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ABSTRACT. A PAGE technique has been developed for possible diagnostic de- 
tection of citrus exocortis viroid (CEV) in relatively crude nucleic acid extracts of 
citrus roots and leaves from the glasshouse or the field. It combines the sensitivity of 
silver staining and the selectivity of bidirectional electrophoresis. In preliminary ex- 
periments CEV was detected from leaf samples of citron and mandarin, and root 
samples of volkamer lemon collected in the glasshouse and from sweet orange leaves 
collected in the field. These results suggest that  implementation and assessment of the 
technique could make possible reliable diagnosis of CEV from field material. 
Index words. Exocortis, viroid, two dimensional polyacrylamide gel electrophoresis. 

Citrus exocortis viroid (CEV) 
is usually detected by inoculation 
of suspected tissues to Etrog citron 
budlings or seedlings (4). A sensi- 
tive clone of citron (861-S-1) reacts 
well to mild isolates (13), under 
proper conditions of temperature 
and plant growth (12). 

While this is a great advance 
over the 5 to 8 year test on trifoli- 
ate orange, this method of indexing 
still has some drawbacks: (i) test 
plants showing no reaction must 
be kept under observation for up 
to one year; (ii) conditions ap- 
propriate for maximum CEV symp- 
tom expression are not always 
available, (iii) the high tempera- 
tures required are very costly to 
maintain in winter; and (iv) con- 
tamination of mother and/or test 
plants may occur during the long 
test period. 

For the above reasons, at- 
tempts hav been made to develop 
histochemical (6) methods bio- 
chemical procedures such as thin 
layer chromatography (5, 8) and 
a combination of column chroma- 
tempts have been made to develop 
tography and polyacrylamide gel 
electrophoresis (PAGE) (1, 2) for 
diagnosis. In this paper, we de- 
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scribe a PAGE technique on rela- 
tively crude nucleic acid extracts of 
citrus trees from the glasshouse or 
the field for possible diagnosis of 
CEV. 

MATERIALS AND METHODS 

Root and leaf samples of field- 
grown Clementine trees grafted on 
trifoliate orange and of Tarocco 
sweet orange grafted on sour 
orange which previously tested 
positive for CEV infections on 
Etrog citron, were collected a t  
various times from spring to sum- 
mer and kept a t  -20°C. CEV slash- 
inoculated Etrog citron and bud- 
grafted Parsons Special mandarin 
(both on volkamer lemon) were 
kept in the glasshouse a t  a tempera- 
ture of about 26 C (22-32 C). 
Young symptomatic and fully ex- 
panded asymptomatic leaves of 
citron and mandarin, and roots of 
Volkamer lemon grafted to citron 
were used for extractions. 

Two to 20 g samples, either 
freshly collected from the glass- 
house or stored a t  -20 C, were 
placed in liquid nitrogen and ground 
to a powder with a mortar and 
pestle in the presence of either 2 
vol (v:w) of 0.05 M tris (hydroxy- 
methyl) aminomethane (Tris) , 
pH 8.5, containing 0.25 M NaCl, 
0.25% (w:v) sodium dodecyl sul- 
phate (SDS), 12.5 mM magnesium 
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acetate, 2.5% (w :v) polyvinylpyr- ver as for proteins (7). Chrysan- 
rolidone (M.W. 40,000) (PVP) , themum stunt (CSV) (9) and coco- 
1 (w:v) sodium azide, 0.5% nut cadang-cadang (CCCV) (11, 
(w :v) sodium diethyldithiocarba- 3) viroids were co-electrophoresed 
mate and 1% ( v : ~ )  2-mercapto- as markers. 
ethanol and further processed as RESULTS described by Palukaitis and Symons 
(10) for the extraction of CEV In preliminary experiments, 
from Gynura aurantiaca DC (me- method A combined with the use 
thod A) or in the presence of 3 of 5% non-denaturing gels (3) 
vol (v :w) of an extraction solution gave inconsistent results with field 
consisting of 0.2 M tris, 0.1 M or glasshouse sampled materials. 
NaCl, 10 mM ethylenediamino- By adopting method B for ex- 
tetraacetate (disodium salt) (ED- traction and the PAGE technique 
TA), 2% (v:w) PVP, pH 8.5-9.5 of Schumacher e t  al. (14) we ob- 
(method B) . In the latter case, the tained consistent results from glass- 
slurry was homogenized with 1 vol house-grown citron and mandarin. 
of water-saturated phenol contain- A typical first direction (non-de- 
ing 0.1% (w:v) 8-hydroxyquino- naturing) gel, is shown in fig. 1. 
line and 1 vol of a 20 :1 mixture of The visible bands, in the area where 
chloroform : isoamyl alcohol. After viroids are expected to migrate are 
low-speed centrifugation, the nu- those of CSV and CCCV only, the 
cleic acids were recovered from high background, possibly due to 
the aqueous phase by addition of 2 nucleic acid degradation, presence 
vol of cold ethanol and low-speed of polysaccharides and/or poly- 
centrifugation after 1 hour a t  -20 phenols, impairing the visualization 
C. After fractionation with 2 M of CEV bands, if present. As de- 
LiC1, the Li-soluble fractions were scribed by Schumacher et al. (14), 
recovered and electrophoresed in the zone of the sister gel, between 
5% polyacrylamide gel slabs buffer- the two dashed lines superimposed 
ed in 90 mM Tris, 90 mM borate, 3 in fig. 1, was cut out and placed 
mM EDTA, pH 8.3. After comple- across the bottom of the gel cham- 
tion of the run, one of two sister ber, this being filled with the de- 
gels was briefly surface-stained naturing gel containing 8 M urea. 
with 0-toluidine blue and the other The electrophoresis was then done 
used for the casting of the second in a second direction with inverted 
direction polyacrylamide gel con- polarity, as specified in the legend 
taining 8 M urea as  described by to fig. 2. Because of the conforma- 
Schumacher e t  al. (14). Second di- tional changes incited by the de- 
rection gels were stained with sil- naturation (14), the electrophor- 

%E+ 
Fig. la .  Single direction electrophoresis in  non-denaturing 5% polyacrylamide gel 

slab, loaded with nucleic acids extracts of: A, field-collected clementine tangerine leaf 
tissue; B, healthy Chrysanthemum morifolium; C and K, chrysanthemum stunt  viroid 
(CSV)-infected C. morifolium; D, F and J, healthy citron leaf tissue, from the glass- 
house, E, leaves of citrus exocortis viroid (CEV)-inoculated citron, with symptoms; G, 
same a s  E, but  symptomless; H, roots of volkamer lemon rootstock of inoculated citron; 
I, CEV-infected symptomless 'Parson Special' mandarin leaves from the glasshouse; L, 
coconut cadang-cadang viroid (CCCV)-infected coconut; M, young leaves of a field- 
grown CEV-infected Tarocco sweet orange. Electrophoresis was a t  10 mA for 30 
minutes followed by 2 hours a t  35 mA. Staining: 0-toluidine blue. The zone of a sister 
gel between the  two dashed lines was used t o  cast the  second direction gel shown in 
Fig. lb. 

Fig. lb. Second direction PAGE of samples from Fig. la .  Second direction electro- 
phoresis was done vertically upwards under denaturing conditions (8 M urea, 225 V, 50C), 
and gells were stained with silver. Arrow indicates viroid bands. 
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etic mobilities of the circular vi- 
roid molecules are considerably 
slowed-down compared to linear 
molecules of similar mass, which 
under non-denaturing conditions 
would co-migrate (as in fig. 1 ; first 
direction gel). This allowed the de- 
tection of CEV from glasshouse 
samples of young leaves of citron, 
with or without symptoms, roots of 
volkamer lemon used as rootstock 
and leaves of Parsons Special man- 
darin. From samples collected in 
the field only those of tarocco 
sweet orange, taken from a heavi- 
ly pruned tree, gave positive re- 
sults, while tissues from trifoli- 
ate orange and clementine did not 
give consistent results. 

DISCUSSION 

results with citron tissue, with and 
without symptoms, symptomless 
Parsons special mandarin tissue 
and roots of volkamer lemon from 
the glasshouse, and Tarocco sweet 
orange tissues from the field. Er- 
ratic results were obtained with 
symptomless leaves of Clementine 
(and roots of trifoliate orange) 
from the field. However, use of the 
technique described here and of 
those reported earlier for CEV (1) 
together with methods for large- 
scale purification of viroids (7-), 
may offer a reliable diagnostic 
technique for field material infected 
with mild or severe CEV strains. 
This would obviate the need for 
glasshouse grafting and/or inocu- 
lation. 
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