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"What the hell wine is THAT?"

The other night, while eating Asian
Take-away, | had occasion
To try a cheeky little red -
"Pinot noir" | think it said.
This of course then got me thinking
Just what was it that | was drinking?
"Pinot noir", whilst sounding haughty,
Sounds maybe just a little naughty -
In parts of Asia, be construed
As maybe something rather rude.
The names of types and kinds of wine
Then rattled round my tiny mind.
And actually, I'm rather keen
To find out what they really mean.
| did some drinking, called 'research’ -
| nearly even went to church.
| looked up books - to no avail.
The CD's are another tale...

My senses steeled, my mind was set
| surfed and trawled the Internet.
The list is not exhaustive, true,

But what I've found I'll share with you.
It certainly, most have agreed,
Makes for an interesting read.
Burgundy is named in honour

Of the thirteenth century's famous scholar.

Malbec, it seems was wont to dance

With the son of the cousin of the King of France.
Merlot too, he loved to sing -
A special favourite of the King.
In the Louvre he had his quarters,
He bonked the Queen and all her daughters.



Shiraz, a middle-English word,

Its meaning now is seldom heard.
Amidst the laughter, hale and hearty,
Put very simply, means "Let's Party!"

The Duke of Cabernet, it's true,

Knew how to drink a thing or two.

His parties always had pizzazz -

Nicknamed the 'Cabernet Shiraz'.

It's said that riesling really means
What Germans do without their jeans.
Those suffering from Durif will know
The ins and outs of feeling low.

The wine was named, among the wattles
By one who suffered several bottles.
The Spanish writer, El Tarrango
Was fascinated by the Tango.

His fondness for the grape was famed,
So after him a wine was named.
Chardonnay, I've heard them say,
Will make it really big some day.

If only everybody knew
That 'Chardonnay' means 'wombat poo'.
Moselle was named, so | believe,
On a catwalk last year's New years Eve.
The Body moseyed down the plank,
The judges checked the wine they drank.
While all were charged with hormones fearsome,
They named it after Elle Macpherson.
The Grenache soldiers, it is said,
Really liked a drop of red.

So President, young Charles de Gaulle
Bought them wine - they had a ball!

A house of ill-repute in Spain,
Hatched a plan, though quite insane,



To knock their noisy patrons out
With several wines, while lights were out.
The wine they chose, it wasn't yellow, but

A vivid green they called Verdelho.
(I'd like to note I'm well-intentioned,

'Bordello’ wasn't even mentioned.

...D'OH!)

Hubble, rubble, toil and trouble,
Champagne always likes to bubble.
Hangover cure is always tricky -
Most attempt the 'sham pain' sickie.
Well there they are. They may astound,
Though these | swear | really found. But
As Bill Gates said to the pleb
"Who believes the World Wide Web?"

© Bill Collins 1998
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SUMMARY

Towards the diagnosis of two intracellular pathogens of
grapevine in South Africa

By

Orienka Koch

Supervisor: Professor LH Nel
Department of Microbiology and Plant Pathology
University of Pretoria

Co-supervisor: Professor G Pietersen
Department of Microbiology and Plant Pathology

University of Pretoria

A survey was conducted, from 2001 to 2004, of viruses spreading within
certified grapevine material in South Africa. As far as possible, viruses were
identified and detection methods established. However, unknown spherical
virus-like particles were observed in samples that also contained Grapevine
Leafroll Associated Virus-Type 3. The unknown spherical particles were
thought to most likely be Grapevine Fleck Virus, which was previously found
in South Africa.

A PCR method to be used locally for the routine detection of Grapevine Fleck
Virus was established and first used to determine whether any of the
greenhouse and field samples with the unknown spherical viruses were

infected with Grapevine Fleck Virus.

During the 2001 to 2004 survey, plants with leafroll and reddening symptoms

unlike classical grapevine leafroll disease were also observed. No grapevine



leafroll-associated viruses could be detected in these, but the symptoms
observed resembled symptoms induced by phytoplasmas in Europe.

A PCR method for the routine universal detection of phytoplasmas was
established and this method was used to determine if phytoplasmas were
associated with the symptomatic plants found. Sequence information from
PCR amplicons suggest the presence of Candidatus phytoplasma solani,
found for the first time in South Africa. This important finding however

requires conformation by a second laboratory.
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PART |- CERTIFICATION, DIAGNOSTICS AND VIRUS
ELIMINATION OF GRAPEVINE

1.1 GENERAL INTRODUCTION

The art of wine making is one of the oldest industries known to civilization.
Vineyards existed for the use of Egypt’s rulers and nobles in the pre-dynastic
and early dynastic periods (~3200 BC).

Reviewed in Kruger (2000) this industry was established in 1652 in South
Africa, shortly after the arrival of the Dutch at the Cape of Storms. After 300
years of wine making, the average yield of South African wines in the 1960’s
was amongst the lowest in the world, and the low yield was accompanied with
low quality wines. It is likely that virus and virus combinations were
responsible for the low production and quality of wine in South Africa during
the 1960’s (Kriel, 2000).

According to The American Phytopathological Society (1998), most plant viral
infections are latent but cause huge economic losses worldwide. Virus
infections cause the plants to grow slower, influence the fruit production and
in due course the production time of a crop. As viral infections do not always
induce visible symptoms, this dramatic effect could only be noticed once an
infected crop was compared with a healthy crop (Martelli and Walter, 1998).
The “Kooperatieve Wijnbouwers Verening van Zuid-Afrika Bpkt. (KWV)”
realized if they want to improve their wine — they first have to improve the

condition of their vineyards (Kriel, 2000).

In 1986 KWV initiated the formation of the Vine Improvement Association
(VIA) to improve the quality of South African vineyards, and it is still the official
propagation organization in the Government certification scheme for wine
grapes (Kriel, 2000).



According to the South African Wine Industry Statistics (SAWIS) nr.29 (2005),
South Africa comprises of 124 749-hectare area under vines, has 4406
primary wine producers and 561 wine cellars. South Africa is also ranked 9™
in the world regarding wine production and is responsible for 2.7% of the total
world wine production. Figure 1.1 is a schematic representation of the South

African wine regions.

Figure 1.1: Map of South African wine regions (Image: KWV)



1.2 CERTIFICATION SCHEME OF GRAPEVINES
WORLDWIDE

1.2.1 Introduction

Certification is the procedure where candidate mother plants, that are going to
be used as a source of propagation material, are subjected to treatments to
protect trueness-to-type and absence from any number of pathogens, as
specified by certain regulations, which differs from country to country (Martelli
and Walter, 1998). However, little has been done to promote internationally
recognized certification schemes that would allow free trading of high-quality
nursery materials among participating countries (Rowhani et al., 2005).

Within specific countries within the modern era there has been a substantial
increase in demand for voluntary certification. For this reason, voluntary
certification has become widespread. This kind of certification is closely
controlled by regulations issued by a certifying authority and is not imposed
forcefully (Martelli and Walter, 1998).

Compulsory certification is imposed whenever it becomes essential to prevent
the distribution of destructive diseases. There are no restrictions to the kind
and number of pathogens that may be considered for elimination in a
certification program (Martelli and Walter, 1998).

Certification is a long-lasting effort to attain the desired health level of a crop
and to maintain this level through time. Availability of technology for the
reliable detection of diseases and their agents and the effective elimination of
disease and pathogens are required to implement a certification program
(Martelli and Walter, 1998).

Clonal selection is done in selected vineyards with desirable characteristics.
Selection is done based on varietal conformity, vegetative vigor, bud fertility,

quality and quantity of the field, timing and uniformity of ripening. Vines are



kept under observation for a few years and the best performing and least
infected ones are chosen as candidate clones (Martelli and Walter, 1998).

Various virus elimination procedures are currently available for selected
clones. Dormant canes are treated with hot water, 50°C, for 45 minutes to
eliminate prokaryotes (Hot water treatment). Vegetating vines are grown at a
constant temperature of 36-37°C for 100 days (Figure 1.2), where after
excision and rooting of shoot tips take place to eliminate virus and virus-like

diseases (Hot air treatment) (Martelli and Walter, 1998).

Figure 1.2: Example of plants in the heat treatment chamber (Photo: L. Nel)

In vitro culture is often used in conjunction with hot air treatment (Martelli and
Walter, 1998). In vitro culture involves the excision of the upper most part of
the meristem (0.24mm). The meristem is placed on sterile agar and left to
develop a root system. The principle behind the combined methods is that
virus replication is suppressed at 36-38°C while the plant grows optimally and
theoretically the upper part of the meristem is virus-free. Micrografting of
meristem tips are also done onto in vitro-grown seedlings (Martelli and Walter,
1998). Once the in vitro cultures are large enough, the plants are transferred
to greenhouses (Figure 1.3). From there the plants are transferred to

containers and placed in nuclear blocks (Figure 1.4).



Figure 1.3: Greenhouse with small grapevine plants (Photo: L. Nel)

From the nuclear block the grapevines are planted into small foundation
blocks, which are strictly controlled open blocks. Because of mass-
propagation, the grapevines are planted from the foundation blocks to bigger,

less controlled mother blocks.

Figure 1.4: Nuclear blocks at KWV, Paarl (Photo: L. Nel)



1.2.2 South Africa

The South African Plant Certification scheme for wine grapes (Schedule 1,

Article 10) demands specific requirements for the three different units of

propagation (Nuclear, Foundation and Mother).

Nuclear units

Nuclear units must be covered in an insect proof greenhouse. The plants in
nuclear units must be established in containers, where the soil is free from
Grapevine Fanleaf Virus (GFLV) vectors. The floor surface of the greenhouse
containing nuclear plants must be covered in such a way that the roots of the
plants in the containers cannot penetrate the soil on which the greenhouse
was build. The greenhouse must be isolated through means of an isolation
area at least two meters wide of other vineyards and virgin soil. No plants, of
any kind, may be planted in such an isolation area, unless the authority gives
written consent. Irrigation water being used in nuclear units must be free of
GFLV vectors and may not be contaminated with drainage- or runoff water

from other vineyards.

Foundation units

Foundation units must be isolated through means of an isolation area. If the
foundation unit is situated in a greenhouse, the isolation area must be at least
one meter wide, otherwise if the foundation unit is situated in the field the
isolation area must be twenty-five meters wide. No plants, of any kind, may
be planted within five meters of the foundation unit, unless the authority gives

written consent.

Mother units

Mother units must be isolated through means of an isolation area. |If the
mother unit is situated in a greenhouse, the isolation area must be at least
one meter wide, otherwise if the mother unit is situated in the field the
isolation area must be three meters wide. If the mother unit is not in a
greenhouse, it must be at least three hectares in size, unless the authority

stipulates otherwise.



Plant material from the nuclear blocks are tested on a yearly basis, with virus
specific tests, for pathogens that might be present in the grapevines. Plant
material from the foundation blocks are also tested on a regular basis for
pathogens. Plant material from the bigger mother blocks are not tested with
virus specific tests, but inspectors monitor the blocks for any symptoms of
known pathogens.

In addition, certain phytosanitary requirements are also prescribed by the
South African Plant Certification scheme for wine grapes (Schedule 2, Article

11(1) (b) (i), 3(a), 12(b)).

Establishment and certification requirements

Plant material that has been established in a unit must comply with certain
requirements during the registration term and the presentation of the plants
for certification. Plant material and plants of rootstock varieties must be free
from Grapevine Fanleaf, Grapevine Fleck, Grapevine Leafroll, Grapevine
Corky Bark, Grapevine Stem grooving and Shiraz-disease. The plant material
and plants of rootstock varieties must also be visually free from
Agrobacterium radiobacter pv tumefaciens, Pythium spp, Phytophthora spp
and Xylophilus ampelinus. For the presentation of the plants for certification,
the plant material and plants of rootstock varieties must also be visually free
from Margarodes spp, Meloidogyne spp, Pseudococcus spp and Viteus
vitifoliae. Plant material and plants of the scions must comply with the
requirements as stipulated by the authorities, as far as the diseases and
pathogens mentioned for the establishment and certification requirements for

rootstocks are concerned.

1.2.3 Europe

In European Union (EU) countries with active viticulture, the incidence of virus
and virus-like diseases is high and their spread has been rapid due to the
uncontrolled distribution and use of infected cultivar and rootstocks, that took

place in the post-war period (Martelli and Walter, 1998).



The alarming sanitary deterioration of grapevines encouraged the EU Council
to issue directives for the improvement of the Union’s grapevine industry in
1968 and 1971 (Martelli and Walter, 1998). The grapevine is the only woody
crop that, since 1968, is the objective of a compulsory certification by the EU
(Directive 68/93 EEC) (Rowhani et al., 2005). This regulation prescribes only
the absence of harmful virus diseases, notably fanleaf and leafroll from
nursery material (Martelli and Walter, 1998). Although some EU member
states (France, Germany, ltaly, Portugal and Spain) have implemented
certification schemes with sanitary requirements that are more restrictive than
those of the existing Directive, and use the same virus detection, national
protocols are still far apart. It is unlikely that the production with such a low
sanitary status would be acceptable to any viticultural country aware of and
concerned with the serious virological problems associated with this crop. A
recently issued Directive (2002/11 EU) is supposed to harmonize the system
(Rowhani et al., 2005). The technical annex to the 2005 Directive complied
that the lowest possible level of harmful organisms required the absence of
Grapevine fanleaf virus, Arabis mosaic virus, Grapevine leafroll-associated
virus 1, Grapevine leafroll-associated virus 3 and for rootstocks only
Grapevine fleck virus (Martelli, 2006). The European certification schemes
are required to operate under European and Mediterranean Plant Protection
Organization (EPPO) guidelines. These include the Italian schemes at the
University of Bari, International Council for the Study of Viruses and Virus
Diseases of the Grapevine (ICVG), Mediterranean Agronomic Institute and
the French certification scheme, Institut National de la Recherche
Agronomique (INRA) (Constable and Drew, 2004).

1.2.4 America and Canada

The Canadian certification scheme is required to operate under the Canadian
Food Inspection Agency (CFIA), while the American certification scheme
(FSP) is supported by the US Department of Agriculture (USDA), the
California Department of Food and Agriculture (CDFA) and the University of
California, Davis. Canada and America comply with the North American Plant

Protection Organization (NAPPQ) guidelines for regional risk management



regarding entry, establishment and spread of regulated pathogens (Constable
and Drew, 2004). In addition, NAPPO participates with other regional plant
protection groups within the western hemisphere and globally to develop
international standards (Rowhani et al., 2005). The document “Guidelines for
the Importation of Grapevines into a NAPPO Member Country RSPM #15
Part 1: Viruses and Virus-like Pests, Viroids, Phytoplasmas and Bacteria” is
the initial regional guideline for the development of harmonized North
American Standards for grapevine nursery stock (Rowhani et al, 2005).
Canada has a formal national certification program, which is voluntary. The
United States operates under voluntary state certification, which combined
with strict quarantine regulations have resulted in high-quality nursery stock

with a minimum of regulatory infrastructure (Rowhani et al., 2005).

1.3 DIAGNOSTIC TESTS USED FOR  PLANT
PATHOGENS

A common objective shared by certification schemes worldwide is to identify
healthy sources for propagation through the application of time-tested
indexing procedures as well as more recently developed molecular assays
(Rowhani, et al., 2005). Detection methods in the laboratory are a valuable
tool for investigating grapevine pathogens, since diagnosis of grapevine
diseases in the field can be inaccurate. Symptoms displayed in the field are
seldom exclusive to a particular disease and some infected vines may not
show any symptoms at all. This can either be due to low concentration of the
disease-causing agent or the infection may be in cultivars that are tolerant to

the specific disease-causing agent (Weber et al., 2002).
In addition, some of the infected grapevines only display seasonal symptoms

and it is therefore necessary to have detection methods to test vines even if
they appear to be healthy. This is very important where material for

10



propagation is collected and prepared during the dormant season (Weber et
al., 2002).

Various detection methods are available, each with its own advantages and
disadvantages.

1.3.1 Biological methods
Biological methods are time consuming and require large greenhouse
and field space, but are very useful if the vines tested are valuable and
a high level of confidence is needed in the diagnosis (Weber et al.,
2002).

Biological indexing

Two different groups of indicator plants are used during biological

indexing.

The first group of plants are herbaceous, maintained in greenhouses
and used to detect mechanically transmissible viruses. These tests
can be completed in few weeks time. If the virus transmission is
successful, the indicator plants may develop primary symptoms,
including localized lesions, after a few days of incubation. Thereafter
systemic symptoms appear, including vein clearing and leaf
deformation (Rowhani et al., 2005; Martelli, 1993).

The second group of plants are woody and requires a lengthier
incubation period, up to three years. Inoculation is either done by cleft
grafting, chip-bud grafting, bench grafting or green grafting (Martelli
and Walter, 1998). These woody incubator plants usually belong to the
same genera as the plant under evaluation and are selected based on
the specific diagnostic symptoms it elicits. The indicator plants are
inspected annually for two to three seasons for any visible symptoms
(Rowhani et al.,, 2005). This technique has been used for detection
and identification of various plant pathogens (Rowhani et al, 1997;
Credi, 1997; Habili et al., 1992).

11



1.3.2 Serological methods
Serological methods are rapid, inexpensive, very specific and a cost-
effective way for detecting viruses in woody plants (Weber et al., 2002).
These methods cannot however be applied to unknown particles and
lacks sensitivity to detect viruses present in low concentrations. (Weber
et al.,, 2002).

Enzyme Linked Immunosorbent Assay (ELISA)

ELISA can be used to simultaneously detect various pathogens on
using a single plate with different antibodies coated to each well, in
triplicate for reproducibility. The major limitation of ELISA is the
necessity for polyclonal or monoclonal antibody sera specific for each
pathogen (Webster et al., 2004). ELISA utilizes antibody reactions with
disease agents, like viruses and bacteria (Weber et al., 2002). In the
final step of the test an enzyme and substrate are used to produce a
colour reaction, which indicates the presence or absence of the virus in
the sample (Weber et al., 2002). A modification of ELISA named
voltametric enzyme immunoassay, detects the change in electrical
conductivity of the substrate, rather than a color change, when acted
upon by an enzyme attached to a secondary antibody. This method is
claimed to be an order of magnitude more sensitive than ELISA
(Webster et al., 2004). This technique has been used for detection and
identification of various plant pathogens (Moris and Bertwick, 1996;
Ling et al., 2000; Forsline et al., 1996).

Immunosorbent electron microscopy (ISEM)

ISEM is the trapping of virus particles onto grids, which have been
coated with specific virus antibodies, and their subsequent observation
under the electron microscope. This technique is costly due to the need
for an electron microscope, the labor-intensive sample preparation and
the visual identification required. The electron microscope plays a
critical role in virus diagnostics because of its sensitivity and its ability
to detect viruses in plants, when no antisera or other detection systems
are available (Van der Merwe, 2001).

12



Tissue blot immunoassay (TIBA)

Tissue blotting utilizes antibodies raised against pathogens. Sap from
the plant tissue is expressed onto blotting paper, nitrocellulose or nylon
membranes and the pathogen is detected by labeled probes (Webster
et al., 2004). The procedure is less labor intensive than ELISA, rapid,
sensitive, simple because no virus extraction is required, inexpensive,
suitable for surveys of 1000-2000 samples per day and the samples
can be taken in the field and processed some time later (D’Onghia et
al., 2001).

Quartz crystal microbalance (QCM) immunosensors

During this technique a quartz crystal disk is coated with virus specific
antibodies. Voltage is applied across the disk, making the disk warp
slightly via a piezoelectric effect. Adsorption of virus particles to the
crystal surface changes its resonance oscillation frequency in a
concentration-dependent manner (Eun et al,, 2002). This method is
therefore qualitative and quantitative. It is apparently as sensitive but
more rapid than ELISA and economical (Webster et al., 2004).

1.3.3 Nucleic acid analysis
Nucleic acid analysis has higher sensitivity and specificity than the
other methods. It can be applied to non-immunogenic pathogens and
a disease with unknown etiology can be investigated. It can detect
multiple viruses and detect plants with mild or even no symptoms.
These methods are however quite expensive and specialized facilities
are necessary. One of the methods most commonly used to explore
molecular genetic identification of pathogens, is the PCR and
modifications thereof.

Polymerase Chain Reaction (PCR)

PCR involves the selective amplification of a small part of a pathogen’s
genome (Weber et al.,, 2002). Some disadvantages of this technique
are the insufficient viral genome sequences available to design primers

(although the situation is improving as more information is submitted to
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public domains like Genbank), the fact that some plant extracts contain
inhibiting substances to PCR and the need for a thermocycler, which
can be expensive (Webster et al.,, 2004). This technique is extremely
sensitive, fairly inexpensive and requires minimal skill to perform
(Weber et al., 2002). Both RNA and DNA can be detected and
identified using this technique. For RNA viruses, a cDNA strand
complementary to the virus is made with reverse transcriptase.
Oligonucleotide primers, flaking part of the genome of the virus, are
extended by a thermostable DNA polymerase in a series of denaturing
and extension steps that exponentially increase the target DNA. For
DNA viruses, no reverse transcription step is required. There are a
number of variations on the basic technique, designed to increase
sensitivity, alter specificity or allow automation of detection (Webster et
al., 2004). Some of these are listed below:

Multiplex PCR
Multiple strains can be detected in a single reaction by

combining oligonucleotide primers specific for different
pathogens. The design of a multiplex procedure requires that
the same PCR conditions amplify two different sized DNA
fragments with balanced efficiency and no cross-reactivity (Clair
et al., 2003). This technique has been used for detection and
identification of various plant pathogens (Grieco and Gallitelli,
1999; Clair et al., 2003)

Real-time PCR (Fluorescence PCR using Tagman™

technology)

Two primers flank the sequence of interest and a third

fluorescently labeled primer anneals between them. As the
flanking primers extend, the labeled primer is released and
fluorescence occurs. The advantages of this method are that no
post-reaction processing is required to detect the reaction
product and that it is quantitative (Webster et al.,, 2004). The
disadvantage of using real-time PCR include the inability to
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monitor amplicon size without opening the system, the
incompatibility of some platforms with some fluorogenic
chemistries, and the relative restricted multiplex capabilities of
current applications (Mackay et al., 2002). Also, unless large-
scale testing is envisioned, the cost of a Tagman™ ABI Prism
7700 Sequence Detection System and the labeled primers may
be too expensive (Webster et al., 2004). This technique has
been used for detection and identification of various plant
pathogens (Roberts et al., 2000; Eun et al., 2000).

Competitive fluorescence PCR

This is a variation on real-time PCR. Using this method, virus
and multiple virus infections can be differentiated
simultaneously. A number of primer sets are each labeled with
a different fluorescent marker and added to the reaction mixture.
Virus strains are differentiated with primers that differ only at the
3" end, complementary to a nucleotide position that is
polymorphic between strains. Only where the 3’ nucleotide is
complementary, extension will take place. Only primers that
generate amplicons fluoresce and the wavelength emitted
identifies the primers that have been extended (Walsh et al.,
2001).

Immunocapture PCR

This technique combines the capture of the pathogen particles
by antibodies together with amplification by PCR. The virus is
adsorbed by the antibody, which is bound to a surface, then
removed by heating with a non-ionic surfactant. The nucleic
acids of the pathogen are then amplified (Harper et al., 1999).
This method is useful in concentrating virus particles from plant
species where virus titer is low or where compounds that inhibit
PCR are present (Webster et al.,, 2004). This technique has
been used for detection and identification of various plant
pathogens (Chevalier et al., 1995; Nolasco et al., 1993).
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Nested PCR

Two consecutive PCRs are carried out with the first reaction
increasing the amount of template for the second reaction. The
method is particularly useful where the pathogen is present in
very low titer or inhibitors of DNA polymerase are present in the
plant extract. Low—specificity oligonucleotides, usually
degenerate, are used in the first rounds of amplification. An
aliquot of the first reaction is then placed in a fresh tube for a
second PCR with specific primers that anneal within the first
amplicon (Webster et al., 2004). This technique has been used
for detection and identification of various plant pathogens
(Dovas and Katis, 2003; Bertaccini et al., 1999).

Restriction fragment length polymorphism (RFLP)

RFLP describes the patterns of different sizes of DNA that results from

cutting the PCR amplicons with restriction enzymes. RFLP is used to
identify differences between viruses based on the presence or absence
of restriction enzyme-recognition sites. RFLP is a method for
identifying pathogens after PCR. After amplification, the amplicon is
digested with restriction enzymes and the fragment sizes analyzed by
gel electrophoresis (Webster et al., 2004). RFLP has been used
routinely for identification of phytoplasmas (Schneider et al., 1997;
Gibb et al., 1995; Martini and Murari, 1999; Angelini et al., 2001).

Nucleic acid hybridization

The advantage of this method if that nucleic acid of the virus can be
detected in both forms, single-stranded and double-stranded. cRNA
probes are labeled with either isotopes or non-radioactive probes.
cRNA probes are preferable to cDNA probes when used to detect RNA
viruses, because RNA/RNA hybrids are more stable than DNA/RNA
hybrids. A nucleic acid extraction from the infected tissue is blotted
onto a membrane and the probe hybridized to it and detected (Webster
et al, 2004). This technique has been used for detection and
identification of carnation mottle virus (Sanchez-Navarro et al., 1996).
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Microarrays and Macroarrays

Both these methods have been used for visualizing relative changes in
global expression levels of mRNA, as well as single nucleotide
polymorphism typing and host-pathogen interactions (Webster et al.,
2004). This technique has the ability to simultaneously display the
expression of thousands of genes at a time, making it a powerful tool
for the simultaneous detection and identification of many plant
pathogens (Hadidi et al., 2004). Single-stranded DNA probes are
irreversibly fixed as an array of spots to a surface of glass, membrane
or polymer (Webster et al., 2004). Base-paring of complementary
sequences by hybridization if the underlying principle of arrays.
Microarrays are high-density arrays, with a density of the order 1000-
10000 spots per cm? or even higher. Macroarrays are generally
membrane-based and low-density arrays, with a density of the order of
100 spots per cm? (Hadidi et al., 2004). Arrays printed with probes
corresponding to a large number of pathogen can be utilized to
simultaneously detect all those pathogens present within the tissue of
an infected host. Viral/pathogen nucleic acids are extracted from the
host and amplified, then labeled with a probe, either radioactive or
fluorescently tagged nucleotides such as fluorescin, Cy3 or Cy5. The
labeled target molecule is denatured and allowed to hybridize with the
arrayed probes. Excess target is washed from the surface and spots
where labeled target molecules have bound, become fluorescent under
appropriate lighting conditions. The position of a visible spot
corresponds to the presence of a particular pathogen in the plant
sample (Webster et al., 2004).

The advantages of microarrays include the simultaneous detection and
quantification of thousands of hybridization events and the great scope
for high-throughput applications and the development of automated
systems. The disadvantage is that this method is very expensive
(Hadidi et al., 2004). This technique has been used for detection and
identification of various plant pathogens (Boonham et al., 2003; Lee et
al., 2003).
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From the overview on the diagnostic methods, described above, one can
understand that not all pathogens can be detected. Therefore certain
pathogens can enter the certification scheme unnoticed and spread rapidly if
this infected material is used as propagation material.

PART Il: SELECTED GRAFT-TRANSMISSIBLE
INTRACELLULAR PATHOGENS INFECTING
GRAPEVINE

1.4 GRAPEVINE FLECK VIRUS

Grapevine Fleck Virus (GFkV) is a member of the genus Maculavirus.
Maculavirus (Macula — Latin for fleck) is one of three genera in the family
Tymoviridae. This genus consists of a small group of phloem-limited
isometric viruses that is not sap-transmissible and with no known vectors
(Adams and Antoniw, 2005). GFkV has been found in Europe and the United
States of America but with no evidence of spread (Brunt et al., 1996). It has
been found with evidence of spread in South Africa in 1990 (Engelbrecht and
Kasdorf, 1990).

No vector up to date has been associated with the transmission of GFkV
(Sabanadzovic et al., 2000; El Beaino et al., 2001). GFkV is latent in Vitis
vinifera, but in the indicator plant Vitis rupestris it induces specific foliar
symptoms. The phloem cells of infected plant have highly characteristic
cytopathic structures called vesiculated bodies, which are deranged
mitochondria that have undergone peripheral vesiculation (Castellano and
Martelli, 1984; Sabanadzovic et al., 2000; El Beaino et al., 2001).

The symptoms include localized clearing flecks in the veinlets of young leaves

(Figure 1.5) and in older leaves the symptoms diffuse into a mosaic pattern
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and the leaves wrinkle and curl upward. Grapevines may remain
symptomless, but if symptoms do present, these may vary seasonally and

could also disappear in time (Foundation Plant Services, 2002).

Figure 1.5: GFKV symptoms on a leaf placed under a light source

The morphology of this genus includes non-enveloped isometrical particles,
~30nm in diameter, with a rounded contour. The genome of GFkV is a
monopartite, linear, single-stranded, positive sense RNA genome with a total
size of 7564 nt excluding the poly-A tail. The genome has a high cytosine
content (49.8%) and consists of four putative reading frames and untranslated
regions of 291 nt and 35 nt at the 5 and 3’ region, respectively
(Sabanadzovic et al., 2000; El Beaino et al, 2001; Martelli et al., 2002)
(Figure 1.6).

Open reading frame (ORF) 1 encodes a 215.4-kDa polypeptide, which plays a
role during viral replication. ORF 1 has the conserved motifs of replication-
associated proteins of positive stranded RNA viruses and a papain-like
protease domain. ORF 1 of GFkV lacks a highly conserved 16 nt long
subgenomic RNA promoter, known as the Tymobox, present in other

members of the Tymoviridae family (Martelli et al., 2002).
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ORF 2 encodes a 24.3-kDa polypeptide, which has been identified as the coat
protein (Martelli et al., 2002).

ORF 3 and ORF 4 are located at the 3’ end of the genome and encode
proline-rich proteins of 31.4 kDa and 15.9 kDa with unknown functions
(Martelli et al., 2002).

Replication is likely to occur in the cytoplasm, with association of vesicles in
the mitochondria. This could be due to autoproteolytic cleavage of the 215-
kDa polypeptide encoded by ORF 1 as well as the production of sub-genomic
RNA (Martelli et al., 2002).

cap N [ °F Am)

P31
P16

Figure 1.6: Schematic representation of GFkV genome organization, showing the relative
position of the ORF’s and their products. MTR — Methyltransferase, PRO — Papain-like
protease, HEL — Helicase, RdRp — Polymerase, CP — Coat protein, p31 and p16 — Proline
rich proteins (Image: Martelli, 2002)

1.5 PHYTOPLASMAS INFECTING GRAPEVINE

Phytoplasmas belonging to the genus Candidatus Phytoplasma, class
Mollicutes, comprises of 26 species and 15 different phylogenetic groups
(Firrao et al., 2004). It is believed that phytoplasmas have diverged from
gram-positive eubacteria (Hogenhout, 2004). The reduction in genome size
may have resulted from differential loss of genes during evolution. It appears
that mollicutes may have lost genes encoding for the synthesis of
macromolecule precursors such as cell-wall components, amino acids and
long-chain fatty acids (Razin et al., 1998; Lee et al., 2000).
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In 1967, Doi et al. discovered that particles in ultrathin sections of the phloem
of cells affected by yellows diseases, resembled animal and human
mycoplasmas. The agents associated with these plant yellows diseases were
pleiomorphic in shape, with an average diameter of 200-800 um. These
agents also lacked rigid cell walls, were surrounded by a single unit
membrane and were sensitive to tetracycline antibiotics (Doi et al., 1967; Lee
et al., 2000).

From 1967 to 1994, the term mycoplasma-like organisms (MLO) were used to
refer to the causal agents of many yellows diseases (Lee and Davis, 1992;
McCoy et al, 1989). In 1994, the name phytoplasma was adopted by the
Phytoplasma Working Team, at the 10™ Congress of International
Organization of Mycoplasmology (Lee et al., 2000).

Although phytoplasmas appeared as rounded pleiomorphic bodies during
single cross sections, other studies revealed a filamentous morphology (Lee
and Davis, 1992; Walters and Osborne, 1978; Haggins et al., 1978; Lee and
Davis, 1983). Filamentous bodies were especially predominant in infected

plant tissue during the early stages of infection (Lee et al., 2000).

Phytoplasmas infecting plants cause disturbances in the normal balance of
plant hormones or growth regulators (Chang, 1998; Chang and Lee, 1995).
The symptoms include virescence (the development of green flowers and the
loss of normal flower pigments), phyllody (the development of floral parts into
leafy structures), sterility of flowers, proliferation of auxiliary shoots resulting in
a witches’-broom appearance, abnormal elongations of the internodes
resulting in slender shoots, generalized stunting (small flowers and leaves and
shortened internodes), discoloration of leaves or shoots, leaf curling, bushy
appearance of growth at the ends of the stems and generalized decline
(stunting, dieback of twigs and unseasonal yellowing or reddening of the
leaves). Internally, infections can cause extensive phloem necrosis and
excess formation of phloem tissue, resulting in swollen veins (Lee et al.,
2000).
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Phytoplasmas are phloem-limited plant pathogens that are found primarily in
the sieve elements of infected plants (Lee et al, 2000). Phytoplasmal
diseases are spread primarily by sap-sucking insect vectors and including
vertically between generation of insects (Hogenhout, 2004). These sap-
sucking insects belong to the families Cicadellidea (Leafhoppers) and
Fulgoridea (Planthoppers). Insects feed on phloem tissue, where the
phytoplasma is acquired and transmitted from plant to plant (Lee et al., 2000).
Phytoplasmas cannot be transmitted mechanically and are not seed

transmissible, but are graft transmissible (Lee et al., 2000).

In the past few decades, detection and identification of phytoplasmas were
never accurate, because of the inability to obtain pure cultures. In the 1980s,
the development of molecular probes such as antibodies and cloned
phytoplasma-specific DNA advanced the art of phytoplasma diagnostics.
PCR-based assays developed in the late 1980s and early 1990s further
advanced diagnostics for phytoplasmal diseases (Lee et al., 2000).

The rRNA genes in phytoplasmas are arranged in the same order as in other
eubacteria: 5 16S rRNA — spacer region — 23S rRNA 3'. Sequence analysis
of the spacer region revealed that a single tRNA™ (isoleucine transfer RNA) is
present in all phytoplasmas (Kirkpatrick et al.,, 1990; Kuske and Kirkpatrick,
1992; Lee et al., 2000). The 16S rRNA gene is best characterized, and PCR
primers designed on the basis of these unique sequences have been used for
specific detection of phytoplasmas in infected plant and insect vectors (Lee et
al., 2000).

Geographically, phytoplasmas occur worldwide. The different groups of
phytoplasma seem to be restricted to one continent or to a specific
geographical region (Lee et al., 2000).

1.5.1 Grapevine Flavescence doree
Flavescence doree is associated with a phytoplasma in the genus
Candidatus Phytoplasma vitis, in the phylogenetic EIm Yellows (16SrV)
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group (Firrao et al., 2004). The principle host of Flavescence doree is
Vitis vinifera as well as Vitis riparia (Maixner and Pearson, 1992).
During a study done in 1993 by Kuszala et al. on grapevines showing
yellowing symptoms, from all parts of the world, this phytoplasma was
only detected in material from southern France and northern ltaly
(Kuszala et al., 1993; EPPO/CABI, 1997).

The Flavescence doree phytoplasma is located in the phloem tissue of
the infected grapevine and can be obtained by its vector for
transmission. No alternative host other than grapevine is known and it
is therefore likely that the biological cycle is completed in grapevine
and vector (EPPO/CABI, 1997).

The vector of Flavescence doree is a cicadellid, Scaphoideus titanus.
In 1985, Caudwell and Dalmasso found that this vector was
accidentally introduced into Europe from North America (Caudwell and
Dalmasso, 1985). S. titanus has five larval instars and both the larval
stages and adults are capable of acquiring the phytoplasma. The
acquisition period is generally 7-8 days, followed by a long latent
period, so that transmission takes 38-42 days in total (EPPO/CABI,
1997).

The symptoms of Flavescence doree (adapted from EPPO/CABI,
1997) can be divided into three groups:

Symptoms on the shoots

When early infection occurs, the shoots fail to lignify, are thin,
rubbery and hang downward. The shoots later become brittle
and there may be necrosis of the apical and lateral buds.
During winter the non-lignified branches blacken and die. If the
shoots become infected later in the season, the lignification is
interrupted (Figure 1.7).
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In more resistant cultivars, non-lignification is more pronounced
and is limited to certain internodes. Numerous black pustules

form along the diseased branches of susceptible cultivars.

Figure 1.7: Photo of limited non-lignification of internodes

Symptoms on the leaves

In white-fruited cultivars there is a yellowing of the portion of the
lamina exposed to the sun. Later in the season, distinct creamy-
yellow spots (of a few mm in diameter) become visible along the
main veins. These spots broaden and form continuous yellow
bands along the veins.

In red-fruited cultivars similar patterns of colour change develop
on the leaves, but the discoloration are reddish. The central
portion of the discolored areas becomes necrotic and dries out.
The discolored leaves stay on the grapevine longer than the
healthy leaves (Figure 1.8).
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Figure 1.8: Photo of discolored leaves staying on the grapevine

Symptoms on the fruit

If the grapevine is infected earlier in the season, the fruit
setting is reduced and the inflorescence dry out and fall off. In
later infection, bunches become brown and shriveled.

1.5.2 Grapevine bois noir
Bois noir (Stolbur) are associated with a phytoplasma in the genus
Candidatus Phytoplasma solani, in the phylogenetic Stolbur (16SrXII)
group (Firroa et al., 2004).

It is thought that grapevine may not be the host of this pathogen and
that this pathogen has accidentally been transmitted to grapevine from
other hosts (EPPO/CABI, 1997). In 1994 Maixner et al. found the bois
noir phytoplasma in the plant hopper Hyalesthus obsoletus, after years
of speculation on whether a vector did exist. H. obsoletus feeds on
various wild plants and weeds, but rarely on grapevine, and therefore
vine-to-vine transmission rarely occurs (Maixner et al, 1994;
EPPO/CABI, 1997).

The symptoms of this phytoplasma are more or less the same as
described above for Flavescence doree. Bois noir (black wood) refers
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to the blackening of the non-lignified shoots in winter (EPPO/CABI,
1997).

1.5.3 Australian Grapevine Yellows
Australian Grapevine Yellows (AGY) phytoplasma is associated with a
phytoplasma in the genus Candidatus Phytoplasma australiense, in the
phylogenetic Stolbur (16SrXIl) group (Firroa et al., 2004).

The symptoms include irregular veinal and interveinal yellowing and
downward rolling of leaves that overlay one another in a shingled
appearance. Shoots display abortion of the flowering bunches early in
the season or shriveled berries later in the season. Affected shoots
also often display tip death followed by dieback of the shoots, node by
node. Leaf blades on affected shoots tend to fall early. The petioles
remains attached to the shoots for longer than the leaf blades but
would eventually abscise from the shoot. The stem of affected shoots
often develops a blue, waxy appearance and remains rubbery later in
the season (Constable et al., 2003).

Restricted growth disease (RG) can be expressed in grapevines with
AGY. The aetiology of RG is unknown but phytoplasmas may be the
possible cause (Constable et al., 2003). To determine the involvement
of phytoplasmas, shoots from grapevines with RG have been tested by
PCR but no association between phytoplasmas and RG was shown
(Bonfiglioli et al., 1995; Padovan et al., 1995; Gibb et al., 1999).
Symptoms of RG include retarded growth resulting in shortened shoots
and smaller leaves. Affected grapevines have an overall appearance of
stunting or lack of vigour throughout the season. Some grapevines with
RG may have also display uneven or no bud development, resulting in
canes and cordons that are bare in places or entirely bare with little or
no bunch development (Constable et al., 2003).

Late season leaf curl disease (LSLC) can also affect grapevines with
AGY (Constable et al., 2003). Shoots from grapevines with LSLC were
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1.6

also tested to determine whether phytoplasmas might be involved
(Bonfiglioli et al., 1995; Gibb et al., 1999). Some researchers found a
high association with phytoplasmas and LSLC affected shoots (80%)
(Bonfiglioli et al., 1995) but others found a low association (10%) (Gibb
et al., 1999), thus the association between phytoplasmas and LSLC is
still unclear (Constable et al.,, 2003). Symptoms include leaves on
affected shoots, which are rolled tightly downward, remains green and
overlays one another in a shingled appearance. The leaves are often
tough, leathery and brittle (Constable et al., 2003).

OTHER DISEASES OF GRAPEVINE

Shiraz decline

Shiraz Decline must not be confused with Shiraz disease. Up to now
no correlation has been found between the disease and any fungus,
bacteria, phytoplasma, soil type, climate, rootstock, clone or virus
disease (Spreeth, 2005).

During a presentation at the meeting of the National Working Group at
ENTAV in 2004, studies were related to the possible implication of a
phytoplasma in this disease. The first analyses led to detection of
phytoplasma belonging to groups 16Srl (Yellow Asters) and 16SrXI|
(Stolbur) in several samples with or without symptoms (Renault-
Spilmont et al., 2005).

In France the symptoms have been observed for the past 10 years and
Professor Denis Boubals, editor of the well-known French viticultural
magazine "Le Progrés Agricole et Viticole” magazine, contends that all
Shiraz vineyards older than 15 years display between 1 and 15%
symptoms of the disease, depending on the location and the cultivation

conditions of the vineyard (Spreeth, 2005).

The symptoms include thickened graft joints with cracks on the graft

joint and red discoloration of the leaves from middle to late summer.
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The symptoms are similar to those usually observed in girdled vines or
shoots. The bark thickens above the graft joint and deep cracks can be
seen on the stem and cordon arms. The vines weaken and usually die

back between five to ten years (Spreeth, 2005).

Shiraz disease

Shiraz Disease apparently occurs only in South Africa and causes
deterioration in the cultivars Shiraz, Merlot and Malbec (Carstens,
1999). The disease is graft-transmissible although natural transmission
has previously been reported (Engelbrecht and Kasdorf, 1990). The
disease may be latent in certain cultivars and symptoms will only occur
when this latent infected material is grafted onto the above-mentioned

indicator cultivars (Carstens, 1999).

Grapevine Virus A (GVA) infection of Shiraz and Merlot cultivars in
South Africa has been shown to be associated with Shiraz disease
(Goszczynski and Jooste, 2003). According to Habili and Randles
(2004), Goszczynski and Jooste (2003) provided evidence that Shiraz
disease was associated with GVA infection alone. However Koch’s
postulates has not yet been proven, and thus there is no evidence that
this disease is associated with only one organism.

Symptoms of the disease include reddening of leaves and veins,
curling of the leaves, poor lignification of canes, retention of leaves
through the winter and restricted growth (Goszczynski and Jooste,
2003). These symptoms are essentially the same as described for
Flavescence doree and Stolbur, although no black pustules form on the
stem. The question remains if this disease is caused by a complex of
viruses and phytoplasmas.

Shiraz Disease is graft transmissible, a typical characteristic of virus
and phytoplasma diseases. In 1997 Carstens found with the help of a
nucleic acid linked technique that grapevine leafroll associated virus-3

(GLRaV-3) often occurs in material showing symptoms of Shiraz
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Disease (Carstens, 1999). In 1993, Burger and Spreeth found
Grapevine leafroll associated virus-1 and 2, as well as grapevine virus
A (GVA), in different combinations with GLRaV-3 in vines showing
symptoms of Shiraz Disease (Carstens, 1999).
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PART Ill: AIMS OF THE STUDY

1. Establish a PCR method for the routine detection of Grapevine Fleck Virus
in South Africa

2. Using this method to determine if the unknown spherical particles in
greenhouse and field samples are Grapevine Fleck Virus

3. Establish a PCR method for the routine detection of phytoplasmas in
South Africa

4. Using this method to determine if phytoplasmas are associated with the

symptomatic plants found, which lack lignification
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Chapter 2
Optimization and implementation of two

existing PCR detection systems for GFKkV in
South Africa
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2.1 INTRODUCTION

The elimination of grapevine viruses in nuclear plant material for use in South
Africa is effective and for a number of years no example of virus-like infections
have occurred in these facilities (Oosthuizen, per comm.). However, because
mass production is done in open fields, leafroll re-infection frequently occurs.
As reviewed in Alkowni et al., 2004, leafroll disease in grapevine alters fruit
coloration and delays fruit maturation. Other symptoms include interveinal
reddening in red grape varieties and yellowing in white grape varieties in late
summer and fall leaves, as well as downward rolling of leaves and phloem
disruption (Alkowni et al, 2004). Winetech, in conjunction with the
Agricultural Research Council — Plant Protection Research Institute (ARC-
PPRI), drafted a project in 2001 to determine and identify leafroll-associated
viruses spreading within certified grapevine material in South Africa and to
develop/establish means to detect these viruses.

From 2001 to 2004, motherblocks were surveyed for leafroll symptoms
associated with Grapevine Leafroll Associated Virus Type 3 (GLRaV-3), a
very serious pathogen of grapevine in South Africa. Motherblocks are open
blocks in which the grapevines are being mass propagated and are monitored
annually for any symptoms of known pathogens. During Immunosorbent
Electron Microscopy (ISEM) analysis of this material, it was found that 15 % of
the GLRaV-3 infected plants also contained unknown spherical virus-like

particles (Figure 2.1) of about 30nm in diameter (Pietersen, unpublished).

Spherical particles

Decorated GLRaV-3

/ virus particle

Figure 2.1: Electron micrograph of a plant infected with GLRaV-3 and unidentified spherical
particles following ISEM with Black Spanish antiserum. (Photo: K. Kasdorf)
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Grapevine Fleck Virus (GFkV) is a non-mechanical transmissible spherical
virus of 30nm in diameter (Sabanadovic et al., 2000; El Beaino et al., 2001;
Martelli et al., 2002) and has been found in South Africa, with evidence of
spread (Engelbrecht and Kasdorf, 1990). Therefore, it was hypothesized that
the unidentified spherical particles found were most likely GFKkV.

Since no molecular detection method is available for GFkV in the current
certification scheme for wine grapes in South Africa, GFkV could be present in
certified material. Commercial ELISA kits are available for GFkV, but the high
import cost makes routine use of these prohibitively expensive. An alternative
was to establish a PCR method to detect this virus, which can be used in the

South African certification scheme for wine grapes.

Over 40 spherical viruses can potentially infect grapevine. To narrow down
the list of possible viruses, mechanical inoculations were done to determine
whether these spherical viruses could be mechanically transmitted to various
host range plants. ELISA was performed to determine the presence of GFkV,
where after different RNA extraction methods were tested. In this study two
PCR methods for the routine detection of GFkV within certified grapevine
planting material as well as a field survey to determine the spread of GFKV in

the field are presented.
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2.2 MATERIALS AND METHODS

2.2.1 OPTIMIZATION OF RdRp GENE AND MTR GENE
SPECIFIC PCR

2.2.1.1 Virus sources

The positive controls (BU4 and BU21) used during the optimization of the two
PCRs, were lyophilized total nucleic acid (TNA) from GFkV-infected vines,
obtained from Nina Abou Ghanem-Sabanadzovic, Istituto Agronomico
Mediterraneo, ltaly.

2.2.1.2 cDNA Synthesis
cDNA synthesis was done in a 20ul reaction following the USB First Strand
cDNA Synthesis Protocol (USB Corporation, Ohio, USA) with slight

modifications. 2-5ug of TNA were denatured together with 40pmoles of gene
specific primer and DEPC-treated water at 65°C for 5 min and incubated on
ice for 2min (i.e. for the RdRp system RD2 primer and for the MTR system
MTR1 primer -also see Section 2.2.1.3)

To the denatured RNA mix the following were added as final concentrations in
a 20ul reaction: 5x M-MLV Reaction Buffer (USB Corporation, Ohio, USA),
10mM dNTP mix, 25U/ul Ribonuclease Inhibitor and 200 units/ul M-MLV
Reverse Transcriptase (USB Corporation, Ohio, USA). The mixture was
incubated at 37°C for 30min where after the reaction was inactivated by 70°C

for 10min.

2.2.1.3 PCR: RdRp and MTR genes
RdRp gene specific PCR (Sabanadzovic et al., 2000)

In a 50ul reaction the following reagents were used as final concentrations:

10x Promega Reaction Buffer (Promega Corporation, Wisconsin, USA), 2mM
MgClz, 2,5mM dNTP mix, 30pmol RD1 primer, 30pmol RD2 primer, 5U/ul Taq

43



DNA polymerase (Promega Corporation, Wisconsin, USA), 3ul cDNA from

positive control and distilled water.

The PCR conditions were as follows:
94°C for 120 sec;
94°C for 30 sec;
52°C for 30 sec; ( x 35 cycles
72°C for 60 sec;
72°C for 300 sec.

10ul of the PCR products were electrophoresed in a 1% (w/v) agarose gel at
100V in 1 x SB buffer (0.004% NaOH, 0.0023% Boric Acid, pH8). The
agarose gels were pre-stained with ethidium bromide (0.5ug/ml) and the DNA

fragments visualized by UV fluorescence.

The RD primer set was modified, as non-specific bands were obtained after
PCR. RD1 primer was extended by six nucleotides (RdRp1) and RD2 was
extended by six nucleotides (RdRp2). Extension of the primers was done to
increase the specificity of the primers during the annealing step. The
modifications are shown in red in Table 2.1.

TABLE 2.1: Modification of RAdRp gene specific primer set

RD1 |5 CYC ARC AYA ARG TVA | RdRp1 | 5 CYC ARC AYA ARG TVA ACG ADV
ACGAZ3Z RCTC?3

RD2 |5 GCG CAT GCA BGT SAG | RdRp 2 | 5 GCG CAT GCA BGT SAG RGG GCC
RGG G 3 RAAY 3

The RdRp primer set was optimized using the exact same conditions as
during the RD system.

MTR gene specific PCR (Sabanadzovic et al., 2000)

Reactions were done as described above for RdRp using forward primer

MTR1 and reverse primer MTR2, final concentration 3mM MgCl, and an

annealing temperature of 58°C.
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2.2.1.4 Purification of PCR products
The Promega Wizard® SV Gel and PCR Clean-Up System (Promega
Corporation, Wisconsin, USA) was used for purification of PCR products. The

Wizard ® SV Gel and PCR Clean-Up System is designed to extract and purify
DNA fragments of 100bp to 10kb from standard agarose gels. This system is
based on the ability of DNA to bind to silica membranes in the presence of
chaotropic salts. Purification was done according to manufacturers
instructions (Promega Corporation, Wisconsin, USA, Technical Bulletin
No0.308).

2.2.2 PREPARATION OF RdRp GENE AND MTR GENE PCR
POSITIVE CONTROLS

2.2.2.1 Preparation of competent cells

Competent cells were prepared using the method described by Hanahan et al.
(1991) with slight modifications.

E. coli (JM109) cells were streaked onto M9 minimal media agar plates
(0.05M NaHPO4-2H,0, 0.02M KH,PO4, 8mM NaCl, 0.02M NH4CIl, 2mM
MgSQy, 0.01M D-glucose, 0.1mM CacCl,, 1mM thiamine hydrochloride, 1.5 %
agar (w/v) pH 7.4) and grown overnight at 37°C. Single colonies were picked
and streaked onto LB-agar plates (1% tryptone, 0.5% yeast extract, 1% NaCl
pH7.5, 1.5% (w/v) agar) and grown overnight at 37°C. Several single colonies
were picked and grown overnight in LB-broth (1% tryptone, 0.5% yeast
extract, 1% NaCl pH7.5) with agitation at 37°C. 1:100 dilution of the overnight
culture were inoculated in 100ml of pre-warmed LB-Broth and incubated with
agitation at 37°C. The culture was grown until an optical density (OD) of 0.4-
0.6 was reached at 550nm. The cells were transferred to a 50ml centrifuge
tube and incubated on ice for 10min. The cells were collected by
centrifugation at 6000xg for 10min (4°C). After the supernatant was
aspirated, the cells were resuspended in 25ml of CCMB 80 medium (80mM
CaCly-2H0, 20mM MnCl,-4H,0, 10mM MgCl»>-6H,O, 10mM K-acetate, 10%
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(v/v) redistilled glycerol, pH 6.4) and incubated on ice for 30min. The cells
were collected by centrifugation at 6000xg for 10min (4°C), and the
supernatant aspirated. The cells were resuspended in 1ml of CCMB 80
medium and incubated on ice for 30min. The cells were aliquoted and stored
at—70°C.

2.2.2.2 Ligation reactions

The purified RNA dependent RNA polymerase gene, the amplified product by
PCR with the use of the RdRp primer set, and the purified Methyltransferase
gene, the amplified product by PCR with the use of the MTR primer set, were

ligated and cloned as discussed below.

The vector used for ligation was the pGEM®-T Easy Vector System Il
(Promega Corporation, Wisconsin, USA). This vector has been prepared by
cutting it with EcoRV and adding terminal thymidine residues to both ends.
These single T overhangs improve the efficiency of ligation of a PCR product
into a plasmid by preventing recircularization of the vector and providing a
compatible overhang for PCR products, since Taq polymerase generates 3

adenine overhangs.

The ligation reactions were done according to manufacturers protocol
(Promega Corporation, Wisconsin, USA, Technical Manual No.042). Briefly,
in a 10ul reaction the following reagents were used: 2x Rapid ligation buffer,
T4 DNA Ligase, 50ng of pGEM®-T Easy Vector, 30ng of MTR insert or 20ng
of RdRp insert (to calculate the appropriate amount of insert to include in the
ligation reaction, the following equation was used: [(ng of vector x kb size of
insert)/(kb size of vector)] x insert: vector molar ratio (1:1) = ng of insert), 3
Weiss units/pl of T4 DNA Ligase and distilled water to final volume.

The reactions were mixed by pipetting and incubated at room temperature for

one hour.
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2.2.2.3 Transformation of competent cells

Before transformation of the ligation mixture, the competent cells were first
test transformed with a plasmid of known concentration (pUC18, 10ng/pl) to
calculate the transformation efficiency of the cells. The transformation was
done using the heat shock method as described by Sambrook et al.
(Sambrook et al., 1989)

100 pl of the competent cells were placed in 3 pre-chilled Eppendorf tubes.
To the first tube 10pl of the ligation reaction was added (RdRp and MTR,
respectively), to the second tube a plasmid of known concentration was
added (pUC18, 10ng/ul), to serve as a positive control, and to the third tube
no DNA was added, to serve as a negative control. The tubes were incubated
on ice for 30 min and then placed in a water bath at 42°C for 90 sec. After the
heat shock, the tubes were chilled on ice for 2 min. After addition of 900 pl of
pre-warmed LB-broth, the transformation mixture was incubated with agitation
at 37°C for one hour to allow the cells to recuperate and express the ampicillin
resistance gene. 100yl of the different mixtures were plated onto LB agar
plates supplemented with 50ug/ml ampicillin.  Recombinant transformants
were selected by blue/white colour selection, based on the inactivation of the
lac Z gene. To achieve this, 40ul of 2% X-gal solution and 10ul of 100mM
IPTG solution were spread over the surface of the entire plate together with
the cells. Recombinant plasmids with a Gal" phenotype were selected for
further characterization and grown overnight at 37°C in LB-broth

supplemented with ampicillin.

2.2.2.4 Plasmid DNA extractions
Recombinant plasmids were isolated using the alkaline lysis method as

described by Sambrook et al. (1989) with slight modifications.

Recombinant transformants were streaked out onto LB agar supplemented
with ampicillin and grown overnight at 37°C. Single colonies were picked and
grown in LB-broth with ampicillin overnight with agitation at 37°C. 1.5ml of

overnight culture was centrifuged for 1 min at 14000xg. The supernatant was
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removed and the bacterial pellets were resuspended in 100ul of ice-cold
Solution | (50mM glucose, 25mM Tris-HCI pH8, 10mM EDTA pH8), creating
an environment in which the cells are prevented from plasmolysing. The
resuspended cells were vortexed and incubated at room temperature for 5min
followed by 1min incubation on ice. 200ul of Solution Il (0.2M NaOH, 1%
SDS) were added to the cells and mixed by inverting and incubated on ice for
5 min. 150yl of ice-cold 7.5M ammonium acetate was added to the cells and
vortexed briefly. The cells were then incubated on ice for 15 min and
centrifuged for 15 min. The supernatants were transferred to fresh tubes and
2 volumes of 95% ethanol were added. The solution was incubated at —20°C
for 30min and centrifuged for 15 min at 14000xg. The DNA pellet was
aspirated and washed with 70% ethanol. The pellet was dried and
resuspended in 50ul of TE buffer (10mM Tris, 1mM EDTA, pH8). The
plasmids were purified using the Promega Wizard® SV Gel and PCR Clean-
Up System (Promega Corporation, Wisconsin, USA).

2.2.2.5 PCR: Screening for recombinants

PCR was done on 4 possible MTR recombinants and 3 possible RdRp
recombinants using the method described in Section 2.2.1.3.

2.2.2.6 DNA sequencing
The reaction was set up using the BigDye Terminator Version 3.1 (Greiner

Labortchnik, Frikenhausen, Germany) according to manufacturers protocol.

In a 20ul reaction the following reagents were used: 2.5 x Ready Reaction
Premix; 5 x BigDye Sequencing Buffer; 10 pmol primer (RdRp1/MTR1); 100
ng of plasmid DNA and distilled water to volume.

The cycling conditions were as follows:
96°C for 60 sec;
94°C for 10 sec;
50°C for 5 sec; x 25 cycles
60°C for 240 sec;
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The sequencing reaction was added to a 1.5ml Eppendorf tube and 100yl of
60% ethanol was added. The tubes were briefly vortexed and incubated at
room temperature for 15 min. The reaction was centrifuged for 20min at
14000xg and the supernatant carefully aspirated. The pellet was washed with
250p! of 70% ethanol and briefly vortexed. The tubes were centrifuged for 10
min at 14000xg in the same orientation. The supernatant was aspirated and
the pellet was dried for 1 min at 90°C. Capillary electrophoresis was done
(University of Pretoria, South Africa). The nucleotide sequences were
analysed using the BLAST (Altschul et al., 1997) and DNAMAN version 4.13

(Lynnon Biosoft, Quebec, Canada) programs.

2.2.3 USE TWO PCRs TO TEST VARIOUS PLANT SAMPLES

2.2.3.1 Virus sources

The virus sources used in this investigation (Appendix 1) were cuttings rooted
in sand and grown under greenhouse conditions. These 19 samples all
contained unknown spherical particles observed during ISEM studies (Section
2.1). The positive controls used were the constructed recombinant MTR
plasmids for the MTR region and for the RdRp region previous amplicons

were used as positive controls.

2.2.3.2 Mechanical Inoculations

Mechanical inoculation were done with the 19 original samples to determine

whether these particles were mechanically transmissible.

The 19 virus source samples were ground individually in 0.1M PQO4 buffer
(0.1M NazHPOy4, 0.1M NaH2PO4, pH 7.2) containing celite and 2% nicotine.
The extract was gently rubbed onto various indicator plants. The indicator
plants used in this study included Nicotiana tabacum cv. Samsun, Cucumis
sativa Ashley, Nicotiana benthamiana, Phaseolus vulgaris Bountiful,
Phaseolus wvulgaris Top Crop, Lycopersicon esculentum Red Khaki,
Chenopodium quinoa and Chenopodium amaranticolor. After mechanical
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inoculation, local and systemic symptoms were recorded weekly for one

month.

2.2.3.3ELISA

A DAS-ELISA was done on 14 of the 19 original samples along with the
following samples 01/5008, 01/5009, 01/5011, 01/3380, 01/3381, 92/1028 and
98/0649 (See Appendix 1 for details).

The SEDIAG diagnosis kit for detection of GFkV (Sediag S.A.S, Dijon,
France) was used following the manufacturers instructions with slight
modifications during the conjugate step. During the conjugate step the
antibodies (GFkV-IgE) was diluted 1/100 in the conjugate buffer (PVP (Mw 10
000 - 40 000), 0.2% BSA, 0.02% NaN3s) instead of 1/1000.

2.2.3.4 RNA extractions
Total RNA extractions were firstly done using the protocol by El Beaino et al.

(2001) with slight modifications. 300mg of cortical scrapings were finely
ground in liquid nitrogen. 3ml of STE buffer (0.1M NaCl, 0.05 M Tris, 0.001M
EDTA, pH6.8) containing 1% SDS and 2% mercaptoethanol were added to
the finely ground cortical scrapings. The extract was mixed with chloroform
(1:1) and centrifuged for 5 min at 10 000xg. 30ul of silica powder and
absolute ethanol (to reach a final concentration of 35% ethanol) was added to
the supernatant. The mixture was incubated at room temperature with gentle
shaking for 45 min. The mixture was washed two times with STE buffer
containing 35% ethanol and centrifuged for 5 min at 10 000xg. The
supernatant was aspirated and the pellet air-dried. The pellet was eluted in

100ul of nuclease free water.

Alternatively, RNA extractions were done using Promega Wizard® SV Total
RNA System (Promega Corporation, Wisconsin, USA). Extractions were done
according to manufactures protocol (Promega Corporation, Wisconsin, USA,
Technical Manual N0.048). The extraction kit allowed a fast and simple
technique for the preparation of purified and intact total RNA. cDNA synthesis
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was done as described in Section 2.2.1.2 for the RdRp and MTR genes,
respectively, followed by PCR as described in Section 2.2.1.3 for the RdRp
and MTR genes, respectively.

2.2.3.5 Double stranded RNA extractions
The method of Valverde (1990) was used with slight modifications.

The sample used for ds-RNA extraction was 03/3381, a known GFkV-infected

vine.

2 g of plant material was ground in 6ml 1 x STE Buffer (0.1M NaCl, 0.05M
Tris, 0.001M EDTA, pH 6.8) and transferred to a 50ml centrifuge tube. 1ml of
10% SDS, 0.5ml of bentonite (25mg/ml) and 9ml of 1x STE-saturated phenol
were added and the mixture shaken for 30min at 4°C. The mixture was then
centrifuged at 8000xg for 15min at 4°C and 10ml of the upper aqueous phase
was placed in a fresh 50ml centrifuge tube. 2.1ml of 95% ethanol was added
to the tube and mixed well. Two columns were prepared. Using the barrel of
a 20ml plastic syringe plugged with a disk of filter paper, a cellulose
suspension consisting of 1g cellulose mixed with 25ml 1 x STE buffer
containing 16% v/v ethanol was passed through. The STE buffer was allowed
to drain thoroughly. The sample was added to one of the columns and eluted.
The column was flushed with 40ml 1 x STE buffer containing 16% v/v ethanol
and eluted. 2.5ml of 1 x STE buffer was added to the column and the eluant
discarded. 10ml of 1 x STE buffer was added to the column and 10ml was
collected in a fresh 50ml tube. 2.1ml of 95% ethanol was added to the 50ml

tube and this mixture eluted. The eluant was discarded.

The elution step was repeated but only 6ml was collected in a fresh 50ml
tube. 0.5ml of 3M sodium acetate, pH 5.5 as well as 20ml of 95% ethanol was
added to the collected 6ml and stored overnight at —20°C. The samples were
centrifuged at 8000xg for 25 min at 4°C, the supernatant poured off and the
pellet air dried for 15 min. The pellet was resuspended in 40ul of TE buffer,
labeled and stored at —20°C.
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10ul of the double stranded RNA products were electrophoresed in a 0.8%
(w/v) agarose gel at 60V in 1 x SB buffer (0.004% NaOH, 0.0023% Boric Acid,
pH8). The agarose gels were pre-stained with ethidium bromide (0.5ug/ml)
and the RNA fragments visualized by UV fluorescence. A ND-1000
spectrophotometer (Nanodrop Technologies, USA) was also used to
determine the concentration of the ds-RNA. cDNA synthesis was done as
described in Section 2.2.1.2 followed by PCR as described in Section 2.2.1.3
for RdRp.

2.2.4 USE OF ELISA TO TEST VARIOUS FIELD SAMPLES

2.2.4.1 Virus sources

The virus sources used in this investigation (Appendix 2 and Figure 2.2) were
cane material and petioles collected from Block A and Block B using a
judgment sampling method (White, 1998). In this sampling method,
selections were made by human choice rather than at random. The
advantage of this sampling method was a greater likelihood of getting infected

sources, if present at low incidences.

2.2.4.2 ELISA

A DAS-ELISA was done on the 25 field samples.

The SEDIAG diagnosis kit for detection of GFkV (Sediag S.A.S, Dijon,
France) was wused following manufacturers instructions with slight
modifications during the conjugate step.

During the conjugate step the antibodies (GFkV-IgE) were diluted 1/100 in the
conjugate buffer (PVP (Mw 10 000 - 40 000), 0.2% BSA, 0.02% NaNs) instead
of 1/1000. During an optimization experiment, the highest absorbance was

obtained using the 1/100 dilution.
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Figure 2.2: Map of Groenhof farm, Stellenbosch (The red star indicates the position of the
original GFkV-infected grapevine; subsequently removeq)
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2.3 RESULTS

2.3.1 OPTIMIZATION OF RdRp GENE AND MTR GENE
SPECIFIC PCR

RD system
After amplification with the RD primer set, amplicons of three sizes, ranging

from ~200bp to ~400bp, were obtained. One of the bands was the expected
size amplicon of 386 nt (Figure 2.3).

Marker

500 bp ——
<— 400 bp
<€— 300 bp

<— 200 bp

Figure 2.3: Agarose gel electrophoresis of amplicons after PCR optimization with RD primer
system

The stringency of the reaction was increased by increasing the annealing
temperature and lowering the MgCl, concentration, in an attempt to reduce
the non-specific bands. The multiple bands were not reduced by increasing
the stringency. Therefore, both the RD1 and RD2 primers lengths were
increased by six nucleotides to increase the binding specificity of the primers
(See Table 2.1 for modifications). Following the modification to primers
RdRp1 and RdRp2, the expected size amplicon was obtained with no non-

specific bands (Figure 2.4).
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Marker

500 bp ——
<«— 400 bp

Figure 2.4: Agarose gel electrophoresis of amplicons after PCR optimization with RdRp
primer system

MTR primers
After amplification with the MTR primer pair the expected size amplicon,

~600bp, was obtained (Figure 2.5). The MTR system was optimized using
various annealing temperatures and MgCl> concentrations (Results not
shown). The final optimal annealing temperature was 58°C and the MgCl,

concentration 3mM.

Marker

<4— 600bp

500 bp

Figure 2.5: Agarose gel electrophoresis of amplicons after PCR optimization with MTR primer
system

Both the amplified RdRp and MTR genes were cloned into pGEM®-T Easy

Vector System |l (Promega Corporation, Wisconsin, USA).
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Plasmid extractions were done on recombinant colonies and PCR analysis
followed. Two colonies were recombinants containing the MTR gene, while
none were obtained for the RdRp gene. Sequencing was done on the positive
amplicons obtained from the MTR PCR assay to confirm the presence of the
GFkV MTR gene in the vector. These plasmids served as positive controls in
subsequent studies.

232 USE OF TWO PCRs TO TEST VARIOUS PLANT
SAMPLES

Mechanical inoculation

Mechanical inoculation was done on all samples to determine if some of the
unknown spherical particles were mechanically transmissible. After the host
plants were mechanically inoculated, symptoms were recorded for a period of
one month. No local or systemic symptoms were observed during this period
(Results not shown). Thus, it was concluded that these particles were non-
mechanical transmissible viruses, incapable of infecting the selected host
range plants.

ELISA
After testing the plants containing the unknown spherical particles with the

GFkV-specific ELISA kit, none of the 19 samples was positive for GFkV
(Figure 2.6). Four grapevine samples (01/3380, 01/3381, 92/1028 and
98/0649), maintained at the ARC-PPRI (Roodeplaat), tested positive for
GFkV.
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W 01\5008
001\3381

Figure 2.6: Graph of the ELISA results done using a GFkV specific kit

The low absorbance values could possibly be due to the fact that the ELISA
was not sensitive enough, if the virus was present in low concentrations.

Therefore the samples were tested using both the optimized RdRp and MTR

PCR.

RdRp gene specific PCR

Negative results were obtained from the samples using both the extraction
method described by Sabanadzovic et al. (2001) and the Promega Wizard ®
SV Total RNA System. The TNA (BU4 and BU21) used as positive control
did however amplify the expected amplicon using the RdRp primer set (Figure

2.7).
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500 bp

<4— 400 bp

Figure 2.7: Agarose gel electrophoresis of amplicons after PCR on greenhouse samples with
RdRp primer system. Lane 1- Molecular marker, Lane 2- 01/2994, Lane 3- 01/2998, Lane 4-
01/2719, Lane 5- 01/5007, Lane 6- BU21, Lane 7- BU4

MTR gene specific PCR
No amplicons could be obtained from the samples using the MTR primer pair,

but the positive control did give the expected size band of ~600bp (Figure
2.8). Only one gel is presented.

600 bp

Figure 2.8: Agarose gel electrophoresis of amplicons after PCR with MTR primer system.
Lane 1- MTR recombinant plasmid, Lane 2- Buffer control, Lane 3-01/5008, Lane 4-01/5009,
Lane 5-01/5011, Lane 6-01/2536

Double stranded RNA extraction

Since the cDNA synthesis and both the PCRs were optimized, another RNA
extraction method was tested. Double stranded RNA extraction was carried
out on one sample known to be GFkV-infected, 03/3381, and a positive
amplicon was obtained after cDNA synthesis and PCR with the MTR primer
set (Figure 2.9). The yield of amplicon was not high but this system could be
used.
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600 bp

Figure 2.9: Agarose gel electrophoresis of amplicons obtained from ds-RNA after PCR with
MTR primer system. Lane 1- MTR recombinant plasmid, Lane 2+3- Buffer control, Lane 4+5-
03/3381

2.3.3 USE OF AN ELISA TO TEST VARIOUS FIELD SAMPLES

A GFkV-specific ELISA kit was used to test Block A and Block B on Groenhof,
Stellenbosch (Figure 2.2). No positive results were obtained from the field
samples tested (Figure 2.10 and Figure 2.11).

Block A

0.3,

Average 0.2
Absorbance
(n=3) 0.1

OPositive control W Buffer control [ Healthy control OA/7/173

WA/7/175 OA/8/174 mA/8/176 OA/9/174

WA/9/176 B A/10/175 0OA/10/177 OA/11/175
B A/11/177 W A/12/175 W A/12/177

Figure 2.10: Graph of the ELISA results done on block A using a GFkV specific kit
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Block B

0.3,

Average 0.2
Absorbance
(n=3) 0.14

OPositive control M Buffer control [ Healthy control CIB/1/60
W B/1/65 OB/1/70 mB/1/75 bOB/2/60
WB/2/65 mB/2/70 OB/2/75 O8/3/60
W B/3/65 W B/3/70 mB/3/75

Figure 2.11: Graph of the ELISA results done on Block B using a GFKV specific kit
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2.4 DISCUSSION

The re-infection of certified planting material with GLRaV-3 is a big concern
for the wine industry in South Africa. During a project in 2001 to determine
and identify leafroll-associated viruses spreading within certified grapevine
material in South Africa and to develop/establish/implement means to detect
these viruses, a number of unknown spherical virus-like particles were
observed (Pietersen, unpublished). Since GFkV has been found in South
Africa with evidence of spread (Engelbrecht and Kasdorf., 1990) and the
morphology of GFkV correlated to that of the unknown spherical particles
(Sabanadzovic et al, 2000), it was hypothesized that the unidentified
spherical particles could be GFkV. Mechanical inoculation was done with the
unidentified spherical particles to determine if they were mechanically
transmissible. No local or systemic lesions could be noticed after a period of
one month and it was concluded that the unidentified spherical particles were
not mechanically transmissible. This finding supports the hypothesis that
these agents may be GFkV, a virus well known to not be transmissible by
mechanical inoculation (Sabanadzovic et al., 2000).

A commercial GFkV-specific ELISA kit was used to determine if these
unknown spherical particles were GFkV. None of the 19 samples tested
positive for GFkV, but this did not rule out the fact that GFkV could still be
present in the plants. The low absorbance values obtained could be due to
the lack of sensitivity to detect viruses present in low concentrations (Van der
Merwe, 2001; Weber et al., 2002). Four plants situated at the ARC-PPRI did
test positive for GFkV, and it was decided to include these plants as internal
positive controls. Since no molecular detection method was available to test
certified planting material for GFkV locally, two existing PCR detection
methods were implemented in South Africa. The RdRp region of the GFkV
genome has been used in previous phylogenetic studies (Sabanadzovic et al.,
2000; El Beaino et al., 2001). In this study both the RdRp and the MTR region
of the GFKV were included. The advantage of the MTR gene is that it is about
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200bp longer than the RdRp gene, which makes it more suitable for

phylogenetic studies.

The RdRp gene specific and MTR gene specific PCR methods, with higher
sensitivity and specificity, were used to test these samples. No amplification
could be obtained from the RdRp gene specific and MTR gene specific PCR,
respectively. As samples 01/3380, 01/3381, 92/1028 and 98/0649 were
known to be infected with GFkV, the RNA extraction method was suspected
of being sub optimal. GFkV is generally present in low concentrations in the

plant and the virus titres vary seasonally (Foundation Plant Services, 2002).

Since both the chloroform based RNA extraction method and the commercial
RNA extraction kit delivered negative results, double stranded RNA extraction
was done on sample 03/3381. Double stranded RNA is present in plants
infected with RNA viruses (produced as an intermediate product) and is very
resistant to enzymatic degradation (Valverde, 1990). The double stranded
RNA template proved the most successful, as a positive amplicon of 600bp
was obtained during the MTR gene specific PCR, but this method is labour
intensive and too time consuming to use routinely. PCR inhibition could also
be the reason for negative results during the previous two RNA extraction
methods. The inhibition could be due to the presence of polyphenolic
compounds present in grapevines (Koonjul et al., 1998). These compounds
are retained in plant vacuoles, but once the cells are broken open they are
released and consequently co-purify with nucleic acids. It has been reported
that these molecules inactivate certain enzymes, such as DNA polymerases
(Koonjul et al., 1998)

During the field survey done on Groenhof farm to determine if GFkV spreads
naturally through the field, a commercial GFkV-specific test was used. Even
though none of the plants tested positive for GFkV, it cannot be concluded
that GFKV is not present on Groenhof farm. Since the collection of the plants
was done in November, early summer, the concentration of GFKV in the
plants was low. Collection of plants must be done in early spring or late
autumn (Weber et al., 2002).
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Before the PCR method can be used as a routine diagnostic test, the RNA
extraction method need to be optimized. Such optimization includes the
dilution of possible inhibitors and using the appropriate parts of the plant, as
the virus might be present in different concentrations throughout the plant.
Future exploration of these PCR methods remain worthwhile since serological
tests, like ELISA, cannot be applied to unknown particles and lacks the
sensitivity to detect viruses when present in low concentrations (Weber et al.,
2002; Van der Merwe, 2001). During this study two existing PCR methods
were optimized and implemented for the detection of Grapevine Fleck Virus in
South Africa, but the shortcomings in the preparation of RNA from sample
plants have not allowed for a conclusion on the genetic similarities of the
unidentified spherical particles with GFkV.  Future work may include
optimization of a rapid and reliable RNA extraction method. A field survey on
Groenhof farm should be done in early spring and the optimized RNA
extraction method together with the optimized MTR gene specific PCR system
may be used to test the collected plants.
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Chapter 3

Implementation of an existing PCR detection

system for phytoplasmas in South Africa
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3.1 INTRODUCTION

Winetech, in conjunction the with Agricultural Research Council — Plant
Protection Research Institute (ARC-PPRI), drafted a project to determine and
identify leafroll-associated viruses spreading within certified grapevine
material in South Africa and to develop/establish/implement means to detect
these viruses (2001). From 2001 to 2004, motherblocks were surveyed for
leafroll symptoms associated with Grapevine Leafroll Associated Virus Type 3
(GLRaV-3), a very serious pathogen of grapevine in South Africa.
Motherblocks are open blocks in which the grapevines are being mass
propagated and is monitored annually for any symptoms of known pathogens.
Because mass production is done in open fields, leafroll re-infection frequently
occurs. As reviewed in Alkowni et al., 2004, leafroll disease in grapevine
alters fruit coloration and delays fruit maturation. Other symptoms include
interveinal reddening in red grape varieties and yellowing in white grape
varieties of late summer and fall leaves, downward rolling of leaves and

phloem disruption (Alkowni et al., 2004).

A number of plants were observed with leafroll and reddening symptoms
unlike classical grapevine leafroll disease. No grapevine Leafroll-associated
viruses could be detected in these plants, and the common wisdom from the
industry was that these symptoms were due to bark constrictions. In
subsequent seasons, monitoring of the vineyards has shown that these plants
slowly deteriorate and die. However, on a few occasions new symptomatic
plants were found, sometimes in close proximity to the previous infected
plants (Pietersen, unpublished), suggestive of an infectious agent. On recent,
closer inspection of these symptoms, it appeared that in some instances the
symptoms were similar to those induced by some phytoplasmas typically
found in Europe (e.g. Flavescence doree and Bois noir) (Lee et al., 2000).

The symptoms included abnormal elongation of internodes, which resulted in

slender shoots, generalized stunting and reddening of the leaves with
downward curling. The diseases caused by both these phytoplasmas on
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grapevines are destructive in Europe (EPPO/CABI, 1997) and the
phytoplasmas are considered quarantine organisms as far as South Africa
and some parts of Europe are concerned. It has long been feared that such
an organism could enter South Africa. In order to prevent this, all imported
material are subjected to heat treatment, however, no diagnostic tests were
established to screen imported planting material for phytoplasmas.

In order to assess the possibility that these symptoms were due to
phytoplasma infection, it was decided that a universal phytoplasma specific
PCR needed to be established in South Africa. Because it is generally known
that phytoplasma’s occur in low titres in the plant (Schaff et al., 1992) and that
polyphenolic compounds in the grapevine can act as inhibitors of the DNA
polymerase (Koonjul et al., 1998), it was useful to establish a nested PCR, as
this sequentially increases the target molecule and dilutes inhibitors (Webster
et al., 2004). During this study, the P1/P7 as well as the 16R758f{/m23Sr PCR
were implemented in South Africa. Various samples with phytoplasma-like
symptoms were collected and tested and it was found that 13 symptomatic
plants yielded the expected amplicon during amplification and were
sequenced. From these, nine were consistent with Candidatus Phytoplasma
solani, two with common soil bacteria, one with Flavescence doree and one

with Mollicutes from Vitis vinifera.
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3.2 MATERIALS AND METHODS

3.2.1 Phytoplasma sources

The positive controls (ADN-J7 — Flavescence doree Isolate 92 DNA and ADN-
1550 — STOL C DNA) used during the optimization of the PCRs, were total
DNA from periwinkle infected with Flavescence doree (FD92) and Stolbur

(STOLC), respectively. These samples were kindly supplied by Elizabeth
Bourdon-Pardieu, Centre National De La Recherche Scientifique, France.
Field samples were collected during winter 2005 (Appendix C) and are from
various regions of the Western Cape, South Africa (Figure 3.1).

a Darling

0 Malmesbury
U Durbanville
a Stellenbosch
o Paarl

O Villiersdorp

A Worcester

0 0 0 Rawsonville
N Nuy

<4

Figure 3.1: Wine regions of South Africa, where field samples where collected (Image:
SAWIS nr.29, 2005, with modifications).

3.2.2 DNA extraction

DNA extractions were done based on the method described by Angelini et al.

(2001). Briefly, 1g of petioles or cortical scrapings were placed into a
maceration bag (Bioreba,) together with 5 ml of warm extraction buffer (2%
CTAB, 10mM Tris-HCl pH8, 10mM EDTA, 1.4M NaCl, 0.2% 2-
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mercaptoethanol). The contents of the bag were finely ground with a
macerator (Homex 6, Bioreba) and the suspension (1ml) transferred to a 2ml
Eppendorf tube. The suspension was incubated at 65°C for 20min, and
thereafter allowed to cool for 3min. Chloroform was added to the tube at a 1:1
ratio and centrifuged at 14000xg for 10 min at room temperature. The
chloroform extraction step was repeated. The upper aqueous phase was
placed in a new 1ml Eppendorf tube. An equal volume of ice-cold iso-
propanol was added and gently mixed. The solution was incubated overnight
at room temperature and centrifuged at 14000xg for 10min. The supernatant
was aspirated and 1ml 70% ethanol was added to the pellet. The pellet and
ethanol were incubated for 20min at room temperature where after it was
centrifuged at 14000xg for 5 min. After the supernatant was removed, the
tubes were air dried at room temperature. The DNA pellet was resuspended
in 150ul TE buffer.

3.2.3 PCR

The first primer pair used, P1 (Deng and Hiruki, 1991) and P7 (Smart et al.,
1996), amplify 1800bp of the 16S rRNA gene extending through the 16S/23S
spacer region and into the beginning of the 23S rRNA gene (Padovan et al.,
1995). The second or nested primer pair used, 16R723f and m23Sr
(Padovan et al., 1995), amplify 1076 bp, extending from the 16SR rRNA gene
through the spacer region and into the start of the 23S rRNA gene (Padovan
et al., 1995) (Figure 3.2).

Spacer
16S region 23S
Tl =
- <«
16R758f M23Sr

Figure 3.2: Schematic representation of a phytoplasma rRNA operon, including the 16S and
23S rRNA genes and the intergenic spacer region. (Image: Smart et al., 1996, with slight
modifications)

The P1/P7 system (Smart et al., 1996) was done in a 25ul reaction using the

following reagents as final concentrations: 10x Promega Reaction Buffer
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(Promega Corporation, Wisconsin, USA), 3mM MgCl,, 0.5mM dNTP mix,
0.5pmol P1 primer, 0.5pmol P7 primer, 1.5U/ul Tag DNA polymerase
(Promega Corporation, Wisconsin, USA), 1ul DNA and distilled water.

The PCR conditions were as follows:
92°C for 135 sec;
92°C for 45 sec;
57°C for 45 sec; x 35 cycles
72°C for 105 sec;

10ul of the PCR products were electrophoresed in a 1% (w/v) agarose gel at
100V in 1 x SB buffer (0.004% NaOH, 0.0023% Boric Acid, pH8). The
agarose gels were pre-stained with ethidium bromide (0.5ug/ml) and the DNA
fragments visualized by UV fluorescence.

The M23Sr/16R758f (nested) PCR was done using the conditions as
described for the P1/P7 system. The universal P1/P7 primers were replaced
with the forward primer, 16R758f, and reverse primer, M23Sr, and the
template used in the nested PCR was 0.5ul PCR product from the first round.

3.2.4 Purification of PCR products
Purification was done as described in Section 2.2.1.4.

3.2.5 DNA sequencing

Sequencing was done as described in Section 2.2.1.10, using primers m23Sr
and 16S758f. For each amplicon a forward and reverse sequencing reaction

was done to confirm the results obtained.
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3.3 RESULTS

PCR Optimization
Before testing could be done on field samples the PCR system had to be

optimized, both for 1% and 2™ round of amplification. Different MgCl,
concentrations were tested and amplicons of 1800bp and 1050bp were
successfully amplified in the 1% and 2" round, respectively. During
optimization of the P1/P7 primer system (1 round), the best amplification was
obtained using 3mM MgCl, in the PCR mixture. Optimal conditions for the
m23Sr/16R758f primer system (nested) were the same PCR parameters and
conditions as the P1/P7 system.

PCR on field samples

The field samples collected were tested in batches of 17 samples. None of
the field samples yielded amplicons during the first round of amplification but
the positive control gave the expected size amplicon of 1800bp. While this
could mean that the samples did not contain phytoplasmas it could also be
due to inhibition of the DNA polymerase, insufficient template DNA or low
phytoplasma titers. During the 2™ (nested) round of amplification some of the
field samples yielded amplicons of the expected size of 1050bp (Figure 3.3).

A representative gel is shown in Figure 3.3.

Figure 3.3: Gel photo of 2nd round amplification using m23Sr/16R758f system. Lane +-
Positive control (AND-J7), Lane 1- Sample 05/0019, Lane 2- Sample 05/0023, Lane 3-
Sample 05/0036, Lane 4- Sample 05/0010, Lane 5- Sample 05/0035, Lane 6- Sample
05/0012, Lane 7- Sample 05/0033, Lane 8- Sample 05/0018, Lane 9- Sample 05/0024, Lane
10- Sample 05/0038, Lane 11- Sample 05/0020, Lane 12- Sample 05/0036, Lane 13- Sample
05/0022, Lane 14- Sample 05/0034, Lane 15- Sample 05/0021, Lane 16- Sample 05/0013,
Lane 17- Sample 05/0028 and Lane 18- Buffer control
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Sequencing
Amplicons of the expected size from the nested PCR were purified using the

Promega Wizard® SV Gel and PCR Clean-Up System (Promega Corporation,
Wisconsin, USA). The purified samples were sequenced using the m23Sr
and 16R758 primer for each sample, to obtain a double set of sequence
information for each sample. The forward and reverse sequences were
trimmed and a consensus sequence was obtained. These consensus
sequences were compared with known sequence information in the public
domain (Genbank) in order to attempt gene-based identification of the

sources of the amplicons.

Samples from 25 wine estates, representing 9 different geographical regions
of the Western Cape, were tested. Of the 139 samples, 31 samples yielded
amplicons of the expected size during the nested PCR. Thirteen of these
samples were sequenced (Table A.3). The locations of the samples that
yielded the expected size amplicon are shown in Figure 3.4.
b Darling (1 positive amplicon)
O Malmesbury (1 positive amplicon)
v Durbanville (0 positive amplicons)
< Stellenbosch (6 positive amplicons)

& Paarl (6 positive amplicons)

O Villiersdorp (1 positive amplicon)

o o A
Worcester (2 positive amplicons)
= Rawsonville (10 positive amplicons)
U <& A N Nuy (1 positive amplicons)
« AN

Figure 3.4: Location of the positive amplicons obtained during nested PCR, shown on a map
of South Africa (Image: SAWIS nr.29, 2005, with modifications).
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Pairwise comparisons were all done with a gap penalty of 20 and are shown
in Appendix B. Eight samples yielded sequences similar to that of Candidatus
Phytoplasma solani (Genbank accession no. AJ964960) (Torres et al,
unpublished) (Table 3.1). Candidatus phytoplasma solani is the genus to
which Stolbur is a member.

TABLE 3.1: Similarity and position of samples to Candidatus
phytoplasma solani

Sample Similarity
05-0014 99.23%
05-0018 98.21%
05-0038 99.00%
05-0062 97.92%
05-0102 98.93%
05-0109 99.67%
05-0111 98.82%
05-0122 98.51%
05-0127 99.22%

Sample 05-0005 yielded a sequence identical (100%) to that of Bacillus
megaterium, isolate AC46b1 (Genbank accession no. AJ717381) (Tiago et
al., 2004). Sample 05-0077 yielded a sequence that was most similar
(95.49%) to that of Mollicutes from V. vinifera (Genbank accession no.
X76428) (Seemuller et al., 1994). Sample 05-0055 yielded an amplicon with
a sequence most similar (97.59%) to that of uncultured bacterium clone 3
(Genbank accession no. DQ011250) (Wei et al., unpublished). However, one
of the samples, 05-0033, yielded a sequence identical (100%) to that of
Flavescence doree phytoplasma strain 1487 (Genbank accession no.
AJ548787) (Torres et al., unpublished).
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A multiple alignment (Appendix C) was done in DNAMAN with the sequences

of the eighteen samples. From the multiple alignment a phylogenetic tree was

constructed in DNAMAN, using 1000 bootstrap replicates (Figure 3.5).

100

- 05-0033 FD

5-0127
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05-0014
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Figure 3.5: Phylogenetic tree of thirteen samples sequenced. Bootstrap=1000.

Sample 05-0033 was re-tested to confirm the results obtained due to the

serious nature of this disease and phytosanitary implications of finding the

etiological agent in South Africa. A positive amplicon of the expected size was

obtained during the nested PCR, but on this occasion the amplicon had a
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sequence most similar (99.67%) to that of Candidatus phytoplasma solani
(Genbank accession no. AJ964960) (Torres et al., unpublished).

During the first DNA extraction procedure on sample 05-0033, that returned a
sequence identical to Flavescence doree, petioles were used. During the
second DNA extraction procedure however (vide supra), cortical scrapings
were used. Both the petioles and cortical scrapings were collected during
March 2005.

Some of the samples (05-0096, 05-0105, 05-0137, 05-0138 and 05-0139)
presented smears after the nested amplification. Therefore, serial dilutions
1:10, 1:50 and 1:100 was done on the 1 round PCR products, serving as
templates during the nested PCR, in order to reduce the concentration of the
template. With the 1:100 dilution, amplicons of the expected size were
obtained during the nested PCR, but the bands were too faint to purify and

ultimately sequence.
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3.4 DISCUSSION

From 2001 to 2004, a number of plants were observed with reddening
symptoms, which appeared to be similar to symptoms induced by some
phytoplasmas in Europe (Lee et al, 2000). These phytoplasmas are
quarantine organisms in South Africa, but no detection method is available to
screen imported planting material.

A universal nested PCR system (Deng and Hiruki, 1991; Smart et al., 1996;
Padovan et al., 1995) was optimized and established in South Africa to detect
phytoplasma, which can be used in the South African certification scheme for
wine grapes. This optimized PCR was used in order to assess the possibility
that the reddening symptoms observed were due to phytoplasma infection.
During the first round of amplification, no amplification products could be
observed when the plant material was used as template. This could be due to
inhibitors present in the grapevine (Koonjul et al., 1998). However in spite of
this, some of the plant samples gave the expected sized amplicon of 1050bp
during the second round of amplification.

From 139 samples, amplicons of the expected size was obtained from 31
samples and 13 of these amplicons were sequenced. Nine of these samples
yielded sequences that were most similar to that of Candidatus Phytoplasma
solani. The phytoplasma belonging to this genus, Stolbur, is present all over
the world and it is thought that grapevine may not be the original host of this
pathogen and that this pathogen has accidentally been transmitted to
grapevine from another host (EPPO/CABI, 1997).

Two samples were found to contain DNA most similar to that of common soil
bacteria. Some saprophytic bacteria are present in soil, and the detection of
these bacteria could be due to the universal nature of the primer pairs used.
Different types of bacteria are present on the bark of the grapevine and since
some of the samples did not show any lignification of the cane, the non-
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lignified bark was used were normally the bark is removed and only the
phloem is used during DNA extractions.

The finding that one of the samples contained DNA with a sequence identical
to that of Flavescence doree phytoplasma was of particular concern.
Flavescence doree only occurs in France, ltaly and Spain (EPPO/CABI,
1997). Therefore, due to the phytosanitary implications of finding the organism
in South Africa, the DNA extraction, nested PCR and sequencing was
repeated. Surprisingly, the sequenced amplicon obtained from the repeated
experiment was in this instance most consistent with Candidatus phytoplasma
solani. However, different plant material components were used for the DNA
extractions although the collection date was the same. Experimentally, a
plant can be infected by more than one type of phytoplasma (Lee et al., 2000)
and mixed infections in a single plant are evident in nature (Alma et al., 1996;
Bianco et al., 1993; Lee et al.,, 2000). An alternative hypothesis however
could be that a false positive was obtained from contaminating positive
control. To investigate further, the Flavescence doree positive control for our
experiments (ADN-J7) was sequenced and analyzed. It was found that the
positive control corresponded with Flavescence doree strain 1487, rather than
Flavescence doree isolate FD92 as previously thought, based on NCBI
Genbank sequence archives. Therefore, the original amplicons and
sequence obtained from the petiole sample 05-0033 may be due to laboratory
contamination, since the sequence of the sample was identical to that of the
Flavescence doree positive control used during the experiment (Appendix D).
Therefore, the occurrence of Flavescence doree in sample 05-0033 is not
likely due to a mixed infection, since the results could not be repeated and the

sequence was identical to that of the positive control.

Sequence analysis of the amplicon obtained from sample 05-0077
demonstrated a high degree of similarity to that of Mollicutes from V. vinifera
(Seemuller et al, 1994). This study suggests that the phytoplasma,
Candidatus Phytoplasma solani, occur at many sites within the industry and
may have been present in South Africa for a number years already. This is
supported by the fact that sample 05-0127, from a Shiraz block established in
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1977, was infected with Candidatus Phytoplasma solani. The disease does
not seem to be spreading at most of the sites where the phytoplasmas were
found, possibly due to the lack of an efficient vector. During the study, a PCR
method was established to use for the routine detection of phytoplasmas in
South Africa and phytoplasmas were associated with some of the
symptomatic plants found. The Candidatus phytoplasma solani infected
plants will be grafted onto periwinkle to maintain the sources and to prove

Koch’s postulates.

Even though Boudon-Padieu et al. (2003) highly recommends the current
DNA extraction method, this method is too time-consuming for use during
routine inspection and only a small portion of plant material can be tested.
This poses a problem since phytoplasma infection may be limited to a certain
part of the plant or double infection may occur and only the pre-dominant
strain will be selected (Constable et al., 2003). The current PCR system is
not optimal, since a nested PCR has to be performed to eliminate the
inhibitory effect of the polyphenolic compounds (Webster et al., 2004). In
addition, even when a positive amplicon is obtained, RFLP or nucleotide
sequencing has to be done to confirm phytoplasmal infection, because of the
universal nature of the primers. A multiplex nested PCR described by Clair et
al. (2003) has been optimized and established in South Africa (Koch,
unpublished) using specific primers for Flavescence doree and Stolbur, but
the method is limited to these two organisms only and since the PCR has to
be used in the certification scheme, the PCR has to detect all possible

phytoplasmas.

A full-scale field survey is planned for all the grapevine production areas of
South Africa, to determine the extent of this phytoplasma infection as well as
spread, if any, of the phytoplasma. Should evidence of spread be observed,
vector studies will be conducted. This survey might shed more light on the
possibility that Shiraz disease might be caused by the phytoplasma detected
in this study, as the two diseases elicit similar symptoms (Goszczynski and
Jooste, 2003; EPPO/CABI, 1997). The possibly that the Stolbur phytoplasma
can be responsible for Shiraz decline can also be explored since recent
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studies has shown the presence of Stolbur phytoplasma in certain plants
displaying Shiraz decline symptoms (Renault-Spilmont et al., 2005). This is
the first report of Candidatus Phytoplasma solani infecting grapevine in South
Africa.
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APPENDIX A.1

TABLE A.1: Field samples for testing in PCR

& . . S |5 s

2 3 S 2 $8 .2 Z 8%

g8 E 2 5 =528 |5 |EEE

< < o w O o o o O <

01/2536 | Paarl La Concorde Merlot 1992 | Leafroll

01/2581 | Paarl La Concorde Merlot x Richter 101-14 | 1992 | Leafroll

01/2639 | Paarl La Concorde Merlot x Richter 101-14 | 1992 | Healthy

01/2673 | Stellenbosch | Rust + Vrede Cabernet sauvignon x | 1997 | Leafroll
Richter 101-14

01/2751 Paarl Klompzicht Cabernet sauvignon x | 1997 | Leafroll
Richter 99

01/2803 | Wellington Soetendal Pinotage x Richter 110 | 1995 | Leafroll

01/2828 | Wellington Soetendal Pinotage x Richter 110 | 1995 | Leafroll

01/2852 | Paarl Picardi Cabernet sauvignon x | 1998 | Leafroll
Richter 99

01/2857 | Paarl Picardi Cabernet sauvignon x | 1998 | Leafroll
Richter 99

01/2898 | Paarl Plasir de Merle Cabernet sauvignon 1997 | Healthy

01/2906 | Worcester Memel Shiraz x Richter 99 1993 | Leafroll

01/2931 | Worcester Meerlust Pinotage x Richter 99 1997 | Leafroll

01/2997 | Worcester Merwida Merlot x Richter 99 1994 | Healthy

01/2999 | Worcester Merwida Merlot x Richter 99 1994 | Shiraz Disease

01/5014 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

01/2994 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

01/2998 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

01/2719 | Stellenbosch | Fransmanskraal | Cabernet sauvignon x | 1996 | Leafroll
Richter 110-14

01/5007 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

01/5008 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

01/5009 | Worcester Merwida Merlot x Richter 99 1994 | Shiraz Disease

01/5011 | Worcester Merwida Merlot x Richter 99 1994 | Leafroll

92/1028 | Stellenbosch | Groenhof Cabernet sauvignon - -

98/0649 | Import number: 12979 Vitis  rupestris  St. | - -
George
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Accession
number

Region

Estate

T
c

<

Cultivar
clones

Rootstocks

Plant Year

Symptoms

April/May
2002

01/3380

Import number: 12130

Michele Paliere

01/3381

Import number: 12133

Nedeltheff
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APPENDIX A.2
TABLE A.2: Field samples from Groenhof farm

528 | & 8 3 &
A/7/173 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/7/175 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/B/174 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/8/176 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/9/174 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/9/176 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/10/175 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A10/177 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A11/175 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A1AT77 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A/12/175 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
A12/177 Stellenbosch | Groenhof Shiraz x Richter 99 | 1993
B/1/60 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/1/65 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/1/70 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/1/75 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/2/60 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/2/65 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/2/70 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/2/75 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/3/60 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/3/65 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/3/70 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
B/3/75 Stellenbosch | Groenhof Merlot x Richter 99 | 2000
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APPENDIX A.3
TABLE a.3: Field samples collected during 2005
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050007 |vay 05 Iwerwica. Fawsorvie | .| | |

05-0010 [Mar-05 |Merwida, Rawsonville -

05-0011 |[May-05 |Merwida, Rawsonville -

05-0012 [Mar-05 |Merwida, Rawsonville -
05-0013 [Mar-05

Rust en Vrede, Stellenbosch

05-0015 |[May-05 |Rust en Vrede, Stellenbosch -

05-0016 |[May-05 |Rust en Vrede, Stellenbosch -

05-0017 |[May-05 |Rust en Vrede, Stellenbosch

05-0019 |[Mar-05 |Rust en Vrede, Stellenbosch -

05-0020 |[Mar-05 |Rust en Vrede, Stellenbosch -

Mar-05 |Rust en Vrede, Stellenbosch

05-0023 |[Mar-05 |Rust en Vrede, Stellenbosch -

05-0024 |[Mar-05 |Rust en Vrede, Stellenbosch -

05-0025 |[May-05 |Rust en Vrede, Stellenbosch -

05-0026 |May-05 |Rust en Vrede, Stellenbosch -

05-0027 |[May-05 |Rust en Vrede, Stellenbosch

05-0030 |[May-05 |Freedom Hill, Paarl -

05-0031 |[May-05 |Freedom Hill, Paarl -

05-0032 |[May-05 |Freedom Hill, Paarl -
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05-0035 [Mar-05 |Freedom Hill, Paarl -

05-0036 [Mar-05 |Freedom Hill, Paarl -

Freedom Hill, Paarl

05-0039 |[May-05 |Nietvoorbij, Stellenbosch -

05-0040 |[May-05 |Nietvoorbij, Stellenbosch -

05-0041 |[May-05 |Du Toitskloof wine cellar, Rawsonville | -

05-0042 |[May-05 |Kanonkop, Stellenbosch -

05-0043 |[May-05 |Location not known -

05-0044 |May-05 |Location not known -

05-0045 |[May-05 |Location not known -

05-0046 |May-05 |Location not known -
05-0047 |[May-05 |Location not known -

05-0048 [Jun-05 |Overgaauw, Stellenbosch -

05-0049 |[Jun-05 |Overgaauw, Stellenbosch -

05-0050 |[Jun-05 |Overgaauw, Stellenbosch -

05-0051 [Jun-05 |Overgaauw, Stellenbosch -

05-0052 |[Jun-05 |Overgaauw, Stellenbosch -

05-0053 [Jun-05 |Overgaauw, Stellenbosch -

05-0054 |Jun-05 |Cloof Wine Estate, Darlin -

05-0056 |Jun-05 |Cloof Wine Estate, Darling -
05-0057 |Jun-05 |Cloof Wine Estate, Darling -
05-0058 |[Jun-05 |Cloof Wine Estate, Darling -
05-0059 |[Jun-05 |Cloof Wine Estate, Darling -
05-0060 |Jun-05 |Cloof Wine Estate, Darling -
05-0061 |Jun-05 |Cloof Wine Estate, Darlin

05-0063 [Jun-05 |La Rhine, Malmesbury
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Accession
number

collected

Location

PCR results

Sequencing
results

Direct
pairwise
comparison

BLAST

Accession
number

05-0064

La Rhine, Malmesbury

05-0065

La Rhine, Malmesbury

05-0066

La Rhine, Malmesbury

05-0067

La Rhine, Malmesbury

05-0068

Jun-05

Maastricht, Durbanville

05-0069

Jun-05

Maastricht, Durbanville

05-0070

Jun-05

Maastricht, Durbanville

05-0071

Jun-05

Maastricht, Durbanville

05-0072

Jun-05

Maastricht, Durbanville

05-0073

Jun-05

Maastricht, Durbanville

05-0074

Jun-05

Nitida, Durbanville

05-0075

Jun-05

Nitida, Durbanville

05-0076

05-0078

Jun-05

Jun-05

Nitida, Durbanville

Leipzig, Nuy

05-0079

Jun-05

Leipzig, Nuy

05-0080

Jun-05

Leipzig, Nuy

05-0081

Jun-05

Leipzig, Nuy

05-0082

Jun-05

Leipzig, Nuy

05-0083

Jun-05

Leipzig, Nuy

05-0084

Jun-05

Leipzig, Nuy

05-0085

Jun-05

Leipzig, Nuy

05-0086

Jun-05

Du Vlei, Nuy

05-0087

Jun-05

Du Vlei, Nuy

05-0088

Jun-05

Du Vlei, Nuy

05-0089

Jun-05

Vrede, Worcester

05-0090

Jun-05

Vrede, Worcester

05-0091

Jun-05

Vrede, Worcester

05-0092

Jun-05

Vrede, Worcester

05-0093

Jun-05

Nooitgedacht, Worcester

05-0094

Jun-05

Nooitgedacht, Worcester

05-0095

05-0097

Jun-05

Jun-05

Nooitgedacht, Worcester

Statyn, Villiersdorp

05-0098

Jun-05

Statyn, Villiersdorp

05-0099

Jun-05

Statyn, Villiersdorp

05-0100

Jun-05

Statyn, Villiersdorp

05-0101

Jun-05

Statyn, Villiersdorp
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05-0103 |Jun-05 |Statyn, Villiersdorp NT

05-0104 [Jun-05 Tawni Acres, Worcester -

05-0106 [Jun-05 |Tawny Acres, Worcester -

05-0107 |Jun-05 |Tawny Acres, Worcester -
05-0108 |Jun-05

Bothasguns, Rawsonville

05-0112 |Jun-05 |Bothasguns, Rawsonville -
05-0113 |Jun-05 |Hartenberg, Stellenbosch -
05-0114 [Jun-05 |Hartenberg, Stellenbosch -

05-0115 |[Jun-05 |Hartenberg, Stellenbosch -
05-0116 |Jun-05 |Hartenberg, Stellenbosch -
05-0117 [Jun-05 |Hartenberg, Stellenbosch NT
05-0118 [Jun-05 |Hartenberg, Stellenbosch -
05-0119 |[Jun-05 |Hartenberg, Stellenbosch -
05-0120 [Jun-05 |Hartenberg, Stellenbosch -
05-0121 |Jun-05

Elsenberg

, Stellenbosch

05-0125 |[Jun-05 |Elsenberg, Stellenbosch

05-0126 [Jun-05 |Elsenberg, Stellenbosch

050128 loun 06 lieviand. Stelenbosen | .| | |

05-0130 |Jun-05 |Plaisir de merle, Paarl -
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05-0131 |Jun-05 |Plaisir de merle, Paarl -

05-0132 [Jun-05 |Plaisir de merle, Paarl -

05-0133 |[Jun-05 |Zorgvliet, Stellenbosch -

05-0134 |[Jun-05 |Blaauwklippen, Stellenbosch -

05-0135 |Jun-05 |Cloof Wine Estate, Darling -
05-0136 |[May-05

Vredendal

* NT: Not tested, NS: Not sequenced
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APPENDIX B

Pairwise comparisons of samples sequenced

Direct pairwise comparison of sample 05-0005 with Bacillus megaterium, isolate

AC46b1 (Genbank accession no. AJ717381)

SN AICI SRS /. \ CGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGEIAGLIY o1k
(USROS ®leYets A A CGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAJ 40
Consensus aacgatgagtgctaagtgttagagggtttccgececctttag
AJ717381.1_BjielesyelorNe/ouv:v:Xelclorunv.vNelo\ouelslclsouyelelelerteyyNec AC46b1
(USROS} et T CCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTAC 80
Consensus tgctgcagctaacgcattaagcactccgectggggagtac
PERERECEWRNE: G .. ChCTCAAACTCAAAGCAATTCACGECGGCOCCSAS]
ERIEIERN - ..o C1caanCTCARAGGAATTCACGCGCCC OIS

Consensus ggtcgcaagactgaaactcaaaggaattgacgggggcccyg
AJT717381.1_Bexenvedeesielerlelonvicilelciyuv.vunieenvieonvNeeese- AC46b1
05-0005_Cons{eenveeeeielerlcoyicielcaypv.v-uniee.v\ee.v.esclese 160
Consensus cacaagcggtggagcatgtggtttaattcgaagcaacgcg

SN AIC RS /. \ GAACCTTACCAGGTCTTGACATCCTCTGACAACT CTAGSINSIY o1k
(SRRSO IS} et A\ AGAACCTTACCAGGTCTTGACATCCTCTGACAACTCTA(J 200
Consensus aagaaccttaccaggtcttgacatcctctgacaactctag
AJ717381.1_BuenynNerNeldeiuyscsounyeeeceleoNeNenerNoNeeiee- AC4i6b1
(USROS ®leYets A\ CATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGH 240
Consensus agatagagcgttccccttcgggggacagagtgacaggtgg
AJ717381.1_BjieloruielcsuieifeesiorNeouieciieiyelcuierNeruieipnelelesyiic AC46b1
05-0005_ConsjpieoryieciyieiyscuiorNesiysepiesyeicyyerNeruieiynele/euny 280
Consensus tgcatggttgtcgtcagctcgtgtecgtgagatgttgggtt

S ARICISERNE /. /\ GTCCCGCAACGAGCGCAACCCTTGATCTTAGT TGCCAGEIASLIY o1k
(USROS ®leYetsi A\ A GTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAJ 320
Consensus aagtcccgcaacgagcgcaacccttgatcttagttgecag

SN ANICI S HNERE C A TTTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACENSIY ol
(USROS ®IeYets CA TT TAGT TGGGCACTCTAAGGTGACTGCCGGTGACAAAC 360
Consensus catttagttgggcactctaaggtgactgccggtgacaaac

AJT717381. 17B BAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTEMINSL I NN
RO eeSe¥s C GGEA GGAAGGTGGGGATGACGTCAAATCATCATGCCCCT] 400

Consensus cgg aggaaggtggggatgacgtcaaatcatcatgcccct

SN AICISHNERE T\ TGACCTGGGCTACACACGTGCTACAATGGATGGTACAASHINSIY o1l
(USROS ®leYets T A TGACCTGGGCTACACACGTGCTACAATGGATGGTACAA 440
Consensus tatgacctgggctacacacgtgctacaatggatggtacaa
SN ANICISHNERS /. CGGCTGCAAGACCGCGAGGTCAAGCCAATCCCATAAAACENNSIY ol
(USROS} et A\ CGGCTGCAAGACCGCGAGGTCAAGCCAATCCCATAAAAC 480
Consensus agggctgcaagaccgcgaggtcaagccaatcccataaaac
SN AICISERNE C A TTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACAT GGy Ik
(USROS ®Ie3ets CATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACAT(H 520
Consensus cattctcagttcggattgtaggctgcaactcgectacatg
AJT717381.1_BrvXeclsifelenv:uyeclosv:\eyv:vuiefelslclervioNeoryieseeeee- AC4i6b1
(USROS} et A\ A GCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGH 560
Consensus aagctggaatcgctagtaatcgcggatcagcatgeccgegg

S AICISERE T GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACEIASLIY N
(USROS ®leYets T CAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC 600
Consensus tgaatacgttcccgggecttgtacacaccgeccecgtcacac
AJ717381.1_BexderNerNeiunieiv:verNeeeervieuelccuelerteiy:vNeeeic AC46b1
(USROS ®leYets CACCGAGAGTTTGTAACACCCGAAGTCGGTGGAGTAACCGT] 640
Consensus cacgagagtttgtaacacccgaagtcggtggagtaaccgt
PRRERECHWRNE: .. 12\ CCCCCCTAACGTGRCACAGATGATTGCCCT ]
05-0005_Con < CENE ST NS TN NEEEee. 650

Consensus aaggagctagccgcctaaggtgggacagatgattggggtyg

AJ 717381 .1_BrvAeiNeleav.verv:elepy:Neseleiv:vieeierveleifeloelelouNeern- AC46b1
05-0005_Conshvejfeleiv.vXer:v-XelehvNelslelciv:yieleler.v:Xecuyelslelc/euyelerN 720
Consensus aagtcgtaacaaggtagccgtatcggaaggtgecggectgga
AJ717381.1_PBiloINeeeelic gaterium 16S_rRNA_gene_ isolate_ AC46bl
05-0005_Consjiereeuyeleiy 729

Consensus tcacctcct
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Direct pairwise comparison of sample 05-0014 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960 . 1_CleeeseleivNelysorNelcleleloav.vvNe{er. VNI NIVNSEVVVNSEIMN N« partial
(SRR @} ot C CCTGGTAGTCCACGCCCTAAACGATGAGTACTAAACGTT] 40
Consensus ccctggtagtccacgccctaaacgatgagtactaaacgtt

AJ964960 . 1_CleleuvvvyNeo\eiesuie eV uuv.vNeyNouNselenc  partial
(SRR @l ot CGATAAAACCAGTGTTGAAGTTAACACATTAAGTACTCCG 80
Consensus ggataaaaccagtgttgaagttaacacattaagtactccg

AJ964960 . 1_CeeuerNeivNeivNslevNeleerVNeUV:NNe NI MYV VNEE VNN partial
(SRR ®le} ot CCTGAGTAGTACGTACGCAAGTATGAAACTTAAAGGAATT] 120
Consensus cctgagtagtacgtacgcaagtatgaaacttaaaggaatt
ARSI OBN® G . CGGGACTCCGCACAAGCGGTGGATCATGTTGTTTAAT TS et ask -0}
(SRR} ot GACGGGACTCCGCACAAGCGGTGGATCATGTTGTTTAATT] 160
Consensus gacgggactccgcacaagcggtggatcatgttgtttaatt
ARSI OB l® C GAAGGTACCCGAAAAACCTCACCAGGTCTTGACATGC T TSt ask -0}
(SRR @le} ot C CAAGGTACCCGAAAAACCTCACCAGGTCTTGACATGCTT] 200
Consensus cgaaggtacccgaaaaacctcaccaggtcttgacatgett

AJ964960 . 1_Chueerv:vesiyesvNervv.uvorNeueleNeleuuv o\ nyNe®Nnc  partial
05-0014_Consjigxelenv.veleuyeyy:Xe).v.v-yy:Xey:NejyelerNeley yv:-Uer:\.v:Xele):\ 240
Consensus ttgcaaagctgtagaaatacagtggaggttatca aagca
AJ964960.1_Clen\eeiiecieonyyelesyiesieesionteoueesieysleieNerVNenc  partial
(SRR @} ot C A GCGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATG 280
Consensus caggtggtgcatggttgtcgtcagctcgtgtcgtgagatg
RS YT OBN® T T CGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTGT TAA St ask-0)
(SRRl et [ TGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTGTTAA 320
Consensus ttgggttaagtcccgcaacgagcgcaacccttgttgttaa
AJ964960.1_ChulcsoNioNuv.veiyiccceNauuvNeonvNaieeovNnc  partial
(SRRl et [ TGCCATCATTAAGTTGGGGACTTTAGCAAGACTGCCAAT] 360
Consensus ttgccatcattaagttggggactttagcaagactgccaat
AJ964960.1_Clenymv:vunelerNele . nvuNelejyeleleleaNeONAINPVVNNOWAONc partial
(SRR @} ot CA TAAAT TGGAGGEAAGGTGGGGACGACGTCAAATCATCA] 400
Consensus gataaattggagg aaggtggggacgacgtcaaatcatca
AJ964960 . 1_CjieclscesiuvuierNseselec/ouvNonv.vNscyeryvNorv:NNeleaiinc  partial
(SRR ®le}ets T GCCCCTTATGACCTGGGCTACAAACGTGATACAATGGCT] 440
Consensus tgccccttatgacctgggctacaaacgtgatacaatggcet

AJ964960 . 1_CleiuvNenv.veleleuv:Nelsiv.v.vXelsleuv.vXeoipuiouNelelservNNeilnc  partial
05-0014_ ConsiejyvNerv.vNeeleyv:Neouv:v.vXe/sleiy:v:\e/oupouye/eoler:V-uNesl 480
Consensus gttacaaagggtagctaaagcgtaagcttctggcgaatct
AJ964960 . 1_Clenvnv.v.vconeiysieneiuyeeler.uuierveiisielonv\eNeec  partial
(SRRl et CAAAAAAGCAGTCTCAGTTCGGATTGAAGTCTGCAACTCH 520
Consensus caaaaaagcagtctcagttcggattgaagtctgcaactcg

AJ964960 . 1_Cinemierviervesyyelervuieeouveyv.vuiseldervyioNe®Nnc  partial
(SRR I ®le} ot \ CTTCATGAAGT TGGAATCGCTAGTAATCGCGAATCAGCA] 560
Consensus acttcatgaagttggaatcgctagtaatcgcgaatcagca
AJ964960 . 1_Cheielelelelesier.vuyNsciuioieelcclcupuieiviooNeeeds nc  partial
(SRR ®e}ots T GTCGCGGTGAATACGTTCTCGGGGTTTGTACACACCGC( 600
Consensus tgtcgcggtgaatacgttctecggggtttgtacacaccgee
AJ964960 . 1_Cleeienv:vNsonNeerv.veiuieeenvuveeenv.v:\elseee ne_partial
(SRR @le} et C GCTCAAACCACGAAAGTTGGCAATACCCAAAGCCG 640
Consensus cgtcaaaccacgaaagttggcaatacccaaagccgg g C
AJ964960.1_CCThvNeauieINelon.v:NuNenvNenv-NelerNelsleleiNeav.vNeleywNeleleiinc  partial
(SRS R B e} bW\ A CT TGAGCAATCAAGAAGGAGCCGTCTAAGGTAGGGT] 680
Consensus aacttgagcaatcaagaaggagccgtctaaggtagggt

AJ964960 . 1_Ciervieruyelcleleyuv:-vesNelesv.verv-Neleuv:yseloyv:Nelgelenc  partial
(SRR I ®le}ots T GATGATTGGGGTTAAGTCGTAACAAGGTATCCCTACCGG 720
Consensus tgatgattggggttaagtcgtaacaaggtatccctaccgg

ARSI O Il® "\ . CGTGGGGATGGATCACCTCCTTTCTAAGGATAAAGT TASISHER L aski-0)

(SRR el ot \ A GGTGGGGATGGATCACCTCCTTTCTAAGGATAAAGTTA 760

Consensus aaggtggggatggatcacctcctttctaaggataaagtta
RS YT OB e T CATCTTCAGTTTTGAGAGACTTAAGAAAGTTTTTCAT T TS et ask -0}
(SRRl et [ CATCTTCAGTTTTGAGAGACTTAAGAAAGTTTTTCATTT] 800
Consensus tcatcttcagttttgagagacttaagaaagtttttcattt
AJ964960.1_ChuuvvNervuNeelelclsciv.uvNelsiorNelosieleiyvNONeONOINec  partial
(SRR ®elots T T TAAGATTCGGGCCTATAGCTCAGCTGGTTAGAGCACA(] 840
Consensus tttaagattcgggcctatagctcagectggttagagcacac
AJ964960 . 1_Cleldesieruv.vNelele\e:NelesyelelciyeciniorveiisonuupvNelenc  partial
05-0014_Cons{eseiyeryv:v:Xeele T(e)NeeyyelclepieesyyervesNeor:yyyyNee 880
Consensus gcctgataagcg gaggtcggtggttcaagtccatttagg

AJ964960.1_CUCUNCONNINUNICINOUNT oI [¥¥\ i 165 rRNA gene  partial
RIS ©CCACCAAAATAGGTCACATCTIAAR 906

Consensus cccaccaaaataggtcacatct aaa
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Direct pairwise comparison of sample 05-0018 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960.1_ChvvVNeloNesieinierveuv.vNoNeuuv:-vXeivNaisseseifenc  partial
(SR O RS ®eYotsi A AAACCAGTGTTGAAGTTAACACATTAAGTACTCCGCCT( 40
Consensus aaaaccagtgttgaagttaacacattaagtactccgectg
AJ964960.1_CrNeawa TACGCAAGTATGAAACTTAAAGGAATTGACGRIEEEReEIaski-N
05-0018_Consh TACGCAAGTATGAAACTTAAAGGAATTGACG 80
Consensus agta tac tacgcaagtatgaaacttaaaggaattgacg

AJ964960 . 1_ClceteifeecloNe.vec/ecleiiele NNenuie TINCINNVV-NNNSeRVc  partial

(RO RIS o¥S G G A C TCCGCACAAGCGGTGGATCAT 120

Consensus ggactccgcacaagcggtggatcatg tgtttaattcgaa

L T V@ GG TACCCGAAAAACCTCACCAGGTCTTGACATGCTTT TGCslcHReEhakk-N
(SR O R RSN @Yol GG TACCCGAAAAACCTCACCAGGTCTTGACATGCTTTTGC 160
Consensus ggtacccgaaaaacctcaccaggtcttgacatgcecttttge

AJ964960 . 1_cChvveloyeivNerv.v.yvXorNeyyeeNeleiyvuNo  LvNeloNoNeenc partial
05-0018_ConshvivelsjeivNerv-v-yp\ereieerNecuyyNierCrveoeee 200

Consensus aaagctgtagaaatacagtggaggttatca aagcacagg
AJ964960.1_Cielcielonviclcinieifseiertcaueleaiesyeieierervieimielenc partial
(SR O RSN ®eYobs | GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGG 240
Consensus tggtgcatggttgtcgtcagectcgtgtcgtgagatgttgg
L I V@ G T TAAGTCCCGCIACGAGCGCAACCCTTGTTGTTAAT TGCslcHReE ik =N
(USRI VJ ORI ®le} ot C T TAAGTCCCGC@ACGAGCGCAACCCTTIGTTGTITAATTGC 280
Consensus gttaagtcccge acgagcgcaacccttgttgttaattge

NI TV INe C A TCATTAAGT TGGGGACTTTAGCAAGACTGCCAATGATANCHEReE a sk k-0l
(OISR VO RSN ®eY ot CATCATTAAGT TGGGGACTTTAGCAAGACTGCCAATGATA 320

Consensus catcattaagttggggactttagcaagactgccaatgata
AJ964960.1_CrvNuelerNelervNeleiieelelertseNeeaionvvuioryioryielseec  partial
(SR OORRS @Yol A A T T GGAGGAAGGTGGGGACGACGTCAAATCATCATGCCC 360
Consensus aattggaggaaggtggggacgacgtcaaatcatcatgccc

UL T Ve C T TATGACCTGGGCTACAAACGTGATACAATGGCTGT TAC | CHR e havk-u
(USRI ORRS I ®e} ot C T TATGACCTGGGCTACAAACGTGATACAATGGCTGTTAC 400
Consensus cttatgacctgggctacaaacgtgatacaatggctgttac

Ol OV le . ) A GGGTAGCTAAAGCGTAAGCTTCTGGCGAATCTCAAAA sICHEReEhask =N
05-0018_Conshvaneleleyv:\e/oyy:v.v:Xeslcuy:v{e/oxneiife/ele(e).v:U NS N6 CF.V:V-\ 440
Consensus aaagggtagctaaagcgtaagcttctggcgaatctc aaa
AJ964960.1_CryNeloXesssiorNeinieeenvpierveissielorvNaueleXuNNec  partial
(USRI ORRS I ®le} ot A GCAGTCTCAGTTCGGATTGAAGTCTGCAACTCGACTTC 480
Consensus aagcagtctcagttcggattgaagtctgcaactcgacttc
AJ964960.1_ChyxenvXesyieerv:yyelceyveav.v.uyelclelerV.NuiorNecoryieNelenc partial
05-0018_ConshyienvNesyyelerv-uyelclosvXesv.v-ueles/er:v.uierecoryieiyee 520
Consensus atgaagttggaatcgctagtaatcgcgaatcagcatgtecg
AJ964960.1_CleeeT(e . n:yvNsleiniesyeelelele | @ACACH ....ne__partial
05-0018_Cons[ee AATACGTTCTCGGG! TIGTR@NGACOECCCC 560
Consensus cgg g aatacgttctcgggg tt t acac cc

AJ964960 . 1_Cleejenv.vNeenNeerv:vNeipieelonv.yvNesenv.vXeeseceifeeenc partial
(USRI ORRS I ®le} ot CGTCAAACCACGAAAGTTGGCAATACCCAAAGCCGGTGGC 600
Consensus cgtcaaaccacgaaagttggcaatacccaaagccggtggce

AJ964960 . 1_CleanvNeymyerNelonvuyenvNerveler\eolslciyev-vNeleyv:Neleledine  partial
(SR OO RSN @Yol C TAACT TGAGCAATCAAGAAGGAGCCGTCTAAGGTAGGGT] 640
Consensus ctaacttgagcaatcaagaaggagccgtctaaggtagggt
AJ964960.1_CiervNervuelelelcymuv.vesyeieyv.vo:vNeleuv:-yNesloyvNeeelenc partial
05-0018_Consjpiervieryyyelecicuyv:veiyecyv:venvXelcyv-yieseeiy:Xeeice 680
Consensus tgatgattggggttaagtcgtaacaaggtatccctaccgg
AJ964960.1_CrvNelejyeleleleruNeler\T @NSGANCCHMNNGIV:VNEIE NV V.VNEIMYN .  partial
05-0018_ConshyelexyelelelervielerCione{oyyoonnpieuv:v\eeuy.v:VXeuuy- 720
Consensus aaggtggggatgga cacctcctttctaaggataaagtta

Ol I Ve T CATCTTCAGTTTTGAGAGACT TAAGAAAGTTTTTCAT T TjslcHReEhakR-N
(USRI ORI @} et T CATCTTCAGT TTTGAGAGACTTAAGAAAGTTTTTCATTT] 760
Consensus tcatcttcagttttgagagacttaagaaagtttttcattt

AJ964960 . 1_CiygveNeryyiecccseyv.uvNesiiotecaceyveNeoNoNenc  partial
(OISR OORRSIN®eYots T T TAAGATTCGGGCCTATAGCTCAGCTGGTTAGAGCACAC 800

Consensus tttaagattcgggcctatagctcagctggttagagcacac
AJ964960.1_ClelseueryvvelsieNerNeesyee/cufeciyoryNeneo uppyelenc  partial
05-0018_Cons[eldeijeryv:vNelele TierNeeueleciyecayyenveifsleruynvee 840
Consensus gcctgataagcg gaggtcggtggttcaagtccatttagg
AJ964960.l_CEEdidatus_Phytoplasma_solani_l6S_rRNA_gene__partial

05-0018_Cons@@sus 842
Consensus cc
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Direct pairwise comparison of sample 05-0033 with Flavescence doree

phytoplasma strain 1487 (Genbank accession no. AJ548787)

AJ548787. 2_FiuvvNeyvNeiseesourerNepy:NepyNeleuyNelelonveiv:uNervvy rRNA gene_a
(USERVVC KB IOl T TAAGTACTCCGCCTGAGTAGTACGTACGCAAGTATGAAA 40
Consensus ttaagtactccgcctgagtagtacgtacgcaagtatgaaa
AJ548787 . 2_reiuvvyNelenvuNierNeecerNeiseecononvNeldeleieleu®N rRNA gene_a
(SRRSO C T TAAAGGAATTGACGGGACTCCGCACAAGCGGTGGATCA) 80
Consensus cttaaaggaattgacgggactccgcacaagcggtggatca

AJ548787 . 2_FKeiuiciNuv:VNNNeerVNeLuVNONeer V..o eiuvNsoNelell rRNA gene_a
(USROS [ C T TGTTTAATTCGAAGATACACGAAAAACCTTACCAGGT] 120
Consensus tgttgtttaattcgaagatacacgaaaaaccttaccaggt
AJ548787. 2_reimeNeuvNeiesielonv.vNelauv:uvNerv.v.uvuvNejieleNeely rRNA gene_a
(USROS C T TGACATACTCTGCAAAGCTATAGAAATATAGTGGAGGT] 160
Consensus cttgacatactctgcaaagctatagaaatatagtggaggt

AJ548787. 2_riviexeclenyveneesyeleic/onvieleiuciioleioneiuNeell rRNA gene_a
(USROS [ /. T CAGGGATACAGGTGGTGCATGGTTGTCGTCAGTTCGT] 200
Consensus tatcagggatacaggtggtgcatggttgtcgtcagttcgt
AJ548787 . 2_rejelesNerNeruNeiuvNelciuv.vesNsouv:v-v-VNelenVNelelovNse rRNA gene_a
(USROS IO T CCTGAGATGTTAGGTTAAGTCCTAAAACGAACGCAACC 240
Consensus gtcgtgagatgttaggttaagtcctaaaacgaacgcaacc
AJ548787. 2_reeieiieeclouvNeinielsoreorNsleiv.vuieeifeeleeNouupyNe rRNA gene_a
[USERVVC I I C CTGTCGCTAGTTGCCAGCACGTAATGGTGGGGACTTTAG 280
Consensus cctgtcgctagttgccagcacgtaatggtggggactttag

AJ548787. 2_rseNeNeielsenv.yyv.v.vNXe ypielerNelen.vXelepieleleleyy.VNe rRNA gene_a
(USROS IO C CAGACTGCCAATTAAACATTGGAGGAAGGTGGGGATAA(C 320
Consensus cgagactgccaattaaacattggaggaaggtggggataac

AJ548787. 2_rejervvuienyieuic/oeccciuv.uiervuioulelclelouvNenvVNeell rRNA gene_a
(USROS G T CAAATCATCATGCCCCTTATGATCTGGGCTACAAACGT] 360
Consensus gtcaaatcatcatgcceccttatgatctgggctacaaacgt
AJ548787. 2_renNvNervNieclouvNuuvNenv.v:Xe:Neuv:NelopNerv.vNelelderNe Ny rRNA gene_a
(USRI VVC I IOl G\ TACAATGGCTATTACAAAGAGTAGCTGAAACGCGAGTT] 400
Consensus gatacaatggctattacaaagagtagctgaaacgcgagtt
AJ548787. 2_FyyyXeleervuieuyenvv.v.vNeeyyNeyioyorXeyvNelele . ygNeVy rRNA gene_a
(SRRSO [ T TAGCCAATCTCAAAAAGGTAGTCTCAGTACGGATTGAA 440
Consensus tttagccaatctcaaaaaggtagtctcagtacggattgaa
AJ548787. 2_rejicielonvNeiNelerNeipuNenuNer.v:NelouNele . LuuNelelovNeIyv rRNA gene_a
(USROS G T CTGCAACTCGACTTCATGAAGCTGGEAATCGCTAGTAA 480
Consensus gtctgcaactcgacttcatgaagctgg aatcgctagtaa
AJ548787. 2_FrxeeldervvioNeouieciieeeelesierv.yyNeciniouieeleelesyy rRNA gene_a
(USRI VVC I IO T CGCGAATCAGCATGTCGCGGTGAATACGTTCTCGGGGTT] 520
Consensus tcgcgaatcagcatgtcgecggtgaatacgttctecggggtt
AJ548787. 2_rxejyXorNerNeecsselciier.v.vXe[erNeler.v.vXeuuyNe[@.V-W9NS® rRNA gene_a
(USROS T C TACACACCGCCCGTCAAACCACGAAAGTTAGCAATACC 560
Consensus tgtacacaccgcccgtcaaaccacgaaagttagcaatacc
AJ548787 . 2_reenvvNeloxeifeclounv:vsinyeerv.verv\euNeelerteleNeiNe rRNA gene_a
(USROS IO C CAAAGCAGTGGCTTAACTTCGAAAGAAGAGGGAGCTGT( 600
Consensus cgaaagcagtggcttaacttcgaaagaagagggagctgtc

AJ548787. 2_ruNNeleyvNeleeiuiervieryuielelclcunv.veysleyv:vonvNelely rRNA gene_a
05-0033__FD_jmv\eleyvXeleleiyieryierypyelelecuyv:veieleyy.vXer.v.Yeley 640
Consensus taaggtagggttgatgattggggttaagtcgtaacaaggt
AJ548787. 2_FriNieeiuvNeeeler.velepierNeleruNele VO SGINSGUNNNUVVN rRNA gene_a
[USERVVC IO " T CCTTACCGGAAGGTGAGGATGGATCACCTCCTTTCTAA 680
Consensus atccttaccggaaggtgaggatggatcacctcctttctaa
AJ548787 . 2_I NNV NVNV:V-V.V:VVNGVG UGN O NCUMNNNELVVNSON " RNA gene_a
(USROS IOl CCACATACATATAAAAATCATCATCTTCAGT TTTGAAAGA 720
Consensus ggacatacatataaaaatcatcatcttcagttttgaaaga
AWV C T TAGGTTAAAATATAAGTITTITCTTTTTATAAAAAAAG T IR NN:NNCISY oIoNE]
(USROS C T TAGGTTAAAATATAAGTTTTITCTTTTTATARARARAAGT] 760
Consensus cttaggttaaaatataagtttttctttttataaaaaaagt

AJ548787. 2_FeiNuiGlCiNv:NV:NvV-. S No:V\clclcoouv:uvNelouioNey rRNA gene_a
(USROS G T T TCTCTTATATAARAGACCAAAGGGCCTATAGCTCAGT] 800
Consensus gtttctcttatataaaagaccaaagggcctatagctcagt
AJ548787. 2_rixeciuvNeNelononscsosyenuy:vNelseyierNelepyeleleiyeleyyy rRNA gene_a
(USROS IO [ CGT TAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTT] 840
Consensus tggttagagcacacgcctgataagcecgtgaggtcecggtggtt
AJ548787 . 2_renvAeiNsONSINVCCHSO:NSeLV:-NNNEVNVNNONEEVWWN rRNA gene_a
(USERVVC I IOl C A AGTCCACTTAGGCCCACCAATTTTATATCAGGAAAATA] 880
Consensus caagtccacttaggcccaccaattttatatcaggaaaata

AJ548787. 2_ﬂves cence_doree_phytoplasma_partial_ 16S_rRNA_gene_a

05-0033__FD onsensus 882
Consensus tt
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Direct pairwise comparison of sample 05-0033 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

NI O le " \ CAGGATTAGATIICCCTGGTAGTCCACGCCCTAAACGA T IR -ul
(USROS I te \ \ CAGGATTAGATIHCCCTGGTAGTCCACGCCCTAAACGAT] 39
Consensus aacaggattagat ccctggtagtccacgccctaaacgat

AN Ve c A\ GTACTAAACGTTGGATAAAACCAGHATGT TGAAGT TAACICHER sEiash K-NA
(USROS ote G A GTACTAAACGTTGGATARAACCAGETGTTGAAGTTAAC 79
Consensus gagtactaaacgttggataaaaccag tgttgaagttaac
NI Ve CA TTAAGTACTCCGCCTGAGTAGTACGTACGCAAGTATGCHR Eiash k-NE
[USERVVC K IISiote . CATTAAGTACTCCGCCTGAGTAGTACGTACGCAAGTATG 119
Consensus acattaagtactccgcctgagtagtacgtacgcaagtatg
AJ964960 . 1_ChuvNeiuv.v.vNeler.v-uuierNelelclerNauNelslcloNeonvNeoleleiyeerNn.c  partial
(USROS e \ A ACTTAAAGGAATTGACGGGACTCCGCACAAGCGGTGGA) 159
Consensus aaacttaaaggaattgacgggactccgcacaagcggtgga
AJ964960 . 1_CjenyiciuNeiuuv.v-uuysenv.\eleivNeseserv.v.uvNeooNeeNc  partial
(USROS Aoe [ CATGTTGTTTAATTCGAAGGTACCCGAAAAACCTCACCA 199
Consensus tcatgttgtttaattcgaaggtacccgaaaaacctcacca
AJ964960 . 1_CleleisiyierNo:uicsivunicorv.v.NcloaiepvNenv.v.yvoNeuelenc  partial
[USERVVC K IIStote cGTCTTGACATGCTTTTGCAAAGCTGTAGAAATACAGT GG 239
Consensus ggtcttgacatgcttttgcaaagctgtagaaatacagtgg

AJ964960 . 1_CiNeclesuvuNer\ nvNe/oNer\eciyecifcoryielesuiesielesyoNelenc  partial
[USERVVC K IISiote \ GGTTAT CABAAGCACAGGTGGTGCATGGTTGTCGTCAG( 279
Consensus aggttatca aagcacaggtggtgcatggttgtcgtcagce
AJ964960 . 1_ChxelesieifeieuerNeruieinieelcuuv.veilselee/onvelerNeseenc partial
(USROS Aoe [ CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG( 319
Consensus tcgtgtcgtgagatgttgggttaagtcccgcaacgagcge
AJ964960 . 1_ChNeeeiuiciuiciuv.V.ulccouiouuv.v.eiuielelel NN partial
(USROS e \ A\ CCCTTGTTGTTAATTGCCATCATTAAGTTGGGGACTTT] 359
Consensus aacccttgttgttaattgccatcattaagttggggacttt

AJ964960 . 1_CiNelonvieNeuleldo:vuieryv:v.vuniee)Neer.vNelesfeleeeNeenc partial
05-0033__stoielonvierteije/slorvyieryy:v:v.ygieierNeerv\e/euyeleleerNele 399
Consensus agcaagactgccaatgataaattggaggaaggtggggacg

AJ964960 . 1_CiNeesionvvviervierviclsscaunuvyierNsoufecleloavNenyvNenc partial
[USERVVC K IISiote . CGTCAAATCATCATGCCCCTTATGACCTGGGCTACAAA(] 439
Consensus acgtcaaatcatcatgccccttatgacctgggctacaaac
AJ964960 . 1_ClelierNvNerv.ueleeiyeiuvNerv.v.XelelehvNelouwv.vNeleleywvNenc  partial
05-0033__stoejieruvNenv:uxec/oyyeiniy:Xer.v.v:-Xele/eyv-Neepv-v:v-\e[sleyv:vte 479
Consensus gtgatacaatggctgttacaaagggtagctaaagcgtaag
ANV ® C T TC TGGCGAATCTCAAAARAGCAGTCTCAGTTCGGAT TGl s -ul
(USROS Aoe C T TCTGGCGAATCTCAAAAAAGCAGTCTCAGTTCGGATT( 519
Consensus cttctggcgaatctcaaaaaagcagtctcagttcggattg

AJ964960 . 1_ChvAeseielovisusleNeinioruNervepelenv.uiselopwNesytnc  partial
[USERVVC K IISioe \ A\ GTCTGCAACTCGACTTCATGAAGTTGGAATCGCTAGTA] 559
Consensus aagtctgcaactcgacttcatgaagttggaatcgctagta
AJ964960 . 1_Chyeecervvioneorvieiscleeciyerv.yv:NsleiuioiNeeeleeiinc  partial
05-0033__stohyyeecervyioNee:yicijec/ecciyerv.yy-elepyyesyeeeleles 599
Consensus atcgcgaatcagcatgtcgecggtgaatacgttctcecggggt
AJ964960 . 1_CuesNUNoNssessscifonv.vso ey NejuleelouyvNenc  partial
(USROS Aoe [ T GTACACACCGCCCGTCAAACCACGAAAGTTGGCAATAC 639
Consensus ttgtacacaccgcccgtcaaaccacgaaagttggcaatac
AJ964960 . 1_Ceenvveseeeifecsesv.veinNerNeonvNionvNeruNeeNeee c  partial
(USROS ote C CAAAGCCGGTGGCCTAACTTGAGCAATCAAGAAGGAGCC 679
Consensus ccaaagccggtggcecctaacttgagcaatcaagaaggagcec
AJ964960 . 1_Clejiesv:vNeleuv:Neleleiuieryierunneleelesuv.vNeuseywvv\nc  partial
[USERVVCKIIStoe C TCTAAGGTAGGGTTGATGATTGGGGTTAAGTCGTAACAA 719
Consensus gtctaaggtagggttgatgattggggttaagtcgtaacaa
ARSIVl ® c CTATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTTCiatcHlR eEhash K- A

(USROS A oe GG TATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTT( 759

Consensus ggtatccctaccggaaggtggggatggatcacctectttce
AL I Ol ® T\ A\ GGATAAAGTTATCATCTTCAGTTTTGAGAGACT TAAGCHER i -0k
(USROS de [ A AGGATAAAGTTATCATCTTCAGTTTTGAGAGACTTAAJ 799
Consensus taaggataaagttatcatcttcagttttgagagacttaag
AJ964960.1_ChuvNejuuuuio VuNyuuv.v.Xe .uuieclclcloauvyvelaaNoNeenc partial
(USROS e A A AGTTTTTCATTTTTTAAGATTCGGGCCTATAGCTCAGC 839
Consensus aaagtttttcattttttaagattcgggcctatagctcage
AJ964960 . 1_ChxelesuvNerNeor\o:Nelcsloureruv:veele\e)Neeuyeslelepyelesyine  partial
05-0033__stopyelepgvNerNeorNorNelelsouyeryy:vXesle T(e)Neeyyelelenyelenyi 879
Consensus tggttagagcacacgcctgataagcg gaggtcggtggtt

AJ964960. CZ—\AGTCCATTTAGGCCCACCAAAATAGGTCACATCT partial
(SRR VUC I e CAAGTCCATTTAGGCCCACCAAAATAGGTCACATCTIRAAA 919

Consensus caagtccatttaggcccaccaaaataggtcacatct aaa
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Direct pairwise comparison of sample 05-0055 with uncultured bacterium clone 3

(Genbank accession no. DQ011250)

DQ011250.1_1
(SRS eI o¥=IC CCTGGTAGTCCACGCCGTAAACGATGAGTACTAGGTGTC
Consensus ccctggtagtccacgeccgtaaacgatgagtactaggtgtce
DQ011250. 1_UlelejelelesuvNelslslslelonyeleiciyeceleor\couv.vNolelonumyVNeii | RNA gene_a
(SRS I®I ¥ C GGCGGTTACCCCCCTCGGTGCCGCAGCTAACGCATTAAGT| 80
Consensus gggggttaccccecctecggtgecgcagectaacgcattaagt

DQ011250. 1_Un\eselele/elonyelelerv:\eivNolelopiele/erVNSINEINE V- VAMNSL: N | RNA gene_a
(SRS eI}, CTCCGCCTGGGAAGTACGCTCGCAAGAGTGAAACTCAAA 120
Consensus actccgcctgggaagtacgctcgcaagagtgaaactcaaa
DQ011250. 1_UlelehvuuserNeelelelerNsoleleonienvNeivNeolelereonyieiyeeyi | RNA gene_a
(SRS IO ¥ C GAA T TGACGGGGACCCGCACAAGTAGCGGAGCATGTGGT] 160
Consensus ggaattgacggggacccgcacaagtagecggagcatgtggt

DQ011250. 1_Upuv:v:Nuyeer:vXeonv:\elelsfer.vervNsloumv:Nsleiv.vNelouNeINe | RNA gene_a
05-0055_Consjguv.yyyeervAe/er.velels(er.v:Ne).vXeloppv-Ne{eyy.v:Yeloiye)Ne 200
Consensus ttaattcgaagcaacgcgaagaaccttacctaagcttgac
IDIOJON ST R "\ T CCCABTGACCTCTCCCTAATCGGAGATTTCCCTT®
(USRS ISI®eY ot TCCCANTGACCTCTCCCTAATCGGAGATTTCCCTT]
Consensus atccca tgacctctccctaatcggagatttceectt ggg
DQ011250. 1_Uey\eNesxelesierNorNeleiyeeiieorviecuuieiiseuionNeloyyeeyi | RNA gene_a
(SRS C A CAGTGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGT| 280
Consensus gacagtggtgacaggtggtgcatggttgtcgtcagectegt

DQ011250. 1_UleiisleiierNeruiesnyeielcuuv.vieisseiconvNserNeeeonvNee | RNA gene_a
(SRS I®SI =G T CCTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACC 320
Consensus gtcgtgagatgttgggttaagtcccgcaacgagcgcaacc
DQ011250.1_Uesuieclcoununv:XesyiesonNelonunv:vXeiuyelclelonteiyeayXerXe | RNA gene_a
(SRS I®e ¥ C T TGCCTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAG 360
Consensus cttgcctttagttgccagcattaagttgggcactctagag
DQ011250 . 1_UcleNeuyelslelerNeeruv.vXesNalelerNe/ervNe/euNelelelenyNerNelei | RNA gene_a
05-0055_Consjeleresyelsielere/eruy:vsiee(erNelerv\e/esyeleeleruyerNeleyn 400
Consensus ggactgccgaggataactcggaggaaggtggggatgacgt
DQ011250.1_Uenvvvienvie:vicscsouuv:uic/ounvNeclcaiviooNeeile® ] RNA gene a
(SRS s CAAATCATCATGCCCCTTATGCTTAGGGCTACACACGTGC 440
Consensus caaatcatcatgccccttatgcttagggctacacacgtge
DQ011250.1_UpsNenv:uielelesyeeyveonterNeclciuyelsonv-eeeceteleifee ] RNA gene_ a
05-0055_ConsjuNenvile/clejie/esv:Ner(erNe/elcypieeern.y.1/(eele Te:\eciyele 480
Consensus tacaatgggtggtacagagggttgccaa ccg gaggtgg
DQ011250.1_Un\elesv:v-vuNelsloumv:v:vNe/sor:uuisiioeiniselerynieiyNele® | RNA gene_ a
(SRS I®e s\ CCTAATCCCTTAAAGCCATTCTCAGTTCGGATTGTAGGC] 520
Consensus agctaatcccttaaagccattctcagttcggattgtagge
DQ011250.1_Uerv:vNeielcolosvNor:uiervNelouNelerNeiuvNeuvNeiv:v:yNele® | RNA gene_ a
(SRSt T CAAACTCGCCTACATGAAGCTGGAGTTACTAGTAATCGC] 560
Consensus tgaaactcgcctacatgaagctggagttactagtaatcge
DQ011250.1_UnNer:uNerNenv:vyeouie/slelesyervuie/eciuneselcelciyoupyesyl RNA gene_a
(USRS e\ GATCAGAATGCTGCGGTGAATGCGTTCCCGGGTCTTGTA| 600
Consensus agatcagaatgctgcggtgaatgcgttcccgggtcttgta
DQ011250.1_UexeXeseceseceiioo:se:uiee Nejuyeleelelclselsee il RNA gene_ a
(USROS I®e ¥ C ACACCGCCCGTCACACCATGGEAGTTGGGGGCGCCCIMAA 640
Consensus cacaccgcccgtcacaccatgg agttgggggcgeccecc aa
DQ011250.1_Ulclolsleleiuv:Xeouv:vNelosuunv:Neern/ elo CCeeleiNeenvNelesye | RNA gene_a
(SRS I®e ¥ C CCGGTTAGCTAACCTTTTAGGAEGGCEVNCCGTCGAAGGTG 680
Consensus gccggttagctaaccttttagga gc ccgtcgaaggtg
DQ011250.1_UnvuvNele:v:uier\esyeleeleuyervXeiysleuv:venvelevNeololeywN] RNA gene_a
05-0055_ConshuvXeervvier\eife/ele/epyervNeyelesv-vXenv-\eleav-Ne/s{eleiy:y 720
Consensus aaaccaatgactggggtgaagtcgtaacaaggtagccgta
DQ011250.1_UjNelelerveleiyelslclcouiele uioNcoisounpouvvelenNeyy:v\] RNA gene_a
(USRSt T CGGAAGGTGCGGCTGGATCACCTCCTTTCTAAGGAGTAA 760
Consensus tcggaaggtgcggcectggatcacctcecctttctaaggagtaa
DQ011250.1_1 CCTACTGTTTAATTTTGAGRGS GIIMCTCIAAAALl RNA_gene_a
05-0055_ConsjigiiA[Ceiy:Xes e Ny VN Ne:\e e THyC CCITCARG . . 798
Consensus tt cctactgtttaattttgag g t att t a
DQ011250.1_UTTAGTACTTAATTGTAC)WVACIVNGINNNCLV:V.VAGUNEO:WN:VN] RNA gene_a
05-0055_Cons...ovvininnn. TTAGTACTTTGAAAACTGCATAA 821
Consensus ttagtactttgaaaactgcataa
DQ011250.1_UenNuNyNCINCLVUNC)NMV:VNV:VVASORY: . ThuvvAeINenvNenvl] RNA gene_a
(USRS ¥ CATTTAGTGATGATTAAATAAACCAAINOATAAGAGAAGAA 861

Consensus catttagtgatgattaaataaaccaa ataagagaagaa

DQ011250.1_UnVNesK@EMN IVNoacterium clone_3_16S_ribosomal_ RNA_gene_a
05-0055_ConshVeEeuNi~1.v:\ 871

Consensus aactctt aa

CCCTGGTAGTCCACGCCGTAAACGATGAGTACTAGGTGT CNESIN:NKe{S o [SH]
40

1_RNA_gene_a
240
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Direct pairwise comparison of sample 05-0062 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

ARSI O Ile \ T TAGATINCCCTGGTAGTCCACGCCCTAAACGATGAGTACEIEREI A =Nl
(SR V[V elelot= . T TAGATRHCCCTGGTAGTCCACGCCCTAAACGATGAGTAC] 39
Consensus attagat ccctggtagtccacgccctaaacgatgagtac
ARSI OB lNe T A A ACGTTGGATAAAACCAGTGTTGAAGTTAACACATTAA I LAk i-Ui
(SR V el et T A AACCGTTGGATAAAACCAGTGTTGAAGTTAACACATTAA 79
Consensus taaacgttggataaaaccagtgttgaagttaacacattaa
AJ964960 . 1_ClejvNeiNeelclsleuyerNeuvNesvNseivNSelo VIV VNCLV. VXMWY« partial
(SR VY@l ot C TACTCCGCCTGAGTAGTACGTACGCAAGTATGAAACTTA, 119
Consensus gtactccgecctgagtagtacgtacgcaagtatgaaactta
ARSI O Ile "\ . CGAATTGACGGGACTCCGCACAAGCGGTGGATCATGT Tl eEiash -l
(SRS ®elot= . A\ GGAAT TGACGGGACTCCGCACAAGCGGTGGATCATGTT] 159
Consensus aaggaattgacgggactccgcacaagcggtggatcatgtt
AJ964960.1_Cleiuuv:vNuieerveleuvNeseenvuv.v.vsooNsoNeeiieiNNe c  partial
(USRI VV ANl ot G T T TAATTCGAAGGTACCCGAAAAACCTCACCAGGICTT( 199
Consensus gtttaattcgaaggtacccgaaaaacctcaccaggtcttg
AJ964960.1_CiNenviclsiuunelonv.velosseivNerv.v.yvNoNeiNelerNeleyuvNinc partial
(SR V Aot \ CATGCTTTTGCAAAGCTGTAGAAATACAGTGGAGGTTAT 239
Consensus acatgcttttgcaaagctgtagaaatacagtggaggttat

AJ964960 . 1_CenrnvNeoNoneleiielcieonvieciuieiiseiior\eouNseyeienc  partial
(USROS V el ot C A €A AGCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC] 279
Consensus ca aagcacaggtggtgcatggttgtcgtcagctcgtgtc
AJ964960 . 1_ClejexerviesyyelelcuyvvNejjesecorvNeerNeoeoVNoooiyinc partial

(SRR V Aot G TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTT 319

Consensus gtgagatgttgggttaagtcccgcaacgagcgcaaccctt
AJ964960.1_Cleiuneiuv:vuuelsoruNerunv.vNeiuneleclOoNIuuvNe® VNN«  partial
(SR V Aot G T TGTTAATTGCCATCATTAAGTTGGGGACTTTAGCAAGA 359

Consensus gttgttaattgccatcattaagttggggactttagcaaga
AJ964960 . 1_Cleecldenv.yienyy:v.v-unieeNelenvelejiecleloNeONsenme vt .c  partial
05-0062_Cons{egxeleer:v:-yyeru:v:v-NigyelerNeler.v:Xelejyele/elerNelerNeeNer.V:\ 399

Consensus ctgccaatgataaattggaggaaggtggggacgacgtcaa
AJ964960 . 1_cChyjenyierviccescuyv.yierNesijecclopyNohv.VNeleyNe).ywXenc  partial

(SR JVV Aot \ TCATCATGCCCCTTATGACCTGGGCTACAAACGTGATAC 439

Consensus atcatcatgccccttatgacctgggctacaaacgtgatac
AJ964960.1_ChvelcleiyesnuvNenv.vXeleleivNelouv.v.vNelolepv.vNelouNeuNelenc  partial
05-0062_Conshv:vielelesyeiyv:Xen:v.v:.Xe clciv-Ne[eyv.v:v:-Xeloeyv:V:Xeloupiesee 479
Consensus aatggctgttacaaagggtagctaaagcgtaagcttctgg

AJ964960 . 1_Ceervuuisionvv.v.v.v\coejiosoNciuscleryuierveiieiNenc  partial
(SRS ®lel et CGAATCTCAAAAAAGCAGTCTCAGTTCGGATTGAAGTCTG 519
Consensus cgaatctcaaaaaagcagtctcagttcggattgaagtctyg

S SIY OO C 2. A CTCGACTTCATGAAGTTGGAATCGCTAGTAATCGCGA s sEtak Nl

(SRS V Aol et CAACTCGACTTCATGAAGTTGGAATCGCTAGTAATCGCGA 559

Consensus caactcgacttcatgaagttggaatcgctagtaatcgcga
AJ964960.1_ChN{exNeclonvicjiisececleiyenvNTINeeiniesNeelelele TiMNeIWNOIN\«  partial
(SR V Aot \ TCAGCATGTCGCGGTGAANACGTTCTCGGGGNTTGTACA 599
Consensus atcagcatgtcgcggtgaa acgttctcgggg ttgtaca
ALY O e C . CCleCCC@TCAAACCACGAAAGT T@GCAATACCCAAAECIIER L ash =Nl
05-0062_Cons[@
Consensus cacc ccc tcaaaccacgaaagtt gcaatacccaaa c

RS Y AT OB ® C GG TGGCCIAACTTGAGCAATCAAGAAGGAGCCE TCTAAG IR ANl
(SR VY@l ot C GGTGGCCINAACTTGAGCAATCAAGAAGGAGCCINTCTAAG 679
Consensus cggtggcc aacttgagcaatcaagaaggagcc tctaag
AJ964960.1_ClejuNelele TienvyervuNelelelcpv:veiyeleli~INOLVNEeIVNNS®c  partial
(SRR V ANl ot G T AGGCNTGATGATTGGGGTTAAGTCGTINACAAGGTATCC 719
Consensus gtaggg tgatgattggggttaagtcgt acaaggtatcc
AJ964960.1_¢ GAAGGTGGGGATGGATCACCTCCTTTCTAAGGAT|HEReE Al
05-0062_Cons GAAGGTGGGGATGGATCACCTCCTTTCTAAGGAT] 759
Consensus ct cc gaaggtggggatggatcacctcctttctaaggat
LY I ON® . /. A\ GT TATCATCTTCAGTTTTGAGAGACTTAAGAAAGT T TisCHR cEtak -}
(SRl A®lel et A\ A AGT TATCATCTTCAGTTTTGAGAGACTTAAGAAAGTTT 799
Consensus aaagttatcatcttcagttttgagagacttaagaaagttt
AJ964960.1_CiulenNuuuuuv.veruNieeccsouvuvNelouereouNeleyyvNenc  partial
(SR V Aot [ TCATTTTTTAAGATTCGGGCCTATAGCTCAGCTGGTTAG 839
Consensus ttcattttttaagattcgggcctatagctcagetggttag
AJ964960.1_CiNeler@NeCeeuyeruv.vNelsle\en\eleifelelcilelciuionvNeNe®c  partial
05-0062_ConsjeleN@NeNeepyer-yv:vXelele T[erNe/exyeleleiyelciyyervNeiyee 879
Consensus agc cac cctgataagcg gaggtcggtggttcaagtcc
RS O le . T T TAGGCCCACCARAATAGGTCACATCH RNA_gene__partial

(USRS ®elots . T T TAGGCCCACCAAAATAGGTCACATCIN T(oMN 912
Consensus atttaggcccaccaaaataggtcacatc t  a
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Direct pairwise comparison of sample 05-0077 with Mollicutes from V. vinifera

(Genbank accession no. X76428)

X76428.1_Mol[eielee/eleaNerNeli~ Cuv:NseivNeeo VUV NN V:VNSIWVVVNERNA  small_s
(USRS ®e) oY CTCCGCCTGAGTIGTACGTACGCAAGTATGAAACTTAAAG 40
Consensus ctccgcecctgagt gtacgtacgcaagtatgaaacttaaag
DLV IRV GAATTGACGGGACTCCGCACAAGCGGTGGATCATGTTGT TR NS U R
(SR ON @) o¥s GAATTGACGGGACTCCGCACAAGCGGTGGATCATGTTGTT] 80
Consensus gaattgacgggactccgcacaagcggtggatcatgttgtt
X76428.1_MolpnVNnie{erVXe/eivNe{ee[e).V:v.V-V-\(SH NSO\ CUNMNNONINR N small_s
(SRS ®e)e¥s T AATTCGAAGGTACCCGAAAAACCTCACCAGGTCTTGACA] 120
Consensus taattcgaaggtacccgaaaaacctcaccaggtcttgaca
X76428.1_Molpeloinunyeerv.vXesiyesvNervv-uvNorNeieleNCuVIKONER N, small_s
(SR O ®elets T GCTTTTGCAAAGCTGTAGARATACAGTGGAGGTTATCAG 160
Consensus tgcttttgcaaagctgtagaaatacagtggaggttatcag
X76428.1_Molhveo\erteeyyecue/oryieieiuieiseuiorte CuxsleyieisleyferN,  small_s
(SR oI ®e}e¥s . A GCACAGGTGGTGCATGGTTGTCGTCAGHTCGTGTCGTG 200
Consensus aagcacaggtggtgcatggttgtcgtcag tcgtgtcgtg
X76428.1_Molk\envieiuielcleiuy:vNeiNseleelonvNelerNeoe@.VXSSUNNEINMIRNA  small_s
(SR O ®ele¥s A CATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTT] 240
Consensus agatgttgggttaagtcccgcaacgagcgcaacccttgtt
VA IR GTTAATTGCCATCATTAAGT TGGGGACTTTAGCAAGACT GRS U RN
(USRS ®e oY= GT TAATTGCCATCATTAAGT TGGGGACTTTAGCAAGACTG 280
Consensus gttaattgccatcattaagttggggactttagcaagactg
X76428.1_Mol[denvuKeruv:v.v:uuielerNelenvieeieleleleNeONSEaNen.V. VK6 R N2 small_s
05-0077_Cons[deavyieryvv.v:vgyeler:Nelerve/euyelelee)NelerNe[exye).v:V-Hxe 320
Consensus ccaatgataaattggaggaaggtggggacgacgtcaaatc
DUV M A\ TCATGCCCCTTATGACCTGGGCTACAAACGTGATACAA TISNAEES =N REE]
(SR oI ®ele¥s 2. TCATGCCCCTTATGACCTGGGCTACAAACGTGATACAAT] 360
Consensus atcatgccccttatgacctgggctacaaacgtgatacaat
X76428.1_Mol[ecleloiNesuvNer:v:vXeleleyv:Xeloh) . Lv:veleleyy.v:XeloipNoiNeleleR N, small_s
(SR O ®e}e¥s GGCTGTTACAAAGGGTAGCTIAAAGCGTAAGCTTCTGGCG 400
Consensus ggctgttacaaagggtagct aaagcgtaagcttctggceg
DUV I\ A TCTCAAAAAAGCAGTCTCAGTTCGGATTGAAGT CT GCA SIS yENNEE]
05-0077_Conshvyieiiev.v.v.v.ve/oNej{eiorNcipee/e).unyerv.\eifeeler 440
Consensus aatctcaaaaaagcagtctcagttcggattgaagtctgeca
DL VA I RRVINI A CTCGACTTCATGAAGTIGGAATCGCTAGTAATCGCGAA TR NS U
(SRS ®e)efsl A\ CTCGACTTCATGAAGTEGGAATCGCTAGTAATCGCGAAT] 480
Consensus actcgacttcatgaagt ggaatcgctagtaatcgcgaat
X76428.1_Moll@aGeuieiieie CleleiyenvNT2 . . [@CiNNelNeelelele TINICTA®ARNA  small_s
05-0077_ConseniN@:yesyeleNeleyyervar T A Cle Tyyejyelclelele TGT@C 520
Consensus ca catgtcg ggtgaa c ttctcgggg tt C
X76428.1_Mol[eNee GTCA. (@NCGAAAGTTEGCAATACCCAAACCISINANNS U]

CACC® [elepNe Ve CGAAAGTTINGCAATACCCAAANC 560

a

05-0077_Cons|
Consensus cacc ccc cgaaagtt gcaatacccaaa c

X76428.1_Mol[seleiyelelee TrveuuNerNe[on:v:UNer Ve Ve[ NSO CINWVNER N small_s
(USRI O AR ®Ie} o= C GG TGGCCINAACTTGAGCAATCAAGAAGGAGCCNTCTAAG 600

Consensus cggtggcc aacttgagcaatcaagaaggagcc tctaag

X76428.1_MollejyNeleleTileruxerunelelelciuv:vXeiNoleii  INNEUVNNMOR N small_s
05-0077_Cons[ejyNeleleNeryieryyielelclcyyy.veyeleiiN o v\eleuv:yiee 640

Consensus gtaggg tgatgattggggttaagtcgt acaaggtatcc

X76428.1_Mol{ehAseCenveeiyeeelervieer NioNeeu-c S ribosomal RNA___small_s
05-0077_Cons[ejiNeeN[envNeleyyeieleleruie/eryyerNeen) 667

Consensus ct cc gaaggtggggatggatcacct
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Direct pairwise comparison of sample 05-0102 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960 . 1_CryXeeiuyeerup:v:V-vXe(er:NeNCHNNCI VSNV VNONONY: VNN partial
(SOOIt A CGT TGGATAARAACCAGTGTTGAAGTTAACACATTAAGT] 40
Consensus aacgttggataaaaccagtgttgaagttaacacattaagt

(OISR ORNOA®e) ok CTCCGCCTGAGTAGTACGTACGCAAGTATGAAACTTAAA 80
Consensus actccgcctgagtagtacgtacgcaagtatgaaacttaaa
AJ964960.1_ClelenvuvuierNeelelerNeiNseee @ \eeCCiNeleruie ifeiuNeliine  partial
(SR ONNO®eI o CGAA T TGACGGGACTCCGCECANGCNNTGGATCINTGTTGT] 120
Consensus ggaattgacgggactccge ca gc tggatc tgttgt

AJ964960 . 1_CiuvvvuyeerveleyyNeseerv.v.v-.XseioNso:NelciyoupNeNec  partial
(ISR ONNO NI} o [ TAATTCGAAGGTACCCGAAAAACCTCACCAGGTCTTGAC] 160
Consensus ttaattcgaaggtacccgaaaaacctcaccaggtcttgac
AJ964960 . 1_Cryyelsiunuieenv:vcoiyeivenvyyoNeieloNeeuvuienc  partial
05-0102_Conshyycloiynyyelernv.vXe/eayevNerv:v.yyNerNesNele).Ne[Eanv:uNer 200
Consensus atgcttttgcaaagctgtagaaatacagtggaggttatca
(OSERNeelelsk]e \ A\ GCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTICGT] 240
Consensus aagcacaggtggtgcatggttgtcgtcagctcgtgtcecgt

AJ964960 . 1_CleNervieiuyelclciuy:vXesNeee . co.veerNelselovseoupie c  partial
(SR OO GAGATGTTGGGTTAAGTCCC@GCAACGAGCGCAACCCTTG 280
Consensus gagatgttgggttaagtccc gcaacgagcgcaacccttg

AJ964960. 1_Ciuxesuv:vyyielsouionvyyvieiuiecceoNouuuveovieNenc  partial
(SR ONN O N®Ie}o| [ TGTTAATTGCCATCATTAAGTTGGGGACT TTAGCAAGAC] 320
Consensus ttgttaattgccatcattaagttggggactttagcaagac
05-0102_Consjxeleenvuieruv.v-v-uyyelerXelerv\e/exyelele/erNe(erNe(eyNe):V:V:\ 360
Consensus tgccaatgataaattggaggaaggtggggacgacgtcaaa
(OSERORNOA®e) ok T CATCATGCCCCTTATGACCTGGGCTACAAACGTGATACA 400
Consensus tcatcatgccccttatgacctgggctacaaacgtgataca
AJ964960 . 1_Chuelclosyeunv:Nenv.v:eeleiv.Nelouv:v.vXelsleyv.vXeloanuNolNelelenc  partial
(SR ONNO N ®Ie} ek T GGCTGT TACAAAGGGTAGCTAAAGCGTAAGCTTCTGGC] 440
Consensus atggctgttacaaagggtagctaaagcgtaagcttctgge
AJ964960 . 1_ClervNissienv.v.v:v.v.Xclo:NeifosNortciuiolelerupiervesiouNelenc  partial
(SR ONN O NOISIE GAATCTCAAAAAAGCAGTCTCAGTTCGGATTGAAGTCTGC] 480
Consensus gaatctcaaaaaagcagtctcagttcggattgaagtctge

AJ964960.1_C __partial

crccncrzoncmencomicec el
(OISR ORN O A®le) ok A CTCGACTTCATGAAGTTGGAATCGCTAGTAATCGCGAA 520
Consensus aactcgacttcatgaagttggaatcgctagtaatcgcgaa
AJ964960. l_CT. e A TACGTTCTCGGGGTTTGTAC IRt el
05-0102_ConsjierNeerviesieleleele C T CAL:NVNSeiyioueelcelesyyeivNe 560
Consensus tcagcatgtcgcgg aatacgttctcggggtttgtac
AJ964960 . 1_CixexXeeesesesionv:vXse:serv:v\eaiecov.uyNeeevNec  partial
OISR ONN O ®e} ok CACCGCCCGTCAAACCACGAAAGTTGGCAATACCCAAAG 600
Consensus acaccgcccgtcaaaccacgaaagttggcaatacccaaag
RIS I YOO CCGGTGGCCTAACTTGAGCAATCAAGAAGGAGCCGTCTAACHEReEiak =Nl
OISR ONN MA@} ot] CCGGTGGCCTAACTTGAGCAATCAAGAAGGAGCCGTCTAA| 640
Consensus ccggtggcctaacttgagcaatcaagaaggagccgtctaa
05-0102_Cons(ejepvXelelciyyeruieryyyelcleleiyv:vXeiyelciv.vXer.v-Neleiv:uye 680
Consensus ggtagggttgatgattggggttaagtcgtaacaaggtatc
05-0102_Cons(seyvXeleelerveeifeclelervye/eruyerNeenyeeyyNeyv.v.Xele) 720
Consensus cctaccggaaggtggggatggatcacctectttctaagga
AJ964960. 1_CinuvNesuvNio NisiNioNeINuNiONONeNSc S rRNA_gene__partial
05-0102_Consjyvuvciuvyieryiesnyer\eyyynyer\er\erey) 750

Consensus taaagttatcatcttcagttttgagagact
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Direct pairwise comparison of sample 05-0109 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960.1_Clehauuaeryi/desifeleivessoNoesoauv:u Ve UkONeI¥N 1«  partial
(SRR IN®le)e¥=| G2 T [[@ GATRCCCTGGTAGTCCACGCCCTAAACGATGAGTA] 39
Consensus gatt gat ccctggtagtccacgccctaaacgatgagta
Y/ ol e C T2 AACGTTGGATARAACCAGTGTTGAAGTTAACACAT TA NN ash RN
(ISR NIl s C TAAACGTTGGATAARACCAGTGTTGAAGTTAACACATTA 79
Consensus ctaaacgttggataaaaccagtgttgaagttaacacatta
AJ964960 . 1_ClNejvNelNslelelelouxerNeivNesvNeeivNsle@.VNIVINS XS  partial
(SRR ®leNe¥el . CTACTCCGCCTGAGTAGTACGTACGCAAGTATGAAACTT] 119
Consensus agtactccgcctgagtagtacgtacgcaagtatgaaactt
YT oG .\ /. GGAATTGACGGGACTCCGCACAAGCGGTGGATCATG Tl - sh k=N
(USRI ®elo¥sl /. A AGGAATTGACGGGACTCCGCACAAGCGGTGGATCATGT] 159
Consensus aaaggaattgacgggactccgcacaagcggtggatcatgt
YOIl | G T T TAATTCGAAGGTACCCGAAAAACCTCACCAGGT CT TR eEiash kN
(SRR ®leNe¥s T T T TAATTCGAAGGTACCCGAAAAACCTCACCAGGICTT] 199
Consensus tgtttaattcgaaggtacccgaaaaacctcaccaggtctt

YT OIle -\ CATGCTTTTGCAAAGCTGTAGAAATACAGTGGAGGT TA N sk k=N
(USRI ®e ¥l CACATGCTTTTGCAAAGCTGTAGAAATACAGTGGAGGTTA 239
Consensus gacatgcttttgcaaagctgtagaaatacagtggaggtta
AJ964960.1_CiearhveloxeeculelcieonviccuieiseiioNeeueeieiince partial
(SRR I ®leNe¥s T C A @ AAGCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGT] 279
Consensus tca aagcacaggtggtgcatggttgtcgtcagctcgtgt
AJ964960 . 1_CleeiierNervyeinielclcuuv.vNeieeelclonvNeerNeseloVNo®@il 1« partial
(SR ONNOE @) o¥s| CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT] 319
Consensus cgtgagatgttgggttaagtcccgcaacgagcgcaaccct
RS OIS | G T TGTTAATTGCCATCATTAAGTTGGGGACHTTTAGCAASCHEREiahi:h
(SR ORNVE IOl oY T CT TGTTAATTGCCATCATTAAGTTGGGGACI@T TTAGCAA] 359
Consensus tgttgttaattgccatcattaagttggggac tttagcaa
AJ964960. 1_CleNeilesenvuieruv.v.v.unieerNele).veculeleleeINslelNelegNe .« partial
05-0109_Conseeselsenv.yNeryuv.v:v-ypiyeler:Neler.v:Xelejye/ele[erNelerNeleuye 399

Consensus gactgccaatgataaattggaggaaggtggggacgacgtc

AJ964960 . 1_Chuvievieuicscssiyv.uiesouccc v vvseerVine partial
(SR ORI ®leNe¥el A A A TCATCATGCCCCTTATGACCTGGGCTACARACGTGAT] 439

Consensus aaatcatcatgccccttatgacctgggctacaaacgtgat
AJ964960 . 1_ChNenv:yNelclesNeinvNer.v.vXeleleuvNelouv:v.vNelolepv:VNeoNNelii = partial
(USRI ®eo¥sl . CAATGGCTGTTACAAAGGGTAGCTAAAGCGTAAGCTTCT] 479
Consensus acaatggctgttacaaagggtagctaaagcgtaagcttct

AJ964960 . 1_ClecleenvNissNerv.v.v.v.v.Xe oXeieioNeiuisele upiervNesNe nc  partial
(SR ORI} e¥s CCCGAATCTCAAAAAAGCAGTCTCAGTITCGGATTGAAGT( 519
Consensus ggcgaatctcaaaaaagcagtctcagttcggattgaagtc

ST OIle T GCAACTCGACTTCATGAAGTTGGAATCGCTAGTAATCGC It e-hash k=N
(SR ONOI®eo¥s T GCAACTCGACTTCATGAAGTTGGAATCGCTAGTAATCGC 559
Consensus tgcaactcgacttcatgaagttggaatcgctagtaatcge

YT OIle -\ A\ TCAGCATGTCGCGGTGAATACGTTCTCGGGGT TTGT AR eEia k=N
(SRR NVE I ®leNe¥s CAA TCAGCATGTCGCGGTGAATACGTTCTCGGGGTTTGTA] 599
Consensus gaatcagcatgtcgcggtgaatacgttctecggggtttgta
ALY ol e C .\ CACCGCCCGTCARACCACGAAAGTTGGCAATACCCAAA NN LN ash RN
(USRS ®e)o¥s| CACACCGCCCGTCAAACCACGAAAGTTGGCAATACCCAAA 639
Consensus cacaccgcccgtcaaaccacgaaagttggcaatacccaaa

AJ964960 . 1_ClesleeleiNelcseuvvuNierNeon.v:Nionv:Ner.vNeONesseewN .«  partial
(SRR} e¥s| G CCGGTGGCCTAACTTGAGCAATCAAGAAGGAGCCGTICTA] 679
Consensus gccggtggectaacttgagcaatcaagaaggagccgtcta
AJ964960.1_ClNeleyyNelelesuieruieruyeieelesuv.veiNseyvyNovNeevNine partial
05-0109_ConslelepvNelcleiyyeryyeryyyele/elcypp.vXesNeleyv:v:XervXeeiv:ui 719
Consensus aggtagggttgatgattggggttaagtcgtaacaaggtat

AJ964960 . 1_CleleleivNeelelervNeleuyelelcler uiee Vo NS SINCGINNNSIVVNEEc partial
(SR ORI ®le}e¥s| CCC TACCGGAAGGTGGGGATGGATCACCTCCTTTCTAAGG 759
Consensus ccctaccggaaggtggggatggatcacctcecctttctaagg

LY oG " [\ AAGTTATCATCTTCAGTTTTGAGAGACTTAAGAAAGTICHEReEia kN
(ISR IR®el et \ TAAAGTTATCATCTTCAGTTTTGAGAGACTTAAGAAAGT] 799
Consensus ataaagttatcatcttcagttttgagagacttaagaaagt
NI OIS T T T TCATTTTTTAAGATTCGGGCCTATAGCTCAGCTGGT Tl e-haish k=N
(SRR ROE IR} oY T T T TCATTTTTTAAGATTCGGGCCTATAGCTCAGCTGGTT] 839
Consensus ttttcattttttaagattcgggcctatagectcagectggtt

AJ964960 . 1_ClNeiXelo@NelelsoiNeruv:vNe/seNe:NeeuyeeleueeuuionvNeiine  partial
05-0109_ConslenlcloxoNee/eeiyeryv.v{elele T(e)Nelepyele/esielchyyerv:\ex 879
Consensus agagcacacgcctgataagcg gaggtcggtggttcaagt

AJ964960 . 1_CleenuuuvNecoee:Xse:V.N.V-AVNCEUN DN UNSIMWVVN 2. gene  partial
(SRR ®le}e¥s CCATTTAGGCCCACCAAAATAGGTCACATCTTAAA 914
Consensus ccatttaggcccaccaaaataggtcacatcttaaa
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Direct pairwise comparison of sample 05-0111 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

YT Ve \ CGTTGGATAAAACCAGTGTTGAAGTTAACACATTAAGTACHERsEiask-ul
05-0111_Consh\eejyyeleryy:v:v:vXe{er:Neyeyyyer.v-Xe sy y-v:Xe):\ oWy V- ey -\ 40
Consensus acgttggataaaaccagtgttgaagttaacacattaagta
TSI Ve C TCCGCCTGAGTARTINC@ TACGCAAGTINTGAAACTTAAAGI R sEiask-ul
(USRI ®telets C TCCGCCTGAGTANTNCNTACGCAAGTINTGAAACTTAAAG 80
Consensus ctccgectgagta t ¢ tacgcaagt tgaaacttaaag
UL CIYONNe G2 A TTGACGGGACTCCGCACAAGCGGTGGATCATGTTGT T oLt aski-ul
(USRI ONER A ®te}ets GAA TTGACGGGACTCCGCACAAGCGGTGGATCATGTTGTT] 120
Consensus gaattgacgggactccgcacaagcggtggatcatgttgtt
AJ964960.1_CpnvNuyeerveleavNseeerv.v.vcanoNseeeieauierNet c  partial
(USRI ®telets T A A TTCGAAGGTACCCGAAAAACCTCACCAGGTICTTGACA] 160
Consensus taattcgaaggtacccgaaaaacctcaccaggtcttgaca
AJ964960.1_Cpcloipyyieenv.velayeivNenv.v.yvNoNejielorNelegvNeAne  partial
(USRS ON NI ®lel ot T CCTTTTGCAAAGCTGTAGAAATACAGTGGAGGTTATCAY 200
Consensus tgcttttgcaaagctgtagaaatacagtggaggttatca

AJ964960 . 1_ChiNeloNo:NelesyeleiieovieciuciioesioNelesNeleiyeiyeeiienc  partial
(SR O ®le} ot \ AGCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTG 240
Consensus aagcacaggtggtgcatggttgtcgtcagctcecgtgtegtg
AJ964960 . 1_Cxenuieiuyeleciuv:veifsleelclonvNeerNelslelohvNooeiNNeiminc  partial
(SR ORI ®le) ot A\ CATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTT] 280
Consensus agatgttgggttaagtcccgcaacgagcgcaacccttgtt
AJ964960 . 1_Cleiuvvuuyelservienuuv:veiuielcelNaupuvNeovieNaiec  partial
(USRI ®telets G T TAATTGCCATCATTAAGT TGGGGACTTTAGCAAGACTG 320
Consensus gttaattgccatcattaagttggggactttagcaagactg
AJ964960 . 1_Cleenvuvienyvv.v.uuieleNelenveeuleelelerNeleiNseiNonvvyienc  partial
05-0111_Cons[eeavvieryv.v.v.uyiele)NeenvecuyelelelerNelerNeciferv.v-yxe 360
Consensus ccaatgataaattggaggaaggtggggacgacgtcaaatc
ULl OplNe . TCATGCCCCTTATGACCTGGGCTACAAACGTGATACAATI L aski-Nl
(USRI ®telets A\ TCATGCCCCTTATGACCTGGGCTACAAACGTGATACAAT] 400
Consensus atcatgccccttatgacctgggctacaaacgtgatacaat
AJ964960.1_ClelcloueiuvNerv.vieleleav:Neloav:v.v-NeoleyvvNeoiyNsuNeleleerN c  partial
(USRI ®teletsl CGC TGTTACAAAGGGTAGCTAAAGCGTAAGCTTCTGGCGA] 440
Consensus ggctgttacaaagggtagctaaagcgtaagcttctggcga

ST LTI TCTCAAAAAAGCAGTCTCAGT TCIE LM TIGAAGTCT G MRt a kRl

(ROl . TC TCAAAAAAGCAGTCTCAGT TCOGE TINEGAAGTCTGC 480

Consensus atctcaaaaaagcagtctcagttc g t gaagtctgce

AJ964960 . 1_ChNeieeNeyuenyienveiuyele v.uie Couv:Nepv.vuNeselge) .\ partial
05-0111_Conshy\ejfslerXeyyeryierv\eyyyelerv.uye \[eyv:\ey.v-uyelels(e).v.\ 520
Consensus aactcgacttcatgaagttggaatc ctagtaatcgcgaa

AJ964960 . 1_Ciexelonyyeilseiseleiienv.yvNeciuiouieeelccippyeivioNenc  partial
05-0111_Conspi@ecloryyeiselsleleiyerv.yv:ecugiesieelelecuppyeiverNe 560
Consensus tcagcatgtcgcggtgaatacgttctecggggtttgtacac
YTV e . CCGCCCGTCARACCACGAAAGTTGGCAATACCCAAAGC CENRsEak-ul
(USRI ®te}etsi A\ CCGCCCGTCARACCACGAAAGTTGGCAATACCCAAAGCC 600
Consensus accgcccgtcaaaccacgaaagttggcaatacccaaagcec
AJ964960 . 1_Cleleiyelelslouv:v:XeamNerNeonv.uNenv.NenveeNeoeleuev.vNelenc  partial
(USRI ON R ®te}etsl GG T GGCCTAACTTGAGCAATCAAGAAGGAGCCGTCTAAGG 640
Consensus ggtggcctaacttgagcaatcaagaaggagccgtctaagg
AJ964960.1_Cpuxeleleiuiervienyyieeelcipv:veiieeavvNonv.\eeavNieee c  partial
(USRI ®teYets T AGGGTTGATGATTGGGGTTAAGTCGTAACAAGGTATCC( 680
Consensus tagggttgatgattggggttaagtcgtaacaaggtatccce
AJ964960.1_CpuxeeelervNeeijelelclenyyeleryiorNeousciyyNeyv.vNeler W« partial
SRR RMREILE T2, CCGGAAGGTGGGGATGGATCACCTCCTTTCTAAGGATA N
Consensus taccggaaggtggggatggatcacctcctttctaaggata
ULl OpNe . A GTTATCATCTTCAGTTTTGAGAGACTTAAGAAAGT T T Tie oLt ash - A

(SR O ®le) ot A\ AGT TATCATCTTCAGTTTTGAGAGACTTAAGAAAGTTTT] 760

Consensus aagttatcatcttcagttttgagagacttaagaaagtttt
AJ964960. 1_CieNususuvveryyiscccoesv.uvNelouoelopNeleiuvNentnc  partial
(SR O ®lel et TCATTTT TTAAGATTCGGGCCTATAGCTCAGCTGGTTAGA] 800
Consensus tcattttttaagattcgggcctatagctcagctggttaga
AJ964960 . 1_CleloNoNsesosieryv.v\elsle\erNelepyeecuelepuionveieont c  partial
(SR O ®le) ot GCACACGCCTGATAAGCGIGAGGTCGGTGGTTCAAGTCCA] 840
Consensus gcacacgcctgataagcg gaggtcggtggttcaagtcca
AJ964960.1_CpumyNelelde®N® vt oplasma_solani 16S_rRNA_gene_ partial
05-0111_ConsjyyyXelcseeNe 851

Consensus tttaggcccac
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Direct pairwise comparison of sample 05-0122 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960 . 1_ChuvvNeeNeieiuienveiuv.veouuy:-v e v oueseeseaenc  partial
(USSR eIl o¥s . A\ AACCAGTGTTGAAGTTAACACATTAAGTACTCCGCCTG 40
Consensus aaaaccagtgttgaagttaacacattaagtactccgectg
AJ964960.1_0 G TACGCAAGTATGAAACTTAAAGGAATTGACEEEReEiask N
05-0122_Consg| ®@TACGCAAGTATGAAACTTAAAGGAATTGAC] 80
Consensus agta tac tacgcaagtatgaaacttaaaggaattgac
RSl I YOG G Ge7\C TCCGCI\CAAGCGGTGGATCATGTTGTTTAATTCGANCHEeE e -N]
05-0122_Cons| [@CTCCGCINCAAGCGGTGGATCATGTTGTTTAATTCGA| 120
Consensus gg ctccgc caagcggtggatcatgttgtttaattcga

AJ964960 . 1_ClixelejyNesieerv.v.v.vsooNeo:Ncciioupier ey Tenc partial

(SR ORI O} ¥l . CGTACCCGAAAAACCTCACCAGGTCTTGACATGCTTT] 160
Consensus aggtacccgaaaaacctcaccaggtcttgacatgettt g
YA Ol e C A\ A AGCTGTAGAAATACAGTGGAGGTTATCA} @Nence  partial

(USSR O} o¥s| C A AAGCTGTAGAAATACAGTGGAGGTTATCAEGAAGCINCAG
Consensus caaagctgtagaaatacagtggaggttatca aagc cag
AJ964960.1_ClepxelepielonvyeiciuiesieeiiotcouseueiiseierNeryieipienc partial
(SR AN®ee¥s C T CGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TG 240
Consensus gtggtgcatggttgtcgtcagctcgtgtcgtgagatgttg
AJ964960 . 1_Cleleauv:vNeisleloCCAINeenNeeco:vXsoosNiciuNC NV NN« partial
(SR ONVV AN Ol efs CCT TAAGTCCCMMIACGAGCGCAACCCTTGTTGTTAATTG 280
Consensus ggttaagtccc acgagcgcaacccttgttgttaattg
AJ964960 . 1_Cleenuiervuv:veiyyelcleler\oipuvNelonverNoufeleon:uierinc partial
(SR AN®ee¥s CCATCATTAAGTTGGGGACTTTAGCAAGACTGCCAATGAT] 320
Consensus ccatcattaagttggggactttagcaagactgccaatgat
AJ964960 . 1_ChuvvuyeleiNelerveleiielelelertee)Nseuonv.vuiorviouiesenc  partial
(SR ORI o 2 A\ A T TGGAGGAAGGTGGGGACGACGTCAAATCATCATGCC] 360
Consensus aaattggaggaaggtggggacgacgtcaaatcatcatgcecc
RSSOl e CC T TATGACCTGGGCTACAAACGTGATACAATGGCTGTTACHEReE a sk 0]
(SRR ®I} ¥ CC T TATGACCTGGGCTACAAACGTGATACAATGGCTGTTA| 400
Consensus ccttatgacctgggctacaaacgtgatacaatggctgtta
AJ964960 . 1_ClenvvecleivXelouv:v:velslcyv:vNe/oaNouNeeee VANV« partial
(SR ONVV AN ®e s CAAAGGGTAGCTAAAGCGTAAGCTTCTGGCGAATCTCAAAL] 440
Consensus caaagggtagctaaagcgtaagcttctggcgaatctcaaa
LI ONNe /. A\ GCAGTCTCAGTTCGGATTGAAGTCTGCAACTCGACT ThclieEtani-U}
(SRt .\ A\ AGCAGTCTCAGTTCGGATTGAAGTCTGCAACTCGACTT] 480
Consensus aaagcagtctcagttcggattgaagtctgcaactcgactt
AJ964960 . 1_Cleauiehvesuielerv.uyelclopvesv:v.uNelelser.vyioNeouieienc  partial
(SR OO C A TGAAGT TGGAATCGCTAGTAATCGCGAATCAGCATGT(] 520
Consensus catgaagttggaatcgctagtaatcgcgaatcagcatgtc

AJ964960 . 1_Cleselepierv:uvNeleinsiyelelelcciyuievioonseeoeeeienc  partial
(SR ORI ¥ CCGGTGAATACGTTCTCGGGGTTTGTACACACCGCCCGT(] 560
Consensus gcggtgaatacgttctcggggtttgtacacaccgcccgtc
AJ964960 . 1_Chuvxeersenvveiyieclonvuveee.v.v\clseeecyecelsouw:vstnc partial
(SR OV ®eNe¥s . A\ ACCACGAAAGTTGGCAATACCCAAAGCCGGTGGCCTAA] 600
Consensus aaaccacgaaagttggcaatacccaaagccggtggectaa

AJ964960 . 1_CleiuyerNelonvuyenvenvelerNelsolesyov.vXeleyy:NXeleleuyNer N partial
05-0122_Cons[esyierNelonv.yyer:v:\er.v:Xeler\e/sls{cieyv:veleivNeleleypieryy 640
Consensus cttgagcaatcaagaaggagccgtctaaggtagggttgat

AJ964960 . 1_Clehumielelclciuvvesieeuv:vonuv:\eleiv.yuicseivNeeelenvNelenc partial
05-0122_Cons[ezyyelelelepyv.veuysleyy.vXer.v\elepy:yye(elopy:Neelcler.v:Nele 680
Consensus gattggggttaagtcgtaacaaggtatccctaccggaagg
AJ964960 . 1_Cjyeleleleruyele). Vo) NSU SN NNGUV:-VNEICLUV:-VVNSINVNNO NN partial
(SR ORI O} ¥ T CGGCGATGGATCACCTCCTTTCTAAGGATAAAGTTATCAT] 720
Consensus tggggatggatcacctcctttctaaggataaagttatcat
AJ964960.1_COiuiUNINNNOINSINSINMIsa_solani_16S_rRNA_gene_ partial
05-0122_Cons(esyierNeiyyyyerNerNerexl 738
Consensus cttcagttttgagagact

200
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Direct pairwise comparison of sample 05-0127 with Candidatus Phytoplasma

solani (Genbank accession no. AJ964960)

AJ964960.14CEETAAACGATGAGTACTAAACGTTGGATAAAACCAGTGTTnegkpartial
05-0127_ConsgeCThvNeleryierNeyveiv.v.v-Xeleypieler uv:v:v.v.Xe(er:Neyyeyyi 40
Consensus cc aacgatgagtactaaacgttggataaaaccagtgtt
AJ964960 . 1_ClervNeyuv:vNo:NO-Ny:v:Xeuv:NesNelelc/slosNerNeyvNeyvNoleywXenc  partial
(ISR O NN ®Ie3 ot GAAGTTAACACATTAAGTACTCCGCCTGAGTAGTACGTAC 80
Consensus gaagttaacacattaagtactccgecctgagtagtacgtac

AJ964960 . 1_ClelonvNeuvyuNenv:veuuv:v.vXeler.v.upier\elclele)Nouyelelele
05-0127_Cons{elonvNeiv:Nierv:veugv:v.v\e[erV-uperNecleler\sifelelcle
Consensus gcaagtatgaaacttaaaggaattgacgggactccge ca

STV T INe . GC€GTGGATCATGTTGTTTAATTCGAAGGTACCCGAAA AN EESSER]
RN OSe¥s . GCINGTGGATCATGTTGTTTAATTCGAAGGTACCCGAAAA 160

Consensus agc gtggatcatgttgtttaattcgaaggtacccgaaaa
AJ964960 . 1_CiNeesioNeerlcleassyierNonuicoinunieonvvNeieieyvNervtnc  partial
(USRI ®leYeti\ CCTCACCAGGTCTTGACATGCTTTTGCAAAGCTGTAGAA 200

Consensus acctcaccaggtcttgacatgcttttgcaaagctgtagaa
AJ964960.1_ChuvNeNeiyelerNeeiuvuion LvNeloXoelelelcilelouieleiyinc  partial
(ISR O N IOl et A TACAGTGGAGGTTATCAGAAGCACAGGTGGTGCATGGTT 240

Consensus atacagtggaggttatca aagcacaggtggtgcatggtt

AJ964960 . 1_ClejieeyyorXeleiyeieiiesielepierNeryicyyyeclepyy.veyfolssednc  partial
(SR O NI @I} ok G TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC 280

Consensus gtcgtcagctcgtgtecgtgagatgttgggttaagtceccecge
LSS IYONe " . CGAGCGCAACCCTTGTTGTTAATTGCCATCATTAAGT TisiCHRsE ask-Ni
(SRS AN ®leYetsi A\ A CGAGCGCAACCCTTGTTGTTAATTGCCATCATTAAGTT 320
Consensus aacgagcgcaacccttgttgttaattgccatcattaagtt
AJ964960.1_Clelelele . 'Neiuuv:Neorve)NoliNeslenv-uNe Y-V ElenNelenVNc  partial
(ISR O NN} ot CCGGEACT TTAGCAAGACTGCCAATGATAAATTGGAGGAA 360
Consensus gggg actttagcaagactgccaatgataaattggaggaa
AJ964960.1_Cleleiyelelee . INelerNeleaNornv:vyNer Ve Ve oesaiuvINONSG "« partial
(OISR O 2NN ®e} ok G T GGGGI@ACGACGTCAARATCATCATGCCCCTTATGACCT 400
Consensus ggtgggg acgacgtcaaatcatcatgccccttatgacct

LTV T OBl GGG C TACAAACGTGATACAATGGCTGTTACARAGGGTAGIINER LS ENE
RN OISt G GC TACAAACGTGATACAATGGC TGTTACARAGGGETAG) 440

Consensus gggctacaaacgtgatacaatggctgttacaaaggg tag
AJ964960 . 1_Cleumvveleeyv:vNeloauiouie/elelervuisifonv.uv:uveoNeiieilnc partial
(SR ORI ®leY ot C TAAAGCGTAAGCTTCTGGCGAATCTCAAAAAAGCAGTCT 480

Consensus ctaaagcgtaagcttctggcgaatctcaaaaaagcagtct
UL I O N® CAGTTCGGATTGAAGTCTGCAACTCGACTTCATGAAGT TGl eEask Ui
(SR O IO} ok CAGT TCGGATTGAAGTCTGCAACTCGACTTCATGAAGTT( 520

Consensus cagttcggattgaagtctgcaactcgacttcatgaagttg

AJ964960 . 1_ClenvyyeeeyyXeyy:-v-vyslclservyioNeo yicufselseleyyervyp\nc  partial
(SR O NI} ot GAATCGCTAGTAATCGCGAATCAGCATGTCGCGGTGAATA 560

Consensus gaatcgctagtaatcgcgaatcagcatgtcgcggtgaata
AJ964960 . 1_CleeiuesyeielciclesypiesvoNetseessecionuiNeoNeentnc  partial
(USRS I3 ot C GT TCTCGGGGTTTGTACACACCGCCCGTCAAACCACGAA 600
Consensus cgttctcggggtttgtacacaccgecccgtcaaaccacgaa

AJ964960 . 1_Cixeiuyelelorv:uvNeelenv:ve/clelcciiecoiv.VNMNIONE@V:NINc  partial
(USRS AN ®IeYetsi A\ GT TGGCAATACCCAAAGCCGGTGGCCTAACTTGAGCAAT 640
Consensus agttggcaatacccaaagccggtggcecctaacttgagcaat
AJ964960 . 1_ClenvNervNelerNelseslcusiv.vNelesy:Neeleuuieruierunyelelele . yinc  partial
05-0127_Cons{snverv\elerNeoscifouv:v\e[eivNelcleuyieryyervuyielelel 680
Consensus caagaaggagccgtctaaggtagggttgatgattgggg t

AJ964960 . 1_ChvvNejsieuv.ver:\/ elepvyNeele . iv:XefelelervNelenyeleleleryfenc  partial
05-0127_ConspuvXesieeiv:veeesv:yyeisie Civeselervecuyeleleleryye 720
Consensus taagtcgtaaca ggtatccc taccggaaggtggggatg

LSS TN OIN® 2. TCACCTCCTTTCTAAGGATAAAGTTATCATCTTCAGT TistiCHl st ase k-1
(ISR O NN ®Ie3 et GATCACCTCCTTTCTAAGGATAAAGTTATCATCTTCAGTT 760
Consensus gatcacctcctttctaaggataaagttatcatcttcagtt
AJ964960. 1_CPhytoplasma_solani_l 6S_rRNA_gene__partial

05-0127_ConsjyierNerNerNeyy 770
Consensus ttgagagact

e__partial
120

104



APPENDIX C
Multiple alignment of all the samples sequenced

05-0018 Cons
05-00358_cons
05-00&2_Cons
05-0077_Cons
05-0033_ =sto
05-0014 Cons
05-0111 Conss
05-0105_cCons
05-0102_Cons
05-0127 Cons
05-0122 Cons
05-0033_ FD
05-0005 Cons
05-0055_Consyiesess 3
Consensus
05-0018 Cons
05-00358_cons
05-00&2_Cons
05-0077_Cons
05-0033_ =sto
05-0014 Cons
05-0111 Cons
05-0105_cCons
05-0102_Cons
05-0127 Cons
05-0122 Cons
05-0033_ FD
05-0005 Cons
05-0055_ConsEervyg C
Consensus
05-0018 Consjusvyy
05-0035_Conspy
05-00682_ Consjyew
05-0077_Conspy
05-00335__ stopy
05-0014 Conspy
05-0111 Conspy
05-0109_Conspy
05-0102_Conspy
05-0127_ Consjusvyy
05-0122 Conspy
05-0033_
05-0005 Conspy
05-0055 Conspyyvyy
Consensus
05-0015 ConsEuGs TGCAALGCTGTA
05-0035  ConsEuGs TGCAALGCTGTA
05-0082 ConsEuGs TGCAALGCTGTA
05-0077_ ConsEGs TGCAALGCTGTA
05-0033_ stofs TGCAALGCTGTA
05-0014 ConsEs TGCAALGCTGTA
05-0111 ConsEuGs TGCAALGCTGTA
05-0105_ConsEuGs TGCAALGCTGTA
05-0102_ConsEuGs TGCAALGCTGTA
05-0127_ ConsEuGs TGCAALGCTGTA
05-0122 ConsEs GGCAALGCTGTA
05-0035__ FD_EN L GCAAAGCTATA
05-0005_ConsEs GACAACTCTAGA
05-0055_ ConsEucs TGALCCTCTCCCT
Consensus

105

39
39
39
39
39
39
39
39
39
39
40
39
39
39

79
=l
79
79
=l
79
79
=l
79
79
=[]
79
79
=l

115
119
119
119
119
119
119
119
119
119
1z0
119
119
119

154
154
154
154
154
154
154
154
154
154
155
153
159
159




05-0015 ConsTATCAGAAGCE =T T
05-0035 ConsTATCAGAAGCE T T
05-0062 ConsTATCAGALGCE =T T
05-0077 ConsTATCAGALGCE e T
05-0033  stoTATCAGAAGCA T T
05-0014 ConsTATCAGAAGCA 3T T
05-0111 ConsTATCAGAAGCE =T T
05-0109 ConsTATCAGAAGCE =T T
05-0102 ConsTATCAGLAGCE 3T T
05-0127 ConsTATCAGLAGCE =T T
05-0122 ConsTATCAGAAGT 3T T
05-0033_ FD TATCAGGGATA 5 T
05-0005_ ConsGGACAGAGTGE = T
05-0055 ConsGACAGTGGTGE TGGETGCL GTCETCA T

Consensus CagUtggtooat Ut Lyt gt oag
05-0015 Cons[e L TGT TG L i . k

05-0035 Consjyy
05-0062_ Consts
DS—DD??_CDnsﬂT
DS—DDSS__StDGT
05-0014 ConsE
05-0111 ConsE
05-0109 ConsjEyy
05-0102 Consts
DS—DlZ?_CDnshT
DS—DlZZ_CDnsGT
05-0033_ FD [y
05-0005 ConsEy
05-0055 Consjgyy

e e e -

Consensus

05-0018 Cons A
05-0038 Cons|

05-0062 Cons T
05-0077_Cons T
05-0033 T

=

e T T T S

05-0014 Cons
05-0111 Cons

oo
n o
[
oo
I
oo
Nll.l:l
oo
o o
==
i
= =

05-0018 ConsGCL
05-0038_Con=GCL
05-006Z_ConsGCL
05-0077_ConsGCL
05-0033_ stoGCL
05-0014_ConsGCL
05-0111 ConsGCL
05-0103_ConsGCL
05-010Z_Con=GCL
05-0127 ConsGCL
05-012% Con=GCL
05-0033_ FD_GEG
05-0005_ConsiGe
05-0055_ConsGAG

106

194
194
194
194
194
194
194
194
194
194
195
193
199
1599

233
233
233
Z33
233
233
233
233
254
Z33
234
232
238
Z38)

271

Z71
271
Z71
271
Z71
271
272
272
272
272
Z7E
276
276

310
310
310
310
310
311
310
311
311
312
311
311
316
315




05-0018 Consg
05-0035_Cons
05-0062 Cons
05-0077_Consl
05-0033_ sto
05-0014 Consk
05-0111 Cons
05-0105_ Conspk
05-0102Z_Cons
05-0127_Cons
05-0122 ConsH
05-0033__ FD
05-0005 Consg
05-0055_Cons
Consensus A gLoasatcatcatyUco oL LAt
05-00158 Cons{eie LpReRw e )Ty ECETAGCT .

Consensus
05-00158_ ConsGe
05-0038_ConsGe
05-0062_ ConsGe
05-0077_ConsGe
05-0033_ stoGC
05-0014 ConsGe
05-0111 ConsGe
05-0103 ConsGe
05-0102 ConsGe
05-0127 ConsGe
05-0122 ConsGe
05-0033__ FD GT
05-0005_Consisc
05-0055_Consii
Consensus
05-0018_Cons. .
05-00358_Cons.
05-0062_ Cons.
05-0077_Cons.
05-0033  =sto.
05-0014 Cons.

05-0102 Cons.
05-0102 Cons.
05-01z7_Cons..
05-01z2 Cons.
05-0033_ FD_
05-0005_Cons.
05-0055_Cons.

Mo clecToNa e
Consensus E @ T Osactog =R ote iR Tn

107

350
350
350
350
350
351
350
351
351
35Z
351
351
356
355

359
359
389
390
359
390
359
350
390
392
390
390
394
383

429
429
4z9
430
4z9
430
4z9
430
430
432
430
430
434
433

466
466
466
467
466
467
E11=
467
467
459
467
E11=
471
470



05-0018 ConshR
05-0035 Consp
05-006Z2 Cons
05-0077_ Consk ! (¥ b h ] e TG Akl L TACHTINE
05-0033_ sto ! TGARITL TT
05-0014 Cons ! TGARITA TT
05-0111 ConsERedy [y b ] TGN TT!
05-0109 Cons ! TGARITA TT
05-0102_ConsEicg 0 LK et - TCRIL LT Aleicay
05-0127_Cons i TGARITL TT
05-01zz Consg I Zhedi i LTY eClele T iRITL ,

05-0033_ FD I ! TZARITL

05-0005 Cons I

Consensus
05-0018 Cons
05-0038_Cons
05-0062 Cons
05-0077_Cons
05-0033_ =to
05-0014 Cons
05-0111 Cons
05-0105_cCons
05-0102_Cons
05-0127_Cons
05-0122 Cons
05-0033_ FD
05-0005 Cons
05-0055_ Cons
Consensus
05-00158 Conspy

05-0038_ Cons=gy
05-0062_Consg
05-0077_ Consgu
05-0033_ stop
05-0014 Consgy
05-0111 Consgy
05-0109_ Consg
05-0102_Consgy
05-0127 Consfy C
05-0122 Consg MTTSAGCRLTCER
05-0033_ FD_gy i TCG. . BAARGE
05-0005 Consgy Al
05-0055 Consgy
Consensus Lt
05-0018 Consk
05-0038 Consd
05-0062_ Consk
05-0077_Consk
05-0033  stod
05-0014 Consdk
05-0111 Consdk
05-0109 Consd
05-010Z_Consd
05-0127_ Consk
05-0122 Consdk
05-0033_ FD_
05-0005_ Cons
05-0055 Cons
Consensus ooy

108

s05
S04
S04
507
504
505
506
505
s07
s07
s05
S08
so9
508

545
540
540
5435
540
541
g4z
541
543
543
541
542
545
544

585
580
530
583
580
1Rl
582
551
o83
583
551
580
379
579

a4
615
615
a2
615
620
[Eol
620
622
a3
620
615
615
615




05-00158_ConsfXesy
05-0038_Consf
05-0062_Con
05-0077_Con
05-0033__st
05-0014_Con
05-0111_Consfl

05-0033_ FD
05-0005 Con
05-0055 Consiieyy [
Consensus agtogt

05-0018 ConsClerissyys ; ATA. . .......
05-00358_Cons Ta. .. ......
05-0062 ConsTeriees: EEeITL, . .. ... ..
05-0077 ConsTieresyusey s RIee L, ., ... ...
05-0033 stoTsiiesyyssyyyyesyBieey Ty, . . ... ...
05-0014 Cons T [ eI, . .......
05-0111 ConsTieresysayyisyRIeeiTL, ., ... ...
05-01029 ConsTjskisieyy e EIITL, . .. ... ..
05-010z2 Cons Ta. .. ......
05-0127 ConsTieriee: REEATL, . .......
05-0122Z Cons C TCCTTTCTALGS LY I
05-0033_ FD
05-0005_ Cons
05-0055 Cons Z GTA. ...,
Consensus
05-0018 Cons
05-0038 Cons
05-0062 Cons
05-0077 Cons
05-0033_ =to
05-0014 Cons
05-0111 Cons
05-0105_Cons
05-010z Cons
05-0127 Cons
05-01Zz Cons
05-0033_ FD
05-0005 Cons
05-0055 Cons
COonsensus

Lp T 3 I 5 T 3 T T R R O N T T P T o

(=== =t =t =t i = =i

109

663
655
658
661
658
659
6al
659
661
663
659
655
637
657

694
639
659
692
639
630
691
630
69z
=K
630
=l
695
691

711
o
Tog
o9
7O
O
ol
T
o9
711
T
715
712
705




APPENDIX D
Pairwise comparison of sample 05-0033 and Flavescence doree positive

control
05-0033__FD_pvvNeavNeixe{elelelouxerNeuv\eav:NeleuvNe{elor:VXehv:NNe).v.vXe 40
FDP_CS TAAGTACTCCGCCTGAGTAGTACGTACGCAAGTATGAAA(] 40
Consensus taagtactccgcctgagtagtacgtacgcaagtatgaaac
05-0033__FD_jywvvNelerv.upie/Nee/clerNejyelelclorNenv:\eleleciyeleruNer i 80
FDP_CS 80
Consensus ttaaaggaattgacgggactccgcacaagcggtggatcat
05-0033__FD_[cjuieapyv.v.unieer.vernyvNeneer:v.v.v.vXeloinvNe{erXeeile 120
FDP_CS GTTGTTTAATTCGAAGATACACGAAAAACCTTACCAGGT(C 120
Consensus gttgtttaattcgaagatacacgaaaaaccttaccaggtc
(SN IV T T GACATACTCTGCAAAGCTATAGAAATATAGTGGAGGTT] 160
FDP_CS TTGACATACTCTGCAAAGCTATAGAAATATAGTGGAGGTT] 160

Consensus ttgacatactctgcaaagctatagaaatatagtggaggtt

(USRI "\ T CAGGGATACAGGTGGTGCATGGTTGTCGTCAGTTCGT 200
FDP_CS [ATCAGGGATACAGGTGGTGCATGGTTGTCGTCAGTTCGT 200

Consensus atcagggatacaggtggtgcatggttgtcgtcagttcecgtyg
(OGRS IIN Wl T CGTGAGATGTTAGGTTAAGTCCTAAAACGAACGCAACC( 240
FDP_CS TCGTGAGATGTTAGGTTAAGTCCTAAAACG y 1© 240
Consensus tcgtgagatgttaggttaagtcctaaaacgaacgcaaccc

(SRR C T GTCGCTAGTTGCCAGCACGTAATGGTGGGGACTTTAGC 280
FDP_CS CTGTCGCTAGTTGCCAGCACGTAATGGTGGGGACTTTAGC 280
Consensus ctgtcgctagttgccagcacgtaatggtggggactttage
05-0033___FD_[e)Ne)Nenyels[er:Vv:umv.v.vXerunNeler:Neler.v:\eleuneleleler:uv.v:Nel 320
FDP_CS GAGACTGCCAATTAAACATTGGAGGAAGGTGGGGATAAC 320
Consensus gagactgccaattaaacattggaggaaggtggggataacg

(OSSNl T CAAATCATCATGCCCCTTATGATCTGGGCTACAAACGT 360
FDP_CS TCAAATCATCATGCCCCTTATGATCTGGGCTACAAACGT 360
Consensus tcaaatcatcatgccccttatgatctgggctacaaacgtg
(USROSl T ACAATGGCTATTACAAAGAGTAGCTGAAACGCGAGTTT] 400

FDP_CS [ATACAATGGCTATTACAAAGAGTAGCTGAAACGCGAGTTT] 400

Consensus atacaatggctattacaaagagtagctgaaacgcgagttt
05-0033___FD_juvNelslonvauenyer.v.v.v2v.Xeleiv:NeaNounerNeuvNe{e[er:WuNerV:\ 440
FDP_CS TTAGCCAATCTCAAAAAGGTAGTCTCAGTACGGATTGAA 440
Consensus ttagccaatctcaaaaaggtagtctcagtacggattgaag

(OSSNl T C TGCAACTCGACTTCATGAAGCTGGEAATCGCTAGTAAT] 480
FDP_CS TCTGCAACTCGACTTCATGAAGCTGGHAATCGCTAGTAAT] 479
Consensus tctgcaactcgacttcatgaagctgg aatcgctagtaat
(SRS C GCGAATCAGCATGTCGCGGTGAATACGTTCTCGGGGTTT] 520

FDP_CS CGCGAATCAGCATGTCGCGGTGAATACGTTCTCGGGGTTT] 519

Consensus cgcgaatcagcatgtcgcggtgaatacgttctcggggttt
(OSEVIOICC I WOl C T ACACACCGCCCGTCAAACCACGAAAGTTAGCAATACC( 560
FDP_CS GTACACACCGCCCGTCAAACCACGAAAGTTAGCAATACCC] 559

Consensus gtacacaccgcccgtcaaaccacgaaagttagcaataccce

05-0033__FD_[exv:vNe[or:NeiNelelohmv:v-oumyelerv.v.Xe%:v:\er:\e[ele):NeleuN e out 600
FDP_CS GAAAGCAGTGGCTTAACTTCGAAAGAAGAGGGAGCTGTCT] 599

Consensus gaaagcagtggcttaacttcgaaagaagagggagctgtct

05-0033___FD_kvXeleuvNeleleauyeruNerupnelelelcauv.vXeis/eay.vXernv:\eexy. 640
FDP_CS I AAGGTAGGGTTGATGATTGGGGTTAAGTCGTAACAAGGTA 639
Consensus aaggtagggttgatgattggggttaagtcgtaacaaggta

05-0033__FD_jjeleigvNeleleler.velejierNeleryye/er-uyerXeloy ool ey V. 680

FDP_CS TCCTTACCGGAAGGTGAGGATGGATCACCTCCTTTCTAA! 679

Consensus tccttaccggaaggtgaggatggatcacctectttctaag
(USROS WVl /. CATACATATAAAAATCATCATCTTCAGTTTTGAAAGAC 720
FDP_CS GACATACATATAAAAATCATCATCTTCAGTTTTGAAAGAC 719
Consensus gacatacatataaaaatcatcatcttcagttttgaaagac
(SN CCIVl T T AGGTTAAAATATAAGTTTTTCTTTTTATAAAAARAAGT 760
FDP_CS TTAGGTTAAAATATAAGTTTTTCTTTTTATAAAAAAAGT 759

Consensus ttaggttaaaatataagtttttctttttataaaaaaagtyg

SRV T T TCTCTTATATAAAAGACCAAAGGGCCTATAGCTCAGTT] 800
FDP_CS TTTCTCTTATATAAAAGACCAAAGGGCCTATAGCTCAGTT] 799

Consensus tttctcttatataaaagaccaaagggcctatagctcagtt
(OSEVOICCIIN Wl GG T TAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTT( 840
FDP_CS GGTTAGAGCACACGCCTGATAAGCGTGAGGTCGGTGGTTC] 839

Consensus ggttagagcacacgcctgataagcgtgaggtcggtggttc
(USROS~ . CTCCACTTAGGCCCACCAATTTTATATCAGGAAAATAT] 880
FDP_CS IAAGTCCACTTAGGCCCACCAATTTTATATCAGGAAAATAT] 879
Consensus aagtccacttaggcccaccaattttatatcaggaaaatat

05—0033__ED_EConsensus 881

FDP_CS 880
Consensus t
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