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Summary

The aim of this study was to identify differentially expressed myosin genes in the
longissimus thoracis muscle of Nelore cattle divergently ranked for myofibrillar
fragmentation index (MFI). Samples from 80 Nelore non-castrated males, slaughtered
in a commercial plant with an average of 731±81 days of age, were used. MFI data
were used to select 20 extreme animals (10 with high and 10 with low MFI). The HiSeq
2500 System Illumina platform was using for RNA sequencing (RNA-Seq). The
computational analyzes were done on CyVerse platform. The myosin isoforms, MYL6
and MYBPH genes, were expressed more in the high MFI group. In addition, other
genes, important for the degradation of myosin light and heavy chains and sarcomere
assembly, such as TRIM63 and TRIM55 genes were also differentially expressed. The
myosin genes, found in this study, are related to muscular reactive mechanisms and
structural components of muscular fibers. These findings bring new insights into the
genetic basis of meat tenderness in Nelore cattle.
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Introduction

The index of myofibrillar fragmentation (MFI) is an indication trait for meat
tenderness. Among the quality traits, tenderness stands out as one of the most valuable,
because it has a great influence on consumer acceptance (Boleman et al., 1997). The
study of MFI trait is interesting since, unlike Warner-Bratzler Shear Force, a small
amount, about 3 grams of meat (Culler et al., 1978), is needed to perform the analyzes,
reducing costs.

The MFI indicates the myofibrils proteolysis intensity, evaluating endogenous
enzymes fragmentation, simulating the food chewing. Thus, increasing the endogenous
enzymes degradation in the sarcomeres Z-line, increases the myofibrillar fragmentation
index (Delgado et al., 2005).

The RNA sequence technologies (RNA-Seq) has provided tools to understand the
mechanisms, functions, and gene expression pattern in specific tissues at different
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stages of animal development and production (Hamill et al., 2012; Jin et al., 2012).
One of the most abundant proteins in skeletal muscle of animals is the myosin

(Deshmukh et al., 2015). Genes coding different forms of this protein have primordial
roles in the constitution and contraction of muscle (Asmussen et al, 2003). Therefore,
they interfere, directly, in the type of the muscular fibers and, consequently, in the final
tenderness of the meat. This study aimed to identify myosin genes in the longissimus
thoracis muscle of Nelore cattle divergent for MFI.

Material and methods

Samples of the longissimus thoracis muscle were collected between the 12 th - 13 th rib
of the left half carcass of non-castrated male Nelore bovines, from Nelore Qualitas
breeding program. All animals were from the same contemporary group. The animals
were slaughtered with an average of 731±81 of age. The samples were collected in two
moments: immediately after the slaughter, in order to extract RNA, and 24 hours after
the slaughter, for MFI evaluation.

The determination of MFI was performed according to Culler et al. (1978). We
selected 20 extreme animals (10 with high MFI and 10 with low). The Student's T test,
implemented in software R, was used to verify the difference between the groups.

The RNeasy Lipid Tissue Mini Kit RNA extraction kit (Qiagen, Valencia, CA,
USA) was used for the extraction of total RNA. The quality was verified with Agilent
2100 Bioanalyzer (Agilent, Santa Clara, CA, USA, 2009). RNA sequencing (RNA-Seq)
was performed on the HiSeq 2500 System platform (Illumina). Softwares implemented
in the CyVerse platform (GOFF et al., 2011) were used for computational analyzes of
the sequence data, assembly of transcripts and differentially expressed (ED) genes
analyzes. Finally, enrichment analysis was run using DAVID v6. 8
(https://david.ncifcrf.gov/tools.jsp).

Results and Discussions

A significant difference was observed between groups of animals with low and high
MFI. The low MFI group had an average of 15.74 + 2.14, with a minimum of 13.8 and
a maximum of 18.1. The group with high MFI presented an average of 56.16 + 6.87.
Maximum and minimum values were 68.1 and 47.7, respectively. According to the
methodology of Culler et al. (1978) the meat can be considered very tender when the
MFI is equal or greater than 60, while MFI with values much lesser than 50 does not
show a tenderness “desired in a loin steak”. Thus, 80% of the animals selected for high
MFI group were classified as having tender meat.

We found an average of 266 million reads per sample and 24,616 genes were
expressed in the longissimus thoracis muscle of Nelore cattle. A total of 96 genes were
differentially expressed, between them, 42 were down and 54 were up regulated.
Among these DE genes, myosin genes highlighted. The myosin light chain 6 (MYL6)
and myosin binding protein H (MYBPH) genes were expressed more in animals with
high MFI (qvalue<0.05). In addition, other genes, important for the degradation of
myosin light and heavy chains and the assembly of sarcomeres, such as TRIM63 and
TRIM55 genes, were differentially expressed, being more expressed in the high MFI
group.

The MYL6 gene encodes the “myosin hexameric ATPase cellular motor protein”,
responsible for cellular motor mechanisms, in the presence of ATP it moves on the



actin, causing muscle contraction. This protein is also responsible for muscle cell
structure and it is the main component of myofilaments (Park, et al., 2011).

The MYBPH (Myosin Binding Protein H) gene encodes a myofibrillar protein
related with structural muscle constitution (Li et al, 2010). The principal association of
this gene is with fast twitch muscles fibers (Gilbert et al., 1999). Lano-Diez et al. (
2011) reported that this gene may play a rule in the organization, maintenance, and
reassembly of the muscle thick filament, however, its function has not yet been totally
characterized.

Myosin genes found in the present study are involved in oxidation processes and
pathways; lactate transport in the plasma membrane; integration of membrane
components; and calcium and zinc ion bindings. These functions and metabolic
pathways are related with molecule transport, energy recycling process, anaerobic
glycolysis in animal tissues, and various molecular processes important for the
transformation of the muscle into beef (Joo et al., 2013; Wang & Pessin, 2013).

Conclusions

Our study found two differentially expressed myosin isoforms in the longissimus
thoracis muscle of Nelore cattle divergent for MFI trait. In addition, genes and
metabolic functions related to these proteins, were found. These findings bring new
insights into the genetic basis of meat tenderness in Nelore cattle.
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