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Abstract  

Myostatin gene (MSTN or GDF-8) affects both, the amount and composition of 
muscle fibers. MSTN plays a key role in muscle growth and it has applications in 
breeding and animal husbandry. Polymorphic variants of this gene are associated 
with growth rates and carcass yield of different species. This study is focused on two 
single nucleotide polymorphisms: MSTN SNP c.747+34C>T and MSTN SNP 
c.194A>G and their effect on selected production traits. Genomic DNA was extracted 
from whole blood. Polymorphic variants of MSTN gene were detected using PCR-
RFLP method. Association studies revealed significant positive effect of allele T 
(c.747+34C>T) and allele G (c.194A>G) on meat performances in tested rabbit 
population. 

 

Keywords: association studies, GDF-8, meat production, MSTN, rabbit 

 

Introduction 

Research focused on the association studies of candidate genes is a step for the 
knowledge of the genetic basis of economically important traits (Óviló et al., 2016). 
A candidate gene approach is based on the variability within genes coding proteins 
involved in metabolic pathways related to production traits such as growth, body 
weight, or carcass traits. Rabbit meat is highly rated for its nutritional and dietetic 
properties as it contains less fat and cholesterol and more protein compared to other 
meat types. Thus, in the last decade studies of rabbit candidate genes connected to 
meat quality have become a field of great interest. Myostatin gene (MSTN or GDF-8) 
plays a key role in muscle growth as it controls the proliferation of muscle precursor 
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cells and affects the amount and composition of muscle fibers (McPherron, 1997).  
Thus, it has applications in breeding and animal husbandry (Thomas et al., 2000). 
Polymorphic variants of this gene are associated with growth rates and carcass yield 
of cattle (Sellic et al., 2007; Gill et al., 2009), sheep (Hickford et al., 2009), goat 
(Zhang et al., 2012) and chicken (Zhang et al., 2011; Dementeva et al., 2017). Rabbit 
myostatin gene consists of three exons and two introns. Six single nucleotide 
polymorphisms (SNP) were identified so far (Fontanesi et al., 2011; Sternstein et al., 
2014). The present study was carried out to investigate the association between 
MSTN gene (SNP c.747+34C>T and c.*194A>G) and meat production parameters in 
rabbits. 

 

Materials and methods  

For the presented study, 70 animals (males, synthetic meat line P-91) from Research 
Institude for Animal Production in Nitra were used in total. Animals were fed ad 
libitum by commercial pelleted feed and had free access to water. Animals were 
maintained under controlled microclimate conditions (humidity 60 ±5%, temperature 
17 ±3 °C, photoperiod 14 hours light / 10 hours darkness, maximum air flow rate 0.05 
ms-2). Animal experiments were authorized by MPSR No. SK28004 and Ro 2058 / 
06-221 / c. To determine the relationship between myostatin gene polymorphic 
variants and meat production, whole blood samples for DNA isolation were collected 
and birth weight of animals, live weight on day 7, 14, 21, 28, and 84 and average 
daily gain were measured and calculated. At the end of the experiment animals were 
slaughtered and carcass yield was measured. Genomic DNA was extracted by 
standard salting out extraction protocol (Miller, 1988). Primers were designed 
according to Fontanesi et al. (2011). Two SNPs (c.747+34C>T and c.*194A>G) in 
the rabbit MSTN gene were screened using PCR restriction fragment length 
polymorphism (PCR-RFLP) according to Fontanesi et al. (2011). Statistical analysis 
was performed using statistical software SPSS for Widows, Release 6 a Statistix for 
Windows, Version 8. For average daily gains and live weights of rabbits, Pearson 
correlations were calculated, moreover live weight growth for genotypes was 
measured in days by linear and non-linear regression with respect to age. 

 

Results and discussion 

In realized experiment 70 rabbits for SNP c.747+34C>T and 60 rabbits for SNP 
c.*194A>G were genotyped. After PCR-RFLP using two restriction endonucleases 
AluI (c.747+34C>T) and TaaI (c.*194A>G) both alleles of SNPs were detected. For 
SNP c.747+34C>T frequency of allele C was 0.52 and frequency of allele T was 
0.48.  Fontanesi et al. (2008) reported the frequencies of the C and T alleles of SNP 
at c.747+34C>T to be 0.51 and 0.49 in their rabbit population (commercial paternal 
line). The same alleles displayed frequencies of 0.67 and 0.33, respectively, in 
M91 and P91 rabbit lines (Rafayová et al., 2009), in Giant Grey and New Zealand 
White rabbit (Sternstein et al., 2014) were allelic frequencies 0.33 (C) and 0.67 (T). In 
contrast, Markowska et al. (2010) reported frequencies of T and C allele at 0.38 and 
0.62 in Polish and White Flemish Giants Rabbits, Bindu et al. (2012) 0.43 and 0.57 in 
a pooled population of New Zealand White and Soviet Chinchilla and their crosses 
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(Fontanessi et al., 2008) at c.747+34C>T detected the frequency of allele C (0.51) 
and frequency of allele T (0.49), similar to observed experimental population where 
the frequency of allele C was slightly over the frequency of the T allele. Abdel-Kafy et 
al. (2016) reported allele frequencies in APRI rabbits line 0.27 (C) and 0.73 (T). 
Rafayová (2010) confirmed significant differences in favor of animals with TT 
genotype in myostatin polymorphism c.747+34C>T with T allele frequency (0.67) and 
allele C (0.33). For SNP c.*194A>G observed allele frequencies were 0.67 (A) and 
0.33 (G), what is similar to findings of Adbel-Kafy et al. (2016). An adequate level of 
heterozygosity with respect to the marker was also confirmed by the calculated value 
of the heterozygosity coefficient at the levels of 0.49 resp. 0.44. Based on the 
effective amount of the allele, it can be concluded that the alleles have been 
balanced in the population. A good level of heterozygosity occurred at the mean 
value of the polymorphic information content (0.37, resp. 0.34).  

From the obtained results it is clear that animals with genotype TT (SNP 
c.747+34C>T) showed the highest average values in all monitored indicators (Table 
1).  

 

Table 1. Associations between MSTN c.747+34C>T and production traits in rabbit 

n = 70 CC (n = 21) CT (n = 31) TT (n = 18) Genotype 

Parameters Mean ±SD Mean ± SD Mean ± SD CC - CT CC - TT CT - TT 

BW0 [g] 62.3 ±9.8 65.2 ±10.3 74.1 ±11.3 2.9 11.8** 8.9* 

BW7 [g] 185.4 ±24.8 187.6 ±29.8 196.8 ±25.2 2.2 11.4** 9.2 

BW14 [g] 298.5 ±39.4 320.8 ±41.3 338.2 ±39.4 22.3* 39.7** 17.4 

BW 21 [g] 438.2 ±43.2 443.5 ±42.4 468.3 ±41.3 5.3 30.1** 24.8** 

BW 28 [g] 523.7 ±162.7 562.7 ±73.6 595.6 ±64.4 39* 71.9** 32.9 

BW 84 [g] 2392.5 ±215.9 2384.3 ±197.3 2546.7 ±225.7 8.2 154.2** 162.4** 

ADG [g] 28.5 ±2.8 28.4 ±2.4 30.3 ±3.1 0.1 1.8 1.9* 

CY [%] 54.3 ±4.1 56.3 ±3.8 58.9 ±4.1 2 4.6* 2.6 

BW – body weight; SD – standard deviation; ADG – average daily gain; CY – carcass yield; * P<0.05;   

** P<0.01; ***P<0.001. 

 

Also at SNP 194 A>G, allele G shown to be considerably beneficial for the tested 
rabbits in all monitored parameters (Table 2). Qiao et al. (2014) confirmed that 
myostatin plays a significant role in rabbit growth and development and thus can be 
considered as a candidate gene for meat production. Sternstein et al. (2014) found a 
link between the MSTN SNP polymorphism c.373+234G>A and a fresh meat 
composition. But they did not notice any significant effect of polymorphisms of MSTN. 
In their experiments they focused on qualitative indicators not quantitative.        
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Abdel-kafy et al. (2016) studied the effect of three mononucleotide polymorphisms of 
myostatin (c.713T>A, c.747+34C>T and c. * 194A>G) on rabbit growth markers. For 
polymorphisms c.747+34C>T and c. 194A>G, they found allele frequencies identical 
to the frequencies in presented work. In SNP c.713T>A, there was no significant 
correlation between genotype and growth markers. 

 

Table 2. Associations between MSTN 194 A> G and production traits in rabbit 

n = 60 AA (n = 28) AG (n = 24) GG (n = 8) Genotype 

Parameters Mean ±SD Mean ±SD Mean ±SD AA-AG AA-GG AG-GG 

BW0 [g] 63.8 ±9.3 66.4 ±11.6 76.2 ±12.8 2.6 12.4** 9.8** 

BW7 [g] 176.6 ±21.7 191.5 ±28.5 198.7 ±26.3 14.9** 22.1** 7.2 

BW14 [g] 299.6 ±41.2 328.4 ±42.4 337.4 ±38.7 28.8** 37.8** 9 

BW 21 [g] 442.8 ±44 452.3 ±43.6 472.4 ±42.4 9.3 29.6** 20.1 

BW 28 [g] 526.4 ±158.4 574.6 ±74.2 591.4 ±53.3 48.2** 48.2** 16.8 

BW 84 [g] 2401.2 ±220 2398.2 ±198.4 2562.8 ±231.5 3 161.6** 164.6** 

ADG [g] 27.8 ±2.8 27.7 ±3.9 29.6 ±4.5 0.1 1.8 1.9** 

CY [%] 53.6 ±4.1 57.2 ±3.7 58.6 ±5.6 3.6** 5** 1.4 

BW – body weight; SD – standard deviation; ADG – average daily gain; CY – carcass yield; * P<0.05;   
** P<0.01; *** P<0.001.  

 

Conclusions 

Single nucleotide polymorphisms in myostatin gene of rabbit (c.747+34C>T and 
c.*194A>G) are significantly associated with body weight of rabbits and carcass yield 
(P<0.05). Animals with genotype TT and GG show higher values in all measured 
parameters compared to CC and CT, resp. AA and AG genotypes. Presented results, 
in accordance with the results of other authors, confirm the role of myostatine gene in 
animal production. Analyzed single nucleotide polymorphisms could be used for 
selection of animals with higher meat performances. 

 

Acknowledgements  

This work was supported by the project APVV – 14-0054 and APVV-0636-11. 

 

 

 

Short communication DOI: /10.5513/JCEA01/19.4.2367
Navrátilová et al.: Rabbit myostatine gene polymorhism (c.747+34C>T and c.194A>G) as a marker...

951

https://doi.org/10.5513/JCEA01/19.4.2367


References 

Abdel-Kafy, E.M., Darwish, S.F., Elkhishin, D. (2016) Correlating single nucleotide 
polymorphisms in the myostatin gene with performance traits in rabbit. 
World Rabbit Science, 24 (3), 213-221.  
DOI: https://dx.doi.org/10.4995/wrs.2016.4026 

Bindu, K.A., Arun, R., Siby, A., Raghunandanan, K.V. (2012) Association of 
myostatin gene (MSTN) polymorphism with economic traits in rabbits. In: 
Pérez-Cabal, M.A., Gutiérrez, J.P., Cervantes, I., Alcalde, M.J., eds. Fibre 
production in South American camelids and other fibre animals. 
Wageningen: Wageningen Academic Publishers, 131-133.  
DOI: https://dx.doi.org/10.3920/978-90-8686-727-1_16 

Dementeva, N.V., Mitrofanova, V.I., Terletskiy, V.P., Yakoviev, A.F. (2017) The rate 
of weight gain and productivity of a chicken broiler cross with various 
polymorphic types of the myostatin gene. Russian Journal of Genetics: 
Applied Research, 7 (1), 1-5. 
DOI: https://dx.doi.org/10.1134/S207905971701004X         

Fontanesi, L., Scotti, E., Frabetti, A., Fornasini, D., Picconi, A., Russo, V. (2011) 
Identification of polymorphisms in the rabbit (Oryctolagus cuniculus) 
myostatin (MSTN) gene and association analysis with finishing weight in a 
commercial rabbit population. Animal Genetics, 42, 339-339. 
DOI: https://dx.doi.org/10.1111/j.1365-2052.2010.02163.x 

Gill, J.L., Bishop, S.C., McCorquodale, C., Williams, J.L., Wiener, P. (2009) 
Associations between the 11bp deletion in the myostatin gene and carcass 
quality in Angus sired cattle. Animal Genetics, 40, 97-100.  

Hickford, J.G., Forrest, R.H., Zhou, H., Fang, Q., Han, J., Frampton, C.M., Horrell, 
A.L. (2010) Polymorphisms in the ovine myostatin gene (MSTN) and their 
association with growth and carcass traits in New Zealand Romney sheep. 
Animal Genetics, 41, 64-72.  
DOI: https://dx.doi.org/10.1111/j.1365-2052.2009.01965.x 

Markowska, A., Rafayova, A., Trakowicka, A. (2010) Detecting presence of c/t 
polymorphism at position 34 second intron of the myostatin gene in rabbits. 
Journal of Central European Agriculture, 11, 449-452. 
DOI: https://dx.doi.org/10.5513/JCEA01/11.4.861 

McPherron, A.C., Lawler, A.M., Lee, S.J. (1997) Regulation of skeletal muscle mass 
in mice by a new TGF-beta superfamily member. Nature, 387, 8390.  
DOI: https://dx.doi.org/10.1038/387083a0 

Miller, S.A., Dykes, D.D., Polesky, H.F. (1988) A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucleic Acids Research, 
16 (3), 1215. DOI: https://dx.doi.org/10.1093/nar/16.3.1215 

Ovilo, C., Fernández, A., Rodríguez, M.C., Nieto, M., Silió, L. (2006) Association of 
MC4R gene variants with growth, fatness, carcass composition and meat 
and fat quality traits in heavy pigs. Meat science, 73 (1), 42-47. 
DOI: https://dx.doi.org/10.1016/j.meatsci.2005.10.016 

Short communication DOI: /10.5513/JCEA01/19.4.2367
Navrátilová et al.: Rabbit myostatine gene polymorhism (c.747+34C>T and c.194A>G) as a marker...

952

https://doi.org/10.5513/JCEA01/19.4.2367


Qiao, X.B., Xu, K.Y., Li, B., Luan, X., Xia, T., Fan, X.Z. (2014) Rabbit MSTN gene 
polymorphisms and genetic effect analysis. Genetics and molecular 
research, 13, 22590-7. DOI: https://dx.doi.org/10.4238/2014 

Rafayova, A., Lieskovska, Z., Trakovicka, A., Kovacik, A. (2009) Detection of MSTN 
polymorphism. Rabbit. Zootehnie si Biotehnologii, 42, 637-641. 

Sellick, G.S., Pitchford, W.S., Morris, C.A., Cullen, N.G., Crawford, A.M., Raadsma, 
H.W., Bottema, C.D. (2007) Effect of myostatin F94L on carcass yield in 
cattle. Animal Genetics, 38, 440-446.  
DOI: https://dx.doi.org/10.1111/j.1365-2052.2007.01623.x 

Sternstein, I., Reissmann, M., Maj, D., Bieniek, J., Brockmann, G.A. (2014) A new 
single nucleotide polymorphism in the rabbit (Oryctolagus cuniculus) 
myostatin (MSTN) gene is associated with carcass composition traits. 
Animal Genetics, 45, 596-599. DOI: https://dx.doi.org/10.1111/age.12165 

Thomas, M., Langley, B., Berry, C., Sharma, M., Kirk, S., Bass, J., Kambadur, K. 
(2000) Myostatin, a negative regulator of muscle growth, functions by 
inhibiting myoblast proliferation. The Journal of Biological Chemistry, 
275 (51), 40235-40243. DOI: https://dx.doi.org/10.1074/jbc.M004356200 

Zhang, C., Liu, Y., Xu, D., Wen, Q., Li, X., Thang, W., Yang, L. (2012) 
Polymorphisms of myostatin gene (MSTN) in four goat breeds and their 
effects on Boer goat growth performance. Molecular Biology Reports, 39 
(3), 3081-3087. DOI: https://dx.doi.org/10.1007/s11033-011-1071-0 

Zhang, G.X., Zhao, X.H., Wang, J.Y., Ding, F.X., Zhang, L. (2012) Effect of an exon 1 
mutation in themyostatin gene on the growth traits of the Bian chicken. 
Animal Genetics, 43, 458-459.  
DOI: https://dx.doi.org/10.1111/j.1365-2052.2011.02274.x  

Short communication DOI: /10.5513/JCEA01/19.4.2367
Navrátilová et al.: Rabbit myostatine gene polymorhism (c.747+34C>T and c.194A>G) as a marker...

953

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5513/JCEA01/19.4.2367
http://www.tcpdf.org

