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Genetic Diversity of False Gharial Tomistoma schlegelii based on
Cytochrome b-Control Region (cyt b-CR) Gene Analysis

Muhamad Farhan Bin Badri

Aquatic Resource Science and Management
Faculty of Resource Science and Technology

Universiti Malaysia Sarawak

Abstract

Tomistoma schlegelii or known as false gharial, is a freshwater crocodilian endemic to Malaysia and
Indonesia. This species is currently affected with severe habitat loss as their numbers in the wild have
been decreasing due to legal and illegal logging, urbanization, and unsustainable fishing activities. The
genetic studies on gharials have been carried out but the genetic information regarding T. schlegelii is
still lacking. Therefore, this study is designed to sequence the cytochrome b-control region (cyt b-CR)
gene and to determine genetic diversity of T. schlegelii individuals in Sarawak. A total of 647 bp of cyt
b-CR gene has been sequenced and it matched 99% sequences data of T. schlegelii (Accession No:
HM593977). The new cyt b-CR sequence data has been deposited in the GenBank (Accession No:
KR674082). Genetic divergence value between T. schlegelii in Asajaya and those from GenBank
originated from Sarawak showed 1.1% distance. Both Neigbour-Joining and Maximum Parsimony
phylogenetic trees agreed on the monophyletic status of T. schlegelii.

Keywords: Tomistoma schlegelii, cytochrome b-control region

Abstrak

Tomistoma schlegelii atau dikenali sebagai buaya julung-julung adalah buaya air tawar yang hanya
boleh dijumpai di Malaysia dan Indonesia. Spesies ini kini sedang mengalami kepupusan kerana
aktiviti pembalakan, pembandaran dan penangkapan ikan secara tidak terkawal. Data kajian mengenai
genetik T. schlegelii masih kurang walaupun kajian telah dilakukan. Kajian ini bertujuan untuk
mendapatkan gen cytochrome b-control region (cyt b-CR) dan menentukan kepelbagaian genetik T.
schlegelii di Sarawak. Penjujukan DNA menghasilkan 647 bp dan 99% padan dengan pangkalan data
daripada GenBank (No. Akses: HM593977). Gen cyt b-CR terbaru telah dikemaskini di dalam
Genbank (No. Akses: KR674082). Analisa variasi genetik menunjukkan 1.1% perbezaan antara T.
schlegelii di Asajaya dan yang berasal dari Sarawak. Pokok filogeni membuktikan bahawa T. schlegelii
ialah monofiletik.

Kata kunci: Tomistoma schlegelii, cytochrome b-control region



1.0 Introduction

The endangered Tomistoma schlegelii, also known as false gharial or Malayan gharial, is a
freshwater crocodilian. This species is endemic to Malaysia and Indonesia (Auliya et al.,
2006; Bezuijen et al., 2001) and is currently under Appendix | of Convention on International
Trade in Endangered Species (CITES) (International Union for Conservation of Nature
(IUCN), 2009) with an estimated population of less than 2500 individuals left in the wild
(Bezuijen et al., 2010). Studies had shown gradual decline of Tomistoma sightings in
Kalimantan and Sumatra from the 1900s to 2000s (Auliya et al., 2006; Bezuijen et al., 1998;
Bezuijen et al., 2001) while in Malaysia sightings have been rare since the late 1980s (Cox
and Gombek, 1985; Sebastian, 1993; Simpson et al., 1998). The main threat to this freshwater
crocodilian are habitat loss due to legal and illegal logging, urbanization, fishing activities and
forest fires at peat swamps resulting in loss of suitable nesting sites and habitats for

Tomistoma (Auliya et al., 2006; Bezuijen et al., 1998; Bezuijen et al., 2001).

Currently, most of these wild individuals are found in captivity in zoos and animal sanctuaries.
Approximately 77 individuals were found in zoos and farms in Malaysia (Stuebing et al.,
2004), while Kaur et al. (2012) only involved 7 individuals of T. schlegelii from Sarawak to
complete their recent molecular phylogenetic research. EXxisting records have shown that T.
schlegelii can still be found in the wild in Kalimantan and Sumatra, Indonesia (Bezuijen et al.,

1998; Auliya et al., 2006).



Thus far, studies in both Malaysia and Indonesia have concentrated on surveys of Tomistoma
in natural habitat and related issues involving conservation of habitat for the false gharial
(Auliya et al., 2006; Bezuijen et al., 1998; Bezuijen et al., 2001; Bezuijen et al., 2002;
Bezuijen et al., 2004; Stuebing et al., 2006). Previous studies on the use of mtDNA genes in
genetic diversity for other crocodilians had been described. Most crocodilians show high
genetic diversity, as seen in Caiman crocodilus (Vasconcelos et al., 2006; Venegas-Anaya et

al., 2008) and Melanosuchus niger (Farais et al., 2004; Vasconcelos et al., 2008).

Mitochondrial DNA control region which is known to have repetitive regions containing
variable number tandem repeats (VNTRS), had been used as the marker in crocodilian group
were failed to be amplified in Tomistoma and Gavialis but were successfully described in
other crocodilians (Ray and Densmore, 2002). As a result, new species-specific primers were

developed to identify and characterize the repetitive region in Tomistoma (Kaur et al., 2012).

Information on the genetic diversity of T. schlegelii in Sarawak is still lacking. The only
available genetic information in National Center for Biotechnology Information (NCBI) to
date is on the cyt b-CR sequence of T. schlegeli (Kaur et al., 2012), although their study only
involved 7 individuals from Sarawak in their analysis. In order to complement their findings,
one sample of T. schlegelii was obtained from Asajaya in this study. The objective of this
study is to determine the genetic variation among T. schlegelii in Sarawak using cytochrome

b-control region (cyt b-CR) gene analysis.



2.0 Literature Review

2.1 Taxonomy

The taxonomy of Tomistoma schlegelii or known as false gharial is as shown as in Figure 2.1:

Kingdom: Animalia
Phylum: Chordata
Class: Reptilia
Order: Crocodylia
Family: Crocodylidae
Subfamily: Tomistominae
Genus: Tomistoma
Species: Tomistoma schlegelii

Local name:

a) False gharial
b) Malayan gharial

Figure 2.1: Taxonomy of Tomistoma schlegelii (adapted from www.iucnredlist.org).

2.2 Tomistoma schlegelii

2.2.1 Description

T. schlegelii is one of the largest crocodilian with adult males ranging from 4.5 — 5.0 m while
adults females are about 2.5 — 3.0 m long (Bezuijen et al., 1998; Bezuijen et al., 2010). The

number of eggs in a clutch is up to 35 eggs (Bezuijen et al., 1998; Bezuijen et al., 2001). The



snout of this species resembles the slender snout of the Indian gharials, Gavialis gangeticus
but slightly wider in T. schlegelii and therefore is commonly known as the false gharials

(Figure 2.2).

~AAn .‘PFW&M‘@!{ :

(b)

Figure 2.2: The difference of snout between false gharial and Indian gharial. (a) indicates the snout of
false gharial while (b) indicates the snout of Indian gharial (both figures were adapted from
www.arkive.org).



The genus name means ‘cutting mouth’ in Greek while the species is named after its Dutch
discoverer, H. Schlegel. Juveniles are dark chocolate brown in colour with black banding on
the tail, body and dark blotches at the jaw area. Their underbelly is dark, turns lighter and
finally white as they grow older. Adults retain most of their juvenile pattern with the dorsal
colouration turning brown to olive-green with dark cross bands (Bezuijen et al., 2001). Its diet
is reported to include a variety of invertebrates like shrimps to small vertebrates such as fish,

monkeys and small deers (Bezuijen et al., 2001).

2.2.2 Classification based on Morphology

Based on the morphological data, outward similarities are found on the rostrum and jaws of
the T. schlegelii and G. gangeticus. However, when older fossils were considered, the rostrum,
jaw and dental similarities are highly similar to Crocodylus and therefore Tomistoma closer to
Crocodylus while Gavialis forms a basal taxon (Brochu, 2003). The phylogenetic relationship
within Tomistominae has changed in 2005 due to the discovery of newer fossils. Previously,
T. schlegelii was placed together with T. lusitanica on the same clade and they formed a sister
taxa to T. cairense but later Gavialosuchus eggenburgensis was found to be closer to T.
schlegelii than T. lusitanica (Brochu, 2003). More recently, Toyotamaphimeia machikanensis
found in Japan is considered the closest to the sole surviving Tomistominae (Kobayashi and

Tomida, 2005; Piras et al., 2007).



2.2.3 Previous Studies related to Tomistoma

All previous studies on T. schlegelii showed that wild caught Tomistoma of Malaysia were
caught within peat swamps restricted to Sarawak and Peninsular Malaysia with sightings being
rare since the early 1990s (Sebastian, 1993; Simpson et al., 1998). The occurrence of
Tomistoma in Thailand is unconfirmed. Stuebing et al. (2006) reported that a lack of
supporting data either suggests this species did not occur in Thailand or occurred in the
southern region now under Malaysian territory. There is no supporting data for Tomistoma

occurrence in Vietnam and Singapore (Sebastian, 1993).

Existing records have shown that T. schlegelii in Kalimantan and Sumatra, Indonesia can still
be found in the wild (Bezuijen et al., 1998; Auliya et al., 2006). This species was thought to
face extinction in northern and western Sumatra, but their appearance in Java is unclear
(Stuebing et al., 2006). Recent analysis of Tomistoma in South Sumatra, Jambi and West
Kalimantan Province showed a continuously decline in numbers from the mid 1990s to 2004

(Bezuijen et al., 2001; 2004).



2.2.4 Ecology and Habitat

2.2.4.1 Historical Distribution

Historical distribution range of Tomistominae covered northern Africa, Europe, mainland Asia
and Japan during the early Eocene of which some were distributed at estuarine and coastal
regions (Brochu, 1997). Tomistoma schlegelii was found in freshwater or peat swamps that
ranged across a land mass formerly known as Sundaland (Auliya et al., 2006; Bezuijen et al.,

1998; 2002; Brochu, 2003; Stuebing et al., 2006).

Approximately 17000 years ago and at 120 meters below present level of shorelines, Sumatra,
Jawa, Peninsular Malaysia and Borneo were thought to be connected by the exposed Sunda
Shelf (Voris, 2000) with four major river systems; the Malacca Straits River System, the Siam
River System, North and East Sunda River System. These systems contained peat deposits
indicating the occurrence of Pleistocene peat swamps and freshwater lakes especially off the
east coast of the Malay Peninsular (Voris, 2000). Stuebing et al. (2006) suggested that it had a
wider distribution before the rising sea levels at the late Pleistocene altered land mass
configuration of this region limiting the Tomistoma habitat to West Malaysia, Borneo and
south-central Sumatra. The destruction of habitat at present time is also forcing this species to

move farther inland from coastal areas (Stuebing et al., 2006).



2.2.4.2 Current Distribution

Field surveys within South East Asia so far had located T. schlegelii in the peat swamps of
Indonesia and Malaysia (Auliya et al., 2006; Bezuijen et al., 2002; Cox and Gombek, 1985;
Sebastian, 1993; Simpson et al., 1998) (Figure 2.3). This species is known to be associated
with peat swamps and rivers in Sumatra especially the South Sumatra and Jambi Provinces
(Bezuijen et al., 1998; Bezuijen et al., 2002), Central Kalimantan in the Tanjung Putting
National Park rivers (Auliya et al., 2006) and Danau Sentarum in West Kalimantan (Bezuijen

et al., 2004).

Figure 2.3: Distribution of Tomistoma schlegelii (Bezuijen et al., 2010).



2.3 Mitochondrial Genes

2.3.1 Mitochondrial DNA

Mitochondrial is a circular organelle DNA and is found in cells of higher organisms (Figure
2.4). It is responsible for oxidative phosphorylation and production of adenosine triphosphate,
ATP (McBride et al., 2006). It contains DNA which is separated from the chromosomal or
nuclear DNA and is maternally transmitted with low or no recombination (Avise, 2000).
Mitochondria have been suggested for decades to be implicated in ageing (Harman, 1972) and
it has been observed in a variety of organisms and tissues that mitochondria function declines
with age (Navarro and Boveris, 2004; Marcineck et al., 2005; Hebert et al., 2010; Hartmann,

2011).
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Figure 2.4: Mitochondrial DNA (adapted from www.bmb.leeds.ac.uk).
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2.3.2 Cytochrome b Gene

The most common genome used in species identification is cytochrome b (cyt b) gene
(Branicki et al., 2003) which had been used in phylogeny and forensic identification
(Pancorbo et al., 2004). According to Johns and Avise (1998), cyt b gene is chosen because of
several reasons: 1) the gene is most extensively sequenced to date, 2) the evolution of cyt b
gene and the biochemistry of the protein products are better characterized than other molecular
system, 3) cyt b gene is phylogenetically informative. The usefulness of cyt b gene analysis
has been confirmed in identifying the biological origin of samples (Pancorbo et al., 2004). The

location of cyt b gene on mtDNA is shown on the mtDNA gene map (Figure 2.5).
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Figure 2.5: Location of cyt b gene on mtDNA (adapted from www.nature.com).

11



2.3.3 mtDNA Control Region

The control region is the only major non—coding segment in the vertebrate mitochondrial
genome. The non—coding region known to be the most hypervariable region, evolving three to
five times more rapidly compared with the rest of the mitochondrial genome and is not
subjected to any selection making it suitable for population and species level analysis (Avise,
2000; Hwang and Kim, 1999). The non-coding region of most taxa consists of three parts
known as Domain I, Il and Il with Domain | and 111 as the hypervariable domains with highly
repetitive sequences (Shisa et al., 1997). Although it is a hypervariable region, there are
conserved sequences within this region found across taxa suggesting functional constraint in

this region of the mtDNA genome.

The mitochondrial control region, which serves as the origin of replication for the
mitochondrial genome and is usually more variable than other coding gene (Avise, 1994), has
been proved to be an ideal marker for assessing genetic structure of recently diverged or
closely related populations or species (Avise, 1994; Liu et al., 2009). The gene number and
order is usually highly conserved among vertebrates and a number of mtDNA rearrangements

have been described in birds, reptiles, amphibians and fishes (Boore, 1999; Hartmann, 2011).
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