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ABSTRACT

Phylogenetic assessment of the giant clams need to be improved using various genetic
markers since their relaionships are plagued by inconsistency result of several studies. This is
especially true for the species under sub-genus Chametrachea. Here we studied the phylogeny of
the giant clams using amino acid sequence of the mitochondrial COI gene. This study is aimed
to assess and better understand the relationships of the giant clams, especially for three species
under subgenus Chametrachea. The result showed close proximity between 7. croceaand T. squamosa
and between 7. maxima and T. gigas. However, amino acids sequences of cytochrome ¢ oxidase
1 gene was not strong enough to discriminate between 7. erocea and 7. squamosa. The majority of
mutations were hydrophobic to hydrophilic amine acids.
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INTRODUCTION

Phylogenetic relationships of the giant clams are plagued by uncertain results
of several studies using different molecular taxonomic character. This is true especially
for the species under sub-genus Chametrachea (Tridacna crocea, T. maxima and T. squa-
mosa).

A study using protein electrophoresis data supported the relationships among the
members of giant clams as those observed based on morphological character (Benzie
and Williams 1998) and showed that 7. crocea was closely related to T maxima than
to T squamosa. However, studies using DNA-based marker showed different pattern
of phylogenetic relationships of the giant clams T. crocea, T maxima and T. squamosa,
whereas relationships between T. gigas, T. derasa, T. tevoroa, Hippopus bippopus and H.
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porcellanus were clear (Benzie and Williams 1998, Maruyama ef /. 1998, Schneider
-and O'Foighil 1999). This inconsistence could be due to the difference of the resolv-
ing power of the markers. For example protein has a lower mutation rate than DNA-

* based marker and mutation rate of animal nuclear DNA is lower compared to those
of mitochondrial DNA (Sunnuck 2000, Randi 2000). This suggested to further study
the phylogeny of giant clam using various genetic markers.

‘The family of Tridacnidae, also known as giant clams, is conspicuous bivalve
inhabitants of coral reef across the Indo-Pacific region (Lucas 1988). Total length
of the adult individuals of this clam ranges from 15 cm in Tridacna crocea to 150 em
in T gigas. There is increasing interest to giant clams, not only due to their beautiful
colour pattern but also because of a remarkable decline of natural populations occurred
throughout their geographic range due to over-fishing (Lucas 1988) and environmental
deterioration (Pandolfi ez /. 2003). Developing of mariculture method and conservation
technology of this clam to overcome the problem has led a paramount research on clam
biology (Copland and Lucas 1988). However, their systematic and phylogeny has been
given little interest (Schneider and O’Foighil 1999), whereas that information is vital
for marine resources conservation and management.

Given that the relationship among the species under sub-genus Chamezracheais
still ambiguous and that all giant clams are listed as vulnerable species on the CITES
red list data book (Wells 1997), is imperative to understand their systematic and phy-
logeny so that decisions can be made concerning their conservation.

Here we assessed the phylogeny of giant clanis using partial sequences of amino
acids of the mitochondrial cytochrome c oxidase I gene. The evolution of this gene
is rapid enough to allow the discrimination of not only closely related species, but
also phylogeographic groups within single species (Wares and Cunningham 2001).
Insertion and deletion (indels) were uncommon in this gene (Hebert ef 2/, 2003a). Its
third-position nucleotides show a high incidence of base substitution, leading to a rate
of molecular evolution that is about three times greater than that of 125 or 16S rDNA
(Knowlton and Weigt 1998). However, its amino acid changes more slowly than in
cytochrome b or any other mitochondrial gene (Lynch and Jarrell 1993).

On nucleotide level, COI has two important advantages. First, the universal
primers for this gene are very robust, enabling recovery of its 5’end from representatives
of most animal phyla (Folmer et a/. 1994). Second, COI appears to possess a greater
range of phylogenetic signal than any other mitochondrial gene (Hebert ez a/. 2003a).
Moreover, this COI allowed the recognition of genetic divergence of conspecific popu-
lations associated with geographic isolation (Bucklin ez a/. 1999, Bucklin e# a/. 2003).
It has no recombination processes (Hebert ez a/. 2003b) and has broader phylogenetic
sign than alternatives such as cytochrome b (Simmons and Weller 2001). However, the
potential of the COI at amino acids level for phylogenetic study is not much known
and need to be assessed further.
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"This study is aimed to assess and better understand the phylogeny of giant clams,
especially for three species under subgenus Chametrachea.

MATERIALS AND METHODS

Sample collection and DNA isolation

Mantle tissues of T crocea were collected from Pulau Seribu, Spermonde, and
Biak, whereas 7 maxima samples were collected from Padang, Pulau Seribu, Spermonde,
Togian Islands and Biak during the field trips in 2004 and 2005 (Figure 1). Tissue
samples of 7. gigas were collected from Togian Islands, while T squamosa samples were
collected from the Red Sea in 2004. DNA analysis was carried out at the Department
of Biotechnology and Molecular Genetics, FB2-UF T, University of Bremen, Germany
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Figure 1 Map of the Indo-Malay Archipelago shawing samples sites, Pa = Padang,
PS = Pulau Seribu, Sp = Spermonde, T] = Togian lslands, Bk = Biak.

A small piece of mantel tissues were eut off from each specimen under water
with the help of forceps and scissors. This ssmpling methed was performed to mini:
mize negative effect of sampling activity to ‘p%pmanene’fkms samples wsregregervsé
on 96% of ethangl and stered at 4°C until DNA analysis. Total genomic DNA was
isolated using Chelex® methed following the pratecols from Whlsh ef of. (1991).

Amplification and sequencing -
A fragment of Cytochrome ¢ oxidase I (COI) gene was amplified using tridae-
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nid-specific primers (forwards: LCO: 5-GGG TGA TAA TTC GAA CAG AA-?
and reverse: RCO: 5-TAG TTA AAG CCC CAG CTA AA-3) which were designed
based on T crocea sequences obtained in a preliminary analysis using COI primer from
Folmer et al. (1994). These primers amplified a fragment of COI gene with approxi-
mately 530 bp length (Figure 2). PCR reactions were carried out in a total volume of 50
pl containing approximately10 picogram of DNA template, 1 x PCR buffer, 2 mM of
MgC12, 0.02 uM of each primer, 0.2 mM of each dNTPs and 1 unit Taq polymerase.
Thermal cycles were as follows: one cycle at 94 oC for 5 minutes, follows by 35 cycles
of 1 minute at 94 °C, 1.5 minutes annealing temperature (at 50 °C for T. maxima and
T gigas, 43 °C for T crocea and 47 °C for T. squamosa, respectively) and 1 minute at 72
°C for extension. Final extension was carried out at 72 °C for five minutes.

The PCR products were purified using the PeqGOLD cycle-pure kit (Peqlab
Biotechnologie GmbH, Erlangen, Germany) and QIA quick purification kit (Qiagen,
Hilden, Germany) following the protocol from the manufacturer. Both strands were
sequenced using the DyeDeoxy terminator chemistry (PE Biosystem, Foster City) and
an automated sequencer (ABI prism 310; Applied Biosystem, Weiterstadt).
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Figure2  The position of the primers and the fragment of the mitochondrial COI gene on the phylo-
genetic analysis

Phylogenetic analysis

All sequences were initially aligned and edited manually using Sequences
Navigator (version 1.0.1; Applied Biosystem). Multiple sequences alignment was done
using Clustal W as implemented in Bioedt ver. 7.0.4.1 (Hall 1999). All sequences were
translated into amino acids sequences with Squint software using the third reading
frame (http://www.cebl.auckland.ac.nz/bi/index.php).

Molecular phylogenetic analysis was based on 150 amino acids sequences from
four species of Tridacna (T crocea = 4, T. maxima = 5, T squamosa = 1, and T. gigas
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= 1 individual, respectively), with the sequences Pavicardium AF120664, Ruditapes
AY874536 and Myrilus AY484747 as out groups obtained from GenBank. Phylogenetic
trees were constructed with MEGA programme version 2 (Kumar ef a/. 2001) using
neighbour-joining method. Support for tree branching was based on 1000 non-para
metric bootstrap replicates.

RESULTS AND DISCUSSION

We translated a length of 450 bp of mtDNA Cytochrome ¢ oxidase I gene from
four species of giant clams (T crocea, 4 individuals; 7" maxima, 5 individuals; T squamosa,
1 individual and 7' gigas, 1 individual) and from Mytilus, Ruditapes and Pavicardium
into amino acid sequences. The translation of those COI sequences resulted in 150
amino acids sequences. The first codon is starting from nucleotide number one.

Figure 3 is a neighbor joining tree showing the phylogeny of giant clams based
on 150 amino acids. The tree showed that T crocea and 7. squamosa are monophyletic
taxa, whereas 7' maxima and T. gigas formed another monophyletic group. This dis
crimination between the two monopyletic groups are supported by high bootstrap
value (100). Different to the analysis based on nucleotide sequences, the placement of
T. squamoasa was mixed among T crocea specimens and was not clearly discriminated
but this pattern was supported by a rather weak bootstrap value (79). The separation of
T maxima and T, gigas was clear as those observed, although only supported by rather
weak bootstrap value of 76 (Figure 3).
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Figure3  Neighbor joining tree based on 150 amino acids of the mitochondrial COl acording to
uncorreted genetic distances (p-distances) and bootstrap analysis with 1000 replicates.
Te = Tridacna crocea, Tm = Tridacna maxima, Ts = Tridacna squamosa, Bk = Biak, Pa
= Padang, PS = Pulau Seribu, RS = Red Sea, SP = Spermonde, T1 = Togean Islands.
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In order to know the differences on the amino acid i
clan.1 species, we performed an analysis of shared amino gi:lgu br; :l)lle;:iitir;ong'gm'm
of giant clams species only (Table 1). There are differences in certainpamino aI:::irwfse
shan'ad among species. On the first site, amino acid glycine (G) is shared by T :roc:: lt;:
maxn.na and 7. squamosa, while T &igas has serine (S). So glycine has under };m .mutati’ '
to serine. At the site number seven, all species have isoleucine except twogi(;dividualsor;'
T crocea which have threonine. It is suggested that the seventh amino acid on T er .
has undergone mutation from isoleucine to threonine (Figure 4). S

Table 1 Number of shared amino acid by all possible pairwise of giant clams species

Possible pairwise Shared amino acids of 150

I crocea , T maxima , T. Squamosa,

T gtga.? 144 (96.00%)
T maxima, T. gigas 148 (98.67%)
T crocea, T. squamosa 149 (99.33%)
T. crocea, T. gigas 144 (96.00%)
T squamosa, T. gigas 145 (96.67%)
T maxima, T. crocea 146 (97.33%)
T. maxima, T. squamosa 147 (98.00%)

There are certain amino acids shared by 7. crocea and 7. squamosa at certain sites.
At site number 18 7. crocea and T. squamosa shared alanine, at site number 88 was
amino acid valine, at site number 148 was arginine (R). In contrast, at the same sites,
T. maxima and T. gigas shared amino acid serine, methionine, and leucine, respectively
(Figure 4). Figure 4 also shows that T gigas has specific amino acid (serine) which can
be found at the first and the 75th sites.

It was difficult to amplify COI gene from all giant clam mantle tissue using
universal primer from Folmer e 4/. (1994). To overcome this problem, we tried to de
sign other pair of universal primer (COI-F and COI-R) based on the COI sequences
of several bivalves available on GenBank. Then we designed a pair of tridacnid-specific
primers (LCO and RCO) which were designed based on 7. crocea sequences obtained
in a preliminary analysis using of COI primer from Folmer ez a/. (1994). However, the
problem was still unresolved until the end of the study. These difficulties could be due
to a high proportion of polysaccharides in their tissues. Polysaccharides can inhibit
the activity of some enzymes such as polymerase (Skolov 2000).

Neighbour-joining tree (Figure 3) showed the monophyly of giant clam. Al
though 7. crocea specimens were collected from geographically structured populations
they formed a monophyletic group. The same pattern was observed on T. maxima
specimens as well. This indicates that geographic distance rather showed geographic
variations than formed a separate monophyletic group within species. In other hand,
high genetic diversity on COI gene was sufficient to reveal geographically structured
populations of those organisms.

27



BIOTROPIA VOL.. 14 NO.2, 2007

173/ TcSp0301 GDNSNSTAGF ASWLQNNALY NVIVTTHALI MIFFMVMPVM MGGE‘GNWLVP
TcSp0302  ...... I. ........
TcPS8301 ...... Toor crennnes e e
TOBKBBOA  «evvvnevns soevocesss sosuces ce e e
TmPad60l ...... Tovr cevnens S e
TMPS8301 ...... S S Seu erireien seesnee e -
Tmsp0301 ...... Tt veneens Sei i J o
TmTI2901 ...... b S - R R ve eeearesaces e
TmBk9006 ...... T..o ceennns S, tereesians sessresene :
TSRS9501 ...... S R R TR e
T_gigas S..... TI... eevenes Suv tevernnren seenes .

TcSp0301 LMMVMPDMHF PRLNNLSFWF VPNAFFLLGV SGFVEGGVGA GWTIYPPLTS
TcSp0302  ...vevenee e eesaeaee seesesases sreessess ....
TcPS8301 ... J T R R R ] . e
TcBk8804 ..... . e eseeeeas emesesrres ssesens u . ..... :
TmPad60l ..... . ceanenen e heaeesebree seseaes u. . e
TMPS8301 .. iivveres soneaacnes Ceeeriees meeas .H. . . .
TMSP0301 . ..vveevre conrsenne Ctreereaeas saeeeas ve aaseeenns
TMTI2901 .. cciieees onnvencnene Weseeees secenan | .
TmBk9006 ........ ce ceeaeeraee seaes seess saans S - P veee
TSRS9501 . .veveevoe sooveosnas sosreanans saoesnne PR .
T_gigasS  ..ieeeecens aeoenennes J N = N Moo ciiieaninn
622/150
TcSp0301 IDFLSDPSMD LAIFSLHLGG ASSIAASLNF ASTVANMRHQ KRGFHKIRCF
TcSP0302 .viiivier veeanaanen ceresases dersve tee weeenes .o
TcPS8301 ...... feee besessares eenseeaens eeeanre Sdeeareanes
TcBKBBO4 . ....ivvvr tivriinnne sesean sese seasens . creaer e
TMPa4601 ...ttty tiiiiirene srseassean seseanns e eensens L..
TIMPSB301 ... it ittt it theiieeres cereaeeane aaaenes L..
BT L..
2T L..
TOBKIOOE o eeveeeens cmenetetan ere e e e, L..
TSREI50L  ttvvuttnns turtiianes teraaeee e hrabaeeaes aeeaanan
T Giga88  ivevernns crrinttane cenanianns terares NS AN
Figure 4 Alignment of 150 amino acid sequences of the mitochondrial DNA cytochrome c oxidase

1 gene. Dots indicate amino acids identity to the amino acid sequence of Tridaacna crocea
from Spermonde. 173 is indicating nucleotide position compared to COI gene of Mytilus.
1 is indicating the first amino acid within the fragment.

T. crocea and T. squamosa belong to a monophyletic group, T" maxima and T,
gigas formed another monophylctic group. The separation of both monophyletic groups
is supported by high bootstrap valuc (100, Figure 3). However, the placement of 7
squamoasa was mixed among 7. crocea specimens and was not clearly discriminated
(Figure 3). Unclear separation between T crocea and T. squamosa could be duc to a silent
mutation that occurred on the amino acid number 18 (Alanine). On the amino acids
level, the third codon position for that amino acid was C (cytosinc) for 7" cracea while
for T. squamosa was T (thyminc). According to Hebert e£ a/. (2003a), COI amino acids
scquences was sufficient to reliable assignment and the placement of organism to higer
taxonomic catcgories. However, it shows sufficient nucleotide sequence diversity to
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enable animal discrimination even on the level of species identification (Hebert ef 4/,
2003b). The separation of T maxima and T. gigas was clear as those observed, alhtough
was only supported by rather weak bootstrap value of 76 (Figure 3).

Compared to Schneider and O'Foighil’s study with 16S rRNA, in our Ni:1)T
crocea, T. mazxima, T. squamosa and T. gigas belong to monophyletic group compared to
the outgroup, 2) within giant clams group, T. crocea and T squamosa belong to mono-
phyletic group (100 NJ bootstrap) and were sister taxa thus formed sister groupto 70 .
maxima and T. gigas, whereas in Schneider and O'Foighil (1999), all Chametrachea are
placed in the same monophyletic group. This difference could be due to 7 derasa, H,
bippopus and H. porcellanus which were not included in the study. Therefore, we could
not resolve the separation of Chametrachea sub-genus into two groups clearly and put
T gigas and T maxima in one monophyletic group. At least our study supports the
result from Schneider and Foighil (1999) and Roa-Quiaoit (2005) by showing that
T crocea and T. squamosa have close affinity. Close proximity between 7: crocea and T
squamosa was also supported by the number of shared amino acids (99.33%, Table 1).
In contrast, on the second monophyletic group, close relationship between T maxima
and 7’ gigas was supported by 98.67% amino acids similarity (Table 1).

Close relationship between T crocea and T squamosa,and T. maximaand T gigas
implied that within each group they should be managed in a similar way in regard of
their conservation. However, to avoid a mistake on the conservation management of
those giant clams due to unclear taxonomic status as indicated in this study, further
study using longer amino acids sequence or other molecular markers are necessary.
However, the result of this study is expected to enrich and to improve the COI sequences
database on the GenBank database, especially for giant clams species. A COI database
could serve as the basis for a global bio-identification system (GBS) for animals. The
GBS would aim for comprehensive taxonomic coverage of just a single gene (Hebert
et al. 2003b).

As additional information, it seemed that only small numbers of mutations
were found on amino acid level (6 mutations). Among six mutation events with refer-
ence sequence T. crocea from Spermonde (TcSP0301), one mutation was from polar
(hydrophilic) to polar amino acid (G to S), four mutations occurred from hydrophobic
(non polar) to hydrophilic amino acids (T to I, A to S, F to S,and V to M, respectively)
and one mutation from positively charged to naturally charged hydrophobic amino acid
(R to L) or vice versa depending on the reference sequence. However, it appeared that
type of mutations (substitutions, e.g. synonymous or synonymous mutations) played
important rules in branching pattern on the phylogenetic tree rather than alteration of
chemical state (e.g. hydrophobic and hydrophilic) of amino acids.
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CONCLUSIONS

According to our result T. crocea and T. squamosa were closely related and
formed monophyletic group. Together with T. gigas, . maxima they were placed on the
other monophyletic group and formed sister group to 1. crocea and T squamosa. These
implied that T. crocea and T. squamosa should be managed in similar ways as well T/
maxima and T. gigas. The majority of mutations were from hydrophobic to hydrophilic
amino acid. Type of mutations played an important rule on branching pattern rather
than chemical state of amino acids. This study enriched the taxonomic character which
confirmed the result of previous study using nucleotide sequences. However, amino
acid marker was not strong enough to discriminate T crocea and T. squamosa.
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