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Assessing the accuracy of imputation in the Gyr breed using
different SNP panels
Alejandra Maria Toro Ospina, Ignacio Aguilar, Matheus Henrique Vargas de Oliveira,
Luiz Eduardo Cruz dos Santos Correia, Anibal Eugênio Vercesi Filho, Lucia Galvão Albuquerque,
and Josineudson Augusto II de Vasconcelos Silva

Abstract: The aim of this study was to evaluate the accuracy of imputation in a Gyr population using two me-
dium-density panels (Bos taurus - Bos indicus) and to test whether the inclusion of the Nellore breed increases
the imputation accuracy in the Gyr population. The database consisted of 289 Gyr females from Brazil geno-
typed with the GGP Bovine LDv4 chip containing 30 000 SNPs and 158 Gyr females from Colombia genotyped
with the GGP indicus chip containing 35 000 SNPs. A customized chip was created that contained the informa-
tion of 9109 SNPs (9K) to test the imputation accuracy in Gyr populations; 604 Nellore animals with informa-
tion of LD SNPs tested in the scenarios were included in the reference population. Four scenarios were tested:
LD9K_30KGIR, LD9K_35INDGIR, LD9K_30KGIR_NEL, and LD9K_35INDGIR_NEL. Principal component analysis
(PCA) was computed for the genomic matrix and sample-specific imputation accuracies were calculated using
Pearson’s correlation (CS) and the concordance rate (CR) for imputed genotypes. The results of PCA of the
Colombian and Brazilian Gyr populations demonstrated the genomic relationship between the two popula-
tions. The CS and CR ranged from 0.88 to 0.94 and from 0.93 to 0.96, respectively. Among the scenarios tested,
the highest CS (0.94) was observed for the LD9K_30KGIR scenario. The present results highlight the impor-
tance of the choice of chip for imputation in the Gyr breed. However, the variation in SNPs may reduce the im-
putation accuracy even when the chip of the Bos indicus subspecies is used.
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Résumé : Le but de cette étude était d’évaluer la justesse de l’imputation au sein d’une population de bovins
de race Gir à partir de deux puces de génotypage de densité moyenne (Bos taurus – Bos indicus) et de déterminer
si l’inclusion de la race Nellore accroissait la précision de l’imputation chez la population de Girs. La base de
données comprenait 289 femelles du Brésil génotypées avec la puce GGP Bovine LDv4, laquelle compte 30 000 SNP,
et 158 femelles de Colombie génotypées avec la puce GGP indicus, laquelle compte 35 000 SNP. Une puce sur
mesure totalisant 9109 SNP (9K) a été produite pour mesurer la justesse de l’imputation chez les populations
de Girs. De plus, 604 bovins de race Nellore fournissant de l’information sur le LD des SNP testés ont été
inclus dans la population de référence. Quatre scénarios ont été testés : LD9K_30KGIR, LD9K_35INDGIR,
LD9K_30KGIR_NEL et LD9K_35INDGIR_NEL. Une analyse en composantes principales (PCA) a été réalisée à
l’aide de la matrice génomique, la justesse de l’imputation pour chaque échantillon a été calculée à l’aide
d’une corrélation de Pearson (CS) et le taux de concordance (CR) a été calculé pour les génotypes imputés.
Les résultats de l’analyse PCA chez les populations colombiennes et brésiliennes ont démontré la relation
génomique entre les deux populations. Les valeurs de CS et de CR variaient respectivement entre 0,88 et
0,94, ainsi qu’entre 0,93 et 0,96. Parmi les scénarios testés, la plus forte valeur de CS (0,94) a été obtenue
dans le scénario LD9K_30KGIR. Les résultats obtenus montrent l’importance du choix de la puce en vue de
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l’imputation chez les bovins de race Gir. Cependant, la variation dans les SNP peut réduire la justesse de
l’imputation même lorsque la puce de la sous-espèces Bos indicus est employée. [Traduit par la Rédaction]

Mots-clés : justesse de l’imputation, analyse génomique, races tropicales.

Introduction

Zebu breeds (Bos indicus) are widely used in tropical and
subtropical countries such as Brazil and Colombia for
meat and milk production. Gyr cattle are a Zebu breed
used for dairy production in tropical climates (Toro Ospina
et al. 2020). The implementation of genomic selection
after 2000 has led to the development of different sin-
gle nucleotide polymorphism (SNP) panels for genotyp-
ing at lower costs. Most commercial bovine chips were
developed based on B. taurus data, a fact that resulted in
a considerable percentage of monomorphic SNPs in
B. indicus populations (Utsunomiya et al. 2019). Although
Zebu cattle play an important role in beef and dairy pro-
duction in Latin America, their success depends on the
availability of adequately designed SNP arrays for B. indicus
animals (Montaldo et al. 2012). Research in genomics
requires the improvement of strategies for the use of
data in genetic breeding programs. One such tool is the
imputation of genotypes, which is performed based on
the linkage disequilibrium of a population and on family
relationships (Sargolzaei et al. 2014; Boison et al. 2015).
The reliability of imputation is very important so that the
genotypes can be used in subsequent analyses. For this
purpose, accuracy tests are performed using the correla-
tion between true and imputed SNPs, concordance rate
(CR), and allelic imputation error. Studies investigating
imputation strategies using different taurine breeds
(Boichard et al. 2012; Oliveira Júnior et al. 2017) and Zebu
breeds such as Nellore (Chud et al. 2015) are available in
the literature.
Carvalheiro et al. (2014) highlighted the importance

of evaluating the accuracy of imputation to define the
best imputation method and the most appropriate panel
for genomic applications to the Nellore breed. However,
the remaining Zebu breeds (Gyr, Brahman, and Guzerá)
are also of economic importance for tropical and subtrop-
ical countries, and genomic studies on imputation strat-
egies in these Zebu breeds are necessary to improve the
genetic estimates of breeds for which less information is
available (Boison et al. 2015).
By February 2017, only 4.38 million SNPs out of a total

of 99.71 million had been deposited for Zebu breeds in
the dbSNP database, i.e., more than 96% of published
SNPs are from taurine breeds (Iqbal et al. 2019). Genotyp-
ing companies recently introduced low- and medium-
density markers for Indica breeds, but these markers
still suffer from verification bias (Boison et al. 2015;
Utsunomiya et al. 2019). Therefore, the aim of this study
was to evaluate the accuracy of imputation in a Gyr pop-
ulation using two medium-density panels (Bos taurus -
Bos indicus) and to test whether the inclusion of the

Nellore breed increases the imputation accuracy in the
Gyr population.

Materials andmethods

The Brazilian dairy Gyr population used in this study
comprises five farms in the states of Minas Gerais and
São Paulo and is part of the population evaluated by the
Program of the Brazilian Association of Dairy Gyr
Breeders (ABCGIL in the Portuguese acronym). The data
of the Colombian dairy Gyr population were provided
by the Colombian Association of Zebu Cattle Breeders
(ASOCEBU in the Spanish acronym). The data of the Nel-
lore population were provided by the Nelore Qualitas
breeding program, Brazil.
The database consisted of the genotypes of 289 Brazil-

ian Gyr females genotyped with the GGP Bovine LDv4
chip (Illumina, San Diego, CA) (LD 30K) that contains
30 000 SNPs. The 158 Colombian Gyr females were geno-
typed with the GGP indicus chip (LD 35IND) (Illumina,
San Diego, CA) that contains 35 000 SNPs.
Quality control of the genotypes was performed for

autosomal SNPs using the preGSf90 program (Aguilar
et al. 2010). The filters applied to each scenario included
the elimination of SNPs with a call rate <0.90, a minor
allele frequency (MAF) <0.02, and a maximum differ-
ence between observed and expected frequency (Hardy-
Weinberg equilibrium) >0.15%. After quality control,
28 306 SNPs of the LD30K chip and 33 209 SNPs of the
LD35IND chip remained for analysis. Different MAF
intervals were tested (Purcell et al. 2007) for the custom-
ized 9K chip in the Gyr and Nellore populations.
Principal component analysis (PCA) was performed to

describe the stratification of the Colombian and Brazilian
Gyr populations, using the lower density 9109 SNP chip
(LD 9K). PCA was computed for the genomic matrix using
the plotpca function of the preGSf90 program (Aguilar
et al. 2010).
Four imputation scenarios were investigated using

different reference populations (RPop): (1) LD9K_30KGIR
with RPop containing 306 Gyr animals; (2) LD9K_35INDGIR
with RPop containing 176 Gyr animals; (3) LD9K_30KGIR_
NEL with RPop containing 909 Gyr and Nellore animals;
(4) LD9K_35INDGIR_NEL with RPop containing 780 Gyr
andNellore animals. Genotype imputationwas performed
with the FImpute program (Sargolzaei et al. 2014).
Four imputations per scenario were performed. Each

imputation considered only ¼ of RPop, randomly choosing
animals from the total RPop of the scenario and was
repeated 30 times to ensure that all animals were included
in the repetitions, totaling 120 imputations at the end of
each scenario.
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The imputation accuracy was obtained using custom
programs in Linux and Python. The figures were con-
structed with the Biostatistical RStudio package (http://
www.R-project.org). The imputation accuracies were
evaluated based on Pearson’s correlation (CS) between
true and imputed SNPs and on CR represented by the
proportion of correctly imputed genotypes. The CS was
calculated between observed and imputed genotypes.
The CR was calculated as the total number of markers
of observed (true) genotype (0, 1, 2) for SNP of individual
and the imputed genotype (0, 1, 2) for SNP of individual
(Boison et al. 2015), and the allelic error rate is the
percentage of incorrectly predicted alleles, i.e., mean allelic
error rate (%) = number of incorrectly predicted alleles/
total number of alleles imputed.

Results and discussion

For a better understanding, we describe the assembly
of the GGP Bovine LDv4 and GGP indicus chips and
tested in the present study. The GGP Bovine LDv4 chip
(LD30K) (Illumina, San Diego, CA) with 30 000 SNPs con-
tains informative SNPs of the Illumina Bovine SNP50
and Bovine HD BeadChips (Illumina, San Diego, CA). The
average SNP spacing of the Bovine LDv4 chip is 383 kb,
with a higher concentration in the telomeric regions
of the chromosome. Most SNPs were chosen specifically
because of their high MAF and uniform coverage of the
genome of most B. taurus breeds and several B. indicus
breeds (Nellore, Brahman, Gyr, Girolando). Analysis using
data of the Gyr population genotyped with LD30K showed
ameanMAF of 0.3114.
The GGP indicus chip (LD35IND) (Illumina, San Diego,

CA) with 35 000 SNPs mainly contains information of
Brahman (0.15), Guzerá (0.15), Gyr (0.15), Nellore (0.35),
Droughtmaster (0.05), and Santa Gertrudis (0.05) ani-
mals, as well as of tropical composite breeds (0.05) and
other tropical indicus crosses (0.05). The MAF of the GGP
indicus chip ranged from 0.1566 to 0.4318 in the breeds
(Ferraz et al. 2018). Analysis using data of the Gyr

population genotyped with GGP35IND showed a mean
MAF of 0.2644.
In the database of the Gyr population, 18 important

breeding animals of the populations were genotyped
with the BovineHD BeadChip (HD) (Illumina, San Diego,
CA). As part of the objective of the present study, we
included a population of 604 Nellore animals genotyped
with the HD chip to test the accuracy of imputation. We
decided to include the animals in the imputation tests
in which SNPs from the HD chip were extracted to the
formats of the LD30K and LD35IND chips. Since we have
two Gyr populations genotyped with different chips,
our aim was to determine which chip is more accurate
and to combine the information of the populations in
the same density. Genotype imputation has been used
to combine datasets of different breeds and (or) chips of
different densities (Howie et al. 2011; Khatkar et al. 2012;
Larmer et al. 2014).
By combining data from chips with different densities,

we could identify how many SNPs are shared between
the LD30K and LD35IND chips. There were 9109 shared
SNPs, indicating the loss of a considerable amount of
information of the animals. To standardize the Gyr data-
base in a single density, we tested the imputation accuracy
of the LD30K and LD35IND chips. Some studies on cattle
have performed imputation tests using shared SNPs and
customized chips to combine data and imputationmethods
(Druet et al. 2010;Ma et al. 2013; Ghoreishifar et al. 2018).
Using the 9109 shared SNPs, we created a customized

chip, called 9K, for the tests. In the population geno-
typed with the HD chip, the SNPs were removed to
obtain the format of the LD30K, LD35IND, and 9K chips
for the different tests.
Figure 1 shows the first two principal components,

PC1 (3.45%) and PC2 (2.53%), estimated based on the
genomic relationship. The two principal components
explained about 6% of the total variation. Principal com-
ponent analysis of the Brazilian Gyr and Colombian Gyr
populations revealed a relationship between animals
and small genomic differences. The two Gyr populations

Fig. 1. Principal component analysis of the genomic relationship between the Colombian and Brazilian Gyr breeds, using
the common SNPs (9K) of the GGP indicus and GGP Bovine LDv4 chip.
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are related through the use of semen from Brazilian
sires in Columbian dams (Asocebu 2020).
The 9K_NEL chip contained a higher proportion of

markers with a low mean MAF (0.34) compared with
9K_GIR (0.38) (Fig. 2). The markers of the 9K chip were
more adequate for the Gyr population, with the observa-
tion of a difference between the two breeds. Different
results were reported by Utsunomiya et al. (2019) who
observed that MAF and heterozygosity were similar,
using commercial chip GGP35IND in four Zebu breeds
(Brahman, Gyr, Nellore, and Sheko).
The LD9K_30KGIR scenario provided the highest CS

(0.94) and CR (0.96) (Table 1), which included the Brazil-
ian Gyr population and RPop of 306 animals. According
to Bolormaa et al. (2015), the accuracy of imputation
depends on the genetic distance between animals of the

reference population and of the imputed population.
The lowest mean allelic error rate was 2.01%, in this sce-
nario (Fig. 3). In a study on Australian Holstein-Friesian
cattle, Khatkar et al. (2012) estimated a mean allelic
error rate of 2.8% when imputing genotypes from the 3K
to the 50K panel. The authors attributed this finding to
the larger number of SNPs with a high MAF and the rela-
tionship in the reference population.
For the LD9K_30KGIR_NEL scenario, the CS (0.93) and

CR (0.93) were low with RPop of 909 animals that
included the Nellore population, although this sce-
nario comprised the largest number of reference ani-
mals. Although the Nellore and Gyr breeds belong to
the subspecies B. indicus, a difference exists between
these breeds. Villalobos-Cortés et al. (2015) studied the
genetic structure and diversity of Zebu breeds and

Fig. 2. Distribution of minor allele frequency (MAF) in the 9K chip in the Gyr and Nellore populations.

Table 1. Information of the genotyping chips and imputation accuracy (SD).

Scenario Ref/imput

Imputation accuracy

CS CR AE

LD9K_30KGIR* 306/272 0.9488 (0.0498) 0.9646 (0.0337) 2.01% (1.9120)
LD9K_35IND_GIR* 176/158 0.8771 (0.1356) 0.9315 (0.0768) 3.58% (2.4725)
LD9K_30KGIR_NEL* 909/272 0.9341 (0.0754) 0.9548 (0.0497) 2.15% (1.8810)
LD9K_35IND_GIR_NEL* 780/158 0.8917 (0.1184) 0.9316 (0.0669) 3.32% (2.6133)

Note: CS, correlation; CR, concordance rate; AE, allelic error.
*Scenarios LD9K_30KGIR and LD9K_35IND_GIR show a significant difference (p-value < 2.2e-16). When the

scenarios were from the same chip, there was no significant difference (p-value< 0.003452).
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described the independence between Gyr, Nellore, and
Guzerá animals, supporting the diverse origin and dif-
ferent models of introgression in South America.
Some studies found no significant differences in im-

putation accuracy when crossbred animals were used,
and there was no gain in accuracy when different breeds
were included in the reference population (Piccoli et al.
2014). Berry et al. (2014) reported that the accuracy of im-
putation was reduced when different breeds are used in
the reference population because of the low linkage dis-
equilibrium between SNPs and short haplotypes of dif-
ferent breeds. These findings may explain the reduction
in CS when the Nellore population was included as
RPop in Gyr imputation.
The LD9K_35IND_GIR scenario provided the lowest CS

(0.87) and CR (0.93) with RPop (176 animals) the least of
the four scenarios evaluated (Table 1). However, Boison
et al. (2015), performing imputation in different scenar-
ios, obtained higher CS (0.91) and CR (0.92) values when
genotypes were imputed from the 3K to the Illumina
50K chip using 171 reference animals of the Gyr breed.
This scenario was used in the Gyr population genotyped
with the GGP35IND chip, showing a low mean MAF of
0.2644 and highest allelic error rate (3.58%). However,
Utsunomiya et al. (2019) reported a MAF > 0.35 for
GGP35IND in four Zebu breeds. We obtained a lower
MAF for the GGP35IND chip, possibly because we only
used the Gyr breed for the imputations.
In a study on Swedish cattle, Ma et al. (2013) reported

that the CR was high when the MAF was low, while the
correlation coefficient was low. The CR metric does not
consider correct random filling, which is preferred for
markers with low MAF. Hickey et al. (2012) highlighted
that some imputation errors for a marker with low MAF
can substantially reduce the correlation coefficient for
this marker.
Another possible explanation for the low imputation

accuracy in the LD9K_35IND_GIR scenario might be the
design of the GGP35IND chip, which was customized

based on the analysis of genotyped Nellore animals
(69.32%), with a small percentage (7.0%) of SNPs fromGyr
animals (Ferraz et al. 2018), i.e., the SNPs customized
based on Nellore animals may be monomorphic for the
Gyr breed. Although the population was smaller com-
pared with the other scenarios, other imputation studies
using similar populations achieved a greater imputation
accuracy (Boison et al. 2015).
The LD9K_35IND_GIR_NEL scenario, including the Nel-

lore reference population, did not improve the accuracy
of imputation, i.e., the inclusion of other animal studies
with Zebu populations Gyr did not improve the imputa-
tion accuracy, even when the commercial indicus chip
was tested. Different factors influence the accuracy of
imputation, such as the presence of monomorphic SNPs,
low linkage disequilibrium, and a small reference popula-
tion, reducing the accuracy of imputations (Ventura et al.
2016).
Furthermore, the chips for B. indicus use genotyped

animals of the Nellore breed as a reference because this
breed is more representative in Brazil and has a higher
percentage of SNPs related to the selection objective
(meat production – beef cattle). This fact results in low
accuracy when breeds with different selection objec-
tives, such as dairy and dual-purpose breeds, are used
for imputation. In the present study, we found that CS is
the best measure of imputation accuracy for the differ-
ent scenarios. According to Ma et al. (2013), the correla-
tion coefficient better captures the difference between
imputation accuracy and random filling than CR.
In the present study, we tested a customized chip to

determine the imputation accuracy in the Gyr breed.
Although the design of the customized chip used geno-
type information from the same population as the
imputed chip, it helps us to choose the correct panel for
standardization of the data of the Gyr population.
According to Carvalheiro et al. (2014), commercial and
customized chips cannot be adequately compared. How-
ever, the authors highlight the importance of using

Fig. 3. Mean allelic error rate (%) in the four scenarios used to test imputation accuracy.
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specific information of the populations to design LD
chips. In addition, the performance of different marker
density panels (such as LD or HD) and different genotyp-
ing platforms needs to be investigated as they present
differences, with some showing high determination
bias in relation to taurine breeds and others showing
differences in the indicus breeds (Utsunomiya et al.
2014). The highest accuracy using the three metrics ana-
lyzed (CS, CR, and allelic error rate) was observed for
the LD9K_30 K scenario, which was the most accurate
for the Gyr population studied. In addition, it showed a
statistically significant difference with LD9K_35IND_GIR
and LD9K_35IND_GIR_NEL scenarios (p-value< 2.2E-16).
Imputation in the Gyr breed was accurate for the GGP

Bovine LDv4 chip. The scenarios that included the Nel-
lore breed did not increase the imputation accuracy of
the chip. The scenarios using the GGP indicus chip were
less accurate for the Gyr population; however, it is nec-
essary to study more Gyr populations and different
Zebu breeds, as well as to test the efficiency of the chip.
The findings suggest the need for greater representation
of SNPs containing genotype data from different Zebu
breeds in the design of new B. indicus chips.
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