCCAAAGGCAACA        

CR11* AAAGTAGCCTACATGCGCGA-pet (GAT)19 231-273 13 0.667 0.884 0.863 0.248* 

(MF461436) ACTCTAGAGTGACACAGGGGT        

CR13 TAACTCAGGGTTGACGCCAC-fam (CAT)10 254-278 9 0.617 0.615 0.573 -0.004 

(MF461438) TGATGCTGCTTCTGCTCACA        

CR16 TGGCGCATTTCATGAAAAAGGT-fam (AGC)10 287-308 8 0.556 0.603 0.574 0.080 

(MF461440) CACGACACAATTTCGTGGAACT        

CR18 TGTTGTCCATGTTGTCGTCA-ned (ATC)15 299-329 8 0.615 0.733 0.680 0.162 

(MF461442) GCTCACAAATGTTGCTGCCA        

CR19 CCAGGTAGCTGTGCACTGAA-vic (CAT)13 305-338 11 0.822 0.851 0.822 0.034 

(MF461443) CCCCTCTTTATATGTGGCGCT        

CR20* ATCTCGTGCACTGTACCACA-pet (AGC)10 333-432 10 0.478 0.697 0.667 0.316* 

(MF461444) GGCGGCTTTTTGTGTTGCTA        

CR21* ATACAGACGCAGAGCCAACA-vic (TGA)20 320-359 14 0.324 0.889 0.865 0.638* 

(MF461445) ATTTCTTTTGCACGCCCGAG        

CR25 AGGCGATCTTTGTATGGCCA-pet (TTC)31 343-406 14 0.773 0.895 0.874 0.138 

(MF461447) CGTCATTCCAGTGTCCAGGT        

CR29 CAGAACCAGCTGCCTCTGAA-ned (CCTG)9 156-188 7 0.638 0.640 0.593 0.002 

(MF461449) CAGTAGAGCCAAGCCTGGAG        

CR30 ACATCGCAGGTTTTCCCCTT-fam (TGTT)12 157-197 10 0.800 0.827 0.796 0.033 

(MF461450) TCTACCACTACCCCATCCCA        

CR33 AAGCTGCTCTGTGTGTTCCA-fam (TCCA)17 218-266 11 0.864 0.834 0.805 -0.036 

(MF461453) ATAGCCGTCATAGCTGCACC        

CR34 GCACACTGACTTTTGCAGCA-ned (AGAT)22 233-297 16 0.911 0.929 0.913 0.019 

(MF461454) AGTCAGGTAATTCGATCTGCGT        

CR39 GTGTCAACCATGTCTTGTGTGG-vic (AATG)22 287-327 11 0.854 0.886 0.865 0.037 

(MF461458) AGGACTTGGAGCAAGCTCTT        

CR41 AAGGAAGAGGTTGCAGAGGC-fam (CAAT)12 317-361 10 0.660 0.813 0.779 0.190 

(MF461459) GTTTCTGTGTGCTGTTCAGCA        

CR43* AATTGCCGACTGACTGCAGA-pet (ATCC)16 354-470 16 0.750 0.884 0.863 0.153* 

(MF461461) TCCACAGGGAAGCAAGTTTGA               

 

NA, number of alleles per locus; Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphism information 

content; FIS, inbreeding coefficient of an individual relative to the subpopulation. Calculations assume that individuals with one 

microsatellite band are homozygous for the allele. * Indicates significant deviation from Hardy–Weinberg equilibrium after 

application of the Bonferroni correction (p, initial α = 0.05/21 = 0.0024). 

 

 

Table 2. Characteristics of the 21 microsatellite loci developed for Clithon retropictum. 



Hye Suck An et al.                                                                                     6 

Genetics and Molecular Research 16 (4): gmr 16039806 

 
 

Genetic characterization 

Forty-nine individuals of C. retropictum were screened for variation at the 21 novel polymorphic microsatellite 

loci. The statistical results for these microsatellite loci are summarized in Table 2. A homology search using 

BLAST showed that none of these sequences was similar to any of the sequences in GenBank. The 21 newly 

developed microsatellite markers of C. retropictum were showed relatively highly polymorphic except one locus 

(CR08). Understanding the genetic diversity of C. retropictum populations is vital for stock abundance recovery 

and protection of this endangered species.  

In total, 217 alleles were observed for the 21 loci; the number of alleles per locus varied from 2 at CR-08 to 16 

at CR-34 and CR-43 (mean 10.33; Table 2). The observed heterozygosity (HO) ranged from 0.043 at CR-08 to 

0.911 at CR-34 (mean 0.661), whereas the expected heterozygosity (He) varied from 0.042 at CR-08 to 0.926 at 

CR-34 (mean 0.758; Table 2). All 21 loci had high polymorphic information content (>0.5), and rare alleles 

with a frequency <5% were detected at most loci. Such relatively high level of genetic diversity has been 

reported in other gastropod species (An et al., 2012; Hyun et al., 2016), suggesting that these polymorphic 

microsatellites were sufficient to reveal the intraspecific diversity of this endangered species. There was no 

evidence of genotyping errors or allele dropouts due to stuttering, which would have affected the allele scoring. 

Samples that failed to amplify after the rerun were excluded, and thus the likelihood that poor DNA quality 

affected the results was low. The MICRO-CHECKER analysis revealed that our data demonstrated seven loci 

(CR-07, CR-11, CR-20, CR-21, CR-25, CR-41 and CR-43) might be affected by one or more null alleles in the 

samples tested. Deviation from the Hardy–Weinberg equilibrium (HWE) (p < 0.0024) was evident at four loci 

(CR-11, CR-20, CR-21 and CR-43) with having null alleles. Generally, heterozygote deficiency could be due to 

allelic dropout, the limited sample size, size homoplasy, or the presence of null alleles (Olivatti et al., 2011).  

In this study, most loci were clearly associated with the presence of null alleles. However, this study was limited 

by the number of screened samples. In addition, a total of 49 individuals of C. retropictum that were collected 

and tested were mixture of populations from three different localities that may be genetically heterogeneous; the 

estimates for genetic diversity, such as the genetic diversity parameters and Handel-Weinberg equilibrium may 

be explained using data from many individuals from single locality. Therefore, our results should be interpreted 

with caution. 

CONCLUSION 

In conclusion, the Illumina MiSeq sequencing method was applied to develop 21 polymorphic microsatellite 

markers for C. retropictum that will enable us to examine the current patterns of genetic structure and diversity 

of this endangered species in Korea. In the near future, the microsatellites described here will be used in studies 

on population genetics and conservation genetics, and supporting actions for effectively managing C. 

retropictum.  
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