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Tomistoma schlegelii, also referred to as the “false gharial”, is one of the most 

exclusive and least known of the world’s fresh water crocodilians, limited to Indonesia 

and Malaysia. The species has been recognized for over a century from a museum 

specimen, and its distribution has been a mystery for a long time. Its lack of economic 

value and local cultural significance (the skin is not traded locally) has also contributed 

to the lack of studies on the false gharial. 

 

Tomistoma schlegelii within the Southeast Asia region has been found to suffer from 

population reduction. This species has to live in small environments, because of the 

current habitat destruction, hence leading to a steady reduction of species number and, 

this can be as a reason for an increase in the rate of inbreeding. Nevertheless, lack of 

information on the genetic variability and structure of the species in Malaysia remains 

a matter of concern. Hence, the objectives of this study were to determine the current 

genetic diversity and structure of this endangered species in Malaysia. To achieve this, 

two types of molecular markers, namely microsatellites (40 primer pairs) and Inter 

Simple Sequence Repeats (ISSRs, 45 primers) were used. 

 

The Department of Wildlife and National Parks (DWNP), Malaysia provided the 

samples. In this regard, 17 T. schlegelii specimens were collected by the department 

from different parts of Peninsular Malaysia and Sarawak, and were then transferred to 

the farms and zoos across the country. The mentioned crocodiles were later subjected 

to the blood sampling process. Consequently, DNA was isolated from the blood 

samples of T. schlegelii by using the conventional phenol-chloroform method. The 

PCR amplification of T. schlegelii DNA was optimized to obtain the most effective 

annealing temperature and Mg2+ concentration for each individual marker.  

 

Out of the 40 microsatellite primer pairs tested 10 were detected as amplifying  

polymorphic bands, while 36 ISSR primers were detected as producing polymorphic 

banding patterns from the 45 tested. The observed heterozygosity (HO) and the 

expected heterozygosity values (HE) of the polymorphic microsatellite loci ranged 

from 0.588 to 1.000 and 0.470 to 0.891, respectively. The highest average 

http://www.biotech.upm.edu.my/
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heterozygosity was observed for locus Cj109 with a value of 0.945 and the lowest 

average heterozygosity was observed for locus Cs15 with value of 0.529. Among the 

45 ISSR markers, 36 showed polymorphic banding patterns (80%). The highest 

number (6) of polymorphic bands was produced by primer UBC811 and the lowest (1 

each) by primers PT2, UBC820, UBC834 and UBC868. 

 

Interestingly, data from both the microsatellite and ISSR marker systems generated 

two main clusters. The highest repeat motif similarities to the original species from 

which the loci were developed for three microsatellite loci, namely Cj16, Amiµ16 and 

Amiµ15, which originated from C. johnstoni, A. mississippiensis and  

C. siamensis respectively. The repeat motifs of the Cj16 locus in T. schlegelii were 

found to be a high match with the repeat motif of the same locus in C. johnstoni, and 

the difference was only limited to one repeat unit of “CA”. The observed similarity of 

the repeat motif type of Amiµ16 and Amiµ15 was “AC” and the sizes of the amplified 

loci in the present study were shorter than the ones reported for the original species. 

 

Both microsatellite and ISSR marker systems have high potential for studying the 

genetic variation of T. schlegelii, and these markers are suitable for conservation 

genetic programme of this endangered species. Overall, assessment of the results 

showed that the Malaysian T. schlegelii individuals studied in this research could have 

originated from a core population of the crocodiles. The lack of opportunity for 

outbreeding with other populations of crocodiles led to the occurrence of low genetic 

variation of the species in Malaysia.   

   

 

. 
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Tomistoma schlegelii, juga dikenali sebagai “false gharial”, merupakan salah satu 

spesies buaya yang paling kurang diketahui dan hanya boleh dijumpai di Indonesia 

dan Malaysia. Kewujudan spesies ini telah lama didokumentasi berdasarkan spesimen 

yang disimpan di muzium. Walaupun begitu, spesies ini kurang mendapat perhatian 

dalam kajian kerana ia tidak memberi impak ekonomi yang besar dan kurang 

kepentingan untuk budaya tempatan. 

 

Tomistoma schlegelii di rantau Asia Tenggara didapati telah mengalami pengurangan 

populasi. Disebabkan pemusnahan habitat, spesies ini terpaksa hidup di dalam 

kawasan yang kecil dan ini akan mengurangkan lagi bilangan spesies ini, justeru 

meningkatkan kadar ‘inbreeding’ dalam spesies ini. Kekurangan maklumat mengenai 

variasi dan struktur genetik spesies ini di Malaysia adalah sesuatu yang 

membimbangkan. Oleh itu, objektif kajian ini adalah untuk menentukan variasi serta 

struktur genetik spesis ini di Malaysia. Untuk mencapai matlamat ini, dua jenis 

penanda molekul, iaitu mikrosatelit (40 pasang ‘primer’) dan ‘Inter Simple Sequence 

Repeats’ (ISSRs, 45 ‘primers’) telah digunakan. 

 

Jabatan Perlindungan Hidupan Liar dan Taman Negara (PERHILITAN) telah 

membekalkan sampel untuk kajian ini. Sebanyak 17 spesimen buaya T. schlegelii telah 

dikumpulkan oleh PERHILITAN dari peninsula Malaysia dan Sarawak untuk 

diagihkan ke ladang-ladang penternakan dan zoo-zoo tempatan. Sampel darah 

kemudiannya diambil daripada spesimen-spesimen buaya ini. DNA telah dikeluarkan 

dari sampel darah spesies ini dengan menggunakan teknik ‘phenol-chloroform’. 

Amplifikasi PCR dengan DNA T. schlegelii telah dijalankan untuk mendapatkan suhu 

‘annealing’ dan konsentrasi Mg2+ yang paling optimum. 

 

Daripada 40 pasang ‘primer’ mikrosatelit, 10 didapati mengamplifasikan band yang 

polimorfik, manakala 36 dari 45 ‘primer’ ISSR didapati mengamplifikasikan band 

yang polimorfik. Nilai-nilai ‘observed heterozygosity (HO)’ dan ‘expected 

heterozygosity (HE)’ penanda-penanda mikrosatelit masing-masing telah didapati 

berada dalam jangka 0.588 ke 1.000 dan 0.470 ke 0.891. Nilai ‘average 

heterozygosity’ yang paling tinggi telah diperoleh dengan penanda Cj109 dengan nilai 
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0.945 manakala nilai yang paling rendah telah diperoleh dengan penanda Cs15 dengan 

niali 0.529. Antara 45 ‘primer’ ISSR, 36 ‘primer’ (80%) telah menunjukkan band yang 

polimorfik. Bilangan band yang paling banyak telah diperoleh dengan menggunakan 

‘primer’ UBC811 (6 band) dan bilangan band yang paling rendah telah diperoleh 

dengan menggunakan ‘primer’ PT2, UBC820, UBC834 and UBC868 (masing-masing 

1 band). Data daripada penanda mikrosatelit dan ISSR telah menunjukkan 

pembahagian kepada dua kumpulan. ‘Repeat motif’ yang paling bersamaan dengan 

spesies lain telah diperoleh dengan menggunakan penanda-penanda Cj16, Amiµ16 

dan Amiµ15 daripada spesies buaya C. johnstoni, A. mississippiensis dan C. siamensis. 

‘Repeat motif’ untik Cj16 adalah “CA” manakala ‘repeat motif’ untuk Amiµ16 and 

Amiµ15 adalah “AC”. 

 

Kedua-dua penanda mikrosatelit dan ISSR mempunyai potensi yang tinggi bagi kajian 

variasi genetik T. schlegelii, dan amat sesuai untuk digunakan oleh program 

perlindungan genetik bagi spesies ini. Hasil kajian ini telah mendapati bahawa T. 

schegelii di Malaysia berkemungkinan berasal daripada 1 populasi spesies buaya ini, 

dan telah mengakibatkan kekurangan variasi genetik dalam kalangan spesies ini di 

Malaysia. 

 

 

.  
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CHAPTER 1 

1 INTRODUCTION 

 

1.1 Study Background 

 

Tomistoma schlegelii known as Buaya jenjulong in Malaysia is a freshwater 

crocodilian species that can only be found in Southeast Asia. T. schlegelii or false 

gharial is one of the most unusual and little known crocodilian species (Bezuijen et al., 

2010; Kaur et al., 2013).  Presently, there are 23 extant crocodilian species in eight 

genera of three families coming from Crocodyliforms that had existed on earth 200 

million years ago. Given their old ancestral linage with little morphological changes 

(Salisbury et al., 2006) and important functions in the ecosystem balance, more 

attention should be given to this crocodilian species. This species is regarded as a 

keystone species that ensures the balance and function of the habitat through its 

activities (Rodriguez, 2007).  

 

Presently, the majority of individuals of the endangered species are found in farms and 

zoos, and they are obtained illegally. Therefore, with 2,500 estimated remaining 

individuals, the false gharial native to Southeast Asia illustrates a model of an 

endangered flagship species resulting from large loss of habitat (Rödder et al., 2010). 

Almost 77 individuals of the species can be found at the farms and zoos in Malaysia 

(Stuebing et al., 2004), while 88 other individuals can be found in Singapore, 

Indonesia, and Thailand. Farms and zoos in the United States of America and the 

Europe have around 57 individuals (Melino, 2011). T. schlegelii is a species found in 

Peninsular Malaysia, West Borneo, Java, and Sumatra. There is still an argument 

whether this species belongs to the Gavialidae or the Crocodylidae family (Mathew et 

al., 2011). This species is an endangered species due to habitat loss. T. schlegelii 

inhabits peat swamps, and riverine forests habitat loss and illegal hunting are believed 

to contribute to the decline in the species number (Rödder et al., 2010).  

 

Aside from rapid status assessments, little is known about the species ecosystem. 

However, these rapid assessments have found that, overall, the T. schlegelii population 

in Southeast Asia has declined or fragmented due to habitat degradation, while 

Tanjung Puting National Park in Central Kalimantan still holds a stable population 

(Auliya et al., 2009). Southeast Asia’s tropical forests are rich with species variety 

probably because they act as a protection through past climate variations.  However, 

these forests are subjected to modifications by human activities that might affect other 

living organisms (Gatesy et al., 2003). Several survey studies have been done in 

Sumatra (Bezuijen et al., 2001), East and Central Kalimantan (Fraser and Bernatchez, 

2001), Peninsular Malaysia (Simpson et al., 1998), and Sarawak (Stuebing et al., 

2004). The results obtained from these surveys show the distribution, breeding 

biology, and other aspects of Tomistoma environmental science (Bezuijen et al., 2010). 

 

As the genetic variation of this endangered species at the population level is not well 

studied, this makes conservation efforts difficult to be implemented due to lack of 

information and sources (Kaur et al., 2013). However, conservation effort still needs 

to be done to avoid total species extinction. In the early stage, conservation efforts for 
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Tomistoma are carried out by focusing on the field surveys to record the existing 

populations and to identify conservation priorities (Bezuijen et al., 2010).  

 
To study the genetic variation, microsatellite and ISSR can be useful molecular 

markers. In conservation biology, microsatellite and ISSR markers can be utilised to 

identify unexpected changes in the inhabitants and influence of population 

fragmentation. Besides that, these markers are helpful in recognition of new and 

original inhabitants. Microsatellites and ISSR are powerful genetic markers that 

provide a fine resolution for discriminating populations (Tanya et al., 2011).  

 

These markers, which have become more important in recent times, provide precise 

evaluation of genetic structures of many organisms. Microsatellite markers are 

polymorphic and are distributed randomly in the genome to help differentiate 

populations (Avise, 2000). 

 

1.2 Problem Statement  

 

Tomistoma schlegelii within the Southeast Asia region has been found to suffer from 

population reduction. Human activities such as illegal fishing, urbanisation, as well as 

the environmental changes, and consequently habitat destruction as the main 

threatening factors (Auliya et al., 2009) have led to decrease in the number and density 

of the endangered freshwater crocodile species “Tomistoma schlegelii” (Kaur et al., 

2013). Therefore, conservation efforts need to be initiated. In line with this, further 

extensive surveys to accurately identify the wild population size in Malaysia are 

required. In another word, conservation plans on habitat protection, population 

monitoring measurements, and land management should be determined. To achieve 

these, a clear overview on the genetic variation of the species across the country is 

unavoidable, while the present knowledge on the genetic diversity of T. schlegelii 

population in Malaysia is not sufficient (Harshman et al., 2003; Janke et al., 2005; 

Roos et al., 2007). It is hypothesized that molecular markers such as microsatellites 

and ISSRs will generate useful information on the genetic structure and variation of 

this species. Such information can be employed for developing any conservation 

program in the future. 

 

1.3 General Objectives 

 

The main objective of this study was to determine the molecular genetic diversity of 

T. schlegelii samples obtained from Peninsular Malaysia and Sarawak. Currently, few 

microsatellite and ISSR marker studies have been conducted for T. schlegelii. The 

species was only included in these studies as an additional crocodilian species to test 

cross taxa amplificability of the developed markers.  

 

1.4 Specific Objectives 

 

The specific objectives of this study are as follows:  

1. To determine the genetic diversity of T. schlegelii by using microsatellite and ISSR 

markers. 

2. To estimate the allelic numbers and frequencies of the cross species amplified 

microsatellite markers. 

3. To infer the genetic relationships of the T. schlegelii samples. 



© C
OPYRIG

HT U
PM

51 

7 REFERENCES 

 

 

Adams, S. E., Smith, M. H., and Baccus, R. (1980). Biochemical variation in the 

American alligator. Herpetologica, 36(4), 289-296.  

 

Auliya, M., Schwedick, B., Sommerlad, R., and Brend, S. Samedi (2009). A short-

term assessment of the conservation status of Tomistoma schlegelii 

(Crocodylia: Crocodylidae) in Tanjung Puting National Park (Central 

Kalimantan, Indonesia). Cooperative survey by the Orangutan Foundation 

(UK) and the Tomistoma Task Force of the IUCN/SSC Crocodile Specialist 

Group   

 

Avise, J. C. (1994). Molecular markers: natural history and evolution. New York, 

USA: Springer. 

 

Avise, J. C. (2000). Phylogeography: the history and formation of species. USA: 

Harvard University Press. 

 

Baker, A. N., Smith, A. N., and Pichler, F. B. (2002). Geographical variation in 

Hector's dolphin: Recognition of new subspecies of Cephalorhynchus hectori. 

Journal of the Royal Society of New Zealand, 32(4), 713-727.  

 

Bezuijen, M., Hasudungan, F., Kadarisman, R., Wardoyo, S., and Webb, G. (2002). 

Samedi and Manolis, False Gharial (Tomistoma schlegelii) surveys in 

southeast Sumatra, Indonesia (1995-2002). Unpublished report, Wildlife 

Management International Pty. Limited, Darwin.  

 

Bezuijen, M. R. (1997). Project Tomistoma: Second Report on the Ecology of the False 

Gharial (Tomistoma Schlegelii) in Sumatera: Wildlife Management 

International Pty. 

 

Bezuijen, M. R., Shwedick, B. M., Sommerlad, R., Stevenson, C., and Steubing, R. B. 

(2010). Tomistoma Tomistoma schlegelii. Crocodile: Status Survey and 

Conservation Action Plan. Darwin: Crocodile Specialist Group, 133-138.  

 

Bezuijen, M. R., Suryansyah, Huda, I., Andriyono, S., Pratihno, P., Potess, F. and, and 

Sommerlad, R. (2004). False gharial (Tomistoma schlegelii) surveys in West 

Kalimantan, Indonesia in 2004. URL: http//tomistoma.org Accessed on the 

29th March 2009.  

 

Bezuijen, M. R., Webb, G. J., and Hartoyo, P. (2001). Peat swamp forest and the false 

gharial Tomistoma schlegelii (Crocodilia, Reptilia) in the Merang River, 

eastern Sumatra, Indonesia. Oryx, 35(4), 301-307.  

 

Bhagyawant, S., and Srivastava, N. (2008). Genetic fingerprinting of chickpea (Cicer 

arietinum L.) germplasm using ISSR markers and their relationships. African 

Journal of Biotechnology, 7(24).  

 



© C
OPYRIG

HT U
PM

52 

Botstein, D., White, R. L., Skolnick, M., and Davis, R. W. (1980). Construction of a 

genetic linkage map in man using restriction fragment length polymorphisms. 

American journal of human genetics, 32(3), 314.  

 

Brochu, C. A. (1997). Morphology, fossils, divergence timing, and the phylogenetic 

relationships of Gavialis. Systematic Biology, 46(3), 479-522.  

 

Brochu, C. A. (2003). Phylogenetic approaches toward crocodylian history. Annual 

Review of Earth and Planetary Sciences, 31(1), 357-397.  

 

Casu, M., Casu, D., Lai, T., Cossu, P., and Curini-Galletti, M. (2008). A molecular 

tool for genetic surveys in the red coral (Corallium rubrum): an Inter-Simple 

Sequence Repeats (ISSRs) perspective. Biochemical Systematics and Ecology, 

36(2), 77-83.  

 

Chaeychomsri, W., Tabthipwon, P., Noparatnaraporn, N., and Siripholvat, V. (2008). 

Development of microsatellite markers for siamese crocodile (Crocodylus 

siamensis). Kasetsart Journal (Natural Sciences)(Thailand), 42, 256-262. 

  

Chennaoui-Kourda, H., Marghali, S., Marrakchi, M., and Trifi-Farah, N. (2007). 

Genetic diversity of Sulla genus (Hedysarea) and related species using Inter-

simple Sequence Repeat (ISSR) markers. Biochemical systematics and 

ecology, 35(10), 682-688.  

 

Chong, L., Tan, S., Yusoff, K., and Siraj, S. (2000). Identification and characterization 

of Malaysian river catfish, Mystus nemurus (C&V): RAPD and AFLP analysis. 

Biochemical genetics, 38(3-4), 63-76.  

 

Cooper, G. M., Stone, E. A., Asimenos, G., Green, E. D., Batzoglou, S., and Sidow, 

A. (2005). Distribution and intensity of constraint in mammalian genomic 

sequence. Genome Research, 15(7), 901-913.  

 

Davis, L., Glenn, T., Elsey, R., Brisbin Jr, I., Rhodes, W., Dessauer, H., Sawyer, R., 

Grigg, G., Seebacher, F., and Franklin, C. (2001). Genetic structure of six 

populations of American alligators: A microsatellite analysis. Crocodilian 

biology and evolution, 38-50.  

 

Davis, L. M., Glenn, T. C., Strickland, D. C., Guillette, L. J., Elsey, R. M., Rhodes, 

W. E., Dessauer, H. C., and Sawyer, R. H. (2002). Microsatellite DNA analyses 

support an east‐west phylogeographic split of American alligator populations. 

Journal of Experimental Zoology, 294(4), 352-372.  

 

Densmore III, L. D., and Dessauer, H. C. (1984). Low levels of protein divergence 

detected between Gavialis and Tomistoma: Evidence for crocodilian 

monophyly? Comparative Biochemistry and Physiology. Part B: Comparative 

Biochemistry, 77(4), 715-720.  

 

Dever, J. A., and Densmore, L. D. (2001). Microsatellites in Morelet's crocodile 

(Crocodylus moreletii) and their utility in addressing crocodilian population 

genetics questions. Journal of Herpetology, 35(3), 541-544.  



© C
OPYRIG

HT U
PM

53 

Dever, J. A., Strauss, R. E., Rainwater, T. R., McMurry, S. T., Densmore III, L. D., 

and Wood, R. (2002). Genetic diversity, population subdivision, and gene flow 

in Morelet's crocodile (Crocodylus moreletii) from Belize, Central America. 

Copeia, 2002(4), 1078-1091.  

 

Esa, Y., and Abdul Rahim, K. A. (2013). Genetic Structure and Preliminary Findings 

of Cryptic Diversity of the Malaysian Mahseer (Tor tambroides Valenciennes: 

Cyprinidae) Inferred from Mitochondrial DNA and Microsatellite Analyses. 

BioMed research international, 2013.  

 

Evanno, G., Regnaut, S., and Goudet, J. (2005). Detecting the number of clusters of 

individuals using the software STRUCTURE: a simulation study. Molecular 

Ecology, 14(8), 2611-2620.  

 

FitzSimmons, N., Tanksley, S., Forstner, M., Louis, E., Daglish, R., Gratten, J., and 

Davis, S. (2001). Microsatellite markers for Crocodylus: new genetic tools for 

population genetics, mating system studies and forensics. Crocodilian biology 

and evolution, 1(1), 51-57.  

 

Fitzsimmons, N. N., Buchan, J. C., Lam, P. V., Polet, G., Hung, T. T., Thang, N. Q., 

and Gratten, J. (2002). Identification of purebred Crocodylus siamensis for 

reintroduction in Vietnam. Journal of Experimental Zoology, 294(4), 373-381.  

 

FitzSimmons, N. N., Moritz, C., and Moore, S. S. (1995). Conservation and dynamics 

of microsatellite loci over 300 million years of marine turtle evolution. 

Molecular biology and evolution, 12(3), 432-440.  

 

Frankham, R. (2005). Genetics and extinction. Biological Conservation, 126(2), 131-

140.  

 

Fraser, D. J., and Bernatchez, L. (2001). Adaptive evolutionary conservation: towards 

a unified concept for defining conservation units. Molecular Ecology, 10(12), 

2741-2752.  

 

Gatesy, J., Amato, G., Norell, M., DeSalle, R., and Hayashi, C. (2003). Combined 

support for wholesale taxic atavism in gavialine crocodylians. Systematic 

Biology, 52(3), 403-422.  

 

Glenn, T. C., Dessauer, H. C., and Braun, M. J. (1998). Characterization of 

microsatellite DNA loci in American alligators. Copeia, 1998(3), 591-601.  

 

Glenn, T. C., Stephan, W., Dessauer, H. C., and Braun, M. J. (1996). Allelic diversity 

in alligator microsatellite loci is negatively correlated with GC content of 

flanking sequences and evolutionary conservation of PCR amplifiability. 

Molecular biology and evolution, 13(8), 1151-1154.  

 

Gross, S. S., and Brent, M. R. (2006). Using multiple alignments to improve gene 

prediction. Journal of Computational Biology, 13(2), 379-393.  



© C
OPYRIG

HT U
PM

54 

Harshman, J., Huddleston, C. J., Bollback, J. P., Parsons, T. J., and Braun, M. J. (2003). 

True and false gharials: a nuclear gene phylogeny of Crocodylia. Systematic 

Biology, 52(3), 386-402.  

 

Hashizume, T., Shimamoto, I., and Hirai, M. (2003). Construction of a linkage map 

and QTL analysis of horticultural traits for watermelon [Citrullus lanatus 

(THUNB.) MATSUM & NAKAI] using RAPD, RFLP and ISSR markers. 

Theoretical and Applied Genetics, 106(5), 779-785. 

 

Isberg, S., Chen, Y., Barker, S., and Moran, C. (2004). Analysis of microsatellites and 

parentage testing in saltwater crocodiles. Journal of Heredity, 95(5), 445-449.  

 

Janke, A., Gullberg, A., Hughes, S., Aggarwal, R. K., and Arnason, U. (2005). 

Mitogenomic analyses place the gharial (Gavialis gangeticus) on the crocodile 

tree and provide pre-K/T divergence times for most crocodilians. Journal of 

molecular evolution, 61(5), 620-626.  

 

Joshi-Saha, A., and Gopalakrishna, T. (2007). Inheritance and tagging of gene 

regulating flowering time in the green manure crop Sesbania rostrata (Bremek. 

and Obrem.). Molecular Breeding, 20(4), 389-399.  

 

Kaur, T. (2010). Phylogenetic analyses and the repetitive patterns of Tomistoma 

schlegelii based on mitochondria dna gene regions. UTAR.   

  

Kaur, T., Japning, J. R. R., Sabki, M. S., Sidik, I., Chong, L. K., and Ong, A. H. (2013). 

Genetic Diversity of Tomistoma schlegelii Inferred from mtDNA Markers. 

Biochemical genetics, 51(3-4), 275-295.  

 

Kaur, T., and Ong, A. H. (2011). Heteroplasmy, length, and sequence characterization 

of the mitochondrial control region in Tomistoma schlegelii. Biochemical 

genetics, 49(9-10), 562-575.  

 

Korpelainen, H., Kostamo, K., and Virtanen, V. (2007). Microsatellite marker 

identification using genome screening and restriction-ligation. Biotechniques, 

42(4), 479.  

 

Lawson, R., Kofron, C. P., and Dessauer, H. C. (1989). Allozyme variation in a natural 

population of the Nile crocodile. American Zoologist, 29(3), 863-871.  

 

Li, Y., Wu, X., Ji, X., Yan, P., and Amato, G. (2007). The Complete Mitochondrial 

Genome of Salt-water Crocodile (Crocodylus porosus) and Phylogeny of 

Crocodilians. Journal of Genetics and genomics, 34(2), 119-128.  

 

Liu, K., and Muse, S. V. (2005). PowerMarker: an integrated analysis environment for 

genetic marker analysis. Bioinformatics, 21(9), 2128-2129.  

 

Machkour-M’Rabet, S., Hénaut, Y., Charruau, P., Gevrey, M., Winterton, P., and 

Legal, L. (2009). Between introgression events and fragmentation, islands are 

the last refuge for the American crocodile in Caribbean Mexico. Marine 

biology, 156(6), 1321-1333.  



© C
OPYRIG

HT U
PM

55 

Martins-Lopes, P., Lima-Brito, J., Gomes, S., Meirinhos, J., Santos, L., and Guedes-

Pinto, H. (2007). RAPD and ISSR molecular markers in Olea europaea L.: 

Genetic variability and molecular cultivar identification. Genetic Resources 

and Crop Evolution, 54(1), 117-128.  

 

Mathew, A., Ganesan, M., Majid, R. A., and Beastall, C. (2011). Breeding of false 

gharial, Tomistoma schlegelii, at Zoo Negara, Malaysia. On-line pdf). Zoo 

Negara. Accessed September, 25, 2012.  

 

McAliley, L. R., Willis, R. E., Ray, D. A., White, P. S., Brochu, C. A., and Densmore 

III, L. D. (2006). Are crocodiles really monophyletic? Evidence for 

subdivisions from sequence and morphological data. Molecular phylogenetics 

and evolution, 39(1), 16-32.  

 

Melino, G. (2011). p63 is a suppressor of tumorigenesis and metastasis interacting with 

mutant p53. Cell Death & Differentiation, 18(9), 1487-1499.  

 

Milián‐García, Y., Venegas‐Anaya, M., Frias‐Soler, R., Crawford, A. J., Ramos‐
Targarona, R., Rodríguez‐Soberón, R., Alonso‐Tabet, M., Thorbjarnarson, J., 

Sanjur, O. I., and Espinosa‐López, G. (2011). Evolutionary history of Cuban 

crocodiles Crocodylus rhombifer and Crocodylus acutus inferred from 

multilocus markers. Journal of Experimental Zoology Part A: Ecological 

Genetics and Physiology, 315(6), 358-375.  

 

Naga Jogayya, K., Meganathan, P., Dubey, B., and Haque, I. (2013). Mitochondrial 

16S ribosomal RNA gene for forensic identification of crocodile species. 

Journal of forensic and legal medicine, 20(4), 334-338.  

 

Nei, M. (1996). Phylogenetic analysis in molecular evolutionary genetics. Annual 

review of genetics, 30(1), 371-403.  

 

Nei, M., Tajima, F., and Tateno, Y. (1983). Accuracy of estimated phylogenetic trees 

from molecular data. Journal of molecular evolution, 19(2), 153-170.  

 

Nielsen, R., Bustamante, C., Clark, A. G., Glanowski, S., Sackton, T. B., Hubisz, M. 

J., Fledel-Alon, A., Tanenbaum, D. M., Civello, D., and White, T. J. (2005). A 

scan for positively selected genes in the genomes of humans and chimpanzees. 

PLoS biology, 3(6), e170.  

 

Pivorienė, O., and Pašakinskienė, I. (2008). Genetic diversity assessment in perennial 

ryegrass and Festulolium by ISSR fingerprinting. 95(2), 125-133.  

 

Pollard, K. S., Salama, S. R., Lambert, N., Lambot, M.-A., Coppens, S., Pedersen, J. 

S., Katzman, S., King, B., Onodera, C., and Siepel, A. (2006). An RNA gene 

expressed during cortical development evolved rapidly in humans. Nature, 

443(7108), 167-172.  

 

Pritchard, J. K., Stephens, M., and Donnelly, P. (2000). Inference of population 

structure using multilocus genotype data. Genetics, 155(2), 945-959.  

 



© C
OPYRIG

HT U
PM

56 

Raveendran, M., Harris, R. A., Milosavljevic, A., Johnson, Z., Shelledy, W., Cameron, 

J., and Rogers, J. (2006). Designing new microsatellite markers for linkage and 

population genetic analyses in rhesus macaques and other nonhuman primates. 

Genomics, 88(6), 706-710.  

 

Rödder, D., Engler, J. O., Bonke, R., Weinsheimer, F., and Pertel, W. (2010). Fading 

of the last giants: an assessment of habitat availability of the Sunda gharial 

Tomistoma schlegelii and coverage with protected areas. Aquatic 

Conservation: Marine and Freshwater Ecosystems, 20(6), 678-684.  

 

Rodriguez, D. (2007). Crocodilian evolution, systematics and population genetics: 

recovery and ecological interactions of the American crocodile (Crocodylus 

acutus).  

 

Rohlf, F. (2000). NTSYS-PC, numerical taxonomy system for the PC ExeterSoftware, 

Version 2.1. Applied Biostatistics Inc Setauket, USA.  

 

Roos, J., Aggarwal, R. K., and Janke, A. (2007). Extended mitogenomic phylogenetic 

analyses yield new insight into crocodylian evolution and their survival of the 

Cretaceous–Tertiary boundary. Molecular phylogenetics and evolution, 45(2), 

663-673.  

 

Ruas, P. M., Ruas, C. F., Rampim, L., Carvalho, V. P., Ruas, E. A., and Sera, T. (2003). 

Genetic relationship in Coffea species and parentage determination of 

interspecific hybrids using ISSR (Inter-Simple Sequence Repeat) markers. 

Genetics and Molecular Biology, 26(3), 319-327.  

 

Ryberg, W. A., Fitzgerald, L. A., Honeycutt, R. L., and Cathey, J. C. (2002). Genetic 

relationships of American alligator populations distributed across different 

ecological and geographic scales. Journal of Experimental Zoology, 294(4), 

325-333.  

 

Salisbury, S. W., Molnar, R. E., Frey, E., and Willis, P. M. (2006). The origin of 

modern crocodyliforms: new evidence from the Cretaceous of Australia. 

Proceedings of the Royal Society B: Biological Sciences, 273(1600), 2439-

2448.  

 

Schlötterer, C. (2000). Evolutionary dynamics of microsatellite DNA. Chromosoma, 

109(6), 365-371.  

 

Sehgal, D., Rajpal, V. R., Raina, S. N., Sasanuma, T., and Sasakuma, T. (2009). 

Assaying polymorphism at DNA level for genetic diversity diagnostics of the 

safflower (Carthamus tinctorius L.) world germplasm resources. Genetica, 

135(3), 457-470.  

 

Selkoe, K. A., and Toonen, R. J. (2006). Microsatellites for ecologists: a practical 

guide to using and evaluating microsatellite markers. Ecology letters, 9(5), 

615-629.  

 



© C
OPYRIG

HT U
PM

57 

Semagn, K., Bjørnstad, Å., and Ndjiondjop, M. (2006). An overview of molecular 

marker methods for plants. African Journal of Biotechnology, 5(25).  

 

Siepel, A. (2009). Phylogenomics of primates and their ancestral populations. Genome 

Research, 19(11), 1929-1941.  

 

Siepel, A., and Haussler, D. (2004). Computational identification of evolutionarily 

conserved exons. Paper presented at the Proceedings of the eighth annual 

international conference on Resaerch in computational molecular biology. 

 

Silvius, M. J., and Suryadiputra, N. (2005). Review of policies and practices in tropical 

peat swamp forest management in Indonesia. Wetlands International. 

  

Simpson, B. (2004). False Gharials (Tomistoma schlegelii) in Tanjung Puting National 

Park, Kalimantan, Indonesia. Paper presented at the Proceedings of the 16th 

Working Meeting of the Crocodile Specialist Group, Darwin, NT, Australia. 

 

Sneath, P. H., and Sokal, R. R. (1973). Numerical taxonomy. The principles and 

practice of numerical classification (pp; 230-234). W.H. Freeman and 

Company, San Francisco, California, USA. 

 

Sokal, R. R., and Micheners, C. D. (1958). A statistical method for evaluating 

systematic relationships. Univ Kans Sci Bull, 38, 1409-1438.  

 

Strassmann, J. E., Solis, C., Peters, J. M., and Queller, D. (1996). Strategies for finding 

and using highly polymorphic DNA microsatellite loci for studies of genetic 

relatedness and pedigrees. Molecular zoology: advances, strategies and 

protocols, 163-180.  

 

Stuebing, R., Sah, M., Anuar, S., Lading, E., and Jong, J. (2004). The Status Of 

Tomistoma schlegelii (Mueller) In Malaysia.  

 

Stuebing, R. B., Bezuijen, M. R., Auliya, M., and Voris, H. K. (2006). The current and 

historic distribution of Tomistoma schlegelii the false gharial Mueller, (1838) 

Crocodylia, Reptilia. The Raffles Bulletin of Zoology, 54(1), 181-197. 

  

Tanya, P., Taeprayoon, P., Hadkam, Y., and Srinives, P. (2011). Genetic diversity 

among Jatropha and Jatropha-related species based on ISSR markers. Plant 

molecular biology reporter, 29(1), 252-264.  

 

Tautz, D., and Renz, M. (1984). Simple sequences are ubiquitous repetitive 

components of eukaryotic genomes. Nucleic acids research, 12(10), 4127-

4138.  

 

Venkateswarlu, M., Urs, S. R., Nath, B. S., Shashidhar, H., Maheswaran, M., Veeraiah, 

T., and Sabitha, M. (2006). A first genetic linkage map of mulberry (Morus 

spp.) using RAPD, ISSR, and SSR markers and pseudotestcross mapping 

strategy. Tree Genetics & Genomes, 3(1), 15-24.  

 



© C
OPYRIG

HT U
PM

58 

Vijayan, K., Srivatsava, P., Nair, C., Awasthi, A., Tikader, A., Sreenivasa, B., and Urs, 

S. R. (2006). Molecular characterization and identification of markers 

associated with yield traits in mulberry using ISSR markers. Plant Breeding, 

125(3), 298-301.  

 

Willis, R. E., McAliley, L. R., Neeley, E. D., and Densmore III, L. D. (2007). Evidence 

for placing the false gharial (Tomistoma schlegelii) into the family Gavialidae: 

Inferences from nuclear gene sequences. Molecular phylogenetics and 

evolution, 43(3), 787-794.  

 

Yeh, F., Yang, R., and Boyle, T. (1999). POPGENE ver. 1.32. Microsoft Windows-

based freeware for population genetic analysis. Quick user guide. Center Int. 

For. Res, Univ. of Alberta.  

 

Zheng, S., Cao, Z., Wang, K., Zhao, M., Mi, J., Sui, X., and Feng, Y. (2009). Effect of 

habitat fragmentation on the genetic diversity of Stipa krylovii Reshov. in an 

agro-pastoral ecotone in northern China. Canadian Journal of Plant Science, 

89(5), 875-882.  

 



© C
OPYRIG

HT U
PM

75 

LIST OF PUBLICATIONS 

 

 

Behnam Shafiei-Astani; Ong H. A, Valdiani A, Tan S. G, Yong C. S. Y, Ahmady F, 

Alitheen N. B, Ng W. L, and Kuar T. (2015). Molecular genetic variation and 

structure of Southeast Asian crocodile (Tomistoma schlegelii): comparative 

potentials of SSRs versus ISSRs. Submited at Journal of GENE. 

 

Behnam Shafiei-Astani, Tan S. G., Yong S. Y. C., Ong H. and A., Kaur T., (2013). 

Allelic diversity and microsatellite DNA marker analysis for Southeast Asian 

crocodile, Tomistoma schlegelii. Submited at Journal of Animal Biotechnology. 

 

 

 

 


	GENETIC VARIATION OF SOUTHEAST ASIAN CROCODILE,Tomistoma schlegelii MULLER, USING MICROSATELLITE AND INTER SIMPLE SEQUENCE REPEAT MARKERS
	Abstract
	CHAPTER 1
	REFERENCES



