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ABSTRACT

The k-casein (CSN-3) and B-lactoglobulin (BLG)
genes are extensively polymorphic in ruminants. Sev-
eral association studies have estimated the effects of
polymorphisms in these genes on milk yield, milk com-
position, and cheese-manufacturing properties. Usually,
these results are based on production integrated over
the lactation curve or on cross-sectional studies at
specific days in milk (DIM). However, as differential
expression of milk protein genes occurs over lactation,
the effect of the polymorphisms may change over time.
In this study, we fitted a mixed-effects regression model
to test-day records of milk yield and milk quality traits
(fat, protein, and total solids yields) from Colombian
tropical dairy goats. We used the well-characterized
A/B polymorphisms in the CSN-8 and BLG genes.
We argued that this approach provided more efficient
estimators than cross-sectional designs, given the same
number and pattern of observations, and allowed exclu-
sion of between-subject variation from model error. The
BLG genotype AA showed a greater performance than
the BB genotype for all traits along the whole lactation
curve, whereas the heterozygote showed an intermedi-
ate performance. We observed no such constant pattern
for the CSN-3 gene between the AA homozygote and
the heterozygote (the BB genotype was absent from
the sample). The differences among the genotypic ef-
fects of the BLG and the CSN-8 polymorphisms were
statistically significant during peak and mid lactation
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(around 40-160 DIM) for the BLG gene and only for
mid lactation (80-145 DIM) for the CSN-3 gene. We
also estimated the additive and dominant effects of the
BLG locus. The locus showed a statistically significant
additive behavior along the whole lactation trajectory
for all quality traits, whereas for milk yield the effect
was not significant at later stages. In turn, we detected
a statistically significant dominance effect only for
fat yield in the early and peak stages of lactation (at
about 1-45 DIM). The longitudinal analysis of test-day
records allowed us to estimate the differential effects
of polymorphisms along the lactation curve, pointing
toward stages that could be affected by the gene.

Key words: longitudinal data, dairy goats, additive,
dominance, 3-lactoglobulin, k-casein

INTRODUCTION

Most of the proteins contained in the milk of domes-
tic ruminants (goats, sheep, and cattle) are encoded
by 6 well-characterized genes: LALAB, BLG, CSN151,
CSN152, CSN2, and CSN3 (a-LA; B3-LG; and ag-, Qgors
B-, and k-caseins; Kumar et al., 2006). Several studies
on k-casein (CSN-3) and B-lactoglobulin (BLG) genes
in cattle, goats, and sheep have identified polymor-
phisms with allelic and genotypic effects on milk yield,
milk composition, and cheese-manufacturing properties
(Moioli et al., 1998; Martin et al., 2002; Boettcher et
al., 2004; Caroli et al., 2009; Caravaca et al., 2011).
In particular, association studies in goats based on
polymorphisms on the CSN-8 and BLG genes showed
genetic effects on milk yield and milk quality traits
(Kumar et al., 2006; Caravaca et al., 2011; Dagnachew
et al., 2011).
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The casein genes are located on caprine chromosome
6 (CHI6), whereas a-LA and (3-LG genes have been
mapped to caprine chromosomes 5 and 11, respectively
(Martin et al., 2002). Sequencing of the CSN-3 gene has
revealed a high level of diversity at both the DNA and
protein levels, and several variants have been described
(Caroli et al., 2001; Yahyaoui et al., 2003; Prinzenberg
et al., 2005). The A/B group differentiation is related
to a transition from A to G on exon IV (CHR6 po-
sition 82,906,117 CHIR_1.0 assembly) that produces
the amino acid substitution D111G (Yahyaoui et al.,
2003; Kumar et al., 2009). Association studies of this
polymorphism with milk production showed diverse re-
sults for the effect of each allele (Caravaca et al., 2009;
Vacca et al., 2014). The BLG gene is also extensively
polymorphic, and a great number of genetic variants
have been reported in the promoter, coding, and non-
coding regions (Ballester et al., 2005; Sardina et al.,
2012). Among them, the SacIl polymorphism at exon
VII (rs666423193, A>G) defines the A and B geno-
types. Association studies based on this polymorphism
have detected a positive effect of the A allele in milk
production in goats (Kumar et al., 2006; El Hanafy et
al., 2015).

Differential expression of milk protein genes has been
reported throughout lactation in dairy animals (Bionaz
and Loor, 2007; Berget et al., 2010). This suggests that
the effect of polymorphisms in these genes on milk yield
and milk quality traits may change along the lactation
curve. In general, the time-dependent effects of genes
during lactation have been studied in dairy animals
(Strucken et al., 2012a,b). In particular, different sta-
tistical approaches have been invoked to test the effect
of candidate SNP along the lactation curve for different
traits in dairy species, such as mixed-effects models
(Pauciullo et al., 2012) or random regression models
with Legendre polynomials (Banos et al., 2008; Banos
and Coffey, 2010; Szyda et al., 2014). In this study, we
fitted a mixed-effects regression model for longitudinal
data following the approach of Rogberg-Munoz et al.
(2013). According to Hedeker and Gibbons (2006),
this kind of longitudinal analysis provides more effi-
cient estimators than cross-sectional designs, given the
same number and pattern of observations, and allows
for exclusion of between-subject variation from errors.
Specifically, the goal of this research was to estimate
the genotypic effects of polymorphisms in the CSN-3
and BLG genes on milk yield and milk quality along
the lactation curve using data from Colombian tropical
dairy goats. Based on these results, we also estimated
the additive and dominance effects of the BLG locus as
a function of DIM.
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MATERIALS AND METHODS
Animals and Phenotypic Data

The study population comprised 281 dairy goats
from 12 herds in the Department of Antioquia, Co-
lombia, expanding a genealogy of 406 individuals (see
details about pedigree completeness and number of
lactations in Supplementary Tables S1 and S2; http://
dx.doi.org/10.3168/jds.2016-10954). Animals were bred
with ad libitum access to cultivated grass (Cynodon
nlemfuencis, Pennisetum spp., Pennisetum purpureum,)
and native arboreal species (Morus alba, Tithonia
diversifolia, Trichantera gigantea, Boehmeria nivea).
We collected test-day records (n = 4,278) between
January 2007 and October 2011. Each record included
milk yield, fat yield, protein yield, and TS yield (all in
grams). The average length of lactation was 210 d, and
information on herd, breed (phenotypically assigned),
and number of births was also recorded as described by
Calvo Cardona et al. (2015). Lactations with fewer than
3 test-day records were excluded from the analysis.

Samples and Genotyping

Blood samples were collected from the jugular vein
using an evacuated tube containing EDTA as antico-
agulant. We extracted DNA from samples using the
salting out method described by Miller et al. (1988).
Two SNP were genotyped, 1 located in exon IV of the
k-casein gene (CSN-3) and 1 located in exon VII of the
B-lactoglobulin gene (BLG). Genotypes were assessed
by PCR-RFLP as described in Kumar et al. (2006) and
Kumar et al. (2009), using HaelIl and Sacll restriction
enzymes, respectively. We also genotyped 10 microsat-
ellites to evaluate the genetic structure of the sampled
goats. The genotyped markers were BM1329, BM1818,
BM6526, CSSM31, ETHI10, ETH225, ILSTS011,
ILSTS005, INRA64, and MAFO065, as described by
Calvo et al. (2012).

Genetic Structure

The Structure 2.3.4 (Pritchard et al., 2000) soft-
ware was executed to cluster the animals into genetic
groups. The sampled population was known to derive
from bucks of 3 imported breeds (Alpine, Saanen, and
Toggenburg) mated to Creole does. Considering this
scenario, we used the “admixed model” with correlated
frequencies and the sampling location and breed infor-
mation options. Each cluster analysis was performed 5
times, with a burn-in period of 10,000 cycles followed
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by 100,000 iterations. The number of distinct clusters
(K) considered was 2, 3, 4, and 5.

Statistical Model

We analyzed each trait independently by fitting a
mixed-effects regression model for longitudinal data
(Hedeker and Gibbons, 2006). The fixed part of the
model comprised time-independent classificatory ef-
fects of herd and parity, and an average phenotypic
trajectory for each genotype. We assessed several alter-
native formulations, such as nesting the herd effect in
the altitude of the herd or nesting the trajectory in the
lactation number, by means of the Bayesian informa-
tion criterion. Importantly, because the genetic struc-
ture analysis showed that the goats clustered better by
herd than by breed, we did not include the latter effect
in the statistical model (see Results). We let

Yipt = X, B+ g(t)j + (8, f)l- + €t

where ;.. represents the kth record of individual 7 with
genotype j at time ¢ (DIM), 3 is a parameter vector for
the time-independent fixed effects of herd (12 levels)
and parity (7 levels), and x; is the corresponding inci-
dence vector for the ith individual. The function g(¢);
accounted for the average phenotypic trajectory of all
animals with the jth genotype for either CSN-3 or BLG
(2 and 3 levels, respectively), and was defined by the
following quadratic polynomial:

g(t)j = tlog; + tzo%,

where ay;, oy, and a,; denote the independent, linear,
and quadratic coefficients for DIM (#) associated with
the jth genotype.

In turn, 7(d,t); represents a quadratic random regres-
sion function defined by

r(8,1), = 16y, + 126y,
where d,; and d,; denote the linear and quadratic ran-
dom coefficients for DIM (#) associated with the ith
animal. This function modeled the individual’s devia-
tions around the average phenotypic trajectory. Because

it was specified as random, we assumed the following
covariance structure:

Var ((512-)
Cov (62,,;,5”)

Cov ((512- , 622-)

Var (5%) ®4,
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where A is the additive relationship matrix (of order
406 x 406) and ® is the Kronecker operator.

Finally, e;;, stands for an independent normally dis-
tributed error.

Data Analysis

We fitted the model using SAS version 9.3, SAS In-
stitute Inc., Cary, NC. We computed matrix A using
the INBREED procedure, and estimated the covariance
components by REML using the MIXED procedure.
We estimated differences between genotypes for each
trait along the lactation curves using linear contrasts.
Point estimates were tested every 5 d, from 1 to 210
DIM, to define intervals with significant differences
among genotypes. In addition, we estimated additive
and dominance effects for each point in the lactation
curve. Following Falconer and Mackay (1996), the
additive effect (a) is half the difference between the
homozygous genotypes, whereas the dominance effect
(d) is the difference between the heterozygous genotype
and the homozygous average. In terms of the statistical
model, the estimators for time ¢ were

and

The a-level of significance for contrasts and genetic
effects was set to 0.01, and degrees of freedom were
corrected using the method from Kenward and Roger

(1997).

RESULTS

Table 1 summarizes the number of individuals, the
observed and expected genotypic frequencies, (obtained
either by direct counting or under the assumption of
Hardy-Weinberg equilibrium), and the phenotypic re-
cords available for each genotype. For CSN-3 SNP, no
BB genotypes were observed in the population sam-
pled. Under Hardy-Weinberg equilibrium, the expected
frequency of the BB genotype given the observed allelic
frequencies would be f(BB) = f(B)* = (1/2 x 0.23)* =
0.0132. In this scenario, a rough calculation based on
binomial distribution indicated that the probability of
not retrieving a BB genotype in a sample of 245 indi-
viduals would be 3.8%. Although this calculation as-
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Table 1. Summary of genotypic and phenotypic data available for 3-lactoglobulin (BLG) and k-casein (CSN-3)

No. of test-day records

Expected

SNP No. of Observed frequency Milk Protein Fat TS
Gene genotype individuals frequency under HWE! yield yield yield yield
BLG AA 108 0.384 0.422 1,637 1,299 1,299 1,299

AB 149 0.530 0.455 2,338 2,043 2,044 2,044

BB 24 0.086 0.123 403 361 361 361
CSN-3 AA 188 0.767 0.781 2,837 2,435 2,436 2,436

AB 57 0.233 0.206 756 694 694 694

BB 0 0 0.013 — — — —

'"HWE = Hardy-Weinberg equilibrium. Expected genotypic frequencies were computed based on observed allelic frequencies.

sumes that the population has been randomly sampled,
which was not exactly true, the result suggests that the
population could have been selected against the BB
genotype.

The cluster analysis performed to test the genetic
structure of the population showed an admixed origin
of almost all herds, with an optimal number of clus-
ters of 3 (Supplementary Figure S1; http://dx.doi.
org/10.3168/jds.2016-10954). This was in agreement
with the history of this goat population, originally
formed by mating imported bucks (from Alpine, Saa-
nen, and Toggenburg breeds) to Creole does. Although
the individuals were phenotypically classified into breed
groups (Calvo Cardona et al., 2015), the genetic cluster-
ing showed that no real breed structure was present in
the data. Instead, the clustering assignment evidenced
a genetic structure that could be better explained by
the herd of origin (Supplementary Figure S2; http://
dx.doi.org/10.3168/jds.2016-10954). When grouping
the animals by herd, individuals belonging to the same
herd showed a common proportion of each cluster, and
this pattern was unique among herds. Findings were
not the same when the animals were grouped by breed
(Supplementary Figure S2).

For every trait assayed, the chosen model fit the data
well. The fixed effects of herd and parity, as well as
the fixed coefficients related to the average phenotypic
trajectory, are presented in Supplementary Table S3
(http://dx.doi.org/10.3168/jds.2016-10954) and were
always statistically significant (P < 0.05). Parity level
estimates were as expected for all traits, with larger
productions between the third and fifth lactation, ex-
cept, for estimates of the seventh parity. In this latter
case, estimates were larger than expected but also with
a larger standard error, probably due to the smaller
number of observations. For the herd effect, the esti-
mates reflected great differences in management and
environmental conditions on each farm. It is worth
mentioning that we also tested altitude as a separate
fixed effect, nesting herd within altitude, but the fit
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did not improve of the Bayesian information criterion.
As well, the herd effect accounted for variance among
altitudes. In any case, the altitude at which each herd
was located is presented in Supplementary Table S3.

Genotype LSM for both loci at specific DIM along
the lactation curve (¢ = 15, 60, 105, 150, and 210) are
presented in Table 2. We chose these times because
they approximately represented the thresholds of the
different stages of lactation, labeled “early,” “peak,”
“mid,” and “late,” taken from the paper by Calvo Car-
dona et al. (2015). Overall, BLG genotype AA showed
a greater performance than BB for all traits along
the whole lactation curve. The heterozygote, in turn,
showed an intermediate performance. We observed no
such constant pattern between the AA homozygote and
the heterozygote for the C'SN-3 gene. Figure 1 displays
the estimated trajectories.

Differences among BLG and CSN-8 genotypes for
milk yield and milk quality traits (fat, protein, and
TS yields) were not constant along the lactation curve.
Table 3 displays the time intervals (in DIM) where the
contrasts between paired genotypes were statistically
significant (P < 0.01). In the case of the BLG gene, we
estimated significant differences between both homozy-
gotes for all traits from the time around peak lactation
peak and mid-lactation. We observed no significant dif-
ferences between the AA genotype and the heterozygote
AB, but the contrasts of BB and AB showed different
patterns among traits, ranging from differences around
the peak for protein yield to differences along the whole
lactation for fat yield. In the case of the CSN-3 gene,
we estimated significant differences only for fat yield
and TS yield between the AA genotype and the hetero-
zygote at mid lactation.

Table 4 displays lactation time intervals showing
statistically significant additive and dominance effects
for the BLG locus. These effects could not be estimated
for the CSN-8 locus because 1 of the genotypes was
absent from the sample. We estimated an additive ef-
fect along the whole lactation trajectory for all quality



Table 2. B-Lactoglobulin (BLG) and k-casein (CSN-3) adjusted genotypic means (+ SE) for each studied trait at specific points along the lactation curve'

TS yield (g)
(n = 3,704)

Protein yield (g)

Fat yield (g)

Milk yield (g)

(n = 3,704)

(n = 3,703)

(n = 4,278)

Gene and

AA AB BB

BB

AB BB AA AB

AA AB BB AA

timepoint

BLG

214.5 £ 9.1

226.5 £ 5.9 233.6 +5.2

60.2 +£ 1.4 56.2 4+ 24
194.8 + 6.0

59.1 + 1.6
49.9 £ 1.6
42.9 £ 2.1
379 £29
34.6 + 4.5

73.7+ 3.3
55.5 + 3.0
41.9 £ 4.1
33.0 £ 5.5
28.5 £ 8.9

822+ 1.8
64.9 + 1.8
534+ 24
475 £ 3.2
48.7 £ 5.0

71T+ 21
66.3 £+ 2.0
57.6 £ 2.7
51.8 + 3.6
48.3 £ 5.7

1,720.7 £ 33.6  1,630.8 = 67.9

1,694.8 £+ 38.9

15 DIM
60 DIM

163.8 + 8.7

189.1 + 5.4
1579 £ 7.4

484 £ 14 42.7+23
403 £1.9 328 +3.2
36.0 £ 2.6 26.6 4+ 4.3

36.1 £4.0 24.14+7.0

1,453.2 + 35.8  1,264.7 £+ 62.2

1,488.3 £ 41.0

125.7 £ 124

169.0 + 8.3

1,245.9 £ 51.9  1,011.3 £+ 89.5

1,293.2 £ 58.9

105 DIM
150 DIM
210 DIM

149.3 + 11.3 140.2 £+ 10.1 100.1 £ 17.0

132.2 + 17.7 137.5 £ 15.6

870.7 £ 1214
858.5 £+ 194.0

1,098.9 + 72.1

1,109.3 £ 81.1

85.6 £ 27.3

996.6 + 112.5

881.7 £ 127.6

TS yield (g)
(n = 3,130)

Protein yield (g)

Fat yield (g)

Milk yield (g)

(n = 3,130)

(n = 3,129)

(n = 3,593)
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BB

AB

AA

BB

AB

AA

BB

AB

AA

BB

AB

AA

CSN-3

241.8 £ 4.6 2299 £6.9
1972 £ 4.7 207.8 £ 6.4

164.9 £ 6.4

589 + 1.9
524 + 1.7
46.9 + 2.2
42.5 £ 2.8
384 + 4.5

62.8 £ 1.2
50.8 +£ 1.2
423+ 1.6
374+ 21
36.2 + 3.1

79.9 £ 2.5
70.7 £ 2.2
634+ 29
57.9 £ 3.6
53.3 £5.7

84.3 + 1.6
67.8 £ 1.6
56.2 + 2.1
49.5 £ 2.7
48.2 + 4.0

15 DIM
60 DIM

1,727.5 + 48. 4
1,571.1 + 47.4
1,417.8 £ 67.3

1,267.7 + 92.0

1,777.3 + 31.1

1,498.0 + 34.8

187.8 £+ 8.6

1,279.5 £ 51.1

105 DIM
150 DIM
210 DIM

169.7 £ 11.0

144.9 + 8.4

1,121.9 + 71.5

137.3 £ 124 148.7 + 174

1,072.4 £ 152.5

1,006.4 + 111.4

"The number of records used in each analysis is displayed in parentheses.
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traits, although the effect for milk yield was not signifi-
cant at later stages. As expected, this pattern followed
closely the intervals where the differences between ho-
mozygotes were important. In contrast, we estimated a
significant dominance effect only for fat yield at early
stages of the lactation curve.

DISCUSSION

Several studies that examined the association be-
tween polymorphisms in the BLG and CSN-8 genes
with milk yield and milk quality traits in dairy animals
have reported effects on the adjusted total production
(Kugerové et al., 2006; Kumar et al., 2006; Berget et
al., 2010; Dagnachew et al., 2011). In this study, we
took a step forward by estimating the genotypic effects
of the polymorphisms along the lactation curve using
test-day records from tropical dairy goats previously
analyzed by Calvo Cardona et al. (2015). In that study,
the authors first chose a mathematical function for the
lactation curve and then modeled each parameter of
the selected curve using a fixed effects linear model. In
this study, we directly fitted the performance data us-
ing a mixed-effects longitudinal model. This allowed us
to test the genetic effects of the polymorphisms in the
k-casein and (3-lactoglobulin genes along the lactation
curve day by day. More precisely, the statistical model
we employed combined a fixed average trajectory for
each trait, nested within the available genotypes for
each gene, with individual random deviations around
it, similar to a random regression model (Schaeffer,
2004). Given a known genealogy, the approach allowed
us to adjust for correlations among records of related
individuals, diminishing the error variance. The time-
dependent function used to model the lactation curve
was quadratic. Although we also tested higher-order
polynomials, the quadratic function led to the most
parsimonious model as assessed by the Bayesian infor-
mation criterion.

Longitudinal studies point to which stages of the
curve can be affected by the gene, independent of know-
ing where the genes exert their activity in the body
(Strucken et al., 2012a). Those authors demonstrated
that the effect of a particular region of the genome
over a trait along lactation differed from the produc-
tive trajectory and was particular for each region/trait
analysis. This finding results in a pattern of gene effects
over traits for each stage, but the authors also found
differences between parities. Our results indicated that
the effects of polymorphisms of the BLG and CSN-3
genes on milk yield and milk quality traits were not
constant along the lactation curve.

In goats, Shi et al. (2015) have demonstrated that
the expression of BLG increased during lactation but

Journal of Dairy Science Vol. 99 No. 9, 2016
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Figure 1. Average quadratic responses of (3-lactoglobulin (BLG; a) and k-casein (CSN-3; b) genotypes for milk yield (MY), fat yield (FY),

protein yield (PY), and TS yield (TSY) along the lactation.
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Table 3. Lactation time periods (in DIM) showing statistically
significant differences among (-lactoglobulin (BLG) and k-casein
(CSN-3) genotypes

Genotype contrast

Trait AA vs. BB AA vs. AB ABvs. BB
BLG
Milk yield 40-125 NS 40-110
Fat yield 40-185 NS 25-155
Protein yield 40-150 NS 45-80
TS yield 35-160 NS 30-115
CSN-3
Milk yield — NS —
Fat yield — 80-145 —
Protein yield — NS —
TS yield — 80-145 —

then became constant at about 100 DIM. In the pres-
ent study, the BLG locus showed an additive effect for
milk quality traits during most of lactation, including
the peak, mid, and late stages (when females usually
require higher dietary intake to maintain weight), and
an additive effect for milk yield up to the mid-lactation
stage. In turn, we detected a dominance effect only at
the early stages of lactation for fat yield, which could
suggest a differential (or additional) regulation mecha-
nism for this trait. In this sense, it has been demon-
strated in dairy cows that gene expression could be
repressed by certain microRNA (Jabed et al., 2012),
and that many loci are involved in the regulation of the
concentration of 3-lactoglobulin (Gambra et al., 2013).
Furthermore, in goats, the number of microRNA are
differentially expressed between peak and late lacta-
tion, and between peak lactation and the dry period
(Ji et al., 2012; Li et al., 2012). Hence, it is possible
to suggest a dominant molecular induction mechanism
for the A allele that could be occurring at the first
stages. Reinforcing this hypothesis, a larger expres-
sion of the allele has been observed in heterozygous
animals (Graml et al., 1989), possibly related through
linkage disequilibrium to a polymorphism in the site for
activator protein-2 of the gene promoter (Lum et al.,
1997). Finally, the insulin-signaling related genes have
been shown to be highly expressed at 60 d in milk for
lactating cows, and increased response to insulin has

Table 4. Lactation time periods (DIM) showing statistically significant
additive and dominance effects for the B-lactoglobulin (BLG) locus

Trait Additive Dominance
Milk yield 40-125 NS

Fat yield 40-185 1-45
Protein yield 40-150 NS

TS yield 40-160 NS
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been suggested for the first stages of lactation (Bionaz
and Loor, 2011), which could be a plausible mechanism
for the dominance effect obtained here. Of course, this
latter claim stands on hypothetical ground, and further
studies should be carried out to demonstrate it.

In bovines, the CSN-3 gene is expressed differen-
tially during lactation (Bionaz and Loor, 2011), and
the metabolic pathway of the gene involves many
loci (Gambra et al., 2013). In dairy goats, the gene is
overexpressed during lactation, and the expression was
greater at about 100 d postpartum than at 310 d (Shi
et al., 2015). In the present study, the AB genotype
showed better adjusted performance over most of the
lactation trajectory, but the difference was statistically
significant only for fat yield and TS yield between 95
and 145 DIM, consistent with the results reported by
Shi et al. (2015). Furthermore, our results could also
be related to those obtained in Spanish goats by Car-
avaca et al. (2011), who found differences in adjusted
means (although not significant) between genotypes for
fat yield and most of the other traits studied. As was
previously discussed, differences observed in one period
could be responsible for differences observed when
measuring total production. Consequently, our results
may suggest that differences in performance between
individuals carrying different genotypes of the CSN-3
gene could be generated at about mid lactation.

CONCLUSIONS

The analysis of test-day records using a longitudinal
approach showed a differential effect of polymorphisms
in the CSN-8 and BLG genes over various stages of
lactation for milk yield and milk quality traits in dairy
goats. The effect of the CSN-8 marker was significantly
different for fat yield and TS yield at mid-lactation,
with greater performances for the heterozygote geno-
type. The study also detected additive effects in the
BLG locus for all traits during most of lactation, but
we observed a dominance effect only in early stages for
fat yield. For this gene, allele A had a favorable genetic
effect along the entire lactation for milk yield and milk
quality traits.
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