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ABSTRACT. Calpastatin (CAST) is an endogenous calpain inhibitor
and its main function is to modulate the proteolytic action of enzymes
responsible for post-mortem myofibril deterioration. The myostatin
gene (GDF-8) acts as a negative regulator of skeletal muscle growth.
The expression of these two genes, as well as their interaction, affects
the quality of the meat, especially the tenderness phenotype. We
evaluated the genetic groups Santa Inés, 2 Dorper-Santa Inés and
%2 White Dorper-Santa Inés, slaughtered with 2.0 mm, 2.5 mm and
3.0 mm of fat thickness, comparing the levels of expression of the
CAST and GDF-8 genes with the weight performance and carcass
traits, especially the shear force values. We found significantly higher
expression of myostatin and calpastatin in the Santa Inés genetic group.
The %2 Dorper-Santa Inés genetic group had the lowest expression of
these genes when slaughtered with 2.0 and 2.5 mm of fat thickness.
In conclusion, the Santa Inés breed had the lowest phenotype values
for meat tenderness, and the 2 Dorper-Santa Inés breed had the best
performance for this characteristic. We suggest that high levels of the
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expression of the CAST and GDF-8 genes are associated with lower
values of lamb meat tenderness, and that tenderness is related to the
stage of muscular growth and development.

Key words: Fat thickness; Gene expression; Tenderness

INTRODUCTION

For any animal species bred for human consumption, meat tenderness is one of the
most important aspects for consumers. This characteristic is influenced by genetic and envi-
ronmental factors. Therefore, some aspects can be considered in the animal prior to slaughter,
such as age, sex and nutrition, as well as the post-mortem processes, such as maturation, car-
cass cooling, pH and cooking of the meat (Asghar and Pearson, 1980); all these factors have
a positive or negative effect on tenderness. Another aspect, no less important than those men-
tioned above, is that of cellular processes, such as the actin-myosin binding complex which
promotes muscle contraction by shortening the sarcomere and activating calpastatin, associ-
ated with increased rigidity, as well as the antagonistic processes provoked by the calpains that
act in myofibril proteolysis resulting in greater tenderness (Soria and Corva, 2004).

After slaughter, biochemical transformations occur in the musculature, initiating a se-
ries of events that modify muscle tissue into actual meat, and in this phase, the tenderness trait
may be essentially attributed to the structure and activity of the myofibril complex (Moody et
al., 1970). As reviewed by Hopkins and Thompson (2002), the evidence suggests that meat
tenderness is mainly attributed to p-calpain activity, which is a protease that deteriorates the
myofibril proteins of the muscle during refrigerated storage. On the other hand, calpastatin
activity is higher during the first 24 h in the post-mortem period, indicating that it is probably
a primary regulator of p-calpain (Morgan et al., 1993), which requires low concentrations of
calcium and is activated when pH decreases (Volpelli et al., 2004). Meats with high calpastatin
activity in this period become less tender (Rubensam et al., 1998).

Like the calpastatin gene (CAST), the myostatin gene, also known as growth differen-
tiation factor 8 (GDF8) is predominantly expressed in skeletal muscle, which has the function
of controlling the proliferation of myoblasts and the formation of muscle fibers (Ciéslak et al.,
2003), acting as a negative autocrine regulator (Du et al., 2007). A mutation in this gene can
lead to reduced expression, such as in knockout animals that exhibit a threefold increase in
their muscle mass, caused by hypertrophy of muscle fibers, or an overexpression that leads to
hyperplasia of muscle cells (Lee and McPherron, 2001). Furthermore, myostatin can also act
as an adipogenic regulator, where its gene deletion causes lesser fat build-up due to its direct
action. Its activity can be inhibited by various proteins, such as follistatin (Guizoni et al., 2010).

Due to the characteristic action of these proteins on muscle fiber, some research
groups have studied the genetic polymorphisms that could be associated with meat tenderness.
For example, Morris et al. (2006) examined the genotypic effects of calpastatin (CAST) and
calpain 1 (CAPN1) on the longissumus dorsi muscle in the bovine cross-breeds of Jersey and
Limousin, and Angus and Hereford, and found significant differences in shear force between
the genetic combinations. They showed that inferior meat tenderness was related to the com-
binations CAPN1 GG and CAST AG and greater tenderness to the combinations CAPN1 CC
and CAST AA, with differences of 25.7 £ 5.5 and 15.2 + 4.8%, respectively.
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As well as identifying genetic polymorphisms, determining gene expression levels active
in the muscle can also help us to understand their interaction. Using the real-time PCR method,
one can analyze the calpastatin and myostatin expression pattern, and the responses obtained can
be used as tools to aid genetic improvement programs in those populations. The aim of this study
was, therefore, to assess the expression of calpastatin and myostatin genes in the longissimus lum-
borum muscle through the use of real-time PCR and to associate such gene expressions with meat
quality in pure lambs [Santa Inés (SI)] and cross-breeds [}2 Dorper-Santa Inés (2D-SI)] and %2
White Dorper-Santa Inés [/2WD-SI)], considering three abdominal fat thicknesses for slaughter.

MATERIAL AND METHODS

The study included 36 uncastrated male lambs, weaned at 60 days, with twelve
in each breed group: SI, %2D-SI and 2WD-SI. The animals were distributed in sheltered,
individual pens, with suspended, slatted floor, and they received unlimited water
throughout the experimental period and were fed complete pellet feed, formulated for
a daily weight gain of 0.300 kg (NRC, 2007), supplied once a day, without restrictions,
in such a way as to produce daily leftovers of approximately 10%. The treatments were
defined as fat thickness for slaughter of the lambs, at 2.0, 2.5 and 3.0 mm, assessed by
ultrasound scan, between the 12th and 13th ribs. The ultrasound scans and weighing
were performed every seven days. The subcutaneous fat thickness (SFT) and longissimus
lumborum muscle depth (LUMD) were measured with a Honda model HS-1500 VET,
with a 50-mm wide, linear multi-frequency transducer, used at a frequency of 7.5
MHz. The lambs were slaughtered when they attained the predetermined fat thickness,
regardless of their weight.

Total RNA was extracted from the longissimus lumborum muscle of each animal,
using the Trizol® reagent (Invitrogen, Carlsbad, CA, USA), at a proportion of 1 mL/100
mg tissue, in accordance with manufacturer recommendations. Quantification was done
with a spectrophotometer at 260 nm and RNA integrity was assessed on a 1% agarose
gel, visualized under ultraviolet light. The cDNA was prepared using a SuperScrippt™ III
First-Strand Synthesis Super Mix kit (Invitrogen Corporation, Brazil), as per manufac-
turer recommendations.

The primers used in the reactions were designed according to the CAST and
GDF-8 gene sequences deposited at the website www.ncbi.nlm.nih.gov, with accession
Nos. AY 834770 and AB076403, respectively. The GADPH gene, which encodes the glyc-
eraldehyde 3-phosphate dehydrogenase enzyme (AF022183) (Table 1), and the B-actin
gene (AF035422) were tested as endogenous controls, with the former being chosen due
to its greater efficiency in the reaction and less variation between treatments.

Table 1. Primer sequence, fragment annealing temperature for CAST, GDT-8 and GADPH, respectively.

Gene Primer Annealing temperature (°C) Fragment (bp)

CAST Forward: TGCCCTGGATCAACTTTCTG 60 149
Reverse: GGTATTTAGGTGGGATGGTGTC

GDEF-8 Forward: ACCCATGAAAGACGGTACAAG 60 86
Reverse: CAATGCTCTGCCAAATACCAG

GAPDH Forward: CCAGGCAGAGAACGGGAAG 60 78

Reverse: GCCTTCTCCATGGTAGTGAAG
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SYBR GREEN (SYBR® GREEN PCR Master Mix - Applied Biosystems, USA) fluores-
cent compound was used for the real-time PCR reactions. For calculation of the expression values of
the muscle tissue samples for, the ACt was calculated, given by the difference from the cycle thresh-
old (of the exponential phase) of each sample and each gene and the Ct of the endogenous controls
of the sample. All trials were performed in a final volume of 25 uL and in duplicate. Finally, the
specificity of the PCR products was checked by melting curve analysis after the qRT-PCR reaction.

Statistical analysis of the traits under investigation was conducted using the GLM
procedure of SAS (SAS Institute Inc., 2002). Analysis of variance was performed considering

a 5% level of significance, as per the model: YJ =+ GR, + EGSU, + GR x EGSU; + ¢,
where: Y = observation relative to breed group i, slaughtered with thickness j Ju= general
constant, GR, = effect of breed group i; where i = 1, 2 and 3, EGSU, = effect of fat thickness
at slaughter j, where j = 1, 2 and 3, GR x EGSU, = effect of interaction between breed group
and fat thickness at slaughter and £, = = random error associated with each observation Y.
The UNIVARIATE procedure was used to verify normality of the gene residues under study
(expressed as 24¢Y). The averages were compared by the Tukey test (P < 0.05).

RESULTS

Tables 2 and 3 show the average values + standard deviation of the weight performance
of each genetic group and abdominal fat thickness. For the performance and carcass traits, the
effect of interaction was not determined. Significant differences were found between the genetic
groups in relation to weight of hot carcass, average daily weight gain and feed conversion. For fat
thickness, the cold carcass weight (kg), fat cover and weight gain (kg) showed significant values.
The shear force did not show significant differences between the genetic groups (P = 0.0603).

Table 2. Means and standard deviations of the performance traits for the genetic groups.

Genetic groups

Variables Si Y2D-S1 /2WD-SI
Hot carcass weight (kg) 11.58 +£1.79° 13.49 + 2.44 13.60 + 2.46°
Cold carcass weight (kg) 11.27+1.73 13.17+2.43 13.37+2.44
Fat cover' 2.42+0.51 2.75+0.58 2.75 £ 0.40
Shear force (kg) 3.84+1.08 3.33+0.68 3.15+0.66
Average daily gain (kg) 0.24 +0.054° 0.31+0.058 0.32+£0.076*
Feed conversion (kg/kg) 4.14+0.16 3.52+0.45° 3.65+0.67®
Live weight at slaughter (kg) 24.05+2.95 27.67+4.14 27.32+4.41

Mean values followed by different letters indicate a difference by the Tukey test (P> 0.05). 'Fat cover = from 1.00
for very lean up to 5.00 for very fat.

Table 3. Means and standard deviations for performance traits for abdominal fat thicknesses.

Abdominal fat thickness

Variables 2.0 mm 2.5 mm 3.0 mm

Hot carcass weight (kg) 11.78 £ 1.75 12.66 £2.13 14.23 +£2.66
Cold carcass weight (kg) 11.53 £1.75° 12.34 +2.04® 13.94 +2.70°
Commercial yield of carcass (%) 47.18 +2.84 4748 +1.95 48.28 +1.97
Fat cover' 2.37 +0.43° 2.58 +£0.36% 2.96 +0.58*
Shear force (kg) 3.37+0.83 3.37+0.68 3.61+1.09

Mean values followed by different letters indicate a difference by the Tukey test (P > 0.05). 'Fat cover = from 1.00
for very lean up to 5.00 for very fat.
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The results of the study of CAST and GDF-8 gene expression by qRT-PCR are pre-
sented in Table 4. Only GDF-8 gene expression differed between the different genetic groups;
for genetic group vs abdominal fat thickness, the mRNA of the CAST gene was significant
(Table 5). For GDF-8, the greatest expression was observed for the SI breed (P = 0.0052) and
for abdominal fat thickness of 3 mm (P = 0.0741).

Table 4. Means and standard deviations of expression values of the mRNA (in arbitrary units) based on
qRT-PCR analysis.

Breeds Variables
CAST GDF8

Santa Inés 5.53+0.84 8.73 £ 1.60°
Y2 Dorper-Santa Inés 3.96 +1.65 6.41 +£2.11°
> White Dorper-Santa Inés 495+1.25 7.29 £ 1.11®
Fat thickness

2 mm 423 +1.66 6.82 +1.58
2.5 mm 481+1.49 7.25+2.25
3 mm 5.41+0.78 8.36 +1.50

Different letters in the columns present significant differences by the Tukey test (P < 0.05). CAST = calpastatin;
GDF8 = myostatin.

Analysis of the interaction between the genetic groups and fat thicknesses (Table 5) re-
vealed that the CAST gene had a higher expression in lambs of the SI breed when slaughtered with
2.5 mm fat thickness, where this breed was considered the one producing the least tender meat.

Table 5. Breakdown of interaction for the CAST gene, based on mRNA expression values (in arbitrary units).

Breeds Abdominal fat thickness

2.0 mm 2.5 mm 3.0 mm Overall
SI 5.51% 5.954 5.14% 5.53
14D-SI 2.62° 3.42% 5.85% 4.16
2WD-SI 4.56 5.06%8 5.23% 4.95
Overall 4.23 5.01 5.41

Different upper case letters in the same column and different lower case letters on the same line indicate statistically
significant differences by the Tukey test (P < 0.005).

DISCUSSION

In general, considering the performance traits of the animals under study, the 2 WD-
SI and 72 D-SI lambs displayed higher levels than did the SI breed. The superior performance
of the Dorper cross-breeds is due to this breed’s higher resistance against periods of adverse
conditions, such as heat, cold or limited food, maintaining good health and body condition
(Marais et al., 1991). In studying the average daily weight gain in the Dorper breed, Burke et
al. (2003) also observed better results when compared to other breeds.

In general, higher levels of calpastatin mRNA were found in the muscle samples
obtained from the SI breed, that is, CAST gene expression in this genetic group was
39.65%, higher than in the samples of 2 WD-SI and 25% greater than in the 2 D-SI
samples.

From what is known about the action of calpastatin, higher gene expression in the
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muscle of Santa Inés breed animals leads to greater production of this enzyme and consequent
calpain inhibition, resulting in less meat tenderness. This was confirmed by the shear force of
the muscle samples in our study, which was greater for the SI breed (P = 0.0563), indicating
that the meat was less tender in this breed in relation to the other genetic groups studied.

As reported by Hopkins et al. (2011), there is clear evidence of the effect of major
genes on meat quality traits, such as tenderness and intramuscular fat. The calpastatin gene
is heavily studied as it is considered a candidate gene and is associated with weight perfor-
mance and carcass traits. The works of Lindholm-Perry et al. (2009) assessed the relations
between single-nucleotide polymorphisms (SNPs) of this gene, with its expression and tender-
ness in the longissimus dorsi muscle in Duroc-Landrace-Yorkshire pigs. According to these
authors, variation in shear force can be associated with three markers in the CAST gene,
whose sequences in the GenBank are described by accession Nos. 41658 2901, 65565 349
and 65644 369, which show highly significant results. Significant differences in shear force
between bovine breeds have also been reported by Morris et al. (2006), who also took into
account polymorphisms in the calpastatin and calpain genes.

It was also observed that increased abdominal fat thickness coincided with increased
expression of the CAST and GDF8 genes, which may have been related to the time required
for each genetic group to attain the fat thickness established by the study, meaning that the ani-
mals remained in confinement for longer periods, thus increasing the animal age at slaughter,
which could be directly associated with meat quality (Figure 1). Subcutaneous fat influences
meat tenderness, where it causes a slower decline in temperature and pH during post-mortem
cooling, which reduces the chance of cold shortening, but muscles can have different ideal fat
quantities and any excess can be detrimental instead of beneficial to meat quality. This can
explain the differences in the expression for the fat thickness trait, where the carcasses with
3 mm fat, as a rule, had high mRNA levels of the calpastatin gene for all the groups analyzed
(Osorio et al., 2009) (Table 4).
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Figure 1. Graph of the shear force for the genetic groups and fat thickness. SI = Santa Inés; 2D-SI = %4 Dorper-
Santa Inés; /2WD-SI = /2 White Dorper-Santa Inés.

The myostatin gene is also responsible for influencing the meat tenderness phenotype.
As well as being a gene that controls the proliferation of myoblasts and muscle fiber forma-
tion, its overexpression leads to muscular hyperplasia, which is closely related to calpastatin
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expression. The correlation of the two genes observed in this work was 0.79 (P <0.0001), con-
sidered a high correlation, which confirmed the expected results. McPherron and Lee (1997)
suggested that myostatin negatively regulates skeletal muscle growth, limiting muscle size.
Table 3 shows the mRNA expression values of this gene, in arbitrary units. The expression
pattern is presented likewise for the CAST gene, confirming an association between the genes
(Figure 2). The SI breed showed the highest expression values (8.73 + 1.60), with the cross-
breed "2 D-SI displaying the lowest value.
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Figure 2. Graph of the mRNA expression values (in arbitrary units) obtained for the CAST and GDF8 genes for the
genetic groups and fat thicknesses. CAST = calpastatin gene; GDF8 = myostatin gene.

Overexpression of GDF8 leads to a higher percentage of fat deposition, through its
direct action in adipogenesis (Guizoni et al., 2010). In arbitrary units of mRNA, the results of
8.36 for 3.0 mm fat thickness, 7.25 for 2.5 mm and 6.82 for 2.0 mm may count in favor of the
action of this gene in adipogenesis (P = 0.0798). For the fat thickness trait, the results revealed
the highest myostatin expression for 3.0 mm, but this result was not significant.

The SI breed showed the least muscular development, characterized by lower weight
performance results and carcass traits and a higher shear force (P = 0.0563). Therefore, the
higher expression of genes that encode calpastatin and myostatin in the muscles of this breed
of animal is indicative of a lower meat tenderness phenotype, regardless of fat thickness.

The lowest expression of the calpastatin and myostatin genes for the 2 D-SI cross-
breed indicates that this group has better performance for the meat tenderness phenotype when
slaughtered with 2.0 or 2.5 mm fat thickness.
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