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Clarias spp., belonging to the family Clariidae, are among the important fishes in 

aquaculture and fisheries in Malaysia. A total of 37 samples were collected from five 

different geographic locations in Malaysia, namely Pahang, Kelantan, Perak, Selangor 

and Sarawak. In the present study, the phylogenetic levels of four species of catfish were 

assessed using sequences of the cytochrome b (Cyb b), cytochrome oxidase subunit 1 

(CO1) and a large subunit of 16s rRNA (16s rRNA) mitochondrial DNA, as well as a 

nuclear gene, the Recombination Activating Genes 2 (RAG2). The methods used to infer 

the phylogeny of this genus were neighbour joining, maximum parsimony, maximum 

likelihood and Bayesian analyses using MEGA4, PAUP and Mr. Bayes softwares. Thirty 

seven sequences of C. batrachus, C. macrocephlaus, C. nieuhofii and C. gariepinus were 

obtained and they were aligned together with outgroups of Pangasianodon gigas and 

Ictalurus punctatus from GeneBank. The results showed a monophyletic group of Asian 

Clarias and they are different from African catfish, C. gariepinus. These results were 

supported with significant bootstrap values. Approximately, 552bp were sequenced from 
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73 individuals of C. batrachus. There were high levels of within population but low level 

of interpopulation variabilities among the five populations of C. batrachus in Malaysia. 

Haplotype diversity and nucleotide diversity ranged from 0.0000 to 0.8333 and from 

0.0000 to 0.0112, respectively. Twelve haplotypes were detected amongst the five C. 

batrachus populations. The results indicated that the haplotype diversity observed in 

Kelantan was the highest (0.8333), while the Sarawak population had the lowest 

(0.0000). Based on NJ and ML phylogenetic trees, the five populations of C. batrachus 

were divided into two clades, namely Clade I and Clade II. Clade I was further divided 

into subclades a and b. Hap1 and Hap2 are the common haplotypes found in three 

populations (Perak, Pahang and Johor) and these haplotypes were considered as the 

ancestral haplotypes for Clade I. However, Hap7 (Sarawak population) was also clustered 

together in Clade I. This may be due to the gene flow that occurred among islands of 

Sumatera, Borneo and Southeast Asia during the exposed Sunda Shelf in the Pleistocene 

Epoch. Clade II consisted of Hap8 to Hap12 which belonged to the Kelantan population. 

All populations of C. batrachus in this study were monophyletic to each other with 

Kelantan population being the most diverse. The low level of haplotype diversity in 

Sarawak population could be due to small samples used (n=4), past bottleneck events or 

the presence of physical barriers for gene flow among the populations, thus Sarawak 

populations have their own unique haplotypes. The genetic structure of C. batrachus 

agrees with previous study whereby the changes in sea level during the Pleistocene 

Epoch had little influence in shaping the biodiversity of Sunda Shelf. In order to validate 

the monophyletic status of Asian Clarias, more species and samples should be included 

in future studies.  
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Clarias spp.,  tergolong dalam famili Clariidae, adalah di antara ikan yang penting dalam 

akuakultur dan perikanan di Malaysia. Sebanyak 37 sampel telah dikumpulkan daripada 

lima lokasi geografi yang berlainan di Malaysia, iaitu Pahang, Kelantan, Perak, Selangor 

dan Sarawak. Dalam kajian ini, kami menilai aras filogeni empat spesies ikan keli dengan 

menggunakan jujukan DNA mitokondria sitokrom b (Cyt b), sitokrom oksida subunit I 

(COI) dan subunit besar 16s rRNA (16s rRNA), serta satu gen nuklear iaitu Gen Aktifan 

Rekombinan 2 (RAG2). Kaedah yang digunakan untuk membina pokok filogeni ialah 

‘neighbour joining’, ‘maximum parsimony’, ‘maximum likelihood’ dan ‘Analisis 

Bayesian’ dengan menggunakan perisian MEGA4, PAUP dan Mr. Bayes. Sejumlah 37 

jujukan C. batrachus, C. macrocephalus, C. nieuhofii dan C. gariepinus telah diperolehi 

dan semuanya dijajarkan bersama dengan dua spesies ‘outgroup’ iaitu Pangasianodon 

gigas dan Ictalurus punctatus dari GeneBank. Keputusan menunjukkan ikan keli Asia 

adalah monofiletik yang mana ia berbeza dengan keli Afrika, C. gariepinus Keputusan ini 

disokong dengan nilai ‘bootstrap’ yang signifikan. Dianggarkan 552bp telah dijujukkan 

daripada 73 individu C. batrachus. Terdapat nilai variabiliti yang tinggi di dalam 



© C
OPYRIG

HT U
PM

v 
 

populasi tetapi nilai variabiliti yang rendah antara populasi bagi kelima-lima populasi C. 

batrachus di Malaysia. Diversiti haplotip dan nukleotid masing-masing berjulat dari 

0.0000 hingga 0.8333 dan dari 0.00000 hingga 0.001121. Dua belas haplotip telah 

dikesan daripada lima populasi C. batrachus tersebut. Keputusan menunjukkan bahawa 

diversiti haplotip bagi populasi Kelantan adalah tertinggi (0.8333) manakala populasi 

Sarawak pula adalah terendah (0.0000). Berdasarkan kepada pokok filogeni NJ dan MP, 

lima populasi C. batrachus dibahagikan kepada dua klad, iaitu Klad I dan Klad II. Klad II 

dibahagikan lagi kepada subklad a dan b. Hap1 dan Hap2 adalah haplotip yang biasa 

dijumpai dalam tiga populasi (Perak, Pahang dan Johor) malah ia juga di anggap halotip 

leluhur bagi Klad I. Hap7 (populasi Sarawak) dikelompokkan bersama dengan Klad I 

kerana kemungkinan berlakunya aliran gen antara kepulauan Sumatera, Borneo dan Asia 

Tenggara semasa penonjolan pentas Sunda pada zaman Pleistocene. Klad II pula terdiri 

daripada Hap8 hingga Hap12 yang dipunyai oleh populasi Kelantan. Kesemua populasi 

C. batrachus dalam kajian ini adalah monofiletik antara satu sama lain dengan populasi 

Kelantan adalah yang paling pelbagai. Paras diversiti yang rendah pada populasi Sarawak 

mungkin disebabkan oleh saiz sampel yang kecil (n=4), kejadian ‘leher botol’ pada masa 

lampau atau wujudnya halangan fizikal bagi aliran gen antara populasi, oleh itu populasi 

Sarawak mempunyai haplotip gen sendiri yang unik. Struktur genetik C. batrachus sama 

dengan kajian lepas di mana perubahan aras laut semasa zaman Pleistocene hanya 

menyebabkan sedikit sahaja perubahan kepada biodiversiti di Pentas Sunda.  Bagi 

mengesahkan status monofiletik bagi Clarias Asia, lebih banyak spesies dan sampel perlu 

digunakan bagi kajian masa hadapan. 

 



© C
OPYRIG

HT U
PM

vi 
 

ACKNOWLEDGEMENTS 

 

Alhamdulillah, Thank to The God Al Mighty, finally I am able to finish my Master 

degree after many years of hard work.    

 

During the course of my thesis work, there were many people who were instrumental in 

helping me. Without their guidance, help and patience, I would have never been able to 

accomplish the work of this thesis. First, I wish to thank my supervisor, Assoc. Prof. Dr. 

Siti Khalijah Daud, for intellectual support, encouragement, and enthusiasm, which made 

this thesis possible, and for her patience in correcting both my stylistic and scientific 

errors. And to my co-supervisor, Prof. Dr. Siti Shapor Siraj, for advice and guidance 

throughout this long journey.  

 

Words cannot express the depth of gratitude I owe to many people who offered 

encouragement, friendship, support, knowledge, loves and tears, and aid with lab work 

and analyses. You helped me succeed. I thank to my best friends, Azlina Zainab, you are 

always be there through many years, since undergrad and now, master degree; Nadiatul 

Hafiza, Siti Dayana, Tee Meng Han, Muhammad Fitri and Abdul Rahman, not forgotten 

big sister, Faezeh Yazdani, thanks a lot with all the phylogenetic software you had taught 

me. And to Hamidah Ali Kamarulzaman, Yow Weng Kit and Arash. Thank you for 

teaching by example. Without you all, life in the lab would be dull. 



© C
OPYRIG

HT U
PM

vii 
 

And not forgotten to all my housemates, Endang Pertiwi, Marzni, Magdalina, Roshafiza 

and Faizura, thanks a lot for lending your ears to hear my problems or even just sharing 

stories and gossips. Life far from home would be empty without you girls! 

 

I express eternal gratitude to my parents and family who put up with my quest for 

knowledge, learning, and experience and for allowing me to delve the depths of my 

curiosity. Special thanks to my beloved mother Hajah Zainun Ibrahim and my father, 

Haji Othman Abdullah for your loves and prayers. Thank you for believing in my 

dreams. And to all my sisters, brothers and especially my nephew and nieces, Syafiq, 

Aishah, Nadia, Biya, Hani, Damia, Aufa and Amna, I love you all. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 
 

I certify that the an Examination Committee has met on date of viva voce to conduct the 

final examination of Nor Hasnita binti Othman on her Master of Science thesis entitled 

“Molecular Phylogenetics of selected Clarias spp. inferred from mitochondrial DNA and 

nuclear genes” in accordance with Universiti Pertanian Malaysia (Higher Degree) Act 

1980 and Universiti Pertanian Malaysia (Higher Degree) Regulation 1981. The 

Committee recommends that the student to be awarded the Master of Science.  

 

Members of Examination Committee were as follows: 

 

Rosimah Nulit, PhD 

Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia 

(Chairman) 

 

Maheran Abd Aziz, PhD 

Associates Professor Dr  

Faculty of Agriculture 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Faridah Qamaruz Zaman, PhD 

Associates Professor Dr  

Faculty of Science 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Siti Azizah Mohd. Nor, PhD 

Associates Professor Dr  

School of Biological Sciences  

Universiti Sains Malaysia 

(External Examiner) 

 

 

 

___________________________ 

SEOW HENG FONG, PhD 

Professor/Deputy Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 

 

 



© C
OPYRIG

HT U
PM

ix 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

eccepted as fulfillment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

 

Siti Khalijah Daud, PhD 

Associates Professor  

Faculty of Science 

Universiti Putra Malaysia 

(Chairman) 

 

 

Dr. Siti Shapor Siraj, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

_______________________________ 

BUJANG BIN KIM HUAT, PhD 

Professor/ Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 

 

 



© C
OPYRIG

HT U
PM

x 
 

DECLARATION 

 

 

 

I declare that the thesis is my original work except for quotations and citations which 

have been dully acknowledged. I also declare that it has not been previously and is not 

concurrently, submitted for any other degree at Universiti Putra Malaysia or other 

institutions. 

 

 

 

 

 

 

 

     

 

 

 

 

 

______________________________ 

NOR HASNITA BINTI OTHMAN 

                                                                                  

                                                                                  Date: 8 May 2012 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 
 

TABLE OF CONTENTS 

 

 Page 

 

ABSTRACT ii 

ABSTRAK iv 

ACKNOWLEGEMENTS vi 

APPROVAL viii 

DECLARATION x 

LIST OF TABLES xiv 

LIST OF FIGURES xvi 

LIST OF ABBREVIATIONS xx 

  

CHAPTER  

 

 

1 INTRODUCTION 1 

 Objectives 5 

   

2 LITERATURE REVIEW 6 

 2.1 Taxonomy of catfish species Clarias spp. 6 

 2.2 Morphology of Clarias spp. 8 

 2.3  Biological aspect of Clarias spp. 15 

  2.3.1 Distribution and habitat of Clarias spp. 15 

  2.3.2 Ecology of Clarias spp.  18 

  2.3.3 Feeding habitat of Clarias spp. 19 

  2.3.4 Reproduction of Clarias spp. 20 

 2.4 Importance of catfishes in the aquaculture industry 21 

 2.5  Genetic studies of Clarias spp. 22 

 2.6  Molecular Phylogenetics  24 

 2.7 Mitochondrial DNA 24 

  2.7.1 Cytochrome b 27 

  2.7.2 Cytochrome oxidase subunit I 28 

  2.7.3 16s ribosomal RNA 29 

 2.8 Nuclear gene 29 

  2.8.1 Recombination Activating Gene 2 30 

 2.9 Population genetic parameters 30 

  

3 PHYLOGENETIC ANALYSES OF SELECTED Clarias spp. 

INFERRED FROM PARTIAL SEQUENCING OF 

MITOCHONDRIAL GENES (CYT B, COI AND 16S) 

 

 3.1  Introduction  34 

  Objectives 35 

 3.2 Materials and Methods 35 

  3.2.1 Collection of samples 25 

  3.2.2 DNA extraction  37 

  3.2.3 Gene screening and amplification 38 



© C
OPYRIG

HT U
PM

xii 
 

  3.2.4 DNA purification and sequencing 40 

  3.2.5 Bioinformatics analysis  41 

 3.3 Results 43 

  3.3.1 Cyt b 43 

   3.3.1.1 Cytochrome b DNA screening 43 

   3.3.1.2 Sequences variation of mitochondrial genes 43 

   3.3.1.3 Haplotype distribution 45 

   3.3.1.4 Phylogenetic relationship among the Clarias 

spp. based on Cyt  b 

47 

  3.3.2 CO1 52 

   3.3.2.1 COI DNA screening 52 

   3.3.2.2 Sequences variation of mitochondrial genes 52 

   3.3.2.3 Haplotype distribution 54 

   3.3.2.4 Phylogenetic relationship among the Clarias 

spp. based on COI 

56 

  3.3.3 16S rRNA 61 

   3.3.3.1 16s rRNA screening 61 

   3.3.3.2 Sequences variation of mitochondrial genes 61 

   3.3.3.3 Haplotype distribution 63 

   3.3.3.4 Phylogenetic relationship among the Clarias 

spp. based on 16s rRNA 

64 

 3.4  Discussion  70 

      

4 PHYLOGENETIC ANALYSES OF SELECTED Clarias spp. 

INFERRED FROM PARTIAL SEQUENCING OF NUCLEAR 

GENES (RAG2) 

 

 4.1  Introduction  75 

  Objectives 76 

 4.2 Materials and Methods 77 

  4.2.1 Collection of samples 77 

  4.2.2 DNA extraction, gene screening, amplification and 

sequencing  

77 

  4.2.3 Bioinformatics analysis 79 

 4.3 Results 79 

  4.3.1 RAG2 gene screening 79 

  4.3.2 Sequences variation of RAG2 nuclear genes 80 

  4.3.3 Haplotype distribution 82 

  4.3.4 Phylogenetic relationship among haplotype 84 

 4.4 Discussion 89 

    

5 POPULATION STRUCTURE OF Clarias batrachus IN 

MALAYSIA USING PARTIAL COI mtDNA GENE 

 

 5.1 Introduction 92 

  Objectives 95 

 5.2 Materials and methods 95 

  5.2.1 Sample descriptions and locations 95 



© C
OPYRIG

HT U
PM

xiii 
 

  5.2.2 DNA extraction, gene screening, PCR and sequencing 97 

  5.2.3 Data analysis 97 

 5.3 Results 99 

  5.3.1 DNA screening for mitochondrial COI populations 99 

  5.3.2 Sequences variations 100 

  5.3.3 Haplotype distribution 100 

  5.3.4 Population structure 103 

  5.3.5 Phylogenetic relationships among haplotype 104 

 5.4 Discussion 108 

  

6 GENERAL DISCUSSION 113 

   

7 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  118 

  

REFERENCES  121 

APPENDICES 138 

BIODATA OF STUDENT 141 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	MOLECULAR PHYLOGENETICS OF SELECTED CLARIAS SPP. INFERREDFROM MITOCHONDRIAL DNA AND NUCLEAR GENES
	1 ABSTRACT
	TABLE OF CONTENTS
	2 CHAPTER 1 TO 3
	3 CHAPTER 4 TO 7
	4 REFERENCES
	5 APPENDICES
	6 BIODATA OF STUDENT



