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ABSTRACT

The aims of this study were to identify the effects of polymorphism of B-lactoglobulin gene on milk yield and
percentage of milk protein and fat in local sheep. A total number of 83 heads of lactating ewes raised under an
extensive management at Jonggol Animal Science Teaching and Research Unit (JASTRU) of the Faculty of Animal
Science, Bogor Agricultural University were studied. Research activities were carried out through some steps
involving blood collection, DNA isolation, DNA amplification and separation of DNA fragments by electrophoresis
with silver staining method. By using polymerase chain reaction (PCR) then genotyped by single strand conformation
polymorphism technique (SSCP), it was successfully amplified a fragment length at 420 bp in -lactoglobulin gene
located on the exon 7. The electrophoresis pattern revealed 5 types of B-lactoglobulin gene and designated as A,
B, C, D and E types. The proportion for those respective 5 types from the highest to the lowest were for A (27.71%),
C(16.87%), D (12.05%), E (10.84%) and B (9.64%), respectively. There were no signiticant effect of polymorphisms
in B-lactoglobulin gene on both milk yield and quality in local sheep at JASTRU.
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INTRODUCTION milk. At DNA level, polymerase chain reaction
(PCR)-single strand conformation polymorphism
Indonesian local sheep’s are economically (SSCP) allows for simultaneously typing of
importance because of their many desirable several alleles at casein loci, as well as for
characters such as to survive at low quality detection of unknown polymorphism.
vegetation and to withstand seasonal shortages In ruminants, genetic variability for milk
of food and water during dry season. Local sheep protein is well known from which the variability
in Jonggol was originally from Jonggol area has been shown to affect both milk composition
initially crossed with Garut sheep and and milk quality. Several studies have been done
continuously bred under an extensive management on cattle as reviewed by Braunschweigh et al.
and a naturally selected toward hot and dry (2000), whilst the polymorphism in ovine milk
condition since 1980 (JASTRU, 1992). Genetic protein has been less extensively investigated. An
variation should be taken into consideration in interesting and rather complex protein pattern was
order to put a guidance program of genetic found in ovine milk, but a genetic control for
conservation for this local sheep. polymorphism was observed only in few cases.
Polymorphism of B-lactoglobulin gene is Genetic polymorphism at a protein level was
valuable and well known due to its effects on demonstrated for B-lactoglobulin consisting of 3
quantitative traits and technological properties of variants of A, B and C types (Erhardt, 1989) as

Annales Bogorienses n. s. Vol. 12 No. 1, 2008 17


mailto:12@yahoo.co.id

well as for o -casein consisting of 3 variants of
A, C, Welsh/D type (Chianese et al., 1996). Some
evidences have indicated that genetic variants in
ovine affect physicochemical properties of milk
(Pirist et al., 1999). Further, protein
polymorphism was detected by electrophoresis
methods at o, -casein (Chianese et al., 1996). B-
casein (Jann et al., 2002) and o ,-casein (Chessa
et al., 2003).

Among the DNA technologies, polymerase
chain reaction-single-strand conformation
polymorphism (SSCP) is a powerful tool for milk
protein analysis, allowing for simultaneous typing
of different alleles at o -(CSNIST), B-CSN2),
and k-(CSN3) casein loci. This method was
successfully used for the analysis ofbovine CSN2
(Barroso et al., 1999) and CSN3 (Prinzenberg et
al., 2005). The same technique was used to
differentiate CSN/S1*B from CSNIS7*C in cattle
(Jann et al., 2002). In sheep, Bastos et al. (2001)
used PCR-SSCP to analyze CSNI1S!,CSN2 and
CSN3. Polymorphic pattern was found at first
two loci. Therefore, the present study was
designed to analyze the effect of polymorphism
of a-lactoglobulin gene on milk production and
quality in local sheep under an extensive
management at Jonggol Animal Science Teaching
and Research Unit farm (JASTRU) of the Faculty
of Animal Science, Bogor Agricultural University.

MATERIALS AND METHODS

Sample collection and DNA isolation

A total number of local sheep used were 83
heads of lactating ewes collected at Jonggol
Animal Science Teaching and Research unit
(JASTRU) as a Unit Farm of the Faculty of
Animal Science, Bogor Agricultural University.
Individual milk yield was collected for 83 lactating
ewes. Milk yield was measured 3 times a day for
2 months of lactation period. Milk production of
individual ewe was obtained by subtracting the
weight of the lamb after 15 min period of milking
from pre milking previously fasted for 6 h period.
Milk yield of individual ewe then was
standardized to a mature equivalent production.
Blood samples were collected randomly from all
lactating ewes resulting for a total number of 83
DNA samples. The genomic DNA was extracted
by a standard phenol-chloroform protocol through
some modification by Sambrook er a/. (1989).
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PCR-SSCP analysis

By genotyping B-lactoglobulin gene, a
fragment length at 420 bp on exon 7 of CSN2
gene in sheep was amplified by a PCR method
performed ina 12.5 il reaction mixture containing
1 ulof DNA solution (100 to 150 ng), 10 pmol of
each primerand 1 1 (100w M) dNTP, 1 n1(1.5
nM) MgCl,, 10x PCR Promega buffer 1.25 pl
and 0.15 pl supertaq. The primers used as
described by Kumar et al. (2006) to amplity the
fragment. Primers used were forward 52
CGGGAGCCTTG GCCCTCTGG 32 and
reverse 52 CCTTTGTCGAGTTTGGGTGT 32.
Polymerase chain reactions provided some steps:
denaturizing at 94°C for 5 min; 30x cycles in
(denaturizing at 94°C for 60 sec, annealing 56°C
for 1 min, elongation 72°C for 2 min and final
elongation 72°C for 7 min. SSCP analysis were
carried out as follows : 6 ul of PCR product and
8 wl of denaturizing solution (0.05% xylene-
cyanol, 0.05% bromophenol blue and 0.02 M
EDTA indeionized formamide); heat denaturizing
(95°C for 5 min)and a 15-h run (280V, 5°C) on
10% acrylamide : bisacrylamide gels (29:1) with
0.5% glycerol in 0.5x TBE buffer and silver
staining by Tegelstrom method (1992) to visualize
the bands.

Statistical design

Data were analyzed by a completely
randomized design (Steel & Torrie, 1991) for
identifying polymorphism effect of 5 alleles of
A, B, C, D and E types of B-lactoglobulin gene
on daily milk yield and percentage of milk protein
and fat. Data of daily milk and percentage of milk
protein and fat were collected from data recording
at JASTRU. Mean differences were tested by
Duncan test at a significant level of o =0.05. A
mathematic model of completely randomized
design was described as follows :

Y =p+T+€,

Where:

Yij = observational value

lL = mean average

T, = effect of B-lactoglobulin gene type-i

€U =randomized error for a normal distribution

Frequency of each type of B-lactoglobulin

gene was calculated by frequency formulation
(Steel & Torrie, 1991) with a mathematical model:
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Y, =a/N

Where:

Y, = gene frequency of B-lactoglobulin gene
type-i

n = number of sample with B-lactoglobulin

gene type-i in all population
N = total sample from population

Statistical analysis

Genetic variation for each sheep population
was calculated in a form type of B-lactoglobulin
gene according to Walpole (1995):

n
>
_ =l

Xi
N
Where :
Xi = gene frequency of p-lactoglobulin gene
type-i

ni = number of sample with B-lactoglobulin
gene type-i in all population
N = total sample of population

—-—
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-

Figure 1. Results in amplifying f-lactoglobulin gene
by PCR method at polyacrilamide 9 % gel
(M: marker 100 bp DNA Ladder)

RESvULTS AND DISCUSSION

Amplification of B-lactoglobulin gene
B-lactoglobulin gene in local sheep at
JASTRU was successfully amplified using primer
pair as described by Kumar et al. (2006) through
PCR method. Fitting primer pairs on the
sequences of B-lactoglobulin gene on exon 7
conducted from Bank gene X 12817 could identify
estimation on successfully amplified fragment
length. Results of B-lactoglobulin gene in local
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sheep successfully amplified were shown in Fig
1.

According to Kumar et al. (2006), the
amplification of B-lactoglobulin gene by primer
pair from Genbank at an accessing number of
X 12817 successively resulted in a fragment length
at 426 bp (base pair). From this research, the
successfully amplified fragment length of B-
lactoglobulin gene was at 420 bp. Distinctive
fragment lengths of B-lactoglobulin gene found
in this research against that of arrangement by
Kumar et al. (2006) was due to the later used the
primer pair in amplifying B-lactoglobulin for goats
in India. DNA samples used in this research
were from sheep, therefore, distinction in species
and original area resulted in distinctive
amplification products.

Comparison on the sequences of amino acid
in B-lactoglobulin genes among cattle, sheep and
goats showed a high level of homology (over 95%)
and identified only 6 positions in B-lactoglobulin
gene in cattle leading to distinction in B-
lactoglobulin between sheep and goats (Yahyaoui,
2001). Focusing on sheep and goat, it has been
unknown yet the differences between amino acid
sequences located in B-lactoglobulin gene. If there
are distinctively different amino acid sequences
between sheep and goats, they might cause
distinctiveness of amplification products. Fig 2
showed the position of primer pair of AF 25 and
26 on the sequences in B-lactoglobulin in sheep.

Annealing temperature used in this research
was 62°C. Annealing temperature was a range of
temperature to lead primer complementing into
DNA genome. Kumar et al. (2006) and Agung
(2007) did the researches to amplify B-
lactoglobulin gene at an annealing temperature
of 65°C. Though there was a distinctively
annealing temperature in amplifying B-
lactoglobulin gene in this research against the
former two, it would be no matter as B-
lactoglobulin gene on exon 7 being the target of
this research was still successfully amplified. The
annealing temperature for amplification process
is very substantial due to the process of
lengthening DNA initially started from primer
(Muladno, 2002).

Percentage of the achievement of amplified
B-lactoglobulin gene was about 77% or equal to
64 samples successfully amplified from the total
number of 83 samples. Less successfully
amplitying DNA was likely because both attaining
primer improperly leading to in vitro multiplication
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3511
5561
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gaggggccce
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ceaggactge
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Reverse Primer
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ttctcococgag
aagggtotag

cadqggoccecgyg

gaggggctgt
caggtgeococcoce
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ctectetggyg
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ataaatattg
gatcocageoca
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goccactacty

Figure 2. The position of primer pair of AF 25 and 26 (underlined) in the sequences of B-lactoglobulin gene
on exon 7 in sheep (Source: www.nebi.nlm.nih.gov, accession number X 12817, Harris et al., 1988)

occurred ineffectively and extracting method
unfavorably resulting for highly spotted
substances. Succeeding in amplifying DNA,
however, was determined by many factors such
as concentration of DNA samples, polymerase
tag, dinucleotide, ion Mg, buffer and primer.
Moreover, heparin might be another eliminating
factor during a multiplication process (Lestari,
2001). It was noted that by adding heparin up to
0.4 g/ml was able to decrease enzyme activity
of polymerase taq by 60%. Various factors
influence the result through PCR-SSCP method
namely fragment length of DNA, temperature,
acrylamide concentration, ratio between
acrylamide and bisacrylamide and purity of DNA
sample.

Fragment length

[-lactoglobulin gene resulted from the
amplification in this research had a fragment
length at 420 bp. According to Hayashi (1991)
that sensitivity from PCR-SSCP method was 99%
for that of DNA fragment length around 100-300
bp and 89% for DNA fragment length around
300-400 bp. As described previously, the
fragment length for the resulting amplification in
this research was at 420 bp, hence an accurate
approach for PCR-SSCP was estimated
approximately 89%.
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Temperature

Electrophoresis temperature was carried
out in a refrigerator at a temperature 4°C.
Constant temperature strongly affect on both
clarity and sharpness of resulted banding strand
(Bastos et al., 2001). If electrophoresis was done
under a room temperature, adding glycerol was
necessary for keeping stable temperature.
Electrophoresis in this research was done in a
refrigerator under a relatively constant
temperature at 4°C instead of no necessarily
adding glycerol.

Acrylamide concentration

Concentration of acrylamide gel had an
effect on detecting variation in SSCP. A lower
acrylamide concentration resulted in a softer and
more sensitive gel in detecting variation (Hayashi,
1991). Barroso et al. (1999) found the best
condition by using acrylamide concentration of
17%. Agung (2007) did use acrylamide
concentration for 12%, while Ceriotti et al. (2004)
used acrylamide concentration for 9.25%.
Acrylamide concentration used in this research
was for 8% (29:1) and 9% (59:1). By using
dissimilar concentration in this research resulted
in no differences in detection, but it spent more
cost.
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Composition between acrylamide and
bisacrylamide

Composition in using acrylamide and
bisacrylamide will affect on the matrix width
passing through by DNA single probe. Barroso
et al. (1999) conducted the ratio of 100:1 to
remain the best condition of gel. Ceriotti ef al.
(2004) applied the ratio of 29:1, whilst Agung
(2007) applied the ratio of 59:1.

Composition of acrylamide and
bisacrylamide used in this study was 29:1 and
59:1, respectively. This dissimilarity resulted in
no considerable effect of detection, as far as the
form of DNA single strand was able to migrate
into the gel matrix. Purifying DNA sample from
the amplification was also an important factor of
the achievement in PCR-SSCP method. During
purifying process of DNA amplification, all
substances instead of targeted DNA would be
discarded at the time of separating supernatant
by centrifugation. If DNA sample was
inappropriately getting into purification, so there
was still remaining PCR reaction that could cause
other additional banding as a non-targeted DNA
leading to a decreased accuracy for identifying
types and determining genotype.

Detection on polymorphism of B— lactoglobulin
gene by PCR-SSCP method

PCR-SSCP is a powerful method in
detecting polymorphic DNA due to the existing
changes on DNA fragments and in detecting a
low rate of mutation (Yahyaoui, 2001). PCR-
SSCP put the assumption that changes in
nucleotide will affect conformation of single
strand of DNA fragment (Bastos ez al., 2001)
and migration rate during electrophoresis process.
The migrating rate of single strand of DNA
fragment at 9% gene of non-denaturized
polyacrylamide was conversely comparable over
diameter (size) of both DNA fragment and ion
level in the gel (Muladno, 2002).

PCR-SSCP method had some steps. The
first was for amplifying targeted DNA by
thermocycler machine, the second was by
purifying DNA sample and adding formaldehyde
solution, and the third was for denaturizing PCR-
produced DNA at temperature 94°C then coming
into electrophoresis phase at 9% gel of
nondenaturated polyacrylamide at a constant
temperature. If an electrophoresis process was
carried out at a room temperature, it was
necessary for adding additive buffer such as
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glycerol into the gel to maintain a constant
temperature. The electrophoresis process in this
research was done under refrigerator temperature
at 4°C, so without adding glycerol, temperature
was kept constant. The constant temperature
could affect the clarity and sharpness of banding
product.

Polymorphism of B-lactoglobulin gene by
SSCP method

This research found that B-lactoglobulin
gene at 7 exon in local sheep at JASTRU Jonggol
was polymorphic. This was dissimilarly against
the study by Agung (2007) reported that [B-
lactoglobulin through PCR-RFLP method of
analysis was identified as monomorphic in sheep.
Kucinskiene (2005) by using PCR-RFLP method
found two alleles in B-lactoglobulin gene in
Lithuanian Native Coarsewooled sheep, namely
alel A and B. In this study, DNA sample used
originated from dual purpose sheep of meat-wool
types. It was found 3 genotypes in this research,
namely AA, AB and BB. Genotype BB had a
strong correlation toward high milk production,
while genotype AB and BB had a strong
correlation with high protein and casein
percentages.

Detecting polymorphism of B-lactoglobulin
gene by the approached SSCP method resulted
in 5 types of genes consisting of A, B, C, D and
E. Fig. 3 illustrated the result of polymorphism
of B-lactoglobulin gene detected by PCR-SSCP
method. Fig. 4 illustrated the diagram of
electrophoresis for each type of B-lactoglobulin
gene. Peninsula type was done through the
observation of migrating pattern of DNA single
strand on a piece of nondenaturated
polyacrylamide at 9% gel.

8 17 18§ 189 24

A B C D E

Figure 3. Results of polymorphism of B-lactoglobulin
gene detected by PCR-SSCP method of
nondenaturated polyacrylamide at 9% gel.
There were 5 types of A (8), B (17), C (18),
D (19) and E (24)
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Figure 4. Electrophoretic diagrams of individual type
of B-lactoglobulin gene

The success of detecting polymorphism by
PCR-SSCP method in this research was 77%.
Percentage of types of A, B, C, D and E were
27.71; 9.64; 16.87; 12.05 and 10.84%,
successively. Frequency of each type was
recognized by dividing the number of sample for
a certain type over the total number of samples
from all types. The frequency of all types in -
lactoglobulin gene were presented in Table 1.

Table | shows that the frequency of SSCP
type A in B-lactoglobulin gene was the highest;
on the contrary, SSCP type B was the lowest.
SSCP type A had 4 bands whereas type B had 3
bands. In previous study by Agung (2007), 8-
lactoglobulin gene was amplified by Polymerase
Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) method and the
result was monomorphic.

This was due to the application of PCR
RFLP method through out the use of restricting
enzyme of Sacll was unable in recognizing cutting
sites of that DNA fragment. No polymorphism in
B-lactoglobulin gene in this study was also
possible as local sheep came from 8 different
areas namely Ciomas, Jonggol, Margawati,
Indramayu, Donggala, Madura, Sumbawa and
Rote. These local sheep had not been selected
for high milk production and in Indonesia selection
of local sheep was generally stressed on a meat
type. Therefore, selection on local sheep in
Indonesia has not been more focused on the
identification of animals with better potency for
both high milk production and high protein yield.

Table 1. Frequencies of individual type of -
lactoglobulin gene

| Sample
SSCPtype Frequency (%) number (1)
A 4208 a7
B 12.50 g
c 2187 14
D 7.81 §
E i 1562 10
Total 100 G4

Detection of polymorphism of f-
lactoglobulin by PCR-SSCP method can be
divided based on the number of appearing band
and migrating rate of DNA fragment. The types
of B-lactoglobulin gene that were possible to be
identified in this study had 2 to 4 bands. This
result agreed with the study by Bastos et al.
(2001) reporting that the maximum number of
bands in a DNA sample by using SSCP method
was 4 bands. The result from this study was still
in types of -lactoglobulin gene, hence it was still
unable yet to identify possible alleles, determine
genotypes and calculate heterozygosis values, To
investigate the existence of allelic number in p-
lactoglobulin gene in sheep was required to
sequence the identified types. The distinction in
detected polymorphism strongly depended on the
changes of the pattern of DNA single strand. The
factors of fragment length and its environment
such as temperature, ion concentration, soluble
concentration in the gel (Hayashi, 1991) affected
the DNA single strand in a gel.

Effect of polymorphism in B-lactoglobulin
gene on daily milk yield and milk
composition

Polymorphism of B-lactoglobulin gene in
ruminants has been reported from many studies.
Ng Kwai Hang er al. (1986) and Bovenhuis
(1992), for example, found polymorphism of -
lactoglobulin gene in dairy cattle relating to the
percentage of milk protein and fat. Mroczkwski
(2004) also found that polymorphism of p-
lactoglobulin gene in Merino goat was associated
with milk yield, protein percentage and fat
percentage. Genotype BB had a tendency for
producing high protein and fat percentages against
genotype AA and AB.

Daily milk yields at the ages of |, 2, 3 and 4
years were successively 368.30; 429.24; 519.96
and 462.98 g/hd/d, with the values of sd were
25.21; 137.24; 130.89 and 116.31 g/hd,
respectively. Daily milk yields in this research
were statistically (p<0.05) affected by the ages
of ewes.

Polymorphism of the types in §-lactoglobulin
at exon 7 identified in ewes at JASTRU Jonggol
did not significantly affect daily milk yield,
percentage of milk protein and percentage of milk
fat. The existing distinction between this research
against other researches conducted previously
by Ng-Kwai-Hang et al. (1986), Bovenhuis
(1992) and Mroczkwski (2004) was likely due to
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Table 2. Effect of types of B-lactoglobulin gene on milk yield, protein and fat

Type Milk Production Protein (%) Fat (%)

X dsd ¢ |n X tsd ¢ |n X *sd ¢ |N
A 4745+1353 [2858. |23 |531+062 |1177 (4 (307+138 | 449 |4
B 4415+12908 (2939 | 8 |535 - 1 (356 - !
C 4838+1295 (2676 (14 |539+0506 (938 |7 [391+102 | 2608 |7
] 4466 +70.5 1578 |10 | 609 - 1 (3% - 1
E 4933+1272 (2578 | 9 |574+112 1951 |2 [474+019 | 400 |2

Note: ¥ = mean, sd = standard deviation, cv = coefficient of variation, n = sample number

many factors. Distinction of sequences in [3-
lactoglobulin in this research compared to
variation of protein type in B-lactoglobulin studied
by Ng-Kwai-Hang ef al. (1986); Bovenhuis
(1992) and Mroczkwski (2004), was caused by
distinction in amino acid sequences produced by
B-lactoglobulin gene. Ng-Kwai-Hang ef al.
(1990) pointed out that differences in number of
population, dairy breed and environment could
also be possible sources. Milk trait is one of
quantitative traits controlled by many genes, an
additive trait dominantly affected by environment.
Nudda er al. (2003) pointed out that protein
content in milk was affected by factors of genetic
and environment.

Generally, local sheep in Indonesia was a meat
type. It was likely that local sheep at JASTRU
Jonggol has not been selected toward a high milk
production, as a result, polymorphism in the types
of B-lactoglobulin did not affect daily milk yield,
percentage of milk protein and fat. By using PCR-
SSCP method, it was known that -lactoglobulin
gene in local sheep at JASTRU was polymorphic.
Five types of variant were identified in B-
lactoglobulin gene at exon 7, namely type A
(27.71%), B (9.64%), C (16.87%), D (12.05%)
and E (10.84%). Type A was at the highest
percentage compared to the other types. Based
on the variant analysis showed that polymorphism
of f-lactoglobulin identified by PCR-SSCP in this
research resulted in no significant effect on daily
milk yield, percentage of protein and percentage
of fat in local sheep at JASTRU.
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