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Selection of Mild Virus Strains for Controlling
Yellow Mosaic Disease of Yard Long Bean

Pissawan Chiemsombat' and Supaporn Klinkong?

ABSTRACT

Mild strains of cowpea aphid-borne mosaic virus (CAMV) were selected by field selection mutagene-
sis. An attempt to select mild strain from natural field was failed. Mutagenesis by heat or cold treatment gave
one and five mild virus strains, respectively. Nitrous acid treatment induced thirteen strains of mild virus. Four
of these nineteen mutants showed different level of cross protectivity when tested under greenhouse condition.
The highest cross protection effectiveness was 75% with strain 37C-30D obtained from heat treatment

mutation.

INTRODUCTION

Yellow mosaicdisease of yard long bean caused
by cowpea aphid-borne mosaic virus (CAMYV) is con-
sidered to be one of serious disease because it de-
creased about20% of production yield as measured by
dry pod weight, number of pod per plant and seed
weight (Jarupat and Sutabutra, 1978, Fahrungsang,
1984). The control measure used nowaday such as
insecticide spraying to eliminate aphid vector was not
so effective and had some disadvantage to farmers.
Cross protection using mild virus strain has been
considered to be a valuable approach to control virus
discase in the field, as were reported for tomato
mosaic disease in the Netherlands, the United King-
dom and Japan (Fletcher, 1975; Oshima, 1975;Nagai,
1988), citrus tristeza virus of sweet orange in Brazil
(Costa and Muller, 1980), and papaya ringspot virus
of papaya in Taiwan (Yeh et al., 1986).

This study aimed to selectmild strainof CAMV
that can be used as an immune to protect yellow
mosaic disease in yard long bean plant. Natural selec-
tion and mutagenesis were performed to produced
mild virus strain. The effectiveness for cross protec-
tion of selected mild strains were tested under green-

house condition.
MATERIAL AND METHODS

Virus purification : CAMYV was isolated from
yard long bean plants showing yellow mosaic symp-
tom (Fig. 1) by single lesion isolation technique
(Kado and Agrawal, 1972). The virus was propagated
in yard long bean piants and purified by the method of
Iwai and Wakimoto (1985) with some modifications.
Yield of purified virus was about 10 mg per kg leaf
tissues.

Production of antibody against CAMYV :
Antibody was produced in a rabbit by four intramus-
cular injections of purified virus at two weeks inter-
vals. Antisera were collected every week after last in-
jection. The titer of antisera obtained were determined
by microprecipitin test. The high titer antiserum was
further purified to get gamma-globulin for ELISA test
in succeeding experiments.

Search for mild strains of CAMYV from
natural field plants : Symptomless yard long bean
plants found within CAMV-heavily infected plots in
Nakhon Pathom and Rachburi Provinces were col-
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lected. Screening for the presence of CAMYV in plant
samples was performed by serological reaction and
clectron microscopy. CAMY strains were isolated by
single lesion isolation on Chenopodium amaranti-
color. Mild virus strains were selected according to
mild symptom development on yard long bean plant
alter individual lesions transfer.

Mutagenesis of severe strains of CAMYV

Yard long bean plants inoculated with CAMV were
exposed to heat treatment at 37°C or cold treatment at
£5°C in growth chambers for about a month. Mutants
were isolated by the same technique mentioned above.
Another mutagenic treatment was done by using
nitrous acid to induce mild virus strains (Siegel,
t9635). The procedure used was the same as described
by Chaichuchote (1987). Purified CAMV, concentra-
tion about 0.5 mg/ml, was pipetted to 500 ul and put
into 1.5 ml microtubes. Freshly mixed solutionof 4 M
sodium nitrite and acetate buffer, pH 4.0, each 6250
ul. was added to each tube and mixed well with virus
suspension, The reaction tubes were individually kept
at room temperature for 10, 20, 30, 50, 60 and 120
min. At cach time intervals, the reaction was added
with 0.1 M phosphate bufter. pH 7.0 to make final
volume of 2.5 ml. Treated virus was then inoculated
onto Chenopodium amaranticolor. Single lesions de-
veloped were separately inoculated on yard long bean
plants for symptom observation. Multiplication of
CAMV in plant was determined by ELISA (Clark and
Adams, 1975).

Cross protection test : Selected mild virus
strains were tested for cfficiency to cross protect
CAMYV severe strain under greenhouse condition.
Crude sap from plant infected with mild strain of
CAMYV was firstly inoculated onto young seedling of
vead long bean. CAMYV serve strain was challenge
inculated one month later. Symptom observation was
done for two months and efficacy for cross protection
was evaluated base on symptom appearance of plants.

RESULTS AND DISCUSSION

Virus purification and antiserum produc-
tion : Yield of purified virus was about 10 mg per kg
feaf tissues. The highest titer of antiserum obtained
was 1/256 by microprecipitin test. Gamma-globulin
was used at concentration of 1 pg/ml in ELISA test
with sap dilution of 1/500. Enzyme-substrate reaction
was terminated after 1 h incubation at room tempera-

ture.

Search for mild virus strains from natural
field plants : Some of selected strains obtained from
single lesions showed mild mosaic symptom on yard
long bean plants. However, the second passage of
these strains to new plants resulted in scvere mosaic
symptoms. Efforts to select mild strain from field
plants were unsuccessful. Deema et al. (1978) also
reported on attempts to select mild strains from natu-
ral field, but their strains were not mild enough 10 be
used.

Mutants from mutagenic treatments : Five
mild virus strains were selected from 107 lesions
obtained after cold treatment of yard long bean plants.
The mild strains were named 15C-7D1, 15C-7D4,
15C-30D21, 15C-30D55, and 15C-30D65. Only one
strain, 37C-30D, was selected from heat treated plant.
Two mild virus strains, 10M-2, 40M-2, from thirtecn
nitrous acid mutants showed very faint mosaic symp-
tom and were selected for cross protection test. These
cight mild mutants were maintained in yard long bean
plants, confirmed for virus multiplication, and tested
for cross protectivity with CAMYV servere strain.

It is interesting that mild virus strains selected
in this study caused very faint mosaic symptom on
yard long bean plant, but ELISA test indicated high
concentration of the virus in plant. This corresponds
to the result reported by Ych et al. (1986) that symp-
tomless infection on papaya caused by mild strain of
papaya ringspot virus was not due to low concentra-
tion or slow multiplication of virus as indicated by
strong positive reaction with ELISA test.

Effectiveness of mild virus cross protection
in greenhouse condition : Yard long bean plant in-
oculated with severe strain of CAMYV alone showed
typical yellow mosaic symptom two weeks post in-
oculation. On the contrary, yard long bean plant firstly
inoculated with some mild virus strains developed
only faint mosaic or mottle symptoms 30 days after
challenge inoculation with severe CAMYV strain. Result
from preliminary test indicated only four from eight
mild strains that had cross protection potential (Table
1). Subsequent experiment was then conducted using
strains 15C-30D21, 37C-30D, 10M-2, and 40M-2.
(Fig. 2) The percentages of cross protection were de-
termined 30 days after challenge inoculation. The
result was summarized in Table 2. The strain 37C-
30D offerred about 75% cross protected plants under
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Figure 1 Typical yellow mosaic symptom on CAMYV infected vard long bean (a), and morphology of virus
particles (b).

areenhouse condition (temperature 25°C, 14 h day-
time). Leaves and plant height of double moculated
plants did not look different from healthy ones (Fig.
3). Plants remained protected 60 days after challenge
inoculation, Some young leaves developed alter this
showed yellow mosaic symptom of typical CAMV
infection.

The results suggested that mild virus strains
used in the test had some interfering elfect on multi-
phcation of severe virus strain. Further experiments
of efficacy of the strain 37C-30D to protect vard long
bean from yellow mosaic discase in the field remain
to be conducted. Tn addition, it is worth 1o continue
selection for higher effective strain that can provide
complete or higher percentage of cross protectivity
against CAMYV severe strain.

Protected” - - Healthv

Figure 3 Symptomless yard long bean plants inocu-
lated with mild strain 37C-30D before chal-
lenge inoculated with severe strain, iPhoto-
graph:1 month aiter challenge inoculation).
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2

Symptoms on yard long bean plants inoculated with severe (a), and mild virus strains 15C-30021 (b),
37C-30D(c), 10M-2 (d), and 40M-2 ().
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Table 1 Preliminary cross protection test to select mild virus strains which had potential to protect CAMV severe

strain.
No. of protected plant
No. Name of mild strain per
No. of inoculated plant
14 15C-7D1 0/5
2 15C-7D4 0/5
3 15C-30D21 3/5
4 15C-30D55 0/5
5 15C-30D65 0/5
6 37C-30D 4/5
7 10M-2 3/5
8 40M-2 4/5
No. 1-5, mutants from cold treated plants
No. 6, mutants from heat treated plants
No. 7,8 mutants from nitrous acid treatment

Table 2 Efficiency of mild mutants to protect yard long bean plants from CAMYV severe strain.

No.of protected plant %o
Mild strain per Cross
No.of inoculated plant protection
15C-30D21 8/20 40
37C-30D 15/20 75
10M-2 9/20 45
40M-2 10/20 50

LITERATURE CITED

Chaichuchote, S. 1987. Studies on strains of
tobacco mosaic virus concerning symptomatol-
ogy, hostrange, serological properties, and cross
protection tests. M.S. Thesis. Kasetsart Univer-
sity. 98 pp.

Clark, M.F.and A.N. Adams. 1975. Characteristics of
the microplate method of enzyme linked im-
munosorbent assay for the detection of plant
virus. J.Gen.Virol. 34 : 475-483.

Costa, A.S., and G.W. Muller. 1980. Tristeza control
by cross protection. A U.S.-Brazil cooperative
success. Plant disease 64 : 538-541.

Deema, N., W.Srithongchai, and S. Kiratiya-aungkul.
1978. Study on mild strains of viruses causing
mosaic disease of leguminous plants. Annual
Report of Plant virus Division, Department of
Agriculture, Ministry of Agriculture and Coop-
eratives. p. 12. (Abstract).

Fahrungsang, U. 1984. The detection of the virus in
yard long bean seeds and health certification for

disease frec seeds. M.S. Thesis. Kasetsart Uni-
versity, Bangkok, Thailand. 141 pp.

Fletcher, J.T. and J.M. Rowe. 1975. Observation and
experiments on the use of the avirulent mutant
strain of tobacco mosaic virus as a mean of
controlling tomato mosaic disease. Annals of
Applied Biology 81 : 171-179.

Iwai,H. and S. Wakimoto. 1985. Animproved method
for purification of soybean mosaic virus. Ann.
Phytopath. Soc. Japan 51 (4) : 465-474.

Jarupat, T. and T. Sutabutra. 1978. Yellow mosaic
disease of yard long bean caused by cowpea
aphid-borne mosaic virus. J. Agric. Sci. 11 (2) :
166-172. (In Thai).

Kado, C.I. and H.O. Agrawal. 1972. Principles and
techniquesinplant virology. Van Nostrand Rein-
hold Co., New York. pp. 546-594.

Nagai, Y. 1988. Studies on the control of virus dis-
eases of vegetables. Ann. Phytopath. Soc. Japan
54:273-275 (In Japanese).

Oshima, N. 1975. The control of tomato mosaic
disease with attenuated virus of tomato strain of



Kasetsart ). (Nat. Sci.) Vol. 25, No.5 53

TMV. Review of Plant Protection Rescarch 8:  Yeh, S.D., H.L. Wang, R.J. Chiu and D. Gonsalves.

126-135. 1986. Control of papaya ringspot virus by sced-
Siegel, A. 1965, Artificial production of mutants of ling inoculation with mild virus strains. /n Plant
tobacco mosaic virus. Advance Virus Research virus discases of horticultural crops in the tropics
11:25-60. and subtropics. FFTC Book Scries No. 33. Tai-

wan. pp. 170-176.



