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Improvements made to citrus genome sequences
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International citrus genome consortium (ICGC): Providing tools to address HLB and other challenges
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REPORT UPDATE (500 words; summarize your accomplishments )

Quarterly report October 2011: Two full genome sequences have been assembled and annotated, and made available to
the citrus research community. The first is the haploid Clementine selected by the ICGC partners (US, Brazil, Spain,
France, and Italy) for sequencing by JGI and HudsonAlpha(US), Genoscope (FR), and IGA (IT). Sanger technology was
used to produce the highest quality assembly to serve as THE reference genome for all subsequent citrus genomics
efforts. The second citrus genome is from sweet orange, through collaboration between UF, Roche/454, JGI, and the
Georgia Institute of Technology using the 454 platform. Both genome sequence assemblies along with annotation are
available at the Phytozome portal at JGI, as well as Tree Fruit GDR (citrusgenomedb.org). The Clementine haploid
genome is under revision for substantial improvements in its assembly and consequent gene model predicitons,
annotations, and utility to the research community. The current assembly consists of 9 pseudomolecules, representing the
9 basic chromosomes of the haploid genome, and was developed by integrating and anchoring BAC end sequences from
the haploid BAC library with the high-density genetic linkage map constructed by the ICGC collaboration. There are 1398
scaffolds harbored on these 9 chromosomes, representing 301.4 million bases (MB), representing an estimated 98.9% of
the full genome. The scaffold N/L50 numbers, 4/31.4 MB, are substantial improvements over the version 0.9.
Comparisons of the haploid Clementine genome with that of sweet orange are underway, to understand better the
phylogeny of sweet orange. A manuscript is being drafted by the ICGC and the sequencing center scientists involved in
the project to incorporate both of these sequences into a single work, enhancing the value and utility of each. Work has
proceeded on the other objectives of this project. A preliminary list of candidate genes for silencing was sent to our
collaborator in Spain, and constructs were prepared to initiate silencing experiments to provide proof of the gene's specific
involvement in development of HLB disease symptoms. However, in assessing the constructs it was found that use of the
original pHellsgate12 resulted in unstable inserts, though at least 3 candidate gene silencing sequences were cloned into
it, and infiltrated into plants. However, due to the difficulty in obtaining the double integration events using this vector, we
have recently acquired new destination vectors, pK7GWIWG2(Il) and pK7GWIWG2D(11). Currently, cloning is being done
in parallel using the three vector systems. Agrobacterium infiltration using the final constructs is to begin in January 2012.
A comparative proteomic study was completed to understand the pathogenic process of HLB in affected sweet orange
leaves. Using the isobaric tags for relative and absolute quantification (iTRAQ) technique, we identified 686 unique
proteins in the mature leaves of both mock-inoculated and diseased sweet orange plants. Microarray analysis

showed that stress-related genes were significantly upregulated at the transcriptional level. Moreover, the transcriptional
patterns of some of these upregulated proteins were examined at different stages of HLB disease development, providing
information that may be used for early, presymptomatic detection of CLas infections. We have mined the BAC
end-sequences from Dvorak's lab and identified SNPs, that are being screened and verified to build a GoldenGate assay
platform for hi-throughput genotyping of a large mapping family, to integrate the sweet orange genome sequence with
genetic and physical linkage maps, thus improving the quality of the orange genome sequence assembly and its
annotation.
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