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Abstract: 

The genetic relatedness of the phytoplasmas associated with papaya yellow crinkle (PYC) 

and papaya mosaic (PM) diseases is not known. To study this, the techniques of southern 

hybridisation, RFLP analysis of PCR products and sequence analysis were used. From 

southern hybridisation experiments it was determined that the chromosomal sites for the 

endonucleases EcoRI and Hindiil was the same for all papaya phytoplasmas studied 

regardless of whether they were associated with PYC or PM. In contrast to this, the RFLP 

analysis of the 16S - 23S rRNA region of the genome which can be amplified using PCR 

with the primer pair Pl and m23S revealed that there are several slight differences within the 

papaya phytoplasma population. These differences cannot be directly attributed to one 

disease or the other because the variations can be found in the fragment pattern of the 

Pllm23S PCR product of both the PYC and PM phytoplasmas. 

The RFLP variations observed arose mainly within the PYC population collected from the 

study site at Katherine (NT). The Alul and Rsal digested PCR product of these samples 

showed three possible RFLP patterns and in addition to this two Katherine samples were not 

digested by EstEll unlike all the other samples used in this study. This diversity was studied 

further by sequence analysis of the intergenic spacer between the 16S and 23S rRNA genes. 

This region was chosen for sequence analysis because it is relatively variable in comparison 

to the adjacent genes, making it more likely to contain some of the sequence differences 

indicated by the RFLP analysis. The spacer sequence for two papaya samples from 

Katherine was determined and in one case found to be the same as that of the reference 

phytoplasma V4. This V4 is the sweet potato little leaf(SPLL) phytoplasma which has been 

transmitted to periwinkle via the parasitic vine dodder (Cascuta sp.). The V4 reference 

phytoplasma produces slightly different RFLP patterns to that of SPLL The other PYC 

spacer which was sequenced was found to have two insertions (positions 5 and 53) and two 

mismatches (positions 54 and 178) when compared to the sequence of V 4. The insertions in 

this sequence explains one of the polymorphisms observed in the PYC samples collected 

from Katherine. 
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The cloning of either PYC or PM genomic DNA and their use as probes for southern 

hybridisation experiments may provide more information on the relatedness of these two 

phytoplasmas. This study showed that there is a degree of variation between the 

phytoplasmas associated with these papaya diseases which was previously unknown. The 

implications of this in future epidemiology studies is discussed. 



Chapter 1. Introduction. 

1.1) Overview of phytoplasmas. 

i) Introduction to phytoplasmas. 

Phytoplasmas {previously known as Mycoplasmalike organisms) were first discovered in 

1967 when organisms similar to animal mycoplasmas, were observed within the phloem of 

plants showing yellows disease symptoms. Since their discovery, phytoplasmas have been 

associated with hundreds of plant diseases many of which were previously though to be 

caused by viruses. (Kirkpatrick 1989, McCoy et a/1989). 

Initial detection of these pathogens involved the use of electron microscopy which allowed 

the identification of these prokaryotes within the phloem cells of symptomatic plants. 

Subsequent research has revealed much about the genome of these pathogens and their 

relationship to each other. However because phytoplasmas can not be cultured little is 

known about the actual interactions between the pathogen and the host plant. 

In order to establish the taxonomy of these organisms reference strains are maintained in 

periwinkles (Catharanthus roseus). This is done by the initial transfer of the pathogen into 

the periwinkle by leafhopper or more commonly via the parasitic vine Dodder (Cascuta sp.). 

Once the initial transmission is achieved the phytoplasma is maintained in these plants 

through repeated grafting to healthy plants. Because phytoplasmas are limited to the phloem 

they can only be transmitted through methods such as these, which allow the either direct 

transfer of phloem contents between plants, or through insect hosts, in which the 

phytoplasma can survive. This means that phytoplasmas can not be transmitted 

transovarially and it is possible to maintain healthy plants providing they are kept in a 

leafhopper free environment. (Kirkpatrick 1989, McCoy et a/1989) 

Many of the plants affected by phytoplasmas are important crop plants such as grapevines, 

stone fruit trees, papaya, and many others making these pathogens of economic importance 

to many countries (Ahrens et a/1993, Davis eta/ in review, Gibbet al1996b, Padovan eta/ 

1995, Razin et a/1992). 
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ii) Physical properties of phytoplasmas. 

Phytoplasmas have a single unit membrane and no cell wall (Kirkpatrick, 1989). This 

structure provides no rigidity and so these organisms are pleiomorphic and can change shape 

depending on external pressures. Waters and Hunt (1980) studied their morphology through 

observing serial sections of phytoplasma positive phloem elements. These sections were 

then compiled to indicate the three dimensional structure of the pathogen. From this work it 

was found that of the 120 phytoplasmas Waters and Hunt (1980) reconstructed there were 5 

possible morphologies, ranging from saccate entities which were the smallest at 111m long, to 

the larger filliform organisms which were about l611m long. Because of their highly variable 

morphologies phytoplasmas are best described as filamentous bacteria which may exhibit 

multiple branches although generally they appear spherical because they are viewed as single 

cross-sections (Kirkpatrick, 1989). Other recent work has shown that phytoplasmas have a 

small genome ( 680-1600 kb ), low guanine-cytosine content, and 2 copies of the ribosomal 

RNA (rRNA) genes (Gundersen et a! 1994, Kirkpatrick 1989, Razin 1992, Schneider & 

Seemuller 1994a). Also the intergenic spacer between the 16S and 23S genes has been 

shown to contain the tRNAile gene, while the tRNA Tyr gene occurs upstream from the 

16S rRNA gene (Kuske & Kirkpatrick, 1992). 

iii) Common symptoms and treatment. 

Symptoms include leaf yellowing, deformation, reduced leaf size, and general discolouration. 

In addition to these foliar symptoms, virescence (greening of flowers), phyllody (flowers 

become leaf like), and big bud which is the swelling of the buds, can affect the floral parts of 

the plant. Shoot and flower proliferation, and internode elongation have also been observed, 

and although many of these symptoms can have alternative causes, the occurrence of several 

together suggests the presence of phytoplasmas. These symptoms are usually indicative of 

hormonal imbalances within the plant although research into the nature of these changes have 

so far been inconclusive. (Lee & Davis 1992, McCoy et a/1989, Sears & Kirkpatrick 1994). 

On the cellular level these pathogens gradually cause the collapse of the sieve tubes, 

ultimately leading to the death of the plant (Sears & Kirkpatrick, 1994) 

Treatment of these diseases is generally unsuccessful. However the use of tetracycline 

antibiotics has been found to cause temporary symptom remission (McCoy et a!, 1989). In 

addition papaya plants have been found to recover from papaya dieback if the stem is cut 
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back from below the dead area (Peterson et al, 1993). The identification of phytoplasmas in 

association with PDB symptoms is comparatively recent and will be referred to again later 

(Gibb et al, 1996b). The most common approach to problem posed by phytoplasmas is 

prevention rather than treatment. Principally involving the identification of weeds and other 

common plants growing around and among crop plants which could act as a reservoir for the 

pathogen from which it could be transmitted by insect vectors to the crop plants (Sears & 

Kirkpatrick, 1994). 

iv) Methods for the detection of genetic relatedness. 

As stated previously these pathogens can not be cultured in vitro which limits the scope for 

research. Currently, work with these pathogens is performed using molecular tools to allow 

the study of the organisms genome. The biology of the organism and its interactions with 

host plants have not been studied in detail. Detection methods have progressed with the 

development ofPCR techniques which allow the amplification of the 16S rRNA genes of the 

phytoplasma but not of the plant genome. This provides a sensitive detection method from 

which genetic relatedness studies can be performed through determination of the RFLP 

patterns produced from the PCR product. This technique has been invaluable in the 

determination of the taxonomy of these pathogens. However extension of these studies into 

the remainder of the chromosome is necessary because current classification systems utilise 

only a conserved region of the genome which may not reveal subtle differences between 

closely related organisms. (Griffiths et al1994a, Maurer & Seemuller 1994) 

Research into the other parts of the chromosome is achieved by RFLP analysis of the whole 

chromosome using phytoplasma specific DNA probes (Lee et al, 1992). The production of 

these probes is achieved by shotgun cloning fragments of phytoplasma DNA into an 

appropriate bacteria such as E. coli. The information conveyed by these techniques is limited 

to the identification of insertions, deletions and knowledge of the few bases which are 

recognised by the restriction endonuclease. To gain more information for phytoplasma 

classification, sequence analysis of the 16S gene and the adjacent intergenic spacer region 

has been performed. From this information many of the phytoplasmas detected today have 

been classified into strain clusters. 

tiORTHERU TERRITORY UfUVERSITY UBRIH?t 
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v) Taxonomy ofphytoplasmas. 

Phytoplasma classification has been difficult because these pathogens cannot be cultured 

which limits the characteristics upon which differentiation can be based. Initially, symptoms 

and host range were the only characteristics upon which distinctions could be made. Since 

PCR detection has been possible through the amplification of the 16S rRNA gene further 

scope has been given to taxonomic studies (Gundersen et a! 1994, Kuske & Kirkpatrick 

1992, Seemuller et a/1994). As stated previously, phytoplasmas were, until recently, known 

as mycoplasmalike organisms due to their superficial similarities to animal mycoplasmas 

(class Mollicutes). Lim & Sears (1989) first showed that phytoplasmas and are most closely 

related to the Acholeplasmas, which are also of the class Mollicutes but belong to a different 

order. (Razin, 1992) 

All the research into the taxonomy of phytoplasmas has indicated a monophyletic origin of 

these pathogens, with the range of organisms observed all arising from a single 

Acholeplasma-like ancestor. From this point rapid evolution of these organisms has allowed 

them to adapt to a wide range of both plant and insect hosts. - The host range of these 

organisms depends on many factors and laboratory host studies can give results that are 

different from those found in the field. This indicates that the actual limiting factors are 

more complex than simply the preferential feeding of the insect vector and availability of 

closely related plants as potential hosts. (McCoy et a/1989, Sears & Kirkpatrick 1994). 

1.2) Phytoplasmas and papaya. 

i) Papaya as a crop. 

Papaya (Carica papaya) is a growing industry in QLD, N.T., W.A., and northern N.S.W. 

QLD papaya production for 1995 totaled almost 589,000 cartons, averaging $15-20 per 

carton (Ross, 1996). This makes the annual crop losses due to diseases such as those 

associated with phytoplasmas of economic importance to such a young industry. Papaya is 

subject to several diseases including a variety fungal infections resulting in rotting of various 

parts of the plant. In addition to these fungal diseases, papaya are also susceptible to yellow 

crinkle (PYC), papaya ring spot virus, bacterial leaf spot, papaya dieback (PDB), and papaya 

mosaic (PM) (Peterson eta!, 1993). 
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ii) Phytoplasmas associated with papaya. 

Of these diseases PYC, PM, and PDB are thought to be caused by phytoplasmas (Gibb et al 

1996b, Liu et a/ 1996). Of which PDB is the most severe and can cause the death of up to 

100% of trees in a plantation through the course of a single epidemic. PYC is far less 

destructive, while PM is of minor concern (Conde et al, 1996). Previous research by 

Gibbet al (1996b) indicated that the phytoplasma associated with PDB is genetically distinct 

from PYC and PM. While PYC and PM were genetically indistinguishable using the RFLP 

patterns of the 16S rRNA gene. Work by Davis et al (in review) showed that there are two 

distinct groups of phytoplasmas within Australia, those containing the Australian Grapevine 

Yellows (AGY) phytoplasma which belongs to the Stolbur group within the Aster Yellows 

strain cluster, and those containing the TBB/SPLL type phytoplasmas which belong to the 

faba bean phyllody strain cluster (Padovan et a/1995, Schneider et a/1995). PDB belongs to 

the Stolbur group, while PYC and PM both belong to the faba bean phyllody strain cluster, 

which in Australia, contains more members than those of the Stolbur group strain cluster 

(Davis et a/ in review, Gibb et a/ 1996b ). PYC and PM were-of primary interest in this 

study. 

iii) Symptoms ofPYC and PM. 

The first symptom of papaya yellow crinkle is a pronounced yellowing of the older leaves 

associated with drooping petioles. The crown leaves develop translucent areas around the 

edges and main veins, which eventually become necrotic and die making the leaves appear 

claw like and tattered. Towards the end stages of the disease process the plant becomes a 

bare pole with a few small leaves at the crown. Fruit production is also inhibited by the onset 

ofvirescence (greening of flowers) and phyllody (flowers become leaf like). Thick strap like 

axillary leaves have also been observed (Gibb et al, 1996b). PYC generally occurs after a 

period of hot dry weather which favours the breeding of the leafhopper vector, resulting .in 

sporadic epidemics. (Peterson et al, 1993) 

PM has similar symptoms to those of PYC with young leaves becoming stunted and yellow. 

Translucent areas develop around the edges of the young leaves, and stunted side shoots 

grow along the stem. The single symptom of PM which allows the diagnosis pf this disease 
I 

I 
I 

i 
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is the presence of water soaked lesions on the stem, petioles, and fruit. This symptom is not 

observed with any other papaya disease. (Peterson et a/1993) 

PYC and PM are difficult to distinguish in the field unless key symptoms are evident. For 

example, in cases where phyllody is observed then the plant has PYC, whereas PM is 

indicated by the presence of water soaked lesions. The extensive similarity in the symptoms 

of the two diseases seems to be reflected in the genome. Previous diagnostic work by 

Gibb et a! (1996b) was the first to indicate that phytoplasmas are associated with the disease 

PM, and from initial research using RFLP analysis of the 16S rRNA gene they found that 

there were no detectable differences between PM and PYC. 

1.3) Project objectives. 

The purpose of this project was to determine the genetic relatedness of PYC and PM. This 

was to be achieved by several methods. PYC DNA was to be cloned and used as 

radiolabeled probes for EcoRI and EcoRI/Hindlll digested DNA from plants which have 

been diagnosed as positive for either PYC or PM. Samples used for this study were collected 

from three sites in QLD (Yarwun, Wamulan, and Rockhampton), and a single site in the N.T. 

(Katherine). Once collected, the samples were screened using fluorescence microscopy and 

PCR with the P1/m23S primer pair. The resulting PCR amplimer was then used for RFLP 

analysis to determine whether there was variability in the sequence of the PCR product. The 

Pllm23S PCR product includes the 16S rRNA gene, the first 20 bases of the 23S rRNA gene, 

and the intergenic spacer. In the event of differences being observed by RFLP analysis, the 

most variable region indicated by this analysis was to be sequenced to locate the observed 

variability at the molecular level. 
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Chapter 2: Materials and Methods: 

2.1) Sample collection and maintenance. 

i) Papaya collection sites. 

Papaya samples from Rockhampton were supplied by Mr R. Elder, Department of Primary 

Industries (DPI), Rockhampton, while the samples from Wamulan which is near Caboolture, 

were sent by Mr D. Persley, DPI, Brisbane. In general the top lOcm of stem and associated 

leaves were provided. Once the samples were received they were stored at 4°C until they 

could be processed. Samples from Katherine were collected during a routine field trip. 

These samples were considerably smaller, usually only a few leaves, with associated petioles. 

ii) Maintenance of collected samples. 

Once samples from Queensland were received the midribs and petioles were removed, cut 

into small pieces and then frozen in liquid nitrogen. In addition to_ the frozen tissue a small 

amount of immature petiole from the crown of the plant was placed in fixative (phosphate 

buffer with 4% glutaraldehyde) for fluorescence microscopy and stored at 4°C until needed. 

A portion of the frozen material from the collected samples was then lyophilised and ground 

into a powder using a Waring blender. The resulting powder was stored at room temperature 

until needed. 

Samples from Katherine were stored at 4°C until used for DNA extraction (maximum of 4 

days) because there was not sufficient plant material to make it necessary to freeze and store 

it as was the case for the large samples from Queensland. 

2.2) Screening of samples using PCR. 

i) DNA extraction: Queensland samples. 

Lyophilised material from the Queensland samples was extracted by adding lmL cetyl 

trimethylammonium bromide (CTAB) buffer (2% CTAB, 1.4M NaCl, IOOmM Tris-Cl pH 8, 

20mM EDTA, 1% PVP-40 and 0.2% mercaptoethanol) to approximately 20mg of dried plant 

material in a 2mL microfuge tube. The plant material was incubated in this buffer for 



8 

30 minutes at 60°C after which 0.8-lmL of chloroform-isoamylalcohol (24: 1) was added. 

The sample was gently inverted several times and then centrifuged at 12,000 x g for 

5 minutes at room temperature. The epiphase was then transferred into a new tube and an 

equal volume of cold ( -20°C) isopropanol was added. The sample was again mixed by gentle 

inversion and then centrifuged as before. The resulting pellet was washed twice with cold 

70% ethanol, dried and then resuspended in 50J..LL of SOW. The quality of the extracted 

DNA was checked by running 5J..LL DNA with lf..LL loading buffer (50% glycerol, ltnM 

EDTA pH 8, 0.25% bromophenol blue, 0.25% xylene cyanol) in a 1% agarose gel. The gel 

was run at 80V for 1 hour in 0.5 x TBE (45mM Tris-borate, lmM EDTA pH 8). DNA bands 

were visualised on a UV trahsilluminator after staining with ethidium bromide. 

ii) DNA extraction: Katherine Samples 

These samples were extracted from fresh tissue using a phytoplasma enrichment procedure 

(Dellaporta et a/, 1983) where approximately 2g of fresh plant material was ground with 

crushed glass at 4°C in grinding buffer (95mM K2HP04, 30mM KH2P04, 10% Sucrose, 

2% PVP-10, lmM ascorbic acid). Once a homogenous mixture- was obtained the ground 

tissue was transferred from the mortar into a centrifuge tube and centrifuged at 4°C, 760 x g 

for 5 minutes. The supernatant was then transferred to another tube and centrifuged again at 

4°C, 12,200 x g for 25 minutes. The supernatant was discarded and the pellet was allowed to 

drain for a short time. The pellet was then resuspended in lmL of warm (60°C) CTAB 

buffer, transferred to a 2mL microfuge tube, and incubated at 60°C for 30 minutes. An equal 

volume of chloroform-isoamylalcohol (24: 1) was added and the sample was mixed gently by 

inversion several times, after which it was centrifuged at 12,000 x g for 5 minutes. The 

epiphase was then transferred to a new tube and the DNA was precipitated, washed and 

checked as described previously. 

iii) Reference phytoplasma strains. 

The phytoplasmas associated with sweet potato little leaf (SPLL), tomato big bud (TBB) and 

V4 were all used as references. DNA of these organisms was extracted from fresh plant 

material as described above in section ii). The TBB phytoplasma had previously been 

transferred via Dodder (Cascuta sp.) into periwinkle from the original host (tomato), and was 

maintained in that host through repeated graftings onto fresh plants. The TBB used as a 

reference for this study was extracted from periwinkle rather than tomato. Similarly SPLL 
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had been transferred and maintained in periwinkle, and the V 4 reference phytoplasma used 

for this study was extracted from these plants. In addition to V4, SPLL phytoplasma from 

sweet potato plants was also used because genetic differences have been observed between 

the two phytoplasmas (Davis eta!, in review) 

iv) Polymerase chain reaction (PCR). 

TI1e extracted DNA was then used in a PCR using the P1 (Deng & Hiruki, 199la) forward 

primer and the m23S (Padovan et al, 1995) reverse primer. TI1ese primers allow the 

amplification of the 16S rRNA gene, the adjacent spacer region which also includes a tRNAne 

coding region, and the beginning of the 23S rRNA gene. 

DNA was added to a 49!!L reaction mixture which contained 0.2mM of each dNTP, 0.4!!M 

P1 and m23S, 1 x DNA polymerase buffer (supplied with the enzyme), 1 U thermostable Taq 

polymerase (Advanced Biotechnologies Ltd, Surrey, UK) and 2 drops of oil to prevent 

evaporation. The tubes were then placed in a Corbett FTS-320 thermocycler (Corbett 

Research, Mortlake, N.S.W., Australia) which had been preheated to 92°C. The samples 

were then cycled through the following program: 

Cycles 1-35 Denaturation 95°C 1 minute 

Cycle36 

Annealing 

Extension 

Soak 

1 minute 

1.5 minutes 

hold 

Once this program was completed 5!!L of each sample was run with 1!!L loading buffer on a 

1% agarose gel in 0.5 x TBE for 1 hour at 80V. Amplification products were visualised on a 

UV transilluminator after staining with ethidium bromide. In cases where no amplification 

product was observed the DNA solution was diluted and the PCR was performed again. 

2.3) Phytoplasma detection using fluorescence microscopy. 

To stain phytoplasmas in the phloem, plant tissue was fixed as described in Chapter 2.1 ii). 

TI1is tissue was then mounted on the stage of a cryomicrotome and 301lm thick longitudinal 

sections were cut from the sample. Six sections were cut from each sample and were 

suspended in 3 drops of water on a microscope slide. Once all the sections were complete 
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lf.!L of DNA specific fluorescent dye (lOf.!L/mL 4',6-diamidino-2-phenylindole (DAPI), 

0.01% aniline blue) was added to each drop. The sample was allowed to stain for 5 minutes 

after which a cover slip was placed over the slide and the excess water was removed by 

blotting the slide with a paper towel. Samples were examined for phytoplasmas under UV 

illumination at 250 times magnification. 

2.4) Preparation of clones for use as probes in Southern hybridisation. 

i) Vector DNA preparation. 

The vector chosen for the preparation of clones was pBluescript (Stratagene, Sydney, N.S.W., 

Australia). TI1is vector was amplified in E-coli strain XL 1 blue and then extracted using a 

Mini plasmid preparation kit (Qiagen Inc., Chatsworth, CA, USA). Ten f.!g of the resulting 

plasmid DNA was digested at 37°C for 4 hours using 20U each of EcoRI and Hindlll 

restriction enzymes (New England Biolabs, Beverly, MA, USA). TI1is digestion produced 

two fragments, which were separated by agarose gel electrophoresis. The larger band was 

then excised from the gel and the DNA was extracted using a Qiaex DNA gel extraction kit 

(Qiagen, Chatsworth, CA, USA). 

ii) Phytoplasma DNA enrichment and preparation. 

DNA for the preparation of clones was extracted from 15g of lyophilised plant material 

known to contain the PYC phytoplasma by PCR tests. TI1is sample was incubated in lOOmL 

CTAB buffer at 60°C for 1 hour. The extraction proceeded as described in Chapter 2.2 ii) 

with the washed DNA pellet being suspended using a homogeniser in 5mL TE buffer and 

stored at 4°C. Once extracted the amount of DNA was detennined by measuring the 

absorbance at 260nm. Assuming that only half of the optical density (OD) is in fact due to 

DNA, then the amount of stain to add was detem1ined by adding O.lmL Hoechst's stain 

(0.5mg/mL) for every OD measured. TI1e DNA was stained by sealing the required amount 

of stain in a dialysis bag with a stirring bar and then stirring the bag in the DNA solution in 

the dark overnight. Once the staining was complete the CsCl solution was added to the DNA 

and the refractive index of the solution was adjusted to 1.395 using a refractometer. 

TI1e DNA-CsCI solution was then centrifuged at 100,000 x g for a minimum of 65 hours at 

room temperature. After the required time the centrifuge was stopped without the use of the 
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brake and the gradient was observed by exposure to UV light. Two regions were removed, 

firstly an area above the broad band, where the phytoplasma DNA was expected to occur and 

secondly the broad band itself, which represents the host (papaya) DNA. These bands were 

removed using an auto-pipette with an extended tip, and then transferred to a new tube. The 

bands were then centrifuged again under the same conditions. Once again the centrifuge was 

stopped without a brake and the gradient was observed in UV light. Bands were removed as 

previously described and the absorbance at 260nm was measured to determine the amount of 

DNA in the solution. The sample was then re-stained by the drop-wise addition of Hoeschts 

stain to the DNA-CsCl solution in the same ratio as before ie O.lmLIOD. Once again the 

refractive index was adjusted and the samples were centrifuged as previously described. 

Once this third centrifugation step was complete the bands were extracted from the gradient 

and de-stained several times using a double volume of warm isopropanol. 

The de-stained DNA was precipitated using 2.5 volumes of warm 80% ethanol and then 

centrifuged at 12,000 x g for 10 minutes. The resulting pellet was washed with 70% ethanol 

and resuspended in 20!lL SDW. The DNA quality was checked as previously described 

using only 1 !lL of DNA. The presence of phytoplasma DNA was-checked by PCR using a 

1 in 100 dilution ofthe extracted DNA. Part ofthe phytoplasma band (15!lL) from the CsCl 

gradient was digested using EcoRl and Hindiii (New England Biolabs, Beverly, MA, USA) 

by the addition of 611L of buffer 4 (supplied with the enzymes), 40U of each enzyme and 

sufficient SDW to have a final reaction volume of 6011L. In addition to the phytoplasma 

band from the CsCI gradient, 45!lL of RNase treated DNA extracted using the Dellaporta 

method (Chapter 2.2 ii) from PYC and healthy papaya (HP) plants were also digested using 

the same reaction mixture. After incubation at 37°C overnight the enzymes were heat 

inactivated at 65°C for 20 minutes. The DNA was then purified by phenol-chloroform 

extraction after which it was resuspended in I O!!L of SDW. Once the DNA was purified the 

absorbance of the samples at 600nm was measured. 

The cut phytoplasma DNA (9!lL) was then ligated to the cut pBluescript DNA O!lL) by the 

addition of 3U T4 DNA ligase (Promega Corporation, Sydney, N.S.W., Australia), 1.5!lL T4 

DNA ligase buffer which is supplied with the enzyme, and 2.5!lL SDW. This reaction 

mixture was incubated at 4°C overnight, extracted with chloroform, and resuspended in 2!lL 

SDW in preparation for transformation. 
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iii) Cloning. 

Competent cells for the transformation by electroporation were grown according to the 

method suggested by Bio-Rad in the instruction manual for the electroporation apparatus. 

This involved the inoculation of 150mL of Luria-Bertani (LB) medium (1% tryptone, 0.5% 

yeast extract, 1% NaCl, pH 7.5) with 1.5mL of fresh pre-culture. The cells were then grown 

at 37°C with vigorous shaking until the absorbance of the medium at 600nm was 

approximately 0.5 units. The cells were then harvested by chilling the flask on ice for 30 

minutes after which all steps were performed at 4°C. The medium was then centrifuged at 

4,000 x g for 15 minutes. The resulting pellet was washed twice with SDW (150mL then 

75mL). After each wash the cell suspension was centrifuged as above. A further wash in 

10% glycerol was performed before the pellet was resuspended in a final volume of 300f.LL of 

10% glycerol. The cells were then divided into 40f.LL aliquots. 

To each 40f.LL aliquot of cells 2~-LL of DNA was added and then allowed to incubate on ice for 

1 minute. The cells were then pipetted into an electro-transformation cuvette and shaken to 

the bottom. The cuvette was then placed in the electro-transformation chamber holder. The 

holder was then pushed into the actual chamber and the cells were pulsed with field strength 

of approximately 12.5kV/cm. Once the pulse was complete the cells in the cuvette were 

quickly resuspended in 1mL SOC medium (2% tryptone, 0.5% yeast extract, 10mM NaCl, 

2.5mM KCl, 10mM MgS04, 10mM MgC12, and 20mM glucose) and then transferred to a 

polypropylene tube (17 x 100mm) tube. The cells were then incubated at 37°C with vigorous 

shaking for 1 hour after which the cells were plated out onto LB an1picillin (LB medium, 

15% agar, 50ug/mL ampicillin) plates which had been spread with 10 f.LL X-gal (50mg/mL) 

and 5f.LL ofiPTG (0.1M). The plates were incubated at 37°C overnight. 
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2.5) Southern blot analysis. 

i) Preparation of DNA. 

DNA was extracted from lyophilised material by incubation of 3g of the sample in CTAB 

buffer (approximately 8mL/g plant material) at 60°C for 1 hour after which it was centrifuged 

at 9,820 x g for 10 minutes. The supernatant was then filtered to remove any suspended 

particles. An equal volume of chloroform-isoamylalcohol (24: 1) was then added and mixed 

gently for 10 minutes. The sample was then centrifuged at 15,300 x g for 10 minutes. The 

epiphase was removed and placed in a new tube to which an equal volume of isopropanol 

was added and centrifuged at 15,300 x g for 10 minutes to precipitate the DNA. The pellet 

was washed twice in 70% ethanol and then resuspended in a minimum of 0.5mL TE. The 

DNA quality was checked as previously described. 

The resulting DNA (40J.LL) was then digested using EcoRI (80U), Hindlll (80U) and both 

EcoRI and Hindlll together (40U each, New England Biolabs, Beverly, MA, USA). The 

samples were allowed to digest overnight at 37°C after which the digestion was checked on a 

1% agarose gel by running 5J.LL of the samples at lOOV for 1 hour in 0.5 x TBE. If the 

digestion was effective then the DNA was precipitated from the mixture by the addition of 

1/lOth volume of sodium acetate (3M, pH 7.5) and 2.5 volumes of ethanol followed by 

incubation at -75°C for a minimum of 30 minutes, and then centrifuged at 12,000 x g for 

5 minutes. The resulting pellet was then washed twice in 70% ethanol and dried. Once dry, 

the pellet was resuspended in 15uL of SDW and 3uL ofloading buffer. 

Once resuspended the samples were loaded into the dry wells of a 1% agarose gel. The 

running buffer (0.5 x TBE) was added until touching the upper edge of the gel and the 

samples were 'run in' at 100V for 5 minutes. Additional running buffer was added and the 

gel was run at 1 OV for 17 hours after which the gel was photographed and used for Southern 

transfer. 
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ii) Transfer of DNA. 

TI1e gel prepared as described in Chapter 2.5 i) was treated prior to Southern transfer by 

incubation in 0.25M HCl to achieve partial depurination. This was followed by a 45 minute 

incubation in denaturing solution (1.5M NaCl, 0.5M NaOH) and a further 45 minute 

incubation in neutralising solution (IM Tris pH 8, 1.5M NaCl, 2mM EDTA). TI1e DNA 

within the gel was then transferred onto nylon nucleic acid transfer membrane (Hybond N+, 

Amersham, Baulkham Hills, N.S.W., Australia) by blotting overnight (Sambrook eta!, 1989, 

pages 9.34-5). Once complete the membrane was washed in 2 X sse (20x= 3mM NaCl, 

3mM sodium citrate, pH 7) and allowed to dry before the DNA was bound to the membrane 

by UV cross linking. The membrane was stored at 4°C until needed for hybridisation. 

iii) Labeling of probe and hybridisation. 

TI1e cocktail probe was labeled with 32P using the Prime-a-gene labeling system (Promega 

Corporation, Sydney, N.S.W., Australia). This involved the addition of 5~-LL 5 x labeling 

buffer, l!!L unlabeled dNTP's, l!!L BSA (nuclease free), 2.5~-LL [a-32P] dATP, 1~-LL Klenow 

enzyme, 11.5~-LL SDW, and l!!L of each of the unlabeled denatured plasmid DNA templates. 

The templates used for this experiment were the V 4 clones pH4, pH30, & pH80, as described 

in Davis eta! (in review), or pE21 which is also a V4 clone. This reaction was allowed to 

proceed at room temperature for 60 minutes. 

The membrane was pre-hybridised for a minimum of 3 hours in 30mL pre-hybridising 

solution which contained 6 x SSPE (20x= 3mM NaCl, 0.2mM NaH2P04.H20, 0.5~-LM EDTA 

pH 7.4), 5 x Denhardt's solution (1% Ficoll type 400, 1% polyvinylpyrolidone (PVP) 10, 

1% BSA fraction V), 0.5% SDS, and 100!-lg/mL denatured, fragmented salmon sperm DNA 

(Sambrook eta!, 1989, page 9.52). 

The pre-hybridisation fluid was then removed and 3mL of fresh pre-hybridisation fluid was 

added along with 25~-LL of the labeled probe. The membrane was allowed to hybridise 

overnight after which it was washed at moderate stringency ie two 5 minute washes at room 

temperature with 2 X sse and 0.1% SDS, followed by two 30 minute washes at 55°C with 

0.2 x SSC, 0.1% SDS. After the washes were complete the blot was exposed to X-ray film 

with intensifying screens at -75°C. 
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2.6) Restriction fragment length polymorphism (RFLP). 

i) Endonuclease digestion of PCR product. 

Pllm23S PCR products from each sample was obtained as described in Chapter 2.2 iv) and 

then digested with either AZul, Rsal or EstEll (New England Biolabs, Beverly, MA, USA). 

Ten IlL of each PCR product was digested by incubation with l!lL of buffer (provided by 

manufacturer), either 4U of AZul or 5U Rsal or EstEll enzyme, and 3.5!-iL SDW. In order to 

ensure complete digestion with AZul and Rsal the reaction mixture was incubated overnight at 

37°C after which 2!-iL ofloading buffer was added to stop the reaction:. For complete EstEll 

digestion the reactions were incubated at 60°C for 2 hours, once again the reaction was 

stopped by the addition of2!lL loading buffer. 

ii) Polyacrylamide gel electrophoresis. 

The digestion products of the AZul and Rsal restriction digests were separated by vertical gel 

electrophoresis with 8% and 5% polyacrylamide gels respectively in 1 x TBE (Accugel, 

National Diagnostics, Atlanta, GA, USA). The 8% gels were run for 6.5 hours at 120V, 

while the 5% gels required 4.5 hours at the same voltage. The EstEll digestion products were 

separated on a 1.5% agarose gel at IOOV for 1 hour in 0.5 x TBE. 

2.7) Sequencing. 

i) Preparation of PCR product for sequencing. 

PCR products were obtained as described in Chapter 2.2 iv). For each sample to be 

sequenced three reactions were performed to produce a total of approximately 150!-iL PCR 

product. This product was purified using Wizard DNA Clean-up System (Promega 

Corporation, Sydney, N.S.W., Australia) and eluted from the 'clean up' ·column using 50!-iL 

SDW. The resulting DNA was labeled with [a-33P] dATP using AmpliCycle sequencing kit 

(Perkin Elmer, Norwalk, CT, USA) according to the manufacturers recommendations for the 

incorporation method (ie 5!-iL primer, l!lL [a-33P] dATP, 4!-iL 10 x reaction buffer, 3!-iL PCR 

product, 17!lL SDW). Six 11L ofthis reaction mixture was added to 2!-iL oftermination mix 
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(dideoxy nucleic acids) and then a 30 cycle PCR (1 minute 95°C denaturing, 1 minute 45°C 

annealing, and 1 minute 72°C extension, followed by 4°C, indefinite) was performed. TI1e 

primers used were P3 and m23S to allow amplification ofthe spacer region between the 16S 

and 23S rRNA genes. 

ii) Sequencing gel electrophoresis. 

Sequencing gels were poured according to the manufacturer's recommendations (Sequagel, 

National Diagnostics, Atlanta, GA, USA) and allowed to set overnight. The gel apparatus 

was assembled and the gel was pre-warmed by running at 30W for 30 minutes in 

0.5 x TBE. Once the gel had been pre-warmed 4j..tL of each reaction mixture was loaded into 

the wells of the gel and the gel was allowed to run at 30W for 2.5 hours. In addition to a 

2.5 hour nm each sample was used for a long run of 5.5 hours and another short run of 

2 hours to ensure that the sequence near the primers could be read accurately. The gels were 

dried and exposed to X-ray film overnight at room temperature without intensifYing screens. 

TI1e resulting autoradiographs were read and the sequence was entered using the software 

program MacVector (Eastman Kodak Co, New Haven, CT, USA). The two short and single 

long runs were then combined using AssemblyLIGN (Eastman Kodak Co, New Haven, CT, 

USA). TI1e resulting sequence was then exported back into MacVector and restriction site 

analysis was performed with the endonucleases Alul, Rsal and EstEll (Eastman Kodak Co, 

New Haven, CT, USA). 
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Chapter 3. Screening and collection of samples. 

3.1) Introduction. 

Papaya samples were collected from several sites in Queensland and a single site south of 

Katherine in the Northern Territory. Mr Denis Persley and Mr Rod Elder from the 

Queensland Department of Primary Industries collected diseased papaya samples from the 

fields of growers in QLD. These samples were then frozen, ground and used for DNA 

extraction as described in Chapter 2.2 i). Samples from Katherine were collected by myself 

and Dr. R. Davis and DNA extraction was performed on the fresh plant material as described 

in Chapter 2.2 ii). When papaya samples were collected a field diagnosis was made on the 

basis of symptoms and this allowed PYC and PM diseased plants to be distinguished. The 

collected papaya samples were tested for the presence of phytoplasmas and then used to 

determine the genetic relatedness between the PYC and PM phytoplasmas. Testing for 

phytoplasma was done by screening each sample using both PCR and fluorescence 

microscopy techniques which are commonly used for determining the presence of 

phytoplasmas (Ahrens & Seemuller 1992, Bertaccini et al 1992, Lee et al 1993b, 

Marcone et a/1994, Schaper & Converse 1985, Seemuller 1976, Sinclair et a/1989) 

Accurate screening was essential for obtaining as many phytoplasma samples as possible, and 

both screening methods have their advantages. PCR requires extraction of DNA from 

symptomatic material which increases the time needed for a diagnosis to be made. However 

this technique is very sensitive and so allows detection of phytoplasmas even when the titre is 

low and host plant DNA exceeds that of the phytoplasma (Ahrens & Seemuller 1992, Deng 

& Hiruki 1990a, Gibb et al 1995). For this study DNA extraction was performed using a 

quick method which is useful for processing multiple samples. A disadvantage of this 

method is the high level of contaminants in the resulting DNA solution, including those 

which inhibit the PCR. These inhibitors can prevent production of a PCR amplimer even 

when target phytoplasma DNA is present. One way this can be overcome is by diluting the 

papaya DNA and then repeating the PCR. Dilution prevents the contaminants in the DNA 

solution from inhibiting the PCR reaction, while the sensitivity of the PCR still permits 

amplification of the target DNA. 

The alternative phytoplasma detection method, fluorescence microscopy, is also a useful 

technique because it provides an indication of the phytoplasma titre. Using this technique the 
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phytoplasmas are observed within the phloem of thin sections of symptomatic plant tissue. 

Once the plant material is fixed this method is also quicker than PCR, allowing fast diagnosis 

of the presence of phytoplasmas. A disadvantage of this method is that it is not very 

sensitive making it difficult to determine if phytoplasmas are present in the phloem of plants 

when the phytoplasma titre is low (Ahrens & Seemuller, 1992). l11is lack of sensitivity can 

usually be overcome by examining several sections from each symptomatic plant 

(Sinclair et al, 1989). 

Detection using both of these methods serves two purposes: one is that the PCR product can 

be used for RFLP analysis (Chapter 6) and the other is that fluorescence microscopy serves as 

a diagnostic backup especially if there is concern regarding inhibition of the PCR leading to 

false negatives. 

3.2) Experimental. 

i) Sample collection 

Papaya samples were collected from 3 sites in Queensland and a single site in the Northern 

Territory between 18/1/96 and 12/6/96. Once collected the date and site of collection were 

recorded (Table 3.1). A total of 24 samples were collected for this study all of which were 

screened using both PCR and fluorescence microscopy. 

ii) Polymerase chain reaction. 

The samples collected from Queensland and the Northern Territory were extracted as 

described in Chapters 2.2 i) and 2.2 ii). PCR amplification was first performed by the 

addition of 5f.!L of the extracted DNA to the 49f.!L reaction mixture as described in Chapter 

2.2 iv). However in many cases the extracted DNA contained inhibiting substances and so 

the PCR reaction was not successful. In order to overcome this, samples were diluted 1 in 10 

and the PCR was performed again. In most cases this dilution was sufficient to ensure that 

the inhibitors did not affect the PCR, and a PCR product could be detected using 

electrophoresis. Any samples which had returned a negative result were further diluted 

(1 in 1 00) in order to ensure that the PCR was not still being inhibited by contaminants in the 

DNA solution. In all cases these samples still failed to return a positive result and so were 

not included in the study. PCR products were not obtained for healthy papaya or SDW 
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Table 3.1: Samples collected from QLD and the N.T. for 
papaya phytoplasma study. 

Sample Collection Site Date of 
No.* collection 

R1-YC Rockhampton, QLD 18-01-96 
R2-M Rockhampton, QLD 18-01-96 
R3-M Rockhampton, QLD 18-01-96 
R4-M Rockhampton, QLD 18-01-96 
R5-YC Rockhampton, QLD 01-02-96 
R6-M Rockhampton, QLD 01-02-96 
R7-M Rockhampton, QLD 01-02-96 
R8-YC Rockhampton, QLD 06-03-96 
R9-YC Rockhampton, QLD 06-06-96 
R10-YC Rockhampton, QLD 06-06-96 
R11-YC Rockhampton, QLD 06-06-96 

-
W1-YC Wamulan, QLD 06-03-96 
W2-YC Wamulan, QLD 06-03-96 
W3-YC Wamulan, QLD 06-03-96 
W4-YC Wamulan, QLD 06-03-96 
W5-YC Wamulan, QLD 06-03-96 
W6-YC Wamulan, QLD 06-03-96 
W7-YC Wamulan, QLD 06-03-96 

Y1-M Yarwin, QLD 21-03-96 
Y2-YC Yarwin, QLD 21-03-96 
Y3-YC Yarwin, QLD 21-03-96 

K1-YC Katherine, N.T. 12-06-96 
K2-YC Katherine, N. T. 12-06-96 
K3-YC ** Katherine, N.T. 12-06-96 

Site number-field diagnosis ie. yellow crinkle (YC) or mosaic (M). 
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** DNA and PCR an1plimer of additional Katherine samples (K4-YC to KS-YC) were 
provided by Dr Richard Davis (NTU). 
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controls which were included in all PCR reactions. V4 was also included in all experiments 

as a positive control to ensure the PCR was working as expected. 

iii) Fluorescence Microscopy. 

All the samples collected for this study were checked for the presence of phytoplasmas after 

sectioning and staining with the fluorescent DNA specific stain DAPI 

(4',6-diamidino-2-phenylindole). Using this technique samples could quite easily be 

diagnosed as phytoplasma positive through the observation of descrete blue fluorescing 

points within the phloem tissue of the longitudinal sections. To aid detection aniline blue 

was also included in the stain mix to allow the easy identification of sieve plates which stain 

a pale yellow colour in the presence of this compound. As stated in Chapter 1.1 ii) 

phytoplasmas are pleiomorphic and so they are capable of moving through the sieve plates 

although the process is slow causing them to aggregate at this obstacle. This means that 

when both stains are used the phytoplasmas are easy to distinguish from stained plant DNA 

because they appear as clusters around sieve plates (Figs 3.1 & 3 .2). In addition to this DAPI 

binds more effectively to A-T rich regions within the genome and s-o binds more successfully 

to the phytoplasma DNA than to that of the plant, making the phytoplasma fluorescence 

appear more intense than that of plant nuclei and mitochondria (Schaper & Converse, 1985). 

3.3) Results. 

The results for sample collection and screening using both PCR and fluorescence microscopy 

are summarised in Table 3.2. A total of 24 samples were collected, of which 19 were 

phytoplasma positive by PCR, while 14 were positive by fluorescence microscopy. 

3 .4) Discussion. 

Many ofthe samples collected from Queensland were showing a range of unusual symptoms 

some of which could have arisen during transport while others could have been disease 

related. Because of this uncertainty only those symptoms which can be directly related to 

either PYC or PM diseases as described in Peterson eta/ (1993) were recorded. In the case of 

a papaya plant which had been field diagnosed as having PYC, symptoms such as virescence 

or phyllody were recorded as was the presence of axillary leaves. Other 



Figure 3.1 Cryomicrotome sections (approximately 30J.lm thickness) of healthy papaya 
midribs stained with DAPI and aniline blue. Sieve plates are indicated by 
arrows. p, phloem: a, parenchyma. 
a) 500 x magnification. 
b) 250 x magnification. 





Figure 3.2 Cryomicrotome sections of immature papaya petioles stained with DAPI and 
aniline blue. Sieve plates are stained yellow (marked by arrows), while the 
discrete blue fluorescing points in the sieve tubes indicate the presence of 
phytoplasmas. p, phloem: a, parenchyma. The larger fluorescing particles are 
the nuclei of cells. The red fluorescence is the autofluorescence of chlorophyll. 
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Table 3.2: Results for PCR and fluorescence microscopy screening 
· of samples collected for papaya phytoplasma study. 

Sample Symptoms. PCR Result DAPI 
No. Undiluted 1/10 Result 

DNA Diluted 
DNA 

Rl-YC Proliferating axillary leaves, virescence. + 
R2-M No lesions, yellowing leaves. + 
R3-M No lesions, yellowing leaves. + 
R4-M No obvious symptoms. + 
R5-YC Proliferating axillary leaves. + 
R6-M No lesions, few symptoms. 
R7-M Water soaked lesions. + 
R8-YC Proliferating axillary leaves, virescence. + NIT + 
R9-YC Proliferating axillary leaves, virescence. + + 
RlO-YC Proliferating axillary leaves, phyllody. + + 
Rll-YC Phyllody. + 

Wl-YC No flowers, tattered older leaves. + + 
W2-YC No axillary leaves, phyllody. + + 
W3-YC Axillary leaves, no flowers. + NIT + 
W4-YC Axillary leaves, phyllody. + + 
W5-YC No axillary leaves, phyllody. + NIT + 
W6-YC No axillary leaves, phyllody. + NIT + 
W7-YC Proliferating axillary leaves, phyllody. + NIT + 

Yl-M No obvious symptoms. * 
Y2-YC No obvious symptoms.* 
Y3-YC No obvious symptoms. * 

Kl-YC Older leaves yellow, very green veins. + NIT + 
K2-YC Older leaves yellow, very green veins. + NIT + 
K3-YC Older leaves yellow, very green veins. + NIT + 

Legend: 
+ Phytoplasma positive. 

Phytoplasma negative. 
NIT Not tested. 

* Only a small amounts of plant material was sent therefore symptoms could not be 

described. 
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symptoms such as leaf yellowing or translucence of young leaves were not recorded because 

they are difficult to diagnose and could have arisen during transport. Similarly, plants which 

had been diagnosed before transit as having PM were examined specifically for water soaked 

lesions although they were rarely observed. Distinctly yellowed leaves was also recorded. In 

cases where definite phytoplasma associated symptoms were observed, PCR generally 

enabled the detection of phytoplasma DNA confirming the field diagnosis. 

Using PCR diagnosis, 19 of the 24 samples collected were found to be phytoplasma positive. 

Samples which were not phytoplasma positive were Yl-M, Y2-YC, Y3-YC and R6-M all of 

which showed no symptoms on the plant material received. All of these negative samples 

were not included in the study on phytoplasma diversity. The other negative sample was also 

collected from Rockhampton (sample Rll-YC). Unlike the other negative samples Rll-YC 

was showing phyllody which is a characteristic symptom of PYC. The PCR for this sample 

was repeated several times but a negative result was still obtained and so it also had to be 

eliminated from the study even though it was found to be phytoplasma positive by 

fluorescence microscopy. 

Using fluorescence microscopy, 14 plants of the 24 samples were phytoplasma positive. This 

is in comparison to the 19 detected using PCR. The failure to detect phytoplasmas in the 

7 PCR positive plants using fluorescence microscopy may have been due to a low titre of 

phytoplasmas. This problem may be overcome by sectioning various parts of the plant such 

as the roots or leaf midribs, which may have a higher titre of phytoplasmas than that of the 

immature petioles. Marcone et al (1996) found that there is no phytoplasma fluorescence 

within the young tissue of Spartium juceum showing witches' broom symptoms, while 

phytoplasmas could be detected within root sections. This may also be the case for papaya. 

Sections of midribs from several spatially separate areas of the plant could also allow more 

effective screening because this would overcome the problem of uneven distribution of this 

pathogen throughout the host plant (Hiruki & da Rocha 1986, Kirkpatrick 1989, 

Sinclair et a/1992). 

TI1is study also showed that the quick extraction method described in Chapter 2.2 i) produced 

DNA preparations which often contained inhibitors ofthe PCR. Using this method, 11 of the 

16 phytoplasma positive samples from Queensland required a 1 in 10 dilution before the PCR 

gave a product. The alternative more lengthy extraction method which was used for the 

Katherine samples (Kl-YC to K3-YC) as described in Chapter 2.2 ii), did not require dilution 
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of the papaya DNA before PCR presumably because of the lower level of inhibitors. 

However the quick method is useful because it can be easily performed on lyophilised 

samples without the need for grinding and centrifuging at 4°C. Also if a large number of 

samples need to be screened the faster method is preferable, so long as the problem of 

inhibition is taken into account in the follow up PCR. 

3.5) Conclusions. 

A total of 24 samples were collected from Queensland and the Northern Territory, 19 of 

which were found to be positive by PCR using the Pllm23S primer pair. At no time did 

healthy papaya or SDW controls give a positive result using this detection method. 

Using fluorescence microscopy only 14 of the 24 samples were phytoplasma positive. This 

method failed to detect phytoplasmas in 7 samples found to be positive by the more sensitive 

PCR technique. TI1is indicates that the fluorescence microscopy method is less reliable than 

PCR when screening papaya samples for phytoplasmas. 
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Preparation ofphytoplasma clones for the analysis ofvariation within 

PYC and PM populations. 

4.1) Introduction. 

The genetic relatedness between phytoplasma strains can be determined by performing 

restriction fragment length polymorphism (RFLP) analysis on the whole chromosome. This 

method involves two main steps, firstly chromosomal probes from the organism of interest, 

or a close relative are needed, and secondly the DNA from symptomatic plants must be 

digested and transferred to a membrane for probing (Chapter 5). The first step in the. 

prep~ration of phytoplasma probes is the purification of phytoplasma DNA. Because these 

bacteria cannot be cultured, this must be done by first performing an extraction from 

symptomatic plant material which enriches the content of phytoplasma DNA, and then 

· further purifying this DNA by removal of the large amounts of contaminants from the host 

plant. 

One method for the purification of phytoplasma DNA is through -repeated CsCl density 

gradient centrifugations (Harrison et al 1991, Ko & Lin 1994, Kollar et al 1990, 

Kuske et al 1991, Maurer et al 1993, Sears et al 1989). This method uses the high A-T 

content of phytoplasma DNA to preferentially bind a fluorescent dye such as Hoeschts stain. 

This preferential binding alters the buoyant density of the phytoplasma DNA in comparison 

to that of the host plant, allowing their separation over repeated centrifugations in CsCl. The 

resulting phytoplasma DNA fraction is very pure and can be easily destained and digested in 

preparation for ligation into an appropriate vector. Once the recombinant vector is made it 

can be used to transform cells, allowing the production of large amounts of the inserted 

phytoplasma DNA, which can be used as a probe for Southern blots or dot blots. 

Alternatives to this lengthy purification procedure are available but will not be discussed here 

and regardless of the method used, the resulting clones must be screened to ensure that the 

inserted DNA is of phytoplasma origin. This involves the hybridisation of the clones to both 

host DNA (plant or insect) and phytoplasma DNA to ensure that the insert is of phytoplasma 

origin (Davis et a/1988, Davis et a/1990, Davis et a/1992, Deng & Hiruki 1990b, Harrison 

et a/1991, Ko & Lin 1994, Kuske et a/1991, Lee & Davis 1988, Lee et a/1991, Lee et al 

1993a, Sears et a/1989). 
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Once clones containing phytoplasma DNA are obtained they can be labeled and used to 

probe Southern blots, allowing the examination of the genetic relatedness between multiple 

samples through the presence or absence of variations in the RFLP pattern. Variations in the 

fragment pattern produced by endonuclease digestion indicates changes in the chromosomal 

sequence of the phytoplasma making this method important in the determination of the extent 

of genetic relatedness between these nonculturable pathogens (Deng & Hiruki 1990b, Deng 

& Hiruki 1991b, Kuske et a/1991, Lee & Davis 1988, Lee et a/1991, Lee et a/1993a). 

The objective of the cloning experiments is to obtain large amounts of PYC chromosomal 

DNA fragments· which can be used as probes for Southern hybridisation. PYC probes are 

important to allow the determination of subtle differences between PYC and PM because this 

method allows the detection of sequence changes in sections of the chromosome other than 

the conserved 16S rDNAregion. 

4.2) Experimental. 

Phytoplasma DNA was obtained and purified as described in Chapter 2.4 ii). The fluorescent 

bands present after the final centrifugation were removed and retained, and the DNA was 

destained and extracted from the CsCl solution. The gradient DNA was then diluted 

1 in 100, SJ!L of which was used for PCR with the Pllm23S primer pair to determine ifthere 

was any phytoplasma DNA present in the solution. 

The DNA extracted from the phytoplasma band (upper) was then prepared for cloning as 

described in Chapter 2.4 ii). Dellaporta extracted (Chapter 2.2 ii) healthy papaya DNA, and 

PYC DNA was also used for cloning and so was ligated into the vector pBluescript, in 

preparation for transformation of E. co~i (XL 1 blue). The transformation was performed and 

the resulting cells were grown in SOC for 1 hour before being spread on selective medium 

and grown overnight at 3 7°C. 

4.3) Results. 

The CsCl gradient was successful, and when the upper band was removed from the gradient 

and tested by Pllm23S PCR it was found to contain phytoplasma DNA as expected. The 

lower band which was expected to contain host plant DNA was also found to be phytoplasma 

positive suggesting the CsCl purification method was not able to entirely separate the 
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phytoplasma DNA from that of the host plant. However the extent of contamination of the 

phytoplasma DNA with host plant DNA cannot be determined. 

The DNA was prepared for cloning by digestion with EcoRI and Hindiii. The resulting 

fragments were then used for ligation into the vector pBluescript (pBS). Subsequent 

electrophoresis of the a few microliters of digested DNA run adjacent to ligated DNA 

indicated that the ligated DNA was in general larger than the digested DNA, suggesting that 

the ligation was successful. The vector pBS allows selection of recombinants through 

ampicillin resistance and the production of blue or white colonies. A blue colony indicates 

the absence of an insert in the vector because the synthesis of part (initial 146 amino acids) of 

the 13-galactosidase enzyme is successful. This means that the enzyme is not disrupted by the 

insertion of foreign DNA and can produce a blue product from the synthetic substrate X-gal 

(5-bromo-4-chloro-3-indolyl-13-D-galactoside). The remainder of the enzyme is synthesised 

by the E-coli strain, in this case XL 1 blue, into which the plasmid is transformed. White 

colonies indicate that DNA has been inserted into the plasmid because the enzyme 

(3-gala:ctosidase is no longer active due to a change in the vector synthesised fragment. No 

colonies were visible after overnight incubation, indicating that- the transformation was 

unsuccessful because no ampicillin resistant colonies were present. Transformation of cells 

with the uncut vector produced many ampicillin resistant blue colonies as expected, while 

transformation with the cut vector also produced a few blue colonies (Sambrook et al, 1989, 

pages 1.85-6). 

4.4) Discussion. 

Initial cloning attempts were made using CsCl purified PYC or TBB DNA supplied by 

Dr. K. Gibb (NTU). This DNA was double digested using EcoRI and Hindlii (New England 

Biolabs, Beverly, MA, USA) as was the vector pBluescript (pBS). In order to determine 

whether the phytoplasma DNA had been successfully digested, a small amount of the 

digested DNA was run on a 1% agarose gel adjacent to a sample of the undigested DNA 

(Fig 4.1). This gel indicated that the digestion was successful. Interestingly this gel also 

showed the presence of extrachromosomal DNA in the CsCl purified undigested TBB DNA 

(lane 5, extrachromosomal bands indicated by arrows). 

Extrachromosomal DNA has previously been found in association with several phytoplasmas 

such as aster yellows, tomato big bud (from USA), maize bushy stunt, pigeon pea witches 



Figure 4.1 Electrophoretic separation of digested and undigested CsCl-purified 
phytoplasma DNA. The DNA in the lanes YC-D and TBB-D were digested with 
the restriction endonucleases EcoRI and Hindlll. The position of chromosomal 
and extracromosomal DNA is shown in the lane TBB and indicated by arrows. 
M, molecular weight marker, band sizes in base pairs (bp) indicated to left: 
YC-D & YC, PYC DNA: TBB-D & TBB, TBB DNA. 
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broom, and periwinkle little leaf. The biological significance of these plasmids remains 

unknown (Davis et a/1988, Davis et a/1990, Harrison et a/1991, Kirkpatrick 1989, Lee & 

Davis 1988). The TBB strain used for this study is from Australia and is closely to related to 

SPLL which is part of the faba bean phyllody strain cluster which is in tum related to the 

western X-phytoplasma (Gibbet al, 1996b). The tomato big bud from USA(Arkansas) has 

been found by Gundersen et al (1994) to be genetically unrelated to phytoplasmas of the 

western X strain cluster. So although both of these phytoplasmas produce similar symptoms 

in tomatoes they are not genetically the same,· making this the first identification of 

extrachromosomal DNA in association with the Australian TBB phytoplasma. 

Subsequent attempts to clone PYC DNA and healthy papaya DNA were unsuccessful, 

making it necessary to obtain alternative probes for subsequent RFLP analysis. These 

alternative probes were clones supplied by Dr. B. Schneider who had shotgun cloned CsCl 

purified V 4 DNA which had been extracted from periwinkle. The resulting clones were 

screened and several containing chromosomal DNA of the V 4 phytoplasma were identified. 

Some of these clones were used for Southern blot analysis in this study. 

. 4.5) Conclusions. 

Although cloning was not successful, RFLP analysis using Southern blots of digested 

phytoplasma DNA from the collected samples was still possible through the use of clones 

from the V4 reference phytoplasma (Chapter.S). As an aside to this experimentation this 

research revealed the presence of extrachromosomal DNA in the CsCl purified TBB DNA 

preparation. This is the first record of plasmids in association with this phytoplasma 

although several other phytoplasmas have been found to contain extrachromosomal DNA. 



Chapter 5. 

5.1) Introduction. 

Determination of genetic relatedness between PYC and PM by 

Southern blot analysis. 
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In order to determine the· degree of relatedness between the yellow crinkle (PYC) and mosaic 

(PM) phytoplasmas, a region of the phytoplasma chromosomal DNA was compared. 

However because the phytoplasma DNA extracted from symptomatic plant material 

represents only a small percentage of the total DNA extracted the method used for this 

comparison must be phytoplasma specific. This is achieved by using radiolabeled probes of 

phytoplasma"DNA to detect homologous DNA fragments bound to a nylon membrane. Once 

the extracted DNA is digested by endonucleases it is run on an electrophoresis gel to separate 

the resulting fragments. The separated DNA can then be transferred to a nylon membrane 

using the Southern transfer method (Sambrook et al, 1989, pages 9.34-5). Once the DNA is 

fixed to this membrane it can be probed with labeled phytoplasma DNA which will bind only 

to the phytoplasma DNA fragments which have regions with homologous sequences. This 

allows the detection of significant differences within the regions of the phytoplasmas 

chromosome which are homologous to the probes. 

This method is often used to determine the relatedness of these unculturable pathogens 

(Ahrens et al 1993, Bertaccini et al 1990, Davis et al in review, Kison et al 1994, 

Lee et al 1991, Schneider & Seemuller 1994b). Davis et al (in review) performed this 

analysis with probes constructed from the DNA of the V 4 reference phytoplasma. These 

probes were used to detect phytoplasma DNA in plants from throughout Australia which 

were presenting typical phytoplasma symptoms. From this study it was determined that 

clones pH4, pH30 and pH80 from the V4 reference phytoplasma would bind to the DNA of 

the PYC phytoplasma making these probes suitable for use in this study. 

5.2) Experimental. 

Total DNA was extracted from all the PCR positive papaya samples from QLD. The DNA 

from these samples was then digested by the endonuclease Hindiii, or double digested with 

both EcoRI and Hindiii as described in Chapter 2.5 i). The digested DNA was then separated 

on a 1% agarose gel and run at 1 OV for 17 hours. This gel was then photographed and 

blotted onto a nylon transfer membrane which was used for hybridisation with the cocktail 
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probe made from the clones pH4, pH30 and pHSO. These clones had been constructed from 

V 4 phytoplasma DNA as described by Davis et al (in review). In addition to these clones 

another clone pE21, also from V4, was used as a probe with EcoRI digested DNA. 

5.3) Results. 

i) Hybridisation with the pH4, pH30 and pHSO cocktail probe. 

Samples R1-YC to RS-YC and W2-YC, WS-YC, and W6-YC all from QLD were digested 

with EcoRI/Hindlii or Hindlii. After digestion the samples were run on a 1% agarose gel 

and the DNA was transferred to a nylon membrane. The membrane was hybridised with the 

radiolabeled cocktail probe and exposed to X-ray film overnight. All the samples digested 

with EcoRI/Hindlii gave the same fragment pattern with no distinguishable differences 

between PYC and PM. A representative of each fragment pattern is depicted in Fig 5.1. 

Similarly, the samples digested with Hindlii alone also showed no variability. Once again a 

representative ofPYC and PM are depicted in Fig 52. These experiments also show that the 

RFLP patterns of EcoRI/Hindlii and Hindlii digested phytoplasma DNA are the same. This 

indicetes that there are no EcoRI sites within the Hindlii fragments, and that Hindlii 

produces the smallest DNA fragments. In all cases the papaya phytoplasma fragment 

patterns were the same as the V4 reference phytoplasma. Healthy papaya DNA was also 

digested and probed. In no case was there a positive signal from that sample. 

ii) Hybridisation with the pE21 probe. 

All the Wamulan samples (W1-YC to W7-YC) and four PM samples from Rockhampton 

(QLD) R2-M, R3-M, R4-M and R7-M were digested with EcoRI and then run on a 1% 

agarose gel. All these samples had the same fragment pattern as V4 which was also included 

in the experiment (Fig 5.3). Once again healthy papaya were included and did not give a 

positive signal. 

5.4) Discussion. 

There were no discernible differences between the PYC and PM samples collected from 

QLD when compared by Southern blot analysis. Unfortunately the samples collected from 



Figure 5.1 Southern blot hybridisation of EcoRI/Hindiii digested PYC, PM, V4, and 
healthy papaya DNA probed the pH4, pH30 and pH80 (V4 cocktail probe). M, 
molecular weight marker, band sizes in base pairs (bp) indicated to left: V 4, V 4 
DNA: HP, healthy papaya DNA: PYC, PYC DNA from sample Rl-YC: PM, 
PM DNA from sample R2-M. 
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Figure 5.2 Southern blot hybridisation of Hindiii digested PYC, PM, V4 and healthy 
papaya DNA probed with pH4, pH30 and pH80 (V4 cocktail probe). M, 
molecular weight marker, band sizes in base pairs (bp) indicated to left: V 4, V 4 
DNA: HP, healthy papaya DNA: PYC, PYC DNA from sample Rl-YC: PM, 
PM DNA from sample R2-M. 
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Figure 5.3 Southern blot hybridisation of EcoRI' digested PYC, PM, V4, and healthy 
papaya DNA probed with pE21. M, molecular weight marker, band sizes in 
base pairs (bp) indicated to left: PM, PM DNA from sample R7-M: PYC, 
PYC DNA from sample Wl-YC: HP, healthy papaya DNA: 
V 4, V 4 phytoplasma DNA. 
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Katherine could not be subjected to this analysis because there was insufficient plant material 

available for this technique. 

This analysis may have been more successful had a different endonuclease been used for 

digestion. An alternative enzyme may have cut the region of the genome which was 

homologous to the V 4 probes but highly variable, making the band patterns observed more 

diverse. However because it is not known what region of the genome these probes are from, 

it is unknown if it is realistic to expect extensive variation to be observed. From the work of 

Davis et a! (in review) two fragment patterns have been observed using this cocktail probe. 

One is produced by V 4 and TBB type phytoplasmas, while the SPLL type phytoplasma 

produces a slightly different fragment pattern. The multiple PYC and PM samples examined 

using this method showed that they all produce the same fragment pattern as that of V 4 and 

by extrapolation, the same as TBB. This agrees with the results of Davis et a! (in review) 

who found that PYC produced the V4/TBB fragment pattern. The work by Davis eta! (in 

review) did not include a comparison of PM. 

5.5) Conclusions. 

This technique showed that there was no genetic variability between PYC and PM using the 

V 4 probes selected. Perhaps with the use of other restriction endonucleases or with another 

cocktail of probes, differences between PYC and PM may have been observed. However this 

analysis has shown that the PYC and PM phytoplasmas are indistinguishable and belong to 

the same strain cluster as V4 and TBB. 
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Chapter 6. Determination of genetic relatedness between PYC and PM by 

restriction fragment length polymorphism (RFLP) analysis. 

6.1) Introduction. 

Diseased papaya samples collected from QLD and the N.T. were screened for the presence of 

phytoplasmas by PCR with the Pllm23S primer pair (Chapter 3). The resulting amplimers 

were then used for RFLP analysis. This method involved the digestion of the amplimer by 

selected restriction endonucleases and then separating the resulting fragments by high 

resolution electrophoresis. The fragment patterns on the resulting gel can then be compared 

with each other and that of standard phytoplasmas. Insertions or deletions in the PCR 

product sequence can then be detected by changes in the fragment pattern. Similarly, 

mismatches which create or remove restriction enzyme recognition sites can also be detected 

by the presence or absence of particular bands. This insight into sequence changes of the 

PCR product reflects on the genetic relatedness of phytoplasmas, making this method 

important in determining the taxonomy of phytoplasmas (Griffiths et a/ 1994a & 1994b, 

Lee et a/ 1993b, Saeed & Cousin 1995). Major differences can be studied further by 

sequence analysis as described in Chapter 7. 

This type of analysis indicates which strain cluster the papaya samples belong to through 

comparison of their fragment pattern to that of reference phytoplasmas. In this case V4, TBB 

and SPLL reference phytoplasmas were used because the results from Chapter 5 which 

indicated that the PYC and PM phytoplasmas from QLD are closely related to TBB. This 

result is also in agreement with that of Gibb et a/ ( 1996b) who also found that PYC and PM 

belong to the ·TBB strain cluster. In their research Gibbet a/ (1996b) found no discernible 

differences in the fragment patterns of the PYC and PM phytoplasmas they tested by RFLP 

analysis using Alul, Rsal, and Msel. In order to determine if this lack of genetic diversity 

could also be observed in a larger population of phytoplasmas from more widely dispersed 

regions, their experiments were repeated here. In the studies described here, the PCR 

amplimers were digested using Alul, Rsal and BstEII restriction endonucleases, after which 

the fragments were separated by electrophoresis. 

The Pllm23S PCR amplimer represents only a small fraction of the phytoplasma genome and 

so to determine whether the extensive homology observed by Gibbet a/ (1996b) could also 

be observed in other portions of the genome another primer pair, E21 forward and reverse, 
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was also used for PCR. This second primer pair were constructed using the sequence of a V 4 

clone prepared by Dr. B. Schneider (NTU) which was also used for Southern blot analysis 

(Chapter 5). This fragment of DNA comes from an unknown region of the phytoplasma 

chromosome which may be conserved and so show no variation in such closely related 

phytoplasmas. However this primer pair is still useful for this type of analysis because it 

allows the extension of the comparison outside the ribosomal RNA region which is highly 

conserved and may not be representative of the whole genome. 

6.2) Experimental. 

i) RFLP analysis of the amplimer produced by the Pllm23S ribosomal 

primer pair. 

The samples collected from QLD and the N.T. were screened for the presence of 

phytoplasmas by PCR using the PI and m23S primer pair (Chapter 3). For each experiment 

a bulk digestion mix was made by the addition of sufficient SDW, buffer and enzyme (Alul, 

Rsal, or EstEll, New England Biolabs, Beverly, MA, USA) for each digestion reaction. Five 

JlL of this mix was then ali quoted into tubes containing 1 OJ.!L of the PCR product. This was 

done to ensure that all samples received equal amounts of each reagent. 

The fragments from Alul and Rsal digestion were resolved on 8% and 5% vertical 

polyacrylamide gels respectively, while the EstEll digested samples were separated on 1.5% 

agarose gels. These gels were stained with ethidium bromide and photographed on a UV 

transilluminator. 

ii) RFLP analysis of the amplimer produced by the fE21/rE21 chromosomal 

primer pair. 

PCR using the E21 primers was performed using 5J.1L of 1 in 10 diluted papaya DNA, and an 

annealing temperature of 40°C. The remainder of the PCR program was completed as 

described in Chapter 2.2 iv). V4 and the E21 clone (1 J!L of DNA each) were used as 

positive controls and were digested with Alul as described in Chapter 2.6 i). Whereas the 

papaya samples were digested by the addition of 4U of Alul, 3.5 J.!L of buffer and lJ!L of 

SDW to 30J!L of PCR product. The samples were left to digest overnight at 37°C and the 
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resulting fragments were separated on a 2% agarose gel at SOV for 2 hours. The gel was 

stained with ethidium bromide and photographed on a UV transilluminator. 

6.3) Results. 

i) Alul digestion of the Pllm23S PCR products. 

After digestion with the Alul restriction endonuclease the samples from Wamulan QLD 

(Fig. 6.1a) showed no variation, with all samples exhibiting the same pattern as that produced 

by the TBB reference phytoplasma. Samples from Rockhampton QLD (Fig 6.1 b) showed 

similar results, with the majority of the samples having the same fragment pattern as TBB. 

The only exception to this was sample R2-M which had the same pattern as that produced by 

the V 4 reference phytoplasma. Unlike the samples from QLD, the samples from Katherine 

N.T. (Fig. 6.1c) showed a high degree of variability with three individual fragment patterns 

observed. Samples K3-YC and K6-YC showed the TBB pattern typical of the QLD samples, 

while samples Kl-YC, K2-YC, K4-YC, and KS-YC all had the V4 type fragment 

configuration. In addition to these two standard fragment patterns, samples K7-YC and 

K8-YC showed patterns distinct from any of the reference phytoplasmas. 

ii) Rsal digestion of the P llm23 S PCR products. 

Digestion with the endonuclease Rsal produced similar results to those found with A lui. 

Once again the Wamulan (Fig 6.2a) and Rockhampton (Fig 6.2b) samples failed to show 

polymorphisms except for sample R2-M. As with Alul, digestion fragments of all the QLD 

samples gave the TBB pattern except sample R2-M which gave the V4 pattern configuration. 

Samples from Katherine (Fig 6.2c) continued to show far greater diversity than samples 

collected from QLD. Samples K3-YC and K6-YC once again showed the TBB fragment 

pattern, while samples Kl-YC, K2-YC, K4-YC, and KS-YC all had the V4 type fragment 

configuration, and samples K7-YC and KS-YC exhibited an individual pattern unlike that of 

any of the reference phytoplasmas. 



Figure 6.1 Alul restriction digests ofPllm23S PCR products. 

a) PYC samples collected from Wamulan (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-7 Samples W1-YC to W7-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

b) PYC and PM samples from Rockhampton (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-5 Samples R1-YC to RS-YC. 
6-9 Samples R7-YC to R10-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

c) PYC samples from Katherine (N.T.). 

-
M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-8 Samples K1-YC to K8-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 
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Figure 6.2 Rsal restriction digests ofPllm23S PCR products. 

a) PYC samples collected from Wamulan (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-7 Samples W1-YC to W7-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

b) PYC and PM samples from Rockhampton (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-5 Samples R1-YC to RS-YC. 
6-9 Samples R7-YC to R10-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

c) PYC samples from Katherine (N.T.). 

M Molecular-weight marker, band sizes in base pairs (bp) indicated to left. 
1-8 Samples K1-YC to K8-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 
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iii) EstEll digestion of the Pllm23S PCR products. 

Like both Alul and Rsal, EstEll showed no polymorphisms for the samples from Wamulan 

(Fig 6.3a). However samples collected from Rockhampton (Fig 6.3b) and Katherine 

(Fig. 6.3c) also failed to show polymorphisms with all samples being cut, as was V4 and 

TBB. The only exception was samples K7-YC, and K8-YC which like SPLL, were not cut 

using this enzyme. 

iv) E21 PCR and subsequentA/ul digestion. 

The PCR of the samples collected from Katherine including those supplied by Dr R. Davis 

(NTU) was repeated several times using the fE21/rE21 primer pair, but many samples still 

failed to amplify. Healthy papaya was included as a negative control but no. amplimer was 

detected after PCR. A PCR product of approximately 1500 bp was obtained for samples 

Kl-YC, K2-YC and K3-YC which was then digested with Alul (Fig 6.4). The resulting 

fragments were separated using electrophoresis but there was no detectable difference 

between the fragment patterns of any of the PCR products. 

6.4) Discussion. 

From this analysis it became obvious that there is considerably more variation than 

previously thought in the Pl/m23S PCR amplimer of the PYC and PM phytoplasmas. 

Katherine samples Kt-yc, K2-YC, K4-YC, and KS-YC showed a fragment pattern like that 

of sample R2-M from Rockhampton, all of which were the same as the V4 reference 

phytoplasma. The remaining Rockhampton samples, all the Wamulan samples, and samples 

K3-YC and K6-YC from Katherine all had the same restriction pattern as the TBB reference 

phytoplasma. Samples K7-YC and K8-YC consistently produced fragment patterns unlike 

those of any of the references used. 

In general the samples from Katherine, all of which were field diagnosed as having PYC, 

showed far greater diversity than those from QLD. However the Rockhampton sample 

(R2-M) which also showed a different fragment pattern to the other samples from the region, 

was field diagnosed as having PM. This indicates that the diversity observed in the 

Katherine samples can not be directly attributed to the PYC phytoplasma. 



Figure 6.3 BstEII Restriction digests ofPllm23S PCR products. 

a) PYC samples collected from Wamulan (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-7 Samples W1-YC to W7-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

b) PYC and PM samples from Rockhampton (QLD). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-5 Samples R1-YC to RS-YC. 
6-9 Samples R7-YC to R10-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 

c) PYC samples from Katherine (N.T.). 

M Molecular weight marker, band sizes in base pairs (bp) indicated to left. 
1-8 Samples K1-YC to K8-YC. 
V 4 V 4 phytoplasma. 
SPLL Sweet potato little leaf phytoplasma. 
TBB Tomato big bud phytoplasma. 
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Figure 6.4 fE21/rE21 PCR products after digestion by Alul endonuclease. 
M, molecular weight marker, band sizes in base pairs (bp) indicated to left: 
E21, PCR product from pE21 V4 clone: V4, V4 phytoplasma: 1-3, PYC 
samples from Katherine, N.T. (Kl;..YC to K3-YC). 
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The PCR using the E21 primer pair was found to be extremely sensitive to inhibitors within 

the DNA solution, with only 3 of the samples from Katherine producing a positive result. No 

diversity was found in this section of the genome after digestion of the PCR product with the 

enodonuclease Alul. However more samples would have to be examined before this region 

could be ruled out for RFLP analysis. Also other endonucleases may be more suited for this 

type of analysis on this particular region of the genome. When the Pllm23S amplimer of 

these samples was analysed, two of the samples Kl-YC and K2-YC, were found to have the 

same fragment pattern as V 4, while K3-YC had a pattern similar to TBB. This variation was 

not found using the E21 primer pair. However TBB was not included as a reference and may 

be found to present the same pattern as V 4 using this restriction enzyme, making it unlikely 

that differences will be observed. Similarly, no PM samples were analysed and so the 

usefulness of this primer pair for the distinction of the two diseases can not yet be 

determined. 

All the samples from QLD were found to have the same restriction pattern as either V 4 or 

TBB. This result is in accordance with those from Southern blot analysis which indicated 

that the QLD samples were all more similar to V 4 or TBB rather thah SPLL. 

6.5) Conclusions. 

This analysis showed that there are no differences between PYC and PM which can be 

identified by RFLP analysis of the Pl/m23S PCR product using Alul, Rsal and BstEII 

endonucleases. However there is extensive variation in the RFLP fragment patterns of the 

PYC phytoplasma population in papaya grown in Katherine, N.T. This diversity is not 

observed in the phytoplasmas collected from symptomatic plants in QLD, all of which 

produce the same fragment pattern as that of either TBB or V 4, as expected from Southern 

blot analysis. 

The three Katherine samples which w~re amplified using the E21 primer pair did not show 

variations in their fragment patterns, indicating that the diversity shown by these samples 

within the P 1/m23 S PCR product is not present in the region of the genome defined by these 

primers. However further experimentation is needed with this primer pair before it is ruled 

out as a detection tool. 
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Chapter 7. Sequence analysis of the 16S/23S rRNA intergenic spacer. 

7.1) Introduction. 

Sequence analysis can be used to determine the nature of the sequence changes indicated in 

the varied fragment patterns arising from endonuclease digestion of PCR products 

(Seemuller eta/, 1994). RFLP analysis allows the identification of insertions, deletions and 

in some cases mismatches in the sequence when compared to that of a reference 

phytoplasma. Mismatches can only be identified using RFLP analysis if they create or delete 

a restriction enzyme recognition site. In cases where this occurs the number of fragments 

produced by digestion changes. This was not the case with any of the samples used for 

analysis in Chapter 6. However the slight differences in band sizes suggested genetic 

diversity between the samples. In order to determine the nature of some of the changes 

observed in Chapter 6, sequence analysis was performed on some samples. 

In order to determine what region of the Pllm23S amplimer should be sequenced, restriction 

fragment analysis was performed on the SPLL 16S sequence. Restriction site analysis was 

performed using the program Mac Vector (Eastman Kodak Co, New Haven, CT, USA) on the 

sequence of SPLL which had been resolved prior to this study. From this it was determined 

that the 300bp (approx.) band which showed the greatest variability in Fig 6.lc included part 

of the spacer region between the 16S and 23S rRNA genes. It was expected that the genetic 

variability indicated by RFLP analysis would occur within that region because the remainder 

of the amplimer is conserved. The 16S rRNA gene which is coded for by most of the 

Pllm23S PCR product, has been found to exhibit extensive sequence homology 

(89.6-92%) between phytoplasma groups (Schneider eta/, 1993). So it seemed more likely 

that the spacer region woi.tld contain some of the variation observed in Chapter 6. 

Once the sequences were read from the multiple sequencing gels, they were analysed using 

the program AssemblyLIGN (Eastman Kodak Co, New Haven, CT, USA) which allows 

several sequences to be compiled to produce a final consensus sequence. The consensus 

sequences for each sample were then compared to each other using the same program and 

any differences were noted. The consensus sequences were also compared with those of 

·other phytoplasmas collected in Asia and Australia. This allowed the detection of similarities 

between the sequences of the papaya phytoplasmas and those of other phytoplasmas which 

have already been characterised. This analysis may allow the identification of other 
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phytoplasmas with sequence similarities to K7-YC or K8-YC which have consistently 

produced an RFLP pattern that is different to any other phytoplasmas included in this study. 

When performing this type of comparison it is important to consider that the spacer region is 

small and contains the tRNA11
e gene which is conserved (Kuske & Kirkpatrick, 1992). Work 

by Kuske and Kirkpatrick (1992) on the phytoplasma associated with the severe strain of the 

western aster yellows (SAY) indicated that the tRNA11
e gene was 77 bps while the spacer 

itselfwas only 245 bps. This leaves only 168 bases which are not conserved and so expected 

to exhibit variability. Using such a small region of the phytoplasma genome for studies on 

genetic relatedness can result in some sequence changes becoming more significant than they 

actually are when a larger section of the genome is studied. This can result in artificial 

groupings of phytoplasmas when only spacer sequences are used for taxonomic studies. 

However some useful information can be attained through this analysis, providing these 

limitations are taken into account. 

7 .2) Experimental. 

Samples for sequencing were chosen on the basis of their RFLP patterns presented in 

Fig 6.1c. This figure depicted the fragment patterns of the Pllm23S PCR products for the 

samples from Katherine after digestion with A lui. From this figure samples KS-YC, K6-YC, 

and K7-YC were selected for sequence analysis because of their different fragment patterns. 

V 4 was also sequenced so it could be used as a reference. 

In order to ensure that the intergenic spacer region was responsible for the differences in the 

RFLP pattern in Fig 6.1c these samples were subjected to P3/m23S PCR. This primer pair 

allows amplification of the intergenic spacer because the P3 primer is homologous to a 

region at the end of the 16S gene. This amplimer would indicate the presence of insertions or 

deletions in the sequence in comparison to the reference phytoplasma V 4, and the other 

papaya phytoplasmas. Samples which presented differently sized amplimers were used for 

sequencing as described in Chapter 2.7. 

Once the spacer region was sequenced it was compared with those of other phytoplasmas 

which have been collected from Asia and Australia. The phytoplasma sequences chosen for 

comparison were cactus witches' broom (CWB), Crotalaria witches' broom (SUNHEM), 

faba bean phyllody (FABAPHY), sesame phyllody (SESPHY), and pigeon pea witches' 
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broom (PPWB). In addition to these phytoplasmas the sequences of PYC and PM samples 

from Rockhampton (QLD) and used by Gibbet a! (1996b) in a previous study were included, 

as were the sequences of TBB and SPLL. 

7.3) Results. 

i) P3/m23S PCR. 

PCR using the P3/m23S primer pair was performed on V4, K5-YC, K6-YC and K7-YC. The 

resulting amplimer was then subjected to 5% polyacrylamide gel electrophoresis to allow 

comparison of the PCR products (Fig. 7.1). Electrophoresis indicated that the intergenic 

spacers ofthe V4, K5-YC, and K6-YC samples were the same size, while that ofK7-YC was 

slightly larger. Because the spacer region ofK7-YC was a different size to that ofV4 and the 

other papaya samples it was chosen for sequencing, as was V 4 and K6-YC. Because the 

other two PYC samples (K6-YC and K5-YC) had the same sized spacer region as V 4 it was 

obvious that no insertions or deletions occurred in that region. However K6-YC was still 

sequenced to ensure that the sequences were actually the same, and that no mismatches were 

present in the spacer region. 

ii) Comparison of sequence data for papaya samples and V 4. 

The sequence of the spacer region was determined by running multiple sequencing gels and 

then combining the resulting data using AssemblyLIGN (Eastman Kodak Co, New Haven, 

CT, USA) to produce a consensus sequence. The sequences from each sample were then 

compared using the same program (Fig 7.2). The comparison of the papaya and V4 

sequences showed that the spacer sequence of K7-YC had 2 insertions at positions 15 and 58, 

and 2 mismatches at positions 59 and 183, The sequences ofK6-YC and V4 were the same, 

and as expected the tRNAne gene was conserved. 

iii) Restriction site analysis. 

Restriction analysis using MacVector (Eastman Kodak Co, New Haven, CT, USA) showed 

that the recognition site of the Alul endonuclease was positioned within the conserved 

tRNAne gene (Fig 7 .2), at position 98 of the comparison sequence. This means that the two 

insertions at positions 15 and 58 could be partially responsible for the varied migration 



Figure 7.1 P3/m23S PCR products separated on a high resolution polyacrylamide gel 
reflecting the size of the variable 16S-23S intergenic spacer. The PCR product 
from K7-YC is slightly larger size than that from V4, or the other Katherine 
samples indicating the variability of the 16S-23S spacer region. M: molecular 
weight marker, band sizes in base pairs (bp) indicated to left: V 4, V 4 
phytoplasma: 5-7, PYC samples from Katherine, N.T. (K5-YC to K7-YC). 
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Figure 7.2 Sequence comparison ofV4, K6-YC and K7-YC. Bases in black boxes indicate 
changes in the sequence between the samples. The start and finish of the 
tRNAne coding region are indicated, as is the cutting site of the Alul restriction 
enzyme. 



20 40 60 80 
CCTCCTTTCTAAGG~AACCAATAAAATCAATCATCTTCAGTTTTGAAAGACTTAGG~ACTAAGTTTTTCTTCGTGAC 

K7-YC spacer~ CCTCCTTTCTAAGGAAAACCAATAAAATCAATCATCTTCAGTTTTGAAAGACTTAGGATAACTAAGTTTTTCTTCGTGAC 
K6-YC spacer~ CCTCCTTTCTAAGG.AAACCAATAAAATCAATCATCTTCAGTTTTGAAAGACTTAGG.CAACTAAGTTTTTCTTCGTGAC 
V4 spacer~ CCTCCTTTCTAAGG.AAACCAATAAAATCAATCATCTTCAGTTTTGAAAGACTTAGG.CAACTAAGTTTTTCTTCGTGAC 

K7-YC spacer~ 
K6-YC spacer ~ 

V4 spacer~ 

AZul cutting site. 
tRNAile start. Jj. 

Jj. 
100 120 140 160 

TTCACGAAGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTTCAAGTCCATTTAGGCC 

TTCACGAAGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTTCAAGTCCATTTAGGCC 
TTCACGAAGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTTCAAGTCCATTTAGGCC 
TTCACGAAGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTTCAAGTCCATTTAGGCC 

tRNAile end. 
Jj. 180 200 220 240 

CACCAGAGTTATAGGTTTCGTAffiGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCG 

<7-YC spacer~ CACCAGAGTTATAGGTTTCGTAGGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCG 
{6-YC spacer~ CACCAGAGTTATAGGTTTCGTAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCG 
14 spacer~ CACCAGAGTTATAGGTTTCGTAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCG 
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distances observed for the 300 bp (approx.) band in Fig 6.lc. These insertions would also 

have caused the shift in the P3/m23S PCR product as shown in Fig 7.1 

iv) Comparison of sequence data for phytoplasmas from Asia and Australia. 

The dendrogram (Fig. 7.3) indicating the degree of similarity of the phytoplasma sequences 

for samples collected in Asia and Australia was performed using PileUp in the GCG package 

(University of Wisconsin via the Australian National Genomic Information Service, 

University of Sydney, N.S.W., Australia). The dendrogram showed that K7-YC is most 

similar to the phytoplasma associated with Cactus witches' broom (CWB) which was 

extracted from a cactus sample collected from Indonesia. This dendrogram also shows that 

V 4 and K6-YC are most closely related to Crotalaria witches' broom (SUNHEM) from 

Thailand. 

The sequences of the various spacer regions used for the construction of the dendrogram are 

also presented as a sequence alignment which allows the determination of the actual number 

of bases that differ between each sample (Fig 7.4). The total of 12 individual positions 

within the spacer region were shown to vary using this analysis method, most of which are 

mismatches which would not contribute to the fragment patterns observed in Chapter 6. 

7.4) Discussion. 

Figure 7.1 showed that V4, K5-YC and K6-YC had the same size spacer region and so it was 

expected that the spacer sequence of these samples would be the same. This was confirmed 

by comparing the sequence of K6-YC and V 4 which were found to be identical. Sample 

K7-YC had a slightly larger spacer region than the other samples, and so was expected to 

show insertions when compared to V 4 and K6-YC. When the comparison between these 

sequences was made it was found that the expected insertions were present (positions 15 & 

58). In addition to the insertions which were indicated by the change in spacer size, two 

mismatches were also present {positions 59 & 183). 

When the papaya phytoplasma sequences were then compared with those of other host 

plants, various sequence changes were observed. The dendrogram made from this 

comparison suggested that there were extensive genetic differences between the papaya 

phytoplasmas from Katherine (N.T.) and those from Rockhampton (QLD). The 



Figure 7.3 Dendrogram showing the genetic relationships of several selected phytoplasmas. 
The sequences of TBB-AUS, SPLL-AUS, PYC-AUS, and PM-AUS sequences 
were supplied by Dr. K. Gibb (NTU). The other sequences were supplied by Dr. 
B. Schneider (NTU). 

CWB-I 
K7-YC 
V4 
SUNHEM-T 
K6-YC 
PPWB-CH 
SESPHY-T 
PPYC-AUS 
PPM-AUS 
TBB-AUS 
FABAPHY 
SPLL-AUS 

Cactus witches broom from Indonesia. 
PYC sample collected from Katherine (N.T.). 
V4 phytoplasma from Darwin (N.T.). 
Crotalaria witches broom from Thailand. 
PYC sample collected from Katherine (N.T.). 
Pigeon pea witches broom from China. 
Sesame phyllody from Thailand. 
PYC from Rockhampton (QLD). 
PM from Rockhampton (QLD). 
Tomato big bud (N.T.). 
Faba bean phyllody from the Sudan. 
SWeet potato little leaf (N.T.) 
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Figure 7.4 Sequence alignment of spacer region sequences for phytoplasmas as listed in 
Figure 7.3. Positions where base changes occur between the sequences are 
indicated by bold lettering. Changes occur at 12 positions within the spacer 
region. 



1 50 
CWB-I CCTCCTTTCT AAGG.AAACC AATAAAATCA ATCATCTTCA GTTTTGAAAG 
K7-YC CCTCCTTTCT AAGGAAAACC AATAAAATCA ATCATCTTCA GTTTTGAAAG 

V4 CCTCCTTTCT AAGGAAACCA A.TAAAATCA ATCATCTTCA GTTTTGAAAG 
SUNHEM-T CCTCCTTTCT AAGGAAACCA A.TAAAATCA ATCATCTTCA GTTTTGAAAG 

K6-YC CCTCCTTTCT AAGGAAACCA A.TAAAATCA ATCATCTTCA GTTTTGAAAG 
PPWB-CH CCTCCTTTCT AAGGAAACCA ATAAAATTCA ATCATCTTCA GTTTTGAAAG 

SESPHY-T CCTCCTTTCT AAGGAAACCA ATAAAATTCA ATCATCTTCA GTTTTGAAAG 
PPYC-AUS CCTCCTTTCT AAGGAAACCA AGTAAAATCA ATCATCTTCA GTTTTGAAAG 

PPM-AUS CCTCCTTTCT AAGGAAACCA AGTAAAATCA ATCATCTTCA GTTTTGAAAG 
TBB-AUS CCTCCTTTCT AAGGAAACCA AGTAAACTCA ATCATCTTCA GTTTTGAAAG 
FABAPHY CCTCCTTTCT AAGGAAACCG AATAAAATCA ATCATCTTCA GTTTTGAAAG 

SPLL-AUS CCTCCTTTCT AAGGAAACCA AGTAAACTCA ATCATCTTCA GTTTTGAAAG 

51 100 
CWB-I ACTTAGGATA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
K7-YC ACTTAGGATA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

V4 ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
SUNHEM-T ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

K6-YC ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
PPWB-CH ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

SESPHY-T ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
PPYC-AUS ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

PPM-AUS ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
TBB-AUS ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 
FABAPHY ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

SPLL-AUS ACTTAGG.CA ACTAAGTTTT TCTTCGTGAC TTCACGAAGG GCCTATAGCT 

101 150 
CWB-I CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
K7-YC CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 

V4 CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
SUNHEM-T CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 

K6-YC CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
PPWB-CH CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 

SESPHY-T CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
PPYC-AUS CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 

PPM-AUS CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
TBB-AUS CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 
FABAPHY CAGTTGGTTA GAGCACACGC CT.GATAAGC GTGAGGTCGG TGGTTCAAGT 

SPLL-AUS CAGTTGGTTA GAGCACACGC CTCGATAAGC GTGAGGTCGG TGGTTCAAGT 



151 200 
CWB-I CCATTTAGGC CCACCAGAGT TATAGGTGTC GTAAGAACAC AAATTCTTTG 
K7-YC CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAGGAACAC AAATTCTTTG 

V4 CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 
SUNHEM-T CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 

K6-YC CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 
PPWB-CH CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 

SESPHY-T CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 
PPYC-AUS CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 

PPM-AUS CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 
TBB-AUS CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAACAC AAATTCTTTG 
FABAPHY CCATTTAGGC CCACCAGAGT TATAGGTGTC GTAAGAACAC AAATTCTTTG 

SPLL-AUS CCATTTAGGC CCACCAGAGT TATAGGTTTC GTAAGAAGAG AAATTCTTTG 

201 230 
CWB-I AAAATTAGGT AAATAATAGT TATTTTTCCG 
K7-YC AAAATTAGGT AAATAATAGT TATTTATCCG 

V4 AAAATTAGGT AAATAATAGT TATTTATCCG 
SUNHEM-T AAAATTAGGT AAATAATAGT TATTTATCCG 

K6-YC AAAATTAGGT AAATAATAGT TATTTATCCG 
PPWB-CH AAAATTAGGT AAATAATAGT TATTTATCCG 

SESPHY-T AAAATTAGGT AAATAATAGT TATTTATCCG 
PPYC-AUS AAAATTAGGT AAATAATAGT TATTTATCCG 

PPM-AUS AAAATTAGGT AAATAATAGT TATTTATCCG 
TBB-AUS AAAATTAGGT AAATAATAGT TATTTATCCG 
FABAPHY AAAATTAGGT AAATAATAGT TATTTTTCCG 

SPLL-AUS AAAATTAGGT AAATAATAGT TATTTATCCG 
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phytoplasmas from Rockhampton are shown in the same branch as TBB in the dendrogram. 

This was expected since many of the PYC and PM samples from QLD collected for this 

study also produced the same fragment pattern as that of TBB. However by RFLP analysis 

K6-YC also produced the same fragment pattern as TBB and yet the dendrogram suggests 

that there are extensive sequence differences between the two phytoplasmas. When the 

sequence alignment was checked to determine the actual number of base changes it was 

found that the genetic distance between TBB and K6-YC indicated on the dendrogram 

actually arose from a single mismatch at position 22. This is an example of the difficulties 

associated with using such a small section of the genome for this type of analysis. 

The spacer regions used for this analysis are only 230 bases long, 77 bases of which code for 

the conserved tRNA11
e gene. This means that only 153 bases are actually being compared, 

which can result in too much significance being given to what would otherwise be minor 

changes in the sequence. However even though this limits the usefulness of drawing 

conclusions from parts of this analysis, the extensive sequence homology between the 

sequences of cactus witches' broom and that of K7-YC allows the grouping of these two 

phytoplasmas together and provides a basis on which further comparisons can be made. 

7 .5) Conclusions. 

The P3/m23S PCR showed that the spacer region of samples K5-YC and K6-YC were the 

same as that of V4. However sample K7-YC had a larger spacer region which subsequent 

sequence analysis showed to be due to two insertions at positions 15 and 58. These 

insertions would have caused the shift in the P3/m23S amplimer band and in the 300bp 

(approx.) band in Fig 6.lc. In addition to these insertions, the spacer region of sample 

K7-YC also had two mismatches at positions 59 and 183. However unlike the insertions, 

these mismatches would not have contributed to the different fragment patterns observed in 

Chapter 6. When the spacer of K6-YC was sequenced it was found to be not only the same 

size as that ofV4 as indicated by P3/m23S PCR, but it also did not contain any mismatches. 
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When the papaya spacer sequences were compared with those of other phytoplasmas from 

the same strain cluster it was found the K7-YC was most closely related to CWB collected 

from Indonesia. However in order to determine the full extent of the relationship between 

these phytoplasmas the whole 16S gene of both samples must be sequenced. 
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Chapter 8. General Discussion. 

The purpose of this study was to use a variety of methods to determine the extent of genetic 

relatedness between the phytoplasmas associated with papaya yellow crinkle (PYC) and 

papaya mosaic (PM). As stated in Chapter 1 preliminary experiments indicated that there 

were no detectable differences between the 16S rRNA genes of PYC and PM 

(Gibbet a/, 1996b). Gibbet a/ (1996b) analysed PYC and PM samples collected from QLD 

but samples from other growing regions were not studied. For this study the variation 

between populations of these organisms throughout the papaya growing regions in Australia 

was of interest as was the variation between PYC and PM specifically. 

To allow detection of the genetic variation between phytoplasmas from various growing 

regions in QLD and the N.T., 19 phytoplasma positive samples were collected, 16 of which 

came from QLD while the remaining 3 samples came from the N.T. An additional 5 PYC 

samples from the same area in the N.T. were supplied by Dr R. Davis (NTU). All the 

samples collected in the N.T. were field diagnosed as having PYC, while 4 of the 16 samples 

collected from QLD was diagnosed as having PM with the remaining samples having PYC. 

These samples were subjected to a variety of analysis methods, and in all tests there were no 

detectable genetic differences which could be attributed to either PYC or PM. 

8.1) Difficulties associated with differentiation ofPYC and PM using genetic analysis. 

In Southern hybridisation experiments using a variety of probes prepared from the V 4 

reference phytoplasma, no genetic differences were detected between the samples collected 

from QLD. V 4 is a phytoplasma which has been transferred into periwinkle from a sweet 

potato plant showing SPLL disease symptoms, and it is genetically distinct from SPLL. This 

method may have been more powerful ifPYC or PM chromosomal probes were available for 

use. However the sensitivity of this method is limited especially if genetic variations are 

reflected in small changes in band size, which may be missed because the separation of the 

RFLP fragments may be limited by the resolving capacity of the electrophoresis gel. 

The cocktail probe used for some of these experiments had previously been used for the 

analysis of the SPLL, V4 and TBB type phytoplasmas (Davis eta/, in review). From these 

experiments it was found that no differences could be detected between V 4 and TBB when 

their chromosomal DNA was digested with Hindlll and probed with the V 4 DNA fragments 
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pH4, pH30 and pH80. However, SPLL could be differentiated from TBB and V4 through a 

large shift in the position of a single band. This study also indicated that PYC had the same 

RFLP pattern as TBB and V4 using the cocktail probe ofV4 genomic DNA, as was found by 

Davis et al (in review). 

A fragment pattern which allowed the differentiation of PYC and PM was not observed using 

RFLP analysis of the 16S region. However a high degree of variability between the PYC 

samples collected from Katherine (N.T.) was observed, with 3 fragment patterns present, all 

arising from variations in the band sizes rather than changes in the number of bands detected. 

However the samples collected from QLD were more conserved with only the TBB type and 

V 4 type fragment patterns being observed. Once again the varied patterns arose from 

changes in band sizes rather than the number of bands, indicating that the restriction sites 

within the 16S region were conserved between PYC, PM and the reference phytoplasmas. 

Overall, RFLP analysis showed that the PYC samples from Katherine (N.T.) showed 

extensive variability with TBB type, V 4 type, and CWB type phytoplasmas being observed 

within a single crop. This is the first documentation of this variability, and also the first 

recorded occurrence of the CWB type phytoplasma occurring in Australia. 

As stated previously, TBB and V 4 type phytoplasmas could not be differentiated using the 

V 4 cocktail probe, while SPLL type phytoplasmas could be detected through a band shift 

(Davis et al, in review). In hindsight this makes the V4 cocktail probe of pH4, pH30 and 

pH80 chromosomal fragments of little use, since RFLP analysis showed that the papaya 

phytoplasmas used for this study are more similar in 16S fragment configuration to either 

TBB or V 4 references phytoplasmas, rather than the SPLL reference phytoplasma. 

It is important when using these methods to consider the actual size of the region being 

analysed. In this case using either RFLP or Southern analysis, only the sequence of the 

restriction sites and the overall insertions or deletions between these sites will be detectable. 

In no case did the number of bands change between samples so the restriction site sequences 

must be conserved. This means that only changes in the fragment lengths due to insertions or 

deletions can be identified. If this is the case then significant band length changes would be 

needed before they would be visible using Southern hybridisation analysis, while RFLP 

analysis allows the detection of small changes but only in the conserved 16S region. 
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8.2) The significance ofthe RFLP changes in the 16S rDNA region. 

The 16S region of the phytoplasma genome is conserved, with only minor changes being 

observed between different phytoplasmas. Since the RFLP variants within phytoplasma 

populations have only recently been discovered, their significance is uncertain. However the 

changes between the TBB and V 4 16S fragment patterns after endonuclease digestion is 

known to indicate significant changes in the symptoms observed in association with either 

phytoplasma. When transmitted into periwinkle, TBB produces phyllody accompanied by 

shoot proliferation. Conversely V 4 which through RFLP analysis is closely related to but not 

the same as TBB, produces virescence and shoot proliferation. This means that the apparent . 

small changes observed in the conserved 16S region are indicative of fundamental 

differences in other regions of the genome leading to changes in symptom expression (Gibb 

et a! 1996a). This being the case, the small changes in the PYC phytoplasmas from 

Katherine could indicate large changes elsewhere in the genome of these organisms, which 

may be detected by different symptoms in other host plants, or indeed in papaya in further 

field studies 

If the symptoms observed in association with a phytoplasma can be different even when the 

16S RFLP patters are as similar as those observed for TBB and V 4, then the occurrence of 

the same symptoms in association with all the PYC phytoplasma types needs explanation. 

Perhaps because this is the first documentation of the various PYC types, subtle symptom 

differences between the diseased plants have been overlooked because they were not 

expected. Alternatively if a single plant has had multiple phytoplasma types transmitted to it, 

then the combined symptoms indicated by all the phytoplasmas could be the same in every 

plant, even though PCR diagnosis only allows the detection of a single phytoplasma type in 

each plant. Similarly, the occurrence of all PYC phytoplasma types in a single host could 

result in the same symptoms if one type is 'dominant' and so masks the symptoms of the 

other phytoplasmas present. 

As discussed in Chapter 1, the reference phytoplasma V4 is the SPLL phytoplasma after 

transmission into periwinkle which is not a natural host for this phytoplasma. After 

transmission into periwinkle, the SPLL phytoplasma produces a different 16S RFLP pattern 

than that of the usual phytoplasma in sweet potato, as indicated in Chapter 6. Similarly 

Davis et al (in review) found the RFLP pattern of SPLL and V 4 were very different after 

probing with the V 4 cocktail probe indicating that the changes after transmission occur 
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throughout the chromosome. This means that either genomic changes have occurred due to 

the change in host, or that a phytoplasma other than SPLL which was also present in 

symptomatic sweet potato plants was transmitted. Which of these two scenarios is correct is 

uncertain, but if the phytoplasma DNA changes following transmission into an alternative 

host species, then there are various implications for the interpretation of the multiple strains 

of PYC observed in Katherine. There is no evidence that these genomic changes are due to 

the alternative host being unfavorable or whether they occur whenever the phytoplasma 

moves to a new host plant. However if DNA loss does occur when a phytoplasma is 

transferred to an alternative host then the three PYC types could actually result from the 

same phytoplasma, and the various 16S RFLP patterns could be an artifact of the DNA loss 

on transmission into the papaya plant. Alternatively, transmission of three distinct 

phytoplasmas into papaya, assuming it is not the original host for any of the organisms, could 

also result in the loss of DNA by all phytoplasmas, making the 16S RFLP patterns and 

symptoms similar for each of the phytoplasmas involved. 

8.3) Implications of N.T. PYC phytoplasma variability and QLD PYC and PM 

phytoplasma uniformity. 

The phytoplasmas from QLD were mainly of the TBB type, with only a single sample 

producing a different fragment pattern. The possible reasons of this are numerous. The most 

simple explanation is that there is only one common PYC phytoplasma in QLD, making the 

occurrence of the other V4 and CWB variants as found in the N.T. less common and more 

likely to remain less significant in disease epidemiology. Alternatively the limited number of 

phytoplasma variants could be due to the availability of an appropriate vector. Perhaps each 

variant is transmitted by a different leafhopper vector. If the vector for the TBB variant is 

more common and more suited to the QLD environment compared with that for the V 4 or 

CWB type, then the transmission of this phytoplasma would predominate. Another 

explanation is that the other PYC variants regularly occur in QLD but through the 

'dominance' of the TBB type phytoplasma only the TBB variant is detectable when double 

infections occur (Gibbet al1996a). 

Phytoplasmas are transferred to crop plants .by leafhoppers from surrounding symptomatic 

plants such as weeds or other crops. The homogeneity observed in the QLD crops indicate 

that the TBB type phytoplasmas may be more common in the surrounding source plants. In 

contrast, the variability observed in the Katherine (N.T.) samples suggests that the crop may 
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be surrounded by source plants containing each phytoplasma type. If this were not the case 

then plant to plant spread would be expected with only the single phytoplasma type being 

observed within the crop. This implies that the vector of these phytoplasma strains is not 

preferentially feeding on the papaya plants but prefers some other plant species. Ongoing 

research into the dynamics of the spread of the various phytoplasma strains throughout the 

papaya crop is taking place and has extensive implications for the epidemiology of this 

disease. 
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