UC Riverside
Journal of Citrus Pathology

Title
Huanglongbing in Texas: Report on the first detections in commercial citrus

Permalink
https://escholarship.org/uc/item/99p100tg

Journal
Journal of Citrus Pathology, 2(1)

Authors

da Graca, J. V.
Kunta, M.

Sétamou, M.
Publication Date
2015

DOI

10.5070/C421027939

Copyright Information

Copyright 2015 by the author(s).This work is made available under the terms of a Creative
Commons Attribution License, available at https://creativecommons.org/licenses/by/4.0/

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/99p100ts
https://escholarship.org/uc/item/99p100ts#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

l}@ ournal of

opsnaAccess Freely available online Citrus Pathology

Research Article

Huanglongbing in Texas: Report on the first detections in commercial citrus.

J.V.daGraca'", M. Kunta', M. Sétamou?, J. Rascoe?, W. Li%, M. K. Nakhla?, B. Salas®, and
D. W. Bartels®

! Texas A&M University-Kingsville Citrus Center, Weslaco, TX 78599, USA; 2USDA APHIS PPQ CPHST, Beltsville Laboratory, Beltsville, MD 20705,
USA; *USDA APHIS PPQ CPHST, Mission Laboratory, Edinburg, TX 78541, USA.

*Correspondence to: john.dagraca@tamuk.edu

Citation: da Graca JV, Kunta M, Sétamou M, Rascoe J, Li W, Nakhla MK, Salas B, Bartels DW. 2015. Huanglongbing in Texas: Report on the first
detections in commercial citrus. J Cit Pathol. iocv_journalcitruspathology_27939.

Abstract

Huanglongbing (HLB), also known as citrus greening, is a destructive citrus disease associated with 3 a-proteobacteria
species of Candidatus Liberibacter. The first report of HLB in the USA was from Florida in 2005 and Ca. L. asiaticus (Las)
is the only species currently confirmed in the USA. In January 2012, a Valencia sweet orange tree in a commercial orchard in
San Juan, Texas, tested positive for Las by real-time and conventional PCR assays and by the sequence of its partial 16S
rRNA gene. The sample tested negative for Ca. L. americanus and Ca. L. africanus. All 4 Valencia sweet orange seedlings
that were graft-inoculated using budwood from the first Texas HLB-infected tree showed typical HLB symptoms 3 months
post-inoculation and tested positive for the pathogen. Such HLB typical symptoms as leaf blotchy mottle, twig die-back,
veinal chlorosis, lopsided and greening fruits were observed on the Las-positive tree in the orchard, which immediately
triggered an intensive survey of the disease in the area. Typical HLB symptoms were found on 54 Valencia sweet orange
trees in the same orchard and 18 Rio Red grapefruit trees in an adjacent orchard. All these symptomatic trees tested positive

for Las by PCR and sequencing.
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Introduction

Citrus huanglongbing(HLB), citrus greening disease,
is a highly destructive citrus disease caused by 3 a-
proteobacteria species of Candidatus Liberibacter which
are transmitted by citrus psyllids, and it has been the
subject of several extensive reviews (Zhao 1981; da Graca
1991, da Graca and Korsten 2004; Gottwald et al. 2007;
Bové 2006). It is considered to be the most destructive
disease of citrus and since its appearance in the Americas
(Coletta-Filho et al. 2004; Halbert 2005), it has been the
subject of intensive research, and significant research
funding has been allocated by governments and
industries. While much has been learned in recent years
about the pathogen and its interactions with its plant and
insect hosts and with the environment, it is apparent that it
is a complicated interaction, and there are many
unanswered questions.

The origins of HLB are part of the mystery. While
early reviewers cited observations in southern China as
the center of origin of the Asian form of the disease (Zhao
1981; da Graga 1991; Bové 2006), reports and data from
the Indian sub-continent (Husain and Nath 1927; Capoor
1963) had been overlooked, and it is possible that this is
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where citrus was first infected by Ca. L. asiaticus (Las),
with subsequent movement of infected plant material to
other Asian countries (Beattie et al. 2008). No native
rutaceous plant species have been positively identified as
a likely source, but Severinia buxifolia, Murraya
paniculata, M. exotica, and Clausena lansium are all
recorded hosts (Hung et al. 2001; Damsteegt et al. 2010;
Deng at al. 2007 ) and one or more could be the original
plant host. An alternative source could be a non-rutaceous
species with transmission to citrus occurring via dodder
(Beattie et al. 2008).

The African form of the pathogen probably originated
from native African Rutaceae, and several have been
found to be infected with variants of Ca. L. africanus
(Laf) (Roberts et al. 2015), but thus far transmission to
citrus has not been proven.

The initial confirmation of HLB in Brazil was
associated with a previously unknown species, Ca. L.
americanus (Lam), but it is being displaced by Las
probably because the latter is more heat tolerant and
reaches higher titers in citrus (Gasparoto et al. 2012), and
Lam is now largely limited to Murraya spp. (Lopes et al.
2010). While no evidence has been found of its origins,
the recent identification of a variant in psyllids in Texas
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(da Graca et al. 2013) suggests it may be indigenous to
the Americas.

Las was first reported in the USA in Florida in 2005
(Halbert 2005), 7 years after the discovery of the Asian
citrus psyllid (ACP) Diaphorina citri (Knapp et al. 1998).
Surveys in Florida showed that the disease had already
become widespread in the south of the state (Gottwald et
al. 2007), and in the following 5 years spread to all
counties with commercial citrus (Brlansky et al. 2012).

The situation in Texas has been somewhat different
from other recently infected areas in that the first
detection appears to have occurred earlier in the epidemic
than in Florida and Brazil, for example. In 2001, D. citri
was discovered in the Lower Rio Grande Valley of Texas
(French et al. 2001). Following the discovery of HLB in
Florida, USDA-APHIS contracted the Texas A & M
University-Kingsville Citrus Center to conduct surveys
starting in 2006 to determine where the psyllids had
become established in Texas and whether HLB was
present. In 2008, it was reported that psyllids were present
in 32 counties, but no HLB had been detected (da Graga
et al. 2008). A USDA APHIS PPQ Citrus Survey was
started in September 2008 in the Lower Rio Grande
Valley and a USDA APHIS-certified diagnostic
laboratory was established at the Citrus Center in the
same year, and since then it has analyzed approximately
20,000 leaf samples and 36,000 psyllid samples from
commercial orchards and residential sites for the causal
bacterium, Las by quantitative real-time PCR (qPCR). In
January 2012, the laboratory detected Las in a leaf sample
collected by USDA-APHIS from a 6-year-old Valencia
orchard in San Juan, Texas, (Kunta et al. 2012; Sétamou
et al. 2012). San Juan is in Hidalgo County in the middle
section of the commercial citrus area of the Lower Rio
Grande Valley.

This paper is a description of the initial HLB finding
in a Texas sweet orange tree orchard and subsequent 4-
month survey until May 2012 in this orchard and a
neighboring 5-year-old grapefruit orchard.

Materials and methods

Field sample collections

Teams of USDA-APHIS inspectors have been
sampling sentinel trees and psyllids in residential
properties in south Texas beginning in September 2008,
and commercial orchards beginning in February 2011, for
detection of Las and Lam. Prior to the first identification
of an HLB-symptomatic tree, USDA APHIS had made
over 40,000 site visits and collected over 36,000 psyllid
samples and 20,000 plant tissue samples. Following the
detection of the first infected sweet orange tree in San
Juan, Texas, a tree by tree census in that 6-year-old
orchard was conducted by TAMUK Citrus Center
monthly from January to May 2012. A tree by tree census
was also conducted in an adjacent 5-year-old grapefruit
orchard separated by a paved road. Leaves with suspected
HLB symptoms were collected, placed in double Ziploc®
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bags, and transported to the diagnostic laboratory for
analysis.

DNA extractions and conventional and quantitative real-
time PCR assays

DNA was extracted from leaf samples using DNeasy
Plant Mini Kit (Qiagen, Valencia, CA). Small chopped
leaf midribs of 0.2 g or 5 ACPs were pulverized for 3 min
with a Mini-Beadbeater-96 (Biospec Products Inc,
Bartlesville, OK) in a 2 ml lysing matrix A (MP
Biomedicals, Santa Ana, CA) tube in the presence of
appropriate extraction buffer. The extract of genomic
DNA was eluted in 100 pl nuclease-free water.

For the detection of Las and Lam, multiplex qPCR
assays (Li et al. 2006) were performed on 2 pul DNA
extract in a 25 pl reaction using a portable SmartCycler
(Cepheid, Sunnyvale, CA). A plant cytochrome oxidase
(COX)-based primer-probe set (Li et al. 2006) was used
as a positive internal control in gPCR tests for plant
tissue. The presence of the target sequences in the DNA
extracts was determined based on the Ct values obtained
in the tests. Healthy plant DNA and non-template water
control were included in all the gPCR assays.

The gPCR results were confirmed at USDA APHIS
Beltsville laboratory by conventional PCR using
OI11/012C primers and GB1 /GB3 primers that amplify
16S ribosomal DNA sequences to detect Las and Laf
(Jagoueix et al. 1996) and Lam (Teixeira et al. 2005),
respectively. Additionally, the PCR amplification of
ribosomal protein genes of B-operon using A2/J5 primers
was conducted (Hocquellet et al. 1999). The PCR
amplification products were separated by electrophoresis
on 1% agarose gels, ethidium-bromide stained, visualized
under UV light, and photographed using Biospectrum
imaging system (UVP, Upland, CA). Thin slices of
agarose gel containing the amplicon DNA were cut; DNA
was purified using Qiaquick Gel Extraction Kit (Qiagen),
and sequenced at GENEWIZ (GENEWIZ, South
Plainfield, NJ). The nucleotide sequences were analyzed
for similarities at NCBI database using the Blastn
program.

Graft inoculation

Graft transmission of Ca. L. asiaticus was carried out
at an insect-proof containment facility of USDA CPHST,
Beltsville Laboratory, Beltsville, MD. Four Valencia
sweet orange seedlings were graft-inoculated by side
grafting with a 5 cm budwood from the initial HLB-
infected sweet orange tree to ensure a high transmission
rate of Las. The budwood piece was covered with plastic
tape for 3 weeks. The inoculated seedlings were
maintained at a constant temperature of 26'C and the
plants were watered and fertilized when necessary. The
presence of Las in the inoculated plants was inferred from
observed symptoms and confirmed by gPCR.
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Results

HLB symptoms in Valencia sweet orange

The initial Valencia sweet orange tree located on the
south border showed leaves with asymmetric blotchy
mottle symptoms which are typical for citrus
huanglongbing (Fig. 1A-C). Other foliar symptoms
included yellow and enlarged lateral veins and midribs.
Color inversion was observed in fruits with yellowing
from the stem end and fruits were small, lopsided, had
stained vascular bundles at the end of the fruit axis, and
contained aborted brownish-black seeds (Fig. 1D-F). Only
1 of 54 additional Valencia sweet orange trees that were
found to be HLB-positive showed yellow shoot symptoms
(Fig. 2). In addition, 18 Rio Red grapefruit trees showed
symptoms similar to those observed in the initial Las-
positive Valencia sweet orange tree.

Fig. 1. Typical HLB symptoms were observed on an infected Valencia
sweet orange tree in Texas. (A) Canopy of the tree; (B-C) foliage with
asymmetric blotchy mottle, and yellow lateral veins and midrib; (D)
lopsided fruit with color inversion; (E) brown staining in the vascular
tissue of the fruit columella; and (F) aborted brownish-black seeds.

Fig. 2. HLB-infected grapefruit tree showing yellow shoot symptoms.

Detection of Ca. L. asiaticus DNA in leaf samples by
conventional and quantitative real-time PCR

The DNA extracted from the initial Valencia sweet
orange yielded Ct values of 23.41 and 23.42 in 2 separate
reactions and COX positive internal control Ct values
(17.07 and 17.24) confirmed the quality of the DNA (Fig.
3). Amplification with the 16S primers (O11/012C) and
B-operon primers (A2/J5) resulted in 1160 bp and 703 bp
fragments, respectively (Fig. 3). The nucleotide sequences
for these amplicons (GenBank accessions KC481587 and
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KC481586 respectively) were identical to several NCBI
GenBank entries of these sequences for Las.

9 10 HISR128813 55 14 15

Fig. 3. Agarose gel showing PCR amplification products specific for
Candidatus L. asiaticus. Lanes 1-5: PCR amplification products obtained
using O11/012C primers, 1 = Ca. L. asiaticus positive control DNA, 2-4
= DNA from HLB-infected Valencia sweet orange, 5 = Non-template
water control (NTC); Lanes 6-10: PCR amplification products obtained
using GB1/GB3 primers, 6-9 = Valencia sweet orange DNA, 10 = NTC;
Lanes 11-15: PCR amplification products obtained using A2/J5 primers,
11 = Ca. L. asiaticus positive control DNA, 12-14 = DNA from HLB-
infected Valencia sweet orange, and 15 = NTC.

Graft transmission of Ca. L. asiaticus

After 3 months, all 4 grafted Valencia sweet orange
seedlings displayed chlorotic young leaves and severe
chlorotic yellow mature leaves with an enlarged, corky
midrib and lateral veins (Fig. 4). Four months post
inoculation, gPCR analysis of the foliar samples from all
4 inoculated plants produced positive results (Ct values
22.56, 21.88, 23.21, and 24.26).

HLB status in initial sweet orange and adjacent
grapefruit groves from January to May 2012

A tree by tree census for foliar HLB symptoms and
gPCR analysis of symptomatic samples, collected from
the initial Valencia sweet orange grove and an adjacent
grapefruit orchard, revealed 54 infected sweet orange and
18 infected grapefruit trees (Fig. 5). A total of 360 trees
showing potential foliar HLB symptoms were not infected
with Las, based on gPCR assays. No symptoms were
present in 3,596 trees while 28 trees were missing.

The edge or border effect where a majority of infected
trees are in border rows (Gottwald and Irey 2008) can be
seen in the grapefruit orchard, but in the Valencia orchard,
there is a concentration in rows 13 to 16 from the east

(Fig. 5).
Discussion

The first confirmed HLB positive Valencia sweet
orange tree was smaller in size compared to the other
trees in the orchard. Aerial imagery from 2011 indicates
that the tree had a diameter of 2.59 m compared with 3.58
m, 3.47 m, and 3.90 m for the west, north, and east
adjacent trees respectively. The stunting of the tree was
evident in aerial imagery back to 2008 (Fig. 6) and could
have been the first tree to be infected, serving as a source
of inoculum for the other trees. The tree showed classic
symptoms of blotchy mottle, a corky vein, lopsided fruit
with aborted seed and vascular browning, and twig die
back on all sides. Delimiting surveys of all the orchards as
well as residential citrus in the quarantine zone was
conducted by USDA-APHIS and the Texas Department of
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Agriculture. By 25 May 2012, a total of 54 additional
infected trees were identified in the Valencia sweet
orange orchard, as well as 18 HLB-infected Rio Red
grapefruit trees in a 5-year-old grapefruit orchard
immediately to the east.

01/14020M3 12:09

Fig. 4. Three months post-inoculation, a Valencia sweet orange plant
side grafted with budwood from the initial HLB-infected Valencia sweet
orange tree shows yellow leaves with enlarged and raised lateral veins
and midrib.

Sample Results - 25 May 2012
® PCR Positive (72) L
o PCR Negative - Symptoms Present (360)
°  No Symptoms Present (3,596)
* No Sample - Trees Planted in 2012 (225) j )
o Missing Trees (28) e | .:_ ' ‘

Fig. 5. HLB census map of citrus trees in the adjacent groves of
Valencia sweet orange (left) and Rio Red grapefruit (right) separated by
a paved road for a 5-month sample period ending 25 May 2012. The red
circles = 72 trees that were qPCR positive for Ca. L. asiaticus, yellow
circles = 360 trees that were gPCR negative but symptomatic, green
circles = 3,596 trees without symptoms, blue circles = 225 young trees
planted in 2012 from which no samples were collected.
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Fig. 6. Aerial imagery from the 2011 International Boundary Water
Commission Imagery (6 in pixel resolution), showing the first confirmed
HLB positive Valencia sweet orange tree (yellow dot) in the Lower Rio
Grande Valley, Texas.

Gottwald and Irey (2008) have reported that initial
infections are frequently found in border rows, because
these are the first trees encountered by incoming psyllids.
The grapefruit orchard in San Juan displayed a border
effect, but the Valencia orchard had most of the infected
trees clustered 4 rows away from the eastern edge of the
border. Discussions with the grower revealed that when
the orchard was prepared, it was not possible to have the
correct slope for water drainage because of the
rectangular section identified by blue dots in Fig. 5. At the
time this was a natural gas field, and was only planted
with trees shortly before the HLB detection. Water from
irrigation and rainfall therefore accumulated in a low
lying area (rows 13 to 16) resulting in frequent flushing
which would be more attractive to psyllids.

The initial detections of HLB in Florida (Halbert
2005), Louisiana, California (Kumagai et al. 2013), and
Mexico (Moreno-Enriquez et al. 2014) were all in trees
growing in residential settings. In spite of the fact that
majority of the samples were collected and tested from
residential trees, the first detection in Texas was in a
commercial orchard, similar to Brazil (Anon 2004). There
is a time gap of at least 5 to 10 years in discovering HLB
since the introduction of the ACP into Florida and Brazil
(Halbert 2005; Teixeira et al. 2005).

Manjunath et al. (2008) emphasized the importance of
testing psyllids, as the disease movement in an area can be
identified in insects one to several years prior to
appearance of symptoms in a tree. The incidence of Ca. L.
asiaticus in the ACP populations derived from HLB-
infected field grown Florida citrus plants varied from 10%
to 100% (Li et al. 2008). In the US, HLB has been
detected in Florida, Georgia, Louisiana, South Carolina,
Texas, and California (Gottwald 2010; Halbert 2005;
Kunta et al. 2012; Kumagai et al. 2013).
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