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Phytoplasmas are prokaryotes belong to class Mollicutes that caues diseases in more 

than 700 plant species including vegetables, fruits, ornamentals, cereals and forest plants 

worldwide. In Malaysia, phytoplasma diseases have been reported in periwinkle, 

coconut and ornamental palms but not in vegetable and fruit crops due lack of knowledge 

and research on the presence and transmission of phytoplasma in these crops. In this 

study, phytoplasmas were characterised and classified based on the 16SrRNA gene 

sequence and the seed transmission of this pathogen was tested. Samples exhibiting 

phytoplasma disease symptoms (34) were collected from farms in Selangor, Malaysia 

including pumpkin (Cucurbita moschata), bitter gourd (Momordica charantia), papaya 

(Carica papaya), key lime (Citrus aurantiifolia), chili (Capsicum annuum) and 

cucumber (Cucumis sativus). Non-symptomatic samples (20) were also collected. DNA 

extraction was done using CTAB method and Nested PCR was performed using 

universal primers, P1/ P7 and R16F2n/ R16R2 to amplify 16SrRNA gene. The 

amplicons generated from primer pairs R16F2n / R16 R2, were cloned and sequenced in 

both directions. The nucleotide sequences were assembled, edited and compared with 

available sequences in GenBank using blast alignment. Phylogenetic analysis by 

MEGA7 software using neighbour joining method done in 1,000 replicates. Virtual 

RFLP analysis of the F2nR2 fragments of the 16SrRNA gene was accomplished with 17 

restriction enzymes; AluI, BamHI, BfaI, BstUI(ThaI), DraI, EcoRI, HaeIII, HhaI, HinfI, 

HpaI, HpaII, KpnI, Sau3AI (MboI), MseI, RsaI, SspI and TaqI, using iPhyClassifier 

software. Transmission electron microscopy on phytoplasma infected chilli leaf petiole 

samples were conducted to observe the presence of elliptical bodies of the phytoplasma. 

Seeds were collected from phytoplasma infected chili plants and were allowed to 

germinate under aseptic condition to test for seed transmission of phytoplasma in chili. 

The presence of Phytoplasma DNA in all the symptomatic samples of pumpkin, bitter 

gourd, chili, key lime, cucumber and papaya was confirmed by nested PCR of 16SrRNA 

gene. Sequence analysis indicated that the phytoplasma association with vine 

malformation of pumpkin (MN585898, MT742801), Chili little leaf phytoplasma 
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(MT192345, MT780128), bitter gourd little leaf phytoplasma (MT422719) and papaya 

phytoplasma (MT764331) belong to Candidatus phytoplasma asteris (16SrI), while 

cucumber phytoplasma (MT764158) and key lime phytoplasma (MT764157) belong to 

Candidatus phytoplasma trifoli (16SrVI) and Candidatus phytoplasma aurantifolia 

(16SrII) respectively. Virtual RFLP analysis of the 16SrRNA gene fragment profiles 

revealed that pumpkin phytoplasma and chili little leaf phytoplasma belong to the new 

subgroup of 16SrI. It has been reported to infect phytoplasma in several plant species in 

Malaysia but this is the first report of pumpkin, chilli, bitter gourd, cucumber, key lime 

and papaya infected with Candidatus phytoplasma related strain in Malaysia. In addition, 

transmission electron microscopy showed the presence elliptical bodies in the sieve 

elements of phytoplasma infected chilli plant samples. Seed transmission of the 

phyoplasma in infected chilli plants was established. Phytoplasma DNA was detected by 

Nested PCR assay in 15 days old germinated chilli seedlings. Infected seedling 

percentage reached up to 95%. This is the first record of phytoplasma transmission in 

chilli through seeds. 
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Phytoplasma adalah organisma prokaryot dalam kelas Mollicutes yang menyebabkan 

penyakit pada lebih 700 spesies tumbuhan termasuk sayur-sayuran, buah-buahan, 

tanaman hiasan, bijirin dan tumbuhan hutan di seluruh dunia. Di Malaysia, penyakit 

phytoplasma telah dilaporkan pada periwinkle, kelapa dan palma hiasan tetapi tidak pada 

tanaman sayur dan buah disebakan kekurangan pengetahuan dan penyelidikan mengenai 

kehadiran dan penularan phytoplasma dalam tanaman ini. Dalam kajian ini, phytoplama 

telah dicirikan dan dikelaskan berdasarkan urutan gen 16SrRNA dan transmisi patogen 

ini melalui biji benih juga telah diuji. Sampel yang menunjukkan simptom penyakit 

phytoplasma (34) dikutip dari ladang di Selangor, Malaysia termasuk labu (Cucurbita 

moschata), peria (Momordica charantia), betik (Carica papaya), limau nipis (Citrus 

aurantiifolia), cili (Capsicum annuum) dan timun (Cucumis sativus). Sampel bukan 

simptomatik (20) juga dikutip. Pengekstrakan DNA dilakukan menggunakan kaedah 

CTAB dan Nested PCR dilakukan menggunakan primer sejagat, P1/P7 dan 

R16F2n/R16R2 untuk mengamplifikasi gen 16SrRNA. Amplikon yang dijana daripada 

pasangan primer R16F2n/R16 R2 telah diklon dan jujukan nukleotida dibuat dalam 

kedua-dua arah. Urutan nukleotida digabungkan, disunting dan dibandingkan dengan 

jujukan yang ada di GenBank menggunakan penjajaran Blast. Analisis filogenetik 

dengan perisian MEGA7 menggunakan kaedah ‘neighbour joinning’ dilakukan dalam 

1,000 replikasi. Analisis RFLP maya terhadap serpihan F2nR2 gen 16SrRNA dicapai 

dengan 17 enzim sekatan; AluI, BamHI, BfaI, BstUI(ThaI), DraI, EcoRI, HaeIII, HhaI, 

HinfI, HpaI, HpaII, KpnI, Sau3AI (MboI), MseI, RsaI, SspI dan TaqI menggunakan 

perisian iPhyClassifier. Mikroskopi transmisi elektron pada sampel petiole daun cili 

yang dijangkiti phytoplasma dilakukan untuk memerhatikan kehadiran badan eliptikal 

phytoplasma. Benih dikumpulkan dari tanaman cili yang dijangkiti phytoplasma dan 

dibiarkan bercambah dalam keadaan aseptik untuk menguji penyebaran phytoplasma 

melalui biji benih. Kehadiran DNA Phytoplasma dalam semua sampel simptomatik labu, 

peria, cili, limau nipis, timun dan betik telah disahkan melalui kaedah Nested PCR gen 

16SrRNA. Analisis urutan menunjukkan bahawa phytoplasma yang berhubungkait 
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dengan malformasi labu (MN585898, MT742801), phytoplasma daun kecil cili 

(MT192345, MT780128), phytoplasma daun kecil peria (MT422719) dan phytoplasma 

betik (MT764331) tergolong dalam tergolong dalam Candidatus phytoplasma Asteris 

(16SrI), sementara phytoplasma timun (MT764158) dan phytoplasma limau nipis 

(MT764157) masing-masing tergolong dalam Candidatus phytoplasma trifoli (16SrVI) 

dan Candidatus phytoplasma aurantifolia (16SrII). Analisis RFLP maya dari profil 

fragmen gen 16SrRNA menunjukkan bahawa phytoplasma labu dan phytoplasma daun 

kecil cili tergolong dalam subkumpulan baru 16SrI. Ia telah dilaporkan menjangkiti 

phytoplasma pada beberapa spesies tumbuhan di Malaysia tetapi ini adalah laporan 

pertama jangkitan strain berhubungkait dengan Candidatus phytoplasma dalam labu, 

cili, peria, timun, limau nipis dan betik di Malaysia. Selain itu, mikroskopi elektron 

transmisi menunjukkan adanya badan eliptikal pada elemen penyaring dari sampel 

tanaman cili yang dijangkiti phytoplasma. Penyebaran phytoplasma melalui biji benih 

dalam tanaman cili yang dijangkiti telah dilakukan. DNA phytoplasma dikesan dengan 

ujian Nested PCR pada anak benih cili berumur 15 hari. Peratusan anak benih yang 

dijangkiti mencapai 95%. Ini adalah catatan pertama penularan phytoplasma dalam cili 

melalui biji benih. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENTS 

Foremost I would like to express my sincere gratitude to my supervisor, Assoc Prof. Dr. 

Ganesan Vadamalai for the continuous support for my master study and research, for his 

patience, motivation, enthusiasm and immerse knowledge. His guidance helped me in 

all the time of research and writing this thesis. His friendship and good advice have been 

invaluable to me during this hard time. I am extremely grateful for his support in my 

academic life. Beside my supervisor I would like to thank my co- supervisor, Assoc prof. 

Dr. K. Ahmad who gave me the opportunity to learn from his subtle vision. His 

encouragement and support not only gave me confidence but also helped me gain insight 

on how to approach challenging research problems. Special thanks to Dr. L. L. Kong and 

Dr. Neda Naderali for their time and helpful suggestions. I would like to express my 

warm respect towards them. My sincere thanks also goes to Dr. Wael Sultan and Osamah 

for their academic support and friendship. 

I acknowledge the academic and technical support provided by the Universiti Putra 

Malaysia (UPM) and Institute of Bioscience (IBS). Special thanks goes to the Sri Lanka 

Council for Agriculture Research and Policy (SLCARP) and the Department of 

Agriculture, Sri Lanka for granting my research. I thank my fellow lab mates in 

Department of Plant protection, Buhari, Imam, Zia, Sawindri, Pushpangi and Imanie for 

a welcoming collaborative environment. They always cheered me on and made my life 

so joyful. Last but not the least I would like thank my family, my mother for supporting 

me spiritually throughout my life, my loving husband and son for their encouragement 

end scarify. I thank them for their endless love and support.  



© C
OPYRIG

HT U
PM

 

vii 

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

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

 

Ganesan a/l Vadamalai, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 
Khairulmazmi bin Ahmad, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

ZALILAH MOHD SHARIFF, PhD  

Professor and Dean  

School of Graduate Studies  

Universiti Putra Malaysia 

 

Date: 21 July 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

ix 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

• the research conducted and the writing of this thesis was under our supervision; 

• supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) were adhered to. 

 

 

 

Signature:   

Name of Chairman  

of Supervisory 

Committee: 

 

 

Associate Professor Dr. Ganesan a/l Vadamalai 

 

 

 

 

Signature: 

  

Name of Member 
of Supervisory 

Committee: 

 
 

Associate Professor Dr. Khairulmazmi bin Ahmad 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 

TABLE OF CONTENTS 

Page 

ABSTRACT     i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES     xiii 

LIST OF FIGURES     xiv 

LIST OF APPENDICES xix 

LIST OF ABBREVIATIONS xx 

CHAPTER 

1 INTRODUCTION 1 

2 LITERATURE REVIEW 3 
2.1 Vegetables and fruits 3 

2.1.1 Health related aspects of vegetables and fruits 3 
2.1.2 Vegetable and fruit production in Malaysia 3 
2.1.3 Vegetable and fruit crops 3 

2.1.3.1 Pumpkin (Cucurbita moschata) profile 3 
2.1.3.2 Bitter gourd (Momordica charantia) 

profile 4 
2.1.3.3 Cucumber (Cucumis sativus) profile 4 
2.1.3.4 Chilli (Capsicum annum) profile 4 
2.1.3.5 Key lime (Citrus aurantiifolia) profile 5 
2.1.3.6 Papapya (Carica papaya) profile 5 

2.2 Phytoplasma 6 
2.2.1 Taxonomy of phytoplasma 6 
2.2.2 History of phytoplasma 6 
2.2.3 Morphology of phytoplasma 7 
2.2.4 Phytoplasma disease symptoms 7 
2.2.5 Transmission of phytoplasma 11 
2.2.6 Detection and diagnosis of phytoplasma 11 

2.2.6.1 Visual observations 11 
2.2.6.2 Microscopic techniques 11 
2.2.6.3 Serological methods 12 
2.2.6.4 Nucleic acid based techniques 12 

2.2.7 Classification of phytoplasma 13 
2.2.7.1 Phylogenetic analysis 14 
2.2.7.2 Restriction Fragment Length 

Polymorphism (RFLP) 14 
2.2.7.3 The iPhyclassifier, an interactive online 

tool 14 
2.2.8 Phytoplasma genome 15 
2.2.9 Functional genomics of phytoplasma 16 



© C
OPYRIG

HT U
PM

 

xi 

2.2.10 Ecology and diversity of phytoplasmas 16 
2.2.11 Control and management of phytoplasma diseases      

and vectors 17 

 

3 DETECTION OF PHYTOPLASMA IN VEGETABLE AND      

FRUIT CROPS BY ELECTRON MICROSCOPY, NESTED 

PCR AND SEQUENCE ANALYSIS 18 
3.1 Introduction 18 
3.2 Materials and methods 18 

3.2.1 Sample collection 18 
3.2.2 Nucleic acid extraction 19 
3.2.3 Quantification of total nucleic acid 19 
3.2.4 PCR primers 19 
3.2.5 Polymerase Chain Reaction (PCR) 20 
3.2.6 Agarose gel electrophoresis and staining 20 
3.2.7 Cloning of PCR products 21 

3.2.7.1 Purification of PCR products 21 
3.2.7.2 Ligation of DNA into cloning vector 21 
3.2.7.3 Selection of bacterial colonies with 

recombinant plasmids 22 
3.2.7.4 Preparation of plasmid DNA 22 

3.2.8 Sequence analysis 23 
3.2.9 Transmission electron microscopy examination 23 

3.3 Results 23 
3.3.1 Sample collection 23 
3.3.2 Nested PCR assays 30 

3.3.2.1 Detection of phytoplasma associated       

with pumpkin 31 
3.3.2.2 Detection of phytoplasma associated      

with bitter gourd   31 
3.3.2.3 Detection of phytoplasma associated          

with chilli 32 
3.3.2.4 Detection of phytoplasma associated      

with cucumber 33 
3.3.2.5 Detection of phytoplasma associated      

with papaya 33 
3.3.2.6 Detection of phytoplasma associated      

with key lime 34 
3.3.3 Detection of phytopaslma using transmission       

electron microscopy 35 
3.3.4 Cloning of PCR products 36 
3.3.5 Sequence analysis 37 

3.4 Discussion 38 
3.5 Conclusion 40 

 

4 CLASSIFICATION OF PHYTOPLASMA ASSOCIATED 

WITH DISEASES IN VEGETABLE AND FRUIT CROPS BY 

VIRTUAL RFLP AND PHYLOGENETIC TREE ANALYSIS 41 
4.1 Introduction 41 
4.2 Materials and Methods 41 



© C
OPYRIG

HT U
PM

 

xii 

4.2.1 Sequence analysis and phylogenetic tree 41 
4.2.2 In silico restriction digestion and virtual gel plotting 49 

4.3 Results 49 
4.3.1 Phylogenetic tree analysis 49 
4.3.2 Virtual RFLP analysis 56 

4.4 Discussion 59 
4.5 Conclusion 61 

 

5 CANDIDATUS PHYTOPLASMA SEED TRANSMISSION IN 

CHILLI 62 
5.1 Introduction 62 
5.2 Materials and Methods 63 

5.2.1 Plant materials 63 
5.2.2 Seed germination percentage 63 
5.2.3 DNA extraction and PCR amplification 63 
5.2.4 Cloning of PCR products 64 
5.2.5 Sequence analysis 64 
5.2.6 Classification of phytoplasma 65 

5.3 Results 65 
5.3.1 Number of seeds 65 
5.3.2 Seed germination percentage 65 
5.3.3 Nested PCR assays 65 
5.3.4 Cloning 69 
5.3.5 Sequence analysis 69 
5.3.6 Classification based on iPhyclassifier online tool 70 

5.4 Discussion 71 
5.5 Conclusion 72 

 
6 SUMMARY, CONCLUSION AND RECOMMENDATION FOR 

FUTURE RESEARCH 73 
6.1 Summary 73 
6.2 Conclusion 74 
6.3 Recommendations for future research 75 

 

REFERENCES 76 
APPENDICES 87 
BIODATA OF STUDENT 124 
LIST OF PUBLICATIONS 125 

 

 
 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xiii 

LIST OF TABLES 

Table   Page 

3.1 Nested PCR primers 20 

3.2 Cloning reaction composition 21 

3.3 Summary of nested PCR results 30 

4.1 Phytoplasma strains used in this study to construct the pumpkin 

phylogenetic tree 43 

4.2 Phytoplasma strains used in this study to construct the Bitter gourd 

phylogenetic tree 44 

4.3 Phytoplasma strains used in this study to construct the chilli 

phylogenetic tree 45 

4.4 Phytoplasma strains used in this study to construct the cucumber 

phylogenetic tree 46 

4.5 Phytoplasma strains used in this study to construct the key lime 

phylogenetic tree 47 

4.6 Phytoplasma strains used in this study to construct the papaya 

phylogenetic tree 48 

5.1 Chilli seeds germination percentage 65 

5.2 Phytoplasma infected seedling percentage 68 

5.3 NCBI blast results of mother plants and seedlings 70 



© C
OPYRIG

HT U
PM

xiv 

LIST OF FIGURES 

Figure   Page 

2.1 SEM picture showing pleomorphic bodies observed through electron 

microscopy in carrot leaf midrib 7 

2.2 Little leaf symptom on bitter gourd vines exhibiting yellowish green, 

puckered leaves, thickened and internodes shortening 8 

2.3 Symptoms of cucumber phyllody in cucumber having symptoms of 

small leaves, internode shortening phyllody and witches’ broom 8 

2.4 Pumpkin vine exhibiting witches’ broom symptom due to 

phytoplasma    9 

2.5 Symptomatic chilli plant showing witches’ broom and little leaf 

symptoms due to phytoplasma 9 

2.6 Symptoms of yellow shoots in citrus tree due to phytoplasma 10 

2.7 Papaya bunchy top phytoplasma infection induced different symptoms 
such as proliferation of axillary shoots, mosaic leaf, leaf crinkling and 

necrosis 10 

2.8 Diagrammatic representation of the operational process of 

iPhyclassifier 15 

3.1 The Cucurbita moschata vine showed the typical phytoplasma 

symptoms, which includes abnormal, small and yellowing leaves, 

shorten inter nodes, stunting and floral malformation A) Healthy 

pumpkin vine. B & C) Yellowing, stunting and malformation of the 

vine 24 

3.2 The Momordica charantia vine. (A) Healthy bitter gourd vine. B) 

Bitter gourd vines showed the little leaf symptoms, stunting of the 

whole vine and flower malformation 25 

3.3 The Capsicum annum plants. (A) Healthy chilli plant. B &C) Phylody, 

small leaves and virescene (abnormal development of green 

pigmentation in plant parts that are not normally green) 26 

3.4 The Cucumis sativus vine. (A) Healthy cucumber vine. B) Small 

leaves, stunting of the plant and yellowing of leaves C) Floral 

malformation of cucumber 27 



© C
OPYRIG

HT U
PM

 

xv 

3.5  The Carica papaya plant. A) Healthy papaya plant papaya plant. B) 

Leaf yellowing. C&D) Leaf yellowing & clear margins. E) Young 

yellow leaves grown at an angle. F) Finally die back of the plant 28 

3.6  A) Key lime healthy branch. B) Stunting and small leaves C, D) Key         

lime plants showed the leaf yellowing and the bunchy-top appearance        

since intermodal length was reduced 29 

3.7  Nested PCR amplification of phytoplasma 16rDNA gene sequence 

from infected pumpkin samples. Fragment of 1.2 kb amplified using 

the primer pair P1/P7 followed by R16F2n/R16R2. (1,2,3,4,5,6,7,8 – 

symptomatic pumpkin samples, 8,9,10,11,12 - non symptomatic 

samples 13 – negative control, 14- positive control, M- 1Kb marker) 31 

3.8  Nested PCR amplification of phytoplasma 16rDNA sequence from       

infected bitter gourd samples. (a) 1.2 kb fragment amplified using the     

primer pair P1/P7 followed by R16F2n/R16R2. (1,2,3 – symptomatic        

bitter gourd samples, 4, 5 non symptomatic samples, 6 – negative 

control, 7 - positive control, M - 1Kb marker) 32 

3.9  Nested PCR amplification of phytoplasma 16rDNA sequence from       
infected chilli samples. (a) 1.2 kb fragment amplified using the primer         

pair P1/P7 followed by R16F2n/R16R2. (1-16 – symptomatic chilli      

samples, 17-22 - Non symptomatic samples, 23 – negative control, 24- 

positive control, M-1Kb marker) 32 

3.10  Nested PCR amplification of phytoplasma 16rDNA sequence from       

infected cucumber samples. (a) 1.2 kb fragment amplified using the        

primer pair P1/P7 followed by R16F2n/R16R2. (1,2, – symptomatic         

bitter gourd samples, 3,4 – non symptomatic samples 5 – negative         

control, 6- positive control, M- 1Kb marker) 33 

3.11  Nested PCR amplification of phytoplasma 16rDNA sequence from       

infected papaya samples. (a) 1.2 kb fragment amplified using the 
primer pair P1/P7 followed by R16F2n/R16R2. (1,2,3 – symptomatic 

papaya samples, 4 ,5– non symptomatic samples, 6- negative control, 

7- positive control, M- 100bp marker) 34 

3.12  Nested PCR amplification of phytoplasma 16rDNA sequence from       

infected key lime samples. (a) 1.2 kb fragment amplified using the          

primer pair P1/P7 followed by R16F2n/R16R2. (1,2 – symptomatic 

bitter gourd samples, 3-5 non symptomatic samples, 6- negative 

control, 7-positive control, M- 1Kb marker) 35 

3.13  Transmission electron micrograph of a cross section of diseased chillie      

plant petiole. A) phytoplasmas (arrowheads) can be seen in the sieve 

elements, B) healthy plant tissue 36 

3.14  Blue-white color selection of recombinant plasmid using X-gal. 36 



© C
OPYRIG

HT U
PM

xvi 

3.15 Gel electrophoresis of colony-PCR of E. Coli transformants, lane M: 

100 bp Marker, lanes 1–9: transformant colonies and lane (+) Positive 

control 37 

4.1 Phylogenetic tree inferred from analysis of 16SrDNA gene sequence 

of Cucurbita moschata vine malformation and related phytoplasmas 
constructed by the neighbour- joining method in MEGA7. Numbers 

of tree indicated the bootstrap value, expressed as percentage of 1,000 

replicates. Acholeplasma laidlawii (Accession No. M23932) was 

included as an outgroup 50 

4.2 Phylogenetic tree inferred from analysis of 16SrDNA gene sequence 

of Momordica indica vine malformation and related phytoplasmas 

constructed by the neighbour- joining method in MEGA7. Numbers 

of tree indicated the bootstrap value, expressed as percentage of 1,000 

replicates. Acholeplasma laidlawii (Accession No. M23932) was 

included as an outgroup 51 

4.3 Phylogenetic tree constructed from analysis of 16SrDNA gene 

sequence of Capsicim annum little leaf phytoplasma and related 
phytoplasmas constructed by the neighbour- joining method in 

MEGA7. Numbers of tree indicated the bootstrap value, expressed as 

percentage of 1,000 replicates. Acholeplasma laidlawii (Accession 

No. M23932) was included as an outgroup 52 

4.4 Phylogenetic tree inferred from analysis of 16SrDNA gene sequence 

of Cucumis sativus vine malformation and related phytoplasmas 

constructed by the neighbour- joining method in MEGA7. Numbers 

of tree indicated the bootstrap value, expressed as percentage of 1,000 

replicates. Acholeplasma laidlawii (Accession No. M23932) was 

included as an outgroup 53 

4.5 Phylogenetic tree inferred from analysis of 16SrDNA gene sequence 
of Citrus aurantiifolia vine malformation and related phytoplasmas 

constructed by the neighbour- joining method in MEGA7. Numbers 

of tree indicated the bootstrap value, expressed as percentage of 1,000 

replicates. Acholeplasma laidlawii (Accession No. M23932) was 

included as an outgroup 54 

4.6 Phylogenetic tree inferred from analysis of 16SrDNA gene sequence 

of Carica papaya phytoplasma and related phytoplasmas constructed 

by the neighbour- joining method in MEGA7. Numbers of tree 

indicated the bootstrap value, expressed as percentage of 1,000 

replicates. Acholeplasma laidlawii (Accession No. M23932) was 

included as an outgroup 55 



© C
OPYRIG

HT U
PM

 

xvii 

4.7  (a) Virtual RFLP patterns derived from in silico digestion of 16S 

rDNA by 17 restriction enzymes AluI, BamHI, BfaI, BstUI(ThaI), 

DraI, EcoRI, HaeIII, HhaI, HinfI, HpaI, HpaII, KpnI, Sau3AI (MboI), 

MseI, RsaI, SspI and TaqI. (b) Differentiation between the current 

pumpkin phytoplasma from representative strains of previously 

delineated 16SrI subgroups by HinfI restriction enzyme 56 

4.8  (a)Virtual RFLP patterns derived from in silico digestion of 16S rRNA          

by 17 restriction enzymes AluI, BamHI, BfaI, BstUI(ThaI), DraI, 

EcoRI, HaeIII, HhaI, HinfI, HpaI, HpaII, KpnI, Sau3AI (MboI), MseI, 

RsaI, SspI and TaqI. (b) Differentiation between the current chilli 

phytoplasma from representative strains of previously delineated 

16SrI subgroups by HinfI (c) Differentiation between the current chilli 

phytoplasma from representative strains of previously delineated 

16SrI subgroups by HhaI (d) Differentiation between the current chilli 

phytoplasma from representative strains of previously delineated 

16SrI subgroups by BstUI (e) Differentiation between the current chilli 

phytoplasma from representative strains of previously delineated 

16SrI subgroups by AluI 59 

5.1  Phytoplasma in Chilli. a) phytoplasma infected chilli mother plant 

having Symptoms of chlorosis, little‐leaf symptoms, shortening of 

leaves and petioles, stunting, shortening of internodes b) ripen fruit 63 

5.2  5 day old germinated chilli seedings 64 

5.3  Detection of chilli phytoplasma by Nested PCR with universal primer        

pairs P1/P7 followed by R16F2n/R16R2 from CH3 mother planr and 

seedlings.  (lane 1 - CH3 mother plant, lane 2 – 21 seedling from CH3     

mother plant, lane 22, 23- negative controls, lane 24- positive control,           

M- 1Kb marker). 66 

5.4  Detection of chilli phytoplasma by Nested PCR with universal primer        

pairs P1/P7 followed by R16F2n/R16R2 from CH3 mother planr and 

seedlings. (lane 1 – CH5 mother plant, lane 2 – 21 seedling from CH5     

mother plant, lane 22, 23- negative controls, lane 24- positive control,           

M- 1Kb marker) 67 

5.5  Detection of chilli phytoplasma by Nested PCR with universal primer       

pairs P1/P7 followed by R16F2n/R16R2 from CH6 mother planr and 

seedlings.  (lane 1 – CH6 mother plant, lane 2 – 21 seedling from CH6    

mother plant, lane 22, 23- negative controls, lane 24- positive control,           

M- 1Kb marker) 67 

5.6  Detection of chilli phytoplasma by Nested PCR with universal primer         

pairs P1/P7 followed by R16F2n/R16R2 from CH7 mother planr and 
seedlings.  (lane 1 - CH3 mother plant, lane 2 – 21 seedling from CH7     

mother plant, lane 22, 23- negative controls, lane 24- positive control,           

M- 1Kb marker). 68 
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5.7  Detection of chilli phytoplasma by Nested PCR with universal primer         

pairs P1/P7 followed by R16F2n/R16R2 from CH9 mother planr and 

seedlings.  (lane 1 - CH3 mother plant, lane 2 – 21 seedling from CH9     

mother plant, lane 22, 23- negative controls, lane 24- positive control,          

M- 1Kb marker). 68 
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CHAPTER 1 

1 INTRODUCTION 

Vegetables and fruits are rich in nutrients, vitamins, dietary fibres and phytochemicals. 

They are grown in different seasons of the year which fetch high economic returns.  

Biotic and abiotic stresses causes significant yield losses in vegetable and fruit 
production worldwide. The presence of phytoplasmas and their association with 

vegetable and fruit crops is an emerging threat for production, which can lead to severe 

yield losses (Kumari et al., 2019). 

Phytoplasmas are phloem-limited cell wall-less pathogens, associated with numerous 
plant diseases causing symptoms like virescence, phyllody, stunting, witches’ broom, 

yellowing, stunting, die back and leaf and flower malformations. These symptoms 

depend on the host, environmental factors and the phytoplasma strain infecting the host 

(Lee et, al.  2000; Dickinson & Hodgetts, 2013).  

Phytoplasma can be visualized by microscope, but is not ideal as a routine and rapid 

diagnostic method. Few attempts have been made to identify the pathogen using 

antibody–based detection systems but it would be specific for a particular phytoplasma 

rather than generic. Nucleic acid based detection and diagnostic systems are widely used 

for the detection of pathogens including phytoplasma since it is rapid and can be used as 

a generic tool (Dickinson & Hodgetts, 2013). The most common and simplest diagnostic 

method for the detection of phytoplasma is PCR using specific primers to amplify 

various regions of rRNA operon. Diagnostic, phylogenetic analysis and classification of 

phytoplasmas are mostly based on the 16SrRNA gene due to the availability of universal 

primers to detect this region (Lee et, al.  2000).  

Phytoplasmas are mainly transmitted by insect vectors, dodder plants and infected 

planting materials. But recent studies have been identified that the pathogen can be 

transmitted by seeds too (Calari et al., 2011;Satta et al., 2020). Vascular colonization 

pattern indicated that the phytoplasma can move photosynthate flows in the phloem sieve 

elements. It flows from source to sinks such as expanding roots, shoots and shoot apex. 
(Kuske and Kirkpatrick, 1992). The phytoplasma affects the seed production, reduce the 

vigour and finally cause death (Pilkington et al., 2003).  

In Malaysia, phytoplasma have been reported in periwinkle, coconut and ornamental 

palms but not in vegetable and fruit crops (Nejat et al., 2009; Naghmeh et al., 2010; 
Naderali et al., 2015). Although the phytoplasma associated symptoms were observed in 

vegetable and fruit crops in Malaysia but there is lack of knowledge and research on the 

presence and trasnmission of phytoplasma in these crops. In view of this, the present 

study was undertaken with the below objectives: 
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2 

1.1 Objectives 

1. To isolate and detect phytoplasma DNA from vegetable and fruit crops by 

nested PCR using universal phytoplasma primers. 

2. Classification of phytoplasma associated with diseases in vegetable and fruit 

crops based on analysis of 16SrRNA gene operon sequences and in silico 

restriction enzyme digestion and virtual gel plotting will be done for 

16SrRNA sequence.  

3. To detect phytoplasma transmission through seeds in chili. 

 
 

1.2 The Hypothesis 

1. Little leaf, stunting, yellowing and phyllody, vine and floral malformations, 

die back symptoms are associated with phytoplasma diseases in vegetable and 

fruit crops. 

2. Based on the symptoms and the host plant they can be in different groups and 

sub groups. 

3. Phytoplasma DNA can be transmitted from mother plant to seeds. 
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