Outcome Group 3: Topic Driven Discussions
— keep citrus trees free of ACP and HLB

Topic 3: Host response studies for discovery
of pre-symptomatic HLB biomarkers and
characterization of HLB tolerance/resistance.
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Relevance?

Early detection and early therapy are key to decreasing
morbidity of a number of cancers in addition to and as an
alternative to surgery

— Understanding the biology of the disease

— Defining pathways and identifying early molecular biomarkers of
disease

— Developing and validating treatments

— ldentifying resistance to therapy early
Early detection and therapy are key to the AIDS epidemic
— Early detection of HIV via antibodies

— Early treatment with HAART

— Monitoring treatment via CD4



Early host responses are key to defining the biology of HLB disease
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What is the Genetic and/or
Biochemical basis of the
Phenotypic Host Response to HLB?

e Characteristic/Unique Phenotypic
response in leaf and fruit tissues

 Variation of bacterial titer

e Variation of
phenotypic
response among
and within
different citrus
genotypes

Monique Garnier




4 Categories of Host
Response [ ]
Phenotypes based

on Citrus Genotype

* Host responses
of 30 genotypes

examined [ J
e Sensitive and
Tolerant Valencia Sweet Orange Eureka Lemon
genotypes
e Lack of

correlation of
bacterial titer
and phenotype
or Genotype

Folimonova et al., 2009. Phytopathol. 99:1346-1354.



Sequence of Host Response Events:

 Phloem plugging with callose and PP2
(CF831073) deposition

e Swelling of middle lemella between cell
walls surrounding sieve elements

 Presymptomatic tissues (young flushes)
contain large amounts of bacteria in phloem

companion cells Folimonova and Achor. 2010
Phytopathol. 100: 949-958.

e Phloem necrosis, companion and sieve
element cell wall swelling

e Collapse of some phloem elements

e Back-up of sugar

e Starch accumulation

e Starch build-up in chloroplast with
disruption of thylakoid membranes

Achor et al., 2010. Plant Pathol J. 9: 56-64



Typical Longitudinal analysis of host responses by graft inoculation
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Are there specific host responses that
indicate the early (pre-symptomatic) stages
of Calas Infection?

e Early descriptors (biomarkers) of Calas infection before the
appearance of visual symptoms

— Transcriptome

e Specific mMRNA

e Specific SRNA
— Proteome

* Specific proteins

e Antibodies to specific proteins
— Metabolome

e Extractable metabolites

* Volatile metabolites

e Genetic descriptor's of tolerance/resistance to Calas
— Transcriptome
— Proteome
— Metabolome



Transcriptome analysis using Microarrays

Longitudinal study of leaves

Affimetrix citrus microarrays
with 33,000 probe sets

Expression levels of many
genes are altered — Cell
defense, transport, cellular
organization, photosynthesis
and carbohydrate metabolism

Sucrose levels higher in
infected leaves

Glucose-6-phosphate/phosphate
translocator (Cit.9625.1.51_s_at)
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Albrecht & Bowman 2008. Plant Sci. 175: 291-306

pp2 gene up-regulation related to
callose deposition

Kim et al., 2009Phytopathol. 99: 50-57.



Deep sequencing analysis (RNA-seq) of transcriptome of
citrus fruit from asymptomatic and symptomatic trees

e Source-sink
disruption
— Sucrose &

Starch
metabolism

e |mmune
disfunction

— Inappropriate
hormone
cross-talk

e Protein

misfolding stress
Martinelli et al., 2012. PLoOSONE 7(5): e38039



Regulation of small RNA during HLB infection
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Proteome analysis of Calas infected citrus leaves

Hong Lin Lab 2012

e 686 unique proteins identified by iTRAQ in mature leaves
e significantly, up-regulated proteins
— stress/defense response

— four miraculin-like proteins, chitinase, Cu/Zn superoxide
dismutase and lipoxygenase

Fan et al., 2011. Physiol. Plant. 143: 235-245.



Metabolomic Analysis of HLB infected Tissues

e Metabolite profiling of infected Citrus leaf tissues

— I\/Ietabolites by GC-MS Ilnalool oxide (cis-, furan0|d) heXf”V' isobutanoate (3z-)
— Metabolites by NMR S —
— VOCs by GC-DMS, GC-MS - | 1
e GC-DMS - Changes in : - T
— monoterpenes, L e
— jasmonates s e e oty v
— methyl salicylate Cristina Davis and Oliver Fiehn laboratories
e NMR - Changes in citrus fruit
— Amino acids
e Decrease in pro, arg Fructose
* |ncreasein Phe Trigonelline  Phe 8ynephrme Sucrose Profine Citate casA pro
— Organic acids mmu%” e Iy L Dl L% i tas
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e Decrease in Glucose
Slisz et al., 2012. J. Proteome Res. 11: 4223-4230



Field testing of VOC sensor technologies for early host

response phenotyping.

DMS: Differential Scanning Spectrometry

An artificial nose sensitive to below
picomolar levels

Robust
Reagentless

Software upgrades for new
applications

Handheld versions
Low cost-of-ownership
Minimal maintenance

/ >

Cristina Davis: Mech and
Aerospace Eng; UC Davis

ANI: Advanced Nanotech Inc., Austin Tx




Non-Destructive Phenotyping/Fingerprinting of Host Response
BVOCs for Citrus Disease Detection

GC/DMS data (HLB) GC/DMS data (CTV) GC/DMS data (CVC/greenhouse)
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McCollum Laboratory



Microarray analysis of tolerant/resistant citrus genotypes

Analysis of mechanism tolerance of US-
897 to HLB — Comparison with Cleopatra
mandarin seedlings

— 326 vs 17 genes up-regulated in US-897
— Increased disease resistance pathways

— pp2 expression not significantly changed

Comparison of Rough Lemon to Sweet
orange

— Higher levels of genes expression in
sensitive sweet orange

— Phloem transport was less affected in
rough lemon although callose deposition
was observed

— No phloem collapse was observed

— Root system of rough lemon was
unaffected while sweet orange was
severely degraded

— -pp2 expression not significantly changed

Large subunit of ADP-glucose pyrophosphornylase (Cit.13437.1.51_s_at)
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Functional Mapping of Host Responses

Phenotypicanalysis | nHicagse

Healthy <

New Diagnostics
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New diagnostics for early disease detection

RNA —»Protein —>» Metabolites

Citrus Genome High throughput analysis of Gene Products \

Reference /
Defining the Biology of HLB Disease
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Developing and Testing New Therapies
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