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Table 1. Economic values (Yen - unit™! » year™* + head™!) of traits

in basic situation.

Economic values

Traits’ T Unit

Carcass traits

Carcass weight linear Kg
quadratic Kg

Dressing parcentage ' %
Back and loin length linear _ cm
gquadratic cm

Backfat thickness  linear mm
quadratic ‘ mm

CYBEFV %
Daily gam stage | E
stage I g

stage I Iy

Days to market linear day
quadratic day

Net feed convertion® Kg/Kg
Litter size head
Mortality stage 1 %
stage H ' %

stage _ %

Interval from weaning to oestrus day
Age of first cestras day

Methods I il
414 365. 3
-12
158 162.9.
-57 -54.3

-1
-285 -331.2
~41
-39 -41. 17
= 4.3
- 6. 8
- 15.6
-85
-1
- ~6, 217. 8
- - 763, 7.
- C-8T.T
- -115.9
- 1790
- -82.2

- - -3.6

Y Coefficient of variation on backfat thickness,

2 Divided feed intake used production of protein by protein g'ain.

Table 2. Cumlative discounted expressions (40 half years) for meat productmn
and reproduction traits per slaughtered pigs in the breedlg striucture for lne

crosses (head « half year - head™!)

Meat production Reproductiﬁh
Selction path —
0.000* 0.065* 0.000*  0.065*
Line A sire — progeny 1.426 ° 0.381 2.816  0.747
dam — progeny - - 1.632- . 0:516 3.175 0.979 -
Line B sire — progeny 1594 0.499 2.763  0.849
: dam — progeny - 1403 0.374 2.436 (0.640
Line C sire — progeny . 3112 1.109 0.068  0.019
dam — progeny U 2.664°  0.764 0.068 0.020

*Digcount rate.
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Table 3. Realized genetic gain (mean™8.D.) and additional profit (Yen. pig™!)
after 7 generations for indices in the practical situation A, situation B with
one tenth values and situation C with ten - hold value for the quadratic term of
backfat thickness in the profit function.

. e b realized genetic gain " .
Aliernatives GR® (g/day) BFY (em) additional profit
Al-linear/cons 209. 8024, 24 -0. 120, 07 9,796 ( 99.8)"
A2-linear/step 216. 07423, 63 -0, 080,05 9,817 (100.0)
A3-multi gene 217. 46122, 59 -0. 060, 07 9,779 ( 99.6)
Ad - quadratic 208. 88123, 39 -0, 1070, 06 9,672 ( 98. 5)
Ab5-desired - - 142, 78:£:25, 65 -0.35%0. 06 . 1,592 (7.3
B1-linear/cons 229, 92123, 60 0. 1620. 07 9,712 ( 99.6)
B2- linear/step 230. 68122, 78 0. 150, 07 9,751 (100. 0)
B3-multi gene 229, 18+23, 97 0. 14730, 07 .. 9,69 (99.4)
B4 - quadratic 230. 42-4:22. 54 0.1520.05 . . 9,740, 99.9)
B5 - desired 143. 4026, 51 -0.35=£0. 05 6,294 { 64.5)
C1-linear/cons -22. 09+28. 01 -0, 600, 06 7,342 ( 34.8)
C2-linear/step 109, 2429, 05 =0, 34:£0. 02 19,436  92. 1D
C3-multi gene 150, 0625, 69 =0, 340, 07 21, 114 (100.0)
C4 - quadratic 58. 41125, 31 -0.52=x0. 05 14,502 ( 68.7)
Ch - desired 142.40£27. 60 -0.35=£0. 06 20, 821 ( 98.6)
1Y A1, Bi, and Cl linear index constant over generations ; A2, B2 and C2 stepwise
adjusted linear index ; A3, B3 and C3 multiple generation optimized index;
A4, B4 and C4 quadratic index ; A5, B5 and C5 desired gain index
2 GGrowth rate B
® Backfat thickness :
9 Effecmncy relative to alternative index with maximum profit in each 51tuat10n
8 1
k]
El
=
2
=]
H 9.8 ORinA*,
o 0
2 BFio A
= -
T o9 GRinB’
2 "
8 BFB
] —h
E ORinC
2 08 o
o BFIC
z -
.
" 0.8 by T =T T T T T -1
1] 2 3 4 g 6 7.

Generation

Fig. 1. Relative change of additive genetic variance to the values in base population on growth
rate and back fat thickness in the profit function A based on_ practical situation, the profit
function B with one tenth valie and the® ‘profit functlon C with ten-hold value for the linear and
quadratic tarm back fat thickness{BF)in the profit functlon

*GR in A ; Growth rafe in the function A

Table 4. Companson of estimated breeding values and predlcted aggregete
genotype (H) of selected animals ini ‘alternatives selection methods:

EBV predicted

Selgctlon meth:ods e BF H
. . _ g cm Yen/head
Predicted H on MBLUP 1)  18.50%11.03 0.06+0.16  510.644:303. 17
RBLUP 2) ' 9.57118. 96 -0.10£0.17  279.11%£513. 67
Linear programing 12.85+17.58  ° -0.04%40, 21 364, 931472, 81

Averagetstandard deviation
1) Best linear unbiased prediction (BLUP) on a muitzple trait.
2) Restricted BLUP.
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Table 5. Rate of inbreeding (X100) observed in
simulation, observed in the actual pig line

and the predicted asyptotic rates (X100) under
selection and random selection.

h,? AFgim AFpred(s) A Fpred(R) ATFobs
0.1 1.26 1,30 111 -
0.2 1.84 i.41 L 11 -
0.4 1. 44 1,52 111 -
0.6 L.51 1.53 L.11 -
0,26 - 1. 31 1.10 1, 30

ho? : Initial heritability

AFsim : Rate of inbreeding observed in simulation
AFpred(s): Asyptotic rates under selection

AFpred(R): Asyptotic rates under random selection
ATFohs: Rate of inbreeding observed in the actual pig line
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Fig.2. Response to selection accumulated over 10 generations and rate of inbreeding (%) under
selection on individual record (/r), index including individual and full-sibs records (Jeims), and
index including individual, full- and half-sibs records(fespsens). 120 dams and either 5, 10, 15,
20, 30 or 60 sires (the marked points on the graphs} are selected every generation.
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Fig.3.Relative change of additive genetic variance

to the values in base population under selection in sire
and dam lines, One hundred and twenty dams and
either 5,10,15,20,30 or 60 boars are selected every

generation.
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Fig.4. Accumulated response over 20 generations as function
of number of sows and boars in sire and dam lines
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Swine breeding programmes from the economic point of view
Seiji leiri

The general aim in animal breeding is to obtam a new generation of animals that will produce more
efficiently under future production circumstance. In the selection index theory by Hazel (1943), this
effeciency is defined a summation of additive genetic values weighted economic values and it is ecalled
aggregate genotype. Breeding values cannot be measured directly on the animals, but are to be deducted
from phenotypic performance. Superior animal are selected and extensively used to breed the next
generation of animals. The system to realize these steps is called a breeding programmes (Groen, 1992)

In this study, the theory for planning breeding programmes is developed from economic aspect in pig
breeding. The results obtained are summarized as follows.

1. Estimation of economic values in pig breeding.

Using multiple regression in which individual profits were taken as dependent variables, some profit
function were derived from carcass records for 1,258 head of pigs slaughtered in Kumamoto prefecture in
1991. Economic values on traits were derived from partial different of the optimal profit function (method
I) and directly using a bio -economic model (method T ). “The bio “economic model used for derivation
economic values is based on pig productmn in a general farm. Method 1 appears to be useful in Japanese
pig breedmg situations where unit prices cannot be clearly defmed and traits had an Optlmum level. Ou
the other hand method I was useful for difficult traits to evaluate economicaliy
2, Estlmatlo_n of cumulative discounted expres_s;ons of traits for a pig breeding programmes.

Assuming evalu.ation periods of 40 half.'y_éa.rs and a diséoqnted rate. of 6.5%, cumulative discounted
expressions (CDE) of traits for a pig breeding programmes were caluculted using gene flow method.
CDE obtained were larger for reproduction traits in the selection pass from dam lines than a sire line.
In the selection pass {rom sire line, however, CDE for production traits were larger. These result indicate
that breeding goal in each line was different.

3. A comparison of alternative selection indices for non-linear profit function over multiple generations
in closed pig heards using Monte Carlo simulation ‘

Seven different selection index procedures for non-linear profit function in closed pig herds were
compared using stochastic simulation. ' Genetic and economic responses over multiple generations were
simulated considering non - linear profit function combining growth rate and back fat thickness. When the
degree of non-linearity of profit function was large, the linear index constant over generation and the
quadratic index yielded considerably lower economic response. = Relative efficiencies of the stepwise
adjusted linear index and the optimum Hnear index for maximization of p'r.ofit in the next generation
depended on the degree of non-linearity of the profit function and choice of generﬁtion number. The
desired gain index allowed stabilization at optimum Ievgi of back fat thichness, but led to large economic
loss especially in the situation where the degree of non-lin.e_arity of profit function was small. T_he
optimum index for maximization of accumulated profit over the. .plan_ning generations prov_ides favorable
results for all situations. However, the expected genetic responses were not always realized for the
optimum indices, indicating that stochastic simulation way implicitly produced the reduction of additive

genetic (co) variance through selection processes.
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4. A Comparison of the selection with linear programming and restricted best linear vunbiased prediction
for a closed herd breeding of pigs.

“Restricted best linear unbiased prediction” (RBLUP) with genetic gains of traits restricted by desired
levels and *“linear programming (LFP)”, which maximize an aggregate genot'y'p:e‘.' (H) .'.undei' the
proportional restriction on genetic gains of traits, based on estimated breedi_ng values (EBV) and
frequency of mating were compared. And these selection methods with restricted genetic gains were
compared with that for H based on multi-traits best linear unbiased prediction with an animal model
(MBLUP). It appear that the selection method with LP hased on EBV is equivalent to RBLUP and is
useful for a closed herd in swine in case of need for restrictions on genetic gains of traits. :

5. Prediction of rate of inbreeding in closed pig herds

Considering the reduction in additive genetic variance due to selection, a method for predicting the rate
of inbreeding ( AT) and response to selection (R) in closed pig herds was developed. Using the method,
numerical computations were carried out to evaluate the effects of population size on A ¥ and R under
three different types of selection; selection based on index including only individual record, selection based
on index including individual and full - sibs records, and selection based on index including i.ndividual,
full - sibs and half- sibs records. The rate of reduction in additive genetic variance of selected trait was
larger with higher h* and larger amount of information from relatives. The predicted A F was alwaysg
higher than that expected from random choice of parents, for a fixed number of boars, an increase in the
number of sows led to an increase in A F under selection based on family index. The selection based on
family index did not always give the largest cumulative response.

6. Optimal population size in closed lines of pigs with different breeding goals

Using a deterministic model, optimal population size in closed sire and dam lines of pigs with different
breeding goals was investigated. The selected traits i sire line are growth rate and back fat thickness.
In addition to these traits, litter size is selected in dam line. Multi- trait index selection including family
informations. Cumulative net response for the aggregate genotype was calculated. In the calculation,
reduction in additive genetic variance due to selection inbreeding was taken into account. With given
number of parents, the rate of inbreeding was higher in dam lines that in sire lines. Higher rate of
inbreeding was resulted from larger weight on family records in the selection index, and caused a larger
economic loss from inbreeding depression. The optimal population size in each sire and dam line was
different
7. Discution

From these studies, the theory of breeding schemes which took reduction of additive genetic variance
due to selection and inbreeding into account was established.

In the use of economic efficiency for breeding programmes, there are various problems. Each study in
this theses correspond to them. However, the model in these studies perfectly do not correspond to the
change of economic efficiency in future breeding goal. Therefore, it is necessary that various breeding

stocks (or genes) are kept for uncertain future in the world.
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