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ABSTRACT —The common bean is an important source of minerals and protein in human nutrition. The objective of this study
was to investigate possible maternal effects on phosphorus contents in seeds of the common bean, to estimate the heritability in early
hybrid generations for the phosphorus content character and to evaluate the potential for genetic improvement. The controlled
crossings were performed among Pérola x Guapo Brilhante and TPS Nobre x Guapo Brilhante cultivars. RegipaodakF
generations as well as backcross populations were produced by each hybrid combination. The range of variation in phosphorus
content among testedqgenies was m 3.38 to 5.78 g kkdry matterand no significant maternal effect was discedeNarow

sense heritability was of an intermediate 65.54% to low 21.37 % value. An increase of 19.17 % was obtained for phosphorus content
in the seeds using just the ¢lerpaents tested in this study
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INTRODUCTION of variation from 3.60 to 6.55 g Kgdry matter (DM) were
tested in Burundi (Barampama and Simard 1993) and from

Phosphorous is a mineral present in practically ai.86 to 8.84 g kDM in Colombia (House et al. 2002). In
foods and their deficiency is rare (Fennema 2000). Howev&razil, values ranging from 4.50 to 7.30 g'gM were
when phosphorous deficiency is diagnosed in the humabserved among 21 common bean genotypes in the Middle
organism, it has been observed to cause neuromuscukamerican gene pool (Mesquita et al. 2007). Common bean
skeletal, hematological and renal abnormalities (Kathleeseeds from the Middkemerican gene pool normally present
1998). Phosphorous also plays a part in energy metabolismhigher phosphorous content in comparison with seeds
since it is a constituent of adenosine triphosphald®§A of theAndean gene pool (Islam et al. 200R)e existence
and is therefore important in absorbing and transportirgf genetic variability showed that selection is possible for
nutrients, in regulating protein activity and in the acidthe common bean germplasm with a high phosphorous
base balance (Cozzolino 2007). For this reason, 0.8 to 1.2antent for diet enrichmerAnother advantage in that its
phosphorous is recommended, according to age, to supgbnotypes with high seed phosphorous contents also
the daily requirements for an adult (Kathleen 1998).  have an increase in grain yield (Silva et al. 2003).

The common bearnPhaseolus vulgarit.) has a The phosphorus content in seeds/grain can be
high seed phosphorous content (Beebe et al. 2000, Mesqiritzreased by applying fertilizer to the soil (Silva &fadhl
et al. 2007) and genetic variability has been observed f2002) or by treating the seeds wilOR (Silva et al. 2003).
phosphorous content charackacessions with the range However other alternatives should be considered, since
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phosphorous is a non-renewable natural resource andjmprovement in high phosphorus common bean cultivars
Brazil, there are extensive areas of soils with low phosphorduem the MiddleAmerican gene pool.
availability and high capacity for retaining this mineral
(Sfredo et al. 1997). Bearing this in mind, using geneti’XIATERIAL AND METHODS
improvement to increase phosphorous contentin common  Parents were selected based on their seed phosphorous
bean seeds is a low-cost option with significant sociglontent and agronomic value from among the accessions
benefits, since 8 to 27 % of the phosphorous necessaryfahe common bean maintained in the Bean Germplasm
satisfy daily nutritional requirements in Latkmerica is Bank of Santa Maria Federal University (UFSM), Brazil.
obtained through the consumption of beans (Penningt@ie pattern of inheritance, including any possible maternal
andYoung 1990). effects, was studied in hybrids obtained from the following
The common bean seed is made up of the seed-caasses between three cultivars in the Midsheerican
representing around 9 % dry matstyledons at 90 % of gene pool in: cvPérola x Guapo Brilhante ail®S Nobre
total dry matterand the embryonic axis at only 1 % of thex Guapo Brilhante. Pérola represented the Carioca type
total dry matterThe seed-coat contains more than 80 % afeeds (beige with brown streaks) and has an indeterminate
the entire calcium content and only 1.9 to 3.6 % of thgrowth habit with long guides (type Ill). Guapo Brilhante
phosphorus content (Moraghan et al. 2002). Hen ce, mestd TPS Nobre cultivars belonged to the black commercial
phosphorus is in cotyledons. Howevas the seed-coat group and have an indeterminate growth habit with a small
represents maternal tissue (as opposed to the zygotic tissumedium guide development (type II).
of the cotyledons and the embryo), significant maternal  The crosses were made in a greenhouse, with
effect are possible. Such an effect was observed in commemasculation of the flower bud using the interlacing
bean seeds for the calcium content (Jost et al. 2009a). Framethod (Peternelli and Borém 1999). Théf; ¢ X B )
the genetic point of viewthe seed-coat and the embryoand R reciprocal (B¢ x P,o” ) seeds were produced for
cotyledons are tissues that represent different generati@ath hybrid combination in autumn-winter 2007. In spring-
and the expression of the genotype is delayed by osemmer 2007, natural self-fertilization of Rybrids
generationRamalho et al. 2008). produced reciprocal fjgenerations, while backcrossing
No significant maternal effect was discovered foof F, (?)to R(BCP;) and R (2 ) to B (BCP,) produced the
insoluble dietary fiber content in common bean seedsckcross generations. The process was replicated in
(Londero et al. 2009). For this reason, selection for highutumn-winter 2008, so that the seeds of theFF
insoluble dietary fiber content in the common bean shoutdciprocal, i, F, reciprocal and backcross (B&id BCB)
begin on the Fseeds (cotyledons in, l§eneration). This generations could be evaluated under the same cultivation
observation alone has direct implications on the selecti@gonditions.
process and the progression of segregating populations In all stages, the seeds were sown in 5 liter capacity
in genetic improvement programs. plastic pots in a mix of soil + Plantmax® commercial substrate
It was postulated that the zinc content in the navy carbonized rice husk, mixed in proportions 3: 1: 1. The
bean seeds was controlled by a single dominant allele aswll was typical alitiérgisol (Amgissolo Bruno-Acinzentado),
additive gene action was responsible for most of thgith the following chemical composition: pH £6): 5.8;
observed Cichy et al. 2005). In this case, a dominanbrganic matter: 1.9 %; zinc: 15.3 mg dnpotassium: 84
monogenic inheritance and high heritability for zinang dms; calcium: 5.8 cmgldnT3; magnesium: 2.4 cmol
content was verifiedlo phosphorus content in commondnv3; sulfur: 11.6 mg dmi. Fertility was corrected in
bean seeds no genetic study has been described.  accordance with the chemical soil analysis. Plants were
No maternal effects has been investigate on theatered daily to maintain the soil water contents close to
expression of the phosphorus content in the common bethe field capacity Diseases and insects were controlled
seeds and there is some doubt as to whether thsenecessary in order to avoid compromising the normal
phosphorus content presents qualitative or quantitatidevelopment of the common bean plants and to maintain
inheritance. This study was designed to investigate possilite integrity of the flower buds.
maternal effects on the expression of the phosphorus The pods were harvested at maturity and the seeds
content, to estimate the heritability of the character arviere removed manualifhe seeds were dried in a greenhouse
selection gains, and to evaluate the potential for genet@5-70°C) until the average moisture content of 13 %.
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Samples of dry seeds were ground in a micro-mill to thehere is the selection differential expresseg byx,, where
particle size of less than 1 mm. The phosphorous contet= average of selected plants with seeds,iarfdX, =
of the raw bean flour was determined by nitric—perchlorigverage of plants with seeds in. [Eenetic-statistical
digestion (HNQ + HCIQ,, in proportion 3:1), as described analyses were carried out using the software Genes (Cruz
by Miyazawa et al. (1999). The phosphorous content wag0g).
measured using a WVIS spectrophotometer set to the
wavelength of 660 nm. RESULTSAND DISCUSSION

The experiments were run in a randomized complete

block design with five replications for the parents and the In reciprocal h>|/kl1)rids Pérola{:FA.lI(S g kgt dry weight
reciprocal i generations, and in 24 replications for the DW) x Guapo Brilhante (24.85 g kg' DW) and TPS

reciprocal i generationsTo test the maternal fefct Nobre (R} 4.16 g kg DW) x Guapo Brilhante (°4.85 g kgt

hypothesis, a comparison was made between the meg)ryg) thg coptrast fvs P was significant, demonstrating
using the-test at the 5 % significance level for contrast§ genetic difference between the parents in phosphorus

: . content (Bble 1).
P, vsP,, P, vsF,, P, vsF, reciprocal, FvsF, reciprocabnd o _
1VSP2, FLVSFy, Fa VS TECIp FrvsF, recip No significant difference was observed between
F, vsF,reciprocal.

Estimates of the genetic parameters were obtainé%f'procal fz hybrids suggesting no significant maternal

with the variances of parents &d B and F, F,, BCP, effect for phosphorus content in common bean seeds
) : (Table 1).The common bean seed phosphorus content is
and BCR generations, based on the generation @

. L ependent on the cotyledons, products of fertilization.
cotyledons, for each hybrid combination. The broad—senﬁ;,%is occurs because common bean seeds more the 96 %
heritability

, ©f phosphorus is concentrated in the embryo (cotyledons
h, = o2 and embryonic axis) (Moraghan et al. 2002).
No significant difference was observed for the§

and the narrow-sense heritability F, reciprocal contrast, reinforcing that the phenotype these

2

2 _Ca seeds were similar in terms of phosphorus content and
o 612) represented the expression of the genotyggeReration.

) ) Therefore, i seeds showed embryo in thegeneration.
were estimated using the backcross methatfef 1952).  rqr this reason, selection for high phosphorus content in
Heterosis in the fgeneration was quantified as aina common bean seeds should begin on thee€ds

percentage, for both heterosis relative to the mean forttlﬁ)tyledons in § generation)since ample genetic

parents B variability was observed in this generatiofio dietary
H% = x100 fiber content in the common bean seedssignificant
P . .
o maternal effect was discovered, therefore the selection
and for heterobeltiosis the F, seeds, harvested the one plant, was efficient
F —MP (Londero et al. 2009).
o — 1
HT% MP x100 However significant maternal &ct was observed
where for the calcium (Jost et al. 2009a) and iron content in
p= B+B common bean seeds (Jost et al. 2009b). Since calcium and
2 iron contents were dependent on the seed-coat, selection
and MP = best male parent. For predicting selection gai§2s begun only on the§eeds (cotyledons ipgeneration),
we took a selection of 25 % of plants with §eeds When segregation was verified. Therefore, investigation
(cotyledons in Fgeneration) with the highest phosphoru®f the existence of maternal effect for characters that confer
content. The gain expected, taking into account selectigitritional and functional quality for the common bean
and recombination of superior plants with §eeds Was appropriate, since it will have direct implications on

(cotyledons in the fgeneration), was estimated using thdhe selection process and the progression of segregating

formula:AG + DSxH# and populations in improvement programs.
Phosphorus content ranged from 3.38 ¢ kM (F,
AG(%) = AGx100 plant from Pérola x Guapo Brilhante hybrid) to 5.78 gtkg
k) DM (F, plant from TPS Nobre x Guapo Brilhante hybrid)
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Table 1 Mean phosphorus content and respective standard deviations obtained in pgrents B and in F, F, reciprocal, £ and F
reciprocal generations in Pérola x Guapo Brilhante and TPS Nobre x Guapo Brilhante hybrids and probabilitirtegt thoe contrasts
P,vsP, P vsF, P, vsF, reciprocal, FvsF, reciprocaland F, vsF,reciprocal

Phosphorus content (g kg of DM)

Parents and Generation

Pérola x Guapo Brilhante TPS Nobre x Guapo Brilhante
P, 4.15+0.15 4.16£0.32
P, 4.85+0.20 4.85+0.20
F, 4.80+£0.24 4.47+£0.41
F, reciprocal 4.59 £0.25 4.48 £0.22
F, 4.22+0.48 4.68 £0.51
F, reciprocal 4.31+£0.53 4.26 £0.46
Contrasts Probability
P,vs P, 0.03" 0.36°
P,ws F, 0.10" 53.43
P, vs F; reciprocal 11.19 239"
F, vs Fy reciprocal 21.52 98.09
F, vs F, reciprocal 56.28 0.43"

* Significant at 0.05 probability by the t-test.

(Table 2). Similar values were obtained in the common beaglect it in segregating populations, since the selective
genotypes evaluated in Burundi (Barampama and Simageins will depend only on gametic varianGafvalhoet
1993). Higher values were observed in the evaluation af. 2001). For this reason Pedigree or Single-Seed Descent
accessions cultivated in Brazil (Mesquita et al. 2007) arl&SD) methods are recommended for progression of
Colombia (House et al. 2008)s the common bean seedssegregating populations. Therefore, in the TPS Nobre x
from the MiddleAmerican gene pool present higherGuapo Brilhante hybrid, we verified heritability estimates
phosphorous content in comparison with seeds of ther broad-sense heritability of an intermediate magnitude
Andean gene pool (Islam et al. 2002), the concentratigin? = 59.46%) and narrow-sense heritability of low
ranged in the germplasm. magnitude (21.37 %), indicating difficulties for selection
Transgressive segregation was observed in boliecause the effects of environmental variance were also
hybrid combinations @ble 2)Among the Eplants examined, significant.
individuals with 5.78 g kd DM were identified, which Phosphorus content in common bean seeds is
represented an increase of 19.17 % in phosphorus conteelieved to exhibit quantitative inheritance, because higher
relative to the Guapo Brilhante parent (4.85 ¢ kiM).  effects of environmental variance and the intermediate to
This was the first register of increased phosphooagent  low narrow-sense heritability were observed in this study
in the common bean seeds by genetic improveesitilar  (Table 2)Thus, we expected fidulties in making a selection
result was obtained by zinc content in common bean seaxghe character measuréddmore in-depth study of the
(Gelin et al. 2007, Blair et al. 2009). genetic effects and the number of genes that control
A breakdown of phenotypic variance showed thehosphorus content could not be carried out in this study
predominance of genetic effects in relation to the environmeat the efficiency of hybridization was low and very low
in the Pérola x Guapo Brilhante hybrid, and a high broadumbers of replications for generationsfd backcrosses
sense (h? = 82.69%) and intermediate narrow-sense(BCP; and BCR) were obtained.
( h? = 65.54%) heritability were observed. In this hybrid Conventional heterosis of 6.69 % and heterobeltiosis
combination the additive variance constituted the highef 15.67 % were obtained in the Pérola x Guapo Brilhante
fraction of the genetic variance, then the fixation of thieybrid (Table 2).Thus, hybrid vigor was observed for
charactercould be observed in advanced generations. phosphorus content in tt@mmon bean seeds and the
the improvement of autogamous plants, additive variand®minance and superdominancgpotheses should be
is of great importance since it does not segregate frazonsideredAs the common bean plant is self-fertilizing,
generation to generation, making it possible to successfuligterosis is expected to be reduced by half in each self-
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Table 2. Estimates of means, genetic parameters and prediction of phosphorus content selection gains in the common bean seeds of
Pérola x Guapo Brilhante and TPS Nobre x Guapo Brilhante hybrids

Phosphorus content (g kg of DM)

Parameters p N .
Pérola x Guapo Brilhante TPS Nobre x Guapo Brilhante

Mean 4.29 4.53

CVE (%) 0.31 11.06
Phenotypic variance (c3) 0.23 0.26
Environmental variance (6’3 F,) 0.04 0.10
Genetic variance (63) 0.19 0.15
Additive variance (63 ) 0.15 0.05
Broad-sense heritability (h2) 82.69 59.46
Narrow-sense heritability (h2) 65.54 21.37
Heterosis (H %) 6.69 -13.03
Heterobeltiosis Py (HT %) 15.67 -5.86
Maximum value in parents 5.08 5.08
Minimum value in parents 3.94 3.81
Maximum value in F, 5.31 5.78
Minimum value in F, 3.38 3.90
Selected plant in F, 8,5,7,23,17 and 24 13,14, 11,22,21 and 7
Original mean in F, 4.22 4.68

Mean of selected plants 4.83 5.33
Selection differential (SD) 0.61 0.65
Selection gain (AG) 0.40 0.14
Selection gain (AG %) 9.47 2.97
Predicted mean after the first selection cycle 4.62 4.82

fertilizing generation, and for this reason, thgéneration be assessed, since in legumes, this mineral is found mainly
may present lower means than that oflk view of this, in the form of phytic acid, which is very difficult for the
evaluation in advanced generations will be necessaryaman digestive tract to absorb. Phytic acid is considered
assess segregation for this character to be an anti-nutritional factor due to its capacity to form

In relation to selection gains, assuming retention afomplexes with some minerals, rendering them unavailable
25 % plants with fFseeds (cotyledons i, §eneration) and affecting their bioavailability (Cheryan et al. 1980).
with the highest phosphorus content, gains of 9.47 % afhe of the main physiological functions of phytic acid in
2.97 % could be expected, with predicted means of 4.&2e plant is its role as a phosphorous reserve, representing
and 4.82 g kg DM, respectivelyafter the first selection around 60 to 97 % of total phosphorous (Ravindran et al.
cycle in the Pérola x Guapo Brilhante and TPS Nobre2994). This can limit the nutritional quality of diets,
Guapo Brilhante hybrids &ble 2) Therefore, early germplasm especially in LatinAmerica where 8 to 27 % of the
selection of common bean seeds with high phosphorphosphorus content necessary to satisfy daily nutritional
content could be effective in the development of commarquirements is obtained by consumption of the common
bean cultivars with a high nutritional value that could bbean (Pennington antbung 1990).
used in foods to reduce the risk of phosphorus deficiency
and lower t.he numper of cases of rnalnut'rition. This als8oNCLUSIONS
could contribute to increase grain yield (Silva et al. 2003).

Since it was possible to increase phosphorous There is no maternal effect in the expression of the
content in common bean seeds using genetic improvemerammon bean seeds phosphorous content and early
this strategy could have positive impacts on the economigeneration narrow-sense heritability of the character is
of non-renewable natural resources, on the conservatibatween intermediate and loW is possible to increase
of the environment and on keeping the population healthyhosphorous content in common bean seeds by 19.17 %
However the bioavailability of phosphorous will need tousing genetic improvement.
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Genética do teor de fosforo em sementes de feijao

RESUMO - O feijao é uma importante fonte de minerais e de proteina para a nutricdo humana. O objetivo desse trabalho foi
investigar a existéncia de efeito materno na expressao do teor de fosforo em sementes de feijdo, obter estimativas de herdabilidade
em geragdes precoces e avaliar o potencial do melhoramento para esta caracteristica. Os cruzamentos dirigidos foram realizados
entre as cultivares Pérola x Guapo Brilhante e TPS Nobre x Guapo Brilhante. As geracbescEiproco, b, F, reciproco e
retrocruzamentogoram obtidas para cada combinacao hibrida. O teor de fésforo variou de 3,38 a 5,78l kmtéria seca e

nenhum efeito materno significativo foi observado. Herdabilidade em sentido restrito de intermediaria (65,54 %) a baixa (21,37 %)

foi observada. Um incremento de 19,17 % foi obtido para o teor de fésforo em sementes de feijdo, usando os trés genitores testados
neste estudo.

Palavras-chave Phaseolus vulgaris.; efeito materno; herdabilidade; selecao precoce
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