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ABSTRACT : Additive and dominance genetic variances were estimated for purebred Landrace selected with line breeding
from 1989 to 1995 at Miyazaki Livestock Experiment Station, Kawaminami Branch. Ten body measurements, two
reproductive traits and fifteen carcass traits were analyzed with single-trait mixed model analysis, The estimates of
narrow-sense heritabilities by additive model were in the range of 0.07 to 0.46 for body measurements, 0.05 to 0.14 for
reproductive traits, and 0.05 to 0.68 for carcass traits. The additive model tended to slightly overestimate the narrow-sense
heritabilities as compared to the additive and dominance model. The proportion of the dominance varlance to total genetic
variance ranged from 0.11 to 0.91 for body measurements, 0.00 to 0.65 for reproductive traits, and 0.00 to 0.86 for carcass
traits, Large differences among traits were found in the ratio of dominance to total genetic variance. These results suggested
that dominance effect would affect the expression of all ten body measurements, one reproductive trait, and nine carcass

traits.
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INTRODUCTION

Recently, mixed model methodologies using animal
models have been used widely in animal breeding. In
most applications, an additive genetic model was used.
It is, however, necessary to consider dominance effect
if it exists, because of increased accuracy of predicted
breeding values (Uimari and Maki-Tanila, 1992), or
selection of mates based on their specific combining
ability (Allaire and Henderson, 1965; DeStefano and
Hoeschele, 1992).

Selection based on BLUP under an animal model
certainly increases inbreeding coefficients (Belonsky
and Kennedy, 1988). The complicated genetic
relationships, especially dominance relationships in the
population would increase over time. Under such
situations, it is necessary to consider dominance effect

in addition to additive effect to evaluate genetic
effects more accurately (Uimari and Mjki-Tanila,
1992, Ishida and Mukai, 1994). Swine is a prolific

species so that a large percentage of dominance
relationships may accumulate rapidly in a selected line,
suggesting that an animal model with dominance effect
would fit well in the genetic evaluation.

The objective of this study is to estimate both
additive and dominance genetic variances for some
body measurements, and reproductive and carcass traits
of line breeding swine using single-trait REML
procedure under animal models.
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MATERIALS AND METHODS

Data

The data were on purebred Landrace, which were
selected with line breeding test for seven generations
from 1989 to 1995 at Miyazaki Livestock Experiment
Station, Kawaminami Branch in Japan. The selection
in this line breeding system was carried using average
daily gain, ultrasonically scanned M. longissimus
thoracis area and back fat thickness. The details of
selection procedure were described by Duran et al
(1995). Three categories of performance records were
analyzed in this study. First, ten body measurements
taken at the finish of test when the body weight was
approximately 90 kg were body length (BL), heart
girth (HG), cannon circumference (CC), withers height
(WH), chest depth (CD), shoulder width (SW), chest
width (CW), hip width (HW), hip height (HH) and
average daily gain (DG) approximately 30 to 90 kg.
Secondly, two reproductive traits were the number of
piglet born in total (NP) and the number weaned
(NW). The NP was the sum of the number of piglet
bom alive and dead. Thirdly, fifteen carcass traits at
the end of testing were: body weight before slaughter
(BWS), cold carcass weight (CWT), carcass length
(CL), carcass width (CWD), back loin length I, the
length from the front end of the first Vertebrae
thoracicae to the front end of Os pubis (BLI), back
loin length II, from the front end of the first
Vertebrae thoracicae to the back end of the last
Vertebrae lumbales (BLII), percentage of shoulder
weight (PS), percentage of ham weight (PH), M.
longissimus thoracis area (MLA), M. longissimus
thoracts length (MLL), M. longissimus thoracis weight
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(MLW), average back fat thickness (ABF), average M.
gluteus medius fat thickness (AGF), kidney fat weight
(KFW) and the number of Vertebrae thoracicae
(NVT). Body measurements and carcass fraits were
obtained according to the methods of Yazama and
Tomoda  (1986). Seven  generations of body
measurements and carcass traits and six generations of
reproductive traits are available for analysis. The
nomber of pigs with body measutements, and
reproductive and carcass traits were 1528, 285 and
567, respectively. The basic statistics were shown in
table 1. In order to improve the connectedness among
these pigs, a total of 1595, 376 and 977 was used in
the final analysis.

Table 1. Basic statistics for three categories of traits

Traits' No. Mean Min. Max, SD
Body measurements

ATF (day) 1528 163.09 108.00 229.00 15.09
IC (%) 1528 1.85 0.00 1348 2.12
BL (cm) 1528 11126 100.00 129.00 4.14
HG (cm) 1528 9693 88.00 105.00 2.11
CC (cm) 1528 16.02 1400 19.20 0.6%
WH (cm) 1528 62.09 5120 73.00 227
CD (cm) 1528 3132 2550 37.00 1.22
SW (cm) 1528 28.12 2340 33.00 1.45
CW (cm) 1528 25.68 22.00 33.50 1.61
HW (cm) 1528 2087 24.00 34.00 1.46
HH (cm) 1528 6658 5480 76.20 2.62
DG (g) 1528 741.65 427.20 106430 98.84
Reproductive traits

AP (month) 285 1197 1068 13.58 0.54
IC (%) 285 1.85 0.00 1348 2.19
NP 285 9.13 200 15.00 2.28
NW 285 8.02 200 1400 2.15
Carcass traits

ATF (day) 567 166.85 122.00 22900 15.09
IC (%) 567 1.81 0.00 1348 2.15
BWS (kg) 567 86.13 79.60 93.80 2.70
CWT (kg) 567 62.39 5620 70.80 2.19
CL (cm) 567 93.50 84.00 100.00 2.50
CWD (cm) 567 31.76 2850 3500 1.01
BLI (cm) 567 7778 69.50 89.00 2.33
BLI (cm) 567 63.63 6000 76.00 222
PS (%) 567 10.12 825 1350 0.65
PH (%) 567 10.35 895 12.50 0.49
MLA {cm®) 567 2372 14,13 40.60 339
MLL {ecm) 567 5319 4600 6450 243
MLW (kg) 567 3.17 2.19 4.19 0.28
ABF (cm) 567 2.48 1.50 3.67 0.35
AGF (cm) 567 2.04 1.00 3.77 043
KFW (g) 567 497.26 189.00 1090.50 143.52
NVT 567 1577 1500 17.00 0.45

! See text for detailed description of the traits.

The mating structures in three categories of traits
were shown in table 2. As for each category of -trait,
the average number of piglets produced by sire or
dam ranged from 4 to 18 or 1 to 5, respectively, and
the average number of mates with sire or dam ranged
from 3 to 4 or 1 depending upon the traits. The
percentage of full-sib progeny varied from 60 to 99%.

Genetic evaluation model

In order to solve the mixed model equations, the
inverse of the additive (A"') andfor the dominance
(D) relationship matrices are necessary, but setting up
the D' is more complicated than A™. In non-inbred
populations, the dominance relationship matrix can be
computed from the additive genetic relationship matrix,
and then the inverse of D is applied to mixed model
equations (Henderson, 1985). In this study, D' was
obtained by direct inversion of D, which was formed
by gametic relationship matrix developed by Schaeffer
et al. (1989). The calculation of A" was based on the
rapid method of Quaas (1976).

Additive  and  dominance  genetic  variance
components were estimated using single-trait REML
(Patterson and Thompson, 1971) by expectation
maximization (EM) algorithm (Dempster et al., 1977)
under two mixed linear models as follows:

[Model A]

Yijk=Gi+Sj+tl(Tijk‘T)+l2(Tijk'T)2+b(Fljk'?)+aijk+eijk

[Model D]

Vig=GitSj+ty (Tije- T Y+ 2(Tije- T )2+b(Fjjk‘ F)+aictdipcteix
where yy is the ijk™ observation; G; is the fixed
effect of the i" generation (i=l to 7 for body
measurements and carcass traits; i=l to 6 for
reproductive traits); S; is the fixed effect of the j" sex
(j=1 or 2} applied for body measurements and carcass
traits; T is the age of date at the finish of test (for
body measurements and carcass traits) or age of
month at parturition (only for reproductive traits) of
the ijk" animal (T is the mean of age); t, and t; are
the partial linear and quadratic regression coefficient

Table 2. Mating structures in three categories of
traits

Traits' Number of Full-sib %’
piglet mate

BMR  Sire 1841 407 99.54
Dam 4.52 1.00

RPR  Sire 419 281 60.35
Dam 1.49 1.00

ccs it 683 392 84.30
Dam 1.74 1.00

' BMR: body measurements; RPR: reproductive traits; CCS:
carcass traits.

* Average number of piglets and mate.

* Percentage of full-sib progeny.
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on age; Fy is the inbreeding coefficient of the ijk"
animal (F is the mean of inbreeding coefficient); b is
the partial linear regression coefficient on inbreeding
coefficient; ajx, dix and ey are the random additive,
dominance and residual effects of the ijk™ animal,
respectively. Models A and D include regression on
inbreeding coefficient as a covardate to take into
account inbreeding depression (Kennedy et al., 1988).
The inbreeding coefficients were calculated based on
the algorithm of Meuwissen and Luo (1992) using all
pedigree information available. In order to accelerate
REML convergence, the Aitken acceleration method
(Gerald, 1970) with faster EM-alike REML formula
(VanRaden, 1986) was used. The iteration was stopped

when
~2 a2
i

o -0,
T __<10E-6
O,

was attained, where O; s estimated additive or
dominance variance at i" iteration. After convergence,
the EM-REML procedure without acceleration method
was run again to confirm the convergence.

RESULTS AND DISCUSSION

Degree of inbreeding and relat:onshlps

An average inbreeding coefficient and additive and
dominance relationships for the three categories of
traits were shown in table 3. In this study, additive or
dominance relationship was the average of the
elements of additive or dominance relationship
matrices, A or D, respectively,

Because these categories of fraits were measured
on the same population selected by the same line
breeding, there were no large differences among three
categories of traits although relatively lower values
were observed for reproductive traits (RPR). This is
because RPR were measured up to sixth generation of
selection, as opposed (o seven generation for body
measurements (BMR) and carcass traits (CCS).

The average inbreeding coefficient of 1.77% and
additive relationship of 6.77% were observed for
BMR. In addition, the percentages of inbred pigs and
combination of pigs with additive relationships were
52.6% and 77.5%, respectively. Because inbreeding
was avoided deliberately at the design of mating plan
in this line breeding, the inbreeding and relationships
were relative low. The degree of dominance
relationship was much lower than additive relationship.
The percentages of combination of pigs with
dominance relationships were 56.9% with the average
relationship of 037% in BMR. Although the
percentages of full-sib progeny were very high as
given in table 2, an avoidance of full-sib mating has
resulied in lower dominance relationship.

Estimated variance components

Estimated  variance  components for  body
measurements and reproductive (raits were shown in
table 4, and for carcass traits in table 5. The estimates
of additive genetic varances for NP and NW
corresponded  with  those reported for Landrace
population (Southwood and Kennedy, 1990; Roche and
Kennedy, 1995). On the other hand, the estimates of
additive variance for DG and ABF. were considerably
lower than those reported by Ferraz and Johnson
(1993) and Kennedy et al. (1985) using ultrasonic
measurements. Although it was not ‘significant, additive
genetic variances for most traits studied were slightly
overestimated by Model A compared with Model D.
These overestimations were also reported by Wei and
van der Werf (1993) and Ishida et al. (2000) in
poultry, van der Werf and de Boer (1989a, b) and
Tempelman and Bumside (1991} for milk -production
of dairy cattle, and Rodriguez-Almeida et al. (1995)
for body measurements of beef cattle.

The estimated components of residual variances for
most traits were also overestimated by Model A
compared with Model D, taking account of the
sampling error of estimate. This was due primatily to
the confounding of dominance genetic variance with
residual variances and partially to the confounding of
dominance with additive genetic variances under Model
A.

Since both components from Model A tended to
be overestimated and then the biases might cancel out,
the estimates of narrow-sense heritabilities by Model A
were in the range of 0.07 to 046 for body
measurements, 0.05 to 0.14 for reproductive traits, and
Q.05 to 0.68 for carcass traits. The results for DG,
NP, NW and ABF were in agreement with those
reported in literature (Kennedy et al., 1985; Southwood
and Kennedy, 1990; Ferraz and Johnson, 1993; Roche
and Kennedy, 1995).

Dominance genetic variances by Model D could
not be estimated for NW in reproductive traits, and
BWS, CWT, CL, MLL and MLW in carcass traits.
However, the proportion of dominance variance (o
total phenotypic variance by Model D for body
measurements and reproductive and carcass traits were
in the range of 0.03 to 0.90, 0.20, and 0.01 to Q.53,
respectively, and large differences among traits were
found. Wei and van der Werf (1993) also expressed
the proportion of the dominance variance to total
genetic variance, in order to detect the dominance
effect. The ranges of dominance proportion were 0.11
to 091 for body measurements, 0.65 for reproductive
trait and 0.03 to 0.86 for carcass traits. These two
kinds of proportion for ABF were considerably higher
than those reported by Culbertson et al. (1998) for
Yorkshire population using ultrasonic measuresnents.
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The proportion mentioned above can be compared
with the theoretical values for a single-locus, two-allele
model given below (Falconer, 1981):

) _ 2pqd’ R
P 2pgd’ +[a+d(g-p)I
where p and g stand for the frequency of a favorable

and recessive allele, respectively. The genotypic value
of the favorable homozygote (a) is assumed to be 1.0,

and d is the genotypic value of the heterozygote. In
the case of 4=0.5, that means a degree of dominance
(d/a) is 0.5, the value of dj reaches its maximum at
0.1429 for p=0.75, and di reaches its maximum at
0.0870 for 4=04 and p=0.7. If 4 is smaller than 0.7,
di cannot be larger than 0.33. In this study, di for all
traits except for SW and HH in body measuremenits,
NP in reproductive traits, and BLI, PS, PH, MLA,
ABF, AGF, KFW and NVT in carcass traits were

Table 3. Average inbreeding coefficients and additive and dominance relationships in three categories of traits

Trait' No. Inbe.” %’ Add.Rel? %’ Dom.Rel.” %’
BMR 1595 1.77 52.6 6.77 71.5 0.37 56.9
RPR 376 1.09 415 6.27 67.7 0.28 430
CCS 977 1.50 46.9 6.29 72.1 0.32 50.1

" BMR: body measurements; RPR: reproductive traits; CCS: carcass traits.
® Inbe.: inbreeding coefficient (%); Add.Rel.: additive relationship (%), Dom.Rel.: dominance relationship (%).
’ %: percentage of inbred pigs, and percentage of combination of pigs with additive or dominance relationship.

Table 4. Estimates of variance components using two different models for body measurements and reproductive

traits
Trait' Model ci+sge ol ot +se o} hE +ge 4t dz
Body measurements _
BL A 532t 085 707+ 054 12.39 0.43+0.05
D 466t 0.87 2.37 528+ 0.5 12.30 0.38£0.07 0.19 0.34
HG A 0.88+ 0.22 347+ 019 435 0.20£0.05
D 071t 022 0.68 294+ Q.19 433 0.16£0.06 0.16 049
cC A 9.43x10°%1.74%x10? 1.84x107+£0.12x 10" 278X 10" 0.34%+0.05
D 7.65x10°+1.76x107 007 129x10'+0.12x 10" 277x10" 028007 026 048
WH A 163+ 029 253 Q.19 4.16 0.39+0.06
D 133+ 030 1.15 .64t 0.19 4.13 032+008 028 046
CD A 009t 0.04 126 0.06 1.35 0.07+0.03
D 006 0.04 0.14 1.15£  0.06 1.35 004+003 010 071
SW A 036 0.09 127+ 0.07 1.63 0.22+0.05
D 035+ 0.09 0.04 124+ 0.07 1.63 021005 003 0.11
CW A 026+ 0.09 1.95+ 0.09 2.21 0.12+0.04
D 0.15t 0.08 0.41 1.64+ 0.09 2.20 0.07+0.04 0.18 0.72
HW A 0.55t 0.11 .30+  0.08 1.85 0.30£0.05
D 032 0.11 0.72 0.78%= 0.08 1.81 0.18£0.08 039 0.69
HH A 243+ 039 282+ 024 5.25 0.46 +0.06
D 2.18% 040 0.99 205+ 024 5.22 042+£007 0.19 0.31
DG A 72290+ 141.66 1708.35105.72 2431.25 0.30£0.05
D 21035+ 124.87 2138.32 19.08+ 94.99 2367.75 0.09£041 090 0.1
Reproductive traits
NP A 073t 0.59 445+ 061 5.18 0.14+0.11
D 057+ 0.58 1.04 357+ 0.61 5.18 0.11+0.14 020 065
NW A 024+ 0.44 434+ 053 4.58 0.05+0.10
D 024+ 0.44 0.00 434+ 053 4.58 0.05+£0.10 0.00 0.00

! Abbreviations of the traits are same as table 1.

2

narrow-sense hetitability (F¢/03);

o?: additive genetic variance; 0. dominance genetic variance; o?: residual varance; OF: phenotypic variance; hi;
N . . R ' 9, o2 2,
d?*. dominance variance as a proportion of phenotypic variance (0F/07); d¢:

. . . . . 2 2 2
proportion of dominance variance to total genetic variance (F¢/(Fi+T4)).
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Table S, Estimates of variance components using two different models for carcass traits

Trait! Model o¥l+se o} o2 +se o} hi tse d* 4
Carcass traits '
BWS A 028+ 042 581+ 051 609 0.05%£0.07
D 0.28+ 0.42 0.00 581 051 6.09 005007 000 0.00
CWT A 0.59+ 0.39 414 040 473  0.12%0.08
D 0.59+ 0.39 0.00 414 040 473  0.12x0.08 000 0.00
CL A 2.88t 0.76 293 056 581 0.50%0.11
D 2.88% 0.76 0.00 293L 056 581 050%£0.11 000 0.00
CWD A 258x10"+1.08x10" 7.34 X 1072094 % 10" 991x10"  026%0.10
D 256X10"£1.08x10" 6.60X10° 729X 107+0.94x 10" 991x10" 026+0.10 001 0.03
BLI A 187t 0.62 306+ 049 494  0.38%+0.11 E
D 159+ 0.8 1.16 216+ 046 491 032+0.14 024 042
BLI A 156 0.56 319+ 046 475 0.33%0.11
D 146+ 0.55 0.42 286 (.45 474 031%0.11 009 023
PS A 423x107%305x10° 326%X107£032x 10"  3.68x10"  0.11+0.08
D 3.44X10°%£2.96x107 464 X107 287X 10°+031x 10" 368x10" 0.09+£009 013 0.57
PH A 4.12x107%231x107 1.89X 10" +£0.22x 10" 230x10" 0.18%+0.10
D 1.68x10°+£1.94X107 107X 10" 1.05x107£0.19x 10" 229X10" 007%0.15 047 086
MLA A 535+ 154 587 1.15 1122  0.48+0.12
D 3.56+ 1.35 5.41 2= 102 1099  032+£020 049 060
MLL A 0.90+ 041 337 0.38 427  021%£0.09
D 0.90+ 041 0.00 337 0.8 427 0212009 000 0.00
MLW A 142X107%0.65%X10? 558X 107°£0.61 x10° 7.00%x10? 0.20+-0.09
D 1.42x10°+0.65x10? 000 558x107+£0.61x10° 7.00%X10% 020009 000 0.00
ABF A 4.18x107°%1.32x10? 552x10°£1.01 %107 970x10° 043+0.12
D 3.18Xx10%+120X10% 2.72x 10 3.66x10°+093x 102 9.56x10° 033+0.15 028 046
AGF A 046x10°+230x107 438x10%+1.56x 107 1.38x10" 0.68+0.13
D 6.16X10°%£191x10% 6.94x 107 0.12X10°+131 X107 1.32x10" 047+021 053 0.53
KFW A 9286.68 + 2566.14 7563.44 + 1836.39 16850.12  0.55+0.12
D 7220741233256 475542 453551+ 1687.92 16511.67 044+0.16 029 040
NVT A 437x107£1.98x10? 159X 107 +0.18x 10 202X 10" 022+0.09
D 383x107+191x10° 281x10% 1.36x10'+0.18 X 10" 2.02x 10" 0.19+0.10 0.14 042

' Abbreviations of the traits are same as table 1.

14 . . 2 . . . . - ‘ .
? of: additive genetic variance; Od: dominance genetic variance; OZ: residual variance; OF: phenotypic variance; F:
. s 2 . . . . .
narrow-sense heritability (3/0¥); d?: dominance variance as a proportion of phenotypic variance (oijody, di.

proportion of dominance variance to total genetic variance (odioi+oiy,

over 0.33, and these values suggested that at least one
locus with partial dominance effect might exist. For
SW and HH in body measurements and BLII in
carcass traits, the size of di also suggested the
existence of dominance effect. Of course, the amount
of dominance variance depends largely on the
unknown number of loci concemed and favorable gene
frequencies changed due to selection, However, the
results indicated that some loci with partial dominance
effects might be involved in an expression of the
traits under question.

The amount of dominance variance varied among
traits. It is not surprising because the variance depends
largely on gene frequencies at loci concerned and
changes during selection. However, the degree of

dominance relationships in selected lines did not
greatly affect the size of dominance genetic variances.
The dominance might affect the expression of all body
measurements in this study, and PH, MLA, fat
thickness (ABF, AGF) and KFW in carcass traits. In
addition, NVT was also affected by dominance and
therefore back lein length (BLI, BLII), PS and BL
might be affected. It needs further investigation of the
reason why the dominance effects could not be
detected for the number of weaned piglet (NW) and
carcass length (CL) although the number of piglet
born in total (NP) and body length (BL) were
affected. It appears necessary to consider the
dominance effects in genetic evaluation of the selected
lines.
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