.. Genetics and Molecular RESE s
-&‘-—‘J_ Sy " D.-llin_eJcmm.;:_l_”__'_ 1 y |

sl | | ! || I (B W) i i | | FA
|i2 I I |

Relationships between four measures of
genetic distance and breeding behavior in

spring wheat

G. Benin', G. Matei', A. Costa de Oliveira?, G.O. Silva’, T.R. Hagemann?,
C. Lemes da Silval, E.S. Pagliosa' and E. Beche!

"Programa de P6s-Graduag@o em Agronomia,

Universidade Tecnoldgica Federal do Parand, Pato Branco, PR, Brasil
2Centro de Gendémica e Fitomelhoramento,

Universidade Federal de Pelotas, Pelotas, RS, Brasil

SEMBRAPA, Canoinhas, SC, Brasil

Corresponding author: G. Benin
E-mail: benin@utfpr.edu.br

Genet. Mol. Res. 11 (3): 2390-2400 (2012)
Received January 24, 2012

Accepted May 2, 2012

Published June 15, 2012

DOI http://dx.doi.org/10.4238/2012.June.15.3

ABSTRACT. We estimated the genetic distances among 10 spring
wheat genotypes based on pedigree data, morphological traits and
AFLP markers, used individually and combined with morphological
traits, to find the best predictors of general- and specific-combining
abilities among parental genotypes. Ten wheat parents were crossed in a
diallel form, disregarding reciprocal hybrids, totaling 45 combinations.
The F, hybrids, F, populations and parents were evaluated in the field
in 2007. The experimental plots consisted of 20 plants for F, hybrids
and 40 plants for parental and F, populations. All methods (pedigree
data, AFLP markers and morphological traits, used individually and
combined) were found to be useful for the assessment of genetic
diversity. The significant coefficient correlations ranged from low
(0.45) to moderate (0.67) between the distance measures and hybrid
performance. There was significant agreement between the distance
measures based on AFLP markers vs morphological traits + AFLP
markers (r = 0.47) and between pedigree data vs morphological traits
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+ AFLP markers (r = 0.43). The pedigree distance was positively
associated with traits 100-kernel weight and grain yield per plant in F,
(correlations of 0.67 and 0.62, respectively) and F, (correlations of 0.62
and 0.59, respectively) generations. These correlation values indicate
that the genetic distance, based on pedigree data, could replace diallel
crosses for the selection of parents with higher combining ability and
with moderate reliability.

Key words: Genetic dissimilarity; Selection of parents; Diallel analysis
INTRODUCTION

Parental selection is the major step in the development of new cultivars. Efficient
identification of superior hybrid combinations is a fundamental issue in wheat breeding pro-
grams (Gowda et al., 2010). If superior crosses could be predicted before field evaluation,
the efficiency of hybrid breeding programs could be greatly enhanced. The combination of
molecular techniques and biometrical methods has allowed the development of novel ways for
evaluating genetic variability. Among the methods used for quantifying genetic distance are
morphological (syn. Phenotypic) traits (Yadav et al., 2007) and molecular markers as well as
pedigree information (Paczos-Grzeda, 2004; Dreisigacker et al., 2005).

The precision of genetic variation estimates depends on the method used. The com-
parison of different methods for estimating genetic diversity could define their usefulness
in plant breeding (Almanza-Pinzén et al., 2003). Molecular markers have the advantage of
providing genome assessments that are not influenced by the G x E interactions and are not
limited in number, as is true for morphological data (Maric et al., 2004). Molecular markers
with a high multiplex index, such as amplified fragment length polymorphism (AFLP), al-
low precise assessment and robust essay results. However, this assessment covers the entire
genome and is not limited to the regions associated with target traits. Therefore, the combined
used of morphological and molecular markers allows a more representative sampling of the
genome (Franco et al., 1997; Mohammadi and Prasanna, 2003). Besides facilitating the study
of diversity, coefficients of parentage analysis can indicate cultivars that are less likely to
possess similar genes (May et al., 1995); however, this analysis may over- or under-estimate
genetic similarity between cultivars.

Although a variety of methods for estimating genetic similarity are available, only
a few studies have examined the relationships between them. Moreover, some of the results
obtained from various researches are unclear with respect to the relationship between distance
studies and hybrid performance (Krystkowiak et al., 2009; Crossa et al., 2010).

The objectives of this study were to investigate the relationships between genetic dis-
tance estimates obtained using different methods (by using morphological markers, pedigree
data, AFLP, and morphological markers plus AFLP) and their associations with wheat hybrid
performance for various quantitative traits.

MATERIAL AND METHODS

A field experiment was carried out in Pato Branco-PR (26’10’ S; 52°41°W and 743
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m), and the soil at the Station was of the Hapludox type. Parents used in this study are shown
in Table 1. These genotypes were chosen on the basis of their yield potential and agronomical
traits. In 2006, the parents were crossed in complete diallel mating design, without reciprocals,
in a total of 45 hybrid combinations. In the same year, a sample of F, seeds from each cross
was sown in the greenhouse for obtaining the F, generation. Reminiscent seeds were main-
tained under controlled conditions.

Table 1. Wheat parental genotypes used in this study, with their pedigrees and release year.

Parents Pedigree Release year
Abalone ORL93299/3/ORL92171//EMB16/2/OR1/4/Rubi 2006
Pampeano ORL91274/ORL93807//ORL95711 2004
BRS Timbativa BR 32/Embrapa 27 2002
BRS Guamirim EMB 27/Buck Nandu//PF 93159 2005
BRS Figueira Cooker 762/2/CNT 8 2003
BRS Louro PF 869114/BR 23 2002
CD 115 PF 89232/0C 938 2001
Fundacep 50 CEP 88132/PG 876//BR 34/CRDN 2004
BRS 208 CPAC 89118/3/BR 23//CEP 19/PF 85490 2004
UTF 0605 OR 1/Embrapa 16 -

In 2007, the F, hybrids, F, populations, and parents were planted in a complete ran-
dom design with 3 replications. The experimental plots consisted of 20 plants for F, hybrids,
and 40 plants for parental and F, populations. There was a 30-cm spacing between plants and
between rows. The field management included the following: fertilization with 250 kg/ha
NPK (8-20-20) and additional 50 kg/ha nitrogen at the beginning of tillering, weed control,
pesticide application, and disease control. The remaining crop practices were in accordance to
the recommendations for the wheat crop.

The following morphological traits were evaluated: plant height obtained by measur-
ing culm length (cm) from the soil surface up to the tip of the flower, excluding awns; spikes
per plant obtained by individually counting the spikes of each plant; kernels per spike (KS)
obtained by counting the total number of kernels of each plant and dividing by the number of
spikes, 100-kernel weight (100-KW) in grams; grain yield per plant (GYP) obtained by mea-
suring the grain yield of individually threshed plants, in grams.

The morphological data were subjected to individual and general variance analyses.
Later, the square sum of treatments were classified as general (GCA) and specific (SCA)
combining ability. Method 2 and model B of Griffing (1956) was applied using the statistical
model:

Yij=m + gi+gj+sij + ¢ij (Equation 1)

where Yij is the combination (i # /) or parental (i =) mean value; m is the general mean; gi, gj
are the general combining ability effects of the i-th and j-th parent, respectively; sij is the effect
of the specific combining ability for the crosses among the parents i and j; and &ij is the aver-
age experimental error. These analyses as well as the calculation of the generalized distance of
Mabhalanobis (D?) between all parents were performed using the Genes software (Cruz, 2006).

For obtaining AFLP markers, 5 primer combinations were used (M-CAG/E-ACC,
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M-CTT/E-AGC, M-CAG/E-AGC, M-CTT/E-ACG, M-CTT/E-AGG, where E: EcoRI and M:
Msel). In order to visualize the fragments, amplification products were separated by electro-
phoresis on denaturing polyacrylamide gels (6%) and silver stained.

The data were converted to binary data points (1/0) according to the presence or ab-
sence of fragments. An estimation of genetic similarity was obtained using Dice’s similarity
coefficient by using the NTSYS pc 2.1 software (Rohlf, 2000). The following equation was
used:

Sij = 2 Nij/(Ni + Nj) (Equation 2)

where Nij = number of common bands in 7 and j; Ni = number of bands present in genotype i,
and Nj = number of bands present in genotype ;.

Genetic similarity obtained using combined morphological and AFLP markers was
analyzed using the complement of Gower’s similarity (Gower, 1971), index by using the
MULTIV v. 2.3 software (Pillar, 1997). This method converts the distance for quantitative
traits to a specific value on a scale of 0 to 1; this, in turn, allows the simultaneous use of both
quantitative and qualitative data in generating a distance matrix (Franco et al., 1997). Inbreed-
ing coefficients were estimated using Malécot’s coefficient with pedigrees from Table 1 by
using the SAS program (SAS Institute, 2002).

Similarity matrices obtained from morphological traits, AFLP markers, combined
marker analysis (morphological and molecular), and inbreeding coefficient complement were
transformed to genetic dissimilarity matrices according to the following equation:

Dij =1 - Sij (Equation 3)

where Dij = genetic dissimilarity between each parental pair i and j; Sij = genetic similarity
between each parental pair i and j. On the basis of the dissimilarity matrix generated, a dendro-
gram was built by using an average distance clustering analysis (UPGMA), and the cophenetic
correlation coefficient was estimated using the same software described for morphological data.
Four dendrograms were built using the UPGMA method based on the dissimilarity
matrices. The fitting between dissimilarity matrices and dendrograms was estimated using the
cophenetic correlation coefficient (r), according to Sokal and Rohlf (1962). The estimate of cor-
relation (association) between the distance matrices obtained using morphological, molecular,
pedigree, and combined morphological and molecular methods was obtained using the Man-
tel’s test of matrix comparisons, with 1000 permutations. All analyses were performed using the
NTSYS pc 2.1 software (Rohlf, 2000). However, the association between genetic distance mea-
sures and the combining ability of parents involved in the crosses for different traits and genera-
tion and sowing methods used in the study were estimated according to Pearson correlation.

RESULTS AND DISCUSSION

Analysis of variance based on the diallel model showed differences for all the tested
morphological traits (Table 2). This confirmed that the selected parents and their respective
hybrid combinations were contrasting. No significant differences were detected for genera-
tions, as has been reported by Bertan et al. (2009). However, the generation effect showed
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interactions with treatment and with GCA and SCA. Therefore, the inferences concerning
combining abilities were individually derived on the basis of the analysis of generations (F,
and F,), where the evaluated treatments indicated differences for all traits. In addition, GCA
and SCA values revealed differences between the populations (Table 2).

Table 2. Mean squares from the diallel variance analysis of F, and F, generations for five phenotypic wheat
traits, analyzed by the diallel analysis model proposed by Griffing (1956).

Sources of variation d.f. Traits/Mean squares
PH SP KS 100-KW GYP
Combined analysis of parents and F, and F, hybrid combinations
Genotypes 54 313.49% 5.60* 28.01* 2.19* 3.83*
General combining ability (GCA) 9 1741.57%  16.66* 76.04 11.88 135
Specific combining ability (SCA) 45 27.87 3.39% 18.41 0.26 1.89%
Generation (F, and F,) 1 17 1.46*% 27103.6* 51815.53*  1646.23*
Genotypes x Generation 54 18.12% 1.16* 19.81%* 1.56* 1.89%
GCA x Generation 9 10.23*%  0.98* 46.74* 8.4% 6.16*
SCA x Generation 45 19.70* 1.20* 14.43* 0.20* 1.04*
Error 216 3.51 0.49* 0.15 0.0022 0.022
Individual analysis of parents and F, hybrids
F, hybrids 54 162.52%  3.52% 0.56* 3.72% 5.52%
General combining ability (GCA) 9 907.99* 8.28%* 2.08* 20.13* 18.93*
Specific combining ability (SCA) 45 13.42%  2.56* 0.25%* 0.44* 2.84*
Error 108 5.28 0.49 0.08 0.14 0.29
Individual analysis of parents and F, hybrid combinations
F, segregant combinations 54 169.10* 3.25% 47.27* 0.03* 0.19%
General combining ability (GCA) 9 843.81*  9.37* 120.70* 0.15% 0.73*
Specific combining ability (SCA) 45 34.15%  2.02* 32.51% 0.01* 0.09*
Error 108 8.14 0.84 7.55 0.001 0.02
Ranges and coefficients of variation (CV)
Parents
Minimum 325 7.0 3.56 27.5 3.63
Maximum 72.1 14.1 597 33.0 9.23
CV (%) 2.38 7.25 3.21 2.28 10.26
F, hybrids
Minimum 325 7.0 10.92 27.5 3.63
Maximum 74.75 14.1 43.17 33.1 9.94
CV (%) 3.86 7.61 5.87 12.27 7.8
F, segregant combinations
Minimum 325 6.63 12.7 25.3 3.18
Maximum 75.47 14.1 36.55 33.0 10.25
CV (%) 4.81 9.82 11.97 5.24 5.07

*Significant at 5% probability by the F-test; d.f. = degrees of freedom; PH = plant height; SP = spikes per plant;
KS = kernels per spike; 100-KW = one hundred kernels weight; GYP = grain yield per plant.

The mean squares for GCA and SCA in the F| generation were greater than those for
the F, generation for the 100-KW and grain yield per plant. This fact can be attributed to the
higher hybrid vigor in F, than in the F, generation. These results are similar to those observed
in wheat by Sharma and Sain (2003) and by Sood et al. (2007) in flax. The lack of understand-
ing of these mechanisms retards the progress in plant breeding due to inefficient selection.
For all the traits evaluated, the mean square values for GCA were greater than those for SCA.
This is related to a large contribution of additive gene effects in the control of the studied traits
(Joshi et al., 2004; Kamaluddin et al., 2007).

The five AFLP primer combinations used in the molecular analysis generated a total
of 182 polymorphic bands among the ten genotypes studied. The primer combination M-
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CAG/E-ACC produced the highest number of markers (66). In addition, the reduced num-
ber of monomorphic fragments obtained in this study expresses the high potential of genetic
variability detection in wheat by AFLP markers, as reported by Corbellini et al. (2002) and
Paczos-Grzeda (2004).

The genetic distances indicated the presence of variability among the ten parents used
in the crosses, regardless of the data-morphological, molecular, and combined or pedigree
markers (Figure 1). All dendrograms showed a good fit between the graphical representation
of distances and their original matrices. The cophenetic correlation coefficients were high to
intermediate in all the cases: Dg—ch digree (0.98); Dg—mmm]ogml (0.89); Dg-_ ccutar arrp (0-88), and
Dg- ohologicat + arrp (0-61), indicating that the data matrix are represented by the dendogram
with efficiency. These results were similar to those obtained in oats (Benin et al., 2008) and
wheat (Bertan et al., 2009). Only cophenetic correlation values above 0.80 indicated a good
fit between the original distance matrices and graphical distances. The fit between the original
matrices and graphical distances depends on the distribution of genetic variability among the
tested genotypes (Viera et al., 2005). In some cases, the clustering structure of the evaluated
genotypes does not meet the hierarchical assumption, and hence, another form of representa-
tion needs to be adopted, although dendrograms are the most recommended modes for dis-
playing biological data (Everitt, 1993).

Dg Morphological Dg Pedigree
BRS 208 BRS 208
CD 115 BRS Guamirim :'_
BRS Louro Average dissimilarity BRS Louro ]
Abalone BRS Figueira

Fund: 50

Average dissimilarity

Fundacep 50

BRS Timbaiva | Pamp
Pampeano UTF 0605 4,_'__
Abak

BRS Guamirim :_
UTF 0605 BRS Timbaiva

BRS Figueira CD 115
2096 58480 1150.63 171547 228031 091 093 095 058 100
Coefficient Coefficient
Dg Molecular AFLP Dg Morphological+AFLP

BRS 208 BRS 208 : Average dissimilarity
BRS Guamirim 3_,__ BRS Guamirim
Average dissimilarity BRS Louro }

BRS Figueira
Abalone j BRS Figueira
BRS Timbaiiva Fund: 50

Pamp Pamp
Fundacep 50 UTF 0605 I._ L
UTF 0605 }_ Abalone
BRS Louro BRS Timbaiva :_|_
Cb 115 CD 115
021 030 040 049 058 061 0.64 0.67 0.70 073
Coefficlent Coefficient

Figure 1. Dendrograms resulting from clustering analysis of 10 wheat genotypes obtained by the UPGMA using as
genetic distance measure: Dg- ohological — distance of Mahalanobis based on 5 morphological characters; Dg- digree
= using the coefficient of Malécot; Dg- = = polymorphism of AFLP markers (182 polymorphic bandsS and
Dg- ohotogical + arpp — Dased on the complement of Gower’s genetic similarity index (Gower, 1971). The cophenetic
correlation coefficients were 0.89, 0.98, 0.88, and 0.61 for the four dendrograms, respectively.
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Highlighting the associations between the different estimates of genetic distance ob-
tained is important (Table 3). Moderate associations were observed between Dg-morphological AFLP
vs Dg- (0.427) and Dg- oo are VS D& ecutar aprp (0-460). The association between
Dg- giaree VS D& iccuar AFLP was non-significant. Other studies also reported low to moder-
ate association between the genetic distances obtained using molecular markers and pedigree
data (Almanza-Pinzén et al., 2003; Paczos-Grzeda, 2004). Correlations between molecular
markers and pedigree data have varied widely depending on the organism and marker system
used (Soleimani et al., 2007). The reason for these poor associations may be the background
similarity found for unrelated accessions by using molecular markers (Graner et al., 1994) or
by the selection pressure for different breeding objectives (Sun et al., 2003). The accuracy of
the inbreeding coefficients depends partly on the availability of a comprehensive pedigree
record for each cultivar (Soleimani et al., 2007; Bertan et al. 2009). The lack of complete in-
formation about the genealogy of some genotypes can also account for the lower precision of
the estimates. Regarding the remaining associations (Table 3), the estimates have been shown
to be based on distinct properties in assessing and representing genetic variability of tested
genotypes.

pedigree

Table 3. Correlations between genetic distance measures estimated by phenotypic (Dg-mmphological), AFLP
(Dg-, o1ecutar arrp)» Pdigree distance (Dg-pe digree)? combined phenotypic and molecular markers (Dg-
and, among 10 wheat parental genotypes of a diallel cross.

morphological + AFLP)

Correlations Dg-"ed‘g""e D occutar are Dg'mr\mhnlngml Dg-mnmhological + AFLP
Dg-gree 1 0.238 -0.244 0.427%%*
& molecular AFLP 1 -0.339%* 0.466%*
1 -0.316*

€ morphological
& morphological + AFLP

1

***Significant at 1 and 5% probability, respectively, by the #-test.

For optimum genetic resource exploitation, parents should be derived from geneti-
cally divergent heterotic groups (Reif et al., 2003). Regarding the dendrogram obtained on
the basis of Dg- .. the formation of three distinct clusters, the first formed by the most
dissimilar genotype (BRS Figueira), the second formed by the genotypes BRS Guamirim and
UTF 0605, and the third formed by the remaining genotypes (Figure 1), can be noted. On the
other hand, the dendrogram obtained on the basis of Dg- . displayed 5 groups: group 1
formed by BRS 208, BRS Guamirim, BRS Figueira, Abalone, BRS Timbauva, and Pampeano;
and groups 2, 3, 4, and 5 formed by the genotypes Fundacep 50, UTF 0605, BRS Louro, and
CD 115, respectively, forming individual groups. The groups formed in the dendrogram from

& morphological WETE distinct from those formed in the dendrogram from Dg- - .. This is
confirmed by the negative correlation (-0.339) between both the matrices (Table 3).

The negative correlation between Dg- - xDg- i could be because of the
wider genome sampling that molecular markers provide compared to the sampling obtained
using the five morphological markers (Vieira et al., 2005; Bertan et al., 2009). The association
between the estimates can also be influenced by the fact that a large portion of the variation de-
tected by molecular markers was non-adaptive and hence not subject to either natural or arti-
ficial selection. Moreover, the variations detected by molecular markers were not subjected to
environmental influence as observed for the morphological traits. Another explanation could
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be that 2 identical genotypes are always determined by the same genes, i.e., distinct genes can
lead to a similar phenotype (Kuczynska et al., 2007). However, a moderate positive correlation
(0.47) was observed by Vieira et al. (2005) between the genetic distance estimates obtained
using AFLP and morphological markers, suggesting that the association can depend on the
genotypes tested and evaluation environment.

The dendrogram obtained using the data from Dg-mphologic,dl . ap1p Showed 2 groups
formed by more than 1 genotype, one formed by the genotypes BRS 208 and BRS Guamirim
and another formed by BRS Louro and BRS Figueira. The remaining 6 genotypes were very
distinct and did not cluster with any other genotype (Figure 1). Such clusters are consistent
with the ones formed by the analysis with Dg- ~ and can be confirmed by the sig-
nificant association (0.466) between the matrices (Table 3). Other studies confirm that such
techniques when used individually produce distinct results compared to a combined analysis
(Bramardi et al., 2005). The negative correlation (-0.31) between the Dg-mmhologicaH ApLp and the
Dg—mommmgical data could be due to the higher number of polymorphic bands (182) compared to
the number of morphological traits evaluated.

The dendrogram obtained from the analysis of pedigree distances revealed two major
groups, but no relationship was observed for the genotype CD 115 (Figure 1; Dg- .. ). That
is, a dissimilarity coefficient of 1 was found, indicating that no common parents were found in
the other genotypes compared to CD 115. In addition, Fundacep 50 was distinct from the other
genotypes. The remaining genotypes presented at least one commonality in their pedigrees,
direct (parent) or through some common ancestral genotype (Table 1).

Selecting appropriate parental combinations that would yield superior hybrids is the
most important aspect in hybrid breeding (Dreisigacker et al., 2005). A positive significant corre-
lation was observed between the pedigree distance and SCA for traits KS (0.45), 100-KW (0.67)
and GYP (0.62) in the F, generation, the same occurred in the F, generation with traits 100-KW
(0.62) and GYP (0.59) (Table 4). This suggests that increases in SCA occurred as a consequence
of increases in pedigree distances. These associations could be successfully achieved because of
a good pedigree record available for the parental genotypes used in the crosses (Table 1), result-
ing in prediction of more precise pedigree distances. Almanza-Pinzon et al. (2003) reported that
pedigree distances provide a good estimation of genetic diversity when complete pedigrees are
known and suggested that the coefficient of parentage should be the preferred method.

Table 4. Correlation coefficients between the genetic distance measures by phenotypic (Dg-morphological), AFLP
(Dg- o iecutar aprp)> COMbined phenotypic and molecular markers (Dg-morplmlogical . aprp) and pedigree distance
(Dg-pe digree), and the specific combining ability of five phenotypic traits (PH, SP, KS, 100-KW, and GYP)
in a diallel cross involving 10 wheat (7riticum aestivum L.) parental genotypes.

Correlations Specific combining ability
Fl FZ
PH SP KS 100-KW GYP PH Sp KS 100-KW GYP
Dg-  phological 0.05 -0.23 -0.17 -0.37 -0.21 0.10 0.37 -0.36 -0.35 -0.33
" edigree 0.33 0.35 0.45* 0.67%* 0.627%* 0.30 -0.0 0.23 0.627%* 0.59%%*
2= olecular AFLP 0.12 0.14 -0.29 0.42* 0.01 0.07 0.19 -0.17 0.35 -0.10
0.01 0.15 0.16 0.36 0.12 -0.04 -0.36 0.05 0.38 0.14

€ morphological + AFLP

***Significant values at 1 and 5% probability, respectively, by the #-test for degrees of freedom -2. For abbreviations,
see Table 2.
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Similar results were obtained by Martin et al. (1995), who observed an association be-
tween Dg- . and heterosis in wheat hybrids for KW and protein content. Likewise, Perenzin
et al. (1998) found significant pedigree distance effects on SCA for yield-related traits in the
F, hybrids of bread wheat. However, some reports suggest that the inbreeding coefficient does
not efficiently predict the hybrid performance (Almanza-Pinzén et al., 2003; Dreisigacker et
al., 2005). The use of Dg- . »revealed a positive association of SCA of hybrids only with
100-KW; however, these results were only observed for the F| generation (0.42).

Despite these statistically significant associations (z-test), the reduced absolute values
require some caution in their application. In order to obtain a reliable and precise estimate of the
genetic distance to be used by breeders, associations above 60% are needed. The lack of associa-
tion between Dg- - and the distance based on morphological traits suggests that although
the AFLP markers were able to assess the genomic content of the evaluated genotypes (high
polymorphism), this assessment was randomly distributed across functional and non-functional
regions, which are not associated to the morphological traits evaluated in the present study.

The estimates of Dg- morphological and Dg- morphological + AFLP did not show a significant as-
sociation with the combining ability for the evaluated agronomical traits, neither in F nor
in F,. The lack of correlation between Dg- . and SCA can be due to the presence of
complementary genes in some parents or due to a partial and insufficient representation of the
genome when morphological data are used (Souza and Sorrells, 1991). According to Ghaderi
et al. (1984), the absence of correlation can be attributed to additive gene effects for the traits
and/or similar genes distributed between parents involved in the crosses, making the expres-
sion of SCA unpredictable and at random.

The lack of association between Dg- . ..., and hybrid performance may not be
suitable for assessing the genetic differences between parents when F| heterosis and genetic
variability needs to be maximized in the following generations. In wheat and other species,
a few studies used molecular markers but were unable to define a clear relationship between
molecular diversity and hybrid performance (Dias and Kageyama, 1997; Corbellini et al.,
2002). Molecular markers that randomly assess the genome may have a limited application in
parental selection, especially when they are used as the only source of information regarding
the parents (Martin et al., 1995; Kotzamanidis et al., 2008). However, if markers associated
with specific traits are selected, their use in estimating genetic dissimilarity and hence hybrid
performance may be more efficient (EI-Maghraby et al., 2005).

The prediction of hybrid performance by using different methods for estimating the
genetic distance in wheat enables the characterization of genetic variability among parental
genotypes. Any one of these methods could be used to study diversity and group genotypes,
but none can be applied interchangeably. The choice of genetic diversity estimates depends
largely on the tools available and how they fit into the breeding scheme (Fufa et al., 2005).
Powell et al. (1996) studied the utility of AFLP, random-amplified polymorphic DNA, restric-
tion fragment length polymorphism, and simple sequence repeats in soybean (Glycine max
L. Merrill) and concluded that all four marker systems had different properties and different
genetic relationships were derived from them.

A positive association between the pedigree genetic distance and trait weight of a
1000-KW and grain yield per plant in the F and F, generations indicates that this method
should be considered in the selection of parents in wheat breeding programs. Furthermore, the
understanding of hybrid performance and SCA and the identification of contrasting heterosis
groups is important for conventional or hybrid wheat breeding programs.
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