Draft ISPM Protocols for HLB (2005-TPDP-14)

LIBERIBACTER

Introduction

Huanglongbing (HLB) (ex-greening) is one of the most destructive and wide-spread diseases of citrus in Asia , Africa and recently in some countries  in  America and infects nearly all species, cultivars and hybrids of citrus and some alternative hosts. 

It was reported for the first time in 1919 in China , in 1937 in South Africa and then it was spread to many countries . In 2004 was found in Brazil and in 2005 in Florida, USA. ( APHIS.USDA).

The forms of HLB known are:

The Asian form designated Candidatus Liberibacter asiaticum is a heat tolerant strain that is trasmited by Diaphorina citri  Kuwayama (Homoptera: Psylloidea)and produces  symptoms in warm climates ( 27-32ªC.  (13)
The African form designated Candidatus  Liberibacter africanus is trasmited by Tryoza erytreae Del Guercio  (Homoptera:  Psylloidea )  and  produces symptoms between 22-24ºC (13).Candidatus Liberibacter africanus subsp. capensis was reported in South Africa on an ornamental Rutaceous Calodendrum capense (8).

The American form designated Candidatus Liberibacter americanus is transmited by Diaphorina citri. It has been observed for the fist time in 2004 in San Paulo, Brazil, where was also found Ca. L. asiaticus and could be detected both on the same tree (23).
HLB is caused by an uncultured bacterium restricted to the sieves tubes within the phloem tissues (gar Jagou) and is in a very low concentration and uneven distributed in its hosts. It can not be diagnosed easily by conventional procedures such as electron microscopic examination, bioassay or indicators plants and serological methods. The polymerase chain reaction (PCR) based on the amplification of the 16S rDNA is accepted as a very effective, simple and sensitive tool for HLB detection. 

The knowledge that the bacterium can be detected in the psyllids the same as in Murraya paniculata, a rutaceous tree opens new approaches in the epidemiology study of the disease (7,4,11)
HOSTS

The HLB infects citrus and other alternative hosts, with some variations in susceptibility according to species.

The disease is particularly severe in sweet orange (Citrus sinensis),” valencias” shows more pronounced leaf symptoms than “navels”, mandarins (C. reticulata) and tangelos (C. paradisi  x reticulata). 

The symptoms are moderate in grapefruit (C,. paradisi), lemon (C. limon), sour orange (C. aurantium), C. limonia, C. limettioides,rough lemons (C. jambhiri), kumquats (Fortunella spp.) and citrons (C medica )., and are weaker on  lime (C. aurantifolia),  and trifoliate orange (Poncirus trifoliata x C. sinensis). (2,5).

Calodendrum capense (cape chesnut) an ornamental Rutaceous tree was shown to be host of HLB  (8).

 Murraya paniculata is an important host for Diaphorina citri and was shown to be a host of Ca. . L.americanus and thus an additional source of inoculum for psyllids to become infected (23)

The psyllids can persist and multiply in other Rutaceos plants:  Atalantia missionis, Swinglea  glutinosa (7) .

Experimental transmission was obtained by Cuscuta campestris  to Periwinkle (Catharanthus roseus)  (6).

GEOGRAPHICAL DISTRIBUTION 

· “Candiatus Liberibacter asiaticus:

Asia: Taiwan, Nepal, Philippines:widespread, Bangalades, Camboia, China, Laos, Myannmar, Pakistan, Saudi Arabia,South East Asia, Sri Lanka, Thailand: present no further details.India; Japan, Malasya, Vietnam, Yenemm: restricted distribution

Africa:Mauritius, Reunion: present, no further details

Oceania:Papua New Guinea: present, no further details

America: Brazil:  Sao Paulo State. USA: only present in Florida (Official report APHIS, USDA)

· “Candidatus Liberibacter africanus”

Asia:Saudi, Yemen: restricted distribution

Africa: Burundi ,Cameroon,Central African Republic, Comoros , Ethiopia, Kenya, Madagascar,Malawi, Mauritius,Rwanda, Reunion, Somalia, Southern Africa, Swaziland: present, no further details Saint Helena: widespread, South Africa, Tanzania, Zimbawe: restricted distribution

· Candidatus Liberibacter americanus

Brazil: Sao Paulo, Brazil

VECTORS


The psyllids are able to exploit their environment in a relatively short period of time because of the extreme fecundity of the females, their flying capacity and the ability to build up on wild alternate Rutaceus host plants, 

The first winged adults that colonize the spring flush are highly infective and spread the disease to new shoots where they breed. There are five nymphal instars, the bacterium can be carried by adult or 4th, 5th nymphal stages and cannot be transmitted transovarially.(1,11)
D. citri can be found in The Southeast Asia, and the Indian, the Islands of Reunion and Mauritius, Saudi Arabia, Souther Iran, Venezuela, Brazil, Argentina , Florida and Texas in USA, Cayman Island, Bahamas islands (9) and Cuba, Dominican Republic Puerto Rico and Mexico  (23)

T. erytreae: is present in South Africa , Kenya, Erytreae,Zaire, Rwanda, Sta. Helena, Zambia, Rhodesia Zimbawe, Madagascar,Reunion  and Mauritius, Uganda, Sudan (1).

Taxonomic information

Domain: Bacteria, Phylum: Proteobacteria, Class: Alpha- Proteobacteria, Order: Rhizobiales, Family: Rhizobiaceae, Genus Candidatus Liberibacter. 

Candidatus Liberibacter asiaticus , the Asian form  (13)

Candidatus Liberibacter africanus, the African form (13)

Candidatus Liberibacter americanu, the American form. (23, 24). 

In 1994 The International Comitee of Systematic Bacteriology recommended to implement the the proposal of Murray and Scheleifer (17) and assigned to this bacterium the genus Candidatus (18)
In 1994, Jagoueix, S.et al (12)proposed that this new group in the Alpha subdivision of the Proteobacteria was should be referred to by the trivial name “liberobacter” (from the  Latin liber [ bark ]  and bacter [bacteria]).   

In 1996 Jagoueix, S. et al (13) by comparison of the 16S rDNA sequences recognized two "Candidatus species": Liberobacter asiaticum and Liberobacter africanum.

Garnier, M. et al, in 2000 (8) by phylogenetic analysis as well as from the results of serology proposed the Ca. Liberibacter africanus subsp capensis" on an isolated obtained from Calodendrum capense. In 2004, Teixeira, D et al, (23, 24) by the design of new primers in the PCR identified Ca L. americanus.

Common names: (2, 5)

Huanglongbing: which means “yellow dragon disease” (China). Greening (South Africa), Libukin (decline) (Taiwan), Dieback in India, leaf mottle (Philippines), vein phloem degeneration (Indonesia), and yellow branch, blotchy-mottle or greening in South Africa, Enverdecimiento (Spanish). Then the name greening was widely adopted.

Detection

· By symptoms 

The symptoms are similar to other decline diseases such as citrus blight and citrus tristeza develops slowly, and infected trees may not be recognized as those of a new disease. Trees gradually decline in vigor and yield, and eventually die or stay stunted. The disease develops irregularly, and the tree has a mixture of normal and diseased sectors, and itself is a good indicator for the presence of HLB. Symptoms first appear as leaf mottling and chlorosis in one shoots or sector of the tree.  Later, leaf symptoms resemble nutritional deficient (Zn, Cu, and N) that vary depending on the strains.

On Leaves:  The larger leaves on the lower parts of branches turn yellow along their main and secondary veins, later changes to a “blotchy-mottle” as the discoloration spreads away from the veins, showing pale, light yellowing with the dark green spots uneven located. Leaves on weak terminal twigs are small, up-right and show a variety of chlorotic patterns, suggestive of zinc and iron deficiencies. The small leaves are pale at first and develop secondary chlorotic patterns as they mature. Mature leaves show irregular patches between the veins, the veins are often prominent and yellow.

On Fruits: are reduced in size, of poor quality and often lopsided. They have a bitter, salty taste, stay very small and fall prematurely. If remain on the tree longer, the colour doesn’t reach the orange of normal fruits. The seeds in affected fruit are abortive.

Histological symptoms: The lesions block translocation of foods materials within the tree and cause accumulation of starch, showing leathery aspect.  An abnormal multiplication of cambial cells and an excessive phloem formation are present.

To illustrate with photographs the symptoms of HLB and to distinguish similarities and difference with others diseases you can consult:  www.eppo.org or “Manual de Greening” in www.fundecitrus.com.br  

· By serology 

The Ca. Liberibacter cannot be obtained in culture, so it is difficult to characterize and to produce specific reagents for its detection.  Periwinkle (Catharanthus roseus) is known to be a good host for liberobacter and reaches much higher titers than in citrus (6). So, purified phloem tissue from infected periwinkle plants is used to produce Monoclonal antibodies (MAbs) for the detection by DAS-ELISA and Inmunofluorescence test (IF). These are highly strain specific and recognize almost exclusively the strain used for immunization (7, 14) 
MAbs can be obtained from plants infected with the following strains: “Poona” from India and strain “Fuzhou” from China and “Nelspruit” from South Africa (7, 14).  This MAbs reacted selectively with the source antigens and few with other isolates of citrus greening, demonstrating the existence of several serotypes and are too isolate-specific to be used for general detection of greening (9)

· By DNA- DNA Hybridization Probes

MAbs are too specific for the detection of all strains of the greening, so Garnier, M et al., developed two DNA probes for Ca. L.asiaticus and Ca. L. africanus, In-2.6 and AS-1.7 containing genes for ribosomal proteins (ß operon) (7).

Southern hybridation of the In2.6 revealed that was able to hybridize under high-stringency conditions with all of the Asian strains but not with the African strains. At lower stringencies, hybridization was obtained in the african strain. But southern hybridization profiles revealed DNA polymorphism (12).

The DNA-DNA hybridization have allowed the detection and identification of the liberobacter species but they have not admitted differentiation of various serotypes which occur in each species.

The DNA-DNA hybridization assay has a similar sensitive as electron microscopy.  

· By Electron microscopy  (9)
Electron microscopy is one of the first available methods that allow the detection of liberibacter. This technique can provide information quickly and in generally reliable about size, shape and surface of the bacterium. The following is a guide: Chop 1 mm long pieces of leaf midribs. Fix with 4% glutaraldehyde in 0.1 M cacodylate buffer pH 7,5 for 6 hours. Post-fixing with 1% osmium tetroxide in the same buffer. Dehydrated in alcohol. Embed in Epon 812. Section with an LKB ultrotome, stain with lead citrate and observe in electron microscope.

· By the presence of gentistic acid  (21,22,25)
The monoglucose ester gentisic acid (gentisoyl-ß-D-glucose) is a fluorescent substance founded in the albedo of the fruits (unevenly) and in the bark of the branches of sweet oranges infected with HLB. To detect this phenolic marker, this, is extracted and then separated by Thin layer chromatography (TCL). Normal fruits show a yellow -brown fluorescence and infected fruits show bright violet fluorescence. Fruits of trees affected by othrers diseases or by nutritional disorders don't show this bright violet fluorescence.

This method can be used for indexing citrus greening disease and in citrus orchards. (25).
Identification

The PCR is a very effective, simple and sensitive tool for HLB detection, there are different groups of primers that admit the direct identification of each liberobacter species or require other methods such as the digestion of the fragments amplified.

-   Plant sample collection and preservation (13)  

Keep the leaves in plastic bags in cool boxes then in the refrigerator until they can be processed. -The leaves can be kept up for tree weeks in plastic bags in the refrigerator, trying that no fermentation occurs.

The midribs can be excised and freeze at -80ºC  

-    Extraction of DNA (There are two options):

Protocol 1: described by Murray, M.G, and Thompson, W. in 1980 (19) consist in the DNA extraction based on the maceration of the disease and healthy leaves (midribs) with an extraction buffer that contain CTAB (Cetyl trimethyl amonium bromide)

Protocol 2 described by Jagoueix, S. et al in 1996 (13) consist in the maceration  of leaf midribs  (0.1 to 0.3 g) in TE buffer (10 mM Tris pH 8,0, 400 mM EDTA, 1% SDS) with the addition of proteinase K  and the use of  a commercial DNA purification resin in order to obtain the template  for PCR

-    Positive controls: Periwinkle (Catharantus roseus) and sweet orange (Citrus sinensis) infected with asian and african liberobacter strains. Ther plants are maintained in a green house at 30ºC during the day and 25ºC during the night for Asian strains and 25ºC during the day and 20ºC during the night for African strains.

The asian strain commonly used is Ca. L asiaticum Poona (from India) or Fuzhou (from China). The african strain: Ca. L. africanum Nelspruit (from South Africa). 

-    Negative controls: Healthy periwinkle and sweet orange plants are obtained from seeds and grown at 20-25oC.

· I -) In the countries where Ca. L africanus and C.a L. asiatiucus are present   Jagoueix, S. et al (13)  and Hocquellet, A. et al (10)  have  developed two methods: A) Jagouerix, S. et al designed primers to detect Ca Liberibacter and followed by  the digestion of the amplified DNA with Xba to distinguish between the asian and the african species.  B) Hocquellet,A, et al designed  primers  that  allow  the direct identification of the two species.

A-) Jaug, et al (13)   recommend the use of the three primers in the same PCR mixture:OI2c/OI1/OA1 (4,20,23,24,)
Primer OI2c / OI1 amplify Candidatus L. asiaticus and Candidatus L. africanus
Primer OI2c / OA1 amplify preferentially Candidatus L. africanus  
The sequence of reverse primer OI2c is the same for both liberibacters. The sequences of forward primer OIA for Ca. L africanus and OI1 for Ca. L. asiaticus are identical except that GCA in OI1 is replaced by TTT in OA1. 

The PCR performance, the amplification program and the gel electrophoresis analysis are described in  [ …………………………… ]     (13).

The two liberobacters species have the same size of amplicon: 1160 pb.  but Ca. L asiat icus amplicon contains one XbaI restriction site and yield two fragments ( 640 bp and 520 bp)  upon restrictions, meanwhile Ca. L africanus has two restriction sites and yield  three fragments ( 520 bp, 506 bp and 130 bp). 

Specificity of the method:  no amplification was obtained with: E. coli, Xylella fastidiosa, the phytoplasma of witches broom disease of lime and tomato stolbur, Spiroplasma citri, Xanthomonas campestris, Acinetobacter Iwoffi, Agrobacterium tumefasciens, and tristeza virus. 

Sensitivity: Detection limit of the method: amplification was still obtained when 20 mg but not when lesser amounts of infected midribs were mixed with 1 g of healthy midribs. (consist in mixing  decreasing amounts of infected midribs with increasing amounts of healthy midribs).

B-)-Hocquellet et al (10) has proposed the use of primers that allow the detection and the direct identification of the two liberobacter species: A2 and J5 (4, 8 23, 24), 
The PCR performance, the amplification program and the gel electrophoresis analysis are described in […………………] (10).

By this method a fragment of about 669 bp with Ca.L..africanus and a band of around 703 bp with Ca. L. asiaticus.

Specificity of the method: no amplification is obtained with: Xylella fastidiosa,Xxanthomonas axonopodis pv citri, Spiroplasma citri, candidatus Phytoplasma aurantifolia,    Acinetobacter Iwoffi, Agrobacterium tumefasciens, Escherichia coli, the stolbur phytoplasma.

Sensitivity: A band of 669 bp corresponding to the C. L. africanum fragment  is still visible when 0.01 ng of  purified DNA is add to the reaction mixture.

· II) In Brazil, It has been detected the presence of Ca. L. asiaticus and a new specie Ca. L. americanus (23) The data obtained indicated that Ca. L. americanus is the mayor HLB agent in SPS, Brazil (4, 23, 24). Two groups of primers have been designed:

A _) Diva do Carmo Teixeira, et al. (23) designed new primers to detect C. L americanus: GB1/GB3 and  also proposed to perform  other  PCR  with OI2c/OI1/OA1 primers to detect Ca. L. asiaticus.

GBI/GB3: (23, 24)

OI2c/OI1/OA1. (4, 20, 23, 24)

After the DNA extraction from a leaf sample use two aliquots:

The first aliquot with primers GB1/GB3 for detection of C.a L. americanus , leading to an amplicon of 1027 bp and a second aliquot  with primers OA1/OI1/O12c for the detection of Ca. L. africanus and Ca. L. asiaticus giving an amplicon of 1160 bp.  

The PCR performance, the amplification program and the gel electrophoresis analysis are described in [……………………….] (23, 24).

Specificity: PCR reactions are negative with healthy leaves and in absence of DNA,

 Primers GB1/GB3: no amplification is obtained with control leaves infected with Ca. L africanus or Ca. L asiaticus. Primers OIA/OI1/OI2c don’t s give amplification with Ca L americanus infected leaves.

B--) Coletta-Filho et al (4) Found two strains in the same leaf sample: LSg1 (sequence Liberibacter group 1) , identical to strains from Japan, the asian form, and LSg2 genetically distant from the asian and african strains, characterizing a new liberibacter strain in Brazil. The primers used are: LSg2f and LSg2r and OI1/OI2c

 The PCR performance, the amplification program and the gel electrophoresis analysis are described in [……………………….] (4).

Specificity: Samples that were pamplified by OI1/OI2c were all negative when were used with LSg2f /LSg2r.

The primer LSG2f/LSg2r generate a DNA fragment of 545bp.

· III-) The detection of the bacterium in the psyllids is a contribution to the epidemiological study. 

Hung, et al (11) developed a method combining rapid preparation of DNA extracts from psyllids bodies and a PCR assay. This method is simple, efficient and can be used in a large number of psyllids samples in a short period of time. And is sensitive enough to detect the bacterium in a single adult in the 3th, 4th and 5th instars. This method is currently being used to study the seasonal dynamics of psyllids populations on citrus orchards in Taiwan and is a useful tool for monitoring adults and nymphal psyllids.

The extraction of DNA of the Psyllid, the PCR performance and the electrophoresis analysis are described in (11):

Hung designed new primers to detect liberibacter in psyllids. The PCR fragment obtained is of 226bp.
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