
Introduction

Thyroglobulin (TG) is a glycoprotein hormone
that is synthesized in thyroid follicular cells. TG is
the carrier for both triiodothyronine (T3) and thy-
roxine (T4), and is stored in the thyroid gland
(Ailhaud et al. 1992). Thyroid hormones play an
important role in regulating the metabolism and
can affect adipocyte growth, differentiation, and
homeostasis of fat depots (Ailhaud et al. 1992;
Casas et al. 2005). Likewise, T3 and T4 hormones
play a role in fat cell development (Darimont et al.
1993; Smas and Sul 1995). The TG is considered
as a functional and positional candidate gene
(Thaller et al. 2003). The genetic variation occurs
in the 5‘ promoter region of the TG gene and is
widely used in marker-assisted selection (MAS)
programmes to improve the predictability of mar-
bling level and eating quality in beef cattle. An al-
lele of the TG gene was identified as having a
significant association with marbling score
(Barendse 1999; Barendse et al. 2004; Burrell

et al. 2004). Mears et al. (2001) also proved that
both T3 and T4 have been associated with mar-
bling deposition in Japanese Black cattle.

The objectives of the present study were to
identify polymorphisms in the 3‘ flanking region
of the TG gene, and to analyse associations be-
tween these polymorphisms and carcass and meat
traits in several cattle breeds. The results of this
study could add new evidence that TG is an impor-
tant candidate gene to be used for selection of meat
traits in the beef cattle industry.

Materials and methods

Animals and carcass data

A total of 271 animals, including Simmental (N =

104), Angus (N = 42), Hereford (N = 26), Charo-

lais (N = 25), Limousin (N = 17), Qinchuan

(N = 21), Luxi (N = 20) and Jinnan (N = 16), were

randomly selected from commercial populations
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and used in the association analysis. The animals

(405 ± 50.5 kg; 30 ± 2 months of age at slaughter)

were reared in the provinces of Inner Mongolia

and Hebei. Carcass and meat quality traits were

measured according to the criterion GB/T

17238-1998 Cutting Standard of Fresh and

Chilled Beef in China (China Standard Publishing

House). Six traits were measured or calculated

(Table 1): live weight (LW), carcass weight (CW),

dressing percentage (DP), backfat thickness (BF),

marbling score (MS), and loin muscle area

(LMA). BF and LMA were measured between the

12 and 13th rib. MS for quality grade was evalu-

ated on a cross section of the loin muscle between

the 12 and 13th rib, which is scored on a scale of 1

to 5. All experimental procedures were performed

according to authorization granted by the Chinese

Ministry of Agriculture.

PCR amplification and sequencing

DNA samples were extracted from blood samples
according to Mullenbach et al. (1989), which was
diluted to 50 ng µL–1 for PCR. According to the
bovine TG gene sequence cloned in our previous
study (unpublished data), one pair of primers
(5’-TCC CAG AGT TAG CCT CCA AG-3’;
5’-GAC CTC ACC ACC TCT CAT TCA-3’) was
designed to amplify a 709-bp fragment (checked
by DNA sequencing) within the 3‘ flanking region
(at the genome position chr14: 52 866 to 53 574).

Polymerase chain reaction (PCR) amplifica-

tions were performed in a 20-�L volume contain-
ing 50 ng of DNA template, 10 pM each primer,
0.20 mM dNTP, 2.5 mM MgCl2, and 0.5 U of Taq
DNA polymerase (TaKaRa, Dalian, China). The

PCR protocol was 94�C for 5 min, followed by 35

cycles of 94�C for 30 s, annealing for 30 s and

72�C for 30 s, and a final extension at 72�C for 10
min. The products were purified by using a Wiz-
ard Prep PCR purification kit (Shanghai Bioasia
Biotechnology, P. R. China) and sequenced
(Beijing Aolaibo Biotechnology, P. R. China; Ap-
plied Biosystems 3730xl DNA sequencer, Foster
city, CA, USA).

Statistical analysis

The linkage disequilibrium and haplotype analysis
was performed by SHEsis software (Shi and He
2005). The associations between single SNP
marker genotypes of the TG gene and carcass and
meat quality traits were analysed by the
least-squares method as applied in the GLM pro-
cedure of SAS (SAS Institute Inc., Cary, NC,
USA) according to the following linear model:

Yijkl = µ + BFi + Monthj + Gk + eijkl,

where Yijkl = observed value; µ = overall mean for

each trait; BFi = fixed effect of ith breed and farm;

Monthj = fixed effect of jth month of slaughtering;

Gk = fixed effect of kth single SNP marker geno-

type; eijkl = random error.

Results

Genotype patterns of different polymorphisms

We amplified and sequenced a 709-bp fragment at

the 3‘ flanking region of the TG gene (GenBank

accession number EU591737) in 271 animals. The

comparisons among these sequences revealed 6

mutations: A110T, G133C, G156A, C220T,

A351G and A506C (Figure 1).

The allele and genotype frequencies of the 6

SNPs are shown in Table 2. For the G133C,

G156A, C220T and A506C SNPs, their allele and

genotype frequencies were all the same.

SNP marker associations

If r2 > 0.33, then linkage disequilibrium was con-

sidered strong (Ardlie et al. 2002). The linkage

disequilibrium between the 6 SNPs in the popula-

tion was estimated, which indicated that the SNPs

G133C, G156A, C220T and A506C were com-

pletely linked (r2 = 1). This region can be inherited

as a unit.

The genotypes of 271 individuals were tested

for correlation with phenotypic data for 6 traits.

The gene-specific SNP marker correlation analy-

sis indicated that the SNP markers G133C,

G156A, C220T and A506C were significantly

correlated with marbling score (P<0.05). As they

are completely linked, we took G133C as an ex-

ample. Animals with the CC genotype have higher

marbling scores than those with GG and GC geno-

types (P<0.05) (Table 3). No significant correla-

tions were observed between any of the marker

genotypes at G133C and other traits. The other

SNPs showed no significant association with traits

examined in this study.
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Table 1. Means and standard deviations for

traits analysed in this study (N = 271)

Trait Mean SD

Live weight (kg)
Carcass weight (kg)
Dressing percentage (%)
Backfat thickness (cm)
Marbling score (1-5)
Loin muscle area (cm2)

559.14
309.89
55.00
1.03
2.21

71.97

74.83
49.37
3.40
0.45
1.06

13.83
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Table 2. Genotype frequencies (%) within studied breeds for the 6 SNPs in the TG gene
Breed (number)SNP Genotype

Simmental

N=104

Angus

N=42

Hereford

N=26

Charolais

N=25

Limousin

N=17

Qinchuan

N=21

Luxi

N=20

Jinnan

N=16

Total

N=271

A110T

G133C

G156A

C220T

A351G

A506C

AA

AT

TT

GG

GC

CC

GG

GA

AA

CC

CT

TT

AA

AG

GG

AA

AC

CC

47.12 (49)

50.00 (52)

2.88 (3)

35.58 (37)

54.81 (57)

9.62 (10)

35.58 (37)

54.81 (57)

9.62 (10)

35.58 (37)

54.81 (57)

9.62 (10)

81.73 (85)

16.35 (17)

1.92 (2)

35.58 (37)

54.81 (57)

9.62 (10)

80.95 (34)

16.67 (7)

2.38 (1)

69.05 (29)

28.57 (12)

2.38 (1)

69.05 (29)

28.57 (12)

2.38 (1)

69.05 (29)

28.57 (12)

2.38 (1)

80.95 (34)

11.90 (5)

7.14 (3)

69.05 (29)

28.57 (12)

2.38 (1)

38.46 (10)

34.62 (9)

26.92 (7)

38.46 (10)

34.62 (9)

26.92 (7)

38.46 (10)

34.62 (9)

26.92 (7)

38.46 (10)

34.62 (9)

26.92 (7)

96.15 (25)

0.00 (0)

3.85 (1)

38.46 (10)

34.62 (9)

26.92 (7)

96.00 (24)

4.00 (1)

0.00 (0)

92.00 (23)

4.00 (1)

4.00 (1)

92.00 (23)

4.00 (1)

4.00 (1)

92.00 (23)

4.00 (1)

4.00 (1)

76.00 (19)

20.00 (5)

4.00 (1)

92.00 (23)

4.00 (1)

4.00 (1)

11.76 (2)

64.71 (11)

23.53 (4)

5.88 (1)

47.06 (8)

47.06 (8)

5.88 (1)

47.06 (8)

47.06 (8)

5.88 (1)

47.06 (8)

47.06 (8)

100.00 (17)

0.00 (0)

0.00 (0)

5.88 (1)

47.06 (8)

47.06 (8)

38.10 (8)

61.90 (13)

0.00 (0)

14.29 (3)

38.10 (8)

47.62 (10)

14.29 (3)

38.10 (8)

47.62 (10)

14.29 (3)

38.10 (8)

47.62 (10)

80.95 (17)

19.05 (4)

0.00 (0)

14.29 (3)

38.10 (8)

47.62 (10)

70.00 (14)

30.00 (6)

0.00 (0)

15.00 (3)

55.00 (11)

30.00 (6)

15.00 (3)

55.00 (11)

30.00 (6)

15.00 (3)

55.00 (11)

30.00 (6)

70.00 (14)

25.00 (5)

5.00 (1)

15.00 (3)

55.00 (11)

30.00 (6)

56.25 (7)

43.75 (9)

0.00 (0)

18.75 (3)

43.75 (7)

37.50 (6)

18.75 (3)

43.75 (7)

37.50 (6)

18.75 (3)

43.75 (7)

37.50 (6)

75.00 (12)

25.00 (4)

0.00 (0)

18.75 (3)

43.75 (7)

37.50 (6)

54.61 (148)

39.85 (108)

5.54 (15)

40.22 (109)

41.70 (113)

18.08 (49)

40.22 (109)

41.70 (113)

18.08 (49)

40.22 (109)

41.70 (113)

18.08 (49)

82.29 (223)

14.76 (40)

2.95 (8)

40.22 (109)

41.70 (113)

18.08 (49)



Discussion

In this study, 6 novel polymorphisms within the 3‘

flanking region of the TG gene were detected by

sequencing. Sequence analysis showed that these

new alleles were caused by A to T, G to C, G to A,

C to T, A to G, and A to C mutations at positions

110, 133, 156, 220, 351 and 506, respectively (ac-

cording to EU591737). The homozygous mutant

genotype frequencies were low (3 to 18%).

The previous studies have reported that TT geno-

type frequencies of the C422T SNP marker were

1.5 to 18.9% in Bos taurus and B. indicus (Moore

et al. 2003; Thaller et al. 2003; Casas et al. 2005;

Rincker et al. 2006). Our results are similar to the

frequencies reported in those studies.

A recent work has mapped a QTL with an ef-

fect on fat deposition to the centromeric region of
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Figure 1. Chromatograms showing sequence variation at positions 110 (A110T), 133 (G133C), 156 (G156A), 220

(C220T), 351 (A351G), and 506 (A506C) within the 3‘ flanking region of the TG gene

Table 3. Associations between 3 SNPs and 6 phenotypic traits in beef cattle: means ± SE

SNP Genotype N Trait*

LW (kg) CW (kg) DP (%) BF (cm) MS (1–5) LMA (cm2)

A110T AA 148 559.09±9.10 311.66±5.91 55.79±0.49 1.14±0.07 2.16±0.16 70.69±1.71

AT 108 562.71±8.81 312.75±5.72 55.58±0.48 1.16±0.06 2.24±0.15 72.87±1.65

TT 15 542.51±16.83 298.88±10.94 55.15±0.91 1.29±0.12 2.26±0.29 70.82±3.16

P 0.4341 0.4026 0.7260 0.4482 0.8100 0.8100

G133C GG 109 566.17±10.01 315.41±6.51 55.73±0.54 1.16±0.07 2.07a±0.17 70.88±1.89

GC 113 561.79±9.01 312.72±5.86 55.69±0.49 1.14±0.07 2.08a±0.15 72.28±1.70

CC 49 552.42±10.46 306.58±6.80 55.53±0.57 1.19±0.08 2.52b±0.18 71.66±1.98

P 0.4539 0.4616 0.9393 0.7890 0.0238 0.6622

A351G AA 223 561.14±8.17 312.52±5.30 55.71±0.44 1.17±0.06 2.20±0.14 72.05±1.54

AG 40 556.27±12.09 307.23±7.85 55.32±0.66 1.10±0.09 2.25±0.21 69.52±2.28

GG 8 541.30±21.08 299.27±13.69 55.20±1.14 1.23±0.16 2.28±0.36 72.57±3.97

P 0.5605 0.4566 0.7171 0.5840 0.9415 0.4238

* Traits: LW = live weight; CW = carcass weight; DP = dressing percentage; BF = backfat thickness; MS = marbling score; LMA = loin muscle

area; a,b means with different superscripts were significantly different (P<0.05)



bovine chromosome (BTA) 14 in multiple popula-

tions (Casas et al. 2000; Moore et al. 2003), with

the gene encoding TG being proposed as a posi-

tional and functional candidate gene for this QTL,

because its product is the precursor of hormones

that affect lipid metabolism (Barendse 1999).

The C422T SNP of the TG gene, producing the

precursor for thyroid hormones, has been associ-

ated with an improvement in overall fattening and

could be used as a gene marker for marbling depo-

sition in beef cattle (Barendse 1999; Grisart et al.

2002). Animals with the TT genotype had signifi-

cantly higher marbling scores than those express-

ing the CC and CT genotypes (Barendse 1999).

Recently, Burrell et al. (2004) reported that the TT

genotype was associated with a higher level of

marbling relative to the CC genotype, with the CT

heterozygote being intermediate in beef cattle.

Similarly, Thaller et al. (2003) also found a signif-

icant effect on the intramuscular fat content in

musculus longissimus dorsi of German Holstein

cattle. In our study, by association analysis of

gene-specific SNP markers in 271 animals, we

found a significant correlation between the

G133C, G156A, C220T and A506C SNPs in the

TG gene and marbling score. Since the power of

detection of associations for such a relatively

small sample size as ours is low, we cannot ex-

clude the possible association with other traits

considered.
In conclusion, our results provide evidence that

the TG gene has potential effects on marbling
score. Therefore, further work will be necessary to
use these SNPs for MAS in a larger population and
to investigate whether the TG gene plays a role in
intramuscular fat deposition or is in linkage dis-
equilibrium with other causative mutations.
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