@

Academic
Journals Inc.

International Journal of

Dairy Science

ISSN 1811-9743

www.academicjournals.com




@ OPEN ACCESS International Journal of Dairy Science

ISSN 1811-9743
DOI: 10.3923/ijds.2017.41.46

® CrossMark

Research Article
Genotyping of the CSN1S7 Locus in Taiwan Dairy Goats using
PCR-RFLP and AS-PCR

"?Jhy-Ming Li, 'Shu-Yu Hsieh, 'Yan-Ming Horng and 'Chean-Ping Wu

'Department of Animal Science, National Chiayi University, Chiayi, Taiwan
“Division of Colon and Rectal Surgery, Department of Surgery, Chang Gung Memorial Hospital, Chiayi, Taiwan

Abstract

Objective: This study aimed to investigate a.,-casein (CSNV757) gene polymorphisms in Taiwan dairy goats by using PCR-restriction
fragment length polymorphism (PCR-RFLP) in combination with allele-specific-PCR (AS-PCR). Methodology: One hundred and sixty
Taiwan dairy goats were used to detect the presence of CSN757 gene polymorphisms. After DNA ampilification, the PCR products were
digested with Xmnl restriction enzyme or were directly subjected to gel electrophoresis. Results: The following 11 CSA757 genotypes
were identified: AA, AE, AF, AO1, EE, EF, EN, EO1, FF, FO1 and NO1 with frequencies of 0.13,0.13, 0.29, 0.02, 0.02, 0.19, 0.01, 0.03, 0.13, 0.04
and 0.01, respectively. Among the CSN7S7 alleles, the frequency of the F allele (0.40) was the highest, indicating that the CSV7S7 Fallele
was the most common allele in all examined Taiwan dairy goats. Conclusion: In conclusion, a quick and accurate technique was used
for typing goats independently of CSN757 genotype. By examining CSNV757gene polymorphisms, we could identify breeds carry a high
percentage of homozygous CSN7S7F allele for use in the fresh milk industry in Taiwan.
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INTRODUCTION

Casein is the main protein fraction of ruminant milk and
is one of the most valuable components owing to its
nutritional value and processing properties. The casein
fraction is encoded by four tightly linked genes, a.,-casein
(CSNTS1), agy-casein (CSN752), B-casein (CSN2) and «-casein
(CSN3), which cluster in a genomic DNA segment of
approximately 250 kb'3. The goat CSN7S7 gene consists of
19,400 nucleotides, with 19 exons. The CSN757 protein
contains 214 amino acids, including a 15-amino acid signal
peptide and 199 functional amino acids. The goat CSN757
locusis characterized by at least 16 alleles and various CSN757
alleles can produce different levels of CSA757 in caprine milk.
The alleles A, B1, B2, B3, B4, C, H, Land M are related to a high
content of CSN7S7, whereas alleles | and E are associated
with an intermediate content and alleles D, F and G with a low
content. Alleles 01 and 02 are ‘null’ alleles associated with the
absence of CSN7S57+1°, Moreover, the F allele is derived from a
deletion of the 23rd nucleotide of the 9th exon and insertions
of 11 and 3 bp within the 9th intron'". The N allele is derived
from the F allele via an exonic mutation at nucleotide 1319 of
the F allele promoter region, which creates an extra putative
activator protein (AP-1) binding motif but without insertions
of 11 bp and 3 bp within the 9th intron of the F allele
sequence®. The N allele has also been identified at the CSN757
locus and is associated with lack of CSA757 synthesis™.

In some countries, caprine milk is produced for cheese
making; however, in Taiwan it is consumed directly. The
caprine milk industry in Taiwan mainly uses hybrid breeds
dominantfor milk production, with an emphasizes on the heat
stability of caprine milk. Therefore, the potential forimproving
caprine milk stability properties, such as heat stability, by
selecting for low CSN7S7 milk producers, might be
significant. We aimed to investigate the combined use of
PCR-restriction fragment length polymorphism (PCR-RFLP)
and allele-specific-PCR (AS-PCR) to characterize allelic
polymorphisms of the CSN757 locus.

MATERIALS AND METHODS

Sample collection and DNA isolation: The research was
carried out on 160 individual DNA samples from local Taiwan
dairy goats that were mainly of a Sanan X Alpine X Nubia
cross raised on the animal research farm of National Chiayi
University and in Zhongpu in Chiayi country, Taiwan.
Genomic DNA was extracted from whole blood using the
phenol-chloroform method with minor modifications. Ten
milliliters of blood taken on EDTA was mixed with 25 mL cold
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sucrose-triton and the volume was made up to 50 mL with
autoclaved double-distilled water. The solution was mixed
welland a nuclear pellet was obtained by centrifugation for
10 min at 3,000 rpm and discarding the supernatant. The
nuclear pellet was suspended in lysis buffer (10 mM tris
base, 150 mM NaCl and 10 mM sodium EDTA) pH 8.2, with
10% Sodium Dodecyl Sulfate (SDS), 50 uL proteinase K
(10 mg mL™") and 40 L colleagenase (3.8 IU pL™") and
incubated overnight in a shaking water-bath at 45 °C.
Nucleic acid was extracted once with phenol
saturated with  tris-EDTA  (TE) buffer (10 mM tris,
10 mM NaCl and 1 mM EDTA), followed by extraction with
phenol:chloroform: isoamyl alcohol (25:24:1) until there was
no protein at the interface. This was followed by extraction
with chloroform: isoamyl alcohol (24:1). To each extraction
mixture, an equal volume of the solvent was added, followed
by thorough mixing and centrifugation for 10 min at 2000
rpm. The top layer was transferred to a fresh Falcon tube for
the next extraction. To the final aqueous phase, a 0.1 volume
of 2.5 M sodium acetate and 2.5 volumes of cold 95% ethanol
were added. The tubes were agitated gently to mix the liquids
and a fluffy white ball of DNA was formed. The DNA was
picked up with a heat-sealed Pasteur pipette and washed
briefly in ethanol. The DNA was finally dissolved in an
appropriate volume of 1 X TE buffer. The DNA concentrations
were determined and diluted to a working concentration
of 25 ng uL=", whichis suitable for polymerase chain reactions.

Polymerase Chain Reaction (PCR): The PCR-RFLP primers
used in the present study were synthesized from the
published nucleotide sequence of the goat a,-casein gene:
(forward: 5-TTCTAAAAGTCTCAGAGGCAG-3), (reverse: 5-
GGGTTGATAGCCTTGTATGT-3)'. Similarly, the AS-PCR primers
for CSN157¢were synthesized from the published nucleotide
sequence of the goat ag-casein gene: (forward: 5-
TCAGGAGCAGTGGGTATGTG-3), (reverse: 5-CCTCCCAATGG
AATAATGACA-3 )™ The AS-PCR primers for CSN7S7°" were
synthesized from the published nucleotide sequence of the
goat a-caseingene: (forward: 5-CCCCAGCTGGTAATGTTTTA-
3), (reverse: 5-GGTCCATCAA TTCCCTGTGT-3)™.

The PCR reaction mixtures consisted of 1.0 uM forward
and reverse primers, 0.2 mM dNTPs, 10 mM tris (pH9),
50 mMKCl, 1.5 mM MgCl,, 0.01% gelatin (w/v), 0.1% triton
X-100 and 1.25 U of Taq polymerase. The mixture was
aliquoted into tubes containing 100 ng goat DNA. The
reaction mixture was overlaid with sterile mineral oil and
amplified in a Coy Temp Cycler Il (Coy Corporation, MI, USA),
using the following amplification protocol: 30 cycles of 94°C
for 1 min, 60°C for 1 min and 72°C for 2 min.
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PCR-RFLP, AS-PCR and agarose gel electrophoresis: Twenty
microliters of each PCR product was digested with 10 U of
Xmnl restriction enzyme in a final reaction volume of 25 pL.
The reaction mixture was incubated at 37°C in a water bath
overnight. After restriction digestion, the restricted fragments
were analyzed by electrophoresis on a 0.4% agarose/1 X TBE
gel stained with ethidium bromide. A 100 bp ladder was used
as a molecular size marker. The bands were visualized under
UVlightand photographed with ayellow filter using blackand
white film.

RESULTS

It has been reported that the F allele is derived from a C
deletion at the 23rd nucleotide of the 9th exon and short
insertions of 11 and 3 bps in the subsequent intron'.
Furthermore, the gene mutation of the F allele could be
digested using the Xmnl restriction enzyme?3. Additionally, a
furtherreportindicated that the E allele has a repeat fragment
(approximately 457 bp) in exon 19%. Therefore, we used
PCR-RFLP in combination with AS-PCR to analyze the CSN/7S7
polymorphisms of a population of Taiwan dairy goats. Eight
RFLPs were obtained after digesting the PCR product with
Xmnl (bp: 223, 223+161+63, 223+150+63, 2124+161+63,
212+150+63, 161+63, 161+150+63 and 150+63) (Fig. 1). Our
data showed that PCR-RFLP in combination with AS-PCR
facilitated identification of the genotypes F/F at 223 bp, N/N

at 212 bp, A/A with two fragments at 161 and 63 or 150 and
63 bp, E/E at 1040 bp and 01/- at 249 bp (Fig. 1-3).

Samples from the 160 Taiwan dairy goats were further
examined for the presence of 11 polymorphisms of goat
CSN157.We detected these 11 CSN7S7polymorphismsin the
following number of goats: 20 goats (AA), 21 (AE), 47 (AF), 3
(AO1),3 (EE), 31 (EF), 1 (EN), 4 (EO1), 21 (FF), 7 (FO1) and 2 (NO1)
(Table 1). Our data showed that the presence of A/A is
indicated by three fragments at 161, 150 and 63 bp, A/E by
four fragments at 161, 150, 63 and 1040 bp, A/F by four
fragments at 223, 161, 150 and 63 bp, A01 by four fragments
at 161, 150, 63 and 249 bp, EF by four fragments at 223, 161,
63 and 1040 bp, EN by four fragments at 212, 161, 63 and
1040 bp, EO1 by five fragments at 161, 150, 63, 1040 and
249 bp, FO1 by four fragments at 223, 150, 63 and 249 bp and
NO1 by four fragments at 212, 150, 63 and 249 bp. The
genotype frequencies of AA, AE, AF, AO1, EE, EF, EN, EO1, FF,
FO1 and NO1 were 0.13, 0.13, 0.29, 0.02, 0.02, 0.19, 0.01, 0.03,
0.13, 0.04 and 0.01, respectively. The highest genotype
frequency in Taiwan dairy goats was that of AF, whereas the
lowest were EN and NOT. Table 2 shows that A, E, F, Nand
01 alleles were present at the CSN7571ocus on genomic DNA
in Taiwan dairy goats. The allelic frequencies of A, E, F, N and
01 were 0.35, 0.2, 04, 0.04 and 0.01, respectively. Our
results indicate that the frequency of the CSNV7STF allele was
highestand that of the 01 allele was the lowest in Taiwan dairy
goats.

Fig. 1: DNA electrophoretic patterns obtained from Taiwan dairy goat as,-casein (CSN7S57) after PCR amplification and
digestion with Xmnl, M: 100 bp, Lane 1: Control 1 (223 bp), Lane 2: Control 2 (223 and 212 bp), Lane 3: Control 3 (212 bp),
Lane 4: Homozygous FF genotype (223 bp), Lane 5: Heterozygous AF and EF genotype (223, 161 and 63 bp),
Lane 6: Heterozygous AF and FO1 genotype (223, 150 and 63 bp), Lane 7: Heterozygous EN genotype (212,161 and 63 bp),
Lane 8: Heterozygous NO1 genotype (212, 150 and 63 bp), Lane 9: Heterozygous AA, AE, AO1 and EE genotype (161 and
63 bp), Lane 10: Heterozygous AA, AE, AO1 and EO1 genotype (161, 150 and 63 bp), Lane 11: Heterozygous AA and

A01 genotype (150 and 63 bp)
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M 1 2 3

4——— 1040 bp
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Fig. 2: DNA electrophoretic patterns obtained by PCR amplification of Taiwan dairy goat as;-casein E allele, M: 100 bp, Lane 1:
Homozygous EE genotype (1040 bp), Lane 2: Heterozygous AA, AF, A01, FOT and NO1 genotype (583 bp), Lane 3:
Heterozygous AE, EF, EN and EO1 genotype (1040 and 583 bp)

M 1 2 3

<4———281bp
+——249bp

Fig. 3: DNA electrophoretic patterns obtained by PCR amplification of Taiwan dairy goat as;-casein 01 allele. M: 100-bp,
Lane 1: Negative control, Lane 2: Non CSN757%, Lane 3: Heterozygous AOT,E01, FO1 and NOT genotype (281 and 249 bp)

Table 1: Genotype frequency of ag;-casein from Taiwan dairy goat DNA determined using PCR-restriction fragment length polymorphism and allele-specific-PCR
Genotype No. (160) RFLP (bp) PCR product using a, 19F, a,, 19R primers (bp) ~ PCR product using a, 12F, a;, 12R, o, 01 primers (bp) ~ Frequency (%)

AA 20 161,150, 63 573 281 0.13
161,63
150, 63
AE 21 161,150, 63 1040, 573 281 0.13
161,63
AF 47 223,161,63 573 281 0.13
161,63
A013 161,150, 63 573 249, 281 0.02
150, 63
161,63
EE3 161,63 1040 - 0.02
EF 31 223,161,63 1040, 573 - 0.19
EN1 212,161,63 1040, 573 - 0.01
E01 4 161,150, 63 1040, 573 249, 281 0.03
FF 21 223 - - 0.13
FO17 223,150,63 573 249, 281 0.04
NO12 212,150, 63 573 249, 281 0.01
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Table 2: Allelic frequencies of a;-casein in 160 Taiwan dairy goats

Allele Frequency genotyping
A 0.35 Xmnl PCR-RFLP

E 0.20 AS-PCR

F 0.40 Xmnl PCR-RFLP

N 0.04 Xmnl PCR-RFLP
01 0.01 AS-PCR

Total 1

DISCUSSION

It has been shown that the CSA/7S7locus is characterized
by at least 13 alleles and is associated with different levels of
caprine milk protein. Cosenza eta/'® have reported that using
Hphl, Ddel and Mnh restriction enzymes with PCR-RFLP
yielded alleles B1, B2, B3 and C of CSN/7S]. Additionally, the
reports have also indicated that PCR-RFLP is used to analyze
CSNiS7and CSA3 genotypes for other animals'-°. However,
PCR-RFLP is not suitable for detecting specific casein alleles
and thus AS-PCR can be used to compensate for the
deficiencies of PCR-RFLP'52%, Accordingly, in the present study,
itwasinvestigated whether the combination of PCR-RFLP with
AS-PCR could be used as a rapid method to analyze a larger
number of CSN7S57 gene polymorphisms in Taiwan dairy
goats. Our results showed that 11 genotypes and five alleles
could be detected by using RFLP-PCR in combination with
AS-PCR (Table 1, 2). The allelic frequency of F and 01 were
highest and lowest, respectively, in Taiwan dairy goats.
Because the Taiwan dairy goats we examined were mainly
Sanan X Alpine X Nubia hybrids, they are comparable with
European goats. Additionally, we made the interesting
discovery that the 01 allele (null) is present in Taiwan dairy
goats but not in European and Indian goats'62021,

Previous studies have indicated that the amount of
CSNTST1 is positively correlated with the presence of the
various CSNJS7 alleles?>?*, The amount of CSN757 mRNA
transcribed from the F allele was at least 6 times lower
than that transcribed from the A allele’. The weak F allele
(0.6 g L") is most frequent in both Alpine and Sanan goats'?,
which is consistent with our population. Furthermore,
characterization of CSN757variability isimportantowingtoits
relationship with direct consumption and dairy production.
The allelic frequencies of F and 01 are important in terms of a
low content of CSNV757 in caprine milk. It is therefore possible
that the F and 01 alleles were selected in populations of
Taiwan dairy goats.

Previous studies have alsoindicated a positive correlation
between good cheese-making properties and a high content
of CSN757; however, caprine milk contains a low content of
CSN1ST with poor stability properties*?, Therefore, caprine
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milk is more suitable for use as fresh milk in Taiwan. Moreover,
milk with high levels of CSN757 has higher total protein,
casein, total solids and lower pH than caprine milk with low
levels of CSN7S77. Singh? further indicated that a lower pH
would affect the heat stability of milk. If caprine milk contains
a high casein content and satisfactory rennet stability, this is
likely to affect the production of caprine milk. Selection of
Taiwan dairy goats that produce milk with low solid content
is recommended for those who are interested in producing
and improving the heat stability of caprine milk for the caprine
milk industry in Taiwan.

CONCLUSION

In cattle, the CSN7S7B1, B2, B3, B4 and C alleles have
been genotyped usingisoelectric focusing (IEF), however, this
method is slow and leads to ambiguous typing of individuals
when using caprine milk. Here, we developed a quick, cheap
and accurate technique for typing goats independently of
CSN157genotype.Ourresultsindicate that Taiwan dairy goats
possess high levels of the CSN7ST7F allele. We also discovered
thatthe 01 allele (null) is present in Taiwan dairy goats but not
in European and Indian goats. Therefore, breeding Taiwan
dairy goats with F and 01 (null) alleles, which results in the
production of milk with low solid content is significant for the
caprine milk industry.
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