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Abstract Pedigree and DNA marker-based methods
were used to predict the performance of triploid
progeny from tetraploid-diploid crosses, based on par-
ental heterozygosity, genetic relatedness, and expected
contribution to their progeny. There was no significant
correlation between parental and progeny perfor-
mance. Prediction of progeny bunch weight was best
when based on genealogical distance and equal
parental contribution. Predicted fruit size was most
accurate when DNA marker data were used and the
assumption of an unequal parental contribution was
made. Consideration of parental heterozygosity pro-
duced larger residuals for all traits. No statistically
significant differences were found between the mean
residuals obtained under the assumption of an equal vs
an unequal contribution of the 4x and 2x genotypes to
their 3x progeny, regardless of the method used to
estimate genetic relationships.
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Introduction

Progeny testing has been the predominant method for
the identification of the combining ability of genotypes
and the designation of heterotic groups in many crop
species (Hallauer and Miranda 1988; Panter and Allen
1995). In this strategy, potential parental genotypes are
selected on the assumption that subsequent offspring
will be as good as the previous ones. Thus, progeny
testing is inherently postdictive. Furthermore, this
method of parental selection cannot be routinely used
for Musa research due to the large land requirements
(6 m? plant ~ ') and long growth cycle (12-18 months) of
this crop.

Predictive models for hybrid performance based on
the past performance of parents or their relatives would
be most useful for breeders who seek to make the most
appropriate crosses on an a priori basis. Maize (Zea
mays L.) breeders have traditionally used a semi-predic-
tive model to select the parents of double-cross hybrids
based on the mean of single crosses not involved in the
double cross (Jenkins 1934). Other methods for predict-
ing hybrid performance have been based on the genetic
relationships among prospective parents and their mid-
parental values (Bernardo 1992, 1994; Panter and Allen
1995). Genetic relationships among prospective parents
may be estimated using Malécot’s (1948) coefficient of
co-ancestry or DNA marker polymorphisms (Staub
and Serquen 1996; Saghai Maroof et al. 1997).

Prediction of the progeny mean from the mid-parent
mean typically assumes three conditions: (1) the
progeny of a biparental cross receives half of its genes
from each parent, (2) the parents are inbred, homogene-
ous and unrelated, (3) the traits under consideration are
strictly determined by additive inheritance (Panter and
Allen 1995; Bernardo et al. 1996). However, current
understanding of the meiotic behaviour of Musa spp.
and of the inheritance of many traits suggests that
these assumptions may not hold true in these species
(Vuylsteke et al. 1997).
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The objective of the present study was to examine the
consequence of a departure from the above assump-
tions and to compare different methods of estimating
the performance of secondary triploid Musa hybrids
developed from interspecific tetraploid and diploid
genotypes.

Materials and methods

Genetic materials and field experiments

The founding clones of the genotypes used in this study were three
female-fertile triploid West African plantain landraces (Musa spp.,
AAB group) and two male-fertile diploid accessions (AA) from
Southeastern Asia. The AAB accessions were ‘Bobby Tannap’ (BT),
‘Obino ’Ewai’ (OL) and a somaclonal French reversion mutant of
‘Agbagba’ (FR), while the AA accessions were M. acuminata subsp.
burmanicoides ‘Calcutta 4’ (C4) and M. acuminata subsp. malaccensis
‘Pisang lilin’ (PL). Five tetraploid and five diploid AAB x AA pro-
genies (Vuylsteke et al. 1993; Vuylsteke and Ortiz 1995) were crossed
to produce putative secondary 3x hybrid seeds. The 4x clones were
1658-4 (OL x PL), 2796-5 (BT x PL), 4698-1 (OL x C4), 6930-1
(OL x C4) and 7002-1 (OL x C4), and the 2x clones were 1297-3
(FR x C4), 1448-1 (OL x C4), 2829-62 (BT x C4), 4281-2 (BT x C4)
and 4400-8 (BT x C4).

Zygotic embryos were extracted from seeds, germinated in vitro
and micropropagated using the methods of Vuylsteke et al. (1990).
The parental genotypes were also clonally propagated using meriste-
matic tissue from shoot tips (Vuylsteke et al. 1990). Two-month-old
seedlings were transferred to the field in June 1995, at IITA’s High
Rainfall Station in Onne (4°43'N, 7°01'E, 10 masl), Southeastern
Nigeria. The soil here is a deep and freely drained Typic Paleudult of
the coarse-loamy, siliceous isohyperthermic family, with poor nutri-
ent status and low pH (pH4.3 in 1:1 H,O in the upper 15 cm).
Cultural practices were similar to those used by Swennen (1990) and
Ortiz and Vuylsteke (1995). The genotypes were arranged in an
unbalanced randomised complete block design with five replications
for the progenies and two replications for the parents. For each
genotype, data were recorded for two consecutive cycles, the plant
crop and the first ratoon, on an individual plant bunch weight,
average fruit length and average fruit circumference.

Estimation of progeny performance

The simplest approach to estimate bi-parental hybrid performance
is to calculate mid-parental values, assuming parents are inbred,
unrelated, and contribute equally to their progeny’s genotype. Most
Musa accessions, including the parental clones used in this study, are
highly heterozygous, and there is evidence of an unequal genetic
contribution of parents to their progeny (Ortiz 1997). On this basis,
we modified the mid-parent approach to include terms describing
the relative genetic contributions of the parents to their progeny,
parental heterozygosity level and genetic relatedness. The following
formula was developed for this purpose:

_ Ci(l + fii)Pi + C_i(l + fjj)Pj «
h c(l + £;) + Cj(l + fjj)

ij

2 — fij
1—Ln——— |, (Eq. 1)
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where H;; indicates the expected value of the hybrid produced from
the ith and jth (i # j) parents. P; and P; are the observed values of the
ith and jth parent, respectively. Equation 1 has two components:
(1) an additive component which is simply the weighted average of
parental phenotypes, and (2) a multiplicative component which
reflects heterotic or inbreeding effects.

The terms c; and c; are the relative contributions of parents i and
J» respectively, to their progeny. In a disomic situation, ¢; = c;; that
is, the genomic contributions of parents to their offspring are as-
sumed equal (Panter and Allen 1995; Bernardo et al. 1996). How-
ever, it is postulated that secondary triploid Musa hybrids receive
two chromosomes from their tetraploid maternal parent for each
chromosome donated by their paternal diploid parent (c; # c;),
provided that 2n gametes are not produced (Ortiz 1997).

The terms f;; and f;; represent the probability of two alleles being
identical at any locus in parents i and j, respectively, which is
indicative of their homozygosity (inbreeding) level. The f;; term is the
coefficient of relationship (similarity) among parents i and j. The
terms f;;, fj;, and f;; were calculated using five combinations of
pedigree and molecular data as described elsewhere (Tenkouano
et al. 1998) The triplet (fﬁ, fjj, fij) was denoted as (MSii, MSjj, Msij)
when estimated from DNA marker similarity, (pSii, pS;j, psij) When
based on genealogical similarity, (pmSii, pmS;j, pmSij) When estimated
using a combination of genealogical and molecular data. Genetic
relatedness was also expressed in terms of additive relationship
coefficients, i.e., (fi, fj;, fi}) = (p@ii, p@jj> p@ij) When coefficients were
calculated from the expected parental contribution to progeny, and
(fiia fjj7 fij) = (PM(Pii, PMQPjj» PM(/)ij) when the parental contribution was
estimated with DNA marker data (Tenkouano et al. 1998). Thus,
with  DNA markers and genealogical similarity methods,
within-genotype relationships were equal to unity (f; = fj; = 1). The
coeflicients of additive relationships based on the expected parental
contribution to progeny were smaller (f;; =0.219 for tetraploid
genotypes, fj; = 0.208 for diploid genotypes). When the parental
contribution was estimated with DNA markers, we obtained
0.202 <f; <0216 for the tetraploid genotypes and
0.200 < f;; < 0.208 for the diploid genotypes (Tenkouano et al
1998). Thus, the coefficients of additive relationships better reflected
the heterozygous nature of the clones.

The logarithm term is analogous to Nei’s (1972) formula for the
calculation of genetic distance and reflects the postulate that
the discrepancy between the expected progeny performance and the
mid-parent value would vary as a function of the genetic distance
among the parents. When parents are very similar genetically, the
logarithm term approaches zero and the performance of the progeny
is expected to approach the mid-parent value for the trait under
consideration. For example, the progeny obtained from selfing an
inbred line would be expected to express the same genotypic value as
the inbred line. In contrast, crossing two unrelated parents should
lead to an F; that expresses hybrid vigour, the magnitude of which
would also depend on parental contribution and inbreeding status.

Statistical analysis of data

Parental and progeny data were separately subjected to an analysis
of variance and the separation of means using the GLM procedure
in SAS (SAS Institute 1989). For both groups, the statistical model
was as follows:

Yija = p+ o + B+ 7(Bix + 0 + By + &iju, (Eq. 2)

where Y;ji is the observed performance of the kth clone of the jth
genotype in the ith replication of the Ith crop cycle, u is the overall
mean of the trait, o; is the replication effect (i = 1,2 for parents,
i=1,...,5 for hybrids), §; is the genotypic effect (j =1,...,10 for
parents, j = 1, 2,...,20 for hybrids), y(f); is the clone-within-geno-
types effect (k is different for each genotype), d, is the crop cycle effect
(1=1,2), poy is the genotype x crop cycle interaction effect, and
&k 18 the random error associated with each observation.
Spearman’s rank correlation coefficients were calculated among
observed parental and progeny means to assess the predictive value
of the parental phenotype on hybrid performance. Also, residuals
were calculated as the difference between predicted values based on
Eq. 1 and the observed average hybrid performance. Standard er-
rors were derived for the residuals and two-tailed ¢-tests were used to
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Table 1 Mean squares from the

analysis of variance of bunch Source of variation df Bunch weight Fruit length Fruit
weight, fruit length and fruit (kg plant ™) (cm) circumference (cm)
circumference in parental and
hybrid genotypes of Musa spp Parents
Replications 1 70.67%** 168.65%** 30.04%**
Genotypes (G) 9 199.91*+** 136.98*** 83.66%**
Clones (genotypes) 112 5.89 6.54 1.48
Crop cycle (C) 1 58.16 4.64 8.24
CxG 7 44.54%** 9.83 5.97**
Residual 41 4.32 7.91 1.90
R? 0.98 0.92 0.97
Progeny
Replications 4 648.68%** 1417.15%** 554.71%%**
Genotypes (G) 19 57.18%** 161.07*** 70.09%**
Clones (Genotypes) 805 10.90%** 21.16%** 18.29%**
Crop cycle (C) 1 303.00%* 304.64* 139.33*
CxG 18 26.67%** 44.37%** 19.72%**
Residual 565 5.46 13.35 3.89
R? 0.77 0.76 0.88

*, %%, *k¥ F_test significant at the 0.05, 0.01, and 0.001 probability levels, respectively.

Table 2 Average bunch weight,

fruit length and circumference in Group Genotypes® Bunch Fruit Fruit
diploid and tetraploid parents of weight length circumference
secondary triploid Musa hybrids (kg plant ™) (cm) (cm)
PC® RT PC RT PC RT
Males 1297-3 (FR x C4) 5.9 5.0 19.3 17.6 94 8.8
1448-1 (OL x C4) 5.0 6.1 14.7 13.8 8.7 8.6
2829-62 (BT x C4) 1.5 2.4 11.9 13.1 49 5.6
4281-2(BT x C4) 2.2 34 12.0 11.0 6.0 5.5
4400-8 (BT x C4) 1.6 32 134 14.4 5.4 5.8
Females 1658-4 (OL x PL) 15.2 5.8 21.3 14.0 13.5 9.0
2796-5 (BT x PL) 171 6.5 223 16.5 13.7 10.2
4698-1 (OL x C4) 14.9 =° 22.0 - 11.8 -
6930-1 (OL x C4) 14.4 - 19.6 - 12.6 -
7002-1 (OL x C4) 13.1 7.4 22.0 19.5 13.5 10.0
LSDy.05 4.1 5.5 2.7

? Parental genotypes are triploid (AAB) West African plantain landraces Obino ’'Ewai (OL), Bobby
Tannap (BT) and a somaclonal French reversion mutant of Agbagba (FR), and South East Asian diploid

(AA) accessions Calcutta 4 (C4) and Pisang lilin (PL)
®PC = plant (first) crop cycle, RT = ratoon (second) crop cycle

¢Data not available

examine the hypothesis that the residuals were equal to zero while
paired t-tests were carried out to determine whether the models were
significantly different from each other. The relative predictive accu-
racy of the models was also assessed by comparing the magnitude of
the associated residuals.

Results and discussion
Parental phenotype and progeny performance

Significant (P < 0.05) differences were observed be-
tween and within the 4x-2x progenies for bunch weight,
fruit length and fruit circumference, reflecting genetic
differences between the parents (Tables 1-3). However,
there was no significant difference between clonal repli-

cates of the parental genotypes, thereby indicating their
somatic stability for these traits. There was no signifi-
cant effect of crop cycle on the expression of all three
traits in the parental genotypes, but there was a signifi-
cant interaction between crop cycle and parental geno-
types for bunch weight and fruit circumference
(Table 1). In contrast, progeny yield and yield compo-
nents were significantly influenced both by crop cycle
and the interaction between crop cycle and hybrid
genotypes (Table 1).

While significant intraploidy differences were ob-
served among the parental genotypes, the tetraploid
parents produced heavier bunches and bigger fruits
than the diploid parents, particularly in the first crop
cycle (Table 2). However, the bunch weight and the
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Table 3 Average bunch weight,
fruit length and circumference in
20 secondary triploid Musa
hybrids derived from crosses
between diploid and tetraploid
accessions

Genotypes®* Bunch weight Fruit length Fruit

(kg plant™ 1) (cm) circumference (cm)

PCP RT PC RT PC RT
1658-4 (OL x PL) x 1448-1 (OL x C4) 23 6.3 14.0 16.0 10.5 14.0
1658-4 (OL x PL) x 2829-62 (BT x C4) 5.2 39 16.8 14.3 8.9 8.1
1658-4 (OL x PL) x 4281-2 (BT x C4) 11 0.3 8.5 8.0 6.0 3.0
1658-4 (OL x PL) x 4400-8 (BT x C4) 5.0 35 14.4 14.2 9.8 10.0
2796-5 (BT x PL) x 1297-3 (FR x C4) 3.1 35 12.2 11.6 8.2 7.6
2796-5 (BT x PL) x 1448-1 (OL x C4) 1.4 3.6 9.1 11.7 6.4 7.6
2796-5 (BT x PL) x 2829-62 (BT x C4) 2.0 0.4 12.0 8.0 6.7 5.0
2796-5 (BT x PL) x 4400-8 (BT x C4) 2.8 3.7 11.4 11.2 7.4 7.2
4698-1 (OL x C4) x 1297-3 (FR x C4) 34 4.6 13.7 134 8.5 8.0
4698-1 (OL x C4) x 1448-1 (OL x C4) 3.1 35 12.1 11.2 7.0 7.0
4698-1 (OL x C4) x 4400-8 (BT x C4) 2.2 33 109 12.2 7.1 7.0
6930-1 (OL x C4) x 1297-3 (FR x C4) 3.7 4.0 13.0 131 8.3 8.1
6930-1 (OL x C4) x 1448-1 (OL x C4) 2.4 2.1 131 7.3 7.9 6.7
6930-1 (OL x C4) x 2829-62 (BT x C4) 3.2 5.8 15.0 14.0 8.0 7.3
6930-1 (OL x C4) x 4281-2 (BT x C4) 2.4 22 14.0 9.0 7.0 7.0
6930-1 (OL x C4) x 4400-8 (BT x C4) 3.2 35 12.1 11.7 7.2 6.8
7002-1 (OL x C4) x 1297-3 (FR x C4) 2.9 4.5 139 13.5 8.6 8.3
7002-1 (OL x C4) x 2829-62 (BT x C4) 3.8 3.1 14.8 109 9.7 7.3
7002-1 (OL x C4) x 4281-2 (BT x C4) 1.1 1.7 8.8 9.4 5.7 5.6
7002-1 (OL x C4) x 4400-8 (BT x C4) 2.4 3.8 13.6 13.5 7.3 7.2
LSDo .05 3.2 5.1 2.7

* Genotypes were derived from crosses between triploid (AAB) West African plantain landraces Obino
I’Ewai (OL), Bobby Tannap (BT) and a somaclonal French reversion mutant of Agbagba (FR), and
South East Asian diploid (AA) accessions Calcutta 4 (C4) and Pisang lilin (PL)

®PC = plant (first) crop cycle, RT = ratoon (second) crop cycle

fruit size of the tetraploid parents were significantly
reduced in the second cycle, while the diploid parents
essentially maintained their performance for these
traits. Tetraploid clones displayed a regulated sucker-
ing behaviour which resulted in delayed flowering in
the second crop cycle, compared to diploid clones
which had a non-regulated suckering behaviour. As
a result, flowering and fruit filling of tetraploid clones
coincided with the dry season, hence their reduced
performance in the second cycle. The genotype 1297-3
(FR x C4) expressed the best combination of bunch
weight, fruit length, and fruit circumference in both
crop cycles, while the BT x C4 genotypes had the
lowest values for these traits (Table 2). Although tet-
raploid genotypes had similar fruit length and circum-
ference, they differed significantly in yield, with 2796-5
(BT x PL) being the best in overall yield (Table 2).
The average performance of hybrids from 4x-2x
crosses was closer to that of their male parents than to
the performance of their female parent (Table 3), al-
though Spearman’s rank (rs) correlation coefficients
between parental and progeny performance were not
significant. However, the largest associations, i.e. the
smallest P-values, were observed between diploid males
and their half-sib progeny for fruit length (r¢ = —0.48,
P = 0.16) and circumference (rs = 0.41, P = 0.24). The
bunch weight of maternal half-sibs was negatively asso-
ciated with that of their female parent (rs = —0.38,
P = 0.35), while the opposite (rs = 0.28, P = 0.42) was

observed for the relationship between diploid
males and their half-sibs for this trait. Correlation coef-
ficients between mid-parent and full-sib performance
were smaller than those between diploid males and
paternal half-sibs, but greater than those between tet-
raploid females and maternal half-sibs. Thus, parental
or mid-parental phenotype had little predictive value
for progeny performance in this study. More specifi-
cally, the mid-parent value was higher than the progeny
mean for all 20 populations. A similar result was re-
ported by Cowen and Frey (1987) in segregating oat
(Avena sativa L.) populations. This contrasts with the
results of Busch et al. (1974) who reported a high
positive correlation between hybrid yield and mid-
parent values, using 25 segregating populations of
wheat (Triticum aestivum L.). Souza and Sorrels (1991)
suggested that the mid-parent value was a nearly per-
fect predictor of hybrid performance in oats since the
hybrid mean was statistically equivalent to the mid-
parent values in 20 populations.

Genealogical relationships and progeny performance

Average bunch weight in the first cycle was highest,
5.2 kg plant~*, for the cross between 1658-4 (OL x PL)
and 2829-62 (BT x C4) which also had no common
parent. In the second crop cycle, the average bunch
weight ranged from 0.3 kg plant™! for the cross



between 1658-4 (OL x PL) and 4281-2 (BT x C4) to
6.3 kg plant ™! for the cross between the maternal half-
sibs 1658-4 (OL x PL) and 1448-1 (OL x C4) (Table 3).
The average bunch weight for the first crop cycle of the
secondary triploid hybrids was smallest, 1.1 kg
plant ™!, for the cross between the genotypes 1658-4
(OL x PL) and 4281-2 (BT x C4), which had no com-
mon parent, and for the cross between the paternal
half-sibs 7002-1 (OLxC4) and 4281-2 (BT xC4)
(Table 3).

Average fruit length of hybrids (Table 3) ranged from
85cm in the cross 1658-4 (OL xPL)x4281-2
(BTxC4) to 16.8 cm in the cross between 1658-4
(OL x PL) and 2829-62 (BT x C4) in the first crop cycle.
However, in the second cycle, average fruit length was
smallest, 7.3 cm, for the cross between the full-sibs
6930-1 (OL x C4) and 1448-1 (OL x C4) and highest,
16.0 cm, for the cross between the maternal half-sibs
1658-4 (OL x PL) and 1448-1 (OL x C4) (Table 3). The
family 1658-4 x 1448-1 also displayed the largest aver-
age fruit circumference in both crop cycles, whereas the
smallest values were recorded for progeny from the
crosses 7002-1 (OL x C4) x 4281-2 (BT x C4) and 1658-
4 (OL x PL) x 4281-2 (BT x C4) in the first and second
crop cycles, respectively (Table 3). Thus, genealogical
relationships alone were not predictive of progeny per-
formance for yield and its components in this study.
The data presented by Helms et al. (1997) for soybean
(Glycine max L.) also indicate that the lowest yield was
observed for a parental pair that had a zero coefficient
of parentage and highest for the parental pairs with the
highest coefficients of parentage.

Parental heterozygosity, genetic relatedness,
and hybrid performance

Statistical models that take into account the perfor-
mance of the parental genotypes, their actual or esti-
mated relative genetic contributions to their progeny,
their heterozygosity level, and their genetic relatedness
(e.g. Eq. 1), could provide a better means for predicting
the performance of the hybrids developed from such
parents. Genetic relationships within and across
parental genotypes were estimated from pedigree
and molecular data (Tenkouano et al. 1998).

The average discrepancy between predicted and
observed progeny bunch weight was not statistically
different from zero when genetic relationships were
estimated with the absolute distance method (Fig. 1).
Yield prediction based on all other methods produced
residuals which were significantly different from zero:
methods based on DNA markers generally over-
estimated the bunch weight of the progenies, whereas
the methods based on coefficients of additive relation-
ships resulted in underestimation of this trait (Fig. 1).

There is no simple relationship between parental
and progeny yield because bunch weight is a complex

73

10
3
5
:
2o } |
K2
©
3
o
8 -5
T H
-10
» Equal contribution
o Unequal contribution 3
_ 3

5
MPV DNA GDP GDM ARP ARM

Fig. 1 Mean residuals associated with different methods of predict-
ing the bunch weight of progeny from tetraploid x diploid crosses of
Musa spp, based on parental performance, inbreeding status, genetic
relatedness, and the contribution to the progeny genome. Inbreeding
and genetic relatedness were estimated using DNA markers (DN A),
genealogical distance solely (GDP) or in combination with molecular
data (GDM), coeflicients of additive relationships based solely on
pedigree (ARP) or in conjunction with DNA marker data (ARM).
MPV represents the mid-parental value (control). An equal contri-
bution of 4x and 2x parents to the 3x genome assumes abnormal
meiosis (unbalanced gametes) in both parents, whereas an unequal
contribution assumes normal meiosis in both parents

character which is controlled by primarily non-additive
genetic effects (Vuylsteke et al. 1997). Nevertheless, our
results suggest that prediction methods based on the
absolute distance calculated from pedigree data alone
would provide conservative estimates of bunch weight
in 4x-2x hybrids, and particularly when the parental
contributions to progeny were assumed equal.

For fruit length, the prediction methods based on
absolute distance and additive relationships produced
large negative residuals, which were significantly differ-
ent from zero (Fig. 2). Residuals obtained with DNA
marker predictors were also negative but smaller than
those associated with the pedigree-based methods
(Fig. 2). Prediction of fruit length was best, i.e. the
mean residual was not significantly different from zero,
when genetic relationships were estimated with DNA
markers and the parental contribution to the progeny
was assumed to be unequal (Fig. 2).

Residuals associated with fruit circumference dis-
played the same pattern as for fruit length, but none
were statistically equal to zero. However, the discrep-
ancy between predicted and observed values was
smallest when genetic relationships were estimated
with DNA markers and the parental contribution was
assumed to be unequal (Fig. 3).

Consideration of parental heterozygosity resulted in
larger residuals (absolute values) for all traits and did
not appear to significantly improve the prediction of
any of these traits. Similarly, there was no statistical
difference between the mean residuals obtained under
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Fig. 2 Mean residuals associated with different methods of predict-
ing the fruit length of progeny from tetraploid x diploid crosses of
Musa spp, based on parental performance, inbreeding status, genetic
relatedness, and the contribution to the progeny genome. Inbreeding
and genetic relatedness were estimated using DNA markers (DN A),
genealogical distance solely (GDP) or in combination with molecular
data (GDM), coefficients of additive relationships based solely on
pedigree (ARP) or in conjunction with DNA marker data (ARM).
MPYV represents the mid-parental value (control). An equal contri-
bution of 4x and 2x parents to the 3x genome assumes abnormal
meiosis (unbalanced gametes) in both parents, whereas an unequal
contribution assumes normal meiosis in both parents
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Fig. 3 Mean residuals associated with different methods of predict-
ing the fruit circumference of progeny from tetraploid x diploid
crosses of Musa spp, based on parental performance, inbreeding
status, genetic relatedness, and contribution to progeny genome.
Inbreeding and genetic relatedness were estimated using DNA
markers (DN A), genealogical distance solely (GDP) or in combination
with molecular data (GDM), coefficients of additive relationships
based solely on pedigree (ARP) or in conjunction with DNA marker
data (ARM). MPV represents the mid-parental value (control). An
equal contribution of 4x and 2x parents to the 3x genome assumes
abnormal meiosis (unbalanced gametes) in both parents, whereas an
unequal contribution assumes normal meiosis in both parents

the assumption of an equal vs an unequal contribution
of the 4x and 2x genotypes to their 3x progeny. How-
ever, regardless of the method used to estimate genetic
relationships, residuals associated with bunch weight

were smaller when the parental contribution to their
progeny was assumed to be equal (Fig. 1). In contrast,
residuals associated with fruit length and fruit circum-
ference were smaller with the assumption of an unequal
contribution (Figs. 2, 3), reflecting maternal effects in
the determination of fruit size. Nevertheless, for the
purpose of comparison, it would be acceptable to as-
sume that parents are inbred and contribute equally to
their progeny, especially when molecular data are not
available.

The assumption that the parental genotypes were
unrelated resulted in an overestimation of progeny
performance by an average of 6 kg plant™ ! for bunch
weight (Fig. 1), 5 cm for fruit length (Fig. 2) and 2 cm
for fruit circumference (Fig. 3). Parental relatedness
may have been underestimated with methods based on
coefficients of additive relationships, resulting in an
underestimation of progeny performance; hence the
large negative residuals observed for all traits
(Figs. 1-3). When parental relatedness was estimated
with the absolute distance method, the discrepancy
between predicted and observed bunch weight was less
than 1 kg. Likewise, a consideration of parental re-
latedness estimated from the molecular data provided
the best predictions for fruit size.

The relationship between parental divergence and
hybrid performance has been investigated in several
crop species. For example, Saghai-Maroof et al. (1997)
estimated parental divergence in rice (Oryza sativa L.)
from the level of RFLP heterozygosity of their
F, progeny and detected high correlation coefficients
between such heterozygosity and rough rice yield
(r = 0.79**) and head rice yield (r = 0.82**). Similarly,
the performance of F; hybrids was found to be corre-
lated with the RFLP marker distance of their parents in
the studies of Godshalk et al. (1990), Lee et al. (1989),
Smith et al. (1990), and Dudley et al. (1991). However
the extent that marker distance relates to hybrid perfor-
mance was found to depend on the genetic background
of the prospective parents (Bernardo 1992; Melchinger
1993). Whether such trends would apply to DNA poly-
morphisms based on the segregation of SSR loci is not
known.

A significant correlation was also found between
genealogical distance and heterosis in the F; genera-
tion (Smith et al. 1990), although in other cases genea-
logical distance was not a good predictor of hybrid
performance (Cox and Murphy 1990).

Melchinger (1993) suggested that the use of genetic
divergence could assist in assigning prospective parents
to heterotic groups, particulary in crop species where
heterotic patterns are not yet well defined. Our study
suggests that, in so far as pedigree records are correct,
genealogical distance could be used by Musa breeders
to predict progeny yield and to reduce the production
and field evaluation of potentially inferior experimental
crosses. This would reduce costs and enhance the chan-
ces of identifying superior hybrids.
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