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ABSTRACT

This work investigated the genetic control of sesatphological traits and its correlations with graiyield in
common beanThree crossings among bean cultivars with differgrtwth habit and seed characteristics were
analyzed. I progenies gave origin to,FRGP;F; and RGP,F; generations. Random samples of seeds from F
generations and parents, F1 and backcrossings weven during the season 2003/2004. Plant grain yéeld seed
morphological traits were determined by a samplé®d plants from fgenerations and 20 plants from parents, F
and backcrosssings. Genetic effects involved it eagssing were obtained from estimates of geretioponents
means and genetic and environmental componentshehqgtypical variance. Results showed that the seed
morphological traits were controlled by a complek genes, with additive effects predominance althoug
dominance effects were present. High and negatweslations among seed length and thickness wittingyield
suggested greater grain yield in bean plants wittaller seeds.
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INTRODUCTION considered one of the main sources of protein for
people with low incomes, and also source of
Brazil is the largest producer and consumer ofarbohydrate, vitamins and minerals. Nowadays,
common beansPhaseolus vulgaris.) worldwide.  it's being consumed as functional food, because of
It is cropped annually 4,330,800 hectares with & benefits given by its fibers, with
production of 3,620,800 tonne, with a grain yieldhypocholesterolic and hypoglycemic actions (Geil
of 836 kg per hectare (CONAB, 2007). Commorand Anderson, 1994).
bean is cultivated almost all over the BrazilianAmong the different regions that produce beans,
territory, in different periods, utilizing produoti  there’s preference for color and type of grain,
Systems and diverse techn0|ogy_ In generaL tH@BSideS the utilization of diverse systems of
participation of small farmers in the production isProduction. This way, the breeding programs
predominant in Brazil. search the development of cultivars that display

Common bean is the basic component of Braziliahigh potential of grain yield, earliness, good plan
feed, mostly in form of grainin natura being scheme and resistance to diseases, grains with
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good commercial acceptance and goodbignificant dominance effects for seed weight
technological characteristics and high nutritionahave been reported by Nienhuis and Singh (1986).
quality (Dalla Corte et al., 2003; Souza et al.Jn their studies, the general -capacity of
2004). Grain yield, an extremely complex trait, iscombination and specific capacity of combination
the result of the expression and association afilere important for the weight of the seeds in the
several plant growth components and correlatiof; generation. Its general capacity magnitude was
coefficients are very useful in quantifying theesiz bigger than the its specific capacity.
and direction of trait associations (Marega Filho eConti (1985) observed that for the width and
al., 2001; Bizeti et al., 2004). thickness of the seed, only additive genetic effect
The large phenotypic variability present in commorwere important. For the length of seed, however,
bean has usually been expressedeims of size, both additive and dominant effects were important.
shape, color and brightness. A expressive number ®he objective of this work was to study the genetic
work related to the genetic control of the skincontrol of morphological traits in common bean
coloration of bean seeds are available in liteeaturand its correlation with grain yield, aiming at
and a review of the genes studied until now had beesubsidies for the improvement programs in the
published by Basset (2004) and Tomaz et al. (2007@evelopment of early common bean cultivar with
The comparison among the results obtained igood potential grain yield and showing desirable
difficult due to the different nomenclature utilizor  grain traits for the consumer market.
genes and the different colorations related by the
authors to a same color tone.
Few works were executed for obtaining informatiofMATERIALS AND METHODS
about the genetic control of size and shape of camm
bean seeds. These elements have been measured bg materials utilized in the present study inctlide
either weight of a stable number of seeds, us@i@lly the parents (Pand B) and the generations (I,
or 1000 seeds or through length, width and thicknefRC,P,F;, and RGP,F,), derived from crossings
of seed. Ribeiro et al. (2000) observed great genetamong contrasting bean harvest for shape, size of
variance for size and shape of grains for the groupseeds, cycles and growth habit. These cultivars are
black, carioca and colored. The results obtained aladapted to Brazilian climatic conditions (Dalla
indicated that the thickness of seed had highectdir Corte et al., 2002). The main traits of the parents
effect over weight of 100 seeds in carioca andredlo are presented in the Table 1. In 2003, all the
groups; the black group was more influenced by thparents were sown in green-house.
traits of length and width of seed. Aiming to get K generation, the following
Motto et al. (1978) studied the inheritance ofcrossings were made: Goiano precoce x IAPAR
characteristics related to the size of seeds (fengt81, Carioca 1070 x IAPAR 81 and Carioca 1070 x
width, thickness and weight of grain). These trait€€arioca. The crossings were manually made
were controlled by additional genetic effects withaccording to the methodology described by Bliss
heritability in a narrow sense varying from 0.72 to(1980). Indeterminate growth habit was utilized as
0.77. These authors found an average of at least htarker gene. The ;Fseeds obtained from each
genes controlling the size of the seeds. Values itrossing were sown at green-house to obtain the F
the narrow sense from 0.56 to 0.81 for seed weiglgeneration and  backcrossings  generations
were found by Nienhuis and Singh (1988). (RC,P:F; and RGP,F;). F, plants were utilized as
male parent.

Table 1 - Common bean cultivars used as parents in respedgm, growth habit, cycle means (days) and sesits.

Cultivar Origin Seed cycle GHY  wiood Seed Flat
color (days) shape (J)y grade (H)3/
Goiano Precoce EMGOPA Cream 60 | 342 Elliptical I Ful
Carioca 1070 CENA-USP Cream with brown stripes 72 | 200 Elliptical Halfl
IAPAR 81 IAPAR Cream with brown stripes 90 I 254 Oblong/short reniforme Half full
Carioca IAC Cream with brown stripes 92 1] 285  Oblong/short reniforme Flat

YGrowth habit: | = determinate; Il e 1ll = indetemaie;*Weight of 1000 seed¥Seed shape and flat grade (J and H) (Puerta, 1961).
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In the wet planting season 2003/2004, randomaariance components was the test t to level of 5%
samples of 20 seeds of each parents 8Ad B), of probability. When any parameter was not
50 seeds of the;Fgeneration, 300 seeds of F significant, the same was eliminated from the
generation and 50 seeds of (RE; and RGP,F;) model and the remaining components were again
generations of each crossing were sown. Thestimated. The fithess of the model to explain the
population was sown in randomized samplaeyenetic variability found was effectuated by
consisting of nine rows: one row of,P, F;, running qui-square tests of conformity.
RC,PF; and RGP,F;, and four rows for ffor For the trait length of seed the adjustment of mean
each population. The rows of five meters weranodels displayed the presence of additive effects
spaced at 0.5 meters with a density of 7%d] for the Carioca 1070 x IAPAR 81 and Carioca
plants/row. 1070 x Carioca crossings. The presence of
In the stage of physiological maturityy RCIAT, dominance effects [h] to raise the length of seeds
1987), 20 plants of each parent @Ad B), F, and were found on the three crossings studied.
backcrossing generations (B, and RGP.F;)  Additive x additive [i] and dominant x dominant
and 150 plants of the,generation were sampled [I] non-allelic interactions effects were detected
to determine the grain yield per plant (GYP). OfGoiano Precoce x IAPAR 81 crossing and additive
each selected plant the length (LS), width (WS dominant [j] and dominant x dominant [I] non-
and thickness (TS) of 50 seeds was measured. allelic interactions in the Cariocal070 x Carioca
After getting data, a distribution of frequencyrfro crossing.
plants for the evaluated characteristics (GYP, LSThe width of seed also displayed dominance effect
WS, and TS) was observed, calculating means aijld] for all the crossings. In Carioca 1070 x Caaioc
variances for each parent and generations derivetlossing the negative signal indicated the
from each crossing. The genetic effects involvedlominance in the sense of decreasing the
in each crossing were obtained through thexpression of the studied trait, that is, dominance
estimation of the genetic components of the mearier smaller width of seed. Also, additive effeat$ [
and the genetic and environmental components @fas observed in Goiano Precoce x IAPAR 81 and
the phenotypic variance. The method of analysi€arioca 1070 x IAPAR 81 crossings; non-allelic
was a procedure known as the joint scaling teshteraction effects additive x additive [i] and
proposed by Cavali (1952), Hayman (1960) andominance x dominance [l] in Goiano Precoce x
Mather and Jinks (1982). The estimative of theAPAR 81; and additive x additive [i] and additive
heritability in the wide and narrow sense,(lB2 x dominance [j] non-allelic interactions in Carioca
hz), heterosis (h), endogamy depression (% ed)070 x Carioca crossing. In this third crossing, th
and average dominance grade (adg) were domeoposed model was not accepted according qui-
(Allard, 1999; Matzinger, 1963; Falconer, 1981).square test (p>0.05), being inadequate or not
The phenotypic correlations among the evaluatesufficient to explain the genetic variance present
characteristics were estimated as proposed k@among the means.
Falconer (1981). For thickness of the seed, there was additive effec
[d] for the Goiano Precoce x IAPAR 81 and
Carioca 1070 x IAPAR 81 crossings. The cross
RESULTS AND DISCUSSION Goiano Precoce x IAPAR 81 also presented
dominance [h], additive x additive [i] and
The information about the nature of the geneticlominant x dominant [I] non-allelic interactions.
effects involved in the morphological traits ofIn Carioca 1070 x Carioca crossing, there were
common bean seeds with different cycles andominance effects [h] and additive x additive non-
growth habits were obtained through of the tests dfllelic interaction. The negative signal in the
scale and the adjusts of genetic models for thdominance effects [h] and of non-allelic
means components and genetic and environmentateractions acted in Carioca 1070 x Carioca
components of phenotypic variance. The resulterossing to decrease the seed thickness, as well as
for the populations studied of each crossing anth dominant x dominant [I] non-allelic interaction
for each character evaluated are shown in thgresent in the analyzed traits of Goiano
Table 2. The scale test utilized to detect th&recoce/IAPAR 81 crossing.
significance effect of the means and phenotypic
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Table 2 - Genetic parameters adjusted for seed lenght (®led svidth (SW) and seed thickness (ST), in mm, in
common bean. Means and phenotype variance of tlee ttrosses. IAPAR, Londrina-PR, Brazil. Wet plagti
season 2003/2004.

oo G Cameen Com T Cals e comormer Gt G
IAPAR81  IAPARS1  Carioca IAPAR81  IAPARS1  Carioca IAPAR81  IAPAR81  Carioca
SL SW ST
Means' Means' Means'
m 9,68+0,44 10,81+0,04 10,51+0,07 5,37+0,23 6,35+0,02 6,72+0,06 3,62+0,25 4,78+0,01 5,15+0,07
[d] 0,46+0,04 0,24+0,07 0,18+0,03 0,16+0,02 0,51+0,04 0,73+0,03
[h] 4,18+1,21 0,18+0,08 0,81+0,27 3,67+0,63 0,17+0,05 -0,49+0,08 4,40+£0,70 -0,32+0,10
[i] 1,65+0,44 1,49+0,22 -0,56+0,07 1,58+0,25 -0,37+0,08
il -0,7620,30 -0,19+0,11
[n -2,03+0,78 -0,75+0,25 -2,06+0,42 -2,54+0,47
X2 1,2% 6,3% 0,02 0,88 3,81 715 1,18 8,51 1,79
gl 2 3 1 1 3 2 1 4 3
Variance? Variance? Variance?
D 0,86+0,13 0,38+0,07 0,19+0,09 0,21+0,04 0,89+0,02 0,21+0,51 0,13+0,04 0,04+0,02 0,12+0,03
0,24+0,08

F
= 0,23+0,07 0,85+0,16 0,24+0,06 0,19+0,01 0,35+0,01 0,06+0,01 0,31+0,01 0,04+0,01 0,05+0,01
E; 0,16+0,05 0,09+0,03 0,63+0,02 0,03+0,01 0,11+0,03
= 0,04+0,01
x2 0,32% 5,44 5,77% 3,38 7,32% 4,48% 0,63 1,99% 2,34%
gl 2 4 3 3 4 2 3 4 4

NSho significant at the level of 5% probability. *gsificant at the level of 5% probabilifMeans genetic components: m:
means; [d]: aditive effect; [h]: dominant effed]; pditive x aditive interation effect; [j]: adite x dominant interation effect; []:
dominant x dominant interation effeGenetic and environment component of phenotypeameei: D: aditive effect in
phenotype variance components: H: dominant effephienotype variance components; F: aditive x dantimteration effect in
phenotype variance effect; E1: environment effagbtienotype variance components; E2 e E3: genotypi&ro environment
interaction effect in phenotype variance components

The absence of additive variability [d] in someinfluenced the expression of the studied traits.

adjusted models did not mean that the same wd$ere was no dominance (H) in the models of
not present in these crossings, but that could beariance for length, width and thickness of the
occurring due gene dispersion in the parentseed, indicating that the magnitude of dominance
Additive (D) and environmental (Eeffects were was not larger than that from additive effects, and
observed for the adjusted models of théecause there was effect of [d] and [h] in the
components of phenotypic variance for all theaverage models, apparently there was gene
traits studied in all crossings. The effect of thalispersion. Though the means models displayed
genotype X micro-environmental interaction, (E the importance of the dominance effects, the
and E) was also observed in the Goiano Precoce adjusted for variance did not reinforce it. The
IAPAR 81 and Carioca 1070 x Carioca crossinganeans models indicated a strong influence
Dominance effect was only present in Cariocadditive x additive [i], additive x dominant [j] dn
1070 x Carioca for the trait width of seed. dominant x dominant [I] non-allelic interactions in
The predominance of additive effect on controllinghe expression of seed morphological traits in the
the seed morphological traits studied in theserossings.

crossings using cultivars of different cycles, habiThe results showed a gene complex, with
of growth, shape and size of seeds was observgatedominance of additive effects for the seed
The presence of environmental effects andnorphological traits studied, although the effects
genotype x micro environment interaction alsocof dominance were present and were detected in

Braz. Arch. Biol. Technolv.53 n.1: pp. 27-34, Jan/Feb 2010



Genetic Analysis of Seed Morphological Traits asddorrelations with Grain Yield 31

the genetic means components models. The effed560 and from 0.236 to 0.545 for length, width
of several genes were related through non-alleliand thickness of seed, respectively. Average
interactions fully present in the crossings studied values were: 0.433 for the SL; 0.421 for the SW
The results in the present study agreed with thend 0.371 for the ST. These values were
results obtained by Conti (1985) who foundconsidered medium. Hence, these traits could be
additive effects in the control of width and selected in fFgeneration or latter.

thickness of seeds, where length additive andhe heterosis values varied from 0.00 to 43.18 for
dominant effects were present in the genetitength of seed, from — 7.29 to 68.34% for width of
control. Nienhuis and Singh (1986) also detectedeed and from -6.21 to 12.10% for thickness of
dominance effects for the weight of bean grainseed. Heterosis showed bigger contribution to
Motto et al. (1978) too observed additive effecincrease the length, width and thickness of seed in
with at least ten genes controlling the size oflsee Goiano precoce x IAPAR 81, in which the
Estimates of inheritance (h%e h?), heterosis cultivars utilized as parents were very different
(%H), endogamic depression (% ed) and averagmntributing to the heterosis. Goiano Precoce
dominance grade (adg) for the studiedits are cultivar presented cream colored seeds, elliptical
presented in the Table 3. Inheritance values in thend full shape, and IAPAR 81 displayed cream
wide and narrow sense for the traits of the studiecolor with brown stripes, Carioca type, elliptical
seeds ranged from 0.183 to 0.750; from 0.204 tand semi-full.

Table 3- Estimate of wide and narrow sense heritakfliy e h2), heterosis (% H), endogamic depression (% ed) and
average dominance grade (adg) for seed length & width (SW) and seed thickness (ST) of cro€sesno
Precoce x IAPAR 81, Carioca 1070 x IAPAR 81 andidar 1070 x Carioca. Wet planting season 2003/2004.

Goiano Precoce x Carioca 1070 x Carioca 1070 x
IAPAR 81 IAPAR 81 Carioca
SL
hz, 0,750 0,183 0,365
h2, 0,750 0,183 0,365
% H 43,18 1,66 7,71
% ed 15,08 0,82 3,58
adg 0,000 0,391 3,375
SW
hz, 0,204 0,560 0,500
h2, 0,204 0,560 0,786
% H 68,34 2,67 -7,29
% ed 20,30 1,30 -3,39
adg 20,389 1,063 0,000
ST
hz, 0,236 0,333 0,545
h2, 0,236 0,333 0,545
% H 12,10 0,00 -6,21
% ed 27,43 0,00 -3,35
adg 8,628 0,000 0,000

Endogamy depression contributed to reduce thabsence of significant effects of [h] in means
length width and thickness of seed, but it was hatomponent models utilized in the estimate. The
so clear. The depression values varied from 27.33gative signal found in the endogamy depression
to —3.35%. Thus, it was impossible to concludeand heterosis for width and thickness of seeden th
that the effects of heterosis or endogamyCarioca 1070 x Carioca suggested endogamy
depression were not present, having as basis thepression and heterosis backwards effects. In
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other words, the heterosis contributed to reduceorrelations between length, width and thickness
the width and thickness of seed in this crossingf seed and grain yield were observed. High and
and the endogamy depression to increase. negative correlations between width of seed and
The values for means grade of dominancgrain yield and between the seed thickness and
displayed partial dominance in the Carioca 1070 grain yield in the Carioca 1070 x Carioca crossing
IAPAR 81 and overdominated in the Carioca 107Qvere found.

x Carioca for the increase of length of seed. Td he negative correlations, although low in most of
increase the trait width of seed the averagd, were high in the Carioca 1070 x Carioca
dominance grade calculated indicated overerossing, which involved determinate and
dominance in Goiano Precoce x IAPAR 81 andndeterminate  growth  habit, respectively,
Carioca 1070 x IAPAR 81 and over-dominancesuggesting a bigger production of grains in
for the thickness of seed in the Carioca 1070 kommon bean pods that had smaller seeds and
IAPAR 81. tended to indeterminate growth habit. The growth
The average dominance grade estimated for theabit is a trait of monogenic inheritance, with
seed morphological traits indicated, in generaldominance for indeterminate growth habit
over-dominance effect. Probably, the [d] was subKornegay et al., 1992; Leakey, 1988; Singh,
estimated due to gene dispersion that stipulated t11982). Kornegay et al. (1992) related the
expression of these traits studied in the parentassociation between increasing of grain yield with
Some valuations of means grade of dominanc@crease of indeterminate growth habit expression
weren't able to be calculated because of the norype Il to creeper type, with smaller size seeds.
significance of additive effect [d] in the proposedThe authors gave more emphasis on inter relations
model. between the growth habit, size of seeds, maturity
The phenotypic correlations obtained through thend pool gene acting in the expression of these
valuations done in the,fjenerations among the traits in the breeding programs to develop new
seed morphological traits and grain yield per plantommon bean cultivars.

are shown in the Table 4. Significant and negative

Table 4 - Estimates of phenotype correlations among commamn Iraits seed length (SL), seed width (SW) seed
thickness (ST) and grain yield per plant (GYP)tha crosses Goiano Precoce x IAPAR 81, Carioca ¥JAPAR
81 and Carioca 1070 x Carioca. Wet planting se2863/2004.

Goiano Precoce x Carioca 1070 x Carioca 1070 x

IAPAR 81 IAPAR 81 Carioca
SL/ISW 0,615* 0,116* 0,068*
SL/ST 0,477* 0,091~ 0,103*
SL/IGYP -0,460* 0,181* -0,189*
SWIST 0,469* 0,050* 0,266*
SW/GYP -0,008 0,141* -0,703*
ST/GYP -0,468* 0,233* -0,923*

ns: not significant; * significant at the level 8% probability (test t).

The results found in the present study were fallerabseeds), cream color with brown stripes (Mendoncga et
to selection for the type of smaller size grainal., 1998; Ribeiro et al., 2000). There is an grea
indicating that new cultivars of high grain yield, genetic variability in the common bean genotypes
Carioca type and small grains could be developed &dapted to tropical conditions for size and shdpe o
the breeding programs. The agriculturists preferengrains (Ribeiro et al., 2000; Dalla Corte et 20032).

and consumers from determined regions of Brazil i€onsequently, it's possible to obtain success én th
for the Carioca type of common beans. Carioca Typereeding program for common bean of high grain
has the following characteristics: elliptical shamel  yield and grains of good commercial acceptance.
semi full flat grade, medium size (22 to 24g ped 10
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