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ABSTRACT

Hodgson, R. A. J., Wall, G. C., and Randles, J. W. 1998. Specific iden-
tification of coconut tinangaja viroid for differential field diagnosis of
viroids in coconut palm. Phytopathology 88:774-781.

Tinanggja is a widespread lethal disease of putative viroid etiology
affecting coconut palm on the island of Guam. Determination of its
distribution and mode of spread requires a simple and reliable diagnostic
procedure that is specific for the associated coconut tinangaja viroid
(CTivd). A method of extracting tissue followed by analytical agarose
gel electrophoresis for CTiVd detection has been developed and used to
identify the viroid in leaf samples of suspect symptomatic palms growing
in the field. Two-dimensional polyacrylamide gel electrophoresis showed
that the viroid band contained circular molecules that are typical for
viroids. Confirmation of the identity of CTiVd and detection of low lev-

els of viroid below the threshold of detection by agarose gel electro-
phoresis was achieved either by diagnostic oligonuclectide-probe (DOP)
hybridization assay or by reverse-transcription polymerase chain reaction
(RT-PCR) with the oligonucleotide probe as one of the two PCR primers.
RT-PCR was not substantially more sensitive than DOP-hybridization as-
say. This procedure also was applicable to coconut cadang-cadang viroid
(CCCVd), and oligonuclectide probes designed to be specific for either
CTiVd or CCCVd distinguished between these two viroids in coconut
leaf extracts. This strategy provides a rapid and specific indexing proce-
dure for the two characterized viroids of coconut palm and will be applic-
able to further studies on the viroid-like sequences previously reported in
tropical monocotyledons.

Additional keywords: viroid indexing.

Tinangaja is a lethal disease of coconut palm on the island of MATERIALSAND METHODS
Guam and was first described in 1917 (1,19). The disease re-
sembles cadang-cadang disease of coconut palm, which occurs in Sample collection. A standardized data sheet was used to de-
the Philippines and is caused by the coconut cadang-cadang viroid scribe each palm sampled at the time of collection. Leaflet samples
(CCCvVd) (7,12-14). Coconut tinangaja viroid (CTiVd) is asso- of about 100 g were harvested from the lower crown of 15
ciated with tinangaja disease (2,10) and has a monomer size afconut Cocos nucifera L.) palms near the University of Guam.
254 nucleotides (nt), which is 8 nt larger than CCCVd. The twdSamples were sealed in plastic bags and maintained at between 15
viroids share about 65% overall sequence identity (11). Althoughnd 30°C and sent by air-freight courier to the Waite Campus,
inoculation of coconuts with CTiVd has yet to be done to confirmGlen Osmond, Australia, within 2 days of collection. Several 0.5-g
that it is the causal agent of tinangaja, its association with theubsamples were removed for immediate extraction, and all re-
disease provides a molecular marker for studies of disease dimaining material was stored at —20°C.
tribution and spread. Since the early epidemics of tinangaja wereExtraction. Nucleic acids enriched for viroids were extracted
reported (2), coconut groves have been neglected on Guam, amgl a modification of a short coconut leaf extraction procedure
tinangaja disease has not been considered economically importafi6). A 0.5-g sample of tissue was placed in a thick-walled plastic
However, there is again high incidence of tinangaja in some arebag (75 x 140 mm) with 2 ml of sterile NETM buffer (2 M NaCl,
of Guam (18), and it is necessary to determine the epidemiologd00 mM sodium acetate, 10 mM EDTA, 50 mM Tris-HCI [pH
of the disease as a basis for developing appropriate control meas], 0.25% [vol/vol] 2-mercaptoethanol). The sample was crushed
sures. For surveys of disease incidence and spread, specific, rapgl, hammering, and 800 ul was removed and added to 40 pl of
sensitive, and economical diagnostic methods are needed. 20% (wt/vol) sodium dodecyl sulfate (SDS) solution in a 1.5-ml
The aim of this work was to develop a procedure suitable fomicrofuge tube. The solution was mixed for 30 min at 25°C
mapping the distribution of CTiVd in the field. We evaluated thebefore addition of 750 pl of phenol/chloroform/isoamyl alcohol
relationship between disease symptoms and the presence (@6:24:1), followed by vortexing for 20 s and centrifugation
CTiVvd in leaf nucleic acid extract. Viroid presence was detected10,000 xg for 15 min) to separate the phases. An aliquot of
in palms showing severe symptoms by an initial screening of ni#00 pl from theupper aqueous phase was removed, and nucleic
cleic acid using simple agarose gel fractionation. Viroid presencacids were precipitated by adding 1 volume of isopropanol. The
was verified in these samples and in samples from palms showipgllet was washed with 70% ethanol, air-dried, and dissolved in
little or no tinangaja disease symptoms by a molecular hybris0 pl of sterile diethylpyrocarbonate-treated water.
dization assay in which diagnostic oligonucleotide probes (DOPs) Gel electrophoresis. Nucleic acid samples were fractionated on
to CTivVd were used. 2.5% (wt/vol) agarose mini-gels (SeaKem LE, FMC Corporation,
Rockland, ME) buffered with 0”6 TAE (20 mM Tris-acetate
[pH 7.6], 0.5 mM EDTA) containing 0.5 pg of ethidium bromide
per ml. Samples were run at 100 V fet5 min, equivalent to
50-mm migration of the bromophenol blue marker dye. Gels were
exposed to transmitted UV light (254 nm) and photographed through
a 540-nm orange filter with Polaroid 667 1SO 3000 film (Polaroid
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UK Ltd., Hertfordshire, England). Electrophoresis in 20% poly- Denhardt’s solution, 100 pg of denatured DNA per ml) at 65°C
acrylamide gels was as previously described (6). for 4 h, and hybridization was in fresh buffer, to which heat-
Two-dimensional polyacrylamide gel electrophoresis (2-D denatured?P-labeled D3-2 or D1-2 probe (3 x%1dpm) had been
PAGE). The circular form of CTiVd was identified in extracts of added. Hybridization at 65°C for 2 h was followed by incubation
coconut palm by 2-D PAGE following the procedure of Feldstein at 40°C for=16 h. The first washes were at low stringency>n 3
et a. (4) with dlight modification. Glass plates were 3 mm thick: SSC, 2.5% SDS at 35°C for 15 min and then in ®&SSC, 2.5%
one plate was 165 mm square; the other plate was 170 mm square. SDS at 35°C for 15 min. Membranes were autoradiographed and
The gel was clamped to a Bio-Rad model 220 Dual Vertical Slab ~ washed under high-stringency conditions in0SBC, 1% SDS at
Gel apparatus (Bio-Rad Laboratories, Hercules, CA), preheated to 40°C for 15 min and then at 60°C for 15 min in the same buffer.
50°C by circulating water from a thermostatted water bath to thélybridization conditions with the CCCVd cRNA probe were as
central chamber of the apparatus, and prerun at 45 mA per galeviously described (6). Autoradiography was done at —80°C
(range 330 to 380 V) for 30 min. The sample (40 pl) in TBEwith an intensifying screen.
loading buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, Reverse-transcription polymerase chain reaction (RT-PCR).
10% [vol/vol] glycerol, 0.25% [wt/vol] xylene cyanol [pH 8.3]) For RT, 2 pl of the nucleic acid extract was mixed with RT buffer
was loaded into the well of the 39:1 (acrylamide/bis-acrylamidef50 mM Tris [pH 8.8], 75 mM KCI, 3 mM MgG), 3.3 mM
gel component and electrophoresed until the dye had migrated dihiothreitol, 200 nM antisense primer D1-2 or D3-2, and water
the bottom. The plates were unclamped, the spacers removed dad final volume of 26 pl. This mixture was heated to 94°C for
placed on the other two sides of the plate, and, after rotating 90%,min, chilled on ice, and 10 units of RNasin (Bresatec), 333 uM
the plate was reclamped so the track of the first dimension nodNTP mix (Promega, Madison, WI), and 400 units of MMLV-RT
ran across the top of the gel. Electrophoresis in the secorfGIBCO/BRL, Gaithersburg, MD) were added to a final volume
dimension was in the 38:2 (acrylamide/bis-acrylamide) gel abf 30 pl. Incubation was at 50°C for 20 min. The resulting first-
50°C until the dye was within 10 mm of the bottom of the gel.strand cDNA was amplified by adding 5 pl of the RT reaction mix
The gel was stained with 1 pg of ethidium bromide per ml iro PCR buffer (final concentration of 10 mM KCI, 10 mM
sterile water and observed under UV illumination at 302 nm. (NH,4),S0O;,, 2 mM MgSQ, 20 mM Tris [pH 8.8], 0.1% Triton X-
Nucleic acid blotting. RNA transfer from agarose gels to nylon 100) containing 333 pM dNTP mix, 2 units of Deep Vent poly-
membrane (Zeta Probe, Bio-Rad) was by capillary blotting, usingherase (New England Biolabs Inc., Beverly, MA), 300 nM each
a standard Northern blot procedure (17), except that the transfef antisense (D3-2 or D1-2) and sense primers (D4-2, residues 102
solution was 20 mM NaOH. Transferred nucleic acid was crosge 131; >GTCGCCGATTCGTGCTGGTTGGGCTTCGTC-3)
linked to wet membranes by UV irradiation (125 mJ; GS Genén a final volume of 30 pl, which was overlaid with mineral oil
Linker, Bio-Rad). For dot blots, 2 pl of each nucleic acid sampl¢Sigma Chemical Co., St. Louis). Amplification conditions were
was applied directly to the nylon membrane and cross-linked b§4°C for 2 min, 70°C for 1 min and 94°C for 30 s for 5 cycles,
UV irradiation. Transfer of nucleic acid from polyacrylamide gels70°C for 30 s and 94°C for 30 s for 40 cycles, 72°C for 5 min and
by electrophoretic blotting was done as previously described (6). 25°C for 1 min for 1 cycle, using a Corbett FTS 320 thermal se-
Probe preparation and purification. Three antisense DOPs quencelCorbett Research, Mortlock, Australia).
were used to detect CTiVd. These probes were complementary to
the viroid across either residues 101 to 71 (D1-AGCAGGT- RESULTS
ACGCTCCCTACCTCGGTTGCTAGG-3), 131 to 102 (D2-2;
5-GACGAAGCCCAACCAGCACGAATCGGCGAC-3), or Stages of tinangaja disease in coconut. Tinangajadisease was
239 to 207 (D3-2; SACTCGAGCTTTTATTACACAGGGCG- classified into early, middle, and late stages for this study (Table 1).
CTGCAAAG-3). Probes were'send-labeled in a reaction mix At the early stage, the crown was slightly reduced in size (Table 1),
that included 50 pmol oligonucleotide, reaction buffer (50 mMas measured by the angle covered by the canopy when viewed
Tris-HCI [pH 7.5], 10 mM MgCJ, 5 mM dithiothreitol, 100 uM  horizontally (Fig. 1), and normal nuts were produced. At the middle
spermidine, 100 uM EDTA)-*P ATP (555 kBq, 148 TBg/mmol; stage, the crown was reduced, and nuts were small, elongated, and
Bresatec, Adelaide, Australia), 4.5 units of polynucleotide kinasesually lacked a kernel (Fig. 1B). At the late stage, symptoms in-
(Bresatec), and water to a final volume of 15 pl. After incubatiortluded small crown size, lack of nuts, thin leaflets, and gradually
at 37°C for 60 min, an equal volume of formamide loading dydapering trunk (Fig. 1C and D). Stipule retention (winging) and
(80% [vol/vol] formamide, 10 mM EDTA, 0.25% [wt/vol] bromo- leaf stippling also were generally evident at the late stage. The
phenol blue, 0.25% [wt/vol] xylene cyanol) was added, the samplpalm samples and their assay results are provided in Table 1.
was heated at 80°C for 90 s, immediately chilled on ice, loaded on Nucleic acid fractionation and viroid detection by gel elec-
a 400-mm denaturing gel (20% [wt/vol] polyacrylamide [acryla-trophoresis. Extracts from 15 coconut palms and a duplicate ex-
mide/bis-acrylamide, 19:1], 7 M urea, in TBE), and fractionatedract from 1 of these palms were fractionated on agarose gels to
for 2 h at 25 mA. The end-labeled probe was detected by autdetermine whether CTiVd could be detected. A typical result is
radiography, the gel piece with full-length DOP was excised, andhown in Figure 2A. The total amount of nucleic acid extracted
the probe was eluted into 800 pl of 0.1 mM EDTA at 37°C. Thdrom the leaf tissue varied for each sample but generally was re-
solution was removed, dried under vacuum, and dissolved in 200 pkatable for duplicate extractions and was greater for normal than
of water, and the probe was precipitated in the presence of 0.3 Mdr diseased palms. Extracts of palms 2, 4, 5, 6, and 10 showed a
sodium acetate and 2.5 volumes of cold ethanol/acetone (1:1) asttong fluorescent band comigrating with the 142- to 154-bp DNA
resuspended in water to give 500 cps/ul. Preparation of the fulkize markers (Fig. 2A), which was the same mobility as for the
length CCCVd cRNA probe was as previously described (6). 246/247-nt CCCVd seen in extracts from the early stage of
Membrane-based nucleic acid hybridization. The DOP-hy- cadang-cadang infection of coconut from the Philippines (Fig. 2A)
bridization procedure (8) was based on the principles outlined bgnd was defined as the lower viroid region. Palm samples 1, 3,
Randles et al. (15). Membranes for Northern blot analysis werand 7 contained a heavy staining of nucleic acid over the viroid
stacked with alternating sheets of fine nylon gauze and placed iregion that masked any viroid-like band. A weak band between
side the bottles of a Hybaid (Teddington, England) mini hybridithe 220- and 295-bp DNA markers was sometimes observed in
zation oven. Membranes were prewashed at 37°C for 2 h ¥ 0.1samples from Guam. This was the same mobility as for the CCCVvd
SSC (1% SSC is 150 mM NaCl, 15 mM sodium citrate, pH 7.0) dimer. Agarose gel electrophoresis indicated that 8 of the 15 palms
containing 0.5% SDS. Prehybridization was in hybridization buf- tested positive (Table 1). The assay could be completed in 1 day.
fer (5% SSC, 20 mM NaH,PO, [pH 7.0], 2.5% [wt/vol] SDS, 5% The duplicate samples from palm 13 were both positive.
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Denaturing 2-D PAGE was used to examine samples that were
positive based on agarose gel fractionation for the presence of the
small circular molecules characteristic of a viroid. Figure 3A shows
a brightly staining band from Guam sample 2, which ran just
behind the diagonal in the second gel dimension. This mobility
profile resembled that obtained for CCCVd. The CCCVd marker
contained the monomeric 246 nt form (Fig. 3B, arrow), the slower
mobility 296 nt form, and a small amount of highly retarded dimer
viroid, which al fractionated behind the linear nucleic acid in the
diagonal. This retardation is typical of a circular molecule. The
band in Figure 3A was eluted from the gel, and probing by dot
blot hybridization confirmed it was CTiVd.

Viroid detection by hybridization analysis. Nucleic acids frac-
tionated in agarose gels were transferred by capillary blotting to
nylon membranes for DOP hybridization. In a comparison of the
oligonucleotide probes, D1-2 and D3-2 detected CTiVd, providing
similar strength of signal, but D2-2, which bound adjacent to D1-2
on the viroid, hybridized only weskly (data not shown). The D3-2
probe was used routinely for hybridization assay (Figs. 2B and 4).
The samples positive by staining in agarose gels (Fig. 2A) de-
veloped a strong hybridization signal for the CTiVd monomer
(Fig. 2B) and a wesker signal for the CTiVd dimer. The dimer
was detected in al CTiVd-positive samples, even though it was
not readily evident in stained gels. The DOP-hybridization assay
also detected a wesk signal for the CTiVd monomer in sample 14
(data not shown), which previously had been scored as negative
based on the gel staining technique (Table 1). Thus, hybridization
analysis of the gel-fractionated samples with the CTiVd oligonu-
clectide probe found 9 positives of 15 palms tested (Table 1).

At high stringency, neither D3-2 nor D1-2 detected CCCVd in

reexamined by DOP hybridization. In the original analysis with
the CCCVd-cRNA probe at low stringency, the CCCVd marker lane
(containing all monomer and dimer forms) developed a strong
hybridization signal (Fig. 4A, lane Vd). Several of the samples from
Guam showed a weak hybridization signal in the gel region near
the bottom of the CCCVd monomers (Fig. 4A, lanes G1 and G4).
At high stringency, the hybridization signal for these samples was
lost, which suggests that none of them contained sequences closely
related to CCCVd. After stripping the first probe, the membrane
was reprobed at high stringency with the D3-2 DOP for CTiVd.
There was no hybridization in the CCCVd marker lane, but there
was strong hybridization in three samples, which indicated that
monomeric CTiVd was present in the fractionated sample (Fig. 4B).
In the reverse assay, DOP hybridization at high stringency with a
probe (D1-1) specific for CCCVd (8) produced an intense signal in
the CCCVd marker lane but no bands in the viroid region for the
samples from Guam (Fig. 4C). Even at low stringency, there was
no hybridization in Guam samples similar to that observed in Fig-
ure 4A (data not shown).

To analyze many samples, dot blot hybridization is more ef-
ficient than Northern blot hybridization. A dot blot assay of samples
from coconuts grown in the Philippines and on Guam and of
single samples from tomato infected with potato spindle tuber vir-
oid (PSTVd), grapevine infected with several viroids of the apple
scar skin viroid group, and avocado infected with avocado sunblotch
viroid (ASBVd) is shown in Figure 4D. Extracts from Guam co-
conut samples are located in rows U through X (except for X1 and
X2), and extracts from Philippine coconut samples are located in
row Y (except Y1 and Y2). Of the viroid standards, only the CTivd
control dot, in template position Y1, was positive with DOP D3-2.

extracts from cadang-cadang—infected palms (Fig. 2B, lanes 1 and Many extracts from Guam developed a positive signal after hy-
3, and Fig. 4). Under low-stringency conditions, there was a veryridization with DOP D3-2. None were positive with DOP D1-1,
weak signal with CCCVd (data not shown) but no signal withwhich was specific for CCCVd (data not shown). Some of the

healthy coconut palm extracts.

Philippine samples were positive with the D1-1 probe. DOP hy-

The specificity of DOP hybridization was demonstrated by sebridization, therefore, can be used in place of Northern blot hy-
quentially probing one membrane first with a CTiVd-DOP (Fig. 4B)bridization for specific detection of CTiVd. Using this approach,
and then with a CCCVd-DOP (Fig. 4C). Coconut samples colDOP hybridization identified 10 of the 15 Guam samples as
lected on Guam during a previous survey for CCCVd in the Pgositive for CTiVd. Sample 14 was confirmed as positive, and
cific region, which were extracted, fractionated through polyacrysample 9 was a weak positive. The absence of disease symptoms
lamide, transferred to membranes, and screened for viroid-liken palm 9 suggested that this palm was in the early stage of in-
sequences with a full-length cRNA probe for CCCVd (6), werefection with CTiVd.

TABLE 1. Relationship between coconut tinangaja disease symptom expression in coconut palm and detection of coconut tinangaja viroid in coconut palm tissue

Disease symptom

Viroid detection?

Crown Disease Agarose gel Northern

Sample Inflorescence  Fruit LeafP shape (°)  Plant shapge stagé  separation  blott Dot blof RT-PCR
1 Normal Normal Normal 360 Normal - - - -
2 Normal Deformed Stippl. 180 Bent, taper., MS ++ ++++ ++++ ++++

(elongated) stunted
3 Normal Normal Normal 180 Normal - - - -
4 Sterile Absent Wing. and stippl. 20 Taper. LS ++ ++++ ++++ +++
5 Sterile Absent Wing. and stippl. 90 Taper. LS + + +++ +++
6 Sterile Absent Wing. and stippl. 20 Taper., stunted LS ++ +++ ++ ++++
7 Normal Absent Normal 180 Stunted - - - -
8 Normal Small Normal 270 Taper. MS + ++ + +++
9 Normal Normal Normal 270 Normal ES - - + +++
10 Sterile Absent Wing. and stippl. 20 Taper. LS +++ +++ ++ +++
11 Normal Normal Normal 360 Normal - - - -
12 Sterile Absent Wing. and stippl. 180 Taper. LS +++ ++++ +++ +++
13a Sterile Absent Wing. and stippl. 90 Taper. LS ++ ++++ +++ ++++
13b Sterile Absent Wing. and stippl. 20 Taper. LS ++ +++ + ++++
14 Sterile Absent Wing. and stippl. 180 Taper. LS - + ++ +++
15 Juvenile Normal Normal 360 Normal - - - -

a— =viroid undetectable; + to ++++ = viroid detectable with increasing relative strength of signal, respectively.

b Stippl. = stippling; wing. = winging.
¢ Taper. = tapering.

dES, MS, and LS = early, middle, and late stages, respectively; ... = tinangaja absent.

¢ Membrane-based hybridization.
f Reverse-transcription polymerase chain reaction.
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Fig. 1. Stages of tinangaja disease on coconut palms from Guam. A, Normal palm with full crown (360°). B, Deformed, narrow, elongated nuts associated with
middle stage infection on palm sample 2 are visible in the foreground (compared to normal nut shape on palm €anffadyl¥tage (left palm [sample 9],
270° crown) and late stage (right palm [sample 10], 90° crown and tapering trunk) infections iDphate stage infection in palm sample 12 with reduced
crown (180°), gradually tapering trunk, and lack of nuts. Samples are listed in Table 1.
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Viroid detection by RT-PCR. Detection of CTiVd by RT-PCR
was tested with the DOPs as antisense primers for al samples.
The effect of different primer combinations on the amplification
of products from a known CTiVd extract was used to standardize
the procedure and to confirm the specificity of the primers for
CTiVvd (Fig. 5). The combination of D1-2 for antisense cDNA
synthesis and D1-2 with D4-2 as the primer pair for PCR provided
amplification of afull-length CTiVd of 254 bp, as expected. Using
D3-2 for antisense cDNA synthesis and D3-2 with D4-2 for PCR,
a 138-bp fragment was produced. Using D1-2 as antisense primer
for RT and then PCR in a multiplex assay with D1-2, D3-2, and
D4-2, the expected 254- and 138-bp products were produced (Fig.
5). However, an additional unidentified product of =210 bp also
was consistently amplified. CCCVd was amplified by RT-PCR with
a different set of specific primers (Fig. 5). No product was ob-
tained when the CCCVd antisense cDNA from the sample used in
Figure 5, lane 4, was subjected to PCR with the CTiVd primers
(Fig. 5, lane 5) nor from an extract from healthy coconut when

LHEM123 456710
.0 b |
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Fig. 2. Agarose gel fractionation of nucleic acids from tinangaja-affected co-
conuts and Northern blot for coconut tinangaja viroid (CTiVd) detection. A,
Gel showing mobility of ethidium bromide-stained nucleic acid from Guam
coconut samples relative to the mobility of the coconut cadang-cadang viroid
(CCCVd) monomer 246-nucleotide (nt) form and DNA size markers. B, Auto-
radiograph after diagnostic oligonucleotide-probe (DOP) hybridization assay
with probe D3-2 and high-stringency washes. Samples per lane from left, late
stage CCCVd-infected (L, 296-nt form), healthy (H), and early stage CCCVd-
infected coconut (E, 246-nt form). Samples 1, 2, 3, 4, 5, 6, 7, and 10 from
Guam are described in Table 1. The positions of monomeric (Mo) and dimeric
(Di) early stage CCCVd markers are indicated to the left; the CTiVd mono-
mer and dimer areindicated to theright. Lane M, 1-kb ladder (GIBCO-BRL).
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using CTiVd primers (Fig. 5, lane 6). In contrast, RT-PCR of three
of the Guam samples amplified =140-bp fragments, which is char-
acteristic of CTiVd. Only the expected fragments were amplified
by RT-PCR. In one sample, Guam palm 2, multiple products were
observed at =390 and 650 bp, with one weak additional larger
fragment. These sizes were equivalent to the addition of a mono-
mer, dimer, and trimer of the viroid to the 140-bp fragment. Of the
15 Guam palm samples examined, 10 were scored as positive
(Table 1). All the samples previously scored as positive in other
tests were strongly positive by RT-PCR. There was little differ-
ence in the intensity of the CTiVd-positive RT-PCR products in
stained gels compared with the variation seen for the DOP-hybri-
dization signals (Table 1). Samples that showed no RT-PCR prod-
ucts in stained gels were not assayed by hybridization to test for
low concentrations of PCR products.

Correlation between disease symptoms and molecular de-
tection of CTiVd. Tinanggja disease is currently indexed by scor-
ing the number of specific symptoms present on a pam (Table 1).
In every case in which palms had clear disease symptoms, CTiVd
was detected by molecular techniques. CTiVd aso was detected
in palm 9, which appeared healthy and was growing next to the
strongly positive pam 10 (Fig. 1B). This suggests that palm 9 was
a the early stage of infection. Likewise, pam 14, which was
negative based on staining of agarose gel fractionation of nucleic
acids, was positive based on DOP-hybridization and RT-PCR as-
says. Palm 1, which was growing next to the strongly positive palm
2 (Fig. 1C), had no detectable viroid and was considered healthy.

Thus, agarose gels alone can be used to confirm CTiVd infec-
tion in coconut palms that show apparent symptoms of tinangaja
disease. The absence of the characteristic viroid fragment in gels
from extracts of palms with apparent disease symptoms could in-

o=

Fig. 3. Two-dimensional gel fractionation of nucleic acid from tinangaja- and
cadang-cadang—affected coconut palms from Gua,. Extract from middle
stage tinangaja-diseased coconut sample 2 (described in Table B) @md

conut cadang-cadang viroi@CCVd) marker composite of 296- and 246-nucle-
otide (nt) forms from cadang-cadang—affected coconut palms. The first dimen-
sion was from left to right; the second dimension was from top to bottom.
The coconut tinangaja viroid and CCCVd 246 nt are indicated with arrows

(described in text).



dicate that the abnormal phenotype is caused by something other
than CTiVd. However, to reliably detect the low level of CTiVd at
the early infection stage, and to distinguish it from CCCVd infec-
tion, molecular-based DOP hybridization or RT-PCR is required.

DISCUSSION

Rapid indexing of pathogens in coconuts ultimately needs to be
performed in coconut-growing countries. Many of these countries
overcome limitations of financial support, equipment, technology,
and personnel by establishing interactive programs with special-
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ized laboratories to develop indexing procedures for coconut path-
ogens. A major objective of the current project was to develop a
nucleic acid extraction and fractionation method requiring rela
tively low technology for the initia indexing of coconut palms for
a viroid, namely CTiVd, in field-grown pams on the island of
Guam. The additional, more specific and sensitive testing with a
smaller number of samples could be done in a collaborating
laboratory, with the long-term objective of transferring such tech-
nology to key indexing laboratories in coconut-growing countries.
Such an objective would reduce the risk associated with moving
possibly infected plant material between countries.

The system described in this paper was devel oped because dis-
ease symptoms are unreliable indicators for identifying tinangaja-
affected coconut palms, especialy for identifying palms in the
early disease stage. For example, several coconut palms observed
in the Philippines with the elongated nut shape associated with
CTiVd infection were not positive for CTiVd or CCCVd (R. A. J.
Hodgson, unpublished data), and tinangaja, like cadang-cadang,
probably has an early asymptomatic stage that may last for several
years. Viroid detection, therefore, is the only suitable indicator of
infection for studying viroid epidemics. PAGE fractionation can
be used to identify either CTiVd or CCCVd and is used routinely
in the Philippines for CCCVd (9). This is a relatively labor-in-
tensive procedure, however. The simple and quick agarose gel-
based fractionation of nucleic acids described here (Fig. 2), which
uses commercialy available DNA size standards as a mobility
reference for the viroids, allowed palms suspected of expressing
symptoms of tinangaja to be confirmed as containing CTiVd.
Samples that were positive in the first assay required no further
testing, whereas the negative samples required the more sensitive
molecular hybridization or RT-PCR assay. Thus, a reduced number
of samples required the more expensive and complex viroid in-
dexing assay.

The molecular hybridization assay previously used for coconut
viroids and viroid-like RNAs (6) required extraction of samples
by the polyethylene glycol precipitation procedure, fractionation
on large-format 20% polyacrylamide gels, and probing with a
radioactive cRNA. Relatively small numbers of samples could be
handled, and the test was cumbersome, relatively expensive, and
required several weeks to obtain the result. Moreover, synthesis of
the probe could be done only in a speciaized laboratory, was
susceptible to RNase digestion, and resolution of the gel frac-
tionation was poor (Fig. 4A).

In contrast, the agarose gel fractionation procedure described
here removed many of these disadvantages (Fig. 2B). Fifteen
samples could be processed and fractionated, and the initial in-
dexing could be recorded in 1 day by one person. Nucleic acid
transfer to membranes was overnight, with hybridization analysis
taking another 1 to 2 days. Scaling up of gel size increased through-
put, so 180 samples could be fractionated and blotted to mem-
branes each day. Alternatively, up to 1,000 samples could be ap-

&
<

Fig. 4. Specificity of diagnostic oligonucleotide-probe (DOP) hybridization
assay for coconut tinangaja viroid (CTiVd) detection. Northern blot contain-
ing marker coconut cadang-cadang viroid (CCCVd) and Guam palm samples
were sequentially probed with A, a CCCVd cRNA probe at low stringency;
B, CTiVd DOP D3-2 at high stringency; and C, CCCVd DOP D1-1 &t high
stringency. D, Dot blot assays for CTiVd with DOP D3-2 at high stringency.
A through C, Vdisa CCCVd marker viroid mix of the four monomers (247,
246, 297 and 296 nucleotides) and their dimers; the remaining lanes contain
nucleic acid extracted from five coconut palms on Guam in 1991. Arrows show
the location of monomeric CTiVd. For the dot blot assay (D), samples were
healthy coconut (X1); CCCVd (X2); CTiVd (Y 1); tomato with potato spindle
tuber viroid (Y 2); grapevine with mixed viroids (Z1); avocado with avocado
sunblotch viroid (Z2); CCCVd dilutions of /10, %100, /1,000, /5000, and O
concentration (Z5, Z6, Z7, Z8, and Z9, respectively); and coconut samples
from the Philippines (Y 3 to Y9) and Guam (rows U, V, and W and X3 to X9).
No samples are in coordinates Z3 and Z4.
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plied as dot blots. The limiting factor was obtaining the nucleic confirm the identity of the viroid. We currently use two DOPs for
acid extracts from many samples—approximately 150 extracts per CTivd, D1-2 and D3-2, and have others for CCCVd (8). With the
person per week can be conveniently produced. The bag extraiet blot format, DOP hybridization can assay several thousand
tion method, which is now routinely used in our laboratory forsamples in one experiment.
extracting slurry from palm leaf samples, provides many advan- The DOPs also can be used as primers for RT-PCR. The primer
tages. It is versatile, contamination is low, and the final nucleiset used to amplify the CTiVd full-length 254-bp product gave less
acid extract can be stored at —20°C for several months withow¢producible results than the primer pair that amplified the partial-
deterioration, allowing time for accumulation of samples fromlength 138-bp fragment (data not shown). Thus, to test for the pres-
multiple collections and extractions. Hybridization with an end-ence of CTivd, the primer pair of D3-2 with D4-2 was used. All
labeled radioactive DOP provided selective and reliable detectigmositive coconut palms from Guam had the expected 140-bp frag-
of viroid in samples in which viroid had not been detected prement, and one sample (Guam 2) also produced fragments with sizes
viously. Other advantages include easy labeling of probes that cagpresenting multimeric forms of the viroid. This latter case may be
be synthesized in large amounts and used for both DOP hybidue to multimeric forms of the viroid occurring in the host. Dimers
dization and RT-PCR. Nonradioactive labels, such as biotin, digaf CTiVd were detected by hybridization in most of the positive
oxigenin (DIG), or fluorophores, can be incorporated during thesamples (Fig. 2B), and samples contained a circular molecule
synthesis of DOPs, converting the procedure into a nonradioacti{Eig. 3), which hybridized with the diagnostic probe for CTivd.
detection system. The DIG-labeled oligonucleotide system has The procedure finally adopted for indexing coconuts for CTivd
been applied for the detection of both CTivVd and CCCVd (J. Wwill depend on factors such as required detection sensitivity, number
Randlesunpublished data). of samples to be examined, and availability of facilities. If char-
Selection of a unique sequence for the DOP allows it to bacteristic symptoms of disease are evident, then an easy, reliable,
specific for a particular coconut viroid. This may be useful forand quick assessment by agarose gel fractionation of nucleic acid
quarantine purposes, when it is necessary to know whether a listegtracts can be done. Conversely, if symptoms are not present or
viroid pathogen is present (3,5). We have shown that DOPs came not characteristic, a molecular assay is needed. Although RT-
discriminate between the related CTiVd and CCCVd (Figs. 2B°CR is applicable, it is relatively expensive and can be prone to
and 4). Because of the discriminating ability of DOPs, in manyeaction errors. The DOP-hybridization assay is more robust and
cases it will not be necessary to first fractionate extracts of samplatiows throughput of large sample numbers at a relatively low
by gel electrophoresis. Using DOP hybridization in a dot blotost. The disadvantage, currently, is that DOP hybridization uti-
format, two or three probes, each specific for a given viroid, calizes radioactive probes. Nonradioactive probes are being investi-
be used sequentially to indicate which viroid is present and tgated for future use.

M1 2 3 4M567 89

1018 = =~
- 650
516 = - 300
240 =
295 = 580
200 W= 210 -t 140
142 —= 140
Lane 1 2 3 4 5 6 7 8 9
Target | CTivd CTivd CTivd CCCVd CCCVd HCN Guam Guam Guam
246 246 2 12 g
RT D1-2 Di-2 D32 G2-1 G2-1 D32 D32 D32 D32

primer

PCR D12 D12 D32 G241 D32 D32 D32 D32 D32
primers | D4-2 D32 D4-2 D91 D42 D4-2 D4-2 D4-2 D4-2

D4-2
Product 250 250 140 240 none none 140 140 140
size 210 390
(bp) 140 650

Fig. 5. Specificity of reverse-transcription polymerase chain reaction (RT-PCR) for coconut tinangaja viroid (CTiVd) and coconut cadang-cadang viroid
(CCCVd), using as specific primers the diagnostic oligonucleotide probes (DOP) used for hybridization assay. Primers D1-2 and D3-2 are complementary first-
strand primers, and primer D4-2 is a viroid-sense second-strand primer. The primers used for RT-PCR of CTiVd and CCCVd of Guam coconut extracts are listed
in the bottom panel. HCN = healthy coconut, G2-1 and D9-1 are CCCVd primers, and lane M isthe 1-kb |adder (GIBCO-BRL).
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