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Abstract 

We describe tests for detecting and locating quantitative trait loci (QTL) for traits in Hanwoo cattle. From  results of a 
permutation test to detect QTL for marbling, we selected the microsatellite locus ILSTS035 on chromosome 6 for further 
analysis. K-means clustering analysis applied to five traits and nine DNA markers in ILSTS035 resulted in three cluster 
groups. Finally we employed the bootstrap test method to calculate confidence intervals using the resampling method 
to find major DNA markers. We conclude that the major markers of ILSTS035 locus on chromosome 6 of Hanwoo 
cattle are markers 235 bp and 266 bp. 

[Yeo J.-S., Lee J.-Y. and Kim J.-W. 2004 DNA marker mining of ILSTS035 microsatellite locus on chromosome 6 of Hanwoo cattle. 
J. Genet. 83, 245–250] 

Introduction 

Problems in detecting and locating quantitative trait loci 
(QTL) have received considerable attention over the past 
several years. A variety of methods have been developed to 
analyse quantitative-trait data (Weller 1986, Lander and 
Botstein 1989, Churchill and Doerge 1994). Many research 
groups (Hirano et al. 1998; Kim et al. 2000, 2003a,b) have 
intensively analysed linkage between markers and traits to 
identify chromosomal regions responsible for economi-
cally important traits such as meat quality and carcass 
length. Some traits such as ‘double muscle’ in cattle and 
RN in swine were revealed to be due to particular genes 
(McPherron and Lee 1997). Such identification of genes 
responsible for traits requires a huge amount of research, 
time, and some luck. If gene arrangement along chromo-
somes is determined completely or nearly completely, 
one can select gene candidates for traits very efficiently 
and speed up identification of the genes responsible for 
the traits. A common problem in all of these methods is 
the difficulty of determining appropriate significance 

thresholds (critical values) against which to compare test 
statistics (usually LOD scores or likelihood ratios) for the 
purpose of detecting QTL. Knott and Haley (1992) used 
simulation study for the distributional properties of like-
lihood ratio tests for QTL detection. They suggested that 
the chi-square approximation to the distribution of likeli-
hood ratio test statistic is not reliable in many cases and 
requires further theoretical work. Churchill and Doerge 
(1994) proposed permutation tests to detect QTL in the 
genome. An introduction to the theory of permutation 
testing is provided by Good (1994). 
 In the work reported here, we tried a method based on 
the concept of permutation test (Good 1994), because 
major LOD scores do not have theoretical significance levels 
(critical value or P value). Ten thousand repetitions of 
the permutation process were used for critical value. A 
microsatellite locus, ILSTS035, was selected by permuta-
tion testing. This locus includes nine ‘genes’: DNA mark-
ers 210 bp, 215 bp, 230 bp, 235 bp, 240 bp, 245 bp, 255 bp, 
260 bp and 266 bp. Next, the relations between the DNA 
markers and the economic trait were identified by K-
means clustering analysis. Finally, we applied the boot-
strap test (Efron 1987; Visscher et al. 1996) to calculate 
confidence intervals of QTL locations for traits. The 
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number of bootstrap samples for each DNA was 1000 
and 95% confidence intervals were calculated for eco-
nomically important traits. 

Materials and methods 

Animals and traits 

One hundred and thirtyseven steers from 10 paternal half- 
sib families were used for linkage mapping and QTL 
from Hanwoo Improvement Center, National Agricultural 
Cooperation Federation, Korea. Daily weight gain was 
measured from birth to 720 days of age, and marbling 
scores were measured at slaughter, at 720 days of age. 
Marbling was scored as 19 degrees and classified by 1+, 
1, 2 and 3 for market systems. The grading of the mar-
bling scores, backfat thickness and the m. longissimus 
dorsi area were measured according to standards of the 
Korean Animal Products Grading Service. 

Permutation tests 

A permutation test in the simplest case is used to detect a 
location shift in data that are divided into two sets of  
observations. LOD scores (exceeding 3) for detecting and 
locating quantitative trait loci (QTL) from the Hanwoo 
marbling scores were selected, and are shown in table 1. 
However, LOD scores at which significance is declared 
cannot be obtained theoretically, therefore we applied the 
genomewise (experimentwise) permutation test (Chur-
chill and Doerge 1994). We followed the five-step proce-
dure (Good 1994, p. 20) for a permutation test: Step 1: 
Analyse the problem (hypothesis, distribution drawn, 
etc.). Step 2: Choose the test statistic (sum of observa-
tions in the first sample) which will distinguish the hypo-
theses. Step 3: Compute the test statistic for the original 
labelling of the observations. Step 4: Rearrange (permute) 
the labels and recompute the test statistic for the new 
labels. Repeat until you obtain the distribution of the test 
statistic for possible permutations. Step 5: Calculate the 
labels of significance using this permutation distribution 
of the statistic. 
 An empirical 100(1–P) percentile obtained by 10,000 
repetitions of the permutation process was referred to as 
an estimated critical value of the genomewise signifi-
cance level of P. The critical value of P = 0.01 was used 
to detect the presence of a QTL somewhere in the genome, 
so that the type I error rate may be 0.01 or less (table 1). 
Six loci, including ILSTS035, were selected. 
 After the permutation test, we needed to identify the 
major DNA markers in ILSTS035 based on economically 
important traits such as meat quality and carcass length. 

K-means clustering methods 

Grouping or clustering can provide an informal means of 
assessing dimensionality, identifying outliers, and sug-

gesting interesting hypotheses concerning relationships. 
The K-means method, which was suggested by Mac-
Queen (1967), is a nonhierarchical clustering technique. 
The process is composed of the following three steps: 
Step 1: Partition the items into K initial clusters. Step 2: 
Proceed through the list of items, assigning an item to the 
cluster whose centroid (mean) mt (t = 1, . . ., k) is nearest. 
Recalculate the centroid for the cluster receiving the new 
item and for the cluster losing the item. Step 3: Repeat 
step 2 until no more reassignments take place. 
 Distance is usually computed using Euclidean distance 
with either standardized or unstandardized observation 
vectors Xi (i = 1, . . ., n). That is, from (p × n) data matrix 
X and variance–covariance matrix S: 
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The Euclidean distance between ith observation jth vari-
able xij and tth clustering centroid mean mt (t = 1,2,. . . , k) 
depends on 
 

  ,])([)( 2/12

1
jtji

p

j
ti mxmXd −= ∑

=
 

 
and standardized Euclidean distance depends on 

  .])([)( 2/12

1
∑

=

−
=

p

j j

jtji
ti s

mx
mXd  

Rather than starting by partitioning all items into K pre-
liminary groups in step 1, we could specify K initial cen-
troids and then proceed to step 2. 
 The results are shown in tables 2 through 4 with figure 2. 

Bootstrapping BCa  (bias-corrected and accelerated) analysis 

Sampling with replacement of n individual observations 
created bootstrap samples. An observation consists of a 
marker genotype and a phenotype, so at each bootstrap 
sample, we drew, with replacement, n observations out of 
the pool of (n) original observations. Some records can 
appear more than once in a bootstrap sample, while oth-
ers are not included at all. After determining the n boot-
strap samples, the empirical central 90% and 95% con-
fidence intervals of the QTL positions were determined 
by ordering the n estimates and taking the bottom and top 
5th and 2.5th percentile, respectively. The bootstrap idea 
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is simply to replace the unknown population distribution 
with the known empirical distribution function. The 
bootstrap distribution for θθ −ˆ is the distribution deter-
mined by generating θ̂  values which are determined by 
sampling independently with the replacement form empi-
rical distribution, Fn. The bootstrap estimate of the stan-
dard error of θ̂ then becomes the standard deviation of the 
bootstrap distribution for θθ −ˆ . 
 It should be noted here that almost any parameter of 
the bootstrap distribution may serve as a ‘bootstrap’ estimate 
of the corresponding population parameter. We could 
consider the skewness, the kurtosis, the median, or the 
95th percentile of the bootstrap distribution for θ̂ . The 
basic idea behind the bootstrap is that the variability of 
θ* around θ̂ will be similar to the variability of θ̂  around 
σ. There is good reason to believe this will be true for 
large sample sizes, since we see that as n grows larger, Fn 

becomes comparable to random sampling from F. 
 We have the following steps to produce BCa (bias-
corrected and accelerated) bootstrap intervals: Step 1: 
Generate a sample of size n with replacement from the 
empirical distribution. Step 2: Compute θ*, the value of 
θ̂ obtained by using the bootstrap sample in place of the 
original sample. Step 3: Repeat steps 1 and 2 k times. By 
replicating steps 1 and 2 k times, we obtain a Monte 
Carlo approximation to the distribution of θ*. Let θ̂ *

(α) 

indicate the 100 × α th percentile of B = 1000 bootstrap rep-
lications θ̂ *(1), θ̂ *(2), . . ., θ̂ *(B=1000). Step 4: The BCa 
interval endpoints are also given by percentiles of the 
bootstrap distribution. The percentiles used, however, 
depend on two numbers, α̂  (acceleration) and Z0 (bias 
correction). 
 The BCa interval of intended coverage 1–2α  is given  
by  
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0 +x Here Φ (· ) is the 
standard normal cumulative distribution function, Z(α) is 
the 100th percentile point of standard normal distribu-
tion. If α̂  and 0Ẑ equal zero, then the BCa interval is the 

same as the percentile interval; If α̂  and 0Ẑ are not equal 
to zero, then the BCa interval endpoints change. Bias 
correction 0Ẑ is obtained from 
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where Φ–1 is the inverse function of the standard normal 
cumulative distribution function. 

Results and discussion 

QTL methodology 

LOD scores and the permutation test for detecting and 
locating quantitative trait loci (QTL) from the Hanwoo 
marbling scores are given in table 1. We selected several 
loci that had maximum LOD scores exceeding 3, which 
is generally considered significant (Chotai 1984). How-
ever, LOD scores at which significance is declared can-
not be obtained theoretically; therefore we applied the 
genomewise (experimentwise) permutation test (Churchill 
and Doerge 1994). An empirical 100(1–P) percentile ob-
tained by 10,000 repetitions of permutation process for 
each locus was referred to as an estimated critical value 
of the genomewise significance level of P. The critical 
value of P = 0.01 was used to detect the presence of a 
QTL somewhere in the genome so that the type I error 
rate may be 0.01 or less (table 1). 
 In table 1, AFR227 is not significant statistically, but 
other loci show very significant levels of P. In particular, 
ILSTS035 and BM4311 were demonstrated to be the best. 
The present work was an attempt at DNA marker mining 
of the ILSTS035 microsatellite locus on Hanwoo chro-
mosome 6. 

K-means clustering 

One hundred and thirtyseven steers were used for the 
analysis. We analysed the ILSTS035 microsatellite locus 
on chromosome 6. Nine DNA markers were obtained 
(210 bp, 215 bp, 230 bp, 235 bp, 240 bp, 245 bp, 255 bp, 
260 bp, 266 bp) as well as data on five economic traits, 
namely marbling score, daily gain, backfat thickness, m. 

Table 1. Permutation test results based on marbling. 
     
     

Trait Locus LOD score P value* 
Ratio of QTL 
variation (%) 

          
 BM3026 3.501999070 < 0.01  9.37 
 BMS690 4.602844364 < 0.01 12.53 
 ILSTS035 4.991694330 < 0.01 16.54 
 BM4311 6.594214985 < 0.01 16.38 
 BMS511 4.079206916 < 0.01 11.03 
 AFR227 3.150859863 0.07235 19.47 

Marbling score 

 BMC4203 2.915809464 < 0.01  7.88 
          
*Test statistic for the significance level is the sum of observations in the first sample (Good 1994). 
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longissimus dorsi area and carcass weight. 
 The K-means clustering analysis method applied to the 
five traits and nine DNA markers resulted in three cluster 
groups (table 2 and figure 1). From table 2 we can con-
clude that cluster 1 is a useful group for backfat thickness 
(high value = 0.33065), cluster 2 is a useful group for mar-
bling score (high value = 1.341518), and cluster 3 is a 
useful group for carcass weight, daily gain and m. longis-
simus dorsi area. Figure 1 shows that cluster 1 has a great 
proportion of DNA markers 210, 230 and 245 bp, cluster 
2 has a great proportion of markers 235 and 240 bp, and 
cluster 3 has a great proportion of markers 260 and 
266 bp. Marker 240 bp however was seen in very few 
individuals (n = 4) and this number may not be sufficient 
for drawing conclusions. 
 Similarly, we recorded standardized mean results for 

the five economic traits compared with the DNA markers 
(table 3). Marker 235 bp presents a higher marbling score, 
markers 240 and 255 bp present higher daily gain, mark-
ers 210 and 235 bp present higher backfat thickness, mar-
ker 266 bp presents higher m. longissimus dorsi area, and 
markers 240 and 266 bp present higher carcass weight. 
 A summary of the results is given in table 4. Marker 
210 bp is a useful one for backfat thickness; marker 235 bp 
for marbling score; and marker 266 bp for daily gain, m. 
longissimus dorsi area and carcass weight. Although mar-
ker 210 bp is important for backfat and marker 235 bp for 
marbling, the numbers of individuals are only 10 and 15, 
which may be insufficient for the conclusion. Therefore 
we decided to try bootstrap testing. 

Bootstrap (BCa method) analysis 

We applied the bootstrap testing method (Visscher et al. 
1996) to calculate confidence intervals for finding major 
DNA markers. Bootstrap samples were created by sam-
pling with replacement each individual DNA marker and 
trait. The number of bootstrap samples for each marker 
was 1000, and 95% confidence intervals of bootstrap test-
ing were calculated for the five traits, i.e. marbling score, 
daily gain, backfat thickness, m. longissimus dorsi area 
and carcass weight (figures 2 through 6). 
 Figure 2 shows that marker 235 bp gives better interval 
(7.726 ~ 12.0667) and mean (9.8667) for marbling than 
others. In figure 3, we don’t have an especially good con-
fidence interval for daily gain. Figure 4 shows that marker 
210 bp gives a lower confidence interval (3.8 ~ 5.5) for 
backfat thickness, which is good. In figures 5 and 6, we 

Table 2. K-means clustering analysis. 
        
Trait Cluster 1 (58)* Cluster 2 (36) Cluster 3 (43) 
        
Marbling score – 0.673177    1.341518 – 0.215128 
Daily gain – 0.711536   0.08525   0.888374 
Backfat thickness   0.333065  – 0.11327 – 0.354413 
M. longissimus dorsi area – 0.564381    0.169661   0.619216 
Carcass weight – 0.791399    0.172412   0.923122 
        
*Numbers in parenthesis are numbers of individuals. 
 

 
Figure 1. Clustering proportional analysis for DNA markers. 

Table 3. Standardized mean results for the five traits and DNA markers of ILSTS035.  
    

DNA marker 
                  

Trait 
210 bp 
(10)* 

215 bp 
(79) 

230 bp 
(34) 

235 bp 
(15) 

240 bp 
(4) 

245 bp  
(12) 

255 bp 
(10) 

260 bp 
(59) 

266 bp 
(21) 

                    
Marbling score – 0.4286 0.0804 – 0.1459   0.5838 0.1355 – 0.1981 – 0.134   0.0147 – 0.0356 
Daily gain – 0.5216 0.0741 – 0.2309 – 0.1715 0.2109 – 0.364   0.2196   0.0384   0.182 
Backfat thickness   0.8808 0.1168   0.0597   0.2417 0.0689 – 0.407 – 0.0365 – 0.2142   0.0967 
M. longissimus dorsi area   0.0483 0.0668 – 0.1997   0.1683 0.1968 – 0.5815 – 0.196   0.1646   0.4375 
Carcass weight – 0.5999 0.0594 – 0.2924 – 0.0201 0.3722 – 0.4761 – 0.1376   0.1091   0.1997 
                    
*Numbers in parenthesis are numbers of individuals. 
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have only one good marker, 266 bp, for m. longissimus 

 
dorsi area and carcass weight. But marker 210 bp is a 
poor marker for carcass weight (figure 6) and daily gain 
(figure 3). This means that markers 235 bp and 266 bp  
are good both for the K-means clustering method and for 
bootstrap intervals. 

Summary and conclusions 

LOD scores related to marbling scores and the permuta-
tion test have been applied to detect QTL. We obtained sig-
nificance for loci BM3026, BMS690, ILSTS035, BM4311, 
BMS511 and BMC4203, but not for AFR227. We selec-
ted microsatellite locus ILSTS035 on chromosome 6 for 
further analysis. K-means clustering analysis of nine 
markers in ILSTS035 and five traits resulted in three 
cluster groups. DNA markers 210, 235 and 266 bp were 
selected as being the most useful in ILSTS035. Although 
marker 210 bp appeared to be important for backfat and 

Table 4. Clustering comparison between means and K-means mining results. 
   
   
Cluster group Mean result K-means mining 
      
Backfat thickness (cluster 1) 210 bp, 235 bp 210 bp, 230 bp, 245 bp 
Marbling score (cluster 2) 235 bp 235 bp, 240 bp 
Daily gain, M. longissimus dorsi  
 area and carcass weight (cluster 3) 

240 bp, 255 bp, 266 bp 260 bp, 266 bp 

      
 

 
Figure 2. Bootstrap confidence intervals for marbling score. 
 

 
 
Figure 3. Bootstrap confidence intervals for daily gain. 
 

 
Figure 4. Bootstrap confidence intervals for backfat thickness. 
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marker 235 bp for marbling, the individuals with these 
markers in our study are only 10 and 15, which may be 
insufficient for the conclusion. Therefore we applied the 

bootstrap test to calculate confidence intervals for traits. 
Marker 210 bp was shown to be a poor marker for car-
cass weight and daily gain. We conclude that the major 
markers of ILSTS035 locus on chromosome 6 of Hanwoo 
cattle are markers 235 bp and 266 bp. 
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Figure 5. Bootstrap confidence intervals for m. longissimus 
dorsi area. 
 

  
Figure 6. Bootstrap confidence intervals for carcass weight. 
 


