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requirement for the degree of Master of Science 

 

 

SEQUENCE ANALYSIS OF RNA DEPENDENT RNA POLYMERASE AND 

DEVELOPMENT OF A TAQMAN REAL-TIME RT-PCR ASSAY FOR DETECTION 

OF MACROBRACHIUM ROSENBERGII NODAVIRUS IN GIANT FRESHWATER 

PRAWNS 

 

 

By 

ZEINABSADAT MOHAMMADI 

     August 2012 

 

Chair: Professor Tan Soon Guan, PhD 

Faculty: Biotechnology and Biomolecular Sciences 

 

The study presented in this thesis was mainly aimed to establish a novel Taq-Man based real-

time RT-PCR assay for the detection of Macrobrachium rosenbergii nodavirus (MrNV) 

which is known to be implicated in the development of a fatal disease, called white tail 

disease (WTD) in giant freshwater prawns. A recombinant plasmid (R2-A) carrying a 650 bp 

fragment of the RNA2 of MrNV was constructed and used in the development of the assay. 

The newly established TaqMan real time RT-PCR method was 10 times more sensitive than 

the conventional RT-PCR assay and the results obtained from the intra-assay and the inter-

assay showed the reproducibility of the assay. The PCR efficiency was calculated to be 

99.6%. The developed primers and the TaqMan probe were shown to be specific to MrNV as 
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they gave negative results to other viruses: extra small virus, (XSV), infectious hypodermal 

and hematopoietic necrosis virus (IHHNV) and Taura syndrome virus (TSV) which may also 

cause diseases in the giant freshwater prawn. Subsequent to the promising observations and 

results obtained from the newly established assay based on the plasmid R2-A, positive results 

were also obtained when the same assay was applied on field samples of WTD infected 

prawns. Determination of the whole sequence of the RNA dependent RNA polymerase of 

RNA1 in the Malaysian nodavirus strain was the other objective of this study. To this end, the 

presence of the virus in some tissues such as tail, body and gill was detected by RT-PCR 

using specific primers. The sequences of the inserts were determined and compared with those 

from the GenBank. The product size of the whole sequence of RNA1 was about 3199 bp and 

the Malaysian strain was shown to have the highest similarity (96%) to that of AY231436.2. 
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 Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai memenuhi 

keperluan untuk Ijazah Master Sains 

 

 

ANALISIS URUTAN RNA DEPENDEN RNA POLIMERASE DAN PEMBANGUNAN 

A TAQMAN MASA NYATA ASAI RT-PCR UNTUK PENGESANAN 

MACROBRACHIUM ROSENBERGII NODAVIRUS DALAM UDANG GALAH 

 

 

Oleh 

ZEINABSADAT MOHAMMADI 

Ogos 2012 

 

Pengerusi: Profesor Tan Soon Guan, PhD 

Fakulti: Fakulti Bioteknologi & Sains Biomolekul 

 

Kajian yang dibentangkan di dalam tesis ini adalah bertujuan terutamanya untuk mewujudkan 

sebuah novel Taq-Man berasaskan asai RT-PCR masa nyata untuk mengesan Macrobrachium 

rosenbergii nodavirus (MrNV) yang diketahui terbabit dalam perkembangan penyakit yang 

boleh membunuh, dipanggil penyakit ekor putih (WTD) pada udang galah air tawar. Plasmid 

rekombinan (R2-A) membawa 650 bp serpihan RNA2 dari MrNV telah dibina dan digunakan 

dalam perkembangan asai. Kaedah RT-PCR masa nyata TaqMan yang baru diwujudkan 

adalah 10 kali lebih sensitif daripada asai RT-PCR konvensional dan keputusan yang 

diperolehi dari intra-asai dan antara-asai menunjukkan kebolehulangan asai. Kecekapan PCR 

yang telah dikira adalah 99.6%. Primer yang maju dan prob TaqMan didapati khusus kepada 
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MrNV kerana mereka memberi keputusan negatif terhadap virus-virus yang lain: Virus lebih 

kecil, (XSV), hipoderma berjangkit dan virus nekrosis hematopoetik (IHHNV) dan virus 

sindrom Taura (TSV) juga boleh menyebabkan penyakit pada udang galah air tawar. Selepas 

beberapa pemerhatian yang menggalakkan dan keputusan yang diperolehi dari asai yang baru 

diwujudkan berdasarkan kepada plasmid R2-A, keputusan yang positif  telah juga diperolehi 

apabila asai yang sama telah digunakan di dalam sampel lapangan udang yang dijangkiti 

WTD. Penentuan kepada seluruh urutan RNA bergantung kepada polimerase RNA ke atas 

RNA1 di dalam keterikan nodavirus Malaysia adalah di dalam objektif lain kajian ini. 

Sehingga kini, kehadiran virus di beberapa tisu seperti ekor, badan dan insang telah dikesan 

oleh RT-PCR menggunakan primer khusus. Urutan pada kemasukan telah ditentukan dan 

dibandingkan dengan mereka dari GenBank. Saiz produk pada keseluruhan urutan RNA1 

adalah kira-kira 3199 bp dan terikan Malaysia telah menunjukkan persamaan yang tertinggi 

(96%) daripada AY231436.2. 



© C
OPYRIG

HT U
PM

 vii 

ACKNOWLEDGEMENTS 

 

I would like to convey my gratitude to my main supervisor, Prof. Dr. Tan Soon Guan and 

other members of my supervisory committee, Prof . Dr. Tan Wen Siang and Dr. Subha Bhassu 

for their great assistance, advices and supervision. Certainly, their detailed and constructive 

comments and guidance have been very invaluable in development of the conducted research 

and the thesis. 

I would like to specially thank those who assisted me to make this research possible including 

Prof. Dr. Khatijah Mohd Yusoff and Dr. Sieo Chin Chin from the Virology Laboratory in the 

Universiti Putra Malaysia, Prof. Dr. Kua Beng Chu, from the Fisheries Research Institute of 

Penang and my fellows in the Laboratory of Molecular Biomedicine in the Institute of 

Bioscience (IBS) in particular Dr. Sheau Wei Tan. And the last but not the least I need to 

extend my most appreciation to my husband, Alireza, my lovely mum and dad, my great 

younger sister, Maryam, and my friends in the Virology Lab, Eddie, Dr. Moeini, Tayebeh, 

Raziyeh, Atefeh, Tannaz and Sonia for their encouragement, support and patience.  

 



© C
OPYRIG

HT U
PM

 viii 

I certify that an Examination Committee met on [7 August 2012] to conduct the final 

examination of Zeinabsadat Mohammadi on her Master of Science thesis entitled “Sequence 

analysis of RNA dependent RNA polymerase and development of a TaqMan real time RT-

PCR assay for detection of Macrobrachium rosenbergii Nodavirus in giant freshwater 

prawns”. The Committee recommends that the candidate be awarded the relevant degree. 

Members of the Examination Committee are as follows:  

 

Prfo. Dr. Raha bt Hj Abdul Rahim, PhD 

Professor of Cell and Molecular Biology 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia, (Chairman) 

 

Prof. Dr. Abdul Rahman bin Omar, PhD  

Laboratory of Vaccine and Immunotherapy 

Institute of Bioscience 

Universiti Putra Malaysia, (Internal Examiner) 

 

Prof. Dr. Mohd Hair b Bejo, PhD  

Professor of Veterinary Pathology and Microbiology 

Faculty of Veterinary Medicine 

Universiti Putra Malaysia, (Internal Examiner) 

 

Prof. Madya Dr. Sharifah Syed Hassan, PhD 

School of Medicine and Health Sciences 

Monash University Sunway Campus 

Selangor, Malaysia, (External Examiner) 



© C
OPYRIG

HT U
PM

 ix 

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

fulfillment of the requirement for the degree of Master of Science. The members of the 

Supervisory Committee were as follows: 

 

Tan Soon Guan, PhD 

Professor 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia 

(Chairman) 

 

Tan Wen Siang, PhD 

Professor 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia 

(Member) 

 

Subha Bhassu, PhD 

Senior Lecturer 

Department of Genetics and Molecular Biology 

Institute of Biological Sciences 

University Malaya 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

BUJANG BIM KIM HUAT, PhD, PhD 

Professor and 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 duly 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. 

 

 

 

 

 

 

 

 

 

 

ZEINABSADAT MOHAMMADI 

Date:  

 



© C
OPYRIG

HT U
PM

 xi 

TABLE OF CONTENTS 

 

 Page  

DEDICATION ii 

ABSTRACT iii 

ABSTRAK vi 

ACKNOWLEDGEMENTS ix 

APPROVAL xii 

DECLARATION xiii 

LIST OF TABLES xvii 

LIST OF FIGURES xviii 

LIST OF ABBREVIATIONS xx 

1. INTRODUCTION 1 

2. LITERATURE REVIEW 7 

2.1 The Giant Freshwater Prawn 7 

2.2 White Tail Disease 8 

2.3 Macrobrachium Rosenbergii Nodavirus Classification 8 

2.4 Clinical Signs and Pathogenicity 10 

2.5 MrNV Genome, Encoded Proteins and Virion Structure 11 

2.6 Diagnostic Tools of WTD 14 

2.6.1 Dot-blot Hybridization 15 

2.6.2 In Situ Hybridization 15 

2.6.3 LAMP 16 



© C
OPYRIG

HT U
PM

 xii 

2.6.4 ELISA 21 

2.6.5 Real-time PCR 23 

2.6.5.1 Non-specific Format (Intercalating Dye) 24 

2.6.5.2 Specific Format (Fluorescent Probe) 26 

2.6.5.3 Different Quantifications in the Real-time PCR Assay 29 

3. MOLECULAR CLONING AND SEQUENCE ANALYSIS OF THE WHOLE 

SEQUENCE OF RNA 1 OF MRNV IN THE GIANT FRESHWATER PRAWNS 37 

3.1 Introduction 37 

3.2 Materials and Methods 39 

3.2.1 Sample Collection 40 

3.2.2 Extraction and Purification of the Total RNA 41 

3.2.3 UV Spectrophotometry 42 

3.2.4 Agarose Gel Electrophoresis 43 

3.2.5 Treatment of the Extracted RNA with DNase 44 

3.2.6 Reverse Transcription-PCR Assay 47 

3.2.7 Cloning of Four Segments of the RNA 1 of MrNV in the pGEM
®
-T Easy Vector 49 

3.2.7.1 Purification of the Band of Interest from Agarose Gel 49 

3.2.7.2 Ligation using 2X Rapid ligation buffer 50 

3.2.7.3 Transformation of the JM109 Competent Cells 51 

3.2.8 Plasmid Extraction from Bacteria 52 

3.2.9 Analysis of Recombinant Plasmid 54 



© C
OPYRIG

HT U
PM

 xiii 

3.3 Results 56 

3.4 Discussion 65 

4. A TAQMAN REAL-TIME RT-PCR ASSAY FOR THE DETECTION OF 

MACROBRACHIUM ROSENBERGII NODAVIRUS (MRNV) IN GIANT 

FRESHWATER PRAWNS 68 

4.1 Introduction 68 

4.2 Materials and Methods 69 

4.2.1 Sample Collection 69 

4.2.2 Extraction and Purification of the RNA 70 

4.2.3 Construction of Recombinant Plasmids 71 

4.2.4 Design of TaqMan Real-time RT-PCR Primers and TaqMan Probe 75 

4.2.5 Optimization of the TaqMan real-time RT-PCR Assay 77 

4.2.6 Synthesis of Single Stranded cDNA and TaqMan real-time RT-PCR Assay 79 

4.2.7 Drawing of Two Standard Curves for Plasmid R2-A and Extracted RNA 82 

4.2.8 Detection Limits, Reproducibility and PCR Efficiency of the TaqMan Real-time RT-

PCR Assay 82 

4.2.9 Specificity of the TaqMan Real-time RT-PCR Assay 83 

4.2.10 Conventional RT-PCR vice versus TaqMan real-time RT-PCR 84 

4.3 Results 84 

4.3.1 Recombinant Plasmid 84 



© C
OPYRIG

HT U
PM

 xiv 

4.3.2 Optimization of Real-time PCR Assay Based on Plasmid R2-A 89 

4.3.3 Detection Limit, Sensitivity Assay and PCR Efficiency 93 

4.3.4 Specificity of the TaqMan real-time RT-PCR Assay 96 

4.3.5 Reproducibility of the TaqMan real-time RT-PCR Assay 98 

4.3.6 Detection of MrNV in Infected Samples 99 

4.4 Discussion 100 

5. SUMMARY AND CONCLUSION AND FUTURE WORK 104 

REFERENCES 107 

APPENDIX A 113 

APPENDIX B 115 

APPENDIX C 117 

BIODATA OF THE STUDENT 125 

LIST OF PUBLICATIONS 126 

 

 


	SEQUENCE ANALYSIS OF RNA-DEPENDENT RNA POLYMERASE AND DEVELOPMENT OF A TAQMAN REAL-TIME RT-PCR ASSAY FOR DETECTION OF MACROBRACHIUM ROSENBERGII NODAVIRUS IN GIANT FRESHWATER PRAWNS
	Abstract
	TABLE OF CONTENTS
	CHAPTER
	REFERENCES



