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DETECTION OF CHRYSANTHEMUM STUNT
VIROID BY MOLECULAR HYBRIDIZATION
ANALYSIS AND POLYACRYLAMIDE GEL
ELECTROPHORESIS*

Cuen Wer (B #), Tian Ymnecwuan (MEi)I), Liv Yonc (x @m)**,
Peng Bo (& #)***, Xia Yuannan (Eitf) ano Tian Bo (m )

(Institute of Microbiology, Academia Sinica)
Reeeived January 22, 1981,

It has been discovered in the past few years that vireid is a new kind of pathogen,
which eauses diseases in some important economic plants. Viroids may also be the caus-
ative agents of certain animal and human diseases™, Containing only nucleic  aeid
speces of low molecular weight, vireid is a suitable material for the studies of strue-
ture and function of nucleic acid and the origin of life.

The existence of potato spindle tuber viroid in China has been demonstrated™,
Symptoms similar to that of Chrysanthemum stunt viroid™, such as stunting, chlorotie
and yellow spot, were observed recently on Chrysanthemum in Beijing and Guangzhon.
Discased and healthy plants (Fig. 1) of Chrysanihomum “Guanghuang’ and **Guang-
bai”’ were collected in the Temple of Heaven, Beijing, in May, 1980, By infection test
carried out in insect-proof greenhouse and in laboratory, molecular hybridization analysis
using complementary DNA and polyaerylamide gel electrophoresis, the existence of
CS8YV in China has been demonstrated,

Fig. 1. Leaves of Chr th m stunt di
Left—healthy leaf; right—diseased leaf.

The study of viroids was carried out under the guidance of Drs. J. W. Randles and P. Palu-
kaitis during their stay in our Institute. Dai Renmin and Kang Liangyi al:o participated partially
in the work. Lin Saoguang of the Gardens Bureau of Beijing Municipalily cooperated in collecting
plant materials,

" Wuhan Institute of Vielogy, Academia Sinica.
Shanghai Institute of Biochemistry, Academin Sinica.
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I. INFECTION EXPERIMENT

Gynura gurantiace is the most sensitive host for identifying CSV™, Needle-pune-
ture method was used in inoculation. Leaves of . aurantiace grown to 5—6 leaves
were cut off from petioles with a sterilized razor, leaving 2—3 small tender leaves on
the top of the plant. Sap from diseased or healthy Chrysanthemum was dropped
onto the surface of petiole excision and on the stem, then the sap dropped positions
were punctured with needles. Such inoculated plants were incubated in greenhouse at
30—35°C. The top leaves of 6. aurantigea inoculated with the sap from diseased plant
became small and epinasty (Fig. 2) and severe syndrome appeared on the new leaves

(Fig. 3), in the contrast, the G. auranticea inoculated with the sap from healthy plant
grew normally.

Fig. 2. 8ymptom of Chrysenthemum stunt Fig. 3. Bymptom of C8V on the leaves
virpid on @. aurantiaca. of G. aurantiaca.
Left—econtrol; right--infectal, Left—control; right—infeeted.

II. HYBRIDIZATION EXPERIMENT WiTH COMPLEMENTARY DNA (eDNA)

The detection of vireid using ¢DNA as a probe is very sensitive and has high
specificity®"®. Using *H-CSV.cDNA provided by Dr. P. Palukaitis of the University of

Adelaide, Australia as a probe, we detected the presence of Chrysanthemuwm stunt viroid
in China.

Partially purified nucleic acids (for purification method see part III) from
healthy and di d Chrysanth leaves were hybridized to ¢eDNA. Three ul of
"H-CSV-¢cDNA (1500 cpm/pl) were added to the sample solution in hybridization
buffer (0.18 M Nacl, 0.01 M Tris, 0.001 M EDTANa., 0.05% SDS, pH 7.0) in a volume
of 40 pl, the mixture was then sucked up inte a silliconized capillary and the capillary

was sealed and heated for 3 min in boiling water. Hybridization was carried out at
60°C for 60 hr.
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After 60 hr hybridization, the samples were removed from the capillaries to 450 ul
8, assay buffer (0.05M NaCl, 0.001 M ZnBO,, 5% glycerol, pH 4.6) containing 0.004%
denatured salmon DNA, Two hundred pl aliquots of this mixture were transferred to
two test tubes respectively. To one of the two tubes, 20 units of nuclease S, were added
and both tubes were then incubated at 45°C for 30 min. To terminate the reaction,
1ml 10% TCA was added to each tube and 10 ul 1% calf serum albumin were also
added as carrier. After precipitation for 30 min in an ice bath, the samples were
filtered onto & millipore filter (45 ), washed three times with 5% TCA and 95%
aleohol respectively. After drying up, the filter was put into a wvial containing 2ml
toluene scintillation fluid and the radioactivity was counted in a NEsu liquid scintilla-
tion counter and the hybridization percentages were caleulated. The results are shown
in Table 1.

Six samples from diseased plants hybridized with *H-C8V.¢cDNA had a hybri-
dization ratio of more than 70% while the samples from healthy plants had a hybridiza-
tion ratio of about 10%. On the basis of many experiment data, it is considered that
they have nucleic acid sequence homology if the hybridization ratio reaches over 40%.
Therefore, the results indieated that all six diseased plants were infected with CSV,
whereas the two comtrol plants (healthy) were not.

Table 1

Hybridigation Ratio of Nuoleie Acid Extrasts From Stunted and Heslthy
Chrysanihemem Loaves With "H-CHV-DNA

Samples cprm Hybridization
Plus nuckase 8, | Without nueleage 8, | Foreentage (%)

CD, 424 4380 )

CD: 870 525 70

. CDs 348 44 77

Discased leaves D, 811 416 75
CDy 301 340 72

CD. 235 256 92

1

Healthy Joaves CHL 8 542 ' 10
CH. 40 348 12

Purified CBV(V,,) as a standard 201 215 93

III. PARTIAL PURIFICATION AND POLYACRYLAMIDE GEL
ELECTROPHORESIS oF CSV©®

Fifty g leaves from diseased (COD,-CD¢) or healthy (CH,, CH,) Chrysanthemum
were homogenized in 75 ml solation A (1M NaCl, 1% SDS, 0.2 M Tris, adjust pH to
8.5 with HCl) and 75 ml solution B (25 mM Mg (OAC),, 5% polyvinylpyrrolidone, 2%
sodium azide 2%, 2-mercaptoethanol, 1 mM mercaptobenzothiazol, 1% sodium diethyl-
dithiocarbamate) with 8 Waring blender at high speed. To the homogenate, 20 g NaCl
were added and the homogenate was stirred continuously for 20 min, then kept in an
ice bath for 30min. After centrifugation of the homogenate at 15,000xg for 20 min,
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the supernatant was removed and the nucleic acids in the supernatant were precipitat-
ed with 25 volumes of cold alechol at 0°C for more than 2 hr. The precipitate was
collected by centrifugation and dried in vacuo. The dried precipitate was then resus-
pended in 8 ml solution A with balf of its concentration (containing 19 2-mercapto-
ethanol). After low speed centrifugation, 2ml 90% saturated phenol (containing
0.1% 8-hydroxyquinoline) and 2m! TCA ware added to the supernatant. The mixture
was shaken or stirred for 20 min and then centrifuged at 1000 X g for 5 min. The
supernatant was dialyzed against 1000 ml dialyzing solution (ImM NaCl, 0.1mM
EDTA) with two changes at 4°C for 16 hr, nd then 4 ¥ NaOAC were added to a final
concentration of 0.2 M. Cold alcobol (2.5 volumes) was added to the dialyzed solution
and left at 0°C for more than 3hr. The precipitate was collected by centrifugation at
10,000 X g for 10 min and dried 4n vacuo.

The dried samples were resolved in TAE buffer (40mM Tris, 20 mM NaOAC, 2
mM EDTA, pH 8.1) containing 10% suerose. Gel eleetrophoresis of the samples was
performed on 5% polyacrylamide dise gel (0.6 X 12em) at 4 mA /gel for Shr, using
TAE as the electrophoresis buffer. After electrophoresis, the gels were scanned at
265 nm, and then stained with toluidine blue and destained in distilled water. The
nucleic acid from diseased plant gave a significant UV-absorption peak on the profile
of UV scanning and a stained band on the gel, whereas the nucleic acid from healthy
plant did not (Fig. 4). If the gels were loaded with the nueleic acid from diseased
tissue and CSV standard sample (V) provided by Dr. Palukaitis respectively and
electrophoresis was run simultaneously under the same condition, the nueleic acid bands
and the UV absorption peaks appeared at the same position (Fig. 5).

0.4
03
0.2
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Azs

0.2
ol f tl |t
DNA | csv 75 55 48
] | : r L
: ot H 10 15 20
Fig. 4. Polyacrylamide gel electrophoresis of Fig. 5. UV.szanning profile of low molerular
low molerular weight RNAs from weight RNAs from CSV-infected and
CBV-infeeted and healthy Chrysenthe- healthy Chrysanthemum leaves after
mum leaves. polyserylamide gel eleatrophoresis.
Left—healthy; right—infeeted. A—(CBV-V,, (standard); B—C8V-¢.

The CSV band on the gel was cut down and homogenized with 0.5ml of 20 mM
phosphate buffer (pH 7.0) in a glass homogenizer. The slurry homogenate was incubat-
ed at 60°C for 30 min and then chilled in an ice bath. After centrifugation at 4000
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rpm for 10 min, the supernatant was used as inoeculum to inoculate &. gurenfiaca and
as a result, it caused typical symptom of CS8V. Thus, it was confirmed that the nucleic
acid band above 78 RNA band on the gel must be CSV.
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