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ABSTRACT: Genotype imputation was implemented 
using the software BEAGLE and FImpute in 395 animals 
from Brazilian synthetic beef cattle genotyped with high-
density panel. Imputation accuracy from using different 
reference and target sets of animals was evaluated. After 
masking SNPs from the Illumina BovineHD SNP panel, 5 
sets of low-density panels were created (9K, 20K, 50K, 
80K, and 90K). Genotype concordance rate ranged from 
73% to 97% (FImpute) and 64% to 96% (BEAGLE). Allelic 
R square ranged from 0.54 to 0.96 and 0.40 to 0.94 using 
FImpute and BEAGLE, respectively. Higher imputation 
accuracies were obtained when the LD panels were 
composed of 80K and 90K SNP. FImpute outperformed 
BEAGLE in all scenarios with an average increase in 
accuracy of 3% and reduced run time by 20 to 90 times. 
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Introduction 
 

Genotype imputation infers missing marker genotypes 
(i.e. single nucleotide polymorphisms or SNPs) in order to 
increase genomic information and reduce costs in livestock 
genotyping. Thus, imputation methods are used to 
approximate the missing genotypes from individuals 
genotyped with low-density (LD) panel by using 
information from a reference population genotyped with 
high-density (HD) panel (Sargolzaei et al., 2011).  

Many methods and software are available for 
imputation, in which BEAGLE (Browning and Browning, 
2009) and FImpute (Sargolzaei et al., 2011) can be 
highlighted. Several factors affect the accuracy of 
imputation, such as the relationship between reference and 
target population, size of the reference population, and 
density of the LD panel (Dassonneville et al., 2011). The 
objective of this study was to evaluate the imputation 
accuracy using linkage disequilibrium among markers for 
different scenarios of reference and target population in 
Canchim beef cattle.  

 
Materials and Methods 

 
Canchim beef cattle are a synthetic breed 

developed at the facilities of Brazilian Agricultural 
Research Corporation (Embrapa). The data set contained 
285 animals from the Canchim breed (62.5% Charolais and 
37.5% Zebu composition) and 114 animals from “MA” 
genetic group (progeny of Charolais sires mated with 
crossbred Canchim X Zebu cows) born between 2000 and 
2005 and genotyped with the Illumina BovineHD panel 
(~786,000 SNPs). Genotype quality control excluded SNPs 
with calling score lower than 0.60, call rate for SNPs and 

samples (animals) lower than 0.90, SNPs with deviations of 
Hardy-Weinberg equilibrium (P < 10-6), and SNPs with 
excess of heterozygotes (< 15%). Final data set comprised 
621,837 autosomal SNPs and 395 animals.  

Different scenarios for reference and target 
population according to breed composition were tested. S1: 
Reference animals from Canchim breed (283 animals) and 
target animals (112 animals) from MA genetic group. S2: 
Reference animals from MA genetic group (112 animals) 
and target animals (283 animals) from Canchim breed. S3: 
Reference population was composed by all animals from 
Canchim (283 animals) and animals from MA were born up 
until 2004 (68 animals) and target population was 
composed of animals from MA (44 animals) were born in 
2005. S4: Reference population was composed of all 
animals from MA (112 animals) and animals from Canchim 
were born up until 2004 (184 animals) and target 
population was composed of animals from Canchim (99 
animals) were born in 2005. 

The 9K, 20K, 50K, 80K and 90K panels were 
created by masking SNPs originally in the Illumina 
BovineHD SNP chip by selecting the markers in common 
with the GeneSeek Genomic Profiler (GGP) Beef LD, GGP 
LDi 20K, BovineSNP50, GGP Beef HD and GGP Indicus 
HD, respectively. Population imputation method was 
implemented using the software FImpute v2.2 and BEAGLE 
v3.3.2. Imputation accuracy was measured using genotype 
concordance rate and R square allelic (R2), as described by 
Browning and Browning (2009).  

 
Results and Discussion 

 
The genotype concordance rate ranged from 73% 

to 97% using FImpute (Figure 1A), while using BEAGLE 
the concordance rate varied from 64% to 96% (Figure 1B). 
The R2 ranged from 0.54 to 0.96 using FImpute and from 
0.40 to 0.94 using BEAGLE. Higher imputation accuracies 
were obtained when the LD panel was composed of 80K 
and 90K markers. These panels were created for Bos taurus 
and Bos indicus breeds, respectively. No differences in the 
imputation accuracy between these panels were observed; 
suggesting that this may be due to the mixed breed 
composition of the Canchim cattle. Furthermore, the 
number of SNPs in both panels is similar. The average 
relationship between reference and target population were 
0.05, 0.03, 0.19, and 0.20 for S1, S2, S3, and S4, 
respectively. The highest accuracies were observed in 
scenarios S3 and S4, which considered animals from both 
genetic groups (Canchim and MA) in the reference 
population. These scenarios considered more animals in the  



 
 
Figure 1. Concordance rate of genotype imputation 
using FImpute (A) and BEAGLE (B) software in 
different scenarios. Reference animals from Canchim 
breed and target animals from MA genetic group (S1). 
Reference animals from MA genetic group and target 
from Canchim breed (S2). Reference population was 
composed by all animals from Canchim and animals 
from MA were born up until 2004 and target population 
was composed by animals from MA were born in 2005 
(S3). Reference population was composed by all animals 
from MA and animals from Canchim were born up 
until 2004 and target population was composed by 
animals from Canchim were born in 2005 (S4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

reference populations than S1 and S2 and the average 
relationship were higher for them. Hayes et al. (2011) 
verified variations in imputation accuracies related to the 
average genetic relationship between reference and target 
animals. Imputation accuracy was more efficient when 
considering Canchim animals in the target population. 
According to Mokry et al. (2014), which used this same 
Canchim population, higher levels of linkage 
disequilibrium were observed in Canchim animals.  

FImpute achieved an overall average increase of 
5% in imputation accuracy from 9K and 20K SNP to HD, 
3% from 20K SNP to HD, and 2% from 80K and 90K SNP 
to HD, while reducing run-time by 20 to 90 times when 
compared to BEAGLE. The difference in imputation 
accuracy and run-time between BEAGLE and FImpute was 
lower from 50K, 80K, and 90K panels to HD.  

 
Conclusion 

 
The GGP Beef HD (80K) and GGP Indicus HD 

(90K) panels can be accurately imputed to HD SNP panel 
using FImpute. The composition of the reference population 
should consider Canchim and MA individuals.  
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