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Abstract: Problem statement: Huanglongbing (HLB) also known as citrus greendigease is a
fastidious phloem-inhabiting bacterium in the ge@asdidatus Liberibacter. Using universal primers,
the 16S ribosomal DNA sequence of three strainhefbacterium were obtained by PCR. However
there is very little information on seed transnossand HLB pathogen movement to find a way for
control or reduce the severity of HLB on the fi€ldhe study was conducted to detect HLB pathogen in
seeds of Citrus, to determine pathogen movemenitins seedling after infection and to detect the
HLB pathogen in citrus root#\pproach: Seeds ofitrus reticulata cv. Limau Madu were collected
from infected orchard and were germinated in sdreese condition. The seeds@itrus reticlata cv.

L. Madu were planted in screenhouse too for HLEhpgeén movement and HLB detection in roots.
The seedlings were inoculated using infected grgftnethodsResults: HLB was not amplified in
new seedlings after germination. HLB moved slovdgahing up to 1.5 cm after 2 weeks, 1.5-4.5 cm
after eight weeks and detected on 4.5-9 cm aftewédks below the grafting area. HLB was also
detected up to 9-15 cm after 16 weeks, 15-24 car aftenty weeks, 24-28.5 cm after 22 weeks and
28.5-30 cm after 24 weeks below the grafting a@mnclusion: Base on conventional PCR test, HLB
disease in citrus is not seed borne and it carhreathe roots 26 weeks after inoculation.
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INTRODUCTION 1932-1936 and 1939-194& In the Philippines reported
crop yield of mandarin fell from 11,700 t in 196061t
HLB is caused by a phloem limited pathogenin 196&". In the Middle East, in south-western Saudi
which causes greening disease. HLB is one of thérabia, sweet orange and mandarin pragmatically
serious diseases of citrus and infected mdhan disappeared during the 1970s. Finally HLB has
40 countries in the world. The greening pathogerdestroyed an estimated 60 million trees in Africal a
belongs to genusCandidatus Liberibacter. HLB  Asid®. USA has been infected by HLB since 2605
bacteria have not been cultured in media. The tisola However, HLB is transferred by two insect
from South Africa has been name@andidatus  vectors-the asian psyllidiaphorina citri and the
Liberibacter africanus and the isolate from Asia baen  african psyllid vectofTrioza erytreae.Diaphorina citri.
namedCandidatus Liberibacter asiatic’s’. Large areas The latter was observed and detected in South rélent
of citrus orchards had to be eradicated due to HLBand North America (Florida and Texas) .There ielit
disease in citrus industry area. In South Africiar@e  information on seed transmission and HLB pathogen
amount of citrus are lost because of the HLB diséas movement. There are many questions about HLB seed
1965, from 30-100% in individual orchards. Some oftransformation and movement. Is the greening
these orchards at a later time had been abandaned Isacterium seed borne? What are the implications® Ho
removed. Earlier explosion of the disease occuimed long does it take the pathogens reach to root af le
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after inoculation? Does the pathogen reach the?rootchloroform/isoamyl alcohol (24:1) and (24:25:1).€Th
Citrus seedlings are produce on rootstocks whictewe aqueous supernatant was collected and addéed wi
propagated by seeds. If seed transmission occurs M6 volume of isopropanol followed by centrifugatiat
cultivars that are used for citrus rootstocks, agre 13,000 g for 15 min. The pellets were washed w7
could occur through liners as well as by budffing &thanol, dried and resuspended injg0of sterile TE
HLB'’s big problem of transmission was recordedha t buffer. ) i )

early 80s. Tirtawidjaja collected insect sampledrait The PCR reaction was carried out in gb of
from disease trees and all samples that were ab$aye '€action mixture  containing iM of each primer,
citrus greening were found to be nega{ﬁ]vedow, PCR 0.2 mm of each four dNTPs, 1X PCR buffer mix,
can be used to determine the presence or absence0 ? units Taq DNA polymerase angull DNA template.

: pecific primers, forward primer OIl (5-GCG CGT
HLB on seeds. All these questions cannot be ansiNereATG CAA TAC GAG CGG CA-3) and reverse primer

by just on one experiment. However this study Wagy 5. (5-GCC TCG CGA CTT CGC AAC CCA T-3)
cpnducteq to detect HLB pathagen cauging greenin%ere used for amplification of the 16S rDNA of ti’we
disease in _see_ds of C't“_JS’ to deFermlr?e pathogegangidatus Liberibacter asiaticl®. The thermal cycle
movement in citrus seedling after infection and to.,ngitions were: one cycle at 94°C for 2 min; 36leg
detect the HLB pathogen in the roots of citrus. at 95°C for 40 sec: 60°C for 1 min and 72°C for 1
min; followed by 72°C extension for 10 rfiin

The PCR products were analyzed by gel
felectrophoresis using a 1.2% agarose (Boehringer
Mannheim, Mannheim, Germany) in TE buffer (Tris
base, boric acid and 0.5 M EDTA [pH 8.0]) and stdin
with ethidium bromide (0.5 uglml) and photographed.
Experiment 1: Determination of the presence of The 1000 bp DNA Ladder set (Promega, Madison, WI,

HLB in seed of Citrus reticulate: Seeds were collected YSA) Wwas included ~as  size  markers. ~The
from HLB infected citrus plot in Terengganu and UPM €lectrophoresis was run for 30-40 min using high
Positive identification of HLB in plant was deterred ~ Voltage (100 V). The gel was visualized and analyze
using PCR test. Seeds were sown in insect-prodpy GEL documentation (SYNGENE; GENE Genious
screenhouse (Fig 1A and B). The seeds germinate@i0 Imaging System).
after two weeks and out of it 20 seedlings were
maintained. Leaf samples were collected from theExperiment 2: Determination of HLB pathogen
seedlings six months later for detection of HLB.oTw movement in Citrus reticulate: Seeds were sown and
weeks later another test was conducted by coligctingrown in the screenhouse until the seedlings Wére
leaf sample from new shoots. Seeds from none iedlect 50 cm tall. The infected scions Gftrus reticulate were
tree were also collected and planted for comparingrafted on the seedlings. A total of 24 seedlingsew
between healthy and infected plants. inoculated by wedge grafting at 30 cm above soitlle
Leaf tissues of citrus seedlings were treated witiThe seedlings were grafted and covered by plasiic b
liquid nitrogen and it was pounded using the moatad  for 2 weeks.
pestle. Then the DND was extracted using the method First samplings were taken 4 weeks after
of extraction developed by Hung in 1$9Embryo of inoculation; subsequent samplings werdertaat
the seeds or leaf tissue of seedlings £¢9§) was cut 2 weeks interval. Each sampling location will be
into small pieces and ground in liquid nitrogen anddetermined by the distance ‘travelled’ by the pgtm
transferred into 1.5 eppendorf tubes. Aftedsa If the pathogen is detected at the specified loocatihe
1.4 mL of DNA extraction buffer [IM Tris-HCL following sample location will start from that pairFor
(pH 8.0), 0.5M NaCl, 1% N-Lauroylsarcosine] was example, samples were taken at 1.5, 3 and 4.5 cm
added. The mixture was incubated at 55°C for 1d anbelow the wedge. Subsequent samples were collatted
centrifuged at 6,000 g for 10 min. The supernatead a location free from HLB. Therefore at six weeks,
collected and transferred into a new tube and addesamples were collected from another seedling dt53,
with 0.1 mL of 5M NaCl and 10% CTAB in 0.7 M and 6 cm below the wedge. Ten more samples were
NaCl. The mixture was incubated at 65°C for 15 min,collected every two weeks and the sampling location
inverted 2-3 times during the incubation. DNA waswas determined by the absence or presence of HLB as
extracted by an additional two cycles of tested by PCR.
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MATERIALSAND METHODS

Two experiments were conducted to determine i
HLB disease in citrus is seed borne and to vetify t
movement of HLB in citrus.
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Fig. 2: (A): PCR amplification showing absence of
HLB in seeds (line 1, positive control, line 2, 3,
4, 5, 6, leaf sample dEitrus reticulata on
5 reactions, line 7 leaf sample of the seedlings
which were propagated from non infected
source. line M, Marker). (B): PCR amplification
conducted after two weeks still shows no signs

Fig. 1: (a): Infected fruits of i@rus reticulate on tree of HLB in the seedlings (linel, positive control,
which has shown yellowing symptom of HLB: line 2, 3, 4, _5, 6 Iegf sample Gitrus reticulate
(b): Aborted seeds ofitrus reticulata shown on 5 reactions, line 7 leaf samples of the
in the fruit; (c): Seedling propagated from non seedlings which were propagated from non
aborted seeds @itrus reticulata infected source. line M, Marker)

Table 1: HLB pathogen detection on points belovtirg area
" PCR test after Distance below

A modified protocol was designed to extract DNA
as described by Hung in 1999 DNA was extracted

inoculation (weeks) grafting area (cm) PCR results

from HLB-infected tissue by Cetyl Trimethyl 7 15 ¥
Ammonium Bromide (CTAB) method. The pellets were 6 3.0 -
washed with 70% ethanol, dried and responded inl50 8 4.5 +
TE buffer. This method was explained in the firstig 2'8 i
experiment. 14 6-9 ¥

PCR was performed using 25 pL of reactioni6 10.5-15.0 +
mixture containing 1uM of each primer, 0.2 mM of 18 16.5-21.0 -
each four dNTPs, 1X PCR buffer mix, 0.5 units Taqgg %g:g:gg:g I
DNA polymerase and LL DNA template. The PCR 24 28.5-30.0 +
condition was explained in first experiment. TheRPC 26 Root system +

reaction mixture were analyzed by electrophoresis o
1.2% agarose gel for about 30-45' and visualized byExperiment 2: Determination of HLB pathogen

ethidium bromide staining. movement in susceptible citrus plant: There is little
information on how long it would take before the
RESULTS pathogen can be detected on HLB infected citrustpla

Seeds of none infectdditrus reticulata were collected
Experiment 1: Determination of seed born disease of and germinated in screenhouse for this study. Based
HLB diseasein citrus: Leaves of seedlings which were this study, the pathogen moved from the infectadnsc
propagated from the infected trees were taken dror to the rootstock after four We_eks. T_he pathogentred
to assay HLB pathogen using conventional PCR aftertp to 1'? cm belﬁ"\ét?e griﬁéng ;S)omt afftter fo.urhatkk:
germination. It was amplified by the OI1 and Ol2c anvc\jladse?ei(t)e:jegﬁ 25-5;0(31 aift;er' foﬁg]egnevr\/:é?(s (Bize
primer sets. As shown in Fig. 2, HLB was not degdct ) )

" linos Q@itrus refiollata. POR ificati below the grafting area (Table 1). Bové and Gafier
on the seediings ditrusreticulata. amplificalion  5yserved foliar symptoms (blotchy mottle) of HLB on

of seedlings which were propagated from the nonn,cyjated seedlings within 4 months and the HLB
infected source also showed the same result (AY. 2 | iperibacter were detected by PCR in led\esHLB
After two weeks the test was conducted from the newyas detected in branches 2.5-3.5 months (10-14 syeek
flushes in the seedlings but the results were dneesas  after inoculation and symptoms were observed at the
the first test and HLB was not detected from thef le  same time in shodfs Results (Fig. 3) have shown that
samples (Fig. 2B). HLB was also detected up to 9-15 cm after 16kse
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Fig. 3: 116s rDNA fragments with molecular weiglitld60 bp were successfully amplified from infectemints of
bark of Citrus reticulate. (A): Four weeks after inoculation; (1-Positiventrol, 2-1.5 cm present of HLB on
point below the grafting area, 3-4.5, 4-6 and%<Mm absence of HLB below the grafting area. M. kdgy;
(B): Six weeks after inoculation; (1-positive cat2-3, 3-4.5 and 4-6 cm absence of HLB in pobeow the
grafting area, M-Marker); (C): Eight weeks aftendnlation; (1. positive control. 2-3 and 3-4.5 cragence of
HLB and 5-6 cm absence of HLB below the graftingaarM-Marker); (D): Ten weeks after inoculation; (1
positive control. 2-6, 3-7.5, 4-9, 5-10.5 and 6eh2 absence of HLB in below the grafting area, M-kéa);
(E): Twelve weeks after inoculation; (1-positiventol, 2-6 and 3-7.5 absence of HLB in point belthe
grafting area, M-Marker); (F): Fourteen weeks aiftecculation; (1-positive control, 2-6, 3-7.5 an@® #resence
of HLB below the grafting area, M-Marker); (G): &®n weeks after inoculation; (1-positive cont?s1,0.5, 3-
12, 4-13.5 and 5-15 cm presence of HLB below tladtigg area, 6-16.5 and 7-18 cm absence of HLBvbelo
the grafting area); (H): Eighteen weeks after itakon; (1-positive control, 2-16.5, 3-18 and 48.%m
absence of HLB in points below the grafting arealMigrker); (1): Twenty weeks after inoculation;(1gikve
control, 2-16.5, 3-18 and 4-19.5 cm presence of Hielbw the grafting area, 5-21 cm absence of HLB in
points below the grafting area, M-Marker); (j): Tt two weeks after inoculation; (1-positive coht@21, 3-
22.5, 4-24, 5-25.5, 6-27 and 7-28.5 cm present¢tL&f below the grafting area, M-Marker); (K): Twerfiyur
weeks after inoculation; (1-positive control, 2-8® presence of HLB in point’s below the graftingaar 3-
negative control, M-Marker); (L): Twenty six weekéter inoculation; (1-positive control, 2-30 cm &t
system presence of HLB in point’s below the graftanea M-marker)

15-24 cm after twenty weeks, 24-28.5 cm after 22kse normal and greening-affected (very small) fruit and
and 28.5-30 cm after twenty four weeks below theharvested ‘normal-looking’ seeds from each. No

grafting area (Table 1). symptoms were observed on seedlings from seed taken
from normal fruit. However, seeds derived from
DISCUSSION smaller, greening-affected fruit produced some tedin
chlorotic seedlind¥.
According to the result on the first experiment, Citrus plants are usually produced using rootstock

HLB was not detected on the seedlings afterand scion. If seed transmission occurs in cultivies
germination and is not seed borne. DNA probes noveitrange that are used for citrus rootstocks, spoeald
have been used successfully to det@andidatus  occur through liners as well as by budding. In tase
Liberibacter spp. both in infected plants and igllgs  a healthy budding source is very important, becéiuse
vector§"'®. There is little information about HLB the source used for propagation is infected witlBHL
disease seed transmission. Tirtawidfhjacollected the disease will spread to the lif8rs
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It was moved slowly due to the HLB situation and 2.

HLB pathogen is limited to the sieve tubes of the
phloem tissué?. Phloem is a vascular tissue that
transports sugar from the leaves to the rest optaet.

The vascular system is a transportation network of
connected cells that form tunnels in the plant that
extend from the roots through the stem to the Igave

flowers and fruits, but xylem transports water and3.

minerals upwards from the roots and distributes it
throughout the plant. Phloem transports the sugars
created by photosynthesis from the leaves to qthes
of the plant. These tunnels are bundled togethgican

be seen as the veins on a fehf 4.

This movement or speed of HLB also depends on
the susceptibility of species to HLB. Finally the
destructive HLB pathogen was detected on root syste
24 weeks after inoculation. Rootstocks become dlog r
system for the scion and an interaction occurs éetw
the scion and root system. HLB pathogen was detecte
in the root system of Luchen seedlings 5 monther aft

graft inoculatiof(’. 5.

Lopes et al'! detected greening pathogen
(Candidatus Liberobacter asiaticum) in young shoot
samples pushed from remnants of @i&us rootstock
by PCR technology. He reported that the greening
pathogen could survive in the root dhe
Citrus rootstock. He conducted his study on the effects
of pruning to determine if removal of symptomatic
branches or the entire canopy (decapitation) woul
eliminate infected tissues and save HLB affecteddr
He reported mottled leaves reappeared on most
symptomatic (69.2%) as well on some asymptomatic
(7.6%) pruned trees, regardless of age, variety and
pruning procedure. Presence of the pathogen
(Candidatus Liberibacter americanus) in
symptomatic trees was confirmed by PCR. In general,
the greater the symptom severity before pruning the
lower the percentage of trees that remained
asymptomatic after prunifiyl. Base on the results of
this study HLB can reach the roots 26 weeks after
inoculation. This means that resistant or tolerant
rootstocks maybe effective to control or to redtice
severity of HLB, because rootstocks are provide the
root system for the scion.
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