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ABSTRACT: The breeding value (EBV) of Holstein cattle milk performance from the first lactation was
evaluated using a regular Animal Model or by Single-Step Prediction of the genomic breeding value (GEBV).
A total of 838 bulls were genotyped using the Illumina BovineSNP50 BeadChip V2. Two overlapping sets of
milk performances were evaluated: calving years 1991-2004, with 729 341 lactations and 1 394 487 animals
in the pedigree and calving years 1996—2009, with 808 436 lactations and 1 487 608 animals in the pedigree.
The older data set included 526 genotyped bulls, in which the daughters’ milk performance was known for
210 individuals. All of the genotyped animals were included in the newer data set. Of the young genotyped
bulls from the older set, 279 had more than 50 daughters with performance records in the newer set. Genomic
relationship matrices (G) were constructed from the allele frequencies of the current genotyped popula-
tion or by assuming a constant value of 0.5 for all loci. Using current allele frequencies, the correlation of
G with the pedigree relationship (A) was 0.74, while it was 0.77 when the constant value was used. G was
blended with A with weights of 80 or 99%. The average EBV of the genotyped bulls exceeded the mean EBV
of the entire population by 3 SD. Although the number of reference bulls was small, genotyping resulted
in an increase of approximately 0.05 in the correlation of the GEBV of young bulls with their results after
progeny testing. Only small differences in correlations were found in dependency on the methods used for
the determination of G and in dependency on the weight used in blending G with A. Both EBV and GEBV
in the older set showed higher correlations with the GEBV of the newer set than the EBV of the newer set.
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The main goal of the inclusion of molecular ge-
netic information (MQ) in the evaluation of breed-
ing animals is to evaluate young animals without
performance records.

The inclusion of MG was first carried out based
on the relationship between several genetic mark-
ers with QTLs (Pribyl, 1995). This information
was combined with the polygenic breeding value
(EBV) determined by a BLUP Animal Model. A

large number of genetic markers can be determined
due to the development of laboratory techniques
that influence the methods of EBV prediction. A
large number of partial regressions are estimated
for a given trait based on many SNP genetic mark-
ers. These partial regressions are summed into one
total criterion used for the animal’s selection for
breeding. This criterion predicts the direct ge-
netic value (DGV) and in combination with the
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residual polygenic EBV, the genomic breeding value
(GEBV) of the evaluated animal (Meuwissen et al.,
2001). Some SNPs have a negligible effect on the
studied traits, and errors in genotyping exist, too.
Therefore, methods to eliminate improper SNPs
are employed (Wiggans et al., 2009; Verbyla et
al., 2010). In spite of the high density of genome
coverage by a large number of genetic markers, it
is assumed that genetic markers do not fully re-
flect additive genetic variability. Calculation of the
GEBV also implies overestimation. Both matters
could be solved by blending G with A (explained
below), assigning an appropriate weight of G (or
inv(G)) from 70 to 100% (VanRaden et al., 2009;
Aguilar et al., 2010; Christensen and Lund, 2010).

We are working with populations undergoing per-
manent development, while genotypic responses to
permanently changing husbandry conditions vary,
too. Therefore, it is necessary to continuously es-
timate regression coefficients for the SNP markers
obtained for cattle in maximally two-year periods
(Schaeffer, 2006).

SNP genetic markers can also be used for the
determination of the realised genomic relation-
ship matrix G (Guo, 1996). In the construction
of G matrix, deviations from the allele frequen-
cies of the original non-selected population are
employed. These frequencies are very difficult to
determine and several approximate methods must
be applied for that purpose (Forni et al., 2011).
Data on genomic relationships can be combined
with data on pedigree relationships (Bomcke et
al., 2009; Legarra et al., 2009; Christensen and
Lund, 2010).

VanRaden (2008) demonstrated that the same
GEBYV evaluation of animals can be obtained us-
ing the above-mentioned regression coefficients
or with G matrix. Calculation of the GEBV by
means of G matrix is much simpler, but inversion
of G is not possible in every case, for example,
with the presence of identical twins, etc. Thus,
it is frequently modified by blending G with a
small proportion of the pedigree relationship A,
which practically does not influence the results
(VanRaden, 2008; Aguilar et al., 2010; Christensen
and Lund, 2010).

The methods used for GEBV prediction were
based on sufficiently large reference sets of sires
with highly reliable breeding values that represent
the evaluated populations in which the above-men-
tioned regression coefficients were calculated. The
value of young genotyped animals was subsequently
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determined based on assignment of these regres-
sion coefficients to the same SNP in young animals.
The value of young animals was also determined by
means of G matrix on the basis of the relationship
between old and young genotyped animals (Hayes
et al., 2009; VanRaden et al., 2009). These were
consecutive multistep calculations, and each step
required fulfillment of a number of conditions and
error-free input parameters, if possible. In addi-
tion, comparison of genotyped and non-genotyped
animals on a common scale is not easy, because
genotyped animals are only a biased sampling of
the entire population with a different mean and
variability. Additionally, calculations of the EBV of
genotyped animals and their non-genotyped herd
mates and other relatives in the basic population
are mutually influenced (Ducrocq, 2011).

The difficulties described above can be overcome
by employing a single-step prediction (SSP) of
GEBV (Misztal et al., 2009; Christensen and Lund,
2010) that works directly with entire (unselected)
basic sets of performance records. The advantages
of the SSP are more pronounced for traits with
lower heritabilities (Chen et al., 2011) and can be
used in multiple trait (MT) analysis for the predic-
tion of the GEBYV of several traits (Aguilar et al.,
2011). An SSP approach is based on typical meth-
ods using linear mixed models in large populations
at a national level (Zavadilova et al., 2005, 2009;
Krej¢ova et al., 2008; Vostry et al., 2008; Komprej et
al., 2009), and it immediately follows all processed
and programmed national-scale procedures for the
genetic evaluation of farm animals (Plemdat, 2011).

The development of the methodical principles of
GEBYV prediction has been summarised by several
authors (Hayes et al., 2009; VanRaden et al., 2009;
Pribyl et al., 2010; Poschadel and Mayer, 2011). New
applications of SSP have been reported by Misztal
etal. (2010), Aguilar et al. (2010, 2011), Chen et al.
(2011), Forni etal. (2011), and Tsuruta et al. (2011).

The Czech population of approximately
200 000 Holstein cows has a large proportion of
inseminations of foreign origin, mostly with ei-
ther direct parentage from the USA or descended
through a few generations from U.S. cattle. This
permanent immigration of foreign genes influences
the relationships within the domestic cattle popula-
tion and the determination of EBV.

The objective of the present study was to as-
sess the SSP of the GEBV in a small population of
Holstein cattle with a small number of genotyped
reference sires.
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MATERIAL AND METHODS

Data from the first lactations of Holstein cattle
were used in this study. For simplicity, the follow-
ing lactation model was employed:

performance = HYS of calving + calving age + (calv-
ingage)? + days open + (days open)* +
animal + random error

where:

HYS = contemporary group within a herd in a three-month
calving period (fixed effect);

calving age, days open = curvilinear regressions (fixed effects);

animal = random effect within a relationship matrix

Based on the model equation, a set of normal
equations is constructed as follows:

XX X'Z b B XY
ZX XZ+kAY|u| (ZY
where:
Y  =vector of the performance records (dependent vari-
able)

X, Z = matrices of explanatory variables assigning perfor-

mance records to fixed and random effects, respec-

tively

b, u = estimated unknown vectors of fixed and random
effects

k  =ratio of the variances of residual and random genetic
effects

A =pedigree additive relationship matrix among the ani-

mals, covering ancestral generations

Two overlapping sets of performances were eval-
uated; each set covers 14 calving years. According
to the quantity of production record, both the sets
have similar predictive power:

(I) calving years 1991-2004, with 729 341 lacta-
tions and 1 394 487 animals in the pedigree,
comprising 4 generations of ancestors;

(I) calving years 1996—2009, with 808 436 lacta-
tions and 1 487 608 animals in the pedigree,
comprising 4 generations of ancestors.

Set (II) forwards the first one by 5 years; cows
calved from 1996 till 2004 are included in both
sets. Sets therefore differ genetically according to a
realised genetic trend of 5 years. The average EBV
of a group of genotyped bulls is compared with
entire sets. Therefore, the difference between the
EBV averages of the same genotyped bulls included

in both sets from the average EBV of both sets in-
cluding all animals should be smaller in set II.

The 842 bulls in the two pedigrees were geno-
typed using the Illumina BovineSNP50 BeadChip
V2 (Illumina Inc., San Diego, USA). There are many
outlooks for restricting loci and animals according
to the quality of genotyping (Wiggans et al., 2009;
Verbyla et al., 2010). We aimed at using the highest
number of genotyped bulls. Bulls with genotype call
rates < 95% were excluded from further evaluation
(4 bulls). SNPs were discarded if more than 5% of
SNP calls were missing. The total number of SNPs
used for further analyses was 53 906. SNPs with a
GC-score < 0.2 were considered missing. Therefore,
a total of 838 bulls were used.

The older set (I) included 526 genotyped bulls
composed of 316 young bulls and 210 bulls for
which the daughters’ milk performance was known
(84 daughters per bull on average). The newer set
(IT) included all genotyped bulls. Of the young geno-
typed bulls from the older set, 279 had more than 50
daughters (77 per bull on average), and 80 had more
than 80 daughters (110 per bull on average) with
performance records in the newer set. Furthermore,
new young genotyped bulls appeared in set II.

Regular EBVs without genomic information were
determined using an Animal Model method, and
the GEBV was determined by SSP (Aguilar et al,,
2010; Christensen and Lund, 2010). For calcula-
tion of the GEBV by SSP, the inversion of the pedi-
gree relationship matrix A~ was substituted in the
above set of equations by H™! matrix:

0 0

H'=A"!
“lo F

where:

H = corrected relationship matrix (Aguilar et al., 2010)
[..] = the same size as A, with partitioning into 4 parts
F = correction for the genomic relationships by means of

G matrix only for genotyped animals

F=((1-w)G+wA,)'-A,"

where:

w = weight (0 to 1) of the pedigree relationship (Chris-
tensen and Lund, 2010)

A,, =additive pedigree relationship matrix only for geno-

22
typed animals

Matrix A,, is cut out of matrix A*. Matrix A* is

constructed on the basis of genotyped animals and

four generations of their ancestors.
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The genomic relationship matrix G is constructed
according to Forni et al. (2011):

(T-QUT-Q
trace (T-Q)(T - Q)")/n

where:

T = matrix of the occurrence of an allele SNP of size n, m
for n genotyped animals (n = 526 or 838) and m loci of
genetic markers (m = 53 906), and the matrix elements
are the numbers of second alleles in a given animal at
locus (j), having the values < 0, 1, 2 >

Q = matrix of the means of SNP occurrences across par-
ticular loci, with column (j) containing the values 2.4,
(q; = average frequency of the second allele for SNP

in column (j) in the original non-selected population)

Usually, the allele frequency in the original non-
selected populations is difficult to estimate, so dif-
ferent alternatives are used for the construction
of Q. The average allele frequencies of the second
allele in the current genotyped population (Gof) or
an assumed constant value of 0.5 for all loci (GO05)
were used here (Forni et al., 2011).

As in previous reports (VanRaden et al., 2009;
Aguilar et al., 2010; Christensen and Lund, 2010),
the genomic relationships were assigned weights of
99 or 80% (w = 0.01 or 0.20, respectively). A herit-
ability value of 0.25 was assumed. For simplification

Table 1. Relationships and their differences in 838 genotyped animals according to pedigree (A

relationship matrices

of the calculation, heterogeneous variance was not
considered.

EBV and GEBV were determined in both sets
(Iand II), and correlations among the results were
calculated with the aim of comparing the EBV to
the GEBV. This corresponds to the 279 young bulls
in set (I) with the daughter information in set (II).

BLUPF90 family programs (Misztal et al., 2002)
and the DMU5 module of the DMU program
(Madsen and Jensen, 2008) were used for the EBV
and GEBYV predictions.

RESULTS

The pedigree relationships of the genotyped ani-
mals, A,,, were compared with the realised genetic
relationship, G (Table 1). The pedigree matrix of
the relationship of the genotyped sires A,, has
diagonal elements in the range of 1 to 1.16, with
a standard deviation of 0.020, which indicates a
maximum inbreeding of 16%. Average inbreed-
ing is 2.3%. The off-diagonal elements have values
from 0 to 0.632, which shows a maximum animal
relationship of 63.2%. The average pedigree rela-
tionship among all genotyped animals is 5.2%, and
the standard deviation of the relationship is 3.9%.

,,) and genomic (G)

Correlation of relation-

Mean SD Minimum Maximum ship matrices
Diagonal elements (inbreeding)
A,, 1.023 0.020 1 1.160
Gof 1.000 0.040 0.839 1.238
GO05 1.000 0.014 0.941 1.066
Difference A,, — Gof 0.023 0.039 -0.177 0.184 0.306
Difference A,, — GO5 0.023 0.018 -0.027 0.109 0.521
Difference Gof — GO5 0.000 0.036 -0.102 0.202 0.473
Off-diagonal elements (relationship)
A, 0.052 0.039 0.000 0.632
Gof -0.001 0.043 -0.132 0.580
GO05 0.580 0.022 0.495 0.840
Difference A,, — Gof 0.053 0.030 -0.275 0.402 0.737
Difference A,, — GO5 -0.528 0.026 -0.685 -0.207 0.774
Difference Gof — G05 -0.582 0.028 -0.671 -0.231 0.842

Gof = determined on the basis of the frequencies of g;in the studied current population, GO5 = determined at a frequency

of g;= 0.5, q; = average frequency of the second allele for SNP in column (j) in the original non-selected population
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The mean of the diagonal elements of the stand-
ardised genomic relationship matrix (Gof) is 1, with
a range of 0.839 to 1.238 and a standard deviation
of 0.040. The range is markedly higher than in the
pedigree relationship, and values lower than 1 also
occurred. The off-diagonal elements range from
—0.132 to 0.580, with a mean close to 0 and a stand-
ard deviation of 0.043. The variability of the genom-
ic relationship is higher than that of the pedigree
relationship, and negative values also occurred (the
animals are to a certain degree opposite in relation-
ship). The mean difference between A,, and Gof
is 2.3% in the diagonal elements, with a standard
deviation of 3.9% and a range from —0.177 to 0.184.
In the off-diagonal elements, the mean difference is
5.3%, with a standard deviation of 3.0% and a range
from -0.275 to 0.402, which indicates a change in
the relationship of up to 40.2%. According to A,,
and Gof, the correlation between the diagonal ele-
ments (inbreeding) is 0.306, while the correlation
between the off-diagonal elements (relationship) is
0.737. Both correlation coefficients are highly sta-
tistically significant, but the above values indicate
large differences between the pedigree relationship
and the realised relationship in some animals.

The values of GO5 are more similar to the values
ofA22, and the correlations of the diagonal and off-
diagonal elements are 0.521 and 0.774, respectively.

The variability in relationship is also lower than in
Gof. The crucial difference lies in the mean value of
the off-diagonal elements, which is biased from the
expected value (difference —0.528), in agreement
with the findings of Forni et al. (2011).

The relationship matrices Gof and GO5 exhibit
correlations of diagonal and off-diagonal elements
0f0.473 and 0.842, respectively. There are also sub-
stantial differences between some elements of these
matrices, and the standard deviations of the dif-
ferences are similar to the standard deviations of
the differences in A,,. In general, the elements in
GO5 matrix are more balanced than in Gof matrix.

The evaluated sets I and II cover a total period
of 19 years. Over this period, there was a marked
increase in milk performance and in variability
(Table 2). Sets I and II overlap, although there is a
difference in the means of the older and the new-
er set attaining to 1239 kg of milk per lactation,
and the standard deviation of the performance
records increased from 1768 to 1832 kg. After
adjustment by the least-squares method (GLM/
SAS) for fixed effects, the residual standard de-
viations were 979 and 1167 kg for sets I and I,
respectively. The determination coefficients of
the model are 72% for set I and 62% for set 1I. In
the newer set, fixed effects explained the lower
proportion of variability.

Table 2. Mean values and variability (kg of milk per lactation)

SetI SetII Difference

n mean SD n mean SD II-1
Milk performance 729 341 5847 1768 808 436 7086 1832 1239
Adjustment for fixed effects 979 1167
EBV all 1394 487 0 553 1487 608 0 745 0
EBV 279 279 1681 442 279 1377 603 -304
Gof GEBV 279 279 1745 530 279 1377 606 -368
Gof GEBV 279 0.8 279 1751 524 279 1378 609 -373
GO05 GEBV 279 279 1593 364 279 1354 524 -239
GO05 GEBV 279 0.8 279 1621 381 279 1364 549 -257
EBV 80 80 1709 489 80 1394 626 -315
Gof GEBV 80 80 1777 607 80 1397 628 -380
Gof GEBV 80 0.8 80 1778 600 80 1398 631 -380
GO05 GEBV 80 80 1628 422 80 1378 565 -250
GO05 GEBV 80 0.8 80 1653 436 80 1385 586 -268
EBV Proven bulls 1130 959 616 1130 622 628 -337

279 = bulls with > 50 daughters (average 77) in set II, 80 = bulls with > 80 daughters (average 110) in set II, 0.8 = weight of
genomic relationship of 80% (w = 0.20), proven bulls = with > 80 daughters in both sets (averages of 164 and 168 daughters)
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The standard deviation of the EBV of all the ani-
mals is 553 kg in set I and 745 kg in set II.

The 1130 proven bulls with a sufficient quantity
of daughters have average EBVs of 959 and 622 kg in
sets I and II, respectively (Table 2). The difference
of 337 kg (last column in Table 2) corresponds to
a genetic gain of 66.14 kg per year. The standard
deviations within this group are similar in both
sets, with values of 616 and 628 kg, respectively.

For the 279 young genotyped bulls in set I without
daughter performance data, the mean (pedigree)
EBV was 1681 kg, approximately 3 SD of EBV above
the average of the entire set, and 722 kg above the
average of proven bulls. These 279 bulls have the SD
of 442 kg, which is less than in the entire set. After
progeny testing, the same bulls have 50 daughters
or more in set II, and their mean EBV is 1377 kg.
Their mean decreased by 304 kg over 5 years in
relation to the entire set, which is associated with
the genetic trend in the population, but could also
be related to the bias in the estimation of parent
average EBV in dataset I. This decrease is lower
than in proven bulls. The average of 279 bulls is
755 kg above the average of proven bulls in set II,
which is more than in set I. This indicates some
undervaluation of pedigree EBV in set I. The sub-
set of 279 bulls has the SD of 603 kg in set II. This
value is still lower than that of the entire set II.
In both cases, the SD of the EBV of the 279 bulls
is approximately 80% of the SD of the particular
evaluated population in a given period.

GEBVs were calculated using an Animal Model
with the relationship matrix H. The results depend
on the method of G matrix construction employed.
Variability is higher within Gof than within GO5,
which was reflected both in the mean GEBV of the
entire group of bulls and in their variability. When
Gof is used, the means and standard deviations of
EBV and GEBYV are basically identical in set II. In set
I, where these bulls have only pedigree information,
the mean GEBV is higher by 64—70 kg than the mean

EBV. Comparison with proven bulls indicated some
overvaluation (the higher values of 368 and 373 kg in
the last column in Table 2), but this should be judged
carefully. Production and connected variability in-
crease with time, and the progeny of young bulls
comes in a new period with higher variability, which
is also manifested in genetic variability. When using
GO05, the means and standard deviations of GEBV
are lower in both sets compared to EBV.

Weight of the genomic relationship in H™! matrix
0f 99% or 80% did not exert any influence on GEBV
prediction.

In the evaluation of bulls having more than
80 daughters in set II in the progeny test, the val-
ues of the means and standard deviations of GEBV
are higher in both sets. However, the relationships
among the results are similar to those observed in
the evaluation of the 279 bulls.

The correlations between EBV and GEBYV for the
279 genotyped sires within the sets are high (Table 3).
In set II, after progeny testing, all values are close to
1, while in set I, the correlations between the pedi-
gree EBV and GEBV are in the range of 0.92-0.97.
The correlations between the different approaches
to G construction are also close to 1 in set .

Table 4 shows the correlations between the values
before and after progeny testing for the 279 bulls. A
relatively low correlation of approximately 0.5 was
calculated between the EBVs for sets I and II. The
GEBVs in set I basically show the same correlations
with EBV in set II, being 0.54 for the genomic rela-
tionship Gof and 0.52 for the genomic relationship
GO5, regardless of the impact of genomic weights
in H'. The increases in the correlation compared
to EBV for Gof and GO5 are approximately 0.05
and 0.02, respectively. Higher correlations were
determined between GEBV in set I and between
GEBYV in set II, up to a value of 0.622. Both EBV
and GEBV in set I show higher correlations with
GEBYV in set II than with EBV in set II. This may
imply that the GEBV in set I is closer to the actual

Table 3. Correlations between EBV and GEBYV in set I (above diagonal) and in set II (below diagonal) for 279

genotyped bulls according to method of evaluation

EBV Gof Gof 0.8 GO5 G05 0.8
EBV 0.921 0.935 0.926 0.965
Gof 0.995 0.998 0.971 0.969
Gof 0.8 0.997 1 0.968 0.972
GO5 0.983 0.994 0.992 0.992
G050.8 0.994 0.998 0.998 0.997

156



Czech |. Anim. Sci., 57, 2012 (4): 151-159

Original Paper

Table 4. Correlations between EBV and GEBV for 279 genotyped bulls before (set I) and after (set II) progeny test-

ing according to method of evaluation

IEBV I Gof I Gof 0.8 1 GO5 1G050.8
II EBV 0.495 0.544 0.543 0.521 0.519
II Gof 0.506 0.572 0.570 0.549 0.542
II Gof 0.8 0.504 0.567 0.565 0.544 0.538
II GO5 0.548 0.622 0.619 0.600 0.591
I G050.8 0.531 0.594 0.592 0.572 0.567

Table 5. Correlations between EBV and GEBV for 80 genotyped bulls with higher reliabilities before (set I) and
after (set II) progeny testing according to method of evaluation

I EBV I Gof I Gof 0.8 1 GO5 1G05 0.8
II EBV 0.537 0.587 0.587 0.569 0.566
II Gof 0.550 0.610 0.609 0.593 0.586
II Gof 0.8 0.548 0.606 0.606 0.589 0.583
1I GO5 0.591 0.651 0.651 0.635 0.628
11 G05 0.8 0.573 0.628 0.628 0.611 0.607

genetic value (it exhibits lower noise) than the other
predictions. Thus, it seems more appropriate to
compare the other approaches only with the GEBV
in set IL. It is crucial to compare the values shown in
the particular row in Table 4 with those in the first
column when deviations reach the value of 0.074.

Table 5 shows the correlations between EBV
and GEBV for the 80 bulls with higher numbers
of daughters. Compared to Table 4, the values in
Table 5 are higher by approximately 0.04. The re-
lationships among the results shown in Table 5 are
similar to those in Table 4.

The correlation results for Gof are higher by ap-
proximately 0.02 than those of GO5. The off-diag-
onal elements in the relationship matrix GO5 are
biased (Table 1). After the mean of the off-diagonal
elements in GO5 was shifted to zero, both the aver-
age GEBV and the standard deviations (Table 2) and
correlation coefficients (Tables 4, 5) were similar to
the results in the relationship matrix Gof. But the
convergence of the iterative calculation was very
poor, which agrees with the work of Misztal et al.
(2010), stating in this case non-positive definite ma-
trix. The convergence in our case partly improved by
blending G with A,,, putting a weight of G at 80%.

DISCUSSION

Four generations of ancestors were used for the
construction of the pedigree relationship, which is a

common practice in the sale of breeding animals and
in registration in herd books. For the genomic rela-
tionship construction, MG data on the frequencies
of alleles at particular loci were either used according
to the set of currently evaluated bulls (Gof), or the
same frequency of both alleles was substituted (G05).
The latter approach is based on the assumption that
the frequencies of alleles in the original non-selected
population were identical at all loci (VanRaden, 2008;
Misztal et al., 2010; Forni et al., 2011).

The correlation between pedigree relationship
A and Gof is 0.737, but great changes occurred in
particular animals. Values in GO5 have closer re-
lationships to A (0.774). The correlation between
the two approaches used for the construction of
G matrices is 0.842 (Table 1), but there are large
differences in particular animals.

The means and variabilities of EBV and GEBV
are almost identical in set II (Table 2) because off-
spring represent a significant portion of the in-
formation sources used to determine both EBV
and GEBV. However, EBV in set [ is based only on
pedigree data. The mean GEBV of the bulls in set I
exceeds the mean and variability of all animals to
a greater extent compared to the mean EBV. In
order to reduce inflation, Aguilar et al. (2010) and
Misztal et al. (2010) applied a weight from 0.7 to 1
to w*(inv(G) — inv(A,,)) or to inv(A,,) only. In our
case, a difference in weight of the genomic relation-
ship of 80% or 99% did not influence the means and
variabilities of the GEBVs of genotyped animals.
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Both weightings of G in set I brought about a simi-
lar shift of the average GEBV compared to EBV and
higher variability. This would imply overvaluation
of a genetic trend. GO5 in set I showed lower means
and considerably lower variability. However, the
off-diagonal elements of the relationship in this ma-
trix were greatly biased. After the mean was shifted
to zero, the results were similar to those obtained
using Gof matrix. For the correct construction of G,
the SSP approach results in higher reliability than
the other methods (Aguilar et al., 2010).

The correlation between the EBVs of the 279 ge-
notyped bulls in sets I and II is low. Other authors
have reported higher values (Hayes et al., 2009;
VanRaden et al., 2009). This may be caused by the
high number of imported foreign sires, and thus by
the indirect relationship with the evaluated domes-
tic population and the small reference population
of only 210 proven genotyped bulls in set I. The
only evaluated trait was first lactation, which is a
weaker information source than is used in routine
predictions of EBV. The use of bulls with higher
EBV reliabilities in set II (though only 80 bulls were
employed in this case) resulted in an increase in all
correlations (Table 5). The GEBV in set I display by
0.05 higher correlation with the EBV in set II than
the EBV in set I. In such a small reference popula-
tion, this increase is at the lower threshold of the
data presented in the literature (Hayes et al., 2009;
VanRaden et al., 2009; Aguilar et al., 2010).

The results of GEBV could also be influenced by
the use of only minor restrictions for eliminating
improper SNPs. In other studies, other criteria are
also used at different thresholds, including Hardy-
Weinberg equilibrium, minor allele frequency, po-
sition on sex chromosomes or unknown position
and GenTrain score. These reduce the number of
SNPs used in further computations by thousands
(Wiggans et al., 2009; Verbyla et al., 2010).

The GEBV in set I exhibits more favourable cor-
relations with the GEBV in set II, with an increase
of approximately 0.03, compared to correlations
between the two EBVs. The EBV in set I also dis-
plays a tendency of higher correlations with GEBV
in set II than with the EBV in set II.

CONCLUSION

Despite using a small number of proven refer-
ence bulls, their genotyping and the genotyping of
young bulls led to an increase in the correlation of
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the GEBVs of young bulls with their results after
progeny testing.

The pedigree EBV of young bulls exerts slight
undervaluation and their GEBV slight overvalua-
tion in our case.

It is advisable to compare methods on the basis
of correlations with GEBV rather than with EBV
after progeny testing.

In accordance with what is reported in the lit-
erature, attention should be paid to the methods of
G construction used.
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