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Translation elongation factor Tu (Tuf)

Tuf has mainly been used for strain differentiation inside some ribosomal groups such as the 16SrXII
(Stolbur) group. On the basis of published sequences degenerated nested primers Tuf340/Tuf890
followed by Tuf400/Tuf835 were designed. These primers were able to amplify strains from groups
16Sr-I, -II, -III, -IV, -V, -VI, -VII, -IX, -X, -XI, -XII and -XV. This Tuf fragment of 367-391 bp provides good
resolution among phytoplasma groups already designed on 16Sr gene as can be seen in the
phylogenetic tree.

Discussion

These preliminary results show that it is possible to develop small DNA ‘ barcodes’ for use in phytoplasma identification. PCR amplification
from 16S and Tuf was obtained from a range of strains belonging to groups 16Sr-I, -II, -III, -IV, -V, -VI, -VII, -IX, -X, -XI, -XII and -XV. Using a
combination of the sequences it was possible to differentiate the investigated 16Sr groups and also to differentiate subgroups in wich
epidemiologically or quarantine relevant phytoplasmas are classified such as. 16Sr groups -V and -XII.

Future work

Production of 16S and Tuf ‘ barcode’ sequences from a large number of strains from all available groups will be produced.
‘Barcode’ sequences will be deposited in a QBOL Database for public access.

Climate change, expansion of the EU and the increase of
international trade may facilitate the spread of

phytoplasma associated diseases, therefore a quick and
handy system for correct plant pathogen identification is
in great demand. DNA barcoding has arisen as a robust

and standardised approach to species identification.
QBOL, a new project funded by EU FP7 aims to create a
public reference database of diagnostic DNA sequences

for all quarantine plant pathogens and to make it
available for plant health diagnosticians. Some of the
regions used in QBOL are formally approved BARCODE

regions (e.g., COI in insects). Approval of other standard
regions is in progress.

Phytoplasma ‘barcoding’ has been performed for many

years, particularly using the 16S rDNA, but also other
genes such as secY, secA, tuf and ribosomal proteins;
however most of these regions span more than 1 kb

and/or primers are not generic, which make them
impractical for routine ‘barcoding’ of unknown
phytoplasmas. Available sequences of elongation factor

Tu (Tuf) and 16S genes were explored for selecting
regions suitable for phytoplasma DNA ‘barcoding’ to
develop robust markers of a size that can easily be

sequenced (400-600 bp) and that can be obtained from
most, if not all phytoplasma ribosomal groups and/or
‘Candidatus Phytoplasma’ species using generic primers.

A number of phytoplasma strains maintained in
periwinkle and field collected were used for PCR
amplification with newly developed primers for Tuf and

16S regions and then sequenced. The 5’ end of the Tuf
and the 5’ end of 16S genes were used for ‘barcoding’.
Sequences of approximately 450 bp for Tuf and 625 bp

for the 16S gene were obtained from more than 60
phytoplasma strains, belonging to 12 different 16Sr
groups. Using these sequences as ‘barcodes’ it was

possible to identify the phytoplasmas into ‘Candidatus
species’ or 16Sr groups. The obtained sequences will be
available in the newly developed QBOL database.

16S rDNA fragment

Preliminary studies suggested
that the 5’ end of 16S shows
the most variability within
phytoplasmas.

A fragment in the 5’ end of 16S
was amplified using P1 and a
reverse primer designed in this
study, P625r, resulting in a
product of app. 625 bp. The
primers were able to amplify
phytoplasma DNA from all
tested groups (16Sr-I, -II, -III, -
IV, -V, -VI, -VII, -IX, -X, -XI, -XII
and -XV) and did not amplify
plant DNA.

Nested PCR amplification of different phytoplasma

strains using Tuf340/Tuf890 followed by Tuf400/Tuf835

primers. 1, PEY 16SrIX-C; 2, CP-1 16SrVI-A; 3, ULW

16SrV-A; 4, PD 16SrX-C; 5, SUV 16SrXV; 6, CSPWD

16SrIV; 7, NGS 16SrXI, and 8 negative control

Phylogenetic tree of Tuf 400/835 sequences from this study and from GenBank

(accession numbers in parantheses). Acholeplasma ladlawi tuf sequence is used to

root the tree. In red phytoplasma detected in field collected samples, strains

sequenced in this work without GenBank number.

PCR amplification of different phytoplasma

strains using P1/P625r primers. 1, CHRYM

16SrI-A; 2, SPLL 16SrII-D; 3, PXD 16SrIII-A; 4, EY

16SrV-A; 5, CP-1 16SrVI-A; 6, AP15 16SrX-A; 7,

ASLO 16SrXII-A; 8, PEY 16SrIX-C; 9, BVK 16SrXI-

C; 10, ASHY 16SrVII-A, and 11, negative control
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1     2      3      4     5     6      7     8

Aster yellows DEV (AJ271312)

Aster yellows PRIVA (AJ271320)
Aster yellows PaWB (AJ1319)

Echolzia sp. phyllody EchP (16SrI-B)
Oil seed rape phyllody OSRP (16SrI-B)
Aster yellows AY-1 (16SrI-B)

Aster yellows AY-J (16SrI-B)
New Jersey aster yellows NJ-AY (16SrI-A)
Aster yellows BB (AJ271309)

Chrysantemum yellows CHRYM (16Sr I-A)

Aster yellows PWM (AJ 271321)

Aster yellows AYA (AJ 271308)
Carrot yellows CA (16SrI-C)
Aster yellows KVM (AJ 271318)
Clover Phyllody KVE (16Sr I-C)

Aster yellows BBS3 (AJ271310)
Aster yellows Straw2 (AJ271324)

‘Candidatus Phytoplasma australiense’ NZPh9 (DQ094777)

‘Candidatus Phytoplasma australiense’ NZPh1 (DQ094772)
‘Candidatus Phytoplasma australiense’ (AY303552)

Papaya dieback (Y18215)
‘Candidatus Phytoplasma australiense’ (AY303556)
Grapevine ‘bois noir’ Mo25 (16Sr XII-A)

Aster yellows Slovenia ASLO (16Sr XII-A)

Grapevine ‘bois noir’ IL14-6 (EU717134)

Periwinkle yellows BA (16Sr XII-A)

Grapevine ‘bois noir’ J1002 (EF635119)
Grapevine ‘bois noir’ R47/5 (FJ394552)

Grapevine ‘flavescence dorée’ FD-21206 (16Sr V-D)
Grapevine ‘flavescence dorée’ FD-21006 (16Sr V-D)

Grapevine ‘flavescence dorée’ FD-Ra5405 (16Sr V-D)

Grapevine ‘flavescence dorée’ FD-AS (16Sr V-C)

Grapevine ‘flavescence dorée’ FD-Re15 (16Sr V-D)
Grapevine ‘flavescence dorée’ FD-Bo5397 (16Sr V-D)
Grapevine ‘flavescence dorée’ FD-Re9 (16Sr V-D)

Grapevine ‘flavescence dorée’ FD-SR8709 (16Sr V-C)

Grapevine ‘flavescence dorée’ FD-Tus12 (16Sr V-D)
Grapevine ‘flavescence dorée’ FD-SR8609(16Sr V-C)
Grapevine ‘flavescence dorée’ FD-Tus6 (16Sr V-D)

Grapevine ‘flavescence dorée’ FD-10726 (16Sr V-D)
Rubus stunt (16SrV-E)

Elm yellows EY1 (16SrV-A)
Grapevine yellows Tus123 (16Sr V-A)

Elm witches broom ULW(16SrV-A)
Jujube witches’ broom JWB-Ch19 (16SrV-B)

Scaphoideus titanus FD92 (AM939565)

Palm lethal yellowing LYSS (EU413952)

‘Candidatus Phytoplasma trifolii’ CP-1 (16SrVI-A)
Brinjal little leaf BLL (16SrVI-A)

Catharantus phyllody CPS (16SrVI-C)

Cape St. Paul wilt of coconut CSPWD (16SrIV)

Napier grass stunt NGS (16SrXI)

Pichris echioides yellows PEY (16SrIX-C)
Potato witches’ broom PWB (16SrVI-A)

Lucerne virescence LUM (16SrVI)

Liliac witches broom LWB3 (16SrVII-A)

Ash yellows ASHY4 (16SrVII-A)
‘Candidatus Phytoplasma fraxini’ (AY685053)
‘Candidatus Phytoplasma fraxini’ (AY661424)

Loofah witches broom  (AF086617)

Coconut phyllody VCP (16SrII)
Crotalaria saltiana phyllody CSP (16SrII-C)
Faba bean phyllody FBP (16SrII-C)

Primula yellows PrB (16SrII-C)
Lime witches’ broom WBDL (16SrII-B)

Cotton phyllody COWB (16SrII-F)
Pichris echioides phyllody PEP (16SrII-E)

Sweet potato little leaf SPLL (16SrII-A)

Sesame phyllody SEPT (16SrII-A)

Tomato big bud TBB (16SrII-D)

Suriname virescence SUV (16SrXV)

Poinsettia branch-inducing PoiBI (16SrIII-H)

Spirea stunt SPI (16SrIII-E)
Goldenrod yellows GR (16SrIII-D)

Milkweed yellows  (16SrIII-F)

Peach X disease PXD (16SrIII-A)

Peach X disease CX (16SrIII-A)

Western X disease  (AB095674)
Tsuwabuki witches broom (AB095673)

Vaccinium witches broom  VAC (16SrIII-F)
Crepis biennis yellows CR (16SrIII-B)

Dodder transmitted from plum LNI (16SrIII-B)
Apple proliferation AT (16SrX-A)
Apple proliferation AP15 (16SrX-A)

‘Candidatus Phytoplasma mali’ (AJ011104)
Plum leptonecrosis LNp (16SrX-B)
Plum leptonecrosis PLNVigno (16SrX-B)
‘Candidatus Phytoplasma prunorum’ GSFY/1 (EU103607)

Pear decline PD (16SrX-C)
Pear decline PD-MO (16SrX-C)

Acholeplasma laidlawii (FJ896401)

QBOL Database

Identification workflow


