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Microsatellite markers have become a reliable technique for genetic diversity studies, parentage analysis,
and breed characterization in animals. The 18 amplified heterologous microsatellite markers out of 20
microsatellites were used for studying the genetic variation among cattle and buffalo. The estimated mean
allelic diversity for cattle breeds was 12.50 for Sahiwal, 10.94 alleles in HF crossbred, and 10.444 and
10.944 alleles for Murrah and Nili Ravi breeds of buffalo, respectively. The Sahiwal breed had the highest
allelic diversity compared to other studied breeds. A high level of genetic variability was observed for the
observed heterozygosity (0.857+0.027) and expected heterozygosity (0.811+0.017) between the Sahiwal and
HF crossbred breed of cattle. A low level of genetic variability was observed between the Murrahand Nili
Ravi breeds of buffalo. The Fis values -0.156 to 0.065 depicted low inbreeding in the breeds. The Nei's
genetic distance was measured for all the breeds which showed the genetic distance/divergence between the
HF crossbred and Sahiwal was 1.070. The genetic difference based on Nei's genetic distance between the
cattle HF crossbred and Nili Ravi breed of buffalo was 2.456. The genetic difference between the Nili Ravi
breed of buffalo and the HF crossbred was the highest. The principal component analysis accurately
reflected genetic distances, forming distinct groups for HF crossbred, Sahiwal, Murrah, and Nili Ravi. The
HF crossbred and Sahiwal appeared in different coordinates, indicating the notable genetic distance between
these breeds, while Nili Ravi and Murrah clustered together in a single coordinate. These groups showcased
clear genetic distinctiveness. The bottleneck analysis exhibited the typical L-shaped pattern, implying that
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all breeds did not undergo a recent bottleneck and were not at risk of potential extinction.

This is an open access article under the CC Attribution license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

In recent years, there have been significant studies on the
individual and breed identification of major livestock species
across many countries. This progress has been primarily driven
by the adoption of microsatellites as the preferred molecular
markers for tracking the information from species-level
identification down to individual animals (Ansari et al. 2016).
Microsatellites are DNA segments containing repetitive
sequences of nucleotides that are distributed relatively evenly
throughout the genomes of eukaryotic organisms. The
variability in the number of repeat units within these regions
contributes to their high polymorphism (Litt and Luty 1989).
The combination of this high polymorphism and the uniform
coverage of microsatellite markers across the genome has
rendered them indispensable markers in a wide range of
genetic investigations. Microsatellite markers have found
extensive application in genetic research involving humans,
model organisms, wild animals, and economically important
animals in agriculture. Specifically, microsatellites have played
a pivotal role in the study and characterization of diverse
livestock breeds, including cattle and Buffalo (Katariaet al.
2009), horses (Gupta et al. 2005; Martinez et al. 2021), and pigs
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(Behl et al. 2002) due to their high polymorphism, locus
specificity, and compatibility with polymerase chain reaction
(PCR)-based analysis. Utilizing microsatellite markers to
characterize animal populations can provide valuable insights
into their evolution, phylogenetic relationships, and genetic
variability. The understanding of genetic diversity within and
among domesticated populations is essential for designing
effective breeding programs and conservation policies. The
researchers have successfully employed heterologous
microsatellite markers designed for related species. This
approach aids in analyzing diversity and conducting
population genetic studies in less-studied species like buffalo
(Hussain et al. 2017), providing a cost-effective and time-saving
alternative (Moore et al. 1995; Barker 2002). Utilizing
microsatellite markers allows the verification and assessment of
genetic diversity within livestock, providing insights into the
level of genetic variation within a specific lineage or breed. The
evolution, forces such as mutation, adaptation, reproductive
isolation, random drift, selection, and breeding can create the
vast diversity (breeds) among the livestock (Groeneveld et al.
2010). The neutrality, co-dominant inheritance, and high
polymorphic information content of microsatellite markers
have rendered them the markers of choice for diversity studies

https://doi.org/10.62310/liab.v4i1.140
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(Sharma et al. 2013). In this study, the heterologous
microsatellites have been used for the genetic diversity analysis
in cattle and buffalo breeds of the Punjab.

2. Materials and methods

2.1 Experimental samples

The blood samples were collected from the female and semen
samples from the bulls. The samples were collected from 41 HF
crossbreed, 37 Sahiwal breed of cattle; and 35 Murrah and 41
Nili Ravi breeds of buffalo from the ICAR-CIRB Nabha Farm,
NDRI, Karnal, Directorate of Livestock Farm Ludhiana, and
Veterinary Polytechnic Kaljharani were collected.

2.2 DNA extraction
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The genomic DNA was isolated from whole blood stored at -20
0C using the phenol-chloroform-isoamyl alcohol method (Green
and Sambrook 2018).

2.3 Genotyping of Microsatellite Primers

The 20 microsatellite primer pairs were selected from the
published research papers based on the high polymorphism
(Table 1). The fluorescently labeled 5'-end of the forward primer
with FAM, HEX, and Texas Red was used in the multiplex for
the amplification. The simple sequence length polymorphism
was done by Barcode Biosciences, Bangalore.

2.4 Statistical analysis

Statistical analysis was done to check the genetic variation of
the markers among the cattle and buffalo breeds. GenAlEx 6.5

Table 1 Details of Heterologous microsatellite primer pairs (sequence, annealing temperature) used for the study
i . 5" Forward
SSR Primer Sequence (5" to 3') Primer Length Tm (°C) Reference
Dye Labeled

AAGATGTGATCCAAGAGAGAGGCA 24 61.37

CSRMO060 Texas Red Moore et al. 1995
AGGACCAGATCGTGAAAGGCATAG 24 62.25
GATCACCTTGCCACTATTTCCT 22 58.11

ETH225 HEX ISAG conference 2006
ACATGACAGCCAGCTGCTACT 21 61.79
CCCATTCAGTCTTCAGAGGT 20 56.54 )

HEL09 FAM Sodhi et al. 2007
CACATCCATGTTCTCACCAC 20 56.43
TGTCTGTATTTCTGCTGTG 20 58.37

ILSTS006 Texas Red Kemp et al. 1995
ACACGGAAGCGATCTAAACG 20 59.02
AAGGGTCTAAGTCCACTGGC 20 59.02

ILSTS034 HEX Kemp et al. 1995
GACCTGGTTTAGCAGAGAGC 20 57.98
ATCCTTTGCAGCCTCCACATTG 22 61.47 )

INRAO035 FAM Vaiman et al. 1994
TTGTGCTTTATGACACTATCCG 22 56.53
CCCTCCTCCAGGTAAATCAGC 21 56.53

TGLA122 Texas Red Zhang et al. 2010
AATCACATGGCAAATAAGTACATA 24 59.86
GCAGGATCACTTGTTAGGGA 20 56.92 )

HEL5 HEX Vaiman et al. 1994
AGACGTTAGTGTACATTAAC 20 50.31
GCTTTCAGAAATAGTTTGCATTCA 24 56.75 .

TGLA53 HEX Georges & Massey 1992
ATCTTCACATGATATTACAGCAGA 24 55.75
TCTCTGTCTCTATCACTATATTGC 24 55.12

CSSM047 FAM Moore et al. 1995
CTGGGCACCTGAAACTATCATCAT 24 60.69
TCCAGATTTTGTACCAGACC 20 54.66

ILSTS028 Texas Red Kemp et al. 1995
GTCATGTCATACCTTTGAGC 20 54.1
TGTTTTGATGGAACACAGC 19 54.11

ILSTS029 FAM Kemp et al. 1995
TGGATTTAGACCAGGGTTGG 20 56.81
CTGCAGTTCTGCATATGTGG 20 56.87

ILSTS030 HEX Kemp et al. 1995
CTTAGACAACAGGGGTTTGG 20 55.95
GCTACTGAGTGATGGTAGGG 20 56.81

ILSTS056 Texas Red Kemp et al. 1995
AATATAGCCCTGGAGGATGG 20 55.81
GCCTTACTACCATTTCCAGC 20 56.19

ILSTS058 FAM Kemp et al. 1995
CATCCTGACTTTGGCTGTGG 20 58.83
AAATTATAGGGGCCATACGG 20 54.63

ILSTS061 Texas Red Kemp et al. 1995
TGGCCTACCCTACCATTTCC 20 58.78
TATTAGAGTGGCTCAGTGCC 20 56.72

ILSTS033 FAM Kemp et al. 1995
ATGCAGACAGTTTTAGAGGG 20 55.05
CACTGTGAATGCATGTGTGTGAGC 24 63.12

CSSMO033 HEX Moore et al. 1995
CCCATGATAAGAGTGCAGATGACT 24 60.2
TAGAGGCACAAGCAAACCTAACAC 24 61.28

CSSM045 Texas Red Moore et al. 1995
TTGGAAAGATGCAGTAGAACTCAT 24 58.19
ACACAAATCCTTTCTGCCAGCTGA 24 63.05

CSSMO066 FAM Moore et al. 1995
AATTTAATGCACTGAGGAGCTTGG 24 62.08
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is a Microsoft Excel add-in that runs on Windows. GenAlEx 6.5
was used to perform the genetic diversity analysis of the
population, such as the number of alleles, number of private
alleles, allele frequencies and observed and expected
heterozygosities, F-statistics, principal coordinate analysis, and
Nei’s genetic distance. Bottleneck analysis was done using the
bottleneck v1.2.02 software which calculates the IAM (Infinite
Allele Model), SMM (Stepwise Mutation Model), and TPM
(Two Phases Model) mutation drifts.

3. Results and Discussion

The genetic variation has been depicted from the number of
alleles, the effective number of alleles, and the heterozygosity
for each breed of cattle and buffalo (Table 2, Fig. 1). The 18
amplified markers have been used for the study of genetic
variation among cattle and buffalo. The mean number of alleles
was highest in the Sahiwal breed having a 12.500+0.781 average
number of alleles while the number of alleles in HF crossbred,
Murrah, and Nili Ravi breeds varied from 10.444+0.923 to
10.944+0.574 alleles. The mean effective number of alleles
varied from 4.604+0.528 in Nili Ravi to 6.120+0.624 in the
Sahiwal breed of cattle. There was a difference in the effective
number of alleles within the breed of the same species. The
expected heterozygosity was 0.759+0.027 for Murrah and

Table 2 Table depicting the mean and standard error for the
Number of alleles (Na), Effective number of alleles (Ne),
Shannon’s information index (I), Observed heterozygosity
(Ho), Expected heterozygosity (He), Unbiased expected
heterozygosity (uHe), and Fixation indices (Fis)

Parameters HF crossbred  Sahiwal Murrah Nilli Ravi
Na 10.94+0.574 12.50+0.781 10.56+0.971 10.44+0.923
Ne 4.95+0.393 6.12+0.624 5.17+0.582 4.60+0.528
I 1.85+0.069 2.00+0.085 1.80+0.115 1.70+0.118
Ho 0.822+0.034 0.857+0.027  0.868+£0.027  0.695+0.059
He 0.774+0.019 0.811+0.017 0.759+0.027  0.725+0.033
uHe 0.783+0.019 0.821+0.017  0.770+£0.027  0.734+0.033
Fis -0.058+0.029 -0.057+£0.030  -0.156+0.038  0.065+0.062
14 0.84
- 0.82

HF Sahiwal Murrah Nili Ravi
. Na W Na Freq. >=5% i Ne
— | = No. Private Alleles s No. LComm Alleles (<=50%)

Fig. 1: Allelic patterns depicting the Number of alleles (Na), Effective
number of alleles (Ne), and Shannon’s information index (I)
across the breeds
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0.725+0.033 for the Nili Ravi breed of buffalo breeds whereas in
cattle breeds the mean expected heterozygosity was
0.7740+0.019 for the HF crossbred and 0.811+0.017 for the
Sahiwal breed of the cattle (Table 2).

The Wright fixation index or F-statistics was observed to
examine the variance in gene frequency between
subpopulations. F-statistics measures the degree of gene
differentiation within the population and is useful in
evolutionary research as well as in the analysis of the
population's genetic makeup (Whitlock 1999). Higher levels of
inbreeding in an animal population result in a positive Fis
statistic; outbreeding causes a negative Fis statistic. An Fis of
zero indicates inbreeding that is in line with the predicted
amount based on allele frequencies in the population. Under
the Hardy-Weinberg Equilibrium, inbreeding is indicated by a
positive Fis, while avoiding it is shown by a negative Fis
(Kardos et al. 2016). The mean Fis values for the cattle breeds
was -0.05840.029 in HF Crossbred and -0.057+0.030 in Sahiwal;
and for buffalo breeds it was -0.156+0.038 in Murrah, and
0.065+0.62 in Nili Ravi. The Fis values point towards the low to
moderate inbreeding values as the mean Fis values ranged from
-0.156+0.038 to 0.065+0.062. The Nili Ravi breed exhibited a
positive Fis value, indicating the presence of inbreeding within
the population. The coefficient of genetic differentiation Fsr
remained at zero for all loci across all breeds, indicating an
absence of notable genetic subdivisions between these cattle
populations (Karthickeyan et al. 2009). The gene flow across the
breeds was negligible. In the study done by Radhika et al.
(2023) in cattle breeds of Kerala state, the negative value of
Fis (-0.055) indicated a low level of inbreeding whereas the Fst
value of 0.1442 indicated genetic differentiation in the cattle
breed of Kerala.

Nei's genetic distance is a measure of the genetic
differentiation or distance between populations based on
genetic markers. Nei’s genetic distance estimates ranged from
1.070 to 2.456 for the cattle and buffalo breeds (Table 3). The
Nei's genetic distance between the Holstein Friesian (HF
crossbred) and Sahiwal was 1.070 whereas the genetic distance
between the HF crossbred and Murrah and Nili Ravi was 2.397
and 2.456, respectively. The Nei's genetic distance from Murrah
to Nili Ravi was 0.104. A higher genetic distance indicates
greater genetic differentiation between the breeds, while a
lower value suggests a closer genetic relationship. For instance,
a higher genetic distance between Holstein Friesian (HF
crossbred) and Nili Ravi implies a greater genetic
differentiation as HF crossbred and Nili Ravi breeds are from
different species. The genetic distance between Murrah and Nili

Table 3 Pairwise population matrix of Nei genetic distance
HF crossbred  Sahiwal Murrah  Nilli Ravi
0.000 HF crossbred
1.070 0.000 Sahiwal
2.397 1.772 0.000 Murrah
2.456 1.730 0.104 0.000 Nilli Ravi
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Ravi is relatively lower as these breeds are from the same
species.

The population assignment (Fig. 2 & 3), performed using
GenAIEx, revealed that the HF crossbred and Sahiwal were at a
distance in the quadrants whereas Nili Ravi and Murrah were
clustered closely. The Nili Ravi and Murrah breeds were
clustered in one quadrant depicting the least genetic difference
between the buffalo breeds as shown by the Nei’s genetic
distance. The Principal Coordinates analysis (PCoA) showed
that markers could correctly represent the genetic distances for
the populations. PCoA forms a distinct group for the HF
crossbred, Sahiwal, Murrah, and Nili Ravi which illustrates that
they are separated from all the populations and thereby
genetically distinguishable. In PCoA, the HF crossbred and
Sahiwal are in different coordinates (Fig. 4) which depicts that
the genetic distance between the breeds is significant, whereas
Nili Ravi and Murrah are clustered in one coordinate.

0O
JO -50 -40 -30 -20 -10 L
-10 -

#Sahiwal  mHF

a =
£ 1 . 30 -

- e, 0

oo ? F
* -50
* ,*
60—
Sahiwal
Fig. 2: Population assignment of HF crossbred and Sahiwal breed of
cattle
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Fig. 3: Population assignment of Murrah and Nilli Ravi breed of
buffalo

The UPGMA based on Nei’'s genetic distance tree was
constructed which splits the breeds based on the genetic
distance between the studied breeds of cattle and buffalo (Fig.
5). In the UPGMA analysis of Ethiopian indigenous cattle
Bonga, Jimma, and Kerayu cattle, it was observed that Bonga
and Jimma clustered closely together, indicating a similarity in
their characteristics. However, the Kerayu cattle stood out as a
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¢ Sahiwal

Murrah
* NIREV

Coordinate 2

® HF crossbred

Coordinate 1

Fig. 4: Principal Coordinates (PCoA) assignment for the HF crossbred,
Sahiwal, Murrah, and Nili Ravi breeds of cattle and buffalo

distinct group. Subsequent analyses using Principal
Coordinates Analysis (PCOA) supported these findings by
demonstrating that individuals were grouped differently,
underscoring the influence of varied geographical origins and
unregulated mating in creating a mixture of ecotypes (Bora et
al. 2023).

HF
1w
— MU
NR

P
20

Fig. 5: UPGMA-method-based dendrogram splitting the breeds into
distinct clusters (Where HF = HF crossbred, SW = Sahiwal,
MU = Murrah, NR = Nili Ravi)

The Hardy Weinberg equilibrium was analysed for all the
breeds which showed the departure for some of the markers
used for the study depicting that there are some mechanisms
such as evolutionary or non-random mating which could
influence the allele and genotype frequencies. In the study of
Kathiravan et al. (2010) the average observed and expected
heterozygosity and inbreeding estimate (Fis) of South Kanara
buffaloes was calculated. Notably, the within-population Fis
showed a significant positive value across the majority of
examined genetic loci which led to the departure from the
Hardy-Weinberg principle. Microsatellite data were analyzed to
assess the bottleneck of the population displaying a significant
number of loci with an excess of gene diversity. The
BOTTLENECK program analysis utilized three mutation
models: the Infinite Allele Model (IAM), the Two-Phase Model
of mutation (TPM), and the Stepwise Mutation Model (SMM) to
evaluate the presence of population bottlenecks (Du et al. 2022).
The probability values were obtained using the aforementioned
models and statistical tests in the BOTTLENECK program. The
expected number of loci with heterozygosity excess was 10.88,
10.71, and 10.49 for the IAM, TPM, and SMM, respectively, for
HF crossbred. In Sahiwal, the expected number of loci with
heterozygosity excess was 10.98, 10.87, and 10.63 for the IAM,
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TPM, and SMM, respectively. The expected number of loci with
heterozygosity excess was 10.85, 10.67, and 10.57 for the
Murrah and 10.73, 10.72, and 10.57 for the Nili Ravi breed for
the IAM, TPM, and SMM, respectively. The distribution
followed the normal L-shaped form which suggests that none
of the breeds encountered the bottleneck in the recent past and
did not experience any potential risk of extinction. The absence
of a shift in allele frequency distribution and the presence of a
typical L-shaped curve in the Nagpuri buffalo of India (Kataria
et al. 2009) suggest that there is no evidence of a bottleneck
event in their genetic history.

4. Conclusions

The study shows the genetic variation between the cattle and
buffalo breeds using the microsatellite markers. The number of
alleles per locus (k) varied for Sahiwal, HF crossbred, Murrah,
and Nili Ravi breeds of cattle and buffalo, respectively. The
effective number of alleles also varied between the species and
breeds. The microsatellite markers showed the genetic distance
between the breeds which were in distinct quadrants for
population analysis whereas Nei genetic distance also showed
the difference between the breeds of cattle and buffalo. The
microsatellite markers did not show the bottleneck as the
markers followed the normal L-shaped distribution. The
markers were highly informative for the genetic diversity and
characterization of the cattle and buffalo breeds. The studied
markers can be used as heterologous / cross-hybridization
markers for both the cattle and buffalo species for genetic
characterization, genetic diversity, and parentage studies.
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