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Summary

Four truncation selection schemes (58s) were framed to predict and compare the age structures
and penetic responses under the influence of various factor employing the scheme-speeific algorithms.
Two paths of selection, sires (bulls’ sires) and dams (bulls’ dams) to breed young bulls were consi-
dered. Amaong variable factors, (our fevels (0.3, 0.5, 0.7, 0.9) of precision of evaluation, five leveis
(0.0, 0.05, 0.10, 0.15, 0.20 genetic standard deviation) of genetic differences among age classes and
4 Jevels of proportions selected (for bulls’ sire, €.05, 0.10, 0.125, 0.25, and for bulls' dams 0.02,
0.04, 0.05, and 0.10) contemplated on both paths of sclection. The number of age classes for bulls
dams and bulls® sires were 4 or 8 and 2 or 4, respectively. The stayability across age classes for bulls®
damns was assumed 1o ke 0.80 or 0.60. The candidates for selection for bulls’ sires were ¢qually dis-
tributed (0.5 or 0.25) across the age classes. The §S1 (selection on same proportians as candidates’
distribution) revealed longest gencration lengths and lowest yearly penetic responses. The average ages
were yvoungest and yearly genelic responses were highest in S84 (selection at each age-specific irun-
cation point with the same average genctic superiority of sclected parents across the ages) and followed
by 853 (sclection at each ages-pecific (runcation poeint with same predicted genelic values) and §82
(sclection at comnnon truncation point on phenotypic values) in a population with overlapping
generations. The results revealed the imperiance of choosing suitable seiection scheme to acquire
maximum yearly genetic responses especially when the genelic differences among age classes are large
and the precision of evalnation is rclatively low.
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Introduction

When penerations overlap, the potential can-
didates for selection at a time are progeny from
parents of different ages and the parents them-
selves are expected to be of different genetic
merits as a consequence of the strong relationship
between the genetic merit and age of the parents.
Conscquently the parents bhelongs to ditferent
distributions with different means and variance,
Therefore i1 is reasonable to expect that the
genetic merits of potential candidates are not
telonging to an unique distribation. Consequently,
il normal truncation selection acress the dis-
tributions ts applied by common truncation point
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on phenotypic values or even on estimated genetic
values the average genetic superionties of selected
animals across different age classes of parents
arc no Jonger similar. Shimizu and  Ghaffar
{1992) proposed algorithms for computing the
normal truncation points on phenotypic values
for each age class separalely to hold predicted
genetic values at truncalion points or average
predicted genetic values of selected animals unigue
among age classes.

The objectives of this investigation are to
determine the influence of several variable factors
the variation in average ages {(generation
length) and genetic responscs to 4 different
selection schemes and their differences among
schemes, and to find best theoretical selection
scheme within the stated assumptions.

on

Materials and Methods

Assnmed variable factors
Assumptions and variable factors considered
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in this study are presented in table 1. Two paths
of selection, sires to breed young bulls (bulls’
sires) and dams to breed young bulls (bulls’
dams) were considered, because 95 percent or
mor¢ of total improvement is contributed through
selection on these paths involving bulls (Van
Vleck, 1977). The third path, invalving sires, sires
to breed cows was taken into account by chang-
ing thc sclection intensity on the path of bulls’
sires. Genetic differences among age classes (5
levels) with constant differences among ages,
precision of evaluation (correlation of breeding
values with the criterion of evaluation, r; 4 levels)
with the same values across the age classes,
proportions selected {4 levels) were assumed. On
the path of bulls' dams 4 or 8§ age classes with

cach of 0.80 and 0.60 stavability {(the probability
of a cow remaining in the herd to a specific age,
in this case from a year to next year, when given
the opportunity to reach that age) across age
classcs were considercd. Sires were used for two
or four consecutive years on the path of bully’
sires. Two hundred young bulls were progeny
tested every year and out of these progeny tested
bulls the assumed numbers were selected as sires
to breed young bulls. One thousand bulls' dams
were selected to produce 200 candidate young
bulls. The proportions selected on path of bulls’
dams were changed by altering the base popu-
fation while on the path of bulis’ sires the base
population was same and the number of selected
bulls were changed.

TABLE i. ASSUMED PARAMETERS AND VARIABLE FACTORS SETIED IN THE STUDY

Assumcd variable factors Values
Genetic parameters
Genetic variance (constant across the age classes) 1.0

Genetic differences among age classes: 5 levels

(genetic standard dewviation unit)
Precision of evaloation (r): 4 levels
Paths of selection
Sires to breed bulls
Number of candidates
Number of age classes: 2 levels
Ages at selection for 2 or
4 age classes
Distribution across the age classes
Proportions selected : 4 levels
Nams to breed bulls
Numbter of selected dams
Number of age classes : 2 levels
Ages at selection for 4 or
8 age classes

Stayability across the age classes : 2 levels

Proportions sclected: 4 levels

0.0, 0.05, 0.J0, 0.15, 0.20

0.3, 0.5, 07, 09

200 young bulls
2or 4

5 through 6 or

5 through 8 years
0.50 or 0.25

0.02, 0.04, 0.0%, 0.10

1,000 dams

4 or §

3 through 6 or

3 through 10 years
0.80 or 0.60

0.05, 0.10, 0.125, 0.25

Selection schemes

Four selection schemes (SSs), each of them
differentiated by the conditions associated with
truncation selection point(s) on phenotypic values,
were constituted as:

1) selection within each age class at same
proportions as of candidatcs’ distribution across
the age classes: SS1 {Method 1 in previous paper
(Shimizu and Ghaffar, 1992},
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2) sclection at the common truncation point
based on phenotypic values across the age classes:
§82 (Method 11),

3) selection at each age-specific truncation
points on the same predicted genetic values across
the age classes: SS3 (Method III), and

4) selection at each age-specilic truncation
points with the same average genetic valucs of
selected parents across the age classes: 554
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(Method 1V).

The detailed algorithms for operating these
selection schemes are presented by Shimizu and
Ghaffar (1992), however, numcrical jllustration

of these selection schemes in terms of truncation
point(s), genetic values al truncation poinls and
average genetic values of selected animals ¢on the
path of bulls' dams is given in table 2.

TABLE 2. NUMERICAL ILIUSTRATION FCR DISTINCTION IN SELECTION SCHFEMFS IN TERMS OF TRLNCA-
TION POINT {s), GENETIC VALUES AT TRUNCATION POINT {s) AND AVERAGE GENETIC VALUES
Of SELECTED ANIMALS ON THE PATH OF BULLS' DAMS WITH 4 AGE CLASSES, STAYABILITY
0.60, PRECISION OF EVALUATION 0.05, GENETIC DIFFERENCES AMONG AGES 0.10 AND OVERALL

SFIFCTEC PROPORTION 0.10

_ Age classes (years)

Meuans of age classes®
Proportions of candidates among ages
Number of candidates within age classes
Proportions selected among ape classes
SS1
S82
§S3
S84
Truncation points™
S8
882
SS3
554
Genetic values at truncation points*®
SS1
SS2
883
SS4
Genetic selection differentials*®<
SS|
§82
SS3
SS4

3 4 5 6
0.300 0.200 0.100 0.000
0.460 0.276 0.165 0.099

460 276 165 99
0.460 0.276 0.165 0.099
0.496 0.273 0.149 0.082
0.598 0.255 0.105 0.042
0.623 0.297 0.095 0.035
2654 2.464 2.364 2.264
2.476 2.476 2.476 2476
2.252 2.552 2.852 3.152
2.201 2.586 2.958 3.320
0.641 0.541 0.44) 0.341
0.619 0.544 0.469 0.394
0.563 0.563 0.563 0.563
0.550 0.571 0.589 0.605
0.877 0.7 0.677 0.577
0.859 0.780 0.701 0.622
0813 0.796 0.780 0.766
0.803 0.803 0.803 0.803

" In genetic standard devialion units
Y Deviated from ynungest age class
€ In inlnite populatian.

4 On the distribution of phenotypic values

Prediction of genetic responses and gencration
lengths

A computer program was written in FOR-
TRAN 77 to determine scheme-specific truncation
point{s) and to predict genetic responses and
average ages of selected animals, The input
parameters includes age distribution of candidates,
genetic means ol cach age class of candidates,
precision of evaluation, numters in the base
population and numbers to be selected. The
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generation length (average ages) were predicted
by adding one year (an allowance for gestation
length and scrvice period) to weighted average
apes of selected animals. The voungest age class
was assumed to have highest genetic means. It
is useful for asymplotic results to measure the
penetic superiority of selected animals as the
deviation from the youngest age class means
instead of population means (Ducrocg and Quaas,
1988). The average yearly genetic responses were
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computed by dividing the weighted means of the
genetic superiorily by peneration length of parents.
Since actual population size was finite hence the
selection intensities were corrected for finite
numbers of sampled animals according 1o the
method proposed by Burrows (1972).

Results

Fffect of variable factors on age structures
When genetic differences among ape classes
does not exist in the dairy population, the
sclection of animals through any selection scheme
incorporating all assumed variable factors results
in the same average ages of selected animals
(figures 1, 2 and 3). The average ages of selected
animals in SS1 were unchanged for any level of
genetic dilferences among age classes, precision

of evaliation and proportions selected. The
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average ages of selected animals m SS2, S83, §S4
were reduced by augmenting the genetic diffcr-
ences among age classes (figure 1). However, an
increase in the precision of evalnation resulis in
reduction in average ages in SS2 and an incrcase
in 883 and S$54. Consequently the differences in
average ages among the schemes reduced at higher
precision except for 8S1. The elucidation of this
tendency among these sclection schemes is given
in Appcndix. Consequently the differences in
average ages among the schemes reduced at higher
precision except for SS1. Overall, the average ages
were youngest in SS4 followed by S83 and SS82
for incorporating each of the assumed variable
faclars (figures 1, 2 and 3). When the proportions
selected are increased from 0.05 to 025 the
avcrage ages arc increased in all schemes except
SSI1. This reduces the differences between SS1
and SS82, and increases the differences between
S83 and S$S4 (figure l.a vs [.b).
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Figlire 1. Effect of proporticrs selected cn average ages through four selection schemes at different
levels of genetic differences and precisior of evzlugtion {r) or the patr of buils' dams with

4 age ¢ asses and stayability 0.80. $S1

When the number of age classes are increased
from 4 to & on the path of bulls’ dams, the
differences in average ages between SS1 and 852,
$S3 or S84 became larger (figure 1.a vs 2.a).
The rate of reduction in average ages was higher
with & age classes as compared to 4 age classes
on this path. Stayability of candidates across the
age classes influenced the average ages. Decreasing

<]
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1882 e [ 883 & ;884 a

the stayability from 0.80 to 0.60 reduced the
average ages of sclected animals in all schemes
(fignre 2.2 vs 2.b) due to higher proportions of
younger ages in the total population. On the path
of bulls sires the pattern was the same as on
the bulls' dams. However, when thc number of
age classes were two and the selected proportion
was 0.2, the average ages of selected animals
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among schemes were identical at fower genelic
differences (0.05) and then with the increase of
genetic differences among age classes the differ-
ences between SS1 or §S2 and SS3 or S84
became obvious (figure 3.a). Increasing the se-

lected proportions from 0.02 to 0.10 on this path
cleared this tendency (figure 3.b). The similar
results were found with four age classes on bulls’
sires path which were omitted for brevity.
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Figure 2. Effect of stayabiity on average ages through four selectinr schemes at different levels of
genetic differences and precision of evaluaton (r) on the path of buls' dams with 8 age
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genetic d fferences and precision of evaluatior (r) on the path of bulls’ cams with 4 age

classes as affected by proportions selected at stayability 0.80. SS1 X
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Effect of variable factors on genetic responses
In the absence of penetic differences among
age classes the population, the average yearly
genetic responses obtained employing four sclec-
tion schemes were similar for a particular level
of precision of evaluation (figures 4, 5 and 6).
With the increase of genelic differences among
age classes the differences in responses among
the schemes were increased. The lowest genetic
responses in SSI may be atiributed 1o the
sefection of animals with lower genetic values
from older age classes. The differences in yearly
genetic responses between SS1 or 882 and SS83
or S84 were increased with augmenting the genetic
differences and these relative differences reduced
with greater proportions selected (figure 4.2 vs
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, 882 ® : S83 W

4.b). The differences between $82 and SS2 or
SS4 diminished with enhancing the precision of
evaluation (figure 4). The S84 showed maximum
annual genetic responses and was followed by
S83. 852 and $S1 (figure 4). When the number of
age classes were increased from 4 to 8 on the
path of bulls’ dams, the differenccs among the
schemes increased (figure 4.a vs 5.a). Decreasing
stayability from 0.80 to 0.60 results in reduction
in rclative differences between SS2 and SS83 or
SS4 and, indeed, the absolute values of responscs
were increased for all schemes (figure 5) due 10
younger average ages. On the path of bulls’ sives,
there were no differences in yearly genetic
responses among the schemes till the genetic
differences augmented to 0.1 genetic standard
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deviation (fipure 6.a), When the number of se-
lected animals increased from 4 to 20 the differ-

0.28~ 2) Stayability 0.80 r
I o
= § & & o4
g I o 6 ® )
.E 0.24[- -
= {
2 p- |
.U b
2 0.20f s & ® &
3 e 0.7
g ® o) b
§ = U] o
.8
A U.Iﬁ‘-
& |
5 e & 8 &
5 ® b G
2ol X oo R
2 X ®
5 m & & & o
= 0.08
= )¢
8 W
-~
9 & 03
Z o4 - E
§ P o™
= | =
0.0 ’ P ey S B f
0.0 005 010 015 »bp20

Assumed genetic differences

ences among the schemes were reduced as similar
to the path of bulls’ dams (figure 6.2 vs 6.b),
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genelic differences and precision of evaluation {r) on the path of bulls’ dars witk 8 age
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Oiscussion

Among assumptions the genetic differences
among age classes werc assumed to be constant,
where as yearly variation in genetic responses
till the equilibrium is reached has been reported
by many authors (e.g. Hill, 1977; Hopkins and
James, 1979; James, 1979; Ducrocq and Quaas,
1988). Similarly precision of evaluation was
assumed to be same across the age classes. Thesc
bath facts were ignared far simplicity.

The selection scheme S84, truncation on
phenotypic values with the condition of same
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1882 m ;883 4

average genetic superiorities of selected animals
has not been reported previously. 1t is shown
in the results that selection at scparate truncation
peints on phenotypic values at same predicted
genelic values (SS3) or same average predicted
genetic values of selected animals (SS4) declined
the proportions to be selected from older cows
relatively at higher rate compared to 852 and
consequently decreased the average ages miore
in S83 and SS4 as compared to §S2, The redu-
ction 1 average ages in SS2, S83 and S84 with
augmenling the genetic differences among age
classes 1s attributed to the selection of larger
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Figure 6. Corrpariscr of yearly genetc responses threugh four selection schemes at different levels of
genetic differences and precision of evaluation (r) in the peth of bulls' sires with 2 age clas-

ses as effected by proportians selected. SS1 X

proportions from younger parents with high
genetic merils as compared to proportions selceted
from older parcnts of low genetic merits. How-
cver, augmenting the assumed precision of eval-
uation results in younger ages in SS2 and older
ages in 883 and SS4 at any level of genctic
differences, The elucidation of this pattern is
prescuted in Appendix in terms of rate of chanpge
of truncation points on standardized normal
distributions and consequently the proportions
selected across the age classes.

When selection is applied cn common trun-
cation point at the same phenotypic valugs across
the age classes, the truncation point is from
[A4] as
X = ndi + Xolfra
When r increases o t', x, changes to x,' then
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1852 @ 883 m 1 S84 A
the differences in (runcation points (Ax =
x1) could be found keeping the selected proportion
from youngest age class constant (the point in
the voungest age class is fixed).
I n = 1o 1) = 1) {as in this study) or r'jre
= nfr, then

AX = (1’|’—l'|) d, > 0
[t is evident from above equation that Ax
depends on the rate of change in r and d but
independent from x,. When ry increase to r,’ then
AX is positive to change the truncation point
to a larger level so the propertion (p) fo be
selected from \th age class decreases. This implies
that the relative proportion from older age com-
pared to younger age class bccomes small as the
accuracy (r) andfor penetic differences (d) increases
and consequently the average ages are decreased.

)\|‘“
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When selection s practiced on truncation
points with same predicted breeding values (S53)
the truncation point at the th age class can
be found by [AS] and the rate of shift in x is
fonnd by [A7]

Ax = d, (n=)nr’ (A7)
When ryis greater than r;, Ax is negative. Hence
truncation point will be shified to lower level
and thus P is greater than P; resulting an in-
crease in average apes due to selection relatively
higher proportion from older age classes.

When selection is practiced on same average
predicted genetic values of selected animals (S84,
change in standardized selection differentials
(1)) can be oblained from [AY

Al = dy (=)o [A9]

When r’ is greater than r, Al Is negative.
Hence truncation point will be moved to lower
level and thus P, become larger than P; hence
an increase in average ages. The eguations [A9)
and |A7] are coincident piving the similar results.
These formulae elucidate the variation in pattern
of average ages among schemes.

The yearly genetic responses in SSI were
lowest attributed to longer generation length due
to selection of fix proportions across the age
classes. The results are in agreement to Richard,
ct al. 1973 and Ducrocq and Quaas, 1988. The
response in S82 was inferior 1o both S83 and
S84 is in agreement to Bichard, et al. 1973; Hill,
1977, Hopkins and James, 1979. The numter of
age classes {figure 4.a vs 5.a) exhibited an inverse
relationship with yearly genetic responses. When
the number of age classes increased, the yearly
genetic responses were predicted to be smaller
due to longer gencration lengths. The number
of age classes can be controlled astificially which
would be limited by the reproduction rate espe-
cially for dams. An application of MOET to
produce potential candidates for selection could
decrease (he number of age classes and, also in
an open nucleus breeding scheme an introduciion
of breeding stock from commercial group would
be usclul for the enhancement of genetic impro-
vement,

When genetic differenices among age classes
and selection intensity were increased, the differ-
ences in yearly genetic responses to sclection werce
expected ta be larger between SS1 and 8§82, 883,
or S84 and also between SS2 and SS3 or SS4.
The results were in agreement with the expec-
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tation. At higher precision of evaluation the
differences between SS1 and SS2, 8§83, or 5S4
increased but Lhe differences between S52 and
SS3 or SS4 became smaller as per expectation.
The differences in responses betwecn SS3 and
S84 were enlarged with higher genetic differences
and higher precision of evalnation. It can be
concluded that in the population where large
genetic differences among age classes exists and
intensive selection with either low ar high
precision is required, the choice of selection
scheme would be very important to obtain the
maximnm genetic responses.

Several authors has described the age struc-
tares and genctic responses in different contexts.
Hopkins and James (1977) and James (1979)
compared parent and progeny selection strategies
and concluded that parent selection stralegies are
superior to progeny selection strategics. Hopkins
(1978) discussed the age structures in comtext of
open nucleus breeding systems and Hopkins
(1979) considered the initial genetic ditferences
among age classes but none of these studies
compared the age structurcs and genelic responscs
as a funclion of the conditions associated with
truncation selection points on the phenotypic
values. Hill (1977), Hopkins and James (1977),
Goffinet and Elscn (1984) and James (1987)
concluded that selection showld be by truncation
on estimated breeding values as suggested in our
SS3. Moreover, in this investigation SS4 gives
morc promising resuits in terms of short gencr-
ation lengths and higher genetic responses per
vear.
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Appendix

The objective of this appendix is to derive
the expressions for the rate of change in the
truncation points ob standardized normal distri-
bution as a function of accuracy of selection.
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Figure 7 illustrates the distribution of phenotypic
values of candidates across the age classes. Let
mo, ko and x, be the phenotypic means, trunca-
tion selection point (as the deviation from means)
on phenotypic value and its standardized normal
distribution respectively in the youngest age class
and the carresponding values for th age class
are m;, k; and ¥;. Assumc the genetic variance
1.0 and phenotypic variance (/r® where 1) is the
precision of evaination fhen

Xo = kor, and |AL
A2

Xy = k‘ |

Po

ki(x1)

Figure 7. Distribution of pherotyp c values of can-
didates across the ages. m = phenotypic
means, & = truncation selection point
and (x) = truncation point on stzndardi-
zed normal distribution. Subscript , and
refers  to yourgest and ith age class
respectively.

1) Selection an phenotypic values

When selection is applied on common trunc-
ation point at the same phenotypic values across
the age classes, ky with the same phenotypic value
as in the youngesl age class is

ky = di + ko, (dy=my—m,) and replacing the
ko from |Al]
k| = d| + Xofl‘o ............................... ]A}]
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Now from [A3] and {A2] the truncation point
on standardized normal distribution (x|) is

X = I d] + Xo r,_r‘ro 1eeeene jA4]

2) Selection with the same predicted genetic
values across the age classes

1f selection is practiced on truncation points
with same predicted breeding values (S8S83) the
truncation point at ith age class can be found
by the relationship: Xty + my = X, 1, + 1y, hence

X, = difry + Xelof1y [AS]
when the accuracy changes from 1) to ry the rate
of shift in the point is

AX = x'—=x = dy (Ifr/=1fry) + Xo [(ro'fr)) —

(Toftr)]  -remrresremmsnrmns st [A6]
If tv = 1o, i’ = 1o’ (as n this study) or o’fry
= nyfre then

AX = di (=) e [AT)

3) Selection on the same average predicted
genetic values of selected animals.

When selection is practiced on same averapge
predicted  genctic values  of  selecled  animals,
standardized selection differentials (1)) can be
obtained as I| = (di + [o%)/ry when the accuracy
changes from r, to 1y the rate of change is

Al = 11 '—In = d (Uru —Urs) +1o [(ro!'n’)—
(rofr) - _— - [A8)
if = 1, r,’ = 14 (as in this smdy) or ry/te
= 1,15 then

1= d (n—)nr
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