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Abstract
Single nucleotide polymorphism (SNP) markers are nowadays used as potential markers for parentage determination in bo-

vines. Five trios of each of the species, namely, Bubalus bubalis (Indian water buffalo) and Bos taurus (Holstein Friesian crosses) 
were selected for the study. Parentage conformity of trios (Probability of Paternity = 99.99%) with six fluorescently labelled mi-
crosatellite loci was done. Single nucleotide polymorphism-based parentage detection included identification of informative sin-
gle nucleotide polymorphism (based on trio-wise allele comparison) followed by exclusion of Mendelian erroneous (MDE) SNPs 
for minimizing the errors. About 100 to 100 nucleotide long stretches of DNA, harbouring haplotypes (consisting of at least 5 
SNPs) were identified PCR amplification followed by Sanger sequencing for validation of SNP-variations in new sets of trios. The 
principal component analysis (PCA) based on the Minor allele frequency (MAF) distribution was analysed. Principal component 
analysis have narrowed down the SNP-data to figure out the most informative SNPs. We could identify 51 and 1857 most infor-
mative SNPs for buffalo and cattle, respectively, which could explain cumulative variance of up to 95.4% and 95.43% of the com-
ponents, respectively. However, the validation results were not much appreciable as some of the single nucleotide polymorphism 
could not be detected in those amplicons. Hence, the accuracy of parentage assignment using the SNP-based approach was quite 
less efficient. In conclusion, it can be stated that the microsatellite-based approach for parentage determination is well stan-
dardized and efficient in accuracy of parentage assignment has compared to the SNP-based approach for parentage assignment. 
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Introduction
Parentage testing for bovines is important to keep a check on 

reproduction and estimating the genetic merits of the germ pool. 
Multi-sire bovine herds are often found to be impracticable due to 
incorrect parentage assignment, which affects the genetic gains 
[13]. Since many decades, parentage testing has been performed 
using different DNA-based techniques (such as DNA Fingerprint-
ing, PCR) and before that, parentage testing was performed using 
blood groups [21]. Later microsatellite markers have dominated 
the labs [3], and now transitional change has happened from the 
recent decade, as the single nucleotide polymorphism (SNP) based 
approach is playing a crucial role in parentage testing [5]. Adoption 
of new technology depends upon the initial cost and the availability 
of technological support and their trade off with the efficacy of new 
technique to reduce parentage identification errors [1,23]. SNP-
based marker system usually relies on the polymorphism, which 
varies between the population and species [9]. SNP-based mark-
ers are quite attractive because they are abundant in eukaryotic 
genome [4], genetically stable in mammals [12,14,22] and they are 
amenable to high-throughput automated analysis [11,24]. Many 
high-throughput genotyping technologies have been developed 
[10] to add to the score of a growing number of published SNPs 
[15]. Many of these techniques are quite suitable for their use in 
bovine SNPs identification.

Genotyping by sequencing (GBS) is a novel approach of next-
generation sequencing protocols for discovering and genotyping 
the SNPs in populations. GBS approach is based on the digestion 
of the genomic DNA with restriction enzymes (rare cutter and fre-
quent cutter), followed by the ligation of the barcode adapter, and 
finally, streamlining of sequenced data using a bioinformatics pipe-
line [6]. While developing the efficient SNP-based marker systems 
for the parentage identification in bovines, it is critical to consider 
that SNP information may vary significantly between the popula-
tions and species [9]. For developing a bovine panel of SNPs for ani-
mal identification and paternity analysis, one must remember that 
in the description of a minimal set of SNPs should have sufficient 
power to uniquely identify animals and their parents in a variety of 
popular breeds and crossbred populations. In this study, we have 
selected 6 sets of microsatellite loci, each for cattle and buffalo par-
entage determination with high accuracy and also have identified 
the panel of highly informative SNPs for animal identification and 
breed-specific parentage assignment. 

Methodology 
Animal selection

The experiment was conducted at the College of Animal Bio-
technology of Guru Angad Dev Veterinary and Animal Sciences Uni-

versity, Punjab, India. In this study, five trios (two parents and one 
offspring) of each species (HF crossbred cattle and Murrah buffalo) 
were selected from the dairy farm of the Department of Animal Ge-
netics and Breeding, Guru Angad Dev Veterinary and Animal Sci-
ences University, Ludhiana and also from farmer’s herds. The pedi-
gree of each trio (collected from University farm) was recorded for 
at least four generations to ensure that the trios were genetically 
unrelated. Experimental procedures conducted in this study were 
approved by the Institutional Animal Ethics Committee (IAEC) 
(vide Memo No.: IAEC/2018/1001-1022 Dated: 11.04.2018) con-
stituted as per article number 13 of the CPCSEA rules followed by 
the Government of India.

Blood and semen sample collection 
Peripheral blood (2 ml) was aseptically collected from the jugu-

lar vein of the animals using a 16G needle in a 5 ml sterile tube 
with an anticoagulant (0.5 M EDTA). Frozen semen straws were 
procured from the GADVASU semen centre and private facility. Ge-
nomic DNA was isolated from whole blood using Phenol, Chloro-
form, Iso-amyl alcohol method [18] and stored at -20°. Whereas, 
genomic DNA from semen samples were isolated using NaCl and 
iso-amyl alcohol method [2].

Microsatellite genotyping
Fluorescent dye labelled (F’-5’) six microsatellite- primer-pairs 

were selected from reported literature [8,20]. The selection of loci 
was based on the reported high polymorphism information con-
tent (PIC), high heterozygosity, and homogenous repeat motifs 
(Table 1 and 2). The DNA samples and the primer-sets were sent to 
Xcelris Lab Private Limited, Ahmedabad, and Gujarat for sequenc-
ing, length polymorphism analysis and typing.

Genotyped data were analysed bio-computationally using GE-
NEPOP 32 [16,17] to find out the allelic frequencies. Cervus 3.0 
[7] was used for analyzing the parameters viz. parentage analysis 
by calculating the log of odds (LOD) scores given by the natural 
logarithm of the overall likelihood ratio, homozygotes (Ho), hetero-
zygotes (He), polymorphism information content (PIC), the aver-
age non-exclusion probability for one candidate parent (NE-1P), 
the average non-exclusion probability for one candidate parent 
given the genotype of a known parent of the opposite sex (NE-2P); 
the average non-exclusion probability for a candidate parent pair 
(NE-PP), estimated null allele frequency F (Null), the average non-
exclusion probability for the identity of two unrelated individuals 
(NE-I), the average non-exclusion probability for the identity of 
two siblings (NE-SI) and Probability of Paternity (PP). 
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SN Microsatellite
Marker

Primer Sequence
(5′ to 3′)

Primer
Length

5’ Forward 
Dye Label

Tm
(°C)

Expected 
Range Reference

1 ILSTS089 F:AATTCCGTGGACTGAGGAGC
R:AAGGAACTTTCAACCTGAGG

20
20

6-FAM 55 112-120 Kathiravan., et al. 2010 
and Singh., et al. 2018

2 ILSTS095 F:GAAAGATGTTGCTAGTGGGG
R:ATTCTCCTGTGAACCTCTCC

20
20

HEX 55 187-215 Singh., et al. 2018

3 CSSM019 F:TTGTCAGCAACTTCTTGTATCTTT
R:TGTTTTAAGCCACCCAATTATTTG

24
24

TAMRA 55 127-161 Kathiravan., et al. 2010 
and Singh., et al. 2018

4 ILSTS025 F: GTTACCTTTATATAAGACTCCC
R: AATTTCTGGCTGACTTGGACC

22
21

6-FAM 55 110-126 Kathiravan., et al. 2010 
and Singh., et al. 2018

5 ILSTS060 F:TAGGCAAAAGTCGGCAGC
R:TTAAGGGGACACCAGCCC

18
18

HEX 55 162-198 Kathiravan., et al. 2010 
and Singh., et al. 2018

6 ILSTS058 F: GCCTTACTACCATTTCCAGC
R: CATCCTGACTTTGGCTGTGG

20
20

TAMRA 56 120-152 Kathiravan., et al. 2010 
and Singh., et al. 2018

Table 1: Fluorescent labelled microsatellite markers for Bubalus bubalis population.

SN Microsatellite
Marker

Primer Sequence
(5′ to 3′)

Primer
Length

5’ Forward 
Dye Label T

a
(°C) Expected 

Range Reference

1 INRA035 F: ATCCTTTGCAGCCTCCACATTG
R: TTGTGCTTTATGACACTATCCG

22
20

6-FAM 55 104-170 Jei Pei., et al. 2018

2 ILSTS034 F:AAGGGTCTAAGTCCACTGGC
R:GACCTGGTTTAGCAGAGAGC

20
20

HEX 56 137-199 Sodhi., et al. 2007

3 ILSTS011 F: GCTTGCTACATGGAAAGTGC
R: CTAAAATGCAGAGCCCTACC

20
20

TAMRA 57 249-169 Sodhi., et al. 2007

4 HEL09 F:CCCATTCAGTCTTCAGAGGT
R: CACATCCATGTTCTCACCAC

20
20

6-FAM 55 137-169 Sodhi., et al. 2007

5 CSSM08 F:CTTGGTGTTACTAGCCCTGGG
R:GATATATTTGCCAGAGATTCTGCA

21
24

HEX 56 180-202 Sodhi., et al. 2007

6 CSSM033 F:CACTGTGAATGCATGTGTGTGAGC
R:CCCATGATAAGAGTGCAGATGACT

24
24

TAMRA 57 309-317 Pei., et al. 2018

Table 2: Fluorescent labelled microsatellite markers for Bos taurus population.

Genotyping by sequencing (dd-RAD)
Genotyping by sequencing (GBS) method is the reductional 

method of genome representation and widely used for identify-
ing the SNP’s within the genome using restriction enzymes. The 
double digest restriction-site associated DNA (dd-RAD) approach 
of GBS was used in this study and outsourced from Agri genome 
Private Labs Ltd, Kerala, India. Genomic DNA (> 50 ng/ul) was de-
livered to the facility. 

Bio computational analysis of SNPs
Raw SNPs files were arranged in a spreadsheet, for each chro-

mosome number, position, accession number, reference allele, 

MAF. Firstly, Mendelian error (MDE) SNPs were excluded from 
the genotype data-set using an in-house designed bioinformatics 
pipeline, to minimize the errors. X-Chromosome and scaffold data 
were excluded from the analysis. In the final selection, SNPs with at 
least 0.05 MAF (minor allele frequency) were retained for further 
analysis.

Haplotype analysis: The stretches of SNPs posited within 100 
to 300 bp (for each chromosomal DNA) was identified through 
haplotype analysis, using an in-house bioinformatics pipeline. The 
criteria for haplotype selection were existing high variation among 
SNPs and presence of a minimum of five SNPs in the single haplo-

117

Identification of Microsatellite-Based Markers and Breed-Specific Single Nucleotide Polymorphism Panels for Parentage Assignment in  
Bovines

Citation: CS Mukhopadhyay., et al. “Identification of Microsatellite-Based Markers and Breed-Specific Single Nucleotide Polymorphism Panels for  
Parentage Assignment in Bovines". Acta Scientific Veterinary Sciences 4.9 (2022): 115-128.



type. Primers were designed with an amplicon size of a maximum 
of 500 bp (minimizing sequencing errors) and specific to the target 
within the genome, without any spurious amplification (checked 
with Primer-BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/)). The Sanger sequencing facility was provided by Agrige-
nome Labs Private Limited, Kerala, India.

Validation of parentage through SNPs: The target regions were 
amplified for one offspring and three Sires DNA (among which one 
Sire was biological father of the offspring and the other two sides 
were unrelated). The SNP positions identified in haplotypes were 
compared among the groups to identify the pattern of inheritance 
using the multiple sequence alignment tools (Clustal Omega).

Paternity assignment: Sequoia R-Programming package is gen-
erally used for the paternity assignment in missing pedigree data. 
The requisite input datasets are the pedigree records with animal 
numbers and date of birth and animal data with their respective 
SNP positions. In analysis, two sets of data were used for paternity 
assignment, MDE free SNPs, and raw data without any filtering.

Principal component analysis (PCA): The SNP datasets were 
subjected to PCA study for three-dimensional representation and 
streamlining of huge data sets. In this study, firstly the sum of the 
first three PCA was compared with the different MAF values and 
secondly, the most informative SNPs were based on the possible 
combinations: (1) No copy of reference allele (AA/0) (2) Single 
copy of reference allele (AB/1) (3) Double copy of reference allele 
(BB/2).

Now, in this case we have 15 animals (belonging to 5 trios) for 
each species. The possible distribution of the genotypes among the 
15 animals could range as shown in Table 8. Here we have got total 
136 combinations. To find out the most informative distribution 
of genotypes among these 15 animals, the count of genotypes was 
multiplied to get a value representing the maximum possible score. 
In Table 11, the unique values of these scores (obtained by multi-
plication) have been organized and it is evident that there is total 
20 such scores ranging from 0 to 125.

We considered the most informative SNP was that which is bal-
anced in Sire, Dam and offspring i.e., present in equal number of 
genotypes, viz. 5 animals each of AA, AB and BB genotypes.

The buffalo data provided 66825 SNPs which were then clas-
sified into the above 20 scores, based on the number of observa-
tions (Table 9). That means, there were 51 cases where all the three 
genotypes (AA, AB, BB) had equal number of animals (i.e., 5 each), 
hence yielding the score as 125 (Figure 1).

The cumulative sum of thirteen PCA’s was compared with ob-
tained twenty groups of genotype combinations (scores obtained 
above; Table 10) for both of the species. This helped figure out 
the highest PCA explaining the maximum number of SNPs in each 
population.

Figure 1: Possible permutation of the number of animals for 3 
genotypes vis-a-vis the multiplication values of the number of 

animals.

Results and Discussion 
In this study, parentage conformity between trios was accom-

plished using microsatellite genotyping. Microsatellite loci were 
genotyped based on allele length; bio-computational analysis was 
done separately.

Buffalo and cattle trios yielded observed heterozygosity (Hobs) 
= 1 and Expected heterozygosity (Hexp) ranged between 0.959 to 
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0.977 (Table 3), and 0.972 to 0.979, respectively (Table 4) with 
average polymorphic information content (PIC) value of 0.900 for 
each marker. Findings are suggestive of an isolate-breaking effect 
(the mixing of two previously isolated populations) because het-
erozygosity is higher than expected as animals in the study are 

Locus K N Hobs Hexp PIC NE-1P NE-2P NE-PP NE-I NE-SI HW F(Null) PP
INRA089 18 15 1.000 0.959 0.922 0.256 0.147 0.035 0.010 0.289 ND -0.0394 99.99%
ILSTS095 20 15 1.000 0.977 0.942 0.203 0.113 0.022 0.006 0.279 ND -0.0287 99.99%
CSSM019 19 15 1.000 0.975 0.939 0.211 0.118 0.024 0.006 0.281 ND -0.0299 99.99%
ILSTS025 18 15 1.000 0.968 0.932 0.232 0.131 0.029 0.008 0.284 ND -0.0336 99.99%
ILSTS060 19 15 1.000 0.972 0.937 0.218 0.122 0.026 0.007 0.282 ND -0.0312 99.99%
ILSTS058 18 15 1.000 0.970 0.934 0.225 0.127 0.028 0.007 0.283 ND -0.0323 99.99%

Table 3: The parameters of fifteen microsatellites in the Bubalus bubalis.
Locus: Marker name; k: Number of alleles at the locus; N: Number of individuals typed at the locus; Hobs: Observed heterozygosity; 

Hexp: Expected heterozygosity; PIC: Polymorphic information content; NE-1P: Average non-exclusion probability for one candidate par-
ent; NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known parent of the opposite sex; NE-
PP: Average non-exclusion probability for a candidate parent pair; F(Null): Estimated null allele frequency; PP: Probability of Paternity

not in-breeding, therefore confirms their unrelatedness. PIC for a 
sound genetic marker as described by [19] found the average value 
of PIC = 9.000, in this study is highly significant for considering the 
genetic markers as a valuable tool.

Locus K N Hobs Hexp PIC NE-1P NE-2P NE-PP NE-I NE-SI HW F(Null) PE
INRA035 20 15 1.000 0.977 0.942 0.203 0.113 0.022 0.006 0.279 ND -0.0287 99.99%
ILSTS034 19 15 1.000 0.975 0.975 0.211 0.118 0.024 0.006 0.281 ND -0.0299 99.99%
ILSTS011 19 15 1.000 0.972 0.972 0.218 0.122 0.026 0.007 0.282 ND -0.0312 99.99%

HEL9 20 15 1.000 0.977 0.977 0.203 0.113 0.022 0.006 0.279 ND 0.0287 99.99%
CSSM08 20 15 1.000 0.977 0.977 0.203 0.113 0.022 0.006 0.279 ND -0.0287 99.99%

CSSM033 21 15 1.000 0.979 0.979 0.196 0.108 0.021 0.005 0.278 ND 0.0276 99.99%

Table 4: The parameters of fifteen microsatellites in the cattle (Bos taurus).
Locus: Marker name; k: Number of alleles at the locus; N: Number of individuals typed at the locus; Hobs: Observed heterozygosity; 

Hexp: Expected heterozygosity; PIC: Polymorphic information content; NE-1P: Average non-exclusion probability for one candidate par-
ent; NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known parent of the opposite sex; NE-
PP: Average non-exclusion probability for a candidate parent pair; F(Null): Estimated null allele frequency; PP: Probability of Paternity

Assignment of parentage using microsatellite markers: LOD 
score for paternity confirmation of buffalo and cattle trios ranged 
from 7.04 to 8.18 and 2.62 to 8.53, respectively. It demonstrated 
that the offspring are correctly assigned to their respective sires. 
The findings were consistent with the pedigree information for 
both species. Further, the trio confidence was above 99% which 
has been indicated with “*” for all offspring (Table 5 and Table 6).

Probability of paternity (PP) was calculated as given by Ste-
phenson 2016 for all trios (Table 3 and 4), which has been strongly 
indicative (PP = 99.99%) of correct assignments of all offspring to 
their respective parents and suggestive the results conform to the 
trio record with allele length-based microsatellite analysis.
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Offspring Assigned Sire Dam Pair Loci Number Pair Loci 
Mismatching

Pair LOD 
Score Pair Delta Trio Confidence

Offspring-3 1 2 6 0 7.84E + 00 7.84E + 00 *
Offspring-6 4 5 6 0 7.04E + 00 7.04E + 00 *
Offspring-9 7 8 6 0 7.26E + 00 7.26E + 00 *

Offspring-12 10 11 6 0 8.18E + 00 8.18E + 00 *
Offspring-15 13 14 6 0 7.44E + 00 7.44E + 00 *

Table 5: Paternity assignment in Bubalus bubalis.

Offspring Assigned Sire Dam Pair Loci Number Pair Loci Mismatching Pair LOD Score Pair Delta Trio Confidence

Offspring-103 101 102 6 0 8.35E + 00 8.35E + 00 *
Offspring-106 104 105 6 0 7.84E + 00 7.84E + 00 *
Offspring-109 107 108 6 0 8.53E + 00 8.53E + 00 *
Offspring-112 111 110 6 0 7.84E + 00 7.84E + 00 *
Offspring-115 114 113 6 0 2.62E + 00 2.62E + 00 *

Table 6: Paternity assignment in Bos taurus.

SNP-based approach
This study focused on the identification of breed-specific SNPs 

using haplotype analysis for identification of stretches of SNPs as 
mentioned above: R-programming based in-house designed pipe-
line used for analysis. Closely associated, SNPs positions less than < 
100 bp, identified in each set of the chromosome of both of the spe-

SN Primer Sequence Length SNP’s covered Tm Amplicon 
Bubalus

Target
Chr. No

Amplicon 
Bos taurus

Target Chr. 
No

1 PB36 CCAGGACTAAACGAAACGACCT 22 9 60 427 2 446 23
CTACAGTTGCCATGCAGACG 20 9 60 427 2 446 23

2 PB51 GACCTCATAGTAAAACAAGACCGGA 25 9 60 379 12 400 11
TCAGCATGCAGTACATCTCCC 21 9 60 379 12 400 11

3 PB68 ACGGCCTCCAAGCAACTTTAT 21 8 60 380 11 400 10
ACCCTCACCTATTCCGTGTT 20 8 60 380 11 400 10

4 PB80 TCTCTTGCATTTCTGCTTTTAGCC 24 8 60 378 4 400 5
CATGTCCTCCTGTGTATGGTGG 22 8 60 378 4 400 5

5 PB100 GTGGTGTGCGTTATTCAGCTAC 22 4 60 379 21 410 22
CTGAACCCTAGTTGCTCCCAG 21 4 60 379 21 410 22

6 PC44 ATACTCCTGAAGTGTGATAGCTC 23 7 60 482 21 199 20
CTCCAGTGTTGTCAACGGGA 20 7 60 482 21 199 20

7 PC56 TTGTATGGGAGAAAGTAAAAGCATC 25 6 58 400 3 401 6
TCTTGCTTGGGTTCCTACTGA 21 6 58 400 3 401 6

cies. The closely associated SNP positions were grouped, accord-
ing to nucleotide start and end position within the chromosome. 
Position with high variability, filtered for primer designing using 
BLAST PRIMER (In-silico), targets specific positions, non-spurious 
amplification within the genome of the population (Table 7).
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Figure 2: The sum of first three principal components (PCs) against different levels of MAF (minor allele frequency).

8 PC91 CAAGGGGTTGTTGCAGTGAAT 21 6 56 413 24 413 22
GAGCCCTCCCCATTCCTAAATC 22 6 56 413 24 413 22

9 PC94 GAGCTGTAGTCAAATAAAGAGCAGA 25 6 58 400 27 399 1
GCTGCCTCGTTTGAGTCCTTT 21 6 58 400 27 399 1

10 PC42 CTCTGTGACAAGATGCCTTAAAGTT 25 6 60 400 20 399 19
ACTTTGTCCATTTCCCTGTGGTG 23 6 60 400 20 399 19

Table 7: Unique Haplotype primers designed In-silico for Bos taurus and Bubalus bubalis population.

Sequoia R-Programming based analysis
Sequoia R-programming package was used for the assignment 

of paternity of the given samples using MDE free SNPs. The allelic 
frequencies, allele missingness for minor allele frequency, Likeli-
hood ratios for dam, sire and parent pair and parent assignment 
was computed for two types of data set i.e., (a) raw data and (b) 
filtered data (excluding MDE error and 0.5 MAF), but the results 
were not so promising to assign the paternity as comparative to the 
paternity assigned through microsatellite markers. It could be due 
to the fewer sample size for the study. 

Tapered SNP analysis
It is an approach, based on the streamlined process of narrow-

ing down the huge data set of SNPs, to identify the most informa-
tive SNPs for the parentage assignment. PCA is the sole criteria to 

explain this approach. Firstly, we have demonstrated the use of the 
first three directions of principal component analysis. In order, if 
we expand further then it includes the further hurdles while maxi-
mizing the explanation.

The graph shows the maximum number of sums of three PCA is 
0.440 (44%) and the least is 0.430 (43%). While reading the graph 
from right to left, with 0.5 MAF to 0.3 MAF the number of SNP’s 
are increasing but the sum of the first three PCA is reducing down. 
Further, in the graph with MAF 0.22 to 0.1, the sum of the first 
three PCA start increasing but it doesn’t reach up to the maximum 
sum (i.e., 0.440). This observation is it is not following any specific 
trend, to explain the PCA, three values were selected MAF > = 0.1 
(Not maximum but near to maximum), MAF > = 0.22 (Least) and 
MAF = 0.499 (Maximum) (Figure 2). 

In another, the approach of strategy the informative SNPs were 
selected based on the reference allele of each position for each 
animal. In general, there could be three possible combinations (1) 
Where, no copy of reference allele (AA/0) is present (2) Where, a 
single copy of reference allele (AB/1) is present (3) and where the 
double copy of reference allele (BB/2). Based on the above three 

criteria of selecting the number of SNPs were calculated for an in-
dividual column of each SNP position. The total number of SNPs 
for all of the three criteria be equal to the number of the animals 
in each population i.e., 15. While multiplying the SNPs in three cri-
teria for each position will give permutation numbers. Frequent 
repeating numbers are selected. It came out to be a total of “20” 

121

Identification of Microsatellite-Based Markers and Breed-Specific Single Nucleotide Polymorphism Panels for Parentage Assignment in  
Bovines

Citation: CS Mukhopadhyay., et al. “Identification of Microsatellite-Based Markers and Breed-Specific Single Nucleotide Polymorphism Panels for  
Parentage Assignment in Bovines". Acta Scientific Veterinary Sciences 4.9 (2022): 115-128.



different sets of genotypes in each, Bos taurus and Bubalus bubalis 
population. The variability among the individuals will be maximum 
for any SNP position if the count of each type of genotype is near 
to 5. i.e., the heterozygosity in the population will be balanced with 
homozygosity. It will help identify the most informative SNPs (e.g., 
5*5*5 = 125, 6*5*4 = 120,6*6*3 = 108, 7*5*3 = 105). The sum of all 
PCA was calculated and the Cumulative sum of each genotype was 
calculated. The heatmap of the cumulative sum of PCA was drawn 
using R-programming to figure out the final selection of the SNPs in 
both of the populations.

Figure 3: Heatmap of Cumulative sum of Principal  
Components (PCs) of buffalo trios.

Figure 4: Heatmap of cumulative sum of principal  
components (PCs) of cattle trios.

The above heatmap shows that the cumulative sum of 51 SNPs 
explained 95.4% components in buffalo population and compara-
tively, in cattle cumulative sum of 1857 SNPs explained 95.43% of 
the components. Therefore, the set of 51 SNPs in buffalo and 1857 
SNPs in cattle are highly informative for breed-specific parentage 
assignment studies in bovines. 

SN AA/0 AB/1 BB/2 Total Multiplication
1 0 0 15 15 0
2 1 0 14 15 0
3 2 0 13 15 0
4 3 0 12 15 0
5 4 0 11 15 0
6 5 0 10 15 0
7 6 0 9 15 0
8 7 0 8 15 0
9 8 0 7 15 0

10 9 0 6 15 0
11 10 0 5 15 0
12 11 0 4 15 0
13 12 0 3 15 0
14 13 0 2 15 0
15 14 0 1 15 0
16 15 0 0 15 0
17 0 1 14 15 0
18 1 1 13 15 13
19 2 1 12 15 24
20 3 1 11 15 33
21 4 1 10 15 40
22 5 1 9 15 45
23 6 1 8 15 48
24 7 1 7 15 49
25 8 1 6 15 48
26 9 1 5 15 45
27 10 1 4 15 40
28 11 1 3 15 33
29 12 1 2 15 24
30 13 1 1 15 13
31 14 1 0 15 0
32 0 2 13 15 0
33 1 2 12 15 24
34 2 2 11 15 44
35 3 2 10 15 60
36 4 2 9 15 72
37 5 2 8 15 80
38 6 2 7 15 84
39 7 2 6 15 84
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40 8 2 5 15 80
41 9 2 4 15 72
42 10 2 3 15 60
43 11 2 2 15 44
44 12 2 1 15 24
45 13 2 0 15 0
46 0 3 12 15 0
47 1 3 11 15 33
48 2 3 10 15 60
49 3 3 9 15 81
50 4 3 8 15 96
51 5 3 7 15 105
52 6 3 6 15 108
53 7 3 5 15 105
54 8 3 4 15 96
55 9 3 3 15 81
56 10 3 2 15 60
57 11 3 1 15 33
58 12 3 0 15 0
59 0 4 11 15 0
60 1 4 10 15 40
61 2 4 9 15 72
62 3 4 8 15 96
63 4 4 7 15 112
64 5 4 6 15 120
65 6 4 5 15 120
66 7 4 4 15 112
67 8 4 3 15 96
68 9 4 2 15 72
69 10 4 1 15 40
70 11 4 0 15 0
71 0 5 10 15 0
72 1 5 9 15 45
73 2 5 8 15 80
74 3 5 7 15 105
75 4 5 6 15 120
76 5 5 5 15 125
77 6 5 4 15 120
78 7 5 3 15 105
79 8 5 2 15 80
80 9 5 1 15 45

81 10 5 0 15 0
82 0 6 9 15 0
83 1 6 8 15 48
84 2 6 7 15 84
85 3 6 6 15 108
86 4 6 5 15 120
87 5 6 4 15 120
88 6 6 3 15 108
89 7 6 2 15 84
90 8 6 1 15 48
91 9 6 0 15 0
92 0 7 8 15 0
93 1 7 7 15 49
94 2 7 6 15 84
95 3 7 5 15 105
96 4 7 4 15 112
97 5 7 3 15 105
98 6 7 2 15 84
99 7 7 1 15 49

100 8 7 0 15 0
101 0 8 7 15 0
102 1 8 6 15 48
103 2 8 5 15 80
104 3 8 4 15 96
105 4 8 3 15 96
106 5 8 2 15 80
107 6 8 1 15 48
108 7 8 0 15 0
109 0 9 6 15 0
110 1 9 5 15 45
111 2 9 4 15 72
112 3 9 3 15 81
113 4 9 2 15 72
114 5 9 1 15 45
115 6 9 0 15 0
116 0 10 5 15 0
117 1 10 4 15 40
118 2 10 3 15 60
119 3 10 2 15 60
120 4 10 1 15 40
121 5 10 0 15 0
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122 0 11 4 15 0
123 1 11 3 15 33
124 2 11 2 15 44
125 3 11 1 15 33
126 4 11 0 15 0
127 0 12 3 15 0
128 1 12 2 15 24
129 2 12 1 15 24
130 3 12 0 15 0
131 0 13 2 15 0
132 1 13 1 15 13
133 2 13 0 15 0
134 0 14 1 15 0
135 1 14 0 15 0
136 0 15 0 15 0

Table 8: All Permutation numbers obtained using  
possible genotypes.

Validation of haplotype-based primers for paternity assign-
ment

Validation of three primer sets (PB51, PB68, PB100) for buffalo 
(Table 11-13) and three primer sets (PC44, PC91, PC42) for cattle 
(Table 14-16) were used in laboratory conditions for PCR ampli-
cons. PCR amplification for aforesaid primer sets were done using 
high fidelity Taq Polymerase (PROMEGA). Amplicons were sent for 
the sanger sequencing at Agri genome Private Limited Labs, Kerela, 
India. The validation of primers is based on one set of biological 
offspring (named OS 1) sequence was aligned with reference ge-
nomic sequence, biological sire sequence and other two putative 
sire sequences, multiple sequence alignment tool (Clustal Omega). 
The positions of SNP’s were compared throughout using refer-
ence SNP positions, none of them shown any significant difference 
within SNPs against query sequences. Primers sets have not shown 
any consistency in identifying the polymorphic SNPs for paternity 

SN AA AB BB Total Multiplication
1 5 5 5 15 125
2 5 4 6 15 120
3 4 4 7 15 112
4 6 3 6 15 108
5 5 3 7 15 105
6 4 3 8 15 96
7 6 2 7 15 84
8 3 3 9 15 81
9 5 2 8 15 80

10 4 2 9 15 72
11 3 2 10 15 60
12 7 1 7 15 49
13 6 1 8 15 48
14 5 1 9 15 45
15 2 2 11 15 44
16 4 1 10 15 40
17 3 1 11 15 33
18 2 1 12 15 24
18 1 1 13 15 13

Table 9: Unique Haplotype combinations were selected.

SN Genotype Combinations Genotypes Included
1 125 34
2 120 231
3 112 158
4 108 204
5 105 350
6 96 445
7 84 721
8 81 216
9 80 673

10 72 652
11 60 533
12 49 645
13 48 1324
14 45 1441
15 44 283
16 40 1351
17 33 1740
18 24 1483
19 13 1857
20 0 38963

Table 10: Genotype Combinations with respective  
total genotypes.
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S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
1 Ref Seq Pos Orig Seq 47670593 47670595 47670598 47670611 47670614 47670617 47670622
2 Ref Seq Pos Base 

position
197 199 202 215 218 221 226

3 Ref SNP T/Y A/W T/Y G/K C/M A/M A/M
4 Offspring T A C G G C C
5 Sire 1 T A C G G C C
6 Sire 2 T A C G G C C
7 Sire 3 T A C G G C C
8 Original Pos 47670593 47670595 47670598 47670611 47670614 47670617 47670622
9 Seq Start Pos 47670397 47670397 47670397 47670397 47670397 47670397 47670397

Table 11: SNP positions, start and end positions, SNP details of PB51 primer validation.

S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
1 Ref Seq Pos Orig Seq 20028548 20028550 20028583 20028651 20028667 20028673 20028686
2 Ref Seq Pos Base 

position
11 13 46 114 130 136 149

3 Ref SNP A/R C/Y T/Y G/R A/W G/K T/Y
4 Offspring NA NA NA NA A G T
5 Sire 1 NA NA NA NA A G T
6 Sire 2 NA NA NA NA A T T
7 Sire 3 NA NA NA NA A T T
8 Original Pos 20028548 20028550 20028583 20028651 20028667 20028673 20028686
9 Seq Start Pos 20028538 20028538 20028538 20028538 20028538 20028538 20028538

10 New Pos 11 13 46 114 130 136 149

Table 12: SNP positions, start and end positions, SNP details of PB68 primer validation.

S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
1 Ref Seq Pos Orig Seq 41969649 41969689 41969777 41969793 41969833 41969912 41969918
2 Ref Seq Pos Base position 168 208 296 312 352 431 437
3 Ref SNP C/Y T/Y C/S G/S T/Y/C G/K C/Y
4 Offspring C T C G NA NA NA
5 Sire 1 C T C G NA NA NA
6 Sire 2 C T C NA NA NA NA
7 Sire 3 C T NA G NA NA NA
8 Original Pos 41969649 41969689 41969777 41969793 41969833 41969912 41969918
9 Seq Start Pos 41969482 41969482 41969482 41969482 41969482 41969482 41969482

10 New Pos 168 208 296 312 352 431 437

Table 13: SNP positions, start and end positions, SNP details of PB100 primer validation.
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S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
1 Ref Seq Pos Orig Seq 14793900 14793908 14793919 14793965 14793966 14793979 14793998
2 Ref Seq Pos Base position 195 203 214 260 261 274 293
3 Ref SNP A/W C/Y A/R/G C/Y G/R T/Y A/R
4 Offspring A C G C A T A
5 Sire 1 A C A C G T A
6 Sire 2 A T A C G T A
7 Sire 3 A C A C G T A
8 Original Pos 14793900 14793908 14793919 14793965 14793966 14793979 14793998
9 Seq Start Pos 14793706 14793706 14793706 14793706 14793706 14793706 14793706

10 New Pos 195 203 214 260 261 274 293

Table 14: SNP positions, start and end positions, SNP details of PC44 primer validation.

S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6
1 Ref Seq Pos Orig Seq 33955161 33955185 33955247 33955250 33955268 33955277
2 Ref Seq Pos Base position 181 205 267 270 288 297
3 Ref SNP A/G/R T/C/Y C/A/M A/R G/R C/T/R
4 Offspring A T C A G G
5 Sire 1 A T C A G G
6 Sire 2 A T C A G G
7 Sire 3 G C A A G G
8 Original Pos 33955161 33955185 33955247 33955250 33955268 33955277
9 Seq Start Pos 33954981 33954981 33954981 33954981 33954981 33954981

10 New Pos 181 205 267 270 288 297

Table 15: SNP positions, start and end positions, SNP details of PC91 primer validation.

S. No. Details SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7
1 Ref Seq Pos Orig Seq 69171419 69171449 69171471 69171506 69171516 69171529 69171538
2 Ref Seq Pos Base position 120 150 172 207 217 230 239
3 Ref SNP T/Y A/R T/Y C/S C/Y T/Y C/Y

4 Offspring T G C C T C T
5 Sire 1 T A T C C T C
6 Sire 2 T A T C C T C
7 Sire 3 T A T C C T C
8 Original Pos 69171419 69171449 69171471 69171506 69171516 69171529 69171538
9 Seq Start Pos 69171300 69171300 69171300 69171300 69171300 69171300 69171300

10 New Pos 120 150 172 207 217 230 239

Table 16: SNP positions, start and end positions, SNP details of PC42 primer validation.
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assignment even in known biological parent-offspring pairs, failure 
could be due to the sequencing error and large number of identi-
fied (Table 7) primer sets further need to be validated. 

Conclusion 
In this study, we have conducted the paternity assignment 

study using fluorescent labelled microsatellite markers have as-
signed the paternity with a confidence interval of 98% and prob-
ability of paternity of putative sires recorded as 99.99%, both of 
the studied population has high genetic variability along with PIC 
> 0.05 for markers. Confirmed trios were used for the SNP-based 
paternity assignment through R-programming, due to less sam-
ple size is found to be inadequate. The sum of the first three PCA 
compared (maximum 0.440 and 0.430 least) within the range of 
0.1-0.5 MAF. Selected, three values SNPs with MAF> = 0.1 (Bos: 
16620 SNPs, Bubalus: 14965 SNPs), MAF> = 0.22 (Bos: 1796 SNPs, 
Bubalus: 4207 SNPs) and MAF = 0.499 (Bos: 1671 SNPs, Bubalus: 
5202 SNPs) shows no specific trend. The cumulative proportion of 
thirteen PCA’s was compared with twenty Genotype combinations 
in buffalo and cattle. The cumulative sum of 51 SNPs explained 
95.4% of components. Whereas, in Bos taurus Cumulative sum of 
1857 SNPs explains 95.43% of the components. A set of 51 SNP’s 
in Bubalus bubalis and 1857 SNPs are highly informative for breed-
specific parentage assignment studies in bovines. In this study, we 
could identify a minimum number of most informative SNPs for 
the two species were 51 for buffalo (explaining 72.4% variation for 
the first 3 PCA) and 34 SNPs for crossbred cattle (explaining 72.4% 
variation for the first 3 PCA). The in silico identified SNPs warrants 
validation in unrelated trios. It can be concluded that the identi-
fied SNPs are different in cattle and buffalo and the SNPs also vary 
with the MAF-threshold being considered for the selection of SNPs. 
Laboratory based evaluation for the accuracy of haplotype-based 
SNP primers is further warranted in large sets. 
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