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Abstract 

Background: The aim of this study was to identify molecular variants in a DNA fragment of the rabbit growth 

hormone gene and assess their relative contribution in trials with different dietary protein sources and protein levels. 

We studied 52 rabbits from 22 matings at the Experimental Unit of the School of Agricultural Sciences and Forestry, 
National University of La Plata. Diets contained two protein levels (14 and 17%) and three protein sources (meat, 

fish and feather meal). We evaluated the different single nucleotide polymorphism (SNP) alleles and existing 

genotypes, and recorded the following productive variables: weaning weight (WW), weight at 45 days (W45), 

weight at slaughter (WS) and hot carcass weight (HCW).  

Results; Three SNP variants (c.-49C>A, c.-33A>G and c.66G>A) were detected in the DNA fragment analyzed 

with two alleles. Whereas c.-49C>A (CC, AC) and c.66G>A (GG, AG) had only two genotypes, and C-33A> G had 

the three possible ones. Molecular variants were in equilibrium and two showed association (p<0.001). The main 

contributor to overall phenotypic variation was HCW, followed by level and type of protein, and presence of c.-

49C>A alleles associated with the growth hormone gene. 

Conclusions: The results reported in this study show the greater impact of changes in the levels and sources of 

protein in the diet on the percentage of variation in productivity than the presence or absence of a particular allele. 
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Background 

Molecular biology research has become a useful tool 

to understand the genetics and expression of living 

beings through techniques that complement the 

traditional production intensification and 

improvement system. Knowledge of animal genomes 

has allowed the identification and location of genes 

related to growth and production in species of 

zootechnical interest (García, 2006). Evaluation of 
the so-called "candidate genes" is possible through 

the direct application of molecular techniques in 

order to identify their alternative forms or alleles and 

how these affect final production. 

 

A mutation is a stable and heritable change in the 

genetic material that alters the DNA sequence and 

introduces new variants. Although many of these 

variants do not pass on to the next generation for 

different reasons, occasionally some of them succeed 

and are incorporated into the population. The most 

common type of genetic variation is the substitution 

of one base for another at a specific genome site. 

Such variation is called single nucleotide 

polymorphism (SNP) and occurs in more than one 

percent of the population. Each different base in that 

particular location is an allele. 

 
The relative economic weight of the traits of interest 

in rabbit meat production at a particular 

establishment depends on population variation, 

environmental factors and the relationship among the 

traits directly or indirectly involved. Quantification of 

the relative contribution of each variable is important 

to properly rank their impact on total phenotypic 

variation. In this context, the identification of genetic 

markers associated with economic parameters could 
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be the first step to incorporate this information into 

the indicators traditionally used to enhance 

productivity in intensive systems (Antonini, 2007). 

 

The protein encoded by the growth hormone gene 

plays an important role in postnatal growth and in the 

regulation of many metabolic functions, including 

intramuscular fat deposition, lipid metabolism and 

bone growth. Some specific regions of the growth 
hormone gene have been analyzed as part of animal 

breeding programs in several especies (Regitano, 

2005). The polymorphisms found showed association 

with production traits such as milk production, birth 

weight and carcass yield in bovines (García, 2006). 

Recently, Fontanesi et al. (2013) identified 

polymorphisms in the growth hormone gene and 

established association between their genotypes and 

rabbit weight at slaughter (Antonini, 2007). 

 

The formulation of rations with better nutrient 
composition, the reduction of fecal contamination 

and the use of alternative protein sources to partially 

replace those that could be consumed by humans are 

particularly interesting. Such information could be 

applied to improve the efficiency of the production 

system and allow the use of products from other 

farms which would otherwise become waste, thus 

attenuating the detrimental environmental impact of 

intensive production. Feather meal, a protein-rich and 

highly available waste product obtained from poultry 

processing industries, is one of such alternative 

sources of  protein.  
 

The aim of this study was to identify the molecular 

variants in a DNA fragment of the rabbit growth 

hormone gene and assess their relative contribution in 

trials with different dietary protein sources and 

protein levels. 

 

Methods 

The study sample included 52 rabbits of both sexes 

obtained from 22 matings at the Experimental Unit of 

the Introduction to Animal Production Department, 
School of Agricultural Sciences and Forestry, 

National University of La Plata. All the animals 

belonged to an intensive breeding system and were 

housed in cages with food and water suited to their 

metabolic needs. This production was regulated and 

authorized by the Institutional Committee for the 

Care and Use of Laboratory Animals under protocol 

number 22.2.12T.  

 

Blood samples (3 ml) were collected in EDTA tubes. 

DNA extraction was performed at IGEVET (Instituto 

de Genética Veterinaria, UNLP-CONICET LA 
PLATA) using the Organic Extraction Protocol (Ali et 

al. 2016). Polymerase chain reactions (PCR) and 

sequencing of a fragment of the growth hormone 

gene were performed using a pair of primers designed 

by Fontanesi et al. (2012) and Wallis & Wallis (1995) 

(Table 1, Figure 1). Then, the extracted DNA and 

sequence data were sent to Macrogen Inc. (Seoul, 

Korea) for sequencing. The sequenced data identified 

the alleles and genotypes of the fragment investigated 

for each animal and were displayed as 

electropherograms (Figure 2) and sequences in 

FASTA format.  
 

We also recorded the following productive variables: 

weaning weight (WW), weight at 45 days (W45), 

weight at slaughter (WS) and hot carcass weight 

(HCW). Concerning diets, they had two protein 

levels (14% and 17%) and three sources of protein 

(meat, fish and feather meal). 

 

With the data obtained, we ran principal component 

analysis to generate the corresponding equations and 

weigh the contribution of the different genetic and 
environmental components to the observed variation. 

 

Results 

Three SNP (c.-49C>A, c.-33A>G and c.66G>A) 

were detected in the study sample for the fragment 

analyzed. All SNP showed two alleles; c.-49C>A 

presented only two genotypes (CC, AC), c.-33A> G 

the three possible genotypes, and c.66G> A just two 

of them (GG, AG) (Table 2). Whereas two of the SNP 

(c.-49C>A and c.66G> A) had two alleles that formed 

two different genotypes, c-33A> G had two alleles 

that formed three different genotypes (Figure 4). In 
all cases, the molecular variants were in equilibrium, 

with c.-33A> G and c.66G> A showing association (p 

<0.001). 

 

The main contributors to overall phenotypic variation 

were HCW (40.6%), type of protein (17.5%), protein 

concentration (14.6%), the combination of the last 

two (11.5%), and genotypic variation (presence or 

absence of certain c.-49C>A alleles in the growth 

hormone gene) (10.4%) (Table 3).  

 

Discussions 

Most research related to gene expression and its 

impact on the growth of individuals has been carried 

out in species of major economic importance, such as 

cattle and pigs (Regitano 2005; Van Laere et al. 

2003). However, and despite the fact that genetic 

differences among species are relevant, similarities at 

molecular level can be used to establish different 

patterns and design trials in other species. 

 

In our study, all the individuals analyzed were 

homozygous for T, contrary to what was reported by 
Fontanesi et al. (2012) for c.-78C>T, which presented 

two alleles (C and T) and the three possible 

genotypes, and to that described by Wallis & Wallis 
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(1995), who only described the presence of C. While 

we detected variations in c.-49C>A and c.66G>A, the 

mentioned authors described a single allele for each 

SNP (C and G, respectively) (Fontanesi et al. 2012; 

Wallis & Wallis 1995). 

 

Regarding c.-33A>G, Fontanesi et al. (2012) noted 

the presence of A and G, but almost all individuals 

had the AA genotype, with the exception of a 
heterozygous individual. Since the frequency of G 

was less than 1%, these authors were unable to 

establish relationships between this marker and any 

of the studied productive traits. Although the 

frequency of G (0.23) was lower compared with A 

(0.77), the variation in genotype expression was 

higher and genotypes were found in Hardy-Weinberg 

equilibrium (Table 2). The present results show the 

impact of a single allelic variant on productivity, 

opposite to that reported by Fontanesi et al. (2012) 

who identified the effect of a genotype on 
productivity. 

 

We have previously reported the weight and impact 

of production variables (Antonini 2007). Here, we 

further analyzed the quantitative variables related to 

the phenotypic expression of economically 

interesting traits, as well as variants at molecular 

level in known DNA regions related with growth 

factors. Thus, the study of productive variables, of 

their relationship with genetic markers and of the 

impact of each of these traits on population variation 

could be useful to target new breeding strategies to 
improve the productive performance of rabbits. 

 

Conclusion 

The results reported in this study show the greater 

impact of changes in the levels and sources of protein 

in the diet on the percentage of variation in 

productivity than the presence or absence of a 

particular allele. 

 

The determination of different allelic forms in 

growth-related genes allows the study of possible 
associations with production traits. SNP detection in 

itself is not enough to determine that some SNP 

variation is responsible for a higher or lower yield. 

However, the systematic study of productivity, of the 

different genotypes and of fragments of the same 

gene, as well as of other genes related with growth 

and meat production, together with the monitoring of 

these changes in successive generations could be 

used as predictive tools of reproductive selection 

systems at early stages of life to maximize system 

efficiency. 
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