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Identification of Quantitative Trait Loci
Affecting Shank Length,Body Weight
and Carcass Weight from the Japanese
Cockfighting Chicken Breed, Oh-Shamo
(Japanese Large Game)



Abstract. We performed a quantitative trait locus (QTL) analysis to map QTLs
controlling shank length, body weight, and carcass weight in a resource family of 245
F, birds developed from a cross of the large-sized, native, Japanese cockfighting breed,
Oh-Shamo (Japanese Large Game), and the White Leghorn breed of chickens. Interval
mapping revealed three significant QTLs for shank length on chromosomes 1, 4 and 24
at the experiment-wise 5 % level, and a suggestive shank length QTL on chromosome
27 at the experiment-wise 10 % level. For body weight, two QTLs, one is significant
and the other suggestive, were identified on chromosomes 4 and 24, respectively. As
expected, QTLs for carcass weight, which was highly correlated with body weight (» =
0.95), were detected at the same chromosomal locations as the body weight QTLs
detected. Interestingly, the chromosomal locations containing these body weight and
carcass weight QTLs coincided with those of two of the four shank length QTLs
detected. No QTL with an epistatic interaction effect was discovered for any trait. The
total contribution of all detected QTLs to genetic variance was 98.4 %, 27.0 % and
25.9 % for shank length, body weight and carcass weight, respectively, indicating that
most shank length QTLs have been identified but many body weight and carcass weight
QTLs have been overlooked by the present analysis because of a low coverage rate of

the 88 microsatellite markers used here (approximately 48% of the whole genome).



Introduction

The majority of economic traits in domestic animals exhibit quantitative variation
that is controlled by many quantitative trait loci (QTLs) with relatively small effects and
is modified by environment. Mapping QTLs to chromosomal regions leads to
marker-assisted selection (Lande and Thompson, 1990; van der Beek and van Arendonk,
1996), which results in increasing of products and working efficiency in the field of
livestock production. Although QTL mapping had been impossible for long time,
development of DNA markers such as microsatellites and computer technology have
made it possible to map QTLs in various kinds of experimental and industrial animals
(Mackay, 2001; Barton and Keightley, 2002; Roehe et al., 2003; Andersson and Georges,
2004; Khatkar et al., 2004; Purvis and Franklin, 2005; Flint et al., 2005). In chickens,
both the development of a large number of microsatellite markers and the construction
of their consensus linkage map (Groenen et al., 2000; Schmid et al., 2000) allow
researchers to map QTLs. Information on QTLs affecting body weight, growth, and
carcass composition traits, egg quality and egg production traits, and disease
susceptibility (resistance) or immune response trait has been accumulated by 2004
(summarized by Hocking, 2005). After that, growing body of literature related to
chicken QTL analysis is publishing on body composition and production-related traits
(Hansen et al., 2005; Honkatukia et al., 2005; Jacobsson et al., 2005; Jennen et al.,
2005; Navarro et al., 2005; Schreiweis et al., 2005ab; Lagarrigue et al., 2006; McElroy
et al., 2006; Park et al., 20006), disease-related traits (McElroy et al., 2005; Robie et al.,
2005; Tilquin et al., 2005; Siwek et al., 2006), and behaviour traits (Schutz et al., 2004;
Jensen et al., 2005). Finding of QTLs for egg-related traits and body/carcass-related
traits will contribute to layer and broiler industries, respectively, through future
marker-assisted selection. Detection of QTLs for feed efficiency and disease resistance
will contribute to both layer and broiler industries. The utility of already found QTLs
begins to be verified by performing actual marker-assisted selection (Pakdel et al.,

2005).

In almost all studies for QTL mapping, F, or backcross resource populations were



constructed using common commercial layer and/or broiler lines (McElroy et al., 2006).
In the present study, we used Oh-Shamo (Japanese Large Game) (Fig. 1) and White
Leghorn breeds as parental breeds to create an F, resource population because the use of
genetically different parental breeds is thought to result in efficient finding of
distinguished QTLs. The characteristics of the two breeds are greatly different in many
points from each other (Roberts, 1997; Tsudzuki, 2003). First, the origin of Oh-Shamo
and White Leghorn is greatly different. Oh-Shamo is a native Japanese breed, the
ancestors of which are thought to have been introduced from Thailand around the end of
the 16th century or the beginning of the 17th century. In contrast, White Leghorn has its
origin in Italy. Second, Oh-Shamo is originally a game bird for cockfighting with large
body size (adult male, 4-7 kg; adult female, 3-5 kg). Besides the heavy body weight,
this breed is characterized by erect body shape with large height (about 70-80 cm in
adult males) and long legs. Accordingly, body weight and body shape are quite different
between Oh-Shamo and White Leghorn. Furthermore, it is well known in Japan that the
meat of Oh-Shamo is very delicious. On the contrary of the benefit in meat volume and
quality, egg production rate in this breed is very low as compared with the White
Leghorn breed. The phenotypic differences mentioned above strongly hold out hope that
gene constitution and microsatellite marker genotypes are greatly different between the
two breeds.

Shank length is an important trait for meat-type chicken industry. Moderately short
shanks are desirable, as too long legs give rise to leg problems in heavy-weight chickens
(Deeb and Lamont, 2002). Furthermore, shank length relates to working efficiency in
processing plants (Yamamoto A, personal communication). Finding QTLs for shank
length will contribute to improvement of health control for broilers in hen houses and
efficient management in processing plants. Of course, it is apparent that the detection of
QTLs for body weight and carcass weight is useful to improve efficiently meat-type
chickens. In addition to these industrial demands, the detection of such QTLs would
contribute to basic scientific fields in which the molecular mechanisms of bone and/or
body growth regulation are studying,

In this article, we describe the chromosomal regions harboring QTLs for shank



length, body weight, and carcass weight that found in the unique F, resource population
constructed from Oh-Shamo and White Leghorn breeds of chickens. To our knowledge,

this is the first report treating with shank length QTLs.

Materials and methods

Animals

We mated an Oh-Shamo male (Fig. 1) to three White Leghorn females.
Subsequently, we mated an F; male to six F; females in full-sib matings. A total of 245
F, birds were produced. Feed and water were supplied for ad libitum consumption.
Birds were fed a starter diet (crude protein (CP) 20 %, metabolic energy (ME) 2900
Kcal/kg) up to 6 weeks of age under 24-h illumination. From the 7th to 10th week, and
from the 11th to 16th week, a grower diet (CP 17 %, ME 2850 Kcal/kg) and a developer
diet (CP 15 %, ME 2800 Kcal/kg) were given, respectively. After 16 weeks of age, layer
diet (CP 17 %, ME 2800 Kcal/kg) was supplied. After 6 weeks of age, birds were kept
in the condition of a 14-h light: 10-h dark photoperiod.

Trait measurements

At 20 weeks of age, shank length, body weight, and carcass weight were measured.
For shank length, the distance from the hind corner of the hock joint to the first scale of
the third (middle) toe was measured with a vernier caliper. After deep anesthesia with

COx gass, the blood vesels of the neck were cut and the body was suspended to bleed
out. The bled-out body was steeped into hot water (60 ‘C) for 30 seconds and

immediately plucked in an automatic wet defeathering machine. Head was removed at
the boundary between the head and neck, and shanks and toes were also removed by
cutting the hock joint. The trachea, esophagus, and all viscera, excepting kidney, were
also removed, and carcass weight was measured. Birds used in the present study were
treated according to the rules described in Standards Relating to the Care and

Management of Experimental Animals (Prime Minister’s Office, Japan, 1980) and



Guide for the Use of Experimental Animals in Universities (The Ministry of Educations,

Science, Sports, and Culture, Japan, 1987).

Marker genotyping and linkage map construction

Eighty-eight microsatellite markers spanning 24 autosomes and the Z chromosome
were employed, which are listed in Table 1. These markers were selected from
Comprehensive Mapping Kits #1, #2, and #3 supplied by the Poultry Genome
Cordinators  (http:/poultry.mph.msu.edu) and were fully informative between
Oh-Shamo and White Leghorn breeds. Genomic DNA extraction and polymerase chain
reaction procedure were performed as described previously (Osman et al., 2005).
Marker genotyping was completed using an ABI 310 DNA sequencer and Genescan
(version 2.1) and Genotyper (version 2.5) softwares (Applied Biosystems, Foster City,
CA, USA).

A marker linkage map was constructed with the computer software, Map Manager
QTXb20 (Manly et al.,, 2001). Recombination frequencies (%) were converted into
genetic distances in cM using the Kosambi map function. The total map length was
1840 cM, and average marker spacing was 29 cM. A marker coverage rate in this study
was approximately 48 % of the whole genome (relative to 3800 ¢cM, Schmid et al.,
2000).

QTL analyses

Prior to QTL analyses, exploratory statistical analysis was performed with the
statistical discovery software JMP version 6.0 (SAS Institute Inc., Cary, NC, USA) to
reduce the effects of four environmental factors (sex, birthday, sire, and dam) on shank
length and two weight traits. These factors were treated as fixed effects in a linear
model. The interaction of sex and dam was additionally included in the model. The
fixed effects significant at the nominal 5 % level were used for data adjustment. That is,
the effects of sex, birthday and dam were significant for shank length, and those of sex
and dam for both body weight and carcass weight. Next, the data adjusted were

subjected to the Shapiro-Wilk’s W-test of JMP to test the trait distributions for normality.



The data for shank length fitted to a normal distribution (P = 0.68). But those for body
weight and carcass weight did not fit, so they were subjected to the Box-Cox scale
transformation, resulting in a distribution close to the normal (P = 0.052 and 0.0012 for
body and carcass weights, respectively). All data were finally standardized for QTL
analyses to facilitate the comparison of parameter estimates of detected QTLs between
individual traits. Correlation analyses between each pair of the three traits, adjusted for
sex, and the other general statistical analyses were performed with JMP.

A segregation pattern for marker genotypes was clearly different between
autosomes and the Z chromosome in the F» mapping population used for QTL analysis.
That is, two types of homozygotes and a heterozygote were segregating for autosomes,
whereas for Z one type of homozygote and a heterozygote appeared in males and two
types of hemizygotes in females. Hence QTL analysis below was performed for the
autosomes and Z chromosome separately.

To identify QTLs with main effects on the three traits, two methods of simple
interval mappings based on the maximum-likelihood method (Lander and Botstein,
1989) and multiple regression analysis (Haley and Knott, 1992) were implemented with
two computer softwares, QTL Cartographer Version 1.17j (Basten et al., 2003) and Map
Manager QTX, respectively. Subsequently, composite interval mapping that allows
better resolution and precision of QTL location and effect (Zeng, 1993, 1994) was
performed with QTL Cartographer. A forward/backward selection with an
acceptance/rejection significance threshold of 1 % was used to select background
cofactors for composite interval mapping, and a window size of 10 cM was adopted.
The above interval mappings were performed with 2 cM steps within each interval.

Experiment-wise significance thresholds for both simple and composite interval
mappings were established with 1000 permutations of QTL Cartographer, and. evaluated
as LOD scores by dividing the likelihood ratio statistics by 4.605. The parameter
estimates of detected QTLs, such as map position, additive effect (half the difference
between two homozygotes) and dominance effect (deviation of a heterozygote from the
mean of the two homozygotes), were estimated with QTL Cartographer. For the Z

chromosome of females, the expected additive effect was half the computed value due



to its hemizygous state. The 95 % confidence intervals of QTL locations were
calculated according to Darvasi and Soller (1997).

The mode of inheritance of alleles at the QTL detected was determined by two
statistical tests. First, one of additive, dominance and recessive regression models was
contrasted with a no QTL model using the software Map Manager QTX. The likelihood
ratio statistic obtained was tested for significance using the approximate
experiment-wise 5 % threshold that was converted from that threshold for simple
interval mapping as described by Knott et al. (1998). Second, if significant, that model
was compared with a free model. When the difference in likelihood ratio statistic
between the two models exceeded the above approximate threshold, that model was
rejected. In contrast, when the difference was within the threshold, that model was
accepted.

Using one-way ANOVA of the software JMP, a single point analysis was
performed for six microsatellite markers that consisted of only one marker on-
chromosomes/linkage groups 18, 19, 24, and E50C23 and two markers on chromosome
9 not linked with each other due to a very long map distance between them (see Table 1
for details). The significance thresholds determined for simple interval mapping were
adopted for significance tests after convertiﬁg P values to LOD scores using a
chi-square distribution.

To identify QTLs with epistatic interaction effects, all possible pairwise
comparisons between the 84 marker loci on autosomes were performed with Map
Manager QTX. The significance tests to declare significant epistatic QTLs were carried
out following the method of Ishikawa et al. (2005).

The total contribution of all detected QTLs to the phenotypic variance for each trait
was estimated by the multiple regression analysis of JMP. Furthermore, that
contribution to genetic variance was calculated. The genetic variance was obtained at
the time of calculation of broadsense heritability according to the method of Fishman et

al. (2002).



Results

Table 2 shows sex-adjusted mean values for shank length, body weight, and
carcass weight at 20 weeks after hatching in two parental breeds, Oh-Shamo and White
Leghorn, and their F; and F, progeny. Oh-Shamo and White Leghorn had the longest
and shortest shank lengths, respectively. The F; and F, showed nearly a mid-parental
value for that trait. A similar tendency was observed for carcass weight. On the other
hand, the mean body weight of Oh-Shamo was not significantly different from that of F;
and their values were highest. White Leghorn had the lowest body weight. The
frequency distributions of values for the three traits in the F, were all unimodal (data not
shown), implying that those traits are under polygenic controls. In the F, a very high
phenotypic correlation was observed between body weight and carcass weight (r = 0.95,
P =1.5x 107%"), as expected. Shank length significantly correlated with body weight (
=0.67, P = 1.2 x 10°") and carcass weight (r = 0.70, P = 1.2 x 107%),

To detect QTLs with main effects, simple interval mapping was performed on the
three traits, using QTL Cartographer and Map Manager QTX which have different
statistical algorithms. Furthermore, composite interval mapping was carried out with
QTL Cartographer. Because the two simple interval mappings and also the composite
interval mapping provided nearly the same results, only the result for the simple interval
mapping using QTL Cartographer is described below. In addition, a single point
analysis was performed on six markers which were not linked or only a marker on
chromosomes 9, 18, 19, 24 and E50C23, using one-way ANOVA.

The experiment-wise 10 %, 5 % and 1 % significance threshold levels, determined
by 1000 times of permutation and expressed as LOD scores, were not greatly different
among the three traits and were estimated to be 3.0-3.1, 3.3-3.5 and 3.9-4.3,
respectively.

The LOD score plots are shown in Figs. 2 to 4. The parameter estimates such as
map positions and maximum LOD scores, are shown in Table 3. Highly significant or
significant QTLs controlling shank length were detected on chromosomes 1, 4, and 24.

Also, a suggestive QTL was identified on chromosome 27. The QTLs on chromosomes

10



1, 4, and 24 were found just at the positions of markers ADL0188, MCW0240, and
MCWO0301, respectively. The QTL on chromosome 27 mapped 2 c¢cM proximal to
ADLO0376. For body weight, significant and suggestive QTLs were discovered on
chromosomes 4 and 24, respectively. At the same chromosomal positions as those of the
body weight QTLs, significant and suggestive QTLs affecting carcass weight were
identified. The QTLs for both body weight and carcass weight had nearly the same
additive and dominance effects. Furthermore, the map positions of these two QTLs were
the same as those of the two shank length QTLs detected on chromosomes 4 and 24.

As shown in Table 3, individual QTLs detected accounted for 6.6-17.5 % of the
phenotypic variance. At the QTLs affecting any trait on chromosomes 1 and 4, the allele
derived from Oh-Shamo increased trait values, whereas it decreased them at the QTLs
on chromosome 24. The Oh-Shamo allele showed the additive, dominance, or recessive
mode of inheritance depending on the QTL detected. No QTL with an epistatic effect on
any trait was detected in this study.

Table 4 shows the total contributions of all detected QTLs for the three traits to the
phenotypic and genetic variances. The total contribution of all detected QTLs for shank
length to the phenotypic variance was 36.6 %, whereas those of body weight and
carcass weight were 12.6-12.9 %. However, all QTLs detected for shank length
accounted for most of the genetic variance, i.e. 98.4 %, contrasting to 25.9-27.0 % for

the body weight and carcass weight QTLs.
Discussion

In the present study, we detected four QTLs for shank length on chromosomes 1, 4,
24 and 27. These QTLs explained 98.4 % of the genetic variance. This high value
strongly indicates that, irrespective of a low marker coverage rate of the whole genome,
almost all QTLs with main effect on shank length have identified in our study although
QTLs with small main and epistatic-interaction effects will be overlooked. On the other
hand, for body weight and carcass weight, we detected only two main effect QTLs

accounting for one fourth of the genetic variance. This means that many QTLs with
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main and/or interaction effects remain undiscovered. Those QTLs are probably located

on chromosomal regions we could not scan here.

Shank length

It is known that shank length and body weight show high positive correlation
(Chambers, 1990). In the present study, the two traits were positively correlated with
each other, meaning that heavier birds tend to have longer shanks. In such a case, if a
traditional phenotypic selection method applied, it would be considerably difficult to
make birds possess both high body weight and short shanks at the same time. This is
because (1) the two shank length QTLs on chromosomes 4 and 24 detected in the
present study were located at the same chromosomal positions as the two body weight
QTLs were, and (2) the shank length QTL on chromosome 4 explained the highest
phenotypic variance in the four shank length QTLs detected here. Nevertheless, a
marker-assisted selection method may make it possible to create a bird with both
relatively heavier body weight and shorter shanks, because it is in fact questionable
whether the chromosome 4 QTL has a pleiotropic effect on the two traits as both QTLs
mapped to the distal margin of that chromosome.

Schreiweis et al. (2005a) identified significant QTLs affecting tibia and humerus
lengths at 35 and 55 weeks of age on chromosomes 4 and 27. Moreover, they also
detected a suggestive QTL for 35 week humerus length on chromosome 1. The
positions of their QTLs on chromosomes 4 and 27 are similar to those of ours. Also, the
position of their QTL on chromosome 1 is relatively close to that of ours. Thus, there is
a possibility that the QTLs on chromosomes 1, 4, and 27 detected by us and Schreiweis
et al. (2005a) are loci that are not only particular about the length of tibia, humerus and
metatarsus (shank), but also influence the length of all long bones in fore and hind limbs
of chickens.

Differing somewhat from the result of Schreiweis et al. (2005a), we detected a
highly significant QTL for shank length on chromosome 1 and another significant one
on chromosome 24. This discrepancy may reflect the difference between the

grandparental breeds used for construction of the F, resource families. We employed the
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Oh-shamo breed unique in having extremely long shanks, while Schreiweis et al.

(2005a) used common layer and broiler lines.

Carcass weight

So far, QTLs influencing carcass weight at 6-9 weeks of age have been identified
on chromosomes 1, 2, 3, 4, 5, 6, 8, 13 and 27 (van Kaam et al., 1999b, de Koning et al.,
2004, Navarro et al., 2005, McElroy et al., 2006). We detected two QTLs for carcass
weight at 20 weeks of age on chromosomes 4 and 24. A carcass QTL on chromosome 4
was also reported by de Koning et al. (2004) and Navarro et al. (2005). In contrast, our
QTL on chromosome 24, although which is a suggestive locus, is the first finding across
all researches performed so far. The position of the QTL on chromosome 4 found by
Navarro et al. (2005) is similar to ours, whereas that determined by de Koning et al.
(2004) seems to be different from ours. We and Navarro et al. (2005) found the QTL at
the region around 200 cM, whereas de Koning et al. (2004) identified the QTL around
the 100 cM region.

In the present study, the positions of carcass weight QTLs were the same as those
of body weight QTLs. Similar results have been observed also in other researches (van
Kaam et al., 1999b; de Konning et al., 2004; McElroy et al., 2006). If these are the
QTLs having a pleiotropic effect, body weight QTLs would be effectively used in
marker-assisted selection for carcass weight. In QTL analysis prior to the
marker-assisted selection, the measurement of body weight is further easier than that for

carcass weight.

Body weight

QTLs affecting body weight at various bird ages have been reported by many
researchers (van Kaam et al., 1998, 1999ab; Tatsuda et al., 2000; Tatsuda and Fujinaka,
2001; Tuiskula-Haavisto et al., 2002; Sewalem et al., 2002; Wardecka et al., 2002; Kerje
et al., 2003; de Koning et al., 2004; Jennen et al., 2004, 2005; Sasaki et al., 2004; Siwek
et al., 2004; Hansen et al., 2005; Jacobsson et al., 2005; Schreiweis et al., 2005ab;

McElroy et al., 2006). Of these, major QTLs are commonly identified on chromosomes
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1 and/or 4. For the chromosome 1 QTLs, there seem to be two major regions where they
are separately located (from 70 cM to 250 c¢cM and from 400 cM to 530 cM in the
consensus map distance (Schmid et al., 2000)). In contrast, on chromosome 4, almost all
body weight QTLs have been discovered at one region from 200 cM to 230 cM, with an
exceptional case for de Koning et al. (2004) reporting a body weight QTL around
100-120 cM.

In addition to the number of the QTL regions each on chromosomes 1 and 4
mentioned above, there seems to be a close relationship between these chromosomes
and the age of birds examined. That is, almost all QTLs detected for body weight at 20
weeks or later ages are uncovered on chromosome 4, with a few exceptional cases of
Wardecka et al. (2002) and Kerje et al. (2003). The former found a QTL for 20-week
body weight at the region around 450 ¢cM on chromosome 1, and the latter detected
28-week body weight QTLs at the two regions (around 70 c¢cM and 420 cM) on
chromosome 1. On the other hand, QTLs influencing body weight at 16 weeks or earlier
ages seem to distribute both on chromosomes 1 and 4. In the present study, we
discovered a significant QTL for 20-week body weight on chromosome 4 and a
suggestive QTL on chromosome 24. These facts may suggest the presence of
age-specific body weight QTLs. QTL studies on body weight at every week from
hatching to adult age will be necessary to solve this problem.

In addition to chromosomes 1 and 4, QTLs affecting body weight are discovered
on many chromosomes 2, 3, 5, 6, 7, 8,9, 11, 12, 13, 14, 15, 17, 21, 23, 27, 28 and Z (for
example, Sewalem et al., 2002; Kerje et al., 2003; Siwek et al., 2004; Jacobsson et al.,
2005; Jennen et al., 2005; McElroy et al., 2006). In the present study we detected a
suggestive body weight QTL on chromosome 24, the first finding of a QTL on that
chromosome. This probably reflects the use of a unique Japanese breed, Oh-Shamo, as a
grandparent for our QTL mapping population, although further confirmation studies for

the QTL will be needed.

In conclusion, using the unique Japanese cockfighting breed, Oh-Shamo, we have

mapped several QTLs with main effects on shank length, body weight and carcass

14



weight. For QTLs affecting shank length, our study is the first one. This study is the
first step forward to find candidate genes for the QTLs identified. Before identification
of the candidates, in practice, we will be able to contribute to some parts of layer and/or

broiler industries through marker-assisted selection.
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Figure legends

Fig. 1. An adult Oh-Shamo (Japanese Large Game) male. This breed is

characterized by an erect large body and long legs with a long neck.

Fig. 2. LOD score plots of QTLs affecting shank length, body weight, and carcass
weight traits on chicken chromosome 1. Simple interval mapping was carried out with
the software QTL Cartographer (Basten et al., 2003). The horizontal dotted lines show
the experiment-wise 5 % (upper) and 10 % (lower) levels estimated by permutation test

of QTL Cartographer. The marker nearest to the peak LOD score is shown.

Fig. 3. LOD score plots of QTLs affecting shank length, body weight, and carcass
weight traits on chicken chromosome 4. Simple interval mapping was carried out with
the software QTL Cartographer (Basten et al., 2003). The horizontal dotted lines show
the experiment-wise 5 % (upper) and 10 % (lower) levels estimated by permutation test

of QTL Cartographer. The marker nearest to the peak LOD score is shown.

Fig. 4. LOD score plots of QTLs affecting shank length, body weight, and carcass
weight traits on chicken chromosome 27. Simple interval mapping was carried out with
the software QTL Cartographer (Basten et al., 2003). The horizontal dotted lines show
the experiment-wise 5 % (upper) and 10 % (lower) levels estimated by permutation test

of QTL Cartographer. The marker nearest to the peak LOD score is shown.
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Table 1. The microsatellite markers genotyped in the Oh-Shamo x
White Leghorn F, population

Chromosome or Reference
Marker linkage group Position (cM) * position (cM) "
MCW0248 1 0 -
LEI0209 1 31.64 -
ADLO0188 1 92.29 133
LEIO146 1 116.02 169
MCwoi12 1 153.86 205
MCWO0058 1 175.31 241
LEI0101 1 188.94 259
MCW0313 1 242.83 270.8%*
LEIO088 1 260.15 316
LEIO198 1 290.62 -
MCW0036 1 316.14 386
MCW0283 1 339.28 414
LEIO106 1 353.8 397.6%*
MCWO0145 1 380.71 455
MCWo115 1 444.57 518
MCW0107 1 482.57 565
ADLOI190 2 0 -
ADLO0176 2 48.49 116
ADLO0257 2 88.12 159.6%*
MCW0062 2 101.85 172
LEI0096 2 171.58 233
MCW0027 2 186.77 255
LEI0237 2 218.72 -
LEI0O070 2 272.14 379
LEIO104 2 290.14 413.8%*
MCW0169 3 0 31
MCW0222 3 62.9 87.7%*
ADL0229 3 86.33 -
ADLO0280 3 128.18 170
MCW0252 3 155.82 208.5%*
MCW0016 3 194.37 247
MCWo156 3 208.37 276.8%*
ADL0143 4 0 0
ADLO317 4 14.74 12
MCW0295 4 118.32 75
MCW0005 4 129.58 101
ADL0266 4 174.64 138
LEI0094 4 196.48 -
MCW0240 4 224.48 200.8**
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Table 1. (Continued)

MCWO0193
MCW0214
MCW0029
ADL0166
LEI0092
LEIO196
MCW0183
LEIO158
ADLO315
ADL0169
ADL0258
ADLO154
ADL0191
MCW0134
MCWo0067
ADLO0106
LEI0O112
ADLQ0123
ADL0210
ADLO0372
LEIO099
ADLOI147
ADLO0310
MCW0322
MCW0031
MCW0080
ADL0293
MCWO0330
MCW0217
MCW0094
LEIOI02
ADL0262
MCWO0165
ADLO0289
MCW0301
MCW0262
MCW0069
MCWO0233
MCW0328
ADLO0376
LEIO135

NelNv e BN BN JRNE eNNe SRV, BRV, BRV, BN

24

30.3
52.02
78.02

40
24.25

32.2
54.2

18.54
38.54

—_
o <

O OO

10.78
19.55
29.55

14

30.1
38.1

50
88
128
162
118.4%*
86
119.7
140
165
23
46
44
132
59
107
22
54
0
62.7%*
32
51
67
7
49
26
41
24
9
0
5.7%*
7
48

18

44

57
0



Table 1. (Continued)

ADL0284 28 24 25
ADLQO193 E47W24 0 16
MCW0022 E47W24 8 -

GCT0004 E50C23 0 40
ADL0022 Z 0 0

ADL0273 Z 37.91 73
MCW0154 Z - 685 95
LEIOI21 Z 84.5 131

Position on a sex average map. Distances are in Koambi cM
relative to the position of the first marker on each chromosome or
linkage group. *, No linkage was resulted in calculation by the
software Map Manager QTXb20 (Manly et al., 2001).
®  From concensus map (Schmid et al., 2000). **, From
Wageningen sex average map (ARKdb,
http://www.thearkdb.org/browser?species=chicken). -, Unassigned

or no information for position on a sex average map.
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Table 2. Means + standard deviations (SD) (averaged across sex) for shank length,
body weight, and carcass weight at 20 weeks of age in Oh-Shamo and White Leghorn
breeds and their F; and F, birds

Trait Group No. of birds Mean = SD
Shank length Oh-Shamo 39 121.7+ 6.8°
(mm) White Leghorn 49 942+ 54°
Fy 53 111.7+ 2.7°¢
F, 232 107.7 = 6.0¢
Body weight Oh-Shamo 39 1937.9 = 188.7 %
(2) White Leghorn 49 1171.8 + 150.6°
F 53 1860.9 = 137.1°
F, 245 1680.7 = 212.2°¢
Carcass weight ~ Oh-Shamo 39 1372.2 = 140.8°
(2) White Leghomn 49 737.6 = 93.0°
F 53 1276.4 = 103.4°
F, 244 1137.1 = 157.8¢
a-d

Means with the same superscript letter are not significantly different among

the groups at P > 0.05 in each trait (one way ANOVA followed by Tukey’s HDS test).
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Table 4. Total contributions of all detected QTLs affecting shank length, body weight,

and carcass weight to the phenotypic and genetic variances

Trait Total number of ~ Phenotypic ~ Genetic variance ®  Broadsense
QTLs detected variance * heritability
Shank length 4 36.6 98.4 37.2
Body weight 2 12.6 27.0 46.7
Carcass weight 2 12.9 25.9 49.9

a

The phenotypic variance (%) explained by all detected QTLs, which was estimated
by a multiple regression analysis.
®  The genetic variance (%) explained by all detected QTLs, i.e., estimated by dividing

the phenotypic variance by the broadsense heritability (%).
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I. ¥

BEREIL, BWEEEBWNBELICOT NS, BIFRBEORRSE MO ABO Il
BREDEDIT, PRAHICKITEZEEGRNABEEIET, —FH. 1 RXONE, =7
UM, YYOHABREDL DT, FEMICHE S NEENSEE2 R THEIIRE
B 5. REKLEIBNT, ENBEEZXET 28R TES. B EEE T (Quantitative
Trait Locus : EAFQTL) EFER,

BESBFZEUORENTFICBNT, BEMICEERREOLIIENEETH D, QTL
DXEZEZT 5, tk, QTLEZRBELIIYE VT35 EIRETH -,
5, BERREIZERO QTL IKXESINTH Y, £2M#4 0 QTL MICIHMEER b EET S
METHD, ETAWMEE, FEODNAT—I—, QTLYv 7Y 7 NOBEKIC
. QTLOREEK EADT Y B 7NugE& > 7,

ZU MUIZBTLIFLD QT LAEFTHERIL 1998 FEIZHE X7z (Vallejo et al.,1998; van
Kaam et al., 1998), ZDIREDHE. 2006 F£5 AETIZ, Z U MY DEKE, BHEE, BERK
DR, INEEOINEERE., RREZESORBINERERE, B4 RBECHETSQ
TLEBRNEFESIN TS (Absht et al,, 2006), X 51T 2007 4£1 A ETIT, HWAEEDIIE
WD SBEICTDNT (Rowe et al., 2006; Gao et al ., 2006; Atzmon et al., 2006; Zhou et al.,
2006 a b; Wright et al., 2006) . &7z, FURMEBIEREICDWT® (Kim et al., 2006) QT L
TN IS S i,

QTLMIFICIE, FHLAEABHNEEII DLW TERNRONIMERHEBINU, SHAE
2Rk, FIFT2, ARETIE. K YyEEABL VR—2OREICE D F, 8%
Wz R v B, BEECHBAICKEINTELZRBEOAELABTHD, NENEKTH
LZENSHABOUERBREE L THHASNTERZ, —F. AL VR— VIFESEIC
EoTIARBRE L THESINTELRET, NITHEINENREEOHENENTNS
F RV EERREERZERMERT, Lo T, 2 HEHOBETFIICITAEAE
BOEREIN., QTLEVAORMEERICEL TWSEEZONS, HiZ. 2H5 2%
BORERRICETSHEIEETHD., REVEZENELZQTLEFICEYTH S,

QTLMITICE> T, QTLEBICEETAY—H—2FRTENE. 2ov—h—IC
EHUEBRNEBETOIENAETHDEINDE, TNEY—H—T A5 4 v Kt
L7732 a > (marker-assisted selection: EAF MAS) &5, FEBIC., QT LIBHIZ MAS &%
TICEL, B THHEIRBINTNDS (Pakdel et al., 2005),

AR ORI EEIZ. 2O MAS 20, BEORNABELD SENBSERE D=
JhUREEFEHTSIETHS, ZOERICE. BRVEOBADEDHBRIMENE N
DBEEND D, BRERS, RVEOEEBOIFEEAEETS T PV EONEBERICLSHD
THU., B - BITOHGITMAICES I3 2880WhETHD, OE-TMAMHEREIC
BOTHA 7NV FRRETNIL, MABLIENEGT. RVEORBERZICAER
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fTBZHEZXDIETR%, LENS>T, ROVEORBELELBEICREITL-0I0, Bk
DRz FERE RAIERT 2HEND S,

BRI, 7045 —EBEIBWTEERRERETH S, 704 F—ZEENLE A
D, HEOREZNEERIZE, HICERMNEZ DRIV, XoT, JO145—Tit. ko
WHIENEELWEINTWS (Deeb and Lamont, 2002), WZIZ, HEZSHTSQTL
EXy BT TENL, HOBRRIIMINDIZ WT 01 5 —DOBRNUEEICA D EEZ S
No. AAETIE. ZU M OFRELRSVCHEREZXRT5QTLEREK LI Y
295200 ELTE,
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I. #RtBE UG

AFETIE, R v 1EEICHL T, ARL ZR— 2l 3 BEOREICET< QTL
BITRARRZ)Y—AT7 73— LTHW:, ZORETIE, ZNENOKENSES
NIz F, DI 4 UK, 19 BHRZLZ LD FNRE TSI EICLD F MBS TS
(#EE, 2003). AHFETIE, 0 F DS B, RLITRT L DITH 200 fEEZHNT,
UTFOERZITo 7=,

wET—%

FEBIUOHEZ QTL BTiOMKBEE Lz, SHOMMLEZ 0 BHE L, 16 BEHET
O 1 ERECRESNAERREEMEREZERE L, ZITEIHEESE. ARD
FREOEE, BB, BEFVMIFRETHE EREROBESGEMNSE 3 IBOFTHE

HAETOEIZE®RLTNS,

ERERNBEICDONT, K v E, BRLIE—2. Fi. Fo ORER T &I ES
TP E S REREEZEH Uz, COEHIZIX BEEHY 7 b JMP5.0 (SAS Institute Inc .,
Cary, NC, USA) % i\ /=,

K7z, FEERIC DN T, QTL @41k s., ., £50H. BMEIC L 5HEERT- =,
—REWFETIVCE > THRIEOKLEEZ2RE L. BESHRN s%KETHFEICEWREIC
WT, JMP ZRWMIEZTT> /2. KIT, JMP 2T, Shapiro-Wilk's W-test 12L>T
ERMEDORE 2175 7. ERMED 5%KETHERIEDN - ZHEIZDWTIE. Box-Cox Z5#
2ol

R—=HN—=TUNBEHOIALET

HEit P RO L IEHE2E 272010, SEEICDONWT DNA X—H—0MES A ¥
U7zo ¥ —71—IZi&. The Poultry Genome Cordinators (http:/poultry.mph.msu.edu)& O
Rfts N1 /0957514 b —H—+ 754 <—% v b(Comprehensive Mapping
Kits #1, #2, #3)10 5 88 ¥ —A—ZBH LEALEZ (ER2). 208 DI 708551 b
A= BER Ry BEHBLITR—2) KBIRLRPNBASINET—H—T
Hb, FREOT—H—FTUNBROIA TR, RDOEIRFETT >,

1.7/ 1 DNA Ot
B F > b SepaGene CHMEMAEH)  £AR T2 /) —IVEEZHNWT, 20155
@ DNA it 21772 o 7z, #HICIE, 1EERYSZ0 2100 10 1l 2RV,

2. PCR
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1LY > 7INED, TS PCR KGHE 12 w1l iU, ETEHESN/- DNARIK 1 ©
1 Z200A 72, DNAB#KIL TE buffer (10 mM tris-HCl. 1 mM EDTA)IZ XD 0.012 ng/ul
WAL TR, PCR BRI 100 11 %72 D ORI, BEBMAK 745 11, ANTP (2.0
mM) 10.0 ¢1, 10XPCR buffer 10.0 1. Primer 5.0 11 (Forward Primer & Reverse
Primer Z%EMA., 05 M L7125 K DEMKTHEI) . Taqg DNA KU AT —HGU/ 1
M) 0.5 £l TH>7z. DNARU AT —FIZIZ Ampli Taq GOLD™ (Applied Biosystems)
A L7z, £72, 10XPCR /Ny 7 7 — DAL, 50 mM  KCl1. 10 mM Tris-HC1 (pH 8.3).
1.5 mM MgCle L1 0.01 %5 F > Tdh o7, GeneAmp PCR System 9700 (Applied
Biosystems)Z iy, ROEHEICE D MS-DNA OEIEE{To 7. (DEVEME: 95 °C. 10 4
i, QEZEME 195 C. 1498, T FIAT—ZELICHRELZEEGBO-55 C)TOFT =—
VTR 1M, @OHERIS (72 C 1200 [((D~@WZE 191 7)bEL, Zhz 43
YA | GBRERIE 172 C, 10 72,

3. X—Hh—F1ELT

1Y TIHl=0, PR RE—0 T2 AR 12.5 w1 KL PCR HIBEY 2N
95 C.2 HE DT 2 A8 DNA O 1 RSN DOFEEEZ1T - /2. PCR HIEEY OWEMEL,
HE1E DNA BE 75— J L OBEBREICL D, 1~10¢] OHF THEEMRE L7z,
DU L AW 100ul B0 OMRIE, Y1 XA 2 F— R(GENESCAN-350
[TAMURAD 0.4 pl. RIVAT IR 100 ul THhol, ¥ —F LY —TOEKIKENIH
EDX a7 VIZHE> 7z, DNA B ZORIFEIZIE Genescan V7 U7 3.1 (Applied
Biosystems) %, TNENDT—H—DF A E > JIZIE Genotyper V7 b7 7 25
(Applied Biosystems) % Fil /=,

N—H—DF 1 ETHERIL FEEENENI\EHREEENENOEDT UL 22T
MNTWENERFHLL TELUE, BREFLIIEETSHII—AT—IZBNTIE, K¥+vE
#R) DT VN DB ZEZITHNTHIUTA, BEL IR R 07 UINVOHEZT
MATHNEB, IADT UNEZIFHATHWIIEH Bk, BFicHWeE, £77. Z
ZAMRICDWTIL, Faintercross type DT E1T D T &M TER 29, backeross type
BN E UTHEMT21To72, TRb5E, Ry vE R 07 UIOHEZFHRNTN
XA, BELITR—2OT7 U NDHEZITFRATHIULH ERE8L. f@ricine,

SR D IER

R—=A—=TIUINVEOHEIZLDBELSNZLBEFEERN S, I — I —OEHEMK 2 ER L /=,
AFEHMPNIL, Map Manager QTX b20 (Manly et al., 200Di2& 0D, Kosambi O HiRIEF%L
ZFALUTERL
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QTL f#tr

UEDOBREIDESNEEEKOBNBER,. <—H—D7 U ILE, < —h —EHhx
DEHEW|EEEIT, Map Manager QTX b 20 #FHWT QTL @4 2155 7. fEiEEE LT,
AXET=NIREZT OIM) ZRWE, Ty B  TiEROGEEEHET S -0 M IE
(&, Map Manager QTX D20 ZflY, 1000 E/X—3 2—F—3 3 >F X FEF0WEHL
7zo

51T, AUFETIE. QTL MOMEEMEM, BEITEAY S AICDWTHRI L. A
2. Map Manager QTX b20 %\ /7,
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IT. %R

BEs—4

RKIvET, HAL TR —2, Fi. F DEEFIZDONT, 0~16 O&BRIGICBIT A4KE
BLUHEDOEYE + EERZEZELICRLEZ, RFOBEEDIC, WINOEBIZBWN
TH, Ky ENAAL IV FR—2 XD b REREZRLE,

— ) —EE

EHME ORERIT 1840 cM. ¥ — N —MOFHEREIT 29 M THolz, ZU MDA
G/ L OESRIBEREILR) 4000 <M (Wallis JW et al .,2004) TH DI &5, AT HE
BALER——d. 7 LhA2HRDBLE 46%E HDTNHWEHEEZ NS,

R

LOD A7 OMEIS. &FE TOHREKE 60%. 5%. 0.1%ICDWT, Z1ZF4 1000
BDON—Ia—F—arTFAMIELDEHINEZ, 60%. 5%, 0.1%DAHEKEIZBITS
BE#% 31 RL7,

QTL @7

2EICHET 2 QTL IMERE2ER 4 1R, R4, MIF2IMAZ 34 BEDS B,
LOD fED E— 70 60%DKEEBAZIREIZDNWT, TOMFHEREEZRLE, 14 BLO
16 BEREOMEICEAL T.LODEOE—I N 5% DFE/KEZE L% QTL 2MH iz,
RS N/ZHER QTL KDWTLIFICEHHAT 5, s 2 BELSMIIIEER QTL 3%
HE ko 7z,

<14 Ak E>

%4 BEMEOD 224 M (LEI094-MCW240) DfLEIZ LOD EMN 5.75 2 RrTHER QTL
N1 {ERR Sz (K1), additive effect. dominance effect 3K U\ variance 1ZF 1724,
-2.83. 1.20. BEIXUR14%TH o7z,

<16 AR E>

K7z, 5B 4 REEKD 224 cM (LEI094-MCW240) DOALEIT LOD A 4.28 2RI HER
QTL 2 1 ERti SNz (K 2), additive effect. dominance effect 35 & X variance 13741
. -2.25, 0.60. BLL10%TH -7z,

<TEA& A QIL>
AR TIEER, L5 QTL Oz, 2 ODDTLEZXY X QTL 2L (FE5), 37

40



HH. % LREERD LEI0101 OiEtE &, 2 9 Refafkd MCWO0134 D5 &IT, 9 Bk
EBICEETHIEXY X QTL #RH L7z, LOD fE( total )id 8.6 THN. LOD &
(interaction 14 6.0 T > 7z, £7=, variance ( total 1L 21% T&H U . variance (interaction )
id 14%TH > 7=,
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V. &%

&

AT, B4 RBEERLEOT—H—MCW0240 DAZEIZ, 14 BLY 16 BBIFOHEZ
XECY % QTL AMRHI S N/=0Y, 13 B LRI OMEZ X L T3 QT Li&H & iz m
D 7o —7. Tsudzuki et al. (2007)id. 20 EEHFHEZFE T2 QTL 2% 1. 4B LN 24
REAERLICERLTWS, 2055, EB4REAK EO QTL OB, AHEICBIT3, 14
BEO 16 MBHHEZE TR LTS QTL OFHE—KL TnD, ZN60OHEENS, HE
EXBELTWDQTLIE. 27U MY OREEREIZED BEo THWAAREENEZ 5N,
e, —HBO QTL Ik 2 EE L TRET AL HEZ SN2,

HE

AHFETIE, 0-16 HEIFEEZ2 XA T 5 QTL IdRHENah ol UV —ZA T 73—
BROBUERICHANEZR S v EELHBL ZE—C0OMIIE, 0BLVO 1 EBERE. 70
FEEICIRZRENAOND, BFE. JOXIBBEEIE QTL OBRHEIIRIZER WEE X
5%, EIAN, LRHOBFZRCHEDOS T, AUETIE 16 A E COKREEZ R L T
W3 QTL MBI ENABNh oz, 5. ZOEHZESNMIL TS MKEND 35,

16 A ETOMEGKZ AWEZARETIE, AEEZZE L THWAHER QTL I3 S nian
D72/, Tsudzuki et al. 2007I&, AHFEEF LYY —ZX 7 7 I U —2 AW QTL #EITIC &
0., 20 EEFRAEICEIL., BERZ QTL 24 REAKLEICRIEL TW5S, ZOFEENMS, (K
BIZELTH, LEOHEOEEGEFERIC, U N OREBREICLD, ZicBES5LT
N5 QTL MER > TWABHEEENE 2 5 5,

TVZ¥ TR QIL

Carlborg et al. (2003) 1, =7 M UKEIZDNWTO QTL Xy ¥ 7 %&{FI, TEZAY
A QTL AR EICEEZRIZTEEZREL TS, LML, AIFETIE, 0~16 BEDT
NTOREREIIDNWT, TEAY X QTL #RHETELN >/, AR T, TEZY
PAQILMWAR—A— LR UAMBICH D ERKE L ZFIRICK DT 2175720, V25>
A QIL A — A —iEECHEELRN o220, IN62RETAENTERN>EEEZ
55, '

o, FAETIE, 9 BREHEICETS 13, G52 DOIEAY X QTL i L
o —J. INHDIERY A QTL Zft U7z R EaMERIZIE. main-effect QTL 134
HENBN o /e > T AR THRE L7 9 BERHEICES T2 ITEAS ¥ X QTLIZ.
KL UEMTIIER LW, REEMZED QTL THEEEZ 5N,
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V. BY

AHETIE, ZT7 D0 —16 AHKFOERERS NCHERE 2 XK T3 quantitative
trait loci (QTL)ZREAK LTIy E T T5 2 E2HMELE,

RyvEMf 1 EEEBELTFR—CH3ERIIEDISIY 2T 73— bE5N7E,
F, AT 200 R ZFEATICH Wz, £/, A 709551 MMS)-DNA 27 —H—IZH
7zo BfEEOEZILNS, DNA ZHHL. 8O T I < —1v hEHWT, PCRIEICELD
MS-DNA ZHiEL 7z, HEIDNA > — VT ¥ —2AWNT. FHEAD MS—DN A QEH|E
2o/, V7 b7 27 Map Manager QTXb20 2T, QTL Xy B2 7 %75 /=,

QTL fRHTDFER, 55 4 BAK LD T —H—MCW0240 DAZEIZ, 14 BEN 16 B DR
Ea2XALYd % QTL 2R U7z, 13 HEFLIETOME %2 XE L TWW5 QTL i X n/ah
DTz, £z, 16 HEBRLIETIOREZFE L T3 QTL bRES N>, ALY YV—X
77 IU—AWeE, 20 ERREERENRE UAMOFEICE D, B EITRR D R EK
EEICERO QILABRINTWA L& E-REZTELTHS QTL bRAINTNS
ZENS, HEBIOMEEZLRLTNWS QTLIE. ZV M OREBRBICEDEIZ->TW
LE[EEENE X 5Nz,

Rz, AHAFETIE, 9 HBEHEICETS 13, G52 DDITEAS T X QTL #RHIL
o INEDOIERASY X QTL L, FRANCH UM TIRER LAWY, REEREZ SO
QTL Th s EEZ 5N,

43



VI. 5IF>CER

Abasht B, Dekkers JC, and Lamont SJ, 2006. Review of quantitative trait loci identified
in the chicken. Poult Sci .85:2079-2096.

Atzmon G, Ronin Y], Korol A, Yonash N, Cheng H, and Hillel J, 2006. QTLs associated
with growth traits and abdominal fat weight and their interactions with gender and

hatch in commercial meat-type chickens. Anim Genet .37:352-358.

Carlborg O, Kerje S, Schutz K, Jacobsson L, Jensen P, and Andersson L, 2003. A global
search reveals epistatic interaction between QTL for early growth in the chicken.
Genome Res. 13:413-421.

Chambers JR, 1990. Genetics of growth and meat production in chickens, in Crawford
RD (ed):Poultry Breeding and Genetics ,pp599-643(Elsevier, Amsterdam )

De Koning DJ, Haley CS, Windsor D, Hocking PM, Griffin H, Morris A, Vincent J, and
Burt DW, 2004. Segregation of QTL for production traits in commercial meat-type
chickens. Genet Res. 83:211-220.

Deeb N, and Lamont SdJ, 2002. Genetic architecture of growth and body composition in
unique chicken populations. J Hered. 93:107-118.

Gao Y, Hu XX, Du ZQ, Deng XM, Huang YH, Fei J, Feng JD, Liu ZL, Da Y, and Li N,
2006. A genome scan for quantitative trait loci associated with body weight at different

developmental stages in chickens. Anim Genet. 37:276-278.

Kim ES, Hong YH, Min W, and Lillehoj HS, 2006. Fine-mapping of coccidia-resistant
quantitative trait loci in chickens. Poult Sci. 85:2028-2030.

Manly KF, Cudmore RH Jr, and Meer JM, 2001. Map Manager QTX, cross-platform
software for genetic mapping. Mamm Genome. 12:930-932.

Pakdel A, Bijma P, Ducro BJ, and Bovenhuis H, 2005. Selection strategies for body
weight and reduced ascites susceptibility in broilers. Poult Sci. 84:528-535.

44



Rowe Sd, Windsor D, Haley CS, Burt DW, Hocking PM, Griffin H, Vincent J, and De
Koning Dd, 2006. QTL analysis of body weight and conformation score in commercial
broiler chickens using variance component and half-sib analyses. Anim Genet.
37:269-272.

Rubin CJ, Brandstrom H, Wright D, Kerje S, Gunnarsson U, Schutz K, Fredriksson R,
Jensen P, Andersson L, Ohlsson C, Mallmin_ H, Larsson S, and Kindmark A, 20086.
Quantitative Trait Loci for Bone Mineral Density and Bone Strength in an Intercross

between Domestic and Wild Type Chicken. J Bone Miner Res. 3:375-84

Schmid M, Nanda I, Guttenbach M, Steinlein C, Hoehn M, Schartl M, Haaf T, Weigend
S, Fries R, Buerstedde JM, Wimmers K, Burt DW, Smith J, A'Hara S, Law A, Griffin
DK, Bumstead N, Kaufman J, Thomson PA, Burke T, Groenen MA, Crooijmans RP,
Vignal A, Fillon V, Morisson M, Pitel F, Tixier-Boichard M, Ladjali-Mohammedi K,
Hillel J, Maki-Tanila A, Cheng HH, Delany ME, Burnside J, and Mizuno S, 2000. First
report on chicken genes and chromosomes 2000. Cytogenet Cell Genet. 90:169-218.

Schmid M, Nanda I, Hoehn H, Schartl M, Haaf T, Buerstedde JM, Arakawa H, Caldwell
RB, Weigend S, Burt DW, Smith J, Griffin DK, Masabanda JS, Groenen MA,
Crooijmans RP, Vignal A, Fillon V, Morisson M, Pitel F, Vignoles M, Garrigues A,
Gellin J, Rodionov AV, Galkina SA, Lukina NA, Ben-Ari G, Blum S, Hillel J, Twito T,
Lavi U, David L, Feldman MW, Delany ME, Conley CA, Fowler VM, Hedges SB,
Godbout R, Katyal S, Smith C, Hudson Q, Sinclair A, and Mizuno S,2005. Second report
on chicken genes and chromosomes 2005. Cytogenet Genome Res 109:415-479.

Schreiweis MA, Hester PY, and Moody DE, 2005. Identification of quantitative trait loci
associated with bone traits and body weight in an F2 resource population of chickens.
Genet Sel Evol 37:677-698.

HEEBGE, 2003. —Z7 MU QBB TEOREEST Y EL Y —RAEYORS — FRR
12-WEERZHREMEIS (BBRUEB)©Q) HEmEREE

Tsudzuki M, Onitsuka S, Akiyama R, Iwamizu M, Goto N, Nishibori M, Takahashi H,
and Ishikawa A, 2007. Identification of quantitative trait loci affecting shank length,
body weight and carcass weight from the Japanese cockfighting chicken breed,

Oh-Shamo (Japanese Large Game). Cytogenet Genome Res: in press.

45



Vallejo RL, Bacon LD, Liu HC, Witter RL, Groenen MA, Hillel J, and Cheng HH, 1998.
Genetic mapping of quantitative trait loci affecting susceptibility to Marek's disease

virus induced tumors in F2 intercross chickens. Genetics 148:349-360.

van Kaam JB, Bink MC, Maizon DO, van Arendonk JA, and Quaas RL, 2006. Bayesian
reanalysis of a quantitative trait locus accounting for multiple environments by scaling
in broilers. J Anim Sci 84:2009-2021.

van Kaam JB, van Arendonk JAM, Gronen MAM, Bovenhuis H, Vereijken ALJ,
Crooijmans R.P, van der Poel JJ, Veenendaal A, 1998. Whole genome scan for
quantitative trait loci affecting body weight in chickens using a three generation design.
Livestock Producion Science. 54:133-150

Wallis JW, Aerts J, Groenen MA, Crooijmans RP, Layman D, Graves TA, Scheer DE,
Kremitzki C, Fedele MdJ, Mudd NK, Cardenas M, Higginbotham J, Carter J, McGrane R,
Gaige T, Mead K, Walker J, Albracht D, Davito J, Yang SP, Leong S, Chinwalla A,
Sekhon M, Wylie K, Dodgson J, Romanov MN, Cheng H, de Jong PJ, Osoegawa K,
Nefedov M, Zhang H, McPherson JD, Krzywinski M, Schein J, Hillier L, Mardis ER,
Wilson RK, and Warren WC,2004. A physical map of the chicken genome. Nature.
432:761-764.

Wright D, Kerje S, Lundstrom K, Babol J, Schutz K, Jensen P, and Andersson L, 2006.
Quantitative trait loci analysis of egg and meat production traits in a red
junglefowlxWhite Leghorn cross. Anim Genet. 37:529-534.

Zhou H, Deeb N, Evock-Clover CM, Ashwell CM, and Lamont SJ, 2006. Genome-wide
linkage analysis to identify chromosomal regions affecting phenotypic traits in the

chicken. I. Growth and average daily gain. Poult Sci. 85:1700-1711.
Zhou H, Deeb N, Evock-Clover CM, Ashwell CM, and Lamont SJ, 2006. Genome-wide

linkage analysis to identify chromosomal regions affecting phenotypic traits in the
chicken. II. Body composition Poult Sci. 85:1712-1721.

46



£ EYELRI N

8Y’0  €6F 9'€0Z ¥ L'88El 89 L6LL ¥ 02LSI St 9LL F ZTIOLL Ol €922 ¥ €86LL 9l
250 96k 886l F 862} 89 220l ¥ 8¥ISI St t'18 ¥ €00} OLL 9122 ¥ v'¥69L Gl
Ev°0 6L L'28L ¥ L'ELZL 89 ZOLL ¥ L60p} St 018 ¥ €220} OLL 9602 ¥ S08Sk I
G50  €6L 618l ¥ 6°LOLL 89 L'l6 ¥ 6'92El St 0€8 ¥ GEV6 Okl VI6F  gespl €l
IS0 6L 699} F €£.86 89 616 F 8622l Sy VlL ¥ 0858 OLL  TLLL F 90S€k Tl
.90 26l v'68L T 9198 89 68 T OVOLI Sy 2E€8 F LLLL OLL  ¥'8GL ¥ 6002k I
690  ¥6L 299l ¥ 9726L 89 898 F t'266 St v'89 F LLL9 Okl 29l ¥ +'S80L Ol
050  88L TIEL ¥ 88¥9 89  L98 T L0/8  SF 265 F 89S OLL €62l ¥ €32v6 6
€50 €6l  L¥LL F 86€S 89  VLL F LYEL St S8 F 606Y OLL  S60L ¥ v7/8L 8
Sy’0 06k 26 F YlEy 89  L¥9 F 07265 St 8Ly F L'P6E OLL 968 F LOV9 L
€50 261  1'8L ¥ 86lE 89 805 ¥ v9SY St 296 F L'YOE OLL  LbL * 6'€6P 9
2ro  vek  L'19 ¥ GvET 89 0Ly F TYHE St 962 ¥ 9'9€ET OLL 885 F G'99¢ G
¥€'0 6L L€y F 885} 89 TYE F £9KC Sy L'vZ F 673Lk OLL €97 ¥ 96KC ¥
ve0 €61 6.2 ¥ 820} 89  8IZ F tI9k St 991l F 6ViL OLL 062 ¥ L'6St £
W0 €6k €9l F vL 89 L2k ¥ 996 S 96 ¥ 2gSL OLL  9GL ¥ 646 ¢
€20 88l 89 ¥ €€ 89 GG F g'6S St LS ¥ v0S Okt 'L F 89S !
GL'0 96} €T F 8V 89 gL ¥ 92€ St 82 F 0€E Okt e F ¥ 0
ST} E N Z N £ N  A—l13HE N FAaY SHEr
(MR B

(RYHE TR OB THPI S)EUCHL NG 1 AL L1BE " TA2Y -1 E

47



650 €61 99 ¥ 910! 89 e + 61l 114 ¢¢ + 9¢0t Okt gL * ¥'eclt 91
190 961 69 * 920l 89 Gc + GVl 15174 v'¢ * 2’0l OLL G/L ¥ 00clt Gl
€90 161 0L ¥ 200l 89 9¢ * 90LI Gt 8¢ ¥ 00!l oLt 'L + 8911 14!
890 €61 Y.L ¥ L96 89 6¢c + 1’80t St 8¢ * G'66 OLL L9 F €CLE el
290 161 €L * 6¢6 89 0e * L0l Gy 6¢ + 066 Okl 99 F 880l ¢l
640 é6l €6 *+ ¥./8 89 g€ ¥ Lcol 1514 I'e ¥ 806 Ok} 99 ¥ G¢0!l Ll
v.0 761 G'8 + 2'¢8 89 G¢ + G'G6 114 6¢ + 068 Okt 99 * 086 ol
c9'0 881 V'L ¥ L/LL 89 8¢ * 968 15174 b'E ¥ L'6L OLL ¢9 ¥ €¢6 6
090 €61 89 ¥ €L 89 e ¥ €¢€8 Sy 0g + 0¥L OLL G9 ¥ 098 8
19°0 061 }'9 * 879 89 €€ ¥ L9 15174 8¢ ¥ 999 0L} e ¥ 184 L
€90 é6l ¢9 ¥ G.S 89 £€e * €69 14 L'c + €65 oLl ¢S + L0L 9
LS50 141" 9¢ + 209 89 '€ * S09 17 0 + €¢9 Okt ¢g + L'I9 g
860 161 8Vv * Lcb 89 G¢ * v2s Sty ¢¢ + L9 Okt Gv + €329 1%
90 €61 8¢ * |'LE 89 €¢ + 9G¥ 134 6'L ¥ L0V oLt oy ¥ 0Ovb €
cg0 €61 ¢ + 8¢€€ 89 9L * Vv'.E 14 'L ¥ 8¢¢ oLl 6¢c + G9€ ¢
700 881 FE F G0€ 89 0L ¥ 6°0€ %174 60 *+ 1L'0g OLL VI F L'Ig I
750 961 60 * €9¢ 89 90 + 99¢ 17 G0 * 09 OLL 80 ¥ ¥9¢ 0
ST E N 2 N b N —L LB HE N ALY SHEr
(MR EY

(ZYHS T ORI WWFH AL NG I A 1BH "2A2Y -1 E

48



2. FHALETA0UFSAEDNA T—H—EFDEBERLEDHAE

7 —h—% R2EAES ZEANE(CM)
MCWO0248 1 0
LEI0209 1 31.64
ADLO188 1 92.29
LEIO146 1 116.02
MCWO0112 1 153.86
MCWO0058 1 175.31
LEIO101 1 188.94
MCW0313 1 242.83
LEIO0SS 1 260.15
LEIOI98 1 290.62
MCW0036 1 316.14
MCW0283 1 339.28
LEIO106 1 353.8
MCWo0145 1 380.71
MCwWo115 1 444 .57
MCW0107 1 482.57
ADLOI190 2 0
ADLO176 2 48.49
ADLO257 2 88.12
MCW0062 2 101.85
LEI0096 2 171.58
MCwWo027 2 186.77
LEIO237 2 218.72
LEI0070 2 272.14
LEIO104 2 290.14
MCWo169 3 0
MCWwo222 3 62.9
ADL0229 3 86.33
ADL0280 3 128.18
MCW0252 3 155.82
MCWo0016 3 194.37
MCW0156 3 208.37
ADL0143 4 0
ADL0317 4 14.74
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R2. (=)

MCWO0295
MCW0005
ADL0O266
LEI0094
MCW0240
MCW0193
MCWo214
MCW0029
ADLOI166
LEI0092
LEI0196
MCW0183
LEIO158
ADLO315
ADL0169
ADLO0258
ADLO154
ADLOI191
MCW0134
MCW0067
ADLO0106
LEIO112
ADL0I123
ADLO0210
ADL0O372
LEI0099
ADLO147
ADLO0310
MCWwW0322
MCW0031
MCW0080
ADL0293
MCW0330
MCW0217

o= = = 13 A D AN
20O 0O 0O © ©®W 0o N NN N o o oD I

—
—y

— ek ek medh el el ek ek eed el
O N U 1T WW W NN

118.32
129.58
174.64
196.48
224.48
30.3
52.02
78.02
40
24.25
32.2
94.2

14

23.72
45.72

30

80

18.54
38.54
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K2, (tF)

MCW0094 19 0
ADL0193 20 0
MCW0022 20 8
LEI0102 23 0
ADL0262 23 1078
MCW0165 23 19.55
ADL0289 23 29.55
MCW0301 24 0
MCW0262 26 0
MCWO0069 26 14
MCW0233 27 0
MCW0328 27 30.1
ADL0376 27 38.1
LEI0135 28 0
ADL0284 28 24
GCT0004 E50C23
ADL0022 z
ADL0273 4 37.91

- MCWO0154 z 68.5
LEI0I121 z 84.5

* AR CILEEILFERINEM 1=,
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&3 EMEITHTHLODEDEHE

BE BEn 6% EEKE SWEEKE  0INFEKE
0 2.2 4.3 11.1
1 2.2 4.5 12.1
2 2.1 4.1 8.5
3 2.2 4.3 7.8
4 2.2 4.1 12.9
5 2.2 4.1 7.2
6 2.2 4.4 14.9
7 2.2 4.3 14.0

®r=E 8 2.1 4.3 7.1
9 2.2 3.9 6.0
10 2.2 4.2 7.4
11 2.2 4.1 7.9
12 2.2 4.3 9.5
13 2.2 4.0 10.7
14 2.2 4.0 10.1
15 2.1 4.1 10.0
16 2.2 4.2 10.3
0 2.1 4.3 73
1 2.2 4.3 9.6
2 2.2 4.1 9.0
3 2.2 4.2 7.2
4 2.1 3.9 8.7
5 2.1 3.9 8.5
6 2.2 4.6 13.4
7 2.2 4.3 10.2

HIE 8 2.2 4.1 7.8
9 2.1 3.8 7.6
10 2.2 4.5 10.3
11 2.2 4.4 8.1
12 2.1 4.1 10.2
13 2.1 4.0 8.7
14 2.1 4.3 - 8.8
15 2.1 4.2 10.3
16 2.2 4.1 15.9

Map Manager QTX b20&FHLNTI1000E D/ S\—S2—T—S 3T
ANEITWERLT-,
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QUANTITATIVE TRAIT LOCI AFFECTING EGG-RELATED TRAITS OF
CHICKENS

Masahiro Iwamizu,' Akira Ishikawa,” Masahide Nishibori,' Jiro Yokoyama,® Tamao Ono,* and Masaoki
Tsudzuki'

!Graduate School of Biosphere Science, Hiroshima University, Higashi-Hiroshima 739-8528, Japan;
*Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya 464-8601, Japan; *Nosan
Corporation R&D Center, Tsukuba 300-2615, Japan; and 4Faculty of Agriculture, Shinshu University,
Minamiminowa, Nagano 399-4598, Japan

ABSTRACT

The Oh-Shamo (Japanese Large Game) and White Leghorn breeds of chickens differ markedly in many traits of
physiological or economic importance. For example, Oh-Shamo is a native Japanese chicken with a large body
size that is bred for cockfighting and has a low laying capacity. In contrast, White Leghorn has a medium-sized
body and is a renowned egg layer. Identification of the genomic regions harboring quantitative trait loci (QTLs)
for these fraits is of interest. We have generated an F, resource family based on these two breeds in order to map
QTLs affecting egg-related traits. Simple interval mapping with 325 F, birds and 102 microsatellite DNA
markers revealed nine significant QTLs on chromosomes 3, 4, and 11 for five traits: egg weight at 300 days of
age, egg production rate at 400 days of age, L* value of eggshell color at 300 days of age, and egg yolk weight at
300 and 400 days of age.
Key Words: Chicken, Egg, Mapping, Microsatellite DNA marker, Quantitative trait loci, Resource family

INTRODUCTION

Hereditary traits are classified into two groups: qualitative traits, most of which are controlled by a single major
locus, and quantitative traits, which are controlled by multiple loci (quantitative trait loci, or QTLs), each having
a small phenotypic effect. Mendel’s laws were established for qualitative loci, and mapping or linkage analysis
of such loci has been performed for more than a century (Bateson and Punnett, 1905). In contrast, mapping of
QTLs has become possible only recently with the development of statistical analysis and computer technology
together with the exploitation of microsatellite DNA markers. Many QTLs have now been described in various
experimental and industrial animals (Mackay, 2001; Barton and Keightley, 2002; Andersson and Georges, 2004;
Flint et al., 2005) including the chicken, in which most of the identified loci control traits related to growth or to
disease resistance (Hocking, 2005).

We have now identified egg-related QTLs in an F, resource family based on Oh-Shamo and White Leghomn
breeds of chickens. Oh-Shamo is a native Japanese chicken that is bred for cockfighting (Tsudzuki, 2003),
whereas White Leghorn is bred for egg laying. In general, it is desirable for parental breeds of a resource family
to be genetically distinct. Oh-Shamo and White Leghorn exhibit many phenotypic differences (such as in body
weight, body shape, age at sexual maturity, egg production rate, and attack behavior), suggesting that they also
differ genetically to a substantial extent.

MATERIALS AND METHODS

An Oh-Shamo male was mated with three White Leghorn females. F; birds were produced by full-sib matings of
F, birds (one male with six females) from each dam. With the use of Windows QTL Cartographer 1.15 software
(Basten et al., 2001), we performed simple interval mapping on 325 F, hens genotyped for 102 microsatellite
DNA markers (95 on 19 autosomes and 7 on the Z chromosome). Some of the primers for the markers were
kindly provided by H. H. Cheng (U.S. Department of Agriculture). Prior to QTL mapping, a linkage map of the
102 markers was generated with the use of Map Manager QTX b19 software (Manly et al., 2001) and the
Kosambi map function (Kosambi, 1944). Genome-wide significance threshold levels were calculated on the
basis of the formula of van Ooijen (1999).

In total, 29 egg-related traits were targeted for the QTL analysis in this study. These traits included weights of
egg, eggshell, egg yolk, and egg white; eggshell strength, thickness, and color (L*, a*, and b* values; CIE
Central Bureau, Vienna, Austria); heights and diameters of egg yolk and egg white; egg production rate; and hen
age at laying of the first egg. With the exception of age at laying of the first egg, the parameters were measured
at both 300 and 400 days of age.

RESULTS AND DISCUSSION
Significant [likelihood of odds for linkage (LOD) score > 4.4] or highly significant (LOD score > 5.2) QTLs
were identified for five traits: egg weight at 300 days of age, egg production rate at 400 days of age, L* value of
eggshell color at 300 days of age, and egg yolk weight at 300 and 400 days of age.
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Egg weight at 300 days of age

A significant QTL (LOD score = 5.1) was detected between markers MCW0005 and MCW0167 on chromosome
4 at a distance of 146 cM from ADLO0143, the first marker of the consensus map (Schmid et al., 2000).
Honkatukia et al. (2005) found a QTL for this trait on chromosome 2, whereas Sasaki et al. (2004) and Tuiskula-
Haavisto et al. (2002) each detected one on chromosome 4. The position of our QTL, however, differs from
those of the latter two groups.

Egg production rate at 400 days of age (number of eggs produced between 400 and 430 days of age)

Two highly significant QTLs (LOD scores of 9.9 and 6.5) were identified on chromosomes 3 and 4, respectively.
The QTL on chromosome 3 was located between markers MCW0169 and ADL0229, with the distance from
MCWO0169 being 38 cM. That on chromosome 4 was located between markers MCWO0005 and MCWO0167 at a
distance of 156 ¢cM from ADLO0143. Tuiskula-Haavisto et al. (2002) detected a QTL for this trait on each of
chromosomes 8 and Z.

L* value of eggshell color at 300 days of age

A significant QTL (LOD score = 4.5) was detected between markers MCW0169 and ADL0229 on chromosome
3 at a distance of 62 ¢M from MCWO0169. Whereas we did not detect a QTL for a* and b* values of eggshell
color, Sasaki et al. (2004) found a QTL for a* value on chromosome 11.

Egg yolk weight at 300 days of age

Two highly significant QTLs were detected on chromosome 4: one (LOD score = 18.6) located between markers
MCWO0005 and MCWO0167 at a distance of 150 cM from ADL0143, and the other (LOD score = 16.2) between
markers MCWO0167 and ADL0266 at a distance of 236 cM from ADLO0143. Another highly significant QTL
(LOD score = 15.3) was detected between markers ADL0210 and MCW0066 on chromosome 11 at a distance of
32 ¢M from ADL0123.

Egg yolk weight at 400 days of age

Two highly significant QTLs were detected: one (LOD score = 12.9) on chromosome 4 between MCWO0005 and
MCWO0167 at a distance of 144 ¢cM from ADLO0143, and the other (LOD score = 8.7) on chromosome 11
between ADL0210 and MCW0066 at a distance of 32 cM from ADLO0123. QTLs affecting egg yolk weight have
not previously been described.

Hansen et al. (2005) and Honkatukia et al. (2005) found QTLs affecting egg white thinning on chromosomes 1
and/or 2. Moreover, Sasaki et al. (2004) and Tuiskula-Haavisto et al. (2002) found a QTL for age at laying of the
first egg on chromosome Z. We did not detect QTLs for these traits. The genome coverage of markers was ~56%
in the present study. An increase in the number of markers used should result in an increase in the number of
QTLs identified in the near future.
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BRI BPEECENBEICRENEINSG, ENHERRERIBETHD.
BHFEITEGENZEETH S, FENER, BETHL2ENI LI ICRH,TEHREAN
BiETHD, REDHBE VS, BTRIZIEDOTELRENEETHS, BHRET
E I DOBENFEAIE LTI DOBEGBFICE > TEXEINTNWSMN, BMBEETIE 1D
DHEENEROBLGTFICL > TERESINTNS, I5IT. BEMNEEORBEICBN TR, &
BOBLRTOXEICMATREDEZESERL T 27D, RHAENTE DN {EROEK
FETHE, BFLLEOREEREITI2BETERFOERZRKL TR EIEREST

(Hillel ez al, 1993) . MO TIEZ DEEDELRFOREDARARETH o /2. FHITHWNT,
WHECHEAE, ETR ENSLGERENICEERBEOZNEMBEICEEN. &
I E B 5T (Quantitative Trait Loci : QTI)IZL > TEE I N TS, KU EMETR
B SKE DBIKEEZ1T O 7201013, QTL ORBEK EOMEBEEMBLENRD 5,

ZOHBZZRTT B0I12. FiilHFEINZON QTL ik TH 5., QTL @ Tld.
BEDHGEOMABMZDECLZHEENS, HAIWEEEETHE LT E—T—0, $f
K ETOMBEREROHEE 21T\, BREHMNZERT 2 B, 2000). QTL T2 %T7
BRI, UV —AT7 73—, ZEHEOENT——72 5 NI — 1 — B X A3
HTHod, JV—AT773IU—&i, HER FEAR FRERLLUIIRLUZHERD 3
HRNEBEIFRRDIETH S, ZORROHRMRITIE, TOBENTELRITERS>T
WHRBERET S I ENLEL L, BENESRS T, ZORE &6 L T2k
VBEBGETOLEREZ S TWAEZENHRIINSGNSE THBE]IS, 1998),

TETE, QTL AT ERF THONTWE N FIHSN TS &Y — T — DR, T,
B EBEFEONTNEDON. 1 705 F 71 M(MS)-DNA X —H—TdH % (Beh et al,
2001 ; Casas et al.,, 2003 ; Sato et al, 2003). MS-DNA &, 1 BA7HNEHE Bt o & W ERFY
AEFNZEEN SHK 100 HREERKELZ DNA T, 1) 7/ LA 89 % (Cheng
and Crittenden, 1994), 2) EKE TOREENE < LRIENE W, 3) BH—ETH B =D
WRHRHBETHS. 9 BELEFAATIOEENI LN > TEERT 5. 5) polymerase
chain reaction PCRWETEGICHIETES, REDFENH D, BEY—IH—E LU TEN
Tna,

1980 FFALIBEIC, MS-DNA Y—H—%i3U & 5% DNA ¥ —H—DFHICL 5,
T LAERICORESEEEEMKPER IND LDk, YU, Iy b, Ui, T
&, ZUMIRETBWT, Z<0EBRY—HT—OREERLEIZBITBMAE DTN IN,
7B EEH K AMER TN TWS (Vaughn et al, 1999 ; Kirov et al, 2000 ; Thara N
et al, 2004 ; Schmid M. et al, 2005).

QTL 2175 Z &Ik, EMPEELRTFEDEICEET S DNA X—hH—7HEA
TENL, COR—H—KEB LU DDOHMEMEREETS 2 ENAERIC/AE5 (Hillel ef al,
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1993). INZEX—N—T A5 4 Rt 7 3 > (marker-assisted selection: MAS) & WY
. ek, BERREICET2BEEFETIE. RRBITE D WIS EIK /K EEDERE D2
WIERANWSNTERN OKHES, 1996). 2D MAS Z2HWNWS 2 & T 5B ESN R %5
D5 EMARETH S EZEZS5NTWSHillel ef al, 1993).

KD BIEX, 2O MAS Z2HWT, BEEOIVABL D BENEZZT N AfE
EOPETHEE TSI EICH D, ZOERITIT. DAEOBIIOEDHHEENMENE NS
BEENDHDS. DPNECBITLBWORANT LOBERRIZE Y (BHKES,
http//lwww.maff.go.jp/)s UL, SFABICEL. ODRENEEEZ+MICHEEL TWSED
TRV, TORETNTH, A FUAEOAEERCLSEDTHD, B1> 7T
UYDOFEEICKD, FE, BE, XMFA, BARRBRETZT MU OKREE, FRITHND
LREFRUS, WHAELNTONEZN, FEBREETIOL D RBENHEETHIL,
ODREOEREXDRITBZZI5D5 &85, o T, ZOREMSHL, DAED
BEERCZEIIRESESDI0E, DREMEOEREREREL2EHTAINEND L EE
AbNB, iz, FEBORENS SILICREI T, EHCENOBH 2T 2R EZE
DT DREOEEERDE LD RRBICDRMNS,

ZU MJIZBITBHREERTO QTL M O BAEMRHRESN & U T, RES L OYRHE S
& (van Kaam J.B. et al, 1999 ; Deng et al,, 2001 ; Tatsuda et al,, 2001 ; Sewalem et al.
2002 ; Carlborg et al, 2003 ; Deeb and Lamont, 2003 ; Carlborg et al, 2004 ; De Koning
et al., 2004 ; Siwek et al.,, 2004 ; Jacobsson et al., 2005 ; Schreiweis et al, 2005 ; Park et
al, 2006). WHEBIEE (Van Kaan et al, 1999 ; Ikeobi et al, 2002 ; de Koning et al,
2003 ; Jennen et al, 2005). FIVEXRSHEMEZIAD & T2 SEEREIEB LGSR
ZIZEAT 2 E (Vallejo ef al, 1998 ; Xu et al, 1998 ; Yonash et al, 1999 ; Yonash et al,
2001 ; Kaiser et al, 2002 ; Siwek et al, 2003a ; Siwek et al, 2003b ; Zhou et al, 2003 ;
Zhu et al., 2003 ; Pakdel et al, 2005 ; Rabie et al., 2005 ; Siwek et al, 2005 ; Tilquin et
al, 2005), IR5 NP DDEREITHTEHA ML AKBB L OBRMTENICHET 2 HE
(Buitenhuis et al, 2003 ; Buitenhuis A.J. et al, 2004 ; Schutz et al, 2004 ; Jensen P. et
al, 2005)ICBT BB DONH B, Tz, IIBIELEICE TS QTL it Ot b ¥iEET %
(Schutz et al, 2002 ; Tuiskula-Haavisto et al, 2002, 2004 ; Wardecka et al, 2002 ; Kerje
et al., 2003 ; Sasaki et al, 2004 ; Hansen et al, 2005 ; Honkatukia et al, 2005),

KT TE, FERBENEIZBNT MAS 275 20 OREBE LT, BAEMBED U Y —X
T77IU—EANT, NEEREEXELTVS QTLZHLNITH 2B ELE,

3
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I. R XU

UY—=RAT773U—ELT, KUy ERE 1EEFICHELT, BV R— VI 3 @EDOR
BIZEDSKREZH WL, CZORRTH, TNETNORENSELNZ T, Olfifz2eE &
HENREEY S T &1L D Fo ARG 5 T B ERE, 2003 ), QTL fF#HTICIE Fe 4% 325
ERZER Wz, £z, DNA X—Hh—IZid. 7 AU NEBFBEUSDAD H. Cheng HLn5
T4 —ty bORKEZITLIA 70T T F(MS) DNA ¥—H—D35, IhE
TOMFEEREE, 2003 N LD RROWMRGEETY LIVARR > TWD ZEMHBHL TN
2HDEERL. BEICARINTINS MS-DNA ¥ — 11— O EEEHK (Schmid et al,, 2005)
M5, & —H—HI e BR 0 SEREC 2D KD IGEE L/ 102 EE2AWSE B D. &
PFRICHERA L7 MS Y — 1 —OREK L TOSMER 2 1R LT,

Ky &R, BECHBRCKBEINTELZRBEOHABTHD, WENEKRTHD Z
ENSARABOKEABRREE L THAINTWS, —F., AL 7R— i3, BEICE
STIHABEL THREINTELRRET, NNUTHIINENRZEOHENEN TSR
E. RV Y BERBREREERAND D, Lo T, TIN5 2 BEMICITEGTHICOKRER
ERNEETD ZENHFIN, QTLMITARREL TEATH L LEEALND T ENG,
D2 RBIZEDSRREAMAEITH N,

EEAEO2IME D, DNA 2t L. PCR#%ICX D MS-DNA O#ig 417> 72, MS-DNA
DA ETIZEE DNA > —727 L83 —(ABI PRISM™ 310 Genetic Analyzer, Applied
Biosystems)Z AW TITo /2. ¥ 1 ETHERE. UIBEERE T —4ICE D E, QTL fi@fiz
o7z, F#MZLITICRR S,

1. %7/ .x DNA O
BRI > b SepaGene CYMEMR S 2 HWT, 2105 O DNA i 2177z
o7, MHNTIE, 1EESZ042Mm 10 vl ZHWE,

2. PCR

1927 N%7=0, FTIBR~NS PCR KK 12 nliZxd L. ETHESN- DNA AR
1 ulZMA 7. DNA E#IE TE buffer (10 mM tris-HCL. 1 mM EDTAIZ LD 0.012 «
g/ Ll IHRLU THW/Z, PCR KINK 100 pl H/= 0D ORI, WEREMAK 745 w1
dNTP (2.0 mM) 10.0 «1. 10XPCR buffer 10.0 11, Primer 5.0 11 (Forward Primer
& Reverse Primer Z% 2. 0.5 uM &35 X D@BMATER) ., TagDNAR I A F
—EGU/ueM) 05 w1 THolz. DNA R AT —FIZE Ampli Taq GOLD™ (Applied
Biosystems)Z £ L7z, £/, 10XPCR /NNv 7 7 —DOfA&IE. 50 mM KCl. 10 mM
Tris-HCI (pH 8.3). 1.5 mM MgCle 3L 0.01 %EFF > ThHo7z. GeneAmp PCR
System 9700 (Applied Biosystems)Z ), RDEHITE D MS-DNA OHEEZFT-> 7=,
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(DEZEYE: 95 °C. 10 2. (QBEME 195 C, 19/, @754 —TLIcdkE8 L-E
EE(BO - 55 C)TOT7 =—1 > 7RIS 10, @WHERE 172 C. 1458 [(D~@W% 1
HA7)NEL, INZ 431 27)0 1. GYHEERS 172 C. 10 2.

3. X—H—F1ET
1Y > TNBRD, FITRRB =7 T ARK 12.5 w1IZH L PCRIGIEEY &M A .

95 C. 2 2HIDEMEHET 2 A8 DNA © 1 RENOHFEEZIT> 7z, PCR BREEY ORINE
3. BIEDNA B LT I X — L OEOUERIREICK D, 1~10 1] OHFE THE AR L
Teo U TVAWWE 100 1] H7z 0 ORI, YA XA 5 > 45— R(GENESCAN-350
[TAMURAD 0.4 11, RIVATI R 100 £l THo7z. ¥— 7 LY —TOBLIKENIH
FEDR a7 IVIZHE>7z. DNA B XDOEIFEITIE Genescan V' 7 b =7 3.1 (Applied
Biosystems) &, TNENDI—H—DF A Y 7IZId Genotyper V7 b T 7 25
(Applied Biosystems) % f 27z,

4, BERBE

B (00D B L UVEMQOODIZEL - THRNSNZHIE R, JIE, FEIR, JIRRE. oy
waE, IIAE. BENAYA X, INRER. IVRE @i - 860 - PREl) . IIRRE, I
7 (L5 a% b*E), JPEE. WHE @EHGHLIOEEICDWTIE, 300 HB LU 400 H
BRFICBWTHEIE) &2, QTL BITOENBEE L GEE Lz, EMRE—E2E3ITRL
7zo QTL RTINS, INSOREMEICHLY 7 b7 JMP 5.0.1a (&4 SAS
AATATa— "IN, BE) 2HWT, MERICKAMIEZTTo 72,

5. QTL fg#f

QTL % #7 1T % 3 5 . Map Manager QTX bl9 (Manly et al, 2001,
http://mapmgr.roswellpark.org/mmQTX. html )IC X V. 49 > EDHIKEEEKICEDINWT,
Al —h—o#HEMRKEZERL 2, K< QTL f## Tid QTL Cartographer
(Http://statgen.ncsu.edu/pub/qtlcart/) % F VT interval mapping %175 7z, Mappinng #&
REHETH2DOFEEDBEIL Van Ooijen(1999) DETERICE DWW TEHR L=, EH
TERIL, suggestive level (10%7K¥#E) 4.2, significant level (5%7K¥#E) 4.4, 725 TNIT highly
significant level (1%7K¥) 52 THo /=,

AV 7 bOFERICELSE, Az MS ¥ —7—102 ffIZDWT, Fo itk 325 EED S 1
U2 THRBICEDNT, FefifkENENNHBEREENTNOEDT VIV EZITFHATNH
LMEHANR, iHblz, BREKLCEET S —I—ZBWTIE, R vE (#H)
DT VINDHEZITHATHIUTA, BBV ITR—>2 M) 07 UIVOHEZIFHEATY
B, WHOT VIR HNTHIUTH &R Uz, £, EEATICHL, Z 32 6a6E
IZDWTIE, Fzintercross type DT E1TD Z LM TERNDT, backcross type iy &
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U CHEER 217o7-, T/abb, KIvE (HH) O7UINOAHEZIFHRNTHIUL A,
AELITHR—2O7 Y NVOBZZITHNATHIILH ERBEL L TET 2T 77,
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II. %R

# 4 WCEWEICETS QTL iR e2E Dk, BiTEmA, 33 BWEDS>bH,
suggestive level DL LD QTL M TE/HEICEL . ZOBITRERZLITIZRT,

1. 300 Himls I E

5 4 RBAED 146 M (MCWO005-MCW167) DALEIC LOD score 73 5.14 /R
significant QTL 2% 1 it i /2 (K 1). additive effect. dominance effect LN
variance explained {3Z3NZ41. -5.205. 5.62 BLUN 54 % TH o /=,

2. 400 H s pEIRAR

%3 RAEKD 38cM (MCW169-ADL229) DOALEIZ LOD score fEAY 9.9 #7179 highly
significant QTL 7z 1{& (X 2). % 4 BE&ED 156 cM (MCW005-MCW167) D&
LOD score fE2} 6.55 #7779 highly significant QTL Z 1l (K 3) L=, ZDOH 5,
FE3RBEDD DL, additive effect. dominance effect 35 LT\ variance explained 7%
ZTI. 0.148, 0.4 BEUBI%TH D, # 4 REKD SO DTN S ITZNTI. -0.04,
0.425 BLUR 71 % TH o7~

3. 300 H#mkiINRR L &

5 3 BAako 62 <M (MCW169-ADL229) DALEIC LOD score fEAY 4.52 Z/RS
significant QTL 2% 1 il (K 4) HXN/z. D, additive effect. dominance effect 3
&£ T variance explained (I #1Z41. 0.769. -0.668 BLUN 15 % TH - /=,

4. JIEE
1) 300 HiproNEE

5 4 Bk 150.31 M (MCWO005-MCW167) DALEIZ LOD score fEAY 18.67 2R
¥ highly significant QTL 5 1 (E95). 236.09 cM (MCW167-ADL266) D&z
LOD score AN 16.25 #7579 highly significant QTL 2% 18 (K 5) BHIN/F=, 20D
L. B D additive effect. dominance effect 3L U\ variance explained 1ZZ 11741,
2.64. 2511 BLVT70%THD, #FD additive effect. dominance effect. variance
explained [ NZ., 2.818. 2.188 BLUR 2% TH o7z, Tz, & 11 LD 32.01
cM (ADL210-MCW066) DALEIZ LOD score {28 15.38 Z7R§ highly significant QTL
N1 fERHEN (K 6). £d. additive effect, dominance effect 3L variance
explained IZENE., -2.689, 2468 BLU T0% TH - 7=,

2) 400 HEGRFINEE
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FHARAMED 144 M (MCW005-MCW167) DALEIT LOD score 4% 12.99 %/~ 9 highly
significant QTL A 18 (K 7). % 11 #@4E®D 32 cM  (ADL210-MCW066) DALET
LOD score fE7% 8.75 Z7~9 highly significant QTL 2% 1@ (K 8) MmNz, ZH 5
D36, B 4 BEEKDOD DI, additive effect. dominance effect 3L N variance
explained 73ZNZH, -3.001. 3.166 BLUN6T %THVD., & 11 READ SO TIIZ
Nz, -3.11, 2.908 BLUL66%TH > =,
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V. Z%

1. 300 H#pFFINE

IRERE O EIIMO T RTOFEHMEOHE LD HAE L, 300 AkKINERE OEK
DHERTE L DOE—IWHERRSNT NS (BB, 2000). 2O ENS, IEREARKEIC
L. < @< EER)DE D QTL WEEL TWAREEENEZ 515, AFFETIE, &4
Zafh D 146 cM (MCWO005-MCW167) DAZEIT LOD score fE7Y 5.14 #7877 significant
QTL N 1 it &7z (B 1), additive effect. dominance effect ($Z#Z41, -5.205,
5.62 T, variance explained /& 54% & EWEZ/RL THD, B @I APED QTL DO ED
ThHh3EEZS5ND, £/, Tuiskula-Haavisto (2002) D¥E TIE, 5 4 Fefafkd 173-230
cM (ADL266-MCWO099) DALEIT 41 BERFEN 5 60 HERRFOIIEIZEE T 5 significant QTL
PREESNTND, AR ERLRLHMEIC QTL BREINTVSA, iUV —27 7
SU-NERBLZETERTZHOTHDEEZ LN,

AAEHTTIE 400 HEFFINEICBE S5 9%, QTL OEFEERMERE I NLN -7, 300 B DN
HICBE5 7% QTL & 400 HEFFINEICBE 59 % QTL AR—DH D THAE, HizEL
fZEIZ LOD score DE— I BNHER INDHITT TH D, ZOBEMS, 400 HEFIIERE
& 300 HEmiFINERE ORBICHE L Tid, B> 72 QTL MBI TWS AEEENE 2 5 5,

2. 400 HEFFEIRZR

53 REBIAED 38 cM  (MCW169-ADL229) DALEIC LOD score fE4Y 9.9 2759 highly
significant QTL Z 1 & (X 2). 5 4 £EHAED 156 cM (MCW005-MCW167) D& IZ LOD
score fE/} 6.55 % 7~'9” highly significant QTL % 1 {& (K 3) ®HI L7, 25 DEIE, 1%
KEETD LOD score DEBEEHERIETH S 52 2 RKESBATVWS I EMS, 400 BB
BRI R 2 KET 2 QTLAY, I 6 OREHRICEET S fEEiIfd TEWEE L B NS,
UL, QTLIEFED 2 v —h—MOEEL, 5 3 RA4KT 81.5 cM (MCW169-ADL229).
5 4 BT 95.8 cM (MCWO005-MCW16T) E K E Mo 7z, G, ThbDY—H—DRIC
GHETHEZDY—N—ERNWTHEFI2ED25 2T, QTL OREEKLETOMBEZISIC
HMIIRETER EEZBND,

—75. 300 HEmIFEINRIZEIL T, LOD score D ¥ — 73R I N2> /=, 400 HEBE
SREDELTHIM /AN, 300 BERFFEIIER & 400 HEFRFEIIRICEE T 5 QTL HAFE—0
HOTHNUL, FUCMBIZ QTL WBRHEINBETTH S, DI ENS, 300 HEARETD
L& 400 HEIFEIN R 2 XE L TW5S QTLIZEBR > TWAHEEENE 2 515,

400 Himls EINROBEZEIL 0.12 LKL  REICLDFENKTH S EE 2 5 N6,
2001), UL, AFEICEIS 95 highly significant QTL RIS N2 &5, BED
HEDPRENCEGENMEV)EMFEIZBNTD QTLERIIED TH I EELZ 5N 3,

69



3. 300 HErFFIN L &

3 Rk D 62 cM (MCWI169-ADL229) DAZEIZ LOD score A 4.52 %57F
significant QTL 7% 1 {& (X 4) M IN7=, additive effect. dominance effect BLN
variance explained I$Z3Z4. 0.769, -0.668 BLUN 15%TH > 77, Sasaki 5 (2004)
D|ETIE, B 6 BAMEE 11 Pk T, LMEICBEIT 5 suggestive QTL A I T
WBHIEND, BESERREANDIET, LDE<DQTLZRBTZZENTES &
ZAOND, Ko, BAINDOIREIIBFDEELRRSITO MRV T4 > THBIE
5 (Helbacka and Swanson, 1958). 24150 QTL IZEHEMICIE. ORI 74U D
FEAE EEREICER L TWA RN D 5,

4. JEE
1) 300 HimksINsEE
B 4 B D 150.31 <M (MCWO005-MCW167) DALEIZ LOD score fE7S 18.67 2R
highly significant QTL &. 236.09 cM (MCW167-ADL266) DALEIZ LOD score B
16.25 27~ highly significant QTL 2% 1 fEHH I N7z, F/2. 5 11 BEED 32.01 M
(ADL210-MCW066) DALEIZ LOD score 4% 15.38 %759 highly significant QTL A3
HENk, UL, I 5D variance explained 1 71-73% & BRI EEETF & L TlEE WL
EZRLTVSED, NS5O QTLMWEL KBRHINTREINED, SBOBMINBET
H5,

2) 400 HEKIpsEE

5 4 REIRD 144.31cM (MCWO005-MCW167) DALEIZ LOD score 7 13.00 2779
highly significant QTL A% 1 {8, % 11 £ D 32.00cM  (ADL210-MCW066) DALEIZ
LOD score 87" 8.75 Z7~J highly significant QTL 2% 1 fERH X #17~,

400 HEKONEE DA/ 59, 300 HMMIHEEICBEL TH., 8 4 LaED
MCWO005-MCW167 ffi&., % 11 FfiR0 ADL210-MCWO066 O TikHEd B AEI
highly significant QTL f&HI I N/z. TOFEENS, ZN5O QTL X, 300 HEdE:, 400
Hiikr 2@ U CTRAMICHKIT S QTL ThHH EE X 515,

<EHOER>

QTL M DRER, 8 8 B ESE 4 BAMAKEIZ, 300 HHEIIE, 400 HEREINZ,
300 Himks LHE. 300 HEFFIFEEE, /25 TNC 400 HEMEIIEEICMES T 5 QTL AR AX
N7z EMNS, IBEEPEZ XL TWABERTOEDE 3 REKEE 4 Rk LicE
B UTEET 2AEEENE X 5015,

5 4 RAMKITBNWTIE 300 HERFIIE, 400 HEHRFEIIZR, 300 HMMIIEE, of
‘2 400 HERR DN EICBIS LT W5 QTL 23, #£iZ<w—H—MCW005 & MCW167 DT
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HETHI L, RBEMED 144-156 M LIEEL TNWE I ENE, NS DEROBE
Fl—® QTLICE > THEINTWAAREEHEZ 5N 5,

Tuiskula-Haavisto et al. (2002) D& T, 5 4 BHAKICHB N T ADL266 & MCW129
DOFIZ, 40 25 60 EERINE, 725 NT 18 15 40 EHIFSFEIIERICE S T % QTL 73
BENTND, APFETIE 300 HEFFINE. 400 HHIFEIIERO QTL A% MCWO005 &
MCW167 ORICHRIE I Nz, FUBEIZES T2 QTL RNE RS MEICHREINEZ EH
5, AUIBEEREOHEN THoTh, Bizd DV =77 I —2MEHIRWEBEIC
&, Bad QTL 2RI s algtd s tEZ 5N 5,

A —REAN OEERICBNT, WIEBBOEWERERD., YEBBOBWERICETE
EINENDIBENENSHEAICH D, YEHBRNEINREGQOHBEICHEENS|ENDH S
(Sharuma et al, 1998), AMFTHW FERFICBNWTS, F—REHRORL S HibE
DEFEED DS, K8 EIDFICENTADHENED 5Nz (8, 2001), YIFEHEEE
PRRIC A DN A S NBFERIIEHS N TWARND, FTEEFTER)LE DR R
IVEEBICERL TWA Z LIFB SN EN TS (Sharuma ef al, 1998), KHZET
W 2B 4 REAEMKRITBNT, 400 HRREIIRIZET 5 significant QTL DR SN~ Zh
EIMWZE, HEBICEE 252 % CLOCK gene DEFENHRINTHO,. HAHIZ
WENCKDZEE D T TND Z EMNHMIEIN TS Noakes et al, 2000), LI ED T &
S, EIRICES TS QTL &, EHEMICIIFIVES DER. RE%ICEET 3 QTL T
HBHWRENEZ 5N 5B,

FITBN72 & DT, 300 HEESINE, 400 HERRFEEIIR, 300 H#M L&, 300 H @R
HEBIUN 400 HHFFIIEED 5 FWEICHE U highly significant QTL 2MHE /=, Ln
L. 300 HEHFINE, 400 HEEFEINE, 300 AEFRIFEEPR IO 400 HEEIISEIC BT
% variance explained DfEIL 54-84% &, B E E L TIEETEL LY ENSHETH -
2GR 4o Ko AT RICB T 52~ —H—HEE#E S . =7 N UIZBIT 5 Consensus Map
DZ3U(Schmid M. et al, 2005) & DRI R ERENELE L 7=, QTL FEHTIZ{EAT % DNA
N—=N—EEZWEE, EEMKPFEMCZ0 ., EAEELRKICED <, AFIZETIE. 102
@D MS-DNA ¥ —H—Z2FHA L7224 232U MU REAERK 39 DS B 19 Tz LT
LT, - T, 4%, 2RERCBNTISRFERTLIT I —EaHoL., M
WHIRZED D EEDIT, INSOHENECEERZBETALEND S,
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V. Bl

KL - RKBICBT S, WHE, BHEE. EIPRARE, RENICEERLZOBENEN
WETHY., BROBETE (EMNFEELGTE | Quantitative trait loci ) 12X > T
INTNW5S, L, QTL OFREER LOMEZH S ZDITIE, DNA v—h—2Fn/=E{RE
AT (QTL B4 DB THD ZENHELMNIRD, I—AI—T I A54 R 73
> (marker-assisted selection, MAS) 7% E@;ﬂ%ﬂ@fijﬁkﬁ’\@ﬁﬁ}ﬂ NEHFEIN TNV,

e, AT QTL MITMfThNnTH D, L<OBEICHEET S QTL NHREINTK
B APETIX, MAS ZEIET 0D 1 BRRE L T, INBEERE 2XAET 5 QTL &8
EMITTHIELEZENEL T, MEBDEBERRZRZHWT QTL T 21To 7%,

XR—A—IZi&, 1270857714 b(MS)-DNA Z2HWz, £z, BEFRELT, kY
vEM IEEEAEL VR— 3 EEERE LERREZAVL, TNETNORENS Fy
HAREFE)ZEHL, 20 FIRATZ22E L5 FWRETSHZ EICLD F R 257, QTL
FRATICAER U 7z F2 OfEARN 325 B TH - 7z,

&lEfEo2idk D DNA ZHH L. 102 O 51—ty hEHAWT PCR #KickD
MS-DNA DR 21T > /=, HIEEY 2 ABI PRISM 310 Sequencer & AW TEZIKEI L 7=,
ZD#. Gene Scan /7 b7 =7 ZHWT DNA Y ZZ&BIE L. KT Genotyper */
ThUx7HWTYME T Z2FTo /=%, QTL cartographer ¥ 7 h Uz 7 &2 FWNT
interval mapping T2 7=,

QTL Mth OEBEITI. WIERE. JVE. EINE, IPRWE. IS, aE. BE
B X, IREERE, IIRE (B - #fim - FORED) . TRRE. IPE (L as b i) . 5P
HE, INRE (FEHGBUAOEEIZDNWTIE, 300 HB LW 400 HERFIZB W THEIE)
EEE L,

QTL i DER. significant QTL 23 S N7z E T 300 HEFFIIE, 400 H ErEEDR
&, 300 Hiiply LA, 300 HEFFINEES LU 400 HBRIIRETH o 2. TNTNOHE
RE2LTITRY,

(1300 HEEFINE © 5 4 LEAMAKD 146 <M (MCW005-MCW167) DAZEIZ LOD score
&% 5.14 2R significant QTL A 1 fEMKH X N7z,

(2)400 H B EEIRE @ 25 3 Jefalk D 38 cM  (MCW169-ADL229) DAZEIZ LOD score
fE74Y 9.9 Z7RY highly significant QTL % 1 {&. 5 4 A& D 156 cM (MCW005-MCW167)
DALEIZ LOD score 7Y 6.55 Z7R9” highly significant QTL 2% 1 fE#H L 7=,

(3)300 H ks LME : 55 3 efafkd 62 <M (MCW169-ADL229) DAZIEIZ LOD score
7N 4.52 Z7RT significant QTL 7% 1 R N7z,

(4300 HHEFIIEE © % 4 REAKD 150.31 M ( MCW005-MCW167) DALEIZ LOD
score fE/Y 18.67 Z#7~9 highly significant QTL 7% 1 &, 236.09cM (MCW167-AD1.266)
DALEIZ LOD score fEA 16.25 777 highly significant QTL 2% 1 @ SNz, T/,
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% 11 2D 32.01 M (ADL210-MCWO066) DAL I LOD score {671 15.38 %759 highly
significant QTL %% 1 fEiR{H S /=,

(5)400 HEIFINEE - 56 4 RAMKD 144 M (MCW005-MCW167) DALEIZ LOD score
fEAY 1299 % /R9 highly significant QTL 2% 1 f@. % 11 #&AE D 32 cM

(ADL210-MCWO066) DALEIZ LOD score fE7Y 8.75 #7RJ highly significant QTL A% 1
R E Nz,

300 H IR E, 400 H DN, 300 H I INEEE S L1 400 HEFRIIEEICH N T,
highly significant QTL A% H & 7= &1 S BEE. CH 5 OBEEXE LT 5 QTL AN,
ZNENDOE— I QEBICEETSH L2 RBTE2HDTHS, UL, 300 AEpEEIN
H., 400 HEsKFEINER, 300 HEMFRIIEEB L 400 HEHFIIEEICBIT S variance
explained DfEIL. 54-84%EBMBEEL TIdETESL LHMINDETH -, F/7.
KIFFRRICPBIT B —H—HfEEEE ., =7 B UIZBIT % Consensus Map DZN & TR E
BEENRH Tz, %, INHOBESNELCEREREERT HHENH 5,
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