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Abstract

Gestation length (GL) can potentially affect health and performance of both the
dam and the newborn calf, and it is controlled by two genetic components, direct
and maternal. This means that both the calf (direct effect) and the cow (maternal
effect) genotypes contribute to determine GL and its variability. The aims of the
present study were to estimate direct and maternal variance components of GL,
develop a routine genetic evaluation of GL in Italian Holstein and evaluate poten-
tial (un)favourable associations with traits for which selection is undertaken in
this population. A multiple-trait repeatability linear animal model was employed
for the estimation of variance components considering GL in first and later pari-
ties as different traits. The posterior mean (PM) of heritability of the direct effect
was 0.43 for first parity and 0.35 for later parities. The PM of heritability of the
maternal effect was lower, being 0.08 for primiparae and 0.06 for pluriparae. The
posterior standard deviation (PSD) of the heritability estimates was small, rang-
ing from 0.001 to 0.005. The relationship of direct and maternal effects with im-
portant traits such as milk yield and fertility indicated that selecting for extreme
GL, longer or shorter, may have negative consequences on several traits, sug-
gesting that GL has an intermediate optimum in dairy cattle. In conclusion, this
study reveals that selecting an intermediate GL in the Italian Holstein population
is advisable. Although scarcely variable compared to other conventional traits for
which Italian Holstein is selected, GL is heritable and a deeper knowledge can be
useful for decision-making at the farm level.
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1 | INTRODUCTION

Gestation length (GL) is defined as the interval from con-
ception to calving and it is expressed in days. This trait is
known to be genetically affected by both the calf's (direct
effect, GLy) and the cow's (maternal effect, GL,;,) geno-
type (Eaglen et al., 2013; Norman et al., 2009, 2011) with
an effect on the performance of the dam and the new-
born calf (Eaglen et al., 2013). Indeed, the same study
reported an unfavourable (i.e., negative) genetic correla-
tion between GLy and milk yield (MY) and protein yield
(PY). The same authors reported also a positive genetic
correlation between GL, and number of services per
pregnancy. As indicated in Norman et al. (2011), bulls'
genetic proofs of GL are informative of the daughters’
performance also for productive and functional traits,
such as calving ease, stillbirth (SB) incidence, days open
(DO), MY, PY, fat yield (FY), somatic cell score and sur-
vival. Considering the predicted transmitting ability, a
non-linear relationship with optimum intermediate for
GL was observed with all these traits with the exception
of somatic cell score. In particular, bulls with interme-
diate merit for GL seemed to be the most favourable
for the vast majority of the traits of interest. Jamrozik
et al. (2005) reported an unfavourable genetic correla-
tion between first parity GLy and both calving ease
(0.17) and SB (—0.11), suggesting that a longer GL is ex-
pected to be associated with a greater incidence of neo-
natal mortality and dystocia (DYS). At the phenotypic
level, however, Meyer et al. (2001) reported a decrease in
SB as GL increases. Other studies reported a non-linear
relationship between GL and SB, with an intermediate
GL as the optimum (Johanson & Berger, 2003; McGuirk
et al., 1999; Niskanen & Juga, 1998; Philipsson, 1976a).

Genetic variation is a necessary condition to genet-
ically improve a trait of interest in selected populations.
The heritability of GL4 was estimated in different cattle
populations (Bourdon & Brinks, 1982; Haile-Mariam &
Pryce, 2019; Johanson et al., 2011; McGuirk et al., 1999;
Philipsson, 1976a) and falls within the range of 0.28-
0.60. Although heritable, the maternal counterpart is
generally lower (Haile-Mariam & Pryce, 2019; Johanson
et al., 2011), that is GL,, is reported to be between 0.04
and 0.08. These results may confirm that calving is an
event where cow and calf genotypes both play a key role
and that parturition is triggered by a pre-partum strong
increase in foetal corticosteroid concentrations (Hunter
et al., 1977; Thorburn et al., 1977). This may explain why
the direct effect of the calf, GL4, has normally the greatest
heritability.

As nowadays the importance of reducing direct and in-
direct costs has become crucial in dairy farming, a deep

investigation into the possibility of selecting an optimal
GL is advisable. In line with this, it becomes essential to
estimate the effect of GL on other economically important
traits in Holstein cattle.

Hence, the objectives of the present study were: (i)
to estimate variance components of GL, (ii) to develop
a genetic and genomic evaluation for this trait to be im-
plemented in the Italian Holstein population and (iii) to
quantify the association between genetic components
(GL4 and GL,,)) of GL and other traits undergoing routine
evaluation.

2 | MATERIALS AND METHODS

2.1 | Data and data editing

Data employed in the current research originated from
the Italian National Breeders Association (AIA, Rome,
Italy) and consisted of 24,705,045 calving and services
events of Holstein cows. For GL calculation, the suc-
cessful insemination was considered the last one avail-
able for a given cow. Such insemination was restricted
to be within 240-305 days before the subsequent calving
date. From the original dataset, only calvings from 1997
onwards and with a GL between 260 and 305days were
kept and only records from animals with both parents
known were used. Furthermore, records from not pure-
bred inseminations and twin calvings were excluded.
Regarding parity, only observations from cows up to 5th
calving were analysed and the cow's age at parity was
restricted between 18 and 40 months for primiparae, be-
tween 33 and 55 months for secondiparae, and between
43 and 97 months for the remaining ones. In order to
have an effective comparison between contemporary
groups, herd-year-season of conception (HYS) levels
with less than 10 observations were excluded. The pedi-
gree provided by the National Association of Holstein,
Brown and Jersey Breed was traced back up to four
generations.

2.2 | Statistical model
The genetic evaluation was based on a multiple trait re-
peatability linear animal model, considering GL pheno-
types in first and later parities as different but correlated
traits. To select the fixed effects to be included, signifi-
cance was preliminarily tested using the statsmodels pack-
age available for Python (Seabold & Perktold, 2010).

The defined model for GL in first parity cows is de-
scribed as follows (Model 1):
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With Yijkimnopg @S the phenotypic observation of GL ex-
pressed in days; u as overall intercept; HYS; as the fixed
effect of the ith HYS; (MOB—YOB)j; as the fixed effect of
the jth month of birth (MOB) within the kth year of birth
(YOB); (SEX—YOB),,, as the fixed effect of the Ith sex of
the newborn calf within the mth year of birth; AGEC, as
the fixed effect of age at first calving n of the dam (age
at calving between 18 and 20months, inclusive, were
grouped into a unique class); a, as the random additive
genetic effect of the oth calf; dp as the random additive
genetic effect of the pth dam; and ejjp,0pq as the random
residual of the gth observation. In Model 1, the fixed ef-
fect of sex was considered within year of birth to account
for the progressive increase in the use of sexed semen in
Holstein heifers in the last years. For calvings originating
from embryo transfer, the direct effect was linked to the
donor, while the maternal to the recipient.

The defined model for GL in older cows is described as
follows (Model 2):

=u-+ HYSl + (MOB—YOB)jk + (SEX—YOB)lm + AGECn +a,+ dp + eijklmnopq

For Model 1, the direct (k%) and maternal (h?,) herita-
bilities were calculated as described below:

2 0.2

o
W= s = s
6a+0'm+0'e 0'a+am+ae

with ag as the direct additive genetic variance, ai as the
maternal additive genetic variance and og as the residual
variance.

For Model 2, hé and h2, were calculated as follows:

2 2
o3 o
hg = SRR 2,andhfﬂ= SR 2’
O'a+0'm+6mpe+0'e O'a+0'm+6mpe+6e
with Uizp . as the maternal permanent environment effect
variance.

Finally, the additive genetic coefficient of variation
(CV,, %) was calculated for all of the four genetic effects
(first and later parities GLy and first and later parities

Yijkimnop = ¥ + HYS; + (MOB—YOB);; + SEX; + P, + mpe,, + a, + d,+ €ijkimnop

Compared to Model 1, Model 2 did not account for
the interaction between year of birth and sex, and dif-
ferent parities were present; therefore, SEX; was the
fixed effect of the 1th sex of the newborn calf and P,
was the fixed effect of the mth class of dam parity order
(1, 2, 3, 4+: parity 4 and 5 were grouped into a common
class). Random effects were mpe,, as the permanent en-
vironment effect of the nth dam because of the presence
of across-lactations repeated measures, a, as the addi-
tive genetic of the oth calf, d, as the additive genetic
of the nth dam, and e as the residual of the pth
observation.

ijklmnop

2.3 | Genetic and genomic analyses

2.3.1 | Estimation of genetic parameters
Variance components estimation was performed with the
Gibbs sampler THRGIBBS1F90 (Misztal et al., 2002), by
using the aforementioned described models for first- and
later-parities. The analysis was performed on the entire
dataset, with 120,000 iterations, a burn-in of 45,000 and
a thinning rate of 10. Post-Gibbs analysis was performed
using the software POSTGIBBSF90 (Misztal et al., 2002)
using the remaining 7500 samples. Convergence was
assessed by visual inspection and the POSTGIBBSF90
diagnostics available included the Posterior Standard
Deviation (PSD) as uncertainty measure.

GL,,) by dividing the additive genetic standard deviation
by the phenotypic mean for each trait and multiplying it
by 100.

2.4 | Prediction and validation of EBV

The estimated variance components were used to predict
estimated breeding values (EBV) with BLUP using the
software MiX99 (MiX99 Development Team, 2019). The
BLUP solutions were standardized to the mean and stand-
ard deviation of the genetic base, which included cows
born between 2014 and 2016. Then, EBV were expressed
on a scale with mean of 100 and standard deviation of 5 so
that proofs >100 indicate individuals transmitting longer
GL. Generated EBV from model 1 were subsequently
validated to determine the bias and accuracy of predic-
tions of GLg 5,q GL,,- LR method proposed by Legarra and
Reverter (2018) was applied. Briefly, EBV were obtained
from both a full (with all data until June 2022) and a re-
duced (partial) dataset. In the reduced dataset phenotypic
observations of the last 4years were excluded. The BLUP
solutions of both models were then standardized to the
mean and standard deviations of the solutions of cows
born between 2008 and 2010, which were considered as
the genetic base. For GL, the focal individuals were 246
bulls born between 2018 and 2020 with 10 to 15 daugh-
ters in the full dataset and no daughters in the partial one.
For GL,,, the focal group was composed of 200 bulls born
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between 2016 and 2020; the filtering criteria for daughters

were the same as above. Four statistics were computed on

the focal groups:

(i) Bias (Hw,p) as %, with ﬁp as the average of the solu-
tions' vector in the partial dataset, %, as the average of
the solutions’ vector in the full dataset and o, as the
solutions' standard deviatjon in the partial dataset;

(ii) Dispersion (b, ) as Cifcff(”b:)w ), with i1, and @, as the so-
lutions' vectors in the partial and full dataset, respec-
tively, Cov denotes a covariance, and Var denotes a
variance;

(iii) Pearson correlation coefficient (pw’p) between iy, and
fh,; and —~ Cov(p,ity) —

(iv) Reliability (rel) as <7z , with F being the aver-
age inbreeding coefficient of individuals in the focal
group and Ei as the additive genetic variance.

In order to obtain a measure of uncertainty for the four
statistics, bootstrap method was applied on 1000 samples
with replacement of the focal group with the bootstrap
module of the SciPy library of the Python programming
language (Virtanen et al., 2020).

2.4.1 | Prediction and validation of direct
genomic values

The prediction and validation of direct genomic values
(DGV) for GL; and GL, was performed as described
in Finocchiaro et al. (2012) and Galluzzo et al. (2022).
Briefly, estimated de-regressed proofs (EDP) generated
from previously calculated EBV (Degano et al., 2016) were
obtained from the full and the reduced dataset described
above. Bulls' genotypes (n=28642) generated from differ-
ent DNA chips were imputed to a panel containing 69,952
single nucleotide polymorphisms (SNP) through the
PedImpute software (Nicolazzi et al., 2013) with an allele
error rate of 0.0012. A conventional quality control was
applied to SNP data, considering the following criteria:
call-rate >0.95, minor allele frequency >0.02 and Hardy-
Weinberg equilibrium p-value >0.005. The genomic evalu-
ation, based on the SNPblup method, was performed on
the reduced dataset with EDP of training bulls used as
pseudo-phenotypes. Generated SNP solutions (i.e., allelic
substitution effects) were used to compute the DGV of val-
idation bulls (n=374), with daughters in the full dataset
but not in the reduced one.
The SNPblup model was as follows:

y=1lu+Mg+e

with y as the EDP vector, u as overall intercept, M as
the n X m matrix of genomic information, with n as the

number of individuals and m as the number of SNP, g
as the random SNP effects vector and e as the vector of
residuals.

Finally, EDP in the full dataset were linearly regressed
against bulls DGV estimated in the reduced run. The
coefficient of determination, calculated as the squared
Pearson correlation coefficient from the previous regres-
sion, was then used as the metric to validate genomic
prediction. When both EBV and DGV were available, ge-
nomically enhanced breeding values (GEBV) were calcu-
lated as follows:

EDC, *EBV + EDC, « DGV

GEBV = ,
EDC, + EDC,

where EDC, is the conventional effective daughters con-
tribution (Fikse & Banos, 2001), and EDC, is the genomic
effective daughters contribution (Patry & Ducrocq, 2011).
The whole process of validation, for both EBV and DGV, is
graphically described in Figure 1.

2.5 | Relationships with other traits
Approximate genetic correlations were calculated as
the Pearson correlation coefficient between all available
GEBYV, including within and across parities GL; and
GL,,, on a dataset composed of 73,659 genotyped cows
born after 2015. In order to evaluate the relationship be-
tween cows' performances and mates' GL,4 or sires’ GL,,
EBVs, mixed models were fitted using Echidna Mixed
Model software (Gilmour, 2020). Four phenotypes were
analysed: first lactation milk solids production (MS1, re-
garded as fat + protein yield), lifetime milk solids pro-
duction (MSY), first lactation calving difficulty score
(CD1, 1-3 scale with higher values meaning higher
difficulty; farmer's subjective score) and the first lacta-
tion SB (SB1). Bulls were stratified into seven classes
based on the rounded standard deviation units of their
standardized EBV (—3: 83-87, —2: 88-92, —1: 93-97, 0:
98-102, 1: 103-107, 2: 108-112 and 3: 113-117). For the
direct effect, the mate's EBV group was fitted as fixed ef-
fect, while for the maternal effect the father's EBV group
was used.

The model used to obtain the least squares means to
investigate the effect of bull GL4 on mates’ performances
was:

Yijkl = HYl + AGECJ + dGLgk + eijkl

with Yj;; as the cow's phenotypic observation of the trait
analysed, HY; as the fixed effect of the ith herd-year of first
calving, AGEC; as the fixed effect of the jth cow’s age at first
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FIGURE 1 Steps for the validation
of (a) EBV and (b) DGV using both a
full dataset and a reduced? dataset. 'Bulls
selected for validation (n=374) did not FULL
have daughters in the reduced dataset.
“Gestation length phenotypes recorded
from 2018 onwards were masked. [Colour
figure can be viewed at wileyonlinelibrary.
com]
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EBV
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calving, dGLg, as the fixed effect of kth class of sire GLy EBV
and ey, as the residual of the Ith observation.

The model used to investigate the effect of sire GL, on
daughters’ performances through the least squares means
was:

Yvijkl = HYl + AGECJ + mGLgk + eijkl
with Yy as the cow’s phenotypic observation of the trait
analysed, HY; as the fixed effect of the ith herd-year of first
calving, AGEC; as the fixed effect of the jth cow’s age at first
calving, mGLg, as the fixed effect of the kth class of sire GL,,
EBV and e;;; as the residual of the Ith observation.

3 | RESULTS

3.1 | Descriptive statistics

The median of GL before editing was 279 days, with the
first and the third quartile at 275 and 285days. After the
removal of outliers and edits, the final dataset consisted
of 8,796,487 GL records of single calves, delivered by
4,741,508 dams (1.86 observations per dam on average)
on 8274 herds (1063 observations per herd on average) di-
vided in 149,793 contemporary groups (58.72 observations
per group, on average). 40% of all observations belonged to
first parity dams, while 60% to later parities. The frequency
of male calves was 49%. Descriptive statistics of GL by calf
sex and parity order are depicted in Table 1.

<
REDUCED
(<2018)

/ | J

117
S\ 1 L E Y

(b)
>
5
FULL REDUCED
(£2018)

BLUP BLUP BLUP

l | l

EBV EBV EBV

SNPs ||| * EDP EDP * |l snps

VALIDATION BULLS SNPBLUP

l l

TABLE 1 Descriptive statistics of the gestation length (GL)
expressed in days after edits.

Standard
Trait n Mean deviation
GL, days 8,796,487 278.75 6.03
GL male calves, days 4,256,824 279.28 6.13
GL female calves, days 4,539,663 278.26 5.88
GL first-parity cows, days 3,489,606  278.02  6.01
GL later-parity cows, days 5,306,381 279.25 5.99

The average GL was 278.75+6.03days and male
calves tended to be delivered later (+1.02days) than
females, with an average GL of 279.28 +6.13 ver-
sus 278.26+5.88days. Heifers tended to deliver
earlier (278.02+6.01days) than pluriparous cows
(279.25+5.99days), with an average difference of
1.23days. For all groups in Table 1, minimum and max-
imum values for GL were 260 and 305 days, respectively,
due to the filtering criteria described in the Material and
Methods section.

3.2 | Genetic and genomic analyses

3.2.1 | Estimation of genetic parameters

The results of the variance components' estimation are
listed in Table 2. Post-Gibbs analysis gave a PM of 0.43
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TABLE 2 Coefficient of additive

GLa CLm genetic variation (CV,), posterior mean
Trait CV,,% Parityl Parity >1 Parity 1 Parity >1 of the heritability (posterior standard
GL, parityl 138 0.43 (0.005)  0.92(0.006) —0.50(0.01)  —0.29 (0.01) deviation) in the diagonal (in bold) and
genetic correlation (above diagonal) for
GL, parity >1 1.24 0.35(0.004) —0.29(0.008) —0.22(0.009) direct (GL,) and maternal (GL,,) gestation
GLy, parity 1 0.61 0.08 (0.002)  0.85(0.01) length in first and later parities.
GL,, parity >1  0.50 0.06 (0.001)

120 FIGURE 2 Trend of bulls estimated
—— Direct GL first parities breeding values for direct and maternal
115 - —— Direct GL later parities gestation length (GL) in first and later
—— Maternal GL first parities parity across year of birth. [Colour figure
. —— Maternal GL later parities can be viewed at wileyonlinelibrary.com]
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with a PSD of 0.005 and the highest probability density of ~ 3.2.2 | Genetic trend

5%—-95% of 0.420-0.442 for first-parity GL4 heritability and
0.08 (PSD=0.002; HPD;_gs4 =0.080, 0.086) for first-parity
GL,, one. For later parities, the PM for GLy and GL_, her-
itability was 0.35 (PSD=0.004; HPD g, =0.339, 0.355)
and 0.06 (PSD=0.001; HPDs 45, =0.056, 0.060), respec-
tively. The genetic correlation between the GLy and GL,
was —0.50 (PSD=0.01; HPDs 45, =—0.516, —0.491) for
first parities and —0.22 (PSD =0.009; HPD_g54 =—0.236,
—0.204) for later parities. The within-trait genetic correla-
tion between the two parity levels was 0.92 (PSD =0.006;
HPD. o5, =0.909, 0.928) for GL,; and 0.85 (PSD=0.01;
HPD,_y5,,=0.838, 0.866) for GL,,,. A negative genetic cor-
relation of —0.29 (PSD =0.01; HPD_g5¢, = —0.310, —0.275)
was estimated between first-parity GLy and later-parities
GL,, and between later-parities GL, and first-parity GL,
(PSD =0.008; HPD_gs,, = —0.313, —0.273).

Finally, irrespectively of the parity groups considered,
the CV, was greater in GL, compared to GL,, (Table 2): the
low CV, for both direct (1.38% and 1.24% for first and later
parities respectively) and maternal effects (0.61% for first
parity and 0.50% for later parities), weakens the possibility
to select for GL.

The genetic trend by bulls' year of birth for GL4 and GL,,
is represented in Figure 2 and reflects the negative genetic
correlation between these components. While direct GL
has a decreasing trend, the maternal one is slightly in-
creasing, especially for first parities over the last 20years.
The genetic trend of GL, of first mimics that of later pari-
ties, due to their strong but not unity genetic correlation.
This strong decreasing trend in GL, is evident at the phe-
notypic level too: in the last 20years, the mean GL of the
Italian Holstein population has decreased by nearly 2 days
(unpublished data).

3.2.3 | Validation of EBV and DGV

The results of the LR method for first-parity GL4 and GL,,
on the focal group are reported in Table 3. Regarding GL,,
the bias was —0.177 genetic standard deviations, with a
bootstrap confidence interval 95% (BCI) ranging from
—0.182 and —0.176. Dispersion was 0.90 (BCI=0.895,
0.905) while the correlation and reliability were 0.586
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TABLE 3 LR validation results of pedigree indexes for first parity direct (GL4) and maternal (GL,,) gestation length; the 95% bootstrap

confidence interval is reported in parentheses.

Trait Bias Dispersion Correlation Reliability
GLy4 —0.177 (=0.182, —0.176) 0.900 (0.895, 0.905) 0.586 (0.584, 0.589) 0.259 (0.257, 0.261)
GL,, —0.101 (—0.106, —0.956) 0.952 (0.948, 0.957) 0.670 (0.668, 0.673) 0.154 (0.153, 0.155)
FIGURE 3 Approximate genetic 1
correlations' between the genomically 0.8
enhanced breeding values (GEBV) of 0.6
direct (GLg; blue bars) and maternal (GL,,; 04
orange bars) and the GEBV available from < o2
routine genetic and genomic evaluation l% I . I .
of Italian Holstein cattle. 'Pearson % ° I .
correlation coefficient between sets of © 02 I I I I I
GEBV of 73,659 genotyped cows born 04
after 2015. [Colour figure can be viewed at 06
wileyonlinelibrary.com] 0.8
-1
Milk KG Fat KG Protein KG Direct calving Maternal Longevity Age at first
ease calving ease calving
M Direct Gestation length W Maternal Gestation length
FIGURE 4 Least squares means = (a) = (b)
of mate's direct gestation length (GL) % = % - 2025
EBV group with cow's phenotypic gl = o :g;- = 2,000 .
performances: (a) milk solids yield in first % 2 639 €8 1975
lactation, (b) lifetime milk solids yield, 2 'é 637 g é 1,950
(c) first lactation calving difficulty score, MR s s o4 0 1 2 s 28 19 4 9 1 0 1 a2 3
and (d) first lactation stillbirth. Asterisks 2 Mate's direct GL EBV group 2 Mate's direct GL EBV group
indicate statistical difference at p<0.05
compared to the least squares mean of (© (d)
class 0. [Colour figure can be viewed at
. . 1.40 0.140
wileyonlinelibrary.com] ¢ 138 * W 0435
2 136 S 0130
R S 0125
g 132 = 0120
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(BCI=0.584,0.589) and 0.259 (BCI=0.257, 0.261), respec-
tively. The bias of GL,, was —0.101 (BCI=-0.106, —0.956),
its dispersion was 0.952 (BCI=0.948, 0.957) and the corre-
lation and reliability averaged 0.67 and 0.154, respectively,
with BCI for the first ranging from 0.668 to 0.673 and from
0.153 to 0.155 for the latter.

The result of the DGV validation for reliability was
0.516 for GL, and 0.223 for GL,, (data not shown).

3.3 | Relationships with other traits

Approximate genetic correlations between GL4 and GL,
to other traits included in the routine genetic evalua-
tion are presented in Figure 3. For GL,4, the correlation

Mate's direct GL EBV group

with MY (—0.40), PY (—0.50) and fat yield (FY, —0.34)
were moderately negative. Regarding functional traits, a
negative correlation was estimated with direct longevity
(—0.25) and direct (—0.40) and maternal DYS (—0.30). The
correlation with age at first calving (AFC) was negative
(—0.42). For GL,,, a positive relationship was quantified
with MY (0.25), FY (0.36) and PY (0.35). As far as it con-
cerns functional traits, results from the present study in-
dicated a slightly positive correlation with longevity (0.23)
and a positive correlation with DYS direct (0.18) and DYS
maternal (0.31). Finally, a moderate positive correlation
with AFC (0.50).

An overview of performance for MS1, MSY, CD1, and
SB1 estimated for each class of bulls' EBV is presented in
Figure 4 (GLy) and Figure 5 (GL,,). A decreasing trend for
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MS1 across classes of bulls GL4 was observed, although
differences among the estimated least squares means
were not significant. However, considering MSY, such a
trend across bull GL, classes turned positive and a sig-
nificant difference was quantified between class —3 (i.e.,
proof between 83 and 87) and 0 (i.e., proof between 98
and 102) and between —2 (i.e., proof between 88 to 92)
and 0. Both CD1 and SB1 increased concurrently with
greater bulls GL, proofs. The effect of sire GL,, EBV on
daughters' performance for the same aforementioned
traits is presented in Figure 5. Least squares means for
MS1 increased with GL, classes, and an opposite trend
exists for SB1, with significant differences between op-
posite classes in both instances. An erratic trend was es-
timated for MSY and CD1 with desirable values for bull's
GL,, proof between 98 and 102.

4 | DISCUSSION

4.1 | Scope for genetic selection

Heritability estimates of GL; from the present study
corroborates with literature estimates. For example,
McGuirk et al. (1999), in UK Holstein Friesian using a
sire model, reported an estimate of 0.45 (standard error,
0.02), while GL,4 heritability of 0.51 (0.05) was quanti-
fied in Johanson et al. (2011), applying an animal model
in US Holstein adjusting for the parity of the dam. In
Australian Holstein, heritabilities in first (0.28) and later
parity (0.36) GL4 were estimated using a sire-maternal
grandsire model (Haile-Mariam & Pryce, 2019). In con-
trast, in UK Holstein Friesian, Eaglen et al. (2012) re-
ported heritability values of 0.57 and 0.41 for first parity
and later parity GL4, respectively. Regarding GL,,, lit-
erature heritability estimates range from 0.04 (Haile-
Mariam & Pryce, 2019) to 0.08 (Johanson et al., 2011), in

(b)

-1

Sire's maternal GL EBV group

-1

FIGURE 5 Least squares means
. of sire's maternal gestation length (GL)
EBV group with daughter's phenotypic
* performances: (a) milk solids yield in first
lactation, (b) lifetime milk solids yield,
(c) first lactation calving difficulty score,
and (d) first lactation stillbirth. Asterisks
indicate statistical difference at p <0.05
compared to the least squares mean of
class 0. [Colour figure can be viewed at
wileyonlinelibrary.com]

0 1 2 3

0.14

*
0.13 *
0.12

0 1 2 3

Sire's maternal GL EBV group

agreement with the results of the present study. Non-zero
heritability of a trait is a necessary criterion in order to
be considered for genetic selection (Miglior et al., 2017).
Estimates of the present study confirm the possibility of
selecting GL, especially for GL4. Moreover, the higher
heritability of the direct component compared to the
maternal one suggests that the effect of the calf on GL
is stronger than that of the mother, confirming that the
role of the corticosteroids secretion of the fetus is cru-
cial for the triggering of parturition (Hunter et al., 1977;
Thorburn et al., 1977). The small coefficient of genetic
variation reported in the current study may suggest
that direct selection on these animal features may have
limited results: however, a small change in phenotypic
GL is known to affect DYS and SB (Philipsson, 1976b),
probably due to the high foetal growth rate occurring in
the last month of gestation (Meijering, 1984). Moreover,
phenotypic GL was observed to affect lactation perfor-
mance (Norman et al., 2011; Vieira-Neto et al., 2017),
likely due to the high mammary gland parenchymal tis-
sue growth rate at the end of gestation (Davis, 2017).
The genetic correlation between first parity and later
parities for both GL4 (0.92) and GL,, (0.85) means that,
for both components, first and later parities should be
treated as different traits in a genetic evaluation. On
the other hand, the genetic correlation between GL4
and GL,, for both first parities (—0.50) and later pari-
ties (—0.22) suggests that a female calf which genetically
tends to shorten the gestation while in utero, tends to
extend it when pregnant. These negative correlations
are in accordance with findings reported for both beef
and dairy cattle breeds (Cervantes et al., 2010; Haile-
Mariam & Pryce, 2019; Jeyaruban et al., 2016; Johanson
et al., 2011; Philipsson, 1976a). In particular, Haile-
Mariam and Pryce (2019) reported a genetic correlation
of —0.31 between GL4 and GL,, for both first and later
parity, which is slightly lower but comparable with the
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results of the present study. These results may be ex-
plained by a natural selection mechanism that guaran-
tees a balance between the calf's and dam's development
(Philipsson, 1976a); furthermore, female calves secret-
ing high levels of corticosteroid to trigger the dam's
partum may be more tolerant to foetal corticosteroids
once they are pregnant. However, a deeper investigation
to validate this hypothesis is needed. The validation of
bulls' pedigree indexes (PIs) gave a greater reliability for
GL4 compared to GL,,, which can be explained by the
differences in the heritability estimates of the two com-
ponents. The results for bias for both direct and mater-
nal GL suggest that the estimates are nearly unbiased
while a slight overestimation was highlighted by both
dispersion coefficients. Finally, a slightly higher correla-
tion between full and reduced run was detected for GL,
compared to GL,.

As for the PIs, the reliability of DGVs was higher for
the direct (0.516) than maternal component (0.223) and,
in general, noticeably higher than the reliability of PIs.

4.2 | Relationships to other traits

Regarding GL, the approximate genetic correlations with
other traits highlighted inverse relationship with MY, PY
and FY, meaning that bulls transmitting longer GL tend to
transmit a smaller genetic potential for milk-related perfor-
mances. Eaglen et al. (2013) reported GL4 to be genetically
correlated with both MY (—0.19) and PY (—0.22) in UK
Holstein-Friesian primiparous cows. Their results, although
slightly different from those of the present study, confirm
the inverse relationship between these traits. Regarding
functional traits, the present study reveals that longer GL
is associated with lower longevity and higher risk of DYS.
For longevity, a non-significant positive correlation (0.09)
with GL4 was reported in UK Holstein-Friesian (Eaglen
et al., 2013). In the same population, an unfavourable (posi-
tive) genetic correlation (0.34) has been estimated between
GL and DYS (McGuirk et al., 1999). A study on Canadian
Holstein revealed an unfavourable positive genetic cor-
relation of 0.17 between GL4 and DYS directly evaluated
in primiparous cows (Jamrozik et al., 2005). Johanson
et al. (2011) identified an unfavourable positive correlation
of 0.38 between GL4 and DYS direct and a slightly favour-
able negative one with DYS maternal (—0.06). Regarding
fertility, the results of the present study suggests that bulls
with a high GEBV for GL, tend to produce a progeny that
calves later than the average.

For the maternal component, the GL,,, a positive re-
lationship was detected with MY, FY and PY. A previous
study, in contrast, indicated a non-significant relation-
ship between maternal GL and production traits (Eaglen

et al., 2013). As concerns the functional traits, no cor-
relation was found with longevity but a positive relation-
ship was observed with DYS, both direct and maternal.
Eaglen et al. (2013) reported a negative, although not
significant, genetic correlation of —0.23 between GL,
and longevity. In the case of DYS, literature results are
contrasting, with no consensus about the relationship
between GL and CE, also partly due to the population
studied and statistical models adopted. A positive and
unfavourable genetic correlation (0.19) between CE
and GL,, was observed in Canadian Holstein (Jamrozik
et al., 2005), while Johanson et al. (2011) reported in
US Holstein a favourable negative genetic correlation
of —0.24 with DYS direct, which is in accordance with
the results of the present study. Johanson et al. (2011)
reported an unfavourable positive genetic correlation of
0.25 of maternal DYS with maternal GL.

Regarding the relationship of the mate's direct GL
EBV with first lactation milk content production of the
cow, a slightly negative trend in production as the EBV
increase was observed, although not significant. In con-
trast, analysing lifetime milk contents production, the
trend is slightly positive, with a lifetime production of
cows mated with bulls with lower GL EBV significantly
lower than the others. Focusing on calving traits, al-
though the majority of coefficients were insignificant, a
positive trend was observed with calving difficulty score,
meaning that calving difficulty increases as gestation
length does; analysing SB incidence, the present study
reveals a positive trend too, with shorter GL resulting in
a lower risk of SB.

Regarding sire's maternal GL EBV, a significant fa-
vourable positive relationship was observed with first
lactation milk contents production. In the case of the
lifetime performance, instead, a semi-intermediate op-
timum (slightly shifted towards shorter GL) was de-
tected, although a significantly higher production level
was observed for the daughters of bulls present in the
+3 standard deviations of GL EBV group, maybe due to
the smaller sample size. Analysing calving traits, an in-
termediate optimum was identified for the relationship
of sire's GL EBV group with calving difficulty score, al-
though the differences between coefficients were not
significant due to the high standard errors. Focusing
on the SB incidence, a significant favourable (negative)
relationship was observed, meaning that daughters of
bulls with greater GL,, EBVs tend to deliver more vital
newborns, that is, with a reduced neonatal mortality in
the first 48 hours of life. These results seem to confirm
that bulls’ genetic potential for GL4 and GL,, plays a role
on calving and subsequent lactation performances of
cows, even if the effect of management and genetic po-
tential for the traits that directly regulate the phenotypes
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of interest are stronger. Moreover, this study strengthens
the hypothesis that, in the absence of specific manage-
ment needs, neither a shortening nor a prolongation of
GL should be pursued at population level.

5 | CONCLUSIONS

The present study wanted to deepen the knowledge of the
genetic aspects of GL in Italian Holstein. Despite the phe-
notypic and genetic variability of GL being rather small
due to biological constraints, the results of the present
study reveal that GL has a heritability different from zero,
confirming that potentially there could be room to select
for this trait. This study also indicates that maintaining
GL in an intermediate optimum is advisable and does
not cause undesired responses in other traits of interest,
such as milk yield, solids yield, or fertility. Furthermore,
given that in Italy there is no seasonality and calvings
are equally distributed along the year, there is no need to
shorten GL for management purposes. Of the two genetic
variance components evaluated, direct and maternal, the
direct one is predominant: this difference strengthens
the hypothesis that the calf genotype's effect is crucial at
calving and triggers parturition. The genetic correlation
between the direct and the maternal components high-
lighted, for both traits, the antagonistic relationship be-
tween the effect of an animal while in utero and while
pregnant. The genetic correlations between parities in-
dicated that first and later parities should be treated as
different traits in the genetic evaluation for GL. Both the
validation of PIs and DGVs confirmed that the identified
model is stable enough and suitable for routine genetic
and genomic evaluation in this population. The results of
this study partially clarify the link between the genetic,
phenotypic and physiological aspects of GL and lead to
the implementation of a routine genetic evaluation of GL
in the Italian Holstein breed, providing a new tool for
decision-making at the farm level.
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