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Abstract Common bean (Phaseolus vulgaris L.)
improvement programs have been successful using
conventional breeding methods to accomplish a wide
array of important objectives. Specific achievements
include the extension of range of adaptation of the
crop, the development of cultivars with enhanced
levels of disease and pest resistance and breeding lines
that possess greater tolerance to drought. The most
effective breeding method depends on the expression
and inheritance of the trait to be selected and the target
environment. Many bean improvement programs use
molecular markers to facilitate cultivar development.
In fact, several recent germplasm releases have used
molecular markers to introgress and or pyramid major
genes and QTL for disease resistance. Related species
(P. coccineus and P. acultifolius) via interspecific
hybridizations remain an important albeit long-term
source for resistance to economically important
diseases. Slow progress has been made in the improve-
ment of traits such as adaptation to low soil fertility
and tolerance to high levels of soluble Al in the soil
using conventional breeding methods. The inability to
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directly measure root traits and the importance of
genotype X environment interaction complicate the
selection of these traits. In addition, symbiotic rela-
tionships with Rhizobium and mycorrhiza need to be
taken into consideration when selecting for enhanced
biological N fixation and greater or more efficient
acquisition of soil P. Genomic examination of com-
plex traits such as these should help bean breeders
devise more effective selection strategies. As integra-
tion of genomics in plant breeding advances, the
challenge will be to develop molecular tools that also
benefit breeding programs in developing countries.
Transgenic breeding methods for bean improvement
are not well defined, nor efficient, as beans are
recalcitrant to regeneration from cell cultures. More-
over, if issues related to consumer acceptance of
GMOs cannot be resolved, traits such as herbicide
tolerance in transgenic bean cultivars which would
help farmers reduce production costs and decrease soil
erosion will remain unrealized.

Keywords Bean breeding methods -
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Introduction

Common bean (Phaseolus vulgaris L.) breeders
worldwide serve a diverse clientele ranging from
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large-scale, mechanized producers to small-scale
farmers in developing countries who produce beans
on marginal land using few inputs (Hillocks et al.
2006; Broughton et al. 2003; Rosas et al. 2000a).
Common beans are also produced in a wide range of
climatic conditions ranging from the humid tropics in
Latin America and Africa to the semi-arid highlands
of Mexico and the High Plains of the U.S. and
Canada. Each region has different production
practices and a unique set of biotic and abiotic
constraints. Consequently, breeding program objec-
tives must be designed to address the needs of the
farmers who will use the cultivars (Santalla et al.
2001; Singh 2001; Kelly 2001). Most public bean
breeding programs are focused on dry bean improve-
ment (Singh 2001), whereas snap bean breeding is
conducted for the most part by the private sector for
global markets (Myers and Baggett 1999). Disease
resistance remains an important objective for most
bean breeding programs. Selection for greater toler-
ance to abiotic stress such as drought, heat and low
soil fertility is expected to gain importance in
response to climate change and increased use of
marginal land for bean production.

Bean breeders also need to be attuned to the needs
of consumers (Kelly et al. 1998a; Santalla et al.
2004). Countries or regions within countries may
differ in preferred seed type for dry edible beans
(Voysest et al. 1994). Canning quality is an important
trait in developed countries whereas cooking time is
of greater importance in countries where beans are
prepared using scarce or expensive fuel (Shellie-
Dessert and Hosfield 1990). Myers and Baggett
(1999) noted that some breeding objectives for fresh
market and processing snap beans are distinct from
dry beans. In some developing countries, consumers
prefer to consume green-shelled beans or bean leaves
(Singh 1999). Bean straw is a source of forage in
some farming systems in Latin America (Funes-
Monzote and Monzote 2001) and Africa (Ingratubun
et al. 2000). In a global economy, the bean breeder
needs to take in to consideration not only local
preferences but the needs of the consumers where the
beans are likely to be exported. Genome mapping and
molecular breeding are additional tools that bean
breeders may be able use to more effectively or more
efficiently achieve the aforementioned objectives.

The purpose of this review is to document a few of
the most important achievements of common bean
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breeding utilizing conventional plant breeding meth-
ods. We also identified examples where molecular
approaches such as marker-assisted selection have
already contributed to the development of improved
bean cultivars and germplasm. Finally, we discuss
opportunities where molecular approaches may be
used to address some of the more intractable bean
breeding objectives.

Breeding objectives
Seed yield

Increased seed yield is a universal objective of
common bean breeding programs. In addition to
greater productivity, more stable yields can improve
food security in developing countries. Moderate
progress has been made using conventional plant
breeding techniques in the development and release
of dry bean cultivars with greater seed yield (Kelly
et al. 1998a; Singh 1991). Market classes of beans
differ significantly in seed yield potential. Smaller-
seeded beans of Middle American origin generally
have greater seed yield potential than larger-seeded
Andean beans. Singh et al. (2007) reported that
medium-seeded bean cultivars produced in the
Western U.S. have reached a yield plateau and
broadening the genetic base to increase seed yield
potential will require an effective long-range strategy.
This approach may involve several cycles of selec-
tion, large population sizes and intensive field
evaluation for seed yield potential in diverse
environments.

Kelly et al. (1998a) noted that ideotype breeding
has been successful in the development of navy, pinto
and great northern beans with improved architectural
traits and greater seed yield potential. It should be
kept in mind, however, that the ideotype may vary for
different seed types or target environments. Cultivar
development programs also may use different ideo-
types based on the judgment of the plant breeder.
Beaver and Kelly (1994) used inter-gene pool crosses
and recurrent selection to develop indeterminate,
large-seeded bean lines that had greater seed yield
than determinate check cultivars.

An important challenge for dry bean breeders
working with certain market classes is the negative
association between seed size and seed yield potential
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(Welsh et al. 1995; White and Gonzalez 1990). Myers
and Baggett (1999) noted that breeding snap beans
for small sieve size may also limit yield potential. In
addition, Kelly et al. (1998a) noted that a lack of
desirable alleles for seed yield in dry beans may limit
breeding progress. Molecular plant breeding tech-
niques may help to identify desirable alleles or permit
the use of indirect selection to reduce negative
associations between these economically important
traits.

Selection for greater seed yield tends to increase
harvest index to the point where biomass accumula-
tion during the growing season becomes a limiting
factor. Beebe et al. (2008) reported that bean lines
selected for abiotic stress tolerance also had greater
harvest indices and increased seed yield in favorable
environments. Wallace et al. (1993) recommended
that breeding for increased seed yield potential
should include simultaneous selection for increased
biomass accumulation and a greater rate of seed yield
accumulation. However, the measurement of biomass
production of a large number of bean breeding lines
would be expensive and time-consuming. The avail-
ability of QTL associated with greater rates of
biomass production might permit indirect selection
for this trait.

Singh (2001) noted that most of the genetic
variability in common bean has not yet been exploited
by breeding programs. McClean et al. (1993) demon-
strated by calculating coefficients of parentages that
the genetic base of North American dry bean cultivars
is narrow. Sorrells and Wilson (1997) noted that
molecular plant breeding techniques can help to
generate, characterize and utilize genetic variation.
Sonnante et al. (1994) used DNA fingerprinting to
demonstrate that the domestication of Middle Amer-
ican and Andean beans resulted in a loss of genetic
diversity. Therefore, crosses with wild relatives could
result in the identification of unique traits or greater
genetic variability of existing traits such as seed yield
(Acosta-Gallegos et al. 2007). The introgression of
favorable alleles from wild beans and other close
relatives to commercially acceptable bean cultivars
will require a coordinated and sustained effort by bean
breeding programs due to long time frame and large
expense required. Bean research networks could help
provide the interdisciplinary expertise, the exchange
of information and long-term outlook needed to
broaden the genetic base of bean cultivars.

The use of wild common beans as parents in
breeding programs may help to overcome the founder
effect, a genetic bottleneck caused by the domestica-
tion of the crop, and broaden the genetic base for the
expression of seed yield (Blair et al. 2006b). However,
Sorrells and Wilson (1997) noted the difficulty of
identifying genotypes that combine all of the desirable
alleles for a quantitative trait such as seed yield.

The availability of molecular markers for genes for
photoperiod response and other traits associated with
local adaptation would hasten the development of
lines that could be evaluated in temperate regions for
adaptation and seed yield potential. These markers
would facilitate the use of unadapted parents by these
breeding programs. Gu et al. (1998) identified RAPD
markers linked to the recessive alleles of Ppd and Hr
that confer photoperiod insensitivity. Unfortunately,
these markers were only present in bean lines of
Andean origin.

Resistance to biotic constraints

Disease and pests can cause significant losses to
common bean production (Schwartz et al. 2005;
Coyne et al. 2003; Wortman et al. 1998). Control of
these biotic constraints using agrochemicals can
increase production costs and create the potential
for contamination of the environment. Resistance
also represents a valuable disease and pest manage-
ment tool for organic production of beans. Therefore,
the development of cultivars with greater levels of
disease and pest resistance is a primary objective of
most bean breeding programs (Table 1).

Much remains to be achieved in order to improve
disease resistance of common bean. Singh et al.
(2007) reported that great northern, pinto, pink and
small red beans produced in the Western U.S. are
generally susceptible to diseases such as common
bacterial blight caused by Xanthomonas axonopodis
pv. phaseoli, halo blight caused by Pseudomonas
syringae pv. phaseolicola, bacterial brown spot
caused by Pseudomonas syringae pv. syringae van
Hall, anthracnose caused by Colletotrichum lindem-
uthianum (Sacc. & Magnus), rust caused by Uromyces
appendiculatus (Pers.) Unger, Fusarium wilt caused
by Fusarium oxysporum f. sp. phaseoli, and white
mold caused by Sclerotinia sclerotiorum (Lib.) de
Bary. This lack of resistance limits the range of
adaptation of these cultivars. Sources of resistance to
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Table 1 Recent releases of bean cultivars and germplasm with unique or valuable combinations of traits that are the result of

conventional plant breeding techniques

Trait(s)

Description (seed type)

Reference

Angular leaf spot

Angular leaf spot and anthracnose
resistance

Anthracnose resistance

Bean common mosaic and bean common
necrotic mosaic resistance

Bean golden yellow mosaic resistance

Bruchid resistance

Common bacterial blight

Drought tolerance

Halo blight resistance

Heat tolerance

Low soil fertility tolerance

Low soil fertility and drought tolerance

Multiple disease and pest resistance

Co-1, Co-2 (black bean)

Co-1, Co-2 (dark red kidney bean)
Co-6 (small red bean)

C0-4° (Pinto bean)

I, bc3 (black bean)

I, bc3 (kidney bean)

1, be-1° (great northern)
be-17 (small red)

be-17 (pinto)

Pyramided genes producing high levels of
resistance

High levels of resistance derived from
scarlet runner bean (Phaeolus
coccineus 1.)

High levels of resistance derived from
tepary bean (Phaseolus acutifolius L.)

High levels of resistance derived from the
scarlet runner bean (Phaseolus
coccineus L.)

Heat tolerance derived from tepary beans

Derived from germplasm accessions,
landraces and improved lines

Angular leaf spot, anthracnose, Common
bacterial blight, bean Common mosaic
virus, Bean golden mosaic virus and
leafhopper resistance

Common bacterial blight, rust and Bean
common mosaic virus resistance

Pyramided rust, Bean common mosaic
virus and Bean common necrotic
mosaic resistance genes producing high
levels of resistance

Multiple virus resistance

Bean common mosaic virus, Beet curly
top virus and root rot resistance

Mahuku et al. (2004)
Singh et al. (2003a)

Kelly et al. (2001)
Kelly et al. (1998b)
Young and Kelly (1996)
Miklas et al. (2003)
Kelly et al. (1994)

Miklas et al. (2002)
Stewart-Williams et al. (2003)
Hosfield et al. (2004)

Brick et al. (2001) and Grafton et al.
(1999)

Singh et al. (2000), Beaver and Miklas
(1999), and Rosas et al. (1997)

Beaver et al. (2005)

Osborn et al. (2003)
Singh et al. (2001b)

Zapata et al. (2004) and Miklas et al.
(1999)

Brick et al. (2008), Beebe et al. (2008),
and Singh et al. (2001a)

Coyne et al. (2000)

Beaver et al. (2008), Rosas et al. (2003a),
and Rosas et al. (2000b)

Rainey and Griffiths (2004).
Singh et al. (2003a, b)

Beebe et al. (2008)
Singh et al. (1998)

Mutlu et al. (2005, 2008)

Pastor-Corrales (2003) and Pastor-
Corrales et al. (2007)

Scully et al. (1995)
Silbernagel et al. (1998)

Smith et al. (2007)
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Table 1 continued

Trait(s)

Description (seed type)

Reference

White mold

Resistance derived from scarlet runner

Miklas (2007), Griffiths et al. (2004), and
Miklas et al. (1998a)

Schwartz et al. (2006)

bean (Phaseolus coccineus L.)

Slow-darkening SDIP-1

Tolerance to Zn deficiency in high pH
soils

Single dominant gene (Znd)

Singh et al. (2006)

Kelly et al. (1999) and Singh and
Westermann (2002)

many important bean diseases have been identified
and used in cultivar development programs (Miklas
et al. 2006b; Beaver et al. 2003). However, breeders
also need information from plant pathologists
concerning the virulence patterns of the pathogens
in order to most effectively deploy disease resistance
genes (Coyne et al. 2003).

Common bean production is often limited by more
than one biotic constraint which poses a challenge for
plant breeders who must develop cultivars having
multiple disease or pest resistance. Kelly et al.
(1998a) warned, however, that an over-emphasis on
breeding for disease or pest resistance may reduce
genetic variability and limit progress in breeding for
increased seed yield.

Molecular markers have been developed for many
disease resistance genes and these markers have been
successfully used to develop improved common bean
cultivars and germplasm (Miklas et al. 2006b; Kelly
and Miklas 1998; Pedraza et al. 1997). Miklas et al.
(2006b) noted that marker-assisted selection has been
used more for breeding for disease resistance than for
other traits of economic importance such as tolerance
to abiotic stress. Molecular markers have also
permitted the development of common bean lines
that pyramid genes for disease resistance (Kelly and
Miklas 1998). This strategy is designed to develop
common bean lines with more durable resistance
(McDonald and Linde 2002). Although many molec-
ular markers linked to disease genes have been
reported, only a handful of these markers are being
used routinely by common bean breeding programs.
Lack of repeatability in different genetic back-
grounds, weak marker-gene linkages, overestimated
QTL effects (due to small population sizes used to
develop the marker), and lack of economic resources
can limit the use of molecular markers in a breeding
program (Bernardo 2008).

Tolerance to abiotic constraints

Bean production worldwide is threatened by an array
of abiotic stresses such as drought, low soil fertility,
soil acidity and temperatures unfavorable for the
growth and development of the crop (Lynch 2007).
The importance of abiotic stress may increase in
developing countries as bean production shifts to more
marginal environments. Global climate change may
also produce more stressful environments for bean
production that will require the development of bean
cultivars with greater tolerance to high temperature and
drought (Battisti and Naylor 2008; Porch et al. 2007).

Bean producers in the highlands of Mexico
continually confront the threat of drought. The
INIFAP breeding programs in Mexico has been
successful in the development of bean cultivars better
adapted to this semi-arid environment (Rosales-Serna
et al. 2004).

In Brazil, bean production has expanded into
regions where acidity or low soil fertility can limit
seed yield (Adair 2003). Bean production in the U.S.
has moved to more arid environments as soybean
(Glycine max [L.] Merr.) and corn (Zea mays L.)
production has expanded due to an increase in the
prices of these commodities.

Greater tolerance to abiotic stress can help farmers
to produce more stable bean yields in unfavorable
environments (Miklas et al. 2006b). Edaphic con-
straints such as low soil fertility often have a great
amount of spatial variability (Lynch 2007), whereas
climatic constraints such as drought are unpredict-
able. This variability makes field screening for these
traits more difficult to accomplish. Adding to the
difficulty of evaluating beans for tolerance to abiotic
stress is the importance of genotype X environment
interaction in the performance of beans under this
type of stress.
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Tolerance to abiotic stress tends to be a quantita-
tively inherited trait which requires that breeders
work with larger populations and replicated field
trials to be able to identify breeding lines with
superior performance. Significant progress may
require several cycles of selection and the use of
multiple parents as sources of favorable alleles.
Despite multi-genic inheritance, genotype x envi-
ronment interactions, and environmental variability
associated with tolerance to abiotic stress, bean
breeders have developed cultivars and breeding lines
with enhanced tolerance to many important abiotic
stresses such as drought (Brick et al. 2008; Mufioz-
Perea et al. 2006; Frahm et al. 2004), low soil P
(Beebe et al. 2008; Lynch 2007), and high temper-
ature (Beaver et al. 2008; Rosas et al. 2000a).

Genomic studies leading to the development of
molecular markers will provide bean breeders with
new tools to identify traits associated with abiotic
stress tolerance (Ishitani et al. 2004). The molecular
markers should help breeders to combine specific
traits related to abiotic stress tolerance (Miklas et al.
2006b). It should be noted, however, that the
effectiveness of marker-assisted breeding will only
be as effective as the association (linkage) of the
markers with the different traits. Ideally, the markers
should explain a large portion of the genetic
variability associated with the abiotic stress tolerance
and the expression of the trait should not be greatly
affected by G x E.

Enhanced nutrition and utilization

In addition to being an important source of protein
and carbohydrates, common bean also supplies
essential vitamins and micronutrients such as Zn
and Fe (Welch et al. 2000). Enhancing the level of
these micronutrients in common bean cultivars has
the potential to improve human nutrition in develop-
ing countries (Guzman-Maldonado et al. 2003;
Frossard et al. 2000). Blair et al. (2005) found both
Zn and Fe content in the seed of an Andean bean
population to be inherited in a quantitative manner.
Gelin et al. (2007) also found Zn and Fe content in
the seed of a Middle American bean population to be
quantitatively inherited. In both studies, Zn and Fe
content were positively correlated although geno-
type X environment interaction also affected the
expression of the traits. Gelin et al. (2007) identified
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a locus associated with seed Zn accumulation.
Guzman-Maldonado et al. 2003 identified a QTL
that explained 15.2% of variability in seed Zn content
in a population derived from a cross between a
Middle American bean cultivar and a wild common
bean accession. Cichy et al. (2005) reported a single
dominant gene in a Middle American bean popula-
tion that conferred higher seed Zn concentration in a
navy bean population. Marker-assisted selection
would be a useful tool to screen bean populations
and tag new genes for enhanced levels of micronu-
trients in the seed.

The presence of oligosaccharides in common bean
seed can result in gastrointestinal discomfort and can
inhibit the absorption of nutrients (da Silva-Fialho
et al. 2006). Significant differences in oligosaccharide
concentrations were reported among a group of
Andean and Middle American bean cultivars (da
Silva-Fialho et al. 2006).

Reduced cooking time is an important breeding
objective in developing countries where the fuel
needed to prepare beans is scarce or expensive
(Jacinto-Hernandez et al. 2003; Kelly and Miklas
1998; Shellie-Dessert and Hosfield 1990; Shellie and
Hosfield 1991). Elia et al. (1997) reported a narrow
sense heritability of 0.9 for cooking time in an
Andean bean population whereas Jacinto-Hernandez
et al. (2003) reported a narrow sense heritability of
0.74 in a Middle American bean population. Jacinto-
Hernandez et al. (2003) reported that two dominant
genes control cooking time in the Middle American
bean population and cite the advantages of identify-
ing molecular markers to select for this trait. Elia
et al. (1997) reported a significant (>0.8) and
negative phenotypic correlation between cooking
time and water absorption of bean seed and suggested
that water absorption might be useful for the indirect
selection for cooking time.

In developed countries, canning characteristics and
culinary characteristics can be important criteria for
selection in bean breeding programs. Kelly et al.
(1998a) noted that bean breeders in North America
dedicate a significant amount of time and resources to
the evaluation and selection of lines for processing
quality. These evaluations usually require large seed
samples of advanced generation breeding lines
(Ghaderi et al. 1984). Posa-Macalincag et al. (2002)
identified QTLs linked to degree of splitting and
overall appearance of kidney beans which are major
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components of canning quality of this seed type.
Marker-assisted selection could be used to screen
breeding lines for canning quality in earlier genera-
tions. Although one of the parents used in the study
was the principal source of canning quality, results
from the QTL analysis and mapping suggested that
both parents had alleles that contributed to canning
quality. Walters et al. (1997), working with a navy
bean population, identified RAPD markers linked to
visual appearance, texture and washed drained weight
of canned beans.

Health benefits

Annual per capita consumption of dry beans in the
U.S. averaged 3.1 kg from 1998 to 2007, which was
7% lower than the period from 1988 to 1997 (USDA,
ERS 2007). In developing countries, annual per
capita consumption of beans can exceed 50 kg,
especially in Africa and Latin America. Numerous
health benefits from the consumption of beans have
been documented. In addition to being a good source
of protein, beans provide vitamins and minerals
(Bennink and Rondini 2003), lower cholesterol
(Anderson et al. 1999) and have preventive and
curative faculties to terminal diseases such as cancer
(Hangen and Bennink 2003). Antifungal peptides
have been isolated from several Phaseolus species
(Wang and Ng 2006; Patrick and Ng 2004). These
peptides are able to inhibit the activity of reverse
transcriptase, one of the key enzymes for virus
replication. This may help extend the onset of
symptoms of patients infected with HIV (Wong
et al. 2006; Patrick and Ng 2004). Bean breeders need
to ensure that new cultivars retain those characteris-
tics that provide health benefits. Molecular plant
breeding techniques should assist in the identification
and facilitate the transfer of these desirable traits.

Bean breeding methods
Pedigree

Pedigree selection is a common method used by bean
breeders to develop improved cultivars. An important
limitation of pedigree selection is the amount of time
needed to develop new cultivars (Fehr 1987). Bean
breeders in the tropics can accelerate cultivar

development by planting irrigated nurseries during
the dry season. Dry edible and snap bean breeding
programs in North America have been able to speed
up the process by growing an additional generation
each year in winter nurseries planted in the Caribbean
and locations in the Southern Hemisphere such as
New Zealand and Chile. While the bean lines are
growing in winter nurseries, plant breeders can screen
breeding lines in the greenhouse in North America for
resistance to diseases such as BCMNYV and anthrac-
nose. In recent years, common bean breeders have
employed marker-assisted selection to identify breed-
ing lines with specific genes for disease resistance
(Miklas et al. 2006b). This allows the bean breeders
to exclude susceptible lines when selections are made
in the winter nursery. Beaver and Macchiavelli
(1998) noted that screening bean breeding lines in
F, or later generations would improve the probability
of identifying lines with the desired genotype and
would reduce the number of lines that need to be
evaluated in earlier generations.

Backcross

In order to preserve horticultural and seed traits of
snap and dry edible bean cultivars, plant breeders
have often utilized backcross breeding to incorporate
simply inherited traits. This selection method is also
well suited for marker-assisted selection (Miklas
2007; Miklas et al. 2003). This breeding method is
not useful, however, for the improvement of quanti-
tatively inherited traits such as seed yield or tolerance
to abiotic stress.

Michelmore (1995) also noted that backcrossing is
inefficient in removing portions of the chromosome
that are closely linked to the genes targeted for
backcrossing. Reyes-Valdés (2000) noted that linkage
drag can impede or delay efforts to use backcrossing
to introgress desirable traits into a recurrent parent.

Bliss (1993) described the use of the Inbred
Backcross Line (IBL) method to develop near
homozygous lines that can be used for replicated
testing for traits such as biological nitrogen fixation.
One or two backcrosses are made after the initial
cross. The backcrosses are followed by a few
generations of single seed descent to produce the
inbred backcross lines. The IBL method was used to
identify quantitative trait loci conditioning resistance
to Fusarium root rot (caused by Fusarium solani f. sp.
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phaseoli) in common bean (Roman-Avilés and Kelly
2005).

Tanksley and McCouch (1997) used advanced
backcross QTL analysis and marker assisted selection
to introgress QTL from the wild tomato species
Lycopersicon hirsutum to produce breeding lines that
were superior to the cultivated tomato (Lycopersicon
esculentum Mill.) recurrent parent. Myers and Bagg-
ett (1999) suggested that advanced backcross QTL
analysis and marker-assisted selection may be a
useful approach to transfer traits from dry beans to
snap beans. Myers and Baggett (1999) also noted that
the availability of more dense molecular maps of the
bean genome may permit Whole Genome Selection
(Tanksley and Rick 1980). Selection of individual
plants having the desired trait and the most complete
set of markers of the recurrent parent would accel-
erate the transfer of traits into snap beans.

Urrea and Singh (1995) proposed the use of
recurrent congruity backcrossing (crossing alterna-
tively each generation to both parents) to maximize
recombination and increase the retention of desirable
alleles from parents of diverse origin. Singh et al.
(2002) reported that congruity backcrossing was
more effective than recurrent backcrossing (crossing
each generation to the same parent) in the develop-
ment of breeding lines with greater seed yield
potential from an inter-gene pool (Andean x Middle
American) cross. Mufioz et al. (2004) reported that
interspecific (P. vulgaris x P. acutifolius) lines
derived from congruity backcrossing had a higher
level of introgression than lines derived from recur-
rent backcrossing.

Single seed descent (SSD)

Kelly et al. (1998a) recommended the use of SSD
when working with crosses between elite lines within
a market class. The procedure provides a way to
maintain genetic variability while advanced-genera-
tion lines are produced. SSD can be conducted in the
target environment or in winter nurseries or green-
houses where several generations of common beans
can be produced each year. Macchiavelli and Beaver
(2001) noted that grain legume breeders often bulk
seed harvested from pods rather than single seeds.
Although the bulking of multiple seed from each pod
reduces genetic variability, they demonstrated that,
on average, every third Fg line would be derived from
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a different F, plant. Although SSD is widely used by
soybean breeders, its use by common bean breeding
programs has been limited. Common bean breeders
usually deal with a wide array of traits whereas
soybean breeders generally focus on increased seed
yield. Concentration on the improvement of a single
trait would favor the use of SSD (JD Kelly, personal
communication).

SSD is a rapid method to develop recombinant
inbred lines for traits that cannot be phenotyped in
earlier generations. Because the development of bean
breeding lines by SSD and other breeding methods is
costly, an important potential contribution of genome
mapping and molecular plant breeding techniques
would be the identification of parents for crosses that
would improve the likelihood of producing desired
genotypes. Since SSD is more difficult to manage on
a large scale, breeders often use this technique for
specific purposes such as genetic studies (Fehr 1987).

Gamete selection

Singh (1994) proposed the use of gamete selection to
simultaneously select common beans for multiple
traits. Gamete selection proved to be successful in the
development of high-yielding, erect bean lines with
resistance to leathoppers and five diseases (Singh
et al. 1998). Asensio-S.-Manzanera et al. (2006) also
used gamete selection to develop breeding lines with
resistance to common bacterial blight and halo blight.
In breeding for multiple traits, gamete selection
permits the early generation evaluation of the
potential value of breeding populations. Populations
that do not segregate for desired traits in early
generations can be discarded, thus avoiding the loss
of valuable time and resources. However, Singh et al.
(1998) noted that labor-intensive nature of gamete
selection permits the evaluation of only a few
populations and that much care should be taken in
the selection of parents that possess the desired traits.
Gamete selection may be most effective in pyramid-
ing simply inherited traits or traits that have QTLs
with large effects. Molecular markers may facilitate
gamete selection in the identification of early-gener-
ation populations that continue to possess the desired
alleles (Singh et al. 1998). Liu et al. (2004) found in
computer simulations that marker-assisted selection
of self-fertilized crops was more advantageous in
earlier generations. Marker-assisted selection in early
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generations allows the elimination of breeding lines
having inferior genotypes while maintaining suffi-
cient variability to produce superior breeding lines in
later generations. However, the evaluation of large
populations for multiple markers would be expensive
and time-consuming unless robotics were used (TG
Porch, personal communication).

Bulk breeding

If multiple generations can be grown each year, bulk
breeding can be used to rapidly advance bean
populations. This approach would be most appropri-
ate for crosses between elite lines within a market
class where little segregation for seed type or
adaptation would be expected. If the bulked popula-
tions are grown in the target environment, some
natural selection may occur for traits of economic
value. Renato Corte et al. (2002) evaluated the effect
of natural selection on the seed yield of bulked bean
populations evaluated each year in Brazil at three
planting dates having diverse climatic conditions.
They reported an average seed yield gain of 2.5% per
generation over the mean yield of the parents.

Singh et al. (1990) conducted yield tests of early
generation bulk populations. Using a selection inten-
sity of 20%, gain in seed yield was reported to be
>5% for the F; and F, generations. The higher-
yielding populations could be used for individual
plant selection in later generations.

Plant breeders would need to advance large
samples of the bulked population to avoid the effects
of genetic drift. Molecular plant breeding techniques
might be used to monitor genetic variability in bulked
populations to determine an adequate sample size for
breeding common beans. Plant breeders must also
avoid planting bulked populations in environments
where natural selection would favor genotypes con-
sidered undesirable (Fehr 1987).

Recurrent selection

Recurrent selection permits the accumulation of
favorable alleles as the result of recombination in
each cycle of selection. Kelly and Adams (1987)
used phenotypic recurrent selection to develop pinto
bean lines having desired architectural traits and
seed type. Because F, plants could be evaluated for
plant type and seed traits, each cycle of selection

could be completed in shorter period of time than
most recurrent selection schemes. Nevertheless,
three cycles of selection were required to break up
undesirable linkages and produce lines having the
desired combination of traits. Singh et al. (1999)
used recurrent selection based on S; evaluations to
increase seed yield of inter-racial (Middle Ameri-
can) and inter-gene pool (Middle American X
Andean) bean populations. Patto Ramalho et al.
(2005) evaluated S, and Sj lines for seed yield in
several environments to obtain more precise
estimates of yield and to reduce the effects of
genotype x environment interaction. The mean
annual gain for seed yield after four cycles of
recurrent selection was 5.7%. Their recurrent selec-
tion scheme included new lines during each period
of recombination to increase genetic variability and
to introduce new traits. Ranalli (1996) used recur-
rent selection based on S, progeny testing to
increase seed yield in a common bean population.
Broad sense heritabilities for seed yield did not
decrease after three cycles of selection suggesting
that further progress could be made in the selection
for this trait. Garcia et al. (2003) used recurrent
mass selection to select bean populations in Mexico
with greater resistance to soil-borne diseases caused
by Pythium spp., Rhizoctonia solani, Macrophomina
phaseolina, and Fusarium spp. Breeding lines were
developed that produced greater seed yield and
higher survival rates than the parents and commer-
cial varieties. Recurrent selection was used by
Pereira et al. (1993) to increase nodule number
and nodule weight of 21 to 28-day-old bean
seedlings grown under controlled conditions. Seed-
lings with superior nodule number were replanted
and used as parents in a crossing block. Seedlings of
the F; plants with the greatest number of nodules
were selected for use as parents for the next round
of selection. This selection scheme permitted three
periods of selection to be completed in a single year.
Caixeta Franco et al. (2001) also recommended the
use of recurrent selection to increase the frequency
of alleles associated with enhanced biological nitro-
gen fixation. However, they suggested the evaluation
of advanced lines in replicated trials would be
needed to obtain more precise estimates of their
performance.

Johnson and Gepts (2002) noted that cultivars in
different gene pools have developed unique
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combinations of genes for adaptation and the expres-
sion of seed yield. As a consequence, lines developed
from inter-gene pool crosses usually have poor
performance due to the breakup of these favorable
gene complexes within each gene pool. Recurrent
selection provides additional opportunities for recom-
bination and the formation of new gene complexes
that could lead to better adaptation or greater seed
yield potential in lines from inter-gene pool crosses.

Participatory plant breeding

In many developing countries, participatory plant
breeding techniques are being used to develop,
multiply and distribute seed of improved bean
cultivars (Danial et al. 2007). This de-centralized
approach to plant breeding allows participation of
farmers in the development, evaluation and selection
of bean breeding lines (Mazon et al. 2007; Morris and
Bellon 2004). New approaches need to be identified
that permit knowledge from genomic mapping and
molecular breeding to be used in participatory plant
breeding (PPB) schemes (Machuka 2001).

The bean breeding program at the Escuela
Agricola Panamericana (EAP) in Honduras (Rosas
et al. 2003b) and the grain legume research
program of the Instituto Nacional Autémono de
Investigaciones Agropecuarias (INIAP) in Ecuador
(Mazén et al. 2007) have successfully utilized PPB
techniques to develop and release improved culti-
vars. Local research committees participate in the
evaluation and selection of plants and bean breed-
ing lines in the communities where the variety is
expected to be released. Both the EAP and INIAP
bean breeding programs assist farmers in the
selection of parents for the PPB programs and
utilize molecular markers to confirm the presence of
specific genes for disease resistance before cultivars
are released.

Most bean breeders seek input from stakeholders.
Conventional plant breeding programs often conduct
on-farm trials, host field days and meet with growers.
In the U.S., bean growers and shippers use funds
generated from the marketing of beans to support
bean breeding activities at public universities (Mich-
igan Bean Commission 2007). Bean breeders
interested in using a more PPB approach should be
prepared to adapt methods to the biophysical condi-
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tions and the socioeconomic and cultural context in
which they plan to work (Sperling et al. 2001). Motris
and Bellon (2004) noted that PPB may be well suited
for the development of a variety that needs to possess
a unique combinations of traits, such as a specific
bean type for a niche market. Breeding objectives for
PPB programs need to be realistic (Sperling et al.
2001). For example, it should be recognized that
there may be trade-offs between selection for traits
such as earlier plant maturity and greater seed yield
potential. Population size needs to be large enough to
permit genetic progress for the traits under selection.
Effective screening techniques also need to be
employed. Finally, PPB programs need to be linked
to effective seed multiplication and distribution
systems to achieve results.

Research networks with international bean centers
such as CIAT or universities may provide opportu-
nities for bean research programs in small countries
in the developing world to obtain access to molecular
tools used for plant breeding (Ishitani et al. 2004).
CIAT scientists and national research programs have
used molecular techniques to study the genetic
variability of bean breeding lines in Central America
(Beebe et al. 2000; Beebe et al. 1995) and bean
landraces from the Caribbean (Duran et al. 2005).
International bean research centers or universities
could assist national bean research programs in the
use of molecular markers by local breeding programs.
Selection for adaptation, agronomic traits, seed type
and field screening for disease and pest resistance
could be conducted by national bean research
programs whereas the international bean research
centers could assist national programs by screening
advanced lines using molecular markers for resis-
tance to specific bean diseases or pests or for
micronutrient content.

Regional cooperative nurseries conducted by bean
research networks provide valuable information con-
cerning the range of adaptation of bean breeding
lines. Results from regional performance trials could
be used to obtain a better understanding of the
importance of genotype x environment (G x E)
interaction in the expression of seed yield and other
traits of economic value. There may be opportunities
for molecular scientists to gain a better understanding
of the basis of G x E interaction by collaborating
with bean research networks.
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A few examples of conventional bean breeding
achievements in common bean

Extending the range of adaptation of beans to
non-traditional production regions and new
production practices

Using conventional plant breeding techniques, bean
breeders have been successful in extending the range
of adaptation of dry edible beans. During the past
30 years, bean production in North America has
expanded into North Dakota and the plains of
Canada. This expansion would not have been
possible without the development of bean cultivars
that are adapted to these new environments. In
traditional bean production regions such as Michi-
gan, bean breeders have created new opportunities
for producers by developing new market classes of
beans that are locally adapted (Kelly 2001). In
response to increased interest in direct mechanical
harvest, as well as planting beans at narrower row
widths, breeders have developed new cultivars with a
more erect growth habit (Vandenberg and Nleya
1999; Kelly 2001; Kelly et al. 2008; Osorno et al.
2008).

Greater demand for beans in Central America
generated interest in planting beans at lower altitudes
using cultivars that possessed better heat tolerance
(Rosas et al. 2000b). Bean lines from CIAT such as
DOR 364, which were originally screened at lower
altitudes in Guatemala for resistance to BGYM,
expressed tolerance to higher temperatures (Beebe
et al. 1995). The EAP bean breeding program in
Honduras used DOR 364 and other sources of heat
tolerance to develop small red bean cultivars such as
‘Amadeus 77’ that have permitted the expansion of
bean production at lower altitudes throughout Central
America (Rosas et al. 2004; Rosas et al. 2003a; Rosas
et al. 2000b).

Myers and Baggett (1999) note that one of the
greatest challenges facing snap bean breeders is the
difficulty of incorporating novel traits without break-
ing up the desired complex of snap bean pod traits.
Plant breeders in Oregon, however, were successful
using conventional plant breeding techniques to
develop determinate snap bean cultivars suitable for
mechanized harvest that maintained the desirable
horticultural characteristics of ‘Blue Lake’ pole beans
(Kelly 2001).

The discovery, characterization of variability and
deployment of genes for resistance to fungal bean
diseases

Fungal diseases are major constraints to bean pro-
duction throughout the world (de Jesus Junior et al.
2001; Schwartz et al. 1981). The relative importance
of different fungal diseases varies among regions due
to differences in soil, climate, crop management
practices and degree of susceptibility of cultivars
used by bean producers (Boland et al. 2004; Hall and
Nasser 1996; Mmbaga et al. 1996b). The degree of
virulence among isolates of some fungal pathogens
can also vary between regions and over time. This has
been observed for many bean pathogens such as rust
(Araya et al. 2004; Sandlin et al. (1999); Mmbaga
et al. 1996a), anthracnose (Ansari et al. 2004;
Balardin et al. 1997), web blight caused by Thanate-
phorus cucumeris (Godoy-Lutz et al. 2003), angular
leaf spot caused by Phaeoisariopsis griseola (Mah-
uku et al. 2002; Pastor-Corrales et al. 1998) and ashy
stem blight caused by Macrophomina phaseolina
(Tassi) Goid. (Reyes-Franco et al. 2000).

Plant breeders, pathologists and geneticists have
made considerable progress in the identification of
specific genes and QTL for resistance to anthracnose
(Kelly and Vallejo 2004); angular leaf spot (Teixeira
Caixeta et al. 2005); rust (Pastor-Corrales 2003);
white mold (Maxwell et al. 2007; Schwartz et al.
2006; Ender and Kelly 2005; Kolkman and Kelly
2003; Miklas et al. 2001) and ashy stem blight
(Mayek-Pérez et al. 2001). In addition, specific genes
or QTL for resistance to many fungal diseases have
been mapped, including rust (Kelly et al. 2003; Miklas
et al. 2006b); ashy stem blight (Miklas et al. 2006b);
anthracnose (Kelly and Vallejo 2004); white mold
(Kolkman and Kelly 2003; Park et al. 2001; Miklas
et al. 2001); and Fusarium wilt (Fall et al. 2001).
Tar’an et al. (2003) noted, however, that the efficiency
of marker-assisted selection depends on the number of
markers available and the degree of linkage of the
marker with the desired QTL. Because of this
limitation, only few of the most reliable markers are
being used routinely by bean breeding programs.
Bernardo (2008) noted that only a very small portion
of the thousands of marker-trait associations reported
in different plant species (~ 10,000 QTLs) are
currently being used by plant breeding programs.
The author concluded that the development and use of
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molecular markers by a plant breeding programs
requires that: (i) the purpose of detecting the QTL be
clearly defined before embarking on QTL mapping;
(i1) the marker-based selection procedures be based
on the number of QTL available for selection; (iii)
gain per unit cost and time should be considered
rather than gain per cycle and (iv) recognition that
estimates of QTL effects for complex traits are often
inconsistent.

Breeding beans for virus resistance

Bean common mosaic virus (BCMV) and Bean
common mosaic necrosis virus (BCMNYV) are seed-
transmitted potyviruses that pose a serious threat to
bean production throughout the world (Miklas et al.
2006b). Bean breeders and geneticists have identified
and deployed several different genes for resistance to
these important viral diseases. Stavely et al. (1989)
released BelNeb RR-1 and BelNeb RR-2 germplasm
with the bc-17 and be-2* genes that provide resistance
to BCMV and BCMNV. The dominant I gene
provides broad protection against many strains of
BCMYV and other potyviruses but is vulnerable to the
necrotic strains of BCMNV (Miklas et al. 2006b;
Kelly et al. 1995). Melotto et al. (1996) developed the
SCAR marker SW13 which has been widely used to
screen both Andean and Mesoamerican bean breed-
ing lines for the presence of the I gene. Pyramiding
the dominant / gene with the recessive gene bc-3
provided resistance to all known strains of BCMV
and BCMNYV (Kelly et al. 2003). Plant breeders have
screened lines with the SCAR marker SW13 and with
a virulent strain of BCMNV (NL-3) to develop
cultivars such as ‘Raven’ (Kelly et al. 1994) and
Middle American and Andean bean germplasm
(Pastor-Corrales 2003; Miklas and Kelly 2002; Bea-
ver et al. 1998) that combine the dominant / gene and
the recessive bc-3 gene. Mukeshimana et al. (2005)
identified a RAPD marker (OG6s9s5), and a codom-
inant AFLP marker (EjcaMcgg-169/172) that was
converted to the STS marker (SE4caMcgg-134/137)
which were linked to the bc-3 resistance gene. These
markers may permit indirect selection for resistance
to BCMNV.

The whitefly (Bemisia tabaci Genn.) transmitted
geminivirus Bean golden yellow mosaic virus
(BGYMYV) can significantly reduce bean yields in
Mexico, Central America and the Caribbean (Blair
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et al. 2007b). Initial sources of resistance to BGYM
were identified in bean germplasm screened in
Guatemala by CIAT and ICTA scientists. Adequate
levels of resistance to BGYMV were not achieved
until different genes for resistance were pyramided
into bean breeding lines (Singh et al. 2000). The most
BGYMV resistant cultivars such as ‘Don Silvio’
(DOR 482) and ‘Morales’ (Beaver and Miklas 1999)
combine the recessive gene bgm for resistance to leaf
chlorosis (Blair et al. 2007b; Velez et al. 1998), the
dominant gene Bgp for resistance to pod deformation
in the presence of BGYMYV (Acevedo-Roman et al.
2004) and the QTL SWI12 that is associated with
delayed symptom expression (Miklas et al. 1996).
The SCAR marker SR-2 has facilitated the deploy-
ment of the recessive gene bgm into snap beans and
different seed types of dry edible beans (Blair et al.
2007b). The SW-12 and SR-2 SCAR markers also
permit breeding programs at locations where
BGYMYV is not present to incorporate resistance to
this important disease without the need to initially
inoculate plants with the virus. Results from a survey
conducted in 2001 found 41-46% of bean farmers in
two principal bean-producing regions of Honduras to
have adopted BGYMV resistant bean varieties
(Mather et al. 2003). The incidence of BGYMYV in
Puerto Rico decreased drastically after the release of
resistant cultivars (Osorno et al. 2007).

In Brazil, another whitefly-transmitted geminivi-
rus, Bean golden mosaic virus (BGMYV), is a serious
threat to bean production (Blair et al. 2007b; Morales
2006). Bean researchers in Brazil used pedigree and
bulk breeding methods combined with field screening
under natural conditions to develop and release bean
cultivars, IAPAR 57 (MD 806) and IAPAR 65 (MD
821), that have high levels of resistance to BGYM
(Bianchini 1999). Recently, a transgenic approach
using RNAi was used successfully to engineer
BGMYV virus resistance in Brazil (Bonfim et al.
2007).

In the semi-arid regions of Northwestern U.S., the
beet leathopper (Circulifer tenellus) transmitted ge-
minivirus Beet curly top virus (BCTV) is an endemic
disease that can cause yield loss in beans, sugar beets
(Beta vulgaris L.), and certain vegetable crops
(Larsen and Miklas 2004). The dominant gene Bct
in bean has provided durable resistance to BCTV.
Unfortunately, field screening for the disease has
proven to be difficult because disease infection is
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sporadic and greenhouse evaluations are complex
because the virus cannot be transmitted mechanically.
Larsen and Miklas (2004) developed a SCAR marker
(SAS8.1550) directly linked to the Bct gene that has
been outsourced by snap bean breeding companies
through a commercial marker laboratory (PN Miklas,
personal communication) for marker-assisted selec-
tion of snap beans and Andean dry beans for BCTV
resistance. The SCAR was mapped on linkage group
B7 of the core map within a cluster of disease
resistance genes.

Plant breeders, plant pathologists and geneticists
have identified resistance genes for several other
viruses that can infect the common bean; Bcm for
resistance to Blackeye cowpea mosaic virus, Bpm for
resistance to Bean pod mottle virus resistance, Bsm
for Bean southern mosaic virus, By-/ and By-2 for
Bean yellow mosaic virus, Bdm for Bean dwarf
mosaic virus, Cam for Cowpea aphid mosaic virus
and Mrf and Mrf° for Bean rugose mosaic virus
(Porch 2008; Jahn 2008). At present, many of these
resistance genes have not been mapped onto the
common bean genome (Bean Improvement Cooper-
ative 2008). Mapping would help determine if some
of these dominant resistance genes are present in
clusters with other resistance genes.

The use of interspecific crosses to develop
cultivars and improved bean germplasm

Interspecific hybridizations between the common
bean and the scarlet runner bean (Phaseolus coccin-
eus L.) and the tepary bean (Phaseolus acutifolius L.)
have been conducted since the middle of the nine-
teenth century (Debouck 1991). The scarlet runner
bean was originally considered to be a variety of
common bean which may have encouraged scientists
to make hybridizations (Debouck 1999). Many pol-
linations are required to produce interspecific F; seed
and this seed may require special treatment to
produce plants (Freytag and Debouck 2002; Debouck
1991, 1999). Embryo rescue techniques are often
needed to ensure the survival of interspecific F,
hybrids (Mejia-Jiménez et al. 1994). In addition, the
choice of the common bean parent can affect the rate
of success of the interspecific crosses. Cultivars such
as ‘ICA Pijao’ that are double recessive for the dl;
and dl, dwarf lethal genes (Singh and Gutiérrez 1984)
have proven to be most useful for interspecific

crosses. Broughton et al. (2003) suggested that
molecular markers could be used to help reduce or
remove barriers to inter-specific hybridization. Mejia-
Jiménez et al. (1994) reported that recurrent and
congruity backcrossing improved the rate of success
of interspecific crosses between common and tepary
beans.

Bean researchers have successfully used conven-
tional plant breeding techniques to introgress traits of
economic value from the tepary bean and the scarlet
runner bean into common bean. Breeding objectives
include the development of beans as an ornamental
plant (Lamprecht 1945), the transfer of disease
resistance (Abawi et al. 1978; Baggett,1956; Hub-
beling,1957; Singh and Muifioz 1999; Beaver et al.
2005; Schwartz et al. 2006), the improvement of
abiotic stress tolerance (Bannerot 1979) and the
enhancement of seed yield potential (Wilkinson
1983).

Common bacterial blight (CBB) caused by Xan-
thomonas axonopodis pv. phaseoli (Smith) Dye is an
important seed-borne disease in common bean. Bean
breeders have been able to identify only moderate
levels of resistance to CBB in common bean (Coyne
and Schuster 1973; Yoshii et al. 1978) whereas high
levels of resistance has been identified in some tepary
bean lines (Urrea et al. 1999; Singh and Muifioz
1999). Results from inheritance studies suggested
that common bacterial blight resistance in tepary
bean lines was controlled by few genes (McElroy
1985; Urrea et al. 1999). In 1989 CIAT scientists
initiated an effort to introgress tepary bean resistance
into common bean (Singh and Muifioz 1999). After
the interspecific (P. vulgaris x P. acutifolius) popu-
lations were developed, breeding lines were screened
in the field in Colombia for several generations
during a five-year period in order to identify breeding
lines with high levels of resistance to common
bacterial blight. Some of the lines with the highest
levels of CBB resistance such as VAX 3, VAX 4, and
VAX 6 pyramid resistance genes from tepary and
common beans (Singh and Mufioz 1999). These
authors noted that one of the biggest problems with
breeding for CBB resistance derived from tepary
beans is the instability of the expression of resistance.
The SU-91 SCAR marker is currently being used in
the transfer of the tepary-derived common bacterial
blight resistance into different market classes of
beans (Kelly et al. 2003; Miklas et al. 2006c). The use
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of the SAP-6 SCAR marker to screen for CBB
resistance is limited to bean lines of Andean origin
because many susceptible Middle American bean
lines have the SAP-6 marker (Kelly et al. 2003).

Researchers in France and Canada have identified
P. angustissimus as a potential source of cold
tolerance (Buhrow 1980; Balasubramanian et al.
2004). Interspecific crosses have been made to
initiate the transfer of this trait to common beans,
but success has been very limited (Belivanis and Doré
1986; Schryer et al. 2005; Gurusamy et al. 2007).

Koinange et al. (1996) reported that many of the
genes associated with the domestication of common
bean were concentrated in three genomic regions.
The simple genetic control of most traits related to
the domestication of beans should facilitate the
introgression of genes from wild beans to cultivated
lines. Papa and Gepts (2003) noted that greater
knowledge of the location of genes related to the
domestication of common bean is needed to be able
to exploit the genetic variability linked to the
domestication loci.

Tanksley and McCouch (1997) noted that the
genetic potential available in crop germplasm collec-
tions can be made more readily available to plant
breeders by the identification of superior genes and
the utilization of information in genetic linkage maps.
Tanksley and McCouch (1997) also suggested that
unadapted lines may possess desirable alleles for
quantitative traits that may not be present in elite
lines. Phenotypic selection cannot identify these
desirable alleles in unadapted lines.

New genes for resistance to important bean
diseases such as BGYM (Osorno et al. 2007) and
white mold (Schwartz et al. 2006) have been recently
identified in scarlet runner bean. Interspecific crosses
between common and scarlet runner bean have been
used to develop bean germplasm lines with a novel
sources of resistance to BGYM (Beaver et al. 2005),
BGM (Bianchini 1999) and common bacterial blight
(Freytag et al. 1982; Miklas et al. 1999; Zapata et al.
1985).

Drought tolerance
Drought is a widespread and important constraint to
bean production (Beebe et al. 2008; Teran and Singh

2002; Ramirez-Vallejo and Kelly 1998). Broughton
et al. (2003) reported that 74% of the beans in Latin
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American and 40% of beans produced in Africa
suffer from moderate to severe drought stress some-
time during the growing season. Greater drought
tolerance and improved water use efficiency is
expected to gain importance as a trait for selection
by plant breeding programs because of increased
production of beans and other grain legumes on
drought-prone land (Graham and Vance 2003). The
potential for water stress will also increase as global
temperatures continue to rise (Battisti and Naylor
2008; Rosenzweig et al. 2000). The timing and
duration of the water stress are critical in determining
potential yield loss and the possible response of bean
plants to drought.

Plant breeders have been able to exploit different
mechanisms to cope with drought stress (Chaves
et al. 2003). Early maturity can be used to avoid
terminal drought although earliness and seed yield
are often negatively associated. Rosales-Serna et al.
(2004) noted that in the semi-arid highlands of
Mexico the bean cultivar ‘Pinto Villa’ was able to
reduce the impact of drought on seed yield by
accelerating maturity while simultaneously maintain-
ing a high rate of seed fill. Beebe et al. (2008)
identified bean lines with greater yield potential in
both drought and non-stress environments. They
hypothesized that certain phenotypic traits expressed
under drought stress such as delayed flowering may
limit seed yield potential and that the elimination of
this drought response may increase yield potential in
both stress and non-stress environments.

Deep roots improve the ability of bean plants to
absorb soil moisture under drought conditions (Lynch
2007). However, the evaluation of root systems poses
a challenge for plant breeders. Traditional methods for
the evaluation of roots is labor-intensive and expen-
sive (Lynch 1995). Moreover, the development of the
root system is influenced by biotic factors such as root
rots and abiotic factors such as soil compaction, and
constraints in soil moisture, pH and fertility (Rao
2001). A better understanding of the genetics of the
expression of root traits would permit the develop-
ment of molecular markers that might permit indirect
selection for improved tolerance to drought and other
traits associated with roots (Lynch 2007). Schneider
et al. (1997) used marker-assisted selection (5
RAPD’s) to identify lines with superior performance
under drought stress whereas phenotypic selection
based on seed yield performance was not successful.
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Greater resistance to root rots associated with
drought such as ashy stem blight or Fusarium root rot
would promote root systems that are more efficient in
the absorption of the moisture available in the soil
(Singh et al. 2001a; Miklas et al. 1998b). Roman-
Avilés and Kelly (2005) reported a QTL associated
with Fusarium root rot resistance in bean which
should also contribute to drought resistance. Roman-
Avilés et al. (2003) noted that the identification of
genetic differences in growth patterns of roots may
provide criteria for selection for root rot resistance
under drought stress. Greater resistance to pests, such
as leathoppers (Empoasca spp.), may also help to
protect a drought-stressed leaf canopy (Schaafsma
et al. 1998).

Limitations of traditional breeding and a rationale
for molecular breeding

Adaptation to low soil fertility and Al tolerance

Deficiencies and toxicities of minerals in soils are
common seed yield constraints for bean producers
(Singh et al. 2003b). Broughton et al. (2003) reported
that 50% of the beans in Latin America and almost
75% of the beans in Africa are planted in soils
deficient in P. In addition, tropical soils often have
low pH, that can result in Al and/or Mn toxicity
(Gonzalez and Lynch 1999). Lynch (2007) cites
several factors that can limit the success of field
screening for adaptation to low soil fertility, includ-
ing spatial variability in the level of fertility, pH,
compaction of the soil and confounding effects
caused the presence of other abiotic, biotic or
environmental constraints. The development of beans
with greater tolerance to these soil-related constraints
would help to reduce production costs and permit
farmers to produce beans on more marginal land.
Singh et al. (2003b) noted that farmers often
encounter deficiencies or toxicities to more than one
soil-related constraint which may require the devel-
opment of cultivars that have more general adaptation
to acid or low fertility soils. Due to the importance of
genotype x environment interaction in the expres-
sion of seed yield in low soil fertility environments,
Singh et al. (2003b) advocated the evaluation of
advanced lines in multiple environments. Because
plant scientists cannot directly observe root traits,

molecular breeding may prove to be a particularly
useful tool.

Low soil P is an important constraint to bean
production in Africa and Latin America (Lynch
2007; Wortman et al. 1998; Lynch and Beebe 1995).
The application of fertilizers is not an economically
viable option for many small-scale bean producers in
developing countries (Kimani et al. 2007). In
addition, the recovery of P from fertilizers applied
to tropical soils is often low (Aradjo et al. 2005).
Adaptation of beans to low P soils is associated with
mycorrhizal symbiosis, the abundance of root hairs
and the exudation of organic acids (Lynch and
Brown 2001). Yan et al. (1995) reported significant
genetic variability in P efficiency among common
bean cultivars and lines. Kimani et al. (2007) studied
the inheritance of tolerance of beans to low P soils in
Kenya using an 8 x 8 half diallel of Andean bean
lines. Significant general combining ability (GCA)
was reported for agronomic and root traits associated
with greater P tolerance. Araujo et al. (2005) studied
the inheritance of root traits and P uptake of beans of
Middle American origin in a low P soil in Brazil.
They reported intermediate (0.4 < 0.6) broad sense
heritabilities for root area, root length, root weight
and total P content and significant and positive
genotypic correlations between shoot weight and
root weight and shoot weight and total P uptake.
Therefore, selection for greater bean shoot weight in
a low P soil should result in greater P efficiency.
Selection for drought resistance in Colombia pro-
duced bean lines that also had greater plant
efficiency (seed yield day™') and superior perfor-
mance in a low P soil (Beebe et al. 2008). Beebe
et al. (2006) and Liao et al. (2001) identified QTL
for root architecture traits associated with P acqui-
sition in common bean.

Lynch and Brown (2001) noted that an ideal root
architecture should optimize soil nutrient acquisition
at the lowest possible metabolic cost. Beans use
topsoil foraging as a means to adapt to low P soils
(Lynch and Brown 2001). However, selection for
topsoil foraging may be negatively associated with
the ability of bean plants to mine water at lower soil
depths to tolerate drought stress (Lynch and Brown
2001). Yan et al. (2004) identified multiple QTLs for
greater total acid exudation and longer and more
dense basal root hairs; traits that were associated with
greater P efficiency in the field.
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Tesfaye et al. (2001) reported that over-expression
of malate dehydrogenase in transgenic alfalfa (Medi-
cago sativa L.) resulted in enhanced exudation of
organic acids in root tips which should lead to greater
tolerance to aluminum. A similar approach might be
used to develop transgenic common beans with
enhanced tolerance to Al

Biological nitrogen fixation (BNF)

Low soil N limits bean production throughout the
world (Hungria et al. 2003). The application of N
increases production costs and, in some intensive
bean production systems, can contribute to ground-
water contamination (Graham and Vance 2003).
Although a legume, the common bean is not consid-
ered an efficient fixer of N (Caixeta Franco et al.
2001; Vadez et al. 1999). This may be due, in part, to
the short growing season (<90 days) of common
bean compared with other grain legumes such as
soybeans (~ 120 days) and to the promiscuous nod-
ulation with native rhizobia (Caixeta Franco et al.
2001). In addition, biological nitrogen fixation in
common bean is sensitive to abiotic stresses such as
drought and high temperatures (Hungria and Vargas
2000). Hungria et al. (2003) reported a synergistic
effect between low levels of N fertilizer application
(15 kg ha™' at planting and early flowering) and
biological nitrogen fixation. Greater N fixation would
help to reduce production cost for farmers, increase
seed yield in marginal environments, and reduce
groundwater contamination where irrigated beans are
produced using high levels of N fertilizer.

Pereira et al. (1993) reported that three cycles of
recurrent selection of beans of Middle American
origin for increased nodule number in a controlled
environment resulted in greater biological nitrogen
fixation in the field. They noted that direct selection
in the field for nodule number and other root traits
associated with BNF is not practical due to the
difficulty of extracting the root system from the soil.
Indirect selection for enhanced BNF can be con-
ducted in the field on low-N soils that receive little or
no fertilizer. Miranda and Bliss (1991) recommended
the evaluation of bean lines in replicated trials in low
N environments using total seed nitrogen as a criteria
for selection. Aradjo and Grandi Teixeira (2003)
reported large and positive phenotypic correlations
between seed yield and total seed nitrogen and total
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seed phosphorous. They also found indeterminate
bean lines with floppy (Type III) growth habits to
have greater N and P harvest indices than erect (Type
II) bean lines. Caixeta Franco et al. (2001) identified
bean lines of Andean origin that had significant
positive GCA for nodule number/plant and mean
nodule weight. They recommended the use of a
recurrent selection program using a large base
population and the evaluation in more advanced
generations as a strategy to increase the frequency of
favorable alleles for BNF. Vadez et al. (1999)
identified significant variability in the tolerance for
biological nitrogen fixation to low levels of P. The
most tolerant indeterminate lines were BAT 271, ICA
Pijao and ‘San Cristobal 83’ (G17722).

Vasquez-Arroyo et al. (1998) encountered a large
amount of variability in nitrogen fixation efficiency
among native strains of Rhizobium etli in Mexico
although nodules on the bean roots were mostly
occupied by inefficient strains. Rhizobium tropici,
which is more adapted to acid soils and higher
temperatures than other species of Rhizobium (Hun-
gria et al. 1993), increased BNF in oxisols in southern
Brazil when used as an inoculum on common bean
(Hungria et al. 2003).

Giongo et al. (2007) reported that in a greenhouse
trial conducted in Brazil, ‘Mexico 309’ selected the
most efficient rhizobia strains which resulted in the
greatest dry weight and nitrogen content. Rosas et al.
(1998) described a screening technique that was used
to identify lines that preferentially nodulated with an
efficient strain of Rhizobium etli. The availability of
molecular markers associated with preferential nod-
ulation would facilitate the selection for this trait.
Graham and Vance (2003) noted that the formation of
root nodules for biological nitrogen fixation requires
signaling between the host and the microsymbiont
and that this process involves the expression of
numerous genes. Molecular breeding and genomic
approaches may permit the manipulation of both the
host plant and the bacteria to enhance BNF (Tsai
et al. 1998; Werner 2005).

A better understanding of the expression of seed
yield and G x E

G x E affects the range of adaptation of bean
breeding lines and cultivars (Singh et al. 2007).
Hoogenboom and White (2003) noted that the use of
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crop models by plant breeding programs has been
limited due to an inability to simulate genetic
differences in yield among bean cultivars and breed-
ing lines. White and Hoogenboom (1996) developed
the simulation model for common bean, GeneGro, to
estimate differences among bean genotypes based on
the effects of seven genes. In a subsequent study,
Hoogenboom et al. (1997) found the GenGro model
to be a good predictor of phenological traits such as
days to flowering and maturity in common bean but a
poor predictor for the quantitatively inherited trait
seed yield. Hoogenboom and White (2003) noted that
a better understanding of the expression of quantita-
tively inherited traits would help to improve the
predictive ability of simulation models.

Kelly et al. (1998a) noted that the expression of
seed yield may vary among beans of diverse origin.
White and Hoogenboom (2003) suggested that an
increased availability of molecular markers and
genomic maps associated with the expression of
physiological traits would help to characterize
genetic differences and should lead to improvements
in the crop model. However, the generation of
information useful for further refinement of the crop
model will require collaboration from a wide range of
disciplines.

Singular value decomposition analyses such as
GGE biplots (Gabriel 1971; Yan et al. 2000),
Additive Main Effects and Multiplicative Interaction
(AMMI) (Gauch 1992), and Principal Component
Analysis (PCA), are often used to better understand
G x E interaction (Gauch 2006). Many of these
approaches permit a graphic representation of multi-
environment data collected from field trials (Yan
et al. 2000). The GGE biplot provides a useful tool
for data analysis and allows the visual appraisal of the
structure of large data matrices (Laffont et al. 2007;
Yan 2001). However, a drawback of these approaches
is the lack of appropriate methods to measure
statistical significance (JJ Hammond, personal com-
munication). Kang et al. (2006) used the GGE biplots
approach to evaluate and enhance the efficiency of
bean breeding/testing locations in Africa. The authors
used bean data from multi-environment trials made
between 1995 and 2002. GGE biplot methodology
helped to identify redundant and/or non-informative
locations, as well as locations that showed greater
differentiation among cultivars. This suggested that
the number of testing locations could be reduced,

hence making a more efficient use of the program
resources and allocations. A better understanding of
the genetic and physiological basis of genotype x
environment interaction is needed to more effectively
map and utilize genetic markers for traits such as seed
yield that are influenced by environmental conditions.

Molecular markers

Marker-assisted selection has become a common tool
used in many common bean breeding programs
(Miklas et al. 2006b; Kelly et al. 2003). Marker-
assisted selection permits the indirect selection of
traits in the absence of selection pressure for the trait.
For example, bean breeders can screen for genes for
a disease resistance without running the risk of
introducing the disease agent. Because disease resis-
tance genes are often present in clusters, bean
breeders should be aware of the risk of introducing
susceptibility to a different disease if the target gene
and a gene for susceptibility are linked (Michelmore
1995).

Many recent bean germplasm and cultivar releases
have used molecular markers for trait selection or for
confirmation of the presence of a specific gene
(Table 1). Pastor-Corrales et al. (2007) used the SW-
13 SCAR to confirm the presence of the / gene for
BCMYV resistance in the development of great
northern bean germplasm with multiple disease
resistance. Miklas et al. (2006c) used marker-assisted
selection to identify plants with the SCAR markers
SU-91 and SAP-6 in the development of the common
bacterial blight resistant dark red kidney germplasm
USDK-CBB-15. Miklas et al. (2003) used the SCAR
marker SAS-13 to develop pinto bean germplasm
having the Co-4° gene for anthracnose resistance.
Blair et al. (2006a) used the SCAR marker SR-2 to
confirm the presence of the recessive gene bgm for
resistance to BGYMYV in red mottled bean germplasm
after results from screening with the SCAR marker
SW-12 suggested that the red mottled germplasm
lines did not have a QTL associated with BGYMV
resistance. Miklas (2007) used marker-assisted back-
crossing of two QTL to introgress partial resistance to
white mold into pinto and great northern breeding
lines. In this case, marker-assisted selection permitted
the selection for physiological resistance to white
mold without the confounding effects of traits related
to disease avoidance. This approach may be useful
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for breeding for resistance to other bean diseases such
as web blight.

Miklas et al. (2006b) and Kelly et al. (2003)
provide numerous examples of the effectiveness of
molecular markers in the selection of bean lines with
enhanced resistance to disease and pests and greater
tolerance to abiotic stress. Problems with current
molecular markers include the specificity of some
markers to only one gene pool (Miklas et al. 2006b).
As more genes are cloned and sequenced, Michel-
more (1995) noted that it should be possible to design
specific molecular markers for specific alleles. The
rapid evolution in technology makes it difficult for
bean breeding programs in many developing coun-
tries to adopt the most current techniques. Ideally, a
marker for routine screening in a plant breeding
program should be reliable, rapid and inexpensive
(Michelmore 1995). Broughton et al. (2003) noted
that molecular plant breeding techniques are an
additional set of tools available to plant breeders.
The most appropriate combination of conventional
and molecular tools will depend upon the specific
agricultural problem that needs to be addressed and
the resources available (Bernardo 2008).

Utilization of information from the bean genome
map

Classical mapping efforts

The common bean is diploid (2n = 22) with a
genome size ranging from 450 to 650 Mbp/haploid
genome [Bennett and Leitch (1995) cited in Brough-
ton et al. (2003)].

The common bean is an autogamous plant species
with a low percentage of natural outcrossing (Brunner
and Beaver 1989) although environmental factors can
influence the rate of outcrossing (Ibarra-Pérez et al.
1997). Genetic recombination in common bean
breeding programs is achieved through manual
pollinations conducted in the field or greenhouse.

Many specific genes for seed, morphological and
phenological traits, and resistance to diseases have
been identified by plant breeders, plant pathologists
and geneticists (Porch 2008). Bassett (2007) pub-
lished a comprehensive review of the genetics of seed
coat color in common bean. There are, however,
fewer specific genes identified for pest resistance,
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tolerance to abiotic stress, nutritional quality and
cooking characteristics of common bean.

Bassett (1991) used classical genetic techniques to
develop a linkage map for common bean that
contained 13 linkage groups with 46 marker genes.
Different morphological and molecular markers
(RFLP, RAPD, and SCAR) have been used to
develop genetic maps for the common bean (Vallejos
et al. 1992; Nodari et al. 1993).

An integrated linkage map was developed to line
up the markers used in the different maps (Freyre
et al. 2004). Blair et al. (2003) incorporated micro-
satellite markers into the integrated linkage map.
Pedrosa et al. (2003) integrated the information in the
common bean linkage and chromosomal maps.

Michelmore and Meyers (1998) noted that clusters
of genes for resistance to different pathogens or
different races of the same pathogen are common in
plants. Kelly et al. (2003) reported that genes for
disease resistance are also concentrated in different
regions of the common bean genome. Miklas et al.
(2006b) noted the increased importance to bean
breeders of understanding the physical arrangement
of sequence diversity of these gene clusters. For
example, Méndez-Vigo et al. (2005) found genes for
resistance to anthracnose (Co-3/Co-9), rust (Ur-5)
and the SW-12 QTL for resistance to BGYM to be
linked. Rodriguez-Sudrez et al. (2007) reported that
the anthracnose resistance genes Co-3/Co-9 and Co-2
were organized in two clusters. They concluded that
most anthracnose resistance genes could be organized
in clusters of genes that confer race-specific resis-
tance. The authors suggest that previously reported
alleles could be haplotypes having different combi-
nations of race-specific resistance genes.

Gaitan-Solis et al. (2002) noted that microsatellites
or simple sequence repeats (SSR) are valuable
genetic markers for studying genetic diversity and
molecular mapping. Because the sequences flanking
the repeat regions are highly conserved, polymerase
chain reaction (PCR) oligonucleotide primers can be
designed for the amplification of the repeat loci.
Miklas et al. (2006a) noted that resistance gene
analogs (RGA) can be cloned and targeted region
amplified polymorphisms (TRAPs) can be developed
and used as molecular markers or used to dissect gene
clusters. Bioinformatics will help to aggregate and
organize information from evolutionary genetics,
structural and functional genomics and advances in



Euphytica (2009) 168:145-175

163

the biochemical, and the genetic and physiological
basis of the expression of traits of economic impor-
tance (Broughton et al. 2003).

DNA fingerprinting to preserve the purity
or protect the identity of cultivars

Private and public bean breeding programs will likely
increase their use of utility patents and Plant Variety
Protection certificates for bean cultivars to protect
intellectual property rights. Nybom (1994) noted that
DNA fingerprinting techniques can help plant breed-
ers identify cultivars, estimate genetic relatedness of
lines and conduct pedigree analysis. Recently, the
same techniques were used to provide evidence of the
lack of novelty of a bean cultivar that had received a
U.S. utility patent (Pallottini et al. 2004).

Transgenic beans

Although genetic transformation has been reported
for all major pulse crops, transgenic cultivars have
not yet been commercially released (Eapen 2008).
Factors that have contributed to the lack of progress
in developing transgenic pulse crops include the
difficulty in obtaining reproducible and repeatable
results due to the lack of competent totipotent cells
for transformation, the long period of time required to
develop transgenics, lack of long-term funding, the
absence of a coordinated research by the scientific
community and, in some cases, an unfavorable public
perception toward the use of transgenic crops (Dita
et al. 2006; Eapen 2008).

Broughton et al. (2003) reported that efforts to
transform common beans have had only limited
success. At present, a rapid and efficient protocol to
transform common beans does not exist. The first
reports of transformed beans were made in the
1990’s, by using particle bombardment (Russell
et al. 1993; Aragao et al. 1996; Aragao et al. 2002).
In Brazil, researchers used particle bombardment
techniques to produce transgenic common bean lines
with resistance to BGMYV (Bonfim et al. 2007; Faria
et al. 2006), however the rate of transformation
efficiency was reported to be low (<0.7%). Zambre
et al. (2005) reported the development of a repro-
ducible Agrobacterium tumefaciens-mediated genetic
transformation method for tepary bean. Interspecific
crosses could be used to transfer traits from a

transformed tepary bean to common bean although
this approach would be cumbersome, costly and time-
consuming. Liu et al. (2005) reported successful
transformation of kidney beans using Sonication
assisted  Agrobaterium-mediated  transformation
(SAAT). The authors reported that obtained trans-
genic kidney beans were more tolerant to soils with
high salt content and drought conditions.

Because weed competition can significantly
reduce seed yield, the development of transgenic
beans with tolerance to herbicide would be a
desirable characteristic for some bean production
systems. Herbicide tolerance would also facilitate no-
till bean production resulting in less soil erosion
(Wolfenbarger and Phifer 2000). No-till bean pro-
duction may be beneficial for bean production in the
humid tropics by providing a mulch on the soil
surface that would reduce the spread of web blight
disease.

An important consideration for the development
and release of transgenic beans in Latin America is
the potential for contamination of wild bean popula-
tions with transgenes. Papa and Gepts (2003) reported
that domesticated beans had measurable amounts of
gene flow to wild beans. In the presence of transgenic
beans, this gene flow may adversely affect the genetic
diversity of landraces and wild relatives in centers of
bean domestication. Acceptance of transgenic com-
mon beans will depend on public perception that the
technology provides clear and lasting benefits to
society without causing unnecessary risk to the
environment or the health of the consumers.

Studies of diversity of landrace varieties, core
collections and identification of germplasm most
likely to have the desired traits

Amirul Islam et al. (2004) used molecular markers to
demonstrate that there was a low degree of intro-
gression from the Middle American gene pool in
most Andean bean germplasm accessions from South
America. On the other hand, Duran et al. (2005) used
similar molecular techniques to demonstrate intro-
gression between the Andean and Middle American
gene pools in bean landraces from the Caribbean.
Rosales-Serna et al. (2005) used AFLP markers to
study the genetic relationship of Mexican bean
cultivars and Blair et al. (2007a) used SSR markers
to characterize Andean races of common bean. Their
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results suggested that the morphological classification
of all climbing beans as Peru race genotypes and all
bush beans as Nueva Granada race genotypes is
erroneous and that growth habit traits have been
mixed in both races, requiring a re-adjustment in the
concept of morphological races in Andean beans.

Molecular breeding (MAS) may be useful for the
selection of the most effective alleles for disease
resistance

Miklas et al. (2006b) noted that greater resistance to
biotic factors and enhanced tolerance to abiotic
constraints can benefit farmers using a wide range
of production practices. Hillocks et al. (2006) also
observed that as many as three diseases can simul-
taneously threaten a bean crop planted in Tanzania.
Therefore, beans in the tropics, and in many temper-
ate production regions, often need to be bred for
resistance to multiple diseases or pests. Sorrells and
Wilson (1997) noted that linkage between a marker
and a trait may not be maintained in distantly related
germplasm. This has been the case for common bean
where the utility of many molecular markers is
limited to either the Andean or Middle American
gene pool (Miklas et al. 2006b). Yu et al. (2004)
noted that plant breeders using marker-assisted
selection need molecular markers that are stable,
reproducible and easy to use. Verification of the
magnitude of the effect of the QTL and an accurate
chromosome map location are also needed to fully
realize the potential of a marker for a breeding
program (Liu et al. 2004).

Marker-assisted selection has already proven to be
valuable tool to screen for disease resistance. Breed-
ing for specific disease resistance genes often requires
artificial inoculations using specific isolates of patho-
gens. Artificial inoculations and the maintenance of
pathogen populations are time-consuming and expen-
sive. Yu et al. (2000) reported that screening bean
lines for common blight resistance using the SCAR
marker BC420 was about 1/3 less than the cost of
screening beans for common blight reaction using
conventional techniques. Moreover, marker-assisted
selection using BC420qyo produced results in much
less time than conventional screening techniques. The
ability to obtain results before flowering may be
critical when backcrossing traits. Yu et al. (2004)
recently identified an SSR marker closely linked to
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the BC4209py marker. This co-dominant marker was
more efficient than BC4209q, because lines hetero-
zygous for common bacterial blight resistance could
be identified in early generations.

Common bean breeders should be aware of the
existence of multiple alleles for disease resistance
genes. Melotto and Kelly (2000) reported that the Co-
1 locus for anthracnose resistance has multiple alleles
(Co-1? and Co-1°). In addition, Young et al. (1998)
identified multiple alleles for other anthracnose
resistance genes (Co-3 and Co-3%; Co-4 and Co-47,
respectively). Teixeira Caixeta et al. (2005) reported
that four dominant genes for resistance to angular leaf
spot (Phg-2, Phg-3, Phg-4 and Phg-5), have multiple
alleles (Phg-2°, Phg-3°, Phg-4°> and Phg-5%). Once
specific genes have been cloned, Michelmore (1995)
suggested the different disease resistance genes could
be pyramided and introduced as cassettes into
transgenic plants. Different alleles of the same
resistance gene could be incorporated into a cassette,
thus producing genotypes not found in nature that
may provide resistance to a wider range of
pathotypes.

McDonald and Linde (2002) noted that the choice
of a breeding strategy for disease resistance depends
on the evolutionary potential of the pathogen popu-
lation. The deployment of a single gene for resistance
may be an appropriate strategy for a pathogen
population with asexual reproduction, low mutation
rates and gene flow and small effective population
size. Pyramiding major genes for resistance may be
an effective strategy for pathogen populations that
pose a moderate risk of evolving virulent pathotypes.
Pyramiding disease resistance genes of Middle
American and Andean origin has been used to
develop bean germplasm lines with broad and more
durable resistance to rust (Pastor-Corrales 2003).
Pyramiding genes for disease resistance requires that
virulence patterns of pathogens be monitored and
new resistance genes be introgressed into commercial
bean cultivars to provide resistance to emerging
virulent pathotypes (Young and Kelly 1996). McDon-
ald and Linde (2002) note that genetic engineering
may permit the development of unique pyramids of
disease resistance genes that could be incorporated
into plants as a cassette of linked genes. However,
plant pathogen populations with mixed reproduction
systems, a greater potential for gene flow, high
mutation rates and large effective population sizes
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may be capable of overcoming pyramided genes for
disease resistance (McDonald and Linde 2002). In
this case, plant breeders should focus on breeding for
quantitative resistance which would require a sus-
tained effort to keep ahead of the evolution of the
pathogen. Parleviet and Zadoks (1977) recommend
the accumulation of resistance genes from diverse
sources of origin. Molecular plant breeding tools such
as marker-assisted selection could aid in this effort.
Regional or temporal deployment of major genes for
resistance or the use of cultivar mixtures or multilines
are other strategies that can be used to deal with
pathogens with a greater capacity to develop virulent
pathotypes (McDonald and Linde 2002). Molecular
techniques to monitor the virulence patterns of
pathogen populations would be valuable tools in the
management of plant pathogen populations.
Co-evolution of the host and pathogen has pro-
duced pathotypes of some bean diseases that are more
virulent to either the Andean or the Middle American
bean gene pool (Miklas et al. 2006b; Pastor-Corrales
2004). However, pathotypes of rust (Sandlin et al.
1999) and anthracnose (Balardin et al. 1997) have
been identified that are virulent to both Andean and
Middle American sources of resistance. Conse-
quently, plant breeders should be aware of the
virulence patterns of bean pathogens in the regions
where lines under development are expected to be
released as cultivars. Monitoring the virulence pat-
terns of pathogens can be achieved by obtaining
samples of the pathogen from the field and screening
in the greenhouse for disease reaction using a group
of bean lines (differentials) known to possess differ-
ent genes or different combinations of genes for
resistance to the pathogen. Because virulence patterns
can vary over time, pathogen populations need to be
constantly monitored, which is both expensive and
time-consuming. Steadman et al. (1998) proposed for
bean rust the use of mobile nurseries to take
differentials to the field for a short period of time to
permit natural infection. The mobile nurseries are
returned to the greenhouse where the disease reac-
tions are noted after infection has developed.
Molecular techniques have been used successfully
to describe the genetic variability of pathogen
populations of many bean diseases (Balardin et al.
1997; Ansari et al. 2004; Pastor-Corrales et al. 1998;
Mahuku et al. 2002; Godoy-Lutz et al. 2003; Araya
et al. 2004). However, more research needs to be

conducted in the development of molecular markers
to detect specific virulence patterns in plant patho-
gens. The existence of molecular markers for specific
virulence patterns would provide a rapid diagnostic
tool to detect the emergence of new pathotypes and
aid the plant breeder identifying the most effective
combination of resistance genes. In addition, the
movement of DNA samples of potential new races of
bean pathogens across borders for research would
pose less phytosanitary risk than the importation of
living organisms.

Pyramiding genes of Mesoamerican and Andean
origin may provide the highest and most durable
resistance to bean diseases such as rust, angular leaf
spot and anthracnose (Miklas et al. 2006b). On the
other hand, pyramided resistance genes from only
one gene pool, usually Middle American, has
provided good levels of resistance to certain diseases
such as BGYM and BCMNV.

Publications that describe new molecular markers
for traits of economic value should include the
sequence of the primer(s) and the protocols needed to
repeat the procedures. In addition, researchers devel-
oping molecular markers should test the potential
usefulness of the marker by screening bean lines of
diverse origin that have and do not have the trait of
interest. Seed of lines having the trait of economic
value should be made available to the bean research
community. These steps will help to insure that bean
breeders utilize the molecular markers in their bean
breeding program.

The development of biomarkers as the result of
advances in proteomics may permit marker-assisted
selection to be conducted by monitoring the presence
or absence of gene products rather than genetic
markers (Service 2008). Monoclonal antibody test
strips are already commercially available to detect the
presence or absence of specific Bt toxins in leaves
and seed of transgenic plants (http://www.agdia.com/
gmo.html).

Conclusion

Conventional plant breeding techniques have proven
to be effective for the improvement of many traits of
economic importance in common bean, especially
disease resistance (Table 1). Plant breeders have
extended the range of adaptation of the crop,
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improved agronomic traits and developed and
released cultivars with resistance to many important
diseases and some pests. Limited progress has been
made in the improvement of biological nitrogen
fixation and tolerance to abiotic stresses such as
drought and low soil fertility. Progress in increasing
the seed yield potential of common bean has also
been slow, but moderately successful. Molecular
plant breeding techniques may prove to be valuable
tools for the improvement of quantitatively inherited
traits such as seed yield, characteristics related to the
nutritional content of bean seed or traits related to the
root that do not easily allow phenotypic selection.
Some have already proven to be effective for MAS of
disease related traits.

Bean breeders in developed countries have been
early adopters of molecular plant breeding tech-
niques. Marker-assisted selection for certain disease
resistance genes has become a routine activity for
some bean breeding programs and many recent
cultivar and germplasm releases provide evidence
of the effectiveness of the technique. The use of
marker-assisted selection for more complex traits
such as seed yield and abiotic stress tolerance will
require a much better understanding of the genetic
basis of the expression of these traits. Genomic
mapping of these traits should help bean breeders
devise more effective selection strategies for these
complex traits. Incorporation of genomic information
into a crop model may provide an appropriate
platform to study the expression of seed yield,
adaptation and other traits of economic importance.
It may also help breeders better understand the basis
of genotype x environment interactions.

A reliable and efficient transformation system
needs to be developed for common bean. Traits such
as herbicide tolerance have the potential to lower the
cost of bean production and reduce soil erosion.
However, the issue of consumer acceptance should be
taken into consideration before the development and
release of transgenic common beans.

It should be kept in mind that most common beans
are produced and consumed in developing countries.
Bean breeding programs in these countries need
access to knowledge and technology that will enable
them to make use of molecular plant breeding
techniques. This may require the out-sourcing of
molecular analyses or the development of new
technologies that permit the identification of genes
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of economic importance without the need to have
direct access to a molecular biology laboratory.

References

Abawi GS, Provvidenti R, Crosier DC, Hunter JE (1978)
Inheritance of resistance to white mold disease in
Phaseolus coccineus. J Hered 69:200-202

Acevedo-Roman MA, Molina-Castafieda A, Angel Sanchez
JC, Muiioz CG, Beaver JS (2004) Inheritance of normal
pod development in bean golden yellow mosaic resistant
common bean. J] Am Soc Hortic Sci 129:549-552

Acosta-Gallegos JA, Kelly JD, Gepts P (2007) Prebreeding in
common bean and use of genetic diversity from wild
germplasm. Crop Sci 47(S3):S44-S49. doi:10.2135/
cropsci2007.04.00081PBS

Adair H (2003) Cultivo do Feijoeiro Comum. Embrapa Arroz e
Feijao. Sistemas de Producdo, 2. ISSN 1679-8869 Versao
eletronica. http://sistemasdeproducao.cnptia.embrapa.br/
FontesHTML/Feijao/CultivodoFeijoeiro/index.htm (Acc-
essed 3 December 2007)

Amirul Islam FM, Beebe S, Muifioz M, Tohme J, Redden RJ,
Basford KE (2004) Using molecular markers to assess the
effect of introgression on quantitative attributes of com-
mon bean in the Andean gene pool. Theor Appl Genet
108:243-252. doi:10.1007/s00122-003-1437-3

Anderson JW, Smith BM, Washnock CS (1999) Cardiovas-
cular and renal benefits of dry bean and soybean intake.
Am J Clin Nutr 70(3):464S-474S

Ansari KI, Palacios N, Araya C, Langin T, Egan D, Doohan
FM (2004) Pathogenic and genetic variability among
Colletotrichum lindemuthianum isolates of different geo-
graphic origins. Plant Pathol 53:635-642. doi:10.1111/
j-0032-0862.2004.01057.x

Aragao FJL, Barros LMG, Brasileiro ACM, Ribeiro SG, Smith
FD, Sanford JC, Faria JC, Rech EL (1996) Inheritance of
foreign genes in transgenic bean (Phaseolus vulgaris L.)
co-transformed via particle bombardment. Theor Appl
Genet 93:142-151. doi:10.1007/BF00225739

Aragao FIL, Vianna GR, Albino MMC, Rech EL (2002)
Transgenic dry bean tolerant to the herbicide glufosinate
ammonium. Crop Sci 42:1298-1302

Aratdjo AP, Grandi Teixeira M (2003) Nitrogen and phosphorus
harvest indices of common bean cultivars: implications for
yield quantity and quality. Plant Soil 257:425-433. doi:
10.1023/A:1027353822088

Aratdjo AP, Ferreira Antunes I, Grandi Teixeira M (2005)
Inheritance of root traits and phosphorus uptake in com-
mon bean (Phaseolus vulgaris L.) under limited soil
phosphorus supply. Euphytica 45:33-40. doi:10.1007/
s10681-005-8772-1

Araya CM, Alleyne AT, Steadman JR, Eskridge KM, Coyne
DP (2004) Phenotypic and genotypic characterization of
Uromyces appendiculatus from Phaseolus vulgaris in the
Americas. Plant Dis 88:830-836. doi:10.1094/PDIS.2004.
88.8.830

Asensio-S.-Manzanera MC, Asensio C, Singh SP (2006)
Gamete selection for resistance to common and halo


http://dx.doi.org/10.2135/cropsci2007.04.0008IPBS
http://dx.doi.org/10.2135/cropsci2007.04.0008IPBS
http://www.sistemasdeproducao.cnptia.embrapa.br/FontesHTML/Feijao/CultivodoFeijoeiro/index.htm
http://www.sistemasdeproducao.cnptia.embrapa.br/FontesHTML/Feijao/CultivodoFeijoeiro/index.htm
http://dx.doi.org/10.1007/s00122-003-1437-3
http://dx.doi.org/10.1111/j.0032-0862.2004.01057.x
http://dx.doi.org/10.1111/j.0032-0862.2004.01057.x
http://dx.doi.org/10.1007/BF00225739
http://dx.doi.org/10.1023/A:1027353822088
http://dx.doi.org/10.1007/s10681-005-8772-1
http://dx.doi.org/10.1007/s10681-005-8772-1
http://dx.doi.org/10.1094/PDIS.2004.88.8.830
http://dx.doi.org/10.1094/PDIS.2004.88.8.830

Euphytica (2009) 168:145-175

167

bacterial blights in dry bean intergene pool populations.
Crop Sci 46:131-135. doi:10.2135/cropsci2005.0198

Baggett JR (1956) The inheritance of resistance to strains of
bean yellow mosaic virus in the interspecific cross
Phaseolus vulgaris x P. coccineus. Plant Dis Rep 40:
702-707

Balardin RS, Jarosz AM, Kelly JD (1997) Virulence and
molecular diversity in Colletotrichum lindemuthianum
from South, Central, and North America. Phytopathology
87:1184-1191. doi:10.1094/PHYTO.1997.87.12.1184

Balasubramanian P, Vandenberg A, Hucl P, Gusta L (2004)
Resistance of Phaseolus species to ice crystallization at
subzero temperature. Physiol Plant 120:451-457. doi:
10.1111/.0031-9317.2004.00257.x

Bannerot H (1979) Cold tolerance on beans. Annu Rep Bean
Improv Coop 22:81-84

Bassett MJ (1991) A revised linkage map of common bean.
Hortscience 26:834-836

Bassett MJ (2007) Genetics of seed coat color and pattern in
common bean. Plant Breed Rev 28:239-315. doi:10.1002/
9780470168028.ch8

Battisti DS, Naylor RL (2008) Historical warnings of future
food insecurity with unprecendented seasonal heat. Sci-
ence 323:240-244. doi:10.1126/science.1164363

Beaver JS, Kelly JD (1994) Comparison of selection methods
for dry bean populations derived from crosses between
gene pools. Crop Sci 34:34-37

Beaver JS, Macchiavelli R (1998) Breeding strategies for
pyramiding genes for resistance. Annu Rep Bean Improv
Coop 41:141-142

Beaver JS, Miklas PN (1999) Registration of ‘Morales’ small
white bean. Crop Sci 39:1257

Beaver JS, Miklas PN, Kelly JD, Steadman JR, Rosas JC
(1998) Registration of PR9357-107 small red germplasm
resistant to BCMV, BCMNYV and rust. Crop Sci 38:1406—
1407

Beaver JS, Rosas JC, Myers J, Acosta J, Kelly JD, Nchimbi-
Msolla S, Misangu R, Bokosi J, Temple S, Arnaud-Santana
E, Coyne DP (2003) Contributions of the bean/cowpea
CRSP to cultivar and germplasm development in common
bean. Field Crops Res 82:87-102. doi:10.1016/S0378-
4290(03)00032-7

Beaver JS, Muiioz Perea CG, Osorno JM, Ferwerda FH, Miklas
PN (2005) Registration of bean golden yellow mosaic
virus resistant dry bean germplasm lines PR9771-3-2,
PR0247-49, and PRO157-4-1. Crop Sci 45:2126-2127.
doi:10.2135/cropsci2004.0487

Beaver JS, Porch TG, Zapata M (2008) Registration of ‘Ver-
ano’ white bean. J Plant Registrations 2(3):187-189. doi:
10.3198/jpr2008.02.0110crc

Beebe SE, Ochoa I, Skroch P, Nienhuis J, Tivang J (1995)
Genetic diversity among common bean breeding lines
developed for Central America. Crop Sci 35:1178-1183

Beebe S, Skroch PW, Tohme J, Duque MC, Pedraza F,
Nienhuis J (2000) Structure of Genetic diversity among
common bean landraces of Middle American origin based
on correspondence analysis of RAPD. Crop Sci 40:264—
273

Beebe SE, Rojas-Pierce M, Yan X, Blair MW, Pedraza F,
Muioz F, Tohme J, Lynch JP (2006) Quantitative Trait
Loci for root architecture traits correlated with phosphorus

acquisition in common bean. Crop Sci 46:413-423. doi:
10.2135/cropsci2005.0226

Beebe S, Rao IM, Cajiao C, Grajales M (2008) Selection for
drought resistance in common bean also improves yield in
phosphorus limited and favorable environments. Crop Sci
48:582-592. doi:10.2135/cropsci2007.07.0404

Belivanis T, Doré C (1986) Interspecies hybridization of
Phaseolus vulgaris L. and P. angustissimus A. Gray using
in vitro embryo culture. Plant Cell Rep 5:329-331. doi:
10.1007/BF00268593

Bennett MD, Leitch 1J (1995) Nuclear DNA amounts in
angiosperms. Ann Bot 76:113-176. doi:10.1006/anbo.
1995.1085

Bennink MR, Rondini EA (2003) Eat beans to improve your
health. http://www.michiganbean.org/research.html
(Accessed 18 September 2008)

Bernardo R (2008) Molecular markers and selection for com-
plex traits in plants: learning from the last 20 years. Crop
Sci 48:1649-1664. doi:10.2135/cropsci2008.03.0131

Bianchini A (1999) Resistance to Bean golden mosaic virus in
bean genotypes. Plant Dis 83:615-620. doi:10.1094/PDIS.
1999.83.7.615

Blair MW, Pedraza F, Buendia HF, Gaitan-Solis E, Beebe SE,
Gepts P, Tohme J (2003) Development of a genome-wide
anchored microsatellite map for common bean (Phaseolus
vulgaris L.). Theor Appl Genet 107:1362-1374. doi:10.
1007/s00122-003-1398-6

Blair MW, Astudillo C, Beebe S (2005) Analysis of nutritional
quality traits in an Andean recombinant inbred line pop-
ulation. Annu Rep Bean Improv Coop 48:52-53

Blair MW, Beaver JS, Nin JC, Prophete Singh SP (2006a)
Registration of PR9745-232 and RMC-3 red-mottled dry
bean germplasm lines with resistance to Bean golden
yellow mosaic virus. Crop Sci 46:1000-1002. doi: 10.2135/
cropsci2005.04-0030

Blair MW, Iriarte G, Beebe S (2006b) QTL analysis of yield
traits in an advanced backcross population derived from a
cultivated Andean x wild common bean (Phaseolus
vulgaris L.) cross. Theor Appl Genet 112:1149-1163. doi:
10.1007/s00122-006-0217-2

Blair MW, Diaz JM, Hidalgo R, Diaz LM, Duque MC (2007a)
Microsatellite characterization of Andean races of com-
mon bean. Theor Appl Genet 116:29-43. doi:10.1007/
s00122-007-0644-8

Blair MW, Rodriguez LM, Pedraza F, Morales F, Beebe S
(2007b) Genetic mapping of the bean golden yellow
mosaic geminivirus resistance gene bgm-1 and linkage
with potyvirus resistance in common bean (Phaseolus
vulgaris L.). Theor Appl Genet 114:261-271. doi:10.1007/
s00122-006-0428-6

Bliss FA (1993) Breeding common bean for improved biolog-
ical nitrogen fixation. Plant Soil 152:71-79. doi:10.1007/
BF00016334

Boland GJ, Melzer MS, Hopkin A, Higgins V, Nassuth A
(2004) Climate change and plant diseases in Ontario. Can
J Plant Pathol 26:335-350

Bonfim K, Faria JC, Nogueira E, Erica A, Mendes EA, Aragio
FIL (2007) RNAi-mediated resistance to bean golden
mosaic virus in genetically engineered common bean
(Phaseolus vulgaris 1.). Mol Plant Microbe Interact
20(6):717-726. doi:10.1094/MPMI-20-6-0717

@ Springer


http://dx.doi.org/10.2135/cropsci2005.0198
http://dx.doi.org/10.1094/PHYTO.1997.87.12.1184
http://dx.doi.org/10.1111/j.0031-9317.2004.00257.x
http://dx.doi.org/10.1002/9780470168028.ch8
http://dx.doi.org/10.1002/9780470168028.ch8
http://dx.doi.org/10.1126/science.1164363
http://dx.doi.org/10.1016/S0378-4290(03)00032-7
http://dx.doi.org/10.1016/S0378-4290(03)00032-7
http://dx.doi.org/10.2135/cropsci2004.0487
http://dx.doi.org/10.3198/jpr2008.02.0110crc
http://dx.doi.org/10.2135/cropsci2005.0226
http://dx.doi.org/10.2135/cropsci2007.07.0404
http://dx.doi.org/10.1007/BF00268593
http://dx.doi.org/10.1006/anbo.1995.1085
http://dx.doi.org/10.1006/anbo.1995.1085
http://www.michiganbean.org/research.html
http://dx.doi.org/10.2135/cropsci2008.03.0131
http://dx.doi.org/10.1094/PDIS.1999.83.7.615
http://dx.doi.org/10.1094/PDIS.1999.83.7.615
http://dx.doi.org/10.1007/s00122-003-1398-6
http://dx.doi.org/10.1007/s00122-003-1398-6
http://dx.doi.org/10.2135/cropsci2005.04-0030
http://dx.doi.org/10.2135/cropsci2005.04-0030
http://dx.doi.org/10.1007/s00122-006-0217-2
http://dx.doi.org/10.1007/s00122-007-0644-8
http://dx.doi.org/10.1007/s00122-007-0644-8
http://dx.doi.org/10.1007/s00122-006-0428-6
http://dx.doi.org/10.1007/s00122-006-0428-6
http://dx.doi.org/10.1007/BF00016334
http://dx.doi.org/10.1007/BF00016334
http://dx.doi.org/10.1094/MPMI-20-6-0717

168

Euphytica (2009) 168:145-175

Brick MA, Schwartz HF, Ogg JB, Johnson JJ, Judson F (2001)
Registration of ‘Montrose’ pinto bean. Crop Sci 41:260

Brick MA, Ogg JB, Singh SP, Schwartz HF, Johnson JJ, Pas-
tor-Corrales MA (2008) Registration of drought-tolerant,
rust-resistant, high-yielding pinto bean germplasm line
C046348. J Plant Registrations 2:120-124. doi:10.3198/
jpr2007.06.0359crg

Broughton WJ, Hernandez G, Blair M, Beebe S, Gepts P,
Vanderleyden J (2003) Beans (Phaseolus spp.)—model
food legume. Plant Soil 252:55-128. doi:10.1023/A:1024
146710611

Brunner BR, Beaver JS (1989) Estimation of outcrossing of the
common bean in Puerto Rico. Hortscience 24:669-671

Buhrow R (1980) Frost tolerance of the Phaseolinae of the
south-western United States. Annu Rep Bean Improv
Coop 23:62-64

Caixeta Franco M, Tulio Cassini S, Rodrigues Oliveira V,
Vieira C, Tsai SM, Damiao Cruz C (2001) Combining
ability for nodulation in common bean (Phaseolus vul-
garis L.) genotypes from Andean and Middle American
gene pools. Euphytica 118:265-270. doi:10.1023/A:101
7560118666

Chaves MM, Maroco JP, Pereira JS (2003) Understanding
plant responses to drought—from genes to whole plant.
Funct Plant Biol 30:239-264. doi:10.1071/FP02076

Cichy KA, Forster S, Grafton KF, Hosfield GL (2005) Inher-
itance of seed zinc accumulation in navy bean. Crop Sci
45:864-870. doi:10.2135/cropsci2004.0104

Bean Improvement Cooperative (2008) Bean core map—2006.
(http://www.css.msu.edu/bic/PDF/Bean%?20Core%20map
%202006.pdf) Accessed 1 October 2007

Coyne DP, Schuster ML (1973) Phaseolus germplasm tolerant
to common blight bacterium (Xanthomonas phaseoli).
Plant Dis Rep 57:111-114

Coyne DP, Nuland DS, Lindgren DT, Steadman JR, Smith
DW, Gonzales J, Schlid J, Reiser J, Sutton L, Carlson C
(2000) ‘Weihing’ great northern disease-resistant dry
bean. Hortscience 35:310-312

Coyne DR, Steadman JR, Godoy-Lutz G, Gilbertson R,
Arnaud-Santana E, Beaver JS, Myers JR (2003) Contri-
butions of the bean/cowpea CRSP to management of bean
diseases. Field Crops Res 82:155-168. doi:10.1016/
S0378-4290(03)00035-2

da Silva-Fialho L, Monteze Guimardes V, Gongalves de Barros
E, Alves Moreira M, dos Santos Dias LA, Goreti de
Almeida Oliveira MG, Chamel José 1, Tavares de Rez-
ende S (2006) Biochemical composition and indigestible
oligosaccharides in Phaseolus vulgaris L. Seeds. Plant
Food Human Nutr 61:87-89

Danial D, Parlevliet J, Almekinders C, Thiele G (2007)
Farmers’ participation and breeding for durable disease
resistance in the Andean region. Euphytica 153:385-396.
doi:10.1007/s10681-006-9165-9

de Jesus Junior WC, do Vale FXR, Coelho RR, Hau B, Zam-
bolim L, Costa LC, Bergamin Filho A (2001) Effects of
angular leafspot and rust on yield loss of Phaseolus vul-
garis. Phytopathol 91:1045-1053. doi:10.1094/PHYTO.
2001.91.11.1045

Debouck DG (1991) Systematics and morphology. In: van
Schoonhoven A, Voysest O (eds) Common beans: research

@ Springer

for crop improvement. C.A.B International, Wallingford,
pp 55-117

Debouck DG (1999) Diversity in Phaseolus species in relation
to the common bean. In: Singh SP (ed) Common bean
improvement in the twenty-first century. Kluwer Aca-
demic Publishers, Boston, pp 25-52

Dita MA, Rispail N, Prats E, Rubiales D, Singh KB (2006)
Biotechnology approaches to overcome biotic and abiotic
stress constraints in legumes. Euphytica 147:1-24. doi:
10.1007/s10681-006-6156-9

Duran LA, Blair MW, Giraldo MC, Macchiavelli R, Prophete
E, Nin JC, Beaver JS (2005) Morphological and molecular
characterization of common bean landraces and cultivars
from the Caribbean. Crop Sci 45:1320-1328

Eapen S (2008) Advances in development of transgenic
pulse crops. Biotechnol Adv 26:162-168. doi:10.1016/
j.biotechadv.2007.11.001

Elia FM, Hosfield GL, Kelly JD, Uebersax MA (1997) Genetic
analysis and interrelationships between traits for cooking
time, water absorption, and protein and tannin content of
Andean dry beans. ] Am Soc Hortic Sci 122:512-518

Ender M, Kelly JD (2005) Identification of QTL associated
with white mold resistance in common bean. Crop Sci
45:2482-2490. doi:10.2135/cropsci2005.0064

Fall AL, Byrne PF, Jung G, Coyne DP, Brick MA, Schwartz
HF (2001) Detection and mapping of a major locus for
fusarium wilt resistance in common bean. Crop Sci 41:
1494-1498

Faria JC, Albino MMC, Dias BAB, Cancado LJ, da Cunha NB,
Silva LM, Vianna GR, Aragdo FJL (2006) Partial resis-
tance to Bean golden mosaic virus in a transgenic
common bean (Phaseolus vulgaris L.) line expressing a
mutated rep gene. Plant Sci 171:565-571. doi:10.1016/
j.plantsci.2006.06.010

Fehr WR (1987) Principles of cultivar development: volume 1.
Theory and technique. Macmillan Publishing Company,
New York

Frahm MA, Rosas JC, Mayek-Pérez N, Lopez-Salinas E,
Acosta-Gallegos JA, Kelly JD (2004) Breeding beans for
resistance to terminal drought in the lowland tropics.
Euphytica 136:223-232.  doi:10.1023/B:euph.0000030
671.03694.bb

Freyre RP, Skroch W, Geffroy V, Adam-Blondon AF, Shir-
mohamadali A, Johnson WC, Llaca V, Nodari R, Pereira
PA, Tsai SM, Tohme J, Dron M, Nienhuis J, Vallejos CE,
Gepts P (2004) Towards an integrated linkage map of
common bean. 4. Development of a core linkage map and
alignment of RFLP maps. Theor Appl Genet 97:847-856.
doi:10.1007/s001220050964

Freytag GF, Debouck DG (2002) Taxonomy, distribution, and
ecology of the genus Phaseolus (Leguminosae-Papilio-
noidae) in North America, Mexico, and Central America.
SBM No. 23. Bot. Res. Inst. of Texas, Fort Worth, TX

Freytag GF, Bassett MJ, Zapata M (1982) Registration of XR-
235-1-1 bean germplasm. Crop Sci 22:1268-1269

Frossard E, Bucher M, Michler F, Mozafar A, Hurrell R (2000)
Potential for increasing the content and bioavailability of
Fe, Zn, and Ca in plants for human nutrition. J Sci Food
Agric 80:861-879. doi:10.1002/(SICI)1097-0010(20000
515)80:7<861::AID-JSFA601>3.0.CO;2-P


http://dx.doi.org/10.3198/jpr2007.06.0359crg
http://dx.doi.org/10.3198/jpr2007.06.0359crg
http://dx.doi.org/10.1023/A:1024146710611
http://dx.doi.org/10.1023/A:1024146710611
http://dx.doi.org/10.1023/A:1017560118666
http://dx.doi.org/10.1023/A:1017560118666
http://dx.doi.org/10.1071/FP02076
http://dx.doi.org/10.2135/cropsci2004.0104
http://www.css.msu.edu/bic/PDF/Bean%20Core%20map%202006.pdf
http://www.css.msu.edu/bic/PDF/Bean%20Core%20map%202006.pdf
http://dx.doi.org/10.1016/S0378-4290(03)00035-2
http://dx.doi.org/10.1016/S0378-4290(03)00035-2
http://dx.doi.org/10.1007/s10681-006-9165-9
http://dx.doi.org/10.1094/PHYTO.2001.91.11.1045
http://dx.doi.org/10.1094/PHYTO.2001.91.11.1045
http://dx.doi.org/10.1007/s10681-006-6156-9
http://dx.doi.org/10.1016/j.biotechadv.2007.11.001
http://dx.doi.org/10.1016/j.biotechadv.2007.11.001
http://dx.doi.org/10.2135/cropsci2005.0064
http://dx.doi.org/10.1016/j.plantsci.2006.06.010
http://dx.doi.org/10.1016/j.plantsci.2006.06.010
http://dx.doi.org/10.1023/B:euph.0000030671.03694.bb
http://dx.doi.org/10.1023/B:euph.0000030671.03694.bb
http://dx.doi.org/10.1007/s001220050964
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3c861::AID-JSFA601%3e3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3c861::AID-JSFA601%3e3.0.CO;2-P

Euphytica (2009) 168:145-175

169

Funes-Monzote F, Monzote M (2001) Integrated agroecologi-
cal systems as a way forward for Cuban agriculture.
Livestock Res Rural Dev 13(1) http://www.cipav.org.co/
lrrd/lrrd13/1/fune131.htm. Accessed 30 September 2007

Gabriel KR (1971) The biplot graphic display of matrices with
application to principal component analysis. Biometrika
58:453-467. doi:10.1093/biomet/58.3.453

Gaitan-Solis E, Duque MC, Edwards KJ, Tohme J (2002)
Microsatellite repeats in common bean (Phaseolus vul-
garis): isolation, characterization, and cross-species
amplification in Phaseolus ssp. Crop Sci 42:2128-2136

Garcia R, Robinson RA, Aguilar AJ, Sandoval S, Guzman R
(2003) Recurrent selection for quantitative resistance to
soil-borne diseases in beans in the Mixteca region, Mex-
ico. Euphytica 130:241-247. doi:10.1023/A:102282470
8377

Gauch HG (1992) Statistical analysis of regional yield trials:
AMMI analysis of factorial designs. Elsevier, Amsterdam,
the Netherlands; Chinese edition 2001. China National
Rice Research Institute, Hangzhou

Gauch HG (2006) Statistical analysis of yield trials by AMMI
and GGE. Crop Sci 46:1488-1500. doi:10.2135/cropsci
2005.07-0193

Gelin JR, Forster S, Grafton KF, McClean PE, Rojas-Cifuentes
GA (2007) Analysis of seed Zinc and other minerals in a
recombinant inbred population of navy bean (Phaseolus
vulgaris L.). Crop Sci 47:1361-1366. doi:10.2135/cropsci
2006.08.0510

Ghaderi A, Hosfield GL, Adams MW, Uebersax MA (1984)
Variability in culinary quality, component interrelation-
ships, and breeding implications in Navy and Pinto beans.
J Am Soc Hortic Sci 109(1):85-90

Giongo A, Passaglia LMP, Freire JRJ, de Sa ELS (2007)
Genetic diversity and symbiotic efficiency of population
of rhizobia of Phaseolus vulgaris L. in Brazil. Biol Fertil
Soils 43:593-598. doi:10.1007/s00374-006-0128-z

Godoy-Lutz G, Steadman JR, Higgins B, Powers K (2003)
Genetic variation among isolates of the web blight pathogen
of common bean based on PCR-RFLP of the ITS-rDNA
region. Plant Dis 87:766-771. doi:10.1094/PDIS.2003.87.
7.766

Gonzalez A, Lynch J (1999) Tolerance of tropical common
bean genotypes to manganese toxicity: performance under
different growing conditions. J Plant Nutr 22(3):511-525.
doi:10.1080/01904169909365648

Grafton KF, Venette JR, Chang KC (1999) Registration of
‘frontier’ pinto bean. Crop Sci 39:876-877

Graham PH, Vance CP (2003) Legumes: importance and
constraints to greater use. Plant Physiol 131:872-877. doi:
10.1104/pp.017004

Griffiths P, Jahn M, Dickson M (2004) Cornell 501: a white
mold resistant snap bean breeding line. Hortscience
39:1507-1508

Gu W, Zhu J, Wallace DH, Singh SP, Weeden NF (1998)
Analysis of genes controlling photoperiod sensitivity in
common bean using DNA markers. Euphytica 102:125—
132

Gurusamy V, Vandenberg V, Bett KE (2007) Manipulation of
in vivo pollination techniques to improve the fertilization
efficiency of interspecies crosses in the genus Phaseolus.
Plant Breed 126(2):120-124

Guzman-Maldonado SH, Martinez O, Acosta-Gallegos JA,
Guevara-Lara F, Paredes-Lopez O (2003) Putative quan-
titative trait loci for physical and chemical components of
common bean. Crop Sci 43:1029-1035

Hall R, Nasser LC (1996) Practice and precept in cultural
management of bean diseases. Can J Plant Pathol 18:176—
185

Hangen L, Bennink MR (2003) Consumption of black beans
and navy beans (Phaseolus vulgaris L.) reduced az-
oxymethane-induced colon cancer in rats. Nutr Cancer
44:60-65

Hillocks RJ, Madata CS, Chirwa R, Minja EM, Msolla S (2006)
Phaseolus bean improvement in Tanzania, 1959-2005.
Euphytica 150:215-231. doi:10.1007/s10681-006-9112-9

Hoogenboom G, White JW (2003) Improving physiological
assumptions of simulation models by using gene-based
approaches. Agron J 95:82-89

Hoogenboom G, White JW, Acosta-Gallegos J, Gaudien RG,
Myers JR (1997) Evaluation of a crop simulation model
that incorporates gene action. Agron J 89:613-620

Hosfield GL, Varner GV, Uebersax MA, Kelly JD (2004)
Registration of ‘Merlot’ small red bean. Crop Sci 44:351—
352

Hubbeling N (1957) New aspects of breeding for disease
resistance in beans (Phaseolus vulgaris L.). Euphytica
6:111-141. doi:10.1007/BF00729882

Hungria M, Vargas MAT (2000) Environmental factors
affecting N, fixation in grain legumes in the tropics, with
an emphasis on Brazil. Field Crops Res 65:151-164. doi:
10.1016/S0378-4290(99)00084-2

Hungria M, Franco AA, Sprent JI (1993) New sources of high
temperature tolerant rhizobia for Phaseolus vulgaris L.
Plant Soil 149:95-102. doi:10.1007/BF00010766

Hungria M, Campo RJ, Carvalho Mendes I (2003) Benefits of
inoculation of the common bean (Phaseolus vulgaris)
crop with efficient and competitive Rhizobium tropici
strains. Biol Fertil Soils 39:88-93. doi:10.1007/s00374-
003-0682-6

Ibarra-Pérez FJ, Ehdaie B, Waines JG (1997) Estimation of
outcrossing rate in common bean. Crop Sci 37:60-65

Ingratubun GF, Owen E, Massawe NF, Mtenga LA, Mtengeti
E.G (2000) Effect of upgrading small East African goats
on feed resource utilisation in the Uluguru mountains in
Tanzania; a farmers’ perspective. Livestock Res Rural
Dev. 12(3). http://www.cipav.org.co/lrrd/lrrd12/3/gudr
123.htm. Accessed September 30, 2007

Ishitani M, Rao I, Wenzl P, Beebe S, Tohme J (2004) Inte-
gration of genomics approach with traditional breeding
towards improving abiotic stress adaptation: drought and
aluminum toxicity as case studies. Field Crops Res 90:35—
45. doi:10.1016/j.fcr.2004.07.004

Jacinto-Hernandez C, Azpiroz-Rivero S, Acosta-Gallegos JA,
Hernandez-Sanchez H, Bernal-Lugo I (2003) Genetic
analysis and random amplified polymorphic DNA mark-
ers associated with cooking time in common bean. Crop
Sci 43:329-332

Jahn M (2008) From Ralph Corbett’s bean field to molecular
details of broad spectrum potyvirus resistance. Annu Rep
Bean Improv Coop 51:2-3

Johnson WC, Gepts P (2002) The role of epistasis in control-
ling seed yield and other agronomic traits in an

@ Springer


http://www.cipav.org.co/lrrd/lrrd13/1/fune131.htm
http://www.cipav.org.co/lrrd/lrrd13/1/fune131.htm
http://dx.doi.org/10.1093/biomet/58.3.453
http://dx.doi.org/10.1023/A:1022824708377
http://dx.doi.org/10.1023/A:1022824708377
http://dx.doi.org/10.2135/cropsci2005.07-0193
http://dx.doi.org/10.2135/cropsci2005.07-0193
http://dx.doi.org/10.2135/cropsci2006.08.0510
http://dx.doi.org/10.2135/cropsci2006.08.0510
http://dx.doi.org/10.1007/s00374-006-0128-z
http://dx.doi.org/10.1094/PDIS.2003.87.7.766
http://dx.doi.org/10.1094/PDIS.2003.87.7.766
http://dx.doi.org/10.1080/01904169909365648
http://dx.doi.org/10.1104/pp.017004
http://dx.doi.org/10.1007/s10681-006-9112-9
http://dx.doi.org/10.1007/BF00729882
http://dx.doi.org/10.1016/S0378-4290(99)00084-2
http://dx.doi.org/10.1007/BF00010766
http://dx.doi.org/10.1007/s00374-003-0682-6
http://dx.doi.org/10.1007/s00374-003-0682-6
http://www.cipav.org.co/lrrd/lrrd12/3/gudr123.htm
http://www.cipav.org.co/lrrd/lrrd12/3/gudr123.htm
http://dx.doi.org/10.1016/j.fcr.2004.07.004

170

Euphytica (2009) 168:145-175

Andean x Mesoamerican cross of common bean (Phase-
olus vulgaris L.). Euphytica 125:69-79. doi:10.1023/
A:1015775822132

Kang M, Aggarwal V, Chirwa RM (2006) Adaptability and
stability of bean cultivars as determined via yield-stability
statistic and GGE biplot analysis. J Crop Improv 15:97-
120. doi:10.1300/J411v15n01_08

Kelly JD (2001) Remaking of plant architecture for efficient
production. Adv Agron 71:110-143

Kelly JD, Adams MW (1987) Phenotypic recurrent selection in
ideotype breeding of pinto beans. Euphytica 36:69-80.
doi:10.1007/BF00730649

Kelly JD, Miklas PN (1998) The role of RAPD markers in
breeding for disease resistance in common bean. Mol
Breed 4:1-11. doi:10.1023/A:1009612002144

Kelly JD, Vallejo VA (2004) A comprehensive review of the
major genes conditioning resistance to anthracnose in
common bean. Hortscience 39:1196-1207

Kelly JD, Hosfield GL, Varner GV, Uebersax MA, Haley SD,
Taylor J (1994) Registration of ‘Raven’ black bean. Crop
Sci 34:1406-1407

Kelly JD, Afanador L, Haley SD (1995) Pyramiding genes for
resistance to bean common mosaic virus. Euphytica
82:207-212. doi:10.1007/BF00029562

Kelly JD, Kolkman JM, Schneider K (1998a) Breeding for
yield in dry bean (Phaseolus vulgaris L.). Euphytica
102:343-356. doi:10.1023/A:1018392901978

Kelly JD, Hosfield GL, Varner GV, Uebersax MA, Long RA,
Taylor J (1998b) Registration of ‘Red Hawk’ dark red
kidney bean. Crop Sci 38:280-281

Kelly JD, Hosfield GL, Varner GV, Uebersax MA, Taylor J
(1999) Registration of ‘Matterhorn’ great northern bean.
Crop Sci 39:589-590

Kelly JD, Hosfield GL, Varner GV, Uebersax MA, Taylor J
(2001) Registration of ‘Jaguar’ black bean. Crop Sci
41:1649-1650

Kelly JD, Gepts P, Miklas PN, Coyne DP (2003) Tagging and
mapping of genes and QTL and molecular marker-assisted
selection for traits of economic importance in bean and
cowpea. Field Crops Res 82:135-154. doi:10.1016/
S0378-4290(03)00034-0

Kelly JD, Varner GV, Long B (2008) Release of ‘Santa Fe’
pinto bean. Annu Rep Bean Improv Coop 51:288-289

Kimani JM, Kimani PM, Mwangi Githiri S, Kimenju JW
(2007) Mode of inheritance of common bean (Phaseolus
vulgaris L.) traits for tolerance to low soil phosphorus (P).
Euphytica 155:225-234. doi:10.1007/s10681-006-9324-z

Koinange EMK, Singh SP, Gepts P (1996) Genetic control of
the domestication syndrome in common bean. Crop Sci
36:1037-1045

Kolkman JM, Kelly JD (2003) QTL conferring resistance and
avoidance to white mold in common bean. Crop Sci
43:539-548

Laffont JL, Hanafi M, Wright K (2007) Numerical and
graphical measures to facilitate interpretation of GGE
biplots. Crop Sci 47:990-996

Lamprecht H (1945) A new ornamental plant from a cross
between the garden bean and the scarlet runner bean.
Agric Hortique Genet 3:14-32

Larsen RC, Miklas PN (2004) Generation and molecular
mapping of a sequence characterized amplified region

@ Springer

marker linked with the Bct gene for resistance to Beet
curly top virus in common bean. Phytopathology 94:320—
325. doi:10.1094/PHYTO.2004.94.4.320

Liao H, Rubio G, Yan X, Cao A, Brown KM, Lynch JP (2001)
Effect of phosphorus availability on basal root shallow-
ness in common bean. Plant Soil 232:69-79. doi:10.1023/
A:1010381919003

Liu P, Zhu J, Lu Y (2004) Marker-assisted selection in seg-
regating generations of self-fertilizing crops. Theor Appl
Genet 109:370-376

Liu Z, Park BJ, Kanno A, Kameya T (2005) The novel use of a
combination of sonication and vacuum infiltration in
Agrobacterium-mediated transformation of kidney bean
(Phaseolus vulgaris L.) with lea gene. Mol Breed 16:189—
197. doi:10.1007/s11032-005-6616-2

Lynch JP (1995) Root architecture and plant productivity. Plant
Physiol 109:7-13

Lynch JP (2007) Roots of the second green revolution. Aust
J Bot 55:493-512. doi:10.1071/BT06118

Lynch JP, Beebe SE (1995) Adaptation of beans (Phaseolus
vulgaris L.) to low phosphorus availability. HortSci
30:1165-1171

Lynch JP, Brown KM (2001) Topsoil foraging—an architectural
adaptation of plants to low phosphorus availability. Plant
Soil 237:225-237. doi:10.1023/A:1013324727040

Macchiavelli R, Beaver JS (2001) Effect of number of seed
bulked and population size on genetic variability when
using the multiple-seed procedure of SSD. Crop Sci
41:1513-1516

Machuka J (2001) Agricultural biotechnology for Africa.
African scientists and farmers must feed their own people.
Plant Physiol 126:16-19. doi:10.1104/pp.126.1.16

Mahuku GS, Jara C, Cuasauer JB, Castellanos G (2002)
Genetic variability within Phaeoisariopsis griseola from
Central America and its implications for resistance
breeding of common bean. Plant Pathol 51:594-604. doi:
10.1046/j.1365-3059.2002.00742.x

Mahuku G, Montoya C, Henriquez MA, Jara C, Teran H,
Beebe S (2004) Inheritance and characterization of
angular leaf spot resistance gene present in common bean
accession G 10474 and identification of an AFLP marker
linked to the resistance gene. Crop Sci 44:1817-1824

Mather DL, Bernsten R, Rosas JC, Viana Ruano A, Escoto D
(2003) The economic impact of bean disease resistance
research in Honduras. Agric Econ 29:343-352. doi:
10.1111/5.1574-0862.2003.tb00170.x

Maxwell JJ, Brick MA, Byrne PF, Schwartz HF, Shan X, Ogg
JB, Hensen RA (2007) Quantitative trait loci linked to
white mold resistance in common bean. Crop Sci
47:2285-2294. doi:10.2135/cropsci2007.01.0022

Mayek-Pérez N, Lopez-Castafieda C, Lopez-Salinas E, Acosta-
Gallegos JA (2001) Inheritance of genetic resistance to
Macrophomina phaseolina (Tassi) Goid. in common
bean. Agrociencias 36:637-648

Maz6n NO, Peralta EI, Murillo Al, Falconi EC, Monar CB,
Subia CG, Estrella PS, Pinzén CJ (2007) Comités de in-
vestigacién agricola local (CIALs): Herramienta para
generar capacidades locales en investigacion y desarrollo.
Publicacion miscelanea No. 137. Instituto Nacional Au-
tomono de Investigaciones Agropecuarias (INIAP), Quito,
Ecuador.


http://dx.doi.org/10.1023/A:1015775822132
http://dx.doi.org/10.1023/A:1015775822132
http://dx.doi.org/10.1300/J411v15n01_08
http://dx.doi.org/10.1007/BF00730649
http://dx.doi.org/10.1023/A:1009612002144
http://dx.doi.org/10.1007/BF00029562
http://dx.doi.org/10.1023/A:1018392901978
http://dx.doi.org/10.1016/S0378-4290(03)00034-0
http://dx.doi.org/10.1016/S0378-4290(03)00034-0
http://dx.doi.org/10.1007/s10681-006-9324-z
http://dx.doi.org/10.1094/PHYTO.2004.94.4.320
http://dx.doi.org/10.1023/A:1010381919003
http://dx.doi.org/10.1023/A:1010381919003
http://dx.doi.org/10.1007/s11032-005-6616-2
http://dx.doi.org/10.1071/BT06118
http://dx.doi.org/10.1023/A:1013324727040
http://dx.doi.org/10.1104/pp.126.1.16
http://dx.doi.org/10.1046/j.1365-3059.2002.00742.x
http://dx.doi.org/10.1111/j.1574-0862.2003.tb00170.x
http://dx.doi.org/10.2135/cropsci2007.01.0022

Euphytica (2009) 168:145-175

171

http://www.iniap-ecuador.gov.ec/archivos/variedades_
publicaciones/19.pdf. Accessed 29 August 2008

McClean PE, Myers J, Hammond JJ (1993) Coefficient of
parentage and cluster analysis of North American dry
bean cultivars. Crop Sci 33:190-197

McDonald BA, Linde C (2002) Pathogen population genetics,
evolutionary potential and durable resistance. Annu Rev
Phytopathol 40:349-379. doi:10.1146/annurev.phyto.40.
120501.101443

McElroy JB (1985) Breeding for dry beans, P. vulgaris L., for
common bacterial blight resistance derived from Phase-
olus acutifolius A. Gray. Ph.D. Dissertation [Diss. Abstr.
Intl. 46:(7) 2192B]. Cornell University, Ithaca

Mejia-Jiménez A, Muifioz C, Jacobsen HJ, Roca WM, Singh SP
(1994) Interspecific hybridization between common and
tepary beans: increased hybrid embryo growth, fertility,
and efficiency of hybridization through recurrent and
congruity backcrossing. Theor Appl Genet 88:324-331.
doi:10.1007/BF00223640

Melotto M, Kelly JD (2000) An allelic series at the Co-1 locus
conditioning resistance to anthracnose in common bean of
Andean origin. Euphytica 116:143-149. doi:10.1023/A:
1004005001049

Melotto M, Afanador L, Kelly JD (1996) Development of a
SCAR marker linked to the I gene in common bean.
Genome 39:1216-1219. doi:10.1139/g96-155

Méndez-Vigo B, Rodriguez-Suarez C, Pafieda A, Ferreira JJ,
Giraldez R (2005) Molecular markers and allelic rela-
tionships of anthracnose resistance gene cluster B4 in
common bean. Euphytica 141:237-245. doi:10.1007/
s10681-005-7075-x

Michelmore RW (1995) Molecular approaches to manipulation
of disease resistance genes. Annu Rev Phytopathol
33:393-427. doi:10.1146/annurev.py.33.090195.002141

Michelmore RW, Meyers BC (1998) Clusters of resistance
genes in plants evolve by divergent selection and birth and
death process. Genome Res 8:1113—-1130

Michigan Bean Commission (2007) PRAB—a joint effort.
The Michigan Bean Commission News. (http://www.
michiganbean.org/commissionNews/commissionNews.
html). Accessed 1 February 2009

Miklas PN (2007) Marker-assisted backcrossing QTL for par-
tial resistance to Sclerotinia white mold in dry bean. Crop
Sci 47:935-942. doi:10.2135/cropsci2006.06.0410

Miklas PN, Kelly JD (2002) Registration of two cranberry bean
germplasm lines resistant to bean common mosaic and
necrosis potyviruses USCR-7 and USCR-9. Crop Sci
42:673-674

Miklas PN, Johnson E, Stone V, Beaver JS, Montoya C, Zapata
M (1996) Selective mapping of QTL conditioning disease
resistance in common bean. Crop Sci 36:1344-1351

Miklas PN, Grafton KF, Kelly JD, Schwartz HF, Steadman JR
(1998a) Registration of four white mold resistant dry bean
germplasm lines: 19365-3, 19365-5, 19365-31, and
92BG-7. Crop Sci 38:1728

Miklas PN, Stone V, Urrea CA, Johnson E, Beaver JS (1998b)
Inheritance and QTL analysis of field resistance to ashy
stem blight in common bean. Crop Sci 38:916-921

Miklas PN, Zapata M, Beaver JS, Grafton KF (1999) Regis-
tration of four dry bean germplasm resistant to common

bacterial blight: ICB-3, ICB-6, ICB-8, and ICB-10. Crop
Sci 39:594

Miklas PN, Johnson WC, Delorme R, Gepts P (2001) QTL
conditioning physiological resistance and avoidance to
white mold in dry bean. Crop Sci 41:309-315

Miklas PN, Hang AN, Kelly JD, Strausbaugh CA, Forster RL
(2002) Registration of three kidney bean germplasm lines
resistant to bean common mosaic and necrosis potyvi-
ruses: USLK-2 light red kidney, USDK-4 dark red kidney,
and USWK-6 white kidney. Crop Sci 42:674-675

Miklas PN, Kelly JD, Singh SP (2003) Registration of
anthracnose-resistant pinto bean germplasm line USPT-
ANT-1. Crop Sci 43:1889-1990

Miklas PN, Hu J, Griinwald NJ, Larsen KM (2006a) Potential
application of TRAP (Targeted Region Amplified Poly-
morphism) markers for mapping and tagging disease
resistance traits in common bean. Crop Sci 46:910-916.
doi:10.2135/cropsci2005.08-0242

Miklas PN, Kelly JD, Beebe SE, Blair MW (2006b) Common
bean breeding for resistance against biotic and abiotic
stresses: from classical to MAS breeding. Euphytica
147:105-131. doi:10.1007/s10681-006-4600-5

Miklas PN, Smith JR, Singh SR (2006c) Registration of
common bacterial blight resistant dark red kidney bean
germplasm line USDK-CBB-15. Crop Sci 46:1005-1007.
doi:10.2135/cropsci2005.06-0110

Miranda BD, Bliss FA (1991) Selection for increased seed
nitrogen accumulation in common bean: implications for
improving dinitrogen fixation and seed yield. Plant Breed
106:301-311. doi:10.1111/j.1439-0523.1991.tb00515.x

Mmbaga MT, Steadman JR, Eskridge KM (1996a) Virulence
patterns of Uromyces appendiculatus from different geo-
graphical areas and implications for finding durable
resistance to rust of common bean. J Phytopathol 144:
533-541. doi:10.1111/j.1439-0434.1996.tb00295.x

Mmbaga MT, Steadman JR, Stavely JR (1996b) The use of
host resistance in disease management of rust in common
bean. Integr Pest Manage Rev 1(4):191-200. doi:10.1007/
BF00139763

Morales FJ (2006) History and current distribution of begom-
oviruses in Latin America. Adv Virus Res 67:127-162

Morris ML, Bellon MR (2004) Participatory plant breeding
research: opportunities and challenges for the interna-
tional crop improvement system. Euphytica 136:21-35.
doi:10.1023/B:EUPH.0000019509.37769.b1

Mukeshimana G, Pafieda A, Rodriguez-Suarez C, Ferreira JJ,
Giraldez R, Kelly JD (2005) Markers linked to the bc-3
gene conditioning resistance to bean common mosaic
potyviruses in common bean. Euphytica 144(3):291-299.
doi:10.1007/s10681-005-7397-8

Muiioz C, Blair MW, Duque MC, Tohme J, Roca W (2004)
Introgression in common bean x tepary bean interspecific
congruity-backcross lines as measured by AFLP markers.
Crop Sci 44:637-645

Muiioz-Perea CG, Teran H, Allen RG, Wright JL., Westermann
DT, Singh SP (2006) Selection for drought resistance in
dry bean landraces and cultivars. Crop Sci 46:2111-2120.
doi:10.2135/cropsci2006.01.0029

Mutlu N, Miklas PN, Steadman JR, Vidaver AK, Lindgren
DT, Reiser J, Coyne DP, Pastor-Corrales MA (2005)

@ Springer


http://www.iniap-ecuador.gov.ec/archivos/variedades_publicaciones/19.pdf
http://www.iniap-ecuador.gov.ec/archivos/variedades_publicaciones/19.pdf
http://dx.doi.org/10.1146/annurev.phyto.40.120501.101443
http://dx.doi.org/10.1146/annurev.phyto.40.120501.101443
http://dx.doi.org/10.1007/BF00223640
http://dx.doi.org/10.1023/A:1004005001049
http://dx.doi.org/10.1023/A:1004005001049
http://dx.doi.org/10.1139/g96-155
http://dx.doi.org/10.1007/s10681-005-7075-x
http://dx.doi.org/10.1007/s10681-005-7075-x
http://dx.doi.org/10.1146/annurev.py.33.090195.002141
http://www.michiganbean.org/commissionNews/commissionNews.html
http://www.michiganbean.org/commissionNews/commissionNews.html
http://www.michiganbean.org/commissionNews/commissionNews.html
http://dx.doi.org/10.2135/cropsci2006.06.0410
http://dx.doi.org/10.2135/cropsci2005.08-0242
http://dx.doi.org/10.1007/s10681-006-4600-5
http://dx.doi.org/10.2135/cropsci2005.06-0110
http://dx.doi.org/10.1111/j.1439-0523.1991.tb00515.x
http://dx.doi.org/10.1111/j.1439-0434.1996.tb00295.x
http://dx.doi.org/10.1007/BF00139763
http://dx.doi.org/10.1007/BF00139763
http://dx.doi.org/10.1023/B:EUPH.0000019509.37769.b1
http://dx.doi.org/10.1007/s10681-005-7397-8
http://dx.doi.org/10.2135/cropsci2006.01.0029

172

Euphytica (2009) 168:145-175

Registration of common bacterial blight resistant pinto bean
germplasm line ABCP-8. Crop Sci 45:806-807

Mutlu N, Urrea CA, Miklas PN, Pastor-Corrales MA, Stead-
man JR, Lindgren DT, Reiser J, Vidaver AK, Coyne DP
(2008) Registration of common bacterial blight, rust and
bean common mosaic resistant great northern common
bean germplasm line ABC-Weihing. J Plant Registrations
2:53-55. doi:10.3198/jpr2007.04.0197crc

Myers JR, Baggett JR (1999) Improvement of snap beans. In:
Singh SP (ed) Common bean improvement for the 21st
century. Kluwer, Dordrecht, pp 289-329

Nodari RO, Tsai SM, Guzman P, Gilbertson RL, Gepts P
(1993) Towards an integrated linkage map of common
bean III Mapping genetic factors controlling host-bacteria
interactions. Genetics 134:341-350

Nybom H (1994) DNA fingerprinting—a useful tool in fruit
breeding. Euphytica 77:59-64. doi:10.1007/BF02551462

Osborn YC, Hartweck LM, Harmsen RH, Vogelzang RD,
Kmiecik KA, Bliss FA (2003) Registration of Phaseolus
vulgaris genetic stocks with altered seed protein compo-
sitions. Crop Sci 43:1570-1571

Osorno JM, Muifioz CG, Beaver JS, Ferwerda FH, Bassett MJ,
Miklas PN, Olezynk T, Bussey B (2007) Two genes from
Phaseolus coccineus confer resistance to bean golden
yellow mosaic virus in common bean. J] Am Soc Hortic
Sci 132:530-533

Osorno JM, Grafton KF, Rojas-Cifuentes GA, Gelin R, Van-
der-Wal AJ (2008) Release of ‘Lariat’ and ‘Stampede’
pinto beans. Annu Rep Bean Improv Coop 51:284-285

Pallottini L, Garcia E, Kami J, Barcaccia G, Gepts P (2004)
The genetic anatomy of a patented yellow bean. Crop Sci
44:968-977

Papa R, Gepts P (2003) Asymmetry of gene flow and differ-
ential geographical structure of molecular diversity in
wild and domesticated common bean (Phaseolus vulgaris
L.) from Mesoamerica. Theor Appl Genet 106(2):239—
250

Park SO, Coyne DP, Steadman JR, Skroch PW (2001) Map-
ping of QTL for resistance to white mold disease in
common bean. Crop Sci 41:1253-1262

Parleviet JE, Zadoks JC (1977) The integrated concept of
disease resistance: a new view including horizontal and
vertical resistance in plants. Euphytica 26:5-21. doi:
10.1007/BF00032062

Pastor-Corrales MA (2003) Sources, genes for resistance, and
pedigrees of 52 rust and mosaic resistant dry bean
germplasm lines released by the USDA Beltsville bean
project in collaboration with the Michigan, Nebraska and
North Dakota agricultural experiment stations. Annu Rep
Bean Improv Coop 46:235-241

Pastor-Corrales MA (2004) Review of coevolution studies
between pathogens and their common bean hosts: impli-
cation for the development of disease-resistant beans.
Annu Rep Bean Improv Coop 47:67-68

Pastor-Corrales MA, Jara C, Singh SP (1998) Pathogenic
variation in, sources of, and breeding for resistance to
Phaeoisariopsis griseola causing angular leaf spot in
common bean. Euphytica 103:161-171. doi:10.1023/
A:1018350826591

Pastor-Corrales MA, Kelly JD, Steadman JR, Lindgren DT,
Stavely JR, Coyne DP (2007) Registration of six great

@ Springer

northern bean germplasm lines with enhanced resistance
to rust and bean common mosaic and necrosis potyvi-
ruses. J Plant Registrations 1:77-79. doi:10.3198/jpr2005.
12.0517crg

Patrick HK, Ng TB (2004) Coccicin, an antifungal peptide with
antiproliferative and HIV-1 reverse transciptase inhibitory
activities from large scarlet runner beans. Peptides
25:2063-2068. doi:10.1016/j.peptides.2004.08.003

Patto Ramalho MA, a Abreu AF, Bosco dos Santos J (2005)
Genetic progress after four cycles of recurrent selection
for yield and grain traits in common bean. Euphytica
144:23-29. doi:10.1007/s10681-005-5694-x

Pedraza F, Gallego G, Beebe S, Tohme J (1997) Marcadores
SCAR y RAPD para la resistencia a la bacteriosis comun
(CBB). In: Singh SP, Voysest O (eds) Taller de mej-
oramiento de frijol para el Siglo XXI: bases para una
estrategia para America Latina. CIAT, Cali, pp 130-134

Pedrosa A, Vallejos CR, Bachmair A, Schweizer D (2003)
Integration of common bean (Phaseolus vulgaris L.)
linkage and chromosomal maps. Theor Appl Genet
106:205-212

Pereira PAA, Miranda BD, Attewell JR, Kmiecik KA, Bliss FA
(1993) Selection for increased nodule number in common
bean (Phaseolus vulgaris L.). Plant Soil 148:203-209.
doi:10.1007/BF00012858

Porch TG (2008) List of genes—Phaseolus vulgaris L. Bean
Improvement Cooperative. (http://www.css.msu.edu/bic/
PDF/BeanGenesList.pdf). Accessed 19 September 2008

Porch TG, Bernsten R, Rosas JC, Jahn M (2007) Climate
change and the potential economic benefits of heat toler-
ant bean varieties for farmers in Atlantida, Honduras.
J Agric Univ P R 91:133-148

Posa-Macalincag MT, Hosfield GL, Grafton KF, Uebersax
MA, Kelly JD (2002) Quantitative trait loci (QTL) anal-
ysis of canning quality traits in kidney bean (Phaseolus
vulgaris L.). J Am Soc Hortic Sci 127:608-615

Rainey KM, Griffiths PD (2004) Utilization of tepary bean for
improvement of heat tolerance in common bean. Hort-
science 39:868

Ramirez-Vallejo P, Kelly JD (1998) Traits related to drought
resistance in common bean. Euphytica 99:127-136. doi:
10.1023/A:1018353200015

Ranalli P (1996) Phenotypic recurrent selection in common
bean (Phaseolus vulgaris L.) bsed on performance of S2
progenies. Euphytica 87:127-132. doi:10.1007/BF000
21885

Rao IM (2001) Role of physiology in improving crop adapta-
tion to abiotic stresses in the tropics: the case of common
bean and tropical forages. In: Pessarakli M (ed) Handbook
of plant and crop physiology. Marcel Dekker, New York,
pp 583-613

Renato Corte H, Patto Ramalhol MA, Avelar Gongalves FM,
de Barbosa Abreu A F (2002) Natural selection for
grain yield in dry bean populations bred by the bulk
method. Euphytica 123:387-393. doi:10.1023/A:10150
65815131

Reyes-Franco MC, Hernandez-Delgado S, Beas-Fernandez R,
Medina-Fernandez M, Simpson J, Mayek-Perez N (2006)
Pathogenic and genetic variability within Macrophomina
phaseolina from Mexico and other countries. J Phytopa-
thol 154:447-453. doi:10.1111/j.1439-0434.2006.01127.x


http://dx.doi.org/10.3198/jpr2007.04.0197crc
http://dx.doi.org/10.1007/BF02551462
http://dx.doi.org/10.1007/BF00032062
http://dx.doi.org/10.1023/A:1018350826591
http://dx.doi.org/10.1023/A:1018350826591
http://dx.doi.org/10.3198/jpr2005.12.0517crg
http://dx.doi.org/10.3198/jpr2005.12.0517crg
http://dx.doi.org/10.1016/j.peptides.2004.08.003
http://dx.doi.org/10.1007/s10681-005-5694-x
http://dx.doi.org/10.1007/BF00012858
http://www.css.msu.edu/bic/PDF/BeanGenesList.pdf
http://www.css.msu.edu/bic/PDF/BeanGenesList.pdf
http://dx.doi.org/10.1023/A:1018353200015
http://dx.doi.org/10.1007/BF00021885
http://dx.doi.org/10.1007/BF00021885
http://dx.doi.org/10.1023/A:1015065815131
http://dx.doi.org/10.1023/A:1015065815131
http://dx.doi.org/10.1111/j.1439-0434.2006.01127.x

Euphytica (2009) 168:145-175

173

Reyes-Valdés MH (2000) A model for marker-based selection
in gene introgression breeding programs. Crop Sci 40:
91-98

Rodriguez-Suarez C, Méndez-Vigo B, Astrid Pafieda A,
Ferreira JJ, Giraldez R (2007) A genetic linkage map of
Phaseolus vulgaris L. and localization of genes for specifc
resistance to six races of anthracnose (Colletotrichum
lindemuthianum). Theor Appl Genet 114:713-722. doi:
10.1007/s00122-006-0471-3

Roman-Avilés B, Kelly JD (2005) Identification of quantitative
trait loci conditioning resistance to Fusarium root rot in
common bean. Crop Sci 45:1881-1890. doi:10.2135/
cropsci2005.0028

Roman-Avilés B, Snapp SS, Kelly JD (2003) Assessing root
traits associated with root rot resistance in common bean.
Field Crops Res 86:147-156. doi:10.1016/j.fcr.2003.08.
001

Rosales-Serna R, Kohashi-Shibata J, Acosta-Gallegos JA,
Trejo-Lopez C, Ortiz-Cereceres J, Kelly JD (2004) Bio-
mass distribution, maturity acceleration and yield in
drought-stressed common bean cultivars. Field Crops Res
85:203-211. doi:10.1016/S0378-4290(03)00161-8

Rosales-Serna R, Hernandez-Delgado S, Gonzilez-Paz M,
Acosta-Gallegos JA, Mayek-Pérez N (2005) Genetic
relationships and diversity revealed by AFLP markers in
Mexican common bean bred cultivars. Crop Sci 45:1951—
1957. doi:10.2135/cropsci2004.0582

Rosas JC, Varela OI, Beaver JS (1997) Registration of ‘Tio
Canela 75” small red bean. Crop Sci 37:1391

Rosas JC, Castro JA, Robleto EA, Handelsman J (1998) A
method for screening Phaseolus vulgaris L. germplasm
for preferential nodulation with a selected Rhizobium etli
strain. Plant Soil 203:71-78. doi:10.1023/A:100434611
4558

Rosas JC, Castro A, Flores E (2000a) Mejoramiento genético
del frijol rojo y negro mesoamericano para Centroamérica
y el Caribe. Agron Mesoam 11:37-46

Rosas JC, Castro A, Beaver JS, Pérez CA, Morales-Gomez A,
Lépiz R (2000b) Genetic improvement of the tolerance to
high temperature and resistance to bean golden mosaic
virus on common beans. Agron Mesoam 11(1):1-10

Rosas JC, Hernandez JC, Araya R (2003a) Registration of
‘Bribri’ small red bean (race mesoamerica). Crop Sci
43:430-431

Rosas JC, Gallardo O, Jimenez J (2003b) Mejoramiento
genético del frijol comin mediante enfoques participati-
vos en Honduras. Agron Mesoam 14:1-9

Rosas JC, Beaver IS, Escoto D, Perez CA, Llano A, Hernandez
JC, Araya R (2004) Registration of ‘Amadeus 77’ small
red common bean. Crop Sci 44:1867-1868

Rosenzweig C, Iglesias A, Yang XB, Epstein PR, Eric Chivian E
(2000) Climate change and U.S. agriculture: the impacts of
warming and extreme weather events on productivity, plant
diseases, and pests (online publication available at: http://
www.chge.med.harvard.edu/publications/documents/
agricultureclimate.pdf) Accessed 7 October 2008

Russell DR, Wallace K, Bathe J, Martinell B, McCabe D
(1993) Stable transformation of Phaseolus vulgaris via
electric-discharge mediated particle acceleration. Plant
Cell Rep 12:165-169. doi:10.1007/BF00239099

Sandlin CM, Steadman JR, Araya CM, Coyne DP (1999)
Isolates of Uromyces appendiculatus with specific viru-
lence to landraces of Phaseolus vulgaris of Andean origin.
Plant Dis 83:108-113. doi:10.1094/PDIS.1999.83.2.108

Santalla M, Amurrio JM, de Ron AM (2001) Interrelationships
between cropping systems for pod and seed quality
components and breeding implications in common bean.
Euphytica 121:45-51. doi:10.1023/A:1012080303872

Santalla M, Monteagudo AB, Gonzalez AM, de Ron AM (2004)
Agronomical and quality traits of runner bean germplasm
and implications for breeding. Euphytica 135:205-215.
doi:10.1023/B:EUPH.0000014912.07993.e7

Schaafsma AW, Cardona C, Kornegay JL, Wylde AM,
Michaels TE (1998) Resistance of common bean lines to
the potato leafhopper (Homoptera: Cicadellidae). J Econ
Entomol 91:981-986

Schneider KA, Brothers ME, Kelly JD (1997) Marker-assisted
selection to improve drought resistance in common bean.
Crop Sci 37:51-60

Schryer PA, Lu Q, Vandenberg A, Bett KE (2005) Rapid
regeneration of Phaseolus angustissimus and P. vulgaris
from very young zygotic embryos. Plant Cell Tissue
Organ Cult 83:67-74. doi:10.1007/s11240-005-2586-7

Schwartz HF, Correa VF, Pineda PA, Otoya MM, Katherman
MJ (1981) Dry bean yield losses caused by ascochyta,
angular, and white leaf spots in Colombia. Plant Dis
65:494-496

Schwartz HF, Steadman JR, Hall R, Forster RL (2005) Com-
pendium of bean diseases, 2nd edn. APS press. St, St. Paul

Schwartz HF, Otto K, Teran H, Lema M, Singh SP (2006)
Inheritance of white mold resistance in Phaseolus vulga-
ris X P. coccineus crosses. Plant Dis 90:1167-1170. doi:
10.1094/PD-90-1167

Scully B, Providenti R, Benscher D, Halseth DE, Miller JC,
Wallace DH (1995) Five multiple-virus-resistant common
bean breeding lines. Hortscience 30:1320-1323

Service RF (2008) Proteomics ponders prime time. Science
321:1758-1761. doi:10.1126/science.321.5897.1758

Shellie KC, Hosfield GL (1991) Genotype environmental
effects on food quality of common bean: resource-efficient
testing procedures. J Am Soc Hortic Sci 116:732-736

Shellie-Dessert KC, Hosfield GL (1990) Implications of
genetic variability for dry bean cooking time and novel
cooking methods for fuelwood conservation in Rwanda.
Ecol Food Nutr 24:195-211

Singh SP (1991) Breeding for seed yield. In: van Schoonhoven
A, Voysest O (eds) Common beans. Research for crop
improvement. CAB Int., CIAT, Colombia

Singh SP (1994) Gamete selection for simultaneous improve-
ment of multiple traits in common bean. Crop Sci 34:
352-355

Singh SP (1999) Production and utilization. In: Singh SP (ed)
Common bean improvement in the twenty-first century.
Kluwer, Boston, pp 1-24

Singh SP (2001) Broadening the genetic base of common bean
cultivars: a review. Crop Sci 41:1659-1675

Singh SP, Gutiérrez JA (1984) Geographical distribution of the
DL1 and DL2 genes causing hybrid dwarfism in Phase-
olus vulgaris L., their association with seed size, and their
significance to breeding. Euphytica 33(2):337-345

@ Springer


http://dx.doi.org/10.1007/s00122-006-0471-3
http://dx.doi.org/10.2135/cropsci2005.0028
http://dx.doi.org/10.2135/cropsci2005.0028
http://dx.doi.org/10.1016/j.fcr.2003.08.001
http://dx.doi.org/10.1016/j.fcr.2003.08.001
http://dx.doi.org/10.1016/S0378-4290(03)00161-8
http://dx.doi.org/10.2135/cropsci2004.0582
http://dx.doi.org/10.1023/A:1004346114558
http://dx.doi.org/10.1023/A:1004346114558
http://www.chge.med.harvard.edu/publications/documents/agricultureclimate.pdf
http://www.chge.med.harvard.edu/publications/documents/agricultureclimate.pdf
http://www.chge.med.harvard.edu/publications/documents/agricultureclimate.pdf
http://dx.doi.org/10.1007/BF00239099
http://dx.doi.org/10.1094/PDIS.1999.83.2.108
http://dx.doi.org/10.1023/A:1012080303872
http://dx.doi.org/10.1023/B:EUPH.0000014912.07993.e7
http://dx.doi.org/10.1007/s11240-005-2586-7
http://dx.doi.org/10.1094/PD-90-1167
http://dx.doi.org/10.1126/science.321.5897.1758

174

Euphytica (2009) 168:145-175

Singh SP, Muiioz CG (1999) Resistance to common bacterial
blight among Phaseolus species and common bean
improvement. Crop Sci 39:80-89

Singh SP, Westermann DT (2002) A single dominant gene
controlling resistance to soil zinc deficiency in common
bean. Crop Sci 42:1071-1074

Singh SP, Lepiz R, Ariel Gutierrez J, Urrea C, Molina A, Teran
H (1990) Yield testing of early generation populations of
common bean. Crop Sci 30:874-878

Singh SP, Cardona C, Morales FJ, Pastor-Corrales MA,
Voysest O (1998) Gamete selection for upright Carioca
bean with resistance to five diseases and a leathopper.
Crop Sci 38:666-672

Singh SP, Teran H, Mufioz CG, Takegami JC (1999) Two
cycles of recurrent selection for seed yield in common
bean. Crop Sci 39:391-397

Singh SP, Morales FJ, Miklas PN, Teran H (2000) Selection for
bean golden mosaic resistance in intra- and interracial
bean populations. Crop Sci 40:1565-1572

Singh SP, Teran H, Gutiérrez JA (2001a) Registration of SEA
5 and SEA 13 drought tolerant dry bean germplasm. Crop
Sci 41:276-277

Singh SP, Muiioz CG, Teran H (2001b) Registration of com-
mon bacterial blight resistant dry bean germplasm VAX 1,
VAX 3, and VAX 4. Crop Sci 41:275-276

Singh SP, Teran H, Muiioz CG, Osorno JM (2002) Selection
for seed yield in Andean intra-gene pool and Andean x
Middle American inter-gene pool populations of common
bean. Euphytica 127:437-444

Singh SP, Teran H, Gutiérrez JA, Pastor-Corrales MA, Sch-
wartz HF, Morales FJ (2003a) Registration of A 339,
MAR 1, MAR 2, and MAR 3 angular leaf spot and
anthracnose resistant common bean germplasm. Crop Sci
43:1886-1887

Singh SP, Teran H, Muioz CG, Osorno JM, Takegami JC, Thung
M (2003b) Low soil fertility tolerance in landraces and
improved common bean genotypes. Crop Sci 43:110-119

Singh SP, Teran H, Lema M, Dennis MF, Hayes R (2006)
Registration of slow darkening pinto bean germplasm line
SDIP-1. Crop Sci 46:2726-2727

Singh SP, Teran H, Lema M, Webster DM, Strausbaugh CA,
Miklas PN, Schwartz HF, Brick MA (2007) Seventy-five
years of breeding dry bean of the Western USA. Crop Sci
47:981-989

Silbernagel MJ, Hang AN, Mlklas PN (1998) Registration of
USWA-20 virus and root rot resistant pinto dry bean
germplasm. Crop Sci 38:899

Smith JR, Park SJ, Beaver JS, Miklas PN, Canaday CH, Zapata
M (2007) Registration of TARS-SRO5 multiple disease-
resistant dry bean germplasm. Crop Sci 47:457-458

Sonnante G, Stockton T, Nodari RO, Becerra Velasquez VL,
Gepts P (1994) Evolution of genetic diversity during the
domestication of common-bean (Phaseolus vulgaris L.).
Theor Appl Genet 89:629-635

Sorrells ME, Wilson MA (1997) Direct classification and
selection of superior alleles for crop improvement. Crop
Sci 37:691-697

Sperling L, Ashby JA, Smith ME, Weltzien E, McGuire S (2001)
A framework for analyzing participatory plant breeding
approaches and results. Euphytica 122(3):439—-450

@ Springer

Stavely JR, Steadman JR, Coyne DP, Lindgren DT (1989)
BelNeb rust resistance-1 and -2 great northern dry bean
germplasm. Hortscience 24:400-401

Steadman JR, O’Keefe D, Kerr ED, Lindgren DT (1998) Use
of a mobile nursery to monitor pathogenic variability in
bean rust. Ann Rep Bean Improv Coop 41:70-71

Stewart-Williams KD, Myers JR, Dennis MF, Hayes R,
Strausbaugh C, Singh SP (2003) Registration of great
northern common bean germplasm UI98-209G. Crop Sci
43:2312-2313

Tanksley SD, McCouch SR (1997) Seed banks and molecular
maps: unlocking genetic potential from the wild. Science
277:1063-1066

Tanksley SD, Rick CM (1980) Isozymic gene linkage map of
the tomato: applications in genetics and breeding. Theor
Appl Genet 57:161-170

Tar’an B, Michaels TE, Peter Pauls K (2003) Marker-assisted
selection for complex trait in common bean (Phaseolus
vulgaris L.) using QTL-based index. Euphytica 130:
423-432

Teixeira Caixeta E, Borém A, Alzate-Marin AL, de Azevedo
Fagundes S, Geraldo de Moraes e Silva M, Gongalves de
Barros E, Alves Moreira M (2005) Allelic relationships
for genes that confer resistance to angular leaf spot in
common bean. Euphytica 145:237-245

Teran H, Singh SP (2002) Comparison of sources and lines
selected for drought resistance in common bean. Crop Sci
42:64-70

Tesfaye M, Temple SJ, Allan DL, Vance CP, Samac DA (2001)
Overexpression of malate dehydrogenase in transgenic
alfalfa enhances organic acid synthesis and confers toler-
ance to aluminum. Plant Physiol 127:1836-1844

Tsai SM, Nodari RO, Moon DH, Camargo LEA, Vencovsky R,
Gepts P (1998) QTL mapping for nodule number and
common bacterial blight in Phaseolus vulgaris L. Plant
Soil 204:135-145

United States Department of Agriculture, Economic Research
Service (2007) Economics, statistics and market informa-
tion system. http://www.usda.mannlib.cornell.edu/usda/
ers/86003/Table136.xIs. Accessed 19 September 2008

Urrea CA, Singh SP (1995) Comparison of recurrent and
congruity backcrossing for interracial hybridization in
common bean. Euphytica 81:21-26

Urrea CA, Miklas PN, Beaver JS (1999) Inheritance of resis-
tance to common bacterial blight in four tepary bean lines.
J Am Soc Hortic Sci 124:24-27

Vadez V, Lasso JH, Beck DP, Drevon JJ (1999) Variability of
N2-fixation in common bean (Phaseolus vulgaris L.)
under P deficiency is related to P use efficiency. Euphytica
106:231-242

Vallejos EC, Sakiyama NS, Chase CD (1992) A molecular
marker-based linkage map of Phaseolus vulgaris L.
Genetics 131:733-740

Vandenberg A, Nleya T (1999) Breeding to improve plant type.
In: Singh SP (ed) Common bean improvement in the
twenty-first century. Kluwer, Boston

Vasquez-Arroyo J, Sessitsch A, Martinez E, Peiia-Cabriales JJ
(1998) Nitrogen fixation and nodule occupancy by native
strains of Rhizobium on different cultivars of common
bean (Phaseolus vulgaris L.). Plant Soil 204:147-154


http://www.usda.mannlib.cornell.edu/usda/ers/86003/Table136.xls
http://www.usda.mannlib.cornell.edu/usda/ers/86003/Table136.xls

Euphytica (2009) 168:145-175

175

Velez J, Bassett MJ, Beaver JS, Molina A (1998) Inheritance of
resistance to bean golden mosaic virus in common bean.
J Am Soc Hortic Sci 123:628-631

Voysest O, Valencia MC, Amezquita MC (1994) Genetic
diversity among Latin American, Andean and Meso-
american common bean cultivars. Crop Sci 34:1100-1110

Wallace DH, Baudoin JB, Beaver JS, Coyne DP, Halseth DE,
Masaya PN, Munger HM, Myers JR, Silbernagel M,
Yourstone KS, Zobel RW (1993) Improving efficiency of
breeding for higher crop yield. Theor Appl Genet 86:27-40

Walters KJ, Hosfield GL, Uebersax MA, Kelly JD (1997) Navy
bean canning quality: correlations, heritability estimates
and randomly amplified polymorphic DNA markers
associated with component traits. J Am Soc Hortic Sci
122:338-343

Wang HX, Ng TB (2006) An antifungal peptide from baby
lima bean. Appl Microbiol Biotechnol 73:576-581

Welch RM, House WA, Beebe S, Cheng Z (2000) Genetic
selection for enhanced bioavailable levels of iron in bean
(Phaseolus vulgaris L.) seeds. J Agric Food Chem
48:3576-3580

Welsh W, Bushuk W, Roca W, Singh SP (1995) Character-
ization of agronomic traits and markers of recombinant
inbred lines from intra- and interracial populations of
Phaseolus vulgaris L. Theor Appl Genet 91:169-177

Werner D (2005) Production and biological nitrogen fixation of
tropical legumes. In: Werner D, Newton WE (eds)
Nitrogen fixation in agriculture, forestry, ecology, and the
environment. Springer, Netherlands

White J, Gonzalez A (1990) Characterization of the negative
association between seed yield and seed size among
genotypes of common bean. Field Crops Res 23:159-175

White JW, Hoogenboom G (1996) Integrating effects of genes
for physiological traits into crop growth models. Agron J
88:416-422

White JW, Hoogenboom G (2003) Gene-based approaches to
crop simulation: past experiences and future opportuni-
ties. Agron J 95:52-64

Wilkinson RE (1983) Incorporation of Phaseolus coccineus
germplasm may facilitate production of high yielding P.
vulgaris lines. Annu Rep Bean Improv Coop 26:28-29

Wolfenbarger LL, Phifer PR (2000) The ecological risks and
benefits of genetically engineered plants. Science 280:
2088-2093

Wong JH, Zhang XQ, Wang HX, Ng TB (2006) A mitogenic
defensin from white cloud beans (Phaseolus vulgaris L.).
Peptides 27:2075-2081

Wortman CS, Kirkby RA, Eledu CA, Allen DJ (1998) Atlas of
common bean (Phaseolus vulgaris L.) production in
Africa. CIAT publication no. 297. Centro Internacional de
Agricultura Tropical (CIAT). Cali, Colombia, 131 pp

Yan W (2001) GGE biplot—a windows application for graphi-
cal analysis of multienvironment trial data and other types
of two-way data. Agron J 93:1111-1118

Yan X, Lynch J, Beebe S (1995) Genetic variation for phos-
phorus efficiency of common beans in contrasting soil
type: II yield response. Crop Sci 35:1094-1099

Yan W, Hunt LA, Sheng Q, Szlavnics Z (2000) Cultivar
evaluation and mega-environment investigation based on
the GGE biplot. Crop Sci 40:597-605

Yan X, Liao H, Beebe SE, Blair MW, Lynch JP (2004) QTL
mapping of root hair and acid exudation traits and their
relationship to phosphorus uptake in common bean. Plant
and Soil 265:17-29

Yoshii K, Galvez GE, Alvarez G (1978) Screening bean germ-
plasm for tolerance to common blight caused by
Xanthomonas phaseoli and the importance of pathogenic
variation to varietal improvement. Plant Dis Rep 62:
343-347

Young RA, Kelly JD (1996) Characterization of the genetic
resistance to Colletotrichum lindemuthianum in common
bean differential cultivars. Plant Dis 80:650-654

Young RA, Melotto M, Nodari RO, Kelly JD (1998) Marker-
assisted dissection of the oligogenic resistance in the
differential cultivar, G2333. Theor Appl Genet 96:87-94

Yu K, Park SJ, Poysa V (2000) Marker-assisted selection of
common beans for resistance to common bacterial blight:
efficacy and economics. Plant Breed 119(5):411-415

Yu K, Park SJ, Zhang B, Haffner M, Poysa V (2004) An SSR
marker in the nitrate reductase gene of common bean is
tightly linked to a major gene conferring resistance to
common bacterial blight. Euphytica 138:89-95

Zambre M, Goossens A, Cardona C, Van Montagu M, Terryn N,
Angenon G (2005) A reproducible genetic transformation
system for cultivated Phaseolus acutifolius (tepary bean) and
its use to assess the role of arcelins in resistance to the Mex-
ican bean weevil. Theor Appl Genet 110(5):914-924

Zapata M, Freytag GF, Wilkinson RE (1985) Evaluation for
bacterial blight resistance in beans. Phytopathology
75:1032-1039

Zapata M, Freytag G, Wilkinson R (2004) Release of five
common bean germplasm lines resistant to common
bacterial blight: W-BB-11, W-BB-20-1, W-BB-35,
W-BB-52, W-BB-11-56. J Agric Univ P R 88:91-95

@ Springer



	Achievements and limitations of contemporary common bean breeding using conventional and molecular approaches
	Abstract
	Introduction
	Breeding objectives
	Seed yield
	Resistance to biotic constraints
	Tolerance to abiotic constraints
	Enhanced nutrition and utilization
	Health benefits

	Bean breeding methods
	Pedigree
	Backcross
	Single seed descent (SSD)
	Gamete selection
	Bulk breeding
	Recurrent selection
	Participatory plant breeding

	A few examples of conventional bean breeding achievements in common bean
	Extending the range of adaptation of beans to non-traditional production regions and new production practices
	The discovery, characterization of variability and deployment of genes for resistance to fungal bean diseases
	Breeding beans for virus resistance
	The use of interspecific crosses to develop cultivars and improved bean germplasm
	Drought tolerance

	Limitations of traditional breeding and a rationale for molecular breeding
	Adaptation to low soil fertility and Al tolerance
	Biological nitrogen fixation (BNF)
	A better understanding of the expression of seed yield and G x E
	Molecular markers

	Utilization of information from the bean genome map
	Classical mapping efforts
	DNA fingerprinting to preserve the purity �or protect the identity of cultivars
	Transgenic beans
	Studies of diversity of landrace varieties, core collections and identification of germplasm most likely to have the desired traits
	Molecular breeding (MAS) may be useful for the selection of the most effective alleles for disease resistance

	Conclusion
	References


