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Abstract: INDUSCHIP- an Illumina platform based custom
made genotyping chip was designed with 45K polymorphic
markers for Indian cattle breeds and 8K base SNPs of Illumina
BovineLD chip to genotype indigenous and crossbred cattle in
India. Current study was undertaken to assess the genotype
imputation efficiency of INDUSCHIP v2 microarray in HF
crossbred cattle and compare its efficiency of imputation with
that of GGP-35K microarray. HD genotyping data of total 869
cattle from 14 indicine breeds, 2 crossbred (HF and Jersey
crossbred) and 2 exotic breeds (HF, Jersey) were used for this
study. Post quality control, only 846 animals and 449955 SNPs
remained for imputation study. Only 23.65% of 35339 SNPs in
GGP-35K chip are found to be common with INDUSCHIP v2 SNP
panel. Imputation was carried out with the help of Beagle 5.0
software using subset of both INDUSCHIP v2 and GGP-35K SNP
panels. The study revealed higher average concordance rate (CR)
and squared correlation (DR2) for INDUSCHIP v2 as compared
to GGP-35K in crossbred HF population.

Keywords: Genotype Imputation, HF Crossbred cattle,
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Introduction

Identification of polymorphic variants (SNPs) across the genome,
development of high throughput genotyping and sequencing
techniques has led to the generation of massive amount of
genomic information on large number of individuals. In Livestock,
these genomic information is mainly used for breeding purpose,
known as Genomic selection (GS), where, superior individuals
are selected for breeding at the very young age on the basis of
Genomic enhanced Breeding values (GEBV), computed as a linear
function of evenly spaced DNA markers (SNP)spread across the
genome and their associated genotypes (Meuwissen et al. 2016).
Genomic information from dense SNP chips provides an
opportunity to increase rate of genetic progress in the breeding
programs if a sufficient number of markers and animals with
phenotypes are genotyped. More number of markers means
greater linkage disequilibrium between SNPs and more chances
of capturing genomic variation. However, several studies
indicated that increase in SNP density, after a certain threshold,
does not seem to improve the quality of realized genomic
relationship in any significant way (Su et al. 2012, Chang et al.
2019).

Since, genotyping with HD SNP panels are expensive, it limits
the number of animals to be genotyped. Hence, in practice, people
preferred cost effective alternative called genotype imputation,
which allows inference of the missing marker genotypes from
individuals genotyped with low or medium density (LD) panels
by using information from reference population genotyped with
high-density panels (Carvalheiro et al. 2014).This not only makes
it possible to increase the genomic information and predict
missing genotypes (Marchini and Howie,2010) but to reduce
genotyping costs and intensify genomic selection (Ventura et al.
2014) by genotyping more number of animals and combine data
from different breeds (Larmer et al. 2014).

To implement genomic selection in India for indicus breeds and
their taurine crosses, a medium-density customized chip i.e.,
INDUSCHIP v1 consisting of 45700 SNPs sampled from HD
genotype of the mostly four indicus breeds (Gir, Sahiwal, Kankrej
and  Red Sindhi) and their taurine crosses (HF cross & Jersey
cross) have been developed (Mrode et al. 2019). The genotyping
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chip contained around 41000 SNPs from HD data having high
MAF (0.25), uniformly distributed across the genome for all the
breeds under study with an average distance between two
consecutive SNPs around 65 kbps. In addition to the above,
2000 ancestry informative SNPs for above mentioned six breeds,
ISAG recommended parentage SNPs and some known open-
source genetic markers were also included (Nayee et al. 2017).
Subsequently, INDUSCHIP v1 was upgraded to INDUSCHIP v2
(52363 SNPs) incorporating additional 6663 highly polymorphic
SNPs (Saha et al. 2020).

Current study was undertaken to assess the genotype imputation
efficiency of INDUSCHIP v2 micro array to HD level in Holstein
Friesian crossbred (HFCB) population and compare its
performance with other commercially available medium density
chip i.e., GGP indicus-35K microarray developed by Neogen
Geneseek operation on Illumina platform specially designed for
indicine cattle.

Materials and Methods

Source of data

Total 869 number of Cattle belong to 14 different Indicine breeds
(Amritmahal, Deoni, Gir, Hariana, Hallikar, Kankrej, Khillar,
Kangayam, Ongole, Red Sindhi, Rathi, Sahiwal, Siri and
Tharparkar) and 2 crossbred (HF crossbred-HFCB and Jersey
crossbred-JCB) breeds were genotyped with 777K Bovine HD
BeadChip (Illumina, Inc.,San Diego, CA). The genotype data for
2 taurine breeds, Holstein Friesian (HF) and Jersey, were obtained
from Aarhus University, Denmark. The genotype candidates were
selected mainly from frozen semen stations in India and certain
state run livestock farms maintaining purebred animals of those
breeds.

Data editing

Quality control checks were applied to raw data. SNPs located
on autosomes, with call rate >95% and genotyping rate>90%
were kept. Further, SNPs with a minor allele frequency (MAF)
less than 0.01 and Hardy Weinberg equilibrium having p value
less than 10- 4 were excluded.

After quality control, out of a total of 869 animals of 14 different
breeds (multi-breed) and 777962 SNPs, only 846 animals and
449955 SNPs remained for imputation study.

 Retrieval of INDUSCHIP and GGP indicus-35K SNP panels:

50K SNP panel data (52363 SNP) of INDUSCHIP was retrieved
from customized INDUSCHIP v2 manifest file (NDDB_
Induschip2_ 15061153X355693_B1.bpm). Around 2949 SNPs,
which were present in INDUSCHIP v2 manifest file but was not
found to be matching with HD SNPs, thus were excluded from
this study. After quality control, finally 49399 SNPs remained,

whose HD genotyping data was extracted as a subset to study
the imputation efficiency of INDUSCHIP. Similarly, The SNP panel
list of GGP indicus-35K medium density chip was obtained from
NAGRP community data repository.

 Creation of test, reference and validation data sets

From this data, randomly 11 HFCB animals were selected at a
time to form test groups animals. While remaining animals 835
animals of multiple breed were taken as reference group with HD
data obtained after quality control. Five such test groups were
created. Subsequently, genotyping information for the
INDUSCHIP and GGP indicus 35K SNP panel were retrieved as a
subset from HD data for all the five test groups of animals.

Further, in order to study the concordance of imputation for
missing genotypes, five validation data sets with HD genotype
data for each group of test animals were also created.

A schematic diagram of the experimental design of this imputation
study is presented in Figure 1.

Imputation using INDUSCHIP and GGP indicus-35K SNP panels

Imputation was carried out for 5 test groups of animals using
genotyping information of INDUSCHIP v2 SNP panel and GGP
indicus-35K SNP panel, respectively. During the study, instead
of taking all the 29 autosomes, imputation was carried out for 5
selected autosomes (i.e. Chromosome no.1, 5, 15, 20 and 25) to
compare the imputation efficiency.

PLINK (Purcell et al. 2007) software was used for quality control
of the data, creation of test, reference and validation data sets as
well as for preparing inputs file for Beagle. Imputation was carried
out using Beagle 5.0 software (Browning et al. 2018), a
population-based imputation program (does not rely on pedigree
information)that adopts a stochastic procedure based on a
Hidden Markov Monte-Carlo process to infer the probabilities
of each haplotype/genotype (Carvalheiro et al. 2014).Imputation
accuracy was assessed in terms of concordance rate i.e. the
proportion of alleles or genotypes that are correctly imputed
(Weigel et al. 2010) and squared correlation between the estimated
allele dose and the true allele dose i.e. dosage r2 (DR2).The animal
wise concordance rate between imputed and actual genotype
was estimated using R statistical software and DR2 values
between markers are obtained from Beagle software output.

Results and Discussion

Characterization of INDUSCHIP v2 SNP chip

Number and Distribution of SNPs across autosomes:

For an SNP array to be efficient in genotyping for a particular
population, it is important to ensure that the selected SNPs are
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distributed evenly covering the entire genome. INDUSCHIP was
designed by selecting a subset of SNPs from Illumina BovineHD
genotyping array. INDUSCHIP v2 manifest file revealed that there
were altogether 52363 SNPs located in all chromosomes. Out of
which only 50436 SNPs are located in 29 autosomes (96.3%).
Distribution of SNPs across the autosomes in INDUSCHIP v2
vis-à-vis Illumina Bovine HD chip is presented in Table No.1.
The data revealed that on an average 6.8% of the HD SNPs  located
per autosomes were selected in customized INDUSCHIP v2
microarray.

The average distance between the SNPs was found to be around
49.7 Kb across the autosomes. The maximum distance between
SNPs was found in chromosome number 10 (52.52 Kb), while
minimum distance (46.79 Kb) was observed in chromosome
number 9.

Post quality control (QC), out of a total of 50436 SNPs located in
autosomes, only 49399 SNPs remained for imputation study. The
autosome wise distribution of SNPs before and after quality
control (QC) is presented in Figure 2.

Minor allele Frequency

Autosome-wise distribution of minor allele frequencies (MAF)
in HFCB population was estimated using PLINK and presented
in Table no.2. MAF was classified into three different categories
viz. Rare SNPs (MAF > 0 – <0.05), Intermediate SNPs (MAF >=
0.05 – 0.25), and Highly polymorphic SNPs (MAF > 0.25).The
distribution of SNPs based on MAF in HFCB population for
INDUSCHIP v2 SNP panel indicated that the majority of SNPs
(around 73.27%) existing in INDUSCHIP v2 SNP panels are
polymorphic having MAF >0.25 (Figure 3).

Fig. 1 Schematic Diagram of the
experimental design for imputation

study

Fig. 2 Chromosome-wise distribution SNPs in INDUSCHIP v2 before and after quality control
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Comparison of the efficiency of INDUSCHIP v2 and GGP indicus-
35K microarray in imputing missing SNPs in HF crossbred
cattle

Investigation on SNP markers available in GGP indicus-35K chip,
respectively, revealed that out of total 35339 SNPs present in
GGP indicus-35K chip, only 8361 SNPs are found (23.65 % )to be

Fig. 3 MAF-wise distribution of SNPs (%) in INDUSCHIP v2

Chromosome No. of SNPs in No. of SNPs % SNP in Average distance (in KB)
No. Bovine HD in INDUSCHIP INDUSCHIP between SNPs in

chip v2 v2 compared to INDUSCHIP v2
Bovine HD chip

1 46495 3155 6.8 50.14
2 40056 2677 6.7 51.00
3 35579 2468 6.9 49.15
4 34980 2442 7.0 49.26
5 34842 2483 7.1 48.70
6 35519 2572 7.2 47.11
7 33168 2227 6.7 50.46
8 33529 2320 6.9 48.70
9 31060 2250 7.2 46.79
10 30449 1975 6.5 52.52
11 32015 2078 6.5 51.50
12 26127 1782 6.8 51.00
13 23594 1700 7.2 49.32
14 24780 1697 6.8 49.00
15 24755 1680 6.8 50.53
16 24178 1695 7.0 47.92
17 22266 1522 6.8 49.28
18 19386 1342 6.9 49.05
19 18908 1284 6.8 49.72
20 21490 1508 7.0 47.39
21 21175 1440 6.8 49.67
22 18034 1178 6.5 51.76
23 15215 1091 7.2 47.66
24 18620 1217 6.5 50.95
25 12931 838 6.5 50.92
26 15242 988 6.5 52.21
27 13152 922 7.0 49.18
28 13038 921 7.1 50.13
29 14710 984 6.7 51.31

Table 1 Chromosome-wise distribution of SNPs in Illumina Bovine HD chip and INDUSCHIP v2 microarray
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common with INDUSCHIP v2 SNP panel. In GGP indicus-35K
chip, around 81% of SNPs were found to be polymorphic with
MAF > 0.25.

Imputation was carried out using genotype information at
INDUSCHIP v2 SNP panel and GGP indicus-35K SNP panel for 5
chromosomes (i.e. Chromosome no. 1, 10, 15, 20 and 25,
respectively) for all the five test group of animals.

The Concordance rate obtained from this study found to vary
between 0.971 (Chromosome no.10) to 0.980 (Chromosome No.15)
while imputing INDUSCHIP v2 SNP panel to HD level, while the
same was varying from 0.961 (Chromosome no.10) to 0.974
(Chromosome No.15) for GGP indicus-35K (Table 3).

Caravalheiro et al. (2014), while imputing GGP20Ki and GGP75Ki
panel to HD panel in Nellore animals, observed concordance rate
of 97 and 99%, respectively.

The average DR2 found to vary between 0.892-0.922 in
INDUSCHIP v2, while it was 0.888-0.913 in GGP indicus-35K (Table
4).

The present study revealed that selected SNPs in customized
INDUSCHIP v2, which was specifically designed for genotyping
of indicine breeds and their crosses, were distributed uniformly
covering the entire genome. Distribution of SNPs in INDUSCHIP
v2 is found to be similar to the distribution of SNPs in other
Bovine SNP chips like Illumina 50K and GeneSeek 75K
(Mutukumalli et al. 2009).

The majority of the SNPs with high MAF (>0.25)  across the
autosomes, indicated existence of considerable heterozygosity
in crossbred population and INDUSCHIP v2 appeared to be
effective in capturing variability in the crossbred population.
Malik et al. 2018 in his study using high throughput genotyping-
by-sequencing (GBS) markers found that the MAF within the

Chromosome No. Categories of Minor Allele Frequency (MAF) Grand Total
>0-0.05 >0.05-0.25 >-0.25

1 14 814 2259 3087
2 34 768 1849 2651
3 21 588 1819 2428
4 14 586 1791 2391
5 21 651 1755 2427
6 13 660 1817 2490
7 14 586 1574 2174
8 20 856 1396 2272
9 5 603 1621 2229
10 5 453 1470 1928
11 5 468 1539 2012
12 10 455 1245 1710
13 9 595 1055 1659
14 18 499 1150 1667
15 9 401 1213 1623
16 8 471 1202 1681
17 12 351 1130 1493
18 6 302 989 1297
19 13 274 988 1275
20 13 375 1104 1492
21 13 394 1026 1433
22 7 236 910 1153
23 2 224 856 1082
24 3 326 877 1206
25 1 165 646 812
26 1 209 754 964
27 3 187 709 899
28 2 190 711 903
29 2 219 740 961
Total 298 12906 36195 49399
% 0.60 26.13 73.27  

Table 2 Chromosome-wise distribution of MAF in INDUSCHIP v2 microarray
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Indian cattle varied from 0.103 (in Ongole cattle) to 0.177 (in Siri
cattle), whereas the Holstein cattle had the lowest value of 0.089.
Chagunda et al. 2018 reported average minor allele frequency of
0.29, 0.23, 0.18 and 0.13 for Holstein, Jersey, N’Dama and Gir
cattle, respectively.

Comparing imputation efficiency between INDUSCHIP v2 and
GGP indicus-35K expressed in terms of average concordance
rate as well as squared correlation estimate (DR2) between Imputed
and actual genotypes revealed marginally better performance of
INDUSCHIP v2 over GGP indicus-35K chip in Indian HF crossbred
population. It may be attributed due to the fact that design of
INDUSCHIP v2 chip was based on Indigenous breeds and its
crosses (Nayee et al. 2017), while the SNP panels for GGP indicus-
35K chip were selected from Australian Brahman, Droughtmaster,
Guzerath, Gyr, Nellore, Santa Gertrudis, and tropical composite
(Ferraz et al. 2018).

 Conclusions

From the present study it can be concluded that the current
version of customized INDUSCHIP micro array i.e. INDUSCHIP
v2 was quite efficient in imputation at HD level, hence can be
effectively used for genotyping and subsequent analysis.
However, with the passage of time, as more and more number
animals of different breeds spread across the country are
genotyped and incorporated in reference population, it would be
possible to improve its imputation efficiency further through
expanding reference population and incorporating more
informative SNPs for the Indian cattle population in future
versions of INDUSCHIP micro array. Further, it may also lead to
development of low density (LD) microarray with around 10000

informative SNPs and make genotyping facility available to the
common dairy farmers at affordable cost.
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