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ABSTRACT

The objective of this study was to develop and validate
a fast method for typing the main mutations of bovine
milk protein genes by using microarray technology. An
approach based on the ligation detection reaction (LDR)
and a universal array (UA) was used. Polymorphisms
in both the coding and noncoding sequences of αS1-ca-
sein, β-casein, κ-casein, and β-lactoglobulin genes were
considered because of their well-known effects on milk
composition and cheese production. A total of 22 poly-
morphic sites, corresponding to 21 different variants,
were included in the diagnostic microarray. First, a
multiplex PCR was developed to amplify all the DNA
target sequences simultaneously. Second, the LDR-UA
assay was implemented. The method was validated by
analyzing 100 Italian Friesian DNA samples, which
were also genotyped by conventional methods both at
the protein level by means of milk isoelectrofocusing
and at the molecular level using PCR-RFLP and PCR-
single strand conformation polymorphism techniques.
The genotypes obtained using the LDR-UA approach
were in full agreement with those obtained by the con-
ventional analyses. An important result of the LDR-
UA assay was a more accurate genotyping of the differ-
ent milk protein alleles than was found with conven-
tional typing methods. At the κ-casein gene, in fact, 4
samples were heterozygous (3 reference samples and 1
validation sample) for an allele coding for Thr136 and
Ala148. This variant, which can be considered as the
wild type of the genus Bos, is not usually identifiable by
the conventional typing methods used. The multiplex
PCR-LDR-UA approach developed provides for an accu-
rate, inexpensive, and high-throughput assay that does
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not exhibit false positive or false negative signals, thus
making it highly suitable for animal genotyping.
Key words: milk protein gene, cattle, microarray

INTRODUCTION

More than 95% of the proteins contained in ruminant
milk are coded by 6 well-characterized structural genes
(Martin et al., 2002), 2 (LALBA and LGB genes) for the
main whey proteins, α-LA and β-LG, and 4 for the CN,
αS1-CN, αS2-CN, β-CN, and κ-CN (CSN1S1, CSN1S2,
CSN2, and CSN3, respectively). The 4 CN genes are
tightly linked in a 250-kb cluster (Ferretti et al., 1990;
Threadgill and Womack, 1990) on chromosome 6 (Hayes
et al., 1993; Popescu et al., 1996). A recent revision
of milk protein nomenclature considering only protein
polymorphisms (Farrell et al., 2004) includes 8 αS1-CN,
4 αS2-CN, 12 β-CN, 11 κ-CN, 11 β-LG, and 3 α-LA
variants within the genus Bos.

In addition to the effects of milk protein variants on
milk composition and cheese-making properties (re-
viewed by Grosclaude, 1988; Di Stasio and Mariani,
2000; Martin et al., 2002), statistically significant asso-
ciations with several milk production traits have also
been identified for sites of polymorphism within noncod-
ing regions in the CN complex (for a review see Martin
et al., 2002). This is the case of a polymorphism within
the short interspersed nucleotide element Bov-A2 in
the second intron of CSN3 described by Damiani et
al. (2000b) and of the polymorphisms of the CSN1S1
promoter described by Prinzenberg et al. (2003). Thus,
the CN cluster polymorphism has to be considered as
a whole complex in which expression sequence polymor-
phisms could help explain the productive implications
of the different CN loci and the results obtained from
the detection of CN gene effects on productive traits at
the haplotype level (Braunschweig et al., 2000; Ikonen
et al., 2001; Boettcher et al., 2004).

The importance of going deeper into the knowledge
on milk protein polymorphisms in cattle is therefore
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evident. The availability of a fast method that allows
the simultaneous typing of a great number of mutations
affecting milk protein structure and composition could
help researchers as well as breeding associations to
identify the genetic milk protein variations.

Microarray technology offers the potential of opening
new doors in the study of genome complexity, thanks
to the extreme degree of parallelization (Ramsay, 1998).
Arrays can be used to study DNA, with the primary aim
being the identification and the genotyping of genetic
polymorphisms. Hybridization and hybridization plus
enzymatic processing are the 2 diverse approaches cur-
rently available to discriminate among different alleles
when using microarray technology (Hacia, 1999; Kurg
et al., 2000; Pastinen et al., 2000). As an example ap-
plied to animal characterization, an oligonucleotide mi-
croarray based on the arrayed primer extension tech-
nique was recently described, allowing genotyping in
genes of interest for bovine milk protein biosynthesis
(Kaminski et al., 2005).

A different approach, based on a ligation detection
reaction (LDR) combined with a universal array (UA),
could be considered. This technique allows for the un-
equivocal detection of several amplicons in a single ex-
periment (Consolandi et al., 2004). The procedure is
based on the discriminative properties of DNA ligase
and requires the design of 2 adjacent oligonucleotide
probes for each target sequence. One probe, named the
“single nucleotide polymorphism (SNP)-specific dis-
criminating” probe, is 5′-fluorescently labeled, whereas
the other, named the “common” probe, contains a
unique, artificial 3′-sequence (cZipCode) that is comple-
mentary to a “ZipCode” sequence within the UA. As
first described by Gerry and coworkers (1999), the UA
consists of selected oligonucleotides with similar hy-
bridization characteristics and minimal cross-hybrid-
ization. This kind of array is termed “universal” because
sequences complementary to the immobilized probes
could be appended to any set of specific common probes
during target-DNA processing. These ZipCodes or “tag”
oligonucleotides can be used to anchor their comple-
mentary sequences to a precise array location.

Here we applied this approach to the detection of 22
polymorphic sites (corresponding to 21 different vari-
ants) in bovine milk protein genes. A multiplex PCR
(mPCR) was also developed to amplify the DNA frag-
ments containing these polymorphisms at the same
time, with the aim of making a diagnostic genotyping
assay available for the simultaneous detection of differ-
ent polymorphisms in the milk protein genes.

MATERIALS AND METHODS

DNA Reference Samples

A total of 25 DNA samples belonging to different
cattle breeds (Borgou, Brown Swiss, Carora, Holstein-
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Friesian, Reggiana, Somba, and Sudanese Zebu Peul)
were chosen from a DNA collection of animals pre-
viously typed for the milk protein polymorphisms and
for the CSN3 intron II Bov-A2 element and used as a
reference to develop the microarray. They had been
typed for the different variants as described in Table
1. The conventional analyses also include the typing
method for the CSN1S1 promoter polymorphisms de-
veloped in the present work, described hereafter. The
samples were chosen on the basis of milk protein vari-
ability in Holstein-Friesian cattle. The following alleles
were therefore considered: CSN1S1*B, CSN1S1*C,
CSN2*A1, CSN2*A2, CSN2*A3, CSN2*B, CSN2*C,
CSN2*I, CSN3*A, CSN3*B, CSN3*C, CSN3*E,
CSN3*H, LGB*A, LGB*B, each one resulting in a cor-
responding protein variant named by the same letter
(Farrell et al., 2004). All these variants were identified
in the Holstein-Friesian, except for CSN3*C and
CSN3*H. The first one was found in other taurine
breeds, including the Brown Swiss (Formaggioni et al.,
1999). The latter was included in the microarray as a
marker of Bos indicus introgression (Jann et al., 2004).
Moreover, the polymorphism within the CSN3 intron
II Bov-A2 element (Damiani et al., 2000b) and the
CSN1S1 promoter mutations (Prinzenberg et al., 2003)
were integrated into the diagnostic chip as indicators
of the genetic variability in the noncoding regions of
milk protein genes. Table 2 shows the genotypes of the
DNA reference samples, which are discussed further
in the Results section.

CSN1S1 Promoter Analysis

For the CSN1S1 promoter region, a new PCR-single-
strand conformation polymorphism (SSCP) protocol
was developed as the conventional analysis for compar-
ing the results obtained with the LDR-UA assay. A 712-
bp fragment containing part of the bovine 5′ region of
the CSN1S1 gene was PCR amplified using the follow-
ing amplification protocol: 25 �L of a reaction mixture
containing 2 �L of DNA solution (100 to 150 ng), 10
pmol of primer CSN1S1 5′ region forward (5′-CCA-
CAACTAGTACACCCAAAATGA-3′) and CSN1S1 5′ re-
gion reverse (5′-GAATGAAAGATGAGACAGAGGAAA-
3′), and 1× PCR Master Mix (Fermentas, Vilnius, Lithu-
ania) with an initial denaturation step of 94°C for 5
min, followed by 35 cycles of 94°C for 60 s, 56°C for 60
s, 72°C for 60 s, and a final extension step of 72°C for 7
min using PTC-200 DNA (MJ Research Inc., Waltham,
MA). Primers were designed on the basis of the bovine
genomic CSN1S1 sequence (GenBank Accession No.
X59856) using Primer3 software, available online (Ro-
zen and Skaletsky, 2000).
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Table 1. Conventional molecular analyses used to genotype all the DNA samples considered in this study

DNA target Method Alleles Authors

CSN1S1 exon 17 PCR-SSCP1 B, C Jann et al. (2002)
CSN2 exon 6, 7 PCR-SSCP A1, A2, A3, B, C, I Barroso et al. (1999)
CSN3 exon 4 PCR-SSCP A, B, C, E, H Prinzenberg et al. (1999)
LGB exon 3, 4 PCR-RFLP A, B Medrano and Aguilar-Cordova (1990)
CSN1S1 promoter PCR-SSCP 1, 2, 3, 4 Present work
CSN3 intron II2 PCR-RFLP A, B Damiani et al. (2000a)

1PCR-SSCP = PCR-single-strand conformation polymorphism.
2Bov-A2 element.

For the SSCP analysis, 6 �L of PCR product was
added to 8 �L of denaturation solution (0.05% of xylene-
cyanol, 0.05% of bromophenol blue, 0.02 M EDTA in
deionized formamide). After heat denaturation at 95°C
for 8 min, the samples were immediately chilled on ice
and then run overnight with a Penguin Dual Gel Water-
Cooled Electrophoresis System (OWL Scientific Inc.,
Woburn, MA) on 10% acrylamide:bisacrylamide gels
(33:1) with 0.5% glycerol in 0.5× Tris-borate-EDTA
buffer at 280 V and 5°C for 16 h. Bands were visualized
by silver staining (Bassam et al., 1991).

The method was applied to the 25 reference DNA
samples. Among the samples showing different migra-
tion patterns, 8 were randomly chosen for sequencing.
Primers used for sequencing were the same as those

Table 2. Breed and genotype of the 25 DNA reference samples

CSN1S1 CSN2 CSN3 LGB CSN1S1 CSN3
Breed1 exon 17 exon 6, 7 exon 4 exon 3, 4 promoter intron II

SO BB A1A1 AB AB 22 BB
SO BB A1A1 BW2 BB 11 BB
SO BB A1A1 BW2 BB 12 BB
HF BB A1A1 EE AB 22 AB
SO BB A1A2 AA BB 13 BB
SO BB A1A2 AW2 BB 11 BB
SO BB A1A2 AB BB 11 BB
BS BB A1A2 AC BB 12 AB
HF BB A1A2 AE BB 23 AA
ZP BB A1I AH BB 23 BB
SO BB A2A2 AA AB 33 BB
SO BB A2A2 AB AB 12 BB
BS BB A2B AA AA 24 AB
BS BB A2B AB BB 44 AB
CA BB A2C AB AB 12 BB
ZP BB A2I AA AB 23 BB
RE BB BB AB AB 44 BB
RE BB BB AB AB 44 BB
ZP BB BI AH BB 24 BB
BO BC A1A2 HH AA 12 BB
HF BC A2A3 AA AA 12 AB
RE BC A2B AB AA 24 BB
RE CC A2A2 BB AA 11 BB
ZP CC A2A2 BH BB 12 BB
BO CC A2A2 HH BB 11 BB

1BO = Borgou; BS = Brown Swiss; CA = Carora; HF = Holstein-Friesian; RE = Reggiana; SO = Somba;
ZP = Sudanese Zebu Peul.

2Allele W = ancestral allele detected by means of the ligation detection reaction-universal array assay.
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used for the PCR-SSCP techniques. The PCR products
were sequenced by Primm srl (Milano, Italy). The nucle-
otide sequences were analyzed with Bioedit software
(Hall, 1999).

Validation Samples

A total of 100 milk samples of the Italian Friesian
breed from 25 Northern Italy herdbook farms were col-
lected for the validation analyses of the LDR-UA assay
applied to animal genotyping. As a first step, all milk
samples were typed by isoelectrofocusing (IEF; Erhardt
et al., 1998). This analysis allows simultaneous screen-
ing of the main milk protein variants at the phenotype
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Table 3. Primer sequences, melting temperature (Tm) values, and predicted sizes of PCR products for the
simultaneous amplification of the target milk protein regions

Tm, Amplicon
Name Sequence 5′ → 3′ DNA target °C size, bp

CSN1S1 ex17F TGGATGCCTATCCATCTGGT CSN1S1 exon 17 60.3 333
CSN1S1 ex17R CACTGCTCCACATGTTCCTG CSN1S1 exon 17 60.3
CSN2 ex6F CATCAATAAGGTAAAACCCCTCA CSN2 exon 6 59.3 275
CSN2 ex6R TTTGTCAAAGTTTTTATTTCTTGCAC CSN2 exon 6 60.0
CSN2 ex7F TCCAGGATGAACTCCAGGAT CSN2 exon 7 59.5 545
CSN2 ex7R CATCAGAAGTTAAACAGGCACAG CSN2 exon 7 59.0
CNS3 ex4F TAGGTCACCTGCCCAAATTC CSN3 exon 4 60.0 462
CSN3 ex4R ATTAGCCCATTTCGCCTTCT CSN3 exon 4 60.1
LGB ex3F TGGCTCCATCTGACTTCTCC LGB exon 3 60.3 404
LGB ex3R CACGGCAGTGTCTTCATCAC LGB exon 3 60.3
LGB ex4F GAGTTGGGCTTCCAGAGTGA LGB exon 4 60.4 494
LGB ex4R CCGGTATATGACCACCCTCT LGB exon 4 58.7
Bov-A2F AGCTACAAGCCCCATGGATA CSN3 intron 2 59.5 423
Bov-A2R TGCTGCTGCTGCTAAGTCAC CSN3 intron 2 60.5
CSN1S1 PromF TTTGCAGGAAAAAGATTAGACCA CSN1S1 promoter 60.1 518
CSN1S1 PromR GGTGATGGCAGACTTTTGCT CSN1S1 promoter 60.3

level, and it is a useful tool for checking milk protein
gene expression.

A commercial kit (GFX Genomic Blood DNA Purifi-
cation kit, Amersham Biosciences, Piscataway, NJ) was
used for the DNA extraction directly from milk. The
extraction was performed starting with 300 �L of fresh
milk to recover at least 5 ng/�L of genomic DNA at a
final volume of 100 �L.

To test the quality of the DNA extraction from milk,
a PCR assay for the CSN2 fragments was performed
using the specific primers described in Table 3 and the
amplification protocol described above for the CSN1S1
promoter region PCR-SSCP method. Samples giving
weak or no bands on a 2% agarose gel were amplified
using a GenomiPhi DNA Amplification kit (Amersham
Biosciences UK Limited, Buckinghamshire, UK) follow-
ing the instructions provided by the manufacturer. All
DNA validation samples were typed by the LDR-UA
assay developed in the present work and by the conven-
tional methods described in Table 1.

mPCR Setup

An mPCR was developed to amplify all the DNA tar-
get sequences simultaneously. The PCR primers were
purchased from Primm srl. For the CSN1S1 promoter
region and exon 17 of CSN1S1 (allele B and C discrimi-
nating fragment), 2 pairs of primers were designed
on the basis of the bovine genomic sequence GenBank
Accession No. X59856. For the CSN2 polymorphic sites
considered, the primers were designed on the basis of
the bovine genomic sequence GenBank Accession No.
X14711 to amplify parts of exon 6 and 7 of the gene.
For the fourth exon of CSN3 and the Bov-A2 element,
primers were designed on the basis of the bovine geno-
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mic sequence GenBank Accession No. AY380228. Fi-
nally, for the LGB polymorphic sites considered (exon
3 and exon 4), primers were designed on the basis of
the bovine genomic sequence GenBank Accession No.
X14710. Primers were designed using Primer3 software
(Rozen and Skaletsky, 2000) to ensure similar thermo-
dynamic behavior and to allow amplification of all the
fragments in the same reaction. The primer list and
the melting temperatures (Tm) are shown in Table 3.

The amplification reaction was performed in a 50-�L
mixture containing 15 �L of DNA solution (at least 75
ng), 1× AccuPrime PCR Buffer II, 1 �L of AccuPrime
Taq DNA Polymerase (Invitrogen, Milano, Italy), 10
pmol of primers for CSN1S1 exon 17, LGB exon 3, Bov-
A2 element, and CSN1S1 promoter, and 16 pmol of
primers for CSN2 exon 6 and exon 7, CSN3 exon 4, and
LGB exon 4. The following conditions were used for the
PCR assay: an initial denaturation step of 94°C for 5
min was followed by 35 cycles of 94°C for 30 s, 56°C for
30 s, 68°C for 60 s, and a final extension step of 68°C
for 7 min using a PTC-200 DNA engine thermal cycler
(MJ Research Inc., Waltham, MA).

The DNA solution containing the PCR products was
then purified by GFX PCR DNA and Gel Band Purifica-
tion kits (Amersham Pharmacia Biotech Inc., Piscata-
way, NJ), eluted in 40 �L of autoclaved water and quan-
tified using a Bioanalyzer 2100, and a DNA 7500 kit
for 100- to 7,500-bp dsDNA sizing and quantification
(Agilent Technologies, Milano, Italy).

LDR Probe Design

According to the LDR procedure described by Conso-
landi et al. (2004), we designed specific probes sur-
rounding the polymorphic sites of interest listed in Ta-
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Table 4. List of single nucleotide polymorphisms (SNP) considered in each locus to distinguish the different
variants by means of the proposed ligation detection reaction-universal array assay

SNP Nucleotides Reference AA
Locus position involved Alleles sequence1 involved

CSN1S1 17,807 A B X59856 Glu192
G C Gly192

CSN2 6,690 G A1-A2-A3-B-I X14711 Glu37
A C Lys37

8,101 C A2-A3-I Pro67
A A1-B-C His67

8,178 A A1-A2-A3-B-C Met93
C I Leu93

8,219 C A1-A2-B-C-I His106
A A3 Gln106

8,267 C A1-A2-A3-C-I Ser122
G B Arg122

CSN3 12,951 G A-B-E-H AY380228 Arg97
A C His97

13,065 C A-B-C-E Thr135
T H Ile135

13,068 C A-C-E-H Thr136
T B Ile136

13,104 A A-C-E-H Asp148
C B Ala148

13,124 A A-B-C-H Ser1,55
G E Gly155

13,165 A A-C-E-H Ala168
G B Ala168

LGB 3,982 TGA A X14710 Asp64
CGG B Gly64

5,174 C A Asn88
T B Asn88

5,223 G2 A Val105
T B Val105

5,261 GGT A Val118
GGC or TGC3 B Ala118

CSN1S1 promoter 289 A 2–3–4 AF549502 —
C 1 —

Del4 395–396 TT 1 —
2–3–4 —

Del4 397–400 GTTT 3–4 —
1–2 —

444 A 2–3–4 —
G 1 –

484 G 1–2–3 —
C 4 —

CSN3 intron II5 8,371 A A AY380228 —
G B —

1GenBank Accession Number. The table reports the sequence to which the SNP position refers.
2Reference sequence: X14712.
3Reference sequence: M27732.
4Del = Deletion.
5Bov-A2 element.

ble 4 to be used for allele identification. Two discrimi-
nating probes (allele-specific probes designed to have
their 3′ position placed just over the polymorphic site)
and a common probe were selected for each SNP, except
for the 2 deletions 395–396 and 397–400 of the CSN1S1
promoter, for which 2 common probes were designed
(Table 5).

The discriminating probes carried a Cy3 or a Cy5
fluorochrome at their 5′ termini, whereas the common
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probes carried a phosphate group in the same position.
As a positive control, we designed a probe pair (CSN2-
UNI) perfectly matching the CSN2 sequence of all sam-
ples considered, and this was taken as an internal refer-
ence (IR) for the normalization process in genotyping
calculations. The sequences of the selected probes are
shown in Table 5. When a probe sequence contained an
ambiguity code, this base was replaced with degenerate
bases (Table 5) during oligonucleotide synthesis. Oligo-
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nucleotide probes were purchased, HPLC-purified, and
checked by matrix-assisted laser desorption ionization-
mass spectrometry by Thermo-Hybaid GmbH (Ulm,
Germany).

The specificity of the probe sequences was checked
in the GenBank database using BLAST to verify the
absence of homology with other sequences. A ZipCode
sequence (Consolandi et al., 2004) was randomly as-
signed to each polymorphic site, and the ZipCode com-
plement sequence (cZipCode) was attached to the 3′-
terminal position of the related common probe. All oligo-
nucleotides had similar thermodynamic features and
Tm values of 67 to 69°C.

The possibility of hairpin loop formation in the 24
common probes with cZipCode sequences was checked
by using the Oligo Analyzer software available online
(Integrated DNA Technologies Inc., 2006).

In addition, we designed a probe pair matching a
synthetic template, 50 bp long, (5′-AGCCGCGAACAC
CACGATCGACCGGCGCGCGCAGCTGCAGCTTGC
TCATG-3′), used as a ligation control, and a sequence
complementary to ZipCode 66 as a control for the hy-
bridization reaction (5′-GTTACCGCTGGTGCTGCCG
CCGGTA-3′).

UA Preparation

To prepare a UA, ZipCode sequences were chosen
from among those described in the literature (Gerry et
al., 1999; Chen et al., 2000). The 5′ amino-modified
ZipCodes, carrying an additional poly(dA)10 tail at
their 5′ end, were dissolved in 100 mM phosphate buffer
(pH 8.5) at a final concentration of 50 �M and spotted
4 times onto Codelink slides (Amersham Biosciences
Europe GmbH, Milano, Italy) by a pin contact arrayer
(Microgrid II Compact, BioRobotics, Cambridge, UK).
Printed slides were processed according to the manufac-
turer’s protocol.

Batch quality control was performed by hybridization
with 1 �M 5′ Cy3-labeled poly(dT)10 in a solution con-
taining 5× SSC and 0.1 mg/mL of salmon sperm DNA
at room temperature for 1 h, then washing for 15 min
in 2× SSC. The fluorescent signal was checked by laser
scanning. By using 8 subarrays per slide, associated
with a multichamber hybridization system, 8 samples
were run in parallel on the same slide.

LDR and Hybridization onto UA

The LDR was performed in a final volume of 20 �L,
containing 20 mM Tris-HCl (pH 7.5), 20 mM KCl, 10
mM MgCl2, 0.1% NP4O, 0.01 mM ATP, 1 mM dithi-
othreitol, 2 pmol of each discriminating oligo, 2 pmol
of each common probe, and 5 to 50 fmol of purified PCR
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product. The reaction mixture underwent a denatur-
ation step for 2 min at 94°C, and then 1 �L of 4 U/�L
of Pfu DNA ligase (Stratagene, La Jolla, CA) was added.
The LDR was carried out for 30 cycles of 94°C for 30 s
and 65°C for 4 min in a GeneAmp PCR System 9700
(Applied Biosystems, Foster City, CA). The hybridiza-
tion solution (65 �L), consisting of the ligation reaction
mix, 10 pmol each of the Cy3- and Cy5-labeled hybrid-
ization control probes, 5× SSC, and 0.1 mg/mL of salmon
sperm DNA was heated at 94°C for 2 min and applied
onto the UA using a multisampling hybridization cham-
ber (Press-to-Seal silicone isolator, Schleicher &
Schuell, Dassel, Germany). The hybridization reaction
was carried out in the dark at 65°C for 2 h, in a tempera-
ture-controlled oven. After removal of the chamber, the
array was washed in prewarmed 1× SSC-0.1% SDS for
15 min at 65°C.

Signal Detection and Statistical Data Analysis

Fluorescent signals were measured with a ScanArray
Lite laser scanning system and ScanArray Express Mi-
croarray Analysis System 2.1 software (PerkinElmer
Life Sciences, Boston, MA) using the green laser for
Cy3 dye (λex 543 nm/λem 570 nm) and the red laser for
Cy5 dye (λex 633 nm/λem 670 nm). Both the laser and
the photomultiplier tube gain varied between fluoro-
chromes and experiments. Spot analysis of 5-�m-reso-
lution TIFF images was carried out by using the Scan-
Array Express Microarray Analysis System software
supplied with the scanner. The quantification method
chosen was the “fixed circle.” Spot intensities were cal-
culated using the mean intensity option. Data analysis
for each experiment was performed by using the follow-
ing calculations:

1) The local background was subtracted from the in-
tensity of each spot.

2) Fluorescent intensities (FI) of quadruplicate spots
were averaged for each channel and the coefficient
of variation was calculated.

3) The ratio between the average FI of the Cy3 and
Cy5 channels of the IR (corresponding to the CSN2-
UNI probe) was calculated (FICy3/FICy5 = RIR). This
value was used for correcting the fluorophorescence
imbalance (and other channel-related biases). Each
average FICy3 for a given ZipCode was divided by
RIR to obtain a corrected fluorescent intensity
(cFICy3).

Genotype Determination

To define the genotype for each SNP, we calculated
the allelic fraction (AF), which estimates the relative
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amount of allele 1 (Cy3-labeled) with respect to allele
2 (Cy5-labeled) by using the following equation:

AF = cFICy3/(cFICy3 + FICy5),

as described by Liljedahl et al. (2003). The AF values
of each SNP were plotted simultaneously to analyze
their distribution as a function of the 3 possible geno-
types (11, 12, and 22). A regression analysis of the AF
values on the number of 2 alleles in the genotype was
also performed. A specific program was developed in
SAS software (SAS Institute, Inc., Cary, NC) to recon-
struct the different alleles on the basis of the SNP ana-
lyzed (Table 4).

RESULTS

The objective of the study was to use microarray tech-
nology to develop and validate a fast method for geno-
typing the main mutations of bovine milk proteins in
both the coding and noncoding sequences. To validate
the method, the samples were analyzed by conventional
DNA approaches.

Milk was chosen for the DNA extraction because it
is particularly suitable for the routine genetic analyses
that could be performed by means of the LDR-UA assay.
In fact, milk is more suitable than blood or hair in dairy
cattle, where a screening of milk protein loci in the
female population could be carried out with the DNA
chip developed. Considering that the DNA extracted
from milk for validation analyses is sometimes qualita-
tively poor (20% of the samples), giving low or no prod-
uct in the PCR quality test, a method was found to
use this DNA. In fact, the whole genome amplification
procedure described and applied to these samples gave
an amount of DNA quantitatively and qualitatively suf-
ficient to perform mPCR amplification (data not shown).

Development of the CSN1S1 Promoter
SSCP Analysis

For the CSN1S1 promoter region, an SSCP analysis
was developed as a fast and reliable alternative to the
microarray analysis for typing this region and for test-
ing a number of samples sufficient to find the references
samples for all the alleles included in the microarray
analysis. The SSCP analysis developed revealed 4 dif-
ferent allelic patterns. The sequencing confirmed that
they corresponded to the 4 alleles described by Prin-
zenberg et al. (2003) and were named 1, 2, 3, and 4
according to the authors and the sequence analysis.
The migration patterns of alleles 2 and 3 were quite
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Figure 1. Polymerase chain reaction-single strand conformation
polymorphism typing of the CSN1S1 promoter region for the simulta-
neous detection of alleles 1, 2, 3, and 4. Genotypes are indicated for
each sample. Two bands for each allele are also shown (solid diamond:
allele 1; solid triangle: allele 2; open diamond: allele 3; open triangle:
allele 4). In sample 23, the overlapping of the slower bands and the
small difference between the faster bands of the 2 alleles is shown.

similar (Figure 1), so in some cases it was necessary to
sequence the samples to be sure of the genotype.

Development of the mPCR

The mPCR described here permitted the simultane-
ous amplication of 8 different DNA fragments: a 275-
bp fragment of the CSN2 sixth exon, a 333-bp fragment
of the CSN1S1 17th exon, a 404-bp fragment of the
LGB third exon, a 423-bp fragment of the second intron
of CSN3 containing the Bov-A2 element, a 462-bp frag-
ment of the CSN3 fourth exon, a 494-bp fragment of
the LGB forth exon, a 518-bp fragment of the CSN1S1
promoter region, and a 545-bp fragment of the CSN2
seventh exon. The amount of PCR product varied
among experiments and fragments but was always be-
tween 5 and 50 fmol, and was therefore sufficient for
the subsequent analyses. Examples of the results ob-
tained are shown in Figure 2.

LDR, Hybridization onto the UA, and Genotyping

Some LDR-UA results are shown in Figure 3. With
regard to the efficiency and the behavior of all the
probes, the SNP determinations performed by the
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Figure 2. Example of multiplex PCR amplification of DNA from 12 different animals. The separation of each DNA fragment was visualized
using a Bioanalyzer 2100 (Agilent Technologies, Milano, Italy).

mPCR-LDR-UA approach were in agreement with gen-
otyping carried out by protein IEF, conventional DNA
molecular methods, and direct sequencing, except for
some detection limits of IEF and PCR-SSCP, summa-
rized in Table 6, showing the allele frequencies in the
validation samples.

For CSN3, the mPCR-LDR-UA approach allowed us
to detect, in both the reference samples (Table 2) and
in the validation samples (Table 6), the occurrence of
an allele (here named W) coding for Thr136 and Ala148.
This allele was not detectable by either IEF or PCR-
SSCP. In addition to CSN3*W and the polymorphisms
in the noncoding sequences, IEF cannot detect CSN2*I
comigrating with CSN2*A2, and CSN3*H comigrating
with CSN3*A. The latter allele was not detected in the
Italian Holstein samples analyzed.

For the CSN1S1 promoter, the sometimes ambiguous
discrimination of alleles 2 and 3 by PCR-SSCP ideally
had to be confirmed by sequencing. This typing diffi-
culty was overcome by using the DNA chip developed
in this study.

The differences in performance of the entire process
consisting of mPCR-LDR-UA were normalized by ad-
justments of the fluorescent signal intensity of each
spot relative to the signal obtained from the IC, corres-
ponding to a region of the CSN2 gene and associated
with ZipCode 35. Because of our probe design strategy,
this region was heterozygous in all the samples an-
alyzed.

Journal of Dairy Science Vol. 90 No. 1, 2007

Afterward, the AF values of each SNP analyzed were
plotted simultaneously as a function of the 3 possible
genotypes, as shown in Figure 4. We obtained a very
well-defined distribution corresponding to the 3 possi-
ble genotypes: AF ranging from 0.87 to 1.00 for the
homozygotes for allele 1, from 0.01 to 0.21 for the homo-
zygotes for allele 2, and 0.36 to 0.65 for heterozygotes.
All the typed SNP fell within one of the 3 distinct non-
overlapping areas, defining the 3 possible genotypes
unequivocally. The regression analysis was highly sig-
nificant (P < 0.0001, R2 = 0.998), indicating the particu-
lar robustness of the genotype classification of the basis
of the AF values obtained.

DISCUSSION

In the work described herein, we applied the LDR
combined with a UA platform for the simultaneous
identification of 22 single base modifications situated
in 8 different regions of milk protein genes. For SNP
genotyping, many microarray techniques are available
(Hacia, 1999; Kurg et al., 2000; Pastinen et al., 2000).
Using the LDR-UA assay, we overcame one of the major
limitations of DNA microarray approaches based on
differential hybridization with allele-specific oligonu-
cleotide probes (Hacia, 1999). Optimal hybridization
conditions are difficult to determine for large sets of
different probes, which need to be hybridized on a DNA
chip at the same time. Other array-based SNP genotyp-
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Figure 3. Some results of the ligation detection reaction-universal array (LDR-UA) approach. (A) Universal array deposition scheme.
Among all ZipCodes spotted, 23 corresponded to the single nucleotide polymorphisms selected. ZipCodes 63 and 66 corresponded to the
ligation and hybridization control, respectively. (B) Examples of LDR-UA results: On the left is a validation sample; on the right is a
reference sample. The composite images were achieved by overlapping Cy3 fluorescent signals (green palette) and Cy5 fluorescent signals
(red palette). Green and red spots represent the 2 homozygous conditions. Yellow spots are the combination of Cy3 and Cy5 dyes, corresponding
to heterozygous sites.
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Table 6. Allele frequencies of the sample of Italian Friesian cattle
(n = 100) obtained from the genotyping by ligation detection reaction-
universal array assay (LDR-UA), isoelectrofocusing (IEF), and con-
ventional molecular methods (CM)

DNA target Alleles LDR-UA IEF CM

CSN1S1 exon 17 B 0.995 0.995 0.995
C 0.005 0.005 0.005

CSN2 exon 6, 7 A1 0.310 0.310 0.310
A2 0.635 0.6451 0.635
A3 0.005 0.005 0.005
B 0.040 0.040 0.040
C 0.000 0.000 0.000
I 0.010 ND 0.010

CSN3 exon 4 A 0.710 0.710 0.710
B 0.185 0.1902 0.1902

C 0.000 0.000 0.000
E 0.100 0.100 0.100
H 0.000 ND 0.000
W 0.005 ND ND

LGB exon 3, 4 A 0.470 0.470 0.470
B 0.530 0.530 0.530

CSN1S1 promoter 1 0.070 — 0.070
2 0.695 — 0.6953

3 0.185 — 0.1853

4 0.050 — 0.050
CSN3 intron II4 A 0.695 — 0.695

B 0.305 — 0.305

1CSN2*A2 and CSN2*I are not differentiable (ND) by IEF.
2The ancestral CSN3 allele (W) is not differentiable from CSN3*B

by PCR-single-strand conformation polymorphism (PCR-SSCP) and
IEF. A dash (—) indicates nonevaluable by IEF.

3Alleles 2 and 3 of the CSN1S1 promoter are not clearly separated
by PCR-SSCP and require much expertise to be discriminated.

4Bov-A2 element.

ing methods exist, such as single base primer extension
on the microarray (Pastinen et al., 2000) and arrayed
primer extension technologies (Kurg et al., 2000;
Kaminski et al., 2005), but optimal probes must be
designed for each SNP and multiplexing may be diffi-
cult or impossible. In the UA-based approach, the opti-
mization of hybridization conditions for each probe set
is not required. During the hybridization reaction, the
cZipCode sequences appended to the common probes
hybridize with the complementary ZipCodes of the UA.
Inasmuch as the ZipCodes were already designed for
this purpose, it is unnecessary to set new hybridization
conditions, and new probe pairs can be added to the
array without further optimization, thus reducing costs
and setup time.

Our approach provides for an accurate, inexpensive,
and high-throughput assay that does not exhibit false
positive or false negative signals, thus making it highly
suitable for animal genotyping. All the LDR probes se-
lected were designed to have high theoretical Tm to
perform the ligation reaction at 65°C, which prevented
problems caused by secondary structures of the target
DNA. In the LDR, the specificity of the hybridization
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probes and the selectivity of the ligation reaction are
combined to increase discrimination power. Further-
more, by means of the LDR it is possible to target sev-
eral PCR amplicons at the same time in a single ligation
reaction. The development of an mPCR reaction for
the simultaneous amplification of 8 different fragments
allows for increasing throughput and lowers time and
costs. The good quality of the mPCR products, in terms
of length and concentration, was taken as a guarantee
of successful LDR.

The whole procedure, from DNA extraction to signal
analysis, required almost 10 h for the typing of 24 sam-
ples. Because the number of animals assayed depends
on how many arrays can be examined, we increased
this number by means of “arrays of arrays.” The use of
8 subarrays per slide format associated with a multi-
chamber hybridization system allowed the simultane-
ous genotyping of 8 different samples at once, either
homozygous or heterozygous for each SNP analyzed, at
minimized reagent costs (Figure 3A).

As pioneered by Gerry et al. (1999) and Favis et al.
(2000), our platform also allowed insertion and deletion
polymorphisms to be genotyped. For the CSN1S1 pro-
moter, this approach was applied by designing 2 com-
mon probes, differing at their 3′-nucleotide, to detect 2
deletions at the CNS1S1 promoter. An innovative re-
sult obtained in the present work was the successful use
of 2 different fluorochromes for the deletion genotyping.

To test the feasibility of using LDR-UA as a genotyp-
ing assay to discriminate milk protein genes, a set of
100 animals was successfully analyzed. An important
result of our LDR-UA genotyping was a more accurate
genotyping of the different milk protein alleles. In the
validation samples, new findings were obtained from
the analysis of LGB and CSN3. For LGB, the G nucleo-
tide at gene position 5,223 (Table 4) was never detected
in the samples, suggesting that this synonymous SNP
may be a sequencing mistake or a rare mutation not
affecting the LGB typing.

The 2 main CSN3 alleles in Bos taurus and B. indicus
are CSN3*A (Thr136-Asp148) and CSN3*B (Ile136-Ala148;
Farrell et al., 2004). The LDR-UA genotyping allows
the identification of both SNP associated with these
main κ-CN variants, thus providing additional informa-
tion on the intragenic CSN3 haplotype, which could not
be evaluated by the other genotyping methods used. In
fact, at CSN3 4 samples were found to be heterozygous
for an allele coding for Thr136 and Ala148. This variant
can be considered the wild type of the genus Bos, as
first suggested by Addeo and Mercier (1977), who found
the Italian water buffalo (Bubalus arnee) monomorphic
for this intragenic haplotype, although until now, it has
not been detected in B. taurus and B. indicus. In the
most recent nomenclature of milk proteins, a variant
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Figure 4. Boxplot of the allelic fraction (AF) values obtained for the different single nucleotide polymorphisms by means of the ligation
detection reaction-universal array assay. Three areas were well defined as a function of the combination of the 2 alleles in the genotype:
genotype 11, genotype 12, and genotype 22. Boxes represent the median (solid black horizontal line) and interquartile range. Whiskers
correspond to the AF extreme values (minimum or maximum). Values were interpolated by a linear regression of the AF values on the
number of alleles of one type in the genotype.

identified in the yak (Bos grunniensis) coding for Thr136
and Ala148 was renamed as G2 (Farrell et al., 2004).
This nomenclature includes milk protein variants from
different Bos species, thus generating possible confu-
sion from the phylogenetic point of view. The ancestral
variant could usefully be defined as W (wild). Among
the 4 samples in our work carrying this allele, 2 of
the 2 BW were found in the Somba breed within the
reference samples and the third was found in the Italian
Friesian validation samples, whereas for the AW, one
was found again within the Somba reference samples.
Thus, the ancestral allele Thr136-Ala148 was found in
the Italian Friesian sample analyzed at a low frequency
(1/200 = 0.005), but its occurrence should be taken into
account to have a more complete picture of the genetic
variation at κ-CN as well as at the entire CN complex.

This finding in the Italian Friesian sample indicates
the potential of our microarray-based assay to detect
intragenic haplotypes not identifiable using conven-
tional molecular techniques. This potential is of great
interest for genetic analyses. The informative content of
a locus is increased by the discovery of such haplotypes,
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providing additional elements for biodiversity studies
and phylogenetic analyses.

In conclusion, we demonstrated the great potential
of the mPCR-LDR-UA method for rapid and reliable
identification of milk protein polymorphisms in cattle.
The method is currently under Italian Patent (Castigli-
oni et al., 2006). The next step in our mPCR-LDR-UA
approach applied to bovine milk protein polymorphisms
will be to include further mutations in the microarray
that are important for other breeds. For Italian Brown
typing, for example, the CSN1S1*G allele needs to be
considered for its important expression effect (Rando
et al., 1998), as does the CSN1S1*F allele, which was
found in the same breed within the haplotype
CNS1S1*F-CSN2*A2-CSN3*B (Boettcher et al., 2004).
Other important noncoding milk protein polymor-
phisms could also be added to the chip, such as LALBA
(Bleck and Bremel, 1993), LGB (Wagner et al., 1994;
Ehrmann et al., 1997; Lum et al., 1997; Kaminski and
Zabolewicz, 2000; Kuss et al., 2003), and CN genes
(Schild and Geldermann, 1996; Szymanowska et al.,
2003; Szymanowska, et al., 2004). As described in Con-
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solandi et al. (2004), up to 54 different discriminating
probes can be used in such a multiplex ligation reaction
without affecting the efficiency of the method. The full
potential of microarrays implying a large set of analysis
to be performed in parallel could be exploited in de-
tecting several SNP at once.

This technology offers the power of a microarray for-
mat, facilitating the genotyping of different genomic
regions, which could be investigated for phylogenetic
and association studies, for the evaluation of genetic
distances among cattle breeds and the domestication
history of bovine species, and for dairy cattle identifica-
tion and parentage control. In selection, the chip could
also be used to analyze CN haplotypes instead of single
loci, which would help to exploit the effects of the entire
CN cluster on milk yield and component traits. Interro-
gation of known SNP, compared with the most popular
DNA markers (microsatellites), is attractive because
they are genetically stable and amenable to high
throughput with automated technology. They are con-
sidered a realistic alternative in livestock identification,
kinship analysis, and linkage studies. The mPCR-LDR-
UA technology could become a powerful tool for their
detection and exploitation in animal breeding.
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