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ABSTRACT

A modified procedure is described for the par-
tial purification of the threadlike particles asso-
ciated with the citrus tristeza disease. This method
enables rapid identification of infected trees by

electron microscopy. Diagnosis was accurate when
65 tristeza-infected and 62 control trees were
examined by this method. Phytopathology 60:1510-
1512.

In a previous paper, a method was described for the
partial purification of the threadlike particles associated
with the tristeza disease of citrus (1). By employing a
combination of gentle grinding, precipitation by poly-
ethylene glycol (PEG), and differential centrifugation,
and by using electron microscopy as an assay method,
preparations with high concn of particles were obtained.
In different tissues of four citrus cultivars, the highest
concn of particles were always found in the stem bark.

Here we report a modification of the procedure
enabling the rapid and regular detection of the thread-
like particles associated with tristeza by electron mi-
croscopy and the adaptation of this method for a ready
diagnosis (indexing) of tristeza-infected trees.

MATERIALS AND METHODS.—From the tree to be
tested, 25 g bark (five to six branches, 50 cm long, 1 cm

in diam) is peeled. The bark is pulverized, after freeze-
drying, in a Wiley laboratory mill (intermediate model),
and the powder extracted according to the procedure
presented in the flow diagram (Table 1). A drop of the
partially purified suspension is then placed on a Form-
var carbon-coated grid. After 1min, excess fluid is
removed with filter paper and a drop of freshly pre-
pared 19 uranyl formate (4) is placed on the grid for
15 to 20sec. Excess fluid is then removed and the
specimen dried in a desiccator for 15 min. Observations
and electron micrographs were taken with a JEM-7A
electron microscope at a magnification of 60,000 times.

REsuLTS AND DiscussioN.—Sixty-five trees of eight
different cultivars, infected from 3 months to 5 years
with a tristeza strain apparently identical to the Ty
strain (2), always showed threadlike particles with a

Tase 1. Flow diagram for partial purification of threadlike particles associated with tristeza

Citrus bark powder

I~ 1
Pellet Supernatant

Suspended in 0.05M Tris (hydroxymethyl) amino methane — HCl buffer pH 7.4 (lg:12 ml), expressed
through cheesecloth, re-extracted with same buffer (lg: 5 ml), centrifuged 10 min 5,000 g

Added 4 g polyethylene glycol (mol wt 6,000) (PEG) and 4 ml 20% NaCl/100 ml stirred 20
min in the cold, centrifuged 15 min 19,600 g

Resuspended in 25 ml 0.04 » phosphate buffer pH 8.2, centrifuged 10 min 4,400 g

Added 0.5 g PEG and 0.6 ml 20% NaCl/10 ml, centrifuged 15 min

Supernatant Pellet
i
Pellet Supernatant
20,000 g
Supernatant Pellet

Resuspended in 5 ml 0.025 M phosphate buffer pH 8.2,
centrifuged 10 min 4,400 g =

Pellet Supernatant

#Partially purified suspension”

1510



October 1970] BAR-JOSEPH AND LOEBENSTEIN: CITRUS TRISTEZA 1511

Fig. 1. Electron micrographs of A) threadlike particles associated with tristeza }300,000; B) particles observed in
control extracts 3 300,000.

Tasre 2. List of trees examined for presence of threadlike particles

Tristeza-infected plants

No. trees
examined and
found to contain Time after No. control

Variety Rootstock threadlike particles inoculation trees examined
Cilrus sinensis (L.)

Osbeck, Shamouti sweet orange Sweet lime 2 2 years

Osbeck, Shamouti sweet orange Sour orange 20 5 years 20

C. sinensis, Valencia Sour orange 1 1 year 10

C. aurantium L. sour orange Seedling 3 5 years 5

C. paradisi Macf. grapefruit Sour orange 5 4 months 10

C. paradisi Macf. grapefruit Madam Vinous 5 4 months

C. paradisi Macf. grapefruit K-lime 5 4 months

C. paradisi Macf. grapefruit Sweet lime 5 4 months

C.limon (L.) Burm. i, Eureka Seedling 5 12 months 5

C. limetta Risso, sweet lime Seedling 5 5 months 5

C.macrophylla Wester Seedling 5 3-8 months 5

C. volkameriana Pasq. Seedling 2 2 years 2
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typical helical substructure (Fig. 1-A, Table 2). At
least 50 particles were found in each grid opening (200
mesh) in all the samples which were collected from
August through March. From 62 other trees (Table 2)
indexed negative for tristeza by the lime test (5), no
similar particles were observed. In these preparations,
however, particles of varying length, with a diam of
6-9 myu, were often found (Fig. 1-B) (3). These par-
ticles could be easily distinguished from the tristeza-
associated particles, as only the latter revealed a dis-
tinct helical substructure. Similarly, no substructure
was observed in the particles when preparations from
control trees were stained with neutralized 29, phos-
photungstic acid or 19, uranyl acetate.

In two separate examinations made from air-dried
bark taken from a tristeza-infected Marsh grapefruit
tree (supplied by R. E. Schwarz, South Africa), typical
threadlike particles were also easily detected.

Indexing for tristeza is currently done by the lime
method (5), which requires considerable time and
greenhouse space. The above-outlined procedure may
have advantages for the rapid identification of infected
trees, if the results are confirmed with additional citrus
cultivars grown in other environments and infected by
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different strains of tristeza. The method may be partic-
ularly useful for screening large numbers of abnormal-
appearing trees in areas where tristeza is not yet
prevalent, thus preventing the establishment of infec-
tion centers,
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