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Approx. 9,000 ha (74.000 t)
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Carrot is mainly cultivated in three
cycles (early, medium and late) along
the year.

Early: March to July
Medium: May to December
Late: July to January next year

It is commercialized for the industry
and after selection in packing houses
for fresh consumption
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Ag-rlcol,a Vlllena Coop. V. Villena-Alicante, (Partner of IVIA/ICIA

projects) commermahzes 20% of the carrots consumed-in“Spain '
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2007: Vegetative disorders were noticed
for the first time in carrots in Canary
Islands and in mainland Spain.
Symptoms: curling, yellowing, abnormal
proliferation and purple discoloration of
leaves, stunted growth of shoots and
roots, proliferation of secondary roots
and filiform root a the end.
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Overview of the situation: I .

2008: Increase of symptoms in carrot and first observation of
symptoms in celery. Detection of phytoplasmas, virus and
‘Ca. Liberibacter solanacearum’ (CaLsol).

2009: High prevalence of symptoms in both crops and
detection of phytoplasmas and CalLsol in carrot in different
regions. Up to 70% yield losses in celery.

2010: Symptoms in carrot and celery are associated with the
detection of CaLsol (and with phytoplasmas in carrot but
neither with phytoplasmas nor with viruses in celery).

2011: Beginning of a national research project funded by INIA-
Ministry of Agriculture. Symptoms in celery drastically
decreased but not in carrot.

2012: Beginning of PHYLIB-EUPHRESCO project. CaLsol is only
consistently detected in carrot with symptoms. The
vegetative disorders and the detection are again scarce in
celery. No detection neither in other crops nor in weeds.




Celery (Apium
graveolens) a new

‘Ca. Liberibacter
solanacearum’ host
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Performance study on a
complete kit for direct detection

(without DNA purification) of
‘Ca. Liberibacter solanacearum’
by real-time PCR




Performance study (Ring-Tesk

27 Laboratories / 17 countries: Austria, Argentina, Bolivia, Brazil,
Costa Rica, France, Greece (2), Hungary, Israel, Italy, New Zealand,
The Netherlands, Spain (9), Turkey, UK, Uruguay and USA (2)

10 blind samples (5 positives and 5 negatives) immobilized on paper
one month before the performance study and stored at room temp.

Total 44 results / 440 data (in 4 laboratories no amplification occurred
and some laboratories make repetitions).

A complete kit sent by courier at room temperature in November 2012
(traveling days at room temperature: 3-7)
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Performance studies “Ca. Liberibacter solanacearum” and “Ca. Liberibacter” spp./ HLB species.

‘Ca. Liberibacter”

N Name e-mail Organism Local sl (A 2

1 | James Crosslin lim.crosslim{@ars.usda.qov USDA/ARS Prosser, WA LUSA X

2 | BTLHvande Vossenberg | btlhvande vossenberg@mininy.nl NPPO/NRC The Metherlands | x (2}

3| Nigves Capote marian.capote@juntadeandalucia.es IFAPA Sevila ES X X
4 | Jaime Cubero cuberof@inia.es INIA Madnd, ES X X
3| Rafael Flores Gonzilez rafael flores gonzalez@juntadeandalucia.es | Producciony Sanidad Vegetal Sevilla, ES X X
6 | José Luis Palomo PalGomJo@jcyl es Centro Regional de Diagnostico Salamanca, ES X X
7| Mercedes Peyroy mercepeyrou@agmail.com Inst. Inv. Bigl.Clemente Estahle Uruguay X X
B | William Villalobos williamyillalobosm@gmail.com Universidad de CostaRica Costa Rica X X
3 | Patricia Souza patnicia@agronomicabr.com.br Agrondmica Brazil X X
10 | Giovanna Plata q.plata@proinpa.org PROINPA, Cochabamba Bolivia X X
11| Olga Casal olga.aquin@depo.es Estacion Fitopatologica Areir Pontevedra, ES X X
12| Maria Ines Plata miplata@comeo.inta. qov.ar INTA-EEA. Concordia Argentina X X
13| Juan Bascon |uan.bascon@juntadeandalucia.es Producciony Sanidad Vegetal Huelva, ES X X
14 | Ana Palacio apalaciob@aragon es CITA Zaragoza, ES X X
13 | Helga Reisenzein helga reisenzein@ages at AGES Austria X X
16 | Emma Teverovsky emmat(@moag.gov.l Ministry Agricult, and Rural Develop. | lsral X X
17 | Jean-Philippe Renvaisé lean-philippe.renvoise@anses. fr ANSES France X X
18 | Maria Holeva m.holeva(@bpi.qr Benaki Phytopatological Institute Greece X X
19| Aynur Karahan akarahan{@zmmae.qov.ir Plant Prot. Central Research Institute | Turkey X X
20 | Karen Pearson Karen.Person@sasa. gsi.gov.uk SASA UK X X
21 | Li Paetzold Lpaetzold@ag tamu edu Experiment station Rd, Bushland, TX | USA X X
22 | Isabel Font mafonsa@upvnet.upv.es UPY Valencia, ES X

23 | Vittoria Catara ycatara@unict i University of Catania ltaly X X
24| Maria Kolber Kolber mana@gmail.com 3 Hungary X

23 | Lisa Ward Lisa. ward(@mpi.qovt.nz Ministry for Primary Industries New Zealand X X
26 | Milagros M. Temazas biologia. vegetal{@larioja org Biologig Vegetal Lab. Regional Logrofig, ES X X
27 | Andreas Yoloudakis avoloud@ava.ar University of Athens Greece X X
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PERFORMANCE STUDY N°1:
“Candidatus Liberibacter solanacearum” DETECTION BY REAL-TIME PCR
USING PLANT PRINT DIAGNOSTICS S.L. COMPLETE KIT

Performance test kit components:

1) 2 wvials (blue cap) containing 1 mL distilled sterile water DN/RNases free: one for
master mix preparation and the other for sample extraction/preparation.

2) 1 wial (yellow cap) containing lyophilized complete (TagMan FAM/TAMRA)
master mix for “Ca. Liberibacter solanacearum™ amplification. Contains enough
master mix for 50 reactions using 9 nL/reaction.

3) 10 numbered Eppendorf tubes, contaming 10 different immobilized blind positive
and negative samples.

4) 1 detailed protocol of conventional kit (for additional information).
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COMPLETE KIT® FOR probe) for “Ca. Liberibacter solanacearum” amplification (each
"Candidatus Liberibacter solanacearum” tube contains enough master mix for 50 reactions
DETECTION BY REAL-TIME PCR using 9 L/ reaction).
0) 2 vials (red cap) containing 1 immobilized positive control

Kit CaLsol/100 components: spotted on a piece of membrane (5 uL per spot of “Ca. Liberi
1) 2 vials (white cap) containing 50 pieces (0.2 cm?/ piece) of bacter solanacearum” infected plant crude extract).

Whatman 3MM paper. 7) 2 vials (green cap) containing 1 immobilized negative control
2) 1package containing 2 paper membranes (7x13cm) (Whatman spotted on a piece of membrane (5 uL per spot of healthy plant

3MM). crude extract).
3) 1vial (blue cap) containing ImL distilled sterile water DN/ 8) 1 detailed protocol.

RNases free for master mix preparation.
4) 1tube x 12 mL of distilled water DN /RNases free for sample
preparation.
5) 2 vials (yellow cap) containing lyophilized complete
master mix (universal primers and TagMan FAM/TAMRA

® Complete kit. Based on Spanish-EU Patent N° 2.377.690
(201001157/08-09-2010).

PROTOCOL SUMMARY: (Plant Print Diagnostics) / www.plantprint.net



Diagnostic parameters calculation v,

ANO DE INVESTIGA
Www.antonio-olmos.com/diagnosis/parameters/online/calculator.HtmI

The results of the analysis of a population can be summarized in the following table, which allows the

evaluation of the technique.
Contingency table for the evaluation of a diagnostic method

Sanitary status

Disease Mo disease

Positive

Result of the technique

Negative

FParameters to evaluate diagnostic methods
Prevalence

The proportion of infected plants is the prevalence at a given point in a time or over a penod of time. Formula to
calculate prevalence is: existing cases / population at nsk. In the contingency table its value is: {(a + ¢) / M.
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nof CalLsol is detec ed:
In other plots, typica
symptoms are observed and

CaLsol is consistently detected in A

more than 65 % of the plants
cultivated in open field (no
detection in plants cultivated
under insect-proof protection).
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Sampling

Leaves from the medium part of the plant (one leaf
from small plants; 2-3 leaves from adult plants)




Sampling

Samples were introduced
Into plastic bags
containing a thin net
(Bioreba or Plant Print)
and transferred at 6-10°C
to the laboratory




Extract preparation

1) 5mL of PBS, pH 7,2 are added to each plastic bag
containing the sample (approx. 1lweight : 5-10 volumes).

2) Homogenization is semi-automatically performed by using
Homex 6 (Bioreba).

3) 1,5 mL of the crude extract is immediately used or stored
at -20°C until use.




Spots

1) 5 0L of the extract are directly spotted on a piece (0,3
cm?) of 3MM Whatman filter paper contained into an
Eppendorf tube.

2) Letto dry for 5 min. at room temperature and
Immediately used or stored at room temperature in an
obscure and dry place or at -20°C, until use.
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Direct real-time PCR |V g
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Add 100 pL of distilled water to
the spotted-immobilized sample
and vortex
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Absolut and relative abundance of
arthropods landing on sticky celery plants (2011)

Aphididae Diuraphis noxia
other Aphididae
total Aphididae
Cicadellidae Typhlocybinae
other Cicadellidae
total Cicadellidae

Psylloidea total Psylloidea
Fulgoromorpha total Fulgoromorpha
TOTAL




Monitoring of
arthropods

Yellow traps Sticky plant
2009 2010 2011

Triozidae: 95% | 99,37 % 99,43 %
Bactericera sp. 85 % 99,14 %
' 10 % 0,23 %
5% 0,63 %
5% 0,56 %
25.836 | 26.140

Psylloidea

Villaescusa et al. (2011). Bol. San. Veg. Plagas 37, 163-171.




Monitoring of arthropods

on early cycle celery plants

N° of arthropds (Villena, 2011, celery, sticky plant, plot 08)
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Monitoring of arthropods landin u |

on medium cycle celery plants

N° of arthropds (Villena, 2011, celery, sticky plant, plot 26)

—e—Diuraphis noxia

—=—otros Aphididae
Typhlocybinae
otros Cicadellidae

——Psylloidea




Monitoring of arthropods t |

on late cycle celery plants

N° of arthropds (Villena, 2011, celery, sticky plant, plot 01)
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Main annual peaks of flight (2011)

Aphididae: 2 main peaks (half of May and half of June).
Cicadellidae Typhlocybinae: 2 main peaks ( at the end of September
and at the beginning of November).

Cicadellidae no Typhlocybinae: 1 main peak (end of June).

Psylloidea: 2 main peaks (at the end of July and mainly half of August).

Arthropods caught in 2012 are under identification.




Experimental transmissions

By Cuscuta campestris in controlled
greenhouse conditions
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MINISTERIO DE AGRICULTURA PESCA Y ALIMENTACION
NETITUTO MACIONAL DE SEMILLAS ¥ PLANTAS DE VIVERD
MUESTRA OFICIAL DE SEMILLA PRECINTADA

Eipacia y vortgdod

PROTOCOL FOR
CaLsol DETECTION IN
SEEDS




-1 g (approx. 500 carrot seeds)

- comminuted in PBS, pH 7,2

Into a plastic bag
- DNA purification with CTAB

- Real-time PCR




The question of seed
transmission of CaLsol.

N° analysed seedlings with
negative detection of CalLsol:

- Carrot (1,080)

- Celery (360)




There are positive and negative seed lots.

CalLsol is consistently detected in seed lots but no yet in the
analyzed seedlings.

Negative lots of seeds when cultivated in isolated areas or under
Insect proof nets are not showing symptoms and CalLsol is not
detected.

On the contrary: symptomatic plants (CaLsol +) come from CalLsol
+ seed lots in the vast majority of the cases.

Lot of seeds are being produced from infected plants in order to
asses the transmission.

EM is being performed from seeds collected from + lots in order to
localize the bacteria.




Potato surveys (2012)

-Laboratory of Salamanca (analyses of samples from imported lots and
from national potatoes): 658 samples

-Laboratory of Valencia (analyses of imported lots and local lots of
early potato samples): 89 samples

-Laboratory of Tenerife (potato samples cultivated close to infected
carrots): 50 samples

-IVIA Reference Laboratory (potato samples cultivated close to
Infected carrot or celery crops): 32 samples

All assayed samples tested negative for CaLsol by spot real-time PCR




CONCLUSIONS and COMMENTS

Host of CalLsol detected in Spain:
Carrot and celery

Set up of arapid and accurate detection method/kit real-time
PCR based (commercially available) validated in 24
laboratories

Hyphotesis:
CalLsol has been introduced by carrot seeds and
transmitted by vectors among carrots and from carrot to

celery.

There is areal risk of natural transmission to other hosts.

We are studying the ability of different psyllid species in
feeding in the phloem of different psyllid plant hosts and no
hosts.




Thank you very
much for your

attention




