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Abstract

Common bean (Phaseolus vulgaris L.) is now considered as a nutritive food containing bioactive compounds for
human health. Studies are necessary to understand genetic and environmental influence over yield and the
accumulation of bioactive compounds in seeds. Days to flowering, disease reaction, maturity, seed yield, 100
seed weight, flavonoid content and genetic relationships were evaluated in eight common bean cultivars in
spring and summer cropping seasons. Flowering was registered between 36 and 54 days after planting, values
between 1 and 7 were observed for CBB (Common Bacterial Blight) and maturity showed values between 88
and 98 days. Similar seed yields were registered between growing seasons and significant differences (p < 0.05)
among cultivars were obtained in spring (484 kg ha” to 1 544 kg ha™) and summer (1 042 kg ha” to 1 573 kg
ha™). Highly significant differences (p < 0.01) were observed among cultivars for myricetin, quercetin and
kaempferol content. High values for seed yield and flavonoid content were observed in Negro Pacifico (1 500 kg
ha'; myr = 68.6 pg g'), Negro Nayarit (1 417 kg ha™'; myr = 31.8 pg g") and Negro Sahuatoba (1 396 kg ha™';
myr = 70.7 pg g5 quer = 183.5 pug g'; kaemp = 7.2 pg g™). Seven SSR loci were used to establish genetic
relationships among breed cultivars derived from parents collected in Southern México and Central America.
Agronomic, laboratory and molecular markers allowed generating important information to find gene sources for
genetic breeding programs in order to improve seed yield and bioactive compounds accumulation in common
bean seeds.
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1. Introduction

Common bean is one important component of Mexican traditional diet due to its high contents of carbohydrates,
proteins, minerals and bioactive compounds which show nutraceutical properties (Guzman-Maldonado et al.,
2002; Diaz-Batalla et al., 2006; Gutiérrez-Uribe et al., 2006; Rios-Ugalde et al., 2006; Guajardo-Flores et al.,
2012, 2013). The annual per capita common bean consumption in México has been drastically reduced from 18.9
kg in 1996 to 11 kg in 2012 (Luna-Flores et al., 2012). Changes in Mexican consumer preferences have been
associated to a significant reduction in daily common bean intake and an increased incidence of several human
disecases such as diabetes, hypertension, obesity, myocardial infarcts and different types of cancer
(Guzméan-Maldonado et al., 2002; Gutiérrez-Uribe et al., 2006; Rios-Ugalde et al., 2006).

Several common bean cultivars showing black seed coat are being considered as an important feedstock for the
elaboration of nutraceutical supplements used to improve human health (Gutiérrez-Uribe et al., 2006). Higher
nutraceutical value was observed in Mesoamerican race cultivars, showing black seeds, collected in Southern
Meéxico and Central America (Rosales-Serna et al., 2014). Common bean cultivars with black seeds, such as
Negro 8025 (Cruz-Bravo et al., 2011) and Negro San Luis (Guajardo-Flores et al., 2012) have been successfully
used for cancer control. Black seeded cultivars contain anthocyanins (Salinas-Moreno et al., 2005) and other
bioactive compounds used to prevent genetic damages and cancer incidence (Oomabh et al., 2005). Previous in
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vivo studies demonstrated that black bean consumption reduces cancer incidence (Hangen & Bennink, 2002).

Forty common bean black seeded cultivars have been developed in México, showing adaptation under rainfed,
residual soil moisture and irrigated systems (Rosales-Serna et al., 2004). Significant differences have been
detected among cultivars for the content of anthocyanin (Salinas-Moreno et al., 2005) and flavonoids, such as
myiricetin (Reyes-Barraza et al., 2013). Several compounds with nutraceutical effect have been found in Negro
San Luis seeds, including myricetin, quercetin, kaempferol and several types for soyasaponins (Diaz-Batalla et
al., 2006; Guajardo-Flores et al., 2012). Potential uses of different common bean cultivars have been evaluated in
order to obtain raw materials for home cooking and food, as well as pharmaceutical industries. In addition,
research needs to be done in order to characterize bioactive compound profiles in common bean seeds. The main
objective was to evaluate genetic diversity among high yielding common bean cultivars with black seed coat and
enhanced levels of bioactive compounds.

2. Method
2.1 Plant Material and Agronomic Management

Eight common bean black seeded cultivars (Table 1) were grown under irrigation conditions during the 2012
spring (March 13™) and summer (August 31™) cropping seasons, at Hualahuises, México (24°52'50"N,
99°37'19"W and 371 m elevation). Except for Negro San Luis that belongs to the Jalisco race, the other cultivars
belong to the Mesoamerican race (Singh et al., 1991). Organic fertilization was used including four commercial
inoculants such as Rhizobium (Dianitro Fix-INDIAPAC Son., México), Azospirillum brasilense (Nitrox-Prodeni
Mich. México), Mycorrhiza (Tec Myc 60-El Vergel México, D. F.) and Bacillus subtilis (Biotriba-Prodeni Mich.,
Meéxico). Prior to planting, seeds were inoculated and then dried in the shade according to manufacturer’s
recommendations.

Table 1. Information related to common bean black seeded germplasm evaluated at two cropping seasons in
Hualahuises, México, 2012

Cultivar Growth Habit*  Photoperiod Response Origin Coat Brightness
Negro Nayarit 1T Neutral Nayarit Opaque

Negro Tacana I Neutral Chiapas Opaque

Negro Pacifico II Neutral Sinaloa Opaque

Negro Sahuatoba I Neutral Durango Opaque

Negro Altiplano 11 Neutral Durango Opaque
Frijozac N101 I Neutral Zacatecas Opaque

Negro San Luis 111 Sensitive Zacatecas Bright

Negro Nutra I Neutral Nuevo Leon Opaque

Note. *According to CIAT, (1984): II = Indeterminate upright; III = Indeterminate prostrated.

Soil preparation included plowing and disking, 20 cm raised x 70 cm width bed formation and plastic mulching
with bicolor (white/black) polyethylene film. Drip irrigation system was installed using 'z inch (16 mm)
diameter polyethylene drip tubing, with drip emitters each 0.20 m and a water flow rate of 650 mL h ™' per emitter.
The tube was placed along each row, following plantings and after initial irrigation two seeds were sown at each
film perforation. Only one plant was left per mulch film hole and irrigation was applied during 2 to 4 h time periods,
according to crop requirements.

2.2 Area Description

The predominant weather pattern in the experimental area corresponds to a warm sub-humid climate with
summer-dominant rainfall, spatially annual precipitation variations from 600 to 1 000 mm and 22.3 °C for
annual average temperature (Garcia, 1988). During both cropping cycles (spring and summer) data for maximum
and minimum temperature, rainfall, and solar radiation were obtained from El Barreal, México, automatic
weather station, included in the national agro-meteorological network (INIFAP, 2013), installed 8 km away from
experiments.
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2.3 Experimental Design

In both cropping seasons a uniform yield trial was planted under a randomized complete block design (RCBD),
with three replications during the spring and four in summer. Experimental plots consisted in one soil bed with
full competence: 20 m in length, 0.70 m in width and 1.28 m apart. Two plant rows were sown in each bed and
planting occurred in staggered double rows with plant lines 30 cm apart and alternate plants, spaced 33 cm.

2.4 Agronomic Traits

Under field conditions days to flowering and maturity were recorded; as well as, response to plant pathogens
[Common Bacterial Blight: Xanthomonas campestris = axonopodis, Bean Common Mosaic Virus (BCMV),
charcoal rot (Macrophomina phaseolina) and systemic vein necrosis caused by hypersensitive reaction to BCMV].
At physiological maturity seed yield and the weight of 100 seeds were evaluated in each plot. Days to flowering
were registered when more than 50% of the plants in each replication showed at least one open flower (CIAT,
1987). Disease reaction was evaluated during the grain filling period (Rg) using the 1 to 9 scale, where 1 represents
immune plants without visual symptoms and 9 related to a very susceptible cultivar. Physiological maturity was
registered in each plot when most of the plants showed the typical change of color from green to yellow. In each
experimental plot plant samples (6.4 m?) were harvested for seed yield and bioactive compounds measurement.
Average seed mass was determined using subsamples of 100 seeds taken and weighed in each replication by using
a digital scale with 0.1 g accuracy.

2.5 Bioactive Compounds Quantification

Extracts used for flavonoids and soyasaponins quantification were obtained according to previous research
(Guajardo-Flores et al., 2012) using seed flour obtained from each field sample. Quantification was performed
using an HPLC system (High Performance Liquid Chromatography), supplemented with diode array detector
(DAD) and evaporative light scattering detector (ELSD) (Agilent Technologies Santa Clara, CA).

Bioactive compounds were separated using a Zorbax SB-Aq (150 mm X% 4.6 mm ID, 3.5 pm particle size)
reverse phase column (Agilent Technologies, Santa Clara, CA) and a flow of 0.5 mL min™. Combined isocratic
and gradient elution was performed with a mobile phase consisting of HPLC-grade purity (pH 2) water (Solvent
A) and HPLC-grade purity acetonitrile (100%) (Solvent B). Trifluoroacetic acid (Sigma St. Louis, MO) was used
for water pH 2 adjustment. Starting with solvent B (20%: A 80%) an elution was performed for 6 min, then the
composition was changed to 50% of B and 50% of A during a 12 min time period and finally was changed to
100% of B during 30 min. An additional time period (10 min) was applied between sample readings for solvent
B (100%). Chromatograms were recorded and processed at 220, 280 and 320 nm and integrated using the HP-
Agilent Software (Chemstation 1990-2003). Absorption peak, retention time and UV spectra were used for
flavonoids identification. Maximum absorption at 295 nm was obtained in order to confirm the detection of the
DDMP (2,3-dihydro-2,5-dihydroxy-6 methyil-4H-pyran-4-one)-conjugated saponins (Guajardo-Flores et al.,
2012).

2.6 Molecular Marker Analysis

Genetic diversity analysis was performed among cultivars using seven microsatellite loci (BM143, BM154,
BM164, BMI181, BMI188, GATs54, GATs91) achieved from previous reported genomic sequences
(Gill-Langarica et al., 2011). Amplified PCR was obtained for each SSR according to conditions reported by
Gill-Langarica et al., (2011). Total reaction volume included DNA (75 ng), 0.16 uM of each primer (sense and
antisense), 2 pL of PCR buffer 10X, 1.5-2.5 mM of Mg (depending on each primer), 2 mM of dNTPs and 1 U of
Taq DNA polymerase. Products obtained during amplification process were purified and separated by
electrophoresis using 6% polyacrylamide gels. The Kodak Molecular Imaging System Ver. 4.0 was used for gels
documentation and allele detection (Eastman Kodak, Rochester, USA).

2.7 Statistical Analysis

Field data were used to perform an analysis of variance using a randomized complete block design combined
over environments and three (spring) to four replications (summer). Mean comparisons were computed by
Tukey’s honestly significant difference test (HSD, p < 0.05). For molecular markers, calculations for Euclidean
distances among cultivars were performed using the NTSYS ver. 2.02¢e software (Rohlf, 1997) and then a
dendrogram was obtained based on the UPGMA (Unweighted Pair Grouping with Arithmetic Averages)
clustering method.
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3. Results
3.1 Agronomic Traits

Significant differences (p < 0.01) were obtained for the number of days to first flower and physiological maturity
(Table 2). In the spring planting date, early flowering cultivars registered 44 days after planting -DAP- (Negro
Tacana, Frijozac N101 and Negro San Luis), while the late flowering cultivars were Negro Nutra (52 DAP) and
Negro Sahuatoba (53 DAP). Negro San Luis was the earliest flowering cultivar during summer (36 DAP), due to
its photoperiod (short days) sensitivity causing the reproductive period acceleration (Rosales-Serna et al., 2004).
Late flowering cultivars during summer were Negro Sahuatoba and Negro Nutra, with 54 DAP, due to genetic
background and neutral response to photoperiod, especially Negro Sahuatoba (Rosales-Serna et al., 2004).

In spring, Negro San Luis showed sensitivity to global solar radiation and high temperatures registered during
the reproductive stage (Figures 1 and 2), causing pod abortion, delayed maturity (> 105 DAP) (Vara-Prasad et al.,
2002) and severe yield loss. Early maturity cultivars were Negro Tacana and Negro Pacifico (88 DAP) due to
their neutral photoperiod response (Rosales-Serna et al., 2004). In summer, delayed maturity (103 DAP on
average) was from 100 (Negro Nayarit, Negro Tacana and Negro Pacifico) to 106 DAP (Negro Nutra).
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Figure 1. Accumulated rainfall and average values for maximum and minimum temperatures registered during
five-day periods. Hualahuises (El Barreal), México, 2012
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Figure 2. Average values for Global Solar Radiation (W m™) registered in five-day periods at two cropping
seasons for common bean black seeded cultivars. Hualahuises (El Barreal), México, 2012

High incidence for common bacterial blight (CBB) was registered at two cropping seasons with average values
in spring from 3 (Negro Sahuatoba) to 7 (Frijozac N101); while in summer variations for score values were
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observed between 4 (Negro Nutra) and 7 (Negro San Luis) (Table 2). Compared to summer readings, spring
plantings showed higher incidence for root-rot, distinguished by hypersensitive reaction to common mosaic virus
(BCMYV) caused by the presence of the gene / (Flores-Estévez et al., 2003). Higher root-rot (BCMV) reaction
value (5) was registered in Negro Tacand, Negro Pacifico and Negro Altiplano; while Negro San Luis and Negro
Nutra registered the lowest value (1). In summer plantings, high incidence of root-rot caused by Macrophomina
phaseolina was observed, with values from 1 (Negro San Luis) to 4 (Negro Nayarit and Negro Nutra).

Table 2. Agronomical traits evaluated in common bean cultivars grown during spring and summer in
Hualahuises, México, 2012

Cultivar Days to Flowering CBB* RR  Days to Maturity  Seed Yield (kgha™) 100 Seed Weight (g)
Spring
Nayarit 49° 4 4 90 1351 14°
Tacana 44° 5 5 88 1 544 16°
Pacifico 46° 5 5 88 1539° 16
Sahuatoba 53 3 3 93® 484° 14°
Altiplano 45° 5 5 98 1121% 21
Frijozac N101 44° 7 7 91 1117% 212
San Luis' 44 4 1 105 - -
N. Nutra 50 5 1 93 1263 14°
Average 48 - - 92 1203 17
Summer

Nayarit 500 5 4 100° 1417 23¢
Tacan4 48¢ 6 31000 1042° 250
Pacifico 5% 5 3 100° 1 500 24°
Sahuatoba 540 5 3104 1396 28°
Altiplano 51 5 3105 1 438° 33°
Frijozac N101 49 6 2 103 1573 35
San Luis' 36 7 1 102 1188 43
N. Nutra 540 4 4 106 1229° 22°
Average 49 - - 103 1348 29

Note. *CBB = Common Bacterial Blight; RR = during spring root-rot: systemic vein necrosis caused by
hypersensitive reaction to bean common mosaic virus (BCMV) and summer Charcoal Rot Macrophomina
phaseolina. Disease reaction was evaluated during the grain filling period (Rg) using the 1 to 9 scale, where 1
represents immune plants without visual symptoms and 9 mean very susceptible cultivar (CIAT, 1987). 'Negro
San Luis was eliminated from ANOVA, due to its delayed and undefined maturity and lack of seed yield during
the spring cropping season. ““Different letters within a column indicate significant difference (Tukey’s test; p <
0.05).

Similar values were observed for seed yield between cropping seasons and common bean cultivars (Table 2),
exception was Negro Sahuatoba in spring. In the spring plantings seed yield showed variations from 484 kg ha™
(Negro Sahuatoba) to 1 544 kg ha™ (Negro Tacana). In summer plantings higher values for seed yield were
registered in Frijozac N101 (1 573 kg ha™) and Negro Pacifico (1 500 kg ha™). Seed number and weight are
important traits showing positive and direct influence on grain yield in leguminous crops (Monpara & Gaikwad,
2014). Reduction by 41% for 100 seed weight was observed in spring plantings, showing the lowest average
value (17 g per 100 seeds), while 29 g per 100 seeds were registered in the summer cropping season. Seed
weight reduction was related to diminished grain size and then, considered as a detrimental factor for the
common bean market price. However, smaller seeds usually contain higher seed coat to cotyledons ratios which
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affects amounts of phytochemical compounds mainly associated to the hull (Wang et al., 2010).

In summer, more cultivars produced very small (< 18 g per 100 seeds) opaque grains according to the standards
of the Mexican market (Table 2). Selected cultivars included Negro Nayarit, Negro Tacand, Negro Nutra and
Negro Pacifico. The Frijozac N101 cultivar also showed high seed yield, although showed low market price due
to greater grain size (35 g per 100 seeds), exceeding the standards for small grains in common beans (< 25 g per
100 seeds). Negro San Luis registered higher seed yield (1 188 kg ha™), compared to results obtained in spring
plantings, also showing quality traits required for shiny black commercial class, such as larger seeds (> 43 g per
100 seeds), seed coat brightness and rounded grain shape.

3.2 Bioactive Compounds Quantification

The content of bioactive compounds (myricetin, quercetin and kaempferol) showed highly significant differences
(p £ 0.01) among cultivars (Table 3). Highest average values were observed in Negro Sahuatoba for myricetin
3-O-glucoside (70.7 pg g™), quercetin 4-O-galactoside (183.5 pg g™') and kaempferol 3-O-glucoside (7.2 pg g™).
Negro Sahuatoba showed statistically similar values for myricetin 3-O-glucoside compared to Negro Pacifico,
Negro Tacana and Negro Nayarit. Similar values were also observed for quercetin 4-O-galactoside levels among
Negro Sahuatoba, Negro Nutra, Frijozac N101and Negro Altiplano.

Soyasaponins Af (124 pg g"), V (4 pg g™), ag (43 pg g") and Pg (25 pg g') showed statistically similar average
values among cultivars. All the evaluated cultivars showed high average amounts for quercetin 4-O-galactoside
(145 pg g) and soyasaponin Af (124 pg g) across cropping seasons. Differences were observed from previous
reports (Diaz-Batalla et al., 2006), where lower average values were observed for quercetin 4-O-galactoside
(10.9 pg g, while a higher amount of kaempferol 3-O-glucoside (52.3 ug g') was registered. Results suggest that
combined selection need to be applied in black seeded common bean germplasm in order to obtain higher seed
yield and an increased nutraceutical value. Outstanding cultivars such as Negro Sahuatoba, Negro Pacifico and
Negro Nayarit represent an important option for domestic market and nutraceutical extraction industry.

Table 3. Average bioactive compounds level (ug g") registered in several common bean cultivars grown at
Hualahuises, México, during spring and summer 2012

Cultivar 'Myricetin  Quercetin Kaempferol 2SSAf SSV  SSag SSpg
Negro Nayarit #31.8% 134.2% 1.7° 1184 3.1 435 241
Negro Tacana 48.0% 107.1° 1.7 1115 43 36.1 223
Negro Pacifico 68.6" 131.5% 1.9° 129.1 5.0 48.6 27.7
Negro Sahuatoba 70.7° 183.5° 7.08 1138 45 395 269
Negro Altiplano 28.1° 142.8%  3.3° 1255 33 455  26.1
Frijozac N101 28.6° 155.0% 2.5 147.0 45 424 251
Negro Nutra 19.9° 159.5% 2.0° 119.7 3.9 46.8  25.0
*Negro San Luis 7+1 116+13 0.3+0.1 9819 23+0 1.7£1 14«1
Average 2.2 144.8 2.9 123.6 4.1 432 253

Note. 'myricetin 3-O-glucoside; quercetin 4-O-galactoside and kaempferol 3-O-glucoside. *SS = Soyasaponin;
*Due to its elimination from the ANOVA only average value + standard error is showed. ““Different letters within
a column indicate significant difference (Tukey’s test; p < 0.05). *Values were obtained as average of both
cropping seasons.

Outstanding cultivars for flavonoids accumulation included in their pedigree improved lines derived from genetic
recombination of old landraces and improved cultivars used in Southern México and Central America. Negro
Sahuatoba included as a parent BAT 308, representing an improved line derived from Porrillo Sintético (El
Salvador) and Compuesto Negro Chimaltenango (Guatemala). Negro Altiplano included as a parent Negro Jamapa
cultivar released in Veracruz, México, in 1958 (Rosales-Serna et al., 2004) and referred as rich in condensed
tannins, anthocyanins and flavonols with interesting biological activities (Aparicio-Fernandez et al., 2008).

3.3 Molecular Marker Analysis

Cluster analysis grouped cultivars into two well-separated groups (Figure 3). The first group included germplasm
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where Jamapa was the common ancestor while the second showed cultivars derived from crosses among
improved lines developed at CIAT’s breeding program. Improved lines were derived from populations obtained
crossing selected parents such as Porrillo Sintético, Compuesto Negro Chimaltenango (CNC) and germplasm
collected in Central America and Southern México.

Negro Nayarit *

Negro Nutra .

Negro Pacifico:

Frijozac N101

Negro San Luis:

Negro Tacana »

2
Negro Sahuatoba ‘
Negro Altiplano ‘
0.00 14.27 28.54 42.81 57.08

Euclidean distance

Figure 3. Genetic diversity (Euclidian distance) registered in common bean cultivars using the UPGMA
clustering method

4. Discussion
4.1 Agronomic Traits

Breed cultivars as Negro Pacifico, showed high seed yield under irrigation in both spring and summer cropping
seasons. Therefore it could be selected based on its neutral response to photoperiod, low hypersensitivity levels
for gene / to BCMV and enhanced tolerance to high temperature and global solar radiation. Summer plantings
allowed a significant increase for seed weight (41%) on average for all cultivars. This response was related to
favorable temperatures for common bean growth and development registered during the grain filling period,
varying from 18 to 24 °C (Rosas et al., 2000).

Results showed the possibility for selection of some common bean cultivars in order to broaden the genetic base
of common beans planted under irrigation in Northern México. Spring production obtained with some cultivars
such as Negro Altiplano and Frijozac N101 showed commercial traits for traditional market (18-25 g per 100
seeds). Grains of all other cultivars that showed very small seeds (< 18 g per 100 seeds) could be channeled to
either the food or pharmaceutical industries, particularly Negro Sahuatoba. Better extraction of bioactive
compounds is performed on small seeds, since this raw material has a greater number of seeds and seed coat
proportion per kilogram of grains (Celis-Velazquez et al., 2010). Cropping season showed strong influence on
yield components, reducing seed size (weight) in spring and the concomitant positive effect on seed number (per
plant, pod and square meter) in order to achieve similar grain yields observed in both growing seasons.

4.2 Bioactive Compounds Quantification

Results suggest that temperature and global solar radiation influenced the accumulation of bioactive compounds
in common bean black seeded cultivars. High temperature and radiation registered mainly during the
reproductive phase caused considerable increments in flavonoids accumulation (Taleon et al., 2012). Similar
results were obtained in soybean cultivars tested at different locations and planting dates (Tsukamoto et al.,
1995).

Flavonoids, such as quercetin 4-O-galactoside and myricetin 3-O-glucoside were the bioactive compounds
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showing higher accumulation and variation among cultivars. Results showed differences from those reported in
other studies performed in wild and cultivated common beans, where quercetin 4-O-galactoside averaged 10.9
pg g and kaempferol 3-O-glucoside 52.3 pg g™ Differences are due to the use of more diverse common bean
germplasm and variation of climatic characteristics where the seeds were produced. Flavonoids content were
lower than those observed in previous studies including myricetin 3-O-glucoside (115.7 pg g™') and quercetin
4-O-galactoside (643.2 pg g") (Guajardo-Flores et al., 2012) mainly due to differences in seed source and crop
management.

Higher soyasaponin concentration, particularly SSAf and SSog, was related to high temperatures registered
during seed development mainly in the spring planting date. Similar results were obtained in studies performed
in soybeans (Tsukamoto et al., 1995). Variations observed for bioactive compounds accumulation and their
interactions with some climatic factors showed the need to optimize the gene-environment interaction in order to
enhance concentration of a specific plant molecule. Cultivars showing high content for a specific and bioactive
compound were selected in spite of total flavonoids content. Cultivars with high yields of seed and bioactive
compounds were also identified, such as Negro Pacifico and Negro Nayarit. Negro Sahuatoba showed high
values for most bioactive compounds but low seed yield in spring plantings. Negro Nutra and Frijozac N101
showed high seed yield in spring and summer plantings, and the highest values for quercetin 4-O-galactoside.

Fluctuations registered for the content of bioactive compounds was due to the high temperatures and incidence
of global radiation mainly during the reproductive period. High radiation caused the need to protect plant tissues
from damages caused by UV rays through the accumulation of protective pigments (Beggs et al., 1985) in leaves
and stems. Protective pigments are then transported during photoassimilate translocation from leaves to pods and
seeds. Results showed strong differences from those observed in previous reports where low effects were
observed for environment (Marles et al., 2010) mainly due to lower variations in climatic and edaphic
parameters observed in common bean producing areas.

Plant response by soyasaponins accumulation has also been associated with the protective effect against the
incidence of pathogenic microorganisms in roots and aerial plant tissues (Iriti et al., 2009). In this case, Negro
Sahuatoba showed no significant differences in the concentration of most of the phytochemicals analyzed among
cropping seasons and its resistance to root-rot remained stable. On the other hand, the concentration of
soyasaponin V was reduced along with the resistance to CBB registered in summer.

4.3 Molecular Marker Analysis

Molecular markers allowed to generate important information of the source of genes related to the accumulation
of bioactive compounds in common bean seeds. Capability for bioactive compounds accumulation was
associated with opaque black seeded cultivars from the Mesoamerican race. Common ancestors of most high
accumulating cultivars for bioactive compounds were derived from landraces collected in México and Central
América; such as, Negro Jamapa (Veracruz), Porrillo Sintético (El Salvador) and Compuesto Negro
Chimaltenango (Guatemala).

5. Conclusions

The use of selected cultivars derived from Mesoamerican germplasm, with neutral response to photoperiod, may
lead to increments in seed yield and agronomic performance among cropping seasons in irrigated common bean.
Less favorable environmental conditions (high temperature) were observed in spring, resulting in lower seed
weight and yield loss in some cultivars, such as Negro San Luis (Jalisco race). Variations were observed for
flavonoid accumulation in seeds among cultivars. High values for temperature, global solar radiation and plant
pathogen incidence during reproductive stage influenced yield and flavonoids accumulation in common bean
seeds.

High values for flavonoids content were observed in breeding cultivars including parents from Mesoamerican
race, such as Negro Pacifico, Frijozac N101 and Negro Sahuatoba. Results justify further studies to find
landraces and improved cultivars with enhanced profiles for bioactive compounds derived from opaque black
seeded cultivars from the Mesoamerican race.

Combined selection for high seed yield, commercial grain preference and content of bioactive compounds
allowed the identification of highly competitive cultivars. Negro Pacifico showed acceptability for home cooking
and Negro Sahuatoba was considered as an important feedstock for the nutraceutical extraction industry. Genetic
diversity observed in black-seeded common bean germplasm needs to be used in order to develop improved lines
with increased yield and higher nutraceutical value.
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Abbreviations and Nomenclature

BCMYV = bean common mosaic virus; CBB = common bacterial blight; DAD = diode array detector; DAP =
days after planting; DDMP = 2,3-dihidro-2,5 dihidroxi-6 metil-4H-pirano; ELSD = evaporative light scattering
detector; HPLC = high performance liquid chromatography; HSD = honestly significant difference; MeOH =
methanol; CNC 2 = Compuesto Negro Chimaltenango 2.
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