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Abstract

A total of 154 phytoplasma strains from 15 ribosomal groups were employed for barcode sequences production. Besides strains in
periwinkle, 36 strains in natural infected plants such as napier grass, grapevine, plum, jujube, apple, pear, spartium, pine tree, hi-
biscus and erigeron were employed. Barcode sequences were produced for 16SrDNA, tuf and SecA gene for 36 phytoplasma
strains, while for 54 strains 16SrDNA sequences were obtained, and for 118 and 89 strains respectively the tuf and secA barcode.
All obtained sequences and protocol for extraction and PCR amplification will be available in Qbank.
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Introduction

The increased international trade of plant material is in-
creasing also exchanges of possible quarantine patho-
gens and a quick and reliable system for their identifica-
tion is of the utmost importance.

DNA barcoding is a generic diagnostic method that
uses short standardised genetic markers to aid species
identification. The first genetic marker to be described
as a “barcode” was the mitochondrial cytochrome ¢ oxi-
dase I (COI) gene which is used for species identifica-
tion in the animal kingdom (Herbert et al. 2003).
Among quality standards requirements for “barcodes”
sequences are that the sequence data must be obtained
from fully identified and vouchered specimens from a
known origin with a unique identifier; sequence data
must be at least 500 bp long and must be associated
with trace files for the forward and reverse sequencing
runs, and of forward and reverse primers used; primer
sequences must be trimmed from the barcode sequence
data (Hanner, 2009).

DNA barcoding protocols are under development and
validation within the Quarantine organisms Barcoding
of Life (QBOL) project financed by 7" framework pro-
gram of the European Union. Using the developed DNA
barcoding protocols, sequence data of EU regulated
plant pests and phylogenetically related species was
generated and will be made publicly available using the
Q-Bank database.

The list of phytoplasma diseases that are of EU quar-
antine are summarized in table 1. It is important to un-
derline that the quarantine list a number of diseases but
it is well known that different phytoplasmas are associ-
ated to the same disease in diverse parts of the world.
Therefore, phytoplasmas listed in table 1 were selected

as main representatives of those associated with the
same disease worldwide. Based on this knowledge and
in order to provide the most useful and robust tool pos-
sible a number of phytoplasma strains belonging to the
majority of described taxons were barcoded and will be
deposited in the QBank.

Materials and methods

Fresh or frozen phytoplasma infected plant material
from periwinkle or from natural plant hosts was used
after a chloroform/phenol extraction of total nucleic
acid (Prince et al., 1993). This DNA was then employed
for sequencing the marker regions selected for reliable
identification of quarantine phytoplasmas; for all mark-
ers a 400 - 600 bp fragment is suggested for the use of
the barcode system.

A total of 154 phytoplasma strains from 15 ribosomal
groups were employed for barcode sequencing. Besides
strains in periwinkle also 36 strains in natural infected
plants such as napier grass, grapevine, plum, jujube, ap-
ple, pear, spartium, pine tree, hibiscus and erigeron were
employed. Strains belongs to the official collection of
micropropagated phytoplasmas (Bertaccini, 2010), or
were collected or provided by colleagues listed below.
Specific protocol and primers are in validation phase in
order to provide a quick and reliable tool for identifica-
tion of quarantine phytoplasmas. The selected barcode
regions are within the 16Sr DNA, tuf and SecA genes.
The produced barcode sequences will be uploaded in the
publicly available database that is in preparation
(Qbank) where protocols for nucleic acid extraction and
primers for amplification will also be available after the
end of the validation process.
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Table 1. List of EU quarantine phytoplasma-associated diseases.

Name of the disease ‘Candidatus 16Sr DNA grouping of Other 16Sr DNA phytoplasmas
Phytoplasma’ phytoplasmas Qbol target* associated with the disease*

Elm phloem necrosis ‘Ca. P. ulmi’ 16SrV-A None

Peach rosette 16Srlll 16Srl

Peach X disease 16SrIII-A None

Peach yellows 16SrIll 16SrI-B/16SrXII

Strawberry witches’ broom 16SrI-C ‘Ca. P. fragariae’, 16SrI-B, 16SrXII

Apple proliferation ’Ca. P. mali’ 16SrX-A None

Apricot chlorotic leafroll ’Ca. P. prunorum’ 16SrX-B None

Pear decline "Ca. P. pyri’ 16SrX-C None

Palm lethal yellowing 16SrIV 16Srl/16SrXXII

Witches’ broom on Citrus ’Ca. P. aurantifolia’ 16SrII-B 16SrVI, 16SrIX

Grapevine flavescence doreé 16SrV-C/-D None

Potato stolbur 16SrXII-A 16SrlI-A, 16SrI-C, 16SrlIl

potato purple top wilt ‘Ca. P. americanum’ 16SrXVIII-A 16SrVI

* Groups and subgroups are according with Lee et al., 1998 and as in Bertaccini and Duduk, 2009.

Results

For a total of 26 phytoplasma strains all the three bar-
code sequences were produced, while for 54 strains
16SrDNA sequences were obtained, and for 118 and 89
strains, respectively, tuf and secA barcode sequences
were obtained.

For the naturally infected plants, 4 strains were se-
quenced in the 16S rDNA, while 74 sequences were ob-
tained for tuf gene and 54 sequences for the secA gene.
The project is still in progress and more sequences are
under production.

Discussion

The three barcode sequences employed in the project
will allow to unambiguously detect and identify quaran-
tine phytoplasmas in a short time and with no need of
specific phytoplasma expertise in the laboratory. From
the research carried out, the tuf gene fragment was
shown to be able to differentiate the majority of phyto-
plasmas enclosing those in the EU quarantine list (table
1) and together with the 16S rDNA appears to be very
helpful in barcoding of phytoplasmas. Further work is in
progress toward increasing number of sequences to be
deposited in the Qbank.
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