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Abstract

A matrix approach is described for assessing the variance of effects in incomplete diallels designs. The method is
illustrated by reference to simulated complete and incomplete diallels using different combinations of constraints,
average degree of dominance and, for the incomplete diallel, number of hybrids. Our results showed that caution
should be taken in working with incomplete diallels under conditions of overdominance because there were changes
in the rank of the genotypes when the excluded hybrid had parents with a low frequency of the favorable allele (i.e.
the allele which increases expression of a character). The expression described in this paper is a rapid and safe

approach to estimate variances and covariances of the effects of contrasts of incomplete diallels.
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Introduction

Diallel crosses are an efficient method for the evalu-
ation of the genetic and heterotic potential of parents used
in breeding programs. One of the methodologies most
widely used to analyze diallel data is that of Griffing
(1956) in which the effects of the general combining abil-
ity (GCA) and the specific combining ability (SCA) are
estimated and then used to find the best parent and hybrid
combinations.

In genetic studies using diallel crosses, two analyses
of variance (ANOVAR) are performed. The first
ANOVAR is directed at the experimental design with the
principal objective of testing the significance of the treat-
ments and obtaining the residual mean square which will be
used in the next ANOVAR. The second ANOVAR decom-
poses the sum of squares due to the treatments in CGA and
SCA sum of squares using observed means, the variance
components and quadratic components also being esti-
mated to provide information on the relative importance of
the GCA and SCA. The significance of the effects is veri-
fied and any interesting contrasts detected from the esti-
mated variances.
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This methodology was initially developed to analyze
complete diallels, where all the crosses are present for a
group of parents but, in practice, it is often not possible to
obtain all the possible hybrid combinations because of vari-
ous factors including differences in fertility, low seed-
production, fertilization problems and adaptation diver-
gence as well as hybrid losses caused by lack of germina-
tion, climatic factors, pests and disease, the result being an
incomplete diallel cross. In incomplete diallels the parents
are represented by a variable number of crosses and the
methodology of analysis has to be modified to take into ac-
count unbalanced data.

In both complete and incomplete diallels, constraints
are often applied to both the parameters and solutions used
to solve the equations which calculate the GCA and SCA.
The constraints on the solutions do not modify the paramet-
ric space and therefore, linear combinations, although of in-
terest, remain non-estimable. Parametric constraints, which
are part of the model, are also used in order to enlarge the
set of estimable functions and provide more appropriate in-
terpretations of the formulated hypothesis. It is also the case
that the solutions arrived at with constraints on the solu-
tions and on the parameters are the same (Cruz and
Regazzi, 1997). In incomplete diallels analysis, however,
differences in the literature are found regarding the con-
straints used to estimate the GCA and SCA effects
(Machado, 1986 and Cavalcanti et al., 1997).
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With the unbalanced data which characterizes incom-
plete diallels the estimates of GCA and SCA effects are not
obtained as easily as in balanced diallels and a matrix ap-
proach is required to produce reliable estimates of the vari-
ance and contrasts of the effects (Vencovsky and Barriga,
1992). Although the information provided by tests of ef-
fects and contrasts is important, few published papers on in-
complete diallels show formulae to calculate these
estimators (Keuls and Garretsen, 1997, Garretsen and
Keuls, 1978 and Shi ef al., 1997).

Our paper describes suitable expressions, based on
matrices, for the estimation of the covariance of the GCA
and SCA effects of complete and incomplete diallels and
the calculation of the variance of the contrasts. We also
compare the results obtained using several different con-
straints and check whether or not the analysis of incomplete
diallels generates inadequate results considering some de-
grees of dominance.

Material and Methods

Genotypic values

We considered five genetic populations (Pi, i = 1,
2,..., 5) in Hardy-Weinberg equilibrium, the average
genotypic values of the hybrids being simulated by setting
the favorable allele (i.e. the allele which increases the ex-
pression of a character) frequencies between the parents to
the values shown in Table 1. Only one locus was assumed
with genotypes of AA, Aa and aa and genotypic values of
u+ a for the one homozygote, u + d for the heterozygote and
u - a for the other homozygote, where u is a constant inher-
ent to each observation (Falconer, 1987). The average de-
gree of dominance was also considered in the simulation
and it was assumed that u =10, a= 10 and d had values of 0,
5, 10 and 15 with the average degree of dominance being
equal to 0, 0.5, 1.0 and 1.5 respectively. The estimated
mean for each combination (Table 2) was given by:

Yij :u+(pi +pj _1)a+(pi +pj _Zpipj )d
Complete diallel analysis

Preliminary ANOVAR

The preliminary ANOVAR would normally be per-
formed using a specific data set which would result in resid-
ual mean square values, but we used simulated means for
the hybrids and assumed a mean squared error for the pre-
liminary analysis of variance of 1.00 for all cited cases. If
this type of analysis were to be carried out in practice it

Table 1 - Favorable allele frequencies (p) for the five parents (Pi, where
i=1,2,..5).

Parent P1 Pz P3 P4 P5

p 0.1 0.3 0.5 0.7 0.9
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Table 2 - Hybrids’ mean genotypic value, simulated for several average
degrees of dominance.

Hybrid Average degree of dominance
d/a=0 d/a=0.5 d/a=1.0 da=1.5

Yoo 4.00 5.70 7.40 9.10
Y3 6.00 8.50 11.00 13.50
Y4 8.00 11.30 14.60 17.90
Yis 10.00 14.10 18.20 22.30
Yo 8.00 10.50 13.00 15.50
You 10.00 12.90 15.80 18.70
Yos 12.00 15.30 18.60 21.90
Y4 12.00 14.50 17.00 19.50
Yss 14.00 16.50 19.00 21.50
Yys 16.00 17.70 19.40 21.10

would use on an appropriate experiment design such as a
randomized block design with 10 treatments and r repeti-
tions according to the fixed model:

Yijk =m+t, +b, ey

where: Yj: observation of the ij cross in block k; m: con-
stant associated with the data; t;;: effect of the cross ij; by:
effect of block k; ejj: effect of the random error associated
with the ij cross in block k.

Complementary analysis

For the complementary analysis we used Griffing’s
method 4, in which the phenotypic values were represented
by the mean of the p(p - 1)/2 hybrid combinations, where p
is the number of parents (Table 3). The fixed statistical
model was:

Y.

G =mtg g +s; +€,-j

where: Yj: mean value of the hybrid resulting from the
cross between parents i and j; m: constant associated with
the data; g;, gj: effects of the general combining ability of
the parents i and j respectively; s;: effect of the specific
combining ability of the cross between the parents i and j;

¢, : random error associated with each observation.
Estimation of parameters
The least squares method was used to estimate the pa-
rameters using the normal equations X’ Xp =X"y.

Table 3 - Diallelic table with 5 parents (Pi, i = 1, 2, ...5) and their F1
hybrids.

P, P, P; Py Ps
P - Yi2 Yi3 Y4 Yis
P, - - Yos Yo Yos
Ps - - - Yiq Yss
P, - - - - Yys
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The X matrix was:

1 11000T10O0O0O0O0O0OGO0O0OO0
11010001 0O0O0O0OO0OGO0OO0OO0
110010O0O01O0O0O0O0OGO0OO0OO0
110001O0O0O0OT1O0O0O0OGO0OO0OO0
|rotr1roo0o00001000O0O0
X_1 06010100O0OO0OO0OO0OT1O0OO0OO0O0
101001O0O0O0OO0OO0OO0OTLTO0OO0OO0
1o0011000O0O0O0O0O0OT1TO0O0
100101O0O0O0OO0OO0OO0OO0ODO0OT1O0
10001 1000O0O0O0O0O0O0O 1]

Two distinct sets of constraints were imposed on the
X matrix:

a) Type 1 constraints: » &, =0and » §; =0, for all
1. i j
b) Type 2 constraints: z ¢,g. = 0, where ¢; = number
of crosses where the parent iiis present and z §ij =0, for
all 1. j

Variances of effects and contrasts

The interesting variances of effects and contrasts
were calculated by use of the estimators showed in Table 4
(Cruz and Regazzi, 1997). The same variances were also
obtained by the matrix approach.

Tests of effects and contrasts

In order to test the effects and contrasts we used the
Student’s t test:
Y,
VV(Y,)

t=

Table 4 - Variance of effects and contrasts between effects of the general
combining ability and specific combining ability.

Effect or contrast Variance
" ol
Ge

p(p-1)
& { (-1 }62
pp-2)] °
gij {(P'3)}Gz
®p-b] *
g;_gj { 2 }(52
r-2]
AS.J -5 {2(]) - 3)}62
®-2] °
gij_gkm {Z(P'4)}02
r-2]

*G? is the residual mean square error (MSE) obtained in the preliminary
analysis of variance divided by the number of repetitions which produced
the means of the hybrids in the diallelic table. Extracted from: (Cruz and
Regazzi, 1997).

411

where, SA{C : estimate of the effect or contrast to be tested and

\A/(\A(C ). estimate of the variance of SA(C.

Incomplete diallel analysis

Three analyses involving incomplete diallels were
carried out using the same data set described previously.
The incomplete data set was made by excluding hybrid Y15
for one analysis (Case 1), hybrids Y12 and Y 13 for another
analysis (Case 2) and hybrids Y35 and Y45 for the last anal-
ysis (Case 3).

Preliminary ANOVAR

The primary ANOVAR was conducted using a ran-
domized block design, Case 1 with 9 treatments and r repe-
titions and Cases 2 and 3 with 8 treatments and r repetitions.
The mean square error was assumed to be 1 with (t- 1)(r- 1)
degrees of freedom, where t is the number of treatments and
r the number of repetitions (i.e. 3).

Complementary analysis and estimation of

parameters

The same methodology and the same two constraints
outlined previously were used for all of the three cases.

Variance of effects and contrasts

The matrix method was used to calculate the
covariances of the estimates of the parameters in the model:

Cov(R)= X'X-AA)' XXX’ X-A’A) 62,
where [3 is the parametric vector to be estimated with di-

[pp+1) ]
2

mension L +1 J x1; X is the incidence matrix with di-

A is the constraints

fp(p-lﬂxfp(pﬂ) 1
> M 2

mension L +1 J;

- + .
matrix with dimension {p(pz D] xrp(p2 D, 1}; 6. is the

residual mean square error divided by the number of repeti-
tions which produced the means of the hybrids included in
the diallelic table.

The matrix dimensions shown above refer to the com-
plete diallel model; for the incomplete diallel appropriate
changes need to be made to take into account the missing
hybrids. For example, matrix A for the complete diallel is:

0 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1
o 111 1 11 1 1 1 0 0 O O 0 O
o111 111 0 0O 1 1 1 O O O
o 11 1 1 10 1 0 0O 1 0 O 1 1 O
6o 1 1 1 1 1 0 0 1 O O I O 1 0 1
o111 1 1 0 0 O 1 O 01 0 1 1
o o0 0 0 0 0O 0 O O O 0 0o O 0 0 O
o o0 0 0 0O 0O 0O O O O 0 0 O 0 0 O
o 0 0 0 0 O 0O O O O O 0 O 0 o0 O
o o0 0 0 0 O 0O O O O 0 0o O 0 0 O
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while for the incomplete diallel (Case 1), the matrix is:

0 4 4 4 4 4 1 1 1 1 1 1 1 1 1
o 1 1 1 1 1 1 1 1 0 O O O 0 O
o 1r 1 1r1r 1r 1 o0 o0 1 1 1 0 0 O
o 1 1 1 1 1 o0 1 0 1 O O 1 1 O
o 1 1 1 1 1 o0 o0 1 O I O 1 0 1
o 1 1 1 1t 1 o0 o0 o0 0 O I o0 1 1
o o0 0 o0 0 0 0 0 0 0 0 0 o0 o0 o
o o0 o0 o0 o0 0 0 0 O O O 0 0 o0 o0
o o0 o0 o0 o0 o0 0 0 o0 o0 0 0 o0 o0 o

Tests of effects and contrasts

To test the effects and contrasts we used the Student’s
t test cited previously.

Results and Discussion

Derivation of an expression to estimate variances
and covariances of parameter estimates of
incomplete and complete diallels

According to definition, the matrix of covariances of
the vector of the estimators of the parameters of the model

(COV([% )), is given by:
cov(B)=E[ B-B)B-Y]

But[% =(X’X-A’A)"'X’yandy=Xp +e¢, and it fol-
lows that:

Cov(B)= E{[(X’X— ATA)YX (XB+e)-B]
[0X-A A" X XB+e)-B]}

Assis et al.

Cov(B)=E{[(X’X-A"A)"' X XB + (X X -

AA) X e-BIX[(XX-A’A) ' X XB +

X’X-A’A)'X’e-B)]

But,

XX -AA'XXB-B=0

Thus:

Cov(B)= E[(0+ (X’ X—A’A) ' X’¢)

(0+(X’X-A’A) ' X’¢]

Cov(B)=E[(X’X-A’A) ' X’¢)

(X’X-A’A)'X’¢]

Because (X’X - A’A)" is symmetric, it follows that:

Cov(B)=E[(X’X-A’A) "X’ e& X(X’ X - A’ A) ']

Cov(B)= (X’ X~ A’A) X" E(eg’ )X(X X~ A’ A)”!

Because E(ee’ )=, it follows that:

Cov(B)=(X’X-A’A) ' X’6 XX’ X-A’A)"

Finally,

Cov(B)=(X’X-A’A) ' X’X(X’X-A’A) 'a?
Complete and Incomplete diallel analysis

Complementary analysis

Table 5 summarizes the complementary ANOVAR
of the complete and incomplete diallels. When two hybrids
were excluded it was not possible to detect significance in
the SCA values for any of the average degrees of domi-

Table 5 - Summary of the complementary analysis of variance of the complete and incomplete diallels for several mean degrees of dominance.

VS MS
d/a=0 d/a=10.5 d/a=1.0 da=1.5
Complete diallel
GCA 90.00" 90.56" 92.24"™ 95.04”
SCA 0.00™ 2.48™ 9.92" 22327
Incomplete diallel (Case 1)
GCA 30.00” 30.02” 30.07° 30.16™
SCA 0.00™ 0.66™ 2.63™ 5.92"
Incomplete diallel (Case 2)
GCA 13.88" 10.44™ 8.42" 7.83"
SCA 0.00™ 027" 1.08™ 2.44"
Incomplete diallel (Case 3)
GCA 13.88" 18.74" 25.02" 32.73"
SCA 0.00™ 0.27" 1.08™ 2.44™

"No significant difference between treatments by the F test (p = 0.01).
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nance, which prejudices the biological interpretation of the
data because it was not possible to detect dominance in a
situation where it was supposed to occur. The effect of
GCA was significant (p < 0.01) for every case.

Estimation of parameters

The estimates of the parameters of the complete and
incomplete diallel model for different average degrees of
dominance are given in Table 6, for type 1 constraints and
Table 7, for type 2 constraints.

Variances of effects and contrasts

The variances of the effects and of the contrasts for
the complete diallel estimated, using expressions taken
from the published literature are shown in Table 8, while
those obtained by our matrix approach, are given in Table
9. The variance of the effects can be extracted from the ma-
trix data given in Table 9 and the contrasts calculated, the
results being the same as those shown in Table 8. An exam-
ple of how the variance of the contrast was calculated from
the matrix is:

\A/(gij _gkm )= \A/(éij )+{](§km )'ZCOV@U ’§km )=
0.1667+0.1667-2(0.0556) =0.2222

The variance estimates of effects and contrasts of the
incomplete diallel obtained by the matrix method for Case
1 are given in Table 10 (for type 1 constraints) and in Table
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11 (for type 2 constraints); for Case 2, in Table 12 (for type
1 constraints) and in Table 13 (for type 2 constraints); and
for Case 3, in Table 14 (for type | constraints) and in Table
15 (for type 2 constraints).

Based on estimates of the mean, the effects of GCA
and SCA for different degrees of balance (i.e. balanced and
unbalanced data), the average degrees of dominance and
the type (1 or 2) of constraints, we can make some conclu-
sions which we will discuss below.

When the diallel is unbalanced, imposing different
constraints with regard to the effects of GCA results in dif-
ferent estimates for these parameters, although this is not a
major problem because the tests are based on the contrasts
of these effects. An interesting contrastis Y = g; - g;, where
the hypothesis test shows that this contrast equals zero. Re-
jecting this hypothesis means that there is significant differ-
ence between the effects of genotype i and genotype j in
respect to GCA. The estimates of these contrasts are the
same for both type 1 and 2 constraints.

Analyzing the different average degrees of domi-
nance, our results indicate that:

a) In the absence of dominance loss of hybrids does
not alter the estimates of the parameters of the model and
thus does not alter the order of the genotypes according to
the favorable frequencies of the allele when the constraint
is type 1, but when the constraint is type 2 the estimates
vary depending on the degree of balance and differ from the

Table 6 - Estimates of the parameters of the complete and incomplete diallel models for Cases 1, 2 and 3 (constraints z g, =0and 2 s; = 0, foralli) and

considering different average degrees of dominance.

i g g, g g, g; S S5 S 85 5 S S5 8y Sss 8
d/a=0
Complete  10.00 -4.00 -2.00 0.0 200 4.00 000 000 000 000 000 000 000 000 000 0.00
Case 1 10.00 400 -2.00 000 200 400 000 000 000 X 000 000 000 000 000 000
Case2 1000 -4.00 -2.00 000 200 400 X X 000 000 000 000 000 000 000 0.00
Case3 1000 -4.00 -2.00 000 200 400 000 000 000 000 000 000 000 000 X X
da=0.5
Complete 1270 -3.73 2,13 -027 187 427 -1.13 020 047 087 020 047 047 020 -020 -1.13
Case 1253 -4.08 -1.90 -0.04 2.10 392 -084 009 076 X -009 0.8 076 -009 009 -0.84
Case2 1310 293 -1.77 037 133 373 X X 020 020 -047 023 023 043 003 -047
Case3 1310 -427 267 -037 223 507 -047 003 023 020 043 023 -020 -047 X X
da=1.0
Complete 1540 -347 227 053 173 453 227 -040 093 173 040 093 093 040 -040 -2.27
Case | 1505 -416 -1.80 -0.07 220 384 -1.69 018 151 X -0.18 036 150 -018 018 -1.69
Case2 1620 -1.87 -1.53 -073 067 347 X X -040 040 -093 047 047 087 007 -093
Case3 1620 -453 333 073 247 613 -093 007 047 040 087 047 -040 093 X X
da=15
Complete 18.10 -320 24 -080 1.60 480 -340 -0.60 140 2.60 060 140 140 0.60 -0.60 -3.40
Case 1 17.58 424 171 -0.11 229 376 -2.53 027 227 X 027 053 227 027 027 -2.53
Case2 1930 -0.80 -1.30 -1.10 0.00 320 X X 060 060 -140 070 070 130 0.10 -1.40
Case3 1930 -480 -4.00 -1.10 270 720 -140 0.0 070 0.60 130 070 -0.60 -140 X X
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Table 7 - Estimates of the parameters of the complete and incomplete diallel models for Cases 1, 2 and 3 (constraints 2 c,g,=0and 2 éiJ =0, for all i)
and considering different average degrees of dominance. i j

u g 2, g, g, g; S 85 S 8s 5 Sy S5 8, 85 85
d/a=0

Complete 10.00 -4.00 -2.00 0.00 200 400 0.00 000 0.00 000 000 0.00 000 0.00 000 0.00

Case 1 10.00 -4.00 -2.00 0.00 2.00 400 000 0.00 0.00 X 0.00 0.00 0.00 0.00 0.00 0.00

Case 2 1125 -4.63 -2.63 -0.63 1.38 3.38 X X 0.00 0.00 0.00 0.00 000 000 000 0.00

Case 3 875 -338 -1.38 0.63 2.63 4.63 0.00 0.00 000 0.00 000 0.00 0.00 0.00 X X
d/a=0.5

Complete 1270 -3.73 -2.13 -027 187 427 -1.13 -020 047 087 020 047 047 020 -020 -1.13

Case 1 1254 409 -191 -0.04 209 391 -0.8 009 076 X -009 018 076 -0.09 009 -0.84

Case 2 14.10 -3.43 -227 -087 0.83 3.23 X X -020 020 -047 023 023 043 0.03 -047
Case 3 11.60 -3.52 -192 038 298 582 -047 003 023 020 043 023 -020 -047 X X
d/a=1.0

Complete 1540 -347 -227 -0.53 1.73 453 227 -040 093 1.73 040 093 093 040 -040 -2.27
Case 1 15.09 -4.18 -1.82 -0.09 218 382 -1.69 0.18 1.51 X -0.18  0.36 .51 -0.18  0.18 -1.69
Case 2 16.95 -224 -191 -1.11 029 3.09 X X -0.40 040 -093 047 047 087 0.07 -0.93
Case 3 1445 -3.66 -246 014 334 7.00 -093 007 047 040 087 047 -040 -0.93 X X
da=1.5
Complete 18.10  -3.20 24 -080 1.60 480 -340 -0.60 140 260 0.60 1.40 1.40  0.60 -0.60 -3.40
Case 1 17.63 -427 -1.73 -0.13 227 373 -253 027 227 X -0.27 053 227 -027 027 -253
Case 2 19.80 -1.05 -1.55 -1.35 -025 295 X X -0.60 060 -140 070 0.70 130 0.10 -1.40
Case 3 1730 -3.80 -3.00 -0.10 3.70 820 -140 0.10 070 0.60 130 0.70 -0.60 -1.40 X X

Table 8 - Estimates of the variances of the effects and contrasts from the complete diallel calculated using expressions cited in the literature.

V(i) V(@) V(g - &) V() VG, -5 VG, - 50

0.0333 0.0889 0.2222 0.1667 0.4444 0.2222

Table 9 - Estimates of the variances and covariances of the effects for a complete diallel model calculated using a matrix approach.

0.0333  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0889 -0.0222 -0.0222 -0.0222 -0.0222 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 -0.0222 0.0889 -0.0222 -0.0222 -0.0222 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 -0.0222 -0.0222 0.0889 -0.0222 -0.0222 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 -0.0222 -0.0222 -0.0222 0.0889 -0.0222 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 -0.0222 -0.0222 -0.0222 -0.0222 0.0889 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1667 -0.0556 -0.0556 -0.0556 -0.0556 -0.0556 -0.0556 0.0556 0.0556 0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 0.1667 -0.0556 -0.0556 -0.0556 0.0556 0.0556 -0.0556 -0.0556 0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 -0.0556 0.1667 -0.0556 0.0556 -0.0556 0.0556 -0.0556 0.0556 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 -0.0556 -0.0556 0.1667 0.0556 0.0556 -0.0556 0.0556 -0.0556 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 -0.0556 0.0556 0.0556 0.1667 -0.0556 -0.0556 -0.0556 -0.0556 0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 0.0556 -0.0556 0.0556 -0.0556 0.1667 -0.0556 -0.0556 0.0556 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0556 0.0556 0.0556 -0.0556 -0.0556 -0.0556 0.1667 0.0556 -0.0556 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0556 -0.0556 -0.0556 0.0556 -0.0556 -0.0556 0.0556 0.1667 -0.0556 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0556 -0.0556 0.0556 -0.0556 -0.0556 0.0556 -0.0556 -0.0556 0.1667 -0.0556
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0556 0.0556 -0.0556 -0.0556 0.0556 -0.0556 -0.0556 -0.0556 0.0556 0.1667
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Table 10 - Estimates of the variances and covariances of the effects for an incomplete diallel model (Case 1, type 1 constraints) calculated using a matrix

approach.

1725 /75 -2/225  -2/225  -2/225 1/75 0 0 0 0 0 0 0 0 0
1/75  26/225 -1/25 -1/25 -1/25 1/225 0 0 0 0 0 0 0 0 0
-2/225 -1/25  68/675  -7/675  -7/675 -1/25 0 0 0 0 0 0 0 0 0
-2/225 -1/25  -7/675  68/675  -7/675 -1/25 0 0 0 0 0 0 0 0 0
-2/225 -125  -7/675  -7/675  68/675 -1/25 0 0 0 0 0 0 0 0 0
1/75 1/225 -1/25 -1/25 -1/25  26/225 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 4/27 -2/27 -2/27 -1/27 -1/27 -2/27 2/27 127 1/27

0 0 0 0 0 0 -2/27 4/27 -2/27 -1/27 2/27 1/27 -1/27 -2/27 1/27

0 0 0 0 0 0 -2/27 -2/27 4/27 2/27 -1/27 1/27 -1/27 1/27 -2/27

0 0 0 0 0 0 -1/27 -1/27 2/27 4/27 -2/27 -1/27 -2/27 -1/27 2/27

0 0 0 0 0 0 -1/27 2/27 -1/27 -2/27 4/27 -1/27 -2/27 2/27 -1/27

0 0 0 0 0 0 -2/27 1/27 1/27 -1/27 -1/27 4/27 2/27 -2/27 -2/27

0 0 0 0 0 0 2/27 -1/27 -1/27 -2/27 -2/27 2/27 4/27 -1/27 -1/27

0 0 0 0 0 0 1/27 -2/27 1/27 -1/27 2/27 -2/27 -1/27 4/27 -2/27

0 0 0 0 0 0 1/27 1/27 -2/27 2/27 -1/27 -2/27 -1/27 -2/27 4/27

Table 11 - Estimates of the variances and covariances of the effects for an incomplete diallel model (Case 1, type 2 constraints) calculated using a matrix

approach.
1/27 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 7/54 -1/27 -1/27 -1/27 1/54 0 0 0 0 0 0 0 0 0
0 -1/27 5/54 -1/54 -1/54 -1/27 0 0 0 0 0 0 0 0 0
0 -1/27 -1/54 5/54 -1/54 -1/27 0 0 0 0 0 0 0 0 0
0 -1/27 -1/54 -1/54 5/54 -1/27 0 0 0 0 0 0 0 0 0
0 1/54 -1/27 -1/27 -1/27 7/54 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 4/27 -2/27 -2/27 -1/27 -1/27 -2/27 2/27 1/27 1/27
0 0 0 0 0 0 -2/27 4/27 -2/27 -1/27 2/27 1/27 -1/27 -2/27 1/27
0 0 0 0 0 0 -2/27 -2/27 4/27 2/27 -1/27 1/27 -1/27 1/27 -2/27
0 0 0 0 0 0 -1/27 -1/27 2/27 4/27 -2/27 -1/27 -2/27 -1/27 2/27
0 0 0 0 0 0 -1/27 2/27 -1/27 -2/27 4/27 -1/27 -2/27 2/27 -1/27
0 0 0 0 0 0 -2/27 1/27 1/27 -1/27 -1/27 4/27 2/27 -2/27 -2/27
0 0 0 0 0 0 2/27 -1/27 -1/27 -2/27 -2/27 2/27 4/27 -1/27 -1/27
0 0 0 0 0 0 1/27 -2/27 1/27 -1/27 2/27 -2/27 -1/27 4/27 -2/27
0 0 0 0 0 0 1/27 1/27 -2/27 2/27 -1/27 -2/27 -1/27 -2/27 4/27

Table 12 - Estimates of the variances and covariances of the effects for an

incomplete diallel model (Case 2, type 1 constraints) calculated using a matrix

approach.

4/75 1/25 1/150 1/150 -2/75 -2/75 0 0 0 0 0 0 0 0

1/25 38225  -2/225  -2/225 -17/225 -17/225 0 0 0 0 0 0 0 0
1/150  -2/225 107/900 -43/900  -7/225  -7/225 0 0 0 0 0 0 0 0
1/150  -2/225 -43/900 107/900  -7/225  -7/225 0 0 0 0 0 0 0 0
-2/75  -17/225  -7/225  -7/225  28/225 1/75 0 0 0 0 0 0 0 0
-2/75  -17/225  -7/225  -7)225 1/75  28/225 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1/9 -1/9 0 -1/18 1/18 -1/18 1/18 0

0 0 0 0 0 0 -1/9 1/9 0 1/18 -1/18 1/18 -1/18 0

0 0 0 0 0 0 0 0 1/9 -1/18 -1/18 -1/18 -1/18 1/9
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Table 12. (cont.)

Assis et al.

0 0 0 0 0 0 -1/18
0 0 0 0 0 0 1/18
0 0 0 0 0 0 -1/18
0 0 0 0 0 0 1/18
0 0 0 0 0 0 0

1/18 -1/18 5/36 -1/12 -1/36 1/12 -1/18
-1/18 -1/18 -1/12 5/36 1/12 -1/36 -1/18
1/18 -1/18 -1/36 1/12 5/36 -1/12 -1/18
-1/18 -1/18 1/12 -1/36 -1/12 5/36 -1/18

0 1/9 -1/18 -1/18 -1/18 -1/18 1/9

Table 13 - Estimates of the variances and covariances of the effects for an incomplete diallel model (Case 2, type 2 constraints) calculated using a matrix

approach.
1/24 0 0 0 0 0 0 0 0 0 0 0 0 0
0  61/288 5/288 5/288 -19/288 -19/288 0 0 0 0 0 0 0 0
0 5/288  37/288 -11/288 -11/288 -11/288 0 0 0 0 0 0 0 0
0 5/288 -11/288  37/288 -11/288 -11/288 0 0 0 0 0 0 0 0
0 -19/288 -11/288 -11/288  29/288 -1/96 0 0 0 0 0 0 0 0
0 -19/288 -11/288 -11/288 -1/96  29/288 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1/9 -1/9 0 -1/18 1/18 -1/18 1/18 0
0 0 0 0 0 0 -1/9 1/9 0 1/18 -1/18 1/18 -1/18 0
0 0 0 0 0 0 0 0 1/9 -1/18 -1/18 -1/18 -1/18 1/9
0 0 0 0 0 0 -1/18 1/18 -1/18 5/36 -1/12 -1/36 1/12 -1/18
0 0 0 0 0 0 1/18 -1/18 -1/18 -1/12 5/36 1/12 -1/36 -1/18
0 0 0 0 0 0 -1/18 1/18 -1/18 -1/36 1/12 5/36 -1/12 -1/18
0 0 0 0 0 0 1/18 -1/18 -1/18 1/12 -1/36 -1/12 5/36 -1/18
0 0 0 0 0 0 0 0 1/9 -1/18 -1/18 -1/18 -1/18 1/9

Table 14 - Estimates of the variances and covariances of the effects for an incomplete diallel model (Case 3, type 1 constraints) calculated using a matrix

approach.

4/75 -2/75 -2/75 1/150 1/150 1/25 0 0 0 0 0 0 0 0
-2/75  28/225 /75 -7/225  -7/225  -17/225 0 0 0 0 0 0 0 0
-2/75 1/75  28/225  -7/225  -7/225 -17/225 0 0 0 0 0 0 0 0
/150 -7/225  -7/225 107/900 -43/900  -2/225 0 0 0 0 0 0 0 0
/150 -7/225  -7/225 -43/900 107/900  -2/225 0 0 0 0 0 0 0 0

1725 -17/225 -17/225  -2/225  -2/225  38/225 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1/9 -1/18 -1/18 0 -1/18 -1/18 0 1/9
0 0 0 0 0 0 -1/18 5/36 -1/36 -1/18 -1/12 1/12 1/18 -1/18
0 0 0 0 0 0 -1/18 -1/36 5/36 -1/18 1/12 -1/12 1/18 -1/18
0 0 0 0 0 0 0 -1/18 -1/18 1/9 1/18 1/18 -1/9 0
0 0 0 0 0 0 -1/18 -1/12 1/12 1/18 5/36 -1/36 -1/18 -1/18
0 0 0 0 0 0 -1/18 1/12 -1/12 1/18 -1/36 5/36 -1/18 -1/18
0 0 0 0 0 0 0 1/18 1/18 -1/9 -1/18 -1/18 1/9 0
0 0 0 0 0 0 1/9 -1/18 -1/18 0 -1/18 -1/18 0 1/9

estimates of the complete diallel. However, for both con-
straints the ranking from the best to worst genotypes (i.e.
P5, P4, P3, P2, P1) does not change. When only one hybrid
(Y15) is lost the estimates are the same as for the complete
diallel.

b) For partial dominance and complete dominance the
estimates vary according to the degree of balance, although
the rank of the genotype continues unaltered according to
the allele frequencies.

¢) When overdominance occurs, the loss of the Y12
and Y'13 hybrids causes alteration in the ranking of the ge-
notypes, which does not occur in the remaining unbalanced

designs. In our example, the order of the best to the worst
genotype was P5, P4, P1, P3, P2, which indicates that the
loss of the hybrid whose parents have a low frequency of
the favorable allele can favor these inferior hybrids when
overdominance is present. The loss of three hybrids, in
which the common parent has a high frequency of the fa-
vorable allele, does not produce changes in the rank of the

genotype.

There are some interesting points in respect to the
variance and covariances matrix. According to the different
constraints the estimates of the variance and covariance of
the estimates of the SCA effects were the same, which was
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Table 15 - Estimates of the variances and covariances of the effects for an incomplete diallel model (Case 3, type 2 constraints) calculated using a matrix

approach.
1/24 0 0 0 0 0 0 0 0 0 0 0 0 0
0  29/288 -1/96  -11/288 -11/288 -19/288 0 0 0 0 0 0 0 0
0 -1/96  29/288 -11/288 -11/288 -19/288 0 0 0 0 0 0 0 0
0 -11/288 -11/288  37/288 -11/288 5/288 0 0 0 0 0 0 0 0
0 -11/288 -11/288 -11/288  37/288 5/288 0 0 0 0 0 0 0 0
0 -19/288 -19/288 5/288 5/288  61/288 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1/9 -1/18 -1/18 0 -1/18 -1/18 0 1/9
0 0 0 0 0 0 -1/18 5/36 -1/36 -1/18 -1/12 1/12 1/18 -1/18
0 0 0 0 0 0 -1/18 -1/36 5/36 -1/18 1/12 -1/12 1/18 -1/18
0 0 0 0 0 0 0 -1/18 -1/18 1/9 1/18 1/18 -1/9 0
0 0 0 0 0 0 -1/18 -1/12 1/12 1/18 5/36 -1/36 -1/18 -1/18
0 0 0 0 0 0 -1/18 1/12 -1/12 1/18 -1/36 5/36 -1/18 -1/18
0 0 0 0 0 0 0 1/18 1/18 -1/9 -1/18 -1/18 1/9 0
0 0 0 0 0 0 1/9 -1/18 -1/18 0 -1/18 -1/18 0 1/9

not the case for the other parameters in the model. How-
ever, when we used data from the two matrices to calculate
the variance of the contrast (Y = g; - gj) we obtained the
same estimate, i.e., estimates of the variance of the contrast
does not change with the constraints. Because of this statis-
tical tests such as the Student’s t test will produce the same
results using either type I or type II constraints. In other
words, when the data is unbalanced the estimate of the
covariance between the GCA and SCA effects will always
be equal to zero. It is therefore possible to test for the degree
to which the data is unbalanced using the different esti-
mates of variance and covariance of the GCA and SCA ef-
fects by identifying specific variance and covariance values
in the matrix, e.g. to obtain the estimate of the variance of
the contrast Y, = g; - g when hybrid Y15 (Case 1) is ex-
cluded we can use:

V(g,-g,)=V(g)+V(g,)-2C0V(g,.8,)=
0.1296+0.0926-2(-0.0370) = 0.2963

Conclusions

The fact that different estimates of the GCA effects
occur when different constraints are imposed is not impor-
tant because the estimates of the contrasts usually tested are
invariants.

Care should be taken in working with incomplete
diallels in which overdominance is present because we
found one instance where the rank order of the genotypes
changed when the excluded hybrid had parents with a low
frequency of the favorable allele.

The expression described in this paper is a rapid and
safe approach to estimate variances and covariances of the
effects of contrasts of incomplete diallels.
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