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Abstract: A study was aimed to evaluate a set of polymorphic microsatellite markers for their efficiency in testing parentage in
Jersey crossbred cattle available in Tamil Nadu. The objective of validation was based on the criteria such as polymorphism
information content, various genetic diversity parameters and the ability of markers to exclude the wrong parent. A total of 21
microsatellite markers were included to verify the parentage in 24 Jersey crossbred trios (comprising 24 dams, 24 progenies and
2 sires). The microsatellite loci were amplified using fluorescently labelled primers by multiplex PCR and fragment analysis was
done through capillary electrophoresis using automated DNA analyzer. Statistical analyses were done using Pop gene version 1.31,
CERVUS 3.0.7 and GENALEX 6.503 software programs. The number of alleles for the markers utilized in the study ranged from
4 (ILSTSI1) to 12 (INRA23 and TGLAI122) with an overall mean of 8.0952 + 0.47 alleles per locus. The markers also exhibited
high expected heterozygosity (He) and polymorphism information content (PIC) ranging from 0.6362 (ETH3) to 0.8629 (SPSI 15)
with a mean of 0.7681 *+ 0.013 and 0.592(ETH3) to 0.83(CSSM66) with a mean of 0.7256+0.014 respectively, signifying them to
be highly informative. Low overall probability of identity (Pl) of 0.0943 + 0.008 and high overall probability of exclusion (PE) of
0.9619+0.02 with the increasing locus combinations were observed. The probability of exclusion was cent per cent (PE=1.0000)
when a combination of 8 markers were used with one known parent and a combination of 12 markers when excluding a putative
pair, suggesting the efficacy and suitability of the markers used in the study for parentage testing on Jersey crossbreds of Tamil
Nadu.
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1. INTRODUCTION

Parentage testing in cattle is an important aspect today to
implement efficient breeding programs by selective
reproduction through proven bulls. Failure to record the
correct parentage can cause bias in sire evaluation, by
introducing errors in estimation of heritabilities and breeding
values '. Parentage testing relies on the principle that an
individual will inherit one copy of its genes from its mother
and other from its father? . Therefore, if a particular marker
size (called an allele) is present in the calf, but absent in both
of the nominated parents, then the parents must be excluded
from the calf’s pedigree. Bovine breeding act was promulgated
to regulate bovine breeding activities and for improving
production of bovines as per the Animal Husbandry Policy
note (2020-21)%. Majority of the cattle reared by the farmers
in Tamil Nadu comprise of high milk yielding crossbred cattle
with exotic germplasm like Jersey and Holstein Friesian (HF).
While Jersey cattle is the breed of choice in the plains and,
Holstein Friesian in the hilly areas where the climate is
conducive for rearing this breed. Though there are much
literature on parentage testing in Holstein Friesian cattle, there
is scarce information on Jersey crossbreds especially in India*’.
So this study targeted on validation of a set of microsatellite
markers and their efficiency in identifying parentage in Jersey
crossbred population using various diversity parameters and
probability measures®. Different methodologies** of
parentage verification in general have been used since 1940’s,
starting from blood typing’ to automated analysis of SNPs'® of
which, molecular markers are of great interest to determine
the degree of genetic relatedness between animals, making
parentage verification and individual identification much
easier'' . In 1990’s, microsatellites were highly exploited as
they exhibited high degree of polymorphism and even with the
rise of next generation sequencing microsatellite markers still
continue to be the gold standard for parentage control in most
breeding programs of cattle. Microsatellites (sometimes
referred to as Simple Sequence Repeats, or SSR) are repetitive
DNA sequences made up of blocks of | to 6 nucleotides that
are repeated up to 60 times'’. The markers were also
recommended by the International Society for Animal
Genetics (ISAG) - Food and agriculture organization (FAO)
Advisory Group on Animal Genetic Diversity in 2011)"* to be
used for paternity exclusion tests due to their extensive utility

in parentage control in several species, high abundance,
informativeness, and relatively low costs'®. Accurate allele
sizes of the microsatellite loci can be determined by using
cutting-edge techniques like capillary electrophoresis'®, which
has numerous benefits over conventional separation
techniques like PAGE, such as separation efficiency, short
analysis time, low sample and solvent consumption, low
operating costs, and lower matrix effects'®. Using fluorescent
dye-labelled primers with automatic capillary electrophoresis
is one of the most popular high-sizing precision method
termed “Fragment analysis” to assess the polymorphisms of
the loci '"'? . With this background, this study has utilized 21
fluorescently labelled microsatellite markers selected based on
FAO recommendation (FAO Guidelines, 2011)"* as well as
published literature to verify the parentage in Jersey crossbred
cattle present in Tamil Nadu, South India. Their efficiency was
also measured using various statistical methods and software.
Various genetic parameters were estimated to establish a
parentage test for Jersey crossbred cattle viz., allelic richness,
heterozygosity (H.), PIC and multi-loci combination tests for
probabilities of identity and exclusion.

2. MATERIALS AND METHODS
2.1 Genomic DNA Isolation

Genomic DNA was isolated from blood samples of 24 Jersey
crossbred trios (comprising 24 dams, 24 progenies and 2 sires)
received from various farms and milk procuring units of state
of Tamil Nadu, for parentage verification at the Department
of Animal Genetics and Breeding, Madras Veterinary College
(Figurel). Genomic DNA from blood was isolated by modified
phenol-chloroform method as suggested by Sambrook et
al.,1989%° using DNAzol (Invitrogen™) instead of proteinase-
k. Genomic DNA of the sires were isolated from the frozen
semen straws. Initially the samples were treated with sperm
lysis buffer?' (comprising of 20mM Tris Hcl, 20mM EDTA,
200mM Nacl, 4% SDS and, 2% beta-mercaptoethanol) and
500pul of DNAzol. The remaining steps were as per phenol-
chloroform method?. The genomic DNA samples were
quantitatively and qualitatively checked using Nanodrop One
C spectrophotometer (Thermo Scientific, USA) at absorbance
A260/280 ratio and A260/230 ratio.

Fig |. Geographical location of the Jersey Crossbred cattle
population of the study in Tamil Nadu, India
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2.2 Microsatellite markers and multiplex PCR

Twenty-one microsatellite markers were selected based on
FAO Guidelines, 2011'3 as well as from reported literature**
24| The chromosomal numbers of the markers located in and
their allelic size ranges are mentioned in Table | as referred
from the literature. The primers for these markers were
synthesized with fluorescent labelling at their 5’ end using
FAM-BLUE, HEX-green, TET-green and TAMRA-black dyes
(Tablel). The markers were grouped into five multiplex panels
based on their annealing temperature, product size (bp) and

fluorescent labels to perform multiplex PCR. The PCR
reaction mix (25pl) consisted of colorless master mix
(AMPLIQON) of 2X concentration, panel of 5 primer sets
(concentration of each varying from 4 to 7 picomoles),
template DNA (50ng) and nuclease free water. The PCR
conditions had initial denaturation at 95°C for 5 minutes, then
35 cycles of denaturation at 95°C for 30 seconds, annealing at
55°C-61.5°C (varies for each panel) for 30 seconds and
extension at 72°C for 40 seconds and then with a final
extension of 72°C for 5 minutes.

Tablel: Chromosomal locations, allelic size ranges(bp) and fluorescent labels of the markers utilized in the study.

Markers Chromosomal number Allele size range (bp) 5'end Fluorescent labelling
TGLAI26 20 116-135 FAM
ILSTS006 7 272-309 FAM
INRA23 3 194-225 HEX
INRA63 18 167-189 TAMRA
HEL9 8 141-173 FAM
BM1824 I 181-200 TET
ILSTSI | 14 232-320 HEX
TGLA227 18 76-105 TAMRA
TGLAI122 21 206-240 TET
ETHI0 5 171-209 HEX
CSSMé66 14 171-209 FAM
CSRM60 10 79-130 TAMRA
BM2113 2 125-150 HEX
ETH3 19 96-150 TET
SPSI 15 15 234-258 TET
BMI818 23 230-280 TET
ETHI52 5 180-220 TAMRA
MMI2 9 101-145 TAMRA
TGLAS3 16 143-191 FAM
INRAS 12 136-164 FAM
ILSTS33 12 120-175 TAMRA

2.3  Fragment analysis

The PCR products (amplicons) were diluted in the ratio of I:
60 and combined with Hi-di formamide and GS500liz size
standard. The amplicons were then separated through
capillary electrophoresis (CE) using ABI's 3730xI DNA
analyzer and were resolved by comparing with the size
standard. Gene Mapper® software as well as Peak Scanner 2
software were used for DNA sizing and allele calling.

3. STATISTICAL ANALYSIS

Popgene version 1.31%, was utilized to study the diversity
metrics viz., observed number of alleles (N,), effective number
of alleles (N.), allele frequency, observed heterozygosity value
(Ho), and expected heterozygosity value (H.) of all loci from
the genotypes. CERVUS 3.0 was used to evaluate the
markers' polymorphism information content (PIC) *’. The
probabilities of identity (Pl) and exclusion (PE) based on allele
frequencies were also estimated using the GenAlEx 6.503
algorithm?®,

4. RESULTS AND DISCUSSION
4.1 Genomic DNA Isolation

The concentration of genomic DNA isolated from blood and
semen samples ranged between 500ng and1000ng and the
purity of the DNA was 1.8 at absorbance 260/280 and
between 2 and 2.2 at absorbance ratio 260/230. Similar yields
of genomic DNA using phenol chloroform extraction

procedure had been reported previously by many authors 2*-
32

4.2  Multiplex PCR and Fragment Analysis

Genomic DNA samples of 50 Jersey crossbred cattle were
amplified across 21 polymorphic microsatellite loci. Multiplex
PCR #3% was used to reduce the time and cost of the process
thereby increasing the efficacy of the test. The amplicons were
then resolved with increased accuracy through fragment
analysis using automated DNA analyzer.'*'5'7!?
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4.3 Validation of markers based on Genetic diversity
parameters

4.3.1 Allelic richness

Among the 2| microsatellite loci analyzed, a total of 170 alleles
were observed with a mean of 8.0952 + 0.47 per locus. The
number of observed alleles per locus had ranged from 4
(ILSTSI 1) to 12 (INRA23 and TGLA22), while the expected
number of alleles ranged from 2.701(ETH3) to
6.485(CSSM66), with mean values of 8.095+0.47 and
4.388+0.24 respectively (Table2 and Figure2). The values

observed in the study were in agreement with earlier reports
in various Holstein Freisian populations” . The Indian and
Chinese HF populations were found to have an average of 10.5
across |2 loci and 8.35 across 17 loci respectively; with the
number of alleles per locus varying from 7 (ETH225 and
ETH3) to 16 (INRA23) in the former and 6 (TGLAI26) to 16
(TGLAI22) in the latter. In 2002, Hansen et al..** informed
lower number of alleles in their study with the average per
locus being 6.3 * 0.64 for Canadienne, 6.3 * 0.49 for Brown
Swiss, 4.9 £ 0.47 for Jersey, and 6.1 + 0.49 for Holstein cattle;
while, Chikki et al., 2004** found a mean of four alleles per
locus across 12 loci among the 223 Jersey cattle.

Table 2. Genetic diversity parameters of microsatellite markers used for parentage verifications in Jersey crossbred
cattle of Tamil Nadu.

No. of No. of No. of Observed Expected Polymorphism
Locus animals observed Expected Hetreozygosity Hetreozygosity Information
alleles (N;) alleles (N.) (Ho) (Ho) Content (PIC)
TGLAI26 50 5 3.723 0.760 0.739 0.691
ILSTS006 50 8 4.985 0.800 0.808 0.773
INRA23 50 12 6.188 0.880 0.847 0.820
INRA63 45 9 4.232 0.689 0.772 0.731
HEL9 50 8 3.997 0.760 0.757 0.711
BM 1824 49 5 2.959 0.653 0.669 0.606
ILSTSI | 50 4 3.849 0.720 0.748 0.692
TGLA227 50 10 3.551 0.840 0.726 0.686
TGLAI22 50 12 6.024 0.740 0.842 0.813
ETHI0 50 8 5214 0.940 0.816 0.783
CSSM66 50 10 6.485 0.920 0.854 0.830
CSRM60 14 5 3.769 0.929 0.762 0.689
BM2113 50 7 3.808 0.800 0.749 0.702
ETH3 50 7 2.701 0.780 0.636 0.592
SPSI15 16 9 6.095 0813 0.863 0.816
BMI18I8 50 8 4.744 0.860 0.797 0.764
ETHI152 50 7 3.487 0.820 0.720 0.678
MMI2 49 9 3415 0.796 0.715 0.666
TGLAS3 37 9 3.878 0.649 0.752 0.704
INRAS 48 9 3.759 0.750 0.742 0.705
ILSTS33 50 9 5.291 0.920 0.819 0.786
M‘s*aE“* 8.095+ 047 4388 £0.24 0.801 + 0.02 0.768 £ 0.02 0.726 + 0.02

2R e
>

Number of alleles
ON DDOOOOON

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21

Microsatellite markers

Bl No.of Observed alleles (No)

No.of Expected alleles (Ne)

Fig2: Observed and expected number of alleles in Jersey
crossbred cattle of Tamil Nadu
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4.3.2 Heterozygosity

The observed heterozygosity values for the 21 loci ranged
from 0.636(ETH3) to 0.863(SPSI15) with a mean of
0.801%0.019 (Table2 and Figure 3) and similarly, the highest
expected heterozgosity was observed at SPSI15 (0.863) and
lowest at ETH3 (0.636) with an overall mean of 0.768+0.013
in Jersey crossbred cattle population of Tamil Nadu used in
this study. According to Beattie (1996)%, the degree of
variation at a marker locus influences the probability of
detection to a rare dominant allele which segregates. Rehout
et al., (2006)®had also reported high expected heterozygosity
values in Czech Holstein Friesian population ranging from
0.607 (8 alleles, SPS115) to 0.835 (12 alleles, TGLA227), with
an average value 0.746. Similarly, expected heterozygosity
(He) values ranging from 0.581 (ETH225) to 0.873 (INRA23)
and 0.554 (INRAO063) to 0.828 (HEL9) were reported in
Indian'and Chinese Holstein  Friesian populations 7
respectively.

4.3.3 Polymorphism Information Content (PIC)

Polymorphism information content (PIC)Y of the
microsatellite loci in this study ranged from 0.592(ETH3) to
0.830 (CSSM66) with an overall mean of 0.726 + 0.02
(Table2and Figure 3) indicating that markers used in the study
are highly polymorphic and suitable in assigning the parentage.
Informativeness (polymorphism) represents by the probability
that a given offspring of a parent carrying the rare allele allows
deduction of the parental genotype at the marker locus®®.
Comparable PIC values were observed in Czech Holstein
Friesian population ranging from 0.575 (SPSI15, 8 alleles) to
0.816 (TGLA227, 12 alleles) with the average value of 0.713%.
Indian HF population' had also revealed higher polymorphism
of 0.6 in || loci among the 12 markers screened, while 8 out
of 17 loci had PIC values higher than 0.7 in Chinese Holstein
Friesian population .

Heterozygosity and Polymorphism information content (PIC)

0

Ho, He and PIC
(9]

1
0““‘ ““““““ “

9 10 11 12 13 14 15 16 17 18 19 20 21

Microsatellite markers

B Observed Hetreozygosity (Ho)

Polymorphism information content(PIC)

Expected Hetreozygosity (He)

Fig 3 : Observed heterozygosity (Ho), expected heterozygosity (He) and Polymorphism
information content (PIC) in Jersey crossbred cattle of Tamil Nadu

4.4 Validation of markers
measures

based on Probability

4.4.1 Probability of Identity (PI)

The Pl for Jersey crossbred cattle ranged from 0.0396 at
CSSMé66 to 0.1744 at ETH3 with a mean of 0.0943 + 0.008
(Table 3). The probability of identity is the probability that two
randomly chosen individuals in a population have identical
genotypes’ and the actual observed Pl for the number of

codominant and dominant marker loci is required to be
reasonably low (ie, 0.01-0.0001) *. The Pl in this study
reached 0.0000 with four loci combinations (Figure 4) which
elucidates the efficiency of the markers in individual
differentiation. Similarly, in a previous report, the probability
of two random animals in Chinese Holstein breed having
identical genotypes was estimated as 6.34x10"'' and 1.52x10™'¢
for the 10 and 17 set of loci, respectively’.
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Probability of Identity(PI)
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Fig 4 : Probability of identity (PI) of microsatellite markers used for parentage
verifications in Jersey crossbred cattle

Table 3. Probability of identity (Pl) and probability of exclusion (PE) of microsatellite markers used for parentage
verification in Jersey crossbred cattle.

Locus Pl by Pl for PEI PEI for PE2 by PE2 for PE3 by PE3 for
locus increasing by increasing locus - increasing locus - increasing
locus locus - locus when locus excluding locus
combinations when combinations genotype combinations a combinations
the of one putative
other parent is parent
parent missing pair
is
known
TGLAI26 0.1123 0.1123 0.5038 0.5038 0.3248 0.3248 0.6904 0.6904
ILSTS006 0.0666 0.0075 0.6141 0.8085 0.4367 0.6197 0.7991 0.9378
INRA23  0.0447 0.0003 0.6841 0.9395 0.5172 0.8164 0.8585 0.9912
INRA63 0.0881 0.0000 0.5614 0.9735 0.3827 0.8867 0.7531 0.9978
HEL9 0.1012 0.0000 0.5300 0.9875 0.3526 0.9266 0.7170 0.9994
BMI1824 0.1707 0.0000 0.4067 0.9926 0.2440 0.9445 0.5825 0.9997
ILSTSII 0.1155 0.0000 0.4921 0.9962 03173 0.9621 0.6659 0.9999
TGLA227 0.1113 0.0000 05118 0.9982 0.3294 0.9746 0.7128 1.0000
TGLAI22 0.0483 0.0000 0.6716 0.9994 0.5025 0.9874 0.8462 1.0000
ETHIO 0.0620 0.0000 0.6276 0.9998 0.4518 0.9931 0.8102 1.0000
CSSM66 0.0396 0.0000 0.7002 0.9999 0.5348 0.9968 0.8726 1.0000
CSRMé60 0.1157 0.0000 0.4970 1.0000 0.3221 0.9978 0.6777 1.0000
BM2113 0.1042 0.0000 0.5263 1.0000 0.3470 0.9986 0.7211 1.0000
ETH3 0.1744 0.0000 0.4078 1.0000 0.2308 0.9989 0.6019 1.0000
SPSII5 0.0468 0.0000 0.6758 1.0000 0.5064 0.9995 0.8500 1.0000
BMI8I8 0.0700 0.0000 0.6043 1.0000 0.4249 0.9997 0.7940 1.0000
ETHI52 0.1177 0.0000 0.4961 1.0000 0.3143 0.9998 0.6917 1.0000
MMI2 0.1265 0.0000 0.4812 1.0000 0.3043 0.9999 0.6728 1.0000
TGLA53 0.1043 0.0000 0.5261 1.0000 0.3489 0.9999 0.7172 1.0000
INRAS 0.0995 0.0000 0.5354 1.0000 0.3517 0.9999 0.7373 1.0000
ILSTS33 0.0602 0.0000 0.6332 1.0000 0.4584 1.0000 0.8154 1.0000
Meant  0.0943 0.0057 £0.005 0.5565 0.9619+0.02 03811+ 0.925] +0.04 0.7423 + 0.9817 + 0.01
S.E. x 1 0.02 0.02 0.02
0.008

4.4.2 Probability of Exclusion (PE)

All the three PE viz, PEl (when the other parent is known),
PE2 (when genotype of one parent missing) and PE3 (excluding
a putative pair) were highest at CSSM66 and lowest at BM 1824
(Table 3). These loci have PIC values of highest (0.830) and

lowest (0.592), thus indicating that the PIC is directly
proportional to the ability of the markers in excluding the
wrong parent. The probability of exclusion for increasing
locus combinations reached 1.0000 with 8 markers for
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PE3(Figure 5c), with 12 markers for PE|(Figure 5a), but with
21 markers for PE2(Figure 5b). The probability of exclusion
(PE) is a measure of the ability of a certain panel of marker to
identify genetic paternity, excluding all other candidates’.
Exclusion probabilities in Czech Holstein cattle population
were reported to correspond with their heterozygosity with
the highest values in TGLA227, TGLAI22 and INRA023%.
Riojas-Valdes et al, (2009)*® estimated the exclusion

required to achieve a cumulative PE2 of 0.999%°.

probabilities of 8 microsatellites as 0.9988 in Holstein, 0.9924
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Fig 5. Probability of Exclusion at (a)PEI, (b)PE2 and (c)PE3 levels of microsatellite markers used for parentage

verifications in Jersey crossbred cattle

in Simmental, 0.9998 in Brown Swiss, 0.9999 in Beefmaster,
0.9930 in Brahman and 0.9990 in Brangus. Parentage testing
using microsatellites in Yak revealed very high exclusion
probabilities, only for the combined core set of 17 loci®.
While, in river buffalo, a cumulative PEl of nine marker loci
was estimated to be 0.9999 while in case of absence of one of
the parental genotypes, a minimum of || markers were
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5. CONCLUSIONS

This study proves the efficiency of microsatellite markers in
parentage tests due to its accuracy and cost effectiveness,
inspite of fastgrowing SNP based parentage tests. The findings
indicate that the markers selected in this study are highly
informative for parentage testing of Jersey crossbred cattle of
Tamil Nadu. Moreover, the study reveals sufficiently less
number (8 or 12) of markers for effectively identifying the
correct parentage when either a putative pair is excluded or
only one parent is known.
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