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ABSTRACT: Beef cattle is an important segment of the 
global economy. Aggregate value to the meat is desirable 
for red meat sector, but it requires the improvement of meat 
quality. Tenderness is the main organoleptic characteristic 
desired by consumers and the molecular mechanisms in-
volved with this characteristic are still unknown. Bos indi-
cus breeds present a different tenderness profile than Bos 
taurus. The objective of this study was identifying differen-
tially expressed genes between Nellore steers with extreme 
EBV values for shear force. The genes ADRB2 and CPT1B 
presented differentially expressed between extreme groups. 
These genes are associated with fatty acid metabolism, 
which could be involved with meat tenderness.   
Keywords: Shear force; Breeding values; RNA-Seq; Bos 
indicus 
 
 

Introduction 
 

Cattle have a great role in the evolution of 
agriculture and livestock since the beginning of civilization 
and they are the most important species of domesticated 
animals for the economy of many countries (Cunningham 
and Syrstad (1987)). The beef cattle industry is one of the 
main productive activities of animal agriculture, providing 
the highest income obtained by comparing with other 
supply chains. In Brazil, the production of this chain is 
estimated at U.S.$ 67 billion, reflecting the economic and 
social importance of cattle not only in Brazil, but also in the 
international market. However, Brazil still needs to improve 
the quality of meat to have their products with more value 
in the world market. In this country, 80% of the herd of 
beef cattle are supported by a genetic basis Bos taurus 
indicus, which are known for great adaptability to the 
tropical climate, hardiness, maternal ability, resistance to 
ectoparasites and to produce a leaner meat (Cunningham et 
al. (1993)). But this is not enough because if compared with 
Bos taurus, Bos indicus breeds have different parameters of 
genetic potential for some economic traits, such as 
tenderness (Crouse et al. (1989)).  

 
Meat tenderness has being studied in the long of 

years to help understand the complex mechanism of 
conversion of muscle in meat. A technique that is standard 
and widely used to measure meat tenderness 
(KOOHMARAIE, 1994; Ouali et al. (2006)) is the Warner-
Bratzler shear force in the Longissimus dorsi muscle. 

 

The use of genomics and transcriptomics will help 
to identify genes associated with quantitative traits of 
economic interest, a strategy that can be used to increase 
the quality of the meat produced, in particular the 
tenderness that assumes a prominent position as the main 
organoleptic characteristic desired by the end consumer 
(Paz and Luchiari Filho (2000)).  Microarrays were very 
used in the study of transcriptome but now are being 
replaced by new techniques of Next Generation Sequencing 
(NGS), as the RNA-Sequencing (RNA-Seq). RNA-Seq is a 
highly sensitivity method of quantifying transcript 
expression (WERNER, 2010). The use of RNA-Seq allows 
the improvement of the genome annotation and making 
discoveries of new biological functions, provides valuable 
information about changes and new alternative splice 
isoforms, reflecting in more complex mechanisms for 
regulating RNA. 

 
The objective of this study was to identify 

differentially expressed genes between extreme values for 
shear force with estimated breeding values (EBV) for 
lowest (LSF) and highest shear force (HSF) at seven and 14 
days of aging using Nellore steers with a RNA-Sequencing 
(RNA-Seq) approach.  

 
Materials and Methods 

 
Animals. Steers were the offspring of 20 sires that 

represent the main breeding lineages in Brazilian Nellore. 
Half-sib families were produced by artificial insemination 
of commercial Nellore dams. Steers were raised on three 
farms and at approximately 25 months of age they were 
housed for 90 to 130 days in two feedlots. The animals 
were ad libitum fed with corn silage and concentrate based 
diet. Steers were slaughtered when five mm of back fat 
thickness was achieved (Tizioto et al. (2013)). Carcass 
weight, dressing percentage, fat thickness, ribeye area, 
carcass length, colour, and texture and marbling data were 
collected after slaughter. Samples from Longissimus dorsi 
muscle between the 12th and 13th rib of the right side 
carcass were collected from a total of 310 animals and 
analysed for pH, muscle colour and fat content, tenderness 
(shear force), loss weight during cooking, water retention 
capacity and intramuscular fat. Meat tenderness data was 
collected on 2.54 cm thick steaks with a TA XT2i texture 
analyzer coupled to a Warner-Bratzler blade with 1.016 mm 
thickness 24 hours, seven days and 14 days after slaughter. 
Steaks were stored at 2oC. Shear force estimated breeding 
values (SFEBV) were computed using standard BLUP 



procedures under an animal model (MRODE, 2005) using 
the mixed procedure of SAS (SAXTON, 2004).  

 
Sample Preparation and Clustering. Total RNA 

was isolated from muscle samples from 28 steers with 
extreme EBV values for shear force in seven and 14 days of 
aging. The extraction of total RNA was performed using the 
Trizol reagent (Invitrogen) according to the protocol 
described by Chomczynski and Sacchi (1987). Total RNA 
was quantified by spectrophotometer (NanoDrop 200 - 
Thermo Scientific. Wilmington, Delaware, USA). The 
integrity of the RNA was verified by size separation on a 1% 
agarose gel and analysis on a 2100 Bioanalyzer (Agilent 
Technologies - Santa Clara, CA, USA) with the RNA 6000 
Nano kit. All samples had an RNA integrity number (RIN) 
greater than or equal to 8. Sequencing libraries were 
generated with the TruSeq® RNA Sample Preparation kit 
v2 (Illumina - San Diego, USA). The concentration of the 
cDNA libraries was determined with the KAPA Library 
Quantification Kit (KAPA Biosystems). Samples were 
diluted to 17 pM and processed with the cBOT (Illumina - 
San Diego, USA) with the TruSeq PE Cluster Kit v3 
(Illumina - San Diego, USA) (Fedurco et al. (2006); 
Turcatti et al. (2008)). 

 
RNA-Seq. The samples were sequenced in an 

Illumina HiScanSQ (Illumina - San Diego, USA) with 100 
bp paired end. There are some statistical software or R 
packages that support the analyze of RNA-Seq, in this study 
QuasiSeq (Lund et al. (2012)) was used as the 
bioinformatics tool for differentially expressed gene.  

 
Bioinformatics analysis. Data quality was 

evaluated with FastQC (ANDREWS, 2012). Python scripts 
were used to trim and filter reads to improve the read 
quality. TopHat v2.0.8 (Trapnell et al. (2009)) and Bowtie2 
v2 (Langmead et al. (2009)) were used to align the reads to 
the Bos Taurus UMD3.1 masked genome. HTSeq v0.5.4p2 
(http://www-  

huber.embl.de/users/anders/HTSeq/doc/count.html) 
was used to retrieve the read counts with the model 
nonempty intersection, which reads that aligned on more 
than one gene were considered ambiguous and were not 
counted. 

 
QuasiSeq (Lund et al. 2012) was used to identify 

differentially expressed genes. This method is based on 
quasi-likelihood methods with estimates of dispersion 
chosen from an adaptation of Smyth (2004) for estimating 
error variation in gene-specific microarray data. The 
method is similar to analysis of variance and estimate FDR 
rates by a variety of simulations based on actual data. To 
run QuasiSeq were used two mathematical models, one 
under the alternative hypothesis and other under the null 
hypothesis. The definition of models to be used was made 
after analysis of significant fixed effects using PROC GLM 
in SAS (Statistical Analysis System). Significant fixed 
effects used in the QuasiSeq models were: final age, year 

and fat thickness. The raw count data passed through three 
filters: 1) all genes with zero counts were removed for all 
the samples, 2) all genes that not presented on average at 
least two reads were removed and 3) the genes with no 
reads in at least six samples were removed. 

 
For differentially expressed genes, the GeneCards 

database (http://www.genecards.org) was used to describe 
summary functions of genes. 

 
DAVID (Huang et al. (2009)) was used as 

integrated biological database. It uses analytical tools 
designed to give biological meaning to a set of genes. For 
DAVID, the list of differentially expressed genes and all 
genes for background was used in the analyses. With the 
DAVID mining tools was possible to identify the 
classification and annotation of functional genes groups. 
Genes were enriched in a large-scale study to obtain a better 
understanding of the biological function. 

 
Results and Discussion 

 
Shear force analysis. The results of shear force 

are in the Table 1. On average, the values of shear force 
reduced as the time of aging increased, showing consistence 
with other studies of this process (Carvalho et al. (2014); 
Ouali et al. (2006)). 

 
Table 1. Mean of shear force and EBV for the extremes 
groups with seven and 14 days of aging. Minimum and 
maximum values for each group 

LSF and HSF = lowest and highest shear force at seven and 14 days of 
aging. LEBV and HEBV = lowest and highest EBV at seven and 14 days 
of aging. SD = standard deviation. CV = coefficient of variation. 

 
 
Differentially Expressed Genes. QuasiSeq 

identified 15 differentially expressed genes with a FDR 
<0.1 (Table 2). The HSFEBV represents the average of 
counts (AC) for the group with EBV for higher shear force, 
and the LSFEBV represents the average of counts for the 
group with EBV for lower shear force.  

 
Some genes might be involved with meat 

tenderness:  
 
BDH1 (3-hidroxybutyrate dehydrogenase, type 1) - 

The encoded protein catalyzes the interconversion of 
acetoacetate and (R) -3- hydroxybutyrate, the two main 
ketones produced during the catabolism of fatty acids 

Trait N Mean SD CV% Min. Max. 
LSF (7)  14 3.1 0.48 15.41 2.3 3.9 
HSF(7)  14 7.5 0.94 12.43 6.1 9 
LSF (14)  14 2.7 0.22 -33.28 1.7 3.5 
HSF(14)  14 6.5 0.18 29.44 3.6 9.3 
LEBV (7)  14 -0.67 0.51 18.76 -1.15 -0.45 
HEBV (7) 14 0.62 1.54 23.62 0.41 0.95 
LEBV(14)  14 -0.50 0.15 -31.05 -0.90 -0.38 
HEBV (14)  14 0.73 0.28 38.06 0.43 1.1 



(GeneCards, 2013). 
 
ADRB2 (Beta-2-adrenergic receptor) - β adrenergic 

receptors, coupled with G proteins, increase the activity of 
intracellular cAMP, resulting in cardiac muscle contraction, 
relaxation of smooth muscle and glycogenolysis. 
Furthermore, cAMP produced in response to activation of 
G protein directly modulates the propagation of channels 
that activate protein kinase A (PKA). PKA phosphorylates 
various proteins involved in excitation-contraction of L-
type channel of Ca2+ (Bers, 2002). 

 
ACSS1 (acyl-CoA synthetase short-chain family 

member 1) - Important to maintain normal body 
temperature during fasting and homeostasis. Essential for 
energy expenditure in ketogenic conditions. Converts 
acetate to acetyl-CoA so that it can be used for oxidation 
via cycle tricarboxylic acid to produce ATP and CO2 
(GeneCards 2013).  

CPT1B (carnitine palmitoyltransferase 1B) is an 
isoform of CPT1 gene, highly expressed in cells of the heart, 
skeletal muscle and white and brown adipose cells. The 
CPT1 is responsible for the formation of acyl- carnitine 
because catalyze the transfer of the acyl group of the long 
chain fatty acid from coenzyme A to L-carnitine 
(GeneCards, 2013). 

 
HSDL2 (Hydroxysteroid dehydrogenase-like 

protein 2) related with fatty acid metabolism (GeneCards, 
2013). 

 
Most of the differentially expressed genes were 

more expressed in the HSFEBV group, as the ADRB2, 
ACSS1, BDH1 and HSDL2. These genes are involved in 
important pathways that control the energy. Energy is nec-
essary to keep the sarcomere length that has positive corre-

lation with meat tenderness (Weaver et al. (2008)). Between 
this genes, the ADRB2 should be highlighted because ad-
renergic receptors are target of catecholamines witch reduce 
glucose utilization of various tissues, inhibiting insulin 
action (Lafontan et al. (1997)). As these genes are involved 
in the fat metabolism and are being more expressed in the 
HSFEBV group, they could be acting to decreased glyco-
gen stores and make the meat tougher. Also the presence of 
CPT1B in the LSFEBV shows that this hypothesis is con-
sistent because the CPT1B is involved in the accumulation 
of fat in skeletal muscle (Rasmussen et al. (2002)). 

 
Table 3. Functional Annotation by DAVID program of 
differentially expressed genes identified using the 
QuasiSeq (FDR < 0.1) 

 
 

 Enrichment analysis. The analysis of the 
differentially expressed genes identified by QuasiSeq didn’t 
have significant over-represented gene ontology terms. 
However, the functional annotation shows that some 

Gene name Pathway 

BDH1 Synthesis and degradation of ketone 
bodies, Butanoate metabolism. 

ACSS1 Glycolysis/Gluconeogenesis, Pyruvate 
metabolism, Propanoate metabo-‐
lism. 

ADRB2 Calcium signalling pathway, Neuroac-
tive ligand-receptor interaction,	  
Endocytosis. 

CPT1B Fatty acid metabolism, PPAR signal-
ling pathway, Adipocytokine sig-‐
naling	  pathway. 

CNGA3  Olfactory transduction. 

BT.85254 Wnt signaling pathway. 

Table 2. List of differentially expressed gene identified between two groups of extremes values (high and low) for EBV 
of shear force  (FDR <0.1) 

Gene name Gene ID Q_value AC HSFEBV AC 
LSFEBV 

BDH1 ENSBTAG00000000448 0.003637281 142.6429 22.28571 
ADRB2 ENSBTAG00000002144 0.05735459 244.7857 198.9286 
KLHL3 ENSBTAG00000002796 0.076503877 15.71429 12.42857 
ACSS1 ENSBTAG00000004281 0.004338784 246.8571 137.0714 

BT.88227 ENSBTAG00000004838 2.41E-05 7.714286 0.428571 
TMEM51 ENSBTAG00000005300 0.085046844 144.2143 231.8571 
CNGA3 ENSBTAG00000009834 0.076503877 11.14286 18.07143 
ESRRB ENSBTAG00000012285 0.054628495 44.28571 22.71429 
CPT1B ENSBTAG00000016048 0.025332689 985.6429 1058.571 
KIF3C ENSBTAG00000019138 0.076503877 104.6429 125.5714 

FAM151A ENSBTAG00000019801 0.025332689 85.5 51.5 
SLC16A7 ENSBTAG00000021287 0.076503877 99.21429 59.21429 
BT.85254 ENSBTAG00000027625 0.076907072 96.28571 128.2857 
HSDL2 ENSBTAG00000031295 0.091029445 992.0714 990.3571 

BT.59650 ENSBTAG00000039686 0.025332689 128.2143 81.78571 
AC for HSFEBV and LSFEBV = average of counts for the lowest and highest groups of EBV for Shear Force. 



differentially expressed genes are associated with fat or 
calcium pathways (Table 3). 
 

Conclusion 
 
 The present RNA-Seq analysis identified 

differentially gene expressed between Nellore steers with 
different values of tenderness. The list of genes obtained 
suggests the fat metabolism could be involved with the 
process of meat tenderness in the Nellore cattle.  
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