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ABSTRACT: Canchim, a synthetic breed of cattle derived from the Charolais and Zebu group
has been used in the beef-cattle industry in Brazil as an alternative for intensifying production.
One of the main concerns with this breed is its poor fat deposition and consequently, there
is an effort to increase the performance for this trait. The thyroglobulin gene is located in a
QTL region for fat deposition, and reports describe the influence of a polymorphism in the 5
leader sequence of that gene on marbling and subcutaneous fat thickness. This study analyzed
the association of this polymorphism in the thyroglobulin gene, as well as of two flanking
microsatellite markers, CSSM066 and ILSTSO11, with backfat thickness in 987 Canchim beef
cattle. The CSSM066 and ILSTSO11 microsatellite markers have a effect on fat thickness in
the studied populations. However, this trait did not have association with the polymorphism of
the thyroglobulin gene, which suggests that other genes of bovine chromosome 14 may be
responsible for the variation in this trait.
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Introduction

Canchim (5/8 Charolais + 3/8 Zebu) and MA (off-
spring of Charolais bulls and 1/2 Canchim + 1/2 Zebu
cows) are genetic groups which have good growth po-
tential and tropical adaptation; however, they have poor
fat deposition under pasture management, with average
fat thickness of 1.7 mm at the age of 18 months.

A QTL in the centromeric region of BTA14 (Bos
taurus chromosome 14) was described for backfat
thickness (BF) (Casas et al., 2000; Moore et al., 2003).
The thyroglobulin gene (TG) was mapped in this re-
gion (Threadgill et al., 1990) and it has been indicated
as a candidate gene for fat deposition traits in beef
cattle (Barendse et al., 2001; Gan et al., 2008; Casas et
al., 2005 and Wood et al., 2006).

Thyroglobulin is a glycoproteic hormone that is
synthesized by the thyroid follicular cell and is the
precursor for triiodothyronine (T3) and thyroxin (T4),
which have been associated with marbling deposition
in Wagyu cattle (Mears et al., 2001). The thyroidean
hormones affect intestinal glucose absorption and
insulin-mediated acquisition of glucose by the cells,
adipocyte growth and differentiation (Ailhaud et al.,
1992). In general, the effect of thyroidean hormones
on metabolic processes is catabolic (Pucci et al., 2000).
A polymorphism in the 5' leader sequence (Tg5) of
the TG gene was associated with marbling and the 3’
allele was more common in animals with higher mar-
bling (Barendse et al., 2001). This marker is the basis
of the commercial test Gene Star Marbling™ (Pfizer
Animal Health).

In this study, one analyzed the association of two
microsatellite markers, CSSM066 and ILSTS011, flank-
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ing the thyroglobulin gene, and of Tg5 polymorphism of
the TG gene with BF in Canchim and MA populations.

Materials and Methods

A total of 987 Canchim animals of known pedi-
gree, belonging to half-sib families (progeny of 113 bulls),
males and females, raised in pasture, born between 2003
and 2005 were evaluated for backfat thickness at the age
of 18 months. Animals born in 2003 and 2004 belonged to
two farms, one located at Sdo Carlos (21°57" S, 47°50' W),
state of Sdo Paulo, Brazil, and the other located at Jussara
(15°55"' S, 50°50" W), state of Goiés, Brazil. Animals born
in 2005 were from five farms situated in the state of Sao Paulo
in addition to the two farms sampled in previous years.

Animals belonged to combinations of sire and dam
genetic groups: offspring from Charolais x Y2 Canchim
+ Y2 Nelore were classified as the MA genetic group.
The Canchim genetic group (CA) was composed of prod-
ucts from MA x MA, CA x MA and CA x CA mating
pairs. Measures of fat thickness were obtained by im-
age analysis using the Piemedical Scanner 200 Vet ul-
trasound equipment, and a 3.5 MHz, 18-cm long, linear
array probe, or with the equipment ALOKA 500 V, with
a linear probe of 17.2 cm and 3.5 MHz. Measures were
taken at the back of the lumbar region, between the 12
and 13" ribs.

Blood samples of 5 mL were collected from every
animal. Whenever available, semen samples were also
collected from the sires for confirmation of paternity.
DNA was extracted using a standard salting out proce-
dure and quantified in a spectrophotometer.

Sires and progenies were genotyped for the three
molecular markers chosen by their positions on the maps
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deposited at the NCBI, 2005 Gene Bank. The two micro-
satellite markers, CSSM066 and ILSTS011, located at 3.9
Mb and 11.8 Mb, respectively, on BTA14, were chosen to
flank the thyroglobulin gene (7.8 Mb). The other marker
chosen was Tg5, a polymorphism (C/T substitution) that
occurs in the 5° leader sequence of the thyroglobulin
gene (Barendse et al., 2001).

The CSSMO066 and ILSTS011 microsatellites were
amplified by the polymerase chain reaction (PCR) in a fi-
nal volume of 13.5 uL containing 40 ng of genomic DNA,
0.2 uM of each primer, 50 mM KCI, 1.5 mM MgCl,, 10
mM Tris-HCI pH 8.4, 0.2 mM dNTPs and 0.25 U Tag
polymerase. Reactions were carried under the following
conditions: initial denaturation at 94 °C for 3 min, fol-
lowed by 28 cycles of denaturation at 94 °C for 30 s,
annealing at 59 °C for 30 s, extension at 72 °C for 30
sec and a final extension for 45 min. Primer sequences
were as described in the (MARC, 2005) database and
forward primers were labeled with fluorescent dye in
the 5’ end. PCR products were analyzed in an automatic
DNA sequencer ABI 3100 Avant (Applied Biosystems).
Genotypes were determined using the GeneScan (ver-
sion 3.7.1) and Genotyper (version 3.7) software.

The Tg5 polymorphism was genotyped through re-
striction analysis of PCR products (PCR-RFLP). The 546
bp that comprise the 5° leader sequence of the thyro-
globulin gene were amplified using primers as described
in Barendse (1997). PCR was performed using 100 ng
of genomic DNA in a final reaction volume of 25 uL,
containing 10 mM Tris-HCI pH 8.3, 1.95 mM MgCl,,
50 mM KCI, 200 uM of each dNTP, 0.165 uM of each
primer and 0.65 U Tag DNA polymerase. The amplifi-
cation consisted of initial denaturation at 94 °C for 2
min, followed by 35 cycles at 94 °C for 30 s, annealing
temperatures at 55 °C for 30 s, and extension at 72 °C
for 30 s. After 35 cycles, the amplified product was sub-
mitted to a final extension for 10 min. The PCR product
was digested with the Mbol restriction endonuclease in a
reaction that consisted of 15 puL of the PCR product and
1 U (unit) Mbol with buffer in a final volume of 17 L.
The digestion reactions were incubated at 37 °C for 3
hours and fragment pattern was determined by agarose
gel electrophoresis.

The Genepop software (Raymond and Rousset,
1995; Rousset, 2008) was used to test the existence of
linkage disequilibrium (LD) between the three markers
studied. The null hypothesis was "Genotypes at one lo-
cus are independent from genotypes at the other locus”.

Associations between marker genotypes and mea-
sures of BF were analyzed using the restricted maximum
likelihood method. In these analyses, performed using
the ASREML software (Gilmour et al., 2000) according
to Schenkel et al. (2005), 32 contemporary groups (CG)
were created with the variables: birth year, herd, genetic
group (CA or MA) and sex. The CGs with less than two
individuals were excluded from the subsequent analysis.
To verify the influence of the molecular markers on fat
thickness, a model considered the CG and marker geno-
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types as fixed effects, and the age of the animal at mea-
surement (linear) as covariate, in addition to the direct
additive genetic and the residual effects.

Every analysis was performed individually for
each of the 3 markers. Alleles and genotypes that pre-
sented frequency lower than 1 % were excluded from
all analyses.

The statistical model used was: y = Xp + Za +
e, in which y is the observation vector; X is the con-
temporary group incidence matrix; f is the fixed effects
vector (contemporary group, age and genotypes); Z is the
incidence matrix that relates the registries to the random
genetic effects; a is the vector of the random genetic ef-
fects that represent the breeding value of each animal; e
is the random error vector.

The effect of allele substitution, as deviation of
the allele with the highest frequency, was estimated by
replacing the genotype effect by covariables (as fixed
effect) in the model described above, representing the
number of each allele in the genotype when a (p < 0.05)
marker genotype effect was observed. This analysis also
provides us with an estimate of the effect of each allele
on the phenotype in relation to the effect of the more
frequent alleles.

To test for the presence of dominant deviations
from the additive model, a comparison between the
model containing the marker genotypes (complete mod-
el) and the model used in the analysis of allelic substitu-
tion effects (reduced model) was performed by the likeli-
hood ratio test (Mood et al., 1974).

Results and Discussion

CSSMO066 and ILSTSO11 microsatellite markers
presented 14 and eight alleles respectively in the popu-
lation studied and the Tg5 polymorphism presented two
alleles. After the exclusion of the alleles and genotypes
with frequency equal or inferior to 1 %, 11 and five al-
leles were kept for CSSM066 and ILSTS011 microsatel-
lite markers respectively and the Tg5 remained as be-
fore. Allelic frequencies for the animals considered in
the association analysis of the three markers are present-
ed in Table 1. The allelic combinations of the CCSM066

Table 1 - Allelic frequencies of CSSM066, Tgb and ILSTSO11 markers.

CSSM066 Tgh ILSTSO11

Allele Frequency Allele Frequency Allele Frequency
% % %

178 15.60 1 16.33 260 22.51
180 11.06 2 83.67 262 2.56
182 23.55 . . 264 4.79
184 21.35 . . 266 25.07
186 0.71 . . 268 45.08
188 6.10
190 1.84
192 13.48
196 1.13
198 5.18
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marker resulted in 31 genotype classes, and the allelic
combinations of the ILSTSO11 marker resulted in 11
genotype classes.

Markers were chosen based on proximity to the
thyroglobulin gene assuming that this gene influences
fat deposition in bovine carcass. Polymorphism in the
thyroglobulin gene was not associated with backfat
thickness in the present data (p > 0.05) and the allele
described as favorable for high marbling (Barendse et
al., 2001), designated in that study as allele 1, was found
in the Canchim breed at a frequency of 16.33 % (Table
1), which is not low. The polymorphism in the 5” leader
sequence of the thyroglobulin gene was associated with
intramuscular fat deposition in beef cattle (Barendse et
al., 2001; Gan et al., 2008; Wood et al., 2006) and Ca-
sas et al. (2005) found association of this polymorphism
with fat thickness in a Brahman population, but not with
marbling score; however, it could not be concluded that
there was a direct effect of the TG gene on that work.

The absence of a detectable effect of Tg5 on back-
fat may be attributed to differences among the beef
cattle populations used in each study, as well as to the
environment, management and diet in which the effect
was studied (Rincker et al., 2006). If one considers that
the previously reported association with fat deposition
results from linkage disequilibrium with the gene truly
responsible for the variation in this trait, linkage dis-
equilibrium (LD) status in each population could also
explain differences regarding the Tg5 effect. As only the
effect of Tg5 on subcutaneous fat thickness was tested
one cannot discard a possible effect on marbling, since
the correlation between these two traits is not very high
(Crews and Kemp, 2001). The results obtained for Can-
chim were similar to the results of studies of Moore et
al. (2003), who did not identify association between this
candidate gene and estimated breeding value (EBV) for
fat thickness.

The CSSM066 and ILSTS011 microsatellite mark-
ers presented a effect (p < 0.05) on fat thickness of
Canchim. They are located in the centromeric region
on BTA14 where QTL for fat thickness were described
(Casas et al., 2000; Moore et al., 2003). Moore et al.
(2003) found association between backfat EBV and the
CSSMO066 locus. The fact that the two Tg5 flanking mi-
crosatellite markers had a contribution on the variation
of BF whereas Tg5 did not is supported by the result of
LD test, which demonstrates that the two microsatellites
are in LD with each other but neither one is in LD with
Tg5. Taken together, the effect of two flanking markers
and the absence of LD among these markers and Tg5
may suggest that both microsatellites are in disequilib-
rium with one or more genes that influence this trait
other than TG. Lee et al. (2007) demonstrated that the
LD between microsatellites is different from the LD be-
tween SNPs. These differences are presumably caused
by high rates of mutation and heterozygosity of micro-
satellites in relation to SNPs, with the latter presenting
lower evolution rate and less instability and, therefore,

it is not possible to compare microsatellite LD maps and
SNP LD maps.

The analysis of allele substitution allows calcula-
tion of the direct effect of each allele through a model
that considers the average additive effect of an allele in
the population. The 260 and 184 alleles from ILSTS011
and CSSM066 markers revealed significant (p < 0.05)
and suggestive (p < 0.1) effects respectively (Table 2),
suggesting that the animals containing these alleles also
carry alternative alleles from a linked OTL that contrib-
utes to the variation of backfat. The 260 allele from the
ILSTS011 marker increased the average fat thickness
of the homozygote 268 by 0.08 mm in the population
studied and the 184 allele from the CSSM066 marker
decreased the average fat thickness of the homozygote
182 by 0.95 mm (Table 2).

The complete model (genotype as fixed effect) was
not different (p > 0.05) from the reduced model (alleles
as covariates) according to the likelihood ratio test. From
this result it is possible to conclude that the marker ef-
fects were predominantly additive, with no deviations
attributable to dominance or epistasis, a desired situa-
tion for marker assisted selection.

Mutations in the thyroglobulin gene may not be the
cause of differences in fat thickness in cattle, but rather
mutations in other genes close to TG. Several genes in-
volved in lipid metabolism and adipocyte differentia-
tion located on BTA14 have been suggested as candidate
genes influencing fat deposition traits in cattle. A mu-
tation in the diacilglicerol aciltransferase gene (DGAT1)
was indicated as the causative mutation for differences
in milk fat percentage (Winter et al., 2002). Riquet et al.
(1999) described the presence of QTLs for that trait in
this region of BTA14 in dairy cattle. However, Moore et
al. (2003) did not find association between DGAT1 and
fat thickness EBV. Wibowo et al. (2007) found an effect
of some SNPs of corticotropin gene on subcutaneous fat
depth and marbling in beef cattle. Michal et al. (2006)
showed that the FABP4 affected marbling and subcuta-

Table 2 - Results from analysis of the effect of allele substitution, as
deviation of the allele with the highest frequency, of CSSM066 and
ILSTSO11 microsatellites, on backfat thickness of Canchim.

CSSM066 marker ILSTSO11 marker
Effect DF  pvalue AEE Effect DF p value  AEE
Mean 1 <0.01 . Mean 1 <0.01
CG 32 <0.01 . CG 32 <0.01 .
178 1 0.478 -0.39 260 1 0.023 0.08
180 1 0.911 0.07 262 1 0.809 0.02
184 1 0.067 -0.95 264 1 0.478 0.05
186 1 0.567 -1.15 266 1 0.129 0.05
188 1 0.324 -0.78 Age 1 <0.01
190 1 0.577 0.70
192 1 0.753 -0.17
198 1 0.456  -1.17

Age 1 <0.01 .

CG = contemporary groups; DF = Degree of Freedom; AEE= Allele effect
estimate (mm).
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neous fat depth in Wagyu x Limousin F2 crosses and
Cho et al. (2008) associated polymorphisms in FABP4
with backfat traits. The development and differentiation
enhancing factor 1 gene (DDEF1) located at 9.7 Mb on
BTA14 is related to adipogenesis (King et al., 1999). King
et al. (1999) purified and cloned the DDEF1 protein of
bovine brain cells and observed that the expression of
this protein resulted in the differentiation of fibroblasts
in adipocytes in vitro and Veneroni et al. (2010) found a
effect (p < 0.05) of allele substitution of an SNP in the
DDEF1 gene on backfat thickness in Canchim cattle.

Several works reported the existence of a QTL
for backfat thickness in centromeric region of BTA14
(Moore et al., 2003; Casas et al., 2000) and the present
study found association of this trait with the CSSM066
and ILSTS011 markers, but not with Tg5. Other genes lo-
cated on BTA14 (CRH, FABP4, DDEF1) may be selected
for future studies as potential candidates that influence
fat deposition variation in this population.
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