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Abstract
Indoplanorbis exustus, a freshwater pulmonate snail, is widely distributed in tropical and subtropical zones and plays a sig-
nificant role as an intermediate host for trematode parasites. Various genetic markers have been used for species identification 
and phylogenetic studies of this snail. However, there are limited studies about their molecular genetics based on nuclear 
ribosomal DNA (rDNA) genes. A genetic analysis of I. exustus in Thailand was conducted based on the nuclear 18S rDNA 
(339 bp) and 28S rDNA (1036 bp) genes. Indoplanorbis snails were collected from 29 localities in 21 provinces covering 
six regions of Thailand. Nucleotide sequences from 44 snails together with sequences from the GenBank database were 
examined for phylogenetic relationships and genetic diversity. All sequences of the selected nucleotide regions exhibited a 
high level of similarity (99%) to the sequences of I. exustus in the GenBank database. The maximum likelihood tree based 
on the 18S and 28S rDNA fragment sequences of I. exustus in Thailand revealed only one group with clear separation from 
another genus in the family Planorbidae. The I. exustus 28S rDNA sequences showed intraspecific genetic divergence rang-
ing from 0 to 0.78% and were classified into 8 different haplotypes. Conversely, the 18S rDNA data showed lower variation 
than the 28S rDNA data and revealed a single haplotype and intraspecific distances of zero among all sampled individuals. 
The haplotype network of 28S rDNA sequences of I. exustus in Thailand revealed six unique haplotypes and two haplotypes 
shared by at least two regions. Overall, both markers were successful in the identification of I. exustus. However, these 
markers, particularly the 18S rDNA, may not be suitable for genetic analysis within the species, particularly for population 
genetic studies, due to their limited variation as seen in this study. In summary, this study not only enhances understanding 
of genetic variation in I. exustus but is also useful for the selection of molecular markers in future genetic research.
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Introduction

Indoplanorbis exustus (Deshayes 1834) is a freshwater pul-
monate snail belonging to the family Planorbidae that is 
most widespread in tropical and subtropical zones (Morgan 
et al. 2002; Mouahid et al. 2018). This snail is widely dis-
tributed across tropical Asia, throughout mainland South-
east Asia, southern China, the Indian subcontinent, Central 
Asia, and West Asia (Gauffre-Autelin et al. 2017; Liu et al. 
2010; Mouahid et al. 2018; Sil et al. 2022). There are also 
reports of I. exustus that have been introduced from different 
parts of the world, such as French Polynesia, French West 
Indies, Ivory Coast, Nigeria, Japan, and Yemen (Ikeda et al. 
2021; Kristensen and Ogunnowo 1987; Meyer et al. 2021; 
Mouahid et al. 2018; Mouchet et al. 1987; Pagad 2020). In 
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addition, this species has been listed as an alien species to 
be given top national quarantine significance in the USA, 
where it is considered a serious threat that could negatively 
affect agriculture, ecosystems, human health, and commerce 
(Cowie et al. 2009).

I. exustus plays an important role as an intermediate 
host for several trematode parasites (Ardpairin et al. 2022; 
Krailas et al. 2022; Wiroonpan et al. 2021). The widespread 
invasion and environmental tolerance of I. exustus make it 
important in veterinary and medical sciences (Devkota et al. 
2015). In Thailand, I. exustus is widely distributed in vari-
ous freshwater habitats, such as canals, swamps, rivers, and 
paddy fields (Saijuntha et al. 2021). It serves as an interme-
diate host for Schistosoma spindale and S. indicum, which 
cause schistosomiasis in buffalo and dairy cattle and can also 
cause cercarial dermatitis in humans (Krailas et al. 2022; 
Nithiuthai et al. 2004). In addition, this snail serves as the 
first intermediate host of Echinostoma spiniferum, Clinos-
tomum giganticum, Echinostoma malayanum and Petasiger 
exaeretus, which are trematode parasites of humans and non-
human animals (Chai 2019; Krailas et al. 2022; Wiroonpan 
et al. 2021; Won et al. 2020).

The transmission and dispersal of trematodes are closely 
related to snail intermediate hosts; thus, accurate identifi-
cation of snail species is paramount for understanding the 
epidemiology of parasites and focal control in endemic areas 
(Maes et al. 2022). Planorbidae snails have a highly variable 
shell morphology, which is associated with ecological phe-
notypic plasticity (Andrus et al. 2023). The shell morphol-
ogy of I. exustus is very similar to that of other Planorbidae 
snails, such as Planorbella duryi (Helisoma duryi) (Weth-
erby 1879) and Biomphalaria pfeifferi (Krauss 1848); thus, 
an examination of the characteristics of the reproductive 
system is required to distinguish among them (Kristensen 
and Ogunnowo 1987). As a result, the identification of I. 
exustus by only shell morphological characteristics may lead 
to misidentification.

Certainly, molecular methods, specifically those using 
DNA sequences, have been widely adopted by malacolo-
gists to identify species. Molecular data provide a reliable 
and helpful source of taxonomic and phylogenetic informa-
tion, which can be used to correct taxonomic errors due to 
within- or between-species morphological variation (Dumi-
dae et al. 2021;Jørgensen et al. 2011 ; Mouahid et al. 2018). 
To date, molecular-based identification using molecular 
genetic markers has been widely used to aid species delimi-
tation in Planorbidae snails (Jørgensen et al. 2011; Mouahid 
et al. 2018). Both mitochondrial and nuclear gene sequences 
have been used for molecular identification and phyloge-
netic analyses of I. exustus (Mouahid et al. 2018; Saijuntha 
et al. 2021). The mitochondrial genes include cytochrome 
c oxidase subunit I (COI) and 16S rDNA (Gauffre-Autelin 
et al. 2017; Liu et al. 2010; Mouahid et al. 2018; Saijuntha 

et al. 2021). The nuclear genes include the 18S rDNA, 28S 
rDNA, and internal transcribed spacer (ITS) regions (Jør-
gensen et al. 2011; Mouahid et al. 2018). Different molecular 
markers may yield different genetic results (Jørgensen et al. 
2011; Mouahid et al. 2018).

Nucleotide sequences of the mitochondrial and nuclear 
genes have been deposited in GenBank. Among the I. 
exustus sequences collected around the world, nucleotide 
sequences are available in GenBank for the COI gene (374 
entries), 16S rDNA (230), 18S rDNA (33), 28S rDNA (4), 
and ITS (185) (retrieved 5 April 2023). It is evident that 
there have been few studies of I. exustus based on 18S and 
28S rDNA sequences. To the best of our knowledge, there 
is only a single entry for the 18S rDNA (GenBank acces-
sion no. AY282598) and 28S rDNA (GenBank accession 
no. AF435662) genes of I. exustus from Thailand. However, 
the 18S and 28S rDNA genes have been utilized for spe-
cies delineation in the family Planorbidae (Jørgensen et al. 
2011; Morgan et al. 2002; Sil et al. 2022). There have been 
no reports on the genetic variation in Thai I. exustus strains 
based on these genetic markers.

Many previous genetic variation studies of I. exustus in 
Thailand focused exclusively on the COI and 16S rDNA 
genes. Comparable 18S and 28S rDNA studies have not been 
performed in I. exustus. To obtain more accurate genetic 
information on I. exustus populations, more molecular mark-
ers and more specimens are needed. Therefore, the aim of 
this study was to identify and analyze the genetic variation 
in I. exustus collected from Thailand using nuclear 18S and 
28S ribosomal DNA sequences.

Materials and methods

Ethical approval

In this study, the experiments involving invertebrate ani-
mals (snails) received approval from the Center for Ani-
mal Research at Naresuan University (Project Ethics No: 
NU-AQ640803). All procedures for the sampling and 
euthanasia of snails were performed following the Ameri-
can Veterinary Medical Association (AVMA) (2020) and 
ARRIVE guidelines. Additionally, the biosafety protocols 
were approved by the Naresuan University Institutional 
Biosafety Committee (Project No: NUIBC MI 64-09-34).

Sample collection and species identification

Samples of I. exustus were randomly collected with wire-
mesh scoops or by hand in 2020 and 2022 from 29 localities 
in 21 provinces in North, Northeast, Central, West, East, and 
South Thailand (Table 1, Fig. S1). No specific permission is 
required to collect this snail. The snail samples in this study 
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Table 1   Sampling locations of I. exustus together with specimen numbers and GenBank accession numbers

Locality Code Latitude/longitude Geographical 
region

Habitat No. of 
isolates 
sequence

GenBank accession number

18S rRNA 28S rRNA

Ban Kaeng, Tron 
District, Uttaradit 
Province

UTT1 17.4582/100.1674 North Paddy field 1 OQ975763 OQ975469

Tha Sop Sao, Mae 
Tha District, 
Lamphun Prov-
ince

LPN1 18.4382/99.0969 North Canal 2 OQ975764, 
OQ975765

OQ975470, 
OQ975471

Mae Tha, Mae Tha 
District, Lampang 
Province

LPG1 18.1725/99.5615 North Paddy field 1 OQ975774 OQ975480

Thung Lui Lai, 
Khon San Dis-
trict, Chaiyaphum 
Province

CPM2 16.6007/101.7428 Northeast Wetland pond 2 OQ975786, 
OQ975787

OQ975492, 
OQ975493

Na Fai, Phu Pha-
man District, 
Khon Kaen 
Province

KKN2 16.7320/101.8440 Northeast Wetland pond 2 OQ975784, 
OQ975785

OQ975490, 
OQ975491

Kut Chap, Kut 
Chap District, 
Udon Thani 
Province

UDN2 17.3901/102.4995 Northeast Wetland pond 1 OQ975790 OQ975496

Nong Wua So, 
Nong Wua So 
District, Udon 
Thani Province

UDN3 17.1837/102.4293 Northeast Wetland pond 1 OQ975791 OQ975497

Tha Pho, Mueang 
Phitsanulok Dis-
trict, Phitsanulok 
Province

PLK1 16.7118/100.1977 Central Pond 1 OQ975759 OQ975465
PLK6 16.6926/100.2249 Paddy field 1 OQ975760 OQ975466
PLK10 16.7090/100.2034 Paddy field 2 OQ975761, 

OQ975762
OQ975467, 

OQ975468
Khlong Maphlap, 

Si Nakhon Dis-
trict, Sukhothai 
Province

STI1 17.3623/99.9892 Central Lotus pond 2 OQ975770, 
OQ975771

OQ975476, 
OQ975477

Ban Na, Wachira-
barami District, 
Phichit Province

PCT1 16.5127/100.1519 Central Paddy field 1 OQ975772 OQ975478

Sam Ngam, Sam 
Ngam District, 
Phichit Province

PCT2 16.5287/100.2189 Central Paddy field 1 OQ975773 OQ975479

Nam Ko, Lom Sak, 
District, Phetch-
abun Province

PNB3 16.7769/101.1922 Central Lotus pond 1 OQ975775 OQ975481

Tha Chanuan, 
Manorom Dis-
trict, Chai Nat 
Province

CNT1 15.3717/100.1546 Central Paddy field 2 OQ975776, 
OQ975777

OQ975482, 
OQ975483

Chi Nam Rai, In 
Buri District, 
Sing Buri Prov-
ince

SBR1 15.0609/100.3247 Central Paddy field 2 OQ975778, 
OQ975779

OQ975484, 
OQ975485

SBR2 15.0764/100.3115 Canal 1 OQ975780 OQ975486

Namtan, In Buri 
District, Sing 
Buri Province

SBR5 14.9625/100.3717 Central Paddy field 1 OQ975801 OQ975507
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were collected mostly from paddy fields, ponds, and canals 
and transported to the laboratory. All snails were cleaned 
with tap water and dried with tissue paper, their shells were 
photographed, and they were measured for shell width and 
length. The snails were then primarily identified based on 
the shell morphological criteria described by Brandt (Brandt 
1974) and Frandsen (Frandsen 1983). Briefly, I. exustus has 
a discoid shell with a dorso-ventrally flattened shape and 
rapidly increasing whorls. Each whorl is taller than it is 
wide. The aperture is expanded, and the peristome is sharp 
without a lip (Fig. 1) (Brandt 1974; Frandsen 1983). After 

identification, the snails were dissected to remove the soft 
body, and a piece of foot tissue measuring approximately 25 
mg was cut from each individual and preserved at −20 °C 
for further DNA extraction.

Genomic DNA extraction

DNA was extracted from the snail tissue using the Nucle-
oSpin® Tissue Kit (Macherey-Nagel, Duren, Germany) fol-
lowing the manufacturer’s instructions. The quality of the 
genomic DNA was checked by running it on a 0.8% agarose 

Table 1   (continued)

Locality Code Latitude/longitude Geographical 
region

Habitat No. of 
isolates 
sequence

GenBank accession number

18S rRNA 28S rRNA

Nam Song, 
Phayuha Khiri 
District, Nakhon 
Sawan Province

NSN1 15.4261/100.1180 Central Canal 2 OQ975781, 
OQ975782

OQ975487, 
OQ975488

Nong Krot, 
Banphot Phisai 
District, Nakhon 
Sawan Province

NSN2 16.0211/100.1140 Central Paddy field 1 OQ975783 OQ975489

Chorakhe Rong, 
Chaiyo District, 
Ang Thong 
Province

ATG1 14.6493/100.4764 Central Paddy field 2 OQ975795, 
OQ975802

OQ975501, 
OQ975508

Ban Len, Bang 
Pa-in District, 
Ayuthaya Prov-
ince

AYA1 14.2282/100.6114 Central Paddy field 1 OQ975796 OQ975502

Thonglang, Ban Na 
District, Nakhon 
Nayok Province

NYK1 14.1862/101.0387 Central Paddy field 2 OQ975799, 
OQ975800

OQ975505, 
OQ975506

Nam Ruem, 
Mueang Tak 
District, Tak 
Province

TAK1 16.8900/99.2211 West Canal 2 OQ975792, 
OQ975793

OQ975498, 
OQ975499

Phlio, Laem Sing 
District, Chan-
thaburi Province

CTI1 12.5146/102.1597 East Lotus pond 1 OQ975794 OQ975500

Saen Suk, Mueang 
Chon Buri Dis-
trict, Chon Buri 
Province

CBI1 13.2803/100.9268 East Lotus pond 2 OQ975797, 
OQ975798

OQ975503, 
OQ975504

Sai Khao, Khok 
Pho District, Pat-
tani Province

PTN2 6.6784/101.0842 South Paddy field 2 OQ975768, 
OQ975769

OQ975474, 
OQ975475

Kho Hong, Hat Yai 
District, Song-
khla Province

SKA1 7.0113/100.4987 South Lotus pond 2 OQ975766, 
OQ975767

OQ975472, 
OQ975473

Phawong, Mueang 
Songkhla Dis-
trict, Songkhla 
Province

SKA2 7.1542/100.5762 South Lotus pond 2 OQ975788, 
OQ975789

OQ975494, 
OQ975495

Total 44
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gel in 1 × TBE buffer at 100 V for 35 min. The gel was 
stained with ethidium bromide for 8 min, destained with 
distilled water for 15 min, and photographed under UV light. 
The genomic DNA was stored at −20 °C prior to further 
processing.

Polymerase chain reaction (PCR) and sequencing

To amplify partial fragments of the 18S and 28S rDNA of 
the snails, polymerase chain reaction (PCR) was performed. 
A list of primers and the PCR cycling profiles are presented 
in Table 2. The PCR volume was 30 μl, consisting of 15 μl 
of OnePCR Ultra (Biohelix, New Taipei, Taiwan), 1.5 μl 
of each primer at 5 μM (0.25 μM), 9 μl of distilled water, 
and 3 μl of the DNA template (20–200 ng). The PCR prod-
ucts were examined by 1.2% agarose gel electrophoresis in 
10X TBE buffer and run at 100 V for 35 min. The agarose 
gel containing DNA fragments was stained with ethidium 

bromide and visualized by ultraviolet light. Amplified 
products were purified using a NucleoSpin® Gel and PCR 
Clean-Up Kit (Macherey-Nagel, Germany) following the 
manufacturer’s recommendations. Purified DNA products 
were checked with a 1.2% agarose gel. DNA sequencing was 
conducted at Macrogen Inc., Seoul, Korea.

18S rDNA and 28S rDNA sequences from GenBank

In this study, we included additional I. exustus sequences 
(4 sequences) as well as sequences from 15 genera (41 
sequences) within the family Planorbidae, which were down-
loaded from GenBank. The sequences of Radix auricularia 
(Lymnaeidae) and Physa acuta (Physidae) were employed 
as outgroup for reconstructing the phylogeny because their 
morphologies, physiologies, and ecologies were similar to 
Planorbidae (Jørgensen et al. 2011).

Fig. 1   Shell morphology of I. 
exustus collected in the field in 
Thailand

Table 2   Details of the primers used in this study

Gene or region Primer Ampli-
con size 
(bp)

Cycling conditions Reference

18S rDNA 18SLYMFOR_forward 5′-GCC​AGT​AGT​CAT​ATG​
CTT​GTC​TCA​AAG​ATT​AAG​CCA​-3′

18SLYMREV_reverse 5′-TGC​GCG​CCT​CTG​CCT​TCC​
TTG​GAT​GTG​GTA​GCCCT-3′

500 94 °C for 4 min, 25 cycles of 
94 °C for 30 sec, 61 °C for 40 
sec, 72 °C for 2 min, 72 °C 
for 7 min

Stothard et al. 2000

28S rDNA 28SFmod_forward 5′-ACC​CGC​TGA​ATT​TAA​GCA​
TAT-3′

28SRmod_reverse 5′-GCT​ATC​CTG​ACG​GAA​ACT​
TC-3′

1135 94 °C for 10 min, 30 cycles of 
94 °C for 30 sec, 54 °C for 2 
min, 72 °C for 1 min, 72 °C 
for 7 min

Van Bocxlaer et al. 2018
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Sequencing and phylogenetic analysis

Forward and reverse DNA sequences were assembled 
and edited using SeqMan II (DNASTAR, Madison, WI, 
USA). These sequences, along with reference sequences 
from the NCBI database, were aligned by using Clustal 
W in MEGA 7 software (Kumar et al. 2016). The nuclear 
18S and 28S rDNA sequences were blasted against the 
GenBank database (http://​blast.​ncbi.​nlm.​nih.​gov/​Blast.​cgi) 
to confirm the species identity of I. exustus.

Phylogenetic trees were constructed via the maximum 
likelihood (ML) and neighbor joining (NJ) methods in 
MEGA 7 software (Kumar et al. 2016). Bayesian infor-
mation criterion scores were used for selecting the best 
model for analysis of phylogeny. ML phylogenetic analysis 
was carried out based on the Tamura 3-parameter model 
(Tamura 1992). NJ was performed using the Kimura 
2-parameter model (Kimura 1980) with 1000 bootstrap 
(BS) iterations for tree topology support. The two methods 
revealed congruent topologies; hence, we present the max-
imum likelihood (ML) tree with bootstrap values derived 
from both the ML and NJ methods.

Genetic analysis

The observed number of haplotypes, segregating sites, and 
haplotype frequencies were estimated using the DnaSP 
program, version 5 (Librado and Rozas 2009). Genealogi-
cal relationships between haplotypes were further eluci-
dated with a median-joining (MJ) network algorithm (Ban-
delt et al. 1999) using PopART v1.7 (Leigh and Bryant 
2015). The p-distances between haplotypes were estimated 
using MEGA version 7.0 software to assess the level of 
genetic variation.

Results and discussions

Molecular identification of Indoplanorbis exustus

The molecular identification of I. exustus (44 sequences) 
based on the 18S and 28S rDNA genes was congruent with 
the morphological identification. Based on the 339 bp of 
the 18S rDNA gene, all 44 sequences (GenBank acces-
sion nos. OQ975759–OQ975802) in this study showed 
the highest similarity (100%) with the known sequence 
of I. exustus from Thailand (GenBank accession no. 
AY282598). Additionally, the 28S rDNA sequence (1036 
bp) of I. exustus (GenBank accession nos. OQ975465-
OQ975508) had a similarity of 100% with another from I. 
exustus in Thailand (GenBank accession no. AF435662). 

This confirmed the identity of the snails in our study as 
I. exustus.

I. exustus is widely distributed in Thailand and plays an 
important role as an intermediate host for medically and 
veterinary important trematodes (Bawm et al. 2022; Devkota 
et al. 2015; Krailas et al. 2022; Saijuntha et al. 2021). The 
phylogenetic analysis of I. exustus based on the mitochon-
drial DNA sequences indicates that this snail may belong 
to a cryptic species complex or comprise more than one 
species, which cannot be distinguished by morphological 
characteristics (Gauffre-Autelin et al. 2017; Liu et al. 2010; 
Mouahid et al. 2018; Saijuntha et al. 2021). Sometimes, the 
identification of a species with only one marker can lead to 
misidentification (Vences et al. 2005). We have identified 
I. exustus based on its nuclear 18S and 28S rDNA genes. 
All I. exustus sequences were compared with NCBI BLAST 
results. Our results showed the highest similarity (100%) 
with the sequences of I. exustus in GenBank for both the 
18S and 28S rDNA genes. This confirms that the 18S and 
28S rDNA genes are sufficiently effective for identifying 
I. exustus, since they are highly conserved within species 
(Hwang and Kim 1999). Our findings were in concordance 
with those from previous studies (Jørgensen et al. 2011; 
Morgan et al. 2002). In addition, the 18S and 28S rDNA 
genes were successful in the classification of other snails in 
the family Planorbidae, such as Bulinus spp., Ceratophal-
lus spp., Drepanotrema spp., Gyraulus spp., Helisoma spp., 
Planorbis planorbis, Planorbarius corneus, and Planor-
bella duryi (Jørgensen et al. 2011; Morgan et al. 2002). This 
emphasizes that 18S and 28S rDNA markers are sufficient 
for delimitation up to the genus or species level within the 
family Planorbidae.

Phylogenetic analyses

Molecular phylogenetic analyses of I. exustus were con-
ducted based on 18S and 28S rDNA sequences, reveal-
ing consistent results. The phylogenetic tree showed that 
the group of I. exustus was clearly separated from other 
snail genera in the family Planorbidae. Both methods (ML 
and NJ) of phylogenetic tree construction based on the 44 
sequences of 18S rDNA (339 bp) in the present study along 
with 3 sequences downloaded from GenBank revealed only 
one group, which was clustered with I. exustus from India 
(GenBank accession no. AY577492), the Philippines (Gen-
Bank accession no. HM756308), and Thailand (GenBank 
accession no. AY282598), with the highest (99%) bootstrap 
support values for each ML and NJ method (Fig. 2).

The phylogenetic analysis based on the 28S rDNA 
sequences (1036 bp) for the 45 I. exustus samples (44 
sequences from the present study and one from GenBank) 
revealed one group, which was clustered with only I. exustus 
from Thailand (GenBank accession no. AF435662), with 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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branch support values of 99% for each ML and NJ method 
(Fig. 2). These results showed that there is only one group 
in the genetic structure of I. exustus in Thailand, based on 
the 18S and 28S rDNA sequence analysis.

Our results for the phylogenetic group are inconsistent 
with those from previous studies reported for other genes 
(Gauffre-Autelin et al. 2017; Liu et al. 2010; Mouahid et al. 
2018; Saijuntha et al. 2021). Previous phylogenetic studies 
based on mitochondrial sequences revealed the presence of 
three (Liu et al. 2010), four (Devkota et al. 2015), and five 
(Gauffre-Autelin et al. 2017; Saijuntha et al. 2021) clades of 
I. exustus. Thus, the present study indicated the low genetic 
diversity of I. exustus based on 18S and 28S rDNA sequence 
analysis. However, our results are in concordance with those 
of a previous study showing a Thai I. exustus strain cluster-
ing with those from Nepal, Oman, Sri Lanka, Indonesia, 
Malaysia, Myanmar, and the Philippines (Saijuntha et al. 
2021).

Genetic diversity and haplotype network analyses

The 18S (339 bp) and 28S rDNA (1036 bp) sequences from 
the 44 I. exustus samples, which represented 21 provinces 

from Thailand, were genetically analyzed. The 28S rDNA 
gene of I. exustus displayed the highest intraspecific genetic 
divergence, which ranged from 0 to 0.78%. On the other 
hand, no variation was observed in the 18S rDNA gene, 
whose pairwise genetic distance was 0%, indicating the pres-
ence of a single haplotype.

Median-joining haplotype network analysis based on 28S 
rDNA from 44 I. exustus sequences revealed the presence 
of 8 different haplotypes (H1–H8) with 17 variable sites 
(Table 3). The genetic distances among the haplotypes var-
ied, ranging from 0.001 to 0.010 (Table 4). Of these, 6 hap-
lotypes (H2, H3, H4, H6, H7, and H8) were unique, and 2 
haplotypes (H1 and H5) were shared by at least two regions. 
Haplotype H1 was the most widely distributed, covering all 
regions of Thailand included in this study, and accounting 
for 81.82% of all samples and 100% of all populations. In 
contrast, haplotype H5 was mainly distributed in Central and 
Southern Thailand, accounting for 4.54% of all samples and 
33.33% of all populations. Thus, haplotype H1 was consid-
ered the major haplotype. The remaining haplotypes were 
found to be unique to a particular region, such as haplotype 
H2, which was found only in the northern region; H3 and 
H4, which were unique to the south; H6 and H7, which were 

Fig. 2   Maximum likelihood 
phylogenetic tree of I. exustus 
based on a partial 18S rDNA 
(339 bp) (A) and 28S rDNA 
(1036 bp) (B) sequences. 
The bootstrap values for ML 
(left) and NJ (right) ≥50% are 
represented at each node of the 
phylogenetic tree. The scale bar 
represents 5 nucleotide substitu-
tions for every 1000 nucleotides 
for the 18S rRNA gene and 
2 nucleotide substitutions for 
every 100 nucleotides for the 
28S rRNA gene. Bold letters 
indicate the sequences gener-
ated in the present study. Radix 
auricularia and Physa acuta 
were used as the outgroups
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present in the northeastern region; and H8, which was found 
only in the central region of Thailand (Fig. 3, Table 5). The 
genetic divergence in each population ranged from 0% in the 

populations from the western and eastern regions to 0.24% 
in the population from the northern region, with an average 
of 0.09% (Table 5).

Table 3   Comparison of 
nucleotide sequence variation 
within the 28S rDNA gene 
among the 8 haplotypes

Haplotype Nucleotide positions

1 1 1 1

9 9 9 9 9 9 9 9 0 0 0 0

2 2 2 3 6 6 7 7 7 8 9 3 3 3 3

3 5 0 8 9 3 6 9 0 6 7 8 5 0 2 3 4

H1 C A G C C G G A G A C G G G A T A
H2 C A G C C G A C A A C A A G A T A
H3 A A G C C G G A A A C G G G A A G
H4 C G G C C G G A A A C G G G A T A
H5 C A G C C C G A A A C G G G A T A
H6 C A C G C G G A A T A G G G A T G
H7 C A G C G G G A A A C G G G A T A
H8 C A G C C G G A A A C G G T T T T

Table 4   Genetic distance 
between haplotypes of I. exustus 
based on 28S rDNA sequences

Haplotypes H1 H2 H3 H4 H5 H6 H7 H8

H1 -
H2 0.005 -
H3 0.003 0.008 -
H4 0.001 0.006 0.004 -
H5 0.001 0.006 0.004 0.002 -
H6 0.005 0.010 0.006 0.006 0.006 -
H7 0.001 0.006 0.004 0.002 0.002 0.006 -
H8 0.003 0.008 0.005 0.004 0.004 0.007 0.004 -

Fig. 3   Median-joining hap-
lotype networks of I. exustus 
samples from various regions in 
Thailand based on 28S rDNA 
sequences. The geographical 
distributions of haplotypes are 
indicated by different colors, 
with circle sizes reflecting hap-
lotype frequencies. Median vec-
tors (small black dots) represent 
ancestral haplotypes that were 
either not sampled or missing
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In our study, the I. exustus 28S rDNA sequences showed 
intraspecific genetic divergence ranging from 0 to 0.78% and 
were classified into 8 different haplotypes. In contrast, the 
18S rDNA data showed no variation as revealed by a single 
haplotype among all sampled individuals. This suggested 
that the 18S rDNA gene had a relatively slow evolutionary 
rate and low variability compared to those of the 28S rDNA 
gene (Bargues and Mas-Coma 1997; Matsuda et al. 2014; 
Zein-Eddine et al. 2014). These results were consistent with 
those of a previous study on the genetic variation of the 
18S and 28S rDNA genes of a freshwater snail in the genus 
Bulinus, which is a sister group of I. exustus (Jørgensen et al. 
2011; Zein-Eddine et al. 2014). Comparatively, when exam-
ining genetic divergence among the genetic markers in I. 
exustus in previous reports, the intraspecific genetic distance 
values of the COI, 16S rDNA, ITS1, and ITS2 sequences 
were 0–5.33%, 0–2.34%, 0–2.21%, and 0–1.57%, respec-
tively (Mouahid et al. 2018). These results indicated that 
the 28S rDNA had intraspecific genetic distance values that 
were closer to those of the nuclear ITS2 region than those of 
the nuclear ITS1 region and the mitochondrial COI and 16S 
rDNA genes. Generally, mitochondrial genes evolve faster 
than nuclear rDNA genes, accumulating a higher degree 
of sequence variation. This high intraspecies conservation 
makes nuclear rDNA genes helpful markers for resolving 
higher taxonomic levels or for use in biodiversity studies 
(Choudhary et al. 2015; Hwang and Kim 1999; Patwardhan 
et al. 2014; Pawlowski et al. 2012). Our findings showed 
that nuclear 18S and 28S rDNA had lower intraspecies dis-
crimination power than mitochondrial COI and 16S rDNA 
markers (Matumba et al. 2020).

Haplotype network analysis based on 28S rDNA 
sequences of I. exustus from Thailand revealed 8 different 
haplotypes. Six haplotypes were unique, and two haplo-
types were shared by at least two regions. Haplotype H1 
was the major haplotype and was widely distributed across 
all regions of Thailand. However, the number of 28S rDNA 
haplotypes in the present study was lower than the number 
of mitochondrial sequence haplotypes in a previous report. 
Saijuntha et al. (2021) reported high genetic diversity with 

21 haplotypes of I. exustus in Thailand based on the COI 
sequence. In addition, a previous study (Saijuntha et al. 
2021) also found that I. exustus in several regions of Thai-
land shared haplotypes and that some regions had unique 
haplotypes, which was congruent with our results. The 
shared haplotypes in several regions may be due to the gene 
flow between I. exustus populations in Thailand (Saijuntha 
et al. 2021). The possibility of gene flow may be associated 
with water flow, the migration of waterbirds, and human 
activities (Bunchom et al. 2021; Habib et al. 2021; Neubauer 
et al. 2017; van Leeuwen and van der Velde 2012). The high 
stream velocities in canals or rivers might cause snails to be 
carried by the water current, resulting in a rise in gene flow 
from upstream to downstream populations (Bunchom et al. 
2021; Habib et al. 2021). Simultaneously, the migration of 
waterbirds results in snails dispersing over large distances 
because the snails can become attached to waterbird bodies 
and feathers (Neubauer et al. 2017; van Leeuwen and van 
der Velde 2012). Furthermore, the occurrence of I. exustus 
in areas distant from its “native” geographic range may be 
associated with human activities of trading aquatic plants to 
which I. exustus can attach. This scenario stands as a key fac-
tor contributing to the migration and gene flow of I. exustus 
both in Thailand and globally (Pointier et al. 2005). These 
phenomena lead to the genetic homogenization of snail 
populations over long distances (Gow et al. 2007; Habib 
et al. 2021; Zein-Eddine et al. 2017). In contrast, the genetic 
differentiation in I. exustus may result from bottlenecks and 
genetic drift (Maes et al. 2022; Nyström et al. 2006). In 
addition, seasonal extinction events and a high rate of self-
fertilization in populations may also explain the levels of 
genetic differences in I. exustus (Maes et al. 2022; Ryland 
and Bishop 1990). These phenomena commonly occur in 
the Planorbidae (Maes et al. 2022; Saijuntha et al. 2021). 
The distinct rivers in various regions of Thailand could 
impact the genetic variations and structure of I. exustus due 
to the water flow being limited or non-existent water flow 
between different catchments. This limitation in water flow 
might consequently restrict gene flow and migration among 
I. exustus populations across catchments, resulting in high 

Table 5   Genetic divergence 
and haplotype distribution of I. 
exustus from Thailand based on 
28S rDNA sequences

Population Number of 
sequences

Genetic 
divergence 
(%)

Number of 
haplotypes

Haplotype frequencies

H1 H2 H3 H4 H5 H6 H7 H8

North 4 0.24 2 3 1 0 0 0 0 0 0
Northeast 6 0.19 3 4 0 0 0 0 1 1 0
Central 23 0.03 3 21 0 0 0 1 0 0 1
West 2 0 1 2 0 0 0 0 0 0 0
East 3 0 1 3 0 0 0 0 0 0 0
South 6 0.16 4 3 0 1 1 1 0 0 0
Total 44 0.09 8 36 1 1 1 2 1 1 1
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genetic differences between areas (Bunchom et al. 2021). 
Meanwhile, changes in the natural environment, particularly 
seasonal changes, play a significant role. Seasonal varia-
tions in the availability of aquatic habitats are another factor 
affecting the fluctuations of snails. Adult I. exustus snails 
exhibit high desiccation tolerance, enabling them to survive 
the dry season by burying themselves in mud, whereas the 
resistance of juvenile snails is very low (Parashar and Rao 
1982). Populations that survive a bottleneck may experience 
genetic drift (Nyström et al. 2006). Population bottlenecks 
lead to a reduction in population size and loss of genetic 
variation due to random genetic drift, resulting in diminished 
genetic variability within the population (Shirk et al. 2014; 
Weber et al. 2004).

The dispersal of snails into new areas may lead to a rela-
tionship between host and parasite and to the development 
of specific life cycles (Lv et al. 2009). The presence of snail 
intermediate hosts affects the distribution of trematode 
parasites (Dung et al. 2013; Maes et al. 2022). In the past, 
there were reports that I. exustus acts as the first intermedi-
ate host for several trematode parasites, especially echinos-
tomes and schistosomes (Devkota et al. 2015; Krailas et al. 
2022; Wiroonpan et al. 2021). The invasion of snails leads 
to parasites spreading faster and increases the chances of 
them infecting definitive hosts, including humans (Lu et al. 
2018). In addition, the wide diffusion of snails due to natural 
factors results in pathogens spreading into new areas because 
parasites are likely to be translocated with their hosts (Demi-
aszkiewicz 2014; Kelehear et al. 2013; Taraschewski 2006).

In summary, we have assessed the suitability of two 
genetic markers for the molecular systematics and molec-
ular identification of I. exustus. The nuclear 18S and 28S 
rDNA genes were successfully employed to distinguish I. 
exustus from another genus belonging to the family Planor-
bidae. We also revealed that the 18S rDNA gene had a rela-
tively slow evolutionary rate and low variability compared 
to those of the 28S rDNA gene. The 28S rDNA gene of 
I. exustus is suitable for phylogenetic studies, whereas the 
18S rDNA gene is appropriate for identification. However, 
these markers, particularly the 18S, may not be suitable for 
genetic analysis within the species, particularly for popula-
tion genetic studies, due to their limited variation as seen in 
this study. The 18S and 28S rDNA genes may be useful as 
alternative, good genetic markers for identifying species of 
I. exustus.
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