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ABSTRACT. The objectives of the present study were to monitor the
effect of backcrossing through microsatellite markers and to compare
different marker assisted selection strategies. Four populations were
developed using donor parents resistant to the bean golden mosaic virus
and, for all crosses, only individuals resistant to the bean golden mosaic
virus were backcrossed. For crosses ARC100-4 x DOR303 and ARC100-
4 x PHASB8328, assisted selection was carried out in the F, and F BC,
generations, while in the remaining crosses selection was performed only
inthe F,BC, generation. For the microsatellite analysis, in each generation,
20 markers were genotyped. The molecular data were analyzed using the
NTSys program and the proportion of the recurrent genome introgressed
was estimated, based on genotypical configuration of the segregant
populations compared to the recurrent parents. The results indicate a
higher efficiency in recovering the genotype of the elite genitor through
the strategy of backcross assisted selection in the successive generations,
and demonstrate a practical and useful application of molecular marker
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technology associated with bean breeding, to reduce the number of
backcrosses and the time to recover the genome of the recurrent genitors.

Key words: Assisted backcross; Molecular markers;
Genetic breeding; Phaseolus vulgaris

INTRODUCTION

The concomitant use of molecular markers and phenotypic evaluation in backcross pro-
grams is considered to be a practical application of the technology of molecular markers in the
scope of genetic improvement and has been shown to be effective in accelerating and reducing
the number of generations needed for exotic target gene introgression (Tanksley et al., 1981;
Ferreira and Grattapaglia, 1995). The use of molecular tools is becoming more effective where
the phenotype of a desired trait cannot be directly assessed, making possible the direct monitor-
ing of the genomic region that will receive the introgressed genomic segment containing the
target gene. In the common bean, some studies have demonstrated the use of molecular markers
co-segregating with the resistance genes and being used as a guide to target genomic regions of
interest in the backcross process for rust, anthracnose (Faleiro et al., 2001) and golden mosaic
resistance (Miklas, 2002). Polymerase chain reaction-based random amplified polymorphic
DNA markers tightly linked to the resistance genes (R) have been used for the development of
bean lines with multiple disease resistance through the selection, in successive backcross gen-
erations, of the individuals in the progeny that possess a marker allele from the donor parent and
a low proportion of the remaining undesirable genome, improving the efficiency and incorpo-
rating the resistance genes into elite bean genotypes (Oliveira et al., 2005; Costa et al., 2006).

The bean golden mosaic virus (BGMYV) is a serious disease that occurs within the
main areas of common bean plantations in Brazil and, depending on weather conditions
and on the stage of the plant development, it may cause severe yield loss that can reach
100% of grain productivity, removing from the crop system around 200.000 hectares with
the potential to be cultivated with common beans (Faria and Zimmermann, 1988). Re-
garding the genetic control of the resistance to BGMYV, there is no consensus within the
scientific community, with information existing in the literature suggesting that the resist-
ance to BGMYV is under polygenic control (Pessoni et al., 1997), monogenic control (Blair
and Beaver, 1993) and oligogenic control (Blair et al., 1993; Melo et al., 2005).

The assisted backcrossing process may be lead with the exclusive objective of moni-
toring the degree of similarity of the resistant lines to the recurrent parent, predicting the
degree of kinship among the backcrossed plants. This may be done through the analysis
of genetic similarity among the individuals from the progeny and the recurrent parents, as
demonstrated by Hagiwara et al. (2001) using random amplified polymorphic DNA markers.
In this situation, the number of backcrosses can be reduced by recovering the plants most
similar to the recurrent parent, in addition to phenotypic selection for the desired trait. Alzate-
Marim et al. (1999) showed the usefulness of the analysis of genetic similarity in identifying
individuals with a high proportion of desired genome from the recurrent parent in association
with the selection for the target genomic region and obtaining, in three generation of back-
crosses, recovered lines with desired genes also close to the recurrent parent.

The objectives of the present study were 1) to monitor the effect of backcrossing
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through microsatellite markers, estimating the genetic similarity with the recurrent parent
in four segregating populations, aiming to increase the efficiency of the common bean
improvement, and 2) to compare different selection strategies, considering the marker as-
sisted backcross in early and advanced generations, with the aim of increasing efficiency
in recovering individuals more similar to the recurrent parents.

MATERIAL AND METHODS
Populations

At Embrapa Arroz e Feijao, four populations from crosses among cultivars and lines of
common bean were obtained, always using as donor parent a source of resistance to the BGMYV,
previously identified, and as recurrent parent a susceptible genotype with desired commercial
traits. The crosses were performed among the following parents: 1) line ARC100-4 (Carioca
commercial grain, Mesoamerican origin) and line DOR303 (source of resistance to BGMV with
non-commercial grain, Mesoamerican origin); 2) line ARC100-4 and PHAS8328 (wild bean and
source of resistance to BGMV, Mesoamerican origin); 3) line ARC100-4 and line G23554 (wild
bean and source of resistance to BGMV, Mesoamerican origin), and 4) cultivar Jalo Precoce (Jalo
commercial grain, Andine origin) and line G23554. These populations were conducted through
the backcrossing method, followed by selfing. For all crosses in the generations F, and F,BC ,
only resistant plants against the BGMV were selected. Approximately 400 plants resulting from
each crossing were submitted to infestation with BGMV through inoculation of the viruliferous
white fly in the stage of recently emerged plants (50 to 80 white fly/plant in 48 h). Periodic assess-
ments were made, regarding symptom expression incidence, to define the reactions of the plants
to the BGMYV starting in the V3 phenological stage, when the plants had two trifoliate leaves, and
ending in the RS stage, during the formation of the floral buds. Molecular analysis of the resist-
ant plants, that was variable in each generation, was performed on F, and F,BC, generations for
crosses 1 and 2, and only on generation F,BC, for the crosses 3 and 4. The number of plants geno-
typed for each of the crosses was variable as a function of the resistant plants obtained.

DNA extraction and microsatellite analysis

Genomic DNA was obtained from leaf tissue samples using the protocol described by
Grattapaglia et al. (1992). A set of 98 microsatellites developed for common bean and made
available in the literature, as described in Table 1 (Gaitan-Solis et al., 2002; Yaish and Pérez
De La Vega, 2003; Buso et al., 2006), were screened for the presence of polymorphism among
the parents of the four crosses. The polymerase chain reaction and amplification conditions
were conducted according to Brondani et al. (2002). Polymorphism analysis of the amplified
products was carried out on 6% polyacrylamide denaturant gel stained with silver nitrate, accord-
ing to Creste et al. (2001). The amplified alleles for each locus were genotyped as binary data,
considering presence and absence, and organized in a matrix for statistical analysis.

Statistical analysis

The genetic similarity analysis was estimated using the distance coefficient of Jac-
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card. The unweighted pair group method using arithmetic averages (Rohlf, 1989), cluster
analysis based on similarity matrices, were performed and the relationships between the
progenies for each generation of crosses were visualized as dendrograms. The signifi-
cance of the cophenetic correlation among the matrices obtained of genetic similarities
and the matrix of cophenetic values were computed through analysis with the NTSys soft-
ware (Rohlf, 1989). The stability of the grouping was tested by the re-sampling procedure
with 10,000 bootstraps using the Dbood software (Coelho, 2001).

The proportion of the recurrent genome introgressed in the individuals of the F,
and F BC, generations was determined by the total number of alleles from the recurrent
parent identified in each individual of the segregating generations, including the genotypes
in homozygosis and heterozygosis for the assessed simple sequence repeat (SSR) loci. The
statistical chi-squared (y?) test, considering P < 0.05, was performed to test for the efficiency
of the marker assisted selection procedure in order to recover the proportions of the intro-
gressed genome in the different populations and segregating generations of backcrossing.

RESULTS AND DISCUSSION

The assessment of the F, generation of the four crosses studied showed that all
plants were susceptible to BGMYV, indicating, preliminarily, that the resistance to the dis-
ease is ruled by the recessive alleles of one or more genes.

Among the SSR markers tested, as expected, all them amplified in the four parents
used in the crossings, since the transferability within Phaseolus vulgaris species has been
shown to be high by Grisi (2006) and Blair et al. (2006). A selected set of 98 SSR markers,
most of them mapped and distributed in eleven chromosomes of the bean (Freyre et al.,
1998; Grisi, 2006), were screened for polymorphism, and 51 were found to be polymor-
phic in, at least, one of the four crossings tested (Table 1), ensuring a good genomic sam-
pling. Regarding the polymorphism index, of the 51 microsatellite markers that showed to
be polymorphic, 13 were common to two crosses and nine were common to three crosses.

For each cross, 20 polymorphic markers, among the parents, were selected. However,
the number of tested markers in order to identify at least 20 microsatellites was higher and vari-
able, considering the level of variability among the parental combinations represented in this
study. For the crosses ARC100-4 x DOR303, ARC100-4 x PHAS8328, ARC100-4 x G23554,
and Jalo Precoce x G23554, there were assessed 48, 50, 96, and 48 microsatellite markers,
respectively, with the estimated level of polymorphism higher in the crossing Jalo Precoce x
G23554 (52%), and lower in the crossing ARC100-4 x G23554 (20.8%). The polymorphism
detected between the parental combinations evaluated in this study agrees with previous reports
where polymorphism is low among crosses involving parentals from the same gene pool and
higher for crosses between gene pools, as described by Grisi (2006) and Blair et al. (2006), due
to the limited genetic diversity in P. vulgaris. They found an average level of polymorphism
that ranged from 54 to 77% for inter-gene pool, respectively, and an index generally lower than
35% within the gene pool. Reductions in genetic diversity have been reported in the genus
Phaseolus, as a consequence of events that occurred during the initial domestication process,
followed by the dissemination of cultivated beans from their domestication centers, and the se-
lection implemented in plant breeding programs to incorporate desired traits (Papa et al., 2005).
Despite the plant morphological variations, that allowed every parental used in this study to be
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Table 1. Description of a set of 51 Phaseolus vulgaris microsatellite markers used for molecular analysis of the
four segregant populations.

Microsatellites A.T. (°C) LG. Polymorphic
populations
BM68 56 4 4
BMO98 56 3 4
BM114 56 9 2/4
BM137 56 6 3
BM138 56 5 2
BM140 56 4 4
BM142 56 2 2
BM143 56 n.m. 1
BM148 56 n.m. 2/3
BM149 56 4 1
BMI151 56 n.m. 2/4
BM152 56 2 1
BM153 56 n.m. 4
BM154 56 9 1/3
BMI155 56 5 1/2/3
AJ416394 56 n.m. 2
GATSI11 56 n.m. 2/3/4
GATS91 56 2 1/2/4
PV05 56 6 1/2/4
PV1I1 56 2 4/3
PV12 56 10 1
PV13 56 6 1/4
BM156 56 2 1
BM158 56 n.m. 3
BM159 56 3 3
BM160 56 7 1/3/4
BM161 56 8/4 2
BM164 56 2 1
BM165 56 8 4
BM175 56 5 12
BM183 56 7 2
BM184 56 11/9 2
BM200 56 1 1
BM202 56 9 1
BM210 56 7 1
BM211 56 8 2
BM212 56 10 1/3
BM213 56 n.m. 2/4
PV21 56 3 2/3/4
PV23 56 3 2/3/4
PV25 56 2 1
PV34 56 n.m. 3
PV53 56 8 3/4
PV61 56 5 3
PV67 56 n.m. 1/2/3
PV77 56 n.m. 1/2/3
PV78 56 2 3/4
PV81 56 n.m. 4
PV93 56 5 3/4
PV101 56 9 4
PV109 56 3 3/4

Annealing temperature (A.T.), linkage group position (L.G.) and polymorphic populations are specified for each
loci. n.m. = not mapped.
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easily distinguished, microsatellite marker polymorphism was not easily detected among them.
The reasons for that is the fact that the molecular markers are in most cases phenotypically neu-
tral, abundant in the genome and environmentally independent, ensuring a good representation
of the whole genome and less vulnerability to the selection imposed by man (Gepts, 2002).

The markers initially identified as polymorphic among the parents of the crosses
ARC100-4 x DOR303 and ARC100-4 x PHAS8328 were used to genotype the F, plants identi-
fied as resistant to BGMV. The matrix derived from the microsatellite was constructed with
binary data (presence or absence of SSR bands), to obtain estimates of the genetic similarity
between the F, plants, aiming to identify the individuals more similar to the recurrent parent,
ARC100-4, as presented in Table 2. The 10 resistant F, plants that showed to be genetically clos-
er to the recurrent parent were backcrossed to the recurrent parent. The F BC, plants were selfed
to obtain F,BC, plants. The F,BC, population was submitted to a phenotypic analysis for BGMV
resistance, and the selected plants were genotyped using the microsatellite markers previously
identified as polymorphic between the parents of each cross. The genetic diversity estimated
among the F,BC, populations in relation to their parents was used to select the 10 most geneti-
cally similar individuals compared to the recurrent parents for a new round of backcrossing.

For the crosses involving the parentals ARC100-4 x G23554 and Jalo Precoce x G23554,
which the genitor G23554 participated as the wild donor parent, all F, plants obtained were back-
crossed to the elite parent. The resulting F,BC, individuals were phenotyped for the reaction to
BGMYV and the resistant ones were submitted to molecular analysis in order to identify the ones
more genetically similar to the recurrent parent, to be used in the next generation of backcrosses.

The genetic similarity estimated for the F,BC, resistant individuals of crosses 1 and 2
(with backcross assisted selection in the F, generation), and crosses 3 and 4 (without the selection
in F)), when compared with the recurrent parents (Table 2), showed to be higher when the selec-
tion assisted by microsatellite markers was performed in the early generation (0.82 and 0.65, for
monitored crosses in both F,and F,BC, generations, and 0.38 and 0.52 for the monitored crosses
only in F BC, generation). Keeping the number of microsatellite markers used for monitoring the
individuals in F and F,BC, generations constant and changing the population size as a function
of the total number of plants resistant, the results obtained showed, in a practical way, the ef-
ficiency of marker-assisted selection mainly on early generations, leading to the release of plants
with the desired resistance to the BGMV and genetically closer to the recurrent parent, reducing
the number of backcrosses needed for the complete inbred line conversion.

The proportion of the recurrent genotype detected in the individuals of F, generation
(Table 2) ranged from 69.4 to 16.6% and from 71.8 to 25%, with an average of41.9 and 47.5%
for the populations ARC100-4 x DOR303 and ARC100-4 x PHAS8328, respectively (Figure
1). These results are very close to those expected for F, generation (on average, 50% of the
alleles of each genitor), despite this, for the cross ARC100-4 x DOR303, the proportion was
statistically different from that expected using the 2 test at P < 0.05. However, as pointed out,
the plants submitted to the molecular analysis were previously selected for resistance to the
BGMV and several individuals were discarded. This selection probably resulted in a lower
representation of the recurrent parent alleles, deviating from the expected proportion.

The proportion of the recurrent parent genome was also calculated in the F,BC, generation.
For the cross ARC100-4 x DOR303, the average proportion of ARC100-4 was 88.3% (varying
from 72.2 to 100%), deviating significantly from the expected value (75%). Considering the cross
ARC100-4 x PHAS8328, the average proportion of ARC100-4 was 76.7% (ranging from 55.5 to
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Figure 1. Proportion of the recurrent parent genome incorporated into the F, individuals for crossings 1 and 2
(graphics A1 and B1, respectively), and F,BC, individuals for crossings 1, 2, 3, and 4 (graphics A2, B2, C1, and D1,
respectively). The grey portion and dark portion of the bar are related to the genome proportion of the donor parent
and the recurrent parent, respectively. Bars that do not reach 100% refer to missed data.

91.6%), which did not differ from the expected value (Figure 1). In the analysis in the F,BC, gen-
eration, which was conducted without backcross assisted selection, the proportion of the recurrent
genome estimated showed to be more variable, with some individuals genetically more similar to the
donor parent. For the cross ARC100-4 x G23554, the average proportion of ARC100-4 was 70.4%
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(ranging from 47.5 to 92.5%). For the cross Jalo Precoce x G23554, the average proportion of Jalo
Precoce was 67.2% (ranging from 52.3 to 88%). These two crosses showed a lower deviation from
the expected value. Despite the fact that, for some plants the recovered alleles of the recurrent par-
ent fitted the expected value of 75%, most of the plants had a value that was lower than expected,
indicating that many plants still presented high proportions of the donor parent.

Among the genetic similarity to the recurrent parent estimated in the F,BC, generation
for the crosses 1 and 2, where the backcross assisted selection was performed in the F, gen-
eration, and for the crosses 3 and 4, with the marker assisted selection performed only in the
advanced generation, the percentage of plants that recovered the alleles of the recurrent parent
was numerically higher (P < 0.05), when the assisted selection was performed in the early gen-
eration (proportion of 88.3 and 76.7% for the crosses 1 and 2, respectively, and 70.4 and 67.2%
for the crosses 3 and 4, respectively) (Table 2). Based on the results obtained for the sampled
loci in the genome, compared to the expected proportion and considering the breeding cross
strategies employed in the present study, the use of microsatellite markers to predict the degree
of genetic similarity among the generations of backcrosses showed to be very efficient, practi-
cal and that it should be implemented as routine in the common bean breeding program.

Once the effects of the assisted selection could be assessed in the next genera-
tion, only in the F.BC, generation of the crosses 1 and 2, where the F, individuals were
submitted to the microsatellite marker selection, it was possible to assess the effect of
the selection based on the levels of genetic similarity, which was useful in estimating the
proportion of the recurrent parent genome recovered. As the selection in the F, generation
indicated for backcross only the individuals genetically more similar to the recurrent par-
ent, a deviation towards the proportion of the introgressed recurrent genome above that
expected in the F BC, generation was naturally expected, as was observed. For cross 1,
the selection based on microsatellite markers in the F, generation showed to be very effec-
tive, with a medium similarity of 88.3%, statistically different from the expected value of
75 at 5% of probability (Table 2). For cross 2, despite the average similarity value being
higher than expected, the difference was not significant.

Regarding the crosses 1 and 2, the average similarity of the progeny with the
recurrent parent was 82.5%, while for crosses 3 and 4 the mean value of similarity was
68%; the differences between the early selection using microsatellite markers and the con-
ventional process of backcross are statistically significant and, in a practical way, show an
increase of 14.5% in the efficiency of recurrent parent genome recovery in one generation
of monitored assisted backcross.

These results are in accordance with previously studies of the common bean where
molecular markers were used as a complementary strategy to phenotypic analysis in order
to improve and accelerate the process of backcross in breeding programs (Hagiwara et al.,
2001). This indicates the efficiency of backcross assisted selection in the early genera-
tion of crosses through analysis of genetic similarity with the recurrent parent and can be
implemented as routine in the common bean breeding program.

As the set of microsatellite markers used for the genetic analysis was not the
same for all crosses, due to the different abilities of the markers to detect polymorphism
between the different combinations of genitors, determined groups of markers used could
be more efficient in order to sample donor introgressions. Certainly, the use of more
microsatellite markers, with a better coverage of the chromosomes, and the strategy that
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increases the number of individuals with the advance of backcrosses, would bring more
accuracy to the analysis, and consequently, an increase in the efficiency of the backcross
assisted selection, as suggested by Frisch and Melchinger (2001) and Hospital and Char-
cosset (1997). In a simulation study, the use of six microsatellite markers per chromosome
in maize showed to be efficient in transferring, at both molecular and phenotypic level, the
target allele from the donor to the desired genotype, resulting in plants that were closer
to the recurrent parent and, consequently, increasing the efficiency of a backcross marker
assisted strategy (Benchimol et al., 2005).

CONCLUSIONS

The use of backcross assisted selection is efficient in the recovery process of the recur-
rent parent genome, contributing to an accelerated process.

Backcross assisted selection in early generations increases recovery of the recurrent parent
genome and can reduce additional backcrossing, reducing time and cost in the breeding program.
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