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HLB-associated phloem blockage resulted from the plugged sieve pores rather than the HLB bacterial aggregates
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REPORT UPDATE (650 words; provide details about your headline)

The goal of the proposed research is to understand how Candidatus Liberibacter asiaticus causes Huanglongbing (HLB)
disease on citrus. Citrus HLB is the most devastating disease on citrus. There are very few options for management of the
disease due to the lack of understanding of the pathogen and citrus interaction. Understanding the citrus and citrus HLB
pathogen interaction is needed in order to provide knowledge to develop sustainable and economically viable control
measures. We proposed to expand our current research to different citrus varieties which are either susceptible or tolerant
to HLB and a more facile model system tobacco (Nicotiana tabacum Xanthi). The specific objectives of this proposal are:
transcriptional and microscopic analyses of citrus varieties which are either susceptible or tolerant to Ca. L. asiaticus
infection at different infection stages in greenhouse and citrus grove; and transcriptional and microscopic analyses of host
response to Ca. L. asiaticus infection with a model system tobacco. Microarray analysis and/or suppressive subtractive
hybridization libraries approaches will be used to study the host response to the HLB pathogen infection followed by
confirmation with Northern blot or quantitative reverse transcriptional PCR. Anatomical study will be performed with light
microscopy using different staining methods.

The following objectives related to this project were pursued: (A) An initial microarray analysis of host response of sweet
orange to Las infection in greenhouse and in field; and (B) A preliminary study of the effects of HLB on phloem at the
microscopic level and phloem transport of sweet orange. The results of these experiments are detailed below.

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 expression of a total
of 624 genes was significantly changed: 307 genes were up-regulated and 317 genes down-regulated in inoculated trees.
The host genes that showed changes in expression pattern induced by Las infection were related to plant
pathogenesis/stress (10.4% of the total), anthocyanin biosynthesis (0.5%), cell wall metabolism (6.6%), cell division (0.96%),
detoxification (6.2%), lipid metabolism (2.4%), metabolite transport (5.8%), metal transport (2.6%), nucleotide metabolism
(1.6%), phenylpropanoid/flavonoid/terpenoid metabolism (5.6%), phytohormones (3.0%), protein kinase (5.0%), protein
metabolism (3.8%), protein-protein interaction (1.1%), signal transduction (1.8%), sugar metabolism (4.3%),
transcription/translation factors (7.2%) and unknown/hypothetical genes (31.1%). The anatomical analyses indicated that
HLB bacterium infection caused phloem disruption, sucrose accumulation, and plugged sieve pores. 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 HLB affected leaves. The
HLB-associated phloem blockage resulted from the plugged sieve pores rather than the HLB bacterial aggregates since ‘Ca.
Liberibacter asiaticus’ does not form aggregate in citrus. The upregulation of pp2 gene is related to callose deposition to plug
the sieve pores in HLB-affected plants.

To further expand our current understanding of Las-host interaction, we are currently comparing two susceptible and two
resistant hybrid/cultivars. Currently, we are collecting samples for more than 4 months. The gene expression and
anatomical study are under way.
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