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Abstract

The goal of this study was to verify the effect of heterogeneity of variance (HV) on milk pro-
duction in up to 305 days of lactation (L305) of daughters of Girolando, Gir and Holstein
sires, as well as in the genetic evaluation of these sires and their progenies. in Brazil. The
model included contemporary groups (consisting of herd, year and calving season) as a
fixed effect, cow age at calving (linear and quadratic effects) and heterozygosity (linear
effect) as covariates, in addition to the random effects of direct additive genetic and environ-
mental, permanent and residual. The first analysis consisted of the single-trait animal
model, with L305 records (disregarding HV). The second considered classes of standard
deviations (SD): two-trait model including low and high classes (considering HV), according
to the standardized means of L305 for herd-year of calving. The low SD class was com-
posed of herds with SD equal to or less than zero and the high class with positive SD values.
Estimates of (co)variance components and breeding values were obtained separately for
each scenario using Bayesian inference via Gibbs sampling. Different heritability was esti-
mated. Higher for the high DP class in the Gir (0.20) and Holstein (0.15) breeds, not occur-
ring the same in the Girolando breed, with a lower value among the classes for the high DP
(0.10). High values of genetic correlations were also found between low and high SD clas-
ses (0.88; 0.85 and 0.79) for the Girolando, Gir and Holstein breeds, respectively. Like the
order correlations (Spearman) which were also high for the three breeds analyzed (equal to
or above 0.92). Thus, the presence of HV had a smaller impact for L305 and did not affect
the genetic evaluation of sires.
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Introduction

The use of local breeds adapted to a specific environment is one of the OIE’s recommendations
[1], seeking to improve animal health conditions, as well as promote the sustainability of pro-
duction systems. In addition, to improve the productive characteristics of dairy cattle, changes
have been made in the management of herds (whether nutritional, ambience and/or reproduc-
tive) and/or the use of breeding strategies [2-4]. The genetic progress of herds has become
increasingly widespread with the intense use of reproductive biotechnologies, resulting in the
distribution of genetic material of animals, mainly sires, with high productive potential in dif-
ferent environments and contexts of dairy production around the world [5].

In this context, genotype x environment interaction (GEI) emerges as a possible problem in
defining strategies for the use of genetic resources, due to the fact that genotypes with favorable
performance in one environment may not have all their genetic potential expressed in another
environment [6]. In addition, there is a tendency for GEI to be ignored in genetic evaluations,
due to the low accuracy in selecting for performance in extreme environments, when there is
limited information to estimate the genetic value and due to the complexity of the models used
[7]. As a result, we can select some breeders in the wrong way, with better performances
depending on the breeding environment provided to them and not by their genetic potential
[8,9].

The heterogeneity of variance in milk production is a form of GEI and when it occurs, the
production of the progenies of a given breeder will be weighted by the proportion of SD of the
herds in which their progenies are being evaluated. The result of this is that the productions of
these daughters, from more variable herds, will present a greater weight in the genetic evalua-
tion of breeders than progenies with production from less variable herds [10].

However, if the GEI is not expressive, records of daughters in different environments may
alleviate the lower response to selection caused by GEL. If there is significant interaction
between genotype and environment in the expression of a given productive characteristic, bet-
ter said, if the genetic correlation between environments is less than 0.70; different improve-
ment programs will be required for genetic assessment in each of the environments [11].

Therefore, it is essentially important to choose appropriate environmental descriptors in
GEI studies [12-14]. The average level of production of each herd, for a given characteristic, is
constantly used as an indicator of the effect of the environment to which the progeny is
inserted, since this is an easily accessible information that associates numerous other environ-
mental factors that influence the expression of the phenotype [15-18].

India is the world’s largest dairy producer, with the largest proportion of production com-
ing from small herds, averaging less than two dairy cows per herd. These cows are mostly
multi-generation indefinite crosses between exotic dairy breeds and indigenous cattle, with no
record of performance or pedigree. Initial results from a performance recording program indi-
cate a strong potential for genomic selection to improve milk production in these animals. The
performance of animals with different racial compositions, in different Indian environments,
will allow better guidance for small producers on the ideal racial composition for each environ-
ment. These results highlight the effect of GEI on dairy production, showing that the best ani-
mals for one environment will not necessarily be the same in another [19].

Other authors also found the existence of the effect of GEI in several breeds, regions, coun-
tries, and levels of herd production and demonstrated that there is an effect on the ranking of
breeders [20-22]. These results show the importance of considering GEI in genetic evaluations
of dairy herds.

Therefore, the goal of this study was to evaluate the presence of variance heterogeneity for
milk production up to 305 days of lactation in the various Brazilian herds of the Girolando,
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Gir and Holstein breeds, as well as to measure how much this heterogeneity can interfere in
the classification of sires through genetic values.

Materials and methods
Animals and data consistency

For the present study, information on sires and cows of gir, Girolando and Holstein breeds
was used. Data were collected from the Programa de Melhoramento Genético da Raga Giro-
lando (PMGG), under the technical coordination of the Embrapa Gado de Leite (Fig 1).
Phenotype files contained 10,482, 16,439 and 65,235 records of milk production
within 305 days of lactation of cows (Girolando) daughters of 146, 189 and 873 breeding
animals of the Girolando breed (5/8 Holstein), Gir and Holstein, respectively, between 1994
and 2019.
To perform the analyses, we chose to separate the daughters to be evaluated, according to
the race of their parent, performing the correction of direct heterozygosis (DH), according to
the equation proposed by [23]:

DH:afajUra;ai”

Where, a; e a] denote the proportion of the breed 1" in the sires and cow (mother) of the
progeny.

For data consistency, proles records were eliminated without ancestry information, no date
of birth or date of birth. The total milk yield (MY), in each breed, was standardized for 305
days in lactation (MY305) through the expression:

MY305 = MY + b1(LL—305)

Were, LL represents the length of lactation and b1 is the linear regression coefficient of MY
as a function of LL. Milk production was limited up to 305 days at a maximum of up to 25,000
liters/lactation, with the age of the cow at delivery of up to 120 months.

Observations regarding herd-year-season classes of delivery with several information
smaller than four were excluded. To ensure the genetic connection between the Classes of SD,
breeders should have at least two daughters in each class and in both classes.

The months in which the deliveries occurred were grouped into two seasons, the dry season
occurring from April to September and rain from October to March. These seasons were
included in the formation group of contemporaries by the junction of the herd classes, year,
and parting season.

Statistical model used to estimate genetic parameters

To perform the analysis of the heterogeneity of variance among the herds, the data were ana-
lyzed in two situations. In the first, disregarding different variances of milk production among
the herds-year of delivery (general analysis), obtaining estimates of the components of (co)var-
iance and prediction of the genetic values of individuals for milk production.

In the second approach, milk production was considered in each phenotypic SD class as a
distinct characteristic, obtaining estimates of the components of (co)variance and prediction
of the genetic values of the individuals in each class.

The evaluation model included the fixed effects of contemporary group (composed of herd-
year-season of delivery), the age of the cow at delivery (linear and quadratic effects) and degree
of heterozygosis (linear effect) as covariates, and additive genetic effects of animal, permanent
and residual environment as random effects.
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Steps to data consistency:

Breed i= Holstein (H); Gir (G) and Girolando (GH=5/8H:3/8G)

l

v

DELETE: records animal’s without ancestry information
DELETE: records animal’s without date of birth.
Contemporary group (CG)= Herd || year || season of year in milk

DELETE: CG with information smaller than four levels for milk yield

l

Create Class of heterogenety variance:

HY:Herd || Year
Level of HY
Average by HY class for milk yield (AV)

Standardized of AV (SD)

Standardized of Average HY dass(mean= zero (means = 0 and
variance= 1)

| l

/ Low Standard Class (SD €0): Hight Standard Class (SD < 0):

Delete: Delete:

Number of milk yield records by GC< 4 Number of milk yield records by GC< 4

-

Sires with progeny <3

-

Sires with progeny <3

DELETE: Sires without Progeny em booth class SD

C DATA FILE FINAL :

Fig 1. Iconic representation of steps to data consistency.

https://doi.org/10.1371/journal.pone.0288257.9001

Model that disregards variance heterogeneity

In the general analysis, to obtain the estimates of the variance components, as well as the
genetic values of the animals, the following animal model was used:

y=Xb+Za+Wp+e
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Where, y is the vector of n milk production observations; b is the fixed effects vector; a is
the vector of genetic values of the animals; p is a vector of values referring to the permanent
effect of the environment on the animals; e is a vector of residuals of the same dimension as y.
X, Z, W are the corresponding incidence matrices of fixed, additive genetic and permanent
environment effects as random effects, respectively.

Model considering variance heterogeneity

Classes of herd-year of calving were defined and, subsequently, the milk production averages
were calculated in each of these classes. The mean values of the classes were standardized (con-
sidering mean equal to zero (y. = 0) and variance equal to one (o, = 1)) and then used to define
the SD classes.

The low SD class consisted of standardized mean values equal to and less than zero. Other-
wise, the high SD class was constituted with positive standardized mean values. In this way, it
was possible to separate the herds that were on opposite sides of the normal data distribution
curve. The following formula was used to standardize the mean:

g X=
o

Where, Z = standardized mean; X = mean milk production of herd-year of calving classes;
u = general average of production up to 305 days; o = general standard deviation of production
up to 305 days.

In this analysis, which considers each class of SD as a distinct trait, obtaining variance com-
ponents and genetic values of breeders for milk production, taking into account a joint distri-
bution of traits, considered the following model:

Yi= Xibi + Ziai + thi +e

Where, yi = milk production in the i-th SD class and the other terms that represent the milk
production in each SD class are the same previously described in the single trait model. For the
components of (co)variances, distributions were assumed, the Inverse-Wishart Conjugate Prior.

The analyzes were performed by Bayesian inference using the BLUPF90 family programs
[24]. A total of 300,000 Gibbs samples were generated, considering an initial discard period of
30,000 iterations. To minimize the effects of the initial values and to ensure the independence
of the samples, a sampling interval of 10 iterations was considered, generating a total of 27,000
samples of the estimates of the variance components. The convergence criterion used was the
Geweke diagnosis [25].

Correlation between genetic values

Spearman correlation coefficients were calculated for all combinations of estimated genetic
value sets and also considering only the top 20% sires and progenies (cows) based on the
genetic value in general analysis, of the different models, within each breed. In this way, it is
possible to verify if there was a reranking of the animals, due to the heterogeneity of variance.

The accuracy (r) of the estimated breeding values was obtained using the following formula,
according to [26]:
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Table 1. Descriptive data statistics including mea
contemporaneous groups (CG).

Where PEV is the variance of the prediction error and ¢ is the additive genetic variance of

the trait.
The consistency of the database, as well as spearman’s genetic and correlations, were per-
formed through the Statistical Program SAS [27].

Results and discussion

Subsequent values observed for means, standard deviations, coefficients of variation (CV),
number of lactations and number of group of contemporaries, for milk production, in each
phenotypic SD class and in general analysis are presented in Table 1 for the Girolando, Gir
and Holstein breeds.

The CV were high, mainly in the herds included in the low SD class, reflecting, especially,
in inequality of productions between the studied herds.

The herds included in the high SD class had a higher mean milk production for all breeds
studied. However, the highest SD was found in the general analysis, with no increase in the
mean associated with an increase in SD in the three breeds analyzed.

A similar result was observed by [28] and [29], who also found that increasing the mean did
not necessarily increase the standard deviation. Contrary to what was found by [30, 31], when
working with the Brown-Swiss breed, where an association between mean and SD within the
herd was verified.

It was possible to observe that the high SD class with the highest average, highest SD and
lowest CV, between classes, exhibited homogeneity in the milk production of the animals, in
the three breeds used in this study, indicating that the criterion for forming the SD classes was
efficient.

In all breeds, there was an increase in the posterior means of the estimates of the variance
components referring to the additive genetic effect, permanent environment and residual
effect (Tables 2-4).

This increase occurred from low to high phenotypic SD, however, this change was not pro-
portional to the point that heritabilities, repeatability and correlations remained constant in
the different analyses.

n (kg), standard deviation (SD, kg), coefficient of variation (CV, %), number of lactations (NL) and number of

General Analysis Standard deviation classes

Low High
Girolando Mean (Kg) 4065.10 2883.56 5122.75
SD (Kg) 2080.15 1463.95 1978.36

CV (%) 51.17 50.77 38.62

NL 10482 4951 5531

CG 1862 915 947
Gir Mean (Kg) 5063.16 3542.61 6340.51
SD (Kg) 2674.01 1992.54 2499.64

CV (%) 52.81 56.25 39.42

NL 16439 7505 8934

CG 2846 1477 1369
Holstein Mean (Kg) 5247.84 3822.28 6392.23
SD (Kg) 2576.54 1954.08 2441.63

CV (%) 49.10 51.12 38.20

NL 65235 29049 36186

CG 5551 2746 2805

https://doi.org/10.1371/journal.pone.0288257.t001
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Table 2. Means, respective SD and credibility interval (HPD = 95%) for posterior estimates of variances, heritability (h?), repeatability (rep) and genetic correlation
(r) for milk production up to 305 days of daughters of sires of the Girolando breed, in general analysis and in the different classes of phenotypic SD.

General analysis SD classes
Low High
o’a 2114.34 + 687.17 2077.75 + 597.03 2979.68 + 1010.68
HPD (862.10-3483.0) (959.70-3239.0) (1122.0-4967.0)
02p 5465.80 + 658.71 3507.01 + 564.33 6956.49 + 994.52
HPD (4186.0-6759.0) (2467.0-4651.0) (5064.0-8974.0)
o’e 16927.77 + 379.23 11711.42 + 406.76 21192.93 + 661.77
HPD (16190.0-17670.0) (10940.0-12530.0) (19950.0-22520.0)
h? 0.09 +0.03 0.12+0.03 0.10 +0.03
Rep 0.31 +£0.02 0.32 +0.02 0.32 +0.02
- 0.88 +0.10

Iy

*0%a: additive genetic variance; bozpz permanent environment variance; “o”e: residual variance.

https://doi.org/10.1371/journal.pone.0288257.t1002

Table 3. Means, respective SD and credibility interval (HPD = 95%) for posterior estimates of variances, heritability (h?), repeatability (rep) and genetic correlation
(r) for milk production up to 305 days of daughters of sires of the Gir breed, in general analysis and in the different classes of phenotypic SD.

General analysis SD classes
Low High
d’a 6958.15 + 1059.96 5870.29 + 1240.74 9942.05 + 1777.91
HPD (4919.0-8969.0) (3554.0-8543.0) (6637.0-13460.0)
02p 7829.34 + 907.10 6942.32 + 1243.21 8262.16 + 1547.73
HPD (6098.0-9585.0) (4462.0-9303.0) (5342.0-11290.0)
o’e 26867.49 + 496.20 19476.60 + 724.47 30988.95 + 828.94
HPD (25910.0-2784.0) (18080.0-20920.0) (29400.0-32650.0)
h? 0.17 + 0.02 0.18 £ 0.04 0.20 + 0.03
Rep 0.35 +0.02 0.40 +0.02 0.37+0.18
- 0.85 + 0.08

Tg

*c”a: additive genetic variance; bczp: permanent environment variance; “o’e: residual variance.

https://doi.org/10.1371/journal.pone.0288257.t003

Table 4. Means, respective SD and credibility interval (HPD = 95%) for posterior estimates of variances, heritability (h”), repeatability (rep) and genetic correlation
(rg) for milk production up to 305 days of daughters of sires of the Holstein breed, in general analysis and in the different classes of phenotypic SD.

General analysis SD classes
Low High
o’a 4993.91 + 399.15 3393.68 + 428.97 7202.86 + 669.20
HPD (4235.0-5758.0) (2590.0-4207.0) (5926.0-8512.0)
02p 6522.89 + 380.99 6005.77 + 457.96 6737.18 + 655.87
HPD (5770.0-7263.0) (5124.0-6878.0) (5424.0-8035.0)
o’e 29162.51 + 254.63 21319.34 + 316.36 34589.79 + 443.27
HPD (28660.0-29650.0) (20740.0-21990.0) (33710.0-35440.0)
h? 0.12 +0.01 0.11 £ 0.01 0.15 £ 0.01
Rep 0.28 £ 0.01 0.31 £ 0.01 0.29 £ 0.01
- 0.79 £ 0.06

Tg

%g%a: additive genetic variance; bozp: permanent environment variance; ‘o”e: residual variance.

https://doi.org/10.1371/journal.pone.0288257 1004
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The increase in the estimates of the genetic and residual variance components, according to
the increase in the production level of the herds, has been reported in other studies [32-35]
with dairy cattle, using approaches different from the one used in this study.

It is noteworthy that, for the Girolando breed, the posterior mean of the estimation of per-
manent environment variance for the high SD class was 98.36% higher than the low SD class.
This had a great impact on the calculation of the total phenotypic variance. In general, envi-
ronmental variation was responsible for an important part of the total variation of the evalu-
ated trait, causing low heritabilities.

Geweke’s criterion [25], which consists of indicating the convergence of the mean, resulted
in a probability value associated with the test always greater than the 5% level of significance
adopted, indicating convergence of the chains and the validity of the Bayesian analysis.

For the Girolando breed, the posterior means of heritability, considering the SD classes,
were close, being 0.10 for the high SD and 0.12 for the low SD. This shows that, although the
herds are in different environments, genetic factors act in a similar way in both.

Comparing the a posteriori mean of heritability in general analysis (0.09), there is a great
difference in relation to the values reported by [36], who obtained heritability of up to 0.1,
much larger than that found here. This difference may be due to the elimination of short lacta-
tions, less than 120 days, which caused a decrease in the range of data in that study. Another
point could be the fact that they used blood degrees of the Girolando breed for the cows and
not according to the breed of the sire, as performed in the present study.

The subsequent mean of heritability found in the general analysis (0.17) for the Gir breed
was much lower than that reported by [37] with values up to 0.39. Furthermore, in our study,
the high SD class (0.18) was only 10% higher than the heritability estimate for the low SD class
(0.20).

Posterior means of heritability of 0.12, 0.15 and 0.11 (general analysis, high and low SD,
respectively) approximate from those found by [38] in general analysis (0.14) and different by
[39] in general analysis (0.18), for Holstein animals.

Heritability values were, in general, higher in the high SD classes, with the exception of the
Girolando breed, mainly due to the influence of the posterior estimate of the permanent envi-
ronment variance in this breed.

In many cases, the more intensive the management of the herd for milk production, the
greater the heritability [40] and this can be explained by the greater opportunity for cows to
express their genetic potential in herds with high levels of production, due to the better envi-
ronment offered, which is characterized by greater control of the health aspects of the cows
and better feeding [41-43].

Differences in heritability estimates may also be due to non-compliance between the popu-
lations studied and the different analysis methods used. However, ignoring these differences
between heritability estimates, although small, raises doubts about the reliability of estimated
reproductive values.

In addition, heritability, and gradients of genetic variation between environments could
imply a higher genetic response in herds with more intensive management. It becomes evident
the need for further research considering VH in genetic evaluation models, including through
models of reaction norms.

Repeatability values indicated reasonable similarity between consecutive lactations of the
same animal, suggesting the importance of permanent environmental effects in determining
the expression of this trait. In general, comparing within each breed, repeatability values did
not differ greatly, ranging from 0.31 to 0.32 (Girolando), 0.35 to 0.40 (Gir) and 0.28 to 0.31
(Holstein).
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Animals of the Girolando breed reported a repeatability value equal to 0.93 in general anal-
ysis The animals of the Girolando breed have repeatability values ranging from 0.33 [44] to
0.93 [45] in the general analysis, much higher than that found in this study (0.31) for the same
breed. A large part of this difference is probably due to our lower heritability values found. In
other words, genetic variability contributed to a lesser extent in the repeatability estimates
[46].

For the Girolando, Gir and Holstein breeds, high values of genetic correlations were found
(Tables 2-4), between low and high SD classes (0.88; 0.85 and 0.79). Studies on GEI [47, 48]
concluded that when there is a genetic correlation greater than 0.61 between two environ-
ments, a higher average genetic gain is achieved for all sires in both environments.

In view of this, as reported by other authors [30, 49-51], our results indicate a significant
absence of variance heterogeneity for milk production up to 305 days in the analyzed herds,
that is, it is expected that the genetic value and the ranking of the sires are the same in the two
SD classes.

The order correlations (Spearman) between the genetic values obtained in the low and high
SD analyzes and those obtained in the general analysis, taking into account all sires, were equal
to or greater than 0.92 (Table 5), and were shown to be significant (p<0.01) for the three
breeds studied.

The order correlations (Spearman) between the genetic values obtained in the low and high
SD analyzes and those obtained in the general analysis, taking into account all sires, were equal
to or greater than 0.92 (Table 5), and were shown to be significant (p<0.01) for the three
breeds studied.

However, when the correlation is performed for the 20% of the best sires, classified based
on the genetic values estimated in the general analysis, there were reductions in the order cor-
relations. Becoming higher for Gir and Holstein breeds, between low and high SD classes,
32.26% and 29.35%, respectively. As for the Girolando breed, the greatest impact was between
the general analysis and the low SD class, with a reduction of this correlation by 9.47%.

The greater the selection intensity, the lower the percentage of common animals between
the classification groups, since the effect of errors in the classification order is more evident
when a small number of animals are selected.

The greater association of high SD classes with the general analysis indicates that more vari-
able herds contribute with greater participation in the prediction of genetic values, in a situa-
tion that disregards variance heterogeneity. This is because the high SD classes had greater
additive genetic variability.

As with the sires, the order correlation was performed for their progenies (Table 6). Corre-
lation coefficients considering all cows, according to sire breed (father), were also equal to or
greater than 0.92. This means that their ranking remained similar between the different SD
classes.

However, there was a downward trend in correlation values as selection pressure increased.
This became evident when the Spearman correlation considering only 20% of the best cows,

Table 5. Spearman correlation estimates (above the diagonal) between all sires in general analysis and in each phenotypic SD class and, for the top 20% sires (below
the diagonal); classified according to the genetic value in general analysis, for milk production up to 305 days, for the daughters of Girolando, Gir and Holstein

breeders.
Girolando
General Low
General - 0.95
Low 0.86
High 0.97 0.90

https://doi.org/10.1371/journal.pone.0288257.t1005

Gir Holstein
High General Low High General Low High
0.99 - 0.96 0.99 - 0.97 0.98
0.95 0.76 - 0.93 0.82 - 0.92
- 0.95 0.63 - 0.93 0.65 -
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Table 6. Spearman correlation estimates (above diagonal) among all cows (daughters of Gir, Girolando, and Holstein sires), in overall analysis and in each pheno-
typic standard deviation class, and for the top 20% cows (below diagonal), ranked according to the genetic value in general analysis, for milk production up to 305

days.
Girolando
General Low
General - 0.96
Low 0.78
High 0.97 0.83

https://doi.org/10.1371/journal.pone.0288257.t1006

Gir Holstein
High General Low High General Low High
0.99 - 0.95 0.99 - 0.98 0.99
0.95 0.83 - 0.92 081 - 0.95
- 0.93 0.70 - 0.94 0.62 -

according to the genetic value in the general analysis, decreased to values up to 0.62. However,
there was a downward trend in the correlation values, as there was an increase in the selective
intensity of the sires, since the Spearman correlation considering only 20% of the best cows,
according to the genetic value in the general analysis, decreased to values of up to 0.62.

A study analyzing breeding strategies in two environments, based on the highest mean
genetic gain [52-56], found that the analysis was relatively insensitive to heritability, number
of progenies per sire and the relative importance of both environments, but was very sensitive
to intensity of selection, as occurred in this study. Another study [57] evaluating the weight of
male and female cattle, but using linear regression, showed that males had higher body weights
and greater gains in body mass (BW) compared to females, with advancing age.

Although alterations were observed in order correlations, it is verified in Table 7 that there
was no drastic change in the number of animals, for sires and cows, which remained in the list
of the ten best classified.

There were only two cases of considerable change. The first was in the Holstein breed, in
which only 6 animals of the 10 bests, remain in the analysis, considering the low SD class (anal-
ysis of the sires). The second happened in the analysis of the cows, in which only 5 animals,
out of the top 10, remain in the analysis considering the low SD class, in the Gir breed.

Other studies [2, 22, 58-63] show small GEI effects and correlation values close to unity,
with no significant reclassification of sires for milk production, whether with reaction norms
or with analysis of genetic and order correlations between environments.

This indicates that in this research herd environments (included in SD classes) may be simi-
lar in some respects, although they differed in herd size and location regions.

The HV existing in this study did not cause great harm in the genetic evaluation of sires in
the three studied breeds. This was evidenced when observing the results obtained in the gen-
eral analysis, which would similarly select the same sires within the HV classes.

Conclusion

Estimates of heritability and genetic correlation for milk yield revealed that the heterogeneity
of variance present is mainly genetic in nature. Therefore, the presence of variance heterogene-
ity did not affect the genetic evaluation of sires for the three breeds studied.

Table 7. Number of sires and their progeny (cows), in the top 10 classification with the model under general analysis that remain in the top 10 classification, with

the analysis of the herds in the different classes.

Girolando Gir Holstein
GA® P H® GA L H GA L H
Sires 10 8 10 9 10 6 10
Cows 10 9 10 5 10 7 8

GA: general analysis; °L: low SD class; °H: high SD class.

https://doi.org/10.1371/journal.pone.0288257.t1007
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Spearman’s correlations showed that there was no difference in the classification of sires
without considering HV. However, this pattern was altered when the selection intensity
increased in the sires, resulting in a considerable change in their ranking.

In animal genetic evaluation models, it is important to verify the presence of HV, as well as
its effect on the genetic evaluation of the breeders, especially in countries where there are large
variations in the environment.
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