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Development of HLB-Tolerant 
Citrus Varieties and 

Rootstocks



Topics for Today 

•Identification of Natural Variation for HLB Sensitivity

•Breeding and Potential Mutant Selection

•Characterization of Tolerance Mechanisms by Genetic 
and Anatomical Analyses

•Potential Applications of CRISPR Technologies and 
Associated Challenges



Hope or hopeless?



Genetic Options

•Utilization of currently available tolerant germplasm

•Breeding of new scion and rootstock cultivars for 
tolerance or resistance

•Traditional genetic engineering, to overcome the 
bacteria and vector

•New modification technologies applied to specifically 
identified genetic targets

•Other therapeutic approaches based on host or 
pathogen genetic and genomic information



http://www.freshfromflorida.com/pi/chrp/greening/cgphotos.html

There is no typical resistance or 
simple cure for HLB!



Sugar Belle® near Vero Beach, HLB+ >8 years !



The HLB Tolerance of LB8-9; Sugar Belle®



The HLB Tolerance of LB8-9; Sugar Belle®



Pummelo and Seedling Variation



A Grand Experiment in Natural Selection



The Range of Sensitivity to HLB

•Most sensitive: 
•Sweet orange 
•Some mandarin hybrids (Murcott tangor, W. 
Murcott, etc.)
•Grapefruit 
•Some pummelo cultivars 

•Less sensitive: 
•Other mandarin hybrids (Nova tangelo,   

Shatangju, etc.)

•Some tolerance: 
•Lemon; Persian lime
•Citrus latipes
•Other pummelo varieties
•Mandarins hybrids such as LB8-9 (Sugar Belle)

•Tolerant or resistant: 
•Poncirus trifoliata and some hybrids with Citrus



The War Mentality



Survivor Trees



Survivor Trees

• Several dozen trees reported

• Scion propagations made, tested, infected

• Rootstocks fingerprinted, rare zygotics

• Rootstocks propagated, tested, infected

• Until now, no resistant trees found



Irradiated Valencia Trees



Valencia Mutant



SERENDIPITY



LB8-9 (Sugar Belle®)



LB8-9 (Sugar Belle®) transmits 
tolerance to its offspring



Sweet orange-like hybrids



An orange-like hybrid 3-3-52 appears 
tolerant and was ranked highest in flavor 
at the CREC Fruit Display Day in February 

2016 and 2017



Nursery “dirty house” summary  

Scion No HLB Found Total % of No HLB
18A-2-43 86 98 87.76

3-3-52 26 26 100.00
6-2-55 55 63 87.30
7-9-31 26 28 92.86

C4-14-51 64 115 55.65
C4-14-53 58 92 63.04
C7-12-19 78 81 96.30
18A-2-31 52 90 57.78

LB9-4 56 75 74.67
OLL-DCS-3-36 45 45 100.00
OLL-DCS-3-40 99 101 98.02

RBA-21-36 44 47 93.62
RBA-22-29 68 68 100.00

Total 757 929



Toward Genomic Selection

• Several hundred hybrid families produced 
over the past 30 years

• Great genetic diversity

• Nearly 9000 trees have been assessed

• ~4.3% superior in response to CLas

• Next steps: genotyping and association



Genomics assisted-breeding 



192 progenies were selected based on the 
speed of HLB infection in a mandarin 

breeding population



“Manhattan Plot” showing SNPs responsible for 
HLB on citrus nine chromosomes 

HLB early signaling defense response
HLB susceptibility 
protein 

unknown 
function

HLB susceptibility protein



WHAT ARE THE GENETIC 
MECHANISMS THAT UNDERLIE 

APPARENTLY TOLERANT 
PHENOTYPES ?

WHAT GENES CAN BE TARGETED 
TO INCREASE TOLERANCE OR 
RESISTANCE IN COMMERCIAL 

CITRUS CULTIVARS?



Rough 
Lemon

Sweet
Orange

Control Asymptomatic Symptomatic



Rough lemon

Sweet orange
Control Healthy Asymptom Symptom Control



Implications of Anatomical Studies

•Continued to explore anatomical differences between
sensitive and tolerant types, including Sugar Belle and
true lemon

•Phloem destruction and disorganization is more
pronounced in sensitive types

•Cambial zones of tolerant types become active and
produce replacement phloem

•Cambium degenerates and produces mainly collapsing or
necrotic replacement phloem

•In other words, tolerance is associatedwith new plumbing



Highly induced PR 
genes

MYB-related 
transcription factor

Rough lemon: Affymetrix Array Study



Seeking Silver Bullets

• Focus on identifying gene targets for 
modification

• Gene co-expression networks (Du et al., 2015)
• Meta-analysis, co-expression, miRNA nested 

network analysis (Rawat et al. 2015) 
• Validation and characterization
• Association studies across germplasm
• More genome sequencing

• Development and utilization of genome 
editing technologies



• Genetically modified organism (GMO) contains foreign 
genes

• Discovery of DNA double-helix in 1950s & recombinant 
DNA technology in 1970s

• GMO bacteria, plants, and animals in research and 
industry

• GMO food is being accepted by the public, slowly

About GMO



• First GMO crop (tomato) for sale in the U.S. in 1994
• GMO of staple crops such as corn, cotton, soybean, canola etc. 
• Release and planting of GMO crops increased rapidly

Overview of GMO crops



Source: FDA

GMO vs traditional breeding 



CRISPR-Cas9
The new opportunity and challenge



Huge advantages of the CRISPR system

Easy design to change almost any single genes

Or change multiple redundant genes simultaneously 

Precise gene editing by homologous recombination

High-throughput functional genomics applications

Option to leave no fingerprint after making changes

Not subject to regulation if only small changes are made 

No introduction of foreign/bacterial DNA like in GMO crops



Source: Nature magazine



Source: Nature Biotechnology



CRISPR proven to work in citrus



Challenges and limitations

Transformation efficiency lower than non-CRISPR plasmids

Plant genomes can be more complex (polypoid)

Plant cell walls make it harder to reach inside cells

Optimize Cas9 codon for plants

Minimize off-target effects of Cas9 cleavage

Identification of relevant targets for HLB resistance

However, this tool can enable very precise, potentially unregulated, 
changes to the citrus genome, allowing trait-targeted modifications

Fruit quality, resistance to other diseases, etc.



1st Group of Candidate Genes

• 8 to 9 members in sweet orange, Clementine, & 
Poncirus genomes

• 2 members expressed in Poncirus leaves, increased 
expression after CLas inoculation

• Similar genes conferred resistance to bacteria in 
Arabidopsis & rice

• Secreted to intercellular spaces in those plants
• Suspected to produce a mobile signal 
• Induced local & systemic defense responses
• Being cloned for transformation



A Part of the Integrated Whole



THANK YOU!

FCPRAC
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