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Abstract

In goat casein loci a large genetic variation was described with up to 20 alleles found at the osi-
casein (CSN1S1) locus and 9 alleles at the [f-casein (CSN2) locus. In Carpathian goat breed little is
known about the nucleotide variations occurring at the CSNISI and CSN2 loci. Therefore the
objective of this study was to identify the types of alleles occurring at these loci in a Carpathian
goat population by using proteomic and genomic analysis tools. Isoelectric focusing (IEF) analysis
of milk samples allowed the identification of some CSNISI variants (A, B/E, C and F) based on
isoelectric point differences. Furthermore AS-PCR genotyping test allowed the discrimination of E
from non-E alleles. The sequencing of CSN1S1 and CSN2 cDNA obtained from some goats from the
analysed population revealed that the IEF bands attributed to CSN1S1 B contains two variants (B2
and B4), while the monomorphic IEF CSN2 pattern contains the A and C variants. However the
variation of CSN1S1 and CSN2 loci in Carpathian goat breed could be more complex and therefore

Sfurther studies on a larger number of goats are needed to characterize it.
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INTRODUCTION

In ruminants, casein micelles are
composed of three calcium sensitive caseins:
asi-casein (CSN1S1), B-casein (CSN2) and
asz-casein, which are stabilized by k-casein
(CSN3) [1]. In goats, CSN1S1 and CSN2 are
encoded by CSNISI and CSN2 genes,
mapping to chromosome 6 [1, 2] and spaced
12 kb apart [3].

At least 9 alleles are currently
characterized at the goat CSN2 locus [4, 5],
which are associated either with normal
CSN2 content (5g/L/allele) or with absence
of CSN2 in milk [6-8]. The most remarkable
polymorphism is found at the goat CSNIS/
locus, with at least 20 alleles currently known
[4, 9, 10], which are associated with four
different expression levels ranging from 0 to
3.5 g/L/allele [11]. This genetic variation
found at the goat CSNIS! locus has a
significant effect on milk quality, rheological
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properties or cheese yield and it is well
documented in various breeds [12-16].

The correct identification of this genetic
variation represents an essential step to
conceive breeding strategies aiming to
improve milk quality in a particular goat
breed. The traditional isoelectric focusing
(IEF) technique allows rapid screening and
identification of the majority of milk protein
variants found in goat, based on isoelectric
point (IP) differences. However, silent amino
acid substitutions characterizing some of
these protein variants, which have no effect
on protein [P, makes this approach
unreliable. These allelic variations are
detectable only by PCR based methods.

Therefore the objective of this study was
to identify the types of alleles occurring at
the CSN1SI and CSN2 loci in a Carpathian
goat population by using proteomic and
genomic analysis tools.

MATERIAL AND METHODS

Milk sampling and IEF analysis

Milk samples (15 ml/goat) were collected
in sterile tubes by hand milking from 50
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Carpathian goats from Transylvanian region
and stored at -20 °C. After defrosting, milk
samples were denatured in 8 M urea and 3%
dithiothreitol and incubated for 2 h at 4 °C.
Subsequently, denatured milk samples were
loaded in 4 % ultrathin (0.5 mm)
polyacrylamide gels that contained 8 M urea
and a mixture of three ampholytes: pH=2.5-5,
pH=4.2-49, pH=5.0-7.0 (GE Healthcare,
Sweden) [17]. The gels were run in a
Multiphor II Electrophoresis System and
stained with PhastGel Blue R (GE
Healthcare, Sweden). The gels images were
captured and analyzed with a Molecular
Imager Gel Doc XR System (Bio-Rad, USA).

Differentiation of CSN1S1
from non-E alleles by AS-PCR

The goats exhibiting different CSN1S1
IEF phenotypes (BB, BE or EE) were further
analysed for the presence of the 457 bp LINE
element specific to E allele [18]. For DNA
extraction, blood collected from these goats
on K3-EDTA was processed with the Quick-
gDNA  MiniPrep kit (Zymo Research
Corporation, USA). The DNA concentration
and purity was determined on a Nanodrop
ND-1000 spectrophotometer  (NanoDrop
Technologies Inc., USA).

All PCR reactions were set up at 25 pl
final volume that contained 1X Tissue Green
PCR Master Mix (Fermentas, Lithuania), 10
pmol of each specific primer reported before
[19] and 50 ng of genomic DNA as template
in each reaction. The thermal profile was as
follows: 94 °C for 3 min followed by 35
cycles of 94 °C for 1 min, 58 °C for 1 min,
72 °C for 1 min and a final extension step of
72 °C for 7 min. The PCR products were
analyzed on a 2 % agarose gel containing 1X
SybrSafe (Invitrogen, USA) and in 1X TBE
buffer (Lonza, Belgium).

E allele

Total RNA isolation, cDNA synthesis
and sequencing

To extract total RNA from milk somatic
cells, eight samples exhibiting different IEF
patterns for CSNISI were selected. After
defrosting milk samples were centrifuged at
2,000 g for 15 min at 4 °C. The resulting cell
pellets were mixed with 1 ml PureZOL
reagent (Bio-Rad, USA) and purified

according to the manufacturer instructions.
The RNA concentration and purity was
assessed on a Nanodrop spectrophotometer.

To synthesize first ¢cDNA strand the
iScript™cDNA  Synthesis Kit (Bio-Rad,
USA) was used. To amplify the entire coding
region of the goat CSNISI cDNA a set of
specifically designed primers reported before
[17] was used. For CSN2 cDNA
amplification a set of newly designed primers
ChBCZ - F: 5'- CTC CTT CAC TTC TTC
TCC TCT - 3, ChBCZ - R: 5°- TTG CCA
TAT TTC CA GTC GC AG - 3) was used.
The primers were designed with the Primer3
v.0.4.0 software [20], based on the goat
CSN2 mRNA sequence of A allele (GenBank
Acc. No. AJO11018.3).

The amplification mix was prepared in 25
pl final volume that contained 1X Tissue
Green PCR Master Mix (Fermentas,
Lithuania), 10 pmol of each specific primer
pair for the target transcripts (CSNISI or
CSN12) and 1 pl of each reverse transcription
reactions. The PCR  cycling and
electrophoresis of amplicons were carried out
in the same conditions as described in the
previous paragraph.

The resulting CSN1S1 and CSN12 cDNA
amplicons were bi-directionally sequenced
by using the same primers and the BigDye
Terminator vl.1 Cycle Sequencing Kit
(Applied Biosystems, USA). Sequencing
products were analyzed by capillary
electrophoresis on an Applied Biosystem
3730 device (Applied Biosystems, USA).
The chromatograms derived from cDNA
sequencing were analyzed with the BioEdit
software (http://www.mbio.ncsu.edu/bioedit/
bioedit.html) and translated into amino acid
sequences using the ExPASy translate tool
(http://www.expasy.org/). The resulting
sequences were aligned with the CLUSTAL
W2 analysis software (www.ebi. ac.uk/tools/
msa/clustalw?2/).

RESULTS AND DISCUSSIONS

The IEF analysis of the goat milk samples
collected from a Carpathian breed population
highlighted as expected a high polymorphism
at the CSNISI locus, which for the CSN2
locus was not evident (Figure 1). The
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differentiation of CSNI1S1 A, B and C
variants in IEF gels was possible due to
differences in their electrophoretic behaviour
and similar intensity of the protein bands
(Figure 1). However the B variant might
contain B1, B3, B3 and B4 variants or a
combination these, which are not separable in
IEF gels due to their similar behaviour.

6 7 8

Fig. 1 Isoelectric focusing patterns of some
Carpathian goat milk samples separated in a pH
range of 2.5-7. CSN1S1 E - white squares;
CSN1S1 B - black squares; CSN1S1 A - black
stars; CSN1S1 C - black dots; CSN1S1 F - black
arrow. CSN1S1 phenotypes: 1 - EE; 2 - BB;
3-AA;4-BC;5-AB;6-AA; 7-FF; 8-AB;
CSN2 A/C - white triangles.

CSNISI F could be distinguished as a
faint band above the 3™ band of CSN2, while
CSN1S1 E as faint bands with a similar IP
with the B variant (Figure 1). This reduced
intensity of the E bands as compared with the
B bands is due to the insertion of a LINE
element (457 bp in length) within the 19"
exon that leads to a reduced protein synthesis
rate [18]. However, the correct identification
of the E variant based on the intensity of IEF
bands is possible only when is present in
homozygous condition or in heterozygous
condition with other alleles than B. Therefore
additional DNA tests were carried out to
discriminate the E allele from non-E alleles.

Genotyping results obtained by AS-PCR
confirmed is some samples the presence of
the LINE element specific to E allele, either
in homozygous or heterozygous condition. A
single 547 bp DNA band (which includes the
457 LINE element) indicates the presence of

E allele, while an additional 90 bp fragment
signals the presence of non-E alleles.

L 1 2 3 4

54Thp

00bp

Fig. 2 Discrimination of CSN1S1 E allele
from non-E alleles by AS-PCR amplification of
the LINE element located in the 19" exon.

L - 100 bp DNA Ladder (Fermentas, Vilnius,
Lithuania); Lanes 1 and 2: non-E alleles carriers;
Lane 3: E allele carriers in homozygous
condition; Lane 4: E allele carriers in
heterozygous condition.

As regards the CSN2, four IEF bands
with different phosphorylation levels were
detected as expected that could be attributed
either to A or C variants, which are not
separable by IEF due to their similar IP.

Based on the IEF and AS-PCR data the
allelic frequency was calculated for the
CSNI1S1 and CSN2 loci (Table 1).

Table 1 Allelic frequency at CSN1S1 and CSN2
loci in the analyzed Carpathian goat population

Locus No. of Allelic frequency
goats
CSN1s1 84 A B C E F
0.38;0.29;0.02;0.15;0.16
CSN2 84 A+C**
1

‘The value includes the frequencies of B1, B2,
B3 or B4 variants that have similar IEF behaviour
“Not distinguished from A variant due to the
similar IEF behaviour

In CSNISI locus we found a higher
frequency for strong expression alleles (A, B
and C) in the two analyzed Carpathian goat
populations, as compared with medium and
low expression alleles (E and F). In CSN2
locus the cumulative frequency of A and C
alleles was 1 (Table 1).

To further confirm at the DNA level the
identity of the observed IEF patterns for
CSN1S1 and CSN2 and to identify the
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variants that were not separable by IEF but
might be present in the analysed goat
populations, we comparatively analysed the
nucleotide sequences derived from CSNISI
and CSN2 cDNA sequencing of the eight [EF
polymorphic samples (shown in Figure 1).
Analysis of the cDNA sequences revealed
two additional CSNIS! alleles B2 and B4,

which were previously reported in other
breeds [21, 22]. They were assigned as B by
IEF analysis due their similar IP. Sequencing
data revealed that they are distinguished by
two SNP located in exons 12 and 17 and are
responsible for two amino acid substitutions
i.e. p.Argl00Lys and p.Thr195Ala (Table 2).

Table 2 Alleles identified at the CSN1S1 locus in the analyzed Carpathian goat population

Locus Nucleotide variation in mMARN / amino acid variation in mature protein Identified
CSN1S1 | exon3 | exon4 | exon9 | exon 10 | exon 12 exon 17 | exon 19 alleles
Q“A"C CQSC Tg23G gZZAG AQMA A1390T ] B2
His® Pro'® Ser®® Glu” Arg'® Thr'®
AAMA g1390T B4
- - - - Lys100 A|a195 -
A16T17C AA14A G1SQCT
lle® ) ) ) Lys'® Ala'® ) c
CT8C CZ2AG A
] Leu'® ] GIn”’ ] ] )
) ) ) ) AA™A G™"CT 457 bp E
Lys'® Ala'® insertion
Deletion of exons
9-11duetoa
- - cytosine deletion - - - F
at 23" position of
the 9" exon

Although CSN2 A and C variants were
not separable in IEF gels, sequencing data
confirmed the presence of both alleles in the
analysed Carpathian goat population. These
alleles are distinguished by a SNP located in
exon 7 that causes at the protein level a
p-Alal00Val exchange [23]. This amino acid
substitution has no effect on protein IP,
which explain the similar IEF behaviour of
the A and C variants (Table 2).

Table 2 Alleles identified at the CSN2 locus in
the analyzed Carpathian goat population

Nucleotide variation in
mARN / amino acid
variation in mature

protein

CSN2 Exon 7

Gc404 A
A|a177

GT*™ A
V_a|177

Locus Identified

allele

To determine the genotyping accuracy
determined by IEF analysis of milk samples, we
compared these results with those derived from

AS-PCR genotyping and cDNA sequencing of
the eight mentioned samples (Table 3).

Table 3 Comparison of the genotyping data
obtained at the goat CSN1S1 and CSN2 loci

Genotypes

) dZtrc]s ?pnci)rt-é%ezy determined by
No IEF AS-PCR gand
sequencing

CSN1S1 | CSN2 | CSN1S1 | CSN2

1 EE AA EE AA
2 BB AA B.E AA
3 AA AA AA AC
4 BC AA B,C AA
5 AB AA AB, AC
6 AA AA AA AA
7 FF AA FF AA
8 AB AA AB, AA

* Sample number in IEF gel (Figure 1)

In general, the IEF analysis of milk
samples allowed the correct identification of
the CSNSI variants in majority of the
samples. However, for accurate genotyping
of E allele an additional PCR test was needed
to detect the presence of the LINE element
specific to this allele. Furthermore the B2 and
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B4 alleles were identifiable by only by
sequencing. This was also the case for the
CSN2 A and C alleles (Table 3).

CONCLUSIONS

We describe in this study the genetic
variation occurring at the CSN1S! and CSN2
loci that was assessed in a Carpathian goat
population by using a combined approach of
protein and DNA analysis. By cDNA
sequencing we discriminated two CSNIS]
alleles (B2 and B4) and two CSN2 alleles (A
and C) that were identifiable neither by AS-
PCR nor by IEF analysis of milk samples.
We can conclude that for accurate
genotyping of the goats at the CSNIS/ and
CSN2 loci a combination of these methods is
needed. However, we analysed in the present
study a limited number of samples and the
variation of CSNISI and CSN2 loci in
Carpathian goat breed could be more
complex. Therefore further studies are
needed to characterize it.
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