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Abstract 

Actinin Alpha 3 gene (ACTN3) has profound role in muscle development and feed efficiency. 

Therefore, it forms fundamentally important gene in whole mammalian class including beef cattle. 

Non-synonymous mutations in ACTN3 gene in human has previously been known to be usually non-

tolerant in nature and causes decrease in muscle mass. To extend the knowledge for bovine ACTN3 

gene led to the formulation of in-silico prediction of mutations in the present study. In this study, about 

708 mutations were found to be non-synonymous initially and were filtered to eight SNPs using SIFT 

score. Out of which, one nsSNP (rs723349530, Y392D) was found to have significant deleterious effect 

as per different scores and algorithms. Protein interaction network revealed connection with proteins 

having functions on muscle twitching and strength. This is one of its first attempt to characterise non-

synonymous mutation of ACTN3 gene in bovine genome reflecting its importance in muscle growth 

and hereby, feed efficiency in beef cattle. 
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1. Introduction 

The global human population is projected to reach 9.8 billion by 2050 (FAOSTAT 2018), 

resulting in a significant increase in demand of high-quality meat and dairy products. 

Moreover, there is limited land and natural resources for production expansion, which creates 

a pressing need to develop strategies to improve food production efficiency. Feed provision 

accounts for up to 75% of total direct costs in beef cattle enterprises, significantly impacting 

profitability (Nielsen et al., 2013) [12]. Feed efficiency is the ratio of feed/forage consumed to 

animal weight gain over a given time period. Selection of beef cattle for improved feed 

efficiency has benefited us in two ways: 1) reduced feed intake without compromising 

growth and product quality (Mao et al., 2013) [9], and 2) reduced environmental footprint 

(Manafiazar et al., 2016) [8]. Feed efficiency is a very complex trait affected by numerous 

genetic and biological mecahnisms (Brunes et al., 2021) [3]. The ACTN3 gene encodes the α-

actinin-3 protein (ACTN3), which is a component of the contractile apparatus in "fast-twitch" 

muscle fibres. This protein is responsible for rapid muscle contractions and plays a role in 

strength and power performance (MacArthur & North, 2007) [7]. ACTN3 gene has found to 

have association with different muscle physiology and thereby affects feed efficiency. A 

recent study on muscle transcriptomes was performed to correlate feed efficiency in Nellore 

steers as per high or low residual feed intake (Tizioto et al., 2016) [15].  

Single nucleotide polymorphisms (SNPs) are common and essential variations in the cattle 

genome, and there is a strong link between variation and certain economically important 

traits (Rasal et al. 2015) [14]. Missense mutations, also known as non-synonymous SNPs 

(nsSNPs), occur in the coding region and alter the amino acid configuration, potentially 

affecting the protein's structure and function (Wohlrab, 2006) [16]. The experimental design of 

mutational changes will be laborious and time-consuming. As a result, it becomes essential 

and beneficial to perform the fundamental work required for mutation design and protein 

properties using computational biology (Nailwal and Chauhan, 2017) [10]. 
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Several studies have reported the relationship between SNPs 

and different diseases and related protein targets (Barreiro et 

al., 2008; Wolf et al., 2013) [2, 17]. SNP prediction can be 

used as a genetic marker to investigate the deleterious 

effects of SNPs on protein structure and functionality. The 

goal of this study was to predict the deleterious mutations in 

ACTN3 gene of cattle in light of its importance for muscle 

strength and thereby feed efficiency. 

 

2. Materials and Methods 

2.1 Data Retrieval 

The data for various SNP variants were retrieved from 

Ensembl-Biomart Databases (source: dbSNP; 

http://www.ensembl.org/ biomart/martview/). Variant table 

was downloaded from Biomart with various information. 

The associated protein sequence was downloaded from 

Uniprot (https://www.uniprot.org/uniprotkb/Q0III9). 

 

2.2 Prediction of deleterious nsSNPs 

Sorting Intolerant from Tolerant (SIFT) analysis was used to 

predict the mutation through protein substitution (Ng and 

Henikoff, 2003) [11]. The deleterious nature of mutation 

depends on SIFT score which ranges from 0 to1. A score 

lesser than 0.5 to 0 is considered intolerant mutation 

(http://sift-dna.org/). SIFT was initially utilized for human 

studies including cancer. Now, its use has been extended 

several animal species such cattle, canines (Gharahkhani et 

al., 2011) [6]. Further verification of harmful effect of 

mutation was performed using software PolyPhen-2 

software (Adzhubei et al., 2010) [1]. The principle of 

prediction depends on several factors such as structural and 

phylogenetic characteristics of amino acid substitution. 

MutPred2 server was also utilized to further validate 

probably the deleterious mutation caused in ACTN3 gene 

(Pejaver et al., 2020) [13]. 

 

2.3 Prediction of structural and functional effect of 

mutation on gene 

The structural stability of the mutation on target gene was 

predicted using MUpro tool. Support Vector Machine 

algorithm was utilized to predict stability of protein during 

non-synonymous mutations (Cheng et al., 2006) [4]. It 

predicts stability based on Double Delta G value (Kcal/mol) 

for the target mutation.  

 

2.4 Analysis of protein network interaction 

Protein-protein interaction network was generated using 

“Search Tool for the Retrieval of Interacting Proteins” 

(STRING; http://string-db.org/). The interaction network 

was generated using high confidence scores and other 

parameters. 

 

3. Results and Discussion 

A total of 708 SNPs were filtered out as deleterious in 

nature in the bovine ACTN3 gene during variant calling 

 

3.1 Prediction of deleterious mutation using different 

software 

A set of 8 SNP variants were filtered on the basis of SIFT 

score of 0 with deleterious SIFT class. SIFT predicted a list 

of mutants with deleterious effect illustrated in Table 1. The

polyphen2 software also found that R to C and Y to D are 

probably damaging having a score of 1 with a specificity of 

1 for occurrence of rare alleles identified using GWAS 

studies. Moreover, these two-point mutations were found to 

be probably damaging for Mendelian diseases associated 

with deleterious effect in the target population. A point 

mutation of E to K and T to I were found to be probably 

damaging for occurrence of rarer alleles with a score of 0.6. 

The score for Mendelian diseases was found benign for T to 

I mutation and thereby, represents relatively less harmful 

mutation. PolyPhen2 scores are represented in Table 2 for 

different mutations. Mutation Y to K is found to affect B-

factor and relative solvent accessibility with a MutPred2 

algorithm score of 0.838. Alteration in transmembrane 

protein, and ubiquitylation was observed in mutation of E to 

K. Scores predicted by MutPred2 software are tabulated in 

Table 3. 

 
Table 1: Deleterious mutation variants predicted by SIFT software 

 

Variant Location Point mutation SIFT class SIFT score 

rs800183570 211 R to C deleterious 0 

rs453306884 392 Y to D deleterious 0 

rs723349530 574 E to K deleterious 0 

rs210333254 741 T to I deleterious 0 

 
Table 2: Identified damaging mutants using PolyPhen2 software 

 

Mutation Position Prediction Score (HumAN div) HUmaNVAR 

R to C 211 1.OO 0.818 

E to K 574 0.616 0.748 

Y to D 392 1 0.994 

T to I 741 0.629 0.409 

 
Table 3: Identified mutants as per MutPred2 algorithm 

 

Point mutation Position Known alteration Score 

Y to D 392 
Gain of B-factor, Gain of 

Relative solvent accessibility 
0.838 

T to I 741 Not identified 0.487 

R to C 211 Not identified 0.466 

E to K 574 
Altered transmembrane protein, 

Gain of Ubiquitylation 
0.714 

 

3.2 Structural and functional effect of ACTN3 gene 

The effect of Mutant SNP variants on ACTN3 gene stability 

was assessed through MuPro software. Prediction of 

structural stability of SNP is predicted in Table 4 by MuPro 

software. A protein-protein interaction network was 

constructed using STRING browser to better predict the 

functionality of ACTN3 gene with high confidence interval 

(<= 0.7) The gene was found to be functionally related to 

MYOZ1, MYBPC2, ACTN2, TNNI1, TMOD4, TNNT3, 

MYL1, TNNC2, MYL1, MYH1.STRINGnetwork is 

illustrated in Figure 1. 

 
Table 4: Structural stability and Gibbs free energy of Mutant SNP 

variants 
 

SNPs DDG value Prediction 

rs800183570 -0.91581953 decrease 

rs453306884 -0.82698141 decrease 

rs723349530 -0.47038116 decrease 

rs210333254 -0.40348408 decrease 
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Fig 1: Protein-protein interaction network using STRING API 

 

4. Conclusion 

Beef meat consumed world-wide and forms an important 

pillar of food security. However, improvement in 

productivity of beef depends on increasing feed efficiency in 

cattle. ACTN3 gene is crucial for development of muscle 

mass and plays a significant role in feed efficiency. 

However, deleterious mutations can affect functioning of the 

gene and ultimately change the protein structure. The 

current study identified and predicted eight deleterious 

nsSNPs in the bovine ACTN3 gene through computational 

approach. Several structural and protein interactions were 

revealed and known to affect muscle function. This study 

suggests that Y392D mutation for rs723349530 SNP variant 

has significant deleterious effect and can be further 

investigated for its effect on gene functioning through in 

vivo studies. 
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