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ABSTRACT. The gummy bark disease affects sweet oranges and rough lemon in some Mediter-
ranean countries and most countries of the Near and Middle East regions. Diseased trees are usu-
ally stunted, and scraping the bark reveals gum deposits. Symptoms of gummy bark in sweet
orange resemble those of cachexia on mandarin but the cachexia agent fails to induce symptoms
in sweet orange. The causal agent of gummy bark is suspected to be a viroid, but previous studies
conducted with sources from Turkey failed to identify a sequence variant of HSVd as the putative
disease agent. In the present study, samples collected from Baladi, Valencia, Washington navel
and Succari sweet orange trees showing the characteristic gummy bark symptoms were graft-
inoculated on Etrog citron and analyzed by sPAGE and slot-blot hybridization using viroid-spe-
cific probes. In addition to HSVd, all samples also contained CEVd, CVd-III and CVd-IV. Sequence
analysis of DNA amplicons generated by RT-PCR using specific primers for these viroids identi-
fied novel variants of CEVd (CEVd-gb) and CVd-III (CVd-III-gb) in all the gummy sources,
whereas CVd-IV was identical to previously reported sequences. The relationship of these viroids
to the putative agent(s) of gummy bark is discussed.

Index words. Exocortis, cachexia, CEVd, HSVd, CVd-III, CVd-1V.

Gummy bark is a disorder of constriction demonstrating that
sweet orange trees that was first rough lemon is also sensitive to the
observed in 1954 during a survey putative gummy bark agent (11).
conducted in the Dahala and The disease has also been
Kharga oases in Egypt where most reported in a number of eastern
Baladi sweet orange trees grafted Mediterranean, North African, Near
on sour orange rootstock exhibited East and Middle East countries
phloem discoloration (9). Further including Egypt, Greece, Iran, Iraq,
surveys showed the same disorder Pakistan, Syria, Lybia, Oman,
affecting other sweet orange culti- Saudi Arabia, Yemen, Sudan and
vars (9, 10). Diseased trees are usu- Turkey but never from North and
ally stunted, and scraping the bark South America (3).
of the trunk above the bud union Because of its graft-transmissibil-
reveals gum deposits. After bark ity, the disease was first considered
removal, affected trees show stem to be caused by a virus. However, fol-
pitting, symptoms resembling those lowing the discovery that the
of cachexia on cachexia-sensitive cachexia disease was caused by a

hosts. Nour-Eldin (11) reported that viroid (21), later characterized as a
graft transmission of gummy bark specific variant of HSVd (18), the
sources to sweet orange grafted on hypothesis that the gummy bark dis-

Orlando tangelo resulted in the ease might be also caused by a viroid
development of symptoms on the gained popularity. This hypothesis
sweet orange scion in the absence of was compatible with indirect evi-
cachexia symptoms on Orlando tan- dences such as (i) symptoms that are
gelo. He, thus, concluded that the virtually identical to those of
two diseases were not caused by the cachexia disease on cachexia-sensi-
same agent. Conversely, transmis- tive hosts and (i) the geographical
sion tests to sweet orange grafted on distribution of the disease which has
rough lemon induced a bud union only been observed in countries
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where high temperatures are known
to favor viroid symptom expression.

The first attempt to associate the
gummy bark disease with viroid
infection was conducted with two
gummy bark sources (20). This
approach was continued by Onelge
et al. (12) who conducted an exten-
sive survey in the Cukorova region
of Turkey. All the symptomatic trees
were infected with CEVd, HSVd,
CVd-III and CV-IV, whereas HSVd
and CVd-IV were absent from non-
symptomatic trees sampled in the
same region. Following the finding
that HSVd variants inducing
cachexia differed from non-cachexia
variants in only 5-6 nucleotides
located in the V domain (18), the
hypothesis that additional variants
of HSVd might cause gummy bark
was entertained. However, molecu-
lar characterization of HSVd vari-
ants present in gummy bark sources
from Turkey did not allow identifi-
cation of a distinct variant associ-
ated with gummy bark (13).

Here, we report additional efforts
to associate the gummy bark disease
with either viroid infection or with
the presence of dsRNAs of potential
virus origin using samples collected
from symptomatic sweet orange
trees in the Sultanate of Oman.

MATERIALS AND METHODS

Plant materials. Samples were
collected from sweet orange trees
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displaying the characteristic gummy
bark symptoms and located in
Tanuf and Sohar, two locations in
the Sultanate of Oman (Table 1).
They included the sweet orange cul-
tivars Baladi and Succari intro-
duced from Egypt, Valencia and
Washington navel. Each of these
sources was graft inoculated onto
three Etrog citron plants and incu-
bated for at least 6 mo before analy-
sis for dsRNAs and viroids.

Double stranded RNA analy-
sis. Total nucleic acid extracts from
bark tissue of inoculated citrons were
subjected to non-ionic cellulose col-
umn chromatography in the presence
of 16.5% ethanol to recover dsRNA-
rich preparations that were analyzed
by PAGE (5% acrylamide) (8).

Viroid analysis. Samples (5 g)
of sweet orange bark tissue, as well
as young leaves and stems of citron
were powdered in liquid nitrogen
and homogenized in 5 ml of extrac-
tion medium (0.4 M Tris-HCI pH
8.9; 1% (w/v) SDS; 5 mM EDTA pH
7.0; 4% (v/v) PB-mercaptoethanol)
and 15 ml of water-saturated phenol
(22). The total nucleic acids were
partitioned in 2 M LiCl and the sol-
uble fraction was concentrated by
ethanol precipitation and resus-
pended in TKM buffer (10 mM Tris-
HCI, pH 7.4; 10 mM KCIl; 0.1 mM
MgClL). Aliquots of these prepara-
tions were analyzed by sequential
polyacrylamide gel electrophoresis
(sPAGE) and slot blot hybridization.

TABLE 1
VIROIDS RECOVERED FROM SWEET ORANGE TREES SHOWING GUMMY BARK SYMPTOMS

Viroids detected”

Sweet orange cultivar Location CEVd CBLvVd HSVd CVd-III  CVd-IV
Baladi Tanuf + — + + +
Baladi Tanuf + + + + +
Baladi Tanuf + + + + +
Valencia Tanuf + - + + +
Washington navel Sohar + + + + +
Succari Sohar + - + + +
Succari Sohar + — + + +

“Viroids were identified by sPAGE, slot blot hybridization and RT-PCR analysis of graft inocu-

lated citrons.
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For sPAGE analysis, prepara-
tions (20 ul equivalent to 300 mg
fresh weight) were subjected to a
first analysis with polyacrylamide
gel electrophoresis (PAGE) under
non denaturing conditions at 60mA
for 2.5 h. A segment of the gel
between the CEVd and 7s RNAs
was excised and subjected to a sec-
ond PAGE (containing 8M urea) at
16mA for 4 h (19). The viroid bands
were viewed by silver staining (6).
For slot blot analysis, nucleic acids
(10 ul equivalent to 300 mg fresh
weight) were pretreated in 6x SSC
and 8% formaldehyde for 15 min at
60°C, blotted onto positively charged
Nylon membranes (Roche®) using
an Hybri-slot filtration manifold
(BRL®) and immobilized by UV
cross-linking. Prehybridization and
hybridization were carried out in
50% formamide and 5x SSC buffer
containing 0.02% SDS, 0.1% N-laur-
ylsarcosine and 2% blocking reagent
using digoxigenin (DIG)-labeled
DNA probes (14).

For reverse transcription-poly-
merase chain reaction (RT-PCR)
analysis, an extraction method that
avoids the wuse of phenol was
employed. Briefly, samples (0.5 g) of
leaf and bark tissue were placed in a
sealed plastic back containing 5 ml
of TE buffer (0.1 M Tris-HC1 pH 8.5;
50 mM EDTA; 0.5 M NaCl; 10 mM
B-mercaptoethanol), and gently
crushed with a hand homogenizer.
The homogenate was subjected to
alkaline denaturation (1, 15), and
DNA was synthesized as described
by Bernad and Duran-Vila (2). First-
strand ¢cDNA was synthesized at
60°C using 27-mer primers specific
for each viroid and Thermoscript
reverse transcriptase (Invitrogen®).
In order to recover full-length viroid
DNA, second strand synthesis and
DNA amplification were performed
using a set of two contiguous 18-mer
forward and reverse primers specific
for each viroid in 50 pl reactions con-
taining 1.5 mM MgCl,, 0.12 mM
dNTPs, 0.5 uM of each primer and 1
U of Taq DNA polymerase. PCR
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parameters consisted of a 5 min
denaturation at 94°C followed by 35
cycles of 94°C (30 s), 60°C (30 s),
72°C (1 min) and finishing with a 5
min extension step at 72°C. Electro-
phoretic analysis in 2% agarose gels
confirmed the synthesis of the
expected DNA products.
Sequencing and sequence
analysis. DNAs synthesized by RT-
PCR were sequenced with an ABI
PRISM DNA sequencer 377 (Perkin-
Elmer). Multiple sequence align-
ments were performed with Clustal
W (5), and secondary structure anal-
yses used MFOLD (circular ver-
sion), from the RNA structure V.40
GCG package (26) and RNAviz (4).

RESULTS

Identification of dsRNAs and
viroids in trees showing gummy
bark symptoms. Attempts to iden-
tify dsRNAs in citrons that had been
graft inoculated with gummy bark
sources, were unsuccessful. sPAGE
analysis of nucleic acids extracted
from sweet orange bark tissue
revealed the presence of low concen-
trations of viroid-like RNAs with
the characteristic mobilities of
HSVd and CVd-III (data not
shown). These preliminary results
were confirmed by the appearance
of symptoms characteristic of viroid
infection in the graft inoculated cit-
rons. sSPAGE analysis of inoculated
citrons confirmed the presence of
the viroid-like RNAs observed in
sweet orange samples and addi-
tional viroid-like RNAs with the
expected mobilities of CEVd,
CBLVd and CVd-IV were also
observed. The identity of these
RNAs was further confirmed by slot
blot hybridization using viroid spe-
cific probes and RT-PCR analysis.
Results are summarized in Table 1.
_As previously described by
Onelge et al. (12) in the case of
gummy bark sources from Turkey,
all the sources from the Oman sul-
tanate were infected with CEVd,
HSVd, CVd-III and CVd-IV. Since
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the extensive work devoted to the
characterization of HSVd isolates
from Turkey did not yield any con-
clusive information (13), we focused
on the characterization of the CEVd,
CVd-III and CVd-IV isolates recov-
ered from the gummy bark sources
from Oman.

Characterization of CEVd iso-
lated from gummy bark sources.
Sequence analysis of the uncloned
RT-PCR amplicons obtained using
CEVd specific primers revealed that
all the samples contained very
closely related CEVd sequences. The
seven consensus sequences were
identical except for a single deletion
(-U) in position 121 found in the
Washington navel source. These
sequences (CEVd-gb) were 92.5-
93.0% and 94.6-95.0% identical with
the class A and class B consensus
sequences defined by Visvader and
Symons (24, 25). Sequence align-
ment showed that most of the nucle-
otide substitutions characteristic of
CEVd-gb were located in the P and
V domains, but they were distinct
from those distinguishing class A
from class B (Fig. 1). From the 18
single or multiple adjacent nucle-
otide changes identified in CEVd-gb,
seven were as in class B, one as in
class A, and the rest were unique to
CEVd-gb (Table 2). A survey of the
CEVd sequences available in data-
bases confirmed the uniqueness of
CEVd-gb. Only a single CEVd
sequence reported from Tunisia con-
tained a similar collection of
changes (Elleuch et al. NCBI acces-
sion AF540960).

Characterization of CVd-III
isolates recovered from gummy
bark sources. Sequence analysis of
the amplicons obtained by RT-PCR
using CVd-III specific primers con-
firmed that all the samples con-
tained CVd-III. The seven consensus
CVd-III sequences ranged in size
from 287 to 292 nts. These sequences
(CVd-III-gb) were 90.0-95.3% and
96.6-96.9% identical to CVd-IIla and
CVd-IIIb, respectively (17). In spite
of differences in their nucleotide
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Fig. 1. Secondary structure of CEVd-30, type sequence of Class B (24, 25). Positions differing between the consensus sequences of Class A and
Class B are boxed in the secondary structure of CEVd. Changes characteristic of Class A and CEVd-gb are shown as open boxes and shaded boxes,

respectively.
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TABLE 2
COMPARISON OF CEVD-GB VARIANTS ISOLATED FROM GUMMY BARK SOURCES
WITH CLASS A AND CLASS B SEQUENCE VARIANTS?

GB vs
Position (nt) Class B Class A CEVd-gb Aand B Location
21 C -C C Class B T,
50 A G U Unique P (loop)
54-55 AG GA AG Class B P
60 - - +A Unique P
63-64 AU -AU -AU Class A P
71-72 GU CG G Unique P (loop)
131-132 AG GA AG Class B V (loop)
134-135 uu AG AA Unique V (loop)
140 C U C Class B V (comp.)
230 G A G Class B V (comp. )’
233-239 GUCGCCA GCCUCGC CUGCGCG Unique V (loop)
264-265 AU AG CU Unique C (loop)
280 U A U Class B C
300-302 AGU AA GU Unique P (loop)
315-316 - +U - Class B P (loop)
317-318 - - +U Unique P
321-323 CUA UCA CAG Unique P (loop)
313 U U G Unique T, (loop)

“The consensus sequence of CEVd-gb was compared to the sequences of CEVd-J and CEVd-30, the
type sequences of Class A and Class B, respectively (24, 25).

yCompensatory change.

composition, all sequences con-
tained three sets of characteristic
changes located in the T, domain of
their secondary structure. These
changes (GAGT—CGA, AAGA-G,
T—C) (Fig. 2A) resulted in a unique
reorganization of the base pairing of
this domain (Fig. 2B).
Characterization of CVd-IV
isolates recovered from gummy
bark sources. Sequencing of the
amplicons obtained by RT-PCR using
CVd-IV specific primers confirmed
that all the samples contained CVd-
IV. All CVd-IV sequences contained
286 nucleotides and were identical
to the CVd-IV sequences isolated
from grapefruit (16), tangor, lemon
and mandarin (7). Sequence align-
ment revealed three changes (+A,
+U and U—C) in positions 134, 156
and 160 respectively that were
absent in the CVd-IV reference
sequence (16). However, these
changes, all located in the T,
domain, were also present in the
CVd-IV sources from lemon and
mandarin reported by Ito et al. (7).

Because none of the CVd-IV
sequences reported by others were
recovered from sweet orange, no
conclusions could be drawn regard-
ing the putative implication of CVd-
IV as the causal agent of the gummy
bark disease.

DISCUSSION

Previous studies conducted in
Turkey showed that sweet orange
trees affected with gummy bark dis-
ease were infected with several
viroids (12). Similarly, our analysis
of viroid content of sweet orange
trees from the Sultanate of Oman
displaying characteristic gummy
bark symptoms showed that all
these trees were also infected with
CEVd, HSVd, CVd-III and CVd-IV.
Because the symptoms of gummy
bark in sweet orange resemble those
of cachexia in cachexia-sensitive
hosts, the hypothesis that other spe-
cific variants of HSVd may be
responsible for gummy bark symp-
toms, was considered. Indeed, the
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Fig. 2. Comparison of the T, domains
of CVd-IIIb and CVd-III-gb. A) Left part
of the secondary structure of CVd-IIIb
(17). Arrows indicate the nucleotide
changes found in the consensus
sequences of CVd-III-gb. B) Rearrange-
ment of base pairing in CVd-III-gb.

characterization of HSVd variants
collected from trees showing gummy
bark symptoms in Turkey, showed
that they were identical, except for
single nucleotide insertions in the T},
domain, to CVd-IIc, a variant of
HSVd known to induce cachexia
(13). Additionally, as in the case of
CVd-IIe, the variants associated
with gummy bark in Turkey contain
the 5-6 nucleotide motif characteris-
tic of cachexia inducing variants
and indexed positive for cachexia in
the Parson’s Special bioassay (13).
Since earlier transmission assays
(11) showed that grafting certain
gummy bark sources onto Orlando
tangelo resulted in the development
of symptoms on the sweet orange
scion but the absence of cachexia
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symptoms on the Orlando tangelo
rootstock, it seems unlikely that the
variants of HSVd identified in
gummy bark sources would cause
gummy bark in sweet orange. Field
assays being conducted in Turkey
(13) will provide a definitive answer.

Since CEVd and CVd-III have
been identified in many sweet
orange sources from different citrus
growing areas in which the gummy
bark disease has never been
reported, their role as causal agents
of the disease has been considered
unlikely. However, in the present
study, unusual variants of CEVd
(CEVd-gb) and CVd-III (CVd-III-gb)
have been identified in the gummy
bark sources from Oman. The spe-
cific changes identified in the P and
V domains of CEVd-gb have been
reported from only a single CEVd
source from Tunisia (Elleuch et al.
NCBI accession AF540960), and are
quite distinct from the Class A and
Class B changes considered respon-
sible for differences in the severity
of CEVd in tomato (25). Similarly,
the changes identified in the T,
domain of CVd-III-gb result in a
unique reorganization of the base
pairing of this domain not found in
other CVd-III sequences reported as
CVd-IIla and CVd-IIIb (17). There-
fore, CEVd-gb and CVd-III-gb may
represent new variants that deserve
further characterization.

CVd-1V is the least widespread of
all citrus viroids. Its presence in all
the gummy bark sources from Tur-
key and Oman make it an interest-
ing candidate as the putative causal
agent. Unfortunately, all previously
reported CVd-IV isolates were
recovered from species other that
sweet orange and rough lemon, the
only citrus species known to be sen-
sitive to the disease; thus, their role
in gummy bark remains to be deter-
mined. Moreover, the effect of CVd-
IV on tree performance has only
been established in Clementine
trees grafted on trifoliate orange
(23), a rootstock/scion combination
that does not exhibit gummy bark.
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At present, we do not have strong
evidence of the involvement of a
virus or viroid as the causal agent of
gummy bark disease. Previous
results and the data presented here
rule out CBLVd as the causal agent,
but we have no clues to entertain or
reject the possibility that CVd-IV or
the unusual variants of CEVd and
CVd-III identified in the present
study may be involved. Additionally,
the finding that certain viroid com-
binations cause exocortis-like symp-
toms in the absence of CEVd (6)
shows that multiple viroid infec-
tions may result in the expression of
unexpected symptoms. Therefore,
since all gummy bark sources ana-
lyzed are infected by several viroids,
the hypothesis that the disease may
be caused by specific viroid combina-
tions should also be entertained.
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