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CHAPTER I

INTRODUCTION

Biological diversity is a global asset of paramount importance

for the food security and socio-economic development of mankind'

Biodiversity is the basis of human survival and economic well-being and

provides to humankind enormous direct economic benefits, an array of

indirect essential services through natural ecosystems and plays a prominent

role in modulating ecosystem function and stability.

The life is greatly diversified into various forms to the extent

that no two organism are alike how closely genetically related they are except

clones and identical twins, this is called the biodiversity. The diversity can be

realized in terms of species, breeds, strains, lines' herds, families, etc'

Domestic animal biodiversity grabs our attention more than any other

category as it is directly involved in the food security as well as food diversity'

The genetic diversity has resulted due to the process of evolution over

thousands of years during wild and domesticated stages for the efforts made

by man to meet the market demand in present context. About 40 species of

domestic animals and poultry contribute to meeting the needs of humankind,

providing meat, fiber, milk, eggs, draught animal power, skins and manures

and are an essential component of many mixed farming systems. Within

these species, more than 7000 bree<js and strains (FAO, 2007) constitute the

animal genetic resources (AnGR) that are of crucial significance for food and

agriculture.

lndia is bestowed with immense richness of agricultural

biodiversity including livestock and poultry. The farm animal genetic

resources in lndia are represented by a broad spectrum of native breeds of

cattle, buffalo, goat, sheep, equines, camels and poultry. These breeds

evolved over several generations of selection and domestication and have

remarkable attributes of adaptability to tropical environment, genetic

resistance too many diseases besides subsistence on poor quality of crop
residue based feed and fodder. lntensive livestock development programmes

are increasingly promoting the universal use of very few ,improved, 
breeds

resulting in reduction in population numbers for many of the indigenous breed
as well as the genetic variability within a species. According to the recenuy

1



published State of the World's Animal Genetic Resources for Food and

Agriculture (FAO, 2OO7), in the past century, approximately '10% of farm

animal breeds have become extinct and an additional 'l5o/o arc considered

rare or endangered. Moreover, the situation is presently unknown for 34o/o ol

the breeds, most of which are reared in developing countries.

lndia harbors proportionately more livestock diversity (8%)

than its share of land in the world (2.4o/o). By virtue of varying climate and

ecosystems prevalent in different regions of the. country, there are well

defined breeds and several strains in almost all the livestock species used for

food, work, fiber and other valuable products. The enormous and diverse goat

genetic resources of lndia are signified in the form of 20 documented breeds

of goat (Acharya, 1982). These have been found by centuries of human and

natural selection. The rich biological heritage of these animals are fast getting

eroded and trends in the last few decades are alarming. While lndia ranks

second in goat population with about 1 24.3 millions, i.e. 21 per cent of world's

goat population, caprine diversity is shrinking rapidly and it appears that a

very serious situation has arisen due to erosion of breeds of this species at

quantitative as well as qualitative level There is a marked decline in the

population of unique animals conforming to true attributes of native breeds'

Widespread use of crossbreeding, destruction of traditional production

systems and reduction of pastures placed this precious germ pool under

threat. lt is only since last decade that concerted conservation efforts are

really being made to preserve the genetic diversity of goat in lndia Diverse

attributes of a population are effective in its characterization, taking account of

phenotypic traits, reproduction, geographic distribution, origin and habitat'

Genetic characterization of populations or breeds allows the evaluation of

genetic variability, a fundamental element in working out breeding strategies

and genetic conservation Plans.

Recent trend is to use molecular techniques for

characterization which detects the genetic variation at DNA level. These

techniques explore molecular markers such as RFLP, RAPD and

Microsatellite. A marker is an identified genomic site and marker alleles

represent polymorphism at this site. Among these markers, microsatellite

markers are widely acceptable. Microsatellites are made up of Simple

Tandem Repeat Sequence motif not more than six bases long. Tandemly

2



repeated di and tri nucleotide sequences (do-dA)n is an example to be

polymorphic in length in a number of eukaryotic genome. Microsatellites are

highly polymorphic, dispersed throughout genome at a frequency of one at

every 6kb sequence and amenable to PCR amplification makes them

potentially very useful as DNA markers or in gene mapping studies.

Microsatellite markers are very useful to study genetic variation, percentage

control study, study of.gene flows and genetic diversity.

Maharashtra State of lndia has two important descript breeds

of goat i.e. Osmanabadi and Sangamneri along with other lesser known goat

populations. The Sangamneri goat is a dual purpose breed of lndia. lt has

made its place in rural economy of Nasik, Ahmednagar and Pune district of

Maharashtra. The breed has derived its name from Sangamner town of

Ahmednagar district of Maharashtra- Sangamneri goats are medium sized

animals. The coat color is complete white, however animals with admixture of

black and brown color were also seen. The farmers of rural area of this region

keep small flocks of Sangamneri goats to meet out family requirements of

milk and finally sell the live animals for meat. This breed has proved its

adaptability in semi-arid region of Maharashtra and performs well under poor

quality range condition.

ln view of the paramount importance of this breed in lndia'

present research work was undertaken to characterize Sangamneri goat at

molecular level using microsatellite markers with following objectives'

1) To evaluate genetic diversity in Sangamneri goat using microsatellite

markers.

2) To estimate the allelic frequency of different microsatellite loci and to

establish a microsatellite gene

polymorphic markers.

profile for Sangamneri goat using

3) To estimate percent heterozygosity and Polymorphic lnformation Content

(PlC) values for these microsatellite markers in Sangamneri goat

population.

3
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CHAPTER II

REVIEW OF LITERATURE

The makers revealing variations at DNA level are referred to

as the molecular marker. Almost unlimited number of genetic polymorphisms

attheDNASequencelevelhadprovidednumberofmarkerslikeRestriction

fragmentlengthpolymorphism(RFLP)(Botsteinetal,1980),Minisatellitesor

variable number of tandem repeats (VNTRs) (Jeffrey et al', 1985) ' Random

Amplified Polymorphic DNA (RAPD markers) (Williams et a/' 1990) and

Microsatellites (Litt and Luty, 1989). Molecular markers offer a unique

opportunity to address questions on domestication and breeding at the

genotype rather than phenotypic level besides helping characterize animal

genetic resources at molecular level.

2.1 Microsatellites

Microsatellites are sequences made up of a simple sequence

motif, not more than six bases long, that is tandem repeated and arranged

head to tail without interruption by any other base or motif. Simple, tandem

repeated di- and tri- nucleotide sequences have been demonstrated to be

polymorphic in length in a nu'mber of eukaryotic genome (Litt and Luty, 1989).

The frequency with which they occur (once every 50,000-60,000 bp)' the high

degree of polymorphism displayed, and their random distribution across the

genome (Luty et a/., 1990) make them potentially very useful as DNA markers

in gene mapping studies.

Microsatellite markers are ideal for population-level studies for

a number of reasons. First, they are randomly distributed throughout the

genome, commonly occurring in non-coding regions and are typically

selectively neutral. Second, microsatellite loci are often hyper-variable within

populations and show much higher mutation rates than other nuclear regions

(Weber and Wong, 1993). Variation seen at microsatellite loci arises from

differences among alleles in the number of times the basic motif is repeated

with new alleles probably being generated through polymerase slippage and

slipped-strand mispairing during DNA replication (Levinson and Gutman,

-\
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1987; Kruglyak et a/. 1998; Toth et a/. 2000), which results in the addition or

loss of one or a small number of repeats. Third, microsatellite alleles show

codominant inheritance making them relatively easy to score directly' Finally

and most important for field applications microsatellite marker- genotyping

requires only miniscule amounts of template DNA, since it is based on PCR

(Mullis and Faloona, 1987). Sufficient DNA for microsatellite analyses can be

extracted from small pieces of tissue or minute quantities of blood as well as

from single shed hairs or from the epithelial cells sloughed off in urine, faeces,

or saliva. Once a microsatellite locus has been identified in the genome

oligonucleotide primers can be designed from the DNA sequences upstream

and downstream of the microsatellite to amplify that fragment of the genome

by PCR. Then microsatellite marker variation can be assayed directly by

electrophoresis and visualization of these PCR products in denaturing

polyacrylamide gels because alleles vary in the number of repeats of the

microsatellite motif, heterozygous individuals will show two PCR product

bands while homozygotes will only display a single band.

2.2 Breed Characterization and Variability Studies Using
Microsatellite Markers

Kemp et a/. (1993) reported a set of six new bovine

microsatellite polymorphisms based on (CA)n repeats. They were highly

polymorphic and thus represented valuable markers for the genome mapping.

Four of the six were polymorphic in sheep and two were in goat.

Amigues e, a/. (199a) carried out a comparison of blood typing

and microsatellites for verifying the efficiency of microsatellites in parentage

control in two French breeds (Alpine and Saanen) of goat. Four

microsatellites (lNRA005, lNRA006, lNRA023, p-cas) were used. One

hundred seventy-eight out of 185 parentage controls were compatible with

blood typing and microsatellite typing and five were incompatible with both the

methods. The study showed that the practical efficiency of the microsatellite

test was comparable to blood typing.

Arevalo et a/. (1994) cloned the microsatellites SR-CRSP 1, 2,

3,4 and 5 from caprine genomic library. Number of alleles, sample

heterozygosity and PIC were calculated for the microsatellites and screened

5
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in the unrelated parents of 15 distinct sire families of Anglo- Nubian'

Toggenburg, Galla and small East African breeds The number of alleles was

1-5 observed in these five microsatellites. sample heterozygosity was 0.950-

0.311 and PIC was 0.275- 0.886 for these five microsatellites'

Bhebhe ef a/. (1994) cloned microsatellites SR-CRSP 6' 7' 8' 9

and 1O from caprine genomic library. Number of alleles' sample

heterozygosity and PIC were calculated for the microsatellites and screened

in the unrelated parents of. 15 distinit sire families of Anglo- Nubian'

Toggenburg, Galla and small East African breeds The number of alleles

observedinSR-CRSP6,8,9and10were3-7'sampleheterozygosityand

PIC were O.717-O.g4|and 0.626- 0.875 respectively for these five

microsatellites.

Kemp et a/. (1995) sequenced total of 197 clones Out of

these, 81 microsatellite markers yielded polymorphism in bovine' ovine and

caprine. The mean polymorphic information content of the 97 markers

determined in 20 cattle was 0.66. Thirty-nine of the markers were polymorphic

in sheep and 32 were polymorphic in goat. This study identified a set of 18

robust markers that were polymorphic in all three species and that covered 14

bovine chromosomes. These formed a group of markers suited to genetic

distance analysis and parentage control in cattle, sheep and goat'

Mattapallil and Ali ('1999) studied the distribution and

evolutionary pattern of the conserved microsatellite repeat sequences (CA)n'

(TGG)6 and (GGAT) to determine the divergence time and phylogenic

position. The result showed a high level of heterozygosity among the buffalo'

cattle, sheep and goat. Result of these repeat loci suggested that the water

buffalo genome shares a common ancestry with sheep and goat after the

divergence of subfamily Bovinae from the Bovidae

Saitbekova et a/. (1999) studied genetic diversity in eight Swiss

goat breeds using of 20 bovine microsatellites on 20-40 unrelated animals per

breed. ln addition the Creole, lbex and Bezoar breeds of goat were included

Study on 352 animals revealed the average heterozygosity within population

was higher in domestic goat (0.51-0.58) than in lbex (0.17) and Bezoar goat

(0.19). Twenty-seven per cent of the genetic diversity in the total population

could be attributed to differences between the populations. However, with the
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exclusion of lbex from the total population, this proportion dropped lo 17o/o '

Principal component analysis showed that all Swiss goat breeds were closely

related, whereas the Creole breed, lbex and Bezoar goat were distinct from

all eight Swiss goat breeds.

Yang et a/. (1999) analyzed the microsatellite variation in five

Chinese indigenous goat breeds Tibetan, Neimonggol, Liaoning' Taihang'

Matou using six microsatellites. Allele frequencies, heterozygosity' PIC and

effective allele number .were calcuiated. The genetic relationship of five

breeds corresponded to their history and geographic origins were very well

assessed using the selected microsatellite

Ganai and Yadav (2001) studied the parameters of genetic

variation, genetic distances and time of divergence in three lndian goat

breeds using 16 cattle microsatellite markers The mean number of alleles

and mean allele size (bp) per microsatellite marker in goats were 5'37 r O'78

and 143.9 t 33.75 bp, respectively. The average values of heterozygosity and

polymorphism information content were O'g t O 2 and 0'48 t 0 20'

respectively. Five of the eight genetic distance methods were highly

correlated, revealing a closer relationship between Jamnapari and Barbari

goats. A phylogenetic tree constructed from inter-individual distances

revealed that the individuals clustered according to the breed to which they

belonged, and the Jamnapari and Barbari goats formed a cluster' The

divergence times between Sirohi and Jamnapari, and Sirohi and Barbari were

approximately 2000 years, while its value between Barbari and Jamnapari

goats was approximately 'l 370 years.

Thakkar et al. (2002) investigated five microsatellite markers

ILSTS -005, ILSTS -001, ILSTS - O3O, ILSTS -033 and ILSTS -034 in

Zalawadi breed of goat that revealed heterozygocity values of 0'554' 0'524'

0.753, 0.693, 0.512 and PIC values of 0.490, 0 484, 0 705, 0 693 and 0 398

respectively. Numbers of alleles ranged from three to seven'

Behl et a/. (2003) studied the genetic variabilily of 22

heterologus microsatellite markers in tlvo lndian goat breeds (Black Bengal

and Chegu). The evaluated microsatellite loci exhibited high mean

heterozygosity (0.69 and 0.66), and PIC values (0.79 and 0 78) in Bengal and

Chegu breeds, resPectivelY.

"!
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Li et al. (2004) used eighteen microsatellites to investigate the

genetic diversity and differentiation of eight Chinese indigenous goat breeds'

The results indicated that there is a significant difference of genetic diversity

between different loci. Chinese lndigenous goat breeds have similar genetic

diverslty to other Asian goats, but with lower Fst. The genetic differentiation

between populations is consistent with the results of archaeology, mt DNA

and RAPD.

Maudet et at. (2004) tested 60 publlshed microsatellite primer

pairs from bovids (cattle, sheep and goat) on 49 individuals from 11 taxa

including six wild goat-like species (Capra species), three divergent wild

sheep (Ovis species) and two chamois (Rupicapra spp') species'

Approximately 30 microsatellites amplified and among them all the loci were

polymorphic within most of the 11 species.

Patel (2004) studied fifteen bovine microsatellites selected

from the available list of 25 microsatellites suggested by ISAG for estimation

of genetic diversity in Surti breed of goat, amplified 2 (EfH'152 and ILSTS-

065) to 11 (ILSTS-028) alleles. The heterozygosity values at these

microsatellites ranged from O.2OO (ETH-152) to 0 720 (ILSTS-030) The

polymorphic information content (PlC) values ranged from 0 164 (ETH-152) to

0.854 (ILSTS-087) on a set at 15 microsatellites revealed high degree of

genetic variability in Surti goat indicating an important indigenous genetic

resource on a set at 15 microsatellites.

Tantia et al. (2OO4) tested bottleneck in Black Bengal and

Chegu breeds of Goats using 22 microsatellite loci All the three models viz

lAM,TPMandSMMweresubiectedtosigntest,Standardizeddifferences

test and Wilcoxon rank test to know possible bottleneck ln Black Bengal the

expected number of loci with heterozygosity excess was 13 21 out ol 22loci

underlAM,l2.g8underTPMandl2.g5underSMMandlociobservedwith

heterozygosity excess were 22,22 and 15 loci, respectively ln Chegu breed

the number of loci with heterozygosity excess were 22 and 21 with IAM and

TPM model using sign test, which are significantly different from expected

values of 13.12 and 13.06. Both the populations were found to have

undergone bottleneck.
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Kumar et at. (2OOS) studied genetic variation at 25

microsatellite loci in Marwari goat. The average polymorphism across the

studied loci and the expected gene diversity in the population were '1 295 and

0.623t0.041'respectively.Thepopu|ationwasobservedtobesignificantly

differentiated into groups and showed a fairly high level of inbreeding

(f = 0.264 t 0.046) and global heterozygote deficit. The bottleneck analysis

indicated the introduction of unique/rarb alleles by the immigrants

. Mainguy et a/. (2005) reported the results of a cross-species

amplification test of 156 bovine, ovine and cervid microsatellite markers in a

wild population of mountain goats, Oreamnos americanus, inhabiting Caw

Ridge, Alberta, Canada. Twenty-nine markers were found to be low to

moderately polymorphic with between two to nine alleles per locus' Observed

heterozygosity ranged from 0.14 to 0 85 for a sample of 215 mountain goats'

Fatima (2006) studied microsatellite variation in three

indigenousgoatbreeds.Gohilwadi'surtiandZalawadiusing,l9microsatellite

markers selected from the list suggested by lnternational Society for Animal

observed that number of alleles ranged from four (in Oar JMP-29) to fifteen

(inlLSTS-o3oand-034)WithtotallTSallelesacrossthreebreeds.The

overall heterozygosity, PIC and Shannon index values were 0'61, 060 and

1.50 indicating high gene diversity The highest observed heterozygosity was

found in Gohilwadi and minimum in Surti goat breed Genetic distance was

least (0.'128) between Gohilwadi and Zalawadi and highest between

Gohilwadi and surti (0.1951). ln all populations low inbreeding was indicated

(mean FIS = 0.0192, FIT = 0.0914) within and among the breeds Genetic

differentiation between breeds was moderate with a mean FST value of 0 073

which showed that the average proportion of genetic variation explained by

breedditferenceswasT.3percent.DeviationsfromHardy-Weinberg

equilibrium were noted for most of the locus.

Thilagam ef a/. (2006) studied 20 microsatellite markers using

genomic DNA from 50 unrelated Kanniadu goats The number of alleles

ranged from 5 to 14 with allele sizes ranging from 90 to 222bp The allele

frequencies ranged from 0.0'106 to 0 4430 Polymorphism information content

ranged from 0.5710 to 0.8570. Except four loci' the population was not in

Hardy-Weinberg equilibrium. The observed heterozygosity ranged from

l
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0.7142 lo 0.9778 while the expected heterozygosity ranged from 0 6390 to

0.8702, indicating the heterogenous nature of the population distributed in the

breeding tract.

Aggarwal et al. (2007) analysed the genetic variation at 25

microsatellite loci in 50 Mehsana goats. Estimation of effective number of

alleles and gene diversity frequently observed in microsatellite markers

revealed substantial genetic variation. The mean number of observed alleles

per microsatellite marker was 12.28 and that of effective alleles was 6 23 The

average observed and expected heterozygosity values were 0'652 and 0 765

respectively. The mean polymorphic information content value (0 724) further

reflected high level of polymorphism across the loci'

Dixit et a/. (2008) investigated genetic diversity within Kutchi

goat using 25 microsatellite molecular markers The average number of

alleles observed across the studied microsatellite loci was 12 0 + 1 02 The

average expected gene diversity within the population was 0 79 t 0 02'

whereas observed heterozygosity was 0 59 t 0 06 Thirteen out of the total 25

studied loci showed significant deviations from Hardy-Weinberg equilibrium'

TheFis(inbreeding)Valuewas0.23io'oT.Thegeneticdifferentiationamong

sub-populations of this breed was low (Fst = 0.05 t 0 01) The Sign and

wilcoxon tests detected significant departure from mutation drift equilibrium in

the population at most of the studied loci.

Sharma et a/. (2008a) investigated genetic variation at 24

microsatellite loci and genetic bottleneck hypothesis for Barbari goat

population. The estimates of genetic variability such as effective number of

alleles and gene diversities revealed substantial genetic variation. Shannon's

information index as indicator of polymorphism across studied loci, and Nei's

expected heterozygosity were 1.183 and 0.58 t 0.'191, respectively. The

population was observed to be significantly differentiated into different groups,

and showed heterozyg ote def iciency (f=O.202!0.O4 4).

Sharma et a/. (2OO8b) investigated Beetal genetically utilizing

microsatellite markers selected on the guidelines of ISAG and FAO's DADIS

(Domestic Animal Diversity lnformation System) I\IoDAD programme. The

observed heterozygosity in the population varied from 0.134 - 0.842 with the

mean of 0.469 t 0. 191 , indicating lower genetic variation in this population.
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Bottleneck was examined assuming all three mutation models and was found

to be absent. Population displayed heterozygote deficit to the tune of 22.3 per

cent.

Cauveri et a/. (2OOg) studied 5 microsatellite markers using

genomic DNA from 30 unrelated animals of the three different goat breeds

viz. Barbari, Kanniadu and Tellicherry. The observed and effective number of

alleles in Barbari goats for the loci EfH 225, ILSTS 005, ILSTS 011' ILSTS

033 and INRA 035 were 6 (3.97), 6 (4.42), 8 (5.57), 14 (11.22) and 6 (5 56)'

respectively. The corresponding values in Kanniadu goats were I (6 94), I
(5.62), 1O (8.1), 7 (5.78) and 9 (8.21) and Tellicherry goats were 8 (5.49)' 10

(6.79), 11 (9.52), 6 (5.26) and 7 (4.53), respectively. the observed

heterozygosity (Ho) ranged from 0.04 to 0.98 with overall Ho (Expected

heterozygosity, Hs) being 0.69 (0.85). The polymorphic information content

(PlC) ranged from 0.465 to 0.904 for all microsatellite loci indicating that these

loci showed polymorphism in goats.

Kumar et a,. (2009) conducted experiment on 50 genomic DNA

samples of unrelated Gohilwari goat using 25 microsatellite markers selected

from the list suggested by lnternational Society for Animal Genetics (ISAG)

and FAO's (DAD-|S). The observed number of alleles detected per locus

ranged from 4-24 wilh an overall mean of 10.12 r' 5.45. Overall mean

observed heterozygosity of 0.505 was lower than the overall mean expected

heterozygosity of 0.684. Most of the loci showed the heterozygote deficit as

also depicted by F;. value. Substantial genetic variation and polymorphism

was observed across studied loci in the Gohilwari breed of goat. Also the

population studied was not in Hardy-Weinberg equilibrium at most of the

studied loci.

Ramamoorthi et a/. (2009) studied the genetic diversity of

Barbari goat using 21 microsatellite markers. The number of alleles ranged

from 4 to 11, with allele sizes ranging from 88 to 220 bp. The distribution of

allele frequencies was between 0.0104 and 0.5208. Polymorphism

information content varied from 0.5563 to 0.8348. The population was not in

Hardy-Weinberg equilibrium for all except two microsatellite loci (lLSTS044

and |LSTS060). The observed heterozygosity ranged from 0.8478 to 1.0000

while the expected heterozygosity ranged from 0.6208 to 0.8509.
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Verma el a/. (2009) analysed genetic diversity in Malabari

goat. The microsatellite based genetic analysis indicated the number of

alleles varying from 4 to 26 with an overall mean of 0 36 The average

observed heterozygosity varied from 0.033 to 0 979 whereas expected

heterozygosity ranged from 0.1 52 to 0.925 with mean of 0'689 The gene

diversity varied from 0.153 to 0.927 and allelic richness varied from 3 61 to

20.96. The values bf the FIS ranged from 0.028 (lLSTS002) to 0 0 924 (ETH

22s).

Dixit et al. (2O1O) investigated the genetic diversity and

relationship among goat breeds of southern lndia based on microsatellite

markers. All five breeds of south lndia, namely Attappady, Osmanabadi'

Sangamneri, Malabari and Kanniadu' along with Ganjam of eastern lndia

were considered for the investigatlon. ln total, 190 alleles were observed from

288 DNA samples analysed with 25 microsatellite loci across six breeds The

most diverse breed was Kannladu to 0 61 in Osmanabadi The genetic

distance tended to be least (0.22) between Ganlam and Malbari and the

widest (0.83) between Kanniadu and Malabari'

Garrine et al. (2O1O) described genetic diversity between and

within the indigenous Landim and Pafuri goat breeds from Mozambique with

reference to the unimproved South African Boer goat, the paternal ancestor of

the Pafuri breed. Microsatellite polymorphism was used to quantify genetic

diversity and drift. Heterozygosity (Hz) in three populations of the Landim

breed were closely comparable (Hz = 0.588 - 0 623), with a higher Hz value

ol 0.672 in Pafuri, the latter most likely reflecting the influence of the Boer

goat. Allelic richness values supported this trend Drift among individual

Landim populations was low (Fst = 0 046-0 059) compared to Fst = 0 077-

0.091 between the Pafuri breed and individual Landim populations, again

reflecting introgression of Boer goat genetic material'

Mishra et at. (2010) investigated the genetic diversity of

Changthangi goat using a battery of 12 mirosatellite markers The observed

number of alleles varied from 5 (OarJMP 29) to 19 (Oar FCB304) with a mean

of 10.4 + 3.91. The effective number of alleles varied from 1 56 (OarJMP2g)

to 8.92 (OarFCB3O4) with a mean 4 59 t 2'07 ' The value of Shannon

information index (l) ranges from 0.774 ( OarJMPzg) lo 2 487 ( OarFCB304)
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whereas poly information contents range from 0 343 ( OarJMP2g) to 0 846 (

OarFCB3O4). The high value of I and PIC indicated the suitability of markers

for studying the genetic variability in goat species' Observed heterozygosity

ranged from 0.2368 (OarJMP29) to 0 9783 (OarFCB304)' The mean

observed heterozygosity was 0'3979' The expected heterozygosity was

highest (0.8880) for locus Oarfeb 304 and lowest (0'3618) for locus

OarJMP29. Nine of the 12 loci showed the positive inbreeding coefficient'

Among the positive values the Fis varied from 0 0527 0LSTSOOB) to 0 6491

(OMHC1) with a mean of O 1773however' |LSTO44' ILSTSOO2' OarFCB3O4

exhibited the negative Values corresponding to 0.0471, 0.0855 a..:.::]:.

respectively' The L shaped curve obtained indicated that Changthangt

population has not undergone any recent bottleneck'

Verma et al' (2010) studied the genetic variability rn

Sangamneri breed using 25 selected micro-satellite markers' The number of

alleles observed u"'iea t'om ; G* o22)1o21(oarFcB3o4) 
with an overall

mean of 9 O' Most ot tn" ti''o'"0 loci showed the polymorphic information

content varue gr"rt", tnrn 0.5 except lLSTooS, oarJMP2g' |LSTS005 and

ILSTSO29 locus The pfC J'f'"t varied from 0 271 (OarJMP2g) to 0 878

(LSTS 082) ""'ott 
to"i *in an average value of 0711 The average

expected gene diverslty *'tn" t* population ranged from 0'2769 (OarJMP

29) to 0 8880 tLsrs oazl *itn 'n'ou""tt l"i:ii 
o 6s7oto 033' whereas

observed heterozygosity 'l"n"tl'"rn 
00435 (ETH'225) to 08571 0LSTS

002) with an average ' 
o-u'nn"o ouog Sixteen out of total 25 studied loci

showed signific""t n"tJ'J]vs"te deficiencv (o:'lt'u" Fis value) The

significant po"itiv" 'arue] 
Jt-ti" t'' '"nn"o 

from 0118 (oarFCB3O4) to 1 0

iJrr2u, with an overall mean of 0 245'

Dixit et al (2011) examined genetic variation at 25

microsatellite toci in fann]aou'n""t" ' 
Tamil Nadu The observed number of

alleles ransed u"rn u (;;;; t"'''t t**ott' oarE129) with an averase value

of 8 64i0 48' The effective number of alleles ranged from 1 45 (|LSTS34) to

7.89 0LSTSO33 anA OrUnCt) with the overall meanvalue ol 422t 0 34 The

average observed '"t'";;":;; 
heterozygosity values were o 53to 03 and

0.73 t o.o2' *to*t''"; ;;;-polvmorpnic inr::T]'"" content value ransed

from 0 30 to o'ao rnesi tr'ni *'*t of Plc indicated higher polymorphism in

a
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the breed. The high level of genetic variability suggested the scope for further

genetic improvement of Kanniadu goats.

Musthafa (2011) studied genotypic characterization of Ardi

goat using 14 microsatellite markers recommended by ISAG/FAO to measure

the genetic diversity of Ardi goat breed found in Riyadh region Mean number

ofalleleswasobservedas6.643t2'06lwiththerangeofthree(MAF209

.and SRCRSP3) to nine (OarFCB2O and OarAE54) with 93 total alleles The

mean expected heterozygosity, observed heterozygosity and Nei's

heterozygosity values were 0.675 t 0.137, 0 553 t 0 194 and 0 665 t 0 135

respectively, indicating high genetic diversity among the studied loci

Estimated values of polymorphic information content and Shannon index

showed that the most of the loci in this study were highly polymorphic and the

values found to be 0.628 t 0.138 and 1.390 i 0.346 respectively. Deviation

from Hardy-Weinberg equilibrium was observed for six of the studied loci'
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CHAPTER III

MATERIALS AND METHODS

3.1 ExPerimentalMaterial

Experimental material for the present study comprised of 50

blood samples of Sangamneri goat (Plate 1) The Sangamneri goat is a dual

purpose breed of lndia. Samples were collected at random from unrelated

animals from different villages of Sangamner and Rahuri Taluka of

Ahmednagar and owners were questioned in detail in order to avoid close

relationships. The samples were also collected from All lndia Co-ordinated

Research Project on Sangamneri Goat, Department of Animal and

Husbandry, Mahatama Phule Krishi Vidyapeeth, Rahuri'

3.1.1 SamDle collection. trans Dortation and sto qer

Approximately 10 ml of venous blood samples from each

animal were collected aseptically in sterile polypropylene vial containing 0'5

mlof0.5MEDTAasanticoagulantandthentransportedtolaboratoryina
thermocol box containing ice cool packs The blood samples were kept at -

2O'C till the isolation of DNA.

3.1.2 DNA extraction from blood samp les

15

The standard Phenol: Chloroform extraction method

(Sambrook and Russell, 2001) was employed to isolate genomic DNA from

frozen blood samples. The procedure is given follows:

Procedure of lsolation of Genomic DNA

1) Blood samples stored in the freezer were thawed at room temperature'

2) Thawed samples were transferred to sterile polypropylene centrifuge

tubes and centrifuged @ 4000 rpm for 20 minutes at room temperature'

3) The reddish supernatant containing the plasma and lysed RBC was

discarded bY PiPetting.

4) Chilled RBC lysis buffer twice the volume of pellet was added and mixed

gently and kept in ice for '10 minutes'



Sangamneri Female goat

Sarigamneri Male goat

P\ate 1. AdultSangamneri soat
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5)

6)

7)

8)

e)

10)

11)

12)

13)

14)

15)

16)

17)

Centrifugation was repeated @ 4000 rpm at room temperature and the

black tarry coloured supernatant, containing lysed RBC was discarded

by pipetting.

Steps 4 and 5 were repeated 3-4 times till the WBC pellet becomes free

of reddish tinge.

DNA extraction buffer @ 3 ml per 10 ml of blood was added and

vortexed to disperse.the WBC pellet gently in the extrdction buffer.

WBC pellet mixed with DNA extraction buffer was incubated at 370C for

30 minutes.

Subsequently, 10% SDS @ 200 pl per 10 ml blood was added and

mixed gently by inverting the tubes once or twice.

Protelnase K (20 mg/ml solution) was added in two pulses. Half of the

requirement (20 pl per 10 ml blood) was added in first pulse, mixed

gently end to end, and incubated at 50'C overnight.

On the second day, contents of the tubes were transferred to clean

sterile autoclaved 100 ml conical flask and then equal volume of tris-

saturated phenol (pH 7.8) was added.

The flasks were kept on shaker and rotated for 15 minutes to mix the

contents properly.

Subsequently, the contents of the flasks were transferred to 15 ml fresh,

sterile centrifuge tubes and @ 4000 rpm for 10 minutes at room

temperature.

The upper aqueous phase containing DNA was transferred to another

conical flask with the help of 1 ml wide bore (3 mm diameter) microtip

Similarly, extraction as in step 1 1 to 14 was done once with phenol:

chloroform: isoamyl alcohol (25:24:1) and once with chloroform: isoamyl

alcohol (24:1).

Finally the aqueous solution was transferred to 50 ml polypropylene

centrifuge tube and 3 M sodium acetate @ 100 pl/ ml aqueous phase

was added by gentle mixing.

More than two volumes of chilled isopropanol was added and mixed

gently by swirling the tube once or twice. The tube was left at room

temperature to allow precipitation of DNA.

-)
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18)

1s)

20)

21)

22)

23)

The precipitated DNA was transferred to a sterile 1.5 ml eppendorf tube

(using a wide bored microtip of 1 ml capacity) along with 500 pl and

centrifuged @ 10000 rpm for 10 minutes at room temperature.

5upernatant was discarded without interfering with the DNA pellet.

The DNA pellet was then washed twice with 70% ethanol.

Finally, the DNA pellet was air dried for t hour to remove traces of

ethanol and subsequently dissolved in 200 pl TE buffer.

.The eppendorf tubes were kept in water bath at 60'C for 2 hours to

inhibit DNase activity and to dissolve the pellet properly in TE buffer.

After 2 hours of water bath, DNA was cooled and stored at -20"C for

further use.

The composition and preparation of buffers and solutions used

in the procedure is given in the Appendix l.

3.1.3 Quality check and q uantification of DNA

The quality and purity of DNA were checked and quantification

was done by agarose gel electrophoresis.

The DNA samples were diluted at different dilutions 1:40 1:50

1 :80 and 'l :100 (20 pl of DNA in 980 pl nuclease free water) and subjected to

agarose gel electrophoresis for quality check. Agarose 0.8 per cent in 1X TBE

buffer (pH 8.0) was used for gel electrophoresis. Agarose 0.8 g was dissolved

in O.sX TBE buffer to a final volume of slightly more than 100 and was heated

in microwave oven. Molten Agarose was taken out carefully. Ethidium

bromide (1%) was added @ of 5 Ul/100 ml of gel solution. Molten agarose

was poured into sealed gel casting tray with the comb positioned

appropriately. Once the gel got solidified, it was transferred to electrophoresis

tank filled with 1X TBE buffer. The level of buffer was kept at least 1 cm

above the gel. The wells were carefully charged with 3.0 pl DNA mixed with

0.5 Ul 6X gel loading dye. Electrophoresis was carried out at 80V for 30-60

min. On completion of electrophoresis, the gel was visualized under UV

transilluminator and quality and purity was judged DNA appeared as single

compact pink fluorescent band free from degradation (whole lane fluorescent)

or RNA contamination (fluorescent spot migrated away from well) The

dilution 1:50 yielded a hair thick band and was selected for use in PCR.
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3.2 MicrosatellitePrimers

3.2.1 Chrom omal loca ns of icros

20

3.2.2 Pr imerss uence

Oligo primers specific to various microsatellite loci custom

synthesized at Eurofins mwg/ operon' Genetix Biotech Asia Pvt' Ltd and

utilized in the study are listed below in the Table 3 2

tell ma rs

Chromosomal location for different microsatellites used to

estimate genetlc variability among Son6ot..e'! 3oat given in Table 3 'l'

Table 3.'1. Chromosomal location for different microsatellites used to

;=ti;;t" genetic variability among Sangamneri goat

ReferenceChromosomal LocationMicrosatellite
Markers

Sr.
No.

Steffen et a/. (1993)Chromosome number 09ErH -2251

Kemp et a/. (1992)
Chromosome number 14 (SheeP)2 ILSTS-OO2

Luikart et a/. (1999)
Chromosome number 10ILSTS.OO5

Saitbekova et a/. (1999)Chromosome number '14
4 ILSTS-OO8

Kemp et a/. (1995)Chromosome number 25
5 ILSTS .019

Kemp et a/ (1995)Chromosome number 05ILSTS -0226
Luikart ef a/. (1999)

ILSTS.O297
Kemp ef a/. (1995)

Chromosome number 02ILSTS -O308
Kemp et a/. (1995)

Chromosome number 12ILSTS -033I
Kemp et a/. (1995)

Chromosome number 05ILSTS -03410
Kemp et al. (1995)

Chromosome number 03ILSTS.O4411
Schibler et a/. (1998)

Chromosome number 1 1ILSTS-04912
Kemp et a/. (1995)

Chromosome number 17ILSTS .058IJ
Kemp et a/. (1995)

Chromosome number 13
ILSTS -05914

Kemp et a/. (1995)
Chromosome number 24

ILSTS -06515
Schibler et a/ (1998)

Chromosome number 2ILSTSOS216
Kemp et a/. (1995)

ILSTS.O8717
Lumsden et al. (1995)

Chromosome number0TOar AE 12918
schibler et a/. (1998)

Chromosome number 4Oar HH 6419
Lumsden et al. (1995)

Chromosome number 24
Oar JMP 29

Groth and Wetherall,
(1ee4)Chromosome number 14 (SheeP)

OMHCl21

Crawford et a/. (1995)
RM427
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Tabte 3.2. Primer sequences for different microsatellites used to
estimate-g-Jneti c variabi I ity amon g san gam neri goat breed

ReferenceRepeatsPrimer Sequence (5'-3')Micro-
satellite
Markers

ATTTCCTGATCACCTTGCCACT
Steffen

et a/. (1993)
(cAx8

ACT
ErH225

ACACATAT CGTGCTGTGTCTF:
Kemp et a/.

(1ee2)
(cA)17

R:
ILSTSOO2

AGCC Luikart ef a/
(1 eee)

(nn)39
ILSTSOOS

GAATCATGGA,TTTTCTGGGGF:
Saitbekova
ef a/. (1999)

(cA)12

R
ILSTOOS

AGAAGCrGTAAGGGACCTCA
Kemp et a/.

(1 ee5)
(TG)10

ILSTSOl9

CCTGAGAACCAGTCTGAAGGF
Kemp et a/.

(1 ees)
(GT)21

CTTR:
ILSTSO22

CCF:
Luikart et a/.

1 999
(cAxe

TGGATTTAGACCAGGGTTGGR
ILSTSO29

Kemp ef a/.

(1 ees)
(cAx3

UTTTGCTTAGACAACAGGGG
tLSTS3O

ATTT
Kemp et a/.

(1 ees)
(cA)12

A
ILSTSO33

AAGTCCACTGGCGTCTAAG GF
Kemp et al

(1 ee5)
(Gr)2e

AGCAGAGAGCGTTTGACCTGR:
ILSTS34

CCAAAAGTAACTG GAGTCACF
Kemp et a/.

(1 ee5)
(GT)20

ATTCCAAGTG CACAR: GTTGTJ
ILSTO44

F
Schibler et
a/. (1998)

(cA)26

R
ILSTS049

F:
Kemp et a/

(1 ees)
(Gr)15

CATCCT TGGGACTTTGGCTGR:
ILSTSO5S

ATGTTCAGGF
Kemp et a/.

(1ees)
(cA)4
(Gr)21GCTGCR:

ILSTSO59

F
Kemp ef a/.

(1 es5)
(cA\22

ATT CTCCCACAGGAGGAACTR
ILSTSOoS

F TTCGTTC
Schibler

et a/. (1998)
(Gr)17

TCACCACACCAATTAGAGGAR:
ILSTSOS2

TGATGACTCAGCAGCAGACAF:
Kemp et a/.

(1 ees)
(cA)14

R:
ILSTSOST

:AATCCAGTGTF
Lumsden

ef a/. (1995)
(cA)14

ATTTTTCAACACCTAGAATGTAGATCAAGAT AR:
OarAE129

TATATGCA:CGTTCF
Schibler

et a/. (1998)
(Gr)17

AAGAATTTGAA,TGAGAGCTTGTACACTCTR:
Oar HH 64

GTAT ACF
Lumsden

ef a/. (1995)
(cA)21

GAAGR
Oar JMP29

CCATGATCTGGTGGGCTACAGTF:

1 994

Groth and
Wetherall,

(CA)n

TTCTGAGGAAR: GCAATGCTTTCTAAA
OMHCl

F
Crawford

et a/. (1995)
(cA)13

GGAAGGCCTTTACCACCT GR:

RM4

:f
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3.2.3 Primer dilution

Oligos supplied in freeze dried powder form were reconstituted

in nuclease free water to the volume (in pl) equivalent to the mass (ttg) of

primer ahd further diluted to give a final concentration 20 pmoles /pl.

3.3 PCR Amptification of Microsatellite Loci

3.3.1 PCR composition

PCR was carried out in a final reaction volume of 25 pl' Each

reaction volume contained.

Mastermix was prepared for one additional sample to cover

pipetting error. All the reactions were carried out in 0.2 ml thin wall PCR

tubes. PCR tubes containing mixture were tapped gently and quickly spinned

@ 1O,OO0 rpm for few seconds. The tubes were placed in a thermal cycler

(Eppendorf) and subjected to PCR.

3.3.2 PCR Protocol-Berqlund modified touchdown PCR

The 'touchdown' PCR protocol was used with initial

denaturation of 95'C for 1 min, 3 cycles of 95'C tor 45 s and 60"C for 1 min

and 72'C for 1min, 3 cycles of 95"C for 45 s and 57'C for 1 min and 72"C for

20

PGR components Final
Goncentration

1X 1tzx 50x

10X PCR buffer

(with MgClz 20 mM)

2.5 Stl 2.5 1.25 62.5

dNTPs (2 mM each) 2.5 1.25 62.5

Forward Primer

(20 pmole/pl)

10 pmol/pl 0.5 0.25 12.5

Reverse Primer

(20 Pmole/Pl)

10 pmol/pl 0.5 0.25 12.5

Taq DNA polymerase

(5 U/ttl)

1.0 U/ pl 0.2 0.1 5.0

DNase free water 15.30 pl - 17.8 8.9 445

Total 24 12 600

1



1min, 3 cycles of 95'C for 45 s and 54'C for 'l min and 72"C for 1min, 3

cycles of 95"C for 45 s and 51"C for 1 min and 72"C for lmin' 20 cycles of

95'C for 45 s and 48"C for 1 min and72"C for 5min,4'C for infinity'

3.3.3 Aqa qel electroDhoresis

PCR amplification was confirmed by running, 5 pl of PCR

product mixed with 1pl of 6X gel loading dye from each tube on 2 0 per cent

agarose gel (depending on the expected -size of amplified product) at a

constant voltage 80 V for 30 min in 'l X TBE buffer. Ethidium bromide was

incorporated @ 5pl of 1% sotution /100 gel solution in the gel itself The

amplified product was visualized as a single compact fluorescent band of

expected size under UV light and documented by gel documentation system

(Biorad, Quantity One Software).

The chemicals were used for submarine gel electrophoresis

are briefed in Appendix ll.

3.4 Microsatellite TYP|ng

AT

& ANIMAL

o
o

'!

21

s with its

3.4.1 PolvAcrvlamide Gel Electrophoresis (PAGE) of PCR amplicons of
microsatellite loci

Microsatellite alleles were resolved on 6-7 per cent denaturing

polyacrylamide gel. For this, bonded and outer glass plates of the sequencing

cell were cleaned thoroughly with mild detergent using soft sponge. Outer

glass plates with heavy stains were cleaned thoroughly after soaking them in

1 .O M NaOH solution for several hours. Cleaned glass plates were washed

thoroughly with tap water and rinsed with distilled water for several times. The

glass plates were wiped with tissue paper, soaked in ethanol and allowed to

dry. The surface of polycarbonate panel bonded glass plate was treated with

250p1 repel silane (Methyldichlorosilane) and the opposite glass plate was

treated with bind silane (3-methacryloyloxy propyltrimethoxysilane) 10pl

diluted to 1 ml in ethanol and allowed them to dry. The spacer of 0.4 mm

thickness was positioned and the gel sandwich was assembled. The

sandwich assembly inserted into cam-operated precision caster base, the gel

sandwich was laid flat on lab bench and PAGE solution was injected between

glass plates. Primarily comb was inserted

;



straight border oriented inward and clamps were immediately applied over it'

The gel was allowed to polymerize for t hour' The comb was removed after

polymerization.

The gel assembly was placed on DNA sequencing cell and

electrophoresis chambers were filled with 1x TBE. The upper straight gel

surface was flushed with tank buffer' lnitially' a pre-run was made at 80W for

60 minutes loading only 6X buffer. The denatured PCR samples were loaded

@ 2-6 pl per well on polyacrylamide gel and run at l00V Runtime was

decided based on length of PCR amplified fragment' The 100 bp ladder was

used either in centre of PAGE or one side of PAGE when two plates were run

at a tlme then one plate had ladder in centre and other plate had ladder in

one side.

Solutions used in PAGE are given in Appendix lll

3.4.2 Silv staini of ac mide ls and I docume tatio

The gels were stained with Rapid Silver Staining Kit from

GenAxy. The Procedure follows.

Fixing steP

1) Pour approximately 100 ml Fixing Solution in the Staining Tray'

2) Remove the gel from the electrophoresis apparatus and immerse into the

Fixing Solution.

3) Cover the tray and gently mix on a shaker for 10 minutes'

4) Decant the fixing solution and add approximately 100 ml re-hydration

Solution.

5) Leave on shakerfor 5 minutes'

Reducing steP

Rinse the gel thoroughly with water 2-3 times (2 to 3 minutes each wash)'

Add 'l0O ml of water and two drops of Reagent A (Reducing

Solution) directly in the Staining Tray'

Leave the gel on shaker for 10 minutes'

AceticacidinterfereswiththeSilverStainingthereforewashingthe
gel thoroughly is imPortant'

1)

2)

3)

.}

4)
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Staining step

1) Decant the Reducing Solution and quickly rinse the gel with water.

2) Add 1OO ml water and 2 ml Reagent B (Silver Solution) to the Staining

Tray.

3) Leave on the shaker for 10 minutes.

Developing step

1) Prepare 100 ml developing solution by mixing 2b ml of Reagent C

(Developer Solution) with 80 ml water in . a small beaker or flask and

add two drops of Reagent D (developer enhancer).

2) Decant the Silver Solution and quickly rinse the gel with water.

3) Add approximately 50 ml of the developing solution, mix for 15 - 30

seconds.

4) Decant completely, add remalning 50 ml of developing solution

5) Mix gently until bands are clearly visible (1 - 5 minute depending

on the amount of the protein).

6) lmmediately add 1-2 ml glacial acetic acid to the developer solution

and mix to stop the reaction.

7) The staining procedure is now complete.

The stained gel can be stored in re-hydration solution.

Preparation of solutions

Fixing solution : 50% methanol + 10% acetic acid.

Mix 500m1 methanol and 100m1 glacial acetic acid and

add water to make 1 litre.

Rehydration solution : 5% methanol + 7% acetic acid.

Mix 50ml methanol and 70ml glacial acetic acid and

add water to make 1 litre.

The amplified product was visualized and documented by gel

documentation system (Biorad, Quantity One Software).
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3.4.3 Scorinq of allele

The scoring of allele was carried out following get

documentation on a BioRedTm geFdoc system, where the image capture and

analysis was done by Quantity oneTm software. While the scoring of the

bands was aided by the software, the final allele calling was manually

accomplished by the joint observation of two independent observers. On the

occasions, where stuffer bands were encountered along with the alleles in

close migration ranges, a repeat PCR was performed and the allele - sizing

and genotyping was determined in a consensus manner considering the

pattern of both PCR reactions. Each sample exhibited one (in case of

homozygote) or two (in case of heterozygote) pairs of bands (in heterozygote

case) migrated as per their size. The alleles were numbered as 1' 2, 3, in

order of their ascending size. Many a times these bands also appeared

associated with 'stutter' (shadow) bands. Such samples were improved by

optimization of PCR conditions and protocol. Each allele was assigned size

by comparing with 100 bp DNA ladder co-migrated in the same gel.

3.4.4 Sizinq of Allele and Iane matchin q

The size of alleles was determined using the Quantily-one

software for the PCR products resolved on gel, keeping 2 molecular weight

sizing ladders in consideration. Using the lane-matching algorithm, a 5%

level of tolerance was allowed for matching of alleles across the lanes. A

judicious blend of manual as well as machine logic was applied by the

independent observers, so as to score. The alleles in each lane, with respect

to within and between population comparison of samples. After matching of

the samples, the genotyping table was prepared in as M.S. Excel format

which was processed further for feeding into the various population analysis

software (GenAlex and MS{ools).

3.5 Statistical Analysis for Microsatellite Data

The population parameters drawn out of molecular analysis

was derived using the software packages: GenAlex and MS-Tools.
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3.5.{ Allele freouencv

Allele frequency was calculated using formula

Number of a particular allele at a locus
Allele frequency =

Total number of alleles in that locus

3.5.2 Effective number of alleles

It was calculated using the formula

Ne=1/ fe'
Where, P; is the frequency of ith allele.

3.5.3 &lszysosilt
The heterozygosity was calculated from allelic frequencies.

The heterozygosity (H) for a marker locus in the 6oq'r" 
'-c 

ri breed of goat

was estimated using the formula

Te"
H=1-u'

Where t stands for summation over all alleles (Nei, 1978) and

Pr is the frequency of the ith allele at a locus in a population. The average

heterozygosity per locus (H), defined as the mean of H over all structural loci

in the genome was also calculated.

However, the unbiased estimate of the expected

heterozygosity at a locus in the 5 orrqvnT -e{ population studied was

calculated by following formula.

1

r-

,-I4'H

Where, P1 is the frequency for the jth allele at ith locus with I

alleles in a population, and N is the number of individuals, assuming that the

populations were in Hardy-Weinberg equilibrium (Nei, 1978).

The heterozygosity values were estimated using GenAlEx

software version 6.4. (Peakall and Smouse, 2010).

25



3.5.4 PolvmorDhic info ation co (Ptc)

The PIC was also calculated using marker allelic frequencies
using following equation:

PIC = l- In)-E-t:e.,;
Where, Pi and Pj are the frequencies of the ith and jth alleles at

a locus with alleles in a population, respectively (Botstein et al., 19gO).

The PIC values were estimated using MS{ools software
(Stephen Park,2001).

3.5.5 Shannon's Informatio n lndex

Shannon index was also estimated for the microsatellite

markers studied. lt was calculated after Shannon, C.E. and W. Weaver.,
(19a9) by GenAlex software.

t'
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CHAPTER IV

RESULTS AND DISCUSSION

Microsatellites are among the most useful markers and are

being widely and successfully applied in conservation studies. Microsatellites

are singte locus, simple tandem repeats of less than six bases long'

Tandemly repeated di- and tri- nucleotide sequences of which (dC-dA)n have

been demonstrated to be polymorphic in length in a number of eukaryotic

genome (Litt and Lutty, 1989). The principal ob.iective of the present study

was to study genetic variability within Sangamneri breed of goat using

microsatellite markers. Twenty Two microsatellites suggested by lnternational

Society of Animal genetics (ISAG) were selected for the present study'

4.1 MicrosatelliteAnalYsis

4.1.'l Microsatellite ETH 225

Microsatellite EfH 225 contains (CA)18 repeats, and is located

at nucleotide position in 43 -78 in the 189 bp sequence (Steffen ef a/, 1993)'

Microsatellite ETH 225 is located at 1 1 cM from the beginning of INRA 136 on

chromosome 9 in goat and cattle (Schibler ef a/., 1998).

Sangamneri breed exhibited 17 alleles (Plate 2, Table 4'1) and

the range of alleles size for the microsatellite locus ETH 225 was found in

between 146 and 180 bp. Total number of alleles observed in the present

study were at higher side than reported by Kumar et al. (2OO5) in lvlarwari

goat (3), Gour el a/. (2006) in Jamunapari goat (2), Sharma ef al (2008') in

Barbari goat (2), Dixit et al. (2010) in Southern lndian goat breed (8), Mishra

et at. (2O1O) in Changthangi (1 O) and Dixit et a/. (201 1 ) in Kanniadu (7). Allele

9 (162 bp) was most predominant allele in the population for Ef H 225 '

The allelic size (146 to 18O bp) for the locus in Sangamneri

goat was comparable to the allelic size for this locus reported in other breeds

of goat as Kumar et a/. (2005) reported the 151-155 bp in Marwari goat, Gour

et a/. (2006) reported the 154-156 bp in Jamunapari goat, Sharma ef a/

(2008') reported the 15'l-153 bp in Barbari goat, while Dixit et a/. (2010)

reported '146-160 bp in Southern lndian goat breed which includes Ganjam,

Attapady, Malbari, Kanniadu, Sangamneri and Osmnanabadi goat breed.
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Il <- 300 bp

a <-- 200 bp

I
I

<- 100 bp
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Plate 2. Resolution of PCR products of microsatellite locus EfH225
on 87o urea polyacrylamide ge!

_-_\_=_

Blue colour numbers aro Female (Fl to F41) = 1 to 4l
Red colour numbers are Male (M1 to Mg) = 1 to I



Table 4.f . Frequency distribution and allele size of microsatellite ETH 255 in Sangamneri goat

ts Table 4.2. Genotype and genotypic frequency distribution of microsatetlite ETH 225 in Sangamneri goat

Allele No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Allele size (bp) 146 148 150 152 154 156 158 160 162 164 166 168 170 174

Allelic frequency 0.020 0.1 00 0.060 0.060 0.020 0.050 0.010 0.1 10 0.120 0.090 0.060 0.030 0.070 0.030

Allele No. 15 16 17

Allele size (bp) 176 178 180

Allelic frequency 0.080 0.070 0.020

3,11 4,11 2,1210,10 2,119,9 2r'|.0 4,103,8 219 4,9Genotype 5,5 6,6 2r8

4 1 11 11 33 1 11 1 1 1Observed count

0.080 0.020 0.0200.020 Q.0200.020 0.0600.060 0.020 0.0200.020 0.020 0.020 0.020Genotypic frequency

10,179,16 :10,167,16 8,168,15 9,156,13 6,14 8,143,12 4,12 1,13 2,13Genotype
23 13 1 22 52 11 2 3Observed count

0.060 0.0400.020 0.0400.100 0.0600.040 0.020 0.0400.040 0.060Genotypic frequency 0.020 0.020

Chi Square value 267.716**

*" Significant (P<0.01)

I't

1

0.020



The genotypes and genotypic frequencies distribution of

microsatellite ETH 225 in the Sangamneri goat is presented in Table 4.2.

Total 28 different genotypic combinations were observed and genotype 8, 15

(160 bp and 176 bp) with a frequency of 0.100 represented the most

predominant genotypes for th e EIH 225 locus in the Sangamneri population.

4.1.2 MjcroS3!e!I!s!E!.S002

Microsatellite ILSTS OO2 contained (CA)17 repeats, and is

located at 66-99 bp nucleotide position in 182 bp sequence. lt is located on

chromosome five in goat (Kemp et al., 1992) and on chromosome no 14 in

sheep (Maddox et al., 2O0'l\.

ILSTS-002 was found to exhibit 8 alleles (Plate 3, Table 4.3) in

Sangamneri goat breed, Similar number of allele were also reported by

Kumar et a/. (2005) in Marwari goat (7), Gour et a/. (2006) in Jamunapari goat

(6), Sharma et a/. (2008") in Barbari goat (7) and Dixit et al. (2011) in

Kanniadu goat (8), while Dixit et al. (2O1O) reported more number (16) of

allele in southern lndian goat breed and Mishra et al. (2010) in Changthangi

goat (10). Allele 4 (126 bp) was the most predominant allele, while the alleles

7 (132 bp) were present in the population with the least frequency of 0.023 for

this microsatellite locus (Table 4.3).

The range of alleles size for the microsatellite locus was found

in between 118 and 134 bp. The allelic size observed for Sangamneri goat

was comparable to the allelic size for this locus reported by Kumar et a/.

(2005) in Marwari (118-130), Gour et al. (20O6) in Jamunapari (1 19-129),

Sharma ef al. (2008") for Barbari (114-128) and Dixit et al. (2010) for

Southern lndian goat breed ('l 13-135).

The genotypes and genotypic frequency distribution of

microsatellite locus ILSTS 002 in the Sangamneri goat is depicted in Table

4.4.folal8 different genotypic combinations were observed for this locus and

the genotype 4, 4 (126 bp and 126 bp) with a frequency of 0.363 represented

the most predominant genotypes for the locus in the Sangamneri goat

population.
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Tabte 4.3. Frequency distribution and attele size of microsatetlite lLSTS002 in Samgamneri goat

Table 4.4. Genotypes and. genotypic frequency distribution of microsatellite !LSTS002 in Sangamneri goat

"* Significant (P<0.01)

Allelle number 1 2 3 4 5 6 7 8

Allele size (bp) 118 122 124 126 128 130 132 134

Allelic frequency 0.045 0.114 0.159 0.364 0.1 36 0.114 0.023 0.045

7 7 8,86,65,54,4212 3,3,,
1Genotype

25 161672Observed count

0.022 0.0450.1 130.1360.363

5

0.1 13 0.1 590.045Genotypic frequency

308.00**Chi Square value



4.1.3 Microsatell ite ILSTS 005

Microsatellite ILSTS OO5 contains (nn)39 repeats The

microsatellite is located at nucleotide position 6'l-128 in the 280 bp seqqence

(Kemp et a/., 1993). Microsatellite ILSTS OO5 is located at 31 cM from the

beginning of BP31 and al 12 cM from the beginning of MCM 185 on

chromosome 1 O in goat (Schibler et a/., 1 998), while in sheep this

microsatellite is located on chromosome 7 (Kemp ef a/, 1995)

For ILSTS 005 microsatellite locus total 18 alleles were

reported for Sangamneri goat population (Plate 4 and Table 4 5) Total

number of allele observed in the present study were at higher side than

reported by Kumar et a/. (2005) in Marwari goat (3), Gour et a/ (2006) in

Jamunapari goat (3), Sharma et a/ (2008") in Barbari goat (4) and Dixit el a/'

(2010) in Southern lndian goat breed (9). Mishra et at (2010) in Changthangi

goat (9) and Dixit et a/. (2011) in Kanniadu (6).

The size of alleles locus ranged between 177 and 2'l 1 bp The

narrow range of allelic size were observed for other goat breed as compare to

Sangamneri goat and reported between 179-185 bp in Marwari goat (Kumar

et at.,2OO5), 177-183 bp in Jamunapari goat (Gour et a/, 2006) and 172-190

bp in Barbari goat (Sharma et al. 20QBa) and Dixit et al (2010) for Southern

lndian goat breed (1 13-135).

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the present study for the microsatellite locus

ILSTS OO5 are presented in Table 4 6 and total 21 different genotypic

combinations were found at this microsatellite locus. The genotype 4,1'l with

a frequency of 0.125 represented the most predominant genotypes for the

locus in the Sangamneri population.

t
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Table 4.5. Frequency distribution and allele size of microsateltite |LSTS005 in Sangamneri goat

Table 4.6. Genotypes and genotypic frequency distribution of microsatellite ILSTS 005 in Sangamneri goat

)

Allelle number 1 2 3 4 5 6 7 8 9

Allele size (bp) 177 179 1 8 1 183 185 187 189 1 I 1 193

Allelic frequency 0.010 0.021 0.073 0 135 0.083 0.042 0.052 0.052 0.063

Allelle number 10 11 12 13 14 15 16 17 18

Allele size (bp) 195 197 199 201 203 205 207 209 211

Allelic frequency 0.052 0.094 0.083 0.073 0.021 0.073 0.021 0.021 0.031

4,11 4,123,10 3,112 I, 2,10414 3,9 1,9Genotype
6 43 31 1 1Observed count 1 1

0.125 0.0830.062 0.0620.021 0.021 0.021Genotypic frequency 0.021 0.021

8,167,15 8,157,14 4,155,13 6,13 6,14Genotype 5r',2
2 241 14 3 1Observed count 4

0.042 0.0420.0830.021 0.0210.083 0.062 0.021Genotypic frequency 0.083

9,17 9,18 10,18Genotype

2 2 1Observed count

0.042 0.042 0.021Genotypic frequency

330.1 1 8**Chi Square value
** Significant (P<0.01)
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4.1.4 Microsatellite ILSTS 008

Microsatellite ILSTS 008 contains (CA)12 repeats, and is

located at 83-104 nucleotide position in 179 bp sequence (Pepin e, a/., 1995).

It is located on chromosome 9 in sheep (Kemp el a/., 1 995) and on

chromosome '14 in goat (Saitbekova et a/-, 1999).

The studied Sangamneri population exhibited 32 alleles for this

locus (Plate 5 and Table 4.7). Total number of allele observed for

Microsatetlite ILSTS 008 locus were at higher side than reported by Kumar et

a/. (2005) in Marwari goat (8), Gour et a/. (2006) in Jamunapari goat (4),

Sharma et a/. (2008a) in Barbari goat (5), Dixit et a/. (2010) in Southern

lndian goat breed (11), Mishra et al. (2010) in Changthangi (6) and Dixit et a/.

(2011) in Kanniadu (10). Allele 11 (182 bp) was the most predominant allele

with a frequency of 0.112.

The allelic size for the ILSTS 008 microsatellite locus ranged

between 162 and 238 bp Narrow range of allelic size were observed by

Kumar et al. (2OO5) for Marwari goat (172-190), Gour el a/. (2006) for

Jamunapari goat (174-189), Sharma el a/. (2008") for Barbari goat (171-181)

and Dixit et al. (2O1O) for Southern lndian goat breed (167-195).

Genotypes and genotypic frequency distribution of

microsatellite locus lLSTS008 in Sangamneri goat are presented in Table 4.8.

Total 36 different genotypic combinations were observed at this microsatellite

locus. The most predominant genotypes for the locus in the Sangamneri

population was the genotype 11,11 with a frequency of 0.082.

I
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Table 4.7. Frequency distribution and allele size of microsatellite |LSTS008 in Sangamneri goat

H T"bl" 4.8. Genotypes and genotypic frequency distribution of microsatellite ILSTS 008 in Sangamneri goat

)

,| 2 3 4 5 6 7 o 9 10 11 't2

Allele size (bp) 162 164 166 168 172 174 176 178 '180 182

Allelic frequency 0.020 0.040 0.020 0.041 0.031 0.031 0.1 02 0.041 0.041

Allelle number 13 14 15 16 17 18 19 20 21 22 23 24

186 188 190 192 194 196 198 200 202 204 206 210

Allelic frequency 0.03'r 0.020 0 020 0.092 0.010 0 051 0.020 0.010 0.031 0.031

Allelle number 25 26 27 28 30 32

Allele size (bp) 212 218 220 222 )14 zzo

Allelic frequency 0.0'10 0.010 0.020 0.020 0.020 0.010

4,',t312,',121',t,'t110,1 0 2,1',|8,87 7 2,84,41 1 3,3Genotype
243111 1Observed count

0 0200.0820 041 0.06'l0.0410.0200.0200.020Genotypic frequency
9,218,208,18 9,'185,185,',t716,164,15 5,16Genotype

112 21I21 1Observed count
0.0200.0200.0410.0410.041 0.0200.0200.0200 020Genotypic frequency

24,3123,3122,3021,2919,28 22,2821,2716,2615,24 16,25Genotype ,|
1111

,|,1

11 12Observed count
0.0200.0200.020 0.0200.0200.0200.020 0.0200.041Genotypic frequency

728.648*Chi Square value

't Signilicant (p<0.01)

Allelle number
184170

0.0410 010

Allele size (bp)
0.020

3129

214

0.0'1 00.0'10

=

a on-

ooro

1221

0 0200.020

7 ,166,16

1

13,23
1

0.0200.0200.020

t o^o4e-0041 l
9,19F

Iorro ltorro
27 ,32

8,14

2

t1l
10.020



4.1.5 Microsatel lite ILSTS 019

Microsatellite ILSTS 019 contains (TG)10 repeats and is

located at 1O3 - 122 nucleotide position in 227 bp sequence (Kemp et a/,

1995). Microsatellite ILSTS 019 is located on chromosome 25 in goat (Kemp

et a/., 1995).

Frequency distribution and allele size of microsatellite ILSTS

019 in Sangamneri goat are presented in Table 4.9. ln the Sangamneri goat

population 19 alleles were observed for this locus(Plate 6) Higher number of

allele were observed in the present study than reported by Kumar et a/

(2005) in Marwari goat (6), Gour ef a/. (2006) in Jamunapari goat (6), Sharma

et a/. (2008a) in Barbari goat (5), Verma et a/. (2009) in Malabari (10) and Dixit

et al. (2010) in Southern lndian goat breed (9). Allele 9 (161 bp) and '12 (167

bp) was the most predominant allele with a frequency of 0.120'

The size of alleles for the microsatellite locus was found in the

range between 145 and '183 bp. Narrow range of allelic size were observed

by Kumar et a/. (2005) in Marwari goat (147-157), Gour et a/' (2006) in

Jamunapari goat (t45-155), Sharma et a/. (2008a) for Barbari goat (148-156)

and Dixit et al. (2010) for Southern lndian goat fieed (142-162).

The genotypes and genotypic frequencies observed for the

microsatellite locus ILSTS 019 in the Sangamneri goat population in the

present study are given in Table 4.10. Total 30 different genotypic

combinations were found at this microsatellite locus and the genotype 6,12

(155 bp, 167 bp) with a frequency of 0.080 represented the most predominant

genotypes in the Sangamneri population for the locus ILSTS 019.

I
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Table 4.9. Frequency distribution and altete size of microsatellite !LSTS0l9 in Sangamneri goat

Table 4.10. Genotypes and genotypic frequency distribution of microsatetlite ILSTSOl9 in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 8', 10

Allele size (bp) 145 147 149 151 153 '155 157 159 161 163

Allelic frequency 0.020 0.010 0.080 0.090 0.070 0.070 0.030 0.080 0.120 0.050

Allelle number 11 12 13 14 15 16 17 18 19

Allele size (bp) 165 167 169 171 173 175 179 181 183

Allelic frequency 0.120 0.030 0.040 0.060 0.010 0.040 0.030 0.020

3,9 4,93,87 7, 2r86,64,4 5,511 , 3,3Genotype
1J1 111 131 2Observed count

0.0200.020 0.0600.0200.020 0.0200.0200.040 0.0600.020Genotypic frequency

6,13 9,139r'125,12 6,127,115,10 5,114,109,9Genotype
11 1421 121 2Observed count

0.020 0.0200.0200.0800.020 0.0400.0200.0400.020 0.040Genotypic frequencY

14,19'12r1812,17 13,1711,'|.79,168,15 9,1510,148,14Genotype
21 321J 131 1Observed count

0.060 0.0400.0200.0400.020 0.0200.0600.0600.020 0.020Genotypic frequencY

309.927**Chi Square value

"* Significant (P<0.01)

,-l

I

0.030



4.1.6 Microsatellite ILSTS 022

Microsatellite ILSTS 022 contains (TG)21 repeats, and is

located at 352 - 393 nucleotide position in 502 bp sequence published by

Kemp ei a/. (1995). Microsatellite ILSTS 022 is located on chromosome 5 in

goat (Kemp et al, 1995), While in sheep, this microsatellite is located on

chromosome 3 (KemP et a/., 1995).

' Frequency distribution and allele size of microsatellite ILSTS

022 in Sagamneri goat are presented in Table 4.11. ln the Sangamneri

populationstudied,atthismicrosatellitelocus2lallelesobserved(PlateT)

and allele 4 (197 bp) with a frequency of O.204 was the most predominant

allelefollowedbyalleles5(199bp)withafrequencyof0-112forlLSTS022

microsatellite locus. Higher number of allele were observed in the present

study than reported by Kumar et at. (2005) in Marwari goat (3), Gour et a/'

(2OOO) in Jamunapari goat (4), Sharma et al. (2008a) in Barbari goat (6), Dixit

et al. (2O1O) in Southern lndian goat breed (7) and Dixit et al (2011) in

Kanniadu (7).

The allelic size for the microsatellite locus ranged between 191

and 225 bp (Plate 7). The allelic size observed for Sangamneri goat was

comparable to the allelic size for this locus reported between '191-197 bp in

MaMari goat (Kumar ei at., 2OO5),191-198 bp in Jamunapari goat (Gour et

a/., 2006) and 190-204 bp in Barbari goat (Sharma et a/ 20084) and 186-

202bp for Southern lndian goat breed (Dixit et a/., 2010).

The genotypes and genotypic frequencies observed in the

Sangamneri goat population for the microsatellite locus ILSTS 022 are

presented in Table 4.12. f ol€j 32 different genotypic combinations were

observed and the most predominant genotypes for the locus in the

Sangamneri population was the genotype 4' 4 that presented a frequency

of 0.10.

37



5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

I

TI

I

4

I
I

Prate 7. Resorution of 
!io1|::t::i"":ffi[[""tTite 

rocus rLsrs 022

RLT 
":1L"JI 

;,TJ""S "'"" ff ixi[ l1 $iil -,J 
J" "

+-- 300 bP

a-- 200 bP

<-100 bP

.-- 300 bP

.-- 200 bP

34 35 36 37 38 39 40

26 27 2A 2S 30 31 32 33

+- 100 bP

41 12 3 4



,]I

(,
@

Table 4.11. Frequency distribution and atlele size of microsatellite lLSTS022in Sangamneri goat

Table 4.12. Genotypes and genotypic frequency distribution of microsatellite ILSTS 022ln Sangamneri goat

Allelle number 1 2 3 4 5 6 7 8 9 10 11 12

Allele size (bp) 191 193 195 197 '199 201 203 205 207 209 211 213

Allelic frequency 0.010 0.031 0.031 0.204 0.112 0.092 0.102 0.031 0.051 0.041 0.031 0.041

Allelle number 13 14 15 16 17 18 19 20 21

Allele size (bp) 215 217 219 221 223 225 227 237 239

Allelic frequency 0.041 0.061 0.051 0.010 0.020 0.010 0.010 0.010 0.010

4,11 5,114,10 3,111,10 2,10219 5,95,5 6,6 7,7Genotype 414

1 11 11 I4 1 15 3 3Observed count

0.102Genotypic frequency

4,15 5,152,156,14 7,144,14 5,146,12 3,13 4,13Genotype 4,12 5,12
2 I2 11 12 21 2Observed count 2 1

Genotypic frequency

8,219,19 9,209,17 10,186,15 8,16 8r'17Genotype
I 11 11 1Observed count 1 1

Genotypic frequency

Chi Square value 318.76**

". Significant (P<0.01)



Microsatellite ILSTS 029 contains (AC)19 repeats, and this

microsatellite is located a|227-256 nucleotide position in 51 1 bp sequence in

bovine (Kemp et al, 1995). lt is located on goat chromosome 3 (Luikart et a/.,

1999).

. At this microsatellite locus '19 alleles were iound and the allele

size for the microsatellite locus varied in the range between 142 and 1U bp

(Plate 8, Table 4.13). Similar number of alleles were observed by Dixit et a/.

(2010) in Southern lndian goat breed (17), while, Kumar ef a/. (20O5), Gour el

a/. (2006), Sharma el a/. (20084), Verma et a/. (2009) and Dixit et al. (2011)

reported less number of ailele for Marwari (8), Jamunapari (3), Barbari (4),

Malabari (14) and Kanniadu (10) goat, respectively.

The allelic size observed for Sangamneri goat was comparable

to the allelic size for this locus reported by Kumar et a/. (2005) in Marvr,ari

(154-186 bp), Gour et al. (2OOO) in Jamunapari (155-171 bp), Sharma et a/.

(2008") for Barbari (153-167 bp) and Dixit et a/. (2010) for Southern lndian

goat breed (148-191).

Genotypes and genotypic frequency distribution ol

microsatellite locus ILSTS 008 in Sangamneri goat are presented in

Table 4.14. Total 36 different genotypic combinations were found in the

Sangamneri goat population studied and genotype 3,8 (146 bp and 156 bp)

with a frequency ot O.125 represented the most predominant genotypes for

the locus in the Sangamneri population.

10

4.1.7 Microsatellite ILSTS 029
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Table 4.13. Frequency distribution and atlete size of microsatellite lLSTS029 in Sangamneri goat

Tabte 4.14. Genotypes and genotypic frequency distribution of microsatellite !LSTS029 in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 8 9 10 11 12 13

Allele size (bp) 142 144 146 148 150 152 154 156 158 160 162 164 166

Allelic frequencY 0.021 0.031 0.094 0.073 0.1 04 0.052 0.1 98 0.052 0.031 0.042 0.031 0.042

Atlelle number 14 15 16 17 18 19

Allele size (bp) 168 170 172 174 178 184

Allelic frequencY 0.042 0.031 0.083 0.031 0.010 0.010

8,8 4,94r82r8 3,83r7 7r7217216 6,61 5, 1,6414Genotype
21 21 61 111 11 11Observed count

0.0420.021 0.0420.021 0.1250.021 0.0210.0210.021 0.0210.a21 0.0210.021Genotypic frequencY
8,15 9,159,14 3,153,14 6,148,136,12 7,136,11 4,126,104,10Genotype

111 11 221 111 11Observed count
0.021o.021 0.0210.042 0.0210.0210.021 0.0420.0210.021 o.0210.021 0.021Genotypic frequencY

13,1912,17 8,1811,1710,16 11,169,166,16 8,165,16Genotype
1I 121 111 31Observed count

0.021 0.0210.0210.021 0.0420.0210.063 0.0210.0210.021Genotypic frequencY
192.273**Chi Square value

** Significant (P<0.01)

i

0.021



4.1.8 Microsatellite ILSIS OlQ

Contains (GT)13 repeat and is located a|445 - 471 nucleotide

position in 556 bp sequence (Kemp e, al, 1995).Microsatellite ILSTS 030 is

located at 15 cM from CSSM 42 and at 32 cM from the beginning of INRA

040 (Schibler et a/., 1998) on chromosome 2 in goat.

Sangamneri breed exhibited 25 alleles for Mibrosatellite ILSTS

O3O (Plate 9 and Table 4.15). Kumar et a/. (2005) in Marwari goat (6), Gour et

al (2006) in Jamunapari goat (7), Sharma et a/. (20084) in Barbari goat (6),

Verma et a/. (2009) in Malabari goat (9) and Dixit et al. (2010) in Southern

lndian goat breed (1 1) reported lower number of alleles than the present

study.

The size of alleles for the microsatellite locus ILSTS 030

ranged between 140 bp and 204 bp. Kumar et al. (2005), Gour et a/. (2006),

Sharma el a/. (2008a) and Dixit et al. (2O10) reported narrow range of allele

size for Marwari (164-174 bp), for Jamunapari (151-173 bp), for Barbari (153-

171 bp) and for Southern lndian goat breed (159-179 bp), respectively.

The genotypes and genotypic frequencies observed for the

microsatellite locus ILSTS 030 in the Sangamneri goat population in the

present study are given in Table 4.'16. Total 41 different genotypic

combinations were observed at this locus.
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Table 4.15. Frequency distribution and atlele size of microsatellite tLSTS030 in sangamneri goat

Tabte 4.16. Genotypes and genotypic frequency distribution of microsatellite lLSTS030 in Sangamneri goat

)

s
N

Allelle number 1 2 3 4 5 6 7 I I 10 11 12 13

Allele size (bp) 140 144 148 150 152 154 156 158 160 162 164 166 168

0.010 0.010 0.010 0.020 0.010 0.090 0.060 0.070 0.070 0.050 0.050 0.080 0.080
Allelic

Allelle number 14 15 16 17 18 19 20 21 22 23 24 25

Allele size ) 170 172 174 176 178 180 182 184 186 188 190 204

Allelic frequency 0.080 0.030 0.030 0.060 0.020 0.030 0.040 0.010 0.020 0.050 0.010 0.010

13,137 1312,12 136,12113,10 10,109,9717 8 86,61r4Gen
11 1112 1I11 221Observed count

0.020 0.0200.0200.0200.020 0.0200.0400.0200.040 0.0200.0200.020 0.040c uenG
9,1817 179,17 11,178,179,168 166,15 9,155,157,14 146,14Genoty I1 11211 1I12 12Observed count 0.0200.020 0.0200.0200.0400.0200.020 0.0200.0200.0200.040 0.0200.040Ge
14,2416,2313,231 2314,22 11,2313,2114,2012,20 13,2012,1911,18 '11 19Gen

1111 2112 1111 IObserved count 0.0200,0200.040 0.0200.0200.0200.0200.040 0.0200.0200.0200.020 0.020ic uencyGen

19,25Ge
1Observed count

0.020Ge
354.1 35**valuechi

*" Significant (P<0.01)

,,'
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4.1.9 Microsatelli te ILSTS 033

Microsatellite ILSTS 033 contains (CA)12 repeats and is

located at 133 - 150 nucleotide position in 288 bp sequence (Kemp et a/.,

1995). Microsatellite ILSTS 033 is located at 108 cM from the beginning of

BMS 2252 on chromosome.'12 of the goat map (Schibler e, a/., '1998).

ln the studied Sangamneri population total l3 alleles reported

and the allelic size for the microsatellite ILSTS 033 locus ranged between ,l61

and 1 91 bp (Plate 10 and Table 4. 17). Higher number of alleles were

observed by Verma et a/. (2009) in Malabari goat (15) and Dixit et al. (2O1O)

in Southern lndian goat breed (2'l), while, Kumar et a/- (2005)' Gour et a/

(2OOO) and Sharma et a/. (2008") reported less number of allele for Maruari

(9), Jamunapari (5) and Barbari (6) goat, respectively. Allele 4 (171 bp) was

the most predominant allele with a frequency of 0.130 for this microsatellite

locus in the Sangamneri population studied.

The allelic size for the locus in Sangamneri goat was

comparable to the allelic size for this locus reported in some other breeds of

goat Kumar et at (2005) reported the 159-182 bp allele size in Marwari goat,

Gour et a/. (2006) reported the 156-182 bp in Jamunapari goat, Sharma ef a/

(2008a) reported the '170-182 bp in Barbari goat and'Dixit et a/. (2010)

reported 151-187 bp in Southern lndian goat breed which includes Ganjam,

Attapady, Malbari, Kanniadu, Sangamneri and Osmnanabadi goat breed'

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the present study for the microsatellite locus

ILSTS 033 are presented in Table 4.18 1n all 15 different genotypic

combinations were observed at this microsatellite locus. The genotype 4,11

with a frequency of 0.140 represented the most predominant genotypes for

the locus in the Sangamneri population.
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Table 4.17. Frequency distribution and allele size of microsatellite lLSTS033 in Sangamneri goat

Table 4.1g. Genotypes and genotypic frequency distribution of microsatetlite tLSTS033 in Sangamneri goat

Allele No. 1 2 3 4 5 6 7 I

Allele size (bp) 1 o 1 167 169 1 7 1 173 175 177 1 8 1

Allelic frequency 0.020 0.020 0.1 00 0.1 30 0.080 0.1 10 0.060 0.010

Allele No. 9 10 11 12 13

Allele size (bp) 183 185 187 189 1 9 1

Allelic frequency 0.070 0.1 10 0.110 0.080 0.100

5,104,103,103,92r8 2191,71,6Genotype
16461 111Observed count

0.0200.1200.0800.1200.020 0.0200.0200.020Genotypic frequency

6,13 7,137,126,125,125,114,11Genotype
4614347Observed count

0.0800.1200.0200.0800.0600.140 0.080Genotypic frequencY

258.476**Chi Square value
** Signifi cant (P<0.001 )

I



4.1.10 Microsatellite ILSTS 034

Microsatellite ILSTS 034 contains (GT)19 repeats, and this

microsatellite is located at 257 - 394 nucleotide position in 557 bp sequence

(Kemp et al, 1995). lt is located at 58 cM from the beginning of BM 0321 and

21 cM from BM 2830 on chromosome 5 in goat map (Schibler et al, 1998).

Frequency distribution and allele size of microsatellite ILSTS

034 in Sangamneri goat are presented in Table 4.19- Sangamneri goat was

found to be exhibited 13 alleles (Plate 11). Similar number of alleles were also

observed by Dixit ef al. (2O1O) in Southern lndian goat breed while, Kumar ef

af (2005), Gour el al (2006), Sharma et al. (2OO8'), Verma et al (2010) and

Dixit et a/. (2011) reported less number of allele for Marwari (6), Jamunapari

(3), Barbari (5), Malabari (8) and in Kanniadu (6) goat breed, respectively.

Allele 5 (156 bp) with a frequency of 0.170 was the most predominant allele

for this microsatellite locus in the Sangamneri goat population studied (Table

4.1s).

The size of alleles for the microsatellite locus ILSTS 034

ranged between 148 bp and 184 bp. The allelic size for the locus in

Sangamneri goat was comparable to the allelic size for this locus reported in

some other breeds of goat as Kumar et a/. (2005) reported the 158-180 bp in

MaMari goat, Gour et al (2006) reported the '156-178 bp in Jamunapari goat,

Sharma et a/. (2008") reported the 151-171 bp in Barbari goat and Dixit ef a/.

(2010) reported 153-185 bp in Southern lndian goat breed which includes

Ganjam, Attapady, Malbari, Kanniadu, Sangamneri and Osmnanabadi goat

breed.

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the preseni study for the microsatellite Jocus

ILSTS 034 are given in Table 4.20. Toial 17 different genotypic combinations

at this locus and the genotype 4,10 (154 bp, 170 bp) and 5,10 (156 bp, 170

bp) with a frequency of 0.160 represented the most predominant genotypes

for the locus in the Sangamneri population.
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Plate 11. Resolution of pcR products of microsateilite locus ILSTS 034on gyo urea polyacrylamide gel

Blue colour numbeE are Female (F1 to F41)= I to 4t
Red colour numbers are Male (M1 to M9) = i to 9
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Tabte 4.19. Frequency distribution and atlele size of microsateltite !LSTS034 in Sangamneri goat

Table 4.20. Genotypes and genotypic frequency distribution of microsatellite lLSTS034 in Sangamneri goat

Allele No. 1 2 3 4 5 6 7

Allele size (bp) 148 150 152 154 156 158 164

Allelic frequency 0.010 0.030 0.060 0.1 50 0.170 0.060 0.010

Allele No. 8 9 10 11 12 13

Allele size (bp) 166 168 170 172 174 184

Allelic frequency 0.020 0.1 50 0.230 0.080 0.020 0.010

2,10I 9,5,93,9 4,92 8,1 7,Genotype
2133 711Observed count

0.0400.0200.140 0.0600.0600.0200.020Genotypic frequency

6,113,11 5,116,105,103,10 4,10Genotype
21 53I2 8Observed count

0.0400.1000.0200.0600.1600.040 0.160Genotypic frequency

6,12 8,135,12Genotype
1 I1Observed count

0.0200.0200.020Genotypic frequency

243.073**Chi Square value
** Significant (P<0.001)

I II -l



4.1.11 Microsatellite ILSTS 044

Microsatellite ILSTS 044 contains (GT)20 repeats, and this

microsatellite is lsocated a1263 - 3O2 nucleotide position in 497 bp sequence

(Kemp et a/., 1995). Microsatellite ILSTS 044 is located on chromosome 3 in

goat (Kemp et a/., 1995).

ln Sangamneri goat total 25 alleles were observed for

microsatellite ILSTS 044 (Plate 12 and Table 4.22). Mote number of allele

were observed in the present study than reported by Kumar et a/. (2005) in

Maruari goat (6), Sharma et al. (2OO8'\ in Barbari goat (2), Sharma ef a/

(2OO8b) in Beetal (6) and Dixit et al. (2010) in Southern lndian goat breed (16).

The allele size for the microsatellite ILSTS 044 locus varied in

the range between 141 and 197 bp. The allelic size observed for the locus in

Sangamneri goat had wide range as comparable to the findings of Kumar et

af (2005) reported 150-172 bp in Marwari goat, Sharma et a/. (2008")

reported 155-157 in Barbari goat and Dixit el a/. (2010) reported 145-177 in

Southern lndian goat breed. Allele 15 (171 bp) was the most predominant

allele for this microsatellite locus in the population studied with a frequency of

0.130.

The genotypes and genotypic frequencies observed in the

present study for the microsatellite locus ILSTS 044 in the Sangamneri goat

population are depicted .in 
Table 4.22. fo|al 32 different genotypic

combinations at this microsatellite locus and the genotype 6,5 and 8,15 with a

frequency of 0.65 represented the most predominant genotypes for the locus

in the Sangamneri population ]able 4.21).
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Table 4.21. Frequency distribution and allete size of microsatellite lLSTS044 in Sangamneri goat

& Table 4.22. Genotypes and genotypic frequency distribution of microsatellite ILSTS 044 in Sangamneri goat

Allelle number 1 2 3 4 5 b 7 I 9 't0 11

Allele size (bP) 141 143 145 149 151 153 157 161 163

Allelic frequencY 0.011 0.011 0.043 0.022 0.033 0.054 0.043 0.098 0.087 0.043 0.043

Allelle number 12 13 14 15 16 17 18 19 20 2.1 22

165 167 169 171 173 175 177 179 181 183 185

Allelic frequencY 0.022 0.065 0.054 0.1 30 0.065 0.043 0.022 0.011 0.022 0.011 0.022

Atlelle number 23 24 25

Allele size (bP) 189 195 197

Allelic frequencY 0.011 0.011 0.022

7,148,13 6,14.5,133,10 3, 11219 3 9,1,5 7 7t414Genotype
1 221 21 211 11Observed count

0.021 0..0430..0430.0210.021 0..0430.021 0.0210.021Genotypic frequencY
9,1710,16 8,178,16 9,166,169,15 15,156,15 8,158,14GenotyPe

1 22 12 13 232Observed count
0..0430.021 0.0210..0430.021 0.0210..043 0..0430.0650..043 0.065GenotyPic frequencY

20,2516,24 19,2513,2312,22 13,2211,20 12,2111,1810,17GenotyPe
1 111 11 1121Observed count

0.0210.0210.021 0.0210.021 0.0210.0210..043 0.0210.021Genotypic frequencY
443.129**

Chi Square value
** Significant (P<0.01)

,l)

155 159

Allele size (bP)

0..0430.021

1
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4.{.{ 2 Microsatellite ILSTS 049

Microsatellite ILSTS 049 conlained (CA)24 repeats located at

92-197 nucleotide position in the 546 sequence in bovine (Kemp et a/., 1995).

Microsatellite ILSTS 049 is located on chromosome 11 in goat (Kemp el al,

1995).

At this microsatellite ILSTS 049 locus 18 alleles were observed

for microsatellite (Plate 13 and Table 4.23) Lower number of alleles were

reported by Kumar et a/. (2005) in Marwari goat (5), Gour ef at (2006) in

Jamunapari goat (6), Sharma ef a/. (20084) in Barbari goat (5), Verma et a/.

(2009) in Malabari goat (8), Dixit et a/. (2010) in Southern lndian goat breed

(9) and Dixit et al. (2011) in Kanniadu (6) than the present study. Allele 8 (172

bp), with a frequency of 0.219 was the most predominant allele for this

microsatellite locus in the Sangamneri goat population studied

The size of alleles for the microsatellite locus ranged between

158 and 194 bp (Table 4.23). The allelic size for the locus in Sangamneri goat

was at wide range as compare to the earlier worker in other breeds of goat.

Kumar el a/. (2005) reported 165-179 bp in Marwari goat, Gour et al. (2006)

reported the 167-179 bp in Jamunapari goat, Sharma et al. (2008^) reported

the 170-178 bp in Barbari goat and Dixit et a/. (2010) reported 160-184 bp in

Southern lndian goat breed which includes Ganjam, Attapady, Malbari,

Kanniadu, Sangamneri and Osmnanabadi goat breed.

Genotypes and genotypic frequency distribution of

microsatellite locus lLSTS049 in Sangamneri goat are presented in

fade 4.24. Total 23 different genotypic combinations were found in the

Sangamneri population studied and the genotype 6,13 (168 bp, '182 bp) with

a frequency of 0.104 represented the most predominant genotypes for the

locus in the Sangamneri population (f able 4.24).
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Table 4.23. Frcquency distribution and allele size of microsatellite lLSTS049 in Sangamneri goat

Table 4.24. Genotypes and genotypic frequency distribution of microsatellite lLSTS049 in Sangamneri goat

1

(n
o

Allelle number ,, 2 3 4 5 6 7 I I
Allele size (bp) 158 160 162 164 166 168 170 172 174

Allelic frequency 0.010 0.010 0.031 0.021 0.021 0.094 0.1 04 0.219 0.042

Allelle number 10 11 12 13 14 15 16 17 18

Allele size (bp) 176 178 180 182 184 186 188 192 194

Allelic frequency 0.021 0.021 0.104 0.146 0.052 0.031 0.010 0.010

4r'129,9 3,113,8 8,8 5,91,7 7 7,Genotype 216

1 111 2 11 1Observed count 1

0.021 0.0210.021 0.0210.021 0 0420.021 0.021Genotypic frequency 0.021

7,157,14 8,145,146,13 7,13 8,136,12 4,13Genotype
12 111 15 3Observed count 3 I

0.0210.0420.021 0.0210.1 04 0.063Genotypic frequency 0.063 0.021

11,17 '12,189,16 10,16Genotype 8,15
1 11 2Observed count 4

0.021 o.0210.083 0.021 0.042Genotypic frequency
291.446**Chi Square value

** Significant (P<0.01)

'l
'I

0.052

0.229



4.1 .13 Microsatellite ILSTS 058

Microsatellite ILSTS 058 contains (GT)15 repeats, and this

microsatellite is-located at 306 - 334 nucleotide position in 527 bp sequence

(Kemp et at, 1995). Microsatellite ILSTS 058 is located at 56 cM from the

beginning of OarFCBO48 and 4 cM from BL50 on chromosome 17 in goat

(Schibler et a/., 1998).

For ILSTS 058 microsatellite locus total 18 alleles were

reported for Sangamneri goat population (Plate 14, f ab|e 4.25). More number

of alleles were observed by Verma et a/. (2009) in Malabari goat (26) and

Dixit et a/. (2010) in Southern lndian goat breed (25), while, less number of

allefe observed by Kumar et al. (2OO5) in Marwari goat (8), Gour et a/. (2006)

in Jamunapari goat (4), Sharma el al. (2OO8') in Barbari goat (6), Sharma el

a/. (2008 b) for Beetal goat (5) and Dixit et al (2011) for Kanniadu (6) than the

present study.

The allelic size for the microsatellite locus ranged between 158

and 210 bp. Kumar et al. (2005), Gour et af (2006), Sharma et al. (2008')

reported and Dixit et al. (2O1O) reported narrow range of allelic size in

Marwari, Jamunapari, Barbari and Southern lndian goat breed than the

present findings. Allele 10 (178 bp) represented the most predominant allele

for this microsatellite locus in the Sangamneri goat population studied.

Genotypes and genotypic frequency distribution of

microsatellite locus ILSTS 058 in Sangamneri goat are presented in Table

4.26. The total 30 different genotypic combinations were observed at this

microsatellite locus and The genotype 10,16 (178 bp, 190 bp) with a

frequency of 0.104 represented the most predominant genotype for the locus

o

o

lnE

AL
RY&

in the Sangamneri population

5'1
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Table 4.25. Frequency distribution and allele size of 'microsatellite lLSTS058 in Sangamneri goat

Table 4.26. Genotypes and genotypic frequency distribution of microsatellite !LSTS 058 in Sangamneri goat

(Jl
N)

Allele number 1 2 3 4 5 6 7 8 9

Allele size (bp) 158 162 164 166 168 170 172 174 176

Allelic e 0.021 0.021 0.010 0.021 0.021 0.010 0.073 0.083 0.042

Allele number 10 1',l 12 13 14 15 16 17 18

Allele size (bp) 178 180 182 184 186 188 190 192 194

Allelic 0.1 15 0.063 0.031 0.031 0.042 0.073 0.094 0.063 0.073

Allele number 19 20 21 22 23 24

Allele size (bp) 196 198 200 206 210

Allelic frequency 0.010 0.042 0.021 0.010 0.010 0.021

125,102,9 10418 11,7 2r7
11 11 11 11 1Observed count

0.021 0.0210.021 0.0210.021 0.0210.021 0.0210.021
10,1710,16 178,16 9 167,15 8,155,13 7,14Gen

1 21 523 41 2Observed count
0.0420.1 04 0.0210.0210.083 0.0420.042 0.062Ge 0.021

14,21 1612,20 13,2011,2011,18 19111,17 181Genotype
1211 12 4Observed count 1

0.042 0.0210.021 0.0420.0210.083 0.0210.021 0.042freque

17,24 18,24Gen 17

11 1Observed count
0.021 0.021Ge e 0.021

375.027**uare valuechi
.* Significant (P<0.01 )

! 'l

208

2
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4.1.14 Microsatellite ILSTS 059

Microsatellite ILSTS 059 contains (CA)4 and (GT)21 repeats'

and is located a|219 - 259 nucleotide position in 468 bp sequence (Kemp et

ar., 1995). Microsatellite ILSTS 059 is located on chromosome I 3 in goat

Kemp eI a/. (1995).

Sangamneri breed exhibited 14 alleles for Microsatellite ILSTS

059 (Plate 15 and Table 4.27). Verma et a/. (2009) in Malabari goat (1 1) and

Dixit et a/. (2010) in Southern lndian goat breed (12) reported slightly less

number of alleles than the present study. Allele 11 (132 bp) was the most

predominant allele with a frequency of 0.120 for this microsatellite locus

in the Sangamneri goat population studied while the alleles 1 (108 bp) and '14

(138 bp) was present in the population with the least frequency of O O11 for

this microsatellite locus..

The allelic size for the microsatellite locus ranged between 1OB

and 138 bp. Similar range of allelic size were also reported by Dixit ef a/'

(2010) for southern lndian goat breed (105-135)

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the present study for the microsatellite locus

ILSTS 059 are given in Table 4.28. f ol€l28 different genotypic combinations

were observed for this locus and the genotype 5,11(120 bp, 132 bp) and

6,11 (122 bp, 132 bp) and 7,12 (124 bp, 134 bp) with a frequencv of 0.086

represented the most predominant genotypes for the locus in the Sangamneri

population.

.I



Plate 15. Resolution of PCR products of microsatellite locus ILSTS 059
on 87o urea PolYacrylamide gel
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Table 4.27. Frequency distribution and allele size of microsatellite tLSTS059 in Sangamneri goat

Table 4.28. Genotypes and genotypic frequency distribution microsatellite lLSTS059 in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 8 I 10

Allele size (bp) 108 114 116 118 120 122 124 126 128 130

Allelic frequency 0.011 0.043 0.065 0.065 0.1 09 0.1 09 0.109 0.098 0.076 0.054

Allelle number 11 12 13 14

Allele size (bp) 132 134 136 138

Allelic frequency 0.120 0.065 0.065 0.011

3,8 4r83172 b, 6,6414 5,53,3 1142,2Genotype
2 111 11 11 1IObserved count

0.043 0.0220.022 0.o220.0220.022 0.0220.a22 0.0220.022Genotypic frequency
6,115,116,10 7,106 9t 5,104 ,9 5,92r9 3,9Genotype

41 411 32 11 1Observed count
0.0860.022 0.0860.065 0.0220.0220.043 0.0220.022 0.022Genotypic frequency

8,13 9,147,138,12 6,138,11 7r'127,11Genotype
131 221 42Observed count

0.0220.0650.022 0.0430.086 0.0430.0220.043Genotypic frequencY
142.723**Chi Square value

*" Significant (P<0.001)



Microsatellite ILSTS 065 contains (CA)22 repeats, and this

microsatellite is located at 130 - 173 nucleotide position in 615 bp sequence

(Kemp et af , 1995). Microsatellite ILSTS 065 is located at 24 cM from the

beginning of BMS2526 and at 13 cM from ILSTS 031 on chromosome 24 in

goat (Schibler et a/., 1998).

Sangamneri breed exhibited a total of 8 alleles (Plate 16, Table

4.29), More number of allele were observed by Dixit et al. (2010) in Southern

lndian goat breed (10), however less number of allele were observed by

Kumar el al (2005) in Marwari goat (2), Gour et a/. (2006) in Jamunapari goat

(2), Verma et a/. (2000) in Malabari goat (4) and Dixit et al. (2011) in

Kanniadu (7). Allele 4 (121 bp) was the most predominant allele and was

present in the population with a frequency of 0.362 for this microsatellite

locus.

The range of alleles size for the microsatellite locus was found

in between 1 15 and 133 bp (Table 4.29). The allelic size observed for the

locus in Sangamneri goat was comparable to the allelic size for this locus

reported in some other breeds of goat. Kumar et at. (2OO5) reported the 110-

'l 30 bp in MaMari goat, Gour et a/. (2006) reported the 1 19-1 21 bp in

Jamunapari goat and Dixit et a/. (20'10) reported 105-'135 bp in Southern

lndian goat.

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the present study. for the microsatellite locus

ILSTS-065 are given in Table 4.30. Total 8 different genotypic combinations

were observed for this locus and the genotype 4,7 with a frequency of 0'212

represented the most predominant genotypes for the locus in the Sangamneri

population (Table 4.29).

55
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Table 4.29. Frequency distribution and allele size of microsatellite lLSTS065 in Sangamneri goat

Table 4.30. Genotypes and genotypic frequency distribution of microsatellite !LSTS065 in Sangamneri goat

.* Significant (P<0.001 )

-)

Allelle number 1 2 3 4 5 6 7 8

Allele size (bp) 115 117 119 1 2 1 123 129 1 3 I 133

Allelic frequency 0.043 0.064 0.298 0.362 0.021 0.085 0.1 06 0.021

Genotype 1 1 2,2 3,3 4,4 5 5 3,6 417 4,8

Observed count 2 3 10 11 1 8 10 2

Genotypic frequency 0.042 0.0638 0.212 0.234 0.021 0.170 0.212 0.042

Chi Square value 197.691..



4.1 .16 Microsatellite ILSTS 082

Microsatellite ILSTS 082 contained (GT)17 repeats, and is

located at 164-197 nucleotide position in 560 bp sequence in bovine (Kemp

et a/., 1995). lt is located on chromosome 2 in goat (Schibler et a/., 1998).

For ILSTS 082 microsatellite locus total '15 alleles were

reported for Sangamneri goat population (Plate 17, Table 4.31). More number

of alleles were observed by Dixit ef al. (2010) in southern lndian goat breed

(18), while similar number of allele were observed by Verma et a/. (2009) in

Malabari goat (15). Less number of allele observed by Kumar et a/. (2005) in

MaMari goat (5), Gour et al. (2006) in Jamunapari goat (7), and Dixit ef a/.

(201 1) reported less number of allele for Kanniadu (12).

The size of alleles for the microsatellite locus ranged between

102 and 134 bp (Table 4.31). Similar range of allele locus were observed by

Kumar et al. (2OO5) in Marwari goat (108-1 24 bp), Gour et a/. (2006) in

Jamunapari goat (108-136 bp) and Dixit et al. (2O1O) in Southern lndian goat

breed (100-'136 bp). Allele 8(1 18) and 9 (120 bp) was the most predominant

allele with a frequency o'f 0.122, while the alleles 1 (102bp) and 2 (104

bp) were present in the population with the least frequency of 0.148 for this

mic!'osatellite locus (Table 4.31 ).

The genotypes and genotypic frequencies observed in the

Sangamneri goat population in the present study for the microsatellite locus

ILSTS 082 are presented in Table 4.32. Tolal 28 different genotypic

combinations were observed at this microsatellite locus and the genotype

9,14 (120 bp, 130 bp) with a frequency of 0.111 represented the most

predominant genotypes for the locus in the Sangamneri population.

-1 57
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Table 4.31. Frequency distribution and allele size of microsatellite lLSTS082 in Sangamneri goat

Tabte 4.32. Genotypes and genotypic frequency distribution of microsatellite |LSTS082 !n Sangamneri goat

-t

(,l
@

Allelle number 1 2 3 4 5 6 7 8 9 10

Allele size (bp) 102 104 108 110 112 114 116 118 120 122

Allelic frequency 0.011 0.011 0.033 0.100 0 056 0.067 0.1 00 0122 0.122 0.089

Allelle number 11 12 13 14 15

Allele size (bp) 124 126 128 130 134

Allelic frequency 0.056 0.056 0.056 0.1 00 0.022

Genotype 2,3 5,5 3 , 6 417 517 7 t7 1,9 4r8 8,8 4,9

1 1 1 3 1 1 1 1 3 2

Genotypic frequency 0.022 0.022 0.022 0.066 0.022 0 022 0.022 0.022 0.066 0.044

Genotype 5,9 6,9 4,10 6,10 7,10 3,11 6,11 4,12 5,12 7,12

Observed count 1 1 2 1 1 1 2 1 1 1

Genotypic frequency 0.022 0.022 0.044 0.022 0.022 0.022 0.044 0.022 0.022 0.022

Genotype 8,12 7,13 8,13 9,13 9,14 10,14 11,15

Observed count 2 1 1 1 2 5 4 2

Genotypic frequency 0.044 0.022 0.022 0.022 0.044 0.111 0.088 0.044

Chi Square value 172.717**

** Significant (p<0 001)

I

Observed count

6,13
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4.1.17 Microsatellite ILSTS 087

Microsatellite ILSTS 087 contains (CA)14 repeats, and is

located at 6'l - 88 nucleotide position in 203 bp sequence Kemp et al (1995).

Microsatellite ILSTS-087 is located on chromosome 6 in goat (Kemp et a/.,

1995).

For ILSTS 087 microsatellite locus total 17 alleles were

reported for Sangamneri goat population (Plate'18 and Table 4.33). Total

number of allele observed in the present study were at higher side than

reported by Kumar et al. (2OO5) in Marwari goat (6), Gour ef a/- (2006) in

Jamunapari goat (6), Sharma et af (20081 in Barbari goat (6), Verma et a/.

(2009) in Malabari goat (10), Dixit et a/. (2010) in Southern lndian goat breed

(9) and Dixit et al. (2011) in Kanniadu goat (7). Allele 7 (153 bp) was the most

predominant allele at this microsatellite locus present in the Sangamneri goat

population a frequency of 0. 170 (Table 4.33).

The range of alleles size for the microsatellite locus was found

in between 141 and 173 bp (Table 4.33). The allelic size observed for the

locus in Sangamneri goat was comparable with the finding of Dixit et a/.

(20'10) who reported 142-164 bp in Southern lndian goat breed which

inctudes Ganjam, Attapady, Malbari, Kanniadu, Sangamneri and

Osmnanabadi goat breed. SJhile, Kumar et al. (2005), Gour et al (2006) and

Sharma el al. (2008') reported the narrow range alleles size in Marwari goat

(147-159 bp), Jamunapari goat (145-159 bp) and in Barbari goat (145-159

bp), respectively.

The genotypes and genotypic frequencies distribution of

microsatellite ILSTS 087 in Sangamneri goat are given in Table 4.34.Tolal24

different genotypic combinations were observed at this locus and the

genotype 6,10 (151 bp, 159 bp) with a irequency of 0.120 represented the

most predominant genotypes for the locus in the Sangamneri population

(Table 4.33).

i
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Table 4.33. Frequency distribution and allele size of microsateltite |LSTS087 in Sangamneri goat

Table 4.34. Genotypes and genotypic frequency distribution of microsatellite ILSTS 087 in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 I 9

Allele size (bp) 1 4 1 143 145 147 149 1 5 1 153 155 157

Allelic frequency 0.010 0.010 0.020 0.030 0.070 0.140 0.170 0.060 0.070

Allelle number 10 11 12 13 14 15 16 17

Allele size (bp) 159 1 b 1 163 165 167 169 1 7 1 173

Allelic frequency 0.1 50 0.080 0.080 0.020 0.030 0.030 0.020 0.010

Genotype 5,5 1 t 7 217 3,7 3 , I 4r8 5 tI 6,9 5,10

Observed count 1 1 1 1 1 3 3 3 2

Genotypic frequency 0.020 0.020 0.020 0.020 0.020 0.060 0.060 0.060 0.040

Genotype 6,10 7,10 6,11 7,11 7,12 8,12 7,13 9,13 8,14

Observed count b 3 5 3 5 1 1 1 1

Genotypic frequency 0.120 0.060 0.1 00 0.060 0.100 0.020 0.020 0.020 0.020

Genotype 10,14 7,15 10,15 10,16 12,16 12,17

Observed count 2 2 1 1 1 1

Genotypic frequency 0.040 0.040 0.020 0.020 0.020 0.020

Chi Square value 185.236..
** Significant (P<0.0'l )



4.1.18 Microsatellite Oar AE 12I

Microsatellite ILSTS 087 contains (CA)14 repeats, and is
located at.61 - 88 nucleotide position in 203 bp sequence Kemp et al (1995).

Microsatellite ILSTS 087 is located on chromosome 6 in goat (Kemp ei a/.,

1ee5).

Frequency distribution and allele size of microsatellite Oar AE

129 in Sangamneri goat are presented in Table 4.35. Sangamneri goat

exhibited total 19 alleles (Plate 1 9). Similar number of alleles were also

observed by Dixit et al. (2010) in Southern lndian goat breed while, Kumar el

af (2005), Verma et a/. (2009), and Dixit et al. (2O11) reported less number

of allele in Marwari (6), Malabari goat (15) and Kanniadu (.13) goat breed,

respectively. Allele 3 (141 bp) and l0 (155 bp) was the most predominant

allele at this microsatellite locus present in the Sangamneri goat population

with a frequency of 0.114, while the alleles 19 (173 bp) was present in the

population with the least frequency of 0.01 1 for this microsatellite locus (Table

4.35).

The size of alleles for the microsatellite locus ranged between

133 and 173 bp. Similar range of allelic size were reported by earlier workers,

Kumar ef al. (2005) in trlarwari goat (l4O-170 bp) and Dixit et al. (2010) in

Southern lndian goat breed (i30-175 bp).

Genotypes and genotypic frequency distribution of

microsatellite locus Oar Ae 129 in Sangamneri goat are presented in Table

4.35. Total number of alleles in 26 different genotypic combinations were

observed at this microsatellite locus and the genotype 3,3 (141 bp, i41 bp)

with a frequency of 0.114 represented the .most predominant genotypes for
the locus in the Sangamneri population.
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Plate 19. Resolution of PCR products of microsatellite locus OAR AE 129
on 8% urea polyacrylamide gel

Blue colour numbers are Female (F1 to Fill) = 1 to 41
Red colour numbers are Male (Ml to M9) = 1 to 9
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Table 4.35. Frequency distribution and allele size of microsatellite Oar AE 129 in Sangamneri goat

Table 4.36. Genotypes and genotypic frequency distribution of microsatellite Oar AE 129 in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 I 9 10

Allele size (bp) 133 139 1 4 1 143 145 147 149 151 153 155

Allelic frequency 0.023 0.023 0.114 0.057 0 034 0.023 0 091 0.045 0.068 0.114

Allelle number 11 12 13 ',4 15 16 17 18 19

Allele size (bp) 157 159 1 6 1 163 165 167 169 1 7 I 173

Allelic frequency 0.034 0.057 0.045 0.034 0.034 0.080 0.045 0.068 0.011

Genotype 1 , 1 2,2 4,4 7 ,7 8,8 9,9 10,10 4,11 4,12

Observed count 1 1 5 1 3 1 1 2 1 2

Genotypic frequency 0.023 0.023 0.114 0.023 0.068 0 023 0.023 0.045 0.023 0.045

Genotype 5,12 5,13 6,13 13,13 6,14 7,14 8,15 15,15 8,16 9,16

Observed count 2 I 1 1 1 2 1 1 1 4

Genotypic frequency 0.045 0.023 0.023 0.023 0.023 0.045 0.023 0.023 0.023 0.091

Genotype 16,16 10,17 10,19 11,19 18,18 12,19

Observed count 1 4 2 2 1 1

Genotypic frequency 0.023 0 091 0.045 0.045 0.023 0.023

Chi Square value 395.057**
.* Significant (P<0.01)

I
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4.1.19 Microsatellite Oar HH

Microsatellite Oar HH64 contains (GT)17 repeats, and is

located at 45-78 bp nucleotide position in 128 bp sequence lt is located on

chromosome number 4 in sheep (Henry ef a/., 't993) and goat (Vaiman et a/.,

1998).

The studied Sangamneri population exhibited 10 alleles for this

locus (Plate 20 and Table 4.37). Similar number of alleles was observed by

Dixit et ar. (2010) in Southern lndian goat breed (10), while Verma et a/.

(2009) reported more number of allele in Malabari goat (13) than the present

findings. However, less number of alleles were also observed for

Microsatellite Oar HH64 locus by Kumar et a/. (2005) in Marwari goat (5)'

Gour et a/. (2006) in Jamunapari goat (6), Sharma el a/. (2008") in Barbari

goat (4), Sharma et al. (2OOBb) for Beetal goat (6), Mishra el a/. (2010) in

Changthangi (9) and Dixit et al. (2011) in Kanniadu (7). Allele 8 (135 bp) was

the most predominant allele that presented a frequency of 0.263.

The allelic size for the Oar HH64 microsatellite locus ranged

between 105 and 139 bp. Narrow range of allelic size were observed by

Kumar el al (2005) for Marwari goat (125.133), Gour et a/. (2006) for

Jamunapari goat (124-136), Sharma et a/. (20084) for Barbari goat (124-130)

and Dixit et al. (2010) for Southern lndian goat breed (120-138).

Genotypes and genotypic frequency distribution of

microsatellite locus Oar HH64 in Sangamneri goat are presented in Table

4.38. Total 10 different genotypic combinations were observed at this

micrbsatellite locus and the genotype 8,8 with a frequency of 0.263

represented the most predominant genotypes for the locus in the Sangamneri

population (Table 4.38).
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Tabte 4.37. Frequency distribution and allele size of microsatellite Oar HH 64 in Sangamneri goat

Table 4.3g. Genotypes and genotypic frequency distribution of microsatellite Oar HH 64 in Sangamneri goat

"* Significant (P<0.01)

Allelle number 1 2 3 4 5 6 7 8 9 10

Allele size (bp) 105 123 125 127 129 1 3 1 133 135 137 139

Allelic frequency 0.013 0.026 0.026 0.053 0.1 58 0.092 0.132 0.1 84 0.053

Genotype 2,2 3,3 4,4 5,5 1 6 6,6 7 ,7 8,8 9,9 10,10

Observed count 1 1 2 6 1 3 5 10 7 2

Genotypic frequencY 0.026 0.026 0.052 0.157 0.026 0.078 0.1 31 0.263 0.184 0.052

Chi Square value 304.776"*

I

0.263



4.1.20 Microsatellite Oar JMP29

Microsatellite ILSTS 082 contained (GT)17 repeats, and is

located at'164-197 nucleotide position in 560 bp sequence in bovine (Kemp

et a/., 1995). lt is located on chromosome 2 in goat (Schibler ef a/., 1999).

ln Sangamneri goat total .14 alleles were observed for

microsatellite Oar JMP 29 (plate 21 and Table +.SO;. lvtore number of allele

were observed in the present study than reported by Kumar et al (2005) in

Marwari goat (6), Gour et al. (2006) in Jamunapari goat (4), Sharma el a/.

(2008 b) for Beetat goat (3), Verma et at. (2009) in Malabari goat (4), Dixit ef

al. (20'10) in Southern tndian goat breed (10) and Dixit et at. (2011) in

Kanniadu goat (9). Allele 6 (120 bp) was the most predominant allele with a

frequency of 0.310, white the aileles 1 (iO6 bp) a,nd 2 (tt2 bp) was

present in the population with the least frequency of O.O1O for this

microsatellite locus (Tabte 4.39).

The allele size for the microsatellite Oar JMp 29 locus varied

in the range between 106 and 138 bp. The allelic size observed for the locus

in Sangamneri goat had wide range as comparable to the allelic size for this

locus reported in some other breeds of goat as Kumar et al. (2OOS) reported

125-135 bp in Manvari goat, Gour et al. (2006) for Jamunapari goat (95-121),

and Dixit et al. (2010) in Southern lndian goat breed (120-'140).

The genotypes and genotypic frequencies observed in the

present study for the microsatellite locus Oar JMP 29 in the Sangamneri goat

population are depicted in Table 4.40. Total 22 dillercnl genotypic.

combinatibns at this microsatellite locus and genotype 6,6 (120 bp, 120 bp)

with a frequency of 0.240 represented the most predominant genotypes for

the locus in the Sangamneri population.
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Plate 21 . Resolution of PCR products of microsatellite locus OAR JMP 29

on 87o urea PolYacrylamide gel
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Tabte 4.39. Frequency distribution and allele size of microsatellite Oar JMP 29 in Sangamneri goat

Table 4.40. Genotypes and genotypic frequency distribution of microsatellite Oar JMP 29 in Sangamneri goat

)

Allelle number 1 2 3 4 5 6 7 8

Allele size (bp) 106 112 114 116 118 120 122 124

Allelic frequency 0.010 0.010 0.060 0.030 0120 0.310 0.060 0.040

Allelle number 9 10 11 12 13 14

Allele size (bp) 128 130 132 134 136 138

Allelic frequency 0.040 0.050 0.040 0j20 0.070 0.040

3,8 8,8 9,97 7t 1 8,3,3 5,5 6,6Genotype
21 13 11 2 12Observed count

0.0400.020 0.0200.240 0.060 0.0200.020 0.040Genotypic frequency

2,12 3,125,11 11,1110,10 4r'113,10 5,10Genotype
1 11 11 1Observed count 2 1

0.020 0.0200.020 0.020 0.0200.020 0.020Genotypic frequency 0.040

14,145,13 6,136,12 12,12 4,135,12Genotype 4,12
4 21 23 11 4Observed count

0.0400.040 0.0800.020 0.0200.080 0.0600.020Genotypic frequency

Chi Square value 272.980**

** Significant (P<0.01)
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4.r.21 Mjcrosa!c!!.i!@El

It is a dinucleotide repeat marker with (CA)n repeats and

located on chromosome number 20 in sheep within the MHC Class I region

(Groth and Wetherall, 1994). Gruszczynska et al (2002) identified 13 alleles

of the gene in Polish Heath Sheep and nine in Polish Lowland Sheep. The

allele size ranges from 180-208 bp in Polish Heath Sheep where as allele

range found to be 186-202 bp in Polish Lowland Sheep. Similar results were

obtained by Groth and Wetherall (1994), who proved the presence of eight

OMHC'I alleles within a group of 20 Australian Merino Sheep - the amplified

fragment was approximately 200 bp. ln their further studies they confirmed

the presence of this microsatellite sequence behveen 39 bp and 86 bp of the

amplified fragment (Groth and Wetherall, 1995).

Microsatellite locus OMHC 1 was found to exhibit 18 alleles

(Plale 22, Table 4.41) in Sangamneri goat breed. More number of allele were

reported by Dixit et al. (2010) in southern lndian goat breed (22). while,

Kumar et al (2005) in Marwari goat (6), Gour et al. (2Oa$ in Jamunapari goat

(4), Sharma et a/. (2008") in Barbari goat (7), Sharma e, a/. (2OO8b) in Beetal

goat (9), Verma el a/ (2009) in Malabari goat (16), Mishra et al (201 0) in

Changthangi goat (1'1) and Dixit et al. (2011) in Kanniadu (12) reported less

number of alleles than present study. Allele 6 (190 bp) was the most

predominant allele, present in the population with a frequency of 0.156 (Table

4.42).

The range of alleles size for the microsatellite locus was found

in between 178 and 224 bp. The allelic size observed for Sangamneri goat

was comparable to the allelic size for this locus reported by Kumar el a/.

(2005) in Marwari (184-204), Gour ef a/. (2006) in Jamunapari (187-199),

Sharma et al. (20O8") for Barbari (189-201) and Dixit et al. (2010) lor

Southern lndian goat breed (179-209).

The genotypes and genotypic frequency distribution of

microsatellite locus OMHC 1 in the Sangamneri goat is depicted in Table

4.42. Tolal 25 different genotypic combinations were observed for this locus

and the genotype 6, 6 (190, 190 bp) with a frequency of 0.155 represented

the most predominant genotypes for the locus in the Sangamneri population.
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Table 4.41. Frequency distribution and allele size of microsatellite OMHC 1 in Sangamneri goat

Table 4.42. Genotypes and genotypic frequency distribution of microsatellite OMHC 1in Sangamneri goat

Allelle number 1 2 3 4 5 6 7 I 9

Allele size (bp) 178 182 184 186 188 190 192 194 '196

Allelic frequency 0.011 0.044 0.089 0.089 0.033 0.1 56 0.1 33 0.078 0.1 33

Allelle number 10 11 12 13 14 15 16 17 18

Allele size (bp) 198 200 202 204 210 214 218 220 224

Allelic frequency 0.044 0.033 0.011 0.011 0.011 0.011 0.022 0.033

Genotype 2,2 3,3 414 6,6 ,,
,7 317 717 4,8 8,8

Observed count 2 2 3 7 1 2 3 1 2

Genotypic frequency 0.044 0.044 0.066 0.1 55 0.022 0.044 0.066 0.022 0.044

Genotype 3,9 5,9 9 ,9 5,10 7,11 4,12 7,13 9,14 7,15

Observed count 2 1 2 2 1 1 1 1 1

Genotypic frequency 0.044 0.022 0.044 0.044 o.o22 0.022 0.022 0.022 0.022

Genotype 8,16 9,16 8,17 9,17 10,17 10,18 11,18

Observed count 1 1 1 3 1 1 2

Genotypic frequency 0.022 0.022 0.022 0.066 0.022 0.022 0.044

Chi Square value 276.114**
*. Significant (P<0.01)

,' )

0.056



4.1.22 Microsatellite RM 004

Microsatellite RM 004 contained (CA)13 repeats and is located

at 70-95 and 101-106 nucleotide position in 192. bp sequence on

chromosome number 15 in sheep (Kossarek et a/., 1993).

The studied Sangamneri population exhibited 12 alleles for this

locus (Plate 23 and Table 4.43). Total number of allele observed for

Microsatellite RM 004 locus were at higher side than reported by Kumar et a/.

(2005) in Marwari goat (4), Gour et a/. (2006) in Jamunapari goat (3), Sharma

et at. (2008') in Barbari goat (5), Sharma el a/. (2008b) in Beetal goat (4),

Verma et a/. (2009) in Malabari goat (8), Dixit ef a/. (2010) in Southern lndian

goat breed (9) and Dixit et al. (2011) in Kanniadu (5). Allele 5 ('l 18 bp) was

the most predominant allele that presented a frequency of 0.230.

The allelic size for the RIM 004 microsatellite locus ranged

between 110 and 132 bp. Similar range were reported by Dixit et al. (2010)

for Southern lndian goat breed (104-127), however, narrow range of allelic

size were observed by Kumar et al. (2005) for Marwari goat (116-122), Gour

et a/. (2006) for Jamunapari goat (1'16-'120), Sharma et al. (2OO8') for Barbari

goat (1 1 5-123).

Genotypes and genotypic frequency distribution of

microsatellite locus RM 004 in Sangamneri goat are presented in Table 44.

Tolal 22 different genotypic combinations were observed at this microsatellite

locus and the genotype 5,11 (118 bp, 130 bp) with a frequency of 0.120

represented the most predominant genotypes for the locus in the Sangamneri

population studied

The Sangamneri goat population studied showed a departure

from Hardy Weinberg equilibrium at 21 out of 22 studied loci indicating that

the population was under direct or indirect selection for these loci.
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Table 4.43. Frequency distribution and allele size of microsatellite RM 004 in Sangamneri goat

Tabte 4.44. Genotypes and genotypic frequency distribution of microsatellite RM 004 in Sangamneri goat

Allelle number ,l 2 3 4 5 6 7 8

Allele size (bp) 110 112 114 116 118 120 122 124

Allelic frequency 0.020 0.010 0.030 0.120 0.230 0.1 10 0.090 0.1 00

Allelle number 9 10 11 12

Allele size (bp) 126 128 130 132

Allelic frequency 0.1 30 0.060 0.090 0.010

3,7 7172171,6 6 b,414 1,5 5,5Genotype
1 22 111 1 3Observed count

0.0400.0200.040 0.0200.060 0.0200.020 0.020Genotypic frequency

4,105 9, 6,94,98,8 3 ItGenotype 4r8 5,8
2 152 43 1Observed count 5

0.040 0.0200.1000.040 00800.060 0.020Genotypic frequency 0.100

7,127,115, 1',1 6,115,10 6,10Genotype
I26 12 3Observed count

0.0200.0400.120 0.0200.040 0.060Genotypic frequency

Chi Square value 103.606.*

*- Significant (P<0.01)
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4.2 Genetic Variation

Various measures of genetic variation across microsatellite loci

in Sangamneri goat is summarised in Table 4.45.

4.2.1 Microsatellite allele variability

The observed and effective number of alleles for each locus is

summarized in Table 4.45. The number of alleles observed in the samples for

a given marker is supposed to represent the number of alleles in the whole

population for that particular locus, since the DNA sample was drawn at

random. Mean number of alleles observed over a range of loci in different

population is considered to be a reasonable indicator of genetic variation

within the population (MacHugh et al., 1997).

The observed number of alleles varied from 8 (|LSTS002,

ILSTS 065) to 32 (ILSTS 008) with a mean of 17.227 r. 1.221. The effective

number of alleles varied from 4.083 (ILSTS 065) to 19.208 (ILSTS 008) with a

mean 11.149 ! 0.842.

The effective number of alleles was found to be lesser than the

observed number in all the loci studied. lt may be mentioned that if all the

alleles in a population have same frequency, the effective number of alleles

would be the same as observed number of alleles. Otherwise, effective

number of alleles would be the actual number of allele, the situation generally

existing in natural population. Since most of the allele are normally

represented once or twice in a population and contribute very little to the

average heterozygosity or genetic variance in the population, the effective

number of allele is more useful component in population genetic studies than

the observed number.

The mean number of alleles observed in the present study for

Sangamneri goat was found to be closer to the findings of Aggarwal et a/.

(2007) and Dixit et a/. (2008) in Mehsana (12.28 t 5.35) and Kutchi goat

breed (12.00 t '1.02) respectively, however, the effective number of allele for

these goat breed was less than half of the observed number of alleles. ln the

present study the effective number of allele is above half of the observed

number of each locus, this may be due to the fact that large number of alleles

in respect of each locus is present with a very low frequency.
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Table 4.45. Various measures of genetic variation across microsatellite loci in Sangamneri goat

-{
N)

Locus Size (range)
of alleles bp

Observed
Number of

Alleles

Observed
heterozygosity

Expected
heterozygosity

Ptc.
Value

Shannon's
information

index (l)

FIS
value

EIH225 146-1 80 17 12.953 0.920 0.923 0.917 2.666 0.003

ILSTSO02 118-134 8 4.840 0.000 0.793 0.770 1.793 1.00

ILSTSOO5 177-211 18 13.593 0.979 0.926 0.922 2.725 -0.057

ILSTSOOS 162-238 32 19.208 0.673 0.948 0.946 3.204 0.290

ILSTSOl9 145-183 19 13.624 0.780 0.927 0.922 2.747 0.158

ILSTS022 191-239 21 10.889 0.694 0.908 0.902 2.675 0.236

ILSTSO29 142-184 19 11.406 0.896 0.912 0.906 2.679 0.018

ILSTSO30 140-204 25 17.241 0.780 0.942 0.939 2.984 0.172

ILSTSO33 161-191 13 10.482 1.000 0.905 0.897 2.416 -0.105

ILSTSO34 148-184 13 7.022 0.980 0.858 0.842 2.148 -0.143

ILSTSO44 141-197 25 15.970 0 913 0.937 0.931 2.966 0.026

ILSTS049 158-194 18 9.018 0.917 0.889 0.880 2.476 -0.031

ILSTSOsS 158-210 24 15.890 1.000 0.937 0.934 2.932 -0.067

contd

Effective
Number of

Alleles



) r, l

--l(,

Locus Size (range)
of alleles bp

Observed
Number of

Alleles

Effective
Number of

Alleles

Observed
heterozygosity

Expected
heterozygosity

Ptc
Value

Shannon's
information

index (!)

FIS
value

ILSTSO59 1 08-1 38 14 11.469 0.891 0.913 0.906 2.506 0.024

ILSTS065 115-133 I 4.083 0.426 0.755 0.720 1.650 0.436

ILSTSOS2 102-134 15 11.571 0.889 0.914 0.907 2.541 0.027

ILSTSOST 141-173 17 9.862 0.980 0.899 0.890 2.495 -0.091

Oar AE 129 1 33-1 73 19 14.556 0.568 0.931 0.928 2.797 0.390

Oar HH 64 1 05-1 39 10 6.211 0.026 0.839 0.820 1.999 0.969

Oar JMP29 1 06-1 38 14 6.803 0.480 0.853 0.841 2.258 0.437

ot\4HC1 178-224 18 10.743 0.533 0.907 0.900 2.568 0.412

RMOO4 110-132 12 7.837 0.820 0.872 0.860 2.209 0.060

Mean 17.227 11.149 0.734 0.895 0.885 2.520 0.191

SE I 22 1 0.842 0.061 0.010 0.012 0.081 0.066



The mean observed and effective number of alleles were

found to be higher in the present study than that reported by Kumar et a/.

(2005) in Marwari, Gour et a/. (2006) in Jamunapari, Sharma el a/. (20084) in

Barbari, Sharma et a/. (2OO8b) in Beetal, Verma et af (2009) in Malabari,

Kumar el a/. (2009) in Gohilwari, Verma el al. (2010) in Sangamneri, Vijh et

al. (2O1O) in Black Bengal and Chegu, Mishra et al. (2O1O) in Changthangi

and Dixit et al. (2011) in Kanniaddu goat breed.

The total number of alleles observed and the minimum number

of alleles at a locus demonstrated that all microsatellite loci were sufficiently

polymorphic and markers used were appropriate since the number of allele

resolved for each marker was either equal or more than the required number

of allele (at least 4 alleles) recommended for microsatellite (Barker, 1994).

4.2.2 Heterozyqosity measure

Heterozygosity is another measure for assessing the genetic

variability within population. Observed and expected heterozygosity for the

loci studied is presented in the Table 4.45. A more appropriate measure of

genetic variation within a population is average expected heterozygosity gene

diversity (Nei, 1978). The values of observed heterozygosity ranged from

O.OOO (ILSTS 002) to 1.OOO (ILSTS 033, ILSTS 058) with an average of 0]34
t 0.061, whereas the expected heterozygosity varied from 0.755 (ILSTS 065)

to 0.948 (ILSTS 008) with an overall mean of 0.895 I 0.010. Vijh et a/. (2010)

reported similar estimate of mean observed and expected heterozygosity in

Black Bengal and Chegu goat.

All the loci had greater expected heterozygosity than observed

hertrozygosity except six loci (ILSTS 005, ILSTS 033, ILSTS 034, ILSTS 049,

ILSTS 058 and ILSTS 087). This indicated that 73o/o toci showed positive

deviation from Hardy-Weinberg equilibrium (HWE). The higher values of

expected heterozygosity were also reported for ILSTS 034 and ILSTS 058

loci in Kanniadu goat breed by Dixit et at (2011).

Sangamneri possesses more genetic variability when

compared to Marwari (Kumar ef al., 20O5), Jamunapari (Gour et al., 2006),

Mehsana (Aggarwal et al., 2OO7), Barbari (Sharma et al.,200ga), Beetal

(Sharma et al.,2OOAb), Malabari (Verma el a/., 2OO9), Gohilwari (Kumar el a/.,
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2009), Changthangi (Mishra et al.,2O1O) and Kanniaddu (Dixit et at.,2011)
goat breeds.

4.2.3 Polvmoroh ic lnfo rmation Content (PlC)

The PIC values for microsatellite markers were calculated and

presented in Table 4.45. The PIC value indicates the informative value of
different microsatellite. markers studied. According to Botstein et a/. (1980)

polymorphic markers are classified as highly informative that have a plc
value greater than 0.5, reasonably informative with the PIC value ranging

between 0.25 to 0.5 and slightly informative if the value is below 0.25. The
polymorphic nature of microsatellite makes them marker of choice in

characterization and genetic diversity studies. The plC values ranged from

0.72 (ILSTS 065) to 0.946 (ILSTS 008) with an average of 0.885 r
0.01 'l.Thus all the markers under study were found to be highly informative.

Aggarwal et al. (2007) in Mehsana (0.72) and Vijh et a/. (2010)

in Black Bengal (0.80) and Chegu goat (0.80) reported similar estimate of
PlC, however Kumar et a/ (2005) in Marwari, Gour el al (2006) in

Jamunapari, Sharma et a/. (2008") in Barbari, Sharma el a/. (2008b) in Beetal,

Verma el al (2OO9) in Malabari, Kumar ef a/. (2009) in Gohilwari, Verma el a/.

(2010) in Sangamneri, and Dixit et al. (2011) in Kanniaddu goat breed

reported lower estimate of PIC than the present study.

4.2.4 hannon's I rmation lndex

The Shannon's information index represents the relative

abundance of genetic information of a specific rocus to the totar information
available of the loci (Shannon and Weaver, 1949). The values were found be
in the range of '1.650 (ILSTS 065) to 3.204 (|LSTS OO8) with an average of
2.520 t 0.081. The high value of Shannon,s information index indicated the
suitability of markers for studying the genetic variability in goat species.

Kumar eI af (2005) in Marwari, Gour el a/. (2006) in

Jamunapari, Agganrval et al. (2007) in Mehsana, Sharma et a/. (2008a) in

Barbari, Sharma et a/. (2008b) in Beetal, Kumar et a/. (2009) in Gohilwari,
Mishra el al. (2O1O) in Changthangi and Dixit et al. (2O1.1) in Kanniaddu goat
breed reported lower estimate of Shannon,s lnformation lndex than the
present study.
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4.2.5 Heterozvqote defic iencv (Fr")

The Fis values provide the non-random union of gametes in the

population, i.e. the mating among the individuals in the population which are

related more than the average relalionship. More the values of Fis, more the

inbreeding in the population. The negative values of F;. point towards out-

breeding i.e..mating of individuals who are less related than the average

relationship of the population.

Heterozygosity deficiency (positive F;" value) was observed in

sixteen out of twenty two studied loci indicating departures from random

mating and suggested that some of the studied loci were homozygous in the

population. The positive value of F1. ranged from 0.003 to 1.00 with an

average of 0.19 + 0.07. This value is as per expectation as low genetic

variations observed in this breed compared to other lndian breeds may be

due to rate of inbreeding in this goat population. Similar high estimate were

also reported in lndian goat populations y2., Mehsana (Aggarwal e, a/.,

2007), Barbari (Sharma et al., 2OO8'), Beetal goat (Sharma et al., 2OOAb),

Kutchi (Dixit et al., 2008) and Malabari goat (Verma et al., 2OOg).

The heterozygosity deficiency observed at these loci may be

due to one or more of the reasons like population subdivision owing to the

genetic drift, null alleles, selection against heterozygote's or inbreeding.

However, pin-pointing the reason is generally difficult (Christiansen, 1974) but

a reason observed here is that inbreeding which presumeably resulted from

unplanned and indiscriminate mating prevailing in the breeding tract, led to

the small effective population size. Due to the non availability of sufficient

number of breeding buck same few bucks are used for whole village and also

in the nearby villages.

4.2.6 Suitability of microsatellite markers

All the loci could be amplified successfully. The observed

number of alleles varied from 8 (ILSTS 002, ILSTS 065) to 32 (ILSTS 008)

with a mean ol 17.227 t 1.221. The effective number of alleles varied from

4.083 (ILSTS 065) to 19.208 (ILSTS 008) with a mean 11.149 r 0.842. At all

the studied in Sangamneri breed of goat the observed number of alleles was

higher than the effective number of alleles. The total number of alleles

observed and the minimum number of alleles at a locus demonstrated that all
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microsatellite loci were sufficiently polymorphic and markers used were

appropriate since the number of alleles resolved for each marker was more

than the required number of alleles (at least 4 alleles) recommended for

microsatellite markers to be used.in the estimation of genetic distance.

All the loci showed the polymorphic information content greater

than 0.5. The high value of PIC indicated the suitability of markers for

studying the genetic variability in goat species. Shannon's information index,

a measure of biodiversity, was sufficiently high in Sangamneri goat poputation

with the overall mean of (Table 4.45).

Takezaki and Nei (1996) determined that for the markers to be

useful for measuring genetic variation, they should have expected average

heterozygosity between 0.3 and 0.8 in the population. The values of observed

heterozygosity ranged from 0.000 (ILSTS 002) to 1.000 (ILSTS 033, ILSTS

058) with an average of 0.734 I 0.061. The higher values of the average

expected gene diversity suggests the suitability of the selected markers.

All the parameters (observed number of alleles, effeclive

number of alleles, Shannon's information index and PIC value and gene

diversity) estimated to know the genetic variation showed that all the

microsatellite markers used were highly informative, indicating the suitability

for genetic diversity studies in goats.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Fifty blood samples of unrelated Sangamneri goat were

collected at random from different villages of Sangamner and Rahuri Taluka

of Ahmednagar. The samples were also collected from All lndia Co-ordinated

Research Project on Sangamneri'Goat, Department of Animal Husbandry,

Mahatama Phule Krishi Vidyapeeth, Rahuri to study genetic variability within

Sangamneri breed of goat using microsatellite markers.

Blood samples were brought to the lab on ice. DNA was

extracted from blood by standard Phenol: Chloroform extraction method with

modifications and dissolved in Tris-EDTA buffer. Quality check and

quantification was done by electrophoresis on 0.8% agarose gel containing

ethidium bromide. A set of 22 microsatellite markers GfH 225, ILSTS 002,

ILSTS OO5, ILSTS OO8, ILSTS 019, ILSTS 022, ILSTS 029, ILSTS O3O, ILSTS

033, ILSTS 034, ILSTS 044, ILSTS 049, ILSTS 058, ILSTS 059, ILSTS 065,

ILSTS 082, ILSTS 087,Oar AE 129, Oar HH 64, Oar JMP 29, OMHC1 and

RM 004,) were selected for the study. The microsatellite loci were amplified

from genomic DNA samples by PCR using locus specific primers by

Touchdown PCR protocol.

Microsatellite profiling was carried out on 8Yo urea

polyacrylamide gel electrophoresis. After completion of PCR and

electrophoresis the DNA profiles were scored from the gel by two

independent observers, that were further analysed using standard population

analysis software (GenAlex and Ms{ools) used internationally for such

purpose.

The allele size (bp) ol lhe 22 microsatellite loci viz., ETH 225,

ILSTS OO2, ILSTS OO5, ILSTS OO8, ILSTS 019, ILSTS 022, ILSTS 029, ILSTS

O3O, ILSTS 033, ILSTS 034, ILSTS 044, ILSTS 049, ILSTS 058, ILSTS 059,

ILSTS 065, ILSTS 082, ILSTS 087,Oar AE 129, Oar HH 64, Oar JMP 29,

OMHC1 and RM 004 were 145-180, 118-134, 177-211, 162-238, 145-183,

1 91 -239, 1 42-184, 1 40-204, 1 61 -1 9.1, I 48-184, 141 -197, 1 58-1 94, 1 58-2,tO,

108-138, 1 15-133, 102-13

and 110-132, respectively.

4, 141-173, 133-173, '10
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The observed number of alleles for the loci ETH 225, ILSTS

OO2, ILSTS OO5, ILSTS OO8, ILSTS 019, ILSTS 022, ILSTS 029, ILSTS O3O,

ILSTS 033, ILSTS 034, ILSTS 0214, ILSTS 049, ILSTS 058, ILSTS 059,

ILSTS 065, ILSTS 082, ILSTS 087, Oat AE 12g, Oar HH 64, Oar JMP 29,

OMHCl and RM 004 were17,8,18,32,'19,21,15,25, 13, 13, 25, 18,24, 14,

8, 15,17,19, 10, 14, 18, and 12, respectively with a mean ol 17.2271 1.221.

The effective number of alleles for the loci ETH 225, ILSTS

OO2, ILSTS OO5, ILSTS OO8, ILSTS 019, ILSTS 022, ILSTS 029, ILSTS O3O,

ILSTS 033, ILSTS 034, ILSTS 044, ILSTS 049, ILSTS 058, ILSTS 059,

ILSTS 065, ILSTS 082, ILSTS 087,Oar AE 129, Oar HH 64, Oar JMP 29,

OMHCI and RM 004 were 12.953, 4.840, 13.593, 19.208, 13.624, 10.889,

11.406,17.24',t.10.482,7.O22, 15.970,9.018, 15.890, 11.469, 4.O83, 11.571,

9.862, 1 4.556, 6.21 1, 6.803, 1O.7 43 aod 7.837 with a mean 1 1.148 t 0.842.

The values of observed heterozygosity ranged from 0.000

(|LSTS002) to 1.000 (|LSTS033, ILSTS058) with an average of 0.734 +

0.061, whereas the expected heterozygosity varied from 0.755 (ILSTS065) to

0.948 (|LSTS008) with an overall mean of 0.895 t 0.0'10.

The PIC values ranged frcm O.72 (|LSTS065) to 0.946 (ILSTS

008) with an average of 0.885 t 0.01 1 and thus all the markers under study

were found to be highly informative. The Shannon's information index values

were found be in the range from 1.650 (ILSTS 065) to 3.204 (|LSTS008) with

an average ol 2.520 t 0.08, the high value of indicated the suitability of

markers for studying the genetic variability in goat species.

Heterozygosity deficiency (positive Frs value) was observed in

sixteen out of twenty two studied loci indicating departures from random

mating and suggested that some of the studied loci were homozygous in the

population. The positive value of Fis ranged from 0.003 to 1.00 with an

average of 0.19 t 0.07. This value is as per expectation as low genetic

variations observed in Sangamneri goat breed whtch may be due to rate of

inbreeding in this goat population.

All the parameters (observed number of alleles, effective

number of alleles, Shannon's information index and PIC value and gene

diversity) estimated to know the genetic variation showed that all the
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microsatellite markers used were highly informative, indicating the suitability
for genetic diversity studies in goats.

Considering the primary aim lo evaluate genetic diversity in

Sangamneri goat, the results provided a good scientific validation of genetic
and genomic estimates.

1) All the microsatellites could be successfully amplified in Sangamneri
goat using the selected primers.

2) All the microsatellite loci used in the present study were polymorphic.

3) sangamneri goat exhibited substantiar amount of genetic variation at the
studied loci.

4) The microsatellite markers studied were highly informative for studying
genetic variations in goats as indicated by high values of polymorphic

lnformation Content and Shannon,s lnformation lndex values obtained.
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APPENDIX - I

Buffers and solutions used in isolation of DNA from'Blood by Phenol :

Chloroform extraction method

A) 2.7 %EOTA solution (pH 8'0)

. EDTA disodium salt : 2-7 g

Double distilled water : 100 ml

Adjust pH 8.0 using NaOH pellets. Sterilize by autoclaving and store at

room temperature.

B) 0.5 M EDTA solution (PH 8.0)

EDTA disodium salt

Double distilled water

186.1 g

100 ml

Ad.iust pH 8.0 using NaOH pellets. Sterilize by autoclaving and store at

room temperature.

C) RBC lysis buffer (1X)

Ammonium chloride : 8.3 g

Potassium bicarbonate : 1.0 g

0.5 M EDTA (PH 8.0) : 299 Pl

Double distilled water (upto) : 100 ml

Adjust pH 8.0 using NaOH pellets. Sterilize by autoclaving and store at

room temPerature.

D) 5MNaCl solution

Sodium chloride : 'l 86.1 g

Double distilled water (upto) : 100 ml

Sterilize by autoclaving and store at room temperature

E) DNA Extraction buffer

1 M tris buffer (PH 8.0) : 5 ml

SMNaCl : 40ml

O.sMEDTA : 2MI

Double distilled water (upto) : 500 ml

Autoclave in batches of 1OO ml and store at room temperature'



IX

F) r0 % sDS

SDS (Sodium dodecyl sulPhate)

Double distilled water (upto)

'100 g

1000 ml

Adjust pH 7.2 using concentrated HCl. Heat in water bath at 6o0C to

dissolve and then store at room temperature

G) 3 M sodium acetate

Sodium acetate (anhydrous) . 24.6g
' Double distilled water (upto) : 1000 ml

Adjust pH 5.5 using glacial acetic acid. Autoclave in batches of 20 ml

H) TE Buffer

1M Tris-HCl (PH-8.0) 1.0 ml (10 mM)

0.5 M EDTA 0.2 ml (1 mM)

Make up to 100 ml with autoclaved double distilled water



X

APPENDIX II

Chemicals used in the Agarose Gel Electrophoresis

A) 'loX TBE, pH 8.3

0.9M Tris HCI

0.9M Boric acid

20 mM EDTA

B) Gel loading dye (6X)

0.25% bromophenol blue

0.25% Xylene cyanol FF

15% Ficoll.

Stored at room temperature

C) Ethidium bromide (1%)

10 mg Ethidium bromide

1 .0 ml distilled water
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APPENDIX III

Solutions used for 8 per cent Denaturing Page

A) Gel solution

Acrylamide and N', N', N', N'Bis-acrylamide (19:1)

Urea

1OX TBE

Autoclaved distilled water to make volume 100 ml

Ammonium persulPhate (10 %)

TEMED

B) 2X sequencing gel loading dYe

Formamide

EDTA, PH 8.0

Xylene cyanol FF

Bromophenol blue

6-7%
42o/o

10o/o

700 pl

35 pl

98%

10 mM

0.025o/o

0.0250/o

\
I
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APPENDIX - IV

Genotypic Distribution Of Sangamneri Goat Population At Different
Microsatellite Loci

Females (Fl to F41) were coded serially as 1 to 41

Mates (Ml to M9) were coded serially as 42 to 50

LOGUS ETH 225

LOCUS ILSTS OO2

Genotype Sample number

1,13 42,45

2,8 39

2 9 28,34,40

2,10 37

35

2,12 48

2,13 36,47,50

3 t I 41

3,11 26,27,32,33

3,12 44

4 9 43

4,10 38,46,49

4,11 31

4,12 30

Genotype Sample number

5,5 1

6,6 2

6,13 3,29

6,14 4

7,16 13

8,14 11 2 1

8,15 5,6,7,20,22

8,16 18,19

I 9 23

9,15 8,10,24

9,16 16,17,25

10,10 14

10,16 I
10,17 12,15

Sample numberGenotype

1,191,1

3,4,5,11,122,2

2,8,9,31 ,33,42,443,3

6,7, 1 0,1 3,1 5,17,1 8,20,21,25, 26,28,32,39,47,504,4

14,16,30,36,37,4355,

24,34,35,40,416,6

497 ,7

46,488,8

2,11
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LOCUS ILSTS OO5

LOCUS ILSTS OO8

Genotype Sample number

1,9 27

2 t 9 28

2,10 26

29

3,10 2,5,12

3 11 11,31,38

4,4 1

4,11 4,6,7,8,9,'10

4,12 18,32,34,39

4,15 3

5,12 13,16,30,35

Genotype Sample number

5,13 15,33,36,37

6,13 17,19,42

6,14 20

7,14 22

7,15 21,40,41,43

8,15 25,45

8,16 44,46

9,17 23,47

9,18 48,49

10,18 50

Genotype Sample number

1 1 5

2,8 1

2, 11 2 , 3 ,6

3 3 7

4,4 I
4,13 11

4,15 4

5,16 12

5,17 14

5,18 15

6,16 9

7,7 27

7,16 10

8,8 30 34

8,14 20,31

8,18 13,16

8,20 21

9,18 18,19

Genotype Sample number

9,19 17

9,21 22

10,10 26,29

11,11 25,28,32,35

12,12 24,33

13,23 23,36

15,24 37

16,16 41,42

16,25 39

16,26 40

19,28 43

21,27 48

21,29 49

50

22,30 44

23,31 46

24,31 45

27,32 47

1

3,8

22,28
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LOCUS ILSTS 019

LOCUS ILSTS 022

Genotype Sample number

1 t 1 45

2,8 42

3,3 30,41

3,8 47

3 9 40,44,46

4,4 37,43,50

4,9 48

4,10 1,49

5,5 7

5,10

5,1 1 27

5,12 2,39

6,6 38

6,12 3,4,29,31

6,13 5

Genotype Sample number

7 ,7 36

7,11 32

8,14 35

8,15 6,10,'1 1

9,9 34

9,12 16

9,13 9

9,15 8,12,13

9,16 14

10,14 25

11,17 18

12,17 15,17

12,18 19,20

13,17 21

14,19 22,23

Genotype Sample number

1,10 1

2,9 4

2,10 I
2,15 3

3, 11 12

3,13 26,27

4,4 34,35,37,39,47

4,10 6

4, 11 18

4,12 7,10

4,13 11

4,14 29

4,15 31,32

5,5 36,38,40

5,9 16

5 11 17

Genotype Sample number

5,12 19

14

5,15 28

6,6 43

6,12 13

6,14 8

6,15 2

7,7 42,44,48,50

7,14 5,20

8,16 15

8,17 25

8,21 45

9,17 23

9,19 24

9,20 21

10,18 22

26,28

5,14
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LOCUS ILSTS 029

LOCUS ILSTS O3O

Genotype Sample number
1,5 3

1,6 2

2,6 7

2,7 4

2,8 9

3,7 5

3,8 6,8,10,1 I ,12,15
3,14 16

3,15 17

4,4 20

4,8 13

4,9 14,19

4,10 18

4,12 42

5,16 21

6,6 37

6,10 25

6,11 50

Genotype Sample number
6,12 23

6,14 44,49

6,16 22

7,7 41

7,13 24

8,8 35,38

8,13 47,48

8,15 45

8,'16 36,39,40

8,18 46

9,14 30

9,15 31

9,16 32

10,16 33

11,16 29

11,17 27,28

12,17 26

13,19 34

Genotype Sample number
1,4 6

3,10 26

4,11 5

5,15 36

6,6 4,30

6,12 7

6,13 28

6,14 3,29

6,15 10

7,7 32

7,13 27

7,14 8,31

8,8 40,41

8,16 37

8,17 14,33

9,9 34

9,14 13

9,15 2

9,16 I
9,17 16

Genotype Sample number
9,'18 35

10,10 39,44

11,17 43

11,18 46

11,19 42

11,23 15

12,12 38

12,19 11

12,20 12

12,23 23,49

13,13 45

13,20 47,48

13,21 22

13,23 21

14,20 18

14,22 50

14,24 20

16,23 17

19,25 25



XVI

LOCUS ILSTS O33

LOCUS ILSTS 034

Genotype Sample number

1 ,6 1

1,7 2

2,8 3

2 ,9 29

3,9 4,26,27,30,32,33

3,10 5,28,31,34

4,10 6,14,35,36 ,37 ,49

4 11 7 ,8,9,10,12,38,42

GenotyPe Sample number

5,10 50

5, 11' 1.1 ,13,39,40

5,12 15,16,41

6,12 18,43,46,48

6,13 20,21,22,24,25,44

7,12 45

7,13 17,19,23,47

Genotype Sample number

1 7 4

2,8 25

2,10 20,26

3,9 1 3 3 1

3,10 5,27

3,11 50

4,9 2,6,8,9, 15,24,32

4,10 7,1 0,1 4,21, 30, 36,45,46

5,9 28,29,33

Genotype Sample number

5,10 12,1 6,23,34,37,39,42,43

5,11 13,17,22,35,41

5,12 19

6,10 38,40,44

b 11 18,47

6,12 48

8,13 49

9, I 11
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LOCUS ILSTS 044

LOGUS ILSTS 049

Genotype Sample number

1,5 25

2,9 24

3,9 21

3,10 20,22

3,11 19

4,4 18

5,13 14,50

6,14 17

6,15 16,31,48

6,16 15

7,7 23

7,14 47,49

8,13 33,34

8,14 41,45

8,15 38,39,42

8,16 30

Genotype Sample number

8,17 13

9,15 36,43

9,16 35,44

9,17 28,46

10,16 32

10,17 27

11,18 12,26

11 ,20 11

12,21 10

12,22 9

13,22 8

I 3 23 6

15,15 1,7

16,24 4

19,25 3

20,25 2

Genotype Sample number

1 ,7 17

2,6 12

3,8 13

3, 11 2

4,12 I
4,13 26

5,9 15

5,14 27

6,12 4,5,31

6,13 6,7,11,14,46

7,7 19

7,13 10,32,45

Genotype Sample number

7,14 16,20

7,15 43

8,8 36

8,13 35

8,14 1,21,28,29, 30, 33, 34, 38,

41,42

8,15 18,37,40,44

9,9 47

9,16 24

10,16 23,48

11,17 49

12,18 50
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LOCUS ILSTS 058

LOCUS ILSTS 059

Genotype Sample number

1 7 I
1,9 25

2,7 26

2 I I 27

3,8 28

4,8 10

4,10 1

5,10 11

5,13 23

6,12 24

7,14 20 22

7,15 14,21,44

8,15 17,18,29,46

8,16 9,19

9,16 15

Genotype Sample number

9,17 48

10,'16 2,3,4,7,12

10,17 31,32

10,'18 5,13

11,17 30

1 1,18 6,34,35,39

11 ,20 33

12,19 36

1 2 20 38

13,20 37,42

14,21 40,41

16,22 45

17,23 50

I 7 24 47

1 8 24 49

Genotype Sample number

1,4 25

2,2 36

2 b 37

2,9 50

3,3 22

3,7 24

3,8 20,23

3,9 29

4 ,4 49

4 I 18

4,9 28,38

5,5 35

5,9 8

5,'10 21,27,32

Genotype Sample number

5 11 10,19,42,44

6,6 39

6,9 31

6,10 2

6 11 1,26,34,40

6,13 43

7,10 47

7,11 9,1 '1

7,12 12,13,15,17

7,13 7,41

8, 11 4

8,12 3,48

8,13 5,45,46

9,14 6

I
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LOCUS ILSTS 065

LOCUS ILSTS 082

Genotype Sample number

1,1 1,3

2,2 4,5,6

3,3 7,8,1 1,17,18,22,23,25,31,46

3,6 1 4,26,28,29,30,42,43,47

Genotype Sample number

4,4 1 0,12,1 6,19,20,21,32,
33,39,45,50

4,7 1 5,34,35,36,37,38,41,
44,48,49

4,8 13,40

5,5 24

Genotype Sampte number

1,8 1

2,3 3

3,6 2

3, 11 27

4 ,7 5,36,37

4,8 45

4,9 1 8,33

4,10 20,50

4,12 22

5, 5 38

5,7 7

5,9 4

5,12 10

6,9 16

Genotype Sample number

6,10 41

6, 11 29,30

6,13 32

7,7 49

7,10 43

7,12 28

7,13 31

8,8 9,39,40

8,12 11,34

8,13 35

9,13 8,17

9,14 6,15,23,24,44

10,14 13,14,25,42

11,15 47,48
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LOCUS ILSTS 087

LOCUS Oar AE 129

Genotype Sample number

1 7 1

2,7 2

3,7 5

3,8 27

4,8 7,8,26

5,5 4

5,9 33,34,44

5,10 11,47

6 ,9 20,29,46

6,10 1 3,1 5,35,36,43,50

6, 11 17,23,31,37 ,48

7,10 6,16,28

Genotype Sample number

7,11 3,19,42

7,12 18,30,32;38,49

7,13 21

7,15 40,41

8,12 12

8,14 45

9,13 I
10,14 10,25

10,15 39

10,16 14

12,16 24

12,17 22

Genotype Sample number

1,1 26

2,2 30

3,3 15,31,32,33,37

4,4 17

4, 11 27

4,12 35,36

5,12 13,16

5,13 47

6,13 48

6,14 12

7 ,7 44,45,46

7,14 11,18

8,8 19

Genotype Sample number

8,15 49

8,16 43

9,9 4

9,16 10,40,41,42

10,10 5,20

10,17 3,6,9,50

10,18 2,7

11,18 1,8

12,19 21

13,13 22

15,15 23

16,16 24

18,18 25



xxt

LOCUS OarHH64

LOCUS Oar JMP 29

Genotype Sample number

1,6 10

2,2 2

3,3 26

4,4 1 t 3

5,5 5,6,8,14,31 ,35

6,6 4,27,30.

Genotype Sample number

7 7 28,34,37,40,44

8,8 9,1 5,17,18,19,22,36, 41,
42,47

9,9 12,20,38,39,43,45,48

10,10 46,50

Genotype Sample number

1 8 25

2,12 11

3,3 50

3,8 1

3,10 3,24

3,12 10

4,11 b

4,12 5

4,13 12

5,5 38,39

5,10 15

5 11 2

5,12 7,8,21,22

Genotype Sample number

5,13 13,14

6,6 1 6,35, 36,37,40,41,42,

43,44,45,46,49

6,12 4,17,23

6,13 9,18,19,20

7,7 34,47,48

8,8 33

9,9 31,32

10,10 30

11 11 29

12,12 28

14,14 26,27



XXII

LOCUS OMHC 1

LOCUS RM OO4

Genotype Sample number

1,7 27

2,2 24,29

3,3 20,23

3,7 19,26

3,9 33,42

4,4 17,22,25

4,8 35

4,12 50

5,9 36

5,10 2,37

6,6 8,10,1 1,12,13,30,32

7 ,7 9,16,31

7,11 41

Genotype Sample number

7,13 18

7,15 28

8,8 5,34

8,16 43

8,17 39

9,9 6,14

9,14 7

9,16 45

9,17 38,40,46

10,17 44

10,18 48

11,18 49

Genotype Sample number

1,5 25

1,6 50

2,7 24

3,7 49

3,9 17,48

4 4 23

4,8 18,19,21,40,41

4,9 13,15,16,20

4,10 12

5,5 30,33,35

5,8 14,44,45

Genotype Sample number

5,9 22,26,27,42,43

5,10 1,28

5 11 6,7,10,29,38,39

6,6 31,32

6,9 8 11

6,10 3,9,37

6, 11 36

46,47

7 11 2,4

7,12 5

8,8 34

7,7

l
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ABSTRACT

Fifty blood samples from unrelated Sangamneri goat were collected at

randomly and DNA was extracted from blood. A set of 22 microsatellite markers

were selected for the study. The microsatellite loci were amplified from genomic

DNA samples by PCR using locus specific primers by Touchdown PCR protocol.

Microsatellite profiling was carried out on 8% urea polyacrylamide gel

electrophoresis. After completion of PCR and electrophoresis the DNA profiles were

scored from the gel, that were further analysed using standard population analysis

softwares (GenAlex and MS{ools) used internationally for such purpose.
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The allele size (bp) of lhe 22 microsatellite loci vtz., ETH 225, ILSTS 002'

ILSTS OO5, ILSTS OO8, ILSTS 019, ILSTS 022, ILSTS 029, ILSTS O3O, ILSTS 033,

ILSTS 034, ILSTS 044, ILSTS 049, ILSTS 058, ILSTS 059, ILSTS 065, ILSTS

082, ILSTS 087,Oar AE 129, Oar HH 64, OaT JMP 29, OMHC1 and RM 004 were

145-180, 118-134, 177-211, 162-238, 145-183, 191-239, 142-184, 140-204, 161'

191, 148-184, 141-197, 158-194, 158-210, 108-138, ',| 15-133, 102-134, 141-173,

133-173, 105-139, 106-138, 178-224 and 11O-132, respectively.

The observed number of alleles varied from 8 (|LSTS002, |LSTS065) to

32 (ILSTSO08) with a mean of 17 .227 !. 1 .221 . The effective number of alleles

varied from 4.083 (|LSTS065) to 19.208 (|LSTS008) with a mean 11.149 t0.842.

The values of observed heterozygosity ranged from 0.000 (|LSTS002) to

1 .O0O (lLSTSo33, ILSTSOsS) with an averag e of 0.734 t 0.061 , whereas the

expected heterozygosity varied from 0.755 (|LSTS065) to 0.948 (|LSTS008) with an

overall mean of 0.895 I 0.010.

Twenty one out of 20 loci studied showed significant deviations from the

Hardy Weinberg equilibrium and 73 per cent loci showed heterozygosity deficiency.

The PIC values ranged lrom O.72 (|LSTS065) to 0.946 (ILSTS 008) with

an average of 0.885 t 0.01 1 and the Shannon's information index values were

found be in the range from 1.650 (ILSTS 065) to 3.204 (|LSTS008) with an average

of 2.520 I 0.08, the high value of indicated the suitability of markers for studying the

genetic variability in goat species.

Heterozygosity deficiency (positive F;5 value) was observed in sixteen out

of twenty two studied loci indicating departures from random mating and suggested

that some of the studied loci were homozygous in the population. The positive value

of Frs ranged from 0.003 to 1.00 with an average of 0.19 t 0.07.

All the parameters (observed number of alleles, effective number of

alleles, Shannon's information index and PIC value and gene diversity) estimated to

know the genetic variation showed that all the microsatellite markers used were

highly informative, indicating the suitability for genetic diversity studies in goats. All

the studied loci were polymorphic and reflected substantial genetic diversity in

Osmanabadi goat population.
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