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olecular genetics techniques help 

in discovery of the genes or can-

didate genes which affect the important 

economic traits, the use of this techniques 

for genetic improvement depend on the 

ability to genotype individuals with better 

potentialities for specific economic traits. 

The information from candidate genes 

helps in planning breeding programs 

through increasing the accuracy of selec-

tion, selection differential and consequent-

ly the response to selection. 

Growth hormone gene (GH) plays 

a fundamental role in the regulation of 

growth and metabolism in vertebrates 

(Davidson, 1987; Sami, 2007). This gene 

is a about 1800 bp in length with four in-

tervening sequences and consists of five 

exons of about 648 nucleotides (Gordon et 

al., 1983) with chromosome region 19q26 

in cattle, 11q25 in sheep (Hediger et al., 

1990), 19q22 in goat (Schibler et al., 

1998; Pinton et al., 2000). The gene pro-

duces growth hormone from the anterior 

pituitary, is necessary for prenatal and 

postnatal growth and metabolism in ani-

mals (Yamano et al., 1988; Supakorn, 

2009). Furthermore, Malveiro et al. 

(2001), Hattori, (2009) and Hua et al. 

(2009) reported that this hormone is influ-

encing animal growth, milk yield traits 

and immune stimulant properties. 

Polymorphism at DNA level might 

be responsible for the alteration of gene 

functions leading to changes in a disease 

situation or impair/enhance a production 

trait. Furthermore, GH gene polymor-

phism was known to give possible selec-

tion criterion for fertility, weight and milk 

production traits (Mullen et al., 2011; 

Ishida et al., 2010; Ibeagha-Awemu et al., 

2008). 

MATERIALS AND METHODS 

DNA samples 

Blood samples were collected from 

three species (cattle, sheep and goat). The 

samples were randomly taken from three 

breeds of cattle viz. Simmental, Brown 

Swiss and Baladi, and three breeds of 

sheep viz. Abodlik, Awasi and Rahmani 

and two breeds of goat viz. Damascus and 

Baladi. Blood samples of Damascus and 

Awassi were obtained from farms of Na-

tional Research Centre (NRC), while 

Baladi cattle samples were obtained from 
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Animal Production Research Institute 

(APRI) and Brown Swiss and Simmental 

samples were obtained from Sanad farm, 

Abodlik and Baladi goat samples were 

obtained from local herds in the south of 

Egypt (Halaib and Shalateen) and 

Rahmani samples were obtained from 

those collected by Kayali (2013) from 

Animal Production Research Institute 

(APRI), Agricultural Research Center. 

Approximately 5 ml blood per an-

imal were obtained by jugular venipunc-

ture in a K3-EDTA tube containing anti-

coagulant (Tripotassium-ethylene diamine 

tetracetic acid (K3-EDTA). The genomic 

DNA was extracted from whole blood 

using a commercial kit (ISOLATE II Ge-

nomic DNA Kit, Bioline, Cat No. BIO-

52066). 

PCR conditions 

According to the conserved regions 

of available sequences of bovine, ovine 

and caprine GH genes that obtained from 

GenBank, NCBI, one sets of universal 

primers were designed to amplify intron 2, 

exons 3 and intron 3 of the GH gene. The 

primer sequence was: Forward F: 5´-

TGCTG ACACC TTCAA AGAGT- 3´; 

Reverse R: 5´-CAGTG AGATG TGAAG 

CAGCT- 3´. 

PCR products were electro-

phoretically separated on 1.5% agarose 

gel, stained with ethidium bromide to test 

the amplification success. PCR reaction 

was performed in a final volume of 25 μl, 

containing 1 μl genomic DNA, 1 μl each 

primer, 12.5 μl GoTaq® Green Master 

Mix (Promega, Madison USA) and nucle-

ase free water up to 25 μl. The PCR pro-

gram consisted of a Denaturing step at 

94C for 3 min, followed by 30 cycles 

[Denaturation 92C (30 s), Annealing 

50C (30 s), Extension 72C (30 s)] and a 

final Extension step at 72C for 3 min. 

This program is similar for all species 

except annealing temperature, which was 

45C in sheep. Successful PCR products 

were purified using Gene JET PCR Purifi-

cation Kit Cat. No.# K0701 

(Thermoscientific, Lithuania). 

DNA sequencing and analysis 

Purified fragments were sequenced 

by sequencing service (Macrogen, Nether-

lands). Analysis of the sequencing data 

was performed using the Geneious pro-

gram v8.1. 

RESULTS AND DISCUSSION 

The sequence lengths for GH gene 

of cattle breeds were 599, 573 and 403 bp 

for Simmental, Brown Swiss and Baladi, 

respectively. While sequence lengths of 

sheep breeds were 490, 486 and 484 bp 

for Abodlik, Awassi and Rahmani, respec-

tively. Whereas sequence lengths of goat 

breeds were 535 and 598 bp for Damascus 

and Baladi, respectively. The variations in 

sequence lengths were due to cutting out 

of unsure bases. 

Variations among species 

Variation between the consensus 

sequences of the three species was detect-

ed and then compared with the available 

http://www.bioline.com/us/isolate-ii-genomic-dna-kit.html
http://www.bioline.com/us/isolate-ii-genomic-dna-kit.html
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sequences of bovine, ovine and caprine 

GH genes that obtained from GenBank, 

NCBI to exclude the polymorphic varia-

tion within species. There are 20 interspe-

cific genetic variations (monomorphic 

within every species, polymorphic be-

tween species). All of these variations 

located in intronic region, whereas exon 3 

didn’t have any species-specific genetic 

variations. It is observed that intron 2 has 

a large number of this genetic variation, 

thirteen, while intron 3 have only seven. 

This means that the variations between 

species in this region centralize at the reg-

ulatory level. 

All of inter-specific genetic varia-

tions can be used to distinguish two 

groups of animals, large ruminant (cattle) 

and small ruminant (sheep and goat) ex-

cept for the variations in positions 202 and 

454, these distinguishing goats from cattle 

and sheep. 

The Forced PCR-RFLP method 

can be used to discriminate cattle, goat 

and sheep depending on the presence or 

absence of the restriction site. BfaI 

(recognition sequence C↓TAG) can be 

used to distinguish between cattle and 

small ruminant (sheep and goat), it cleaves 

intron 3 in sheep and goat, but not in cattle 

due to the absence of the nucleotide A in 

recognition site at position 373. To distin-

guish the two species of small ruminant 

(sheep and goat) we can use AvaI (recog-

nition sequence C↓YCGRG) which 

cleaves intron 3 in sheep, but not in goat 

because of absence of the nucleotide C in 

the recognition site at position 454. Appli-

cation of the Forced PCR-RFLP method 

can be used to uncover meat adulteration. 

Some of interspecific genetic variations 

caused variations in transcription factors-

binding site prediction (Fig. 1). 

Although intronic variation cannot 

change the amino acids sequence of the 

protein, there is augment evidence that 

variants in intronic region also play signif-

icant roles in amendment gene expression 

patterns (Le Hir et al., 2003; Pagani and 

Baralle, 2004). The influence of non-

coding regulatory variants on complex 

traits may be more than the influence of 

coding-region variants (Clop et al., 2006; 

Pagani and Baralle, 2004). Intronic muta-

tions may affect splice sites and conse-

quently mRNA stability and may lead to 

truncated protein products or to the lack of 

them (Ibeagha-Awemu et al., 2008). Gen-

erally, Introns function in a number of 

different ways, such as sources of non-

coding RNA, carriers of transcriptional 

regulatory elements, contributors to alter-

native splicing, enhancers of meiotic 

crossing over within coding sequences and 

signals for mRNA export from the nucleus 

as reported by Fedorova and Fedorov 

(2003) and Dario et al. (2008). 

Variations among cattle breeds 

There is no single nucleotide pol-

ymorphisms (SNPs) identified between 

the three breeds of cattle. 

Variations among goat breeds 

Five SNPs were identified between 

the two breeds; all of them are transition 
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(Table 1). Two SNPs were detected in 

exon 3, one SNPs led to an amino acid 

change, G353A which alters the amino 

acid codon GGC to AGC. This substitu-

tion led to an amino acid mutation serine 

to glycine (39ser>gly). 

Variations in the exons may lead to 

changes in amino acids sequence of the 

expressed protein and may affect positive-

ly or negatively its function and conse-

quently traits that are influenced by this 

protein. The effects of this substitution 

may lead to eliminating, inactivating, un-

stable product or amendment protein func-

tions to suit different environments (King 

et al., 2006; Ibeagha-Awemu et al., 2008). 

The other variations in exons did 

not change in amino acid sequences. Some 

researcher stated association between syn-

onymous variation and production trait 

(Yao et al., 1996; Silveira et al., 2008; 

Chung et al., 1996; Dybus, 2002; Fan et 

al., 2010). Synonymous mutations can 

alter mRNA folding, led to a decrease or 

an increase in the mRNA stability and 

translation, and also can alter the methyla-

tion pattern which leads to alterations in 

chromatin structure and either to a de-

crease or an increase in the rate of tran-

scription. (Duan et al., 2003; Capon et al., 

2004; Ramser et al., 2008). 

As shown in Table (2), the T>C 

Transition changed a common codon 

AAC to a less used codon AAT (both cod-

ing asparagine). This may be having im-

portant consequences for cellular process-

es but cannot be deduced from simple 

analysis of DNA sequence, it needs fur-

ther analysis before drawn any conclusion. 

Variations among sheep breeds 

There are two SNPs identified be-

tween the three breeds, all of them are 

Transition (Table 3). G353A alter the 

amino acid codon GGC to AGC. This 

substitution led to an amino acid mutation 

Serine to Glycine (39Ser>Gly). 

CONCLUSION 

Inter-specific genetic variations can 

be considered as species differentiating 

marker, and requires further studies to 

know their effects on the gene expression.  

Based on the newly discovered 

finding with regard to the synonymous 

mutation, we need to look at them thor-

oughly and requires further studies to 

know their effects on the production traits 

to be used for genetic improvement of 

livestock animals. Baladi goat has a large 

variation and could be used in genetic 

improvement. 

SUMMARY 

Growth hormone affects a lot of 

physiological processes and traits, such as 

metabolism, milk and meat production. 

Polymorphism at DNA level might affect 

gene function and consequently the trait. 

The aim of this study was to identify the 

variation in the growth hormone gene be-

tween and within species (cattle, sheep 

and goat). The results showed that all var-

iations between species located at intronic 
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region, whereas exon 3 didn’t have any 

species-specific genetic variations. There 

is no SNPs identified between the breeds 

of cattle, whereas the variation within 

breeds of sheep and goat located at an 

intronic and exonic region. 

ACKNOWLEDGEMENTS 

We thank for late Prof. Dr. Mo-

hamed Moneer Shaaban Mabrouk, May 

God have mercy on him, and we wish to 

thanks to every one of the Department of 

Genetics, Faculty of Agriculture, Ain 

Shams University, especially to Dr. 

Mahmoud Magdy, for his help and con-

tinuous support at the laboratory. 

REFERENCES 

Capon, F., M. H. Allen, M. Ameen, A. D. 

Burden, D. Tillman, J. N. Barker 

and R. C. Trembath (2004). A syn-

onymous SNP of the 

corneodesmosin gene leads to in-

creased mRNA stability and 

demonstrates association with pso-

riasis across diverse ethnic groups. 

Hum. Mol. Genet., 13: 2361-2368.  

Chung, E. R., T. J. Rhim and S. K. Han 

(1996). Associations between 

PCR-RFLP markers of growth 

hormone and prolactin genes and 

production traits in dairy cattle. 

Korean J. Anim. Sci., 38: 321-336. 

Clop, A., F. Marcq, H. Takeda, D. 

Pirottin, X. Tordoir, B. Bibe, J. 

Bouix, F. Caiment, J. M. Elsen, F. 

Eychenne, C. Larzul, E. Laville, F. 

Meish, D. Milenkovic, J. Tobin, C. 

Charlier and M. Georges (2006). A 

mutation creating a potential ille-

gitimate microRNA target site in 

the myostatin gene affects muscu-

larity in sheep. Nat. Genet., 38: 

813-818. 

Codon Usage Database: http://www. 

kazusa.or.jp/codon/ 

Dario, C., D. Carnicella, F. Ciotola, V. 

Peretti and G. Bufano (2008). Pol-

ymorphism of Growth Hormone 

GH1-AluI in Jersey Cows and Its 

Effect on Milk Yield and Composi-

tion. Asian-Aust. J. Anim. Sci., 21: 

1-5. 

Davidson, M. B. (1987). Effect of growth 

hormone on carbohydrate and lipid 

metabolism. Endocr. Rev., 8: 115-

131. 

Duan, J., M. S. Wainwright, J. M. 

Comeron, N. Saitou, A. R. Sanders, 

J. Gelernter and P. V. Gejman 

(2003). Synonymous mutations in 

the human dopamine receptor D2 

(DRD2) affect mRNA stability and 

synthesis of the receptor. Hum. 

Mol. Genet., 12: 205-216.  

Dybus, A. (2002). Association of growth 

hormone (GH) and prolactin (PRL) 

genes polymorphism with milk 

production trait in Polish black-

and-white cattle. Anim. Sci. Pap. 

Reports, 20: 203-212. 

http://www/


M. A. RASHED et al. 328 

Fan, B., S. Lkhagvadorj, W. Cai, J. 

Young, R. M. M. Smith, J. C. M. 

C. M. Dekkers, E. Huff-Lonergan, 

S. M. M. Lonergan and M. F. F. 

Rothschild (2010). Identification of 

genetic markers associated with re-

sidual feed intake and meat quality 

traits in the pig. Meat Sci., 84: 645-

650. 

Fedorova, L. and A. Fedorov (2003). In-

trons in gene evolution. Genetica, 

118: 123-131. 

Gordon, D., D. Quick and C. Erwin 

(1983). Nucleotide sequence of the 

bovine growth hormone chromo-

somal gene. Mol. Cell., 33: 81-95. 

Hattori, N. (2009). Expression, regulation 

and biological actions of growth 

hormone (GH) and ghrelin in the 

immune system. Growth Horm. 

IGF Res., 19: 187-197. 

Hediger, R., S. E. Johnson, W. Barendse, 

R. D. Drinkwater, S. S. Moore and 

J. Hetzel (1990). Assignment of the 

growth hormone gene locus to 

19q26-qter in cattle and to 11q25-

qter in sheep by in situ hybridiza-

tion. Genomics, 8: 171-174. 

Hua, G. H., S. L. Chen, J. N. Yu, K. L. 

Cai, C. J. Wu, Q. L. Li, C. Y. 

Zhang, A. X. Liang, L. Han, L. Y. 

Geng, Z. Shen, D. Q. Xu and L. G. 

Yang (2009). Polymorphism of the 

growth hormone gene and its asso-

ciation with growth traits in Boer 

goat bucks. Meat Science, 81: 391-

395. 

Ibeagha-Awemu, E. M., P. Kgwatalala 

and X. Zhao (2008). A critical 

analysis of production-associated 

DNA polymorphisms in the genes 

of cattle, goat, sheep, and pig. 

Mamm. Genome, 19: 591-617. 

Ishida, T., A. Umebayashi, S. Tsuruta, R. 

Akashi and H. Harada (2010). Pol-

ymorphisms in growth hormone 

gene and their associations with 

calf weight in Japanese Black cat-

tle. Anim. Sci. J., 81: 623-629. 

Kayali, I. M. (2013). Using of molecular 

genetic techniques in determining 

the fertility of sheep male. PhD 

Thesis, Faculty of Agriculture, Ain 

Shams University, Egypt. 

King, R. C., D. Stansfield and P. K. Mul-

ligan (2006). A Dictionary of Ge-

netics. 7
th

, Oxford University 

Press; New York  

Le Hir, H., A. Nott and M. Moore (2003). 

How introns influence and enhance 

eukaryotic gene expression. 

Biochem. Sci., 28: 215-220. 

Malveiro, E., M. Pereira, P. X. Marques, I. 

C. Santos, C. Belo, R. Renaville 

and A. Cravador (2001). Poly-

morphisms at the five exons of the 

growth hormone gene in the 

algarvia goat: Possible association 

with milk traits. Small Ruminant 

Research, 41: 163-170. 



COMPARATIVE ANALYSIS OF GROWTH HORMONE GENE 

FOR SOME FARM RUMINANT SPECIES 
329 

Mullen, M. P., C. O. Lynch, S. M. Waters, 

D. J. Howard, P. O’Boyle, D. A. 

Kenny, F. Buckley, B. Horan and 

M. G. Diskin (2011). Single nucle-

otide polymorphisms in the growth 

hormone and insulin-like growth 

factor-1 genes are associated with 

milk production, body condition 

score and fertility traits in dairy 

cows. Genet. Mol. Res., 10: 1819-

1830.  

Pagani, F. and F. E. F. Baralle (2004). 

Genomic variants in exons and in-

trons: identifying the splicing 

spoilers. Nat. Rev. Genet., 5: 389-

396.  

Pinton, P., L. Schibler, E. Cribiu, J. Gellin 

and M. Yerle (2000). Localization 

of 113 anchor loci in pigs: im-

provement of the comparative map 

for humans, pigs, and goats. 

Mamm. Genome, 11: 306-315.  

Ramser, J., M. E. Ahearn, C. Lenski, K. 

O. Yariz, H. Hellebrand, M. von 

Rhein, R. D. Clark, R. K. 

Schmutzler, P. Lichtner, E. P. 

Hoffman, A. Meindl and L. 

Baumbach-Reardon (2008). Rare 

missense and synonymous variants 

in UBE1 are associated with X-

linked infantile spinal muscular at-

rophy. Am. J. Hum. Genet., 82: 

188-193.  

Sami, A. J. (2007). Structure-function 

relation of somatotropin with refer-

ence to molecular modeling. Curr. 

Protein Pept. Sci., 8: 283-292. 

Schibler, L., D. Vaiman, A. Oustry, C. 

Giraud-Delville, E. P. Cribiu and 

E. P. Cribiu (1998). Comparative 

gene mapping: a fine-scale survey 

of chromosome rearrangements be-

tween ruminants and humans. Ge-

nome Res., 8: 901-915. 

Silveira, L. G. G., L. R. Furlan, R. A. 

Curi, A. L. J. Ferraz, M. M. de 

Alencar, L. C. A. Regitano, C. L. 

Martins, M. B. Arrigoni, L. 

Suguisawa, A. C. Silveira and H. 

N. de Oliveira (2008). Growth 

hormone 1 gene (GH1) polymor-

phisms as possible markers of the 

production potential of beef cattle 

using the Brazilian Canchim breed 

as a model. Genet. Mol. Biol., 31: 

874-879. 

Supakorn, C. (2009). The Important Can-

didate Genes in Goats – A. Review 

J. Sci. Tech., 6: 17-36. 

Yamano, Y., K. Oyabayashi, M. Okuno, 

M. Yato, N. Kioka, E. Manabe, H. 

Hashi, H. Sakai, T. Komano, K. 

Utsumi and A. Iritani (1988). Clon-

ing and sequencing of cDNA that 

encodes goat growth hormone. 

FEBS Lett., 228: 301-304. 

Yao, J., S. E. Aggrey, D. Zadworny and 

U. Kiihnlein (1996). Sequence var-

iations in the bovine growth hor-

mone gene characterized by single-

strand conformation polymorphism 

(SSCP) analysis and their associa-

tion with milk production traits in 

Holsteins. Genetics, 144: 1809-

1816. 



M. A. RASHED et al. 330 

Table (1): Variations between goat breeds. 

Nt. no 
Breeds 

Type Location 
Flanking re-

gion 

Restriction 

enzyme Baladi Damascus 

73 C T Transition Intron 2 CCCC/TTCC (-) 

329 R
1
 A Transition Exon 3 ACGG/AGCA (-) 

337 Y
2
 Y Transition Exon 3 GAAT/CGAG (-) 

400 T C Transition Intron 3 ATCT/CTAA 
(AflII, BfrI 

and MseI) 

435 G A Transition Intron 3 CCTG/AGGG 
(AvrII, BfaI 

and BlnI) 
1. is a Purine (Adenine or Guanine), 2 is a Pyrimidine (Cytosine or Thymine), Nt. no is nucleotide 

number  

 

 

 

Table (2): Goat synonymous SNPs and codon usage (codon usage database). 

SNP Type Codon Amino acid Codon usage 

337T>C Transition AAT>AAC Asparagine 15.7>25.3 

 

 

 

Table (3): Variation among sheep breeds, type, location, and the sequence of flanking region 

for the site of variation. 

Nt. no 
Breed 

Rahmani Type Location Flanking region 
Abodlik Awassi 

83 A R
1
 A Transition Intron 2 GAAA/GTGG 

265 R R R Transition Exon 3 ACGG/AGCA 
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Fig. (1): Alignment of GH consensus sequence of cattle, goat and sheep: Exon 3 span from 

242 to 358, the interspecific genetic variation represented by vertical boxes, re-

striction site represented by horizontal boxes, presenting TFBSs in sense 

strand, presenting TFBSs in antisense strand. 


