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Salicylic acid (SA) is the key defense signaling molecule. Increases in SA levels and/signaling lead to enhanced disease
resistance against viral, bacterial, and fungal pathogens in many plants. In order to introduce broad resistance in citrus
against HLB and other diseases, we proposed in this study to identify SA-related genes in citrus and manipulate the
expression of these genes genetically to elevate SA levels and/or signaling in citrus for resistance assays for HLB. Towards
this goal, we have three specific objectives and have made the following progresses since the start of the project. We believe
that these progresses have met the expectations in our proposal.

Objective 1: Identify genes positively regulating SA-mediated defense in citrus

Using cDNA sequences of Arabidopsis SA genes as queries, we have performed BLAST search of the HarvEST:Citrus
database and have identified 13 citrus homologues of these Arabidopsis SA genes. These genes include homologs of SA
biosynthetic genes (SID2), regulators of SA accumulation (ACD6, ALD1, EDS1, EDS5, MOS 2, 3, 4, 5, and 6, NDR1, and
PAD4), and SA signaling transducer (NPR1).

RT-PCR was performed to analyze the expression of NPR1 and revealed no difference in HLB infected samples versus the
control. In addition, we designed primers targeting the highly conserved region of NPR and amplified a partial citrus NPR1
(CtNPR1) fragment. The full-length CtNPR1 was obtained by 5’ and 3' RACE with the SMART™ RACE cDNA Amplification
Kit. We already cloned the full-length CtNPR1 in the pGEM vector. Additional citrus SA genes will be similarly cloned for their
cDNAs as we did with CtINPR.

To provide a more detailed analysis of expression of citrus SA regulators, we will collect citrus tissues infected with Ca. L.
asiaticus at several time points for RNA extraction followed by RT-PCR. So far, thirty greenhouse-grown, eight-month-old
trees with ‘Valencia’ orange (Citrus sinensis (L.) Osbeck) scion on Cleopatra mandarin (C. reticulata Blanco) rootstock were
inoculated by grafting two bark pieces and two leaf pieces (including the midrib) onto the scion portion of each plant. In the
meantime, ten control plants were grafted with bark and leaf pieces from healthy greenhouse-grown ‘Valencia’ orange plants.
Disease symptoms will be closely monitored in a three-month time frame and leaf tissues will be collected at 4-6 weeks, 8-10
weeks, and 12-14, depending on the progression of the disease.

Objectives 2: Complement Arabidopsis SA mutants with corresponding citrus homologues
We have already moved CtNPR1 from the pGEM vector to the Binary vector pGreen and will transform the Arabidopsis
mutant nprl-1 and the wild type control Columbia for a complementation test within a month.

Objectives 3: Assess the roles of SA regulators in controlling disease resistance in Citrus
CtNPR1 from the pGEM vector has also been cloned into the Binary vector pBINplus/ARS for citrus transformation.



	Radio Button1: Yes
	Radio Button2: Yes
	Title: Manipulating SA-mediated defense signaling to stimulate broad-spectrum resistance to HLB and other diseases in citrus
	Investigator: Hua Lu
	Email: hualu@umbc.edu
	Phone: 410-455-5972
	Organization: University of Maryland Baltimore County
	Date: 07/15/2009
	Contract: 0000003462
	Duration: 1
	Year: 1
	Funds: 160897.00
	Report: Salicylic acid (SA) is the key defense signaling molecule. Increases in SA levels and/signaling lead to enhanced disease resistance against viral, bacterial, and fungal pathogens in many plants. In order to introduce broad resistance in citrus against HLB and other diseases, we proposed in this study to identify SA-related genes in citrus and manipulate the expression of these genes genetically to elevate SA levels and/or signaling in citrus for resistance assays for HLB. Towards this goal, we have three specific objectives and have made the following progresses since the start of the project. We believe that these progresses have met the expectations in our proposal. 
 
Objective 1: Identify genes positively regulating SA-mediated defense in citrus
Using cDNA sequences of Arabidopsis SA genes as queries, we have performed BLAST search of the HarvEST:Citrus database and have identified 13 citrus homologues of these Arabidopsis SA genes. These genes include homologs of SA biosynthetic genes (SID2), regulators of SA accumulation (ACD6, ALD1, EDS1, EDS5, MOS 2, 3, 4, 5, and 6, NDR1, and PAD4), and SA signaling transducer (NPR1). 

RT-PCR was performed to analyze the expression of NPR1 and revealed no difference in HLB infected samples versus the control. In addition, we designed primers targeting the highly conserved region of NPR and amplified a partial citrus NPR1 (CtNPR1) fragment. The full-length CtNPR1 was obtained by 5’ and 3’ RACE with the SMART™ RACE cDNA Amplification Kit. We already cloned the full-length CtNPR1 in the pGEM vector. Additional citrus SA genes will be similarly cloned for their cDNAs as we did with CtNPR. 
   
To provide a more detailed analysis of expression of citrus SA regulators, we will collect citrus tissues infected with Ca. L. asiaticus at several time points for RNA extraction followed by RT-PCR. So far, thirty greenhouse-grown, eight-month-old trees with ‘Valencia’ orange (Citrus sinensis (L.) Osbeck) scion on Cleopatra mandarin (C. reticulata Blanco) rootstock were inoculated by grafting two bark pieces and two leaf pieces (including the midrib) onto the scion portion of each plant. In the meantime, ten control plants were grafted with bark and leaf pieces from healthy greenhouse-grown ‘Valencia’ orange plants. Disease symptoms will be closely monitored in a three-month time frame and leaf tissues will be collected at 4-6 weeks, 8-10 weeks, and 12-14, depending on the progression of the disease. 

Objectives 2: Complement Arabidopsis SA mutants with corresponding citrus homologues
We have already moved CtNPR1 from the pGEM vector to the Binary vector pGreen and will transform the Arabidopsis mutant npr1-1 and the wild type control Columbia for a complementation test within a month. 

Objectives 3: Assess the roles of SA regulators in controlling disease resistance in Citrus
CtNPR1 from the pGEM vector has also been cloned into the Binary vector pBINplus/ARS for citrus transformation. 



