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	Title: Characterization of the effect of HLB on citrus phloem and phloem transportation
	Investigator: Nian Wang
	Email: nianwang@crec.ifas.ufl.edu
	Phone: 863-956-1151 Extension 1430
	Organization: Citrus Research and Education Center
	Date: 09/27/2008
	Contract: 
	Duration: 2
	Year: 1
	Funds: 82000
	Report: Citrus greening is one of the most destructive diseases of citrus. Few progresses have been made regarding its virulence mechanism due to the inability to culture HLB. In order to understand the effect of HLB on intracellular structures of phloem and build a bridge between symptom and HLB virulence, we investigated the effect of HLB on phloem and phloem transportation in this project.  
HLB infection results in phloem damage, plugging of sieve pores and interference with sucrose transport.
 Microscopy analysis was performed to compare the phloem of HLB infected citrus and healthy control.  The phloem cell wall and cambium layer of infected leaves were thicker than uninfected control leaves.  Accumulation of starch in phloem parenchyma cells of infected was significantly higher than in healthy leaves.  Aniline blue was used as a specific dye for callose deposition in infected and healthy midribs.  Callose deposition was more frequently observed in infected than healthy midribs.  Transmission electron microscopy (TEM) observation of the infected midrib indicated that sieve pores of the infected plant were plugged with an amorphous substance.  Collapse of sieve tubes and companion cells were also observed in HLB-infected midribs and not observed in healthy midribs.  
Sucrose is the major photoassimilate transported in sieve tubes from mature leaves to sink organs such as young leaves, flowers, roots, and fruits.  In order to characterize the effect of phloem blockage on photoassimilate transport, sucrose assays were performed to compare sucrose concentrations in leaves of healthy and HLB-infected plants.  The assays revealed that sucrose levels were higher (11.51 ± 1.81 mg/g) in HLB-infected leaves compared to healthy leaves (8.47 ± 1.81 mg/g).  The accumulation of sucrose in the HLB-infected leaves, likely a result of phloem blockage, will cause accumulation of starch.  As the duration of blockage increases, nutrient deficiency in sink organs, and hindrance of plant growth, fruit maturation, and seed development will be likely consequences. 
In order to investigate whether Ca. Liberibacter asiaticus, itself, could block sieve pores, midribs from the HLB-infected citrus leaves were collected for TEM analysis.  Of all midrib samples observed by TEM, Las existed as single cells when present and did not form visible aggregates in the phloem.  Furthermore, no plug composed of Las was observed in phloem sieve pores.  Given the size of Las, it is unlikely that a single HLB bacterium could plug the sieve pore since the bacterium is about 2 µm long and 0.1-0.2 µm in diameter while the pores on the sieve plates range from less than 1 µm to about 14 µm.  Furthermore, our TEM observations also indicated that the HLB bacterium can pass through the sieve plate pore (data not shown).  Consequently, it is unlikely that the HLB bacterium physically caused phloem blockage because multiple bacterial cells were not aggregating, rather, it is likely that the host response results in sieve pore plugging.
In this study, we used sweet orange (Citrus sinensis) leaf tissue infected with ‘Ca. Liberibacter asiaticus’ and compared this with healthy controls. Investigation of the host response was examined with citrus microarray hybridization based on 33,879 expressed sequence tag sequences from several citrus species and hybrids. The microarray analysis indicated that HLB infection significantly affected expression of 624 genes whose encoded proteins were categorized according to function. The up-regulation of three key starch biosynthetic genes including ADP-glucose pyrophosphorylase, starch synthase, granule-bound starch synthase and starch debranching enzyme likely contributed to accumulation of starch in HLBaffected leaves. 


