CHAPTER III
MATERIALS AND METHODS
3.1 Taxonomic Reviews of Amphidromus

A range of forest types were surveyed and specimens of shell and
living individuals sampled across Thailand, Laos, Malaysia, Singapore and
Indonesia. Fieldwork focused on l alities for which there were prev1ous
records but included some additio y ties. Specimens were drowned in
water and preserved in 70% Ethano} atomlcal study and eventual
storage in our general collem..F or m dy, portions were frozen at
-80 °C and immediately transierred to 95"/’W Genital morphology and
any available spermatop . r1t1\ca11y mined. Intact adult shells
were measured for whor héll ‘height“(h), major dlameters or shell
width (d) using digital if
height/shell width ratios
reduce the dominatin
Cameron, 1979).

lated as a measure of shape to
i avetall si (Pilsbry, 1939; Kerney and

The buccal mass was
solution for 3 to 5 hours b orjtf-eﬁtract ng
distilled water and preserved in, 9% ethanol. F
Scanning Electron Mleiioscope ‘(JE‘OL*’ JS IQiV}; the formula and shape
of radula teeth were ofs : .

- =

The following abbreviations ar y introtﬂlced for spermatophore:

ces, coiled expanded segtion; ss, sperm, sac (Fig. 4.6), and others are as
defined by Coll JHTFB’ m 1 983): ag, albumin
gland; ap, appeﬁx mﬁ P, gl allic pilaster; evd,

entrance of vas deferens; fl, flagellum; fo, freq=QV1duct gd, gametolytic duct

QRS RaRAATOR: e
oviduct; p, A enial retracto e; pv, pemal
verge; pvo, penial verge orifice; ta, talon; v, vagina; vd, vas deferens; vp,

vaginal pilaster. The direction of shell coiling for the material examined is
indicated by: D, dextral and S, sinistral

Registration numbers all refer to collections of the Chulalongkorn
University, Museum of Zoology, Bangkok, Thailand (CUMZ), unless
otherwise stated.
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Figure 3.1 Amphigdromus sgey!emlnology angjits measurement: (A) shell
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3.2 Molecular Phylogeny of Amphidromus
3.2.1 Sample analyzed

We obtained samples from 30 localities from Indonesia, Laos,
Malaysia, Singapore and Thailand (Fig. 6.1). Those samples included 51
individuals of 11 taxa in 8 species of the subgenus Amphidromus and 33
individuals of 9 species in the subgenus Syndromus (Table 1). We stored foot
tissues of those individuals at -80 °C or in 95% ethanol. We used species of

taroups | fop phylogenetic analysis, Camaena
illustris, Chloritis siamensis H‘»\ ' ,dv izonatus, because they have
been suggested as the basdﬁ“ genus ﬁd!romus (Pilsbry, 1900; 1901;

Gude, 1914; Laidlaw and Soleir . W tified all the samples based

ach tissue specimen by a
al., 1996). We also used
old tissue specimens.
Approximately 0.01-0.5 Was gl 500 pl of STE extraction
buffer with 25 ul of prote1 3 101 ' 5 pl of SM NaCl and 25 ul of

We extracted a"tof
standard protocol with phiene

ethanol puriﬁcation.
and stored in -20 °C.

We amp agi mﬁﬂ% DNA coding 16S
rRNA by PCR v@neu mﬁ ?"tFTGCATAATGG-

3’ (Chiba, 1999) and 16Sbdl 5’-GTGAACTCAGATCATGTAGG-3’ (Seki,

2002). Th ﬁiﬂjcﬁ; ﬁa‘? mm’mytﬁ f dNTP, 0.5
uM of eacaEl @ te q of Tag DNA
polymerase (Takara). Template DNA in each reaction mixture was initially
denatured at 95 °C for 4 min, and then amplified through 35 cycles of
denaturation for 35 sec. at 94 °C, annealing for 45 sec. at 50-55 °C, extension
for 55 sec. at 72 °C and extra extension for 10 min at 72 °C. PCR products
were electrophoresed in 1% agarose gels. We excised the target fragments
from the gels and purified with Gene Clean Kit III (Bio 101). We directly

sequenced the purified PCR products with an automate DNA sequencer (LI-
COR, Gene reader 4200) in both directions by the dideoxynucleotide dye-
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primer method following the protocol for Thermo Sequencease Cycle
Sequencing Kit (Amersham Bioscience).

3.2.3 Sequences Analysis.

We aligned nucleotide sequences primarily with software AlignIR (Li-
Cor). We then completed alignments based on maximum nucleotide similarity
using CLUSTRAL W 1.4 (Thompson et al., 1994) and confirmed manually.
We excluded ten regions of ambi uP alignment from the final data set,

AR bp regions. All members of the
etected in the outgroups. A
single taxon in the ingroup.exhib | ertion. We did not exclude

ately 780 bp of partial
ited in Genbank (Table

phylogenetic analysis, Wt
16S rRNA gene. Thosg

-Cantor and Kimura 2-
). For the MP analysis, we
- search option with tree bisection
idom additions. We assumed the

yses, according to the observed

and neighbor-joining
parameter model using PA
applied equal weighting a
reconnection branch-swapping and
transition:transversion, bias-as 2:1 ir
ratio in the ingroup a (transiti erston- =4 1.59). We used the
bootstrap probability*to ach”'node based on 1000
replications forMPandEIJ hods; and 100 replications for ML method.
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Table 3.1 Specimens examined.

Taxon Locality Chirality N Accession number

A. (A.) atricallosus atricallosus 16,17, 18 dimorphic 5D, 6S AB112365, AB112393-94
AB112369, AB112392,

A. (4.) atricallosus leucoxanthus 10, 23 dimorphic 5D, 1S

AB112395
A. (4.) atricallosus perakensis 27 dimorphic 4D, IS AB112368
A. (A.) inversus inversus 27,28 imorphic 6D,2S AB112367, AB112400
A. (A.) inversus annamiticus N ‘fp AB112366, AB112391
A. (A.) schomburgki > AB112373, AB112396
A. (A.) perversus natunensis AB112375
A. (4.) palaceus AB112374
A. (A.) martensi AB112376
A. (4.) similis AB112371
A. (A.) givenchyi AB112372, AB112398-99
A. (S.) pictus AB112381
A. (S.) adamsii AB112370
A. (S.) areolatus AB112387, AB112405

AB112377, AB112397,
AB112401-02

AB112379, AB112403-04

A. (S.) xiengensis

A. (S.) semitessellatus

A. (S.) flavus AB112386

A. (S.) porcellanus AB112380
Amphidromus (S.) sp.? sinistra AB112378

A. glaucolarynx ﬂ u EJlf}WIEJ ﬂng-pw EJ @ ﬂ iAB112382 85
Outgroup

B JAIR ﬁﬂ 0 (iR ‘?’I ) ’]ﬁ

Camaena illustris
Chloritis szamenszs dextral AB112390

Notes. Locality numbers correspond to those in Fig. 6.1. N indicates the
number and chirality of individuals examined. D: dextral; S: sinistral. All
sequences used in the present study are registered to GenBank. *
undescribed species.
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3.3 Morphological Phylogeny of Amphidromus
3.3.1 Characters Determination

The ingroup taxa for the present study comprise of two subgenera;
there are 9 species of Amphidromus (Amphidromus) and the less 7 species
from Amphidromus (Syndromus) All ingroup taxa were selected on the basis
of availability of specimens with preserved bodies suitable for anatomical
studies. Characters used in the clz | sis were defined on the basis of
anatomical studies. A total of 17 mor; %racters included shell (12),
radula (2) and genital system.(3) at the 18 species examined.
Characters and characte elow. Shell and genitalia

r W ‘- W b . itali
terminology mainly fol : (1 ge (1901, 1902), Solem

(1983).
\ o
The selected char gre o \tﬁx. From a total of 17
characters, 4 were ¢ 1l1ist t4 s maining 13 as binary
characters. All multista e ‘ d as unordered because this
allows for all possible hy of ; ested simultaneously by

character congruence 2) and Rognes (1997).
Polymorphic characters we [7as ibset polymorphism. The symbol
“?” in the matrix means characfg%t anknown’ or ‘not applicable’. For the
cladlstlc analysis of the charadéef*matn' € Co er program PAUP. The

ooted 1r maena ilustris—and Chloritis siamensis,
representlng the confas s based on Pilsbry (1900)

3.3.2Charﬁqijﬂ'3wﬂﬂ%}Wﬂ’]ﬂi

Characters 9-12: Shell structure
: Sﬁ‘Wﬁﬁ\?ﬁﬁ‘Mﬁ%’]’mma ¢)

2. Shell outline: shell height: 0 = less than shell width
1= less than or equal 35 mm
2 = larger than 35 mm

3. Apertural shape: 0 = sub-circular
1 = ovate
2 = elongate ovate
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4. Lip developed: 0 = simple expanded, not thicken and reflected
= expanded, thickened and reflected

5. Coiling direction: 0 = dextral (right-handed coiling)
1 = sinistral (left-handed coiling)
2 = dimorphic coiling (both left- and right-handed
individuals found in a population)

6. Periostracum: 0 = corneous transparent
1 = transl %ored
,-a

7. Varix: 0 = absent

l= prese"-v

8. Protoconch ¢

9. Peristome color:

10. Parietal callus: 0 =fve a;'_;;; i{

11. Parietal call ;: ause parietal callus very
Vi t(see character 10)

g deep purpli ‘
‘o i eep purplish
Aug AT HEnS
12. Shell col®r pattern: 0 = monochrome

QRINNTRFARNYNY

3 = with spiral band and radial streak or blotch

Characters 13-14:Radula
13. Radula: teeth shape: 0 = triangular
1 = spatula
14. Radula: central tooth: 0 = monocuspid
1 = tricuspid
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Figure 3.2 F lagmjycgjl(g nrﬂen guuzf'l an’J @)i‘hloritis siamensis.

Flagellum and appendix of (C) A4 (Aﬁerﬂmus natuneﬂd‘rz@ (D) 4. (4.)

inversus, @)F sﬂrﬁ‘l f%@ Wﬁ%ﬁ}ﬂ (G) 4. (4)
schomburgki. Flagellum o - (S) flavus, (I) A. (S.) xiengensis, (J) A. (S.)
semitessellatus, (K) Amphidromus (Syndromus) sp. and (L) A. (S.)
glaucolarynx.
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Characters 15-17: Reproductive system
15. Flagellum: 0 = long, straight, thin, distally with enlarge coiled
1 = short, thick and apical portion abruptly thinner
Distal portion of penial complex is above the junction of the wvas
deferens (Fig. 3.2). The flagellum in the Amphidromus (Amphidromus) is
always present and shows a variety of shapes and length. In the one hand,
Amphidromus (Syndromus) always have a short flagellum.

16. Appendix: 0 = absent 17
1 = presen &\ oh long: .
Most of the distal pestion whict b coiled portion of flagellum

(Fig. 3.2). The appendix 10 the-Amphidromus is explicitly smaller size than
ﬂagellum and it shows 4 ﬂfr’ gfyf leng ws nging from absent or vestigial
0 ﬁf \\\~ m length. In the one hand,

in A. (A.) inversus to
Amphidromus (Syndromns) us of flagellum and lacked
of an appendix; excepted‘ind 4l (5. rJ uu b\ the flagellum is slightly
short; appendix is sma iZ¢ d similz leng flagellum.
. ‘ Af:: ¥ | ‘
17. Internal sculpturgfofvagina: 0= proximally with simple ridges
r “51”‘ = proximally with specific folding
Vo ~ridges closed to the atrium.

Rounded protuberance m"' ed closed to the vagina, atrium and
penis junction. When it hpreselfeej ' SCulpture. inside has a transverse
and swollen ridgesg=This characteristic is abss in the member of
Amphidromus (Amphia ‘ dromus) vary greatly

from absent to well devgope 4.

ﬂﬂﬂ?ﬂﬂﬂ‘ﬁ'ﬂﬂ’m‘i
quﬂﬁﬂ‘iﬂu UANINYAY
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