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Abstract

Systematic studies of land operculate snails genera Cyclophorus and Rhiostoma
were carried out using allozyme and DNA analyses. Eight species of Cyclophorus
exhibit the close relationships and congruent with the shell taxonomy. However C.
fulguratus which found distribute in many areas, and it seems that the shell taxonomy
could not distinguish those entities. Allozyme electrophoresis analyis of snails from 13
localities has been done. There were large values of genetic distance among samples
obtained from three regions. On the basis of alleles frequencies and allozyme
phenogram, three groups were identified: central, northeastern Thailand, suggesting that
these three groups may actually represent separate biological species. In addition the
16S DNA sequences analysis revealed that C. borneensis was in basal clade and C.
fulguratus appeared in many clades as found in allozyme phenogram.

In Rhiostoma, the phylogenetic tree show the it as derived entity occurred after
Cyclophorus and related to the genus Leptopoma. Rhiostoma chupingense and R.
housei showed distinct intrageneric similarities in both haploid and diploid chromosome
number (n = 14, 2n = 28, FN = 56)'but karyotype variations were recognized of 10m +

4sm in R. chupingense and 12m + 2sm in R. housei.
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Leptopoma
Executive Summary

The land operculate snails genera Cyclophorus and Rhiostoma play very
important roles in terrestrial ecosystem because of their decomposers function by
declayed leaved consumption and also consume microbes on dead leaves and logs.
Moreover the people in local areas of Thailand and nearby countries like to eat the
Cyclophorus snails as their usual menu. The snails in both genera exhibit evolutionary
trait through the morphological characters of half freshwater and half land snails. The
similarities of shell characters and internal organs brought the taxonomy problematic.
Systematic studies using powerful tool such as allozyme electrophoresis and DNA can
be solved the problems and found the relationships of shell taxonomy in Cyclophorus
except in C. fulguratus which reported distributed in many areas. The analysis revealed
three groups: central, northeastern and eastern represent separate biological species of
large values of genetic distances among samples obtained from three regions. And 16s
DNA sequence analysis exhibit the same result, and also showed that Rhiostoma has

derived after Cyclophorus and closed related with Leptopoma
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Leptopoma sp.2

Rhiostoma sp.

73 Cyclopholus fulguratus (SN6)

Cyclopholus fulguratus (SN5)
100

Cyclopholus fulguratus (SN2)

o5 Cyclopholus fulguratus (SN13)

Cyclopholus fulguratus (SN12)
78

Cyclopholus fulguratus (SN4)

100 Cyclopholus fulguratus (KS18)

7 Cyclopholus fulguratus (KS1£)

100 Cyclopholus sp.1 (SN3)

Cyclopholus saturnus (CB1)

100 e Cyclopholus volvulus (LB1-1)

93 ke Cyclopholus volvulus (LB1-2)

96 Cyclopholus fulguratus (SK1)

63

Cyclopholus speciosus (NN1)

Cyclopholus courbeti (TK1)
100

Cyclopholus fulguratus (ST1)

88

61 Cyclopholus fulguratus (UT1)

e Cyclopholus fulguratus (UT2)

Cyclopholus sp.2 (CR1)

100 ——sse—u Cy'clopholus courbeti (CM1)

Cyclopholus courbeti (CM2)

Cyclopholus cantori (KB1)

Cyclopholus borneensis (TM1-Malaysia)

Length CI RI RC HI G-fit

774 0556848  0.684743 0381297 0443152 -170.096429
774 0556848  0.684743 0381297  0.443152  -170.096429
774 0556848  0.684743 0381297  0.443152  -170.096429
774 0556848  0.684743 0381297  0.443152  -170.096429

J AA v =l .
Mwn 3 Phylogenetic tree ez doiin col lunan Cyclophorus \\as Rhiostoma
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-
@N39N 2. Enzymes and presumptive loci with tissues and buffer systems used.

Enzyme E.C. Number Locus Tissue* Buffer system™*
Aspartate aminotransferase 2.6.1.1 Aat L TC7
Esterase 3.1.1- Est-1,2, 3 L TC8
Glucose-6-phosphate isomerase 5.3.1.9 Gpi L TBES8.7
3-Hydroxybutyrate dehydrogenase 1.1.1.30 Hbdh L TBES8.7
Peptidase (leucyl-glycyl-glycine) 34.-.- Lgg L TBES8.7
Peptidase (glycyl-leucine) 34.-.- Lg M TC8
Malate dehydrogenase ©1.1.1.37 Mdh L TC7
Isicitrate dehydrogenase 1.1.1.42 ldh-1, 2 L TC8
Mannose-6-phosphate isomerase  5.3.1.8 Mpi M TC8
Phosphoglucomutase 2.75.1 Pgm L TC8
Superoxide dismutase 1.15.1.1 Sod L TBE8.7

* Tissues: L, liver; M, muscle

12

* Buffer systems: TC8, tris-citrate, pH 8.0 (Clayton and Tretiak, 1972); TC7, tris-citrate, pH 7.0

(Shaw and Prasad, 1970); TBE8.7, tris-borate-EDTA, pH 8.7 (Boyer et al., 1963)
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P
A3 3. Allele frequencies at polymorphic loci, mean number of alleles per locus (A), percentage of polymorphic loci

(P}, and expected heterozygosity (Standard error in parentheses) in Cyclophorus fulguratus. Locality numbers comrespond to

those in Fig. 1. Notations of alleles are alphabetical in order of anodal mobilities.

Locus Locality

and 1 2 3 4 5 6 7 8 9 10 11 12 13

allele

Lg

a 1.000 0975 1.000 1.000 1.000 1.000 1.000 0.921 1.000 1.000 1.000 0975  0.289

b 0.025 0.079 0.025  0.711

Est-1

a 0.018 0.167 0.053 0.150 0.091

b 0.028 0.982 1.000 0.833 0.868 0.850 1.000  0.909 1.000 0.594

¢ 0.250 0.775 0.694 0.079 0.406

d 0.750 1.000 0.225 0.278

Est-2 .

a 1.000 1.000 0.111 0.955 1.000 0.147

b 0.929 0.342 0.325 0.393 1.000 0.889 1.000  0.045 1.000  0.588

¢ 0.071 0.658 0.675 0.607 0.265

Est-3

a 0.071 0.075 0.132 0.094 0914 1.000 0.944 0.868 1.000 0.864 1.000 1.000 0.025

b 0.929  0.925 0.868 0906  0.086 0.056 0.132 0.136 0.975

ldh-1

a 0.036  0.300 1.000 1.000 0.091 0.864 1.000

b 0.964 0.700 1.000 1.000 1.000 1.000 0909 0.136 1.000

c 1.000

Idn-2

a 0.036 0.143 0.368 0.333 0.045 0.025

b 0.964 1.000 1.000 1.000 0.857 0.632 0.667 1.000 1.000 1.000 0.955 1.000 0.975

Mdh

a 0.075 0.091 1.00(

b 1.000 1.000 0.925 1.000 1.000 1.000 1.000 1.000 1.000  0.909 1.000 1.000

Hbdh

a 0.111 0.045 0.025

b 1.000 0.700 0.767 0966 0.975 0.944 0.944 0.889 1.000  0.955 0.975

¢ 1.000 0.300 0.233 0.034  0.025 0.056 0.056 0.02¢

d 0.97

Gpi

a 0.025 0.028 0.042

b 1.000  0.975 1.000 0.972 1.000 1.000 1.000 1.000 0.9s8 1.000 1.000 1.000 1.00¢

Mpi

a 0.091 1.000

b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.909 1.000 1.000

Aat

a 0.025 0.028

b 1.000  0.975 1.000 0.972 1.000 1.000 1.000 1.000 1.000  0.909 1.000 1.000

¢ 0.091 1.00

Pgm .

a 1.000 1.000 1.000 0.816 1.000 0.955 0.909 1.000

b 0.286 1.000 1.000 1.000 0.184 0.045 0.091 1.000

c 0.714

A 1.5 1.5 14 1.5 1.3 1.2 1.3 1.5 1.3 1.5 1.3 1.2 1.5

p 46.2 46.2 385 46.2 30.8 154 30.8 46.2 308 538 308 154 46.2

Hexp 0.095 0.091 0.124 0.123 0.039  0.041 0.076 0.096 0.056 0.092 0.041 0.008 0.12
(0.041) (0.045) (0.050) (0.052) (0.022) (0.037) (0.041) (0.033) (0.027) (0.028) (0.019) (0.005) (0.0




@13197 4 Matrix of genetic distances between samples of Cyclophorus fulguratus
from Thailand. Below diagonal: Nei’s (1978) unbiased genetic distance. Above

diagonal: Rogers (1972) genetic distance.

Population Locality

1 2 3 4 5 6 7 8 9 10 11 12
1. Srisatchanarai - 0.225 0.181 0.161 0.361 0.385 0.375 0.341 0.363 0.355 0.354 0.
2. 0.181 - 0.154 0.144 0.430 0.456 0.441 0.394 0.417 0.420 0.421 O.
Ramkamhaeng
3. Thepsatit 0.110 0.105 - 0.029 0.388 0.4i4 0.398 0.352 0.379 0.370 0.379 0.
4, Thepsataporn  0.092 0.104 0.000 - 0.381 0.406 0.390 0.345 0.367 0.370 0.371 O.
5. Nawa 0418 0.514 0.442 0432 - 0.026 0.030 0.053 0.046 0.057 0.030 O.
6. Lumpahung  0.453 0.557 0.479 0.470 0.004 - 0.022 0.078 0.058 0.079 0.042 0.
7. Namun 0.428 0.522 0.452 0.443 0.002 0.000 - 0.068 0.049 0.087 0.043 0.
8.Waritchaphum 0.370 0.442 0.369 0.361 0.005 0.016 0.011 - 0.063 0.069 0.045 O.
9. Nanghong 0.417 0.509 0.437 0.428 0.003 0.012 0.007 0.005 - 0.071 0.030 0.
10. Namphung  0.375 0.486 0.397 0.387 0.003 0.014 0.012 0.004 0.004 - 0.063 0.
11. Namlad 0.414 0.502 0.428 0.419 0.001 0.008 0.005 0.002 0.000 0.003 - 0.
12.Phukumkhao  0.429 0.529 0.452 0.443 0.002 0.010 0.009 0.004 0.001 0.002 0.000 -
13. Khaochakan 0.701 0.662 0.544 0.555 0.993 1.060 1.044 0.895 1.000 0.831 0.980 O.
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Genetic divergence in the Cyclophorus fulguratus (Gastropoda:

Cyclophoridae) in Thailand

Pongpun Prasankok, Piyoros Tongkerd, Chirasak Sutcharit

and Somsak Panha

Category: Taxonomy and Systematics

ABSTRACT—  Allozyme variation in Cyclophorus fulguratus, obtained
from Thailand have been examined. To determine whether this species was
monotypic across its regional distribution, genetic differentiation among
populations from 13 localitiels were studied through allozyme electrophoresis of
12 loci. There were fixed allelic differences and large values of genetic
distances among samples obtained from three regions. On the basis of allele
frequencies and allozyme phenogram, three groups were identified: central,

northeastern, and eastern Thaialnd, suggesting that these three groups may

actually represent separate biological species.

Key words: Cyclophorus fulguratus; Allozyme: Genetic variation: Taxonomy



INTRODUCTION

The operculate land snails, Cyclophorus fulguratus (Pfeiffer, 1852) is a
ground dwelling prosobranch gastropod species widely distributed throughout
Myanmar and Thailand (Kobelt, 1902; Habe, 1964; Abbott, 1989). Based on
shell morphology of red brown color of medium size shell, about 3-4 cm width,
with zigzag transverse bands throughout, this demonstrated that populations of
this pecies in variuos parts of Thailand are taxonomic uncleared. This may
because of the convergence c;f shell characters.

With high species diversity of over 600 and a wide-ranging distribution,
Cyclophorus is an attractive subject for systematic and biogeography. However,
while the intraspecific shell morphology of Cyclophorus is variable, general
shell form in Cyclophorus is conservative and morphology of the reproduction
organs has not been reported as being of value in species discrimination. There
are few papers reported karyotyping of lass than 5% of the total species in the
genus (Kasinathan and Natarajan, 1975; Choudhury and Pandit, 1997). Recently
Kongim et al., (2006) reported karyotypes of the genus Cyclophorus in
Thailand and found the sex-determining cromosome as the the first record for

Cyclophorus. Cyclophorus fuguratus showed variation between central (12m +



2sm) and northeastern regions (13m + 1sm) of Thailand. This was the first
attempt for alpha systematics of the genus. And Kongim (2006) confirmed that
reproductive anatomy could not be used as a good tool for sytematics.

Here we present genetic divergence in C. fulguratus on the basis of
allozyme data among populations from 13 localities in Thailand, which will

allows some discussion of systematic implications.
MATERIALS AND METHODS

Sampling was carried out in Thailand (Fig.1). In total, 222 C. fulguratus
were collected from 13 localities. We also collected specimen following
Kongim et al. (2006) for sarr;ples from Khaochakan and Nawa. All snails were
stored at -70°C until they were processed for electrophoresis. Liver and muscle
tissue was removed from each specimen and homogenized. Protein extracts
from each homogenate were subjected to horizontal starch gel electrophoresis
following Murphy et al. (1996) with slight modifications. Voucher specimens
were deposited in the Chulalongkorn University, Museum of Zoology.

Electrophoretic methods largely followed Clayton and Tretiak (1972),
Boyer et al. (1963), and Shaw and Prasad (1970). Enzyme nomenclature and

E.C. numbers follow those proposed by the International Union of

Biochemistry.



Genotypic frequency at each polymorphic locus was tested for agreement
with Hardy-Weinberg expectation using exact test. Genetic variability within
each population was assessed by calculating the mean expected heterozygosity
(Hexp), the mean number of alleles per locus (4), and the percentage of
polymorphic loci (P).

Nei’s (1978) unbiased genetic distance and Rogers’ (1972) genetic
distance were calculated for all pairwise comparisons of samples in order to
estimate the extent of differentiation among populations. The coefficient was
cluster by the UPGMA (Sneath and Sokal, 1973). Data analyses were

performed using BIOSYS-1 (Swofford and Selander, 1981).

RESULTS

In the samples of C. fulguratus, 13 out of 12 loci for eleven enzymes
were polymorphic (Table 3). Genotype frequencies appeared to deviate from
Hardy-Weinberg expectation in two populations, Namphung at three loci, Mdh,
Mpi and Aat, and Nawa at one locus, Hbdh. In Namphung population, lack of fit
can be attributed to the presence of one individual homozygous for an allele (a,
a, and c, respectively) not present in other Namphung snails. The homozygosity
of this snail for Mdh, Mpi and Aat and the absence of heterozygotes might be
indicated that this snail represents a cryptic species. In addition, this snail did

not differ morphologically from other Namphung individuals and its genotypes



were otherwise identical to other snails (Table 3). In Nawa population,
considering the total number of loci examined, it is not statistically significant
because of multiple comparisons involved. The percentage of polymorphic loci
varies between 15.4 and 53.8. The expected heterozygosity (Hexp) varied
greatly among populations, ranging from 0.008 to 0.127. The central Thailand
samples showed fnoderate P and Hexp values (38.5-46.2 and 0.091-0.124,
respectively: Table 3). Likewise, the northeastern Thailand samples exclusive of
those from Phukumkhao displayed moderate to low P and Hexp values (15.4-
53.8 and 0.039-0.096, respectively). In the Phukumkhao sample, both P and
Hexp were much lower (15.4 and 0.008).

Different alleles were fixed at three of the 12 polymorphic loci (Idh-1,
Mpi, and Aat ) between thé Khaochakan sample and the central Thailand
samples. The Khaochakan sample was distinct from all Thailand samples in
having allele “c” at Idh-1. Also, this sample showed fixed and nearly fixed
allelic differences from the northeastern Thailand samples at Idh-1, Mdh, Hbdh,
Mpi and Aat. Within the northeastern Thailand samples, fixed differences were
observed between the Namlad-Lumpahung-Namun samples and the
Nakhonphanom-Nanghong-Phukumkhao samples at Est-2, between the
Namlad-Lumpahung-Namun samples and the Nakhonphanom-Waritchaphum-
Phukumkhao samples at Idh-1. Within the central Thailand samples, there was
fixed differences between the Ramkamhaeng sample and the Srisatchanarai

sample at Hbdh.



Matrices of Nei's (1978) genetic distance (D) and Rogers (1972)
distance between the samples of C. fugulratus are presented in Table 4. The
values of D between the samples varied from 0-1.060. Large D values were
obtained between the Khaochakan sample and the central Thailand samples
(mean + S.D., 0.616 + 0.078; range, 0.544-0.701), between the Khaochakan
sample and the northeastern Thailand samples (0.974 + 0.076; range, 0.831-
1.060), and between the central Thailand samples and the northeastern Thailand
samples (0.444 + 0.049; range, 0.369-0.557). The D values between the central
Thailand sampies (0.099 + 0.058; range, 0.000-0.181) were smaller, and larger
than those between the northeastern Thailand samples (0.005 + 0.004; range,
0.000-0.016).

The phenogram (Fig. .2) constructed from the matrix of genetic distance
for among population comparisons revealed a marked divergence between the
Khaochagan population and the remaining populations. The remaining

northeastern populations were separated from the central populations.

DISCUSSION

The P values in land snails have been reported from 6% to 100 %, with
an average of 31.5% (Nevo, 1978). The Hexp values also vary, ranging from
0.0002-142. Thus, the obtained P and Hexp values of C. fulguratus are

considered moderate for a polymorphic species.



Both the geographic pattern of fixed allelic differences and the topology
of the UPGMA phenogram have grouped the samples of C. fulguratus
according to their geographic location in to three groups: central, northeastern,
and eastern Thailand. The relatively large genetic distance and allelic
differences suggest that these samples actually represent three distinct localized
populations. On the basis of shell morphology, Habe (1964) mentioned that C.
fulguratus obtained between central Thailand, northeastern Thailand exhibit
significant variation. The samples from the northeastern region differ from that
of central Thailand in having unicolored periostracum. The present results do
not only support these notions, but also support the validity of the chromosome
variation between two regions.

The Khaochakan pop.ulation, identified as C. fulgurtus (Kongim et al.,
2006; Habe, 1964) reveals relatively large degree of divergence from the
remaining populations. Data obtained from allozyme analyses strongly suggest
that this population represents the full species. However, our data suggest that
the taxonomic allocation of this population is yet unclear and remains to be
clarified on the basis of comparative analyses of the geographic variation in
morphological characters and DNA sequence of the potential C. fulguratus

species complex.
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Figure legends

Fig. 1. Map of Thailand showing the collecting localities of Cyclophorus
Sfulguratus in this study. 1 Srisatchanarai; 2 Ramkamhaeng; 3 Thepsatit; 4
Thepsataporn; 5 Nawa; 6 Lumpahung; 7 Namun; 8 Waritchaphum; 9

Nanghong; 10 Namphung; 11 Namlad; 12. Phukumkhao; 13 Khaochakan.

Fig. 2. UPGMA phenogram for Cyclophorus fulguratus based on Nei’s (1978)

genetic distance.



Table 1. Localities and sizes of samples of Cyclophurus fulguratus used in this study. The sample

numbers correspond to those in Fig. 1.

Sample
Locality N
1. Srisatchanarai 14
2. Ramkamhaeng 20
3. Thepsatit 20
4. Thepsataporn 18
5. Nawa 29
6. Lumpahung 20
7. Namun 9
8. Waritchaphum 19
9. Nanghong 12
10. Namphung 11
11. Namlad 11
12. Phukumkhao 20

13. Khaochakan 20




Table 2. Enzymes and presumptive loci with tissues and buffer systems used.

Enzyme E.C. Number Locus Tissue* Buffer system**
Aspartate aminotransferase 2.6.1.1 Aat L TC7
Esterase 3.1.1- Est-1,2,3 L TC8
Glucose-6-phosphate isomerase 5.3.1.9 Gpi L TBES.7
3-Hydroxybutyrate dehydrogenase 1.1.1.30 Hbdh L TBES.7
Peptidase (leucyl-glycyl-glycine)  3.4.-.- Lgg L . TBES8.7
Peptidase (glycyl-leucine) 34.-.- Lg M TCS8
Malate dehydrogenase 1.1.1.37 Mdh L TC7
Isicitrate dehydrogenase 1.1.1.42 Idh-1, 2 L TC8
Mannose-6-phosphate isomerase ~ 5.3.1.8 Mpi M TC8
Phosphoglucomutase 2.7.5.1 Pgm L TC8
Superoxide dismutase 1.15.1.1 Sod L TBES.7

* Tissues: L, liver; M, muscle
** Buffer systems: TCS8, tris-citrate, pH 8.0 (Clayton and Tretiak, 1972); TC7, tris-citrate, pH 7.0 (Shaw and Prasad,

1970); TBES.7, tris-borate-EDTA, pH 8.7 (Boyer et al., 1963)



Table 3. Allele frequencies at polymorphic loci, mean number of alleles per locus (4), percentage of
polymorphic loci (P), and expected heterozygosity (Standard error in parentheses) in Cyclophorus
JSulguratus. Locality numbers correspond to those in Fig. 1. Notations of alleles are alphabetical in order
of anodal mobilities.

Locus Locality

and 1 2 3 4 5 6 7 8 9 10 11 12 13
allele

Lg

a 1.000  0.975 1.000 1.000 1.000 1.000 1.000  0.921 1.000 1.000 1.000 0975 0.289
b 0.025 0.079 0025 0711
Est-1

a 0.018 0.167  0.053  0.150 0.091

b 0.028  0.982 1.000 0833 0.868 0.850 1.000  0.909 1.000  0.594
c 0.250 0.775 0.694 0.079 0.406
d 0.750 1.000  0.225 0.278

Est-2

a 1.000 1.000  0.111 0.955 1.000 0.147
b 0929 0342 0.325 0.393 1.000 0.889 1.000  0.045 1.000  0.588
c 0.071 0.658 0.675 0.607 0.265
Est-3

a 0.071 0.075 0.132  0.094 0914 1.000 0944  0.868 1.000  0.864 1.000 1.000  0.025
b 0929 0925 0.868 0906  0.086 0.056  0.132 0.136 0.975
Idh-1

a 0.036  0.300 1.000 1.000 0.091 0.864 1.000

b 0.964  0.700 1.000 1.000 1.000 1.000 0909 0.136 1.000

¢ 1.000
Idh-2

a 0.036 0.143 0368  0.333 0.045 0.025
b 0.964 1.000 1.000 1.000 0857  0.632  0.667 1.000 1.000 1.000  0.955 1.000 0.975
Mdh

a 0.075 0.091 1.000
b 1.000 1.000 0925 1.000 1.000 1.000 1.000 1.000 1.000  0.909 1.000 1.000

Hbdh

a 0.111 0.045 0.025

b 1.000 0.700  0.767 0966  0.975 0944 0944 0.889 1.000 0.955 0.975

c 1.000 0300 0233 0.034 0.025 0.056  0.056 0.026
d 0.974
Gpi

a 0.025 0.028 0.042

b 1.000 0975 1.000 0972 1.000 1.000 1.000 1.000 0958 1.000 1.000 1.000 1.000
Mpi

a 0.091 1.000
b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  0.909 1.000 1.000

Aat

a 0.025 0.028

b 1.000 0975 1.000 0.972 1.000 1.000 1.000 1.000 1.000  0.909 1.000 1.000

c 0.091 1.000
Pgm

a 1.000 1.000. 1.000 03816 1.000 0955 0.909 1.000

b 0.286 1.000 1.000 1.000 0.184 0.045 0.091 1.000
c 0.714

A4 1.5 1.5 1.4 1.5 1.3 12 1.3 1.5 1.3 1.5 1.3 1.2 1.5
p 46.2 46.2 385 46.2 30.8 154 30.8 46.2 308 53.8 30.8 15.4 46.2

Hexp 0.095  0.091 0.124 0123  0.039  0.041 0.076  0.09%  0.056 0.092 0.041 0.008  0.127
(0.041) (0.045) (0.050) (0.052) (0.022) (0.037) (0.041) (0.033) (0.027) (0.028) (0.019) (0.005) (0.060)
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Ramkamkaeng
Srisatchanalai
Thepsathaporn
Thepsatit

Namlad

Nanghong
Phukumkhao
Nawa
Namphung
Waritchaphum
Lumpahung
Namun

Khaochakan

1.00 0.83 0.67 0.50 0.33 0.17 0.00
Nei’s (1978) genetic distance
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