THREAT OF HUANGLONGBING IN THE
MEDITERRANEAN REGION: SURVEYS AND
ANALYSES OF 'candidatus Liberibacter’
SPECIES IN PLANTS AND IN Trioza erytreae

F. $|v3er'|o E. Bertohm , 6. Ter%sani , A. Aml&a L. Per'ls M Gulllen O.
Lopez, V. Dalmau’, J. M. Guitian , J.M. Bové', M. Cambr'a M.M_an_ez_.

I CTA. Canary Islands, Spain. * IVIA. Valencia, Spgin. E-mail:
T6VA. Valencia, Spain. = Tragsatec. Madrid, Spain. INRA and Université Vic tor
Ségalen, Bordeaux, France.


mailto:mlopez@ivia.es

HUANGLONGBING (HLB): yellow
shoot disease (China)

GREENING: in fruits (South Africa)




IMPORTANCE OF HLB

More than 65 million affected citrus trees
in Asia, Africa and America

Limiting factor of the citrus culture

Very susceptible: sweet orange and
mandarin

High economic impact

Quarantine organism in the UE and the |
EPPO, not present in Mediterranean [ sissid
countries




CAUSAL AGENT OF
"HUANGLONGBING"

Candidatus Liberibacter asiaticus
Candidatus Liberibacter africanus'
Candidatus Liberibacter americanus’

First description of the disease in 1919 in China
Reported in more than 40 countries

Phloem-limited bacteria
Persistenly transmited by several psyllid species
Some phytoplasms also involved
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HLB AND ITS VECTORS: GEOGRAPHICAL
DISTRIBUTION

- Asiatic HLB strains candidatus Liberibacter
asiaticus”"(high temperature resistant) and
americanus HLB strains ¢a Liberibacter americanus':
transmited by Diaphorina citri present in Asia and
America

- African HLB strains Candidatus Liberibacter
africanus’ (sensitive to temperature): transmitted by
Trioza erytreae, present in Africa (only the vector
detected in Canary Islands and Madeira)

- Both vectors are quarantine organisms in the EU

- Pseudopsylla citrisuga, recently reported as a
new HLB vector in China and Diaphorina communis
in Buthan.
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CYCLE 1. Vector feeding in the

2. Vector transmitting

the disease OF HLB

3. Symptoms
appearance
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Diaphorina citri
(Asiatic psyllid)
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Dissemination of HLB in China and in
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HLB Rapid Dissemination (9 to 10 months)
Hamlin/Rangpur Lime (planted in 2002)

Windbreak/Sugarcane Windbreak/Sugarcane
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The Mediterranean region is the fourth citrus producing
area in the world and the first exporting fresh fruits



HLB has not been
detected yet in the
Mediterranean basin

In a near future 'Ca.
Liberibacter’ spp. and
vectors could entry in the
Mediterranean area:

- Preventive measures
must be undertaken

- The accurate detection
of HLB agents and vectors
is essential
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Canary Islands

(Spain): different
stages of T. erytreae




Summary of HLB

preventive actions
in Spain

Vulgarization of HLB symptoms and risk of introduction of
vector species and the bacteria

Development of an accurate method and a kit for large scale
analysis of 'Ca. Liberibacter' species

Intensive surveys and analysis of plants and psyllids from the
Canary Islands where T. erytreae is already present

Identification of the most threatened citrus areas for the
entry of HLB and/or vectors in mainland Spain and preventive
surveys

Sentinel phytosanitary plan for citrus in the Valencian
Community (main Spanish citrus producing area): systematic
inspections and psyllid species traps followed by lab analyses



HLB preventive actions

International cooperation (since 2006):

INRA-Bordeaux y Univ. V. Segdlen Bordeaux 2. France. J. M. Bove.
FUNDECITRUS. Araraquara, Sdo Paulo, Brazil. J.Ayres, S. Lopes et al.
AGRONOMICA. Porto Alegre, Brazil. P.Telo

UNIV. ESTADUAL MARINGA. Maringd, Brazil. W. Nunes, A.V. Sauer

‘LOPES, S.A., et al., (2009). Liberibacters associated with Citrus Huanglongbing in Brazil: 'Candlidatus Liberibacter asiaticus’
is heat tolerant, 'Candidatus L. americanus' is heat sensitive. Plant Disease 93 (3): 257-262.

‘LOPES, S.A., et al., (2009). 6raft transmission efficiencies and multiplication of 'Candlidatus Liberibacter americanus’ and
‘Ca. L. asiaticus' in citrus plants. Phytopathology 99 (3): 301-306.

*BERTOLINI, E., et al. September 2010. Direct procedures for specific detection of ‘Candidatus Liberibacter' spp. using
immobilized targets and real-time PCR and detection kit. Spanish patent 201001157.

*BERTOLINI, E., et al. (2013). Tissue-print and squash real-time PCR for direct detection of ‘Candidatus Liberibacter’
species in citrus plants and psyllid vectors (Submitted).
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Real-time PCR is a very appropriate technique for
sensitive detection, but the need for nucleic acids
purification greatly limits the number of samples than can
be processed and increases the time as well as the cost
of the analyses
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Li et al. (2006), J. Microbiol. Methods 66, 104-115 o
Teixeira et al. (2008), Mol. Cell. Probes 22, 139-150

Manjunat et al. (2008), Phytopathology 98, 387-396 -
Lopes et al. (2009), Phytopathology 99, 301-306 ﬂ
Coletta-Filho et a/. (2010), Eur. J. Plant Pathol. 126, 53-60
Morgan et al. (2012), Mol. Cell. Probes 26, 90-98




The main goal was to developed and validate a
fast and simple screening test for accurate
detection of 'Ca. Liberibacter’ spp. by real-time
PCR using direct methods of sample preparation

(plant tissues and individual psyllids)




Tissue print
real-time PCR




Tissue print real-
time PCR

1. Sample preparation: immobilization of samples by tissue
print of leaf pedicels and/or plant extracts and/or squash
of insects on paper membrane. Storage: room temperature.

2. Extraction of immobilized targets from the membrane
by DN/Rnases free distilled water and vortex.

3. Preparation of the reagents and controls supplied in the
kit.

4. Real-time PCR amplification and interpretation of
results.

www . plantprint.net



Rapid screening test based on real-time PCR and

direct methods: Performance study

« 30 laboratories from 15 countries were involved.

« 10 blind samples (3 Las, 2 Laf, 1Lam and 4 healthy) immobilized
on paper.

« A complete kit Ref. HLB/100 (Plant Print Diagnostics) was sent
by courier at room temperature in November 2012.

« Total 400 data that were used for the estimation of the
diagnostic parameters, in regardless of the specific involved
laboratory.

Plantinn‘l :

ﬂﬂﬂﬂﬂﬂﬂ

www .plantprint.net

> #Diagnostics, SL.

mix (universal primers and TagMan FAM/TAMRA probe) for
“Ca. Liberibacter” spp. amplification (cach tube contains enough
master mix for 50 reactions using 9 uL/reaction).
6) 2 vials (red cap) containing 1 immobilized positive control

Kit CaLspp/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 asiaticus” infected plant crude extract).

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

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

DN/ RNases free for master mix preparation.

4)1 tube x 12 mL of distilled water DN /RNases free for sample apiete kit. Spanish-EU Patent N° 237.690

. (201001157/08-09 2010). IVIA- FUNDECITRUS
preparation. qe , MM, Lpez, N. Duran-Vila, . Ayres and | IBo |>. p

5) 2 vials (yellow cap) containing lyophilized complete master "“;*L‘ i‘Pl ‘;‘d o it .y il s
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HLB NO HLB

POSITIVE (True Positives) | (False negatives) |
NEGATIVE 7 150
(False positives) | (True negatives)

Total analyses: 400

0,97 + 0,008
True positives/(True positives + false positives)

0,94 + 0,012
True negatives/(True negatives + false negatives)

ACCURACY: 96.00 %
(True positives + true negatives/Total analyses)



Squash real-time PCR for “ca.

) ) 0 ° ) )
Liberibacter” spp. detection in psyllids
™ ‘Ca. ‘Ca. ‘Ca.
Liberibacter  Liberibacter Liberibacter
' Diaphorina citri
“ (Brazn) 5/201 471/1,158 NT
Trioza erytreae
N (Canary Islands) 0/686 0/686 0/686

americanus’ asiaticus’ africanus’
Trioza erytreae




Due to the advantages of this
screening test it was included in:

[13-18639 (12- 18211. 12- 18199, 12- 18144 rev, 11-17247)
PM 7/
European and Mediterranean Plant Protection Organization
Organisation Europeenne et Mediterraneenne pour la Protection des Plantes
Diagnostics
Diagnostic

‘Candidatus Liberibacter africanus’
‘Candidatus Liberibacter americanus’
‘Candidatus Liberibacter asiaticus’

Specific scope

This standard describes a diagnostic protocol for ‘Candidatus Liberibacter africanus’, “Candidatus Liberibacter
americanus’ and ‘Candidatus Liberibacter asiaticus™ and for their detection in thewr psvllid vectors Diaphorina
citri and Trioza ervitreae.

Specific approval and amendment

Introduction

Huanglongbing also called greening, or vellow-shoot-disease, was first described in Southern China in the 19®
century, and has been present for many vears in the main citrus growing regions of Asia and Africa, being
considered the most destructive bacterial disease of the citrus mdustry (Bove 2006). Huanglongbing 1s present in
more than fifty countries in Asia, Africa, Oceania, and America. Only the citrus producing countries of
Mediterranean basin are still free. Practically all commercial citrus species and cultivars are susceptible, regardless
of rootstocks (Bove, 2006; Lopes et al., 2009). The pathogen has also been detected in orange jasmine (Murrava
paniculata). The disease has been associated with three species of bacteria recognized as *Candidatus Liberibacter’



Tissue print real-time PCR

Proposal of a flow
diagram for detection of
'Ca. Liberibacter’ spp.

Fig 1: Flow diagram for the detection of “Ca Liberibacter” spp. in plant material.

FPlant material
Citrus and relative species

v

Tissue print on paper or nylon membranes
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RAPID SCREENING TEST

Universal realtime PCR

(optional conventional PCR)

-

Fositive

| Megative

HLE specific realtime PCR for
Las. Laf and Lam

Fositive

HLB “Ca. Liberibacter”
(Las, Laf and/or Lam)
detected

h

Laf and Lam
{using purified DMNA) and
sequencing of the
amplified products

Conventional PCR for Las,

Positive

l

not detected

not detected

Megative

HLB “Ca. Liberibacter”
(Las, Laf and/or Lam)

HLB. “Ca. Liberibacter”

not confirmed

confirmed
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Canary Islands surveys:

2009 to 2013

14270 visually inspected trees
(935 sampled and tested) and 783
T. erytreae individually analyzed

NO DETECTION OF HLB
AGENTS






GENERALITAT VALENCIANA

PREVENTIVE SENTINEL PLAN FOR CITRUS IN THE VALENCIAN
COMMUNITY OF SPAIN

“PLAN DE VIGILANCIA FITOSANITARIA
DE CITRICOS”
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\ PLAN DE VIGILANCIA FITOSANITARIA DE CITRICOS

The whole citrus surface of
Valencia (180,000 ha) was divided
in 100 control fixed areas
(selected orchards):

« 20 in Castellon
« 60 in Valencia
« 20in Alicante

In addition 17 strategic points
were selected:

« 2 international airports
« 3 ports

* 4 farms

8 packinghouses

Traps were placed in all the
fixed plots and strategic points

PLAN DE VIGILANCIA FITOSANITARIA DE CITRICOS

LU Rnd da Vighansia Fiosaniari de Gliricos |

DISTRIBUTION IN
CONTROL AREAS

Lirsis coraxs




4 aleatory sampling Additionally all the
(PM) & 1 fixed (PF) + Estrategic points (PEC)

Two main tasks:

1)Visual inspection for quarantine and common pests and
diseases in PM & PFs.
2) Traps for quarantine pests in PF & PEC.

3,000 trees/year/inspector (carefully inspected in
areas with traps)




gGENERALITAT VALENCIANA

CONSELLERIA DE AGRICULTURA, PESCA Y ALIMENTACION PLAN DE VIGILANCIA FITOSANITARIA

Strategic points:

« Airports: Alicante & Valencia.

« Ports: Gandia, Valencia & Castelldn.

(sorting, re.packing, etc.): 8



Results of the sentinel plan

* It has allowed the detection of several new pests
and diseases

* None of the identified psyllid species were among
the reported HLB vectors

+ 62,500 inspected trees: 1,385 analyzed samples.
No ‘Candidatus Liberibacter’ species causing HLB
were detected

+ This type of surveys should be implemented in all
Mediterranean citrus producing countries



MEDITERRANEAN REGION: STILL HLB FREE
BUT:‘ : Trioza erytreae © : Diapnorina citri

ARE APPROACHING
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Conclusmns

Eﬂ; economic and social |mpor'rance of Mediterranean citrus industry
Justifies actions against HLB: prevention is essential

- In Spain, practically 100% of citrus orchards are based on certified
plant material locally produced.<This is a guarantee of their sanitary
status and is currently a big advantage

- The availability of rapid, si ’_fj"_':“le and efficient diagnostic methods is
essential for surveys and for rapid eradication, if nec;essar'y

- The Mediterranean citrus industry should be able
to avoid the infroduction of infected material from
third countries and of HLB vectors to maintain its
economlc importance in the next future

o




THANK YOU VERY MUCH FOR YOUR
ATTENTION
and Prof. J. Bové for information
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