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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfilment 

of the requirement of the degree of Doctor of Philosophy 

 

CHARACTERISATION AND PATHOGENICITY OF Neofusicoccum ribis 

AND GENE EXPRESSION STUDY OF PATHOGENESIS-RELATED GENES 

IN RUBBER (Hevea brasiliensis Muell.Arg) 

 

 

By  

NYAKA NGOBISA AURELIE IRENE CLAIRE  

 

February 2014  

 

Chairman: Associate Professor Zainal Abidin Mior Ahmad, PhD 

Faculty: Agriculture  

 

Rubber tree (Hevea brasiliensis) is well known as the tree of life for its by-products 

such as latex and wood. However, the growth and performances of H. brasiliensis 

are reduced substantially by Fusicoccum Leaf Blight disease, a re- emerging malady 

first detecte in Malaysia in 1987. This study provides a foundation for understanding 

the infection of healthy rubber plant tissues by Fusicoccum spp. in selected regions 

in Malaysia, with emphasis on pathogenicity and cross pathogenicity evaluation of 

associated hosts. The study provides a leaf colonisation pattern since the resistance 

mechanism provided by pathogenesis-related proteins (PR) and phenylalanine 

ammonia lyase (PAL) enzymes, both induced in infected rubber, are fairly well 

studied. Fungal isolates were obtained from leaf samples collected in several rubber 

plantations in Selangor, Perak and Johor in 2010. All isolates were identified based 

on cultural characteristics such as conidial production in various cultural media 

(PDA, MEA, CDA, CMA) and sequence data generated from the internal transcribed 

spacers (ITS1 and ITS2), the 5.8S rRNA gene and an unknown locus (BotF15) 

containing microsatellite repeats. Pathogenicity tests were conducted using 

representative isolates from three locations (SB30, SK10 and SJ20) for confirmation 

by detached leaf method and seedlings in glasshouse, and cross pathogenicity tests 

on detached leaves. The roles of β-1, 3-glucanase and chitinase, the two most widely 

studied groups of pathogenesis-related (PR) proteins (PR3 and PR2) and 

phenylalanine ammonia lyase (PAL) enzymes present during pathogenesis were 

investigated.  

 

Thirty three isolates were derived from this study. In different culture media and pH 

tested, significant differences were observed in spore production, dimensions of the 

conidia and growth rates among isolates. On PDA, pH 6 supported the best growth 

compared to others and optimum temperatures of growth were between 25 oC to 30 
oC. The growth rate was 21.2 mm/day on PDA, 17.9 mm/day on CDA, 17.1 mm / 

day on MEA and 14.2 mm/day on CMA. The highest spore production of 161.33 x 

10 6 spores / ml was obtained on PDA. The optimum temperature for spore 

germination in distilled water was 25 oC – 35 oC within a period of twenty- four 

hours. The fungus colony color was white to grey; dark greenish grey or greyish. 
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Conidia were either septate or aseptate, hyaline when young and turning brown with 

age, oval, elliptic to ovaloid or subglobose in shape. Conidia size ranged 9.0-25.8 μm 

in length and   1.9-8.5 μm width with the L: B ratio of 3.4.  

 

Molecular characterisation revealed fungal sequences generated from ITS and 

BotF15 genes, indicating therefore that they formed a supported clade with 

Neofusicoccum. ribis. Tested isolates (SB30, SK10 and SJ20) were pathogenic to H. 

brasiliensis but varied in symptoms. Pathogenicity tests showed high susceptibility 

of percentage of disease severity on detached rubber leaves from clones RRIM 2024 

and PB 350 (39 - 56%) and low susceptibility on clones RRIM 2002 and RRIM 2007 

(6.6 - 18.8%). Some alternate hosts such as mango and guava exhibited high 

susceptibility (50 - 80%) while others (rambutan and papaya) were low (3 - 10%).  

 

Induction of pathogenesis–related genes in rubber leaves in the presence of fungal 

pathogen showed that patterns of expressions of these enzymes were up-regulated in 

both tolerant (RRIM 2002) and susceptible (PB 350) rubber clones over time 

although their expression was much higher in the latter. Generally, pathogenesis-

related proteins from H. brasiliensis could be used as molecular probes to monitor 

defence-response activation while the mechanism in N. ribis isolate SK10 could 

serve as an inducer of systemic resistance in rubber. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENCIRIAN DAN PATOGENISITI Neofusicoccum ribis DAN KAJIAN 

EKSPRESI GEN PERKAITAN-PATOGENESIS DALAM GETAH  

(Hevea brasiliensis Muell.Arg) 

 

 

Oleh  

 

NYAKA NGOBISA AURELIE IRENE CLAIRE  

 

Februari 2014  

 

Pengerusi: Profesor Madya Zainal Abidin Mior Ahmad, PhD 

Fakulti: Pertanian 

 

Pokok getah (Hevea brasiliensis) lebih dikenali sebagai pokok hayat bagi produk 

sampingan seperti getah dan kayu. Walau bagaimanapun, pertumbuhan dan 

perkembangan H. brasiliensis terjejas dengan ketara disebabkan oleh penyakit daun 

hawar Fusicoccum, penyakit yang dikesan muncul semula di Malaysia pada tahun 

1987. Kajian ini memberi asas pemhaman jangkitan Fusicoccum spp. terhadap tisu 

tumbuhan getah yang sihat di kawasan terpilih di Malaysia, dengan penekanan 

kepada patogenisiti dan penilaian patogenisiti silang pada hos yang berkaitan. Kajian 

ini adalah wajar dalam menerangkan corak kolonisasi daun apabila mekanisme 

rintangan terhasil dari protein yang berkaitan dengan patogenesis (PR) dan enzim 

ammonia phenylalanine lyase (PAL) yang mana kedua-duanya disebabkan oleh 

getah yang telah dijangkiti. 

 

Pengasingan kulat diperolehi daripada sampel daun yang dikutip di beberapa ladang 

getah di Selangor, Perak dan Johor pada tahun 2010. Semua pengasingan telah 

dikenal pasti berdasarkan ciri-ciri kultur seperti pengeluaran conidial dalam pelbagai 

medium kultur (PDA, MEA, CDA, CMA) dan urutan data yang terhasil daripada 

ruang salinan dalaman (ITS1 dan ITS2), gen rRNA 5.8S dan lokus yang tidak 

diketahui (BotF15) yang mengandungi mengulangi mikrosatelit. Ujian patogenisiti 

telah dijalankan menggunakan pengasingan mewakili tiga lokasi (SB30, SK10 dan 

SJ20) untuk pengesahan dengan kaedah helaian daun dan benih di rumah kaca, dan 

ujian silang patogenisiti pada daun berkembar. Fungsi β-1, 3-glucanase dan chitinase, 

dua kumpulan ezmin yang dikaji paling meluas yang berkaitan dengan patogenesis 

(PR) protein (PR3 dan PR2) dan penyediaan enzim  lyase ammonia phenylalanine 

(PAL) dalam patogenesis telah dikaji. 

 

Tiga puluh tiga pengasingan telah diperoleh daripada kajian ini. Dalam medium 

kultur berbeza dan pengujian pH, perbezaan ketara telah diperhatikan dalam 

pengeluaran spora, dimensi konidia dan kadar pertumbuhan di kalangan 

pengasingan. Pada PDA, pH 6 menyokong pertumbuhan yang terbaik berbanding 
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dengan yang lain dan suhu optimum pertumbuhan adalah di antara 25 oC hingga 30 
oC. Kadar pertumbuhan adalah 21.2 mm / hari untuk PDA, 17.9 mm / hari untuk 

CDA, 17.1 mm / hari MEA dan 14.2 mm / hari untuk AKM. Pengeluaran tertinggi 

spora 161.33 x 106 spora / ml telah diperolehi untuk PDA. Suhu optimum untuk 

percambahan spora di dalam air suling adalah antara 25 oC - 35 oC dalam tempoh dua 

puluh empat jam. Warna koloni kulat adalah putih kelabu, kelabu kehijauan gelap 

atau kekelabuan. Konidia sama ada septate atau aseptate, hialin ketika muda dan 

bertukar perang pada usia, bujur, eliptik ke ovaloid atau berbentuk subglobose. Saiz 

panjang konidia antara 9.0-25.8 μm dan lebar antara 1.9-8.5 μm dengan L: B nisbah 

3.4. 

 

Pencirian molekul mendedahkan urutan kulat terhasil daripada ITS dan gen BotF15, 

ini menunjukkan bahawa kulat tersebut membentuk klad yang baik yang dibantu oleh 

Neofusicoccum. ribis. Hasil ujian penasingan (SB30, SK10 dan SJ20) adalah 

patogenik pada H. brasiliensis tetapi berbeza pada simptom. Ujian Patogenisiti 

menunjukkan kecenderungan yang tinggi pada daun getah berkembar dari klon 

RRIM 2024 dan PB 350 (39 - 56%) dan kecenderungan rendah pada klon RRIM 

2002 dan RRIM 2007 (6.6-18.8%). Sesetengah alternatif hos rumah seperti mangga 

dan jambu menunjukkan kecenderungan yang tinggi (50 - 80%) manakala yang lain 

(rambutan dan betik) adalah rendah (3 - 10%). Induksi gen yang berkaitan dengan 

patogenesis dalam getah daun tanpa kulat patogen menunjukkan bahawa corak 

ungkapan enzim ini adalah up-selia kedua-dua toleran (RRIM 2002) dan mudah (PB 

350) klon getah dari semasa ke semasa walaupun ungkapan mereka adalah jauh lebih 

tinggi dalam kedua. Secara umumnya, protein yang berkaitan dengan patogenesis 

daripada H. brasiliensis boleh digunakan sebagai probe molekul untuk mengawal 

pengaktifan tindak balas pertahanan manakala mekanisme untuk ketegangan N. ribis 

SK10 yang mampu bertindak sebagai pencetus penentangan sistemik dalam getah. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

vii 

ACKNOWLEDGEMENTS 

 

 

Thanks to the almighty GOD for his continuous guidance and for giving me the 

courage and determination to complete this study. 

 

This thesis represents the fruit of endless effort by many people and the support of 

several institutions to which I’d like to extend my gratitude. I wish to express my 

gratitude to my supervisor Assoc. Prof. Dr. Zainal Abidin Mior Ahmad who was 

abundantly helpful and offered invaluable assistance, patience, understanding, 

support and guidance. His scientific intuition, idea for my project and passion for 

science has inspired me and enriched my growth as a student and a researcher. I am 

looking forward to future collaboration. 

 

To my co-supervisors Assoc. Prof. Dr. Wong Mui Yun and Assoc. Prof. Dr. Wan 

Mohamed Noordin Wan Daud without whose knowledge, advice and crucial 

assistance this would not have been successful. They have triggered and nourished 

my intellectual maturity, from which I will benefit for a long time to come. 

 

I am very indebted to the Malaysian Rubber Board. I also would like to record our 

appreciation to Dr. Mohd Nasarudin bin Mohd Aris, the Head of Crop Improvement 

and Protection Unit of the Malaysian Rubber Board and, Mrs Murnita Masahuling 

for their permission, and assistance to conduct this research.   

 

Deepest gratitude are due to Datuk Dr. Abdul Aziz S.A. Kadir, the Secretary General 

of the International Rubber Research and Development Board (IRRDB) and Dr. 

Ismail Hashim who carried out all necessary formalities and requirements for me to 

conduct this study. 

 

My appreciation goes to Camerooninan Government, specifically the Institute of 

Agricultural Research for Development (IRAD) who made possible my coming to 

Malaysia and provided me logistic support each time it was needed during field 

work. Especially warm thanks to Dr Zok Simon the former General Manager of 

IRAD, Dr Woin Noe the General manger of IRAD, Dr Mouen Bedimo Joseph 

Deputy General manger of IRAD, Dr Ehabe Eugene Ejolle, principal researcher and 

Head of Latex Plants latex programme IRAD; Dr Begoude Boyogueno Aime-Didier, 

principal researcher from the Regional Biological Control and Applied Microbiology 

Laboratory of IRAD. 

 

During my study, I had a number of excellent colleagues and friends.  Special 

mention to Dr Boubakar Barry, Coordinator of Association of African Universities, 

Ghana; Dr Abubakar Muhammad Salisu, lecturer at Usmanu Danfodiyo University, 

Sokoto-Nigeria; Dr Mfegue Virginie research officer at IRAD, Cameroon; Beyegue 

Djonko Honore lecturer at the University of Dschang, Cameroon and, PhD fellow at 

Universiti Sains Islam Malaysia; Michael Mbenoun PhD fellow at Forestry and 

Agricultural Biotechnology Institute at University of Pretoria, South Africa, Eunice 



© C
OPYRIG

HT U
PM

 

 

viii 

Adgidzi PhD fellow at Univerity of Nigeria Nsuk ka for their constant presence, care 

and moral support. 

Special thanks are also given to staff at the Department of Plant Protection, Faculty 

of Agriculture, Universiti Putra Malaysia and at the International Research Rubber 

Developpment Board, especially to Mr Shamsudin Bojang, Mr Mohamed Nazri 

Abdul Rahman, Mrs Asmalina Abu Bakar and Mr Johari Mohd Sarikat, Mrs Norani 

Saad, Mr Aizat Hazman Mohamed Khairi who have assisted me in various ways.  

 

I am tempted to individually thank all my lab mates at UPM, and   RRIM, but as the 

list is long and for fear I might omit someone, I will simply and genuinely say: 

Thank you to you all for your positive input, cheerful attitude, care and trust. 

Particular I would like to cite Ms Salha Elmahdi, Mr Abbas Nashi, Mrs Farnaz Abed, 

Ms Dzarifah Zulperi, Mr Mamma Sawaneh, Ms. Azimah Izhar, Mrs Khairita 

Khairuddin, Mr Soni Othman, Mr Sega, Mr Guna and Mrs. Erusama. 

 

I am greatly indebted to my family and in-laws for their inseparable support and 

prayers. Their dedication, love and persistent confidence in me, has taken the load 

off my shoulder. Words fail me to express my appreciation to my beloved husband, 

Mandengue Louis Lucien Heurard, as well as to my lovely kids (Louis-Simon and 

Charles-Emmanuel) who are for me, more than water in the desert. 

 

Finally, thank to all those who contributed to the successful realization of this thesis 

and my apologies to those that I could not mention here. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

x 

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

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. 

The members of the Supervisory Committee were as follows: 

 

Zainal Abidin Mior Ahmad, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Wong Mui Yun, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia  

(Member) 

 

Wan Mohamed Noordin Wan Daud, PhD  

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

BUJANG BIN KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

Date: 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xi 

DECLARATION 

Declaration by the student  

I hereby confirm that:  

  this thesis is my original work  

 quotations, illustrations and citations have been duly referenced  

 the thesis has not been submitted previously or comcurrently for any other 

degree at any institutions 

  intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the  Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be owned from supervisor and deputy vice –chancellor 

(Research and innovation) before thesis is published (in the form of written, 

printed or in electronic form) including books, journals, modules, proceedings, 

popular writings, seminar papers, manuscripts, posters, reports, lecture notes, 

learning modules or any other materials as stated in the Universiti Putra 

Malaysia (Research) Rules 2012;  

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012. The thesis has undergone plagiarism detection software  

 

 

Signature:…………………………………    Date: 17th February 2014 

Name and Matric No: NYAKA NGOBISA AURELIE IRENE CLAIRE, (GS26788) 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xii 

Declaration by Members of Supervisory Commitee 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our  

supervision; 

 supervision responsibilities as slated in Rule 41 in Rules 2003 (Revision 2012-

2013)  were adhered to. 

 

 

 

 

Signature -------------------------------                        Signature ------------------------- 

Zainal Abidin Mior Ahmad, PhD                      Wong Mui Yun, PhD 

(Chairman)                     (Member) 

 

 

 

Signature --------------------------- 

Wan Mohamed Noordin Wan Daud, PhD 

               (Member)  

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xiii 

 TABLE OF CONTENTS  

 Page 

DEDICATION ii 

ABSTRACT iii 

ABSTRAK v 

ACKNOWLEDGEMENTS vii 

APPROVAL  ix 

DECLARATION xi 

LIST OF TABLES xvi 

LIST OF FIGURES xvii 

LIST OF ABBREVIATIONS xix 

 

CHAPTER 

 

 

1 INTRODUCTION 1 

 

2  2 LITERATURE  REVIEW 4 

 2.1 The Rubber Tree Profile 4 

 2.2 Diseases of rubber 5 

  2.2.1 Fusicoccum Leaf Blight (FLB) disease on rubber 7 

 2.3 The Botryosphaeriaceae Fungi 8 

  2.3.1 Taxonomy and nomenclature of Neofusicoccum spp. 9 

   2.3.1.1   Morphology of Neofusicoccum spp. 10 

   2.3.1.2   Molecular methods 12 

   2.3.1.3    Microsatellite markers 13 

   2.3.1.4    Use of other molecular tools 13 

 2.4 Biology of Neofusicoccum spp. 14 

  2.4.1 Distribution and host range  14 

  2.4.2 Disease  symptoms caused by Neofusicoccum spp. 15 

  2.4.3 Spore development, dispersal and epidemiology  16 

 2.5 Plant  defence responses to pathogens 17 

  2.5.1 Induced resistance in plants 18 

   2.5.1.1 Systemic acquired resistance (SAR) 19 

   2.5.1.2 Induced systemic resistance (ISR) 20 

  2.5.2 Pathogenesis-related (PR) proteins in induced 

resistance 

21 

  2.5.3 Phenylalanine ammonia-lyase (PAL) gene 23 

  2.5.4 Defence enzymes in rubber 24 

3 ISOLATION AND MORPHOLOGICAL 

CHARACTERISATION OF NEOFUSICOCCUM SPP. 

26 

 3.1 Introduction 26 

 3.2 Materials and Methods 27 

  3.2.1 Collection of samples 27 

  3.2.2 Isolation of leaf blight fungus 28 



© C
OPYRIG

HT U
PM

 

 

xiv 

   3.2.2.1 Cultures morphology 29 

  3.2.3 

 

Morphological characteristics of cultured fungal 

colonies 

29 

   3.2.3.1 Effect of media on colony growth 29 

   3.2.3.2 Effect of media on pH sporulation 30 

   3.2.3.3         

 

Effect of temperature on germination of 

spores 

30 

   3.2.4 Experimental design and data analysis 30 

 3.3 Results and Discussion     31 

  3.3.1  Samples symptoms 31 

  3.3.2 Isolation of leaf blight fungus 31 

   3.3.2.1 Colony and conidial morphology  33 

  3.3.3 Morphological characteristics of cultured fungal 

colonies 

37 

 
  3.3.3.1 Effect of media on colony growth 

37 

   3.3.3.2 Effect of pH on colony sporulation 38 

   3.3.3.3 Effect of temperature on germination of 

spores  

40 

 3.4 Conclusions 42 

4 MOLECULAR   CHARACTERISATION AND 

PHYLOGENETIC ANALYSIS OF NEOFUSICOCCUM SPP. 

43 

 4.1 Introduction 43 

 4.2 Materials and Methods 44 

  4.2.1 DNA extraction 44 

  4.2.2 Amplification of Target DNA 44 

   4.2.2.1 Polymerase chain reaction amplification 

using Internal Transcribed Spacers 

(rDNA-ITS) and Microsatellite BotF5 

regions 

44 

   4.2.2.2 Gel Electrophoresis and Staining 45 

  4.2.3 Purification, sequences and analyses 45 

  4.2.4 Phylogenetic Analysis 45 

 4.3 Results and discussion 46 

  4.3.1 Genomic DNA extraction 46 

  4.3.2 Amplification of target DNA 46 

   4.3.2.1 Polymerase chain reaction amplification 46 

  4.3.3 DNA sequencing and Analysis 50 

 4.4 Conclusions 59 

 

5 PATHOGENICITY OF ISOLATES OF Neofusicoccum ribis   

TO RUBBER AND EVALUATION OF CROSS 

PATHOGENICITY ON HOST PLANTS 

60 

 5.1 Introduction 60 

 5.2 Materials and Methods 61 

  5.2.1 Fungal Isolates 61 

  5.2.2 Pathogenicity tests 61 



© C
OPYRIG

HT U
PM

 

 

xv 

   5.2.2.1 Pathogenicity tests on detached rubber 

leaves in laboratory 

61 

   5.2.2.2 Pathogenicity tests on rubber seedlings in 

glasshouse 

62 

   5.2.2.3 Cross-inoculation on detached leaves of 

host plants in laboratory 

63 

  5.2.3 Statistical Analysis 63 

 5.3 Results and Discussion 64 

  5.3.1 Pathogenicity tests 64 

   5.3.1.1 Pathogenicity tests on detached rubber 

leaves in laboratory 

64 

   5.3.1.2 Pathogenicity test on rubber seedlings in 

glasshouse 

68 

   5.3.1.3 Cross-inoculation on detached leaves of 

host plants in laboratory 

70 

 5.4 Conclusions 74 

6 DETECTION OF PATHOGENESIS–RELATED GENES 

INDUCED BY Neofusicoccum ribis  ISOLATE ON RUBBER 

75 

 6.1 Introduction 75 

 6.2 Materials and Methods 76 

  6.2.1 Plant materials and treatments 76 

  6.2.2 Total RNA extraction and purification 76 

  6.2.3 Synthesis of cDNA 77 

  6.2.4 Amplification of the cDNA Template 77 

   6.2.4.1 Analysis of Total RNA, cDNA and PCR 

products with Gel electrophoresis 

78 

   6.2.4.2 Nucleotide Sequence Analysis 78 

 6.3 Results and Discussion 79 

  6.3.1 Fungal infection 79 

  6.3.2 Total RNA Extraction, Purification and cDNA 

synthesis 

80 

  6.3.3 Gene Expression Analysis 81 

  6.3.4 DNA  Sequence Analysis 85 

   6.3.4.1 Sequences BLAST Results 85 

 6.4 Conclusions 86 

7 SUMMARY, GENERAL CONCLUSIONS AND 

RECOMMENDATIONS FOR FUTURE RESEARCH 

87 

 7.1 Summary and Conclusions 87 

 7.2 Recommendations for future research 

 

88 

 

 

 

REFERENCES 90 

APPENDICES 114 

BIODATA OF STUDENT 144 

LIST OF PUBLICATIONS 145 



© C
OPYRIG

HT U
PM

 

 

xvi 

LIST OF TABLES 

 

Table       Page  

2.1 The morphological distinction on Neofusicoccum species 11 

2.2 Different families of pathogenesis-related proteins  22 

3.1 Source of 33 Neofusicoccum spp. derived from LB infected 

rubber leaves for research  

28 

3.2 Cultural Characteristics of 8-day Old Fungal Isolates on PDA.  34 

3.3 Measurements of conidia of 10 to 15 day old Fungal Isolates on 

PDA (n =30). 

36 

3.4 Radial growth rates (mm/day) of isolates of leaf blight from 

rubber on culture media  

38 

3.5 Mean germination rates of three isolates of Neofusicoccum spp. at 

different incubation periods at 25o C. 

41 

4.1 BLAST results of 33 isolates for ITS regions related to N. ribis. 49 

4.2 BLAST results of 6 isolates for BotF15 region related to N. ribis. 50 

4.3 Sources of Neofusicoccum species used for phylogenetic analyses 52 

4.4 Morphological character of Neofusicoccum species used for 

phylogenetic analyses. 

58 

5.1 Isolates of N. ribis used in pathogenicity tests  61 

5.2 Pathogenicity of representative N.ribis isolates on different 

rubber clones using detached leaf assay after 15 days inoculation. 

67 

5.3 Means rating (R, M, S) of isolates resulting from inoculation 

trials 

68 

 

5.4 Pathogenicity of the representative N.ribis isolates on hosts plant 

using detached leaf assay at 15 day 

70 

 

5.5 

Pathogenicity of representative N. ribis isolates on rubber and 

fruit plants using detached leaf assay after 15 days inoculation. 

Means rating (R, M, S) of isolates resulting from inoculation 

trials. 

 

 

73 

 

6.1 Primers for gene-specific amplification  and expected lengths for 

cDNA given in base pair (bp)  

78 

6.2 Blast results of Hevea brasiliensis chitinase (Chit), β-1-3 

glucanase (Glu) Phenylalanine lyase (PAL) and Glyceraldehyde 

phosphate dehydrogenase (GAPHD) genes 

86 

 



© C
OPYRIG

HT U
PM

 

 

xvii 

LIST OF FIGURES 

Figure      Page 

2.1 Rubber tree with cup of latex (a), leaves (b) fruits (c) flower (d), and 

seeds (e) of Hevea brasiliensis  

  5 

2.2 Conidia morphology of anamorph and teleomorph stage of 

Fusicoccum. Asci of Botryosphaeria dothidea, teleomorph of 

Fusicoccum aesculi (a), Neofusicoccum conidia (b), aged conidia of 

Neofusicoccum with browm wall and one to two septa (c). Scale bar 

=10 µm.  

10 

2.3 Overview of local and systemic signalling in Arabidosis disease 

resistance.  

19 

3.1 Infected leaflets of H. brasiliensis by Neofusicoccum sp. 31 

3.2 Twelve day- old culture of 33 isolates grown on PDA: SB from 

Selangor, SK from perak, and SJ from Johor. 

32 

3.3 Culture and conidial morphology of Neofusicoccum spp. isolated 

from rubber leaf: a. one week old culture on PDA producing 

pycnidia, b conidia observed under the light microscope, (c) 

germinating conidia in distilled water after 24 h of incubation. Scale 

bar = 10 µm  

35 

3.4  Effect of four types of media on colony growth of Neofusicoccum 

spp. at 4  days after incubation 

37 

3.5 Sporulation of three isolates of Neofusicoccum spp. on CDA at 

different pH after 12 days of incubation 

39 

3.6 Sporulation of three isolates Neofusicoccum spp on PDA at different 

pH after 12 days of incubation 

40 

3.7 Effect of temperature on spore germination of three isolates of 

Neofusicoccum spp  on water agar (WA) after 24 hours incubation 

41 

4.1 Total genomic DNA extracted from representative Neofusicoccum 

spp. 

46 

4.2 Gel electrophoresis showing representative bands of PCR product 

from ITS region. The amplification fragments were approximately 

550 bp. (A: SB isolate from Selangor, B: SK isolate  from Perak and 

C: SJ isolate from Johor)  

48 

4.3 Gel electrophoresis showing representative band of PCR product 

from BotF15 region. The amplification fragment was approximately 

350 bp 

50 

4.4 Phylogenetic tree based on ITS region. One of the most 

parsimonious trees obtained from Maximum Parsimony analyses of 

the ITS sequence data of the Botryosphaeriaceae. The scale 1 shows 

1 change and the Bootstrap support (%) from 1000 replications is 

given on the branch. Isolates marked in bold represent those from 

55 



© C
OPYRIG

HT U
PM

 

 

xviii 

rubber  

4.5 Phylogenetic tree based on the unknown locus (Bot F15). One of the 

most parsimonious trees obtained from Maximum Parsimony 

analyses of the BotF15 sequence data of the Botryosphaeriaceae. 

The scale 10 shows 10 changes and the Bootstrap support (%) from 

1000 replications is given on the branch. Isolates marked in bold 

represent those from rubber. 

56 

4.6 Phylogenetic tree based on combine sequences ITS and BotF15. 

Most parsimonious unrooted tree inferred from Maximum 

Parsimony analyses of the combined ITS and BotF15 sequence data 

of the representative taxa of the Botryosphaeriaceae. The scale 10 

shows 10 changes and the Bootstrap support (%) from 1000 

replications is given on the branch. Isolates marked in bold 

represent those from rubber. 

57 

5.1 Level of infection of the representative N.ribis on detached leaves 

of differents rubber clones. 

65 

5.2 Pictures showing different responses on seedlings of different 

rubber  clones inoculated with one selected N.ribis isolate (SB30) 

after 30 days 

69 

5.3 Mean percentage disease severity of representative N.ribis on 

different seedlings after 30 days of inoculation 

69 

5.4 Level of infection of the representative isolates on detached leaves 

of different host plants  

71 

5 5 Effect of rubber isolates on fruits plants. Mean lesion (mm) on 

different detached leaves of fruit plants post inoculated with 

different isolates (A: SB30); (B: SJ20), (C: SK10). 

72 

6.1 Developments of infection on rubber leaves after inoculation by N. 

ribis isolate SK10. 

80 

6.2 Distinct rRNA bands (28S and 18S) on 1% TAE agarose. 81 

6.3 Semi-quantitative reverse transcription polymerase chain reaction 

analysis of β-1,3 glucanase (Glu), chitinase(Chit) genes and 

phenylalanine ammoniase lyase (PAL) expression in response to 

clone RRIM 2002 leaf inoculation with N. ribis strain 

SK10(JX035744) and sterile distilled water (control) over day. The 

GAPDH (glyceraldehyde phosphate dehydrogenase) was used as 

control for normalising mRNA quantity 

82 

6.4 Semi-quantitative reverse transcription polymerase chain reaction 

analysis of β-1,3 glucanase (Glu), chitinase(Chit) genes and 

phenylalanine ammoniase lyase (PAL) expression in response to 

clone PB 350 leaf inoculation with N. ribis strain SK10(JX035744) 

and sterile distilled water (control) over day. The GAPDH 

(glyceraldehyde phosphate dehydrogenase) was used as control for 

normalising mRNA quantity 

84 



© C
OPYRIG

HT U
PM

 

 

xix 

LIST OF ABBREVIATIONS 

 

ABCT Gene encoding ATP-binding cassette transporters 

ACO2 Aminocyclopropanecarboxylate oxidase 2 

ANPC Association of Natural Rubber Producing Countries 

ANOVA  Analysis of variance 

Avr gene Avirulence gene 

BLAST Basic Local Alignment Search Tool 

Bot F15 Microsatellites 

Bp Base pair 

0C Degree Celsius 

cDNA Complementary dexoxyribonucleic acid 

CRD  Completed randomised design 

CTAB Hexadecyltrimethyl-Ammonium Bromide 

Chit  Chitinase 

DNA Deoxyribonucleic acid 

dNTPs Deoxynucleotides 

DAI Day after inoculation 

DEPC Diethylprocarbonate 

DMS Degrees Minutes Seconds 

DNase   Deoxyribonuclease 

DI Disease incidence 

DSI Disease severity index 

EDTA Ethylenediaminetetraacetic acid 

ETR 1 Ethylene receptor protein 1 

FLB Fusicoccum Leaf Blight 

GAPDH Glyceraldehyde phosphate dehydrogenase 



© C
OPYRIG

HT U
PM

 

 

xx 

Glu Glucanase 

GPX Gluthation peroxidase 

ITS Internal Transcribed Spacer 

IRSG International Rubber Study Group 

ISR   Induction of systemic resistance 

Kb Kilo base –pair 

LiCl Lithium Chloride 

mL Millilitre 

Mm Millimetre 

mM   Milimolar 

MW Molecular weight 

Ng Nanogram 

Nm Nanometre 

NCBI National Centre for Biotechnology Information 

OD   Optical density 

PAL Phenylalanine ammonia lyase 

PCR Polymerase chain reaction 

PDB Potato dextrose broth 

PDI Percent disease intensity 

pH Potential of hydrogen 

PR Pathogenesis related protein 

PVP   Polyvinyl pyrrolidone 

RNA Ribonucleic Acid 

RNase Ribonuclease 

rRNA Ribosomal Ribonucleic Acid 

Rpm Revolution Per Minute 

RRIM Rubber Research Institute Malaysia 

SDS   Sodium dodecyl sulphate 



© C
OPYRIG

HT U
PM

 

 

xxi 

SA   Salicylic acid 

SAR   Systemic acquiered resistance 

SE Standard error 

SSR Simple Sequence repeats 

 TAE  Tris acetate EDTA 

µg Microgram 

µM Micromole 

µl Microlitre 

U Unit 

UV Ultra violet 

V Volts 

V/V Volume per volume 

W/V                 Weight per volume 



© C
OPYRIG

HT U
PM

 

 

1 

CHAPTER 1 

 

 INTRODUCTION 

 

 

The para rubber tree (Hevea brasiliensis) is well known as the tree of life for its latex 

and wood (Hayashi, 2009). It belongs to the genus Hevea (Euphorbiaceae, 

Malpighiales) which accommodates three species that yield usable rubber: H. 

brasiliensis, H. guianensis and H. benthamiana. Although the H. brasiliensis is 

native to the South American Amazonian rainforest, the plant gained popularity in 

Asia and became increasingly important in some African and then Latin American 

countries where it was commercially planted as the primary source of natural rubber, 

the main structural component of which is the poly (cis -1,4 isoprene) (Thomas et al., 

2011).  

 

Rubber plantation has a critical social implication worldwide as over 20 million 

people are dependent on the rubber industry. Owing to demand following the 

phenomenal growth of the tyre and automobile industries (IRSG, 2013), natural 

rubber production is expected to increase considerably in the years ahead and to even 

double by the year 2020 (Burger and Smit, 2004; IRGS, 2007), Indeed, the 

Association of Natural Rubber Producing Countries (ANRPC, 2011)  estimated land 

use for rubber production in Malaysia at 1.25 million hectares in 2007 with a total 

production of 1.20 million tonnes contributing to about a third of the world’s rubber  

production (MRB, 2009) next to Thailand and Indonesia (ANRPC, 2010; 2011). 

However, the planted area has been continuously declining since 1982, a situation 

that is worsened by the concurrent drop in rubber cultivated in all West Malaysia 

owing to some constraints: aging of trees, less and less availability of suitable land, 

abiotic and biotic stresses (Jayasinghe, 2009; Thomas et al., 2011).  

 

That notwithstanding, biotic stress, climate change and introduction of new clones in 

Malaysian rubber plantations could contribute to a change in the diseases scenario. A 

new disease dubbed Fusicoccum Leaf Blight (FLB) was detected in Johore, Malaysia 

(Radziah and Chee, 1989) that was caused by a fungal pathogen that infected leaves 

of mature and immature rubber and inflicted defoliation and premature leaf fall 

(Hashim et al., 2010) resulting in significant reduction in growth performance, yield 

and survival of the four –year-old trees in a mixed planting of rubber clones: RRIM 

600 (55%), PB260 (15%), PB255 (15%), PB261 (15%), and PB217 (15%),  with 

GT1 as supplies (Radziah and Chee, 1989).   

 

The causal agent was first identified based on the morphology of the vegetative and 

reproductive structures on infected tissues (Radziah and Chee, 1989).  However, 

although many identification methods for pathogenic fungi associated with leaf 

blight disease have been developed, the clear taxonomic position of this fungus 

remains uncertain (Phillips et al., 2008). Hence, the use of a combination of 

morphological and molecular techniques for the identification of FLB disease would 

be the choice to implement the appropriate control strategies in the future.  
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Current knowledge of the taxonomy of Fusicoccum through morphological 

characterisation is unclear. Crous et al. (2006) hence introduced a single generic 

name for the anamorph which occurs with a Dichomera-like synanamorph, which is 

the more informative morphological state: Neofusicoccum (Crous, Slippers and 

A.J.L. Phillips, gen. nov. MycoBank MB500870). Interest in this fungal group 

emerged from the fact that it can lead an endophytic life style within plant organs 

(Slippers and Wingfield, 2007), and ability to become pathogenic under favourable 

conditions. 

 

Despite its seriousness to the rubber industry, the mechanism(s) by which the disease 

develops on rubber tree, the identity of the causal fungus based on morphology and 

molecular characteristic; and pathogenicity in Malaysia are not known.  Indeed, a 

better understanding of the plant’s response to fungal infections could lead to 

improvement in identification of disease and determination of resistant genes 

involved as the induction of systemic resistance (ISR) in host plants results in 

unremitting protection against many pathogens (Kloepper et al., 1992).  The ISR is 

phenotypically similar to systemic acquired resistance (SAR) that develops when 

plants successfully activate their defence mechanism in response to primary infection 

by a pathogen (Compant et al., 2005). Pathogen infections can trigger the expression 

of several classes of pathogenesis –related (PR) genes in a wide range of plant 

species (Shaji, 2006). However, very little is known about pathogen-induced defence 

responses in rubber. To gain more insight into the molecular mechanisms of attack 

by Neofusicoccum spp, the role of chitinase, β-1, 3-glucanase; the most widely 

studied groups of pathogenesis-related (PR) proteins (PR3, PR2), that have been 

previously  demonstrated  as reliable  markers for induced defense responses in other 

plant species (Dixon and Harrison, 1990: Van Loon et al., 2006) and phenylalanine 

ammonia lyase (PAL), a key enzyme in the phenylpropanoid pathway that could 

perform defence-related functions (Wen et al., 2005), during pathogenesis would be 

useful. 

This research was therefore initiated with the following objectives:  

 

1) To isolate fungus from FLB infected leaves from rubber plantations in West 

Malaysia.  

2) To determine the characteristics of the Neofusicoccum spp. based on 

morphology and molecular characterisations. 

3) To conduct pathogenicity tests of Neofusicoccum spp. on rubber clones and 

cross inoculations on alternative host plants (guava, mango, papaya and 

rambutan).  

4) To study gene expression of pathogenesis –related (PR) genes during plant –

pathogen interaction. 

 

The hypotheses of the study were as follows:  

 

1) There is diversity among the fungal isolates from FLB infected rubber in 

terms of morphological and molecular characteristics. 
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2) Resistant and susceptible rubber clones and other alternative host plants will 

express different symptoms of disease when inoculated with different isolates 

of the fungus. 

3) The fungus induces pathogenesis –related (PR) genes in rubber. 
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