FAMILY INDICES FOR SEED-ORCHARD SELECTION
by Gene Namkoong'

Many seed orchard programs include a stage at
which clones or seedlings are culled on the basis of
progeny tests. Though breeding systems which in-
volve progeny testing differ in efficiency, they all
provide information on an individual’s breeding
value through its own performance and that of
parental or seedling relatives. A combined index
on any one trait, using information from a set of
relatives, is desirable. However, tree breeders ap-
pear to be planning only limited use of indices on
data from relatives. In so doing, they may be fore-
going a considerable advantage, for the increased
gain by index selection might often be substantial.

If the phenotypic mean value of an individual
is measured by its own performance and that of
his relatives, and these values are listed as x;, x,

..y X,, then a single total evaluation (y) of these
phenotypic means can be used to measure the in-
dividual’s genotypic value (g) where:

y = blxl + bexs + ...+ ann = ?bjxj (1)

and where by, by, ..., b, are unknown coefficients
which weight the various phenotypic means. The
problem is to choose the b; values so that culling
in the seed orchard (on the basis of (y)) will pro-
vide maximum gain in (g).

The equation for genetic gain by sirr}ple selection
in a normally distributed population is:
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Where i = the selection intensity (Z/p)
Z = the ordinate of the normal distribu-
tion at the truncation point
p = the proportion selected
Cov (g, y) = the covariance of the individual’s
true genetic value (g) and the index
measurement of that value (y)
oy = the standard error of (y)

Since the value of (i), which depends on the number
of genotypes selected, will usually be predetermined,
only the righthand ratio of (2) is maximized. This
is done by the appropriate selection of weights (b)
which in turn requires maximizing the correlation
between (g) and (y) or minimizing the error in
estimating (g) by the value of (y) (Smith 1936). In
a manner analogous to regression theory, least-

squares equations can be derived from g; = y;
gi = yi+ e
= E ijij + €q.

J
The least-squares solution for (b) is:
E = (O'x.xq)_x (Ug_!g)
3 1
Where b = the column vector of weights
(axlx',) = the phenotypic covariance matrix
R

(6gx ) = the column vector of covariances be-
B tween (g) and the x;’s

Indices of this type were developed by Hazel (1943)
for use with information on several traits and on
several relatives. If the assumptions are approxi-
mately fulfilled, the index method will always be
at least as efficient, and usually more efficient, than
the tandem method (Hazel and Lush 1942, Young
1961).
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Clonal Seed Orchards

In clonal orchards each ortet’s performance in
the woods (as judged by its deviation from lo?al
averages or controls), together with the relative
mean score of its progeny family, will usually be
available. For brevity, ramet data are ignored. To
maximize gain, the weighting coefficients are com-
puted from:
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where, b; = weight given to wild tree performance
b, = weight given to progeny test perform-
ance
2 - . -
ox, = phenotypic variance among wild trees

ox, = phenotypic variance among progeny

means
Oxx, = phenotypic covariance of wild tree
with progeny test performance (i.e., }4
2
oA’
ogx. = covariance of additive genetic value

. K )
with ortet performance (i.e., ¢4)
ggx. = covariance of additive genetic value

with progeny performance (i.e., % o4’)

Since environments generally will be uncorrelated,
ox x, will usually be equivalent to the genetic covari-

ance between parent and progeny mean. The co-
variance of the clone’s additive genetic value and
parental (ortet) performance (agxl) will be the total

additive genetic variance of the wild population,
and the covariance of clonal value and relative
progeny performance (agxz) generally will be one-

half of the additive genetic variance in the popula-
tion of the clones.

When selection in the woods has truncated the
population, and this reduced population is brought
into the progeny test, a reduction in additive vari-
ance will usually have occurred. The selected clonal
genotypes are the same as they were in the wild,
and no new genotypes are created and no genetic
recombination effected between the initial and
clonal selection stages. The reduced additive vari-

2
ance ('), in relation to the wild woods popula-

. 2,
tion’s ¢, is:

2
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where (t) is the first-stage selection truncation point
on a standardized basis (Finney 1956). Though
this reduction is often ignored, it may be sufficient
to change the index coefficients significantly. There-
fore, instances of high and low reductions will be
examined.

As an example of a simple situation, assume the
following values for a low intensity of wild tree
selection and low heritability, and the highly ef-
fective reduction of phenotypic variance from 100
in the wild population to 16 in the population of
progeny means:

2 2 2 2
ga' = o4, o = 100, ox = 16
1 2

These values give a ratio of b; : b, as 0.3 : 1.0, and
maximum selection gain on culling orchard clones
will be obtained by evaluating the data with these
weights. For example, if the wild-tree and progeny-
test scores for two clones are 100 and 150 vs. 120
and 140, respectively, their total scores would be
180 vs. 176.

The joint effects of the size of genetic variance

. . 2 2 .
and the relative size of Ix, to ox, can be more readi-

ly visualized if the ratio of b, : by is written as:
2 2 2
¥ o4 ox1 04

2 __

2 2 2
0';.;2 G'x9 0',(2

2 2
when we assume o5’ = ¢a.

Highly effective progeny testing at low heritabili-
2

2
ties produces high ratios of o, /ox and a heavier
1 2

weighting of b, relative to b,. Figure 1 shows a
2
family of curves based on different levels of o4 ata

2
standardized ¢, = 100. Two cases are presented.
1
In the left-hand chart, no selection in the woods is
2 2
assunqed and hence o4’ = o,. In the other chart, a
}slelectmn of 1 : 10,000 in the woods is assumed and
ence:

2
2 2 TA
UA/ = 0A 1 — 9 (.95)
Ox
1

Relative weights may be estimated by picking the
curve closgst to expected genetic variance and find-
ing the point on it closest to the expected ratio of
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0',2‘ /ai . For example, at 04 = 5 and ox /ox = 5, where Cov (g, y) (by b2) ox

1 2 1 2

the ratio of b,/b. is approximately 0.5. By inter-
polating between the curves for intermediate levels

2
of o4 and ‘““woods’ selection intensities, one can
estimate the relative weights to be assigned for a

2
wide range of heritabilities o4/100, phenotypic

2 2 - - . 3 .
variance ratios ox /ox , and selection intensities (i).
1 2

For higher oi and lower ai /0,2( , the weight placed
12

on progeny mean performance decreases.

Expected gains must be compared to evaluate
index selection. The gain from selection based on

progeny test data only is is (35) o' /ox , where i, is
2

the selection intensity of the orchard culling. The
gain from index selection is:
. Cov (g, ¥)
Lo e
Oy

bl szl + bZ lexz
= (b1 by) \
bl lexz + b2 UXZ_J
) —
le Ux1x2 b:
= (b1 by) .
lexz sz b2__j
2

Thus, index selection gain is i, oy.

The ratio (oy) : (3 04'/0x,) is traced for several

2 2 2 . . .
values of ¢, and axl/cr,12 in Figure 2 assuming

2 2 - - - ay .
oa = o4’y and alternatively assuming an initial

selection of 1 : 10,000. The superiority of index
selection is obvious. The effect of initial selection
is to make index selection dramatically more ad-
vantageous, since genetic variance in the clonal
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FiGURE 2. — Relative efficency of index selection over

selection on progeny-test data only.

orchard is reduced. For example, under no initial

2 2 2
selection and even at low 04 = 10 and Ox, /o'x2 = 5,

index selection is 128 percent as effective in o't?-
taining genetic gain as is selection only on the basis
of progeny test means. For these same levels of

2 2 P .
oi and o-xl/ax2 but under the initial selection of

1: 10,000, the superiority is 138 percent.

Seedling Seed Orchards

For seedling seed orchards there are three sources
of data on each potential orchard tree: the per-
formance of the individual’s wild maternal parent,
its half-sib family, and its own relative performance
in the orchard block. Although we must deal with
three items of information, the principles remain
the same. The problem is somewhat simplified by
ignoring any reduction in genetic variance due to
first-stage selection. If many genes at many fre-
quencies are operating, the genetic recombination
will regenerate genetic variance so that no increase
or decrease is predictable for several generations
of selection. It is also necessary to assume that at
the time of final evaluation in the seedling orchard
only one member, at most, of each half-sib family
will be allowed to remain in each unit. The orchard

may be divided into breeding blocks and each unit
evaluated separately.
The weights may then be computed from:

7] 2 _1-1 B ]
b le 0'x1x2 ‘Tx‘xa o'sxl
2
b, = Ux1x2 Ux2 47'xzx3 ngz
2
LbB_ Lo'xlxs szxs st | L-‘)'gxa-J
where b; = weight given to seed parent value
b: = weight given to half-sib family per-
formance
bs = weight given to seedling’s own per-
formance

ox, = phenotypic variance of wild population

]

ox, phenotypic variance of half-sib family

means

I

Ox x, phenotypic covariance of half-sib family
2
mean and seed parent value (i.e., % o4)

2
Ox, = phenotypic variance among seedlings
in an orchard block
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tion over tandem selection at intensities of 1:3.16
for families and 1:3.16 for individuals.
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