@" P x, J. Dairy Sci. 93:792-795
r- doi:10.3168/jds.2009-2615
’os" © American Dairy Science Association®, 2010.

Short communication: Molecular genetic characterization of ovine
agi-casein allele H caused by alternative splicing

l. J. Giambra,* L. Chianese,t P. Ferranti,t and G. Erhardt*!
*Department of Animal Breeding and Genetics, Justus-Liebig-University, 35390 GieRen, Germany
tDipartimento di Scienza degli Alimenti, University of Naples “Federico Il,” 80055 Portici, Naples, Italy

ABSTRACT

Sequencing of ovine CSN1S1*H ¢cDNA showed an ab-
sence of exon 8 in comparison with GenBank sequences;
the absence was confirmed by protein sequencing. We
demonstrated that this allelic aberration is the result of
a deletion of 4 nucleotides, the last 3 of exon 8 and the
first 1 of intron 8, which are replaced by an insertion of
13 nucleotides in the DNA sequence. The insertion is
a precise duplication of a part of the adjacent intronic
sequence of CSN1S1*C". These sequence differences
result in an inactivation of the splice donor sequence
distal to exon 8, leading to upstream exon skipping dur-
ing the serial splice reactions of the ovine CSN1S1*H
pre-mRNA, and may affect the specific casein expres-
sion as well as protein characteristics.
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Among the ovine CN, the 4 fractions ag-, Qge-, B-,
and k-CN, encoded by the genes CSN1S1, CSN152,
CSN2, and CSN3, respectively, are distinguished. Milk
proteins and their genetic polymorphisms are of inter-
est in ruminant breeding; several studies have revealed
their effects on production traits (Martin et al., 2002;
Boettcher et al., 2004) and on cheese-making proper-
ties (Tkonen et al., 1999; Pirisi et al., 1999; Hallén et
al., 2007). Furthermore, milk protein variants and their
allelic or phenotypic frequencies can be used for the
molecular tracing of typical cheeses (Chianese et al.,
2009) and as population genetic markers (Mahé et al.,
1999; Theagha-Awemu et al., 2007).

So far, 7 phenotypes (A, B, C, D, E, F, and X) of
ag-CN in ovine milk have been identified by protein
electrophoresis (Chianese et al., 1996; Pirisi et al.,
1999; Wessels et al., 2004), whereas primary structures
have been determined only for ag-CN A, C, D, and E
(Ferranti et al., 1995; Chianese et al., 2007). Within
CSN151*C, Ceriotti et al. (2005) distinguished between
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2 haplotypes, C’" and C”, at the DNA level. Recently,
the ag-CN phenotype X was recovered by isoelectric
focusing (IEF) in East Friesian dairy sheep and named
CSN1S1*H (Giambra et al., 2009).

Therefore, the aims of this study were to characterize
CSN1S1*H at the protein, mRNA, and DNA levels to
better understand CSN1S1 variants in sheep, and to
develop a DNA-based test for their identification.

Milk samples of 4 East Friesian dairy sheep with
CSN1S1 genotypes HH (n = 1) and CH (n = 3), previ-
ously typed by IEF, were used for molecular genetic
analysis. For comparative analysis, 6 milk and blood
samples of reference sheep with known CSN1S1 geno-
types (AC":n=1; C"C":n=2; C"D:n=2; DD:n =
1), typed by IEF and by DNA sequencing, were used.

From each of the 10 samples, about 10 mL of fresh
milk were collected and centrifuged (10 min, 2,200 x
g) and the resulting pellet was washed according to
Boutinaud et al. (2002). Total RNA was extracted with
the Invisorb Spin Plant RNA mini kit (Invitek, Berlin,
Germany). The RNA was assembled immediately for
cDNA synthesis in 4 separate reactions for each sample
with the Verso ¢cDNA kit using an Oligo-dT primer
(both from Thermo Fisher Scientific, Waltham, MA).

The resulting ¢cDNA was used as PCR template
for each animal using 2 of the 4 cDNA generated per
mRNA sample in 2 separate PCR. The forward primer
(5'-cttetteccagtettgggtte-3') is located in the first
exon of CSN1S1 mRNA, whereas the reverse primer
(5'-aattttcaatcccatcaaagacc-3') spans exons 18 and 19.
Amplified PCR fragments were cloned with pGEM-T
and pGEM-T Easy Vectors (Promega, Mannheim, Ger-
many) according to Shin et al. (2005). Fifty recombinant
clones per animal were sequenced bidirectionally using
an ABI Prism 377 DNA analyzer, Big Dye Terminator
sequencing kit v1.1, and vector primers M13-Forward
and M13-Reverse (all from Applied Biosystems, Foster
City, CA).

Genomic DNA was isolated from blood according to
Montgomery and Sise (1990) and from milk somatic
cells according to Liihken et al. (2009) and was used for
4 PCR (Table 1; PCR 1-4) concerning DNA sequence
from exon 7 to exon 9 in overlapping fragments. Bi-
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directional direct sequencing of the 4 PCR fragments
(1-4) was done as described above, using the same
primers used for PCR.

To establish a DNA-based test, the forward primer
used in PCR 5 (Table 1) was labeled with indodicar-
bocyanine (Cy5) to enable fragment length analysis us-
ing an A.L.F.express sequencer and AlleleLocator 1.03
software (both from Amersham Biosciences, Freiburg,
Germany) for all carriers of CSN1S1*H and the refer-
ence samples. The PCR products were run on a 5.5%
Long Ranger gel (0.5 mm, 6 M urea) at 800 V, 60
mA, and 49°C for 280 min using internal (202 bp and
266 bp) and external (266 bp ladder) size markers.
The PCR 5 product was also used for RFLP analysis
with the restriction enzyme Ddel for identification of
CSN1S1*H.

To supplement mRNA and DNA sequencing results,
protein isolation and mass spectrometry analysis were
performed simultaneously for the CSN151 C"C", CH,
and HH samples according to Chianese et al. (2009).

Bioinformatic analysis of nucleotide and AA sequenc-
es were performed with the programs ChromasPro
1.32 (Technelysium Pty Ltd., Queensland, Australia),
DNASTAR (DNAstar Inc., Madison, WI), and NNS-
PLICE 0.9 (Reese et al., 1997).

Nucleotide sequences of cloned PCR fragments re-
vealed that exon 8 was missing in CSN1S1*H ¢cDNA/
mRNA (GenBank acc. no. FJ440846) compared with
GenBank acc. no. NM_001009795 and GenBank acc.
no. FJ440845, which is the full-length coding sequence
of CSN1S1*C", containing exon 16, established in this
study for the first time. The lack of exon 8 coding
for 8 AA (AA 51-58; DQAMEDAK), which does not
influence the reading frame, resulted in a truncated
protein. Mass spectrometry analysis of HPLC-purified
dephosphorylated H variant provided a molecular mass
of 21,872 Da, which indicated the presence of a deleted
variant of ag-CN that lacked the sequence 51 to 58;
this was further confirmed by tandem mass spectrom-
etry analysis of tryptic digest of the variant protein
(data not shown).

Analysis of the genomic ovine CSN1S51 sequence from
exon 7 to exon 9 showed that the sequence correspond-
ing to exon 8 is present in the DNA sequence. The
alignment of CSN1S1*H with CSN1S1*A, C", and D
DNA sequences showed a deletion of 4 nucleotides (the
last triplet of exon 8 and the first nucleotide of intron
8) and an insertion of 13 bp (g.739_742delAAGGinsT
TATTTTAATAAA) in CSN1S1*H (Figure 1). This in-
sertion is a precise duplication of the adjacent intronic
sequence (g.751-763) of CSN1S1*C" (GenBank acc.
no. FJ440847). These changes delete the 5'-donor splice
site of intron 8 with its special AG/GT-configuration
(g.740-747; GenBank acc. no. FJ440847) in CSN151*H

Table 1. Primer sequences, reaction conditions, and resulting product sizes used for characterization of ovine C'SN151 DNA sequence from exon 7 to exon 9

Product
size (bp)

Cycles

AT?

(°C)
60

Mg
concentration

Primer reverse, 53’

Primer forward, 5 3’

PCR

821

(n)
45

(mM)

caattgcagtggatagetttett (X59856; g.7487-17465)

(GenBank acc. no. and location)

gggagtgaatcaattgaggtaag (NM_001009795; r.239-256

(GenBank acc. no. and location)

PCR name'
Ex7F-In8R

number

—

in combination with X59856; g.16685-16689)
ttetetattgecacecattteta (FJ440847; g.603-625)

643
699
805
231

35
35
35
35

59
56
53
60

3.0
1.0
1.0
2.0

actgactgaatggacgtgagttt (X59856; g.17904-17882)
gaacaatcaatttcagaatggaa (X59856; g.18478-18456)

tgttttettacattttgggettg (X59856; g.19081-19103)
tagcactgcttgaggagttcaat (FJ440847; ¢.855-832)

getatgetgttgtteagteacte (FJ440847; ¢.1126-1148)
cccaagagatgactattttgetg (FJ440847; g.1639-1661)
atttectttggeatecattttat (FJ440847; g.625-646)

In7F-In8bR
In8F-In8cR
In8bF-In9R
In7FCy5-In8dR

N <

"Ex = exon; In = intron.

’AT = annealing temperature.
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Figure 1. Genomic DNA sequence alignment of ovine C'SN1S1 variants C" (nucleotides 720-768; GenBank acc. no. FJ440847) and H (nucle-
otides 720-777; GenBank acc. no. FJ440848). Stars mark identical nucleotides. Blanks within the sequence of CSN1S51*C" mark a region where
an insertion in CSN1S51*H occurred. Blanks in CSN1S1*H mark a deletion of the last 3 nucleotides of exon 8 and the first nucleotides of intron
8. Bold letters mark an insertion in CSN1S1*H corresponding to intron 8 nucleotides 751-763 in CSN1S51*C". Underlined nucleotides display
the 5'-donor splice site of intron 8 in CSN1S51*C". The arrow indicates the junction of exon 8 and intron 8.

as shown in Figure 1. In the junction of exon 8 and
intron 8 in CSN1S1*H, no splice site could be identi-
fied in silico by NNSPLICE 0.9 (Reese et al., 1997).
The sequence differences in ovine CSN1S1*H at the
5'-splice site alter the Ul small nuclear RNA recogni-
tion sequence and inhibit accurate splice site selection
and the splicing process.

The characterization of CSN1S1*H with a deletion in
the exon and an insertion in the intron DNA sequence
describes an ovine CN variant caused by exon skipping,
which is different in comparison with CSN157 in cattle
(Mohr et al., 1994) and goats (Leroux et al., 1992; Gro-
sclaude and Martin, 1997), where SNP in the splice
donor sequence of the following intron are responsible
for alternative splicing.

Fragment length analysis of PCR, 5 revealed sequence
length differences of 9 nucleotides between CSN1S1*H
and C" (nonallele H: 231 bp; allele H: 240 bp; Figure
2). These results were confirmed by PCR-RFLP analy-
ses, whereas restriction of PCR 5 product with Ddel
resulted in a control fragment of 89 bp in all cases, 2
additional fragments in samples without CSN151 allele
H (24 bp and 118 bp), and only 1 additional fragment
in carriers of CSN1S1*H (151 bp; Figure 3). Fragment

length and PCR-RFLP analyses can be used as DNA
tests for the identification of CSN1S1*H in animals
independent from age, sex, and lactation.

The widespread missing of short exon sequences in
different CN and in different species could be supported
by the extremely split architecture characteristic of
CSN1S1 and CSN1S2 in various species with small
exons in the coding region (Rijnkels, 2002), caused
by evolutionary inter- and intragenic duplications
(Groenen et al., 1993).

The possible effects of CSN1S1*H on milk compo-
sition, milk yield, and cheese-making abilities are the
subject of ongoing studies. This is interesting because of
the correlation between abbreviated caprine CSN1S1*F
and G and reduced protein content (Leroux et al., 1992;
Grosclaude and Martin, 1997) and the correlation be-
tween bovine CSN1S51*A and lower cheese-making abil-
ity and cheese quality (Ng-Kwai-Hang, 2006). Quanti-
tative analysis of the expressed protein by integration
of mass ion peaks of dephosphorylated CN resulted in a
74% lower expression level for ag;-CN H compared with
the reference C” variant (data not shown). This is in
agreement with the results of Wessels et al. (2004), who
found significantly lower CN content in milk from sheep
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Figure 2. Fragment length analysis of ovine CSN1SI using an A.L.F.express sequencer and AlleleLocator 1.03 software (both Amersham
Biosciences, Freiburg, Germany). Peak at position of 202 bp indicates external marker. Peak at position of 231 bp marks non-CSN1S1*H,
whereas peak at position of 240 bp marks CSN1S1*H. Lanes 1 and 2: non-CSN1S1*H; lanes 3, 4, 5, and 6: CSN1S1 HH; lanes 7, 8, and 9:

CSN1S1*H carrier.
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Figure 3. Separation of Ddel-digested PCR products in a 3.5%
agarose gel stained with ethidium bromide. Lane 1: marker; lanes 2, 7:
CSN1S1 HH; lanes 3, 6: CSN1S1 C"H; lanes 4, 5: CSN151 C"C".

with CSN1S1 CX, which is identical to the CSN151
genotype CH, compared with CSN1S1 CC sheep.
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