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ABSTRACT

Milk yield and composition are of great economic
importance for the dairy goat industry. The identifi-
cation of genes associated with phenotypic differences
for these traits could allow for the implementation of
gene-assisted selection programs in goats. Associations
between polymorphisms at 3 candidate genes and milk
production traits in Alpine goats farmed in Italy were
investigated in the present research. Considered genes
were acetyl-coenzyme A carboxylase o (ACACA), the
major regulatory enzyme of fatty acid biosynthesis;
stearoyl-coenzyme A desaturase (SCD), involved in
the biosynthesis of monounsaturated fatty acids in the
mammary gland; and lipoprotein lipase (LPL), which
plays a central role in plasma triglyceride metabolism.
An approach somewhat similar to the granddaughter
design for detecting quantitative trait loci in dairy
cattle was followed. Effects of genotypes of a sample of
59 Alpine bucks on phenotypes of their 946 daughters
raised in 75 flocks were investigated. Data comprised
13,331 daily records for milk yields (L/d), fat and pro-
tein yields (kg/d), and fat and protein contents (%) of
2,200 lactations. Population genetics parameters were
calculated and associations between milk production
traits and 10 single nucleotide polymorphisms (SNP) at
the 3 genes were tested. Two markers at the ACACA,
1 for the SCD and 1 at the LPL locus, deviated sig-
nificantly from the Hardy-Weinberg equilibrium, with
an observed heterozygosity lower than expected. Flock,
age of the goat, kidding season, and stage of lactation
affected all traits considered, except fat percentage.
Three SNP were found to be significantly associated
with milk production traits. The SNP located on the
ACACA gene showed an effect on milk yield, with
daughters of T'T bucks having an average test-day milk
yield of about 0.3 to 0.25 L/d lower than the other 2
genotypes. The marker on the LPL locus was highly
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associated with milk yield, with the largest values for
CC daughters (about 0.50 L more than GG). The TGT
deletion located on the untranslated region of the SCD
gene showed significant effects on average milk and
protein yields. The homozygote-deleted genotype had
values about 0.5 L/d and 16 g/d lower for milk and
protein daily yield, respectively, compared with the
TGT/TGT genotype. Differences between genotypes
were quite constant across most of the lactation. As-
sociations found in the present study, which should be
tested in a larger sample, especially for those markers
that show rare genotypes, may offer useful indications
for the genetic improvement of dairy traits in goats.
Key words: goat milk trait, candidate gene, single
nucleotide polymorphism effect

INTRODUCTION

The identification of mutations in genes found to
affect dairy traits in cattle (Grisart et al., 2002; Co-
hen Zinder et al., 2005; Mele et al., 2007) has opened
interesting perspectives for the implementation of gene-
assisted selection schemes. Fat and protein yield and
composition are traits of great economic importance
in the dairy goat industry, whose milk is mainly des-
tined for cheese processing. This species is considered
of limited importance in the leading world countries for
animal production. However, it plays a relevant role for
smallholders in ecologically marginal areas such as dry
lands and mountains(FAO, 2007).

The improvement of milk quality traits in goats by
conventional breeding schemes is hampered by the
costs for measuring phenotypes. Actually, few breed-
ing programs exist for this species. The identification
of genes affecting composition traits could, therefore,
be useful for implementing gene-assisted selection pro-
grams able to partly overcome the above-mentioned
drawbacks. Associations between polymorphisms at
casein loci and milk composition have been extensively
studied in goats (Ibeagha-Awemu et al., 2008). In par-
ticular, several causative mutations at the ay-CN locus
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associated with the content of this protein in milk have
been detected; also, polymorphisms at the k-CN locus
have been associated with milk quality and cheese yield
(Chiatti et al., 2007; Caravaca et al., 2011). The genetic
background of fat has been less investigated due to the
assessed influence of the diet in controlling milk fat
content and FA composition (Jenkins and McGuire,
2006).

Milk fat synthesis is a complex process that involves
several enzymes, some of which have been character-
ized at the molecular level in goats. Acetyl-coenzyme
A carboxylase o (ACACA) is the major regulatory
enzyme of FA biosynthesis. It is considered the rate-
limiting step in de novo synthesis in animal tissues. The
ACACA gene was found to be markedly upregulated
during lactation in cattle (Bionaz and Loor, 2008).
In goats, the coding sequence from exon 3 to 46 has
been characterized by sequencing 5.5 kb (78%) of the
cDNA (Badaoui et al., 2007). A silent SNP associated
with milk fat content has been identified on exon 45
(C5493T) in 5 Spanish breeds. Signorelli et al. (2009)
found 3 SNP in a portion of the 5 untranslated region
(UTR) that encodes promoter III, which acts in the
regulation of mammary gland transcripts. These mark-
ers were found to be associated with fat yield.

The stearoyl-CoA desaturase (SCD) gene encodes an
integral membrane protein of the endoplasmic reticulum
that plays a central role in MUFA synthesis (Ntambi
and Miyazaki, 2004). Most of the conjugated linoleic
acid in ruminant milk is synthesized in the mammary
gland by the action of SCD on circulating vaccenic
acid (Bauman et al., 2006). Associations between SCD
polymorphisms and FA composition of meat and milk
fat (Mele et al., 2007; Moioli et al., 2007a; Ohsaki et
al., 2009) and milk and protein yield (Macciotta et al.,
2008) in cattle have been reported. The SCD gene has
been mapped on goat chromosome 26. The mRNA has
been sequenced (Bernard et al., 2001; Yahyaoui et al.,
2002). Two SNP have been reported in exon 5 (Ya-
hyaoui, 2003; Yahyaoui et al., 2003) and a deletion of
a nucleotide triplet has been detected in the 3'UTR
(Bernard et al., 2001). Single nucleotide polymorphisms
identified in exon 3, intron 3, intron 4, and exon 6 have
been reported to be associated with growth traits in
Chinese goat breeds (Zhang et al., 2010; Chen et al.,
2011).

The lipoprotein lipase (LPL) gene encodes for the
rate-limiting enzyme in the hydrolysis of the triglyceride
core of circulating triglyceride-rich lipoproteins, chylo-
microns, and very low-density lipoproteins. In goats,
the sequencing of the LPL ¢cDNA allowed the identifica-
tion of 2 SNP: a missense mutation responsible for a
Ser > Thr amino acid substitution at position 17 of the
signal peptide and a C to T substitution in the 3'UTR
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of the gene (Badaoui et al., 2007). Moreover, the same
authors found an association of the missense SNP with
milk fat content.

One of the best-producing dairy goat breeds in Italy
and in the world is the Alpine breed. The registered
Italian Alpine population consists of 15,145 goats. It
is the second goat breed of the country in terms of the
number of farmed animals. In 2011, the average milk
yield per goat in 210 d was 500 L, with 3.49 and 3.33%
fat and protein content, respectively. Most of the milk
is destined for cheese processing. Polymorphisms in the
3 considered genes with favorable effects on milk yield
and, especially, composition could, therefore, be useful
for the genetic improvement of the breed.

A common issue for association studies in small rumi-
nants is the limited size of the sample of animals con-
sidered. In the early 1990s, the granddaughter design
was proposed to increase the size of population involved
in the analysis (Weller et al., 1990). In this study, the
effect of the genotype of a sample of Alpine bucks at
the 3 candidate loci was investigated on the phenotype
of their daughters. Actually, such an approach could be
seen as something between a daughter (2 generations
are considered) and a granddaughter (only sires are
genotyped, not animals with performances) design. The
aim of the present research was to investigate possible
associations between polymorphisms at the 3 candidate
genes (ACACA, SCD, and LPL) and milk production
traits in Alpine goats farmed in Italy.

MATERIALS AND METHODS
DNA Extraction and SNP Genotyping

Hair samples from 59 Alpine bucks were collected.
Genomic DNA was extracted using the tissue and hair
extraction kit (Promega Corp., Madison, WI).

Based on information obtained by in silico analysis
of the ACACA locus, primer pairs were designed to
amplify exon 14, showing an in silico SNP identified
by the alignment of the following sequences: DQ370054
(Badaoui et al., 2007) and Z17803 (Travers and Barber,
1993) and the genomic region spanning exon 44 to 45
to detect the silent SNP previously reported (Badaoui
et al., 2007).

For the SCD gene, 7 primer pairs amplifying exons
1 to 6 and a partial 3'UTR sequence were designed.
For the LPL gene, 9 primer pairs amplifying exons 1,
2,7,8,9, and a 3'UTR sequence were designed. Single
nucleotide polymorphism discovery was carried out by
aligning sequences of genomic DNA of 12 goats (P. Cre-
paldi, L. Nicoloso, and E. Milanesi, unpublished data).

Genotyping of the 9 SNP and 1 indel identified was
carried out in outsourcing, exploiting the KASPar
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Table 1. Single nucleotide polymorphism information
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Gene name' SNP name® Location SNP AA change Reference SeqRef-SNP identification®
ACACA ACACAex14_CT Exon 14 c/T No Our work rs155505584

ACACA ACACAex45_CT Exon 45 C/T No Badaoui et al. (2007) DQ370054-C5493T
ACACA ACACAex46_1CT Exon 46 c/T No Our work $8522928245

LPL LPLex1G50C Exon 1 G/C Ser36 to Thr Badaoui et al. (2007) DQ370053-G50C

LPL LPLint7_CT Intron 7 c/T Our work $8522928251

SCD SCDex2_AG Exon 2 A/G No Our work rs155505578

SCD SCDex3_AG Exon 3 A/G Vall09 to Met Chen et al. (2011) AF325499-EX3_15G > A
SCD SCDex5_CT Exon 5 C/T No Our work rs155505581

SCD SCDex5_GT Exon 5 G/T No Yahyaoui et al. (2003) AF339909

SCD SCD3UTR_delTGT 3'UTR —/TGT Bernard et al. (2001) AF325499

'ACACA = acetyl-CoA carboxylase o; LPL = lipoprotein lipase; SCD = stearoyl-CoA desaturase.

ex = exon; int = intron; UTR = untranslated region; del = deletion.

*Sequenced reference (SeqRef) identification in the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.

gov/).

SNP genotyping system developed and patented by
KBioscience (http://www.kbioscience.co.uk). The SNP
analyzed are described in Table 1.

Milk Recording Data

Data comprised 13,331 daily records for milk yields
(L), fat and protein yields (kg/d), and fat and protein
contents (%) of 2,220 lactations recorded on 946 goats,
daughters of the 59 above-described bucks. Phenotypes
were recorded by the Italian Association of Animal
breeders in the period March 2002 to February 2010.
Goats were farmed in 75 flocks located mainly in the
north of Italy. The average number of daughters per
buck was 16.8 (minimum 3, maximum 79). Average
daily yields were 2.49 £ 1.12 L, 76.8 £ 48.8 g, and
78.5 + 37.6 g for milk, fat, and protein, respectively.
Average fat and protein percentages were 3.12 £ 1.38
and 3.19 + 0.81%, respectively.

Statistical Analysis

Population genetics parameters were calculated us-
ing PowerMarker v3.25 (http://statgen.ncsu.edu/pow-
ermarker; Liu and Muse, 2005). In particular, minor
allele frequency, expected and observed heterozygosity,
and Hardy-Weinberg equilibrium exact P-values were
calculated.

Associations between milk production traits and each
single SNP at the 3 candidate genes were tested using
the following mixed linear model:

}/ijklmnopq - H + FLOCKZ + bTD + DIMJ(SNPk)
+ SNP, + SEA, + AGE,, + KIDS,
+ G,(SNPy) + S,(FLOCK,) + e, 1]
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where Ym0, = milk (L/d), fat, or protein (kg/d) yield
and fat and protein content (%) test-day (TD) record o
of goat n; = overall mean; FLOCK,; = random effect
of the flock (75 levels); bTD = covariable represented
by the date of the milk sample collection; DIM; = fixed
effect of the stage of lactation (10 intervals of 30 d
each); SNP, = fixed effect of the SNP genotype of the
sire (3 levels); SEA; = fixed effect of the kidding season
(4 levels); AGE,, = fixed effect of the age of the goat
at kidding in years (7 levels: 1 to 6 and >6); KIDS, =
fixed effect of number of kids at parturition (3 levels: 1,
2, and >2); G, = random effect of the goat (946 levels);
S,(FLOCK;) = random effect of the sire (59 bucks)
nested within flock; and e = random residual.

The fixed effect of the sire SNP genotype allowed for
the estimation of its effect on dairy traits of the daugh-
ters averaged across the whole lactation. Being the ef-
fect evaluated on progeny phenotype, it was expected
to be halved. The DIM factor nested within SNP was
included in the model to estimate lactation curves of
the different genotypes (Stanton et al., 1992). The ran-
dom effect of goat nested within SNP genotype was
included to account for individual variability. A random
sire effect was also considered to account for the effect
of the buck, even though its (co)variance was not struc-
tured with the relationship matrix due to the limited
availability of parentage information. Moreover, it was
considered nested within the flock because most bucks
have daughters only in 1 flock. Random effects of
model 1 were assumed to be normally distributed with
(co)variance matrices for flock (IU%), goat (Iog), sire
(10123), and residual (Iof). Statistical significance of the
SNP effect was tested against variance of goat nested
within SNP genotype (Littell et al., 1998). Being that
each SNP was tested separately, the level of significance
was corrected gene wide using the Bonferroni adjust-
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Table 2. Population genetics parameters: buck genotype frequencies, minor allele frequencies (MAF), observed
and expected heterozygosity (Het obs and Het exp, respectively), and Hardy-Weinberg (HW) equilibrium exact

P-values at the investigated SNP

Allele and HW exact

SNP! Genotype and frequency MAF Het obs  Het exp P-value
ACACAex14_CT cC CT TT T

0.625 0.375 — 0.1875 0.375 0.305 0.186
ACACAex45_CT cC CT TT T

0.589 0.286 0.125 0.268 0.286 0.392 0.044*
ACACAex46_1CT cC CT TT C T

0.069 — 0.931 0.069 0.00 0.128 0.002*
LPLex1_G50C CcC CG GG C G G G

0.02 0.216 0.764 0.128 0.216 0.222 1
LPLint7_CT cC TC TT C

0.074 0.17 0.756 0.159 0.170 0.269 0.016*
SCDex2_AG AA GA GG G

0.455 0.436 0.109 0.327 0.436 0.440 1
SCDex3_AG AA GA GG G

0.353 0.53 0.117 0.382 0.529 0.472 0.37
SCDex5_CT cC CT TT T

0.444 0.40 0.156 0.356 0.400 0.458 0.475
SCDex5_GT GG GT TT T

0.636 0.25 0.114 0.239 0.250 0.363 0.036*
SCD3UTR_delTGT - — -TGT TGTTGT -

0.152 0.522 0.326 0.413 0.522 0.485 0.755

'ACACA = acetyl-CoA carboxylase a; LPL = lipoprotein lipase; SCD = stearoyl-CoA desaturase; ex = exon;
int = intron; UTR = untranslated region; del = deletion.

ment. Pairwise comparisons between different levels of
fixed effects were performed using a Bonferroni-adjust-
ed test.

Average gene substitution effect (o) was calculated
using a model with the same structure of model 1 but
with the gene effect treated as a covariable. The cod-
ing of the 3 genotypes (0, 1, and 2) was based on the
number of copies of the first allele in alphabetical order.
Moreover, an interaction between alleles at the SNP
locus was included to account for possible dominance
effects (Banos et al., 2008; Pauciullo et al., 2012).

Variance associated with the SNP genotype (JENP)
was estimated by running a model with the same struc-
ture of model 1 but with the SNP treated as random.
Thus, a variance component associated with the SNP
locus was estimated. Contributions of the SNP locus
(rpr) and goat (rf) to the total phenotypic variance

of the trait considered were calculated as

2
i Isnp
SNP 2 L2 o ot 4ol
OF TOgsnp T 0y T0p T 0,
and
o2
P2 = 9

9 2 2 2 2 2"
Op +0, +0ogyp +0p + o0,

RESULTS

Population parameters for the 10 polymorphisms
are reported in Table 2. Two markers at the ACACA,
1 for the SCD, and 1 at the LPL locus deviated sig-
nificantly from the Hardy-Weinberg equilibrium. All of
them showed an observed heterozygosity lower than the
expected.

Flock, age of the goat, kidding season, and stage
of lactation affected all traits considered (P < 0.001)
except age at kidding for fat percentage. Number of
kids at parturition affected only yield traits. Both yield
and composition traits tended to increase with age at
parturition. The highest values were reached at 3 to 4
yr, with least squares means (SE) of 2.28 (0.05) L/d for
milk, 76.7 (2.0) g/d for fat content, and 74.8 (1.5) g/d
for protein content respectively. Winter kidding had the
highest daily yields (2.25 + 0.04 L of milk/d, 75.1 +
1.5 g of fat/d, and 72.6 + 1.4 g of protein/d). The
trend across kidding seasons was less defined for fat
and protein percentages. Goats with 2 or more kids at
parturition produced more milk, fat, and protein (2.17
+0.07 L/d, 69.2 £ 3.0 g/d, and 72.1 £+ 2.5 g/d, respec-
tively, for goats with more than 2 kids, and 1.9 4+ 0.05
L/d, 66.3 + 2.1 g/d, and 64.1 + 1.8 g/d, respectively,
for goats with 2 kids) compared with those with 1 kid
(1.81 + 0.05 L/d, 63.3 & 2.1 g/d, and 60.7 + 1.8 g/d,
respectively).

Journal of Dairy Science Vol. 96 No. 3, 2013
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Table 3. Least squares means and SE (in parentheses) of the different SNP genotypes at the acetyl-CoA
carboxylase o (ACACA), stearoyl-CoA desaturase (SCD), and lipoprotein lipase (LPL) loci significantly

associated with milk (MY), fat (FY

), and protein (PY) yields, and fat (FP) and protein (PP) percentages in

the Alpine goats (number of daughters phenotype) estimated by model 1

SNP! Goats (no.) MY (L/d) PY (g/d) P (%) PP (%)
ACACAex45_CT
cC 1,078 1.93 (0.16)*
CT 513 1.90 (0.17)*
T 209 1.63 (0.18)®
LPLex1_C50G
cc 137 .29 (0.22)* 2.64 (0.25)*  2.68 (0.25)"
CG 274 14 (0.18)* 2.94 (0.22)*"  2.84 (0.16)*
GG 1,351 .82 (0.17)" 3.41 (0.22)" 3.12 (0.15)"
SCD3UTR_delTGT
—/- 255 1.56 (0.23)P* 47.3 (9.1)**
TGT/— 647 1.68 (0.17)* 51.9 (6.4)*"
TGT/TGT 773 2.029 (0.17)%" 63.1 (6.5)™"

AB\eans within columns with different superscripts differ (Bonferroni-adjusted significance level: P < 0.01).
*"Means within columns with different superscripts differ (Bonferroni-adjusted significance level: P < 0.05).

lex = exon; UTR = untranslated region; del =

Three SNP (1 in ACACA, 1 in LPL, and 1 in SCD)
were found to be significantly associated with milk
production traits (Bonferroni gene-wide adjusted sig-
nificance level: P < 0.01). For brevity, Table 3 reports
only the significant effects. The number of daughter
phenotypes for each genotype are also specified.

The C-T substitution at exon 45 of the ACACA gene
showed an effect on milk yield and fat percentage.
Daughters of TT bucks had the lowest average milk
yield (P < 0.001), producing about 0.3 to 0.25 L /d less
than the other 2 genotypes, respectively (Table 3) Such
a difference was constant along most of lactation (P <
0.05), until approximately 210 DIM (Figure 1, panel
A). A large dominance effect was evidenced (Table 4)
and could be observed also on lactation curve shape
(Figure 1, panel A). The SNP contribution to the vari-
ance of milk yield (2%) was the lowest among the 3
markers (Table 4).

The SNP located on the first exon of the lipoprotein
lipase gene was highly associated with milk yield, with
CC daughters producing 0.50 L per day more than the
GG daughters (Table 3). This genotype had a large al-
lele substitution effect for this trait but no statistically
significant dominance was detected (Table 4). Actually,
the most favorable genotype was found just for 1 buck
(Table 2), even though lactations for more than 135
daughters were available. In any case, the favorable ef-
fect of the C allele was evident also in the heterozygote
genotype (Table 3). The difference between GG and the
other 2 genotypes was evident throughout most of lac-
tation (Figure 1, panel B; P < 0.01 until about 180
DIM). Animals with the highest average milk yield ex-
hibited the lowest fat and protein contents (Table 3).
Fat percentage showed a rather constant difference
among genotypes along the lactation (Figure 1, panel

Journal of Dairy Science Vol. 96 No. 3, 2013

deletion.

D), whereas differences for protein content were rele-
vant mainly until about 120 DIM. The contribution of
the marker to the variance (TSQNP) of the fat percentage

was the highest observed across traits and markers
(Table 4).

A relevant effect could be observed for the TGT dele-
tion located at the UTR of the SCD locus. The homo-
zygote-deleted genotype had average milk and protein
yields about 0.5 L/d and 16 g/d lower, respectively,
compared with the TGT/TGT genotype. Also in this
case, the effect of genotype was evident for most of
lactation, both for milk and protein yields (Figure 1,
panels D and E). The contributions of the goat vari-
ance to the phenotypic variance of the milk yield and
composition (r; was lower than those in previous re-

ports for dairy goats (Analla et al., 1996; Macciotta et

al., 2005).

DISCUSSION

All the considered loci were found to significantly
affect milk yield. Effects on fat and protein percentage,
and on protein yield were also observed. For each gene,
2 out of 3 possible contrasts were statistically signifi-
cant, with 1 of the 2 homozygote classes represented by
a small number of individuals. The consequence was a
higher standard error of the difference. In the present
research, only 1 buck was found to be a carrier of the
CC genotype for the LPL locus; thus, a confounding
between sire and genotype effect was likely to occur.
However, the phenotypes were recorded on a large num-
ber of daughters. Moreover, the behavior of the other 2
genotypes confirmed the favorable effect of the C allele
on milk yield. Actually, a relevant imbalance between
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Figure 1. Estimated average lactation curves for milk yield of daughters of bucks with different genotypes at the SNP located at the 45th
exon of the acetyl-CoA carboxylase o gene (A), at the fifth exon of the lipoprotein lipase gene (B and C), and at the 3’ untranslated region
(UTR) TGT deletion of the stearoyl-CoA desaturase gene (D and E).
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Table 4. Allele substitution effect (mean + SE) and contribution of each significant SNP to the total phenotypic variance of milk (MY) and

protein (PY) yield, and fat (FP) and protein (PP) percentage

) Variance
Effect’ contribution®
Variable SNP! ol P-value d P-value Byp i
MY (L) ACACAex45_CT —0.15 + 0.05 <0.01 0.12 £+ 0.08 0.01 0.02 0.13
LPLex1_C50G —0.23 £+ 0.08 <0.01 0.09 £ 0.08 0.28 0.04
SCD3UTR_delTGT 0.23 + 0.10 0.01 —0.11 + 0.10 0.29 0.04
PY (kg) SCD3UTR_delTGT 0.009 + 0.003 0.01 —0.0008 + 0.0003 0.82 0.03 0.10
FP (%) LPLex1_C50G 0.38 + 0.07 <0.01 —0.09 + 0.07 0.23 0.07 0.05
PP (%) LPLex1_C50G 0.22 + 0.10 <0.05 —0.06 + 0.11 0.60 0.03 0.09

'ACACA = acetyl-CoA carboxylase a; LPL = lipoprotein lipase; SCD = stearoyl-CoA desaturase; ex = exon; UTR = untranslated region; del

= deletion.

% = substitution effect, expressed in the same units of the corresponding variables; d = dominance effect, expressed in the same units of the

corresponding variables.

3r§Np = contribution to the variance of SNP genotype and ré = contribution to the variance of individual goat (G) to the total genotypic vari-

ance.

genotype frequencies is a common issue in association
studies (Giaccone et al., 2000). In a study on Murciano-
Granadina goats, for example, no CC individuals were
found for LPL (Badaoui et al., 2007). In any case, fur-
ther validations on larger samples of animals is needed
to properly assess the effect of this polymorphism.

The largest effects on milk yield and fat percentage,
both in terms of substitution and contribution to the
phenotypic variance of the trait, were found for the
C50G SNP of the lipoprotein lipase gene. The above-
mentioned study on Spanish goats reported associa-
tions between this polymorphism and milk fat percent-
age. Results are in agreement with those of the present
study both in terms of the favorable allele (G) and
of magnitude of the effect (about 0.5% of difference
between least squares means on GC and GG animals
in both traits).

The second effect in terms of magnitude was found
for the SNP located in the SCD locus. A previous re-
port on Spanish goats indicated an association between
this polymorphism and lactose content and also with
milk FA composition (Zidi et al., 2010). In particular,
goats homozygous for the deletion showed the highest
content of PUFA and total conjugated linoleic acid. In
the present study, this genotype was characterized by
the lowest milk yield. The comparison of these results,
even with all the care needed when considering reports
of different studies, may suggest a mechanism similar to
what was observed in dairy cattle, where the genotype
for an SCD mutation with the highest milk yield showed
the lowest desaturase activity (Mele et al., 2007; Mac-
ciotta et al., 2008). Moreover, SCD was also found to
affect protein yield in cows, as in the case of the present
study. Zidi et al. (2010) suggested that the TGT dele-
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tion produces a conformational change in the mRNA
secondary structure, promoting the formation of a long
stacked pair terminated in 2 small hairpin loops. Fi-
nally, this polymorphism showed an effect on milk and
protein yield of the same sign. A similar effect on milk
and protein yields has been reported in cattle for the
SCD and diacylglycerol acyltransferase (DGAT1I) loci
(Kiihn et al., 2004; Macciotta et al., 2008). This result
is of interest because usually genotypes with favorable
effects on milk yield negatively affect milk composition.

The C-T substitution at exon 45 of the ACACA locus
had already been identified in a study carried out on
Spanish goat breeds (Badaoui et al., 2007), where the
authors found associations between this polymorphism
and milk fat, lactose content, and SCC. In the current
study, the presence of this polymorphism was confirmed
also in the Italian goat breed analyzed, showing an ef-
fect on milk yield. The mutation that was genotyped
is silent; consequently, it is not expected to change the
structure of the encoded enzyme, suggesting that this
polymorphism could be linked to other mutations influ-
encing these traits.

The amount of data available for the analysis was
larger than usual association studies in small rumi-
nants. This was because of the choice of using daughter
performances of genotyped bucks for assessing the gene
effect. As a result, the estimated effect is expected to
be reduced but it could be compensated by the larger
number of records available. Moreover, using directly
goat performances, the analysis was carried out under
a longitudinal perspective, considering repeated records
for each individual across the lactation. Such an ap-
proach, already used in goats to map QTL (Roldédn et
al., 2008), allows for an evaluation of the gene effect
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in different stages of lactation. It is widely assessed
that the use of test-day measures instead of a single
cumulated yield allows for a better estimation of fixed
effects considered in the model. In the case of the
DGAT1I locus in cattle, the effect of the genotype was
reported to be evident at 40 d of lactation (Strucken
et al., 2011). In the present study, differences between
genotypes were quite constant across most of lactation.

If confirmed by other studies, results here obtained
could supply useful information for the genetic improve-
ment of milk traits in the Alpine breed and in other
goat breeds. The 3 considered candidate loci could be
added to the pool of genes of potential interest for gene
assisted selection programs in goats, the most known
example of which is represented by the casein cluster
(Hayes et al., 2006; Gama and Bressan, 2011). In re-
cent years, the availability of high-throughput SNP
platforms has enabled the implementation of genomic
selection programs in dairy cattle (VanRaden et al.,
2009). A high-density SNP platform is already avail-
able for sheep and it has just been presented by an in-
ternational goat consortium (Tosser-Klopp and IGGC,
2012) for goats, opening perspectives of genomic selec-
tion also for this species. Mutations at candidate genes,
as those reported in this study, could be implemented
in the SNP chip to enhance its efficiency in genomic
selection. This the case, for example, of the GeneSeek
Genomic Profiler for Dairy Cattle (http://www.neogen.
com/GeneSeek/pdf/Catalogs/DairyGenomicProfiler.
pdf), obtained by adding to the 7K BeadChip (Illumina
Inc., San Diego, CA) some SNP for single-gene tests,
detecting haplotypes that affect fertility, and parentage
validation (Wiggans et al., 2012).

CONCLUSIONS

Associations between 3 polymorphisms at candidate
genes analyzed and dairy traits have been found in Al-
pine goats farmed in Italy. Two markers were already
reported in the literature and one was discovered in
the present work. These associations, which should be
tested in a larger sample especially for those markers
that show rare genotypes, may offer useful indications
for the development of gene-assisted programs for the
improvement of dairy traits in this species. These per-
spectives could be further enhanced by the next com-
mercial availability of a high-throughput SNP platform
for the genotyping of tens of thousands of SNP markers
for this species.
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