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 ABSTRACT  

RASHA MOHAMED MAHROUS IBRAHIM, Studies On 

Spiroplasma Citri Causing Stubborn Disease In Citrus And Witches 

Broom Infecting Alfalfa In Egypt. Unpublished M.Sc.Thesis, 

Department of Agricultural Microbiology, Faculty of Agricultural, 

Ain Shams University, 2005. 

Spiroplasma citri, the causal agent of stubborn disease, was 
isolated from leaves and fruits of diseased citrus plants and 
cultured on solid and liquid C3G medium. On the basis of mode 
of transmission, symptomatology, shape of colonies on solid 
medium and examination of stained infected plant tissues with 
Dienes’ stain and by phase contrast microscopy; the isolated 
agent was identified as S. citri. Identification was ensured by 
ELISA and PCR techniques. A fragment (1053 bp) from the 
DNA extract of S. citri was amplified by PCR using two 
primers specific to the spiralin gene. The nucleic acid 
hybridization techniques (Southern and dot blots) was carried 
out as an alternative sensitive methods for rapid detection of the 
Egyptian isolate of S. citri   using a non-radioactive DNA probe 
specific for spiralin gene region.  

Phytoplasma causing Witches'- broom disease in alfalfa was 
isolated from infected alfalfa and transmitted to alfalfa, tomato 
and periwinkle by dodder and identified by staining of infected 
plant tissues with Dienes’stain and DAPI (4¢,6-diamidino-2-
phenylindole) stain, PCR (using two universal primers for 
phytoplasma) and the nucleic acid hybridization technique 
(Southern and dot blots).  

The present study aimed to isolate and identify S. citri using 
some sensitive methods from different infected citrus trees 
grown at different governorates of Egypt. In addition, isolation 
and identification of phytoplasma causing witches'-broom in 
alfalfa plants.  



Key words: Spiroplasma citri, Phytoplasma, Witches'- 
broom, Spiralin gene, PCR, DNA hybridization. 

                                                                              



 I

CONTENTS 
                                                                                             Page 
I-INTRODUCTION ……………………….…… 1 
II-REVIEW OF LITERATURE………………… 4 
III-MATERIALS AND METHODS……..…………  19 
IV-RESULTS………………………...………………. 36 
 I- Spiroplasma citri 

1- Symptoms of citrus stubborn disease………  

  36 

2- Isolation and identification of Spiroplasma citri 

2-1- Grafting …………………………………………. 

2-2-Dodder …………………………………………… 

 

2-3-culturing………………………………………. 

36 
 

36 
36 
 
 

36 
 

2-4- Some factors affecting growth and viability of S. 
citri 

2-4-1-Effect of temperatures on the growth of S. citri 

2-4-2- Effect of temperatures on viability of S. citri 

2-4-3- Daily change of pH of the inoculated medium 

 2-5- Tetracycline treatment……………………….. 

42 
 

42 
 

43 
44 
 

45 

3-Microscopic studies……………………………… 

3-1- Phase contrast………………………………….. 

  

3-2-Use Dienes'stain ……………………………….. 

 

46 
 

46 
 
 

46 



 II

4-Serological tests…………………………………… 

4-1- ELISA detection…………………………………… 

4-1-1-Detection of S. citri in infected trees………………

 

4-1-2- Detection of S. citri in culture……………………… 

 

48 
 

48 
48 
 
 

49 
 

50 
 

50 
50 
50 

5-Molecular detection……………………………… 

  5- 1- PCR detection……………………………… 

  5- 2- Non-radioactive hybridization technique …… 

5- 3- Southern blot and Dot blot…………………….. 

II- Alfalfa witches'-broom 

6-Symptoms of alfalfa witches'-broom………….. 

7- Isolation and Identification…………………… 

7-1-Dodder transmission……………………………… 

 

 
 

53 
53 
53 
 

8-Microscopic studies …………………………….. 

8-1- Use of Dienes’ stain ………………………… 

8-2- DAPI stain……………………………………… 

 

 
53 
53 
53 
 

V-DISCUSSION ………………………………… 62 
VI-SUMMARY …………………………………….. 70 
VII-REFERENCES……………………………… 73 
ARABIC SUMMARY…………………………  
 

 
 
 
 

 
 



 III

List of Tables 
                                                                                                    Page No. 
 

Table 1. Effect of incubation temperature on the 
amount of S. citri growth 

42 

Table 2.    Effect of direct Temperature on viability 
of S. citri 

43 

Table 3.    Daily change of pH of the inoculated 
medium 

44 

Table 4.    Detection of S. citri in the different citrus 
species (Navel orange, Balady (blood 
orange), sweet orange and Mandarin) 
byDAS- ELISA 

48 

Table 5.   Detection and determination of dilution 
end point of S. citri antigen using ELISA 

49 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 IV

List of Figures 
                                                                                                       Page No. 

Fig. 1. Chlorotic small branch from a stubborn–diseased (b) and healthy 
trees (a). Small lopsided half fruit from navel orange infected 
with stubborn disease (d) and half fruit from healthy tree (c). 

37 

Fig. 2. A corn shaped fruit in navel orange (b), (a) healthy fruit and a 
corn shaped fruits in Mandarin (c), (d) healthy fruits. 

38 

Fig. 3. Dodder transmission of stubborn disease from navel orange   to 
healthy periwinkle. Before inoculation (a) and after inoculation 
(b), X400. 

 

39 

Fig. 4. Change in colour from red to yellow as indicator of S. citri 
growth (b) medium inoculated with extracts of healthy samples 
(a). 

40 

Fig. 5. Typical fried egg shape coloniy of S. citri on C3G solid medium 
10-14 days post incubation at 32C (X -100) (a), fried egg shape 
granular colonies (X -1000) (b). 

41 

Fig. 6. Effect of spraying tetracycline on symptoms of periwinkle infect
with S. citri (a, treated and b, untreated). 

45 

Fig. 7. Phase contrast microscopy after 3 days from inoculation. Short, 
helical and small round bodies were seen (X3300). 

 

46 

Fig. 8. Cross sections of stem infected by stubborn diseased (a) and 
uninfected (b), showing phloem tissues were stained with dark 
blue colour after treatment with Dienes' stain (X400). 

47 

 
Fig .9. 

 
Agarose gel (1%) electrophoresis of amplified spiralin gene 
fragment using primers D, D´. Lanes 1 – 3 show PCR products 
(1053 bp) DNA of citrus plant, culture and periwinkle, 
respectively. Lanes (4, 5) represent healthy samples. M: DNA 
marker (Promage) (2645, 1193, 676, 517, 350, 222 bp) 

 
 
 
 
51 



 V

Fig. 10. (a) Dot blot hybridization assays using spiralin gene region 
DNA probe labeled with dig.  The membrane hybridized with 
specific non-radioactive S. citri probe with dot blot. Track (2 
and 4) strong signal with infected leaves of navel orange and 
mandarin, respectively. No reaction with leaves was obtained 
(negative control, lane 3). PCR positive control spiralin gene in 
track (1). (b) Southern blot hybridization analysis of spiralin 
gene DNA using a Dig- labeled probe. Positive reaction was 
shown in lanes 1, 2, and 3. 
 

52 

Fig .11. (a) Alfalfa witches'-broom symptoms of infected alfalfa in field 
showing the proliferation of shoots, (b) healthy plant. 

54 

Fig. 12. (a) Proliferation of shoots and faint yellowing leaves of alfalfa 
and shortening internodes, (b) healthy plant. 

54 

Fig. 13. 
 

Dodder transmission of witches'-broom disease from infected 
alfalfa to healthy tomato, before inoculation (a) tomato after 
inoculation (b). 

 

55 

Fig. 14. 
 

Dodder transmission of witches'-broom disease to healthy 
periwinkle, i.e., before inoculation (a) and after inoculation 
(b). 

56 

Fig. 15. Cross section of stem infected with alfalfa witches'-broom (a), 
showing phloem tissues stained with dark blue colour after 
treatment with Dienes' stain. (b), section of uninfected stem 
(X400). 

57 

Fig .16. A cross sections through the main vein of the leaf of wild 
alfalfa showing typical witches'-broom symptoms (a) treated 
with DAPI stain as seen in fluorescence microscopy. 
Fluorescent bodies were shown in uninfected in phloem (b). 

58 

Fig. 17. Agarose gel (1%) electrophoresis of amplified 16S rDNA 
fragment using primers R16F2 and R16R2. Lanes, 1 to 3 show 
PCR products amplified from DNA of tomato and alfalfa, as 
PCR product with a size of 1.2 kbp were found. Lanes, 2 to 4 
represents negative controls. M: PGEM markers (Promage) 
(2645, 1605, 1198, 676, 517 bp) 

60 



 VI

 
Fig. 18. 

 

(a) Southern blot hybridization analysis of the same samples 
show in Fig. (17). Positive reaction was shown in lanes 1and 
3. (b) Dot blots hybridization assays using a DNA probe 
labeled with dig. Lanes, 2 and 3 strong signal with infected 
new leaves of tomato and alfalfa, respectively. No reaction 
with uninfected leaves (negative control) with lane, 4 was 
obtained. PCR positive control in lane, 1. 

 

 

 

 
61 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 VII

LIST OF ABBREVIATION 
 

B Bais pair……………………………………… bp 
C Centimeter……………………………………. cm 
 Centigrade……………………………………. C 
 Complementary DNA……………………… c-DNA 

 
 Hexadecyltrimethyl ammonium bromide… 

 
CTAB 

 
D Enzyme- linked immunoosorbent assay -

Double antibody sandwich…………… 
 

DAS-
ELISA 

 
 Degree………………………………………… ° 
  

Digoxigenin…………………………………. 
Dig-

labelled 
 

 Deoxyribonucleic acid……………………….. DNA 
 Deoxyribonuclease…………………………. DNase 
 Dideoxy nucleotide triphosphate………… dNTP 
 Dithiothreitol………………………………….. 

4¢, 6-diamidino-2-phenylindole………… 
DTT 
DAPI 

E Ethylene diethyl triacetic acid……….. 
 

EDTA 
 

 Enzyme linked immunosorbent assay……… ELISA 

F Foetal bovine serum FBS 
G Gram(s)……………………………………….. g 
 Gravity, centrifugal speed………………. xg 

H Hour(s)……………………………………….. h 
K Kilobase………………………………….. Kb 

 
M Mycoplasma -like organisms……………… MLOs 

 
  

Millimeter……………………………. ……… 
 

 
mm 

 
 

Micro………………………………………….. µ 


