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SUMMARY

The objective of this study was to determine the response of QTL in each generation during
selection to develop inbred lines.

The simulation program was written in Fortran. Magnitude of QTL effects, base population
size, number of QTL assigned to population, and the allelic frequency for the positive allele at
each major QTL were highly associated with number of generations to fixation of QTLs during
selection. Populations with larger QTL effects and larger base population size had more
individuals with fixed QTL. However, a smaller number of QTL assigned to population had a
higher fraction of individuals with fixed QTL at each generation compared with more popula-
tions with QTL. This simulation study will help to design biological experiments for detection
of QTL-marker association using inbred population and to determine optimum number of lines
with fixed QTL during inbred line development. To complement this study, additional simulation
should be need with abundant replicates, more various population sizes, magnitude of QTL
effects, and recombination between markers and QTLs.

(Key words : QTL, selection response and inbred population)

INTRODUCTION

Genetic markers associated with QTL are of great
value in breeding programs. An important aim in
animal breeding and genetics is to identify and cha-
racterize QTLs that contribute to variation in quan-
titative traits both between and within populations.

Genetic markers associated with QTL may be a
powerful way to improve traits expressed late in life

or measurable only after slaughter. Selection of

" Correspondence : E-mail: jwlee@rda.go kr

breedersbased on phenotypic values of the indivi-
dual or its relatives is not always a good indicator
of genotype, especially for quantitative traits with
low heritability (Smith and Simpson, 1986). Several
studies have shown selection response in a breeding
program may be improved by using genetic markers
(Dentine, 1992; Kashi et al., 1990; Meuwissen and
Van Adrendonk, 1992; Smith and Simpson, 1986;
Soller, 1978; Soller and Beckmann, 1983).

One application of using a linkage map with se-
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veral hundred polymorphisms positioned over the
genome has been to identify regions of deoxyri-
bonucleic acid (DNA) which affect production traits
(Georges et al., 1995). The polymorphisms known
as genetic markers may be linked to quantitative
trait loci that affect an animal's performance. Once
marker-QTL associations have been identified and
mapped, marker assisted selection for specific quan-
titative trait loci can be more effective than mass
selection (Kashi ef al., 1986; Smith and Simpson,
1986; Soller and Beckmann, 1982; Soller and
Beckmann, 1983; Soller and Genizi, 1978). The
empirical confidence interval for an estimate of a
QTL location is strongly influenced by population
size and gene effect with an infinite number of
markers (Darvasi, 1993).

The objective of this study was to determine the
response of QTL in each generation during selec-

tion to develop inbred lines.

MATERIALS AND METHODS

The simulation program was written in Fortran.
The program was set up to simulate five generations
of animals or plants and to generate 30 different
populations in each group.

To obtain the initial population for development
of inbred lines, the base generation was created by
randomly assigning both major QTLs with values
dependent on assignment by to position and for other
loci values of 0 or 1 at each 60 loci (i.c., total 120
loci for one complete genome) for two chromosomes
(4 and B) for each individual in the base popula-
tion. In the simulation program, size of base popu-
lation (3,000, 1,500, and 750), number of QTL in
a population (1, 2, 5, and 10), position of QTL eff-
ects on loci dependent on number of QTL in a
population, magnitude of QTL value (5 to 50 as
small effects, 30 to 75 as medium effects, and 50 to
95 as large effects in Group 1 and 5 to 23 as small
effects, 30 to 48 as medium effects, and 50 to 68

as large effects in Group 2), and the allelic fre-
quencies for the positive allele at each major QTL
(.05 and .2) were initially assigned by external rea-
ding parameters to generate genotypes including
QTL for base population. For example, to assign a
magnitude of QTL value in a population, the values
of QTLs were ranged from 5 to 50 by 5 in Group
1 and from S to 23 by 2 as magnitude of increa-
sing dependent on assignment of number of QTL,
ie., if 5 QTL were assigned as numbers of QTL
then 5, 10, 15, 20, and 25 were used in Group 1
and 5, 7, 9, 11, and 13 were used in Group 2 as
magnitude of QTL value with randomly assigned
position of QTL.

Then numbers of individuals used as selected pa-
rent individuals during selection were assigned. The
remaining generations were generated from inbree-
ding selected parent individuals of the previous gene-
ration. The parents were selected by choosing the
superior individuals based on their own phenotypes.

To identify markers in selected population, if
a value of greater than 1 on loci indicated a ma-
jor favorable allele(major QTL) with markers de-
noted 2 which will be used as covariates in the
analysis later. And if a value of equal to 1 or 0
on loci indicated a unfavorable allele with mar-
kers denoted 1.

Five generations were considered for selection.
To investigate the effect of population structure,
three different base population sizes of 3,000, 1,500,
and 750 for the base generation were used. For
each different base population size, the upper 10%
of individuals from each base population (for exam-
ple, if size of base population of 3,000, then 10%
of 3,000 = 300) were selected and then matted with
testers to creat the next generation. 80% of indivi-
duals from the second generation were selected (for
example, if size of base population of 3,000, then
80% of 300 = 240) and then matted with testers to
creat the next generation. 75% of individuals from

the third generation were selected (for example, if
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size of base population of 3,000, then 75% of 240
= 180) and then matted with testers to creat the
next generation. And finally 11% of individuals
from the fourth generation were selected (for exam-
ple, if size of base population of 3,000, then 11%
of 180 = 20) and then only the best one individual
in the last generation was used to mate to produce

F, progeny.

RESULTS

1. Fixed QTL at Each Generation

Number of individuals that had fixed QTL at
each generation were calculated for combinations
of parameters with the various population sizes,
numbers of QTLs, and initial QTL frequencies in
each generation during selection.

When the initial populations started with the
higher initial QTL frequency of .2, the population
had more individuals with QTLs fixed at initial
population than with an initial QTL frequency of
.05 with larger base population size and fewer QTL
in whole generations because populations with the
higher initial QTL frequency had more QTLs held
at each initial population than in lower initial QTL
frequency.

Although all QTLs were fixed by the last gene-
ration at various QTL effects and number of QTL,
number of fixed QTL at each generation during
selection was associated with the following factors;
magnitude of QTL effects, base population size,
and number of QTL assigned to the population.
Populations with larger effects of QTL and larger
base population size had more individuals with
fixed QTL. However when fewer QTL were assigned
to the initial population, the population had more
of the initial QTL fixed at each generation com-
pared with when more QTL were assigned to the
initial population because some QTL were lost du-
ring selection when the population contained 10
QTLs (Table 1).

The same trend was observed for an initial QTL
frequency of .2. QTLs began to be fixed from the
third generation with 1, 2, and 5 QTLs and large
QTL effects with base population of 3,000 for an
initial QTL frequency of .2 (Table 2).

2. Development of Inbred Line

The phenotypic and genetic responses to selec-
tion and inbreeding are shown separately for each
generation. The_ results are presented for genetic
variances of each line, fraction of homozygous loci
(%), fraction of heterozygous loci (%), and number
of loci with fixed major QTLs and unfavorable
alleles (1 or 0) for initial QTL frequency of .05
(Tables 3~6), and for initial QTL frequency of .2
(Tables 7~10).

3. With an Initial QTL Frequency of .05

1) The First Generation

Estimates of genetic variances ranged from 1.33
to 12.45 for different numbers of QTL (1, 2, 5, and
10) with large QTL effects, from 1.38 to 12.46 for
different numbers of QTL with medium QTL
effects, and from 1.33 to 12.36 for different num-
bers of QTL with small QTL effects. Fraction of
homozygous loci ranged from 50.18% to 52.19%
for different numbers of QTL with large QTL
effects, from 50.21% to 52.27% for different num-
bers of QTL with medium QTL effects, and from
50.19% to 52.15% out of total numbers of loci in
each population for different numbers of QTL with
small QTL effects (Tables 3~6).

More genetic variances with larger number of
QTL were observed compared with fewer number
of QTL at the first generation. Populations had
about 51% of homozygous loci with various number
of QTL, base population size, and magnitude of
QTL effects. Percentage of fixed loci with unfavo-
rable alleles with effects of 1 was the same as fixed

loci with unfavorable alleles with effects of 0.

- 219 -



Table 1. The number of individuals with fixed QTL with various numbers of QTL, effects of QTL, and initial
base population sizes at initial QTL frequency of .05 in each generation

L M S
Q G GEN P3000 P1500 P750 P3000  P1500 P750 P3000. P1500 P750

1 1 2 297774 14533 69.98 297.05 144.89  68.95 269.67 13276  59.82
23997 11992 5944 23994 11985 59.20 23432 11610  53.56

179.99 90.00 44.98 180.00 89.99 44.86 178.56 88.77 41.24

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

294.73 14747  69.67 292.84 14632 68.11 247.86 12000 57.23
240.00 11992  59.40 239.88 119.77  59.07 216.59 10548 49.03
180.00 89.99 4493 179.98 90.00 44.87 168.63 81.50 38.28

1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00

295.60 146.67 68.59 292.10 143.03 67.11 25747 12837 5870
23997 119.79  59.19 239.88 119.72 5857 22520 111.51  51.36
180.00 90.00 44091 180.00 89.99 4473 172.73 85.89  39.80

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

293.81 14588  69.99 287.76 14523  66.90 258.05 12330  58.37
23997 119.89  59.34 23974 11974  58.82 224.00 - 107.97 49.68
180.00 89.99 44091 179.98 89.99 4482 172.60 83.70  38.94

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

239.69 119.14 58.26 23942 11889 57.86 23043 114.06 53.78
179.99 89.70 4445 179.95 89.67 4426 175.58 87.10 4144

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
286.67 142.19  66.60 281.16  139.06  66.55 257.64 128.03  60.83
239.74  119.66  57.90 239.04 11886  58.02 22568 11191 5277
179.96 89.97 44.18 179.80 89.75 4433 173.44 86.03  40.69

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

10 1° 26942 13323 64.80 267.27 13388  63.23 26395 128.88 6143
23528 11677  56.27 234.18 116.70 5533 229.84 11259  53.38
©178.53 88.72  43.15 178.11 88.70  42.58 175.07 8592  41.09
1.00 1.00 1.00 1.00 1.00 1.00r 1.00 1.00 1.00
269.83 13201 63.76 26924 132,69 63.75 26043  126.76  61.26
23567 11574 55.69 23507 11597 55.61 22698 110.87 5293
178.68 88.30 42.73 178.36 8835 4279 173.54 8496 40.70

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

3
4
5
2
3
4
5
2
3
4
5
2
3
4
5
51 2 285.15 14032  67.15 284.82 14045  66.27 268.60 131.03 61.38
3
4
5
2
3
4
5
2
3
4
5
2
3
4
5

* L= large QTL effects, M= medium QTL effects, S= small QTL effects, Q= number of QTL, G= group, GEN=
generation, P3000=base population size of 3,000, P1500= base population size of 1,500, and P750= base population size
of 750.
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Table 2. The number of individuals with fixed QTL with various numbers of QTL, effects of QTL, and initial
base population sizes at initial QTL frequency of .2 in each generation

L M S

Q G GEN P3000 P1500 P750 P3000  P1500 P750 P3000  P1500 P750

1 1 2 299.85 149.51 7411 299.54 14947  74.06 293.86 14645 72.63
240.00 11998 5994 240.00 11996 59.90 23899 11929  59.04

180.00 90.00 44.99 180.00 90.00 44.99 179.83 89.81 44.59

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

29993  149.63 73.82 29946 14930  73.81 29239 14610 7171
240.00 11997  59.90 240.00 119.96  59.88 237.04 118.15 38.18
180.00 90.00 45.00 180.00 90.00 4499 178.44 89.08 43.86

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

20993  149.56  74.25 299.54 149.02 7390 292,67 14522 71.27
240.00 120.00 59.94 23998 11996  59.90 23829 11856 58.16
180.00 90.00 45.00 180.00 90.00 44.99 179.12 89.24  44.05

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

299.86 14973  73.88 299.24  149.05 7382  290.50 14445 7188
240.00 120.00 59.90 23993  119.99 59.86 237.00 117.68  58.37
180.00 90.00 45.00 180.00 90.00 44.99 178.55 88.97 44.09

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

23999 11999  59.94 240.00 11998 59.91 23898 119.16 59.11
180.00 90.00 45.00 180.00 90.00 4499 179.57 89.69  44.63
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

29942  149.57 73.61 29932 149.07 73.71 294.09 14489 7247
240.00 120.00 59.85 23999 11994 59.84 238.53 11841 58.92
180.00 90.00 4499 180.00 90.00 4498 179.35 89.25 44.40

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

10 1 299.24 14950  73.89 29933 14936  73.70 296.81 148.00 73.15
23999 11999  59.90 239.98 119.96  59.83 23935  119.58  59.48
180.00 90.00 4499 180.00 90.00  44.98 179.79 89.82 4479

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

299.58 14934  73.77 299.20 14895 73.61 29747 14750  72.81
240.00 11998  59.87 23999 11996 59.82 23937 11940  59.19
180.00 90.00 44.99  180.00 90.00 44.98 179.74 89.75  44.58

3
4
5
2
3
4
5
2
3
4
5
2
3
4
5
5 1 2 299.56 149.61 74.11 299.75 149.49  73.80 295.85 147.19  72.45
3
4
5
2
3
4
5
2
3
4
5
2
3
4
5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

* L= large QTL effects, M= medium QTL effects, S= small QTL effects, Q= number of QTL, G= group, GEN=
generation, P3000=base population size of 3,000, P1500= base population size of 1,500, and P750= base population size
of 750.
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Table 3. Summary of information from selection procedure with 1 QTL in each initial population with initial frequency

of QTL of .05
L M S
M G PM P3000 P1500 P750 P3000 P1500 P750 P3000 P1500 P750
1 1 GV 1.35 1.37 1.40 1.39 1.39 1.38 1.38 1.36 1.33

%HT  49.82 49.79 49.76 49.78 49.78 49.79 49.79 49.80 49.81
%HM  50.18 50.21 50.24 50.22 50.22 50.21 50.21 50.20 50.19

FF 0.88 091 0.94 0.93 0.93 0.93 0.91 0.90 0.87
Fl1 24.65 24.65 24.66 24.65 24.65 24.64 24.65 24.66 24.67
FO 24.65 24.64 24.64 24.65 24.64 24.64 24.65 24.65 24.65
2 GV 2.83 2.81 2.72 2.81 2.79 2.66 243 2.39 225

%HT  24.59 24.63 24.69 24.58 24.64 24.68 24.70 24.72 24.87
%HM 7541 75.37 75.31 75.42 75.36 75.32 75.30 75.28 75.13

FF 1.56 1.55 1.47 1.55 1.53 1.43 1.28 1.25 1.15
F1 39.69 39.47 38.72 3991 39.54 38.91 40.61 40.20 39.19
FO 34.16 34.36 35.12 33.96 34.28 34.99 33.41 33.83 34.79
3 GV 3.44 3.44 3.40 3.44 343 3.37 3.16 3.10 2.86

%HT 12.11 12.18 12.32 12.11 12.17 12.26 12.13 12.23 12.38
%HM  87.89 87.82 87.68 87.89 87.83 87.74 87.87 87.77 87.62

FF 1.67 1.66 1.64 1.66 1.66 1.62 1.50 1.47 1.33
F1 50.84 49.60 46.72 50.97 49.67 47.02 51.56 50.32 4747
FO 35.39 36.55 39.32 35.26 36.50 39.11 34.80 35.99 38.82
4 GV 3.69 3.69 3.68 3.69 3.69 3.68 3.56 3.49 3.26

%HT 5.92 6.02 6.11 5.91 6.00 6.08 5.94 6.03 6.16
%HM  94.08 93.98 93.89 94.09 94.00 93.92 94.06 93.97 93.84

FF 1.67 1.67 1.66 1.67 1.67 1.66 1.60 1.56 1.45
F1 58.87 56.85 52.12 59.02 56.95 52.47 59.32 57.37 52.84
FO 33.54 35.46 40.11 33.41 35.39 39.78 33.14 35.03 39.55
5 P 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Ql 0.68 0.65 0.60 0.68 0.65 0.59 0.68 0.66 0.60
Qo 0.31 0.33 0.39 0.31 0.33 0.39 0.30 0.33 0.39
GV 3.81 3.81 3.81 3.81 3.81 3.80 3.71 3.68 3.58

TNL 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
NHT 1.52 1.65 1.87 1.66 1.63 1.89 1.67 1.81 1.88
%HT 2.53 2.74 3.12 2.77 2.72 3.16 2.78 3.02 3.13
NHM  58.48 58.35 58.13 58.34 58.37 58.11 58.33 58.19 58.12
%HM  97.47 97.26 96.88 97.23 97.28 96.84 97.22 96.98 96.87
FF 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.94
%FH 1.71 1.71 1.72 1.71 1.71 1.72 1.70 1.65 1.61
%FT 1.67 1.67 1.67 1.67 1.67 1.66 1.65 1.60 1.56

F1 39.93 38.18 34.77 39.70 38.30 34.59 40.26 38.41 34.87
%F1 66.54 63.64 57.94 66.17 63.83 57.66 67.09 64.02 58.12
FO 17.55 19.17 22.36 17.64 19.07 22.52 17.09 18.82 22.32

%F0 29.26 31.95 37.27 29.39 31.78 37.53 28.48 31.37 37.19
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Table 4. Summary of information from selection procedure with 2 QTL in each initial population with initial frequency

of QTL of .05
L M S
M G PM P3000 P1500 P750 P3000 P1500 P750 P3000 P1500 P750
2 1 GV 2.75 2.76 2.74 2.70 2.70 2.63 2.74 2.73 2.70

%HT 49.57 49.56 49.54 49.56 49.57 49.63 49.57 49.59 49.56
%HM  50.43 50.44 50.46 50.44 50.43 50.37 50.43 50.41 50.44

FF 1.85 1.87 1.86 1.83 1.82 1.75 1.85 1.83 1.83
F1 24.29 24.29 2431 24.31 24.31 2431 24.30 24.29 24.32
FO 24.29 24.29 24.29 24.30 24.30 24.32 24.29 24.29 24.29
2 GV 5.49 5.45 5.27 5.33 5.33 5.06 4.77 4.68 4.45

%HT 2431 24.33 24.45 24.38 24.38 24.52 24.52 24.56 24.62
%HM  75.69 75.67 75.55 75.62 75.62 75.48 75.48 75.44 75.38

FF 3.08 3.04 2.89 295 2.94 2.73 2.54 2.48 2.33
F1 38.37 38.17 37.75 38.62 38.34 37.93 39.93 39.49 38.69
FO 34.25 34.46 34.91 34.04 3433 34.83 33.01 33.46 34.35
3 GV 6.75 6.74 6.64 6.74 6.72 6.54 6.18 6.05 5.59

%HT 11.96 12.03 12.12 11.97 12.03 12.15 12.04 12.13 12.23
%HM  88.04 87.97 87.88 88.03 87.97 87.85 87.96 87.87 87.71

FF 3.32 3.32 3.24 3.31 3.30 3.17 297 2.90 2.64
F1 49.13 47.88 45.44 49.03 47.89 45.47 50.51 49.29 46.79
Fo 35.59 36.78 39.20 35.69 36.77 39.21 34.48 35.68 38.34
4 GV 7.25 7.25 7.24 7.25 7.25 7.21 6.96 6.84 6.37

%HT 5.87 5.92 6.02 5.87 591 6.00 5.85 593 6.07
%HM  94.13 94.08 93.98 94.13 94.09 94.00 94.15 94.07 93.93

FF 333 3.33 3.32 3.33 3.33 3.31 3.18 3.12 2.87
F1 57.12 55.12 50.72 57.04 5523 50.69 58.03 56.13 51.90
FO 33.67 35.63 39.94 33.75 35.52 40.00 32.94 34.83 39.16
5 P 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Ql 0.66 0.63 0.58 0.66 0.63 0.58 0.67 0.64 0.58
Qo 0.31 0.34 0.39 0.31 0.33 0.38 0.30 0.33 0.39
GV 7.49 7.49 7.49 7.49 7.49 7.49 7.32 7.28 7.13

TNL 60.00 60.00 60.00 60.00  60.00 60.00 60.00 60.00 60.00
NHT 1.74 1.64 1.72 1.80 1.73 1.71 1.74 1.75 1.97
%HT 2.89 2.73 2.86 2.99 2.89 2.84 2.90 292 3.29
NHM  58.26 58.36 58.28 58.20 58.27 58.29 58.26 58.25 58.03
%HM  97.11 91.27 97.14 97.01 97.11 97.16 97.10 97.08 96.71
FF 2.00 2.00 2.00 2.00 2.00 2.00 1.94 1.94 1.89
%FH 3.43 3.43 3.43 3.44 3.43 3.43 3.34 333 3.26
%FT 3.33 3.33 3.33 3.33 3.33 3.33 3.24 3.23 3.16

Fl1 38.47 36.88 33.94 38.54 37.20 34.21 39.22 37.53 33.78
%F1 64.12 61.47 56.56 64.24 62.00 57.02 65.37 62.56 56.30
Fo 17.79 19.48 22.35 17.66 15.07 22.08 17.10 18.77 22.35

%F0 29.65 32.47 37.24 29.43 31.78 36.80 28.49 31.29 37.26
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Table 5. Summary of information from selection procedure with 5 QTL in each initial population with initial frequency

of QTL of .05
L M S
M G PM P3000  P1500  P750 P3000 P1500  P750 P3000 PI1500 P750
5 1 GV 6.57 6.55 6.55 6.49 6.56 6.58 6.46 6.54 6.55

%HT 48.91 48.98 48.97 48.98 48.92 48.97 49.00 48.99 48.92
%HM  51.09 51.02 51.03 51.02 51.08 51.03 51.00 51.01 51.08

FF 4.5% 4.56 4.56 4.50 4.58 4.57 4.47 4.55 4.58
F1 23.25 23.22 23.23 23.27 23.25 23.23 23.26 23.22 23.25
FO 23.25 2324 23.24 23.25 2324 23.23 23.26 23.25 23.25

2 GV 12.29 12.24 11.99 12.16 12.16 11.93 11.49 11.48 11.13
%HT 23.67 23.69 23.83 23.73 23.71 23.85 2392 23.98 24.05
%HM  76.33 76.31 76.17 76.27 76.29 76.15 76.08 76.02 75.95

FF 7.03 6.98 6.76 6.92 6.93 6.71 6.42 6.39 6.13
F1 35.42 3537 35.33 3571 35.70 35.64 37.18 36.96 36.61
FO 33.89 33.96 34.08 33.64 33.66 33.80 32.48 32.66 33.21

3 GV 15.85 15.74 15.25 15.76 15.64 15.21 14.90 14.77 14.02
%HT 11.49 11.57 11.75 11.55 11.58 11.73 11.66 11.75 11.84
%HM  88.51 88.43 88.25 88.45 88.42 88.27 88.34 88.25 88.16

FF 8.18 8.11 7.76 8.12 8.03 7.73 7.55 7.46 7.00
F1 43.84 43.00 41.76 4397 43.45 42.16 46.25 45.38 43.85
FO 36.49 37.33 38.73 36.36 36.93 38.39 34.54 35.41 37.31

4 GV 17.19 17.16 16.94 17.18 17.14 16.94 16.71 16.59 15.80
%HT 5.62 5.74 5.82 5.65 5.68 5.79 5.64 5.73 5.87
%HM  94.38 94.26 94.18 94.35 94.32 94.21 94.36 94.27 94.13

FF 8.33 8.31 8.18 8.33 8.30 8.17 8.04 7.97 7.52
F1 51.68 49.80 46.22 51.56 50.00 46.58 53.09 51.51 48.24
FO 3437 36.14 39.79 34.47 36.03 39.46 33.23 34.79 38.37
5 P 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Q1 0.60 0.58 0.53 0.61 0.58 0.53 0.61 0.59 0.54
Qo0 031 0.34 0.39 0.31 0.34 0.38 0.30 0.33 0.38

GV 17.76 17.76 17.74 17.76 17.75 17.73 17.57 17.58 17.22
TNL 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
NHT 1.60 1.65 1.74 1.66 1.69 1.77 1.60 1.64 1.71
%HT 267 2.74 291 2.76 2.82 2.94 2.66 273 2.86
NHM 5840 58.35 58.26 58.34 58.31 58.23 58.40 58.36 58.29
%HM  97.33 97.26 97.09 97.24 97.18 97.06 97.34 97.27 97.14
FF 5.00 5.00 4.99 5.00 5.00 4.99 4.93 4.94 4.82
%FH 8.57 8.57 8.57 8.57 8.57 8.57 8.44 8.46 8.26
%FT 8.33 8.33 8.32 8.33 8.33 8.32 8.22 8.23 8.03

F1 35.40 33.91 30.80 35.52 33.93 31.21 36.07 34.46 31.76
%F1 58.99 56.52 51.33 59.19 56.56 52.02 60.12 57.43 52.94
FO 18.00 19.44 2247 17.83 19.38 22.03 17.40 18.97 21.71

%F0 30.00 32.41 37.45 29.71 32.30 36.72 29.00 31.61 36.18
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Table 6. Summary of information from selection procedure with 10 QTL in each initial population with initial frequency

of QTL of .05
L M S
M G PM P3000 P1500 P750 P3000  P1500 P750 P3000 P1500 P750
10 1 GV 12.35 12.28 12.45 12.32 12.46 12.33 12.36 12.22 12.26

%HT 47.86 47.93 47.81 47.89 47.73 47.86 47.85 47.96 47.91
%HM  52.14 52.07 52.19 52.11 52.27 52.14 52.15 52.04 52.09

FF 9.19 9.11 9.33 9.17 9.37 9.18 9.21 9.04 9.11
F1 21.47 21.48 21.46 21.46 21.45 2148 21.47 21.50 21.50
FO 21.48 2148 2141 2148 21.45 21.48 2147 21.50 21.48

2 GV 21.57 21.44 21.41 21.49 21.59 21.18 21.21 20.92 20.66
%HT 22.83 22.88 22.95 22.84 22.81 23.04 22.93 23.05 23.18
%HM  77.17 77.12 77.05 77.16 77.19 76.96 77.07 76.95 76.82

FF 13.07 12.94 12.89 13.01 13.09 12.68 12.76 12.50 12.23
Fl1 3241 32.39 32.39 32.61 32.57 32.64 33.29 33.28 33.21
FO 31.69 31.79 31.76 31.54 31.53 31.65 31.02 31.17 31.38

3 GV 27.80 27.49 26.85 27.68 27.55 26.59 27.13 26.64 25.78
%HT 10.99 11.05 11.22 10.98 11.05 11.27 11.04 11.16 11.35
%HM  89.01 88.95 88.78 89.02 88.95 88.73 88.96 88.84 88.65

FF 1545 15.21 14.71 15.37 15.26 14.50 14.96 14.59 13.93
F1 37.96 37.74 37.63 38.30 38.11 38.01 39.99 39.60 39.11
FO 35.60 36.00 36.44 35.35 35.58 36.21 34.01 34.66 35.60
4 GV 31.05 30.83 30.08 31.00 30.83 29.93 30.45 29.95 28.89

%HT 5.27 5.31 5.52 5.28 5.34 5.50 5.32 5.40 5.58
%HM  94.73 94.69 94.48 94.72 94.66 94.50 94.68 94.60 94.42

FF 16.50 16.33 15.78 16.46 16.33 15.67 16.06 15.72 14.98
F1 43.28 42.05 40.62 43.29 42.51 40.93 45.26 44.18 42.64
FO | 34.95 36.32 38.08 34.97 35.81 37.91 33.35 34.70 36.80
5 P 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.16 0.16
Ql 0.53 0.49 0.46 0.52 0.50 0.46 0.53 0.51 0.48
Qo 0.31 0.34 0.38 0.31 0.34 0.38 0.31 0.32 0.36

GV 32.29 32.28 3213 32.29 32.27 32.08 32.04 31.88 31.28
TNL 60.00 60.00 60.00 60.00 60.00 - 60.00 60.00 60.00 60.00
NHT 1.39 1.36 1.61 1.48 1.53 1.48 1.40 1.56 1.67
%HT 232 2.27 2.68 2.47 2.56 2.46 2.33 2.60 2.79
NHM 58.61 58.64 58.39 58.52 58.47 58.52 58.60 58.44 58.33
%HM  97.68 97.73 97.32 97.53 97.44  97.54 97.67 97.40 97.21
FF 10.00 9.99 9.92 10.00  9.99 9.91 9.90 9.83 9.59
%FH 17.07 17.05 17.00 17.10 17.09 16.94 16.90 16.83 16.45
%FT 16.67 16.66 16.53 16.67 16.65 16.52 16.50 16.38 15.99

F1 30.84 28.89 26.61 30.54 29.09 26.72 30.95 29.91 27.79
%F1 51.41 48.14 44.36 50.90 48.48 44.54 51.58 49.85 46.31
FO 17.77 19.76 21.86 17.98 19.39 21.89 17.75 18.70 20.95

%F0 29.61 32.93 36.43 29.96 32.31 36.48 29.59 31.17 34.91
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Table 7. Summary of information from selection procedure with 1 QTL in each initial population with initial frequency of QTL

of .2
L ) M S
M G PM P3000 P1500 P750 P3000  P1500 P750 P3000  P1500 P750
1 1 GV 1.35 1.37 1.40 1.39 1.39 1.38 1.38 1.36 1.33

%HT 49.82 49.79 49.76 49.78 49.78 49.79 49.79 49.80 49.81
%HM  50.18 50.21 50.24 50.22 50.22 50.21 50.21 50.20 50.19

FF 0.88 0.91 0.94 0.93 0.93 0.93 0.91 0.90 0.87
F1 24.65 24.65 24.66 24.65 24.65 24.64 24.65 24.66 24.67
FO 24.65 24.64 24.64 24.65 24.64 24.64 24.65 24.65 24.65
2 GV 2.83 2.81 2.72 2.81 2.79 2.66 243 2.39 225

%HT 24.59 24.63 24.69 24.58 24.64 24.68 24.70 24.72 24.87
%HM  75.41 75.37 7531 75.42 75.36 75.32 75.30 75.28 75.13

FF 1.56 1.55 1.47 1.55 1.53 1.43 1.28 1.25 1.15
F1 39.69 . 39.47 38.72 3991 39.54 38.91 40.61 40.20 39.19
FO 34.16 34.36 35.12 33.96 34.28 34.99 33.41 33.83 34.79
3 GV 3.44 3.44 3.40 344 3.43 3.37 3.16 3.10 2.86

%HT 12.11 12.18 12.32 12.11 12.17 12.26 12.13 12.23 12.38
%HM  87.89 87.82 87.68 87.89 87.83 87.74 87.87 87.77 87.62

FF 1.67 1.66 1.64 1.66 1.66 1.62 1.50 1.47 1.33
F1 50.84 49.60 46.72 50.97 49.67 47.02 51.56 50.32 47.47
Fo 35.39 36.55 39.32 35.26 36.50 39.11 34.80 35.99 38.82
4 GV 3.69 3.69 3.68 3.69 3.69 3.68 3.56 3.49 3.26

%HT 5.92 6.02 6.11 5.91 6.00 6.08 5.94 6.03 6.16
%HM  94.08 93.98 93.89 94.09 94.00 93.92 94.06 93.97 93.84

FF 1.67 1.67 1.66 1.67 1.67 1.66 1.60 1.56 1.45
F1 58.87 56.85 52.12 59.02 56.95 52.47 59.32 57.37 52.84
FO 33.54 35.46 40.11 33.41 35.39 39.78 33.14 35.03 39.55
5 P 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Q1 0.68 0.65 0.60 0.68 0.65 0.59 0.68 0.66 0.60
Qo0 0.31 0.33 0.39 0.31 0.33 0.39 0.30 0.33 0.39
GV 3.81 3.81 3.81 3.81 3.81 3.80 3.77 3.68 3.58

TNL 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
NHT 1.52 1.65 1.87 1.66 1.63 1.89 1.67 1.81 1.88
%HT 2.53 2.74 3.12 2.77 2.72 3.16 2.78 3.02 3.13
NHM  58.48 58.35 58.13 58.34 58.37 58:11 58.33 58.19 58.12
%HM  97.47 97.26 96.88 . 97.23 97.28 96.84 97.22 96.98 96.87

FF 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.94
%FH 1.71 1.71 1.72 1.71 1.7 1.72 1.70 1.65 1.61
%FT 1.67 1.67 1.67 1.67 1.67 1.66 1.65 1.60 1.56
F1 39.93 38.18 34.77 39.70 38.30 34.59 40.26 38.41 34.87
%F1 66.54 63.64 57.94 66.17 63.83 57.66 67.09 64.02 58.12
Fo 17.55 19.17 22.36 17.64 19.07 22.52 17.09 18.82 2232

%F0 29.26 31.95 37.27 29.39 31.78 37.53 28.48 31.37 37.19
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Table 8. Summary of information from selection procedure with 2 QTL in each initial population with initial frequency

of QTL of .2
L M S
M G PM P3000 P1500 P750 P3000 P1500 P750 P3000 P1500 P750
2 1 GV 3.60 3.55 3.64 3.61 3.59 3.64 3.62 3.61 3.61

Y%HT 48.68 48.70 48.60 48.63 48.63 48.62 48.64 48.63 48.63
%HM 5132 51.30 51.40 51.37 51.37 51.38 51.36 51.37 51.37

FF 2.95 290 3.01 2.98 2.96 3.02 2.99 298 2.97
F1 24.20 24.20 24.21 24.19 24.22 24.17 24.19 24.18 24.20
FO 24.17 24.21 24.18 24.19 24.19 24.18 24.18 24.21 24.19
2 GV 5.78 5.75 5.72 5.75 5.73 5.70 5.59 5.56 5.52

%HT 24.11 24.16 24.20 24.11 24.17 24.19 24.17 2421 24.28
%HM  75.89 75.84 75.80 75.89 75.84 75.81 75.83 75.79 75.72

FF 3.31 3.29 3.26 3.29 3.27 3.24 317 3.15 3.11
F1 39.63 39.06 38.35 39.68 39.22 3834  40.03 39.49 38.52
FO 32.95 33.49 34.19 3291 33.35 34.23 32.63 33.16 34.09
3 GV 6.77 6.77 6.76 6.77 6.76 6.75 6.66 6.63 6.55

%HT 11.89 11.97 12.00 11.87 11.96 12.02 11.92 11.93 12.10
%HM  88.11 88.03 88.00 88.13 88.04 87.98 88.08 88.07 87.90

FF 3.33 333 333 3.33 3.33 3.32 3.27 3.25 3.20
F1 50.71 49.17 46.52 50.70 49.28 46.49 50.99 49.59 46.62
FO 34.06 35.52 38.15 34.10 35.42 38.17 33.83 35.23 38.08
4 GV 7.25 7.25 7.25 7.25 7.25 7.25 7.20 7.18 7.10

%HT 5.83 592 5.99 5.79 5.85 593 5.84 5.88 6.00
%HM  94.17 94.08 94.01 94.21 94.15 94.07 94.16 94.12 94.00

FF 3.33 3.33 3.33 333 3.33 333 3.31 3.29 3.25
F1 58.55 56.21 51.91 58.52  56.45 51.91 58.67 56.63 51.99
FO 32.29 34.53 38.77 32.36 34.36 38.83 32.18 34.19 38.76
5 P 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Ql 0.67 0.64 0.59 0.67 0.64 0.59 0.67 0.65 0.59
Qo0 0.30 0.32 0.38 0.30 0.32 0.38 0.29 0.32 0.38
GV 7.49 7.49 7.49 7.49 7.49 7.49 7.47 7.47 7.44

TNL 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
NHT 1.77 1.81 1.88 1.61 1.60 1.84 1.63 1.66 1.79
%HT 2.94 3.02 3.13 2.69 2.66 3.06 2.71 2.77 2.99
NHM  58.23 58.19 58.12 58.39 58.40 58.16 5837 = 58.34 58.21
%HM  97.06  96.98 96.87 97.31 97.34 96.94 97.29 97.23 97.01
FF 2.00 2.00 2.00 2.00 2.00 2.00 1.99 1.99 1.98
%FH 3.44 3.44 3.44 343 3.43 3.44 3.42 3.42 341
%FT 3.33 3.33 3.33 3.33 333 3.33 332 3.32 3.31

F1 39.38 37.61 34.42 39.33 37.71 34.48 39.57 38.04 34.33
%F1 65.64 62.68 57.37 65.54 62.94 57.46 65.95 63.40 57.22
FO 16.85 18.58 21.70 17.06 18.64 21.69 16.81 18.30 21.89

%F0 28.08 30.96 36.16 28.43 31.06 36.14 28.02 30.51 36.48
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Table 9. Summary of information from selection procedure with 5 QTL in each initial population with initial frequency

of QTL of .2
L M S
M G PM P3000 P1500 P750 P3000 P1500  P750 P3000 P1500 P750
5 1 GV 8.56 8.61 8.59 8.66 8.59 8.61 8.66 8.59 8.61

%HT 46.62 46.56 46.61 46.49 46.60 46.55 46.49 46.58 46.57
%HM  53.38 53.44 53.39 53.51 53.40 53.45 53.51 53.42 53.43

FF 7.41 7.48 7.45 7.55 7.44 7.47 7.56 7.45 7.47
F1 22.99 22.98 22.96 22.97 22.98 22.99 22.98 22.99 22.97
FO 22.99 22.98 22.98 22.99 22.98 22.99 22.98 22.98 22.99

2 GV 13.62 13.62 13.52 13.63 13.59 13.49 13.43 13.32 13.27
%HT 22.92 22.95 23.06 2293 22.98 23.09 23.01 23.07 23.15
%HM  77.08 77.05 76.94 7707  77.02 76.91 76.99 76.93 76.85

FF 8.21 8.20 8.11 8.22 8.18 8.08 8.04 7.95 7.90
F1 37.02 36.73 36.07 37.23 36.79 36.13 37.72 37.32 36.39
FO 31.85 32.12 32.76 31.62 32.06 32.70 31.23 31.66 32.56

3 GV 16.04 16.04 16.00 16.04 16.03 15.99 15.92 15.84 15.74
%HT 11.27 11.37 11.47 11.28 11.35 11.47 11.32 11.35 - 11.51
%HM  88.73 88.63 88.53 88.72 88.65 88.54 88.68 88.65 88.49

FF 8.33 8.33 8.30 8.33 8.33 8.29 8.25 8.19 8.12
Fl1 47.46 46.23 43.67 = 47.70 46.30 43.66 48.02 46.72 43.98
FO 32.93 34.06 36.56 32.69 34.03 36.59 3242 33.73 36.39

4 GV 17.19 17.19 17.18 17.19 17.19 17.18 17.14 17.09 17.02
%HT 5.50 5.63 5.72 5.48 5.57 5.71 5.50 5.58 5.68
%HM 9450 94.37 94.28 94.52 94.43 94.29 94.50 94.42 94.32

FF 8.33 833 8.33 8.33 8.33 8.33 8.30 8.27 8.23
F1 55.04 53.14 48.85 55.27 53.20 48.75 55.49 53.39 49.06
FO 31.13 32.90 37.10 3091 32.89 37.21 30.70 32.75 37.03
5 P 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Q1 0.63 0.61 0.55 0.64 0.61 0.55 0.64 0.61 0.56
Qo 0.28 0.30 0.36 0.28 0.31 0.36 0.28 0.31 0.36

GV 17.76 17.76 17.76 17.76 17.76 17.76 17.76 17.75 17.69
TNL 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
NHT 1.61 1.63 1.69 1.50 1.66 1.74 1.69 1.61 1.76
%HT 2.68 2.71 2.82 2.50 2.77 2.89 2.82 2.68 293
NHM 5839 58.37 58.31 58.50 58.34 58.26 58.31 58.39 58.24
%HM  97.32 97.29 97.18 97.50 97.23 97.11 97.18 97.32 97.07
FF 5.00 5.00 500 - 5.00 5.00 5.00 5.00 4.99 4.98
%FH 8.57 8.57 8.58 8.55 8.57 8.59 8.58 8.55 8.55
%FT 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.32 8.29

Fl1 37.21 35.90 32.40 37.38 35.78 32.39 37.32 35.73 3245
%F1 62.01 59.84 54.00 62.29 59.63 53.98 62.20 59.56 54.09
Fo 16.19 17.47 20.91 16.12 17.56 20.87 15.99 17.67 20.81.

%FO0 26.98 29.12 34.85 26.87 29.27 34.79 26.64 29.44 34.68
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Table 10. Summary of information from selection procedure with 10 QTL in each initial population with initial
frequency of QTL of .2

L M S

M G PM P3000 P1500 P750 P3000 P1500  P750 P3000 P1500 P750

10 1 GV 15:74 15.75 15.74 15.80 15.83 1572 15.79 15.80 15.80
%HT 43.17 43.16 43.18 43.08 43.01 43.16 43.10 43.11 43.11
%HM  56.83 56.84 56.82 56.92 56.99 56.84 56.90 56.89 56.89

FF 14.91 14.92 14.90 15.01 15.08 14.90 14.99 14.99 15.00
F1 20.96 20.95 20.97 20.95 20.95 20.96 20.95 20.94 20.95
FO 20.96 20.97 20.95 20.95 20.96 20.98 20.95 20.95 20.94

2 GV 24.73 24.74 24.59 24.75 24.70 24.53 24.61 24.51 24.36
%HT 21.02 21.01 21.18 21.00 21.02 21.19 21.07 21.14 21.25
%HM  78.98 78.99 78.82 79.00 78.98 78.81 78.93 78.86 78.75

FF 16.34 16.35 16.17 16.36 1631 16.10 16.21 16.11 15.94
F1 32.95 32.69 32.45 33.16 33.03 32.58 33.53 33.49 33.04
Fo 29.68 29.96 30.20 29.48 29.64 30.13 29.18 29.26 29.76

3 GV 29.16 29.16 29.10 29.16 29.15 29.06 29.07 29.01 28.82
%HT 10.32 10.36 10.48 10.31 10.32 10.45 10.33 10.37 10.56
%HM  89.68 89.64 89.52 89.69 89.68 89.55 89.67 89.63 89.44

FF 16.66 16.66 16.59 16.66 16.65 16.56 16.58 16.52 16.36
F1 4236 4122 3901 42.48 41.50 39.20 42.78 41.92 39.82
FO 30.66 31.77 33.92 30.55 31.54 33.79 30.31 31.19 33.27

4 GV 31.25 31.25 31.24 31.25 3125 31.24 31.22 31.19 31.07
%HT 5.06 5.13 522 5.05 5.05 5.15 5.06 5.08 5.25
%HM 9494 94.87 94.78 94.95 94.95 94.85 94.94 94.92 94.75

FF 16.67 16.67 16.66 16.67 16.67 16.65 16.64 16.62 16.53
F1 49.48 47.66 43.71 49.56 47.90 43.83 49.80 48.19 4434
FO 28.79 30.55 34.41 28.72 30.39 34.36 28.50 30.11 33.88
5 P 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Ql 0.57 0.55 0.50 0.57 0.55 0.50 0.58 0.55 0.51
Qo 0.26 0.28 0.33 0.26 0.28 0.33 0.26 0.28 0.33

GV 3229 32.29 32.29 32.29 32.29 32.29 32.28 32.29 32.23
TNL 60.00 60.00 60.00 60.00  60.00 60.00 60.00 60.00 60.00
NHT 1.44 1.56 1.67 147 147 1.44 1.47 1.48 1.46
%HT 2.40 2.61 2.78 2.45 2.45 241 2.44 247 244
NHM  58.56 58.44 58.33 58.53 58.53 58.56 58.53 58.52 58.54
%HM  97.60 97.39 97.22 97.55 97.55 97.59 97.56 97.53 97.56
FF 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 9.98
%FH 17.08 17.12 17.15 17.09 17.09 17.09 17.09 17.10 17.05
%FT 16.67 16.67 16.67 16.67 16.67 16.67 16.66 16.67 16.63

F1 33.55 32.17 29.41 33.57 32.30 29.20 33.94 32.46 29.73
%F1 55.92 53.62 49.01 55.94 53.83 48.67 56.57 54.10 49.54
FO 15.01 16.26 18.93 14.96 16.23 19.35 14.60 16.06 18.83

%F0 25.01 27.11 31.54 24.94 27.05 32.26 24.33 26.76 31.39
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Appendix :

Definitions of abbreviations in Table 1 to 10

Q : number of QTL

G : group

CR : classification

GV : genetic variance

HT : percent heterozygosity

HM : percent homozygosity

FF : fixed favorable allele (QTL)

Fl : fixed unfavorable allele with effects 1

FO : fixed unfavorable allele with effects 0

p : frequency of fixed favorable allele (QTL)

ql : frequency of fixed unfavorable allele with
effects 1

q0 : frequency of fixed unfavorable allele with ef-
fects 0

TNL : total number of loci

NHT : number of heterozygous loci

%HT : percent heterozygous loci

NHM : number of homozygous loci

%HM : percent homozygous loci

%FH : percent fixed favorable allele (QTL) within ho-
mozygous loci

%FT : percent fixed favorable allele (QTL) within

total loci
: percent fixed unfavorable allele with effects 1

%F0 : percent fixed unfavorable allele with effects 0

2) The Second Generation

Estimates of genetic variances ranged from 2.72
to 21.57 for different numbers of QTL with large
QTL effects, from 2.66 to 21.59 for different num-
bers of QTL with medium QTL effects, and from
2.25 to 21.21 for different numbers of QTL with
small QTL effects. Fraction of homozygous loci
ranged from 75.31% to 77.17% for different num-
bers of QTL with large QTL effects, from 75.32%
to 77.19% for different numbers of QTL with
medium QTL effects, and from 75.13% to 77.07%
out of total numbers of loci in each population for
different numbers of QTL with small QTL effects
(Tables 3~6).

More genetic variances with larger number of
QTL were also observed compared with fewer num-
ber of QTL at the second generation. Populations
had about 76% of homozygous loci with various
number of QTL, base population size, and magni-
tude of QTL effects. Percentage of fixed loci with
unfavorable alleles with effects of 1 was slightly
greater than of fixed loci with unfavorable alleles
with effects of 0.

3) The Third Generation
Estimates of genetic variances ranged from 3.40
to 27.80 for different numbers of QTL with large

QTL effects, from 3.37 to 27.68 for different num-
bers of QTL with medium QTL effects, and from
2.86 to 27.13 for different numbers of QTL with
small QTL effects. Fraction of homozygous loci
ranged from 87.68% to 89.01% for different num-
bers of QTL with large QTL effects, from 87.74%
to 89.02% for different numbers of QTL with
medium QTL effects, and from 87.62% to 88.96%
out of total numbers of loci in each population for
different numbers of QTL with small QTL effects
(Tables 3~6).

More genetic variances with larger number of
QTL were also observed compared with fewer num-
ber of QTL at the third generation. Populations had
about 88% of homozygous loci with various num-
ber of QTL, base population size, and magnitude
of QTL effects. Percentage of fixed loci with unfa-
vorable alleles with effects of 1 was much greater
than of fixed loci with unfavorable alleles with
effects of 0 at fewer number of QTL.

4) The Forth Generation

Estimates of genetic variances ranged from 3.68
to 31.05 for different numbers of QTL with large
QTL effects, from 3.68 to 31.00 for different num-
bers of QTL with medium QTL effects, and from
3.26 to 30.43 for different numbers of QTL with
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small QTL effects. Fraction of homozygous loci
ranged from 93.89% to 94.73% for different
numbers of QTL with large QTL effects, from 93.92
% to 94.72% for different numbers of QTL with
medium QTL effects, and from 93.84% to 94.68%
out of total numbers of loci in each population for
different numbers of QTL with small QTL effects
(Tables 3~6).

More genetic variances with larger number of
QTL were also observed compared with fewer num-
ber of QTL at the fourth generation. Populations
had about 94% of homozygous loci with various
number of QTL, base population size, and magni-
tude of QTL effects. Percentage of fixed loci with
unfavorable alleles with effects of 1 was also much
greater than of fixed loci with unfavorable alleles

with effects of 0 at fewer number of QTL.

5) The Fitth Generation

Fraction of homozygous loci ranged from 96.88
% to 97.73% for different numbers of QTL with
large QTL effects, from 96.84% to 97.53% for differ-
ent numbers of QTL with medium QTL effects, and
from 96.87% to 97.67% out of total numbers of
loci in each population for different numbers of QTL
with small QTL effects (Tables 3~6).

Populations had about 97% of homozygous loci
with various number of QTL, base population size,
and magnitude of QTL effects. Percentage of fixed
loci with unfavorable alleles with effects of 1 was
also much greater than of fixed loci with unfavo-
rable alleles with effects of 0 at fewer number of
QTL.

6)-With an Initial QTL Frequency of .2

The similar results at each generation were found
in with initial frequency of QTL of .2 compared
with an initial frequency of QTL of .05 (Tables
7~10).

DISCUSSION

Magnitude of QTL effects, base population size,
number of QTL assigned to population, and the alle-
lic frequency for the positive allele at each major
QTL were highly associated with number of gene-
rations to fixation of QTLs during selection. Popu-
lations with larger QTL effects and larger base po-
pulation size had more individuals with fixed QTL.
However, a smaller number of QTL assigned to po-
pulation had a higher fraction of individuals with
fixed QTL at each g;:neration compared with more
populations with QTL.

This simulation study will help to design biolo-
gical experiments for detection of QTL-marker asso-
ciation using inbred population and to determine
optimum number of lines with fixed QTL during
inbred line development.

To complement this study, additional simulation
should be need with abundant replicates, more va-
rious population sizes, magnitude of QTL effects,

and recombination between markers and QTLs.
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