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Huanglongbing (HLB or Greening): the most severe citrus disease

Symptoms on tree shoot.

Leaf symptom - green islands 
on Citrus sinensis (sweet 

orange)

Author: Iqbal Pittalwala, (951) 827-6050, iqbal@ucr.eduColor inversion 
(fruit colors 
opposite of 
healthy fruit)

Texas A&M AgriLife photo

Healthy 
grapefruit

Greening 
affected

Small or reduced fruit size.Lopsided, poorly colored,  
aborted seeds.

Reduced fruit quality and yield

Photo Hilda Gomez, USDA

(A): Normal leaf. (B): Leaf with zinc
deficiency. (C): Yellow area on one 
side of the midvein and dark green 
area directly opposite. 

Photos: (A-B) David Gumpf.
(C) MaryLou Polek



HLB in the world: the bacterium Candidatus Liberibacter
asiaticus, africanus, americanus



The vectors: Diaphorina citri and Tryoza erytreae

No cure for HLB-positive citrus trees is available (Bovè, 2006).
The short period between the arrival of vector and the predictable appearance of CL (Bovè, 2006), together with the close
sightings in Europe, are helping to raise awareness that urgent and targeted measures are needed.

Florida, 2005
(1998)

Brazil, 2004
(1942)

California, 2012
(2008) CLas + D. citri

The most aggressive 
combination

D. citri

T. erytreae

(…): first detection of the vector
City, year: detection of the disease

After 62 years

After 7 years After 4 years

Spain & Portugal, XXX
(2014)

Israel, XXX
(2022)

Cyprus, XXX
(2023)



How difficult is to define conceptually/practically the “resistance to HLB”?

Ramadugu et al., 2016

Alvés et al., 2021; Alvés et al., 2022
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In most of cases the «resistance to HLB» depends
by the hybrid or pure origin of the accession…
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by the hybrid or pure origin of the accession…

Partial resistance to Diaphorina citri in Poncirus (Westbrook et al.,
2011; Richardson and Hall, 2013; Hall et al., 2015; Felisberto et al.,
2019) and Oceanian Microcitrus and Eremocitrus species (Eduardo et
al., 2022).

In the field, in Florida, HLB endemic region Under controlled experimental conditions

… in addition to the natural or controlled
conditions of the infection.



9 Countries (24 Institutions)
1. Spain (#10)
2. France (#1)
3. Italy (#3)
4. Portugal (#3)
5. Netherlands (#1)
6. United kingdom (#2) 
7. Israel (#1)
8. China (#1)
9. Brazil (#2)

Short term Medium term Long term

Preventive measures Psyllid biology in EU

Pest risk assesment

Interaction between
Plat/bacteria/psyllis

Chemical, biological, 
management

measures

Identification of resistant
genotypes and traits

Development of 
effectors/metabolites/bios

timulants/biopesticides

Diagnostic kit

PreHLB - PREVENTING HLB EPIDEMICS FOR ENSURING 
CITRUS SURVIVAL IN EUROPE (Horizon 2020, 2018-2023)



Bergera koenigii L.
Murraya paniculata (L.) Jack

Clauseneae tribe

The geographic & phylogenetic distribution of the 
“resistance” to HLB

Generally, Aurantioideae species resistant are more attractive
for D. citri – but resistant to CL – and can be used in the trap-
and-kill approaches, applying chemical substances or
engeenering to be letal to psillids.

Murraya Bergera Glycosmis

Diverse rutaceae (Clauseneae tribe) - ornamental

Eremocitrus glauca (Lindl.) Swingle
Microcitrus australasica (F. Muell) Swing.
Microcitrus australis (Cunn Ex. Mudie) Swing.
Microcitrus inodora (FM Bail) Swing.
Microcitrus papuana Winters
Microcitrus warbugiana (FM Bail) Swing.

All Citrus parents of
Oceanean origin are partially
o totally resistant to CL.
Alternatively, susceptible
traits can be missing because
never exposed to Clas and
vector.

Rutaceae

Eremocitrus Microcitrus

Citreae tribe
Citrinae subtribe

Swinglea glutinosa (Blanco) Merr
Naringi crenulata (Roxb.) Nicolson
Atalantia
Citrus
Fortunella
Poncirus

Partial resistance and susceptibility to CLas start to
appear in the species belonging to Citrineae subtribe,
being all Citrus susceptible to the bacterium and sexual
compatible with the genotypes of asias origin.

Orange
Mandarin

Lime
Lemon

Grapefruit
Pummelo

Hybrid

Commercial edible citrus

Poncirus
Atalantia
Severinia
Fortunella
C. latipes

Diverse rutaceae (Citreae tribe) -
rootstocksMurraya paniculata, 

D. citri host, 
Clas transient host

Bergera koenigii
D. citri host
CLas non-host
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Naringi crenulata (Roxb.) Nicolson
Atalantia
Citrus
Fortunella
Poncirus
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INTRODUCTION OF RESISTANCE to HLB through 
traditional and novel breeding approaches.
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Diverse rutaceae (Clauseneae tribe) - ornamental

YES sexually
compatible with 
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Commercial edible citrus

Poncirus
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Fortunella
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Diverse rutaceae (Citreae tribe) -
rootstocks

INTRODUCTION OF RESISTANCE to HLB through 
traditional and novel breeding approaches.

E. glauca x Citrus
Microcitrus spp x Citrus

Traditional breeding

Genome editing
of susceptible genes

in susceptible
varieties.

Cisgenesis
of resistance genes from a 

resistant «donor» to a 
susceptible «acceptor» 

variety.

New Genomic Techniques



The New Genomic Techniques

Pollination

Breeding population
& gene selection

Growth of plants

Traditional Breeding
• Many economic resources;
• Large field experiments;
• Genotyping & Phenotyping
• Long juvenility

Highly 
performant
constructs

Choice of the gene

Regeneration of 
precise varieties

Growth of 
improved

plants

New Breeding Technologies
• (Relatively) Few economic resources;
• (Relatively) Rapid result

More than 20 years

Less than 5 years
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Pineapple

Citrus 
sinensis

Valencia

Citrus 
sinensis

Pineapple

Citrus 
sinensis

Clementine
Citrus 
clementine

Cedro

Citrus 
medica

Pummelo

Citrus 
maxima

Papeda
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ichangensis

Atalantia
buxifolia

Mandarino
Satsuma

Citrus 
unshiu

Mandarin 
Mangshan

Citrus 
reticulata

Kumquat

Fortunella
hindsii

Limone 
Citrus 
limon

Valencia

LONG 
READS

Fingerlime
Microcitrus
australis

Arancio
dolce 
DIAPLOIDE

Arancio
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Eremocitrus
glauca

2013
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2017
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2017
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2014
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2023
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Citrus

Relatives

The genomes of Citrus and relatives

Origin & domestication

Diversity & 
advancement
in technology

Quality & 
resistance
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The de novo genome of E. glauca through an integrated sequencing approach

PromethION & MiniION
>300x

NovaSeq6000 150PE
150x



E. glauca ordered versus
C. sinensis Haplo C. reticulata

E. glauca ordered versus 
C. sinensis Haplo C. maxima

Genome of high quality
compared with other citrus.

High level of synteny with C. sinensis diploid genome

Link between physical (Chrs) 
& 

genetic map position (LGs)

Thanks to Patrick Ollitrault, CIRAD

Genome with a high 
level of heterozygosity



A transcriptomic approach to individuate the candidate genes 
responsible for the resistance of E. glauca

Thanks to M. Alvés

Bark and root from the ‘Rangpur’ lime
(SUSCETIBLE) rootstock was full of Las

NO bacterium in the leaves from E. glauca

YES bacterium in the bark from E. glauca 5 cm
above the grafting point with sweet orange
(SUSCEPTIBLE) infected (Clas+) budsticks

2.045 DEGs
(861 Up, 1184 down)

Original dataset

Padj ≤ 0,01
Log2FC >|1|

-9……..+9

Filtering for 
«GO-related stress defence»

2

30 DEGs
(4 Up, 26 down)

JAR4 JASMONATE-RESISTANT4
(GO:  Induced Systemic Resistance - ISR)

Filtering for 
padj of «ISR»

3

363 DEGs
(98 Up, 265 down)

Log2FC & normalized counts
(TPM)

1

32 DEGs
(13 Up, 19 down)

>40 <4

Most of upgulated genes are: 
• Positive regulators
• Target of miRNAs 
• Cytokinin crosstalk



Final considerations & Take home message

The availability of the genome of E. glauca is essential to 
furthermore investigate the resistance to HLB.

RNAseq individuated candidate genes, potentially involved in the 
resistance to HLB, which role of miRNAs, genetic modifications, 
and novel regulatory factors must be deeply investigated.

The know-how and the abilities on New Genomic Techniques 
represent a further perspective to solve the dramatic existence 
of HLB in the world.

The role of ornamental species hosts & non-hosts (because 
repellant) to CLas and the availability of their genomes open the 
road towards new investigations and awareness.

It is not yet enough.

It is an crucial starting point.

The solution could be proximal.

Be careful with the introduction of 
plant material!!!! 
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