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Summary

The objective of this study was to investigate possible causes of inflation in genomic
predictions for dairy cattle. The simulated data included phenotypes, pedigrees, and
genotypes, mimicking a dairy cattle population (i.e., cows with phenotypes and bulls with no
phenotypes), assuming selection by breeding values or no selection. With the simulated data,
genomic (G) EBV were calculated with a single-step genomic BLUP and compared with true
breeding values (TBV). Phenotypes and genotypes were simulated for 10 generations and the
last 4 generations, respectively. Phenotypes in the last 2 generations were removed to predict
breeding values for those individuals using only genomic and pedigree information. For
comparison, (G)EBV were also calculated using all phenotypes and genotypes in 10
generations. Complete pedigrees with and without inbreeding and pedigrees with unknown
dams were used to construct the pedigree-based relationship matrix. Regression coefficients
(b1) of TBV on (G)EBV were calculated to investigate inflation in GEBV. In addition to the
simulation study, inflation in GEBV for 18 linear type traits of US Holsteins were examined
as well. Regression coefficients of daughter yield deviations on GEBV for young genotyped
bulls were calculated. The results from the simulation study indicated inflation in GEBV
when sires were evaluated including genotypes, with b1 ranging from 0.6 to 1.0. Even with no
selection in all generations, the inflation in GEBV existed. The inflation was greater with no
inbreeding or with no dams in the pedigree-based relationship matrix. On the other hand,
inflation in GEBV for cows were minimal with no selection or with genotypes in all
generations. For linear type traits, GEBV were inflated, showing b1 from 0.6 to 0.9. One way
to adjust this inflation is to use a weight < 1.0, which reduces the pedigree contribution for
genotyped animals. Another is to use smaller additive genetic variances. In both methods,
inflation in GEBV were minimized. In dairy cattle, known pedigree information and
consistency between genomic and pedigree-based relationships could be essential to reduce
the inflation in genomic predictions for young genotyped bulls.
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Introduction

Inflation in genomic predictions in dairy cattle have been reported for young genotyped bulls
without sufficient number of daughters with phenotypes (Aguilar et al., 2010; Tsuruta et al.,
2011; Masuda et al., 2017). One of the main reasons for the inflation may be the pre-selection
of those young genotyped bulls (Vitezica et al., 2011). Another reason may be inconsistencies
between the genomic relationship matrix (G) and the pedigree-based relationship matrix (A):
1) G is constructed based on the current genotyped animals whereas A is constructed based
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on expectations in available pedigrees and 2) inbreeding coefficients in both G and A are
often significantly different.

A simulation study was used to investigate the level of inflation in genomic
predictions for young animals. Mimicking a dairy cattle population, the simulated data can be
controlled by a selection method, phenotypes, the pedigree structure, and genotypes. True
breeding values can be used for validation of genomic predictions. The objective of this study
was to investigate possible causes of inflation in genomic predictions for dairy cattle. The
simulated data included phenotypes, pedigrees, and genotypes in different generations,
assuming selection by breeding values or no selection in each generation. The results from the
simulation study were compared with genomic predictions from real linear type traits in the
US Holstein population where true breeding values are never available.

Material and methods

Simulation

Phenotypes, genotypes, and pedigrees were simulated with QMSim (Sargolzaei & Schenkel,
2009), mimicking a dairy cattle population. After creating a historical population, 50 males
and 5000 females were mated for 10 generations. The heritability was assumed to be 0.5,
where half of the heritability was attributed to 600 QTL. Across 30 chromosomes, 60,000
SNP markers were simulated. Data sets in 3 scenarios were simulated as follows:

A) 20,000 genotyped animals in the last 4 generations; 30,000 phenotypes in all 10
generations; 40,320 animals in pedigree with the average inbreeding coefficient =
6.1%; top 10% and 50% from males and females, respectively, were selected by EBV
to produce offspring in each generation, respectively

B) the same population structure as in A) with random selection; the average inbreeding
coefficient = 1.4%

C) 50,000 genotyped animals and 30,000 phenotypes in all 10 generations; 55,050
animals in pedigree with the average inbreeding coefficient = 5.9%; top 10% and 50%
from males and females, respectively, were selected by EBV to produce offspring in
each generation, respectively.

All scenarios were replicated 5 times. Regression coefficients (b1) were calculated using true
breeding values (TBV) = b0 + b1  (G)EBV. For all scenarios, (G)EBV were calculated with
inbreeding, no inbreeding, or no dams (no inbreeding) in A.

Linear type traits in US Holsteins

Eighteen linear type traits in US Holsteins were used to assess inflation in GEBV. The data
for the national genetic evaluation in August 2014 were provided by Holstein Association
USA Inc. (Brattleboro, Vermont, USA). In addition to 10,067,745 records for 9,730,943
animals, 60,671 SNP markers for 569,404 genotyped animals were used in this analysis. The
genomic data were provided by USDA-ARS in 2014 before the Council on Dairy Cattle
Breeding (Bowie, Maryland, USA) started managing all genotypes for US dairy cattle.
Regression coefficients (b1) used as an indicator of inflation in GEBV were calculated from
DYD = b0 + b1  GEBV where DYD are daughter yield deviations (Mrode & Swanson,
2004).

Single-step genomic mixed model



The mixed model used in the genomic evaluation can be expressed as follows:

(1)

In (1), y is a vector for observations, b is a vector for fixed effects; a is a vector for random
effects, X is a design matrix for fixed effects, Z is a design matrix for random effects, H-1 is a
combined relationship matrix as below (Legarra et al., 2009; Aguilar et al., 2010), and  is a
variance ratio of the residual variance and the additive genetic variance .

(2)

In (2), is the inverse of the pedigree-based relationship matrix where n=1 stands for non-
genotyped animals and n=2 stands for genotyped animals, is the inverse of the genomic
relationship matrix, and  is the adjustment factor on the inverse of the relationship matrix
for genotyped animals. In all scenarios A), B), and C), inbreeding coefficients were included
in for all animals and and for genotyped animals. In addition, (G)EBV were investigated
when inbreeding coefficients were not included in but included in and and when dam
information was not included in and (i.e., inbreeding coefficients were not included in and
but included in ).

Results and Discussion

Simulation

The b1 verifies if (G)EBV has the same scale as in TBV. The b1 values less than 1.0
represents inflation of (G)EBV. Phenotypes for cows were removed in generations 10 and 9
(Tables 1 and 2) (i.e., no daughters’ records in generation 9 were used for sire evaluations in
generation 10 and daughters’ records in generation 8 were used for sire evaluation in
generation 9). Likewise, no cows’ records were used for cow evaluation in generations 10 and
9. With inbreeding in A, GEBV had inflation for sires in generations 10, 9, and 8 (Table 1).
The difference between b1 with inbreeding and no inbreeding in A was large for selected
populations but small for non-selected populations. Using no inbreeding, b1 in GEBV were
significantly lower for selected populations. With no selection, EBV had no inflation;
however, with selection, EBV gave unreliable results, which indicates that they may not be
estimable. Standard deviations of b1 were from 0.01 to 0.03 except for those expressed as
“-“ in Tables 1 and 2. Because those EBV were not repetitive in each simulation with
selection, they were removed from Tables 1 and 2. With few or no connections among
animals, EBV cannot be estimated without phenotypes and genotypes, especially with no
dams in the pedigree. However, it is possible to predict GEBV for those animals when
genotypes are available because of the genomic relationships. When phenotypes and
genotypes are available in all 10 generations, the 3 relationship matrices should be more
comparable. However, the results showed no improvement in b1, compared with those for
sires with selection using genotypes in the last 4 generations.

Table 1. Regression coefficient (b1) on TBV 1 = b0 + b1  (G)EBV 2 for males (sires) using no
phenotypes in generations 9 and 10.
Sire’s Inbreeding in A3 No inbreeding in A No dams



generation EBV GEBV EBV GEBV EBV GEBV
BLUP selection with genotypes in the last 4 generations
All - 0.96 - 0.83 - 0.94
10 - 0.80 - 0.64 - 0.78
9 0.98 0.79 0.92 0.65 - 0.75
8 0.98 0.76 0.96 0.62 0.93 0.63

No selection with genotypes in the last 4 generations
All - 0.88 1.03 0.88 - 0.85
10 - 0.87 1.08 0.86 - 0.89
9 1.02 0.83 1.03 0.83 0.96 0.84
8 1.00 0.89 1.01 0.88 1.00 0.87

BLUP selection with genotypes in all generations
All - 1.00 - 0.98 - 0.95
10 - 0.83 - 0.68 - 0.84
9 0.98 0.78 0.96 0.64 - 0.78
8 1.00 0.81 1.00 0.66 0.99 0.79

1 True breeding values
2 (Genomic) estimated breeding values
3 Pedigree-based relationship matrix for all animals

Regression coefficients in Table 2 showed smaller inflation in GEBV for cows in all 3
scenarios. With selection, cow’s GEBV in generation 8 had inflation except for populations
using all available phenotypes and genotypes in all 10 generations. The reason for the
inflation may be due to a strong influence of selection for cows with phenotypes. For cows,
EBV with fewer relationships among animals may not be estimated without phenotypes and
genotypes, similar to for sires. Relatively scarce relationships among animals may be due to
small simulated populations. Simulating smaller populations was the result of compromise so
that the population could have higher inbreeding and avoid too strong of a selection pressure.

Table 2. Regression coefficient (b1) on TBV 1 = b0 + b1  (G)EBV 2 for females (cows) using
no phenotypes in generations 9 and 10.
Cow’s
generation

Inbreeding in A3 No inbreeding in A No dams
EBV GEBV EBV GEBV EBV GEBV

BLUP selection using genotypes in the last 4 generations
All - 1.00 - 0.89 - 0.99
10 - 0.96 - 0.84 - 0.94
9 1.04 0.95 1.01 0.83 - 0.93
8 1.00 0.81 0.98 0.66 0.94 0.70

No selection using genotypes in the last 4 generations
All 1.02 0.97 1.02 0.96 - 0.94
10 1.03 1.00 1.04 0.98 - 0.99
9 1.04 1.01 1.06 1.00 1.01 1.00
8 1.01 0.92 1.03 0.91 0.99 0.90

BLUP selection using genotypes in all generations
All - 1.01 - 1.00 - 0.96
10 - 0.97 - 0.84 - 0.98
9 0.99 0.96 0.98 0.84 - 0.96
8 0.99 0.89 0.97 0.70 0.93 0.84

1 True breeding values



2 Genomic estimated breeding values
3 Pedigree-based relationship matrix for all animals

Linear type traits in US Holsteins

Genomic evaluations for US Holsteins were calculated using 18 linear type traits in 2010 and
2014. Table 3 shows b1 on parent averages (PA) and GEBV in 2010. Values less than 1.0
imply that predictions are inflated (i.e., overestimated in absolute values). For all 18 traits, b1
increased when inbreeding was considered in A, and more increases in all b1 were found with
inbreeding for unknown parent groups (Aguilar & Misztal, 2008). The average b1 was 1.01,
closer to 1.0 when  = 0.9 by reducing the contribution from A-1, making more consistent
among A22, G-1, and . One problem of using this b1 may be the assumption that DYD are
unbiased values, which may not be true, although EBV showed no inflation in the simulation
study. Likewise, using 50% of the original additive genetic variances, which is equivalent to 2
times of the variance ratio (), the average b1 was 0.94. Reducing the additive genetic
variances by 50% can result in reduction in standard deviations of GEBV as shown in Table
3. This approach will reduce individual reliabilities using 50% smaller additive genetic
variances. When evaluating new young genotyped animals including foreign-origin animals,
the pedigree may contain unknown parents (especially dams). As a result, GEBV can be
inflated as shown in Table 1 and biased. This will create a larger inconsistency between G-1

and .

Table 3. Regression coefficient (b1) on DYD 1 = b0 + b1  GEBV 2 for genotyped bulls with no
daughters in 2010 and at least 10 daughters in 2014.

Trait PA3 GEBV4 GEBV-
INB 5

SD-
GEBV 6

7 GEBV-
UPG 8

GEBV-
0.5 9

GEBV-

 10

Stature 0.79 0.84 0.86 3.8 5.1 0.91 0.95 0.99
Strength 0.81 0.86 0.88 2.2 3.6 0.94 0.96 1.06
Body depth 0.79 0.83 0.86 2.5 3.7 0.90 0.93 0.99
Dairy form 0.78 0.85 0.87 2.5 3.9 0.93 1.00 1.01

Rump angle 0.74 0.89 0.92 3.2 5.2 0.98 0.98 1.08

Rump width 0.81 0.84 0.87 2.3 3.6 0.93 0.96 1.04
Rear legs side view 0.85 0.82 0.86 1.7 3.1 0.93 0.98 1.08
Foot angle 0.72 0.74 0.80 1.5 2.5 0.86 0.87 0.98
Fore udder attachment 0.68 0.78 0.83 2.6 4.0 0.87 0.91 0.98
Rear udder height 0.70 0.74 0.79 2.3 3.7 0.82 0.85 0.92
Rear udder width 0.71 0.75 0.81 2.0 3.1 0.83 0.89 0.93
Udder cleft 0.87 0.82 0.84 2.0 3.3 0.93 0.98 1.06
Udder depth 0.72 0.86 0.87 2.6 4.6 0.94 0.96 1.05
Teat placement 0.82 0.85 0.87 2.5 4.4 0.94 0.93 1.05
Teat length 0.80 0.85 0.88 2.5 3.9 0.93 1.00 1.04
Rear legs rear view 0.59 0.69 0.78 1.3 2.7 0.81 0.81 0.94
Feet & legs score 0.53 0.59 0.67 1.3 2.9 0.69 1.05 0.79
R teat placement 0.92 0.89 0.96 2.3 4.1 1.00 0.99 1.13
Mean 0.76 0.81 0.85 2.3 3.7 0.90 0.94 1.01

1 Daughter yield deviations in 2014
2 Genomic estimated breeding values in 2010
3 Parent average in 2010



4 GEBV with no inbreeding in 2010
5 GEBV with inbreeding in 2010
6 Standard deviations of GEBV-INB
7 Square root of the additive genetic variance used in genomic evaluation
8 GEBV with inbreeding for unknown parent group in 2010
9 GEBV with inbreeding and 50% of the additive genetic variance in 2010
10 GEBV with no inbreeding and  = 0.9 in 2010

Conclusions

It is crucial to ensure consistency between pedigree-based and genomic relationship matrices
for unbiased genomic predictions in dairy cattle. Also, selection amplifies inflation in
genomic predictions when the consistency is large. Accordingly, it is possible to reduce
inflation in genomic predictions, especially for young genotyped animals, by including
inbreeding in the pedigree-based relationship matrix, using smaller additive genetic variances,
and/or adjusting the weight of each contribution from each relationship. Also, more accurate
pedigree information could minimize the inflation. These approaches may be effective for
any other breeds and species.
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