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• Bali cattle breed is one of the four 
existing indigenous cattle breeds in 
Indonesia (Matojo 2003).

• Although no official historical records 
exists, it is generally accepted that the 
Bali cattle is the domesticated direct 
descendant of the wild Banteng. 

Background



• Molecular genetic studies have been 
reported in Indonesian cattle breeds 
(especially Bali cattle) using microsatellite 
DNA and mitochondrial DNA markers. 

• But, according to the coding sequence or 
candidate gene approach is limited and 
still need more in depth study of the 
existences of Indonesian cattle breeds.
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• Growth hormone have wide physiological 
activities, that include the regulation of 
growth, lactation and mammary gland 
development. So, it is considered an 
attractive candidate gene for use as a beef 
and milk production markers (Burton et al. 
1994). 

• In cattle, growth hormone gene is located in 
chromosome 19, and consists of five exons 
separated by interval introns.
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• Several polymorphisms were identified 
in the GH gene.

• A polymorphic site for Msp-I restriction 
enzyme located in the intron 3 of GH 
gene (Zhang et al. 1993).  

• While the other polymorphic site for 
Alu-I restriction enzyme located in the 
exon 5 of GH gene (Lucy et al. 1993). 
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• Study of GH gene Msp-I and Alu-I loci 
reported in cattle breeds.

• For examples on Filial Ongole cattle (PO) 
(Sutarno 2005), Brahman cattle 
(Beauchemin et al. 2006), Angus and 
Shorthorn cattle (Barendse et al. 2006), 
Iranian cattle (Zakezadeh et al. 2006), Indian 
Zebu cattle (Shodi et al. 2007) and West 
Sumatra  Pesisir cattle (Jakaria et al. 2007). 
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The aim of this research conducted in 
order to identify the polymorphism of 
growth hormone (GH) gene Msp-I and 
Alu-I loci in Bali, Limousine and 
Simmental cattle breeds. 
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The total number of blood samples were 
taken 87 samples consist of Bali cattle  47  
samples from Balai Pembibitan Ternak 
Unggul Sapi Bali at Bali island, whereas 
Limousine and Simmental cattle 40 
samples from Balai Inseminasi Buatan 
(BIB) Singosari-Malang, West Java. 

Materials & Methods

Materials



Total genome was extracted from blood 
samples by “DNA KIT extraction”. 

DNA extraction  

Amplification of GH gene MspI and 
AluI Loci 

The GH gene Msp-I and Alu-I loci were 
analyzed by using the Polymerase Chain 
Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP) method.

Methods



PCR products were digested at 37°C for 
overnight by Msp-I and Alu-I enzymes 
respectively.

Genotyping

Sequence of GH Msp-I and Alu-I loci

Sequences of GH gene Msp-I and Alu-I  
loci were done by sequencer machine of 
ABI Prims 3100-Avant Genetic Analyzer.



oPCR-RFLP data was analyzed by allele 
frequency and Polymorphic Informative 
Content (PIC) value.

oSequences result data was analyzed by 
MEGA packed program with alignment 
explorer or clustal method. 

Data analysis



oBased on genotyping result of GH gene 
Msp-I locus founded (+/+), (+/-) and (-/-) 
genotypes (Figure 1). 

oWhereas genotyping result of GH Alu-I 
locus also founded LL, LV and VV  
genotypes (Figure 2). 

Results and Discussion

Frequencies of GH gene Msp-I and 
Alu-I loci
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(+) 1 2 3 4 5 6 7 8 9 10 11

A (+) sign is a control (PCR product); lanes 1, 2, 3, 4, 11 are -/- genotypes; lanes 5,
7, 9 are +/- genotypes and lane 6, 8, 10 are +/+ genotypes.

Figure 1. Genotyping results of GH gene Msp-I 
locus detected by agarose gel electrophoresis.
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A (+) sign is control (PCR product); lanes 2, 3, 7, 8, 9 are LL genotypes;  lanes 1, 4, 5 
are LV genotypes and lane 6 is VV genotype. 

Figure 2.  Genotyping results of GH gene Alu-I 
locus detected by agarose gel electrophoresis. 

(+) 1 2 3 4 5 6 7 8 9



o The genotypes and alleles frequencies are 
presented in Table 1 and 2, while distribution of 
Msp-I(-) allele frequency presented in Table 3 
and Figure 3. 

o The (-) allele was high frequencies in Bali cattle 
but low in Limousine and Simmental cattle 
breeds for GH gene Msp-I locus. 

o The L allele frequency of GH gene Alu-I locus
was ranged from 0.694 to 1.000. Highest L allele 
frequency was observed in Bali cattle breed 
herd (1.000). 
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No. Breed n
Genotype Allele

+/+ +/- -/- (+) (-)
1. Bali 47 0.000 0.000 1.000 0.000 1.000
2. Limousine 22 0.409 0.454 0.136 0.636 0.364 
3. Simmental 18 0.773 0.222 0.000 0.889 0.111 

No. Breed n
Genotype Allele

LL LV VV L V
1. Bali 47 1.000 0.000 0.000 1.000 0.000

2. Limousine 22 0.636 0.364 0.000 0.818 0.182

3. Simmental 18 0.500 0.389 0.111 0.694 0.306

Table 1.  Genotype and allele frequencies of GH gene 
Msp-I locus

Table 2.  Genotype and allele frequencies of GH gene 
Alu-I locus
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Table 3. Distribution of of GH gene (-) allele 

Cattle breed (Origin) Breed type
Allele frequency 

(-)

Angus (Scotland) 65 Humpless 0,14

Charolais (French) 7 Humpless 0,22

Gelbveih (Germany) 15 Humpless 0,06
Limousine (French) 18 Humpless 0,39

Simmental (Swiszarland) 23 Humpless 0,04
Brahman (India) 23 Hump 0,65

Nellore (India) 20 Hump 0,82

Siri (Bhutan) 9 Hump 0,45

Filial Ongole (PO)*(Indonesia) 114 Hump 0,26

West Sumatra Pesisir**) (Indo) 133 Hump 0,80

Indianzebu ***) (India) 750 Hump 0.67-0.94 

Bali****) (Indonesia) 47 Humpless 1.000

Sources : Lagziel et al. (2000), *) Sutarno et al. (2005), **) Jakaria et al. (2007), 
***) Shodi et al. (2007), ****) Research result
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Figure 3.  Frequency distribution of GH gene (-) allele in Hump and Humpless cattle 

breed types.

(+) allele

(-)  allele



o The high Msp-I (−) allele frequencies obtained 
for Indonesia cattle (especially Bali cattle) in this 
study are in sharp contrast to those reported 
for Taurine breeds from northern Europe and 
Mediterranean countries (Figure 3).

o Findings of this study further substantiate the 
hypothesis that the Msp-I (−) allele not only has 
an Indian origin (Zebu) but also Indonesian 
origin (Banteng).
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o Whereas the L allele frequency of GH-AluI locus 
showed higher in hump (Bos indicus) cattle 
than humpless (Bos taurus) cattle (Table 4). 

o There is a tendency that the L allele frequency 
higher than the V allele in Bos indicus cattle 
groups, including Indonesia native cattle.
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Cattle breed n
Allele frequencies

Autors
L V

Mazandrani 97 0.910 0.090 Zakezadeh et al.  (2006)

Cattle Portugis 195 0.759 0.241 Reis et al.  (2001)

Angus 527 0.770 0.230 Barendse et al.  (2006)

Shorthorn 500 0.760 0.240 Barendse et al.  (2006) 

Brahman 324 1.000 0.000 Beauchemin et al.  (2006) 

Nellore 79 1.000 0.000 Curi et al.  (2006)

Pesisir 133 0.993 0.007 Jakaria et al. (2007)

Bali 47 1.000 0.000 Research result

Table 4.  Allele frequency distribution of GH gene AluI 
locus in humpless and  hump cattle breeds  



Based on the estimation of PIC value could 
be concluded that GH gene Msp-I and Alu-
I loci were less (no) informative 
(monomorphic) in Bali cattle breed, but 
more informative (polymorphic) in 
Limousine and Simmental cattle breeds.

Polymorphic informative content 

(PIC) value  



o Sequencing results showed that there 
are mutation from cytosine (C) to 
thymine (T) and cytosine (C)to guanine 
(G) for GH gene Msp-I and Alu-I loci 
respectively.

o Based on obtained result showed that 
same results reported by Zhang et al. 
(1993), Lucy et al. (1993) and Lagziel et 
al. (2000).

Sequences of GH gene Msp-I and 

Alu-I loci 



o Based on our research results can be 
concluded that the frequency of (-) 
allele  is high in Bali cattle, while low in 
Limousine and Simmental cattle breeds 
for GH-Msp-I locus.

o We also founded high frequency of L 
allele on all cattle breeds tested for GH-
Alu-I locus. 

CONCLUSION



o GH gene Msp-I and Alu-I loci founded 
monomorphic in Bali cattle breed but 
polymorphic in Limousine and 
Simmental cattle breeds. 

o The mutations occurred between 
cytosine (C) to thymine and cytosine  (C) 
to guanine (G) in GH gene Msp-I and 
Alu-I loci respectively.
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