
hghgMenoufia University 

Faculty of Agriculture 

Department of Agricultural Plants 

 

 
 

By 

 

Shimaa Mohammed Ahmed Mohammed Gad 
B.Sc. Agric. Sci. / Biotechnology "2006" 

Fac. Agric. Cairo Univ. 
 

 
Thesis 

 

Submitted in Partial Fulfillment of the Requirements for the Degree of 
MASTER OF AGRICULTURAL SCIENCE 

 (Plant Pathology) 
 

Supervised by 
 

     Prof. Dr. Mohammed Ahmed Awad                    
Professor of Plant Pathology, 

Faculty of Agric., Menoufia University 

 

Dr. Ahmed Abd El-Aziz Kheder 
        Researcher of Virus and Phytoplasma Research Department,  

        Plant Pathology Research Institute, Agricultural Research Centre 

 

2019 
 

 

 



III 
 

CONTENTS 
 

 

NO. CONTENTS 
PAGE 

NO. 

1 INTRODUCTION 1-4 

2 REVIEW OF LITERATURE 5-24 

3 MATERIALS AND METHODS 25-34 

4. 
RESULTS 
 

35-57 

 4.1.Sources of samples: 35 

 4.2.Diseases symptoms on Gazania plants: 35 

 4.3.Transmission studies: 38 

 4.3.1.Dodder transmission: 38 

 4.3.2.Insect transmission 40 

 4.4.Phytoplasma detection (Etiology) 43 

 4.4.1.Light microscopy (Diene’s stain ) 43 

 
4.5. Anatomical studies (light and electron 

microscopy). 
45 

 4.5.1. Light microscope (semi-thin sections). 45 

 4.5.2.Transmission Electron Microscopy 48 

 4.6.Molecular biology studies: 52 

 4.6.1. DNA isolation and detection procedures. 52 

 4.6.2.PCR primers and amplification 52 

 4.6.3.Nested PCR 53 



IV 
 

 4.6.4.Sequence analysis 53 

5. DISCUSSION 58 - 68 

6. SUMMARY 69 -74 

7. REFERENCES 86 - 97 

 ARABIC SUMMARY  1-4 

 



  

VI 
 

LIST OF TABLES 

TABLES 

No. 
Title 

Page 

No. 

(1) 
Sequences, size and specificity for primers used 

for DNA amplification. 
33 

(2) 

 Incidence of Egyptian phytoplasmas on gazania 

plants collected from different regions from flower 

nurseries and open gardening in Giza and Fayoum 

governorates during 2017 – 2018. 

36 

(3) 
Percentage of transmission of phytoplasma by leafhopper to 

healthy gazania and periwinkle plants detected by nested 

PCR. 

41 

(4) Showing the Homology matrix of 21 sequences. 57 

 



VII 
 

LIST OF FIGURES 

FIGURES 

No. Title 
Page 

No. 

(1) 
Show symptoms of phyotplasma infection on 

gazania plants. 
37 

(2) 
Show transmission of phytoplasma infection 

by dodder to gazania and periwinkle plants. 39 

(3) 
The Green leafhopper. (Empoasca decipiens). 

 
41 

(4) 

Transmission by the green leafhopper, the 

insect can acquire and transmit phytoplasma 

from infected plants to healthy plant. 

(B)Symptoms were observed on Gazania and 

periwinkle plants. 

42 

(5) Free hand section of infected stained tissue 

with Diene’s stain. Arrow show the blue 

spots indicating phytoplasma presence (B) 

Freehand section of healthy stained tissue 

with Dienes’ stain. 

44 

(6) 

Cross-section in the healthy gazania leaf and 

leaf petiole. Compared with the Cross-section 

in the phyllody infected Gazania leaf and leaf 

petiole showed a high degree of 

malformation, phloem (ph), xylem (x), 

palisade cells (p) and spongy cell (s) 

47 

(7) Cross section of sieves tubes healthy. (B) 

Cross section observed that some phloem 

elements were almost completely filled with 

phytoplasma unites (P).  

50 



VIII 
 

FIGURES 

No. Title 
Page 

No. 

(8) 

Cross section representing phytoplasma units 

were variable in size, and it were bounded by 

a unit membrane, and budding of 

phytoplasma units was also observed during 

the investigation of the phloem 

tissues(arrow).(D) representing phytoplasma 

units 

50 

(9) 

(A) Infected chloroplast (c) of infected tissue.       

(B) Healthy chloroplast (c) of healthy tissue. 

(C) The mitochondria (m) is abnormally 

shape. 

(D) The thickening of the cell wall (cw) of 

phloem cells. 

51 

(10) 

Agarose gel electrophoresis of PCR products 

from 16S rDNA gene using universal 

phytoplasma specific primers 

R16F2n/R16R2 of phytoplasma in 

symptomatic gazania, periwinkle plants and 

leafhoppers insect. 

55 

(11) 

Phylogenetic tree constructed by DNAMAN 

ver.7, showing the phylogenetic 

relationships for the partial 16SrDNA 

nucleotide sequences for Egyptian isolate 

(Gazania EGY) phytoplasma sample, 

compared with 19 representatives from other 

16S rDNA groups available in GenBank. 

 

 

56 

 

 



 

    
   Name of Candidate: Shimaa Mohammed Ahmed Mohammed Gad            Degree: M.CS. 

Title of Thesis: Biological and Molecular studies on phytoplasma affecting some 

ornamental plants in Egypt. 

Supervisors: Prof. Dr. Mohammed Ahmed Awad  

                       Dr. Ahmed Abd EL-Aziz Zakaria El-Said Kheder 

  Department: Agricultural Botany  

ABSTRACT 

Background:  Phytoplasmas known as mycoplasma-like organisms (MLOs) 

cause diseases in several commercial ornamental plants leads to serious 

economic losses all over the world. During 2017-2018, phytoplasma disease 

showing phyllody, yellowing, proliferation, virescence and little leaf symptoms 

were observed on gazania and other ornamental plants in Giza, Egypt. 

Methods:  Phytoplasma disease was detected and isolated from naturally 

infected gazania plants during surveys in flower nurseries and open filed in Giza 

governorate, it was transmitted from naturally infected Gazania to healthy 

periwinkle and other ornamental plants by dodder (Cuscuta reflexa), and insects 

(Empoasca decipiens). Diene's stain was used to detect and differentiate the 

phloem tissues of leaf sections from infected gazania and periwinkle plants. 

Transmission Electron Microscopy (TEM) observed the presence of phytoplasma 

in the sieve tubes and parenchyma cells of leaf midribs in infected plants. DNA 

extracted from symptomatic samples was used as a template in nested 

polymerase chain reaction (PCR) using universal primers pairs P1/P7 and 

R16F2n/R16R2. Sequencing and phylogenetic analysis were performed to 

identify the detected phytoplasma. 

Results:  Phytoplasma was transmitted successfully from naturally infected 

Gazania to healthy ornamental plants by dodder, and insect. Light microscopy 

(LM) and transmission electron microscopy (TEM) revealed that, phytoplasma-

like bodies were detected inside phloem, sieve tubes and parenchyma cells of leaf 

midribs tissues in infected plants and ranging from 200 to 400nm in diameters. 

The 16srRNA gene from phytoplasma was amplified by nested-PCR assay and 

direct sequenced using specific primer pairs. Phylogenetic tree was calculated 

based on obtained sequences data. 

Conclusion:  The phytoplasma associated with Gazania exhibiting phyllody, 

yellowing, proliferation, virescence and little leaf symptoms was confirmed by 

the results of LM and TEM observations and Nested-PCR testing. Based on 

direct sequence date, phylogeny analysis, the associated phytoplasma was 

classified as related to 16SrII group. 
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