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PresentationsPresentations  
State of the Science 
 
Outcome Group 1: State of the Science  - Keep groves currently affected with ACP and HLB Productive. 
Click to view the presentation:    
  
Outcome Group 2:  State of the Science – Prevent or slow the spread of ACP and HLB.   
Click to view the presentation: 
 
Outcome Group 3:  State of the Science – Keep citrus trees free of  ACP and HLB.  
Click to view the presentation: 
  
 
Topic-driven discussions  
 
Early RNA and metabolic changes in citrus infected with Candidatus Liberibacter asiaticus, Kim Bowman, USDA 
ARS. 
Contact author for information. 
 
Vector/host interactions and effects of Las on life history attributes of ACP, El-Desouky Ammar, USDA ARS. 
Click to view the presentation: 
 
The effect of Las on phloem composition and how that impacts ACP, Kirsten Pelz-Stelinski, University of Florida 
Click to view the presentation: 
    
Whole genomic and small molecule analysis of Plasmodium falciparum:  potential approaches to the pathobiol-
ogy of citrus- Liberibacter, Johanna Daily, Albert Einstein  College of Medicine.  
Click to view the presentation: 
       
A summary of Florida citrus nutritional supplement field trials from a citrus research and development public 
hearing and panel meeting held August 24th, 2011, Tom Turpen, Citrus Research and Development Foundation. 
Contact author for information. 
 
Ecology of the Asian citrus psyllid, Diaphorina citri, Stephen Lapointe, USDA ARS. 
Contact author for information. 
 
New tools, approaches, and constructs for transgenic resistance to HLB/ACP in  citrus, Ed Stover, USDA ARS  
Click to view the presentation: 
 
Adapting synthetic gene circuits for biosensing of pathogen indicators: a test case, Lindsay Triplett, Colorado 
State University. 
Click to view the presentation: 
 
 
Final Reports 
 
Enhancing Host Plant Resistance to HLB.  Click to view report: 
 
Interrupt/stop hot psyllids from being able to transmit Candidatus Liberibacter asiaticus. 
Click to view report: 
 




Outcome Group 1


“State of the Science – Keep 
Groves Currently Affected with 


ACP and HLB Productive”







So where are we (in Florida)?


• No “official” surveys to determine infection levels
– Therefore the level of infection is largely a guess
– There is a CHRP effort to survey but to the best of my 


knowledge it only identifies infected sections and does 
not determine infection levels


• Infection levels vary greatly..
– By region
– By local area
– By grower
– Range from low (<2-3%) to 100% infection
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Industry Surveys


• 2008: Two different surveys (SGC, 
UF/DPI/NASS: Two very different approaches)


– Paper survey
– GIS-based approach based on grower field surveys
– Independent of each other


• 2009:  Same approaches
– Due to poorer response, combined both into a single 


estimate


10/24/2011 3







2008….
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Bearing Trees: 2.5%
Non Bearing: 1.7%


Combined:  2.4%


UF/DPI/NASS: 1.6%







2009 Results
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Results


• 2009: 6.4%
• 2008: 2.4%
• 2007: 0.9%
• 2006: 0.2%


Cumulative
through


2009 
9.9%
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Increase from 2008 to 2009
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Mean increase: 1.85X







My best guess through 2010 and 
extrapolating through 2011


• 21.7% of trees infected cumulative through 
2010 and 43.6% by the end of 2011


10/24/2011 8







Management Approaches


• Traditional Management
– Scout, inspect, rogue infected trees
– Use of disease-free trees for replanting
– Aggressive psyllid control


• Nutritional Management
– Foliar nutritional programs
– Aggressive psyllid control
– In most cases, replanting was not done for several 


years
• Growers now starting to replant


–Resets
–Whole blocks10/24/2011 9







Traditional Approaches


• No idea how many growers are practicing this 
approach now, but definitely a minority (in most 
cases that I know of, it is relatively large growers)


• For those that have stuck with it, they are just 
starting to see the results of their efforts


– In almost all cases that I am aware of, it has taken 2-3 
years to get the epidemics under control


– This is tough for many growers to stomach
– It has to be done right……


10/24/2011 10


Quote from Mr. Bai (Director of Agriculture, Guangxi Province) 
“Control of HLB is not hard but you have to do it perfectly”







Psyllid Control at Southern Gardens







Psyllid and Cycle Data Together


2.5 Yrs


2 Yrs


5.2%


2.5%


1.3%


0.5%


1.6%
3.6%


0.8%0.1%0.5%







Examples of Successful Efforts
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Started
control
efforts


2 years







Examples of Successful Efforts
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Started
control
efforts


2 years







Modeling Efforts
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If infection levels can be kept to less than 5-8% year, traditional efforts will be 
successful







Guangxi Province – September 2011


• Guangxi Province: about half the production of 
Florida (4-5 largest citrus producing province)


• Endemic HLB area
• Following the traditional program
• Province


– Mandates scouting and removal
• Continuous by grower
• Once per year with province personnel


– Provides budwood from protected sources
– Also grows disease-free trees for growers


10/24/2011 16







Guangxi
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Disease-free trees


Cost: $0.50 per tree







Guangxi


• Spray 5-8 times a year with flushes (1-2 per 
flush)


• Also an early spring spray (before spring flush) 
and a late fall flush spray


• Scouting process is continuous
• Spray trees prior to cutting if psyllids present
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Guangxi
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Most new plantings are 
extremely high density: 
600 trees/ac







Guangxi


• Most growers push the whole 
block and replant when the 
cumulative infection reaches   
25-30%


• Prior to the late 80’s early 90’s 
infection levels were extremely 
high


– Essentially the industry has 
started over


– Per Guangxi Dept of Ag. the other 
nearby provinces are starting to 
consider doing the same
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Guangxi


• State farm (900ha)
– Has been on the 


traditional program since 
1969


– Less than 1% HLB 
infection per year now


– 65% of the grove is from 
the original planting


– Other state farms that did 
not follow the traditional 
program went out of citrus 
production over about a 
10 year period
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Shift in the Industry……


• Many growers are 
switching to nutritional-
based approaches


• In almost all cases, the 
decision to switch is 
an emotional decision:


– Pain threshold reached
– Visual image is pretty 


striking……
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Nutritional treatment
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Improvement after nutritional 
treatment







Improvement after nutritional 
treatment







2003
Orange Hammock:


(pre-HLB infection)


Acknowledgements:
Google Earth, 2011







2006
Orange Hammock:


• Enhanced nutrient management
• No removal of HLB-symptomatic trees


(HLB first identified in 2006)


Acknowledgements:
Google Earth, 2011







2007
Orange Hammock:


• Enhanced nutrient management
• No removal of HLB-symptomatic trees


Acknowledgements:
Google Earth, 2011







Orange Hammock:
• Enhanced nutrient management
• No removal of HLB-symptomatic trees(Removal of HLB-symptomatic trees) 2008


Acknowledgements:
Google Earth, 2011







Orange Hammock:
• Enhanced nutrient management
• No removal of HLB-symptomatic trees(Removal of HLB-symptomatic trees) 2009


Acknowledgements:
Google Earth, 2011







2010
Orange Hammock:


• Enhanced nutrient management
• No removal of HLB-symptomatic trees


• Grove looking better than in 2003
• Fruit yields still increasing
• HLB infection ~100% Acknowledgements:


Google Earth, 2011







Nutritional program - What do we 
know and what don't we know?


• What we know:
– The trees on a nutritional program recover to some 


degree (more foliage, less dieback, less symptoms?)
– Where it has been tried in the past, it has not worked 


long term (China, South Africa)
• What we don't know:


– What are the active ingredients?
– How long will the trees remain productive?
– Is it economically sustainable?
– Will we be able to replant resets and young groves?







Nutritional programs


• Many different 
programs


• Ingredients and timing 
differ widely


• “Active ingredients” not 
identified


• Some share common 
ingredients others don’t


• Proprietary 
formulations


• Survey conducted by 
county agents in July 
2010:


– Indian River: 2 pgms
– Northern: 7 pgms
– West and Central: 3 


pgms
– Southern: 3 pgms


• All different……..







"Three Spaniards, four 
opinions"
Spanish Proverb
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In most cases there are no 
comparisons with healthy trees….


• Where there are comparisons
– Yield is typically reduced
– Fruit are smaller
– Trees don’t handle stress as well
– Interactions with other diseases
– Differences in sensory attributes in the juice
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Grove Program Loss
1 A -37%
2 A -41%
3 B -25%
4 B -18%
5 B -7%


Mean -26%







Other healthy vs HLB comparisons
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-7.6% to -57.5%


Block 53 - R1 Spray - Non-Greening vs. Greening
Type Trees Picked Boxes Picked Boxes/Tree


Non-Greening 72 243 3.38


Greening 72 175 2.43


Non-Greening trees yielded 28.11% better than Greening trees


Block 51 - Maury Spray - Non-Greening vs.Greening
Type Trees Picked Boxes Picked Boxes/Tree


Non-Greening 254 690 2.72


Greening 254 600 2.36


Non-Greening Trees yielded 13.24% better than Greening trees
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Flavor and Taste, Hamlin 2008
Healthy non-symptomatic HLB symptomatic HLB
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What is the management decision?


• The real management decision when comparing 
management decisions of traditional vs. 
nutritional is not:


– Can I make the trees look better?
or


– Can I keep the production acceptable?


• The real decision is:
– What would the production be if the tree was healthy 


(even if there are less of them)?
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1 vs. 2 vs. 3


1


2


3


When comparing management systems:
The proper comparison is not:


1 vs. 2
it is 


2 vs. 3







Model – Which approach is correct?







For the purpose of this exercise….


• The traditional program works to the extent that it 
is defined in the variables (infection rate)


• The nutritional program works to the extent that it 
is defined in the variables (the trees don’t ever 
die but there is a hit in production)


•Both programs work ……..now it 
is just an economic decision
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Model Inputs


• Cultivar: Early/Mid or 
Valencia


• Tree density
• Infection at decision 


point (current)
• Tree age at decision 


point
• Infection rate going 


forward
– Nutritional
– Traditional


• Attrition rate
• Production costs


– Nutritional
– Traditional


• Tree removal, 
replanting, and reset 
costs


– Traditional


• Harvest costs
• Price per pound of 


solids
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Starting tree age:
5-20 years old


Maintenance infection 
rate:
1-8%


NPV: difference 
between traditional 
and nutritional (blue 
means nutritional is 
better)







Pounds Solids Per Box
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About a 1 point drop over 5 
years







Comparison of Orange Hammock 
Valencia’s to State Maturity Tests
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Difference between Orange 
Hammock Yg. Valencia’s and State
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Which scenario is the most realistic? 
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My guess as to the most likely scenario is:
•Some loss in production (>10%) in infected trees, varies with program 
(could be much higher……)
•Subtle flavor issues in juice (as we approach 100% infection)
•Drop in lbs solids







State of the Science……
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Inconsequential 
effects of 
nutritional 


treatments to 
control 


Huanglongbing
Tim R. Gottwald
Collaborators:


Jim Graham
Mike Irey


Greg McCollum
Bruce Wood







HLB Micronutrient Control Trial
1. Control (normal program without micronutrient enhancements) 
2. Foliar Phosphite (control) at 2qt/acre/125 gal; subsequent apps @ 1qt/acre 
3. Foliar Phosphite plus wettable powder nutrients per Boyd's protocol (The 


rates of dry materials @ 500 gallon tank per 1.77 acres, Mg 10-15 pounds, 
Mn 10 pounds, Zn 5 pounds, Mo 1.5 ounces, all dry. Applied three times 
yearly except for additional Zn). 


4. Foliar Phosphite plus wettable powder plus SAver per Boyd's protocol 
(SAver = methyl salicylate is an SAR compound @1 pt /acre).


5. Foliar Phosphite plus Mn++ metalosate (48 oz Mn-metalosate/acre plus 
standard citrus surfactant). 


6. Foliar Phosphite plus Mn++ carbonate Mn-carbonate plus standard citrus 
surfactant) It will need to be ground applied at the base of the trunk collar if 
it is to have any hope of efficacy.  Do it as one application @1 lb/tree.


7. Foliar Phosphite plus Cu++ metalosate (8 fl. Oz. Cu-metalosate/acre + 
standard citrus surfactant) 


8. Foliar Phosphite plus Zn++ metalosate (48 fl. Oz. Zn-metalosate/acre + 
standard citrus surfactant) 


9. Magna-Bon Cu++ injection per Frank Miele protocol (60 ppm/5 ml/tree per 
injection per month) 


10. Silver PDS polymer formulation - injection (The analysis of the PDS/Silver 
is 0.005g of silver per 100g of carrier material. 30 ppm silver/5ml/tree mix 
so as not to cause phytotoxicity on the trees.  


Treatments 3 and 4 
represent the current 
Nutritional program
formula at the onset


of the study. 


Treatments 5 to 8 
were included to 


explore the potential
effect of heavy metals
on bacterial survival. 


Treatments 9 to 10 
were included to 


explore the potential
effect of injecting 


heavy metals
on bacterial survival. 







Evaluation of Control of HLB via 
SAR and Foliar Micronutrient 


Applications
Conclusions:
• No treatment was statistically superior in replicated 


tests over time (this is the only replicated test to 
have been completed to date).• No treatment was statistically different from control =         
(insecticides but no micronutrients).• Yield (kg/tree, number of fruit/tree)• Quality (Brix, Acid, Brix:Acid ratio)• Drop• Titer• In our hands, we could not maintain tree health, 
yield, fruit quality, or productivity of young fruiting 
trees (<10yrs old).  • Titer maintenance is a major concern with nutrient 
treatments – preserves foci of inoculum (“Typhoid 
Mary’s”).  Promotes HLB Spread and disease 
increase.







Role of Vector Management and Nutrition in 
Management of HLB


Phil Stansly 
SWFREC Immokalee, Florida 







Objective: Evaluate effect of a 
foliar nutritional program and 
insecticidal control of ACP on 
ACP number, HLB incidence 
and yield


• 13.75 ac. ‘Valencia’ on ‘Swingle’
• Planted April 2002 
• Defoliated 2005 
• HLB detected spring 2006
• 2 x 2 factorial (RCBD 4 reps)


− 16 plots 
− Average 124 trees per plot


No-
Insecticide Insecticide


No-
Nutritional Control Insecticide


Nutritional Nutritional 
Nutritional 


+
Insecticide


Experimental Design







Effects on ACP population
40 taps per plot every 2 weeks
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Effects on HLB incidence in plants
PCR of most infective branch on 20% of trees 
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Yield Effects in HLB Infected Trees
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Management of HLB-Infected Trees


• It pays to control psyllids even when 
trees are infected with HLB.


• Foliar nutritionals also contributed to 
better yields, although not alone and 
not as much as psyllid control.


• A threshold study now in progress is 
aimed at determining when and how 
much to spray. 







Bob Rouse et. al. SWFREC
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Site Year Range Mean Incidence


SWFREC 2008 29.97 - 25.87 28.097 a 100%


2009 27.32 - 24.43 26.065 b 100%


2010 25.88 - 24.56 24.994 b 100%


2011 30.57 - 28.13 29.179 a 100%


Meador 2008 32.58 - 27.21 29.884 a 41%


2009 30.21 - 27.13 28.498 a 79%


2010 26.22 - 24.82 25.643 b 99%


2011 27.00 - 25.85 26.491 b 100%


B.Collier 2008 unusable


2009 34.27 -30.22 32.234 a 40%


2010 26.88 - 25.18 25.896 b 85%


2011 27.04 - 23.99 25.226 b 98%


PCR Ct values for 3 test sites







SWFREC (Hamlin) B.Collier (Valencia)


2009 2010 2011 2009 2010 2011


Trt. Lb.frt. Trt. Lb. frt. Trt. Lb.frt. Trt. Lbs.frt. Trt. Lb.frt. Trt. Lb.frt.


2 24.4 a 1 9.4 a 1 11.0 a 6 9.6 a 2 11.5 a 9 4.8 a


1 17.6 b 7 9.1 a 2 10.3 ab 9 9.1 ab 1 11.0 ab 1 4.8 a


4 17.1 b 3 8.4 ab 3 10.0 ab 2 8.9 ab 9 10.1 abc 2 4.6 a


9 17.1 b 9 7.5 abc 9 8.2 bc 1 8.8 ab 6 8.2 abc 7 4.1 ab


5 14.8 b 2 7.3 abc 7 8.1 bc 8 8.7 ab 7 8.2 abc 4 3.6 ab


3 13.9 b 5 6.3 bcd 4 6.9 c 7 8.0 ab 8 8.1 abc 8 3.6 ab


8 13.7 b 4 5.5 cd 5 6.1 cd 3 7.8 ab 3 8.0 bc 3 3.1 ab


6 13.2 b 8 4.6 d 8 4.1 de 5 7.3 ab 4 7.9 bc 5 3.0 b


7 11.9 b 6 4.1 d 6 3.7 e 4 6.4 b 5 7.0 c 6 2.9 b


Yield by Unit of Tree Volume (m3)


Freezes in both 2010 and 2011
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UNTREATED


↑ Phloem Degeneration


↑







↑ Phloem Degeneration


TREATED







Summary of Results to Date


1. Nutrition works , macro and micronutrients core


2. Addition of Phosphite enhances yield response


3. SARs stimulate growth, but HLB uncertain


4. Hydrogen peroxide as applied no HLB effect


5. Trees with HLB less tolerant to stress (drought, 
freeze, canker, other diseases, etc.)


6. Preliminary data suggests phloem is functional 
where nutrients are applied







Jim Graham
Nutrition and Tree Health Workshop 


IRCHLB Grower Day
January 14, 2011


*Research supported by CRDF, Syngenta Crop 
Protection and Bayer Crop Science







 Plants possess an array of defenses against 
pathogens and non-pathogens


 SAR is an enhanced defensive capacity against 
pathogen attack as a result of a primary, limited 
infection by a weak or incompatible pathogen


 “Innate plant resistance”
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John Taylor: “As of 
this week we stand at 
60.5% of the total 
samples we took last 
year total, but disease 
levels have advanced 
so much that the 
number of acres at 
treatable thresholds is 
~double the total 
treatable acres last 
year. Again, an 
interesting fact and 
one that would seem 
to indicate that 
something 
fundamental is 
occurring.”



http://www.goodlogo.com/vote/2724�





YongPing Duan – ARS Ft. Pierce







Las bacteria titers of the HLB-affected citrus in the field treated 
with PS at different rates of PS-5 (5 g penicillin and 0.5 g 
streptomycin in 100 ml of solution) and PS-10 (10 g penicillin and 
1.0 g streptomycin in 100 ml of solution) by trunk-injection. Water 
injection was used as a control (PS-0).


Antibiotics Treatment of HLB-infected Citrus


Duan et al. 2011







Control plants  
without PS application


Trunk 
injection


Chemical control (Picos farm) using combination of streptomycin
and penicillin and supplementing with extra nutrients. Duan et al. 2011







Arnold Schumann – UF CREC







The “Advanced Citrus Production System” (ACPS)


 ACPS borrows advanced fertigation + higher density 
planting from “Open Hydroponics”


 Main goals are early, high production, early return on 
investment, disease avoidance?, longevity. Built-in 
redundancy may compensate for HLB-removal and 
canker infection
 Other goals: Increased water and nutrient use 


efficiencies (partial rootzone drying), reduced 
environmental impacts and carbon footprint


 ACPS is evolving from proof-of-concept into a 
completely refurbished citrus growing system, geared 
towards sustainable fruit production in the presence of 
HLB and other diseases







 Synonymous with computerized fertigation, using pulsed drip 
emitters, frequent monitoring and remote control


 Narrow equipment, novel “tramline” planting and other 
innovations are being used to maximize planting densities of 
small trees to rapidly grow canopies


The “Advanced Citrus Production System” (ACPS)







The “Advanced Citrus Production System” (ACPS)
 ACPS drip-fertigated tree at 33 months







Conclusions after 2.7 years
 Reduced fertilizer + water requirement per unit product
 Early yields and quality are above average, reliable
- maximum potential for Florida, Brazil?
 Higher production may be possible – pest control, 


nutrients, PGRs, super high densities (800 trees/acre)







Conclusions after 2.7 years
 HLB appeared as expected (1.5 years) low (0.1%) in 


year 2, but exploded in year 3 (TBD)
 HLB infections significantly increased from infected 


and unmanaged yard trees located 95 feet from the 
block. CHMAs not effective in this situation







HLB/ACP 
Statewide Survey 
and GIS-Model to 
Inform Areawide 


Control/Mitigation


Tim R. Gottwald
Tim Riley


Stephen Parnell
David Hall
Mike Irey
Weiqi Luo







HLB Disease Density ACP Population DensityHLB X ACP Risk Index


Risk Index 
for 
HLB X ACP
Provides map of  
high risk areas to 
target for control.







Florida HLB CHMAs HLB X ACP X Pop.HLB X ACP







CHMAs Indexed by Risk- HLB X ACP X Pop. Cycle 5 only
CHMA Risk Index Table (sorted Cycle 5 only) Normalized


Name
Acres 
Citrus


Citrus 
mi2


HLB x 
ACP X 


Pop Cycle 
5  


HLB x 
ACP Cycle 


5


HLB x ACP 
X Pop 


Cycle 5  
HLB x ACP 


Cycle 5
South Lake / West Orange CHMA 9224.8 14.4 60.56 68.84 1.00 1.00
Seminole/East Orange Co. CHMA 3880.2 6.1 56.1 60.1 0.93 0.87
NE Polk CHMA 12233.6 19.1 49.7 61.4 0.82 0.89
Auburndale / Lake Alfred CHMA 6414.5 10.0 47.8 56.8 0.79 0.82
Polk County - The Green Swamp CHMA 3984.7 6.2 47.1 61.8 0.78 0.90
Mountain Lake / Dundee CHMA 10291.9 16.1 46.2 58.3 0.76 0.85
Hesperides CHMA 8317.7 13.0 43.8 64.8 0.72 0.94
Volusia CHMA 1886.7 2.9 42.3 51.6 0.70 0.75
Osceola CHMA 17027.7 26.6 39.9 56.0 0.66 0.81
Central Lake / North Orange CHMA 7874.6 12.3 39.1 48.8 0.65 0.71
Lakeland Highlands CHMA 3028.8 4.7 35.8 47.6 0.59 0.69
Green Swamp CHMA 10483.5 16.4 33.6 51.7 0.55 0.75
Brevard CHMA 12201.1 19.1 29.6 49.0 0.49 0.71
Ft. Meade / Alturas CHMA 22754.4 35.6 29.5 49.3 0.49 0.72
Babson Park CHMA 15346.9 24.0 28.2 52.6 0.46 0.76
North Lake / South Marion CHMA 5662.3 8.8 19.4 30.5 0.32 0.44
East 70 Flatwoods CHMA 5524.9 8.6 15.1 37.1 0.25 0.54
Northwest Hardee CHMA 15493.6 24.2 14.3 39.3 0.24 0.57
Bereah / South Frostproof CHMA 13988.0 21.9 13.7 43.1 0.23 0.63
Kissimmee River Basin CHMA 15148.6 23.7 13.2 40.2 0.22 0.58
Bairs Den CHMA 14058.2 22.0 10.1 36.9 0.17 0.54
Northeast Hardee CHMA 15925.7 24.9 9.7 26.4 0.16 0.38
South Hillsborough CHMA 13613.8 21.3 9.3 16.3 0.15 0.24
Gulf CHMA 168255.6 262.9 9.3 16.2 0.15 0.24
Lake Letta / Sebring CHMA 7165.1 11.2 9.2 17.4 0.15 0.25
Southwest Hardee CHMA 11262.3 17.6 9.1 21.6 0.15 0.31
Southeast Hardee CHMA 13452.1 21.0 9.1 13.4 0.15 0.19
Avon Park / Lake Letta CHMA 11630.3 18.2 8.8 18.1 0.15 0.26
Central Highlands 17/27 CHMA 9096.4 14.2 8.8 14.2 0.14 0.21
NE Desoto CHMA 28154.0 44.0 8.1 8.1 0.13 0.12







CHMA Risk Index Table Relative ACP Risk Index of CHMAs


Cycle1 Cycle2 Cycle3 Cycle4 Cycle5


Risk 
Index CHMA


Risk 
Index CHMA


Risk 
Index CHMA


Risk 
Index CHMA


Risk 
Index CHMA


73.5 South Hillsborough CHMA 80.1 Auburndale / Lake Alfred 73.0 East 70 Flatwoods 75.4 Auburndale / Lake Alfred 66.7
Central Lake / North Orange 
CHMA


71.2 NE Polk CHMA 77.1 North Lake / South Marion 71.1 Hesperides 68.5 NE Polk 64.6
South Lake / West Orange 
CHMA


65.2 Lakeland Highlands CHMA 74.5
Central Lake / North 
Orange 67.0 Avon Park / Lake Letta 63.6


Polk County - The Green 
Swamp 63.2 NE Polk CHMA


64.9 Ft. Meade / Alturas CHMA 73.6 NE Polk 63.5 Auburndale / Lake Alfred 62.3 South Lake / West Orange 62.2 Auburndale / Lake Alfred CHMA


61.6
North Lake / South Marion 
CHMA 71.7 South Hillsborough 63.1 Babson Park 58.4


Central Lake / North 
Orange 62.0


North Lake / South Marion 
CHMA


60.9
Central Lake / North Orange 
CHMA 70.5 Green Swamp 61.4 Lakeland Highlands 55.9 Green Swamp 61.1


Polk County - The Green 
Swamp CHMA


60.1 Kissimmee River Basin CHMA 64.3 Lakeland Highlands 60.8 Northeast Hardee 52.2 East 70 Flatwoods 59.3 Green Swamp CHMA


59.6 Northwest Hardee CHMA 63.6 South Lake / West Orange 59.4 Ft. Meade / Alturas 50.1 Seminole/East Orange Co. 53.5
Seminole/East Orange Co. 
CHMA


58.3 Central Highlands 17/27 CHMA 61.4
Polk County - The Green 
Swamp 58.4 Kissimmee River Basin 49.6 North Lake / South Marion 52.9 Hesperides CHMA


57.6 Green Swamp CHMA 60.8 Seminole/East Orange Co. 58.0
Central Lake / North 
Orange 49.0 Lakeland Highlands 50.7 Lakeland Highlands CHMA


55.3 Auburndale / Lake Alfred CHMA 60.0 Ft. Meade / Alturas 56.0 South Hillsborough 48.8 Lake Letta / Sebring 50.3 Volusia CHMA


54.0
South Lake / West Orange 
CHMA 59.9 Hesperides 51.2 North Lake / South Marion 45.5 Osceola 49.3 Lake Letta / Sebring CHMA


49.7
Bereah / South Frostproof 
CHMA 59.2 Volusia 51.1 South Lake / West Orange 45.1 Hesperides 46.3 Ft. Meade / Alturas CHMA


48.5
Seminole/East Orange Co. 
CHMA 59.2 East 70 Flatwoods 49.7 Green Swamp 44.2 Brevard CHMA 45.9 Mountain Lake / Dundee CHMA


46.8 Southwest Hardee CHMA 58.4 Mountain Lake / Dundee 49.2 Northwest Hardee 43.9 Volusia 42.6 Osceola CHMA


46.3 East 70 Flatwoods CHMA 52.1 Kissimmee River Basin 48.7 Bereah / South Frostproof 42.1 Mountain Lake / Dundee 39.9 East 70 Flatwoods CHMA


45.5 Volusia CHMA 51.5 Northwest Hardee 45.5 Mountain Lake / Dundee 40.1 South Hillsborough 38.8 Northwest Hardee CHMA


41.5 Brevard CHMA 49.2 Central Highlands 17/27 44.3
Polk County - The Green 
Swamp 38.6 Ft. Meade / Alturas 38.0 Babson Park CHMA


40.5 Mountain Lake / Dundee CHMA 47.7 Osceola 42.6 Osceola 35.2 Babson Park 37.8 Northeast Hardee CHMA


38.2 Osceola CHMA 47.1 Bereah / South Frostproof 40.1 Southeast Hardee 32.8 Northeast Hardee 37.5 Bairs Den CHMA


32.4 Hesperides CHMA 44.2 Southwest Hardee 39.6 Southwest Hardee 29.5 Kissimmee River Basin 34.8 Brevard CHMA


30.7
Polk County - The Green 
Swamp CHMA 39.9 Northeast Hardee 38.4 Central Highlands 17/27 25.1 Southwest Hardee 29.1 Central Highlands 17/27 CHMA


29.5 Babson Park CHMA 39.1 Brevard CHMA 37.8 Bairs Den 24.7 Central Highlands 17/27 29.1 Kissimmee River Basin CHMA


27.4 Gulf CHMA 35.6 Babson Park 36.5 Seminole/East Orange Co. 24.5 Northwest Hardee 21.3
Bereah / South Frostproof 
CHMA


27.3 Lake Letta / Sebring CHMA 28.5 Bairs Den 36.3 Volusia 24.4 Bairs Den 18.7 South Hillsborough CHMA


24.8 Bairs Den CHMA 26.6 Lake Letta / Sebring 32.7 NE Polk 19.9 Bereah / South Frostproof 17.3 Avon Park / Lake Letta CHMA


23.9 Northeast Hardee CHMA 25.7 Avon Park / Lake Letta 32.2 Brevard CHMA 17.9 Southeast Hardee 16.0 Southwest Hardee CHMA







ACP Cycle 5 ACPXHLBXPOP Cycle 5


Note areas of higher
density (Red) = Higher
Risk may need to be
sprayed.







Abandoned Orchards
• 8.24% of the total citrus areas were 


abandoned


• More citrus fields are abandoned in 
East and North of FL, which seems 
associated with HLB distribution







Citrus Health Management 
Areas


www.flchma.org


Michael E. Rogers
Associate Professor of Entomology


University of Florida, IFAS, Citrus Research & Education 
Center







Implementation of CHMAs
(Florida)


• Goals:
– Define CHMA areas throughout Florida
– Coordinate timing of pesticide applications
– Coordinate MOAs of pesticide applications to 


manage pesticide resistance development







Implementation of CHMAs
(Florida)


• Coordination provided by:
– University of Florida (UF-IFAS) Extension
– Florida Department of Agriculture & 


Consumer Services, Division of Plant 
Industries (FDACS-DPI)


– USDA-APHIS-PPQ
• Grower participation will be necessary 


but is VOLUNTARY







Application Methods


• Growers not limited to only one application 
method so long as…
– Product of choice is effective using the 


preferred application method
– Application can be completed in the 


designated time frame
– Some application methods can reduce overall 


costs, particularly when growers work 
cooperatively















2011







CHMAs


29,008 ha







106


CHMAs


13,468 ha







Gulf Coast CHMAs


1 application 19,922 ha
2 applications 9,182 ha
Total 29,103 ha


1 application 22,912 ha
2 applications 2,866 ha
3 applications 3,837 ha
Total 29,615 ha







Applications – mostly by air







How is it working?







Area wide control on East Coast –
David Hall ARS Ft. Pierce


• Three county area
• 2-year pilot 


program
• Years 1 and 2: 


two area wide 
sprays


• 100+ blocks 
intensively 
sampled


 


  


  


  
  


  


  


  


  


  


  


  


  


  


  







Year 1 results
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Year 2 results


• Area wide 
sprays not as 
effective in IR 
area


– Not all 
growers 
participated


– Abandoned 
groves


0.0
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Tim Gast and Mike Irey – SGC/USSC







Psyllid Control


•Just how good does the psyllid
control need to be?







A Tale of Two Groves…….







• 4 Scouts dedicated to 
scouting for psyllids


– Tap method
– Counting adults, 


nymphs, eggs


• Over 1.3 million 
data points in the 
database


How good does the psyllid control 
have to be?







% of Stops with psyllids at 
Dunwody/Alcoma during 2009







% Infection by pump zone at 
Dunwody/Alcoma in 2010







2009 Psyllid and 2010 infection data 
together 







So how good does the psyllid 
control need to be?
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Devil's Garden Grove - Zones 201 to 235
Dunwody Grove - Zones 309 to 333







So how good does the psyllid 
control need to be?


10/24/2011 121


Devil's Garden Grove - Zones 201 to 235
Dunwody Grove - Zones 309 to 333


Pretty darn good....
Almost impeccable







Insecticide resistance in
Florida ACP and goals for 


future management
Lukasz Stelinski, S. Tiwari, M. Rogers


Entomology and Nematology Department
Citrus Research and Education Center







0
2
4
6
8


10
12
14
16


R
es


is
ta


nc
e 


R
at


io


Insecticide
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Insecticide susceptibility of Groveland 
population
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Insecticide


RR = LD50 of field pop./LD50 of 
lab pop.


Insecticide susceptibility of Fort Pierce 
population
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Insecticide susceptibility of La Belle 
population







0
2
4
6
8


10
12
14
16
18
20


R
es


is
ta


nc
e 


R
at


io


Insecticide


RR = LD50 of field pop./LD50 of 
lab pop.


Insecticide susceptibility of Vero Beach 
population







Take Home Message


• Development of resistance to commonly used
pesticides in ACP is real and is already occurring


• Things are not out of control yet; unlikely that
product failures should occur now due to
resistance, but we need to be vigilant now
because such failures could occur if resistance
continues to develop further


• Any type of rotation is better than none—
optimal rotation schedules are being developed







Things that should be avoided


• Cutting rates or skipping rows—especially with 
low volume ground or aerial sprays


• Following a ground application of a neonicotinoid
(Admire, Platinum, Belay) with a foliar spray of 
the same mode of action (Provado, Actara)


• Any back-to-back application of the same mode 
of action—it gets more difficult as more sprays 
are applied, but we don’t want to lose the tools 
that we do have







Is it possible to replant young groves 
in an area with endemic HLB – a 


hierarchical sampling approach to 
determine infection?


Irey, M.1, Gottwald, T.2; Stewart, M.3, and Chamberlain, H.4


1United States Sugar Corporation, 2 USDA-ARS, 
3Consolidated Citrus Limited Partnership, 4PDM Scouting







Nutritional Approach  Issues: 
Replanting


• Replanting: Most people would agree that 
replanting under high inoculum loads is not a 
good thing


– Many people not replanting under nutritional programs
– Some, however, are giving it a shot


• Data and observations from virtually every 
country shows that young trees decline more 
quickly than young trees


• It is all about the young trees ……
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Block Details


• Highlands County
– 113.4 ac (~46ha)


– 97 trees/ac (~240 trees/ha)


– ~11,000 trees


– Valencia/Carrizo


• Desoto County
– 134 ac (~54ha)


– 145 trees/ac (~358 
trees/ha)


– ~19,430 trees


– Valencia/Carrizo


131


– Planted May 2006 – Valencia/Carrizo


– Planted April 2006


HIGHLANDS DESOTO







Replanting


HIGHLANDS


DESOTO


High infection in young plantings: 
Does not have to happen……….
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Where are we headed….?
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Citrus Industry Jan 2011







Where are we headed?


• So where are we 
headed?


–Guangxi 
experience


–We will learn over 
time by what we 
have done….


–And then we will 
have to start 
over…..
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Roger Bacon: “The strongest arguments 
prove nothing so long as the conclusions 
are not verified by experience”. 


George Santayana: “Those that forget the 
past are doomed to repeat it”.


Karen Lamb: “A year from now you may 
wish you had started today”.


Robert Anthony: "Waiting is a trap. There 
will always be reason to wait. The truth is, 
there are only two things in life, reasons 
and results, and reasons simply don’t 
count.”


Ernest Hemingway: "Never mistake motion 
for action.“ 
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The Journey Continues…… Questions/Comments





		�Outcome Group 1��“State of the Science – Keep Groves Currently Affected with ACP and HLB Productive”

		So where are we (in Florida)?

		Industry Surveys

		2008….

		2009 Results

		Results

		Increase from 2008 to 2009

		My best guess through 2010 and extrapolating through 2011

		Management Approaches

		Traditional Approaches	

		Psyllid Control at Southern Gardens

		Psyllid and Cycle Data Together

		Examples of Successful Efforts

		Examples of Successful Efforts

		Modeling Efforts

		Guangxi Province – September 2011

		Guangxi

		Guangxi

		Guangxi

		Guangxi

		Guangxi

		Shift in the Industry……

		Nutritional treatment

		Improvement after nutritional treatment

		Improvement after nutritional treatment

		Slide Number 26

		Slide Number 27

		Slide Number 28

		Slide Number 29

		Slide Number 30

		Slide Number 31

		Nutritional program - What do we know and what don't we know?

		Nutritional programs

		Slide Number 34

		Slide Number 35

		Slide Number 36

		Slide Number 37

		Slide Number 38

		In most cases there are no comparisons with healthy trees….

		Slide Number 40

		Other healthy vs HLB comparisons

		Slide Number 42

		Flavor and Taste, Hamlin 2008

		What is the management decision?

		1 vs. 2 vs. 3

		Slide Number 46

		For the purpose of this exercise….

		Model Inputs

		NPV Difference Graphs – Which approach is best and when?

		Pounds Solids Per Box

		Comparison of Orange Hammock Valencia’s to State Maturity Tests

		Difference between Orange Hammock Yg. Valencia’s and State

		Which scenario is the most realistic? 

		State of the Science……

		Slide Number 55

		HLB Micronutrient Control Trial

		Slide Number 57

		Slide Number 58

		Slide Number 59

		Slide Number 60

		Slide Number 61

		Slide Number 62

		Slide Number 63

		Management of HLB-Infected Trees

		Bob Rouse et. al. SWFREC

		Slide Number 66

		Slide Number 67

		Slide Number 68

		Slide Number 69

		Slide Number 70

		Slide Number 71

		Summary of Results to Date

		Does SAR contribute to HLB management?*

		What is Systemic Acquired Resistance (SAR)?

		SARs prevent infection  and/or reduction of canker bacterial growth after infection

		USDA-ARS, Picos Farm, Ft. Pierce�A) Hamlin orange trees graft-inoculated with HLB-infected budwood; �B) HLB symptom expression after 6 mo �C) Psyllid infected tree adjacent to HLB-infected trees (arrow)�

		HLB disease progress in newly planted citrus trees subjected to psyllid infection or graft-inoculation and treatment w/SAR inducers 

		Faster, more controlled way to screen for SAR activity is to challenge NPR-1 transgenic plants with infected psyllids (Mike Irey USSC) – 

		Slide Number 79

		Slide Number 80

		Slide Number 81

		YongPing Duan – ARS Ft. Pierce

		Slide Number 83

		Slide Number 84

		Arnold Schumann – UF CREC

		Slide Number 86

		Slide Number 87

		Slide Number 88

		Slide Number 89

		Slide Number 90

		Slide Number 91

		Slide Number 92

		Slide Number 93

		Slide Number 94

		Slide Number 95

		Slide Number 96

		Slide Number 97

		Citrus Health Management Areas

		Implementation of CHMAs�(Florida)

		Implementation of CHMAs�(Florida)

		Application Methods

		Slide Number 102
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		Slide Number 106

		Slide Number 107

		Slide Number 108

		Slide Number 109

		Area wide control on East Coast – David Hall ARS Ft. Pierce

		Year 1 results

		Year 2 results

		Tim Gast and Mike Irey – SGC/USSC

		Psyllid Control

		A Tale of Two Groves…….

		Slide Number 116

		Slide Number 117
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		Slide Number 119

		So how good does the psyllid control need to be?

		So how good does the psyllid control need to be?

		Slide Number 122

		Slide Number 123
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National Survey Standards for Asian Citrus Psyllid –
Methods of Detecting the Pest


David G. Hall


Subtropical Insects Research Unit, USDA-ARS, Ft Pierce, FL 







Methods available to detect Asian citrus psyllidMethods available to detect Asian citrus psyllid 
• Visual searches of plants – targets all stages, the only method 


for eggs and nymphs
S t l d lt• Sweep net samples – adults


• Suction traps –adults
• HVac samples – primarily adults
• Yellow sticky traps – adults
• Stem-tap sampling – adults


S d t ti th d d i t i it ti d t iSome detection methods are good in certain situations and not in 
others.







Sweep net sampling to detect adults:
• Some people like it others do notSome people like it, others do not
• Can damage very young trees.
• Concerns of spreading citrus canker.


W k ll i M h d• Works well in Murraya hedges







Suction trap for detecting adult psyllids (photo 
courtesy of Susan Halbert)y )







Suction trap for 
detecting adult psyllids 
(photo courtesy of(photo courtesy of 
Susan Halbert)







Pest Detection/Emergency Projects Branch, California Department of Food and Agriculture in San Diego


Detecting adults – Hvac samplesg p











Detecting adults - sticky traps











Hall, D. G., M. Sétamou and R. F. Mizell.  2010. A comparison of 
sticky traps for monitoring Asian citrus psyllid (Diaphorina citri
Kuwayama).  Crop Protection. 29:  1341-1346


A comparison of six sticky traps varying in color.







Trap code Source
Price per  trap 


(US$)
Percent ACP 


detection
Mean number of 


ACP captured


Comparison of six sticky traps varying in color.


p ( ) p
GLYellow Great Lakes IPM 0.25 59.6ab 4.8ab
ASYellow AlphaScents 1.20 61.6ab 5.5a
ASACP AlphaScents 1.20 63.8a 6.5a


l hASGreen AlphaScents 0.80 55.0b 3.7c
RWYellow Great Lakes IPM 1.24 61.3ab 3.9ab
MGgreen Great Lakes IPM 1.24 56.9ab 3.8bc


MGGreen trap:  
too much green, 


UV


ASGreen trap: not 
enough yellow, 


d dorange and red, 
and too much blue, 


violet and UV







Helps to have reflectance (color) in yellow, orange and 
red but blue reduces captures of adultsred, but blue reduces captures of adults


Good except 
a bit too 


much blue?
Good







Detecting adult ACP:  Tap sampling – hold a pan or tray under a branch, tap 3 
times (moderate force)times (moderate force)


Some psyllids dropping to the surface will fly others will land on the surfaceSome psyllids dropping to the surface will fly, others will land on the surface 
and fly.  A large sticky card can be placed into the pan to prevent some escape.







What is the best detection method for adult ACP?
•Sticky traps and tap sampling equally effective when 
appreciable numbers of ACP were present.
Hall, D. G., M. G. Hentz and M. A. Ciomperlik.  2007.  A comparison of traps and stem tap sampling for 
monitoring adult Asian citrus psyllid (Hemiptera: Psyllidae) in citrus.  Fla. Entomol. 90:  327-334


•Sticky traps (20 per 10 acres) were better than tap samples (30 
per 10 acres) when ACP was scarceper 10 acres) when ACP was scarce.
Hall, D. G. and M. G. Hentz.  2010.  Sticky trap and stem–tap sampling protocols for the Asian citrus 
psyllid (Hemiptera:  Psyllidae).  J. Econ. Entomol. 103(2):  541-549


•Sticky traps versus tap samples versus visual searches what•Sticky traps versus tap samples versus visual searches – what 
is best for detection depends on resources, the target ACP life 
stage, and the particular setting being sampled.


•There has been no study directly comparing all of the 
available detection methods for adults (except some data from 


d )Mamoudou).







Monitoring Insects in Shipping Containers with 
TranseTrap™TranseTrap  







Acoustic trap for Asian Citrus psyllid


Richard Mankin


In the summer of 2011 Dr Mankin’s laboratoryIn the summer of 2011, Dr. Mankin s laboratory 
developed and successfully tested synthetic vibrational 
calls that stimulated responses from ACP females.


Wenninger, E. J., D. G. Hall, 
and R. W. Mankin. 2009. 
Vibrational communication 
between the sexes in 
Diaphorina citri (Hemiptera: 
Psyllidae) Annals of thePsyllidae). Annals of the 
Entomological Society of 
America 102: 547-555.







Urban Areas and Trapping ACP
K i G df t lKris Godfrey et al.







Trap color and host plant comparisons


D Li 1 Li 2 K 1 K 2Date Lime 1 Lime 2 Kumquat 1 Kumquat 2
4/1/11 0.18 GLY 0.21 ISCA 0.05 CDFA 0.03 ASG
4/18/11 0.31 ISCA 0.18 CDFA 0.07 GLY 0.03 ASG
5/16/11 0.57 GLY 0.09 CDFA 0.14 ISCA 0.02 ASG
6/14/11 0.08 GLY 0.12 ASG 0.02 ISCA 0.11 CDFA


The host plant appears to be more important than the color of 
the trap in an urban setting. Both lemon and lime trees werethe trap in an urban setting.  Both lemon and lime trees were 
very attractive to ACP, regardless of the color of the trap placed 
in a tree.







Plant Volatile Study – Lemon Lure
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Plant Volatile Study – Lime Lure
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Plant Volatile Study – Other Citrus
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Effect of sampling methods on D. citri adults on grapefruit


Visual ACP/trap/day ACP/3 taps
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0.4


Winter


0.25


0.3


0.15


0.2


0.05


0.1


0







Effect of sampling methods on D. citri adults on sweet oranges 


Vi l ACP/t /d ACP/3 t
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Movement of D. citri adults as studied by 
mark release recapt re ith fl orescent d stmark-release-recapture with fluorescent dust 


in Texas (April –July 2011)


( )R to R (70.3%) G to G (81.2%)


G to R (18.8%)


R to G (78.6%)


G to R (21.4%)


R to G (29.7%)


Released in Dooryards Released in Groves Relative Exchange


R id ti l it t t t f ACP fResidential citrus trees are constant sources of ACP for 
commercial groves 







Monitoring methods summaryg y
• Sweep net samples for adults
• Suction traps for adults
• HVac samples for adults• HVac samples for adults
• Stem-tap sampling for adults
• Yellow sticky trapping for adults
• Examining flush shoots for eggs, nymphs and adults
• Examining mature leaves for adults


Some methods of monitoring psyllids are good in certain situations and 
not in others.


Depending on the reason for sampling, a combination of methods may 
need to be employed.


An attractant is needed to assist in monitoring psyllids !!!!







Outreach and Education: A Critical 
Component of ACP/HLB Management 


Beth Grafton-Cardwell1 and Kris Godfrey2 
 


1University of California – Riverside, Lindcove, CA 
 


2University of California-Davis, Davis, CA 







Audience Considerations 


Because of the prevalence of citrus 
in the southern and western United 
States, education and outreach 
must be conducted beyond 
traditional audiences for extension.  







Commercial Citrus Growers 


o Traditional methods, such as grower meetings, 
grower field days and written publications 


o Electronic communication via websites, Twitter, 
Facebook, blogs, etc. 







Area-Wide Management for Growers 


Organizing areas for management programs 







Area-Wide Management for Growers 


 Area-wide management groups are organized according to 
geographic areas 


 Areas may be defined and organized by university personnel, 
cooperative extension, and/or grower groups 


 Each state has its own legal mechanism for organization (e.g., 
California has Pest Control District laws that can be used to 
organize and encourage cooperation among growers) 


 For some areas, joining an area-wide management group is 
voluntary. 


 In some areas, the management areas only include commercial 
citrus production, not all of the ecosystems that could harbor 
Asian citrus psyllid or HLB 


 







Nurseries – Wholesale and Retail 


 Nurseries are regulated by 
state and federal 
authorities. 


 Outreach may consist of 
compliance agreements 
and/or inspections. 


 Cooperative Extension 
also provides outreach. 


 For retail nurseries, 
education is needed about 
selling plants before 
treatment expiration or 
crop destruction. 







Nurseries – Retail 







Urban Dwellers 


This group presents significant 
challenges in terms of outreach needs. 
The group has a wide-range of 
educational backgrounds and ability to 
access information either  traditionally 
or electronically.  There may also be 
language or cultural barriers that must 
be overcome to communicate 
effectively. 







Urban Dwellers – Traditional Methods 


Post card mailed to all addresses in a zip code to ask for the 
public’s help in finding ACP in southern California 







Urban Dwellers – Electronic Information 







Other Groups 


 These groups below are not served as well as they could be. 
 Landscape companies and managers for public lands 
 Farmer’s Markets and Swap Meets 
 Retail stores that sell much more than just nursery plants 
 Various ethnic groups that may be isolated from these efforts 


because of cultural or language barriers 
 Certified organic growers (citrus production and nursery 


production) 







Update on Asian Citrus Psyllid Biology


D id G H llDavid G. Hall


Subtropical Insects Research Unit, USDA-ARS, Ft Pierce, FL 







The scientific community is broadening our y g
knowledge base of ACP biology (ecology, 
behavior)
New information regarding ACP biology to be presented 
at this meeting


Oral presentations:
Steve Lapointe – Chemical ecologySteve Lapointe Chemical ecology
Kirsten Pelz-Stelinski – Vector biology
Desouky Ammar – Vector biology
Poster presentations
Falk et al. – RNAi aspects
Patt et al. – Chemical ecologyPatt et al. Chemical ecology







Recent publications presenting information on ACP biology


Cicero, J. M., J. K. Brown, P. D. Roberts, and P. A. Stansly. 2009. The digestive system of 
Diaphorina citri and Bactericera cockerelli (Hemiptera: Psyllidae). Annals of the 
Entomological Society of America 102: 650-665.Entomological Society of America 102: 650 665.


Pelz-Stelinski, K. S., R. H. Brlansky, T. A. Ebert, and M. E. Rogers. 2010. Transmission 
parameters for Candidatus Liberibacter asiaticus by Asian citrus psyllid (Hemiptera: 
P llid ) J E E t l 130 1531 1541Psyllidae). J. Econ. Entomol. 130: 1531-1541.


Tsagkarakis, A. E., and M. E. Rogers. 2010. Suitability of 'Cleopatra' mandarin as a host 
plant for Diaphorina citri (Hemiptera:  Psyllidae). Florida Entomologist 93: 451-453.p p ( p y ) g


Onagbola, E. O., R. L. Rouseff, J. M. Smoot, and L. L. Stelinski. 2010. Guava leaf 
volatiles and dimethyl disulphide inhibit response of Diaphorina citri Kuwayama to host 
plant volatiles Journal of Applied Entomologyplant volatiles. Journal of Applied Entomology.


Mann, R. S., R. L. Rouseff, J. M. Smoot, W. S. Castle, and L. L. Stelinski. 2010. Sulfur 
volatiles from Allium spp. affect Asian citrus psyllid, Diaphorina citri Kuwayama 
(Hemiptera:  Psyllidae), response to citrus volatiles. Bulletin of Entomological Research.







Recent publications presenting information on ACP biology


Boina, D. R., M. E. Rogers, N. Wang, and L. L. Stelinski. 2010. Effect of pyriproxyfen, 
a juvenile hormone mimic, on egg hatch, nymph development, adult emergence and 
reproduction of the Asian citrus psyllid, Diaphorina citri Kuwayama. Pest Management reproduction of the Asian citrus psyllid, Diaphorina citri Kuwayama. Pest Management 
Science 66: 349-357.


Hall, D. G., R. G. Shatters, Jr., J. E. Carpenter, and J. P. Shapiro. 2010. Research toward 
tifi i l di t f d lt A i it llid A l f th E t l i l S i t fan artificial diet for adult Asian citrus psyllid. Annals of the Entomological Society of 


America 103: 611-617.


Marutani-Hert, M., W. B. Hunter and D. G. Hall.  2010.  Gene response to stress in the p
Asian citrus psyllid (Hemiptera:  Psyllidae).  Fla. Entomo. 93:  519-525


Bonani, J. P., A. Fereres, E. Garzo, M. P. Miranda, B. Appezzato-Da-Gloria, and J. R. S. 
Lopes 2010 Characterization of electrical penetration graphs of the Asian citrus psyllidLopes. 2010. Characterization of electrical penetration graphs of the Asian citrus psyllid, 
Diaphorina citri, in sweet orange seedlings. Entomologia Experimentalis et Applicata 
134: 35-49.


Hall, D. G., M. Setamou, and R. F. Mizell, III. 2010. A comparison of sticky traps for 
monitoring Asian citrus psyllid (Diaphorina citri Kuwayama). Crop Protection 29: 
1341-1346.







Recent publications presenting information on ACP biology


Mann, R. S., S. Tiwari, J. M. Smoot, R. L. Rouseff, and L. L. Stelinski. 2010. Repellency 
and toxicity of plant-based essential oils and their constituents against Diaphorina citri 
Kuwayama (Hemiptera: Psyllidae). Journal of Applied Entomology.uwaya a ( e pte a: sy dae). Jou a o pp ed to o ogy.


Hall, D. G., and M. G. Hentz. 2010. Sticky trap and stem-tap sampling protocols for the 
Asian citrus psyllid (Hemiptera: Psyllidae). Journal of Economic Entomology 103: 541-
549549.


Tiwari, S., K. S. Pelz-Stelinski, and L. L. Stelinski. 2011. Effect of Candidatus 
Liberibacter asiaticus infection on susceptibility of Asian citrus psyllid, Diaphorina citri, p y p y p
to selected insecticides. Pest Management Science 67: 94-99.


Thomas, D. B. 2010. Gamma-butyrolactone as a lure for traps targeting the Asian citrus 
psyllid Diaphorina citri Kuwayama (Homoptera: Psyllidae) Subtropical Plant Sciencepsyllid, Diaphorina citri Kuwayama (Homoptera:  Psyllidae). Subtropical Plant Science 
62: 34-37.


Hall, D. G., and M. G. Hentz. 2011. Seasonal flight activity by the Asian citrus psyllid in 
east central Florida. Entomologia Experimentalis et Applicata 139: 75-85.







Recent publications presenting information on ACP biology
Ammar, E.-D., and D. G. Hall. 2011. A new method for short-term rearing of citrus 
psyllids (Hemiptera:  Psyllidae) and for collecting their honeydew excretions. Florida 
Entomologist 94: 340-342.


Ammar, E. D., R. G Shatters, Jr., and D. G. Hall. 2011. Localization of Candidatus 
Liberibacter asiaticus, associated with citrus huanglongbing disease, in its psyllid vector 
using fluorescence in situ hybridization.  J. Phytopathol. Vol 159. doi: 10.1111/j.1439-
0434.2011.01836.x


Ammar, E.D., R. G. Shatters, Jr., C. Lynch, and D.G. Hall.  2011. Detection and relative 
tier of Candidatus Liberibacter asiaticus in the salivary glands and alimentary canal oftier of Candidatus Liberibacter asiaticus in the salivary glands and alimentary canal of 
Diaphorina citri (Hemiptera: Psyllidae), vector of citrus huanglongbing disease.  Ann. 
Entomol. Soc. Amer. 104 (3): 526-533


W tb k C J D G H ll E St Y D d R F L 2011 C l i ti fWestbrook, C. J., D. G. Hall, E. Stover, Y. Duan, and R. F. Lee. 2011. Colonization of 
Citrus and Citrus–related germplasm by Diaphorina citri (Hemiptera: Psyllidae). 
HortScience 46: 997-1005.







Recent publications presenting information on ACP biology


Hall, D. G., E. J. Wenninger and M. G. Hentz.  2011. Temperature studies with the Asian 
citrus psyllid, Diaphorina citri Kuwayama:  cold hardiness and temperature thresholds 
for oviposition.  J. Insect Sci. 11:83 available online:  insectscience.org/11.83p g
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Survival of Adult Asian Citrus Psyllid on Harvested Citrus 
Fruit and Leaves
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Hall, D. G., and G. McCollum.  2011. Survival of adult 
Asian citrus psyllid on harvested citrus fruit and leaves.  
Fla. Entomol.  (in press)







Survival of Adult Asian Citrus Psyllid on Harvested Citrus 
Leaves and Stems
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Hall, D. G. and M. G. Hentz.  Survival of Asian citrus psyllid exposed to 
different heat treatments.  Research underway.
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Hall, D. G. and M. G. Hentz.  Survival of Asian citrus psyllid exposed to 
different heat treatments.  Research underway.







Molecular Characterization of Psyllid Feeding to Identify Molecular Characterization of Psyllid Feeding to Identify 
Interdiction Point to Block Feeding ProcessInterdiction Point to Block Feeding Processgg


Bob Shatters and Kent Morgan


Psyllids secrete a salivary liquid that solidifies into a tube (salivaryPsyllids secrete a salivary liquid that solidifies into a tube (salivary 
sheath, SS) when feeding on plants.


• Developed method for isolating SSs.
Id tifi d t i t f th SS i l di t t l t i• Identified protein components of the SS including structural proteins.  


• Currently studying assembly mechanism of these SSs in an attempt to find a 
way to block the assembly process.


SDS-PAGE Gel of 


Microscopy of Isolated Psyllid Salivary Sheaths (SSs)
SEM  of SS Showing 


Central Canal
SEM  of SS Showing 
Globular Construction


Light Microscopy of Coomassie
Blue stained SS


Salivary Sheath 
Proteins


Source of funding:  CDRF







Artificial Diet System For Harvesting SalivaryArtificial Diet System For Harvesting Salivary 
Sheaths to determine their constituents.


• Diet is sandwiched 
b t t filbetween two parafilm
layers


• Diet Contains:
– 30% Sucrose
– Food Coloring Dye
– Agar (Gelling agent)







Observations on feeding activity and 
salivary sheaths


• Feeding readily 
occurred


• Salivary sheaths were 
formed through the 


b d i t th S li Sh thmembrane and into the 
diet medium.


Salivary Sheaths


Light Microscopy of 
Coomassie Blue stained SS


SEM of SS







USE OF ARTIFICIAL DIET TO IDENTIFY INHIBITORS OF SALIVARY 
SHEATH FORMATION


BLOCKING SALIVARY SHEATH 
FORMATION


Addition of EDTA-divalentAddition of EDTA divalent
cation chelating agent


Normal diet


A BB







Block the psyllid’s ability to feed = block psyllid transmission of 
the HLB bacterium.   


Research confirms that specific chemicals can block the psyllidResearch confirms that specific chemicals can block the psyllid 
feeding process.


Genetically engineered plants might be developed that produceGenetically engineered plants might be developed that produce 
these specific chemicals, or these chemicals might be applied 
directly to a plant using an infusion method.  







Sequencing of the Asian citrus psyllid genome
Wayne Hunter, Bob Shatters, David Hall


Projected benefits of sequencing the genome:
Identify enzymatic and metabolic pathways in search of weak links.
Identify gene targets for RNA interference.
Determine why the bacterium is pathogenic in the psyllid – identify 


th d f di ti th imethods of disrupting pathogenesis. 


Bioinformatics team: 
Justin Reese, Reese Consulting, LLC;
Nan, Leng, Illumina, Inc. 
Working group 2011.


Source of funding:  ARS







So far: Draft version 0.6 working towards a full Draft V.1.0
Currently assembling draft genome sequences
First draft completed this year, DIACI0.5,
Estimate over 20,000 active genes identified so far.
First run: 2,600 proteins strongly aligned to proteins identified in Pea , p g y g p


Aphid genome project, with >50% identity.
Total contigs using program Velvet: 169,811 contigs (two or more 


sequences assembled), top 50 contig average length: ~160,212 bases q ), p g g g ,
long.


Sequence lengths: Max: 259,603 bases; Min: 120 bases
Total number of base pairs: 455,561,207 which is close to originalTotal number of base pairs: 455,561,207 which is close to original 


genome size estimate of ~400 million bases.
Genome coverage estimated between 85%-90%
Average contig size overall: 2 683 bpAverage contig size overall: 2,683 bp
38.00% GC (nearly identical to genome of Pea Aphid)
Bioinformatics to follow
All information available to the scientific communityAll information available to the scientific community
This includes a transcriptome dataset produced from eggs, nymphs, 
adults.
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Outcome 3: State of the Science 
 


How to keep citrus groves or trees free of 
HLB and ACP:  


 
Breeding, Genomics, Genetics, and  
Horticultural Solutions to HLB?? 


Slides contributed by: William Belknap, Abhaya Dandekar, William Dawson, 
Yongping Duan, Bryce Falk, Dean Gabriel, Jude Grosser, Goutam Gupta, John 
Hartung, Mike Irey, Eliezer Louzada, Marcos Machado, Gloria Moore, Randy 
Niedz, Robert Shatters, Ed Stover, James Thomson, Nian Wang 
 
Other info extracted from papers and presentations        October 3, 2011 







•Numerous reports that sometimes limes, lemons or 
pummelos are tolerant or resistant to HLB from various 
parts of the world.  Differences between reports may 
be due to genotypic differences alone or strain x 
genotype differences 


•Several citrus relatives have been repeatedly listed as 
being more resistant to HLB: Poncirus trifoliata and 
hybrids (most recently Folimonova et al. paper), Citrus 
latipes and C. indica 


•Gmitter ID and evaluation of survivors in HLB-ravaged 
areas of China 


•Preliminary report at FSHS in 2010(Brlansky and 
Castle) of a sweet orange from Brazil which is reported 
to be CTV resistant, also showing resistance to HLB. 


•Not explicit, but suggestions of change in cultivars 
grown in areas with endemic HLB? 


Citrus resistant to HLB and ACP using conventional breeding: 
 


Slide from Stover 







Sampled 20 trees / cultivar /grove 
Stover & McCollum, HortScience 46:1-5. 2011 


  Mean # CLas % trees 


  genome/ 100 ng nucleic acids “HLB+” 


Minneola 304 43% 
Murcott 168 44% 
Sweet orange 236 31% 
Grapefruit 40 20% 
Temple 9 15% 
Fallglo 13 18% 
Sunburst 107 13% 


Significant Resistance to HLB in existing cultivars? 
Survey in IR groves with multiple scion types 







Foto: J. Bové 


Output 1: Genetically Designed Disease-Free Trees  
 
Screening of available germplasm for resistance to HLB.  
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Progress of bacteria population in different citrus species.  


Days after  
grafting 


Sweet orange 


Sweet lime 


Ponkan 


Key lime 


Cravo mand. 


Grapefruit 


Willoweaf 


Conclusion 
 
All citrus genotypes are susceptible but at different levels (Willowleaf>Cravo mandarin=Ponkan>sweet orange>sweet 
lime=key lime=grapefruit 
 


National Science and Technology Institute of Genomics for Citrus 
Breeding Brazil- slide from Marcos A. Machado 
 







Foto: J. Bové 


Output 1: Genetically Designed Disease-Free Trees  
Screening of available germplasm for resistance to HLB.  
 


Progress of bacteria population in different genera of citrus relatives.  


Conclusion 
 
Atalantia and Poncirus showed higher tolerance/resistance to bacteria multiplication. Other genera are equally susceptible as 
citrus.   


National Science and Technology Institute of Genomics for Citrus 
Breeding Brazil- slide from Marcos A. Machado 
 







• US-897 rootstock showed lower Clas titer and fewer 
symptoms of HLB compared to its Cleo parent (Albrecht & 
Bowman, HortScience 46:16-22. 2011.)  I think I recall an 
abstract suggesting HLB development was somewhat slower on 
scions grafted to US-897 vs. Cleo rootstock. 


• Preliminary greenhouse trials and field studies (Grosser, UF) 
indicate that selected complex rootstocks may delay or 
suppress disease development when grafted with infected 
sweet orange scions. 


•Stuchi et al. (Bebedouro, S.P., Brazil) report observation of 
slower HLB progression of Sweet Orange on Flying Dragon 
Trifoliate vs. Rangpur 


•Field “choice tests” of 87 replicated half-sib/apomictic 
Rutaceae show less colonization of ACP on Poncirus, 
Microcitrus, Eremocitrus,  than others in citrus gene pool in. 
(Westbrook, Hall, Stover, Duan, Lee.  2011. HortScience 46:1-9) 


Citrus resistant to HLB and ACP using conventional breeding: 
 







Some USHRL populations 
show considerable 
tolerance to HLB 
 
initiating experiments to 
test growth vs. CLas 


Slide from Stover 







Some trees in families of USHRL hybrids 
show remarkable resistance to HLB 


Duan and Stover initiating 
experiments to identify 
genes 
 
 


Slide from Stover 







•U of Florida (Fred Gmitter), UC Riverside (Roose) and 
USHRL (Stover) are collaborating on a replicated trial of 
diverse citranges and other trifoliate orange hybrids, to 
identify genes associated with HLB-resistance 
•Genotyping by SNP chip (UF) and “genotyping by 
sequencing”  with group of primers(UCR). 
•When mapped and identified, can use genes in intragenics 
and as a marker in conventional breeding 


Using trifoliate genes for HLB resistance 


Slide from Stover 







Carrizo transformed with D35S:: Citrus FT3 
Gloria Moore- UF Horticulture 


FT gene overexpression to permit rapid breeding of 
conventional cultivars- 
Gloria Moore, PI;  Ed Stover, Steve Strauss coPIs 
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201 230
114 941 533


CiFT3







• Complete genome of Candidatus Liberibacter 
asiaticus (Duan,  Zhou,  Hall,  Li,  Doddapaneni, 
Lin, Liu, Vahling, Gabriel, Williams, Dickerman, 
Sun, Gottwald. MMPI 22:1011-1020. 2009.) 


• Shatters, Hunter, Hall et al., Complete genome 
of Diaphorina citri 


• Gmitter et al.  Haploid Citrus clementina and 
Citrus sinensis genomes 


• Belknap et al., Carrizo genome 


Genomic Information: Critical Tools to Pursue Resistance 
 















Foto: J. Bové 


Genome and transcriptome 


DNA 454  
(re-sequencing) 


Ready: 
- Rangpur lime– 1.9 Gb (~4 x) 
- Ponkan – 1.59 Gb (~4 x) 
- Poncirus trifoliata – 1.9 Gb (~4 x) 
Underway: 
- Ponkan (to 30x) 
- Rangpur lime (to 30x) 
- P. trifoliata (to 30x) 
- Citron (30x) 
- Pummelo (30x) 
- Sweet orange (healthy and diseased) 
 


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 







Lso (top ring) 
Las (2nd) 
Lam (3rd) 


Lam:  
1,244,227 bp 
 
< 30 gaps 
remain 
 
30% GC  
 
1096 proteins 
predicted  
 
2 prophage, 
similar to Las 


 Wulff, N.A. (Fundecitrus), Zhang, S. (UF), Gabriel, D.W. (UF) 







Las Lso 


Lam 
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1109, (total proteins) 1192, (total proteins) 


1096 (total proteins) 
Wulff, N.A. (Fundecitrus), Zhang, S. (UF), Gabriel, D.W. (UF) 
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Both Las and Lam carry two prophages; one replicating 
 as an excision plasmid (SC-2 in Las and SC-1 in Lam)...  


--Zhang et al. MPMI Vol. 24, No. 4, 2011, pp. 458–468. 


Las phage is known to become lytic in plant infections;  
Lam appears to have same potential  
(ie., Las and Lam both carry suicide programs). 


Lam  39,941 bp Lam  16,397 bp 


Wulff, N.A. (Fundecitrus), Zhang, S. (UF), Gabriel, D.W. (UF) 







Affymetrix Citrus GeneChip® Microarrays  


•ESTs  


•Gene chip microarray 


•RNAseq 


Transcriptome analysis 







Microarray analyses by 
Albrecht/ Bowman 
demonstrated some  gene 
expression differences in 
HLB-infected vs. healthy 
sweet orange. 
 
Paper submitted by Albrecht 
and Bowman HLB+ Cleo vs 
US-897- many defense genes 
differ with higher levels in 
healthy US-897 
 
 







Foto: J. Bové 


Genome and transcriptome 


Species #Reads CitEST #Reads Harvest #Reads Total 
Citrus sinensis (CS) 149,218 75,699 224,917 
Citrus reticulata (CR) 72,732 86,706 159,438 
Poncirus trifoliata (PT) 56,344 20,981 77,325 
Citrus aurantium (CA) 10,560 960 11,520 
Cidro etrog (CD) - 480 480 
Fortune (CF) - 1,976 1,976 
Citrumelo swingle (CW) 10,552 9,695 20,247 
Macrophylla (CY) - 1,902 1,902 
Carrizo Citrange (ST) - 848 848 
Citrus reshni (TC) - 2,784 2,784 
Citrus aurantifolia (CG) 10,560 - 10,560 
Citrus latifolia (LT) 10,560 - 10,560 
Citrus limettiodes (CM) 10,080 - 10,080 
Citrus sunki (TS) 9,120 - 9,120 
Citrus limonia (CL) 20,733 - 20,733 
All species 360,459 202,031 562,490 


CitEST database  


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 







Customized chip  385K (32,000 
unigenes ofC. sinensis) 
3 probes 60 nt/ gene 
4 replicatas  


• 634 DE genes (P-value ≤0.05, fold change 
|FC| ≥ 2.0 and odds probability ≥ 0.95) 
• 419 up- and 215 down-regulated 


Transcriptome of sweet orange infected with 
Lam or Las 


Microarray (*)  
 


(*) Supported by FDCR (FCPRAC) 
 


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 
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Genome and transcriptome 
RNA-seq  


(Sweet orange infected with Las or Lam) 


Sample Seq info  Total Bases   Read Count  


Healthy Leaves  s_1_SN11  3,550,119,498   35,149,698  


Healthy Stems s_2_SN12  3,809,683,640   37,719,640  


Leaves with LAS s_3_SN13  3,907,031,985   38,683,485  


Stems with LAS s_4_SN14  3,357,382,612   33,241,412  


Leaves with LAM s_5_SN15  3,653,150,204   36,169,804  


Stems with LAM s_6_SN16  3,696,246,601   36,596,501  


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 


Genes showing great changes in expression in HLB+ vs HLB- are being used in 
developing transgenics and include many transcription factors 







Transcriptome analysis of critical genes using 
quantitative reverse transcriptional PCR- Wang et al. 


 1,217,808 nt  (Duan et al. 2009), 1122 orfs 


 This makes transcriptome analysis using quantitative reverse 
transcriptional PCR possible. 


 Bioinformatics analysis (SignalP 3.0, Phobius, SecretomeP 
2.0, PROSITE, Pfam, etc.). 


 560 genes selected for transcriptional analysis: 16S as 
internal control, potential virulence genes, genes with 
interesting domains or motifs (signal peptide for secretion), 
etc. 


 







Overview of the gene expression profile of Ca. L. 
asiaticus in planta and in psyllids- Wang et al. 


Sreedharan and Wang 2011 







• Many efforts underway using antimicrobial peptides and 
defensins 


• Genomic and transcriptome data being used to develop new 
targets  


• Antibodies 


•Most efforts using Agrobacterium-mediated transformation, 
some with protoplasts (Grosser UF-CREC) and some with CTV 
expression vector (Dawson et al., UF-CREC) 


Using transgenics /nonconventional techniques for citrus resistant to 
HLB and ACP 
 







Antimicrobial Peptides 
• First line of active defense to combat infection in 


multicellular organisms 


• Broadly active against groups of micro-organisms 


• Mode of action primarily intercalation into membranes 
and depolarization 


• Most are very small molecules, MAY move 
systemically- possible GM rootstock solution? 


• Results in microbial death or prevents growth 


Slide from Stover 







Defensin transformed citrus: Mirkov Texas A&M U  
Slide from 2010 


 
•Furthest along in deregulation : Trees in FL greenhouse and 
field  --8 events--Red Grapefruits (2 varieties) and Sweet 
Orange (3 varieties) 
 


•Trees in TX greenhouse  ~71 events in 3 Sweet Orange 
varieties 
 


•Some sweet orange with 2 defensins in same tree 
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Grapefruit Cultivar ‘Rio Red’ Inoculated with the  
Citrus Bacterial Canker Pathogen, Xac: Mirkov 


Non-transgenic 


Transgenic for 
Defensin  


-11- 







Transgenic plant regeneration – lytic peptide: 
Grosser et al.  Slide from 2010 


Misc grapefruit includes Duncan, Marsh and Flame cultivars 


Cultivar Gene No. of plants in soil 
Duncan AttacinE  27 


Hamlin AttacinE  15 


Misc Grapefruit  LIMA  45  


Valencia, Hamlin,OLL-8 LIMA  56 


Carrizo LIMA  8 


Flame LIMA-SN 10 


Misc Grapefruit  PTA  12 


Valencia, Hamlin, OLL8  CEMA  21 


Carrizo CEMA  20 


Key Lime  CEMA  6  


Misc Grapefruit  CEME  18 


Hamlin CEME 6 


Valencia  CEAD  14 


Carrizo CEAD  12 
Carrizo LIMA under AtSuc2 promoter 25 


Valencia, Hamlin, OLL-8 LIMA under AtSuc2 promoter 23 
Key Lime LIMA under AtSuc2 promoter 17 


Misc Grapefruit LIMA under AtSuc2 promoter 12 







Canker (Xcc) assay on transgenic Duncan leaves 
containing the lytic peptide gene(s): Grosser et al. Slide 


from 2010  
 A B C 


A – Mild tissue hypertrophy in transgenic LIMA leaf 
B – Moderate tissue hypertrophy in transgenic Attacin leaf 
C – Severe water-soaking and tissue hypertrophy in non-transgenic control leaf 







HLB inoculation results: Grosser et al. Slide from 2010  


Plant ID Gene Line # qPCR  Visual Symptoms  
566 LIMA MP13 + + 
567 LIMA MP5 + + 
568 LIMA MP1 + + 
569 ATTE MP11 + - 
570 LIMA MP3-C7 + + 
571 LIMA MP14 + - 
572 LIMA MP18 + + 
573 LIMA MP16 UNDET - 
577 LIMA UNDET - 
578 LIMA MP4-C7 UNDET - 
579 ATTE MP2 + + 
580 LIMA MP3-C6 + + 
585 ATTE MP4 + + 
586 ATTE MP29-C8 + - 
587 LIMA MP7 + + 
588 ATTE MP16 + + 
589 LIMA MP21 + + 
590 ATTE MP1 + + 
591 ATTE MP8 + + 
592 ATTE MP14 UNDET - 
600 LIMA MP2-C5 UNDET - 
601 LIMA MP2-C6 UNDET - 
602 ATTE MP19 UNDET - 
603 LIMA MP5 UNDET - 
604 LIMA MP9 + + 
605 LIMA MP20 UNDET + 
606 ATTE MP3 UNDET - 
706 Control  + - 







In-Vitro  AMP Screening 


• Since can’t  easily culture 
Liberibacter, using surrogates 


• Agrobacterium and 
Sinorhizobium are related to 
Liberibacter, & easy to culture 


• Also using Xanthomonas citri, 
causal agent of canker 


 


Stover, McCollum, Stange 







    MIC (μM) 
Hemolytic 
Activity (%) 


AMP At Sm Xcc   
Tachyplesin I 0.3 0.3 0.3 3.0 
SMAP-29 1 0.3 1 3.2 
D4E1 1 0.3 1 3.6 
D2A21 1 0.3 1 8.4 
LL-37 1 1 1 5.1 
Melittin 1 1 1 100.8 
Cecropin A 3 3 10 1.1 
Cecropin B 10 3 10 1.2 
Indolicidin 10 3 3 2.0 
Apidaecin IA >30 1 >30 1.6 
Drosocin >30 3 >30 1.6 
α-Purothionin 30 10 1 22.5 
Pyrrhocoricin >30 10 >30 1.9 
Magainin I >30 >30 >30 1.3 
Magainin II >30 >30 >30 1.5 
Histatin-5 >30 >30 >30 1.8 
Ib-4 >100 100 >100   
Cn-1 >100 >100 >100   
P4c >100 >100 >100   


AMPs 


•AMPs or defensins- a priori 
selection of “gene of interest” 


• Increasingly turning to targets 
revealed by genomics  


In-vitro assays with 
Agrobacterium, 
Sinorhizobium and 
Xanthomonas: Stover, 
Stange, McCollum 


Jaynes (Tuskegee) has 
synthesized AMPs similar 
to Tachyplasin in charge 
distribution and AA size- 
also tested in-vitro 







Transgenic Research at  
Southern Gardens Citrus- Irey 


• Multiple projects 
– Multiple partners 


• Federal 
• Universities 
• Private 


– Multiple targets 
• Plant resistance 
• Insect resistance 


• At various stages 
– In most cases, working 


on 2nd,3rd, or 4th 
generation plants 
 


• Greenhouse and field 
screening 
– Field screening 


• Slow 
• Expensive 
• Highly regulated 
• Not conducive to large 


numbers of plant lines 


– Greenhouse screening 
• Free ranging psyllids 
• Faster 
• Can screen many more 


lines 
11/2/2011 34 







Greenhouse Screening-Irey 


11/2/2011 35 







Results from Two Screening Trials- Irey 


11/2/2011 36 







Belknap et al.  







Belknap et al.  







Belknap et al.- Citrus sequence replacements for Agro borders…  







The Foundation of Our Strategy- Gupta, Dandekar, (Stover?) 


Design:  
A chimera with synergistic combination of pathogen recognition 
and lysis functions (two essential components of plant innate 
immune defense) 


Ca. Liberibacter 


Killing of 
bacteria 


Advantages: 
High antimicrobial efficacy 
Less susceptible to pathogenic resistance 







The Candidates of the Liberibacter recognition 
protein and lytic peptide are derived from citrus 


innate immune defense- Gupta 


Recognition Protein Candidate: 
Citrus proteases that can cleave surface proteins of Ca. 
Liberibacter 


Lytic Anti-microbial Peptides (AMP) Candidate: 
1. Defensins and cecropins 
2. Synthetic peptides 







Structure-based design of two chimeras- Gupta 


Chimera of a citrus serine 
protease (cyan) joined to the 
lytic D4E1* peptide (red) by 
a GSTA linker (yellow)  


Chimera of a citrus serine 
protease (cyan) joined to lytic 
Cecropin B** (red) by a 
GSTA linker (yellow)  







Secretion Signal 


Recognition Protein 


Linker 


Lytic Peptide 


Structure of the chimera transgene- Gupta 







Plant Science 
Department  


Testing of Transgenic Carrizo 
rootstocks for Resistance to 
HLB and CVC  
Abhaya Dandekar, Sandra Uratsu: 
    University of California, Davis, California 
Timothy Spann: 
    CREC-UFL, Lake Alfred, Florida  
Luiz Goulart, Rafael Nascimento: 
    UC Davis and Univ of Uberlandia, Brazil 
Marcos Machado 
     Instituto Agronômico de Campinas, São 
Paulo, Brazil Transgenic Rootstock 







Testing two Promising Protein-Based Therapeutics in 
Citrus for CVC & HLB  Dandekar, Uratsu, Spann, Goulart, 
Nascimento, Machado 
 • PGIP to counteract the 


virulence and movement of 
the pathogen Xylella 
fastidiosa 


 


• CAP (Chimeric Antimicrobial 
Proteins) to destroy pathogen 
protein weapons, lyse and 
destroy pathogen cells 
leading to inoculum reduction 
and blocking of disease 
transmission in the field 


Xf PG PGIP 


CAP destroys surface proteins 


Pore formation Surface Proteins 


Goutam Goupta 


NE 
CB 


Destroys Pectin 







Chimeric antimicrobial protein (CAP) that specifically targets 
Xylella fastidiosa (Xf) inside the plant xylem of tobacco and 
grapevine, rapidly clears the pathogen, and blocks infection.  


Preliminary Results-Dandekar et al. 







Systemic acquired resistance (SAR):  slide Grosser 


Pathogen 
attack 


SA synthesized Induction 
of PR 
proteins 


Increased 
resistance to 
further attack 


SA dispersed 
systematically 







Response of wild type and NPR1 transgenic plants to CaLa flg22 inoculation: 
Moore – SAR  
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Response of wild type and NPR1 transgenic plants to CaLa flg22 inoculation- 
Moore 
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Studying SAR-related defenses Moore, UF 
Significantly induced genes  


(FC ≥1, p ≤0.05) 


RL 


SA SO 


2050 


1143 2109 


711 242 


13 


Many of the genes induced in rough lemon (RL) by HLB are also induced 
in grapefruit by SA. Not the case between sweet orange (SO) and SA 
 







Field evaluation transgenic plants (AtNPR1 and 
others)- Moore et al., UF 







 We identified an enzyme salicylate hydroxylase encoded by Ca. L. asiaticus, which could degrade 
salicylate.  The sahA gene is highly expressed in planta.  The salicylate hydroxylase of Ca. L. 
asiaticus is functional and can break down salicylic acid (SA) and its derivatives in vitro.  
 


 Salicylic acid (SA) SA and its derivatives have been reported to play a central role in plant 
defenses by mediating defense responses against pathogens in a number of plant species and are 
important for basal defense, and SAR.  


 Expressing bacterial salicylate-degrading salicylate hydroxylase enzyme in planta led to decreased 
SA levels, failed to develop SAR, or decreased expression of PR genes and heightened 
susceptibility to both virulent and avirulent pathogens. Existence of the salicylate-degrading 
salicylate hydroxylase enzyme (SahA) in the HLB pathogen might affect the efficiency of 
application of SAR elicitors.  


 Ca. L. asiaticus utilizes the salicylate hydroxylase to suppress plant defense of citrus. 
 


One salicylate hydroxylase gene sahA encoded by Ca. L. asiaticus is 
highly induced in planta  


Trivedi and Wang 2011 







 
 
Management of citrus HLB by restoring SA levels in planta, 
degraded by Ca. L. asiaticus by screening for SA hydroxylase 
inhibitors, to activate plant defense responses. Wang et al. 
 
It is expected that interfering with the function of SahA using SahA 
inhibitors will reactivate salicylate-dependent plant defenses. Thus, 
development of HLB will be reduced or prevented.   
 
Currently, multiple SahA inhibitors have been identified. 
 


Akula and Wang 2011 







Bacteriophage expressed 
transgenically 


Dean Gabriel (IPG, UF) has plants with greenhouse 
resistance to HLB, now planted in the field in 
Florida.  New plants with bacteriophage genes in two 
greenhouses in Florida being challenged with hot 
psyllids and grafts. 







 Evaluation of transient expression in 
planta Wang et al.  


28 genes cloned into TMV30bGFP vectors 
 


Screened on tobacco 
 


4 showed symptoms 
 


Repeated 3-5 times 
 


Two most significant named sndA and stbA 


Sreedharan and Wang 2011 







Results from transient expression using 
TMV vector- Wang et al. 


sndA:  17 days post inoculation  stbA: 17d post inoculation 


Sreedharan and Wang 2011 







 
Two Hypothetical proteins, both with a signal peptide 


 
Gene expression is 9 and 21 fold higher in infected plants compared to infected 
psyllids, for sndA and stbA respectively 


 


SndA 


StbA 


80 aa, 8kD 
Signal peptide 


52 aa, 5.8kD 
Signal peptide 


Sreedharan and Wang 2011 Wang et al. 







Ca. L. asiaticus contains one complete Sec pathway which  is required for the secretion 
of the putative virulence factors and serves as the good target for antimicrobial 
development. 


Presence of the N-terminal signal peptide means that both  SndA and StbA could be transported into 
periplasm through the Sec pathway.  Ca. L. asiaticus contains one complete Sec pathway.  It is unknown 
whether either could be secreted out to the extracellular environment. 
It is likely they could be secreted into the phloem if they are important virulence factors. 
It is likely the Sec pathway is important for virulence of Ca. L. asiaticus.  SecA is one ideal target to 
develop antimicrobial compounds.  
Discovery of antimicrobial small molecules against Candidatus Liberibacter asiaticus by screening novel 
SecA inhibitors using structure based design. 
Structure-based virtual screening has been successfully used in our previous study to identify five lead 
compounds. The MIC50 of those five compounds against Agrobacterium tumefaciens, which is 
phylogenetically related to Las, range from 1.2 to 2.5 µg/ml.  Four of the five compounds could 
signficantly reduce psyllid transmission of Las. 


 


Periplasm 


Cytoplasm 


Extracellular 


SecDEFGY 
YajCYidC 


SecA 
FtsY 


ATP 


 Akula and Wang 2011 







Interference with CLas ATP translocase:  potential to 
“starve” CLas- Benyon, Duan, Stover, Vahling 


• Single ATP translocase in Candidatus Liberibacter asiaticus (CLas) 
identified in genome sequence (Duan et al.) 


• A 25-mer biotin-labeled peptide on the translocase extracellular loop 
was targeted with a 7-mer phage display library (NEB PhD-7). 


• Identified several heptapeptides that bind target and used ELISA to select 
peptides with the strongest affinity. 


• Ten best peptides were tested for blockage of ATP uptake in E.coli 
transformed with CLas ATP translocase (Vahling et al., 2010). E. coli does 
not have an endogenous ATP translocase.   


• Two peptides showed inhibition in the E.coli assay at .23mM 
concentrations. 


• In CLas cultures suppress 30X 
• Will be used in transgenics 
 







Non-Transgenic 


Transgenic 


Citrus Canker 
Non-Transgenic 


Transgenic 


Phytophthora 


Eliezer Louzada-Texas A&M   Grapefruit overexpressing 
transgenes that regulated Ca.  Will be tested soon for HLB 


Currently has transgenic Hamlin, Valencia, grapefruit, and C-22 rootstock all 
with level of expression varying from 30 to 60 X the wild type. Preparing new 
“transgenic” plants  without antibiotic or GUS gene, using drought as selection 







Production of scFv against ‘Ca. 
Liberibacter asiaticus’ 


John Hartung and Qing Yuan 
USDA ARS Beltsville, MD 







Hartung and Yuan 







scFv activity against proteins of interest by ELISA 


Hartung and Yuan 







• Detection of ‘Ca. 
Liberibacter asiaticus’ in 
plant extracts  


Top Row: Extracts from 
 healthy plants 
 
Bottom 3 Rows: Extracts 
from HLB trees in 
greenhouse 
 
scFv expressing phage 
detected with antiM13 
monoclonal antibody 
 
(It does not always work 
this well; there can be 
background problems) 


Hartung and Yuan 







  Infected psyllids were used to immunize mice 
 


  mRNA extracted from spleens, reverse transcribed and cloned into vector 
 


  20,000,000 different scFv encoding inserts in the library 
 


  Biopanning of library against HLB extracts was not successful  
 


  Biopanning of library against purified proteins has been successful 
 


  We have scFv against 7 proteins of interest; 5-15 scFv each 
 


  scFv can be detected in ELISA and dot blot formats 
 


  scFv may be useful in research and practical applications 
 


Proposal to express in transgenics 
 
 


Summary- Hartung 







Strategies for Psyllid control: 
Grosser et al.   


• HLB pathogen is transmitted by the Asian citrus 
psyllid [Diaphorina citri ]. 


• Snowdrop lectin (Galanthus nivalis 
agglutinin; GNA) is a potential  
insecticidal protein  which is known 
 to act on sucking insects. 


• Transgenic plants have been produced to express 
this gene and several are being multiplied for insect 
resistance studies – transgenic Carrizo plants killed 
aphids (psyllid testing next! ) 







Output 1: Genetically Designed Disease-Free Trees  
c. Tree resistant or repellant to ACP via genetics.  
 
ii. Explore and identify GM solutions for ACP resistance: transgenes that affect/interrupt movement of CLas into the gut or 


prevent CLas attachment to the vector: lectins; RNAi strategies; Bt; Vip (precursor to Bt).  
 


 
Testing  Bt against AC: artificial feeding of adult ACP 
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Genomics for Citrus Breeding Brazil- slide from 
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Psyllid Research Areas  Shatters et al.: 
Toward a universal control strategy for phloem 


feeding Hemiptera 
• Commonality of many phloem feeding Hemiptera is the formation of salivary 


sheaths. (Insects include whitefly, aphid, leaf hoppers, psyllid, scales, 
meallybugs, etc.) 
– Liquid salivary secretion that hardens and forms a tube that remains 


when insects leave 
 


• Method that blocks salivary sheath formation may work across all insects 
that form these structures. 


 







Novel genetic opportunities to protect citrus from ACP 
and HLB (transient expression, therapeutics, etc.):  


We need methods to efficiently transfer “stuff” 
(proteins, DNA, RNA, other?) to existing citrus trees 
(conventional methods, including “traditional 
transformation”, are too cumbersome 


Work underway/initiated: 
• Citrus tristeza virus vector (Dawson et al.) 
•  RNAi delivery-whole plant systems for reducing 


psyllids and leafhoppers (Hunter et al.; Shatters et 
al.; Falk et al.) 


• Cell penetrating peptides (Moore) 







RNAi- harnessing a tool that is used 
against viruses 


rnaiweb.com 
ncbi.nlm.nih.gov 







Day1 


Day3 


 Actin1000,        Actin 500,        Actin 100,          H2O 


GFP1000,        GFP 500,        GFP100,        Sucrose 


Ds-RNA concentration and sequence-dependent mortality of 
psyllids is induced by dsRNA feeding in vitro. Falk, UCDavis 
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Effects are more obvious at high concentrations of 
dsRNA effectors, and effects are apparent even at 
high concentraions of  GFP dsRNAs. 







•Double-stranded RNAs are powerful inducers of RNAi activity, 
they will induce RNAi in plants and in target insects. 
 


•But are double-stranded RNAs going to be available in plants for 
targeting insects, especially phloem feeders? 
 


•Are double-stranded RNAs transported in the phloem?  Some  
evidence suggests not, but we do know that the ~22 nt siRNAs are 
transported within the phloem. 
 


•Thus, for plant studies targeting phloem-feeding insects, we need to 
consider siRNAs as RNAi inducers. 
 


Other thoughts Falk, UCDavis 
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Two approaches to putting resistance genes into 
citrus- Dawson et al. 


 
  Transgenic plants 
         permanently inserting genes into citrus DNA 
 next generation  
 slow 
 
   Viral vector 
             non-permanent insertion 
 can be put into trees already in the field 
 quicker 
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CTV-based expression vector 
foreign  
gene 


Dawson et al. 







Dawson et al. CTV expression of GFP in phloem 







Transient CTV vector uses 


•Molecular tool for citrus biotechnology 
•Test transgenes quickly before transformation 
•Test transgenes that interfere with growth or 


development 
•Test transgenes against pathogens 


•Test transgenes for toxicity or repellency of insect 
vectors 


 
 


Dawson et al.  







Citrus 
Greening 


CTV plus AMP 


no peptide 


Dawson et al. CTV expression of AMP results in 
better growth following Clas infection 







Surprise! – The CTV vector is unusually stable! 


Citrus tree infected for 8  years 


Tree was 
inoculated 
in April 
2003 


Dawson et al. CTV expression of GFP 
in phloem 8 years after infection 







Mother 
Tree 


budwood 


Nursery 
tree 


Field tree Tree 
infected 
with vector 


Buds or blind 
buds 


In the nursery to protect young trees 


In the field to protect or treat trees 


CTV 
vector 


CTV 
vector 


Dawson et al. CTV expressing AMP can protect citrus from HLB in existing or 
newly planted trees 







Treat HLB-infected trees? 
HLB infected                                              HLB infected followed by 
CTV and peptide 


Dawson et al. CTV expressing AMP provides better growth even when used on 
infected trees 







Dawson et al. CTV expressing AMP is being tested in field trial 







Application of PGPR bacteria in suppressing HLB  
Wang et al.   


• HLB not only affects plant health but also restructures the 
bacterial community associated with citrus leaves, 
rhizosphere, and roots. HLB disease caused significant reduction in the number of various 
bacterial phylotypes known to possess beneficial traits related to plant growth promotion while facilitating the increase 
of a few groups which are known to induce disease symptoms or establishment in other citrus diseases (Trivedi et al. 
2011a). Our previous study using functional microarray ‘GeoChip’ provided strong evidence that the change in plant 
physiology mediated by Las infection could elicit drastic shifts not only in the composition but also the functional 
potential of rhizosphere microbial communities.  


• Isolated 227 bacterial strains with 39 strains showing 
promising beneficial traits (antibiotic production, 
siderophore production, induction of systemic resistance 
and so on).   


• Among them, 5 strains have potential to reduce the 
population of Ca. L. asiaticus in citrus. 


 
Trivedi and Wang 2011 







Other critical tools 


• Model systems to test resistance strategies 
• Improved transformation techniques 
• More consistent and efficient testing for 


resistance/susceptibility 
• Etc.? 







Screening for HLB 
Resistance/Susceptibility 


New APHIS-sponsored project to standardize:  
Discussed Outcome 1 &3  Wednesday 10:30 am - noon 







Greening inoculation test on ‘Rio Red’ Grapefruit- Mirkov 


Non-Transgenic buds grafted on  
infected rootstock 


SoD2 Transgenic buds grafted on  
infected rootstock Mirkov 







Stover, et al. 







Arabidopsis/Psyllid Yellows as a Model System for 
Chemical Genomics of HLB 


M. L. Roose and S. Patne, University of California, Riverside 
• Arabidopsis can be infected with psyllid yellows (CLps) by potato psyllids 


raised on infected tomatoes 
• Ct values in Arabidopsis shoots range from 24-28 
• Tolerance variable, but no immune ecotypes found among 19 tested 
• Infected plants have no visible symptoms, but seed germination is 


reduced 
• Chemical genomics - test large numbers of chemicals to identify those 


that induce resistance/tolerance to vector or pathogen, then identify 
genes involved in this response. 


• Chemical genomics screen is proving difficult because 
– plants grown in culture are not infected by psyllids 
– plants grown in soil require too much chemical  







Advantages of Zebra Chip Model System for studying HLB-
directed transgenics-  Belknap et al. 







Output 1: Genetically Designed Disease-Free Trees  
a. Tree resistant to replication of entire complex of HLB-associated bacteria in plant via transgenics 
 
Improve methodology for efficient transformation for important commercial cultivars including transformation of mature 
citrus tissue.  
 
No success in transformation adult tissue. There is good regeneration ability but low transformation rate.  


Develop parallel model systems to accelerate resistance screening; periwinkle, potato, Arabidopsis as possibilities.  


Grafting of periwinkle (Catharantus roseus) and leaves with symptoms. Difficulties: periwinkle is severely 
affected by both bacteria.  


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 







Output 1: Genetically Designed Disease-Free Trees  
a. Tree resistant to replication of entire complex of HLB-associated bacteria in plant via transgenics 
 
Improve methodology for efficient transformation for important commercial cultivars including transformation of mature 
citrus tissue.  
 
No success in transformation adult tissue. There is good regeneration ability but low transformation rate.  


Develop parallel model systems to accelerate resistance screening; periwinkle, potato, Arabidopsis as possibilities.  


Transmission of Ca. L. asiaticus to tabacco (Nicotiana tabacum) by Cuscuta. Dificulties: tobacco is also severely 
affected by both bacteria.  
 


Las 
Lam 


National Science and Technology Institute of Genomics for Citrus Breeding Brazil- 
slide from Marcos A. Machado 
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Recombinase-mediated exchange genetic platform for precise genome 
modification.  Thomson- ARS Albany:   


platform to introduce and stack multiple genes of interest in the same line  


stable and efficient expression 


Also ideal for testing multiple constructs- perhaps in coordinated trials as 
proposed by Tom Turpen 
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Regeneration 


Sterilization  


Selection 


Moore 
cotelydon 
transformation 







Mature citrus transformation- 
Niedz & Marutani-Hert 







Outcome 3 Priority gap list for discussions. 
• Standardizing testing for HLB susceptibility and 


resistance/tolerance: means of inoculating, use of early host 
markers, importance of rootstock resistance, possible host x 
strain interactions. 
– Characterizing strains of CLas and host/strain interactions, 


comparative CLas genomics etc. 
– Importance of sustained reinoculation for disease progress.  


• Developing genomic tools for early reporting of HLB infection 
and symptom development.  E.g. GFP expressing CLas or GFP 
linked to citrus genes expressed early in infection.   


• Coordination of materials etc. in HLB /canker resistant citrus 
field trial NOW (Tom Turpen suggests at several locations). 
–  Standardize constructs; need to clone individuals; influence of 


rootstock etc. 
– how to best conduct? 







Outcome 3 Priority gap list for discussions. 
• Developing improved transgenic tools for low IP, readily 


deregulated, high consumer-acceptance transgenics. Perhaps 
shared library of comstruct components 


• Use of microRNA and RNAi strategies for resistance to HLB 
and ACP. 


• Opportunities for using model system to screen transgenic 
solutions for HLB: CSol in potato and tomato. 


• Integrating bioinformatics seamlessly into a project from the 
beginning  


• Influence of other ACP endosymbionts on CLas in ACP.   
• Understanding function of nutrient treatments to sustain HLB-


infected trees: phloem regeneration?   
• Determination of value of HLB resistance/tolerance in existing 


scions and influence of rootstocks 







Outcome 3 Priority gap list for discussions. 
• Model system or theoretical analysis to explore commercial 


significance of HLB resistance but not immunity.  
– Potential for exploiting different aspects of resistance (less attractive 


to the psyllid, less likely to accept initial infection, less likely for disease 
to proliferate at infection site, less likely to become systemic, etc.).  


– Value of understanding components of resistance and possibility of 
protecting highly susceptible cultivars with buffer of more resistant 
material. 


• Potential role of seed-transmission of Liberibacter strains 
from infected fruit and relevance for HLB. 
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Main points 
I. Brief introduction: 
 - What we know about HLB/Las interactions 
 - Ttransmission barriers in hemipteran vectors 
II.  Localization of Las in vector organs/tissues. 
 - Using qPCR & FISH 
 - Alimentary canal and salivary gland as 


 transmission barriers 
III. New detached leaf assay method for testing Las 


inoculativity of psyllids. 
  
 


 







WHAT WE KNOW ABOUT HLB/LAS  
VECTOR INTERACTIONS 


 


 Candidatus Liberibacter asiaticus (Las) has been strongly associated 
with huanglongbing (HLB), or citrus greening, which is currently the 
most devastating citrus disease worldwide. 


 
 In the Americas and Asia, HLB/Las is transmitted by the Asian citrus 


psyllid (ACP) Diaphorina citri. 
 


 Las is transmitted by psyllids in a ”persistent” manner (Xu et al. 1988, 
Hung et al. 2004):  
 a: trans-stadial (not lost during molting),  
 b: persists in vector for weeks, sometimes for life.  
 c: may or may not multiply in the vector. 


 
 Nymphs are much more efficient than adults in acquiring Las from 


infected plants although both nymphs and adults can acquire and 
transmit Las (Xu et al. 1988, Hung et al. 2004, Inoue et al. (2009). 


 
 







 Low transmission / inoculation rates by single individuals 
  of ACP (1.3 – 12.2%) have been reported, although much 


higher percentage of psyllids usually become infected 
(qPCR-positive for Las). 


 (Huang et al. 1984, Xu et al. 1988,  
   Pelz-Stelinski et al., 2010) 
 
 Thus to understand the epidemiology of this disease, a 


better understanding of pathogen-vector interactions and 
transmission barriers is essential.  


 Studying transmission barriers may lead to new and 
innovative control methods to block disease transmission. 
 







Transmission barriers for persistent pathogens  
(viruses/ Spiroplasma/ phytoplasma etc.)  


in hemipteran vectors  
 


 Midgut:  
   infection + exit 
 
 Salivary gland:   


infection + exit 
 
 Other barriers 


(Ammar 1994. 
Adv. in Dis. Vector   
Res. 10:289-332) 
 


(Ammar et. al.  2009.  
Annu. Rev. Entomol.  
54: 447-468) 


** Role of receptors, coat / surface proteins, etc.  


Reported/ 
suggested barriers: 







1. Localization of Las in vector organs/tissues 
 Because antibodies to Las are difficult to obtain, it has not 


been positively identified previously in the alimentary 
canal, salivary glands or other tissues of its psyllid vectors.  
 
TEM : Bacteria-like structures reported 
in the salivary glands and alimentary 
canal of D. citri & Trioza erytreae  
(Chen et al., 1973, Xu et al. 1988, Moll 
& Martin 1973). (No labeling) 
 


Thus, we used qPCR and FISH to 
detect Las in dissected psyllid 
organs. 
 


Moll & Martin 1973 







Dissected organs processed for  
qPCR individually  
(Li and Las-long primers): 
1. Salivary glands  
2. Alimentary canal (fc, mg, mt) 
3. Rest of the body (abd, thorax) 


ACP: Diaphorina citri Stereomicroscopy 
 


Confocal microscopy 
 







 
Table 1. Proportion of Las-positive organs of D. citri using qPCR  


on dissected adults collected from Las-infected citrus trees  
in Fort Pierce, FL. 1, 2 


Test 


No. 


Date 
field-


collected 


(2009) 


Alimentary canal Salivary glands  Other body parts 


Male Fem. All 


 


Male Fem. All 


 


Male Fem. All 


1    


2    


3  


10/14 


11/16 


12/14 


5/9 


9/14 


13/17 


6/11 


14/16 


12/13 


11/20 


23/30 


25/30 


6/9 


4/14 


9/17 


7/11 


5/16 


5/13 


13/20 


9/30 


14/30 


6/9 


13/14 


15/17 


5/11 


14/16 


12/13 


11/20 


27/30 


27/30 


Field-infected 


Mean % 


27/40 
 


67.5% 


32/40 
 


80.0% 


59/80 
 


71.8a 


19/40 
 


47.5% 


17/40 
 


42.5% 


36/80 
 


46.9b 


34/40 
 


85.0% 


31/40 
 


77.5% 


65/80 
 


78.8a  


1 No. of Las-positive organs / no. tested. 
2 In each test, 8-10 healthy control adults were similarly dissected and processed for qPCR, and none of 


their dissected organs proved to be Las-positive. 


 
 







Sex 


No. 


tested 


Ratio of CLas/psyllid DNA* 


Alimentary canal Salivary glands Other body parts 


Mean SE Mean SE Mean SE 


Male 


Female  


Overall 


31 


29 


60 


0.9289 a 


0.9283 a 


0.9286 a 


0.0308 


0.0319 


0.0220 


0.9630 a 


0.9314 a 


0.9490 a 


0.0546 


0.0417 


0.0351 


0.7896 b 


0.7518 b 


0.7714 b 


0.0240 


0.0259 


0.0176 


Table 2. Relative titer of Las in psyllid organs based on qPCR 
 of dissected ACP adults 


*  Ratio represented as Ct of D. citri S20 gene / Ct of CLas 16S rRNA gene.  
a , b In each row, means followed by different letters (a or b) are significantly   
different (P < 0.001) 
    
(Ammar et al., 2011, Ann. Entomol. Soc. Amer. 104: 526-533) 
 
 







 
 


6 protocols & 3 probes tested  
(Ammar et al., 2011, J. Phytopathology, in press). 


 
 * Fixation in Carnoy’s or Paraformaldehyde,  hybridization, various 
 washing buffers. Only one fixation/washing protocol produced 
 positive results: 
 (Carnoy’s fixation , hybridization, and post-hybridization washing in TBS) 
 
 
* Three primers tested (Dr. Shatters). 
 
* Post-staining with propidium iodide (red nuclear stain for id. of cells/tissues). 
 
 
 
 
 
 
 


Localization of Las in ACP organs/tissues 
 using fluorescence in situ hybridization (FISH) 







TEM and FISH of leaf sections from  
Las-infected plants (positive control) 


xy phl 
 xy 


 
phl 
 


Infected 


H. Control 
 


3-D illustration (UF-IFAS)  


FISH 
 


TEM CLSM-DIC CLSM 







 
FISH on whole mounts of  


dissected ACP organs 


CLSM of Midgut & Filter chamber 


CLSM and DIC: Malpighian tubules 
 


Infected 
 


H. Control 
 


Infected 
 


H. Control 
 


mg 


fc 


fc 
 


mg 
 


mt 


mt 
 


mt 
 







FISH-CLSM of Las in the principal salivary glands of ACP 


Control 







FISH-CLSM of Las in 
hemolymph smears, 


muscle and fat tissues 
 


Muscle fibers 


Hemolymph 
 (infected) 


Hemolymph 
(control) 
 


Fat tissue 
(CLSM) 


Fat tissue 
(CLSM+DIC) 
 







FISH-CLSM of Las in male and female 
 reproductive system 


 Male Female* 


Infected 


Control 


ov 


ov 
 


ft 


ft 


ft 
 


* Does this necessarily mean transovarial transmission? 


testis 


ovary 


ovary 
Male  
acc. gland 


ft 


ft 







Results of fluorescence in situ hybridization (FISH) tests  
on dissected organs from field- and laboratory-infected psyllids 


 
Field/ 
Lab. 


population 


 
Test. 
No. 


 No. Las-positive organs/ No. observed 
 Alimentary 


canal 
Salivary 


gland 
Other 


organs/tissues
  


Field 1 
2 
3 


5/7 
7/13 
2/13 


4/9 
2/11 
0/1 


7/13 
11/20 
10/23 


  
Total  14/33 a 


(42.4%) 
6/21 a 


(28.6%) 
28/56 a 
(50.0%) 


Lab. 1 
2 


2/10 
8/11 


0/4 
1/8 


1/12 
4/11 


Total 10/21 a 
(47.6%) 


1/12 b 
(8.3%) 


5/23 ab 
(21.7%) 


All 24/54a 
(44.4%) 


7/33b 
(21.2%) 


33/79 a 
(41.8%) 


1In each test 10-20 healthy control psyllids were dissected and similarly processed for FISH 
 (none proved to be Las-positive). 
a,b  In each row, proportions followed by different letters (a/b) are significantly different ( 2 
 analysis). 
 







Testing psyllids for Las inoculation 
 


* Using citrus seedlings takes between 3-12 months for Las detection 
by PCR in inoculated plants 
 


* A new ‘detached leaf assay' method to test the inoculativity of psyllids 
  with Las (Denver Poster + Proc. 2nd Inter. Res. Conf. HLB, Orlando, Jan. 2011) 


 
 


 
No. of 
ACP 


adults/ 
leaf/wk 


 
 


Expt.  
No. 


Proportion of Las-positive 
psyllids in survivors 


Proportion of Las-positive 
inoculated leaves 


Li 
primers 


LJ900 
primers 


Li 
primers 


LJ900  
primers 


No. % No % No. % No % 


10 1 
2 


24/32 
15/38 


75.00 
39.47 


30/32 
27/38 


93.75 
71.05 


4/10 
3/15 


40.00 
20.00 


6/10 
6/15 


60.00 
40.00 


Total 39/70 55.71 57/70 81.43 7/25 28.00 12/25 48.00 


5 
                                    


1 
2 


42/54 
10/25 


77.78 
40.00 


51/54 
16/25 


94.44 
64.00 


6/32 
2/20 


18.75 
10.00 


13/32 
2/20 


40.63 
10.00 


Total 52/79 65.82 67/79 84.81 8/52 15.38 15/52 28.85 


1 
                                    


1 
2 


18/22 
17/23 


81.82 
73.91 


21/22 
19/23 


95.45 
82.61 


2/45 
3/55 


4.40 
5.45 


5/45 
7/55 


11.11 
12.73 


Total 35/45 77.78 40/45 88.89 5/100 5.00 12/100 12.00 


Summary of qPCR results of detached citrus leaves on which ACP 
adults from a Las-infected colony were fed for 7 days to test their 


inoculativity with Las  
 


 
 


** Saving considerable time,  
     material & GH space 







Summary 
 


Both qPCR and FISH results indicate: 
 


1. Near Systemic infection of ACP by Las, which is consistent 
with propagative transmission. 


2. Las may replicate and/or accumulate in the salivary glands 
and alimentary canal of its psyllid vector. 


3. Both the alimentary canal and salivary gland constitute 
barriers to Las infection and/or transmission. 


4.  Apparently only an entry barrier in the alimentary canal 
(similar infection rate in alimentary canal and other tissues 
except SG). 


5.  Possible entry and exit barriers in the salivary glands (much 
lower transmission/ inoculation rate than %  infected salivary 
glands). 







 
 
 
 
   
    Dr. Hall’s Lab: 


Kathy Moulton 
Monty Watson 
Tina Grigsby  
 


    Dr. Shatter’s Lab: 
Belkis Diego 
 


    Florida Citrus Research and Development  
            Foundation (for funding the research). 
 
 
 





		Transmission barriers and other vector interactions of Candidatus Liberibacter asiaticus in its psyllid vector �Diaphorina citri ��

		Slide Number 2

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19



dseaver
File Attachment
Ammar-Denver presentation 10-19-11.pdf




Vector-pathogen 
interactions: 
transmission of 
Candidatus
Liberibacter asiaticus
and its effect on Asian 
citrus psyllid life 
history


Kirsten Pelz-Stelinski 
Entomology and Nematology Department


University of Florida


Citrus Research and Education Center







Citrus Greening Disease
The vector


• Asian citrus psyllid, Diaphorina 
citri Kuwayama (Hemiptera: 
Psyllidae)


• Discovered in Florida June 1998


Huanglongbing (HLB)


The pathogen


• Candidatus Liberibacter asiacticus
(Las)


• Fastidious, phloem-limited alpha-
proteobacteria


• Discovered in Florida August 2005


• Currently throughout all of Florida’s 
citrus production 


DPI  (2008) http://www.doacs.state.fl.us/pi/chrp/greening/citrusgreening.html







Las-psyllid interaction


• Infection with pathogens may have important effects on the 
metabolism and fitness of vector species


• Well-adapted pathogen-host associations may benefit the vector 
(pathway to mutualism?) 


• Characterize Las transmission


• Assess psyllid response to plant infection


• Does Las infection alter psyllid fitness?


o Measure egg production (fecundity), nymph development (fertility), 
adult survival







• Acquisition of Las 
by ACP greatest 
when reared on 
infected plants


• Nearly identical 
results observed 
in field 
experiments


Acquisition access period (days)


Pe
rc


en
t 


LA
S 
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M
)


Eggs or 50 
adult ACP on 


Las+ citrus
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70
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a


ab ab ab


b


bc


cp < 0.0001


Las- citrus
For 1 week


Acquisition of Las by D. citri







Does acquisition change with 


temperature?


o ACP reared on Las-infected plants and 
removed two weeks after adult 
emergence
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Inoculation of Las by infected psyllids


ACP reared 
on Las+ 
citrus


Las-
(1 ACP/plant)


IAP (days)
% Positive psyllids 


(N)


Infected plants 


(%)


1 45.7 (35) 6.3 a


4 72.4 (58) 7.1 a 


7 81.3 (48) 7.7 a


15 69.2 (39) 3.7 a







Do psyllids retain the pathogen throughout 


their lifetime?


ACP reared 
on Las+ 
citrus


Las-
(1 ACP/plant)


R² = 0.7229


0


0.2


0.4


0.6


0.8


1


1.2


0 10 20 30P
ro


p
o


rt
io


n
 In


fe
ct


e
d


 A
C


P


Days on healthy plant


Retention of Las by 
ACP decreases over 


time


N= 10-40 ACP per day







Developmental 


stage
n


% Infected 


offspring


Eggs 49 2.0


Nymphs 48 6.3


Adults 42 2.4


Transovarial transmission of Las from 
mother to offspring


Mean transmission  
~ 3.6%







Can Las be transmitted sexually?


• P1 generation: transmission between partners


• Genitalia, whole body


• Unlaid eggs


• F1 offspring







Mated pair treatment


• Pairs allowed to mate on 
Bergera koenigii for one 
week


• Recipient D. citri
transferred to new plant 
and held for one week 
post-mating period 


• Las not detected in C. 
koenigii plants four 
months after 
experiments were 
conducted


Male+


Female+


Female+


Male+


Male+


X Female-


Male-


Female-


Male-


Female+


Male- Female-


X


X


X


X


X







Mated pair treatment


Male+


Female+


Female+


Male+


Male+


X Female-


Male-


Female-


Male-


Female+


Male- Female-


X


X


X


X


X


3.8


0.0


0.0


0.0


45.0


Las infection in 
recipient D. citri (%)


0.0







Mated pair treatment


Male+


Female+


Female+


Male+


Male+


X Female-


Male-


Female-


Male-


Female+


Male- Female-


X


X


X


X


X


13.5


1.0


1.0


1.0


262.9


Odds ratio of recipient 
acquiring Las over 
negative control


1.0







Detection of Las in D. citri genitalia


D. citri genital samples infected with Las (%)


Source of


genitalia Sex


Individual 


genital samples


Pooled (5) 


genital 


samples


Combined 


mean


Las-positive 


psyllids Male  5.9 (0.04) 10.0 (0.07)


Female 12.5 (0.03) 25.0 (0.10) 13.48a


Las-negative 


psyllids Male 0.0 (0.00) 0.0 (0.00)


Female 0.0 (0.00) 0.0 (0.00) 0.0b


Mean
- 9.2 17.5 -







Infection status of unlaid eggs from psyllid 


females that acquired Las during mating


Percent Las infection following mating


Mating pair treatment Entire recipient female Unlaid eggs from 
recipient females


Male+ X Female- 2.8 ± 0.01 0.0 ± 0.00 


Male+ X Female+ 44.7 ± 0.03 5.0 ± 0.05


Male- X Female- 0.0 ± 0.00 0.0 ± 0.00







Transovarial transmission of 
sexually transmitted Las


Male+
X Female-


P1 
generation:


F1 
offspring: 5.9% Infected







The HLB-causing plant pathogen 


modifies behavior of its insect 


vector (ACP) so as to promote its 


own proliferation


-further evidence for a well-adapted 


mutualism







One way we collect data in the lab







Response of ACP to odors emitted from HLB 


infected and uninfected citrus in an olfactometer.
%
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Nearly identical 


results obtained 


under dark 


conditions and 


with Las 


infected.


Settling preference of ACP on HLB infected and 


uninfected citrus plants.







Choice assays between infected and uninfected plants







Movement of ACP from HLB infected to uninfected 


citrus plants.
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Responses of ACP when assayed with synthetic 
volatiles identified from Las-infected versus 


uninfected citrus plants indicate methyl salicylate 
release from infected plants 







Psyllids feed less on HLB-infected than uninfected 


plants-potentially because of they are nutritionally 


imbalanced







Uninfected Infected


72hrs


7d


Uninfected Infected


72hrs


7d


Better Quality Lower Quality


MeSA
attractant 
released


No MeSA
attractant 
released


Plants with psyllids
feeding release MeSA


attractant


=


Plants infected with 
bacteria also release 


MeSA attractant


Behavioral response of psyllids


Possible dual role of attractant


Suggested mechanismsA. B.


C.







• The causal pathogen of HLB causes releases of an 


attractant (MeSA) from citrus that ‘fools’ psyllids into 


landing and feeding on infected plants 


• Reduced feeding on infected versus healthy plants 


may explain relatively low acquisition by adults 


compared to nymphs


• Psyllids leave infected plants after acquiring the 


pathogen, perhaps due to nutrient imbalance


Conclusions
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More eggs produced by Las-
infected ACP
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Fertility
 Removed adults after eggs present
 Determined percentage of nymphs 


emerged from eggs of  Las=/- females


Status of mother
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Age at death (days)


Las-induced mortality in ACP: Kaplan 


Meier analysis


Mantel-Cox χ2 = 8.31
P = 0.004
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Survival of adult psyllids following exposure 


to the HLB pathogen


20 adult 
ACP/plant


X 30







Healthy Las-exposed


Stage Initial N Survival k-value N Survival k-value


Egg 91.5 0.75 0.33a 75.6 0.65 0.47b


NymphI-


III
613 0.22 1.53a 745 0.26 1.34a


Nymph 


IV-V
94 0.78 0.25a 84 0.56 0.58b


Adults 50 0.34 1.22a 70 0.19 1.66b


Total (K) 3.33a 4.05b


Life table analysis 


Larger K value indicates increased mortality for psyllids exposed to Las


K= Σ -LN (survival) for each life stage







Mortality of psyllids increases with Las 
infection, but what about increased 
fecundity?


Net reproductive rate, R0 = Σ (lxmx):  number of female 
eggs per female per generation (1:1 sex ratio is 
assumed)


lx:  proportion of females alive at time x
mx:  age specific fecundity (average daily number of 
eggs laid by females mated per treatment divided by 2 
to compensate for the 1:1 sex ratio of progeny)


Finite rate of increase, λ= R0
1/ Σ x(lxmx)/Ro : number of female 


produced per female per day







Fertility of psyllids exposed to Las


Psyllid status
Net
reproductive 
rate (R0)


Finite of 
increase (λ)


Las + 42.29a 1.34a


Las - 29.97b 1.24b


More adult females produced per day 
by Las-infected psyllid females, 
indicates Las benefits psyllids







Evidence for mutualistic relationship 


between ACP and Las
Positive Negative


Acquisition from host plant 60% as nymphs < 40% Adults


Attraction to infected host 
plant


Transovarial transmission X


Sexual transmission X


Replication in host ??


Overall mortality (K) increases


Reproductive rate (R) increases


Population increase (λ) x







Conclusions


• HLB pathogen alters fitness of adult psyllids: 
increased egg laying, faster development time, 
shorter lifespan 


• Vertical transmission of Las and increased 
fecundity of infected psyllids suggest that Las is 
well-adapted to psyllids


• Possible fitness trade-off between reproduction 
and longevity when infected with Las 


• Greater egg production in Las-infected D. citri
may increase disease spread
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Whole genomic and small molecule analysis of 
Plasmodium falciparum: potential approaches to 


the pathobiology of Citrus- Liberibacter 


Johanna P Daily 
Associate Professor 


Albert Einstein College of Medicine 


USDA 







• Review malaria control and eradication 


• Whole transcriptional analysis: 
comprehensive methods to examine host-
pathogen interaction 


• comprehensive small molecule analysis to 
identify biomarkers of malaria in patient 
plasma 







A few words on epidemiology 


• 300-500 million infections per year 
– 1-3 million death per year (African children) 


• 2400 cases in US/Canada 2009 


• FIVE species that primarily infect humans 
– Specific geographic locations 


– Distinct morphology 


– P. falciparum  
• responsible for mortality and severe disease  


•  drug resistance to common antimalarials is widespread 







104-107 


107-1011 


8-15 


Life cycle: 
 
Many 
opportunities to 
stop 
transmission: 







Malaria control/eradication: 
 Four interventions currently are being scaled up across 


sub-Saharan Africa 


1. long-lasting insecticide-treated mosquito nets 
(ITNs),  


2. indoor residual spraying (IRS),  


3. diagnosis and treatment of infected persons with 
artemisinin-based combination therapy 


 4. protection of women with intermittent 
preventive treatment during pregnancy (IPTp). 


MMWR Morb Mortal Wkly Rep. 2011 Apr 22;60(15):476-80. 
Grand rounds: The opportunity for and challenges to malaria eradication. 
Centers for Disease Control and Prevention (CDC). 
 



http://www.ncbi.nlm.nih.gov/pubmed?term="Centers for Disease Control and Prevention (CDC)"[Corporate Author]





Progress: malaria control/eradication 


• Eradication  


• total number of malaria-free countries or 
territories in the world to 92  


• Eleven countries are in the pre-elimination 
phase: Azerbaijan, Georgia, Iran, Kyrgyzstan, Malaysia, 
Mexico, North Korea, Sri Lanka, Tajikistan, Turkey and 
Uzbekistan. 


–  In those countries, diagnostic tests showed that less 
than 5% of suspected malaria cases are actually 
malaria.  


 







Malaria elimination in the US 


• CDC mission -eliminate malaria 


• Eradication by 1951 


http://www.cdc.gov/malaria/about/history/ 







Female Anopheles Mosquito 


vector 







In depth knowledge of vector biology 


• Species involved 
• Factors associated 


with expansion 
• Where and when 


they feed 
• How do they sense a 


potential blood 
source 


Behaviour and population dynamics of the 
major anopheline vectors in a malaria endemic 
area in southern Nigeria. 
Oyewole IO, et al J Vector Borne Dis. 2007 Mar;44(1):56-64. 
 



http://www.ncbi.nlm.nih.gov/pubmed?term="Oyewole IO"[Author]





New Market Creek swamp, Louisiana: malaria eradication program 
nlm.nih.gov 
 


Control of vector breeding 







Ecological control 


• Drain standing water 


– Remove items that collect standing water (tires) 


• Larvacides 


• Crops like corn attract anopheles: don’t plant 
them near home (anopheles flight range is 
about 1 mile) 







Spraying 


Spraying Homes to Protect Against Malaria 
In Zambia, 3.5 million people now have their homes 
sprayed with anti-malaria insecticide, up from 1.3 million 
before the government launched the World Bank-
supported Malaria Booster Program in 2006. Credit: Jumbe 
Ngoma, World Bank, Lusaka 
 


http://www.flickr.com/photos/22065934@N04/5277063279/ 







Spraying 


Spraying Homes to Protect Against Malaria 
In Zambia, 3.5 million people now have their homes 
sprayed with anti-malaria insecticide, up from 1.3 million 
before the government launched the World Bank-
supported Malaria Booster Program in 2006. Credit: Jumbe 
Ngoma, World Bank, Lusaka 
 


http://www.flickr.com/photos/22065934@N04/5277063279/ 


Challenges 


•Vector Resistance 
 


•Thus we monitor vector resistance routinely: 
PCR for kdr mutation 
 


•Vector changes in behavior: feeding 
AWAY from the house 







Bednets 


• Prevent exposure to vector 


• Chemically treated nets have 
greater efficacy 


• Implementation/ 


     maintenance challenges 
http://www.sharinginhealth.ca/prevention/bed_nets.html 


Carter center Gates Foundation 







Transgenic mosquitoes 


 


 


 


 


 


 


• Challenges: introduction and survival in nature 


NATURE |VOL 417 | 23 MAY 2002 | 







Diagnostics are critical: who actually 
has the disease? 


• Most malaria cases 
have been diagnosed 
“clinically” 


 


• Employment of a 
laboratory diagnostic 
has allowed more 
accurate data 
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Clinical Diagnosis v. Laboratory 
Confirmation of Malaria 


Study in Rwanda of Pediatric Malaria 


accuracy of clinical diagnosis before and after 
malaria control measures (bednets and 
community health worker presumptive 
treatment) 


Pre-Intervention Post-Intervention 


Clinical diagnosis 287 150 


Lab confirmed 205 63 


% correct 80% 48% 


Sievers et al Malaria Journal 2007 







Adequate treatment: culture system 


• In vitro culture system 
published 1976:  


• critical as parasites were 
becoming chloroquine 
resistant  


Science. 1976; 193(4254):673-5. Trager W, Jensen JB. 



http://www.ncbi.nlm.nih.gov.elibrary.einstein.yu.edu/pubmed?term="Trager W"[Author]

http://www.ncbi.nlm.nih.gov.elibrary.einstein.yu.edu/pubmed?term="Jensen JB"[Author]





Liberibacter: some ancestry related to 
fastidious bacteria Bartonella and Brucella 


 


Bove et al HUANGLONGBING: A DESTRUCTIVE, NEWLY-EMERGING, 
CENTURY-OLD DISEASE OF CITRUS1 Journal of Plant Pathology (2006), 88 (1), 7-37 


Tree on 16s 
sequence 







Malaria control challenges 


• Identifying reservoirs 


• Re-introduction into eradicated areas 


• Maintaining programs/enthusiasm as control 
is accomplished 


• Drug resistance 







Genus: 
Plasmodium 


Class: 
Apicomplexa 


Liver 
stage 


Rbc 
stage 


A few words on specific stages 







Invasion of red cell 


Intra erythrocytic parasite 







Electron micrograph of invasion of Red cell 







Rupture or red cell, release of parasites to re-invade 







Brain autopsy: small blood vessels filled with parasitized red cells 


In only a subset of cases parasites adhere to brain 
microvasculature and cause morbidity: why? 







Molecular basis of disease variation 


 


• Hypothesis: 


– Dynamic parasite biology contributes to disease 
states 


Asymptomatic parasitemia Mild malaria Severe malaria 







Host parasite interaction 


• Little is known about parasite contribution to 
disease outcome 


– Parasites that are able to infect a wider range of 
red cells are found in patients with more severe 
disease 


 


– Particular var gene are found in patients with 
more severe disease 


 


 


Chotivanich JID 2000 181:1206-9. 


 


Kyriacou, Mol Biochem Parasitol. 2006; 150(2-4): 211–218. 







Will in vivo environment alter parasite biology? 


 
 


in vivo in vitro 


LeRoux  M, et al .Plasmodium falciparum biology: analysis of  in vitro versus in vivo growth conditions  


Trends in Parasitology 2009; 25(10):474-481.  


 


Does the nutritional program alter the pathogen or host? 







Pathogen biology alterations under host 
conditions 


 


LeRoux  M, et al .Plasmodium falciparum biology: analysis of  in vitro versus in vivo growth conditions  


Trends in Parasitology 2009; 25(10):474-481.  


 







Employ a comprehensive approach to study 
parasite in vivo biology 


• Animal models do not represent human disease 
completely 


• 60% of genes have unknown function 


• Gene replacement studies difficult due to 
intracellular localizations 


– Develop novel approach to study parasite biology 


• Whole genome transcriptional analysis 


What is HLB  biology in vivo ie the plant host ?  
are there targetable pathways? 







• Analyze parasite 
biology directly from 
host environment 


 


• Measurement of 
parasite biology: 
RNA 


 


• Infer function function 







Steady state RNA reflects parasite biology 


   Ring stage                1-18 


   Trophozoite              19-34 


    Schizont                  35-48 


Transcriptional machinery 


Hemoglobin digestion 


DNA replication 


Bozdech et al Plos Biology 2003 Le Roch Science  2003 


Stage                  hours               function 







  
1187 patients screened 


412 smear positive 


43 selected 


95 >1% 


age parasitemia hct days ill # of clones 


8 (1-25) 5.5 (0.7-24%) 32 (17-46) 4 (1-30) 1.9 (1-5) 


Average (range) 


Study site: Velingara, Senegal 







Whole parasite gene chip 


 


can measure parasite gene 
transcript rapidly and accurately 


 


RNA hybridization: 


If detected: light given off: can quantitate Isolate RNA directly from 
blood sample 


Custom chip: probes all 5600 genes 







Three parasite states 


 


Daily et al.  Nature 2007 







Utilize yeast data to define mechanisms of novel 
biology 


• abundant yeast expression datasets publically 
available  


– 1400 datasets of yeast grown under varied conditions 


• Create orthologues for yeast  to plasmodium 


– n=1500 


• Determine if any signatures statistically overlap  







Identifying three physiological states:  
“Starvation-respiration”, “Growth-glycolysis”, and “Stress”  


Breyer score > 0.5 


44 Starvation (11) 
Respiration (9) 


General Tx mutants (9) 


210 


Stress (111) 


165 


Glucose ferment (65) 
Gamma irradiation (15) 


Mating (12) 


• Projected 1440 yeast profiles to Plasmodium 







Describe stress cluster specific biology 


• Define gene sets that are statistically enriched in 
each cluster (Gene set enrichment analysis GSEA) 


 


http://www.broad.mit.edu/gsea/ 


Gene sets 


GO from KEGG/PlasmoDB 


Hagai Ginsburg sets 


Winzeler co-expressed gene sets 
(OPI) 


Yeast orthologues 







Cluster 1: Glycolytic v. Respiratory 
Programs 


P<0.05 


G
en
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Growth 
Glycolysis 


Mitochondria 
Ox phosph 
Ox stress 







Glycolysis gene set (KEGG) 


 


gene description 1 2 3 ER 


PF14_0598 glyceraldehyde-3-phosphate dehydrog 379 3965 2328 9176 


PF10_0155 enolase 183 1889 724 2300 


PF13_0141 L-lactate dehydrogenase 268 2238 1195 3092 


PF14_0425 fructose-bisphosphate aldolase 298 1300 1045 2484 


PF14_0341 glucose-6-phosphate isomerase 203 438 200 736 


PFI1105w Phosphoglycerate kinase 198 396 166 1291 


PFF1300w pyruvate kinase, putative 199 261 106 297 


PF10_0122 phosphoglucomutase, putative 95 78 59 44 


PF10_0363 pyruvate kinase, putative 135 64 82 27 


PF11_0294 ATP-dependent phosphofructokinase,  96 45 59 9 


Average Raw expression units by Cluster 







Upregulation of FASII in Cluster 1: “starvation” 
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Do host characteristics associate with each cluster?  
 Cluster 1: “starvation” 


2 (n=17)  1 (n=8) 


age (years) 5  (2-14.8) 6 (3-6) 


parasitemia (%) 1.9 (1.2-7.6) 3.5 (1.8-5.8) 


hematocrit 39 (30-44.5) 33 (28.5-36) 


temp (celcius) 37.7 (37.0 -39.5) 38 (37.4-38.5) 


tissue factor (pc/ml) 169 (147-231) 181 (151-200) 


Median (interquartile range) 


Cluster 1   Cluster 2 







Do host characteristics associate with each 
cluster?  


 Cluster 1: “starvation” 
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Cluster 1 analysis 


– Parasite may undergo starvation and utilize 
alternative substrates 


– What are these substrates? 


• mechanism of detection of starvation 


• mechanism of transcriptional shift 


– Does a starvation response give rise to 
developmental changes and or biology that has a 
differential impact on human host 







Identifying three physiological states:  
 “Stress”  


Breyer score > 0.5 


44 Starvation (11) 
Respiration (9) 


General Tx mutants (9) 


210 


Stress (111) 


165 


Glucose ferment (65) 
Gamma irradiation (15) 


Mating (12) 


• Projected 1440 yeast profiles to Plasmodium 







Cluster 3: Environmental Stress Response is set of pathways 
typically responding to various cellular insults 


 Heat shock 
H2O2 
Osmotic Shock 
Nitrogen depletion 
Diauxic shift 
 
>900 genes  
 
within minutes: 
returning to baseline 
30-60 minutes 
 


Gasch  Molecular Biology of the Cell ; vol 11;2000 







Cluster 3: gene sets associated with ESR  


• Upregulated in ESR 


 


 


 


• Downregulated in ESR 


Subramaniam et al submitted 







Parasite surface proteins upregulated 
in stress conditions 


               Stress          in vitro like parasites 


Subramaniam et al submitted 


Cluster 3               Cluster 2  







Parasite surface proteins underlie immune 
evasion and sequestration  


 


Surface 
proteins 







Parasite mediators of sequestration 


 • Does a parasite 
stress response 
result in 
upregulation of 
virulence 
factors? 


Scherf, Ann Rev Microbiology 2008; 62;445-470 







Orthologous ESR genes found in plant stress 
response 


• PFL2275c 70 kD peptidylprolyl isomerase 


– FK506-binding protein [Arabidopsis thaliana] 4 e-32 


• Expressed at low levels in roots, stems, leaves and flowers; 
Induction by wounding 


 


• PF11_0301 Spermindine synthase  


– overexpression provides increase  


in stress tolerance in Arabidopsis 


 
 


 Kasukabe et al Plant Cell Physiol. 45(6): 712–722 (2004) 


Stress: Freezing, paraquat toxicity 







3  (n=18) 2 (n=17) 


age (years) 6 (3-6) 7 (3.5-15) 


parasitemia (%) 3.5 (1.8-5.8) 2.9 (2.2-9.0) 


hematocrit 33 (28.5-36) 30 (27-35.3) 


temp (celcius) 38 (37.4-38.5) 39.0 (38-39.6) * 


lymphotactin(pc/ml) 299 (181-236) 265 (219-336) * 


Parsing out mechanism of parasite ESR: do host 
characteristics correlate with ESR signature? 


Median (interquartile range) 


*Kruskal Wallis p<.05 







Specific parasite biology is associated 
with lymphotactin 


Subramaniam et al submitted 







Detailed GPI pathway 


 


Subramaniam et al submitted 







GPIs are known to drive inflammation 


• Hosts with high inflammation have parasites 
that express higher amounts of GPI  


umassmed.edu 







Conclusions 


• Parasite has an inflammatory response state in 
vivo 
– significance of stress response biology? 


– How does the parasite sense stress? 
• what stress/stressors impact parasite biology? 


• GPI anchors appear upregulated in “stress” 
parasites 


• Do parasites express different level of GPI proteins? 


• Why is there variation in GPIs? 


• Does this drive host inflammatory response? 


 


 







Are parasite genes associated with 
poor outcomes in malaria? 


• Specific parasite biology underlying severe 
disease could be targeted via vaccine or 
chemotherapy 


Exactly how does HLB  damage fruit quality and quantity? 







Severe disease syndromes: Coma 


 


Guidelines for the treatment of malaria/World Health Organization, 2006. 







Cerebral malaria 


• Clinical case definition: 


1. Peripheral parasitemia, 


2.  coma not attributed to 
other causes 


• Associated with 
sequestration of late 
stage parasites into post 
capillary venules in brain 


www.life.sci.qut.edu.au/LIFESCI/darben/figs/protozoa/malaria/pfal


cipt.jpg 


Milner et al JID 2005 March 15 







Employ a robust clinical phenotype 


Etiology of Coma?: 


Local changes in 
microenvironment: 


Seizures, NO production, 
?low glucose, pressure 
changes; breach of blood 
brain barrier and plasma 
leakage resulting in brain 
swelling 


: most patients wake up 
without defined neurologic 
deficit Taylor et al. Nat Med. 2004 Feb;10(2):143-5. 2004 







Molecular basis of cerebral malaria 


 


• Hypothesis: 
– Differences in parasite biology are associated with disease states 


Malaria Cerebral malaria 







Cerebral malaria: observational study 


• Blantyre Malaria Study 


• Age 6mos, < 12 years 


• P. falciparum parasitemia 


• Unconscious patients 
–Rule out hypoglycemia, meningitis, post 


ictal 


• Define true cerebral malaria as 
Retinopathy positive 


• Controls: Retinopathy negative 
 


 


(PI Terrie Taylor), MSU 







Cerebral malaria: observational study 


Transcriptome  analysis 


Retinopathy + Retinopathy - 


What parasite gene sets are different? 







Baseline characteristics 


Medians, Mann Whitney, Fisher test, n=28 balanced  


Feature Malaria coma P 


Age (mos) 32 41 0.90 


Wt (kg) 12.1 12 0.46 


Temp C 39 39 0.74 


pulse 168 149 0.37 


% 246830 211718 0.24 


hct 27.3 19 0.07 


wbc 13,900 15,100 0.59 


Lactate mmol/l 6.8 7.4 0.65 


CRT (hrs) 6 6 0.98 







Enriched in Cerebral Malaria 


GSEA n=28, balanced 







Enrichment Plot: Rifin 


 


No 
sequestration 


sequestration 







RIFIN antibodies concentration associated 
with asymptomatic disease 


• 42 asymptomatic children vs 60 severe malaria: higher 
response to all RIFINS in asymptomatic infection 


Abdel et al INFECTION AND IMMUNITY, Nov. 2003, p. 6229–6233 


Severe     Asymptomatic Severe     Asymptomatic 







Next steps 


• Confirm protein is expressed 


– Remember not all transcripts are translated 


 


• Functional studies: further domain homology 
analysis, express protein, identify function 


 


• Data mine for other genes, gene sets 
associated with severe disease 







Host correlates of severe disease 


 


• Hypothesis: 
– Dynamic HOST biology contributes to disease states 


Asymptomatic parasitemia Mild malaria Severe malaria 


Does HLB ever result in no pathology?         
Why are some plants resistant to HLB 







What HOST genes are associated with 
severe vs mild disease? 


 







Host peripheral blood transcriptional profiling: same 
individuals during a severe and then mild infection 


Admit with severe disease 
Coma: cerebral malaria 


Routine follow up visit 
One month: some with 
parasites- mild disease 







Clinical and lab attributes of 5 malaria 
infected children 


  


Krupka et al submitted 







Many genes associated with mild 
malaria are TYPE 1 Interferon related 


  


Krupka et al submitted 







Top gene sets associated with mild malaria 


  


Krupka et al submitted 







conclusions 


• pilot study suggests Type 1 Interferon related 
to effective host response 


• Need to determine cell types in peripheral 
blood driving the signatures 


• More fully characterize the host responses 
through cytokine profiling, 
immunophenotying 


• Next steps: defining mechanisms of host 
response 







 







 







 
 


What is metabolomics? 


•  Metabolomics – entire repertoire of metabolites in a 
biological system 


• aa, sugars, FA, energy storage, signal transduction, feedback 
regulation , etc  


  Comprehensive and quantitative analysis of all 
metabolites 


  Extracting and analyzing thousands of metabolite 


 Small molecules may be products of multiple genes 
or non enzymatically produced: need direct 
measurement 







N 


A 
DV 


M 


Graphical representation of an infected erythrocyte 
N – nucleus; A – apicoplast; DV – digestive vacuole; M - mitochondrion 


Metabolomics 


Metabolite(s) discovery 


Biochemical pathway 
discovery 


Organelle biology 


Mosquito vector  
biology 


Host biochemistry 


Diagnostics/biomarkers 


Malaria developmental 
stages 


The power of metabolomics 


Viswanathan et al MBP 2010 







Metabolomics and malaria 


 Couto, Biochem J, 1999 
o Identification of P. falciparum isoprenoid biosynthesis pathway 


 
 Olszewski et al, CHM , 2009 


o Conversion of arginine to ornithine by parasite arginase 
 


 Tonhosolo, JBC, 2009 
o Carotenoid biosynthesis pathway in P. falciparum 


 
 Lian, Malaria J, 2009 


o P. falciparum parasites produce glycerol and glycerol phosphate 
 
 Basant, Malaria J, 2010 


o Metabolic alterations in P. berghei demonstrated sexual dimorphism 
 
 Olszewski, Nature, 2010  


o Branched central carbon metabolism 







Defining the metabolome of P. falciparum 


• Unsupervised approach to 
define small molecules 
– Infected vs uninfected plasma 


 


 


– Compare to in vitro: infected vs 
uninfected RBCs  


 







Characterize small molecules in infected plasma 
vs uninfected plasma 


• Pilot study of 19 febrile adults in Senegal with 
symptoms consistent of malaria : 


– Metabolomic analysis of: 


• 10 patients with microscopy confirmed 


• 9 patients microscopy negative  


Malaria 
infected 
patient 
plasma 


Sick, non 
malaria 
infected 
plasma 



http://www.nordiccell.com/cryo-preservation/images/Nunc/Cryotube-18.jpg

http://www.nordiccell.com/cryo-preservation/images/Nunc/Cryotube-18.jpg

http://www.nordiccell.com/cryo-preservation/images/Nunc/Cryotube-18.jpg

http://www.nordiccell.com/cryo-preservation/images/Nunc/Cryotube-18.jpg





in vivo samples 


 –  No significant difference in basic demographic, 
clinical or laboratory features between infected 
and uninfected groups  


 







in vitro samples 


• Grow parasites in RBCs in 
standard enriched media 


• Obtain >80% infected red 
cells with percoll 


• Return to culture to 
equilibrate 


• Snap freeze for small 
molecule extraction 



http://www.herbs-hands-healing.co.uk/pictures/superfood/redbloodcells.jpg





1. Extract polar and non-
polar compounds  
• (Sana et al J Chrom 2008) 


 
2. Liquid Chromotography 


based  separation of 
compounds (retention 
time) 
• Polar – NP column (Agilent) 


• Non-polar – RP column 
(Agilent) 


•MS-TOF 
 


 


Methods 


kore.co.uk 







3. Identification 


3. MassHunter 
Qualitative Analysis 


4. Formula generated 
from mass 
 


- Metlin Metabolite Database 
 


 


Methods 







Total 
metabolites 


extracted Polar – NP 
HILIC 


columns 


124.0074 


Separated 
on LC 


columns 


MS  m/z 
determination 


by TOF 


m/z list   


RT & ion 
counts 


Non-polar – 
RP silica 
columns 


C2H7NO3S 


Taurine 


m/z value 


Generate 
formula* 


Nominate ID** 


Filter list 


Statistically significant 
list – infected vs 


uninfected*** 


No F/ID, drugs, 
di/tri-peptides  


Workflow for metabolomic analysis 


*AMHQ s/w; **A-M dbase; ***MPP s/w 


89.0244 


C3H6O3 


G, L, D 







Excellent Segregation Between infected and uninfected: 
Partial Least Squared Discriminant Analysis (PLSDA) 


                     Plasma 
(infected vs uninfected plasma) 


                     RBC 
(infected vs. uninfected rbc) 


Patient Plasma – 149                     RBC – 75 







Infected vs uninfected plasma metabolites (at least p<0.05) 


*Metabolites nominated multiple 
stereoisomeric identities 
 


Lakshmanan et al submitted 


traumatin 







Infected vs uninfected RBC metabolites (at least p<0.05) 
*Metabolites nominated multiple stereoisomeric identities 


Lakshmanan et al submitted 


traumatin 







Traumatin (12-oxo-10E dodecenoic acid) 


Infected vs uninfected plasma – ~15 fold 
Infected vs uninfected RBC – ~2 fold 


RT – ~11.2 min 


Uninfected plasma 


P. falciparum-infected plasma 







 Pure Tr and Tr in sample (predicted) elute around same RT (~11.2 min) 


Confirm the identity of Traumatin using standard 







What is traumatin? 


•Described in 
plants 
 
•Made in response 
to plant wounding 
 
•Product of the 
linolenic pathway 







Linolenic pathway 
 
 
 
 
 
 
 
 
 
 
 


Jasmonates:  
signaling in plants, 
communication, defense 







Determine if parasite origin: 
13C-labeling of a-linolenic acid  


P. falciparum 
parasites 


13C-labeled 
linolenic acid 


Percoll 
enriched 


Incubated 4, 
8h 


Metabolites 
extracted 


1. I – PELLET 
2. I – SUP 
3. U – PELLET 
4. U - SUP 


Labeled 
metabolites? 


LC-MS 







a-linolenic 
acid 


9-oxononanoic 


acid 


traumatic 
acid 


traumatin 


heptadecatrienal 


Detecting 13C-labeled metabolites of  
a-linolenic acid in Pf 
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Detecting 13C-labeled metabolites of  
a-linolenic acid in Pf 


a-linolenic acid 


3-oxo-OPC8-CoA 


trans-2-enoyl-OPC6-CoA 


3-oxo-OPC6-CoA 


trans-2-enoyl-OPC4-
CoA 


3-oxo-OPC4-CoA 


jasmonate 


methyl jasmonate 
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Using  a more specific method to identify metabolites: 
MS/MS 


- 


+ 


- 


+ 


sample ionization 
135V 


m/z  


- 


fragments 
0, 10, 20, 40V 


detection 


- 


+ 







IDs of ALA metabolites confirmed by MS/MS 


methyl 
jasmonate 


traumatic 
acid 


239.1691 


176.1654 


116.0894 


88.067 


73.048 


60.0447 


239.1691 


178.1161 


98.0777 


85.0744 


72.071 


59.0676 







Homology search for P.f. enzymes 


PF14_0067 - Lipoxygenase 







Metabolites as predictors of infected/uninfected state 


 Metabolites identified belonged to several biochemical 


classes 


o Amino acids and products of amino acid metabolism 


o Glycolytic and Krebs cycle intermediates 


o Fatty acids and lipids 


 


 Strong predictors of infected/uninfected state 


 Small overlap between the two metabolite sets 


Identification of Linolenic pathway in P. falciparum 







• What is the role of traumatin and other 
linolenic metabolites in malaria biology? 


 


• Does it impact host physiology? 


 


• Are other small molecules not clearly 
annotated at the genetic level present in 
malaria? 
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Correlates to HLB 


• Which plants are infected 


• Are there plants that have no disease, minimal 
disease; which plants are susceptible to the 
most damage-and why 


• What exactly is happening during the latency 
period 


• What are the details of the pathophysiology of 
disease 







• How exactly does nutritional supplements 
affect the pathophysiology? 


• Can this mitigation of pathology be enhanced: 
ie can various supplementals be tested in high 
throughput way to know what can overcome 
the disease state? 







• Which insects are infected? 


• Does their behavior change with spraying 


• Is there vector resistance 


• What are the best surveillance methods 
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Outcome 3: State of the Science 
 


Overview of construct development 
 


Slides contributed by: William Belknap, Abhaya Dandekar, William Dawson, 
Yongping Duan, Bryce Falk, Dean Gabriel, Jude Grosser, Goutam Gupta, John 
Hartung, Mike Irey, Eliezer Louzada, Marcos Machado, Gloria Moore, Randy 
Niedz, Robert Shatters, Ed Stover, James Thomson, Nian Wang 
 
Other info extracted from papers and presentations 







Construct components 


 


Image: www.plantsci.cam.ac.uk/.../GFP/plantrans.html 


1) Gene of interest 
2) Promoter(s)  
3) Signal peptides? 
4) Selectable marker 
formation. 



http://www.plantsci.cam.ac.uk/Haseloff/imaging/GFP/plantrans.html�





    MIC (μM) 
Hemolytic 
Activity (%) 


AMP At Sm Xcc   
Tachyplesin I 0.3 0.3 0.3 3.0 
SMAP-29 1 0.3 1 3.2 
D4E1 1 0.3 1 3.6 
D2A21 1 0.3 1 8.4 
LL-37 1 1 1 5.1 
Melittin 1 1 1 100.8 
Cecropin A 3 3 10 1.1 
Cecropin B 10 3 10 1.2 
Indolicidin 10 3 3 2.0 
Apidaecin IA >30 1 >30 1.6 
Drosocin >30 3 >30 1.6 
α-Purothionin 30 10 1 22.5 
Pyrrhocoricin >30 10 >30 1.9 
Magainin I >30 >30 >30 1.3 
Magainin II >30 >30 >30 1.5 
Histatin-5 >30 >30 >30 1.8 
Ib-4 >100 100 >100   
Cn-1 >100 >100 >100   
P4c >100 >100 >100   


AMPs 


•AMPs or defensins- a priori 
selection of “gene of interest” 


• Increasingly turning to targets 
revealed by genomics  


In-vitro assays with 
Agrobacterium, 
Sinorhizobium and 
Xanthomonas: Stover, 
Stange, McCollum 


Jaynes (Tuskegee) has 
synthesized AMPs similar 
to Tachyplasin in charge 
distribution and AA size- 
also tested in-vitro 







Structure-based design of two chimeras- Gupta & Dandekar 


Chimera of a citrus serine 
protease (cyan) joined to the 
lytic D4E1* peptide (red) by 
a GSTA linker (yellow)  


Chimera of a citrus serine 
protease (cyan) joined to lytic 
Cecropin B** (red) by a 
GSTA linker (yellow)  







Belknap et al.  







Belknap et al.  







Belknap et al.  







Systemic acquired resistance (SAR):  slide Grosser 


Pathogen 
attack 


SA synthesized Induction 
of PR 
proteins 


Increased 
resistance to 
further attack 


SA dispersed 
systematically 







Response of wild type and NPR1 transgenic plants to CaLa flg22 inoculation: 
Moore – SAR  
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Studying SAR-related defenses Moore, UF 
Significantly induced genes  


(FC ≥1, p ≤0.05) 


RL 


SA SO 


2050 


1143 2109 


711 242 


13 


Many of the genes induced in rough lemon (RL) by HLB are also induced 
in grapefruit by SA. Not the case between sweet orange (SO) and SA 
 







 We identified an enzyme salicylate hydroxylase encoded by Ca. L. asiaticus, which could degrade 
salicylate.  The sahA gene is highly expressed in planta.  The salicylate hydroxylase of Ca. L. 
asiaticus is functional and can break down salicylic acid (SA) and its derivatives in vitro.  
 


 Salicylic acid (SA) SA and its derivatives have been reported to play a central role in plant 
defenses by mediating defense responses against pathogens in a number of plant species and are 
important for basal defense, and SAR.  


 Expressing bacterial salicylate-degrading salicylate hydroxylase enzyme in planta led to decreased 
SA levels, failed to develop SAR, or decreased expression of PR genes and heightened 
susceptibility to both virulent and avirulent pathogens. Existence of the salicylate-degrading 
salicylate hydroxylase enzyme (SahA) in the HLB pathogen might affect the efficiency of 
application of SAR elicitors.  


 Ca. L. asiaticus utilizes the salicylate hydroxylase to suppress plant defense of citrus. 
 


One salicylate hydroxylase gene sahA encoded by Ca. L. asiaticus is 
highly induced in planta  


Trivedi and Wang 2011 
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Las 38,997 bp 


Both Las and Lam carry two prophages; one replicating 
 as an excision plasmid (SC-2 in Las and SC-1 in Lam)...  


--Zhang et al. MPMI Vol. 24, No. 4, 2011, pp. 458–468. 


Las phage is known to become lytic in plant infections;  
Lam appears to have same potential  
(ie., Las and Lam both carry suicide programs). 


Lam  39,941 bp Lam  16,397 bp 


Wulff, N.A. (Fundecitrus), Zhang, S. (UF), Gabriel, D.W. (UF) 







Bacteriophage expressed 
transgenically 


Dean Gabriel (IPG, UF) has plants with greenhouse 
resistance to HLB, now planted in the field in 
Florida.  New plants with bacteriophage genes in two 
greenhouses in Florida being challenged with hot 
psyllids and grafts. 







 Evaluation of transient expression in 
planta Wang et al.  


28 genes cloned into TMV30bGFP vectors 
 


Screened on tobacco 
 


4 showed symptoms 
 


Repeated 3-5 times 
 


Two most significant named sndA and stbA 


Sreedharan and Wang 2011 







Ca. L. asiaticus contains one complete Sec pathway which  is required for the secretion 
of the putative virulence factors and serves as the good target for antimicrobial 
development. 


Presence of the N-terminal signal peptide means that both  SndA and StbA could be transported into 
periplasm through the Sec pathway.  Ca. L. asiaticus contains one complete Sec pathway.  It is unknown 
whether either could be secreted out to the extracellular environment. 
It is likely they could be secreted into the phloem if they are important virulence factors. 
It is likely the Sec pathway is important for virulence of Ca. L. asiaticus.  SecA is one ideal target to 
develop antimicrobial compounds.  
Discovery of antimicrobial small molecules against Candidatus Liberibacter asiaticus by screening novel 
SecA inhibitors using structure based design. 
Structure-based virtual screening has been successfully used in our previous study to identify five lead 
compounds. The MIC50 of those five compounds against Agrobacterium tumefaciens, which is 
phylogenetically related to Las, range from 1.2 to 2.5 µg/ml.  Four of the five compounds could 
signficantly reduce psyllid transmission of Las. 


 


Periplasm 


Cytoplasm 


Extracellular 


SecDEFGY 
YajCYidC 


SecA 
FtsY 


ATP 


 Akula and Wang 2011 







Interference with CLas ATP translocase:  potential to 
“starve” CLas- Benyon, Duan, Stover, Vahling 


• Single ATP translocase in Candidatus Liberibacter asiaticus (CLas) 
identified in genome sequence (Duan et al.) 


• A 25-mer biotin-labeled peptide on the translocase extracellular loop 
was targeted with a 7-mer phage display library (NEB PhD-7). 


• Identified several heptapeptides that bind target and used ELISA to select 
peptides with the strongest affinity. 


• Ten best peptides were tested for blockage of ATP uptake in E.coli 
transformed with CLas ATP translocase (Vahling et al., 2010). E. coli does 
not have an endogenous ATP translocase.   


• Two peptides showed inhibition in the E.coli assay at .23mM 
concentrations. 


• In CLas cultures suppress 30X 
• Will be used in transgenics 
 







Non-Transgenic 


Transgenic 


Citrus Canker 
Non-Transgenic 


Transgenic 


Phytophthora 


Eliezer Louzada-Texas A&M   Grapefruit overexpressing 
transgenes that regulated Ca.  Will be tested soon for HLB 


Currently has transgenic Hamlin, Valencia, grapefruit, and C-22 rootstock all 
with level of expression varying from 30 to 60 X the wild type. Preparing new 
“transgenic” plants  without antibiotic or GUS gene, using drought as selection 







Production of scFv against ‘Ca. 
Liberibacter asiaticus’ 


John Hartung and Qing Yuan 
USDA ARS Beltsville, MD 







Hartung and Yuan 







  Infected psyllids were used to immunize mice 
 


  mRNA extracted from spleens, reverse transcribed and cloned into vector 
 


  20,000,000 different scFv encoding inserts in the library 
 


  Biopanning of library against HLB extracts was not successful  
 


  Biopanning of library against purified proteins has been successful 
 


  We have scFv against 7 proteins of interest; 5-15 scFv each 
 


  scFv can be detected in ELISA and dot blot formats 
 


  scFv may be useful in research and practical applications 
 


Proposal to express in transgenics 
 
 


Summary- Hartung 







Strategies for Psyllid control: 
Grosser et al.   


• HLB pathogen is transmitted by the Asian citrus 
psyllid [Diaphorina citri ]. 


• Snowdrop lectin (Galanthus nivalis 
agglutinin; GNA) is a potential  
insecticidal protein  which is known 
 to act on sucking insects. 


• Transgenic plants have been produced to express 
this gene and several are being multiplied for insect 
resistance studies – transgenic Carrizo plants killed 
aphids (psyllid testing next! ) 







Output 1: Genetically Designed Disease-Free Trees  
c. Tree resistant or repellant to ACP via genetics.  
 
ii. Explore and identify GM solutions for ACP resistance: transgenes that affect/interrupt movement of CLas into the gut or 


prevent CLas attachment to the vector: lectins; RNAi strategies; Bt; Vip (precursor to Bt).  
 


 
Testing  Bt against AC: artificial feeding of adult ACP 
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National Science and Technology Institute of 
Genomics for Citrus Breeding Brazil- slide from 
Marcos A. Machado 







RNAi- harnessing a tool that is used 
against viruses 


rnaiweb.com 
ncbi.nlm.nih.gov 







Psyllid Research Areas  Shatters et al.: 
Toward a universal control strategy for phloem 


feeding Hemiptera 
• Commonality of many phloem feeding Hemiptera is the formation of salivary 


sheaths. (Insects include whitefly, aphid, leaf hoppers, psyllid, scales, 
meallybugs, etc.) 
– Liquid salivary secretion that hardens and forms a tube that remains 


when insects leave 
 


• Method that blocks salivary sheath formation may work across all insects 
that form these structures. 
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Leaf Stem 


409S 
(7984A) Promoter study: Benyon, 


Stover, Bowman, and Niedz 







Myb genes as selectable marker, 
possible bacteriostatic agent?- 
Stover & Dennis Gray UF 







Carrizo Myb1A tranformants: 
Stover and Gray 
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Dawson et al. 
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Recombinase-mediated exchange genetic platform for precise genome 
modification.  Thomson- ARS Albany:   


platform to introduce and stack multiple genes of interest in the same line  


stable and efficient expression 


Also ideal for testing multiple constructs- perhaps in coordinated trials as 
proposed by Tom Turpen 







Dec 6-8, 2011 D.C 
 
Specialty Crop Regulatory Assistance Workshop 
-McHughen and Eversole 
 


Citrus Roundtable Additional half-day on Dec 8 
 
Looking forward to the day when implementation of biotechnology 
is routine, and not largely a promising possibility! 
 





		Slide Number 1

		Construct components

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Systemic acquired resistance (SAR):  slide Grosser

		Response of wild type and NPR1 transgenic plants to CaLa flg22 inoculation: Moore – SAR 

		Studying SAR-related defenses Moore, UF�Significantly induced genes �(FC ≥1, p ≤0.05)

		Slide Number 11

		Slide Number 12

		Bacteriophage expressed transgenically

		 Evaluation of transient expression in planta Wang et al. 

		Slide Number 15

		Interference with CLas ATP translocase:  potential to “starve” CLas- Benyon, Duan, Stover, Vahling

		Slide Number 17

		Production of scFv against ‘Ca. Liberibacter asiaticus’

		Slide Number 19

		Slide Number 20

		Strategies for Psyllid control: Grosser et al. 	

		Slide Number 22

		RNAi- harnessing a tool that is used against viruses

		Psyllid Research Areas  Shatters et al.:�Toward a universal control strategy for phloem feeding Hemiptera

		Slide Number 25

		Slide Number 26

		Slide Number 27

		Slide Number 28

		Slide Number 29

		Slide Number 30



dseaver
File Attachment
Outcome3_Overview of construct.pdf




Adapting synthetic gene circuits 
for biosensing of pathogen 
indicators: a test case. 
 


LINDSAY TRIPLETT, Kevin Morey, Kirk Albrecht, 
Michael Ionescu, Jan Leach, Steve Lindow, Ned 
Tisserat, and June Medford 


                                       October 5th, 2011 







Synthetic biology: An emerging field 
with many possibilities 


Layered regulatory 
elements 


Tightly controlled 
gene expression 


Applications in: 
•Manufacturing 
•Therapeutics 
•Biosensing 


Desired output in 
specific conditions 







Chemical 
Signal 


Activation of 
reporter pathway 


Reporter gene activation 
(Bacteria) 


Reporter gene activation 
(Plants) 


Biosensing Circuits in Plants 


Specially 
Designed 
Receptors 







Functionality in two kingdoms 
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First generation of plant-based detection  


• Phytodetectors sense TNT or sugar molecules, 
activating a visible “degreening” response   


Control 
Plant 


Chlorophyll 
Fluorescence 


Control Plant 


Detector Plant 


Detection of TNT  


Antunes et. al. 2009 


Naked Eye 


Imaging 
Fluorometer 







Can this strategy be used to detect 
bacterial pathogens? 
-Potential function in testing or surveillance for 


pathogen-produced compounds 
▫  Epidemiology, Regulation, Experimental use 


 
• Inexpensive 
• Continuous 
• Easy to Use 
• Could be monitored in 


greenhouse or in 
sentinel plots 







Proof of concept: Xylella fastidiosa  
Diffusible Signal Factor (DSF) 


• High-risk pathogen of large 
economic importance 
 


• Focus on DSF produced by 
Citrus Variegated Chlorosis 
strain (DSF-CVC) 
 


• Secretes DSF  
▫ Small 
▫ Species-specific 
▫ Freely diffusible 
▫ Known synthase and receptor 
▫ Important for infection 


 
 


Xf DSF is a 14-carbon acid 
with a cis-double bond 


 







Engineering a functional DSF receptor 
compatible with Phytodetector system 


Outside: Native DSF binding domain 
from X. fastidiosa CVC 


Inside: Signal transduction domain  
• activates downstream readouts  


A fusion histidine kinase: 


(K. Morey) 







Testing the receptor in a bacterial 
reporter system 


•  Easy initial platform for 
testing and improving 
detection circuits 


 
• Presence of DSF triggers β-gal 


activity in E. coli reporter 
▫ Bacteria, crude extracts, or 


synthetic DSF 
 


• Response measured by 
quantitative activity or 
diameter of response on plate  
 


DSF-CVC Empty vector 
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Quantitative β-galactosidase assays  
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Receptor sensitivity and specificity 
• Sensitive response to cis-


unsaturated 12-14 carbon 
chains 


 
• Response inhibited by altered 


unsaturation, methylation 
 
• Very species specific 
▫ Weaker response to DSF 


expressed from Pierce’s 
Disease gene 


 0


5


10


15


20


25


30


35


40


45


50


0.001 0.01 0.1 1 10 100 1000


AV
AR


G
AG


ED
 B


LU
E 


AR
EA


 (c
m


2 )


AMOUNT APPLIED TO PAPER DISC (nmol)


C12-Z-2


C14-Z-2


C14-E-2


C12-E-2


0 
2 
4 
6 
8 


10 
12 
14 
16 
18 
20 


DSF-CVC DSF-PD No DSF 


(M. Ionescu) 


Normal 
saturation 


Altered 
saturation 


DSF ANALOG CONCENTRATION 


A
R


E
A


 o
f B


LU
E


 C
O


LO
R


 


CVC PD - 







The next step: testing in plants 
Quantitative 
Leaf Assays 
 
Infiltration of T0 
Arabidopsis leaves 
 >2-11x luciferase 
reporter activation 
in 13/16 lines 


-Evaluating methods for measuring 
luciferase readout in light-detecting camera 
 


-Degreening lines ready for testing 
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      We engineered a new    
        receptor for an inducer 


molecule secreted by the 
citrus pathogen. 


 


        We confirmed that the      
         receptor “talks” to our 


model gene circuit in 
bacteria, causing a visible 
response to the inducer 


molecule. 


This type of gene circuit 
functions in plants as well 


as bacteria. 


 Currently we are    
        introducing the   


      receptor into plants 
along with our model gene 


circuit. 
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The system is always expanding and improving… 


• Incorporation of a molecular “toggle switch” for 
fine-tuning of the response 
 


• Increasing sensitivity and signal strength 
 


• Testing fusion kinases for other crop and food 
safety organisms 
 


• Computational design of receptors for a diversity 
of small molecules  
 
 





		Adapting synthetic gene circuits for biosensing of pathogen indicators: a test case.�
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Final Report Out:  Enhancing Host Plant Resistance to HLB 


 


Determine which factors are the major drivers in providing greatly enhanced resistance to HLB/ACP 
through integrated assessment of promising management practices and novel HLB/ACP control 
mechanism to slow infection with CLas and development of HLB symptoms.   


Laundry list for protocol development: 


Assessment of nutrients, SAR and other effectors, thermal therapy, transgenics, and conventional 
resistance (rootstocks and scions), manipulating microbial community in host plants, other solutions 
with promise in coordinated trials using optimized standardized assessment protocol.   


Include coordinated sampling for phloem chemistry, effects on ACP feeding/colonization, gene 
expression, CLas kill effects including phage suicide assessment, effects on growth/yield/fruit quality, 
and other analysis of physiological mechanisms from the same trials. 


 Likely needs to be broken into two parts for experimention: genetic component and nutritional 
experiments 


 


Pulled out for group on reducing ACP transmission of CLas 


Implementation of a push-pull system to trap and kill psyllids along border.  Initially may use sprays on 
border, culturally manipulate borders to enhance flushing combined with aggressive ,  and transition to 
GM and other solutions in time.  Push pull strategy could also be used along border areas. Important to 
consider possibility of uber-susceptible genotype for border. 


 


Details of Discussion in group 


What do we need to implement host resistance: what are mechanisms, how do we get there, and what 
is needed to implement? 


Scenario: We have 5 years to achieve improved resistance, ready to hand-off to industry 


> Need to both reduce transmission of CLas into the tree and kill the bacteria within the plant 


1) We have sources of improved tolerance, lemon and Poncirus- need to characterize and deploy 


2) Currently have rootstocks and scions that enhance resistance, need to characterize through field trials 
for reduced symptom impacts. Can harness existing trials as well as establish new trials 







 >Yulu Xia notes that studies in China suggest that rootstock and scion influence HLB rate of 
development often do through changing phenology to reduce period of psyllid susceptibility 


3) Laurene Levy notes that in plum pox resistance studies they identified a transgenic that was 
extraordinarily susceptible to the virus and could serve as an indicator and perhaps a sentinal plant- 
noted that in citrus there are naturally highly susceptible varieties. 


4) Screen SAR elicitors and other factors (including nutritional management) to enhance host plant 
resistance.  A coordinated trial of promising procedures. 


5) Determine effect of nutritional environment on HLB resistance/development.  E.g. high Calcium in TX 
soils may influence resistance.  Anecdotally CaNO3 appears to enhance resistance in FL.  Mamoudou 
Setamou has data suggesting that high Ca reduces psyllid feeding (is this anatomical, pigment-mediated, 
change in volatiles, what is mechanism?).  High Ca levels may enhance AMP levels.  Seems to be true for 
many diseases (example of Ca supplementation on greasy spot).  Need good science to link nutrition to 
physiological aspect influenced by nutrition and leading to resistance.  Would permit application into 
different environments and soils.  Earl Rutz notes that new science behind nutritional treatments that 
enhance resistance, would extend production while other longer term solutions are ready for 
implementation.  Tim Spann notes that nutrition and other exogenous materials like SA alter phloem 
biochemistry and mediate suppression of ACP-feeding and CLas survival- can also approach through 
comparing phloem chemistry in resistant and susceptible genotypes.  Nutrition x heat interaction may 
be significant in outcome; possibly important in slow HLB development in TX.  Role of overall tree health 
in susceptibility to initial infection or delay in symptoms, noting that enhanced nutrition may also 
increase susceptibility by enhancing flushing.  Some discussion on replicating soil types from major citrus 
areas across citrus regions: complex and likely need to assess looking at major components in controlled 
environment.  Noteworthy that many Indian River soils are highly calcarous and yet have rampant HLB. 
Louzada transgenic provides a research tool for studying Ca influence on HLB/ACP. 


6) Critical to have standardized data collection to permit comparison across trials and across states.  
Need to standardize to the greatest extent possible, and communicate opportunities, across ALL 
experiments and coordinate ability to collect multiple data sets from the same experimental materials. 


7) Earl Rutz asks how these experiments can be integrated to benefit CA, perhaps by blocking ability of 
ACP to transmit CLas?  Are there ways that these experiments can address both host resistance and 
ability of ACP to transmit CLas. 


8) develop an endophytic fungal delivery system, through transgencis (easy to manipulate compared to 
plants),  to impart host resistance.  Would use endophytic fungi that routinely exist in citrus. 


9) Chemical mutagenesis of standard varieties to generate potential resistance to HLB, must do from 
single cell origin. Decided best in another proposal rather than inclusion in NIFA grant…. 


10) Implementation of a push-pull system to trap and kill psyllids along border.  Initially may use sprays 
on border, culturally manipulate borders to enhance flushing combined with aggressive insecticide,  and 







transition to GM and other solutions in time.  Push pull strategy could also be used along disease /ACP 
presence border areas. 


11) Activation of phage suicide program appears to result in host death when occurs in high CLas 
populations.  If could trigger suicide program at lower titer, could largely clear CLas or at least greatly 
diminish.  Nutritional factors may play a role through triggering suicide program- could be monitored 
within the context of nutritional studies.  May explain difference in periwinkle and citrus response to 
CLas with periwinkle triggering suicide at a lower Clas level. 


12) Test of best genes for CLas/ACP resistance in GM and expression vector in coordinated trials 


13) Possible that environmental differences and soil factors in areas where HLB has been slow to 
develop (areas of MX, TX etc.) provide critical information which could be prospected to provide new 
resistance strategies.  How can these data be better utilized?  Discussion that MX may have excellent 
existing data sets. 


 


Recap: 


1) Genetics of rootstocks and scions affecting CLas transmission and survival.  While further study is 
needed, there are some aspects that could be field-implemented beginning in 5 years. 


2) Highly susceptible plants from transgenics or other strategies could be indicators or for use in push-
pull 


3) SAR inducing compounds and nutritional on rate of spread and CLas proliferation.  Need for careful 
coordination and standardized data set. 


4) Nutrition by genotype interactions.  Including effects of ions in phloem on  


5) Define resistance physiology and anatomical components, tying in phloem biochemistry 


6) Develop an endophytic fungal delivery system, through transgencis (easy to manipulate compared to 
plants), to impart host resistance.  Would use endophytic fungi that routinely exist in citrus. 


7) Chemical mutagenesis of standard varieties to generate potential resistance to HLB, must do from 
single cell origin.- likely done outside the NIFA grant 


8) Implementation of a push-pull system to trap and kill psyllids along border.  Initially may use sprays 
on border, culturally manipulate borders to enhance flushing combined with aggressive ,  and transition 
to GM and other solutions in time.  Push pull strategy could also be used along border areas 


9) Activation of phage suicide program appears to result in host death when occurs in high CLas 
populations.  If could trigger suicide program at lower titer, could largely clear CLas or at least greatly 
diminish.  Nutritional factors may play a role through triggering suicide program- could be monitored 
within the context of nutritional studies as may be triggered by phloem chemistry 







10) Test of best genes for CLas/ACP resistance in GM and expression vector in coordinated trials 


11) Thermal/ cryo treatments may be suitable to consider, since likely interaction with host plant 
response/ basal resistance 


 


G. Goutam Gupta attempts to combine into smaller groups: 


1) Environmental and nutritional effects on resistance phenotype 


2) Transgenics 


3) Testing of available material with reduced susceptibility 
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Notes – Thursday morning, Oct. 6. 2011 
Concept 2 – Interrupt / stop hot pysllids from being able to transmit CLas (Concept 1 is host plant resistance 
approach) 
 
Brainstorm – what simple things can we do to prevent vector transmission? 
Range from controlling ACP to disrupting ability to transmit CLas 
 
CAP grant – many topics funded in the first year, e.g., perhaps 12 projects; only those that show enough 
promise are funded for year 2, even fewer selected for year 3 
 
Key – 3-5 year time frame; What is the quickest and most direct means of getting there? 
 
Ideas from the group – short term (achievable in 3-5 years) 


- Study the effects of high temperatures on titers in the insect and the tree 
o What does a hot ACP mean via a PCR test 


- Stop ability of the psyllid to transmit at the population level – e.g., control 
o Current approaches – dormant sprays; use data showing that ACP transmits CLas more at low 


temperatures in FL than during the heat of the summer (means ones must suppress ACP 
populations prior to fall-winter) 


o Novel strategies 
- Interfere with the ability of psyllid to acquire and transmit at the individual level 


o Current approaches 
o Novel strategies – cross protect with nonvirulent CLas? Study various ways of interfering with 


CLas in ACP 
- Think of the barrier between citrus and hot ACP as being a physical barrier of some sort – a fundamental 


question is how big does that barrier have to be; how many ACP might skip the barrier – do we know 
enough to answer this? In the Everglades of FL – dispersal can occur over 36 miles. In Brazil – 90% of 
ACP that came from the bad neighbor to the good neighbor was 6 rows away. 


- The barrier could be biological instead of spatial – study ways to manipulate the flush (irrigation, 
fertilizer) – reduce flush on the core trees, maximize flush in the barrier trees, control ACP on the 
biological barrier trees 


 
What are all the different ways we can prevent ACP from transmitting CLas? – We then recast many of 
our ideas in terms of (1) population approaches and (2) interfering with ACP’s ability to vector 
 


- By killing ACP or reducing its ability to transmit – population approaches 
o Traditional chemical control – area-wide management 
o Attract and kill – Need to develop highly effective attractants (use also in trapping) (SPLAT and 


proprietary application methods) 
o Trap crop (biological barrier) – plant has “things” in it that reduce transmission or kill ACP 
o Put double stranded RNA in trees – i.e. the RNAi approach 
o Physical barriers will probably not work (ACP has the ability to move too far) 
o Lesson from brown citrus aphid research – once the aphid is crowded, produces more alates and 


disperses more – need to better understand long range dispersal in ACP – if we know what 
causes this, we could develop methods of blocking this; some thought this is not something that 
will of use to growers in the short term 


o Investigate use of entomopathogens (Hirsutella, others) 
 


- By preventing ACP’s ability to transmit (reduce ACP’s ability to vector CLas) 
o Use inducible volatiles (methyl salicylate, others) to induce a plant response that reduces 


transmission (is it effective enough to prevent disease transmission) 







o Study thermal impacts on ACP’s ability to maintain a CLas titer or to transmit – need thresholds 
for day and night temperatures – tells us when sampling and control is most critical – should be 
possible to generate these data quickly – mother nature may help us in Arizona, hot areas of CA 
and TX – this work should be done both on ACP and the plant 


o Thermal treatments – use to reduce CLas in plants – study foliar sprays that don’t damage the 
plant; plastic covers (portable “greenhouses” being studied in Florida); 


o Antifeedants and repellants 
o Something in the trap crop that cures ACP of CLas 
o Potassium silicates – do they reduce sytlet penetration?; Perhaps more useful in nurseries (too 


much potassium detrimental to fruit quality on bearing trees) 
o Blocking CLas ability to get into ACP’s hemolymph (very short latent period, several days) 


 
Probably more than 3-5 years to achieve useful outcomes 


- Exploit transmission barriers in the ACP itself (CLas moving out of the alimentary; moving out of the 
salivary glands) – in reality this might need more than 3-5 years; study the barriers and proteins that 
affect transmission 


- Disrupt the ability of ACP to acquire CLas 
- Stop salivary sheath production, i.e. try to prevent the ACP from feeding 
- We don’t know what motivates ACP movement; is there obligate movement after adults eclose?; There 


does seem to be large flights in FL every April 
- Most transgenic plant research should probably be in this category – will likely take more than 3-5 years 


to bring to fruition if one includes the regulatory hurdles 
- Vaccination strategy – what can we inoculate the trees with 
- Better understand why some strains of ACP (e.g., Japan) seem better able to transmit CLas than FL 


strains 
- Exploit observation that ACP seems to have wide preference for different citrus varieties – probably 


caused by differential levels of expression of some factors in the less preferred varieties; once we find 
these, find ways of inducing these factors in sweet orange – might be able to trigger these via application 
of a chemical; would have to check that such factors are not expressed in fruit in a detrimental way; Find 
these factors within 1 year; then work on how to manipulate them  


- In TX see more ACP on sweet orange than on grapefruit – is it just the amount of flush? Are there ways 
of exploiting this? 


 
Gaps in our basic knowledge 


- Rapid detection of CLas in the plant 
- What does a hot ACP mean via a PCR test (i.e. how low do we need to suppress ACP populations 


during various parts of the year – what thresholds should we be using?) 
- Study eucalyptus borders (instead of guava) 
- What other natural enemies could be found that might be effective? 
- Exogenous triggers to reduce ACP feeding or ability to acquire CLas 
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