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Bovine chromosomes 2 (BTA2) and 5 (BTA5) of purebred, half-sib progeny sired by five Japanese black 
bulls were genotyped using microsatellite DNA markers. The data were subjected to linkage analysis for 
the detection and mapping of segregating quantitative trait loci (QTL) influencing live weight, average 
daily gain and body measurements at weaning. Probability coefficients of inheriting allele 1 or 2 from the 
sire at specific chromosomal intervals were computed. The phenotypic data on progeny were regressed on 
these probability coefficients in a within-common-parent regression analysis. Fixed effects of sex, parity 
and season of birth as well as age as a covariate, were fitted in a linear model to the phenotypic data and 
subsequently analysed using QTL Express by generating an F-statistic through permutation tests at 
chromosome-wide significance thresholds over 10, 000 iterations at 1 cM intervals. Highly significant 
(P<0.01) segregating QTL for body measurements were detected on BTA2 for hip width (1 cM) and chest 
depth (8 cM) in Sire Family 1 and pin bone width (16 cM) in Sire Family 3. Other significant QTL (P<0.05) 
detected were withers height (3 cM), hip height (4 cM), body length (4 cM), shoulder width (6 cM), lumbar 
width (3 cM), thurl width (3 cM) and canon circumference (2 cM) in Sire Family 1, shoulder width (16 cM) in 
Sire Family 3 and thurl width (24 cM), pin bone width (19 cM), heart girth (26 cM) and abdominal width (69 
cM) in Sire Family 4. Significant (P<0.05) QTL for live weight and average daily gain were detected on BTA2 
for birth weight (5 cM) and weaning weight (3 cM) in Sire Family 1 and post-weaning average daily gain (68 
cM) in Sire Family 4. BTA 5 contained QTL for birth weight, pin bone width and heart girth in Sire Family 3 
that were only suggestive and not significant. Such localization of economically important QTL as 
demonstrated in this study, will expedite genetic improvement via marker-assisted selection, gene 
introgression and positional cloning in Japanese black cattle. 
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INTRODUCTION 
 
Use of DNA markers to account for genetic variation for 
quantitative traits provides producers a tool to assist in 
genetic selection of  superior  animals  (Allan et al., 2007).  
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Whereas some marker-assisted selection is currently 
practiced in the beef cattle industry, a limited number of 
markers have been developed for use by cattle producers, 
and these markers explain a relatively small proportion of 
the genetic variation for a limited number of traits (Dek-
kers, 2004). Therefore, the need continues for more 
genetic  markers associated with economically  important 



 
 
 
 
traits. 

Biotechnological developments in molecular genetics 
that culminated in the availability of microsatellite DNA 
markers have been instrumental in the construction of 
genetic maps across livestock species. In structured pe-
digree populations, these markers are useful in identify-
ing inheritance patterns of linked segments of the geno-
me. The establishment of significant associations of mar-
ker alleles with an animal’s phenotype suggests linkage 
of the markers to quantitative trait loci (Malau-Aduli et al., 
2003a). Microsatellites and single nucleotide polymer-
phisms (SNPs) are among the best genome markers and 
useful ones can be included in marker-assisted selection 
programmes to increase the rate of genetic progress 
(Georges et al., 1993). A plethora of researchers (White 
et al., 2007; Casas et al., 2007; Lusk, 2007; Rincker et al., 
2006; Casas and Stone, 2006; Schenkel et al., 2005; Sto-
ne et al., 2005; Casas et al., 2005; White et al., 2005; 
Nkrumah et al., 2005; Kneeland et al., 2004) have repor-
ted quantitative trait loci (QTL) or associations between 
SNP markers and beef traits in breeds of cattle other than 
the Japanese black (Wagyu). Continued validation of ge-
netic markers for economically important traits is crucial 
to establishing marker-assisted selection as a tool in the 
cattle industry (Allan et al., 2007). Recently, Van Eenen-
naam et al. (2007) carried out a validation test for the as-
sociations between 3 commercially available genetic mar-
kers and beef traits in conjunction with the US National 
Beef Cattle Evaluation Consortium and emphasised the 
need for unbiased and independent validation studies to 
help build confidence in DNA marker technology.  

Mizoshita et al. (2004) utilised microsatellite markers to 
detect quantitative trait loci (QTL) for growth and carcass 
traits in only one family of Japanese black cattle. More 
recently, we utilised microsatellite markers across five fa-
milies of purebred Japanese black cattle and reported the 
detection of QTL for body shape conformation measure-
ments (Malau-Aduli et al., 2005a) and growth (Malau-
Aduli et al., 2005b) on bovine chromosome one (BTA1). 
Preliminary genome-wide scanning in our laboratory using 
only 30 animals (unpublished data) had suggested BTA1, 
BTA2 and BTA5 as chromosomes containing segregating 
QTL significantly influencing growth and body conformation 
traits in Japanese black cattle. Therefore, in this confirma-
tory study with a larger data set of genotyped animals, we 
report the genetic linkage between microsatellite DNA 
markers and QTL on BTA2 and BTA5 influencing live 
weight, daily gains and body measurements at weaning 
of Japanese black cattle.   
 
 
MATERIALS AND METHODS 
 
Animals and management  
 
One hundred and thirty-two paternal half-sib progeny of five Japa-
nese black sires produced by artificial insemination at the Depart-
ment  of  Livestock  and  Grassland  Science,  National Agricultural 
Research Centre for Western Region, Oda, Shimane Prefecture,  
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Japan, were genotyped for this study. Sires 1 and 2 belonged to the 
average daily gain line while Sires 3, 4 and 5 belonged to the beef 
marbling score. Routine management of the animals involved rec-
ording of weight at birth and monthly thereafter, until 18 months of 
age. Body shape and conformation measurements on withers hei-
ght, hip height, hip width, body length, chest width, chest depth, 
shoulder width, lumbar width, thurl width, pin bone width, rump len-
gth, cannon circumference, chest girth, abdominal width and abdo-
minal girth were also taken monthly. Calves were allowed to suckle 
their dams in addition to being fed 1.5 kg/day/head of concentrate 
and 1 kg/day/head of corn silage until 5 months of age when they 
were weaned. After weaning, they were moved to the grower’s barn 
and still raised on concentrates (37% corn grain, 39% rice bran, 
17% soybean meal, 7% minerals) and corn silage until 10 months 
of age. Between 10 and 18 months of age, they were moved to 
another barn and fed intensively. The proportions of the ration on 
dry matter basis were: 61% corn grain, 34% soybean and corn 
glutein meal, 2% bran and 3% mineral. For every 20 kg bag, this 
ration provided an estimated 21% crude protein, 3.5% crude fat, 5% 
crude fibre, 7% ash, 0.6% calcium, 0.40% phosphate and a total 
digestible nutrient of 77%. From 18 to 24 months of age, breeding 
females were returned to the calving barn while steers were moved 
to the fattening barn and raised primarily on “Mosa meal” a specially 
formulated fattening ration containing 77% corn and rye grain, 
10.5% wheat and rice bran, 9% soybean oil meal and 3.5% mineral 
supplement. At all ages, routine veterinary vaccinations and health 
checks were observed. 
 
 
Extractions of genomic DNA 
 
Following the method of Sambrook et al. (1989) and described in 
detail elsewhere (Malau-Aduli et al. 2003b, 2005a), genomic DNA 
was extracted and prepared from blood leucocytes and sperm. 
 
 
Polymerase chain reaction (PCR) 
 
PCR pre-mix (13 µl) that comprised of: 10.55 µl of distilled water, 
1.04 µl of 2.5 mM dNTP mixture (Takara, Shiga, Japan), 1.3 µl of 
10 x buffer containing 15 mM MgCl2 and 0.11 µl of 25 mM of MgCl2 
was prepared. A primer set (12.5 pmol/ µl) containing microsatellite 
DNA markers FAM (blue), HEX (yellow) and TET (Green) supplied 
by the Shirakawa Institute of Animal Genetics, Fukushima, Japan, 
based on the bovine genetic map at the U.S. Meat Animal Resea-
rch Centre (Kappes et al., 1997; http://sol.marc.usda.gov) was 
added to the PCR pre-mix. Genomic DNA (1 µl) (conc of 20 ng/µl) 
was added followed by 0.5 µl of Taq polymerase enzyme (conc of 
0.75 units/µl) containing 50% glycerol (Takara, Japan). The PCR 
plates were hotplate-sealed and subjected to PCR in a DNA 
thermal cycler. The annealing temp settings were: 50, 55 and 60ºC. 
The PCR products were then mixed with DNA size markers in diff-
erent  loading  combinations  containing  4 µl of HEX, 1 µl of FAM  
and 1  µl  of  TET, properly  labelled and stored for genotyping.  
 
 
Genotyping  
 
Multiplex genotyping was carried out. About 0.8 µl of the mixed 
PCR products was added to 4.5 µl of DNA size marker, centrifuged 
for 1 min at 1000 rpm and denatured using the PCR machine at a 
denaturing temperature of 94ºC for 9 min. The denatured products 
were subjected to electrophoresis and genotyping in an ABI 377 
DNA Sequencer. The number of informative microsatellite DNA 
markers  utilized  for  the  genotyping  in  each  family  is  portrayed 
in Tables 1 and 2 for chromosomes 2 and 5  respectively. 
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Table 1. Microsatellite DNA markers used for genotyping chromosome 2 in the 5 Japanese Black cattle families and their relative positions on the map (cM) 
 

Family Marker Position Family Marker Position Family Marker Position Family Marker Position Family Marker Position 
1 TGLA44 2.6 2 TGLA44 2.6 3 BM3627 7.6 4 BMS1928 6.9 5 BM8139 8.2 
1 TGLA431 11.1 2 DIK621 4.6 3 BMS803 44.0 4 BMS711 21.3 5 BMS2321 14.0 
1 TEXAN2 24.2 2 ILSTS026 9.6 3 RM356 55.1 4 TGLA57 46.2 5 BMS711 21.3 
1 ETH121 36.9 2 DIK1172 16.8 3 BM4440 58.3 4 BMS4035 55.0 5 BMS2725 41.8 
1 BMS803 44.0 2 DIK1081 25.6 3 BMS1264 63.3 4 BMS4029 61.3 5 BMS4002 47.9 
1 ILSTS082 62.0 2 ETH121 36.9 3 RM041 72.3 4 BM9019 67.5 5 BMS4012 51.0 
1 BMS1866 86.1 2 MNB-187 57.3 3 BMS1866 86.1 4 BMS4008 71.7 5 RM326 55.6 
1 BM6444 91.8 2 BMS1126 59.7 3 BM6444 91.8    5 BMS4030 59.2 
1 BM1223 95.9 2 BM2808 63.3 3 INRA135 102.6    5 BMS4029 61.3 
1 INRA135 102.6 2 BMS2 65.0 3 BM4117 104.9    5 INRA119 68.7 
1 BM4117 104.9 2 TEXAN1 72.0 3 BL1028 109.7    5 BMS4008 71.7 
1 BL1028 109.7 2 BM6444 91.8  IDVGA37 112.0    5 BM8246 76.2 
1 IDVGA-37 112.0 2 INRA135 102.6  IDVGA-2 121.8    5 BMS4006 79.4 
1 IDVGA-2 121.8 2 BL1028 109.7          
1 OARFCB11 124.4 2 DIK1155 113.1          
Total   15 15 13 7 13 

 
 
 
Traits analyzed  
 
Offspring of the five sires born between 1997 and 2002 
were evaluated (SAS, 2002) for live weight, average daily 
gain and the following 15 body shape and conformation 
measurements at weaning (5 months of age): withers 
height, hip height, hip width, body length, chest width, 
chest depth, shoulder width, lumbar width, thurl width, pin 
bone width, rump length, cannon circumference, chest girth, 
abdominal width and abdominal girth. 
 
 
QTL analysis  
 
We adopted the methods of Knott et al. (1996), Haley and 
Knott (1992) and de Koning et al. (1998, 2001) for the 
detection and mapping of QTL in half-sib populations using 
least squares simple regression. We used the QTL Express 
(http://qtl.cap.ed.ac.uk/) developed by Seaton et al. (2002) 
and based on the methods of the researchers mentioned 
above for the QTL analysis. The half-sib model of QTL com-
puter program with a web-based user interface Express run 
within and across sires, implemented the analysis in a two-

step procedure: Firstly, microsatellite DNA marker data on 
progeny and their common parent (sire) were combined in a 
multi-point approach to calculate the probabilities of inheriting 
allele 1 or 2 from the sire at specific chromosomal intervals. 
These probabilities were combined into coefficients with val-
ues between 0.0 and 1.0. Secondly, the phenotypic data on 
progeny were regressed on these coefficients in a within-
common-parent regression analysis. A linear model contain-
ing the fixed effects of sire, sex, parity and season of birth as 
well as age as a covariate, was fitted to the probability coeffi-
cients and phenotypic data. Appropriate F-statistic thresholds 
for a P<0.05 chromosome-wise type 1 error rate were gene-
rated by permutation analysis as described by Churchill and 
Doerge (1994), Doerge and Churchill (1996) (and applied 
to other half-sib studies by Spelman et al. (1996) and Vilkki 
et al. (1997). In determin-ing significant and suggestive 
thresholds, the QTL Express software (Seaton et al. 2002) 
computed both the F-statistics and the F-threshold at P<0.05 
chromosome-wise level. QTL was classified as significant 
when the F-statistic exceeded the F-threshold indicating a 
marker-trait association. For the determination of a sugges-
tive association, which is the expected number of type I errors 
in the experiment when the null hypothesis of no QTL segre-

gating is true, we followed the procedure of de Koning et al. 
(1998). They stated that the overall significance used for the 
chromosomal test when undertaking a scan of n independent 
linkage groups (or n [linkage groups x independent traits]) 
can be calculated from the nominal significance level applied 
to a single linkage group following Bonferoni: 
 

     Poverall = 1 – (1 – Pnominal)n. 
 

A very good and simple approximation for the solution to this 
equation is, 

Pnominal ≈ Poverall/n. 
 

The suggestive significance level can then be obtained from 
the binomial distribution as: 
 

Psuggestive = 1/n. 
 
 

RESULTS 
 

Informative microsatellite DNA markers and 
positions on the linkage map 
 
Portrayed in Tables 1 and 2 are the  microsatellite
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Table 2. Microsatellite DNA markers used for genotyping chromosome 5 in the 5 Japanese Black cattle families and their relative positions on the map (cM) 
 
Family Marker Position Family Marker Position Family Marker Position Family Marker Position Family Marker Position 
1 BMS1928 6.9 2 BM8139 8.2 3 BMS2321 14.0 4 BMS1928 6.9 5 BM8139 8.2 
1 BMS711 21.3 2 TGLA57 46.2 3 ILSTS104 28.2 4 BMS711 21.3 5 BMS2321 14.0 
1 ILSTS104 28.2 2 BMS4012 51.0 3 BMS4002 47.9 4 TGLA57 46.2 5 BMS711 21.3 
1 MB055 32.0 2 BMS4013 61.3 3 BMS4012 51.0 4 BMS4035 55.0 5 BMS2725 41.8 
1 TGLA57 46.2 2 BMS4001 64.7 3 BMS4035 55.0 4 BMS4029 61.3 5 BMS4002 47.9 
1 BMS4012 51.0 2 BM9019 67.5 3 RME36 63.0 4 BM9019 67.5 5 BMS4012 51.0 
1 BMS4035 55.0 2 BL26_1 77.7 3 BM8246 76.2 4 BMS4008 71.7 5 RM326 55.6 
1 RM326 55.6 2 BMS4006 79.4 3 BMS119 88.6 4 BMS4048 76.2 5 BMS4030 59.2 
1 RME36 63.0 2 URB038 80.6 3 BMS4019 98.8 4 URB038 80.6 5 BMS4029 61.3 
1 INRA049 67.5 2 MCM130 83.3 3 UWCA46 113.8 4 BMS4010 87.1 5 INRA119 68.7 
1 BM65O6 69.2 2 BMS4010 87.1 3 BMS599 125.8 4 BM864 88.2 5 BMS4008 71.7 
1 URB038 80.6 2 BM864 88.2    4 BMS1170 92.8 5 BM8246 76.2 
1 BMS4052 94.6 2 BMS1170 92.8    4 BMS4019 98.8 5 BMS4006 79.4 
1 BMS4028 95.6 2 BMS4028 95.6    4 BMS4011 102.1 5 BMS4010 87.1 
1 BMS4040 98.8 2 BMS4019 98.8    4 BMS4049 114.3 5 BMS4019 98.8 
1 BMS1789 100.9 2 BMS1789 100.9    4 BMS918 118.1 5 BMS1757 108.3 
1 BMS4044 128.7 2 BMS1939 104.1    4 BMS599 125.8 5 BMS4044 128.7 
1 BMS2263 135.1 2 BMS4039 108.3    4 BMS4044 128.7    
   2 BM3205 113.8    4 BMS922 135.5    
   2 BMS599 125.8          
   2 BMS4043 128.7          
   2 BMS2263 135.1          
   2 BMS4014 135.5          
Total   18 23 11 19 17 

 
 
 
DNA markers and their relative positions on the 
BTA2 and BTA5 linkage maps respectively, that 
were utilized in genotyping the sires and half-sib 
progeny. The tables show  that  on BTA2, 15, 15, 
13, 7 and 13  markers  were informative for fami-
lies 1, 2, 3, 4 and 5 respectively (Table 1), while 
on BTA5, 18, 23, 11, 19 and 17 markers were in- 
formative for the families 1, 2, 3, 4 and 5, respect- 

tively (Table 2).  
 
 
Live weight, daily gains and body 
measurements at weaning 
 

The means and standard deviations of live weight 
(kg), daily gains (kg/day) and body conformation 
measurements (cm) at weaning in the 5 Japanese 

black families are shown in Table 3. It was evident 
that in all families, almost all of the body confor-
mation measurements within traits were similar. 
The only clearly visible sign of significant differ-
rences between families was in chest girth 
(CHESTGTH) measurements in which Families 1 
and 2 (125.9 and 127.2 cm respectively) were 
higher than in Families 3, 4 and 5    (121.7,  123.4 
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Table 3. Means ±S.D. of live weight (kg), daily gains (kg/day) and body measurements at weaning (cm) in the progeny of 
5 Japanese Black sire families. 
 

Trait/Acronym Family 1 Family 2 Family 3 Family 4 Family 5 
BWT Birth weight (kg) 34.7 ± 4.7a 34.0 ± 4.8a 28.7 ± 5.1b 28.7 ± 3.3b 26.9 ± 5.4b 
WT6 Weaning weight (kg) 163.9 ± 21.7b 172.6 ± 19.4a 177.6 ± 20.5a 176.7 ± 22.9a 174.3 ± 31.7a 
WT12 Yearling weight (kg) 300.9 ± 31.8a 284.7 ± 34.1b 299.9 ± 33.5a 283.6 ± 29.1b 281.7 ± 35.2b 
PREWADG (kg/day) 0.7 ± 0.1 0.8 ± 0.1      0.8 ± 0.1     0.8 ± 0.1 0.8 ± 0.2 
POSTWADG (kg/day) 0.8 ± 0.2a 0.7 ± 0.2a 0.6 ± 0.1b 0.6 ± 0.2b 0.6 ± 0.2b 
WHT  Withers height   99.5 ± 3.9 100.9 ± 3.5 98.5 ± 3.5 97.5 ± 2.7 97.6 ± 4.0 
HIPHT Hip height 103.1 ± 3.9 103.0 ± 3.0 101.0 ± 3.8 101.1 ± 3.8 98.7 ± 4.1 
BL Body length 106.5 ± 5.9 108.1 ± 5.0 103.2 ± 7.5 103.2 ± 4.5 101.9 ± 5.3 
CHESTWD Chest width 28.1 ± 2.2 29.5 ± 2.3 27.7 ± 2.6 26.9 ± 2.2 27.2 ± 1.6 
SHOUWD Shoulder width 31.2 ± 2.6 31.4 ± 2.1 28.4 ± 2.2 28.6 ± 2.0 27.4 ± 2.3 
CHESTDP Chest depth 46.3 ± 1.8 46.6 ± 1.5 44.7 ± 1.8 45.5 ± 1.4 43.8 ± 2.2 
HIPWDT  Hip width 28.3 ± 1.8 29.0 ± 1.3 26.3 ± 2.1 28.1 ± 1.4 27.4 ± 1.5 
LUMBARWD   Lumbar width 22.7 ± 1.5 23.1 ± 1.0 21.1 ± 2.1 22.6 ± 1.3 22.0 ± 1.3 
THURLWD Thurl width 33.0 ± 2.2 33.6 ± 1.7 31.0 ± 1.6 31.3 ± 1.9 31.0 ± 2.0 
PINBWD Pin bone width 20.5 ± 2.1 20.6 ± 1.3 18.6 ± 1.9 18.9 ± 1.0 18.1 ± 1.4 
RUMPL Rump length 35.2 ± 2.1 35.8 ± 1.8 34.6 ± 1.7 35.3 ± 1.4 34.4 ± 1.7 
CANNONCIR Cannon circumference 14.4 ± 0.9 14.7 ± 0.9 13.8 ± 1.0 13.5 ± 0.8 13.4 ± 0.9 
CHESTGTH Chest girth 125.9 ± 5.2a 127.2 ± 4.3a 121.7 ± 4.9b 123.4 ± 3.8b 120.2 ± 5.9b 
ABDWD Abdominal width 37.0 ± 2.5 37.7 ± 2.5 35.4 ± 2.9 36.5 ± 2.2 35.5 ± 1.9 
ABDGTH Abdominal girth 144.0 ± 7.0 143.5 ± 6.1 138.5 ± 7.4 140.6 ± 6.0 138.0 ± 7.2 
No. of progeny 40 36 19 17 20 

 

Means in rows bearing different superscripts significantly differ between families. 
 
 
 

 
CHESTDP   HIPWD    LUMBWD    THURLWD         PINBWD 

 
Figure 1. BTA2 map of F-statistics in Sire Family 1 depicting 
highly significant (P<0.01) QTL for chest depth (CHESTDP) at 
8cM and hip width (HIPWD) at 1cM. Bold line represents the 
chromosome-wide F-threshold. 

 
 

and 120.2 cm respectively). 
 
 

Allele substitution effects, estimated QTL locations 
and chromosome-wide thresholds  
 

Allele substitution or sire QTL effects, estimated QTL 
locations  and  chromosome-wide  threshold  statistics for 

 
live weight and body conformation traits in the 5 Japa-
nese black families are shown in Table 4. Highly signi-
ficant (chromosome-wide P<0.01) segregating QTL for 
body measurements were detected on BTA2 for hip width 
(1 cM), chest depth (8 cM) in Sire Family 1 (Figure 1) and 
pin bone width (16 cM) in Sire Family 3 (Figure 2). BTA 2 
harboured significant QTL  (Figure 3) at the chromosome-
wide P<0.05 level for 10 other body measurement traits: 
withers height (3 cM), hip height (4 cM), body length (4 cM), 
shoulder width (6 cM), lumbar width (3 cM), thurl width (3 
cM) and canon circumference (2 cM) in Sire Family 1, 
shoulder width (16 cM) in Sire Family 3 and thurl width (24 
cM), pin bone width (19 cM), heart girth (26 cM) and abdo-
minal width (69cM) in Sire Family 4. Significant (P<0.05) 
QTL for live weight and average daily gain were detected 
on BTA2 for birth weight (5 cM) and weaning weight (3 cM) 
in Sire Family 1 (Figure 4) and post-weaning average daily 
gain (68 cM) in Sire Family 4. BTA 5 contained QTL for 
birth weight, pin bone width and heart girth in Sire Family 3 
that were only suggestive and not significant 
 
 
DISCUSSION 
 

Approximately 43% of domestic beef production in Japan 
is supplied by the Japanese Black breed of cattle and its 
genetic superiority for meat quality and carcass value is 
well known (Mukai et al. 2004). A study on consumer re-
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Table 4. Allele substitution/Sire QTL effects ± standard errors (ß ± S.E.) and estimated QTL locations (cM) for liveweight (kg), average daily 
gains (kg/day) and body measurement (cm) traits in Japanese Black cattle families. 
 

Sire 
Family 

Trait Chromosome QTL  
location 

Sire QTL/ Allele substi-
tution effect (ß ± S.E) 

F-statistics F-
threshold 

Significance 
 (chromosome-wide) 

1 BWT 2 5cM -6.2   ± 1.87 kg 10.78 8.78 P<0.05 
1 WT6 2 3cM -29.7   ± 9.60 kg 9.57 8.97 P<0.05 
1 WHT 2 3cM -4.8   ± 1.52 cm 10.04 9.15 P<0.05 
1 HIPHT 2 4cM -5.0   ± 1.58 cm 10.03 9.18 P<0.05 
1 BL 2 4cM -8.2   ± 2.30 cm 12.82 9.29 P<0.05 
1 SHOUWD 2 6cM -3.2   ± 0.97 cm 10.69 8.91 P<0.05 
1 CHESTDP 2 8cM -2.7   ± 0.61 cm 20.00 14.07 P<0.01 
1 HIPWD 2 1cM -3.4   ± 0.75 cm 19.59 14.37 P<0.01 
1 LUMBWD 2 3cM -2.0   ± 0.65 cm 9.55 9.13 P<0.05 
1 THURLWD 2 3cM -3.3   ± 0.89 cm 13.64 9.31 P<0.05 
1 CANCIR 2 2cM -1.0   ± 0.31 cm 11.66 8.80 P<0.05 
2 POSTWADG 2 60cM 0.24 ± 0.08 kg/day 8.62 8.68 Suggestive 
2 WT12 2 60cM 40.6   ± 0.08 kg 7.57 8.58 Suggestive 
3 SHOUWD 2 16cM 4.55 ± 1.25 cm 13.20 11.78 P<0.05 
3 HIPWD 2 21cM 3.45 ± 0.98 cm 12.29 12.45 Suggestive 
3 THURLWD 2 14cM 3.17 ± 0.94 cm 11.32 11.44 Suggestive 
3 PINBWD 2 16cM 6.07 ± 1.01 cm 35.87 23.87 P<0.01 
4 POSTWADG 2 68cM -0.26 ± 0.04 kg/day 37.44 31.57 P<0.05 
4 POSTWADG 2 24cM 17.40 ± 2.74 cm 40.36 37.81 P<0.05 
4 PINBWD 2 19cM 9.08 ± 1.17 cm 60.34 30.67 P<0.05 
4 HEARTGT 2 26cM 53.39 ± 6.53 cm 66.71 44.60 P<0.05 
4 ABDWD 2 69cM -5.26 ± 0.79 cm 44.07 40.06 P<0.05 
3 BWT 5 69cM 4.74 ± 1.59 kg 8.83 11.11 Suggestive 
3 PINBWD 5 108cM 2.34 ± 0.81 cm 8.24 11.77 Suggestive 
3 HEARTGT 5 117cM 4.27 ± 1.46 cm 8.49 11.66 Suggestive 

 
 
 

 
      CHESTDP   HIPWD    LUMBWD  THURLWD PINBWD  
 
Figure 2. BTA2 map of F-statistics in Sire Family 3 de-
picting highly significant (P<0.01) QTL for pin bone width 
(PINBWD) at 16cM. Bold line represents the chromo-
some-wide F-threshold.  

 
 
 

quirements  for  beef  quality in Japan (Sasaki and Mitsu- 

 

�������BL       SHOUWD       HIPHT        WHT        CHESTWD  �
 
Figure 3. BTA2 map of F-statistics in Sire Family 1 dep-
icting significant (P<0.05) QTL for withers height (WHT) 
at 3cM, hip height (HIPHT)  at 4cM, body length (BL) at 
4cM and shoulder width (SHOUWD) at 6cM. Bold line 
represents the chromosome-wide F-threshold.  

 
 
 

moto, 2004) indicated the need for beef cattle breeders to 
meet  the specifications and increasing demands of Japa- 
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nese consumers. In order to meet some of these challen-
ges, we investigated the relationship between body mea-
surements and body weight (Malau-Aduli et al., 2004a) 
and correlations between mitochondrial DNA polymer-
phism, maternal lineage and postnatal growth to yearling 
age (Malau-Aduli et al., 2004b) of Japanese black cattle. 
Animal improvement has been achieved by selection ba-
sed on either phenotype or predicted additive genetic me-
rit of superior animals for production traits. Molecular bio-
logy techniques allow the identification of genetic varia-
tion at specific loci and the association between QTL and 
production traits. The final goal is to use marker assisted 
selection to improve the genetic gain achieved by selec-
tion as a result of higher accuracy on the estimation of an 
animal’s genetic value (Tambasco et al., 2003). The phe-
nomenon of genetic linkage means that each marker can 
be used to follow the inheritance of a section of the linked 
chromosome. However, markers have to be very closely 
linked to the causative mutation in the trait gene if they 
are to remain associated with specific QTL alleles thro-
ugh several generations of selection and therefore be 
useful in practical breeding programmes. If a genetic 
marker and a trait are significantly linked, there is a ten-
dency for such associations to be maintained at a popu-
lation level. This phenomenon of linkage disequilibrium 
could be exploited to locate the trait genes using single 
nucleotide polymorphism (SNPs) that is where two DNA 
sequences differ by a single base. Napolitano et al. 
(1996) reported the lo-calization of three microsatellites 
IDVGA-2, IDVGA-3 and IDVGA-46 on bovine chromo-
somes 2, 11 and 19 respectively, and their association 
with beef  performance traits in F1 Piemontese x Chianina 
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Figure 4. BTA2 map of F-statistics in Sire Family 1 depicting 
significant (P<0.05) QTL for live weight at birth (BWT) at 5cM 
and liveweight at 6 months of age (WT6) at 3cM. Bold line 
represents the chromosome-wide F-threshold. 

 
 

crossbred cows. Of the three microsatellites, IDVGA-46 
was reported to be the best marker for most beef confor- 

 
 
 
 
mation traits in this crossbred population and that ani-
mals homozygous for allele 205 gave the best results in 
terms of linkage with segregating QTL for beef conforma-
tion (Napolitano et al., 2001). Their study examined only 
7 body conformation measurements–Withers height, bo-
dy length, chest width, chest depth, chest girth, rump len-
gth and pelvis width. In our present study, we examined 
15 body conformation measurements and detected highly 
significant QTL on chromosome 2 for hip width and chest 
depth located at 1 cM and 8 cM respectively (Sire Family 
1) and for pin bone width at 16cM in Sire Family 3. The 
implication is that the bracketing microsatellite markers 
TGLA44 and TGLA431 flanking this interval in Sire 
Family 1 and BM3627 and BMS803 in Sire Family 3 can 
be used in marker-assisted selection to introduce or ret-
ain the beneficial QTL allele. Our findings in this study 
clearly demonstrated that the chromosomal interval 1 - 
6cM on BTA2 harboured significant QTL (P<0.05) for 
birth weight, weaning weight, withers height, hip height, 
body length, shoulder width, lumbar width, thurl width and 
canon circumference. In other breeds of cattle, Casas et 
al. (1998)  reported  that a  locus  near the centromere  of 
bovine chromosome 2 was responsible for muscle hyper-
trophy in two half-sib families of Belgian Blue x  MARC III 
and Piedmontese x Angus and confirmed the location to 
be 4 cM with a 95% confidence interval between 2 – 6 cM. 
This interval has been recognised as one harbouring the 
myostatin gene (Casas et al., 2000). Bovine chromosome 
2 has also been shown to harbour QTL significantly lin-
ked to carcass quality, for instance, MacNeil and Grosz 
(2002) detected a significant QTL for marbling in Here-
ford x Composite Double backcross cattle located at 122 
cM with a 95% confidence interval from 112–132 cM bet-
ween the microsatellite markers IDVGA-2 and FCB11. 
Grosz and Macneil (2001) using this same population, 
had earlier reported a significant QTL for birth weight on 
chromosome 2 located at 114 cM in the interval between 
BM2113 and OarFCB11 microsatellite markers. In a half-
sib family of Brahman x Hereford cattle, Casas et al. 
(2003) reported the detection of putative QTL for birth 
weight on bovine chromosomes 1, 2 and 3 Kim et al. 
(2003) also detected a signify-cant QTL for birth weight 
on bovine chromosome 2 in a cross-bred population of 
Angus x Brahman. More recently, Li et al. (2004a) iden-
tified and fine-mapped QTL for backfat on bovine chro-
mosomes 2, 5, 6, 19, 21 and 23 in a commercial line of 
Beefbooster cattle. Our detection of significant QTL for 
birth weight on bovine chromosome 2 in this study is in 
agreement with these reports. 

Even though there was suggestive evidence in our stu-
dy that chromosome 5 harboured QTL for birth weight (69 
cM), pin bone width (108 cM) and heart girth (117 cM), 
these were not significant as the F-statistics were below 
the chromosome-wide threshold. However, published lite-
rature has demonstrated that bovine chromosome 5 har-
boured significant QTL for preweaning average daily gain 
at 55 – 70 cM, average daily gain at 70 – 80 cM and birth 



 
 
 
 
weight at 0 – 30 cM (Li et al., 2002), fat depth (40 – 80 
cM), yield grade and retail product yield at 62 – 72 cM 
(Casas et al., 2000), birth weight at 49 cM (Kim et al., 
2003), carcass yield at 45 -54 cM (Mizoshita et al. 2004) 
and backfat at 65.4 – 70 cM (Li et al., 2004a, 2004b). 
Other earlier studies in cattle that had detected QTL on 
chromosome 5 include those of Davis et al. 1998 (birth 
weight located at 90 cM) and Stone et al. (1999) who rep-
orted that the interval 50 – 80 cM harboured QTL for rib 
bone and dressing percentage. Some of the above cattle 
herds were purebreds, others were crossbreds and differ-
ent population sizes, sire families and estimation proced-
ures were utilised, hence an expected variation in results. 

There were significant differences between the sire 
families in birth weight (BWT), postweaning average daily 
gain (POSTWADG) and chest girth (CHESTGTH) in 
which Families 1 and 2 were higher than in Families 3, 4 
and 5. This was not entirely surprising because Sires 1 
and 2 had been selected for average daily gain (daily 
gain line) while Sires 3, 4 and 5 belonged to the beef 
marbling score (BMS) line. Chest girth is an important 
body conformation measurement that has been reported 
in Japanese black cattle. For instance, Mukai et al. 
(1995) studied the genetic relationships between body 
measurements, growth and field carcass performance 
traits and reported highly significant and positive genetic 
correlations between chest girth and carcass weight at 
the beginning, middle and end of performance testing of 
0.64, 0.77 and 0.79 respectively. They concluded that it 
was possible to improve total merit of the carcass by 
introducing chest girth into performance testing of Japa-
nese black cattle. Other studies (Oyama et al., 1996; 
Kitamura et al., 1999) on genetic relationships among 
recorded body measurement traits, reproductive traits of 
breeding females and carcass traits in Japanese black 
cattle buttress the finding of Mukai et al. (1995) that there 
is an unfavourable or low correlation between chest girth 
and beef marbling score (-0.07, 0.28 and 0.21 at the 
beginning, middle and end of performance testing res-
pectively). It is this low correlation that has been ob-ser-
ved in this present study with the BMS line families hav-
ing lower chest girth measurements than the daily gain 
line families. Other body conformation measurements like 
chest depth, thurl width and withers height were also 
found to be genetically correlated with field carcass wei-
ght ranging from 0.64 to 0.90 (Mukai et al. 1995, 2000), 
indicating that body conformation measurements can be 
valuable in selection for meat quality as well. Data from 
our group (Malau-Aduli et al., 2004a, 2004b) portray a 
significant and positive relationship between body con-
formation measurements and average daily gain to wean-
ing and yearling age. Thus, the identification of significant 
QTL in the present study holds hope for the utilization of 
markers closely linked to these traits for the implement-
tation of marker-assisted selection for growth and car-
cass traits. We hypothesise that single nucleotide polymer-
phism (SNP) of the myostatin gene, which acts as a  
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negative regulator of muscle growth, could possibly acco-
unt for the segregating QTL influencing these growth and 
body measurement traits detected in our study. Sequencing 
to find SNPs in four regions (promoter, exon 1, exon 2 and 
exon 3) of the myostatin gene in these sires is now in 
progress in our laboratory. We conclude that the detection 
of these QTL boosts the prospects of implementing mar-
ker-assisted selection for live weight, average daily gain 
and body measurement traits in Japa-nese black cattle. 
Furthermore, this finding could pave the way for positional 
cloning using candidate genes in Japa-nese black cattle. 
 
 

ACKNOWLEDGEMENTS 
 

The experimental and laboratory aspects of this research 
were carried out by the senior author at the Laboratory of 
Animal Breeding and Reproduction, National Agricultural 
Research Centre for Western Region (WeNARC), Oda, 
Shimane Prefecture, Japan. The authors are grateful to the 
WeNARC Director, Oda. The Japan Society for the Promo-
tion of Science is specially acknowledged for the award of 
its prestigious JSPS Post-Doctoral Research Fellowship in 
Bovine QTL Mapping to Dr. A.E.O. Malau-Aduli. We thank 
Dr. Yoshinori Sugimoto, Director of the Shirakawa Institute 
of Animal Genetics, Fukushima, for supplying us with oligo-
nucleotide primer sets. We are grateful to the Livestock 
Improvement Association of Japan Incorporated Tokyo, for 
supplying us with semen and sire blood samples. Our app-
reciation goes to Dr. George Sea-ton of the Institute of Cell 
and Animal Population Biology, The University of Edin-
burgh, Scotland, for his useful advice on QTL Express. 
 
 
REFERENCES 
 
Allan MF, Thallman RM, Cushman RA, Echternkamp SE, White SN, 

Kuehn   LA, Casas  E,  Smith TPL (2007).  Association  of  a  single 
   nucleotide polymorphism in SPP1 with growth traits and twinning in a 

cattle population selected for twinning rate. J. Anim. Sci. 85:341-347. 
Casas E, Keele JW, Shackleford SD, Stone RT, Koohmaraie M, 

Sonstegard TS, Smith TPL (1998). Association of the muscle 
hypertrophy locus with carcass traits in beef cattle. J. Anim. Sci. 76: 
468-473. 

Casas E, Shackleford SD, Keele JW, Koohmaraie M, Smith TPL, Stone 
RT (2003). Detection of quantitative trait loci for growth and carcass 
composition in cattle. J. Anim. Sci. 81: 2976-2983. 

Casas E, Shackleford SD, Keele JW, Stone RT, Kappes SM, 
Koohmaraie M (2000). Quantitative trait loci affecting growth and 
carcass composition of cattle segregating alternate forms of myo-
statin. J. Anim. Sci. 78: 560-569. 

Casas E, Stone RT (2006). Putative quantitative trait loci associated 
with the probability of contracting infectious bovine keratocon-
junctivitis. J. Anim. Sci. 84: 3180-3184. 

Casas E, White SN, Riley DG, Smith TPL, Brenneman RA, Olson TA, 
Johnson DD, Coleman SW, Bennett GL, Chase Jr CC (2005). 
Assessment of single nucleotide polymorphisms in genes residing on 
chromosomes 14 and 29 for association with carcass composition 
traits in Bos indicus cattle. J. Anim. Sci. 83: 13-19.   

Casas E, White SN, Shackelford SD, Wheeler TL, Koohmaraie M, 
Bennett GL, Smith TPL (2007). Assessing association of single 
nucleotide polymorphisms at the thyroglobulin gene with carcass 
traits in beef cattle. J. Anim. Sci. 85: 0179v1  

Churchill GA, Doerge RW (1994). Empirical threshold values for quanti-
tative trait mapping. Genet. 138: 963-971. 



042         J. Cell Anim. Biol. 
 
 
 
Davis GP, Hetzel DJS, Corbet NJ, Scacheri S, Lowden S, Renaud J, 

Mayne C, Stevenson R, Moore SS, Byrne K (1998).The mapping of 
quantitative trait loci for birth weight in a tropical beef herd. Proc. 6th 
Wld. Congr. Genet. Appl. Livest. Prod. 26: 441-444. 

De Koning DJ, Schulmant NF, Elo K, Moisio S, Kinos R, Vilkki J, Maki-
Tanila A (2001). Mapping of multiple quantitative trait loci by simple 
regression in half-sib designs. J. Anim. Sci. 79: 616-622. 

De Koning DJ, Visscher PM, Knott SA, Haley CS (1998). A strategy for 
QTL detection in half-sib populations. Anim. Sci. 67: 257-268. 

Dekkers JCM (2004). Commercial application of marker- and gene-
assisted selection in livestock: Strategies and lessons. J. Anim. Sci. 
82 (E. Suppl.): E313–E328. 

Doerge RW, Churchill GA (1996). Permutation tests for multiple loci 
affecting a quantitative character. Genet. 142: 285-294. 

Georges M, Dietz AB, Mishra A, Nielsen D, Sargent LS, Sorensen A, 
Steele MR, Zhao X, Leipold H, Womack JE, Lathrop M (1993). 
Microsatellite mapping of the gene causing weaver disease in cattle 
will allow the study an associated quantitative trait locus. Proc. Natl. 
Acad. Sci. U.S.A. 90: 1058-1062. 

Grosz MD, MacNeil MD (2001). Putative quantitative trait locus affecting 
birth weight on bovine chromosome 2. J. Anim. Sci. 79: 68-72. 

Haley CS, Knott SA (1992). A simple regression method for mapping 
quantitative trait loci in line crosses using flanking markers. Genetics 
132: 1211-1222. 

Kappes SM, Keele JW, Stone RT, McGraw RA, Sonstegard TS, Smith 
TPL, Lopez-Corrales NL, Beattie CW (1997). A second generation 
linkage map of the bovine genome. Genome Res. 7: 235-249. 

Kim JJ, Farnir F, Taylor JF (2003). Detection of quantitative trait loci for 
growth and beef carcass fatness traits in a cross between Bos taurus 
(Angus) and Bos indicus (Brahman) cattle. J. Anim. Sci. 81: 1933-
1942.  

Kitamura C, Yasuda Y, Kobayashi T, Nomura T, Shimada K (1999). 
Genetic analysis of direct and maternal effects for calf market and 
carcass weights in Japanese Black cattle. Asian-Aust. J. Anim. Sci. 
12: 843-845. 

Kneeland J,  Li  C,  Basarab  J,  Snelling  WM,  Benkel  B,  Murdoch  B, 
Hansen C,  Moore  SS  (2004).  Identification and fine mapping of 
quantitative trait loci for growth traits on bovine chromosomes 2, 6, 14, 
19, 21 and 23 within one commercial line of Bos taurus. J. Anim. Sci. 
82: 3405-3414. 

Knott SA, Elsen JM, Haley CS (1996). Methods for multiple markers 
mapping of quantitative trait loci in half-sib populations. Theoret. Appl. 
Genet. 93: 71-80. 

Li C, Basarab J, Snelling WM, Benkel B, Kneeland J, Murdoch B, Han-
sen C, Moore SS (2004a). Identification and fine mapping of quanti-
tative trait loci for backfat on bovine chromosomes 2, 5, 6, 19, 21 and 
23 in a commercial line of Bos taurus. J. Anim. Sci. 82: 967-972. 

Li C, Basarab J, Snelling WM, Benkel B, Murdoch B, Hansen C, Moore 
SS (2004b). Assessment of positional candidate genes myf5 and igf1 
for growth on bovine chromosome 5 in commercial lines of Bos 
taurus. J. Anim. Sci. 82: 1-7. 

Li C, Basarab J, Snelling WM, Benke  B, Murdoch B, Moore SS (2002). 
The identification of common haplotypes on bovine chromosome 5 
within commercial lines of Bos taurus and their associations with 
growth traits. J. Anim. Sci. 80: 1187-1194. 

Lusk JL (2007). Association of single nucleotide polymorphisms in the 
leptin gene with body weight and backfat growth curve parameters for 
beef cattle. J. Anim Sci. 85:1865-1872. 

Macneil MD, Grosz MD (2002). Genome-wide scans for QTL affecting 
carcass traits in Hereford x composite double backcross populations. 
J. Anim. Sci. 80: 2316-2324. 

Malau-Aduli AEO, Aziz MA, Kojima T, Niibayashi T, Oshima K, Komatsu 
M (2004a). Fixing collinearity instability using principal component 
and ridge regression analyses in the relationship between body 
measurements and body weight in Japanese Black cattle. J. Anim. 
Vet. Adv. 3: 856-863. 

Malau-Aduli AEO, Niibayashi T, Kojima T, Oshima K, Komatsu M 
(2003a). Genome-wide scanning for QTL: Mapping methodology and 
detected QTL in cattle. J. Anim. Genet. 30:3-16. 

Malau-Aduli AEO, Niibayashi T, Kojima T, Oshima K, Mizoguchi Y, 
Komatsu M (2005a). Mapping the quantitative trait loci (QTL) for body 
shape and conformation measurements on BTA1 in Japanese Black 

 
 
 
 

cattle. Anim. Sci. J. 76: 19-27.  
 Malau-Aduli AEO, Niibayashi T, Kojima T, Oshima K, Mizoguchi Y, 

Komatsu M (2005b). Interval mapping of growth quantitative trait loci 
in Japanese Black beef cattle using microsatellite DNA markers and 
half-sib regression analysis. Anim. Sci. J. 76: 11-18. 

Malau-Aduli AEO, Niibayashi T, Kojima T, Oshima K, Mizoguchi Y, 
Sugimoto Y, Komatsu M (2003b). Microsatellite DNA marker mapping 
of bovine chromosome one for QTL affecting birth weight and 
preweaning growth in Japanese Black cattle (Wagyu). In: Linda 
Hygate (Editor). 50 years of DNA. Proc. Assoc. Advance. Anim. 
Breed. Genet. 15: 14-17.  

Malau-Aduli AEO, Nishimura-Abe A, Niibayashi T, Yasuda Y, Kojima T, 
Abe S, Oshima K,  Hasegawa K, Komatsu M (2004b). Mitochondrial 
DNA polymorphism, maternal lineage and correlations with postnatal 
growth of Japanese Black beef cattle to yearling age. Asian-Aust. J. 
Anim. Sci. 17: 1484-1490. 

Mizoshita K, Watanabe T, Hayashi H, Kubota C, Yamakuchi H, 
Todoroki J, Sugimoto Y (2004). Quantitative trait loci analysis for 
growth and carcass traits in a half-sib family of purebred Japanese 
Black (Wagyu) cattle. J. Anim. Sci. 82: 3415-3420. 

Mukai F, Oyama K, Kohno S (1995). Genetic relationships between 
performance test traits and field carcass traits in Japanese Black 
cattle. Livest. Prod. Sci. 44: 199-205.  

Mukai F, Sadahira M, Yoshimura T (2004). Comparison of carcass 
composition among Japanese Black, Holstein and their crossbred 
steers fattening on-farm. Anim. Sci. J. 75: 393-399. 

Mukai F, Yamagami A, Anada K (2000). Estimation of genetic para-
meters and trends for additive, direct maternal genetic effects for birth 
and calf market weights in Japanese Black beef cattle. Anim. Sci. J. 
71: 462-469. 

Napolitano F, Catillo G, Lucioli S, Carretta A, Di Giacomo A, Rossi G, 
Moioli BM (2001). Evidence for quantitative trait locus for confor-
mation traits on chromosome 19 in beef cattle. J. Anim. Breed. Genet. 
118: 119-124. 

Napolitano F ,  Leone  P,  Puppo  S,  Moioli  BM,  Pilla  F,  Comincini  S, 
Ferretti L, Carretta A (1996). Exploitation of microsatellites as genetic 

markers of beef performance traits in Piemontese x Chianina crossbred 
cattle. J. Anim. Breed. Genet. 113: 157-162. 

Nkrumah JD, Li C, Yu J, Hansen C, Keisler DH, Moore SS (2005). 
Polymorphisms in the bovine leptin promoter associated with serum 
leptin concentration, growth, feed intake, feeding behaviour, and 
measures of carcass merit. J. Anim. Sci. 83: 20-28.  

Oyama K, Mukai F, Yoshimura T (1996). Genetic relationships among 
traits recorded at registry judgement, reproductive traits of breeding 
females and carcass traits  of  fattening  animals  in  Japanese  Black 
cattle. Anim. Sci. Technol. (Japan) 67: 511-518. 

Rincker CB, Pyatt NA, Berger LL, Faulkner DB (2006). Relationship 
among GeneSTAR marbling marker, intramuscular fat deposition, 
and expected progeny differences in early weaned Simmental steers. 
J. Anim. Sci. 84: 686-693. 

Sambrook J, Fritsch EF, Maniatis T (1989). Molecular cloning. A 
laboratory manual, 2nd Edition, Cold Spring Harbor Laboratory Press, 
New York, USA. 

SAS (2002). Statistical Analysis System. SAS Institute Inc., Cary, North 
Carolina, USA. 

Sasaki K, Mitsumoto M (2004). Questionnaire-based study on consu-
mer requirements for beef quality in Japan. Anim. Sci. J. 75: 369-376. 

Schenkel FS, Miller SP, Ye X, Moore SS, Nkrumah JD, Li C, Yu J, 
Mandell IB, Wilton JW, Williams JL (2005). Association of single 
nucleotide polymorphisms in the leptin gene with carcass and meat 
quality traits of beef cattle. J. Anim Sci 83: 2009-2020.  

Seaton G, Haley CS, Knott SA, Kearsey M, Visscher PM (2002). QTL 
express: mapping quantitative trait loci in simple and complex pedi-
grees. Bioinformatics 18: 339-340. 

 Spelman RJ, Coppieters WL, Karim A, van Arendok JAM, Bovenhuis H 
(1996). Quantitative trait loci analysis for five milk production traits on 
chromosome six in the Dutch Holstein-Friesian population. Genet. 
144: 1799-1808.  

Stone RT, Casas E, Smith TPL, Keele JW, Harhay G, Bennett GL, 
Koohmaraie M, Wheeler TL, Shackelford SD, Snelling WM (2005). 
Identification of genetic markers for fat deposition and meat tender- 
ness on bovine chromosome 5: Development of a low-density single 



 
 
 
 

nucleotide polymorphism map. J. Anim. Sci. 83: 2280-2288.  
Stone RT, Keele JW, Shackleford SD, Kappes SM, Koohmaraie M 

(1999). A primary screen of the bovine genome for quantitative trait 
loci affecting carcass and growth traits. J. Anim. Sci. 77: 1379-1384.  

Tambasco DD, Paz CC, Tambasco-Studart M, Pereira AP, Alencar MM, 
Freitas AR, Coutinho LL, Packer IU, Regitano LCA (2003). Candidate 
genes for growth traits in beef cattle crosses Bos taurus x Bos indicus. 
J. Anim. Breed. Genet. 120: 51-56. 

Van Eenennaam AL, Li J, Thallman RM, Quaas RL, Dikeman ME, Gill 
CA, Franke DE, Thomas MG (2007). Validation of commercial DNA 
tests for quantitative beef quality traits. J. Anim. Sci. 85:891-900. 

Vilkki HJ, de Koning DJ, Elo KT, Velmala RJ, Maki-Tanila AV (1997). 
Multiple marker mapping of quantitative trait loci of Finnish dairy 
cattle by regression. J. Dairy Sci. 73: 2525-2537. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Malau-Aduli et al.            043 
 
 
 
White SN, Casas E, Allan MF, Keele JW, Snelling WM, Wheeler TL, 

Shackelford SD, M. Koohmaraie M, Smith TPL (2007). Beef cattle 
evaluation of six DNA markers developed for dairy traits reveals an 
osteopontin polymorphism is associated with postweaning growth. J. 
Anim. Sci. 85:1–10. 

White SN, Casas E, Wheeler TL, Shackelford SD, Koohmaraie M, Riley 
DG, Chase Jr. CC,  Johnson DD, Keele JW, Smith TPL (2005). A 
new single nucleotide polymorphism in CAPN1 extends the current 
tenderness marker test to include cattle of Bos indicus, Bos taurus 
and crossbred descent. J. Anim. Sci. 83: 2001-2008.  

 
 
 
 
 
 
 
 
 
 
 
 


