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Abstract

Resistance to BCMV (Bean common mosaic virus) was established in Phaseolus vulgaris variety BAT 477,
following artificial inoculation with the virus. Crosses were performed between BAT 477 and BCMV susceptible
parent Dobrujanski ran, a widely spread Bulgarian variety, in order to transfer the resistance in the generations.
By PCR, using SCAR marker SW 13, the presence of /-gene for BCMV resistance was proved in donor parent BAT
477, in all F1 plants and in segregating F2. The monogenic control of resistance was demonstrated by 690 bp
fragment amplification in 75 plants and absent of fragment in the remaining 31 plants. The ratio of segregation
was approximately 3:1, as evidenced by the criterion “x2" at level of significance 0,50>P>0,20.
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Introduction

Bean common mosaic virus (BCMV) is widely
spread pathogen on beans (Phaseolus vulgaris L.).
The resistance towards BCMV is controlled by one
dominant /-gene and five recessive genes: bc-u,
becl, bcl? bc2, bc2?. Recessive genes are expressed
and active only in the presence of strain-unspecific
recessive gene bc-u or in the presence of I-gene
(Drijfhout, 1978; Kelly et al., 1995). Bean varieties,
possessing /-gene were resistant to mosaic strains
and to temperature-dependent necrotic strains of
BCMV (below 30°C). Latter necrotic strains
appeared, causing hypersensitive systemic necrosis
in varieties with I-gene, at all temperature. These
so-called temperature-independent strains were
separated as a new virus called Bean common
mosaic necrosis virus (BCMNV) (Vetten et al. 1992;
McKern et al., 1992; Khan et al., 1993). BCMNV
caused severe necrosis and dead of the plants with
I-gene.

Haley et al. (1994) identified and offered a
marker for breeding purposes, which was linked
with dominant /-gene. The Random Amplified
Polymorphic DNA (RAPD) mapkep OW13 690 was
at 1,3-5 cM in cis-position of /-gene. It amplified a
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fragment of 690bp. But this marker appeared to be
not enough reliable due to the low reproducibility
of the results. It was converted in SCAR marker
SW13, with longer primers and amplifying only one
fragment with the same size (Melotto et al., 1996).
SW13 was tested in collection of diverse bean
genotypes, representing the two main centers of
origin — Andean and Mesoamerican gene pools
(Singh et al., 1991). In all cases presence or absent
of SCAR marker SW13 in tested materials was
connected with the presence or absent of /-gene
which emphasized the importance of the marker in
genetic investigations.

The aim of the current investigation was to
identify /-gene in parents, F1 and F. generations
using SCAR marker SW13 in order to separate the
resistant genotypes as staring materials in breeding
programs.

Materials and methods
Plant material

Two bean varieties (BAT 477, as a female
parent and Dobrujanski ran, as a male parent) were
used in the breeding program for resistance to
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BCMNV. Parents were crossed to obtain F1 and F2
progenies.

For identification of dominant /-gene in
parent varieties 10 days old bean plants of BAT 477
and Dobrudjanski ran were inoculated with NL3
strain of BCMNV. The inoculum was prepared from
infected leaves of the sensitive variety Sutter pink
with clear virus symptoms, ground in a buffer (1%
K2HPO4 and 0,1% NaxSOs) in ratio 1:10 w/v with
addition of carborundum 600 mesh. Experiment
was performed in an insect proof growing chamber
at 18-25°C and 14/10 h, photoperiod. Symptoms
(primary and systemic) were assessed periodically
up to 30-th day after inoculation.

DNA isolation
DNA was isolated from vyoung leaves
collected from parent genotypes BAT 477,

Dobrudjanski ran, F1 and 106 plants from F2
progeny by standard CTAB procedure (Edwards et
al.,, 1991). DNA pellet was resuspended in dH>O.
Concentration was determined on a UV-VIS
spectrophotometer at 260 nm. All DNA samples
were adjusted to 50 ng/pl.

Polymerase chain reaction (PCR)
PCR reactions were performed with SW13

SCAR marker primers (5'-
CACAGCGACATTAATTTTCCTTTC-3' and 5'-
CACAGCGACAGGAGGAGCTTATTA-3'). Reaction

mixture contained 1x PCR buffer, 1,5 mM MgCly,
0,4 mM dNTPs, 0,3 uM primers and 0,2 U BioTagq™
Polymerase (Bioline reagents

Ltd., London, UK) and 1 ul genomic DNA (50
ng/ul). Amplification reaction was carried out in
TGradient (Biometra GmbH, Germany) with PCR
program consisted of initial denaturation step for 4

min at 95°C followed by 35 cycles for 30 sec at
94°C, annealing step for 40 sec at 60°C, elongation
step for 2 min at 72°C; final extension for 5 min at
72°C.

Five ul of every PCR product were analyzed
on 1% TAE agarose gel. Electrophoresis was
performed for 45 min at 150 V. Fragments were
stained with DNA StainG (Serva, Germany) and
visualized under UV light.

Results and Discussion

Both parent genotypes expressed two
different reactions after inoculation with NL3 strain
of BCMNV. The female parent BAT 477 developed
local necrotic lesions on inoculated leaves e.g.
reacted as hypersensitive genotype, 3 to 4 days
after inoculation. Top necrosis and dead of all
plants was reported on the 6™ — 7t day, similar to
the control differential variety Widusa (carrier of a
single dominant /-gene). Obviously such phenotype
proved the presence of /-gene in female parent
BAT 477. The male parent Dobrujanski ran
appeared to be virus susceptible by developing
mosaic symptoms and leaves deformations.

Molecular analyses with SCAR marker SW13
identified presence of | gene in BAT 477. A
fragment with expected size of 690 bp was
amplified. Dominant gene was proved also in all
tested F1 progeny. Segregation of inheritance of
SW13 marker linked to /-gene was observed in
tested 106 F. progeny. Amplicon with expected
size was scored in 75 plants, while in 31 plants PCR
product was not observed (Fig. 1) (Melotto et al.
1996; Sharma et al. 2008).
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Fig. 1. PCR analysis with SCAR marker SW13 for identification of /-gene.
M - Gene Ruler™ 100 bp Plus DNA ladder; P1 — BAT 477; F1; P.— Dobrudjanski ran; 1 to 8 - F2 plants.
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Table. 1 Segregation of SCAR marker SW 13 in 106 Fz-plants

PCR products Observed Expected x> P
presence 75 3 0,25
absence 31 1 0,76 0,50>P>0,20
Total: 106 4 1,01

Segregation ratio was approximately 3:1,
proved at probability level 0,50>P>0,20 by
criterion “y?’. This segregation confirmed the
monogenic control of BCMV resistance in tested
materials (Table. 1).

All 75 F2 plants with /-gene phenotypically
resembled BAT 477.

The application of molecular markers in
bean breeding for virus resistance is of great
importance. SCAR marker SW 13 can be used
successfully for /-gene identification in initial
materials as well as in progenies (Melotto et al.,
1996; Sharma et al., 2008). Our results are in
conformity with those of other authors as
Drijfhout, 1978 and Kelly et al., 1995.

Conclusion

SCAR marker SW 13 successfully identified
the presence of /-gene for BCMV resistance in
donor parent BAT 477, in all F1 plants and in
segregating Fa.

The existence of monogenic control of
BCMV resistance in tested materials was
demonstrated by amplification of 690 bp
fragment in 75 plants and absent of such in the
remaining 31 plants (ratio of segregation
approximately 3:1), supported by the criterion
“y?" at level of significance 0,50>P>0,20.
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