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METHODOLOGY

Analysis of variance of partial diallel tables
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Abstract

The theory of variance analysis of partial diallel tables, following Hayman'’s proposal of 1954, is presented. As setieedltetdtis
yield similar inferences, the present analysis mainly proposes to assess genetic variability in two groups of paremndy ape ¢dist
varietal and mean heteroses. Testing the nullity of specific heteroses equals testing absence of dominance. Testingeeigtality of
heteroses of the parents of a group is equivalent to testing the hypothesis that in the other group allelic genes hdwehersame
Rejection of the hypothesis that the mean heterosis is null indicates dominance. The information obtained complemeiatsdHtmst prov
diallel analysis involving parents and thejihlybrids or Egenerations. An example with the common bean is included.

INTRODUCTION makes variance analysis of the partial diallel table redun-
dant at many points, since they virtually duplicate infor-
The methods of diallel analysis proposed by Jinks andmation. Also, several tests in variance analysis are repeti-
Hayman (1953) and Hayman (1954b, 1958) employ firsttive, making them appear insignificant. We will show, how-
degree statistics (means) to estimate variances and covarever, that they can complement each other, mainly regard-
ances used to assess adequacy of the additive-dominanagy specific, varietal and mean heteroses.
model and estimate the genetic components of variationand  Tables | and Il show analyses of variance of plot
other genetic parameters. Since fitted linear models useneans or totals involving N parents, with n in one group
second degree statistics (variances and covariances), thend n’ in the other (n + n’ = N), and their nn’Hybrids or
approach is less precise in sampling variation terms thark, generations, arranged in a randomized complete block
analysis ofvariance. design. The non-genetic component of the expected mean
Variance analysis of diallel tables allows inferences squares was obtained assuming equal variances for residu-
about the significance of genetic components of variationals associated with observations of the paregjsafel
(Hayman, 1954a) using tests based on statistics with knowttheir F, hybrids or E generations (g (V(e;) = V(es) =
distributions (Searle, 1971; Graybill, 1976). As for the o? forallt,r,sandj;t=1,...,N;r=1,..,n;s=1, .., n,
methods proposed by Griffing (1956) and Gardner andandj=1, ..., b, where b is the number of replications). The
Eberhart (1966), and their adaptations to partial diallelsmeans my, m,, m; and m,, the non-genetic components
(Miranda Filho and Geraldi, 1984; Geraldi and Miranda E, E’ and E”, the genetic components of the expected mean
Filho, 1988), the diallel analysis corresponds to a vari-squares and the other parameters presented throughout the
ance analysis. text are defined by Viaret al.(1999, in press). The values
This paper presents variance analysis of partial dial-p and q are, respectively, n/N and n’/N. Note that the addi-
lel tables including parents and thejybrids or Egen-  tive genetic componentsd) D and Qs = (D - PDg, -
erations, according to Hayman'’s proposal. Allowing a de- ¢?D))/2pq are estimable.
tailed evaluation of dominance in the polygenic systems The treatment sum of squares is:
under study, the analysis assesses specific, varietal and
mean heteroses. (y) (y)
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Table | - Analysis of variance of partial diallel involving parents and theimrids
arranged in a randomized complete block design.

Source of variation Degrees of freedom e(mean square)
Constant 1
Blocks b-1
Treatments (N+nn'-1) -
parents (N-1) o2+ bD
parents|group 1 n-1 0%+ bDy,
parents|group 2 n-1 0%+ bDy
between groups 1 o+ br[ljn’ (M - Mig)?
. , b
F, hybrids (nn’-1) o?+ " (Day *+ Dy - Fay - gy + Hiy+ Higy - Hy)
bn’
arrays|group 1 n-1 a%+ vy (Dgy - Fo) + Higy- Ho)
, bn
arrays|group 2 n-1 o’ + " (D) - Fay + Hip)- Ho)
b
arrays|group 1 x arrays|group 2 -1 2+ ———F——— [(N"-1)Dy+ (-1 -
yslgroup 1 x arrays|group - 1) e LU TR GRE 8
(n-1)Ry-(n"-1) Ry +(n"- 1) Hy+
(-1 He-(n-1) (- 1) H]
. bNnn’
2 - - ' )2
parents vs. Fhybrids 1 o2+ N+ nm) (M1 - pmeo- gmio)
Error (b-1)(N+nn’-1) 0% (bE =bE’)
error (1) (b-1)(N-1) bE
error (2) (b-1)(nn’-1) bE’
error (3) (b-1) -
Total b(N +nn’)
(y)? B+ (y.+y)? N (y)? (y+y+y)? Consequently, the gen_etic effecisdd n_a_re constants
nn’ n+n m N+nn under the various environmental conditions defined by

the blocks. The treatment sum of squares is that attribut-
={SSParents|Group 1 + SSParents|Group 2 + SSBetweeable to the hypothesis of equality of the means of the N
Groups} + {SSArrays|Group 1 + SSArrays|Group 2 + + nn’ treatments, that is, of the N parents and niiy-
SS(Arrays|Group 1 x Arrays|Group 2)} + SS(Parents,vs. F brids or i generations (bt p = ps=fsor g, forevery r

Hybrids or E Generations) and s). Its acceptance shows a lack of genetic variability
= SSParents + SS{MHybrids or  Generations) + among the parent§,(= 6, foreveryr,sanda;a=1, ...,
SS(Parents vs,Hybrids or EF Generation), k, where k is the number of loci in the polygenic system
where yand y are the means of the rth and sth parents andinder study).

Vs IS the mean of the;fybrid or k generation derived The sum of squares of parents, of parents of group 1
from them. and of parents of group 2 are, respectively, those due to

The error (1) sum of squares is obtained from thethe hypotheses of equality of the means of the N parents
analysis of variance considering only the parents. The er{H, : 6,,=8,, for every t and a), n parentsy,(H8,, = 0,, for
ror (2) sum of squares is obtained considering only theevery r and a) and n’ parentsy(H;.=6,, for every s and
F. hybrids or Fgenerations. The sum of squares due toa). Acceptance of these hypotheses also implies lack of
the constant is that attributable to the hypothesis that thgenetic variability. The between groups sum of squares is
expectation of the observed variable is null. The blockattributable to the hypothesis Hm, = m,. Its accep-
sum of squares is that due to the hypothesis of equalityance shows that the genes are, probably, equally frequent
of the block means. Acceptance of this hypothesis im-in the two groups of parents {w w;, for every a) and,
plies that weighted average of the means of the n parenttherefore, that B, = D, = D)= D, Ry = Rz = F and Hy,
in one group, n’ parents in the other group and phyF =Hip= H1(3)= H..
brids or | generations is constant over the b blocks. The sum of squares of Rybrids or i generations
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Table Il - Analysis of variance of partial diallel involving the parents and their F

generations arranged in a randomized complete block design.
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Source of variation Degrees of freedom e(mean square)
Constant 1
Blocks b-1
Treatments (N+nn'-1) -
parents (N-1) o2+ bD
parents|group 1 n-1 0%+ bDy,
parents|group 2 -1 0%+ bDp,
between groups 1 o’ + kiNn (Mo - Mig)?
; ) b 1 1 1
F, generations (nn’-1) o2+ " (Dgy + Dgyy- > Fa) - > Fe) + 2 Hig+
i H1(2)' i Hz)
4 4
' 1
arrays|group 1 n-1 o2+ bT: (D - % Fe) +% Ha)- 7 H,)
arrays|group 2 n-1 o2+ bn (D - 1 Fu + 1 Hiz)- 1 Hy)
4 2 4 4
arrays|group 1 x arrays|group 2  Ti(p’- 1) o2+ —b [(N"-1)Dyy+ (n-1) Oy-
4n-1)(n'-1)
(-1 (-1 (m-1)
Foy - Fo + Hyn+
5 W 5 @ 2 1)
- -1(n'-1
-1y (-H0'-1)
4 4
. bNnn’
arents vs. fFgenerations 1 o+ —— - - M o)?
p 59 N+ nm) (M2 - pme- gmlo)
Error (b-1)(N+nn’-1) 0bE =bE")
error (1) (b-1)(N-1) bE
error (2) (b-1)(nn’- 1) bE”
error (3) (b-1) -
Total b(N +nn’)
is due to the hypothesis of equality of the means of the 1 Kk 1
F. hybrids or E generations. Testing this hypothesis is Ho: My - Mo = > 2 1da (Wa+ Wi- 2W,) t5 h=0
a=

equivalent to testing absence of variability in the two

groups of parents (H 6,,=06,andb,,=0,, for everyr, s

and a). The sum of squares attributable to the hypothesipio: M,

of equality of the means of the arrays of the parents in

group 1 and the sum of squares due to the same hypoth-

esis in group 2 is the sum of squares of the arrays within Thus, testing these hypotheses is not equivalent to

group 1 and group 2, respectively. The test of the hy-testing H: h = 0. The equivalence only occurs ifw;

pothesis of equality of the means of the arrays within aor if p =q.

group tests the hypothesis of equality of the parental Variance analysis yields detailed assessment of domi-

genotypes in the group (K6,, =6, or Hy : 65,= 06, for nance in the polygenic system under study. Consider the

every r or s and for every a). The interaction sum of following hypothesis:

squares is also a sum of squares attributable to the hyHo,, : fs- (1/2)(p + p) = (1/2)hs = O, for every r and s, if

pothesis of absence of genetic variability in both groupsparents andfybrids were evaluated, or

of parents. How : Gs - (1/2)(p+ ps) = (1/4)hs = 0, for every r and s, if
The sum of squares of parents versusybrids and  parents andfgenerations were evaluated.

of parents versus, §enerations are, respectively, the sums If there is evidence of genetic variability among the

of squares due to the hypotheses: parents, testing the hypothesigfih. =0, for every r and

-My =

M =~

o (Wa+ W;- 271 +% h=0
1

N |-
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s (nullity of the specific heteroses), equals testing the hy-tained from the cross among the rth and sth pareistthe
pothesis of absence of dominance in the polygenic systereffect of the rth parent angds the effect of the sth parent.

under study (kl:: h,= 0, for every a). Acceptance of this The sums of squares attributable to the hypotheses
hypothesis implies that E K= Fyy = R = Hiy = Hip) = Ho (sum of squares of the specific heterosigy, bum
Hig=Hx=Hyx=H,=h=h=h=0. of squares of the varietal heterosis in the group with n par-

Other hypotheses testable in variance analysis are: ents) and ks (sum of squares of the varietal heterosis in
the group with n’ parents) may be obtained based on gen-
How[f - 1 (pc+ mio)] - [fr - 1 (pr + M)] = 1 (h-h)=0, eral linear model theory. Let the linear model Y BXe
2 2 2 (e ~ N (@,02)). The sum of squares due to the hypothesis
for every rand r'(# r’), or Ho: HB = c versus H: HB # ¢, where H is a full row rank
matrix and HB is a set of (rank of H) linear combinations
Hoeylor 1 (pr+ Mo)] - [gr - 1 (pr + M) = 1 (h-h)=0, of the parameters, estimable and independent, is (Grayhbill,
2 2 2 1976; Searle, 1971):
foreveryrand r'(#r’), and
1 1 1 SS(H) = (HB°- ) [H(X'X) °*HT™(HB°- c),
Howy[fs-— (Pt Mo)] - [fs- = (ps+ M)l = (he-he) =0,
2 2 2 with (rank of H) degrees of freedom. A solution of the
foreverysands'(gs’), or system of normal equationsisand (X'X)°is any gener-
alized inverse of X’X. The statistic for the test of hypoth-

Ho@:[gs-% (ot MLo)] - [gs,-é(ps,+ m)] = % (h-h)=0, esisH:HB=cCis:
_ SQ(Hy)/rank(H)
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foreverysands'(gs’) =

In the presence of genetic variability in the two groups
of parents and dominance in the polygenic system undewhich, under i, has an F distribution with (rank of H) and
study, with a non-constantValue, testing hypothesisk: [b(N + nn’) - (rank of X)] degrees of freedom (Grayhbill,
h, = h. for every r and r’ (equality of the varietal heteroses 1976; Searle, 1971).
of the n parents of a group), is equivalent to testing the hy- Therefore, the sums of squares due to hypotheses
pothesis that in the group with n’ parents the allelic genesHy), Hoeyand Hg have nn’, (n - 1) and (n’ - 1) degrees of
are as frequent @dy; w; = 0, for every a). In the same way, freedom, respectively. As this approach is unfeasible even
testing hypothesisdd,: h,= h,, for every s and s’ (equality ~ for those with knowledge of linear models theory, the fol-
of varietal heteroses of n’ parents of the other group), islowing formulae should be used (Miranda Filho and
equivalent to testing the hypothesis that in the group with nGeraldi, 1984):
parents allelic genes are just as frequegg,(hiv. = 0, for by O
every a). Acceptance obl implies that [y = D), Fz =0, SS(Hy) = n S [Ye-V-2(%. - V)2
Hiy = Hes= Hy, and Hy) = Hi ). Acceptance of k) implies 4+n r=1
that Dl) = D(3), F(l) = 0, |'h(1) = H1(3) and H(z) = H2r = H2. If bn n
the two hypotheses arecapted, then [3 = D) = Dg), Fy)= - v -v )12
F=0 and Hay = Hi)= Hyg = Har = Hps = Ha. SS(H)(B)) 4 +n szz 1[ys Y- 203l

Expressing the hypothesegkiHo ) and H,in terms
of the components of the statistical model results in: SS(Hw) = SS(Hw) + SS(He) + SS(HE) + SS
How : ts- (1/2)t - (1/2)£ = 0, for every rand s (nn’ linear, (Arrays|Group 1 x Arrays|Group 2)

estimable and independent parametric functions); wherey. and'y. are the means of the groups with n and n’
o parents and y.. is the mean of théjfrids or i genera-
.1 1 - tions.
Howy = trs'tr's - — tr'tr' —O|
@ SZ: 1( ) 2 ( ) The sum of squares attributable to the hypothesis

Hoy : Mg - (1/2)(mo + mio) = (1/2)h =0 or gy : M2 -
for every r and r'(n - 1 linear, estimable and independent(1/2)(m, + m,) = (1/4)h = 0, depending on the popula-

parametric functions); tions assessed, is the sum of squares due to the hypoth-
esis that the mean heterosis is nujfkh = 0) (sum of
Hoon 17 to- N 0 squares of the mean heterosis). Rejection of the hypoth-
0@3): — z ( s trs) - (ts ts) - Y . . . .
n,/z; 2 esis shows the presence of dominance in the polygenic

system under study. The sign of the contrast estimate
for every s and s’ (n’- 1 linear, estimable and independenindicates the predominant direction of deviations due to
parametric functions), dominance. Expressed in statistical model components
where L is the effect of the Fhybrid or F generation ob-  the hypothesis is:
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tions results from the presence, in the same plot, of many-
poded plants with well-developed seeds together with
plants with few pods with well-formed seeds and several

Thus, 1, A2 pods without seeds or with undeveloped seeds. This, most
[y.- 2 . +y)] probably, owes to low daytime temperatures observed dur-
SS(Hw) = 1 1 1. ing plant development. Due to large experimental error,
(%ﬁ 4_bn+4_bn’) grain yield of the parents in group 2 will be considered

with one degree of freedom, and

different, with approximately 0.19 probability.
Variance analysis indicates, furthermore, that genes
determining grain yield are not equally frequent in the two

. (1/4)r parent groups. Estimate of contrast mmy, (3.32) re-
E(SS("&(@)) =0+ ! . . R .
1 1 1 veals that genes increasing grain yield are more frequent
(M]v’L on ﬂ]’) in group 1. Tests of hypothesis for specific and mean het-
eroses show, as expected, dominance in the polygenic sys-
in the case of evaluation of parents antybrids, or tem determining grain yield. Estimate of mean heterosis
shows that dominance effects are predominantly positive,
. (1/16)r contributing to trait expression increase. The tests of va-
E(SS("&(@)) =0+ ' . . .
1 1 1 rietal heteroses equality show that, in each parent group,
(M]v’L on ﬂ]’) allelic genes are equally frequent. However, their differ-

ent magnitudes in group 1 and the high experimental error
in the case of evaluation of parents apdénerations. demonstrate that varietal heteroses in this group are not a
The sum of squares of the specific heterosis is notconstant, indicating that the allelic genes are not equally
orthogonal to the sums of squares of varietal heterosis idrequent in group 2. When the hypothesis of equality of
groups with n and n’ parents and to the sum of squares of
the mean heterosis, although the last three are orthogonal

among themselves.
Table Il - Summary of the analysis of variance of partial diallel including

nine lines of common beans and thgihrids, for grain yield, in grams.

APPLICATION
Source of variation Degrees Mean square
In the following variance analyses the data refer to of freedom

the grain yleld_ per plant, in grams, of_ nine lines of COM- | 5 entslgroup 1 5 146.89*
mon bean;, sixingroup 1 and threg in group 2, and 'ghelr Parents|group 2 2 26.71
18 R, hybrids or EF generations, obtained from the partial | Between groups 1 87.74
diallel. Table Il shows a summary of analysis of variance \S/pe'cifllchhetteroslsl ) 185 gg-g;ﬁ*

H H H arietal neterosis|group .
of parents and _the|_r thbn(_js, containing only. Mean |\, iietal heterosis|group 2 5 1297
squares supplying informative and non-repetitive tests| vean heterosis 1 357 67+
Table IV shows the estimates of specific, varietal and mear Error 81 1573
heteroses. Variance analysis shows presence of genetjccV (%) k.34

variability among parents in group 1. The evidence thatthe ..p . 91 +0.01<p <0.05:P >0 10.
genes determining grain yield are fixed in group 2 is not
consistent with results of the diallel analysis considering
the additive-dominance model. When there is no genetic _ i o

iability in one or both arounps of arentéém and. or Table IV - Estimates of specific (central values), varietal in group 1
Va’-”a ity 1 - g g : P p e M (vertical marginal values), varietal in group 2 (horizontal marginal values)
w2 = 1), no relationship exists between covariance and and mean (lower right hand side) heteroses, for grain yield of common
variance in the arrays, as \)(land/or V(E) are equal to beans, in grams, and significance levels for tests of the
zero. However, analysis of adequacy of the additive-domi- hypotheses i 1, =0, H:h =0and i h,= 0.

nant model shows a functional relation between W and V| parent BA.304  FT.84835 Batatinha
(Vianaet al, 1999).

The parents in group 2 should not have the same geng-Ricopardo 896 4.87 Lir 14.34™ 6.79"
type, for genes determining grain yield. Magnitudes of ,(A)rlljtri(c))glueigg) oo 1ream eze 1rege
their observed means (6.10, 4.48 and 9.54, for BAT-304| por. 241 406" 114+ 8.15 174+
FT-84-835 and Batatinha, respectively), specific and vari-| RAB94 9.81* 6.82* 0.98" 5.87
etal heteroses show differences. Evidence of absence ¢fouro 3.67" 1212* 173/ 11.05™
variability in group 2 must stem from high experimental 566" 8.25% lo.19% 804

error, revealed by high magnitude of the coefficient of 1ysing the F-statistic. **P < 0.01. *0.01 < P < 0.005 < P < 0.10.
variation. Accentuated variation among treatment replica- *P >0.10.
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varietal heterosis in group 1 is rejected, probability of a RESUMO

type | error is approximately 0.12. It may be considered,

therefore, that in group 1, contrary to what happens in Com base no trabalho de Hayman de 1954, este artigo discute

group 2, allelic genes affecting grain yield are equally fre-a andlise de variancia de tabelas de dialelos parciais. Em razdo de

quent. muitos dos testes proporcionarem as mesmas inferéncias, os
Table V is a summary of variance analysis of the principais objetivos da andlise apresentada séo a avaliagdo da

partial diallel considering data from parents andén- variabilidade genética nos dois grupos de pais e o estudo das het-
eroses especifica, varietal e média. Testar a nulidade das heteroses

erations. Results indicate, as expected, genetic variabil- I iy > S,
o ) SN especificas é testar a hipétese de auséncia de dominancia. O teste
ity in group 1. In group 2 _genetm varlgtlon is nil Orre- ge igualdade das heteroses varietais em relacéo aos pais de um
duced (P = 0.15), indicating that allelic frequencies in 5,05 ¢ o teste de igualdade das freqiéncias alélicas no outro grupo.
the polygenic system defined by the parents in this groupa rejeico da hipétese de nulidade da heterose média indica que ha
are close to 1 and 0. Estimate of the difference betweemominancia. As informacdes geradas complementam as resultantes
the means of the two groups (2.00) reveals that genesa analise dialélica, envolvendo os genitores e seus hibyidos F
increasing grain yield occur in greater frequency in suas geragdes.FJm exemplo com feijoeiro comum € incluido.
group 1. Analysis of dominance in the polygenic sys-

tem indicates irrelevance of such genic effects. There- REFERENCES
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