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Abstract 

The present study was conducted to detect polymorphism of growth hormone (GH5) gene in different ovine and caprine 

breeds. A 468 bp fragment of growth hormone gene spanning over 5’UTR, exon1, intron1 and partial of exon 2 were 

amplified and digested with HaeIII endonuclease restriction enzyme to identify polymorphism at this locus and the results 

were confirmed by DNA sequence analysis. Screening polymorphisms within three caprine (n=52), and four ovine (n=67) 

breeds for GH5 gene was performed. For goats, Damascus and Zaraibi carried both the G and H alleles, but Barki breed 

displayed only the G allele. Both Damascus and Zaraibi goats carried both the G and H alleles with allele frequency of 0.80, 

0.72 and 0.20, 0.28, respectively, and the GG genotype was the utmost prevailing in the examined breeds (70% in Damascus 

and 56% in Zaraibi). Nevertheless, Barki disclosed only the G allele. In sheep, all studied breeds appeared to carry only the H 

allele. Moreover, eight single nucleotide polymorphisms (SNPs) and one Indel were observed in Egyptian goat breeds and 

Damascus breeds in comparison to goat sequence accession No. D00476.1. While four single nucleotide polymorphisms 

(SNPs) were detected in different Egyptian sheep breeds in comparison to sheep sequence accession No M37310.1. These 

results may be employed to survey the interrelation of the detected SNPs with desirable traits in small ruminants.  

Keywords: growth hormone gene; sheep; goat; HaeIII endonuclease enzyme; single nucleotide polymorphisms (SNPs)

Introduction 

Regarding the economic value, sheep and goat 

breeds are marked by their output of meat, milk, wool 

and hide. These products are the prime supply in 

nutritional and skin industries. Moreover, Small 

ruminants consider an integral portion of the pastoral 

production system, because of their short gestation 

period, high prolificacy, rapid growth rate, high feed 

conversion efficiency, high diseases resistance 

capacity, as well as easy marketing [1].  

In Egypt, both sheep and goat hold a prime share 

of Egyptian livestock industry. There are several 

Egyptian sheep and goat breeds. The most common 

sheep breeds include Baki, Rahmani and Ossimi 

while, goat breeds include Baladi, Baki and Zaraibi 

[2].  

Currently, there is an increasing interesting in 

technologies based on DNA-markers which are 

widely used in breeding programs of some countries 

especially developing countries which have 

significant impact to improve production 

performance in livestock [3, 4]. 

Growth Hormone (GH), Growth Hormone 

receptor (GHR) and insulin-like growth factor1 

(IGF1) are considered as potential regulators of 

growth traits in small ruminants [5]. The GH gene is 

a master candidate gene for traits with economic 

importance such as milk traits [6], meat quality [7] 

and wool production [8] as well as metabolism [9, 

10]. Therefore, recently many studies investigate the 

structure and function of the GH gene [11]. 

Meanwhile, the Caprine GH gene has been 

mapped on the short arm of goat chromosome 19 

(Capra hircus 19q22) [12]. It is encoded by 2.5 kbp. 

Caprine GH gene consists of five exons and four 

intervening introns [13].  This gene encodes GH 

protein which is anabolic hormone which belongs to 

somatolactogenic hormones and synthesized by the 

anterior lobe of the pituitary gland [14]  

In vision of the crucial role of GH in animal 

growth and development, GH gene may be used as a 

candidate gene for studying its polymorphism and 

association in relation to growth traits [12]. Over the 

last decade, several studies have performed to assess 
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the association of GH gene polymorphisms with 

production traits in different livestock species [15, 

16]. 

On the basis of studies on a restriction fragment 

length polymorphism (RFLP), genetic 

polymorphisms at the exon 2 and exon 3 of GH gene 

have been reported in Sirohi and Barbari breeds of 

goat [17]. In addition, Dettori et al. [18] reported 

some polymorphisms in GH gene in sheep associated 

with milk traits such as ss748770547 CC associated 

with higher fat percentage and ss748770553 GG had 

higher milk yield and lactose percentage than AG and 

AA genotypes. Moreover, two polymorphic sites 

located in GH gene exon 2 A781G and A1575G were 

found to be associated with growth traits in Boer goat 

bucks breed [19]. 

Although many studies have already reported 

about association between polymorphisms in GH 

gene and the growth traits in small ruminants, 

detection of markers responsible for the phenotypic 

variation in production traits remains a major 

challenge in genetic improvement programs [20]. 

In this regard, the present study was undertaken to 

identify GH5 gene polymorphism in diverse sheep 

and goat breeds understudy for a better understanding 

of the mechanisms underlying the phenotypic 

variations. 

 

Material and Methods 

Animals and Blood sampling 

The current study was carried out on 119 animals 

including 67 Egyptian sheep (Barki, n=16; Ossimi, 

n=20; Rahmani, n=19 and Saidi n=12) and 52 goats 

(Barki, n=14; Damascus, n=20 and Zaraibi, n=18). 

These animals were reared at an Agricultural 

Experiment Station, Faculty of Agriculture, Cairo 

University. Blood samples were collected from 

jugular vein of animals into vacuum tubes containing 

0.25% ethylene-diamine-tetra-acetic acid (EDTA), as 

an anticoagulant then these samples was stored at 

−80 °C until DNA extraction. 

 

DNA extraction  

Genomic DNA was extracted from the whole 

blood using salting out procedure described by Miller 

et al. [21]. The DNA concentrations were determined 

using Nano-drop 1000 (Thermoscientific) and then 

were adjusted to 50 ng/μL for PCR. 

 

Polymerase Chain Reaction (PCR) 

Primers used were designed by Amie-Marini et al. 

(2012). The sequences of primers were GH5-F: 5'-

GCCAGTGGTCCTTGCATAAA-3', GH5-R: 5'-

AGTCCAGGGCAGGCAGAG-3', for forward and 

reverse primer respectively. Thermal cycling 

conditions were as follows: 94°C for 10 min; 35 

cycles of 95°C for 30 sec, 62°C for 30 sec, and 72°C 

for 30 sec, followed by a final step of 72°C for 5 min. 

Five microliters of each PCR product were subjected 

to 1.5% agarose gel electrophoresis run on 0.5X TBE 

buffer and stained with ethidium bromide. The gels 

were visualized under U.V. and photographed using 

gel documentation system (Bio-Rad, Laboratories 

Inc., USA). 

 

Restriction Fragment Length Polymorphism 

(RFLP) 

All the amplified fragments were subjected to 

digest with HaeIII restriction enzyme (MBI 

Fermentas, Germany) according to the 

manufacturer’s protocol. The resulting products were 

separated in 3% agarose gels containing ethidium 

bromide in 1X TBE buffer and visualized on U.V. 

trans-illuminator to determine the different 

genotypes. 

 

Sequence analysis and SNPs identification 

Purified PCR products were sequenced by 

Macrogen Incorporation (South Korea) using forward 

and reverse primers. The specificity of the nucleotide 

sequences was carried out using BLAST (Basic Local 

Alignment Search Tool) 

https://blast.ncbi.nlm.nih.gov/Blast.cgi [22]. 

Sequences were analysed by multiple alignments 

using Clustal Omega 

https://www.ebi.ac.uk/Tools/msa/clustalo/ [23] to 

determine polymorphic sites, which confirmed by 

visual examination of sequence’s charts. 

 

Results  

GH5 genotyping and alleles frequencies 

The primers amplified a 468 bp fragment which 

consists of 5’UTR, exon1, intron1 and partial of exon 

2 of GH gene in sheep and goat (Fig. 1). 

 
Fig. 1. Agarose gel electrophoresis of GH5-PCR fragment 

(468bp). Lane M, 100 bp DNA ladder. Lanes (1→8 goats), 

Barki, (10→19 sheep). 

https://blast.ncbi.nlm.nih.gov/Blast.cgi%20%5b22
https://www.ebi.ac.uk/Tools/msa/clustalo/
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These PCR amplified fragments (468 bp) were 

digested with HaeIII endonuclease, depending on the 

presence or absence of the restriction site (GG^CC). 

Three genotypes GH (228, 150, 78, 53 bp), GG (228, 

78, 53 bp) and HH (150, 78, 53 bp) were yielded. In 

sheep, there was no polymorphism among the studied 

breeds (Barki, Ossimi, Rahmani and Saidi), all of 

them were found to carry only the H allele (100%), 

and only one HH homozygous genotype (Fig. 2).  

 

 
Fig. 2. Agarose gel electrophoresis of GH5-HaeIII/PCR-RFLP 

fragments. Lane M; 50 bp DNA ladder. Lanes (1, 2, 3, 7, 8, 10) 
genotype GG (228, 78 & 53 bp). Lanes (4, 6, 9) genotype GH 

(228, 150, 78 & 53bp). Lane (5) genotype HH (150, 78 & 53 bp). 

 

In goats, the Barki breed was found to carry only 

the G allele and one genotype was revealed (GG 

homozygous), While, Damascus and Zaraibi breeds 

carried both the G and H alleles with an allelic 

frequency of 0.80, 0.72 and 0.20, 0.28 ,respectively,  

and three RFLP patterns were present, the 

homozygote (G), heterozygote (GH) and the 

homozygote (H) alleles in frequencies of 0.70, 0.56 ; 

0.20, 0.33 and0.10, 0.11, respectively (Table 1).  

GG genotype was the most common genotype in 

the studied Egyptian goat breeds. 

 

GH5 sequencing 

Once sequenced reads were obtained, sequences 

were analyzed and compared with the GenBank 

Reference sequences NC_030826.1 (47736669-

47737117) and NC_040262.1 (14849004-14849451) 

for goats and sheep, respectively. 

Nucleotide sequencing of the amplified fragment 

of GH5 gene of Barki, Damascus and Zaraibi goat 

breeds and Barki, Ossimi and Rahmani sheep breeds 

were submitted to the GenBank ''NCBI'' under 

accession numbers: MW829141, MW829142, 

MW829143, MW829144, MW829145, MW829146, 

MW829147, MW829148, MW829149, MW829150 

and MW829151.Submission ID were 

BankIt2444638, BankIt2444644, BankIt2444647 and 

BankIt2444648. 

Sequence data resulted from sequencing of 

5’UTR, exon1, intron1 and exon2 fragments was 

aligned against goat sequence database (D00476.1). 

The aligned results revealed eight nucleotide 

substitutions, and one Indel in Damascus breeds as 

shown in table (2).The one nucleotide substitution 

was detected in 5’ UTR R (A > G) at 154 bp and 

eight nucleotide substitutions were detected in intron 

I in GH5 gene of Damascus breed with one indel GG 

between 221-222bp while no variants were detected 

in these fragments in GH gene of Barki and Zaraibi 

goat breeds as shown in Figure 3. 

In addition to, sequence data resulted from 

sequencing of amplified GH5 fragments from 

different sheep breeds were aligned against sheep 

sequence database (M37310.1). The aligned results 

revealed four nucleotide substitutions in these 

fragments among Ossimi, Barki, Rahmani and Saidi 

sheep breeds as shown in table (3).The first 

nucleotide substitution (C>T) was detected at 125 bp 

in 5’ UTR in the four sheep breeds. The second 

nucleotide substitution (G>A) was detected at 124 bp 

in 5’ UTR in Ossimi sheep breed.The third nucleotide 

substitution (C>T) was detected at 218 bp in intron1 

in Barki sheep breed while the last nucleotide 

substitution (G>A) was detected at 317bp in intron 1 

in Barki and Rahmani sheep breeds as illustrated in 

Figure 4. 

Table 1. Alleles and genotypes frequencies of GH5 gene for the studied goat and sheep breed 

 

Breed No. 

GH5 

Genotype no. and frequency Allele frequency 

GG GH HH G H 

Goat 

(n=52) 
Barki 14 

14 0 0 
1.00 0.00 

1.00 0.00 0.00 

Damascus 20 
14 4 2 

0.80 0.20 
0.70 0.20 0.10 

Zaraibi 18 
10 6 2 

0.72 0.28 
0.56 0.33 0.11 

Sheep 

(n=67) 
Barki 16 

0 0 16 
0.00 1.00 

0.00 0.00 1.00 

Ossimi 20 
0 0 20 

0.00 1.00 
0.00 0.00 1.00 

Rahmani 19 
0 0 19 

0.00 1.00 
0.00 0.00 1.00 

Saidi 12 
0 0 12 

0.00 1.00 
0.00 0.00 1.00 
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Table 2. Nucleotide variants in GH5 gene in wild goat sequence (D00476.1) and studied goat breeds 

 
 

  

Genomic 

region 

Wild 

sequence 

Barki Zaribi Damascus SNP position in 

goat breeds 

(bp) 

SNP position in 

genomic sequence 

of GH gene (bp) 

(acc.No. D00476.1) 

Chromatogram 

5’UTR A A A R(A > G) 154 429 

 
Intron 1 A A A R (A > G) 180 455 

 
Intron 1 GG - - GG insertion 

between 221-

222 

-  

 

 

Intron1 A A A R(A > G) 222 497  

Intron1 A A A R (A > G) 223 498 

 
Intron1 A A A W(A > C) 224 499  

 

 

Intron1 A A A W (A > C) 225 500  

Intron1 A A A R(A > G) 368 643  

 

 

Intron1 C C C Y(C/T) 371 646  
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Table 3. Nucleotide variants in GH5 gene in wild sheep sequence (M37310.1) and studied sheep breeds 

 

 
Fig. 3. Nucleotide sequences with single nucleotide polymorphisms of GH5 gene in the studied goat breeds. Different genotypes are 

illustrated in the blue color. 

 

 

Genomic 

region 

 

Wild 

sequence 

 

Ossimi 

 

Barki 

 

Rahmani 

 

Saidi 

 

SNP position 

in the three 

sheep breeds 

(bp) 

 

SNP position in 

genomic sequence 

of GH gene (bp) 

(acc.No.M37310.1) 

 

Chromatogram 

5’UTR C Y(C/T) Y(C/T) Y(C/T) Y(C/T) 125 988  

5’ UTR G R(G/A) G G G 142 1005  

 

 

Intron 1 C C Y(C/T) T T 218 1081 

 

Intron 1 G G R(G/A) R(G/A) G 317 1280  
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Fig. 4. Nucleotide sequences with single nucleotide polymorphisms of GH5 gene in the studied sheep breeds. Different genotypes are 

illustrated in the blue color. 

 

Discussion 

The current study aims to screen growth hormone 

(GH) gene variants and identifies the GH single 

nucleotide polymorphisms (SNPs) in different sheep 

and goat breeds. Recently, molecular genetics has an 

influential role in identifying gene structure and 

function, opening onto discovery of molecular 

markers, vital in assisting selection programs and 

improving livestock productivity. 

The primers, used in this study, flanked a 468 bp 

fragment (GenBank: DQ461658.1) which represents 

5’ UTR (1 - 98), exon 1 (99 -169), Intron 1 (170-415) 

and part from exon 2 (416-468) in different Egyptian 

sheep and goat breeds. These PCR amplified 

fragments (468 bp) were digested with HaeIII 

restriction enzyme. The results reported that GH5 

gene showed three genotypes (GH, GG and HH) in 

Damascus and Zaraibi goat breeds. These current 

results are parallel to those found by Min et al. [24], 

recognizing three genotypes (AA, AB and BB) in the 

5′ promoter region of the GH gene in Boer goats. 

Adding up, Singh et al. [17] reported that exon 2 and 

exon 3 of GH gene in Sirohi and Barbari goat breeds 

were polymorphic for restriction enzyme HaeIII. 

Barki goat breed showed one genotype (GG) and the 

occurrence of genotype GG was higher than other 

genotypes in the goat breeds in the current study. 

These findings are in fluency with Othman et al. [25], 

who set forth that the existence of genotype GG 

frequency was 43.56%, in the Egyptian Baladi, Barki, 

and Zaraibi goat breeds, via HaeIII/PCR-RFLP. As 

well, Gitanjli et al. [26] researched the GH gene 

polymorphism in Gaddi goat, across amplifying the 

four targeted regions (GH1, GH2, GH3 and GH4), 

employing HaeIII/PCR-RFLP, and noticed that GH1, 

GH2 and GH3 loci were polymorphic, whereas GH4 

was monomorphic. Besides, our results for goat 

breeds were similar to Amie Marini et al. [27] who 

revealed three GH5 genotypes (GH, GG and HH) in 

Savanna and Kalahari goats. The highest genotype 

frequencies in Savanna goats were 0.57 and 0.37 for 

GG and GH genotypes, respectively while the highest 

genotype frequencies in Kalahari goats were GH 

(0.5) and HH (0.36) genotypes. Mahrous et al. [28] 

documented a polymorphic pattern for exon 2 of GH 

gene in Egyptian Barki, Zaraibi and Damscus goat 

breeds. 

PCR-RFLP monomorphic pattern for GH5 locus 

in sheep breeds was stated in our study, and exposed 

one genotype (HH) in Barki, Ossimi and Rahmani 

sheep breeds. These outputs harmonized with what 

reported earlier by Malewa [29], who found out 

monomorphism in GH5 locus, digested with HaeIII 

in Palu sheep. At odds, Gorlov et al. [7] brought out 

three different genotypes (AA, AB and BB) of GH 

gene in Salsk sheep, utilizing a similar PCR-RFLP 

tool. Furthermore, genetic polymorphisms in 5’ 

regulatory region, exon 4 and 3’ untranslated region 

of GH, in Chinese sheep breeds, were issued by Jia et 

al. [14]. Lastly, Othman et al. [25] documented a 

polymorphic pattern for exon 2 and 3 of GH gene in 

Egyptian Barki, Rahmani and Ossimi sheep breeds. 

In the current study, the analysis of the GH5 gene 

sequence of the three different RFLP genotype 

/zaribi
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patterns in the studied goat breeds, manifested two 

polymorphic sites in exon one, including nucleotide 

substitution at nt125 (c.125 C>T) and nt 142 (c.142 

A>G). Additionally, two nucleotide substitutions at 

nt218 (c.218 C>T) and nt317 (c.317 A>G), appeared 

in intron 1. In opposing, there was no polymorphism, 

detected between Barki and Zaraibi goat Egyptian 

breeds in the sitting study, while eight polymorphic 

sites were uncovered in intron one of Damascus 

breed, with GG insertion between nts 222-225. 

The finding of associations between 

polymorphism in GH gene of different animal breeds 

and growth traits is notable. Tahmoorespur et al. [30] 

displayed an association between GH gene variants 

and growth traits in Baluchi sheep breeds. Also, do 

Rosário Marques et al. [11] investigated 

polymorphism, in the 5’ flanking region and five 

exons in growth hormone gene, in Serra da Estrela 

sheep breed, and they were highly polymorphic. 

 

Conclusion 

The current study provided a novel genetic 

information, regarding the genetic polymorphisms, in 

5’UTR, exon1, intron1 and partial of exon 2 of GH 

gene in different sheep and goat Egyptian breeds. The 

results of this study can be used to study the 

association of discovered SNPs with desired traits in 

small ruminants. 
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