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SUMMARY

Tagetes Witches’Broom disease (TWB) was first
recorded in Italy in 1958, and in 1972 a phytoplasma
was associated with the disease. Infected Tagetes patulus plants were used as source of inoculum for phytoplasma transmission to Catharanthus roseus. The phytoplasma was also back-transmitted from C. roseus to T.
patulus and T. erectus by dodder. Three monoclonal antibodies (Mabs) were obtained against the TWB agent
(TWBa); all belonging to subclass IgG1. Using ELISA
and DIBA (dot immunobinding assay) it was possible
to detect TWBa in experimentally inoculated periwinkle and Tagetes, and in naturally infected Tagetes. The
specificity of the Mabs was also evaluated by ELISA
checking 30 phytoplasmas isolated on perwinkle from
different herbaceous and woody plants. Serological correlation was observed only between TWBa and a phytoplasma isolated from a yellows-infected grapevine.

RIASSUNTO

PRODUZIONE

DI ANTICORPI MONOCLONALI PER LA

DIAGNOSI DEGLI SCOPAZZI DEL TAGETE.

La malattia denominata scopazzi del tagete (TWB) è stata segnalata in
Italia nel 1958, e nel 1972 un fitoplasma è stato associato alla fitopatia. Piante di Tagetes patulus infette sono
state usate come sorgente d’inoculo per la trasmissione
del fitoplasma a piante di Catharanthus roseus. Il fitoplasma è stato inoltre trasmesso di ritorno da C. roseus
a T. patulus e a T. erectus usando la cuscuta. Sono stati
ottenuti 3 anticorpi monoclonali (Mabs) specifici per
l’agente di TWB (TWBa), tutti appartengono alla sottoclasse IgG1. I tre Mabs, in ELISA indiretto, in DASELISA e in DIBA (dot-immunobinding assay) hanno
permesso di diagnosticare TWBa sia in pervinca e tagete inoculati sperimentalmente che in tageti con infezione naturale. La specificità dei Mabs è stata valutata in
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ELISA indiretto con 30 fitoplasmi, isolati su pervinca
da diverse piante erbacee ed arboree. Correlazione sierologica è stata osservata solo tra TWBa ed un fitoplasma isolato da vite affetta da giallume.
Key words: monoclonal antibodies, phytoplasma,
Tagetes.

Tagetes witches’ broom (TWB), has been recorded
in many countries (Sharma et al., 1985; McCoy et al.,
1989). The disease was first observed in Italy by
Grancini (1958), and in 1972 a phytoplasma was detected in diseased plants using electron microscopy (Amici
et al., 1972). Recently, based on the classification proposed by Schneider et al. (1993), the TWB agent
(TWBa) was placed in cluster I (Firrao, personal communication). TWB-infected Tagetes patulus L. plants
exhibit characteristic symptoms such as stunting, pale
and erect shoots, virescence and phyllody, witches’
brooms, leaf reddening and chlorosis.
Serological methods using monoclonal antibodies
(Mabs) are known to be specific, rapid and effective in
detecting and identifying phytoplasmas (Chen et al.,
1989). The production of Mabs reported in this paper,
was not chosen for any particular economic importance
of Tagetes spp. but because the disease is quite common and recurrent in certain areas of northern Italy; the
persistence of this phytoplasma suggests the presence of
alternative hosts and efficient vectors. Besides Mab production, another aim of the trials was to confirm the
pathogenicity of TWBa by transmitting the phytoplasma from naturally infected Tagetes to Catharanthus
roseus L. and then back from periwinkle to healthy
plants of T. patulus and T. erectus L., to induce the typical symptoms of the disease.
T. patulus plants with TWB symptoms were collected
in Udine (Italy); the DAPI technique (Seemüller, 1976)
and electron microscopy were used to verify the presence
of phytoplasmas. The disease was maintained by graft
propagation (top-grafting) to healthy Tagetes plants. Survival of grafts was about 20% but the transmission rate
for successful grafts was 100%. TWBa was also transmit-
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ted to C. roseus by dodder (Cuscuta campestris Younk)
using the ‘indirect bridge’ technique (Carraro et al.,
1991) and then propagated from C. roseus to C. roseus by
grafting. TWBa transmission by dodder from infected
Tagetes to C. roseus gave positive results in 2 cases out of
20; all the periwinkles inoculated by grafting from C.
roseus developed symptoms. Back transmission tests
from C. roseus to 30 healthy Tagetes (15 T. patulus and
15 T. erectus) were also performed using C. campestris.
Two of 15 T. patulus developed typical TWB symptoms
but T. erectus did not show any clear symptom.
Infected periwinkles showing virescence, phyllody,
leaf yellowing and witches’ brooms were used as source
of antigen for Mab production. The purification, immunization, and fusion procedures used were described by
Chen et al. (1993). A total of 1486 hybridomas were obtained from two fusions and the supernatants were
screened for TWBa antibodies using indirect ELISA,
and the biotin-avidin system (Jiang et al., 1989). The
material for plate coating consisted of healthy and diseased C. roseus partially purified as described by Jiang
et al. (1989), with a final protein concentration of 0.01
mg ml-1 (BIO-RAD protein assay, USA) equivalent to
about 0.25 g of leaf midribs per ml of coating buffer.
Six supernatants gave in indirect ELISA, in the first
screening, optical density values that discriminate diseased from healthy plants (Fig. 1). The hybridomas
7H8 and 4E7 were unstable and did not sustain specific
TWBa antibody production. The other four hybridomas were subcultured and submitted to limiting dilution to obtain single-cell colonies; from them, three
monoclonal hybridoma cell lines producing TWBa-specific Mabs were obtained, grown and stored in liquid
nitrogen: 7A4/2D5, 8B2/1C3, and 12C8/3B2. The
Mabs belonged to the subclass IgG1 (Isotyping Kit,
Pierce Chemical Co.). Ascitic fluid was produced only
from the 7A4/2D5 clone; the titre was 10,000 times
greater than in the cell culture medium, and a dilution
of 1x10-5 was suitable for indirect ELISA.
The specificity of the three Mabs was tested by indirect ELISA using both healthy and TWB-diseased
Tagetes and periwinkle plants. Also dot-immunobinding
assay (DIBA) (Hammond and Jordan, 1990) was performed using ascitic fluid 7A4/2D5 at a concentration of
1 µg ml -1 and the same antigens used for ELISA in
aliquots of 100 µl spotted on polyvinyldifluoride membranes (Bio-Rad, USA) at concentrations varying from
0.036 to 7.2x10-5 µg µl-1, in Tris buffered saline pH 7.5.
The three Mabs were found to be specific for TWBa
whether present in diseased periwinkle or in Tagetes using indirect ELISA (Table 2). For DIBA, positive results
were obtained for Tagetes down to a concentration of
1.4x10-4 mg ml-1, and for periwinkle to 2.8x10-4 mg ml-1.
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Fig. 1. Optical density values at 405 nm of selected hybridomas after
first screening by indirect ELISA, using partially purified material
from healthy and TWB-infected periwinkle.

Specificity of the three Mabs was also investigated
using indirect ELISA by comparing their reaction with
30 phytoplasmas belonging to different clusters
(Schneider et al., 1993) isolated in C. roseus from several naturally infected herbaceous and woody plants
(Table 1). The Mabs reacted only with an isolate obtained from a ‘Chardonnay’ grapevine with typical yellows symptoms.
Twenty symptomatic T. patulus collected in four
different areas of northeastern Italy were also tested by
indirect and DAS-ELISA. In DAS-ELISA the coating
consisted of purified 7A4/2D5 Mab from ascitic fluid at
7.5 µg ml-1 in carbonate buffer 0.5 g of healthy and diseased plants were partially purified and diluted in 5 ml
of extraction buffer (phosphate buffered saline, 2%
PVP, 0.05%-Tween 20, pH 7.4). The 7A4/2D5 Mab
conjugated with alkaline phosphatase (Clark and
Adams, 1977) was diluted 1x10-3 in phosphate buffered
saline-Tween 0.05%. Both indirect and DAS-ELISA
were able to detect TWBa in all the naturally infected
T. patulus.
TWBa Mabs were also used to confirm back-transmission of TWBa and indirect and DAS-ELISA were
applied to the 30 inoculated Tagetes. Positive results
were obtained from the two symptomatic T. patulus
and from six asymptomatic T. erectus. The Mabs were
able to demonstrate back-transmission of the phytoplasma to Tagetes even when symptoms were not expressed.
In the present work three main aims were achieved:
the phytoplasma isolated from naturally infected T.
patulus was shown to be the cause of the disease; three
monoclonal antibodies to TWBa were obtained, and
these were shown to be highly specific.
The first result was achieved by means of positive
back-transmission to T. patulus (two became symptomatic) of the phytoplasma previously isolated in
C. roseus. This result was reinforced by consistent
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Table 1. Phytoplasmas isolated on C. roseus from naturally infected herbaceous and woody plants and used to investigate the
specificity of TWBa Mabs.

Original host

No. of tested phytoplasmas

Clustera

isolates on periwinkle
Achillea millefolium L.

1

Apium graveolens L.

1

Apple

1

Apple cv. ‘Golden Delicious’

1

I
I
b

V
V

b

Aster chinensis L.

1

Catharanthus roseus L.

2

I, I

Chrysanthemum leucanthemum L.

1

VI

Crepis biennis L.

1

VI

Daucus carota L.

1

I

Erigeron annuus L.

1

VI

Grapevine cv. ‘Chardonnay’

1

VI

Leontodon hispidus L.

1

I

Oxalis acetosella L.

1

I

I
b

Peach

1

Prunus salicina Lindl.

5

V, V, V, VI, VI

Ranunculus sp.

1

VI

Silene alba Mill.

1

I

Silene vulgaris Moench

1

I

Taraxacum officinale Weber

1

VI

Trifolium sp.

1

I

Trifolium pratense L.

1

VI

Trifolium repens L.

2

VI, VI

Vaccinium sp.

1b

VI

Veronica arvensis L.

1

I

a
b

VI

Based on the classification of Schneider et al., 1993.
Kindly provided by Dr. E. Seemüller

detection of phytoplasmas in all the plants belonging to
the transmission chain, starting from the original source
of inoculum through the C. roseus host plants, and concluding with the back-inoculated T. patulus.
The three Mabs obtained did not react with healthy
plants and the reaction with extracts from TWBa-infected plants was high especially if Tagetes was used.

This could mean that the phytoplasmas are more concentrated in marigold (the original host) than in periwinkle. Thus sometimes the original diseased plant
species may be a good source of antigen.
These Mabs were highly specific, and in fact besides
TWBa they reacted only with the ‘grapevine yellows’
(GY) isolate. However, GY and TWB are not identical
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Table 2. - Indirect ELISA results using three selected Mabs and both infected and healthy C. roseus and Tagetes as antigen.

Antigen

Mabs
7A4/2D5

12C8/3B2

8B2/1C3

Infected C. roseus

0.420

0.155

0.247

Healthy C. roseus

0.008

0.005

0.015

Infected Tagetes

1.319

0.203

0.335

Healthy Tagetes

0.010

0.003

0.003

since no positive ELISA reactions were obtained with
TWBa from periwinkle, using GY-Mabs obtained in
the USA by Chen et al. (1993). Probably the two phytoplasmas have a common antigenic determinant.
Because they appear to be very selective, the TWBaMabs will be useful in future research on the vector and
also in detecting the presence of presumed host plants.
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