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ABSTRACT

The objective of our study was to demonstrate the
existence of a repetitive region in the goat MUC1 gene
and to develop a polymerase chain reaction (PCR) pro-
tocol to analyze its polymorphism in different breeds.
Using 2 primers derived from the bovine MUC1 se-
quence, a PCR fragment was obtained and cloned. The
sequence analysis shows that the repetitive region of
goat MUC1 is an array of 60 bp repeats in accordance
with the data reported for other species. The polypep-
tide sequences encoded by the consensus repeats of
goat and bovine were exactly alike. A PCR protocol to
improve the detection of goat MUC1 polymorphism
was developed, and a total of 178 animals from 6 Ital-
ian breeds were analyzed. Fifteen different alleles,
ranging in size from 1500 to 3000 bp, were found. The
high number of alleles observed shows that the goat
MUC1 is a hypervariable gene. These results are the
basis for further investigations on the possible role of
MUC1 polymorphism in the genetic control of disease
susceptibility and production traits in the goat species.
(Key words: goat, milk, MUC1, polymorphism)

Abbreviation key: AGE = agarose gel electrophore-
sis, VNTR = variable number tandem repeats.

INTRODUCTION

MUC1 is a mucin-type glycoprotein occurring in all
mammalian species. It is expressed on the apical sur-
face of simple epithelial tissues that line ducts and
glands and exhibits a wide organ distribution, includ-
ing the mammary gland. During lactation, the apical
membrane of the secreting cell envelops cytoplasmic
lipid droplets, giving rise to the milk fat globule mem-
brane. MUC1 is an integral component of milk fat
globule membrane (Mather, 2000).
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MUC1 shows some structural features common to
different species: a N-terminal cleavable signal do-
main, a large exoplasmic domain containing a repeti-
tive region, a hydrophobic transmembrane domain,
and a short C-terminal cytoplasmic tail. The repetitive
region in humans and cattle shows a 20-amino acid
motif, rich in serine and threonine residues, serving
as sites for O-glycosylation. This motif is tandemly
repeated a variable number of times (VNTR) in indi-
vidual molecules, giving rise to a length polymor-
phism. The resulting molecular mass differences are
detectable by polyacrylamide gel electrophoresis with
SDS-PAGE (Patton et al., 1995).

In humans, MUC1 is extensively studied as a poten-
tial target for the antigen-specific immune therapy of
cancer (Gendler, 2001). In domestic species, important
roles in epithelia protection and milk production were
suggested based on MUC1 structure and location (Pat-
ton, 1999). Furthermore, its VNTR polymorphism was
found to be associated with yield, health, and reproduc-
tive traits in Holstein dairy cows (Hens et al., 1995).

Electrophoretic analysis has demonstrated that goat
MUC1 is structurally related to human and bovine
mucin and shows the same pattern of variation (Cam-
pana et al., 1992). Six different length variants with
molecular mass >200 kDa were detected in 4 Italian
goat breeds, suggesting the control of VNTR polymor-
phism by codominant alleles (Rasero et al., 1996). Nev-
ertheless, analyses at the protein level are sex-limited
and time-consuming. Moreover, the mobility of protein
bands may be affected by different degrees of glycosyl-
ation. Although overall human and cattle MUC1 gene
sequences are known (7 exons and 6 introns) and size
differences between alleles were described in terms of
variable number of 60 bp repeats into the repetitive
region (Lancaster et al., 1990, Pallesen et al., 2001;
Rasero et al., 2002), no data are available for goat
MUC1 at present.

The fist aim of the present study was to demonstrate
the existence of a repetitive region in the goat MUC1
gene. The second objective was to develop a PCR proto-
col suitable to analyze the polymorphism in different
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breeds. The polymorphism in 6 Italian goat popula-
tions was then investigated.

MATERIALS AND METHODS

Sample Collection and DNA Extraction

Blood samples were collected from 178 individuals
belonging to 6 Italian goat breeds (30 Camosciata, 23
Garganica, 32 Ionica, 28 Roccaverano, 32 Saanen, and
33 Vallesana). Genomic DNA was obtained from 200
μL of whole blood using the Invisorb Spin Blood Mini
Kit (Invitek GmbH, Berlin, Germany).

PCR Amplification

Two oligonucleotide primers, P1 and P3, were se-
lected among the primers previously used to amplify
the bovine MUC1 repetitive region (Rasero et al.,
2002). Amplifications were performed on a GeneAmp
PCR System 2400 thermal cycler (Applied Biosystems,
Foster City, CA). The best results were obtained by
using the Expand Long Template PCR System (Hoff-
mann-La Roche, Basel, Swizerland) at the following
conditions: a denaturation step at 94°C for 2 min, 10
cycles of 94°C for 10 s, 58°C for 30 s, and 68°C for 3
min, followed by 30 cycles of 94°C for 10 s, 50°C for
30 s, and 68°C for 3 min. A final extension step of
68°C for 7 min was carried out for all reactions. The
amplified fragments were separated by agarose gel
electrophoresis (AGE).

The efficiency of the P1-P3 primer set was first tested
in some individual DNA samples randomly chosen.
Subsequently, 3 (sire-dam-offspring) and 4 parent-off-
spring pairs were genotyped to analyze the segregation
of the different electrophoretic pattern observed.

Sequencing Strategy

The PCR products were purified by the QIAquick
Gel Extraction Kit (QIAGEN, Hilden, Germany) and
cloned into the pDrive Cloning Vector using QIAGEN
PCR Cloning Kit. A cloned fragment was cycle-se-
quenced using an ABI PRISM 310 Genetic Analyzer
by the dideoxy chain termination method with fluo-
rescence dye terminators (Applied Biosystems). Se-
quencing on both strands was performed using the 2
vector primers as well as the P1 and P3 and further
internal primers subsequently generated on the cap-
rine sequences. A total of 12 primers were used (Roche
Diagnostic Italia, Monza, Italy). The sequences ob-
tained were compared and aligned by the ClustalW
program (Thompson et al., 1994).
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Figure 1. Agarose gel electrophoresis of P1-P3 PCR products of
individual goat samples. Gibco 1-kb DNA Ladder, top to bottom: 10,
8, 6, 5, 4, 3.5, 3, 2.5, and 2 kb.

Sequence Analysis

The gene structure and coding sequence were pre-
dicted by alignment with the bovine sequence Gen-
Bank AF399757. The corresponding peptide was de-
duced by the GENSCAN program (Burge and Karlin,
1997). Tandem Repeats Finder program (Benson,
1999) was used to identify the repetitive region.

Polymorphism Analysis

A standard PCR protocol was developed using a goat
sequence-derived primer set flanking the repetitive
region: PG9 (5′-GCAGTACTGTACAAGTTTCCAG-3′)
and PG4 (5′-GTGTGCTGAAGTGACCATGGAG-3′).
The FastStarTaq DNA Polymerase (Roche Diagnostics
GmbH, Penzberg, Germany) was used at the following
conditions: a denaturation step 95°C for 10 min and
10 cycles of 95°C for 30 s, 62°C for 30 s, and 72°C for
2.5 min followed by 30 cycles of 95°C for 30 s, 55°C
for 30 s, and 72°C for 2.5 min. A final extension step
of 72°C for 7 min was carried out for all reactions.

All the individual goats belonging to the 6 breeds
were genotyped using the PG9-PG4 PCR protocol.

RESULTS AND DISCUSSION

PCR Amplification

Fragments of different size (2500 to 3000 bp) were
obtained using the P1-P3 primer set with individual
samples showing either 1 or 2 bands on AGE (Figure
1). The family data analysis showed that the observed
differences segregated from parent to offspring ac-
cording to the codominant Mendelian pattern of inher-
itance, as in humans and cattle (Swallow et al., 1987;
Rasero et al., 2002).
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Figure 2. Alignment of goat, bovine, and human MUC1 repeat
consensus sequences at the DNA as well as at the protein levels.
(The potential O-glycosylation sites are in boldface; the fully con-
served proline residues are underlined).

Cloning and Sequence Analysis

An individual sample, showing a single band, was
selected, and the corresponding PCR fragment (2800
bp) was cloned and sequenced. We were able to assem-
ble 2 nonoverlapping sequences of 1053 bp (GenBank
AY388993) and 540 bp (GenBank AY388994) corres-
ponding to the 5′ and 3′ ends of the fragment, respec-
tively. It was not possible to obtain the full-length
sequence of the fragment because of the presence of
repetitive structures from bp 706 to 1053 and from bp 1
to 163 in the 2 sequences, respectively. Such structures
did not allow us to design further internal primers.

The nonrepetitive portions of the 2 goat sequences
showed 92% homology both with the portion identified
upstream (exon 1, intron 1, 5′ end of exon 2) and with
that identified downstream (3′ end of exon 2) from the
bovine repetitive region.

An array of 60 bp repeats was found in the goat-
repetitive structure sequenced, in accordance with
other species (Spicer et al., 1995), showing a 95% ho-
mology on average with the derived consensus repeat.
Although the repeats are not all perfectly conserved,
the degree of sequence homology is sufficiently high
to preserve the polymorphism. In fact, the generation
of new length alleles is based on misalignment of tan-
dem repeat sequences followed by unequal exchange
between sister chromatids. Because a minimum de-
gree of homology is necessary for the repeats to recog-
nize each other, the most polymorphic minisatellite
loci are those with the most precise repeats (Olsen,
1999). In the mouse MUC1, which exhibits no polymor-
phism, the homology between repeats declines to 75%
on average (Spicer et al., 1991).

The goat consensus repeat showed 93% homology
with the bovine MUC1 consensus repeat (Rasero et
al., 2002). The 2 sequences shared the high G and C
content typical of mucin genes. On the other hand,
the polypeptide sequences encoded by goat and bovine
consensus repeats are perfectly identical (Figure 2).
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Figure 3. Agarose gel electrophoresis of PG9-PG4 PCR products
of individual goat samples. Gibco 1-kb DNA Ladder, top to bottom:
10, 8, 6, 5, 4, 3.5, 3, 2.5, 2, and 1.5 kb.

The alignment of goat, bovine, and human consensus
repeats at the protein level suggested that the pres-
ence of proline, serine, and threonine are selected for
(Figure 2). Serine and threonine are the relevant
amino acids for O-glycosylation. Therefore, goat core
protein may be a highly O-glycosylated molecule, as
already shown for human MUC1 (Patton et al., 1995).

On the basis of these results, it is possible to con-
clude that the fragment amplified using P1-P3 primer
set corresponds to a portion of goat MUC1 gene con-
taining the repetitive region. A size of about 1700 bp,
corresponding to 28 repeats, was estimated for the
repetitive region of the cloned fragment. Moreover, we
suppose that the individual differences observed in
goat are the expression of a different number of re-

Figure 4. Agarose gel electrophoresis of PG9-PG4 products of
individual goat samples. Lane 1, Gibco 1-kb DNA Ladder, top to
bottom: 10, 8, 6, 5, 4, 3.5, 3, 2.5, 2, and 1.5 kb; lane 2, goat MUC1
heterozygote 5/6; lane 3, reference sample from a bovine heterozygote
showing alleles differing for 2 repeats; lane 4, goat MUC1 4/6; lane
5, goat MUC1 3/6; lane 6, goat MUC1 2/6; lane 7, goat MUC1 1/6;
and lane 8, reference sample from a bovine heterozygote showing
alleles differing for 5 repeats.
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Table 1. Number of alleles (n), observed heterozygosity (H), and allele frequency.

Allele frequency

Breed n H 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Camosciata 9 0.77 0.00 0.15 0.24 0.10 0.07 0.18 0.07 0.05 0.00 0.00 0.00 0.12 0.00 0.02 0.00
Garganica 9 0.61 0.02 0.00 0.09 0.00 0.07 0.26 0.00 0.28 0.00 0.02 0.00 0.07 0.04 0.00 0.15
Ionica 9 0.78 0.00 0.05 0.14 0.00 0.06 0.35 0.06 0.17 0.11 0.03 0.00 0.00 0.03 0.00 0.00
Roccaverano 12 0.96 0.05 0.05 0.05 0.02 0.00 0.29 0.02 0.16 0.00 0.18 0.05 0.05 0.04 0.04 0.00
Saanen 10 0.84 0.06 0.19 0.11 0.05 0.11 0.19 0.06 0.02 0.01 0.00 0.00 0.20 0.00 0.00 0.00
Vallesana 7 0.82 0.05 0.15 0.30 0.09 0.09 0.08 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00

peats, according to the VNTR model assessed in other
species, such as humans and cattle (Patton et al., 1995;
Rasero et al., 2002).

Polymorphism Analysis

Some individual samples previously analyzed by P1-
P3 primer set were also typed by the 2 most internal
goat sequence-derived primers, PG9-PG4. A full corre-
spondence was found between the individual number
of bands and their relative mobility obtained by the 2
primer sets. The PG9-PG4 PCR protocol improved the
AGE resolution, as the fragment size was reduced by
854 bp (Figure 3).

This approach allowed us to identify 15 different
alleles ranging from 1500 to 3000 bp, which were num-
bered from 1 to 15 in ascending size order.

The differences between alleles could not be com-
puted as number of repeats. In fact, the repetitive
region had not been completely sequenced because of
its size. So, an estimate of allelic differences was at-
tempted using 2 different bovine heterozygous refer-
ence samples. Alleles differed for 2 (120 bp) to 5 (300
bp) repeats. Goat alleles 5 and 6 differed for a single
repeat unit, whereas alleles 4 and 6 differed for 2 re-
peat units and so on (Figure 4). Therefore, we consider
PG9-PG4 primers as particularly suitable for the anal-
ysis of goat MUC1 polymorphism, allowing the AGE
detection of 60 bp differences between alleles.

Number of alleles, observed heterozygosity, and al-
lele frequencies for each breed are reported in Table 1.

All goat populations showed a high degree of poly-
morphism, with a mean heterozygosity value of 0.8.
Moderate size alleles were the most common as ob-
served in 5 cattle breeds (Sacchi et al., 1995). The
genetic structure of Vallesana was quite different from
the other breeds, showing a low frequency of allele 6
and missing the longest alleles.

CONCLUSIONS

The goat MUC1 contains a repetitive region of 60 bp
units similar to the homologous genes in other species.
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The repetitive region of the goat MUC1 mucin is a
modular domain that is rich in serine and threonine
residues for addition of large quantities of glycans.
The PG9-PG4 PCR protocol is suitable to detect differ-
ences of a 60 bp repeat unit between alleles. The high
number of alleles observed in different breeds, despite
the small number of individual samples tested, shows
that the goat MUC1 is a hypervariable gene, and this
can be the basis for further investigations about the
possible role of MUC1 in the genetic control of disease
susceptibility and production.
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