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ABSTRACT

This research was aimed to identify the changes of nucleotide (Single Nucleotide Polymorphism)
growth hormone gene in the population of Aceh cattle. There were 44 samples of DNA sequenced, and
a few samples from Gen Bank (M57764). Based on the analysis using MEGA program, it was identi-
fied one new mutation on exon five on 2230 bp in which C nucleotide turned into T nucleotide, and
this was called Silent Mutation (Leusine-Leusine/ CTC-CTT). The frequency of Single Nucleotide
Polymorphism (SNP) genotype on 2230 bp (C/T) was CC (0.36), TT (0.14) and CT (0.50). The genotype TT
was not possessed by Aceh cattle from Saree, but possessed by those from Banda Aceh and Indrapuri.
Chi-square test showed not significant differences in allele frequencies for three population. The fre-
quency of genotype SNP on 2291 bp (A/C) was AC (0.11) and CC (0.89). The frequency of allele C was
higher than allele A and T.
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ABSTRAK

Tujuan penelitian ini untuk mengidentifikasikan perubahan basa nukleotida (Single Nucletide
Polymorphism) gen hormon pertumbuhan pada sapi Aceh. Sampel DNA yang berhasil disekuen
berjumlah 44 sampel, serta menggunakan sampel sekuen yang berasal dari Gen Bank (M57764).
Berdasarkan analisis dengan menggunakan sofware program MEGA, penelitian ini mengidentifikasi
adanya satu titik mutasi baru pada ekson lima diposisi 2230 bp, yaitu terjadi perubahan basa C men-
jadi basa T, yang merupakan Silent Mutation (Leusine-Leusine/ CTC-CTT). Frekuensi genotipe SNP
pada posisi 2230 bp (C/T) adalah CC (0,36), TT (0,14) dan CT (0,50). Genotipe TT tidak dimiliki oleh
populasi sapi Aceh yang berasal dari Saree, tetapi dimiliki oleh populasi yang berasal dari Banda Aceh
dan Indrapuri. Berdasarkan hasil uji Chi-Square menunjukkan tidak terdapat perbedaan frekuensi alel
dari ketiga populasi. Frekuensi genotipe SNP pada posisi 2291 bp (A/C) adalah AC (0,11) dan CC (0,89).
Frekuensi alel C memiliki nilai yang lebih tinggi daripada frekuensi alel A dan alel T.

Kata kunci: sapi Aceh, SNPs, gen GH

INTRODUCTION

Maintain the local livestock resources are impor-
tant, because it can achieve the sustainable food security
for millions of human beings. Besides, maintaining the
livestock resources is also able to increase the list of
germ plasma as the sources of animal protein. Thus, in
order to reduce the extinction speed, especially on the
local Indonesian livestock, it is necessary to find the gene
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information through the efforts of knowing the genetic
diversity towards the local livestock.

Aceh cattle is one of Indonesian beef cattle which
is suitable to be bred in Indonesia. This type of cattle
adapts well to Indonesian environment, tropical climate,
and is able to live on the local water and food (Sari et
al., 2010). Even though Aceh cattle is able to adapt well,
their productivity is still lower than imported ones. By
improving the productivity of Indonesian local cattle, it
is hoped that the breeders” interest to breed local cattle
will increase, so that the population of local cattle is in-
creasing and able to reduce Indonesian dependency on
beef and cattle from other countries.

April 2013 21



SARIET AL.

Bovine growth hormone (bGH) is a single peptide
of molecular weight equal to 22-kD secreted from pitu-
itary gland, composed of 190 or 191 amino acids residues
and containing Ala or Phe at the N-terminus due to
alternative processing of bGH precursor (Dybus, 2002).
This gene is approximately 2800 bp with five exons and
four introns, and also a part of multiple gene family
that contains prolactin and placental lactogens and is
located on BTA19, 66cM from centromic marker BM9202
(Zakizadeh et al., 2006). Allelic variations in the struc-
tural or regulatory sequences would be interesting from
several points of view. Firstly, genetic polymorphism
could have possible direct or indirect effect on growth
performance. Secondly, variations in introns or flanking
sequences have potential usefulness as genetic marker
and help the genetic improvement of populations (Ge et
al., 2003).

In farm animals, many polymorphisms have been
identified in the GH gene, but only a few of these have
been precisely characterized for nucleotide changes
and positions in the DNA sequence. In bovine, a
single nucleotide polymorphism (SNP) in exons 5 (at
codon 127) changes Leusine to Valine (CTG to GTG)
in GH molecule (Lucy et al., 1993). Ge et al. (2003) used
sequencing method on Angus cattle and found three
new SNP on promoter area. Zakizadeh ef al. (2006) also
reported in Iranian cattle. The research of GH gene Alul
in Indonesian cattle have been reported in Bali, Madura,
and Benggala cattle (Sutarno et al., 2002), West Sumatra
Pesisir cattle (Jakaria et al., 2007); Bali cattle (Jakaria &
Noor, 2011), but the research of GH gene Alul in exon
5 in Aceh cattle have never been reported. Based on the
description above, it is necessary to carry out a research
to identify clearly the position of nucleotide changes of
DNA sequence on GH gene exon 5 and to identify the
number and SNP allele frequency on Aceh cattle.

MATERIALS AND METHODS
Blood Sampling, Time, and Place of Research

The DNA sample used for sequencing was taken
from various region in Indonesia: Banda Aceh (9), Saree
(12), and Indrapuri (23). The blood sample of Aceh
cattle was taken using venojact (EDTA) 5 mL on vena
jugulars, and then it was kept in an ice box for later
laboratory analysis. DNA isolation, extraction, and pu-
rification were all carried out in Genetics and Animal
Breeding Laboratory, Department of Animal Production
and Technology, Bogor Agricultural University. GH
gene analysis was conducted in Molecular and Genetics
Laboratory CAAS (Chinese Academy of Agricultural
Sciences) Beijing -China.

Genome DNA Extraction

Genome DNA extraction was carried out using
Sambrook ef al. (1989) method which was modified using
buffer lysis cell (400 uL 1 x STE, and 40 puL 10% SDS
and 10 pL proteinase-K). The DNA was then purified
using phenol-chloroform method, in which 40 pL 5
M NaCl and 400 uL phenol and chloroform iso amyl
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alcohol (CIAA) was added. The DNA was precipitated
using 40 uL 5 M NaCl and 800 pL ethanol absolute.
The precipitate was washed once by adding 800 ul 70%
ethanol, centrifuged with the speed of 12,000 rpm for 5
min, the ethanol was discarded and evaporated. Then,
the DNA precipitate was dissolved in 10 uL 80% TE
(Elution buffer).

DNA Amplification

The DNA was amplified with Polymerase Chain
Reaction (PCR). Each PCR reaction was made with the
volume of 50 puL with the composition of 5 pL 1x buffer
PCR; 4 ul dNTP; 1 uL Taq DNA Polymerase; 1 pL Primer
Forward and Reverse; 3 uL. DNA; and 35 uL. dH,0O. PCR
machine used was Gene Amp PCR System 9700 Applied
Biosystem. The PCR program was performed for 34
cycles in which the first cycle was at 94 °C for 5 min
followed by 33 subsequent cycles of denaturation step
on 94 °C for 30 s, and annealing on 59 °C for 30 s, and
extension on 72 °C for 5 min and the last cycle extension
on 72 °C for 5 min. The PCR product was kept on the
temperature of 4 °C for 25 min. The forward primer was
5-TAGGGGAGGGTGGAAAATGGA-3" and the reverse
primer was 5-GACACCTACTCAGACAATGCG-3’ (Yao
et al 1996). The position of primer Forward and Reverse
in PCR product of GH gene shows in Figure 1.

Data Analysis

The result of sequence of GH gene fragment of Aceh
cattle was analyzed by Molecular Evolutionary Genetic
Analysis (MEGA4) software program with alignment
explorer/clustal method (Kumar & Tamura, 2006), also
compared to the sequence in GenBank (M57764). The
analysis was to ensure that the analyzed sequence is the
GH gene fragment, and to find out the existence of mu-
tation in GH gene and the sequence of nucleotide. Data
was analyzed by allele frequency (Nei, 1987). The gene
frequencies were calculated by counting methods as:

p=[2(AA) + (Aa)] / 2N; g=[2(aa) + (Aa)] / 2N

The genotype frequency was analyzed by Hardy
-Weinberg:

=[Y (O-EP]/E
1
Note: X?= Chi-square test
O = total of genotype observed -i
E = total of genotype expected -i

Intron 4 Exon 5 Flanking region 3
’/L 1865-2137bp [ 2138-2439bp [7|  2440-2856 bp 7/
F — "R
2054-2074 bp 2437-2457 bp

PCR product 2457 — 2054 bp= 404 bp

Figure 1. The position of primer Forward and Reverse in PCR
product of GH gene
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RESULTS AND DISCUSSION
The Frequency Allele and SNPs Sequence Analysis

The samples which were managed to be sequenced
were forty four samples from Banda Aceh (9), Saree (12),
and Indrapuri (23). The failure to sequence was caused
by unsuccessful amplification, limited number of DNA,
and too many peak duplication on sequence graphics.
The analysis on the diversity of nucleotide sequence was
conducted using MEGA programs after the sequence
of Aceh cattle DNA was paralelled with the sample of
comparison sequence from Gen Bank (M57764). The
PCR product of GH Alul locus (404 bp) detected by aga-
rose gel and the alignment of Aceh cattle can be seen in
Figure 3 and 4, respectively.

The result of GH gene nucleotide sequence in Aceh
cattle, the change from C to G nucleotide on position
2141 bp was not found. Jakaria & Noor (2011) also found
that there was no mutation on position 2141 bp in Bali
cattle. However, on position 2291 bp (Figure 4) A nucleo-
tide turned into C nucleotide. This result is similar to
that of Ge et al. (2003) on Angus cattle.

Hecht & Geldermann (1996) compared the se-
quence from exon 5 areas which clamped GH gene on
eight cattle offspring and found an insert/an omission
of two nucleotide and five SNPs in the area of putative
promoter, including three SNPs which were identified

400 bp|
> -+
404 bp

B2
100 bp

Figure 2. The visualization of amplification GH gene using aga-
rose gel 1.5% (M: marker 100bp, 1-11: research sam-

ples).

Aceh cattle 68

Aceh cattle 25 - SAREE
Aceh cattle 48

Aceh cattle 102 - INDRAPURI
Aceh cattle 170
Aceh_cattle_ 182

IDENTIFICATION OF SINGLE NUCLEOTIDE POLYMORPHISM

2041 ttctccaagc ctgtagggga gggtggaaaa tggagcgggc aggagggagc tgctecctgag
>

2101 ggcccttegg cctetetgte tcteocctece ttggoaggag ctggaagatg gcacccocoeg
2161 ggctgggcag atcctcaage egacctatga caaatttgac acaaacatgc gcagtgacga
2221 cgcgctgctf*aagaactacg gtctgctete ctgcttcecgg aaggacctgc ataagacgga

2281 gacgtacctg agggtcatgs sgtgccgecg cttcggggag gocagetgtg cottetagtt

2341 gccagecatc tgttgtttge ccctoecceg tgecttcctt gaccctggaa ggtgecacte

2401 ccactgtcct ttoctaataz zatgaggaaa ttgcategea tigtetgagt aggigicatt
Rt

Figure 3. The position of primer Forward and Reverse in se-
quence product and the mutation position in 2230 bp

in Angus cattle. Several polymorphisms had been identi-
fied in exon five from cattle GH gene in various cattle
offspring (Table 1).

The effect of some GH gene polymorphisms has
been widely studied on cattle (Switonski, 2002) and
there are several polymorphisms that can be marked
using different restriction enzymes. The presence of Alul
site as a divider indicates the existence of leucine amino
acid (L) in the position of 127 in GH polypeptide chain,
whereas the absence of this site indicates the presence of
valine (V) in the same position. This polymorphism can
be used as a marker but there are not many researches
on the use of marker or this genetic marker in the char-
acteristics of production on livestock.

GH polymorphism is also known as Alul RFLP,
which was previously investigated by Lucy et al. (1993)
and Jakaria et al. (2007). In Pesisir cattle, C nucleotide
turned into G nucleotide while in Bali cattle there was
not mutation on the fifth exon from GH gene. The

Table 1. The variation of sequence which has been identified in
the exon from GH gene on cattle

Position Mutation Cattle Reference
change type
2291 A>C Angus, Aceh Ge et al. (2003),
Research result
2230 CT Aceh Research result

[
[

[

M57764-Primer
Aceh_cattle_5_ - BANDA_ ACEH
Aceh”cattle 67 — -
Aceh”cattle 68
Aceh”cattle 25 - SAREE
Aceh”cattle”48

Aceh cattle”102 - INDRAPURI
Aceh”cattle 1707 —
Aceh”cattle”182

[
[

[

M57764-Primer
Aceh_cattle_5 - BANDA ACEH
Aceh”cattle 67 — -
Aceh”cattle 68

Aceh cattle 25 - SAREE
Aceh”cattle 48" —

Aceh)
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Aceh —
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Aceh cattle 102 - INDRAPURI ..
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555666666666677777777778888888888999999999900000000001111111111222222222233333]
789012345678901234567890123456789012345678901234567890123456789012345678901234]
CGCAGTGACGACGCGCTGCTCAAGAACTACGGTCTGCTCTCCTGCTTCCGGAAGGACCTGCATAAGACGGAGACGTAC
.................... P

222222222222222222222222222222222222222222222222222222222222222223333333333333

333334444444444555555555566666666667777777777888888888899993999990000000000111]
567890123456789012345678901234567890123456789012345678901234567890123456789012]
CTGAGGGTCATGAAGTGCCGCCGCTTCGGGGAGGCCAGCOTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTC

aznozanoo0

[
[

M57764-Primer

333333333333333333333333333333333333333333333333333333333333333333333333333333
111111122222222223333333333444444444455555555556666666666777777777788888888889]
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CCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTG

Figure 4. The alignment of Aceh cattle with Gen Bank (M57764); Y nucleotide (C & T), M nucleotide (A & C).
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Table 2. Genotype and frequency of allele from GH gene on
Aceh cattle on position of 2291 bp

Genotype Allele

Population

AA AC CcC A C X2
Banda 0 0 1.00 (9) 0 1.00
Aceh (9)
Saree (12) 013(2) 0.12(1) 0.75(9) 012 088 ns
Indrapuri 0.05(1) 0.05(1) 0.90(21) 007 093 ns
23)
Total (44) 0.07(3) 0.04(2) 0.89(39) 005 095 ns

Note: (ns): not differ significantly (P>0.05).

Table 3. Genotype and frequency of allele from GH gene on
Aceh cattle on position of 2230 bp

Genotype Allele
Population
cc CT TT C T Xz
BandaAceh 056 (5) 022(2) 0.22(2) 067 033 ns
©)
Saree (12)  042(5) 0.58(7) 0 071 029
Indrapuri ~ 0.26 (6) 0.57 (13) 0.17 (4) 055 045 ns
23)
Total (44)  0.36(16) 0.50(22) 0.14 (6) 061 039 ns

Note: (ns): not differ significantly (P>0.05).

change of C-G nucleotide on the fifth exon from GH
gene, which yields two alleles on GH gene called leu-
cine and valine in the position of 127. Lucy et al. (1993)
reported that the cattle produced less milk when it was
related to GH valine variant on Holstein cattle.

The population of Aceh cattle from Banda Aceh
only had CC genotype, whereas AA, AC, and CC
genotype were possessed by those from Saree and
Indrapuri. CC genotype has higher value than AA and
AC genotype in the whole sample of Aceh cattle popu-
lation (Banda Aceh, Saree, and Indrapuri), so that the
frequency of C allele is higher than that of A allele (Table
2). Chi-square test showed no significant differences in
genotypic frequencies for three populations of Aceh cat-
tle in the mutation position on 2291 bp. It means that the
genotypic frequencies were still in the Hardy-Weinberg
equilibrium. This condition was caused by no exchange
of alleles between population, infinite population size,
and no selective pressure for or against any genotypes.

The research result on the population of Aceh cattle
on GH gene showed that there was one point of new
mutation on exon five on the position of 2230 (Figure 3)
in which C nucleotide turned into T nucleotide, and a
Silent Mutation occurred, in which Leucine turned into
Leucine (CTC - CTT).

TT genotype was not possessed by the population
of Aceh cattle from Saree, but those from Banda Aceh
and Indrapuri had one, with the smaller value from CC
and CT genotype (Table 3). CC genotype had higher
value than CT genotype on the population of Aceh cattle
from Banda Aceh; on the other hand, CT genotype had
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higher value than CC genotype on the population of
Aceh cattle from Indrapuri. Chi-square test showed no
significant differences in genotypic frequencies for three
populations of Aceh cattle in the mutation position on
2230 bp. It also means that the genotypic frequencies
were still in the Hardy-Weinberg equilibrium. This
condition was caused by both allele and genotype fre-
quencies in a population remain constant. Mutation and
selection did not occur in this population.

CONCLUSION

There is one new SNP (C>T) in exon five of Aceh
cattle on the position of 2230 bp. The genotypic frequen-
cies in the position 2230 bp and 2141 bp are still in the
Hardy-Weinberg equilibrium. It is necessary to conduct
a further research on other local cattle populations to see
polymorphisms on the existing local cattle in Indonesia
especially in Aceh cattle as well as the effects of the other
polymorphism in the growth hormone exon five.
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