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A proposal to improve the efficiency of index selection by “rounding”
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Summary. This paper describes a rounding procedure to
improve the efficiency of index selection. The procedure
involves performing canonical variate analysis on the
phenotypic and genotypic variances of a group of traits
estimated from a progeny test experiment. The eigenvec-
tors corresponding to the significant eigenvalues are used
to transform the original traits into a set of independent
variables. The selection index is then constructed based
on the new set of variables. The efficiency of the new
index is expected to be improved by rounding off the
variables associated with the insignificant eigenvalues.
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Introduction

One of the problems asssociated with index selection
(Smith 1936; Hazel 1943) is that population parameters
involved in calculating the selection indices have to be
estimated from a sample of genetic material. Many au-
thors (Williams 1962a, b; Harris 1964; Sales and Hill
1976 a, b; Hayes and Hill 1980; Tai 1986) have studied the
effect of sample size on the efficiency of index selection.
Hayes and Hill (1981) proposed a “bending” method to
modify the estimates of genotypic and phenotypic vari-
ance-covariance (VAR-COV) matrices used in the con-
struction of selection indices. This method is especially
effective in dealing with defective estimates of population
parameters. The present paper proposes a method,
termed “rounding”, to improve the efficiency of index
selection. The basic idea is to round off the noises associ-
ated with the estimates of parameters. This then leads to
improved selection indices.

Theory

We assume that data of m traits are available from g
genotypes grown in a progeny test experiment with r
replicates. Let T and & be the matrices of “between” (geno-
types) and “within” mean squares and products obtained
from the analyses of variance and covariance of the m
traits. The degrees of freedom associated with T and ¢ are
n,=g—1andn,=r(g —1)] or (r —1) (g —1) if the experi-
ment has a block effect], respectively. The phenotypic (P),
genotypic (G) and error (E) VAR-COV matrices are esti-
mated by P=(T —¢)/r + &, G = (T — ¢)/r and E=¢ re-
spectively when selection is based on individual observa-
tions.

Let a be the vector of economic weights of the m traits.
The coefficients used in index selection are estimated by

b=P 1Ga.

Selection is based on the index I = b’ x where x is the
vector of observed values of m traits of a genotype.

It is possible to transform x into a new array of vari-
ables. Let C be an abitrary full rank (m * m) square matrix
of constants. We can transform x into y = C' x. Let d be
the coefficients associated with y in the index equations.
We have

I=bx=dy=4Cx.
This relationship indicates that b=Cd or d=C™* b.

The expected response to selection based on I is estimat-
ed by

R, =ia Gb/b Pb}'/> =ie Hd/[d Qd]*/?
where H=C GC, Q=CPC, e=C 'a, d=C'b

and i is the selection intensity. Also, Q d = H e because
Pb=_Ga. Thus,

R, =il PH)? =i[d Qd]'/>.



A suitable way of transformation is to establish the fol-
lowing likelihood equation (Hayes and Hill 1980):

Le)=c¢ Gec—¢[c Pc—1].

A set of m eigenvalues, ¢, = ¢,>... =2 ¢,,, are ob-
tained by maximizing L(c) with respect to ¢, i.e. d[L(c)]/
de = 0. The eigenvectors ¢,, €5, ..., ¢,, corresponding to
the eigenvalues are used to obtain a set of m independent
variables, i.e. y = C' x where C = [¢; ¢, ... ¢,]. The phe-
notypic variances of all y are set to unity,i.e. Q =1. His
a diagonal matrix. Its elements represent the heritability
estimates of y, i.e. H = diag[h? h3...h2].

The above transformation is actually equivalent to
the one used in canonical variate analysis, i.e.

L¥(e)=¢ Te—v[c'ec—1]

where v is the eigenvalue. This is because the roots of the
determinantal equations |G — ¢ P| = 0 bear the relation
with those of |T—vel=0 as ¢,=(v; —V)/(v; +r—1),
i=1,2,...,m. Therefore, the first variable is derived by
maximizing the differences between genotypes. The sub-
sequent variables are derived by maximizing the remain-
ing differences between genotypes not accounted for by
the preceding ones. All variables are independent of one
another.

Selection based on I =d'y gives exactly the same
results as that based on the original traits,i.e. I = b’ x. In
canonical variate analysis, a majority of the between
genotype variability is accounted for by the first few ca-
nonical variables. A Chi-square test, in fact, is available to
identify the first k significant eigenvalues (see, e.g. Seal
1965).

ng = [ny—(m —n, +1)/2]
“In< TT [ny+n,(r—1) ¢i]/["2(1—¢i)]}

i=k+1
in which d f= (m — k) (n, — k).

The canonical variable corresponding to a non-signif-
icant eigenvalue most likely represents the variability in
the original data caused by non-genetical factors. Thus,
the precision of index selection is improved if only the
first k canonical variables are involved in index selection.
An improved index is proposed as

J=diy;+dyy,+ ...ty =4y,

in which y,=C,x and C, is an (m* m) matrix, i.e.
C,=[c;¢c;...¢,0...0]. Also, let d, be a (m=*1) vector,
d=[d,d,...d 0.0], we have J=d.y because
dy=dy,.

Another way to justify the rounding procedure is to
examine the relation Pb= G a, i.c. Qd=He We know
that

[dy...dysyo.d,V =[e, H2...e,hZ epyy h2yy... e H2].

The non-significance of the last (m — k) eigenvalues indi-
cate a lack of genotypic variability of the last (m — k)
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canonical variables (i.e. y; ;... y,,). Thus, it is reasonable
to set 2, ; = ... = h2 = 0. This leads to the construction
of a new selection index, J.

Numerical example

Data of a random sample of 30 genotypes were extracted
from a breeding population of Solanum tuberosum L.
group Andigena. The genotypes were tested in eight-hill
plots in 1983, 1984 and 1985 at the Benton Ridge Potato
Breeding Substation, Benton Ridge, N. B., Canada. Three
traits were used in constructing the selection index. They
were specific gravity (SG) of the tubers recorded by the
weight-in-air and weight-in-water method and converted
to (SG-1)*1000, total number of tubers per plot, and
mean tuber weight in g/tuber obtained by total tuber
yield/total tuber number. The goal of selection was to
increase specific gravity and tuber size and reduce tuber
number. The economic weights of the three traits were set
as a’ =[1— 0.5 1]. Analyses of variance and covariance
were carried out for the three traits by treating the 3 years
as replicates. Thus, we have g =30, m=3 and r=3.
Selection was assumed on a per plot basis. The estimates
of the phenotypic (P) and genotypic (G) variances and
covariances of the three traits are as follows:

( 136.9050 90.2126 —72.4825

P= 90.2126 13654800 —331.0910
| —72.4825 —331.0910  708.3390 |
[ 907387 167.5630  —38.0007 |

G= | 1673630  564.5250 —436.1010
[ —38.0007 —436.1010  295.1720 |

Heritability estimates for specific gravity, tuber num-
ber and mean tuber weight are 55.4%, 26.7% and 41.7%,
respectively, based on the above results. The three eigen-
values were obtained by solving |G — ¢ P| = 0. They are
¢, =0.7342, ¢,= 04782 and ¢,= — 0.1227. The corre-
sponding eigenvectors are ¢; =[— 0.046011 — 0.014900
0.009670], ¢, =[0.060084 — 0.005202 0.028570] and
¢, =[—0.027785 — 0.005202 0.026920] - Chi-square test
indicated highly significant results for the first
(x* =218.8, df =87) and second (x> =954, df = 56),
but not the third (¥ = 20.4, df = 27) eigenvalues. The
three eigenvalues are also the heritability estimates of the
three transformed variables based on ¢, ¢, and ¢,. The
third variable has a negative estimate of heritability but
not significant. The coefficients for the index I were esti-
mated by b =P~ G a,i.e. b’ = [0.2137 —0.2814 0.5612].
Thus,

1=02173 x, —0.2814 x, + 0.5612 x,

where x, , x, and x, are observed values of specific grav-
ity, tuber number and mean tuber weight of a progeny.
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The coefficients for the index J were estimated by
d=C!'b, where C=lc,c,¢,], ie d =[142309
14.5769 0.2658)]. The third transformed variable was
derived from non-significant eigenvalue and had negative
heritability estimate. It is, thus, rounded off from the new
index J. Let d, = [14.2309 14.5769 0]. We have

J=dy=142309 y, + 14.5769 y,

where y, =cy x and y,=¢, x and x' =[x, x, x3].

The expected response to selection based on [ is esti-
mated by R, = i(d’ d)/? = 20.3733 and that based on J
by R, = i(d’ d,)"2 = 20.3717.

Thus, R, is almost equal to R, . The estimate of R; is
based on lesser number of variables with higher heritabil-
ities. Hence, R is espected to be more precise and, conse-
quently, selection based on J would be more reliable than
based on I.

Discussion

The new selection index, J, is established by rounding off
the non-significant canonical variables. Both the eco-
nomic weights (e) and index coefficients (d) associated
with J are derived by transforming the original weights
(a) and coefficients (b). J still reflects the economic merit
of a genotype. Hayes and Hill (1981) did suggest eliminat-
ing the number of transformed variables by setting the
negative roots of G or P™1 G to zero. However, they
preferred the bending procedure. A problem of the bend-
ing procedure is that the bending factor has to be chosen
on a trial and error basis. The present paper gives a more
complete treatment of the rounding procedure. It is noted
that the elimination of variable(s) is carried out on the
basis of a formal statistical test. The concept of rounding
off canonical variables associated with small eigenvalues
has also been considered by Yang and Dai (1983) in their
approach to construct canonical selection characters.
The rounding off of non-significant canonical vari-
ables from participating in the construction of J would
undoubtedly increase the precision of the expected re-
sponse to selection based on J. This is because a large
proportion of the observed variability of the original
traits due to non-genetical factors is eliminated from the

index equation. The new indices after rounding are
derived from fewer transformed “traits” with higher heri-
tabilities than the original traits. It is inevitable that a
variable but small proportion of the genetic variability of
the original traits would be lost due to the rounding
procedure. This would cause a loss of expected response
to selection. It is expected, however, that the improve-
ment in precision would outweigh the loss in genetic gain.

The genetic gains of individual traits would also be
expected to have various degrees of increase in precision
and reduction in size of the expected response to selec-
tion. The magnitude of changes for a specific trait would
probably depend on its heritability and genetic correla-
tion with other traits.
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