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1. INTRODUCTION

livestock
by farmers

production system at zero input levels have helped In conservation
breeds. The situation is far from satisfactory in terms of collectio
and utilization of information on A Qr their conserveji

amel, 8 of horse, 19 of poultry and few
various agro climatic zone of the country.

sly distributed throughout globe. Buffaloes are the
abundance in India and form important component of

the buffalo have emerged as the main dairy animal, and from

her parts of the world. The share of the buffalo of total milk

production was percent (Sethi, 2004). Buffaloes have been classified into two major
groups viz. SwampWBabulus carabanesis) and Riverine (Bubalus bubalis). They belong to the
same genus and have different habitats. Swamp buffaloes are found in South and Southeast
Asia. In several East-African countries water buffaloes were introduced from Sri Lanka and
India. However, these relatively small buffalo herds were exterminated on account of
epidemics and inadequate care. Swamp buffalo is more or less permanent denizen of marshy
lands. Swamp buffaloes are stocky animals with marshy land habitats and have 48 (2n)
number of chromosomes. Earlier on the basis of phenotypes Nagpuri, Pandharpuri, Toda and
Marathwada were classified as swamp type. The swamp buffaloes have been further classified
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into breeds. The swamp buffalo is characterized by massive horns growing outwards from the
skull in a semi-circle and is mainly used for work. It has great potentiality for meat production
and draught production (primarily used), which is now being exploited at an increasing rate
while milk production is very limited. The river type buffaloes are found in Indo-Pakistan
subcontinent and are primarily bred for milk production while meat production and draught
are secondary traits. River buffaloes are generally large in size mostly with curled horns,
prefer to enter clear water and have 50 (2n) number of chromosomes. The river buffaloes are
found throughout India where clear water of rivers, irrigation canals onds is available for
wallowring. The river buffaloes are mainly dairy type and Murr illi-Ravi, Surti, Mehsana,

countries.

The animal genetic resources have encour
within and among breeds. For this purpose va
utilized Among the various molecular

are highly poty
al. 1996, Dietrich

cock et al. 1994; Goldstein et al. 1996; Jarne and Lagoda,

consists of locus-specific PCR amplification followed by

the products. The major advantage of microsatellite markers is

that it is relativ to identify numerous polymorphic markers even between closely

related populationsgMany STR based genetic studies, such as linkage analysis, gene mapping,

and loss of heterozygosity testing, require the screening of large numbers of microsatellite loci

in thousands of individuals. To address the needs of these and future STR-based studies, new

generations of genetic analysis devices and methods that rapidly perform sensitive, specific,
and high-throughput STR analyses are required and are gaining prominence.

Generally complementary approach for estimating adaptive genetic diversity is to measure

genetic variation using molecular genetic markers. There are many different sources of data

relevant to genetic variation between breeds. However, more preference is being given to
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microsatellites in population genetic studies. They appear to be abundant, averaging between
50,000 to 100,000 in mammals, and are ubiquitously distributed throughout the genome.
Microsatellites display high degree of polymorphism with mean polymorphism information
content (PIC) of 0.6 (Vaiman et al.,, 1995). They also improve the resolution of the
measurement of variation and population in rare and endangered species, permitting the study
of bottlenecks in these populations, with a high degree of consanguineous mating (Gotelli et
al., 1994).

Domestication of the buffalo took place at an early age durin s Valley civilization
(3250 to 2750 BC). The buffalo is the first foremost a beast of J#bour, employed in the crop

with following objectives:

To study the heterologus microsatellite loc
To study the diversity of Marathwada and Surti buffaloes.
To study To the Hardy-Weirggeg equilibrium, ne i

fons are in mutation drift equilibrium.
opulation genetic parameters of Marathwada and

anisms) that inhabit a particular ecosystem. The importance of

ds lies in their adaptation to local biotic and abiotic stresses and to

traditional husbandy” systems. However, most of these animal genetic resources are still not

characterized and“boundaries between distinct populations are unclear. In such cases breeds

have been defined on the basis of subjective data and information obtained from local

communities. Moreover, the historical evidence is not always accurate; relying on it is

subjective. Evolutionary research can reveal much about the original type of a breed/population

or strain and the molecular genetics provides evidence that is factual and more precise. It is in

this sphere the biotechnology has an important role to play for both the characterization and
conservation of animal genetic resources.
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Genetic uniqueness of populations is measured by the relative genetic distances of such
populations is measured from each other. The first DNA polymorphism to be used widely for
genome characterization and analysis were the restriction fragment length polymorphism
(RFLP), which detects variations ranging from gross rearrangements to single base changes.
Minisatellites sequences of 60 or so bases repeated many hundred or thousands of times at one
unique locus within the genome have been used to genetic DNA fingerprinting typical of
individuals within species. Microsatellites repeats of simple sequences, the most common being
dinuceotide repeats are abundant in genomes of all higher or s, including livestock
species.

The change in environment results into the changes in t
in genetic diversity due to loss of a particular species br
because of large-scale migration through interbreedi

(polymorphism), and provides a mechanism f
environment. Higher the variation, the better
individuals will have an allelic variant that is environment, and will in
Il maintain the population
through subsequent generations.
The buffalo biodiversity in India

d development of the wild species in the process of
cal agro-climatic conditions. These breeds are now losing ground
other breeds and due to their poor economic viability under the

Toda and Marath reeds also belong to riverine group (Nair et al. 1986).

The buffalo, a termed as the ‘Black Goldmine of India’, due to its contribution in terms
of milk production occupies a crucial place in the economy of the country by being a source of
plethora of items, utilize and services. The buffalo (Bubalus bubalis) belongs to:

Phylum . Chordata,
Class : Mammalia
Order . Artiodactyla
Sub order : Ruminata
Family : Bovidae
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Sub family : Bovinae
Group : Bubalina
Genus . Bubalus
Species . bubalis

Although a vast buffalo population of Indian sub-continent and South East Asia is non-
descript unimproved, yet India and Pakistan have numerous well-characterized breeds. Imperial
Council of Agricultural Research in 1939 for the first time publi a description of breed
characteristic of Murrah. Brief descriptions of the two breeds ertaken in this present study
are:

2.1.1 Marathwada Buffaloes

Marathwada buffaloes are found in the Marath
different from that of Western and Norther
indigenous type characterized with medium-siz

Coat colOur varies from greyish-black to jet black,
lower parts of the limbs with white switch of tail is

are generally red tinged. Neck is short. Legs and feet
for draught and transportation in hilly tract. Tail is of

lies in Kheda, Bh and Vadodara and Surat district of Gujarat covering a vast area between
Mahi and Sabarmas¥ rivers. Several other names are prevalent in other parts of Gujarat, which
include Decani, Deshi, Nadiad, Charotar, Gujarati, Surati and Talabda.

The Surti buffaloes are brown or black in appearance. The hair in several specimens appears
greyish or rustily brown. A characteristic feature is presence of two white chevrons. One around
jowl from ear to ear and the other lower down the brisket. There may be a streak of white hair
above the eyes. The region below the knees and hocks has a whitish or grey tuft of hair. The
horns are medium-sized, sickle shaped, curving downward and backward and then inward in

terminal portion. The tip of the horn forms a characteristic hock. These animals are of the
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medium size with straight back and low legs. The hindquarters are wide, deep and straight
unlike heavy buffalo breeds. The hips of Surti females are broad and flat. The udder is well-
developed pinkish in appearance. The teats are medium sized, squarely placed with prominent
milk vein. The average height of the adult male is 130 cm (fig. 3) and adult female is 125 cm
(fig. 4). The average birth weight of male is 26 kg and female is 24 kg. The mature female’s
weight varies between 550 to 650 kg and while in males the range is between 640 to 730 kg
(ICAR, 1941). The average lactation yield varies from 1200 to 2200 kg per lactation. The Surti
animals are of short stature compared to other recognized buffalo b The average height of
animals is 1.3 meters and 1.25 meters in male and female respg€tively. The Surti females are

extensive breeding of Surti buffaloes with Murrah. Mehsa
from above crossing.
India is privileged in having a valuable diversi
and breadth of the country- each type having it i which make it
efficient in its own habitat. A numbe undertaken for
ject on Animal Genetic
Itural Technology Project

eds, while DNA analysis is underway for
0 identify genetic relationship and uniqueness of

rst and most essential step for planning domestic animal diversity
conservati . molecular marker have been used for genetic variation studies at
DNA level: NA, restriction fragment length polymorphism (RFLP), random
NA (RAPDs) and variable number of tandem repeats (VNTRs). VNTR
markers are characj€rized by a core sequence, which consists of a number of identical repeated
sequences. They can be divided into two categories based on the repeat length. These are
minisatellite, 15-70 base pairs, and microsatellites, 2-6 base pairs. Among these microsatellites
are now considered as most suitable marker systems for genetic evolution studies (Paul, 2000).
Minisatellites are molecular marker loci consisting of tandem repeat units of a 10-50 base
motif, flanked by conserved endonuclease restriction sites. They are detected by gel
electrophoresis of restricted DNA and subsequent Southern blot hybridization to a radiolabeled

DNA probe containing multiple copies of the minisatellite core sequence. A minisatellite profile
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consisting of many bands (within the 4-20 kb range) is generated by using common multilocus
probes that are able to hybridize to minisatellite sequences in different species. Molecular
cloning of DNA restriction fragments and subsequent screening with a multilocus minisatellite
probe can develop locus specific probes. Variation in the number of repeat units is considered to
be the main cause of length polymorphisms. Due to the high mutation rate of minisatellites, the
level of polymorphism is substantial, generally resulting in unique multilocus profiles.
Therefore, minisatellites are particularly useful in studies involving genetic identity, parentage,
clonal growth and structure, and identification of varieties and culti (Jeffreys et al., 1985a;
Jeffreys et al., 1985b).

Microsatellites are markers; contain repetitive sequenc
nucleotides (Litt and Luty, 1989). Microsatellites are als
(SSRs) (Tautz, 1989), short tandem repeats (STRs) (E

present.

just a few repeat units or by many roge
most mutations are a change in one

ost recent’ common ancestor of two individuals.
ate the age of non-microsatellite mutations.

itude higher than point mutations. The reason for
arkers is that their high mutation rates make them highly
latively dense in the genomes of many organisms. The vast
igher organisms are believed to evolve naturally, i.e., there is no

ber of repeats.
eir flanking sequences can be detected by constructing a small-insert
genomic library, sgfeening of the library with a synthetic labeled oligonucleotide repeat and
sequencing of the positive clones. Alternatively, primers designed for closely related species
may be used. Polymerase slippage during DNA replication (or slipped strand mispairing) is
considered to be the main cause of variation in the number of repeat units, resulting in length
polymorphisms that can be detected by gel-electrophoresis. Due to their high level of
polymorphism, microsatellites are informative markers that can be used for many population
genetic purposes, ranging from the individual level (e.g. clone and strain identification) to

closely related species. In addition, microsatellites are considered ideal markers in gene
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mapping studies (Hearne et al., 1992; Morgante & Olivieri et al., 1993; Queller et al., 1993;
Jarne & Lagoda, 1996). Based on the nature of the repeats, microsatellites are broadly classified
into three families- pure, compound, and interrupted repeats (Weber, 1990).

. Pure - CACACACACACACA

. Compound - CACACACACACACAAACGCGCGCG

. Interrupted - CACACATTCACATTACACACACACA

Any kind of combination between these families is possil@®™Microsatellite is highly
polymorphic in natural population but compound and interrupteggficrosatellites tends to be less

most commonly found.

Dinucleotide repeats: These are most frequently

ubiquitous repetitive element in eukaryotic geno

with about one locus per 5 kb. At each locus th

than 30 (Di Rienzo et al., 1994).
gely studied in connection
nd are often found within

mean number of repeats and
mutation of trinucleotide repeat is

Il mammalians taxa pentanucleotide repeats as abundant as triplet
rgenic regions A+T rich are generally more abundant.

Microsatellite ca asily characterized in those organisms for which genomic mapping or
sequence data is @¥ailable. But for those organisms for which such information is not yet
available, the process of microsatellite characterization tends to become laborious as it involves
preparation of genomic library, cloning detection of microsatellites and sequencing in order to
determine the flanking sequences which can then be used as PCR primers for that specific locus.

Microsatellite loci are found in large numbers and are relatively evenly spaced throughout
the genome. Technically microsatellites are more desirable than the larger VNTR loci because
they can be analyzed via the polymerase chain reaction (PCR) (although improvements to the
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thermal stable polymerases are enabling the amplification of larger fragments of DNA) and the
alleles can be unambiguously sized on polyacrylamide gels. The lack of exact size resolution of
larger VNTR loci has lead to procedures such as binning which reduce the statistical power of
the analysis (Budowle et al., 1991). PCR analysis of small fragments also allows the analysis of
degraded samples in which the mean fragment size of the genomic DNA has been severely
reduced through environmental insult (e.g. Paabo et al., 1989). Finally microsatellites have been
found to be variable even in populations, which have low levels of allozyme and mitochondrial
variation (Estoup et al., 1995a, 1996; Paetkau & Strobeck, 1994).

2.3 ISOLATION OF MICROSATELLITE MARKERS

specific microsatellites by PCR. Broadly
microsatellite markers.

2.3.1 Cosmid Derived Microsatellite Marker
In this strategy, the genomic D

ed chromosomal fragments are then used to construct

are then screened with radiolabeled (CA), or (GT), probes.

and subjected to PCR amplification. The PCR products are

niqueness to develop PCR primers (Zao et al. 1999). A modification

of this method i amplification of the microdissected chromosomal fragments by PCR

using degenerate offgonucleotide primers. To the amplified products biotinylated (CA), probes

added. After denaturation and annealed DNA is added to streptavidin paramagnetic particles

and incubated to capture DNA fragments hybridized to biotinylated (CA), probes. The bound

DNA is eluted and amplified using appropriate primers. The amplified products are purified and
sequenced to be used as markers (Dukhanina and Sverdlov, 1998; Sarkar et al. 2001).
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2.4 MICROSATELLITE POLYMORPHISM

Microsatellites are the highly polymorphic which makes them attractive as genetic markers
(Goldstein and Shlotterer, 1999). Since microsatellite polymorphisms are visualized through
PCR, each microsatellite locus can be considered a sequence tagged site (STS) (Olson et al.,
1989) as the two primers serve as the sequence tags. PCR based microsatellites have facilitated
the construction of genome maps in most live stock species because of their abundance in the
genome, specificity of primers, high degree of polymorphism which yield several alleles and
easy detection. The degree of polymorphism and heterozygosity d d by microsatellites is
much greater than that of protein markers.

For the naturally evolving DNA sequences, the amount
be directly proportional to the mutation rate (Kimura, 19834 i ed that the
mutation rate to form new length variants at the micr i i this idea

from the pedigree analysis (Weber and Wong, 1
The eukaryotic DNA sequences mutate

and Wong, 1993). The most rece
paternity testing based on many di

meiosis (Ellegren, 2000a; Kayser et

tability is the purity of the repeat. Interrupted

er mutation rates than perfect repeats. Many studies

volve more gains than losses of repeat units (Weber and

ess of microsatellite seems to be very complex process. It is very
eterogeneous with difference between loci and alleles.

ICROSATELLITE

Microsatellites Jre highly variable. To “evolve” simply means to change. Microsatellite
alleles change (mutate) over time. In a population, there may exist many alleles of a single
microsatellite locus. Microsatellite alleles differ in the number of repeats. For example, one
allele may have 7 repeats of a CT motif and another 8 repeats. In a population, there may exist
many alleles (upto 70 or 80) at a single locus, with each allele having a different length. An
individual who is homozygous for a locus will have the same number of repeats on both
chromosomes, whereas a heterozygous individual will have different numbers of repeats on the

two chromosomes. The regions surrounding the microsatellite locus, called the flanking regions,
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may still have the same sequence. This is important because the flanking regions can therefore
be used as PCR primers when amplifying microsatellite loci, and can be conserved across
genera or sometimes-even families. Below, the two lines represent the sequences on two
homologous chromosomes in a diploid organism.
Homozygous: (Both strands have 7 CT repeats).
eeeeer.. TAGCCTTGCATCCTTCTCTCTCTCTCTCTATCGGTACTA ...
TAGCCTTGCATCCTTCTCTCTCTCTCTCTATCGGTACTA ...
5’ Flanking region Microsatellite locus
Heterozygous: (One strand has 7 repeats and the other has 8 rep
... AGCCTTGCATCCTTCTCTCTCTCTCTCTATCGG
+..... AGCCTTGCATCCTTCTCTCTCTCTCTCTCTAT
5’ Flanking region Microsatellite locus
It is estimated that microsatellites mutate
substitutions (transitions and transversions). T,
evolution over short time spans (100 to 1000 y
useful for studying evolution over long time span

2.6 REPLICATION SLIPPAGE

ant mode”at microsatellite evolution (fig. 5). The in
Vivo experiments e microsatellite sequences have the intrinsic ability
to undergo th

ny possible matching base pair alignments, sometimes the
ing an unmatched loop on one of the strands.
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JTGTGCAGACG
CACACACACACACA( QACACGTCTGC

DHMN& polymerase

GTGTGTGTGCAGACG
CACACACACACACACACACACACACGTCTGC

Disassociaton of
polymerase complex

Slippage of synthesized strand

GT
GTGTGTGCAGACG
CACACACACACACACACACACACACGTCTGC

GT
JTCGTGTGTGTGTGTGCAGACG
CACA( QACACACACACACACGTCTGC
Continuation of synthesis

DNA Repair

GTGTGTGTGTGTGTGTGCAGACG GTGTGTGTGTGTGIGTGTGCAGACG
CACACACACACACACACGTCTGC CACACACACACACACACACGTCTGC

/7
Fig. 1:@lagrammatic Representation of DNA Polymerase
Replication Slippage Model

When the tw ds completely dissociate and begin replication anew the strand, which
had the loop, will géntain a longer microsatellite than the opposing strand. The microsatellite on
the template strand will always have the same length before and after the slippage event. If the
loop is on the template strand, then the microsatellite on the replicating strand will be shorter;
and if the loop is on the replicating strand, then the microsatellite is on its side will be longer.
These primary mutations, which depend exclusively on the DNA replication machinery, occur
at rates several orders of magnitude higher than the observed mutation rate and are countered by
the DNA mismatch repair machinery. Thus the observed mutations are those replication
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slippage events that have escaped repair. The longer microsatellites present more opportunity
for slippage, which would expect mutation rates to increase as a function of microsatellite
length; this prediction is experimentally supported. Interrupted microsatellites have lower
mutation rates as interruption allow less realignment after a possible slippage event. A further
complication to measuring microsatellite variability is that insertions/deletions in the flanking
regions can also affect the PCR fragment length.

2.7 EUNCTIONAL SIGNIFICANCE OF MICROSATELLITE
Although SSRs are usually considered just as evolution neutral DNA markers, the

various environmental factors like the elevate
torsional stress (Hanniford and Pulleyblank, f intercalators and the
modification of guanine or cytosine residues (Rich et al., 1984). e identification of nuclear
proteins that preferential bind to t -DNA and in si i
against the Z-DNA provide indireC
(Nordheim et al., 1982).
When the Z-DNA
residues, the involve fre in recdmbination process became the tempting
iness of the left-handed DNA could facilitate the

change (Schultes and Szostak, 1991). The d(CA),d(GT),
onstrated to inhibit rec-A promoted strand exchange in vitro

Euchromatin tha eterochromatin (Stallings, 1992). Their conformational properties may
provide a suitable gondition for the repeated packaging and condensing of DNA during the cell
cycles (Stalling et al., 1991). These highly repetitive and conserved sequences might also
function as the repository of the species. It is also a possibility that they might not have any
function at all and these are just the "junk” DNA that is carried along by the process of
replication and segregation of the chromosomes. However, the validity of these postulated
functions of the microsatellites needs the further investigation.
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2.8 MOLECULAR DETAILS OF MICROSATELLITES
2.8.1 Mutation Rates

A variety of in vivo and in vitro studies indicate the microsatellite loci are highly unstable,
having some of the highest mutation rates observed at molecular loci. Microsatellite loci are
highly unstable having some of the highest mutation rates observed at molecular loci means
adding or subtracting a small number of perfect repeats. It is due to polymerase slippage
(Chevinson and Gutmah 1987) mutation may high as 107 (Jaffrey et al.1998, Kelley et al.1991).
It is possible, but not proven, that under conditions where a mutati a microsatellite would
be favorable. The eukaryotic DNA sequences mutate at the of approximately 10° per

orders of the higher magnitude, often quoted in the ra
generation (Weber and Wong, 1993).
2.8.2 Distribution of mutation sizes
The majority of observed mutation is of
significant minority of mutations may be of lo
pansions in which alleles
tations including some of

ve asymmetry) was first observed in the
4t trinucleotide expansion loci (Ashley &

at the number of repeats at microsatellite loci is under
imply the absence of alleles of very large size. Given the high

very large allele ct, with the exception of trinucleotide expansion loci, alleles much
greater that 60 repegt are very rarely observed (Primmer et al. 1996).
2.8.5 Dependence of the mutation process on allele size and sequence

In trinucleotide repeat expansion loci, the rate and distribution of mutations change
dramatically as allele size pass from the pre-mutation (atypically large but non-symptomatic) to
full mutation state (Ashley & Warren, 1995). A number of population studies have also tested
the dependence of the mutation rate on allelic size by correlating observed levels of variation
with average allele size. Goldstein and Clark (1995) analyzed the dependence of the allelic

variance on the repeat count itself, considering both the average size and the maximum size at a
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INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

locus. The increase in mutation rate with repeat size is not linear, or that some other assumption
of the stepwise mutation model is violated. The imperfection in the repeat array tends to
stabilized microsatellites (Goldstein and Clark, 1995).

2.9 MUTATIONAL MODELS AND THEIR PROBABLE MECHANISMS

Genotypic data are multivariate: the frequency of each allele at each locus is usually
different in each population. Analysis of genotypic data from natural loci is an important
method for describing the patterns of genetic variation within ies and inferring the
evolutionary processes that give rise to those patterns. Gen distances are metrics that

and genetic distances from microsatellite
evolutionary process of microsatellites are need
two different assumptions are used to model m
from molecular population genetics, and are:
2.9.1 Infinite Alleles Model (IAM

mutate too, hence each mutation is

assumed to be unique. ivati [ long DNA sequence, were any two
changes are extremel i quences). If each new mutant is different,
that we did not see and hence did not score, and (as

e differences between marker loci and count the
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Differ by three mutations

—s—— @ e

A3 ;:. new mutations A
O Common ancestor

———— Y chromosome

Fig. 2: Diagrammatic Represgiitation of Microsate
Evaluation Using Iriii
[The red mutation on the left in
the black and green on the right individua
In the infinite alleles model (Kifmea and Crow, 196 utatd

essed as integers and mutation results in a change in a

deletion (Ohta and Kimura, 1978). SMM tries to better

nal process that occurs at microsatellite markers. The SMM has

allele frequencies (Valdes et al., 1993). Three to five base pair

hile one—two base pair repeats are by TPM. The SMM is generally

the perfect mode calculating relatedness between individuals and population subtracting
although there is py@blem of homoplasy.
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Microsatellite of lenght four
A D IR

TN
A

+1
OO

[Two mutations, (-1) mu
mutation returns the mar
) by one at each mutation
iption for these kinds of
estimators based on SMM
have been developed for estimating
differentiation [(op)? ; Goldstein, 19
microsatellite data.
The stepwise mu i Oldest moQel of microsatellite evolution, originally
odel the number of repeat units is equally likely to

tratey ; and
X —1atratey
ndom walk with a lower boundary condition. Numerous

ion we will discuss is allowing the mutation rate to depend on the
. For example, Kruglyak et al. proposed a proportional slippage model
where the mutation rate increases the microsatellite's length.
X —>X+1latrateb(X -1);and
X —>X —1atrate b(X —1)
Another complication is to allow the mutation rates to be asymmetric. Walsh proposed a
linear birth death chain, i.e., a proportional slippage model where the mutation rate increases
linearly with the microsatellite's length in the presence of biased contractions.
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X — X+ 1 at rate bX
X — X —1 at rate dX
For X {2,3...c0} and 1 — 2 at a much smaller birth rate v. He showed that a stationary
distribution exists for this model when d/b > 1. Fu and Chakraborty proposed a model, which
allows larger mutations according to a geometric distribution in the presence of a constant
mutational bias.
The final model complication will consider is point mutations. Point mutations can interrupt
a microsatellite, for example transforming (AT),o into (AT)1.GT agince most researchers
measure the length of microsatellites without sequencin ey wgQuld not detect this
transformation. Bell and Jurka proposed that such point i in the growth of
microsatellites. Kruglyak et al. (1998) proposed a model
1. Single-step proportional slippage :
X — X + 1 atrate b(X-
X — X —1atrate b(X #1)
2. Point mutations:
X — j, wherej<Xatr

Thus a point mutation is unif
Kruglyak showed that this model has

2.9.3 Two-Phase Model (TPM)
In addition to this
where a limited pr

realistic than th :

Theoretical on models like SMM and TPM may provide adequate measures if
populations are refatively closely related, but these simple models become inadequate when
divergence between populations and especially between species increases (Takezaki & Nei
1996).

There are several ways to study microsatellite evolution. First, theoretical studies attempt to
model the process of microsatellite evolution by applying assumptions to a range of parameters
considered to be important to the mutational process. After computer simulations the resulting
data can be compared to the observed distribution of allele frequencies and/or the
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heterozygosity of a locus (e.g. Deka et al. 1991, Shriver et al. 1993). Valdes et al. (1993) and
Di Rienzo et al. (1994) used an alternative method where they compared the empirical and
modeled allele frequency distributions. These studies have shown that SMM and TPM can
explain relatively well the evolutionary processes of microsatellites.

It is very likely that these are allele and locus-dependent processes (Ellegren 2000b).
Theoretical mutation models, such as SMM and TPM may accurately represent the evolutionary
processes of microsatellites when closely related populations are considered. However, over
long evolutionary distances the mutation process seems to be mor lex. Thus, theoretical
mutation models that can more accurately represent thg#”evolutionary processes of

2.10 ADVANTAGES OF MICROSATELLITES
Earlier studies have been demonstrated that ¢

microsatellite marker for genetic evaluation o ies but also enable the
construction of comparative maps between species. Recently mii€rosatellites have been
increasingly used as the marker of cgice. There are somegadva

s suggest that microsatellite will enjoy a lengthy region in
e more advantages of microsatellites are as follows:

coding regio ncock, 1995). Because of there high mutability, microsatellites are
thought play a grgnificant role in genome evolution by creating and maintaining quantitative
genetic variation (Tautz et al. 1986; Kashi et al. 1997).

Microsatellites are highly polymorphic due to this nature higher average per locus
heterozygosity and Polymorphic Information Content (PIC) in any population can be easily
calculated.
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Alleles size can be determined with an accuracy of one base pair, allowing accurate
comparison across different gels and different microsatellites may be multiplexed in PCR or
on gel.

Microsatellite primers developed for one species frequently amplify in related species.

For captive or endangered species microsatellites can serve as tools to evaluate inbreeding
levels (Fis). Using tools such as F-statistics and genetic distances, genetic structure of sub-
population and population can be known.

Microsatellites can be used to assess demographic history (e look for evidence of
population bottlenecks), to assess effective population size ()#2) and tQ assess the magnitude
and directionality of gene flow between populations.

Microsatellite may affect DNA replication (Field &

enzyme controlling cell cycles.

Microsatellites located in promoter regions

can also affect gene transcription.

Numerous microsatellite and minisatellite ropgsed as hot spot for
recombination (Jeffreys et al. 1998; Templeton ,

Microsatellite in the Eukaryotic DNA mis-match repair (MMR) gene as modulators of
evolutionary mutation rate. D i plication errors and actively
inhibit recombination between hen & Jinks-Robertson, 1998;

Kolodner & Marsischky, 1999).

es are associated with certain mutations in coding regions of the
variety of medical disorders.
They have also@#ecome the primary marker for DNA testing in forensic (court) contexts-
both for huma and wildlife cases.

2.11 APPLICATIONS OF MICROSATELLITE

Besides, the obvious advantage of PCR based analysis, the applicability of the microsatellite
markers in genome analysis primarily depends on the three inherent properties: abundance,
hyper variability and Mendelian inheritance. These properties make the microsatellites very
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informative markers in the genome analysis and are used for various applications in Bubalus
bubalis and other species.
2.11.1 Genetic analysis of closely related breeds/ populations

The allelic frequency data obtained after the PCR-based genome scoring can be utilized for
studying the evolutionary relationship of the closely related breeds/ populations of a species or
closely related species (Bowcock et al., 1994; Laval et al., 2000). The high degree of
polymorphism make them the marker of choice for such studies over the conventional marker
like the restriction fragment length polymorphism, which generall only two alleles, and
hence a maximum theoretical heterozygosity of 50% (Botstein . 1980). The microsatellites

repeats of 5' GACA 3' and several enzymes wer

(Bubalus bubalis) genomes and a number of ere detected in both the
species. Different animals from the same species showed an alg§ost 'similar' monomorphic
hybridization pattern but animals two separate i

microsatellite
(Bubalus bu

is of a sgt of polymorphic DNA markers for use in water buffalo.
a series of synthetic oligonucleotide probes were developed as
nd molecular systematics of Bubalus bubalis and other eutherian

bubaline genome an overall band-sharing probability of 2.08 x 10™*! using (TGG)s and
Hinf | probe-enzyge combination. Breed affiliation studies on different buffalo breeds, viz.
Toda, Surti, Mehsana, and Murrah, revealed that the semi-wild Toda breed belonged to a
distinct group. Employing a DNA fingerprinting approach using these markers also identified
the desired genotypes in each successive generation in an actual breeding program. Estimation
of genetic distances by calculating the mean allelic frequencies at (CA),, (TGG),, and (GGAT),
repeat loci between buffalo and other related animals such as horse (order Perisodactyla),
rabbits (order Lagomorpha), pigs, cattle, goat, and sheep (order Artiodactyla) revealed that with

respect to the genetic distance coefficient (GDC), goat (caprine) was closer to buffalo (GDC =
229
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0.0005) than sheep (ovine) (GDC = 0.0007). The genetic distance between horse and buffalo
was calculated to be 0.4085, indicating that compared to other animals, horse was distantly
related to buffalo. The understanding of overall allelic variations and breed affiliation of the
bubaline genome will contribute to the propagation and conservation of the desired germplasm
and better management of this species.

Mattallil and Ali, (1999), studied the distribution and evolutionary pattern of the conserved
microsatellite repeat sequences (CA),, (TGG)s, and (GGAT), were studied to determine the
divergence time and phylogenetic position of the water buffalo, us bubalis. The mean
allelic frequencies of these repeat loci showed a high level heterozygosity among the

frequencies of these microsatellites were used to positio

tree. The tree topology revealed a closer proximity

(sheep) genome than to other domestic species. T

buffalo genome relative to cattle, goat, sheep, pi

94, 20.3, and 408 million years, respectively. Al

biochemical similarities with cattle, their study Ilite sequences placed the
ts also suggested that with
on ancestry with sheep and

ajo populations of northern India, the
heterologous (bovine) microsatellite

genetic variability existing between Bhadawari and Tarai
timates for population differentiation indicated low levels of
0 populations. This was further supported by the low genetic

genetic distance . The present study on Bhadawari and Tarai populations represents a
much-needed prelyfiinary effort that could be extended to other local buffalo populations of
India as well.

Vijh et al (2005) the blood samples from 104 individuals were collected from unrelated
animals belonging to three buffalo populations. The populations were Tarai, Bhadawari and
Local populations of Kerala. The DNA was isolated and microsatellite data on 24 loci was
generated. The data was subjected to analysis for the estimation of genetic distances based on
arithmetic and geometrical considerations viz; Nei's D,, Allele sharing distance Das, Cavalli

Sforza Edward's Chord distance D, Prevosti distance C, and Ronger's distance D;. The
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phylogenetic tree/topology was prepared using both NJ and UPGMA method. The distances
utilized for this purpose were population, as well as inter-individual distance. The genetic
distances were least among Tarai and Bhadawari populations and were closely related and this
may be attributed due to the fact that the two populations are in geographical contiguity.

Vijh et al. (2005) reported on comparative evaluation of three buffalo populations viz;
Bhadawari Tarai and Kerala buffaloes using microsatellite markers. Data generated on 24 loci
from these populations was subjected to analysis for estimation of genetic distances. The genetic
distances calculated were Nei's minimum, Nei's standard, Latter, , Reynolds, distances
(IAM). Genetic distances based on SMM were also calculatedgThese were average squared

breeding tract resulting in increased gene flow.

similar except ASD, which is not the right met

The inter-individual distances were also esti

utilizing UPGMA and NJ methods.

2.11.2 Linkage analysis and gene mapping
Microsatellite marker used for gma

economic important can be used in b

like marker-assisted selection of yo

for making strategy in moving the genes
rosatellite can be also used to study the effects and

nety-nine loci in river buffalo chromosomes, 67 of which
ich are anonymous DNA segments (microsatellites). Sixty-seven

hybrids, 38 were bgsed on polymerase chain reaction (PCR), 11 on isozyme electrophoresis, 10
on restriction endonuclease digestion of DNA, 4 on immunofluorescence, and 4 on
chromosomal identification. A genetic marker or syntenic group has been assigned to each arm
of the five sub-metacentric buffalo chromosomes as well as to the 19 acrocentric autosomes,
and the X and Y chromosomes. These same markers map to the 29 cattle autosomes and the X
and Y chromosomes, and without exception, cattle markers map to the buffalo chromosome or
chromosomal region predicted from chromosome banding similarity.
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VanHoof et al. (1999) used bovine autosomal microsatellite markers for population genetic
studies on African buffalo were investigated. A total of 168 microsatellite markers were tested
for PCR amplification on a test panel of seven African buffalo. Amplification was observed for
139 markers (83%), and 101 markers were studied further with 91 (90%) being polymorphic.
The mean number of alleles per marker was 5-0 (SE = 0-2) and the mean heterozygosity per
marker was 0-61 (SE = 0-03). Considering the overall high level of polymorphism, it was
concluded that most bovine microsatellite markers are applicable in African buffalo (Syncerus
caffer).

Navani, (2000), utilised the one hundred and eight microsa€llite primer pairs, originally
identified for cattle, were evaluated for their applicability i
(75%) amplified discrete products, and of these, 61 pairs (
on a panel of 25 buffaloes. The mean number of alle

genotyping of buffaloes using cattle specific

valuable resource for genome analysis in bubali
Sreekumar et al. (2002), a 4400-bp geno 332-bp truncated cDNA
(Bubalus bubalis) were

gene was assembled from the 5' end
sequence had 98.5% nucleotide iden

9 type Il loci, previously FISH-mapped to goat (63 loci)
s, were fluorescence in situ mapped to river buffalo R-banded
nding the physical map of this species. All mapped loci from 26

of river buffalo at (cattle) chromosomes, confirming the high degree of chromosome
homeologies amon@ bovids. Furthermore, an improved cytogenetic map of the river buffalo
with 293 loci from all 31 bovine syntenic groups is reported.
2.11.3 Individual Identification of Parentage Testing

The detection of the hyper variable sequences, the PCR based microsatellite typing provide
the powerful tool for the identity or paternity testing (Hagelberg et al., 1991). With the selected
microsatellite loci, the multiplex PCR system and electrophoresis in one gel lane, forms a highly
discriminating, extremely powerful for parentage testing (Heyen et al., 1997; Peelman et al.,

1998; Luikat et al., 1999). However, in the case of exclusions based on microsatellite
232
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polymorphism, special attention must be given to whether the offspring and the parent in
question are homozygous for the alleles. In these cases, it cannot be excluded that the non-
paternity / non-maternity would be incorrectly diagnosed, due to the allele non- amplification.
The precision of the allele designation across the gel is sufficient for the five or six loci, thus
allowing the comparison between the newly analyzed and the stored samples. The
microsatellites have been successfully and extensively employed for the parentage testing and
individual identification and for breed allocation etc., in various domestic animals.

Tonhati et al. (2000) investigated genetic trends of some produ and reproductive traits
in a herd of Murrah buffalo raised in Sao Paulo, Brazil. lance components for milk
production (MP), length of lactation (LL), calving interval
were estimated by the restricted maximum likelihood met
heritability values were 0.38; 0.01; 0.10 and 0.20 f

of predicted breeding values for cows; dams an

correlations were presented.
iseases (Weiss Enbach et
n and ecological studies.

dispersal and migration related isSYg8
Caulson et al., 1998; Ciofi and Bruf

eterozygotes may be misclassified as homozygotes when
ation in the primer annealing sites. This can lead to serious
osity, compared with that expected on the basis of Hardy

two different all y’one allele fails to amplify due to primer annealing difficulties then the
phenotype will app€ar as a single banded homozygote. This problem may be overcome by
designing new primers but it a very tedious task. The use of homologous primers reduces the
occurrence of null alleles but Callen et al. (1993) identified null alleles using homologous
primers.

2.12.2 Slippage
Problem associated with the PCR process itself; Taq polymerase generates slippage during

PCR and the tendency of Taq polymerase to add an additional dATP to PCR products can
233
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sometimes make allele scoring problematic (Ginot et al. 1996, Gill et al., 1997). The activity of
the Tag DNA polymerase used in the PCR. During PCR amplification, the thermo-polymerase
tends to ‘slip leading to production of differently sized products. These are less intense and also
referred to as shadow bands. Further the Tag polymerase has a tendency to add an additional
ATP at the 3’ end of the amplified PCR products. This can also lead to difficulties in scoring
bands.
2.12.3 Homoplasy

Homoplasy can be defined as the co-occurrence of alleles tha identical by descent. If
two alleles are inherited without any mutation from the same ang€stral allele they are identical
by descent. But two alleles may have the same structure an
not have been inherited from the same ancestral allele
Homoplasy, therefore, helps in estimating the a
Homoplasy due to different forward and back
divergence. The two fragments of the same |
sequence introducing the possibility of size ho
homoplasy, but SMM and TPM can generate size
2.12.4 Linkage Disequilibrium

Linkage disequilibrium is the
chromosome. This may be caused b

¥ping purpdses. The non-random association between
of chromosomal segments remaining intact in a

te scoring of polymorphisms, underlying mutation model
wise mutation model) largely unknown and high development

characterizing m llites in new taxanomic groups. This problem is partially alleviated,
however, by the cgitinuing popularity of microsatellites in genetic mapping. Another practical
long-term difficulty with microsatellite markers is the requirement of determining fragment
lengths, which would seem to complicate automation. Ultimately the future may belong to
markers amenable to yes/no tests which can be set up on dense chips, as for example single
nucleotide polymorphism (SNP). In contrast with their importance in intraspecific studies,
microsatellites have yet to make any real contribution to phylogeny reconstruction. Although it
is not yet entirely clear why microsatellites have not been more successful in reconstructing

phylogenies, part of the difficulty certainly stems from restrictions to divergence imposed by
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range constraints, irregularities and asymmetries in the mutation process, and the degradation of
microsatellites over time.

Conclusively, the microsatellites are the genetic markers that can be useful in addressing the
questions at a variety of scales. Most specially, this genetic tool can help in solving the
problems ranging from the individual specific, such as the questions of relatedness and
parentage, the genetic structure of populations, the comparison among
breeds/populations/species to the linkage analysis and gene mapping. Further it has several
technical and analytical advantages that make it superior to the gen arkers whose domains
are far smaller. Thus, microsatellites are markers of the choice fogihe genome analysis studies.

3. MATERIALS AND METHODS

3.1 MATERIAL REQUIRED
3.1.1 Chemicals

Ammonium Chloride (1M), Potassium bic oM), Sodium (1M),
Tris-Cl (1M) pH 8.0, Proteinase K, SDS (20%), P ris equili@ated) pH 8.0, Chloroform,
Isoamyl alchohol, Sodium acetate (3M) pH 5.2, Chilled absolute E#hanol, T.E. buffer (pH 8.0),
70% Ethanol, Taq Polymerase En i €S, PCR Buffer, Primers, Liz-
standard, Sequencing Buffer, POP4 ide. Al reagents used in the study were

of molecular biology grade.
3.1.2 Equipments
Refrigerated Ce i Rotar Plate Centrifuge (Sigma 4-15), Thermocycler
Centrifuge (Sigma 4-15), pH Meter (Thermo-

each breed were ceflected at random from field conditions from the breeding tract for these
populations (fig. 8 and 9). 10 ml of whole blood was collected aseptically from juglar vein of
each animal using heparinised vacutainer tubes and transported to laboratory at 0-5°C.
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3.2.2 DNA lIsolation

For isolation of DNA from collected sample, the blood was transferred to autoclaved
Oakridge centrifuged tubes. The RBCs were lysed with lysis buffer (Ammonium chloride 155
mM, Potassium bicarbonate 10 mM and EDTA 0.1 mM). In all the blood samples, double
amount of lysis buffer was added. The samples were then mixed gently and kept in ice for 10
minutes. The tubes were centrifuged at 12,000 rpm for 10 minutes at 4°C in the refrigerated
centrifuge. The supernatant was carefully decanted and the pallet was redissolved in lysis buffer
and washed three times as described above or until white pallet was \ned.

The white pellet was resuspended in 10 ml digestion buffer g&odium_chloride 75mM, Tris-

After incubation, digested solution was obtained to

phenol (pH 8.0) was added, mixed gently by

minutes and centrifuge at 12,000 rpm for 10 mi

phase and organic phase were separated. The D

the protein was retained at the interphase. The s transferred carefully by
Pasture pipette to another Oakridge tube without disturbing the @hterphase. To the aqueous

moving the tubes gently in ‘8’ fashid
organic phase. Again the aqueous

(24:1). The solution ' ifugation at 12,000 rpm for 10 minutes at 25°C and
aqueous phase w @ glass culture tubes. The DNA was precipitated by

lated DNA
into eppendrof tubes washed twice with 70% ethanol to remove

ul Tris EDTA bu ris 10mM, EDTA 10mM, pH 8.0) and kept out eppendrof tubes at 65°C
for 1 hour. The stogk DNA was stored at —20°C.

3.2.4 Estimation of DNA quantity and purity

DNA quantification can be done using spectrophotometric measurement of UV absorption
at wavelengths 230, 260 and 280 nm. Measures of DNA purity can be determined by the
Aos0:Azgo and Aggo:Aosp ratios. These ratios provide indications of protein, and polyphenol and
carbohydrate contamination, respectively (Manning, 1991). The DNA should show a clear
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absorbance peak at 260 nm. The Ay Value provides a measure of concentration (roughly 1.0
reading at Aggo is equivalent to 50 mg per ml). A pure DNA solution has an Azso:Azgo ratio of
1.8+£0.1.

The concentration of unknown double stranded DNA samples was estimated using the
formula:

OD 260 X dil. Factor X 50 pg/ml
DNA concentration (ug/pl) = ----======mmmmmmmmmm oo
1000

extracts are loaded [e.g. 6 pl of DNA mix (1 pl
dye)] alongside a range [7 pl each of 5, 10,
standards. High molecular weight DNA appear
DNA bands whilst the smearing below the band

Sed on th€ fact that DNA is negatively charged at
or this region, when an electrical potential is placed

Ethidium bromide was added to the warm solution and cooling the solution about 50°C.
[Ethidium bromide is intercalating dye and carcinogenic, handle this gel only while wearing
gloves].
3.3.2 Casting the gel
After cooling the solution it was poured into a casting tray containing a sample comb and
allowed to solidify at room temperature. The gel was 3-5 mm thick. There was no air bubbles
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under or between the teeth of comb. In case, if bubbles form, they can be removed by pocking
them with the pointed end of pipette tips before the gel has set. After the gel has solidified, the
comb was removed carefully by wriggling back and forth gently and then lifting up carefully,
not rip the bottom of the well.
3.3.3 Preparing the sample

While the gel was cooling, prepared the DNA sample by adding 5 ul of tracking dye to 1 ul
of each DNA sample. The tracking dye contains Bromophenol Blue and Xylene cynol FF and

Bromophenol Blue migrated through agarose gel approxdm
cynol FF dye, independent to agarose gel concentratio
3.3.4 Loading and running the gel
The gel on the tray, inserted horizontally in
top of the gel with fresh running buffer (1X
Sucked the solution (DNA sample with dye) into e tip in the top of the well
and gently expelled the solution into the well. The lid and powg¥ leads were placed on the
apparatus, 40-80 V current is applié
coming off from the electrodes. Ru
was migrated the appropriate distance
3.3.5 Visualization Of

, Is the major scientific development of the last quarter

s “molecular photocopying”, that can characterize, analyze, and

f DNA or RNA. Polymerase chain reaction is an in vitro method

for analyzing hoed sequence of DNA. Kary Mullis, while working Cetus Corporation,

California invent in 1985 for which he was awarded the Nobel Prize in chemistry in
1993.

There are three major steps in PCR, were carried out in the same vial but at different
temperatures and are repeated for 30 cycles. This was done on an automated thermocycler,
which automatically heated and cooled the tubes with the reaction mixture in a very short time.
Denaturation at 94°C: During the denaturation, the first part of the process, the double strand
melted, open to single stranded DNA, all enzymatic reactions stop (e.g., the extension from a
previous cycle).
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Annealing at 55-60°C: The primers were jiggling around, caused by the Brownian motion.
lonic bonds were constantly formed and broken between the single stranded primer and the
single stranded template. The polymerase enzyme attached on double stranded DNA (template
and primer) and started copying the template. The vial is cooled to 55-60°C. At this temperature,
the primers bind or "anneal” to the end of the DNA strands.
Extension at 72°C: This was the ideal working temperature for the polymerase. Primers that
were on positions with no exact match get loose (because of the higher temperature) and didn't
give an extension of the fragment.
3.4.1 Criteria For Selection of Primers
The primers were selected on the basis of recommendatio

of Food and Agriculture Organization (Barker, 1995).
microsatellite loci for biodiversity analysis were:

. The followed Mendalian heritance.

. They were polymorphic in nature with mini

. The microsatellite loci information is availa

. They are suitable for cross amplification amo

. They should be at linkage equilibrium.

. They should be representative ofgadiole genome.

Primer Repeats Accession
Number
ILSTS87 0 (CA)14 L37279

ILSTS59 @T)a i 37266

(CA) L37222

CSSM29 (AC)15 U03807

ILSTS11 (CA)u i L23485

BM1818 | F- AgCTgggAATATAACCAAAQY (TQ)ws G18391
R- AgTgCTTTCAAggTCCATQC

ILSTS72 | F- ATJAATgTgAAAGCCAAgQY (CA)1s L37272
R- CTTCCgTAAATAATTgTggg

ILSTS49 | F- CAATTTTCTTgTCTCTCCCC (CA)s L37261
R- gCTgAATCTTgTCAAACAgY

ILSTS05 | F- GgAAGCAATGAAATCTATAQCC (T9)s i 23481
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R- TQTTCTgTgAgTTTgTAAQC

ILSTS58

F- GCCTTACTACCATTTCCAgC
R- CATCCTgACTTTggCTgTgg

(9T)1s

L37225

CSSM43

F- AAAACTCTgggAACTTGAAAAACTA
R- gTTACAAATTTAAGAGACAQGAGTT

(CA)1o

u03824

CSSM45

F- TAgAggCACAAGCAAACCTAACAC
R- TTggAAAGATGCAGTAGAACTCAT

(CA)4

NW_381320

Table-1b: List of Cattle Primers Screened in Buffalo Breeds:

Primer

Sequences

R

CSSM47

F- TCTCTgTCTCTATCACTATATQYC
R- CTgggCACCTgAAACTATCATCAT

ILSTS30

F- CTgCAgQTTCTgCATATgTgg
R- CTTAgQACAACAQgggTTTgg

CSSMO08

F-CTTggTgTTACTAgCCCTggg
R- gATATATTTgCCAgAgATTCTgCA

NW_375905

CSSM33

CSRM60

U03805

AF232758

ETH152

714040

CSSM19

AF232761

CSSMO06

u03787

L37252

CSSM57

CCTTgTAATCT
CAATTTAAAQT

u03840

ILSTS38

L37256

3.4.2 Taqg DNA Polymerase

Taq DNA polymerase is obtained from the thermophilic archaea family bacteria Thermus

aquaticus. It possesses a 5°— 3 polymerase activity and a double strand specific 5°— 3
exonuclease activity.

3.4.3 PCR Buffer
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PCR Buffer (Sigma) contains Tris—Cl (100 mM, pH 8.3 at 25°C), KCI (500 mM), MgCl, (15
mM), gelatin (0.01%). It supports the activity of Tag polymerase.
3.4.4 Magnesium Chloride concentration

Magnesium concentration is a crucial factor affecting the performance of Tag DNA
polymerase. Reaction components, including template DNA, chelating agents present in the
sample (e.g., EDTA), dNTPs can affect the amount of free magnesium. In the absence of
adequate free magnesium, Taq DNA polymerase is inactive. Conversely, excess free
magnesium reduces enzyme fidelity and may increase the level g specific amplification.
The optimal MgCl, concentration is use for each reaction.

3.5 PRE-PCR PREPARATION

The PCR was performed under standard conditiog as descr Kaul et al@2001. The
genomic DNA was diluted so as to contain about 5
3.5.1 Cocktail Preparation
Table 2: The cocktail for PCR one reaction (
Volume
10X PCR Buffer 1.5l
DNTPs
Primer (Forward)
Primer (Reverse)
Taq Polymerase

ic conditions, the PCR machine is programmed at:

Steps Temperature Time Number of
cycle
Step- 1 | Initial Denaturation 95°C 5 minutes 1 cycle
Step- 2 | Denaturation 94°C 45 seconds
Step-3 | Annealing 55°C (or 45 seconds 30cycles
standardized)
Step- 4 | Polymerization 72°C 45 seconds
Step-5 | Final Extension 72°C 5 minutes 1 cycle
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Step- 6 | Final Temperature Until removed from PCR
machine

3.6 AGAROSE GEL ELECTROPHORESIS OF PCR AMPLIFIED DNA

After completion of the PCR programme, the products were checked on 2% agarose gel for
the amplification. Before loading into the well, gel-loading dye (xylene cynol FF, bromophenol
blue in glycerol) was added to the sample and the samples were run under constant voltage
conditions (80 V) till the two dyes were separated. Amplified prod eared as sharp orange
color bands under UV Transilluminator due to the intercalation o idium bromide.
3.7POST PCR MULTIPLEXING
3.7.1 Pooling Ratios

PCR products of different sizes and dyes weregpooled
maximizing the throughput. It was important to po
in order to get similar florescent intensities acr uorescent dyes
were detected with different efficiencies. The each dye-labeled
added with respect to the other products in the p
detection of all the loci.

Dilution series was carried 0
fluorescent intensity, which gives c
allowed for accurate allele calling.
different dyes.

After determining [ inggfatio and dflution ratio for a set of primers, the same

5, as PCR yields were fairly consistent. In a pool the

poviding16 single dard labeled fragments of 35, 50, 75, 100, 139, 150, 160, 200, 250, 300,
340, 350, 400, 45Q#490, and 500 bases. Each of the DNA fragments labeled with a proprietary
fluorophore, which results in a single peak when run under denaturing condition. Internal lane
size standard was run with every sample for accurate sizing. The genotyping reaction
components were:

Pooled PCR Product -1 pl
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Hi-Di Foramide - 875 ul
Liz Size standard - 0.25 pl

3.8 DENATURATION
The above components were mixed well and denatured at 95°C for 5 minutes. The 96 well
plate was loaded in Automated DNA sequencer for genotyping.

3.9 GENOTYPING
Automated DNA Sequencer- ABI 3100 Avant, which w.

was rapid, high resolution separation of DN
Optimized Polymer) was used for sizing and se
prepared and size standard was added to Auto

and 12).

3.11 STATIS
The data‘gen
i lite data

s carried out using POPGENE software (Yeh et al., 1999). The
calculated using the following formulae given by Nei (1978).
3.11.1 Allele
Alleles are a s ternative forms of the same gene occupying the same relative position or
locus on homologg#s chromosomes. Allele number is the total number of alleles for a given
marker/locus in a population, which is counted with a non-zero frequency. The allele number for
each locus can be determined manually from the silver stained gels/autoradiograms.
3.11.2 Allele Frequency/Gene Frequency
The frequency of an allele ‘A’ is the number of ‘A’ alleles in the population divided by the
total number of allele/genes. It gives the indication of the most or least prevalent alleles in the
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population. The allele frequency is affected over time by force such as genetic drift, mutation
and migration.
3.11.3 Effective Allele Number (Kimura & Crow, 1964)
The effective number of alleles (n) is the reciprocal of the sum of the square of allele
frequencies.
ne=1/%P{

where P; is the frequency of the i allele.
3.11.4 Heterozygosity
Heterozygosity is the state of possessing different allele
character. It is a measure of heterozygotes or genic vari
heterozygosity at a locus is given by the formula:
H=1
where, ¥ stands for summation over all alleles (€1, 1978) and P; is the
at a locus in a population. The average heterozyg@si is defjred as the mean of H
overall structural loci in the genome.

However, the unbiased estimate
sample size.

Content a measure of informativeness of marker and the PIC
ated according to Botstein et al. (1980) using the given formula:

n n-1 n

PIC=1-(ZP?)-2 X 2P P}

i=1 izl j=i+l

P; is the frequency of the i™ allele at a locus in a population. P; is the frequency of the j"
allele at a locus in a population.
3.11.6 Hardy Weinberg Equilibrium

The Hardy Weinberg equilibrium was tested using XZ and G? statistics.
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E

where, O is observed heterozygosity and E is expected heterozygosity.
The log likelihood ratio was calculated as

G? = 2x O xIn (O/E)

3.11.7 F-statistic
F-statistics can be thought of as a measure of the ¢
are related to inbreeding coefficients. An inbreegs

inbreeding-like effects within subpopulations,
entire population. Fr these can also be classified PM based estimators of F-
ision are the F-statistics
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for k subpopulations.

Population substructure will also lead to inbreeding-like effects, i.e. a reduction in observed
heterozygosity when compared to expected. This effect is known as Wahlunds' effect. This
relationship shows that as allele frequencies in two subpopulations deviate, the average expected
heterozygosity in those populations will always be less than that expected from the pooled allele
frequencies. Hy an among subpopulations F-statistic can be estimated from this ratio.

Hr— H
E‘S’T:%:

easuwés of average sum of squares of the difference in allele size
scent theory it can be shown that Fsr is related to the average

where £ is the average time to coalescence of any two randomly chosen alleles from the entire
population, and ty is the average time to coalescence of any two randomly chosen alleles drawn
from the same subpopulation (Slatkin 1991). In two populations with divergent alleles, the
average time to a common ancestor for any two alleles in a subpopulation is going to be less
than the average time to coalescence of any 2 alleles drawn from the entire population. Based on

248

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING



http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html
http://helix.biology.mcmaster.ca/brent/node11.html

International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

this relationship, Slatkin (1995) developed an estimation of Fsr that would incorporate the
mutational history contained within the alleles under the SMM, Rsr.

2utos’m and that the E (S) = 2ute®m. Thus,

[g) —E[Sw) B I—1 ’
E(8) i

3.11.8 Number of Migrants

The number of migrants were estimated usin

FST = 0.25(1-F3T)/F3T

3.11.9 Genetic Distance

The most commonly used dista
genetic distance Ds is calculated from

Dg=—1

where | is a measure Q etic identity.

tree utilizing N urdoining (NJ) and UPGMA algorithm.

3.12 TESTIN BUFFALO POPULATIONS FOR MUTATION DRIFT
EQUILIBRIUM
3.12.1 Qualitative Method
The method is graphical representation of the genetic bottleneck. The data of allele
frequency was classified into 10 allelic frequency classes and then plotting a frequency
histogram. The 10 allelic frequency classes were 0.001-0.100, 0.101-0.200, ........... 0.901-1.00.
The low frequency allelic classes were 0.001- 0.100 and high frequency allelic classes were
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0.901-1.000 the rest were termed as intermediate classes. The above classification system was
arbitrary but suited graphical qualitative assessment of allele frequency distributions. The
classification of the data in large number of allelic classes might have defied the very purpose of
meaningful assessment of the distribution of allele frequencies. This graphical method
concludes that a population has been recently bottlenecked if fewer alleles are found in low
frequency class than in one or more intermediate frequency classes.
3.12.2 Quantitative Methods

The population bottlenecks induce a transient excess of heteroz ity. Any population, that
has experienced a recent bottleneck, will show higher thag#the expected (equilibrium)
heterozygosity for a large majority of loci. A simple test for shall be f@bserved - expected)
heterozygosity across all loci in a population sample.

Consequently the parameter 6 is known, since & range of values of patible with the
observed number of alleles. All the three mod f mi volu i.e Infinite Allele
Model. (IAM), Stepwise Mutation Model (SMM

properties and thus different solutions were applied to the three mo

at mutation - drift-equilibrium (with edge lengths
mutation at one time was added till such time there

ot however be applied to the SMM, because the number of alleles
ain unchanged when adding a new mutation. Therefore the

The iterations which lead to the observed number of alleles were considered (the number K,
actually observed in the sample) and

For each iteration the value of 0 was taken at random following a probability distribution
defined according to the Bayesian approach. Assuming a uniform prior distribution of 6, the
condition k= Ky is accounted for by considering a posterior distribution of © proportional to
the probability of getting ko alleles given 0. This was achieved by simulating the coalescent
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process of a sample of n genes using a set of values of 6 and counting for each 6, the
proportion of iteration in which k = k.
The various steps performed were as follows:

(a) Extremes of the distribution of the likelihood of 6 given ko and n, starting with Omin = 107, 200
iterations were performed. If none of them produced the correct number of alleles, a new Opin.
is taken by multiplying the previous by 10. This process is repeated. till at least one (iteration
out of 200) produced the observed number of alleles. The final m is taken as the last

speed of execution.
For each of the 12 6’s, the proportion of iterati
exact K, alleles, was computed.
After these three steps the coalescent proce ing atAandom one of the 12
puted in the last step (c)

alleles observed were
(1987) for each locusf

binomial distribution of parameters 23 loci (L) and Y2 (12).

In a finite sample, heterozygosity can have only a finite number of values and its probability
distribution shall be discrete and asymmetric. Consequently for any locus there is a specific
probability (slightly different from 0.5) of heterozygosity excess. This probability can however,
be computed if we know the theoretical distribution of the heterozygosity in a sample of n
individuals assuming mutation drift equilibrium. This distribution was established using 1000

251

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

simulations under all the possible models [Infinite Allele Model (IAM), Stepwise Mutation
Model (SMM) and Two Phase Model (TPM)].

The probability Pri_ (1) of having | loci among L, for which there is a heterozygosity excess,
utilizing usual rationale in which the drawing of additional locus is considered as a Markovian
process in which states are the number of loci showing an heterozygosity excess (0,1,2.....L).
Starting with zero loci and a probability distribution Pr, (1) equal to (1,0,0.....0) the recurrence
relationship was estimated form=1to L.

Pro [l 1= [(2-pim) Prm-1(l )] + [Pim Prm1
where, plm is the probability of heterozygosity excess at locus m

heterozygosity excess and a recent genetic bot
observed (H,) and the expected heterozygosity.
3.12.4 Standardized Differences Test

The sign-test does not tak&mi
excess/deficiency. Under the null het
expectation equal to zero for all loci.

L £ [Al Vo]
| =1

were larger than o
3.12.5 Wilcoxon
A Wilcoxon sign Rank (Luikart, 1997) for the median difference in this type of paired data
to be zero consists of sorting the ranks to the absolute values (rank 1 to the smallest, rank 2 to
the next smallest and so on) and then finding the sum of the ranks of the positive differences. If
the null hypothesis is true, the sum of the ranks of positive differences should be about the same
as the sum of the ranks of negative differences. The probabilities values P value of the test can
be estimated. Here the empirical values for each of the locus were having a comparable value
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found from the distribution of heterozygosity under the null hypothesis. The Wilcoxon rank test
is more powerful than the previous two tests i.e; Sign Rank test and standardised differences
test.
If n (>8), Z. than the distribution is approximately normal and the mean and variance were
calculated as:
n (n+1)

4

n (n+1) (2

Sum of Z values = Ziny+ 2L

different from th range available for cattle. The loci were amplified and scored for
understanding the Vel of polymorphism in buffalo and to estimate gene and genetic diversity
among Marathwada and Surti buffaloes.

4.1 NUMBER OF ALLELES AND ALLELE FREQUENCY

The amplified PCR products were sized using Avant 3100 Automated DNA Sequencer
with Liz 500 was taken as internal size standard. The sizing of the alleles was extrapolated
from the regression curve drawn using Liz squares and genetic algorithm using Gene Mapper

software (V-3.0). Since most of the loci taken in the study were dinucleotide in nature, the
253
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mutation rate is relatively of higher magnitude compared to tri and tetra nucleotide repeats.
The accession number, repeat and product range of each locus is given in table no. 4. The
details of the parameters for the loci are given locus wise.

QY*
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Table No.4a: Standarised PCR conditions, repeats, allelic range and primer sequence is label for
each microsatellite loci used in the present study.

Sequences Dye | Repeat | A.T. MgCl | Primer Cycle
Lab S 2
el Conc.
ILSTS8 | F- AgCAgACATgATgACTCAQC | Ned | (CA)w 1.5 Step 1 (1x) - 95- 5
7 R-CTgCCTCTTTTCTTgAgAgC mM | Step 2 (30x)- 95- 45>
55- 45
72- 45>
Step 3 (1x) -72-5°
Stgp 4 -10- o
ILSTSS | F- i . 1(1x) -95-5°
9 AgTATggTAAggCCAAAQYY 2 (30x)- 95- 45
R- 55-45”
CgACTTgTgTTgTTCAAAQC 72- 45>
Step 3 (1x) -72-5°
Step 4 -10-
ILSTS5 | F- . Step 1 (1x) - 95- 5
2 CTgTCCTTTAAgAACAAAC Step 2 (30x)- 95- 45’
C 55- 45
R- 72- 45>
TgCAACTTAggCTATTgACY Step 3 (1x) -72-5°
Step 4 -10- 0
F- . Step 1 (1x) - 95- 5
TCTCCATTATQCACAT. Step 2 (30x)- 95- 45’
60- 45
72- 45
Step 3 (1x) -72-5°
Step 4 -10- 0
ILSTS1 i : Step 1 (1x) -95-5°
1 Step 2 (30x)- 95- 45’
58- 45
72- 45>
Step 3 (1x) -72-5°
Step 4 -10-
PCR conditions, repeats, allelic range and primer sequence is label for each
microsatellite loci used In the present study.

Sequences Dye | Repeat .T. Allele MgCl, | Primer Cycle

Lab S size Conc.

el

BM1818 F- Pet (T9)1s 226- 1.5mM | Step 1 (1x) -95- 5

AgCTgggAATATAACCAAAQg 288 Step 2 (30x)- 95- 45"’

R- 58- 45
255
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AgTgCTTTCAAggTCCATGC

72-45”
Step 3 (1x) -72-5°
Step 4 -10-

ILSTS72

F-
ATgAATgTgAAAgCCAAgag
R-

CTTCCgTAAATAATTQTggg

L37272

ILSTS49

F_
CAATTTTCTTgTCTCTCCCC
R_
gCTgAATCTTgTCAAACAQY

Step 1 (1x) -95-5°
Step 2 (30x)- 95- 45”°
55- 45
72-45”
Step 3 (1x) -72- 5’
Step 4 -10-

Step 1 (1x) -95-5
Step 2 (30x)- 95- 45’
55- 45’
72- 45>

-72-5

-10-©

ILSTSO05

F_
GgAAgQCAATgAAATCTATAg
CcC

R- TgTTCTgTgAgTTTgTAAQC

ILSTS58

F-
GCCTTACTACCATTTCCAgC
R- CATCCTgACTTTggCTgTgg

Step 1 (1x) -95-5°
Step 2 (30x)- 95- 45
55- 45
72- 45>
Step 3 (1x) -72-5°
Step 4 -10- 0

L37225

Step 1 (1x) - 95-5°
Step 2 (30x)- 95- 45’
55- 45
72- 45>
Step 3 (1x) -72-5°
Step 4 -10-

lelic range

and primer sequence is label for each

Repea
ts

MgCl,
Conc.

Primer Cycle

CSSM43

gTTACAAATTTAAGAGACAQAGTT

Step 1 (1x) - 95-5°
Step 2 (30x)- 95- 45
55- 45>
72- 45>
Step 3 (1x) - 72-5°
Step 4 -10-

CSSM45

F-
TAgAggCACAAJCAAACCTAACAC
R-
TTggAAAgATYCAgTAGAACTCAT

Step 1 (1x) - 95-5°

Step 2 (30x)- 95- 45"’
58- 45
72- 45>

Step 3 (1x) - 72-5°
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Step 4 -10- ©
CSSM47 | F- Step 1 (1x) - 95-5
TCTCTgTCTCTATCACTATATggC Step 2 (30x)- 95- 45>
R- 55- 45>
CTgggCACCTgAAACTATCATCAT 72-45”
Step 3 (1x) -72-5°
Step 4 -10- 0
ILSTS30 | F- CTgCAgTTCTgCATATgTgg i L37212 Step 1 (1x) - 95-5
R- CTTAgQACAACAQQggTTTgg Step 2 (30x)- 95- 45"’
55- 45>
72- 45>
Step 3 (1x) - 72-5°
-10-©

CSSM08 | F- CTTggTgTTACTAgCCCTggg (TQ)1s
R- Step 2 (30x)- 95- 45’
gATATATTTgCCAgAgATTCTgCA 55- 45"

72- 45>
Step 3 (1x) -72-5°
Step 4 -10-
Table No.4d: Standarised PCR conditions, repeats, allelic range and pri sequence is label for each
microsatellite loci used in ;

Sequences MgCl, | Primer Cycle

Conc.

CSSM33 | F- ] 1.5mM | Step 1 (1x) - 95-5°
Step 2 (30x)- 95- 45"’
58- 45
72-45”
Step 3 (1x) -72-5°
Step 4 -10- 0
CSRM60 i Step 1 (1x) - 95-5°
Step 2 (30x)- 95- 45
60- 45>
72- 45>
AggACCAgATCyg Step 3 (1x) -72-5°
Ag Step 4 -10-
ETH152 | F- ’ 714040 Step 1 (1x) - 95-5°
TACTCgTAgggCAggCTgCCTg Step 2 (30x)- 95- 45"’
R- 60- 45>
gAgACCTCAQggTTggTgATCA 72- 45>
g Step 3 (1x) - 72-5°
Step 4 -10-
CSSM19 | F- i Step 1 (1x) - 95-5°
TTgTCAgCAACTTCTTYTATC Step 2 (30x)- 95- 45’
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TTT 55-45”
R- 72-45”
TgTTTTAAgCCACCCAATTAT Step 3 (1x) -72-5°
TTg Step 4 -10- 0
CSSM06 | F- i Step 1 (1x) - 95-5°
AQCTTCTgACCTTTAAAGAAA Step 2 (30x)- 95- 45’
ATg 55- 45>
R- 72- 45>
AgQCTTATAQATTTgCACAAQT Step 3 (1x) -72-5°
gCC Step 4 -10- 0

Table No.4e: Standarised PCR conditions, repeats, allelic range i is label for each
microsatellite loci used in the present study.

Sequences Dye | Repeat .T. Primer Cycle
Lab S
el
ILSTS29 | F- TgTTTTgATggAACACAQGCC | Ned | (AC)y / Step 1 (1x) - 95- 5’
R- TQgATTTAgACCAgggTTgg Step 2 (30x)- 95- 45’
60- 45>
72- 45>
Step 3 (1x) -72-5°
Step 4 -10-
CSSM57 | F- Step 1 (1x) -95- 5’
TgTggTgTTTAACCCTTg Step 2 (30x)- 95- 45’
60- 45>
72- 45>
Step 3 (1x) - 72-5°
Step 4 -10-
ILSTS38 Step 1 (1x) - 95-5°
Step 2 (30x)- 95- 45’
55- 45
72- 45>
Step 3 (1x) - 72-5°
Step 4 -10- 0
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CSSMO06

A total of 13 alleles were obtained for this locus. The size range varied from 187-221. The
allelic frequencies in the two populations have been depicted in figure 13a. The Marathwada
population had 3 alleles specific to it. These were of product size 187, 199 and 209. The Surti
population also had 3 alleles private to it. They were of size 213, 217 and 221.
CSSM19

A total of 6 alleles were obtained in the study. The size range varied from 125-145. The
allelic frequencies in the two populations have been exhibited in fi 3a. The Marathwada
and Surti population had no private alleles.
CSSM57

A total of 11 alleles were obtained for this locus. The s#
allelic frequencies in the two populations have been d
population had 2 alleles specific to it. These we
population however, had 3 alleles private to th
138.
ILSTS 38

population had 3 alleles specific to i
population had no private alleles.
ILSTS29

A total of 7 allele

tained for this locus. The size range varied from 144-166. The
opulations have been depicted in figure 13a. The Marathwada
lele. The Surti population also had 2 alleles private to it. They
were of size 144 . Rest of the 4 alleles occurred in both the populations.
ETH152
A total of 9 alleles were obtained in the study. The size range varied from 190-216. The
allelic frequencies in the two populations have been exhibited in figure 13a. The Marathwada
population had 2 alleles specific to it. These were of product size 208 and 214. The Surti
population however, had no alleles private.
CSSM47
A total of 17 alleles were obtained for this locus. The size range varied from 126-164. The

allelic frequencies in the two populations have been depicted in figure 13a. The Marathwada
259
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population had 4 alleles specific to the population. These were of product size 132, 148, 156
and 160. The Surti population also had 4 alleles private to it. They were of size 128, 144, 154
and 158. Rest of the 9 alleles occurred in both the populations.
CSSM33

A total of 10 alleles were obtained in the study. The size range varied from 150-176. The
allelic frequencies in the two populations have been presented in figure 13b. The Marathwada
population had 1 private allele with the product size166. The Surti population also had 3
alleles private to the population. They were of size 150, 160 and 17
CSSMO08

A total of 6 alleles were obtained for this locus. The size

CSRM60
A total of 12 alleles were obtained for this |
e 13b. The Marathwada
roduct size 94, 104 and
136. The Surti population also had Jya
CSSM43

CSSM45
A total

. These were of product size 126, 128 and 130. The Surti
ivate with the product size 100. Rest of the 6 alleles occurred in

ILSTS05

A total of 6 & ere obtained for this locus. The size range varied from 165-197. The
allelic frequencies J the two populations have been presented in figure 13b. The Marathwada
population had 2 alleles specific to it. These were of product size 165 and 181. The Surti
population also had 1 allele private with the product size 197.
ILSTS49

A total of 6 alleles were obtained in the study. The size range varied from 136-198. The
allelic frequencies in the two populations have been depicted in figure 13b. The Marathwada
population had 1 allele specific to it with the product size 140. The Surti population also had 3

alleles private to the population. They were of size 160, 188 and 198.
260
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ILSTS58

A total of 15 alleles were obtained for this locus. The size range varied from 114-146. The
allelic frequencies in the two populations have been deducted in figure 13b. The Marathwada
population had 3 alleles specific to it. These were of product size 144, 118 and 120. The Surti
population also had 3 alleles private to it. They were of size 124, 126 and 132. Rest of the 9
alleles occurred in both the populations.
ILSTS72

A total of 4 alleles were obtained for this locus. The size range d from 137-149. The
allelic frequencies in the two populations have been shown in g#gure 13c. The Marathwada
population had 1 allele specific to the population. The p
population also had 1 private allele with the product sizel
BM1818

A total of 16 alleles were obtained in the stud

246, 250 and 276. The Surti population howeve
288. Rest of the nine alleles occurred in both the populations.
CSSM29

ILSTS11
A total of

alleles btained for this locus. The size range varied from 138-178. The
allelic freque in the"tWo populations have been shown in figure 13c. The Marathwada
population had specific to the population. The product size was 156. The Surti
population also hadd2 private alleles with sizes 138 and 142.
ILSTS59

A total of 11 alleles were obtained for this locus. The size range varied from 151- 187. The
allelic frequencies in the two populations have been depicted in figure 13c. The Marathwada
population had 4 alleles specific to the population. These were of product sizel51, 155, 183
and 185. The Surti population also had 2 alleles private to it. They were of size 179 and 187.
Rest of the five alleles occurred in both the populations.
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ILSTS87
A total of 4 alleles were obtained for this locus. The size range varied from 102-114. The

allelic frequencies in the two populations have been presented in figure 13c. The Marathwada
population had 2 private alleles with product size 102 and 114. The Surti population also
however, had no private allele to the population.

The relative allele frequencies for the 23 loci in the two populations are exhibited

QY”
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Fig. 5a Locus wise allele frequency distribution in Marathwada and Surti buffaloes.
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4.2 GENIC VARIATION

The genic variation of the two populations Marathwada and Surti are depicted in table no.
5. Number of alleles observed in each of the two populations has also been given in table no. 6
along with the effective number of allele of two populations. It is evident from the table that
the effective number of alleles are almost half of the total number of alleles observed (fig. 14).
This is due to the fact that a large number of alleles are present at very low frequency. The
mean number of alleles (na) over 23 loci were found to be 7.52 while the mean effective
number of alleles (ne) were 3.54 in Marathwada buffaloes and and 3.38 for Surti
buffaloes respectively. The effective numbers of alleles depicigll the number that shall be

number of alleles observed for a specific locus.

Table No. 5: Genic Variation Statis
Locus Sample Size
CSSMO06 176
CSSM19
CSSM57
ILSTS38
ILSTS29

BM1818
CSSM29
ILSTS11
ILSTS52
ILSTS59
ILSTS87
Mean
St. Dev
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* na = Observed number of alleles
* ne = Effective number of alleles [Kimura and Crow (1964)]
* | = Shannon's Information index [Lewontin (1972)]

Table No. 6: Genic Variation of all loci in two buffalo populations

Marathwada Bufffaloes Surti buffaloes

Sample
Locus Size

CSSM06 80
CSSM19 78
CSSM57 78
ILSTS38 74
ILSTS29 80
ILSTS30 78
ETH152 78
CSSM47 76
CSSM33 80
CSSMO08 80
CSRM60 80
CSSM43 78
CSSM45 78
ILSTSO05
ILSTS49
ILSTS58

v

ILSTS52

ILSTS59 9

ILSTS87 4
Mean 7.5217

St. Dev 3.1315

* na = Observed number of alleles
* ne = Effective number of alleles [Kimura and Crow (1964)]
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* | = Shannon's Information index [Lewontin (1972)]

Genic Variation

No. of alleles & Effective No. of alleles

CSSM06
CSSM19
CSSM57
ILSTS38
ILSTS29
ILSTS30
CSsSm47
CSSM33
CSSMo08
CSRM60
CSSM45
ILSTS05
ILSTS49
ILSTS58
ILSTS72

BM1818
CSSM29
ILSTS11
ILSTS52
ILSTS59
ILSTS87

ONo. of alleles B Effective No. of alleles

xx&
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Fig. 6 Graphical representation of number of alleles and effective number of alleles of pooled
data set of Marathwada buffaloes and Surti buffaloes

4.3 HETEROZYGOSITY AND POLYMORPHISM INFORMATION CONTENT
The observed homozygosity and heterozygosity, expected homozygosity and heterozygosity,
average heterozygosity and the PIC are deducted in table no. 7 for p data set of two buffalo
populations. The observed and expected homozygosity and heter@®ygosity are given in table no.

s frequency,
was highest for locus ILSTS58 (0.87) and mini he PIC, which
is estimated from deduction of expected homo i

s of gene diversity. The
| 15). The locus with least

analysis.
The observed and ex and heterdzygosity are given in table no. 9 for Surti
was 96 for Surti population (applied genome). The

0ss homozygosity from 1.0. The PIC gives the information that
in terms of gene diversity. The values are slightly less then the

highest PIC was 8 (0.86). The Nei’s average heterozygosity also given in table no. 9 for
Surti buffaloes. Thg”PIC of these loci is 0.64, which is quit high, and thus reaffirm the utility of
these 23 loci for genetic diversity analysis.

Table No. 7: Heterozygosity estimates for all loci in pooled data set buffaloes as
a measure of variability of microsatellite loci

Locus Sample Size Obs_Hom‘ Obs_Het ‘Exp_Hom*‘ Exp_Het*‘ PIC* ‘ Ave Het ‘
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CSSM06 176 0.3068 . 0.7871 0.7827 0.7648
CSSM19 174 0.4138 . 0.7276 0.7234 0.7191
CSSM57 174 0.4713 . 0.7506 0.7463 0.6935
ILSTS38 170 0.8824 . 0.4966 0.4937 0.4795
ILSTS29 176 0.6705 . 0.4012 0.3989 0.3978
ILSTS30 174 0.2644 . 0.7761 0.7224
ETH152 174 0.3333 . 0.7057 0.6936
CSSM47 172 0.2326 . . 0.817
CSSM33 176 0.4545
CSSMO08 176 0.4001
CSRM60 176 0.2273
CSSM43 174 0.2529
CSSM45 174 0.2529
ILSTSO05 174 0.5287
ILSTS49 172 0.6047
ILSTS58 176 0.1023
ILSTS72 174 0.5517
BM1818 176 0.4886
CSSM29 174 0.4368
ILSTS11 176 0.2955
ILSTS52 174
ILSTS59
ILSTS87

Table No. 8: Differ stimates of heterozygosity in Marathwada buffaloes

Locus Obs_Het | Exp_Hom* | Exp_Het* Avg_Het
CSSMO06 0.7000 0.1769 0.8231 0.7648
CSSM19 0.6154 0.2391 0.7609 0.7191
CSSM57 0.5385 0.2564 0.7436 0.6935
ILSTS38 0.1081 0.5313 0.4687 0.4795
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ILSTS29

80

0.6000

0.4215

0.4163

0.3978

ILSTS30

78

0.4103

0.6860

0.6772

0.7224

ETH152

78

0.3590

0.6970

0.6880

0.6936

CSSM47

76

0.4211

0.7898

0.7794

0.817

CSSM33

80

0.5250

0.4608

0.4550

0.5484

CSSMO08

80

0.3000

0.6582

0.6500

0.6319

CSRM60

80

0.2750

0.7997

CSSM43

78

0.2564

0.7160

CSSM45

78

0.2051

0.7812

ILSTS05

78

0.6410

ILSTS49

76

0.6842

ILSTS58

80

0.1250

ILSTS72

78

0.5385

BM1818

80

0.4000

CSSM29

78

0.1282

ILSTS11

80

0.2250

ILSTS52

80

0.1250

ILSTS59

80

0.3250

ILSTS87

80

0.8250

Mean

79

St. Dev

Locus

Exp_Het*

CSSMO06

0.7243

CSSM19

0.6943

CSSM57

0.6599

ILSTS38

0.5018

ILSTS29

0.3833
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ILSTS30 96 0.1458 . 0.7757 0.7676 0.7224
ETH152 96 0.3125 . 0.7066 0.6992 0.6936
CSsM47 96 0.0833 . 0.8636 0.8546 0.817
CSSM33 96 0.3958 . 0.6485 0.6417 0.5484
CSSM08 96 0.5000 . 0.6202 0.6137 0.6319
CSRM60 96 0.1875 . 0.7691 0.7611 0.7754
CSSM43 96 0.2500 . 0.7482 0.7405 0.7236
CSSM45 96 0.2917 . 0.7197 W22 0.7417
ILSTS05 96 0.4375 . 0.60 0.6Q00 0.5952
ILSTS49 96 0.5417 . 0 0.49 0.3803
ILSTS58 96 0.0833 . 0.8 08618 0.8%08
ILSTS72 96 0.5625 . 0.5467 : 0.4
BM1818 96 0.5625 . . .7601 881
CSSM29 96 0.6875 . : 0.6294
ILSTS11 96 0.3542 . 0.7247
ILSTS52 94 0.2979 . . 0.7648
ILSTS59 96 0.2500 . 0.7802
ILSTS87 94 1.0000 0.1443
Mean 96 0.4251 5 ; 0.6466
St. Dev ) . 0.1708
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Heterozygosity Analysis

ILSTS49 BV

ILSTS58
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ILSTS87 g
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—
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ig. 7 Graphical representation of ygosity of Marathwada

V4

Heterozygosity Analysis

5

Observed and Expected Heterozygosity

CSSM19
CSSM57
ILSTS38
ILSTS29
ILSTS30
CSSM47
CSSM33
CSSM08
CSRM60
ILSTSO05
ILSTS49
ILSTS58
ILSTS72
CSSM29
ILSTS11
ILSTS52
ILSTS59
ILSTS87

Loci

BObs_Het BOExp_Het

ig. 8 Graphical representation of observed and expected heterozygosity of Surti
buffaloes
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4.4 HARDY WEINBERG EQUILIBRIUM
The Hardy Weinberg equilibrium states that in a large random mating population, the gene
and genotypic frequency does not change from generation to generation in the absence of
mutation, migration and selection. Two methods (statistics) were applied to test for the
population of Marathwada and Surti. They were % test and G or likelihood ratio test. The
values obtained for each locus and populations have been depicted in table no.10 and table
no.11 in Mehsana and Pandharpuri buffaloes respectively. Thirteen loci (CSSM06, CSSM57,
ILSTS30, ILSTS38, ETH152, CSRM60, ILSTS05, ILSTS58, BM CSSM45, ILSTS11,
i ing %> test while three
jated from Hardy

Weinberg equilibrium.

Similarly nine loci (CSSM19, ILSTS38, ILSHKS29,
ILSTS11, CSSM29 and ILSTS87) in Surti deviate ILSTS38,
ILSTS72, BM1818, ILSTS11, CSSM29 and ILS@587) deviated in G t eviation from
Hardy Weinberg equilibrium point may be eit opula@®n size, mutation,
migration or selection. All these factors have t tails for pinpointing the
deviations.

Table No. 10: Testing
using Chi square an

Likelihood Ratio Test

GZ

Degree of
Freedom

Probability

0.042349*

44948835

45

0.474104

CSSM19

0.292203

19.725970

15

0.182699

CSSM57

0.037431*

35.081090

28

0.167519

ILSTS38

0.000000*

40.886638

10

0.000012*

ILSTS29

0.474813

4.789924

6

0.571026

ILSTS30

0.000183*

31.203945

15

0.008249*

ETH152

90.839141

0.000001*

24.420133

36

0.928628

CSSM47

109.948948

56.644436

56.644436

66

0.787426

CSSM33

15.309558

0.807105

11.111071

21

0.960580

CSSMO08

7.641808

0.663779

8.698296

10

0.560956

CSRM60

132.990416

0.000000*

52.870397

55

0.556423

CSSM43

8.998153

0.989229

9.353433

21

0.986149

CSSM45

93.251192

0.000001*

26.551694

36

0.874659
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ILSTS05

91.959368

10

0.000000*

21.716989

10

0.016613*

ILSTS49

1.211310

3

0.750293

2.075650

3

0.556855

ILSTS58

135.868003

66

0.000001*

53.541304

66

0.864824

ILSTS72

0.487179

3

0.921699

0.791520

3

0.851494

BM1818

308.683108

0.000000*

87.288259

0.894700

CSSM29

29.900190

36

0.753073

30.069387

36

0.745912

ILSTS11

88.139455

15

0.000000*

20.733890

0.145549

ILSTS52

15.619760

28

0.971122

16.231033

ILSTS59

96.430811

36

0.000000*

27.062479

0.962273

0.858892

ILSTS87

13.460419

6

0.036280*

7.547300

0.273179

jation from H einbe

Yy

equilibrium (<0.05)

Table No. 11: Testing Surti buffalo population for Hardy Weinberg equilibrium using Chi

square and likelihood test:
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Chi square Test Likelihood Ratio Test

Locus Chi square Degree of Probability G’ Degree of | Probability
Freedom Freedom
CSSMO06 29.849585 45 0.959941 26.191717 45 0.988754
CSSM19 52.105392 15 0.000005* 30.340507 15 0.010751*
CSSM57 36.205836 36 0.459043 36.659704 36 0.438084
ILSTS38 27.647096 1 0.000000* 30.847873 1 0.000000*
ILSTS29 57.440300 21 0.000031* 24.478807 0.270442
ILSTS30 24.844573 28 0.636281 27.863969 0.471674
ETH152 28.466233 21 0.127417 . 0.652457
CSSMm47 74.709971 66 0.216354
CSSM33 20.111434 36 0.984997
CSSM08 7.812669 10 0.647129
CSRM60 24.656250 36 0.923587 g
CSSM43 20.827941 21 . 0.619757
CSSM45 15.543885 21 . . 0.858862
ILSTSO05 12.467971 6 . 0.069751
ILSTS49 97.016906 10 0.000000* 13.326229 0.206000
ILSTS58 58.352654 66 0.737145 47.930750 0.954024
ILSTS72 7.864578 3 0 . 0.019010*
BM1818 | 107.391938 45 . 0.008090*
CSSM29 34.731494 15 .002068 e¥ 0.022771*
ILSTS11 15.635623 6 4 0.025647*
ILSTS52 . 36 0 39.656774 0.310230
ILSTS59 . 20.017028 0.520183
ILSTS87 . . 11.065278 0.000880*

considered neutral and thus selection cannot operate on them.
ite loci are present close to a trait of interest on which the

Ewens-Watterson or neutrality given by Manly, 1985. The data was simulated 1000 times
to generate the Iéwer and upper limits. The number of observation, number of alleles,
observed frequency and its upper and lower limits at 95% of confidence are given in table no.
12. All the loci selected for the present analysis were neutral in character. These shows that all
the microsatellites selected for diversity analysis were suitable for the purpose.

Table No. 12 Ewens Watterson test for neutrality

Locus n k Obs. F L95* u9s*
CSSMO06 176 13 0.2173 0.1315 0.489
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CSSM19 . 0.2453 0.8374
CSSM57 . 0.1532 0.5466
ILSTS38 . 0.2745 0.8869
ILSTS29 7 . 0.2176 0.7888
ILSTS30 . 0.1920 0.7107
ETH152 . 0.1802 0.6585
CSSM47 . 0.1120 0.3673
CSSM33 . 0.1690
CSSMO08 . 0.2430
CSRM60 . 0.142

CSSM43
CSSM45
ILSTS05
ILSTS49
ILSTS58
ILSTST72
BM1818
CSSM29
ILSTS11
ILSTS52
ILSTS59
ILSTS87
* These statistics

dividuals in the populations is more/less related than
individuals. The more the value of Fis the more the

s the individuals are more closely related to one another. The
wards out breeding i.e., the mating of individuals who are less

related than th

In case of ada the Fs values are significantly different from zero and ten loci
point towards the glitbreeding while thirteen loci point (table no. 13) towards mating among
the individuals of the population more closely related than the average relationship.
In case of Surti five loci have negative values (table no. 13), which point towards outbreeding
in population i.e., the mating of the individuals is among the individuals less related than the
average relationship of the population. Eighteen other loci however point towards existence of
population structure.
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The Fsr values, which point toward the population differentiation, have positive value of
0.0253, which is significantly different from zero (table no. 14). More so the Fst value point
towards the low level of population differentiation among the Marathwada and Surti
populations. In terms of analysis of molecular variance (AMOVA) between the variations is
2.53% within the population variation is 97.47%. In term of member of migrants estimated
from Fst value, the vales are quite high 9.6244 meaning there by a moderate exchange of
migrants between the two populations. The exchange of moderate member of migrants among
Marathwada and Surti populations may be the reason for evel of population
differentiation between the two populations. It may also be possiJ€ that the semen of the bulls

two populations have become similar and the differentiati
been reduced substantially.

Locus
CSSM06
CSSM19
CSSM57
ILSTS38

ILSTS58
ILSTS72
BM1818
CSSM29
ILSTS11

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec

e-1SSN: 2454-9258, p-1SSN: 2454-809

ILSTS52

-0.1452

0.0828

ILSTS59

0.1432

0.0292

ILSTS87

0.2911

1.0000

Table No. 14: F-Statistics and Gene Flow in buffalo populations

Locus

Sample Size

CSSM06

176

CSSM19

174

CSSM57

174

ILSTS38

170

ILSTS29

176

ILSTS30

174

ETH152

174

CSSM47

172

CSSM33

176

11.7877

CSSMO08

176

17.4139

CSRM60

176

CSSM43

174

21.7174

50.5484

CSSM45

8.8725

28.9508

4.3594

17.392

2.3767

BM1818

23.5943

CSSM29

4.9265

STS11

46.2535

19.4524

40.4128

7.4148

Mean

9.6244

4.7 GENETIC DISTANCES

X

The interindividual genetic distance estimated and the constitution of phylogenetic tree
can also used as an assignment method (fig. 17a-d). In case of Marathwada and Surti, the nine
individuals of Marathwada clubbed with Surti while six individuals of Surti clubbed with
Marathwada. In all there were fifteen wrong assignments based on the phylogenetic tree
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constructed. This contributes approximately 17% wrong assignment meaning there by the two
populations are quite distinctive in terms of their genotypes.

QY*
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— e
aral

—— Marat40

MaratO8

Topology of Surti and Marathwada populations using Neighbour joining Algorithm.
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Radiation tree usin g algorit d Nei’s standard genetic distance.
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Zviung — Marat12
6THNS Surtia3
Surtiqz

gguns |
MaratOs

g 0\'1.“\ S
mesj/ Surtjz

Circle tree of two buffglo populations using UPGMA algorithm and Nei’s Interindividual genetic

distance.
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MaratO1
MaratO3
MaratO6
Marat38
Surti40

Marat21
Marat22
Surti31

Maratll
Maratl8
MaratO4
MaratO2
Marat20
Marat27
Marat28
Marat31

Surtil2
arat23
BWarat26

Surti44
MaratO7
Maratl7

Strtils
Surtile
Surti24
Surti39
Surti26
Surtio7,
S 121
Surti37
urti38
arat1l6
Marat32
Surtio9
Surti27
Surti36
Marat35
Surtils5
Marat36
Surti4l
Surtilo
Surtil4
Surtiol
Surtio2
SurtioO6
Surti34
Surtio3
Surti48
Surti35
Surtios
Surtil7
Surtio8s
Surti23
Surtil9
Surti42
Surti46
Surtil3
Surti22
Surti25
Maratl3
Surti30
Marat25
Surti29
Surti32
Marat30
Surti45
Marat33
Marat29
Marat34
MaratO9
Maratl5
Maratl9

Curved tree using UPGMA algorithm and Inter individual distances based on allelic frequency data.
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4.8 MUTATION DRIFT EQUILIBRIUM

The population bottlenecks or the founder events are very important for population genetic
studies, speciation theory and conservation biology. It is well known that population
bottlenecks invariably lead to increased rate of inbreeding and loss of genetic variation and
may eventually lead to lower adaptive value of the individuals. The population bottlenecks
may cause extensive genetic changes. For the microsatellite loci, which are neutral, the allele
number and frequency distribution in a natural population results frogaa dynamic equilibrium
between mutation and genetic drift. When a population experiencegfé reatiction of its effective

dramatically reduced. This is coupled with a

allele number and heterozygosity. The allel

heterozygosity during a bottleneck (Nei et a

deficiency is a complex function of four parame

bottleneck, effective population size ratio before/after the begin

mutation rate of the loci and the sa i : ma and Fuerst (1985) have
reported that the magnitude of an all& irst i ses with t, reaches a maximum

and then decreases asymptotically @ esponding to new mutation drift
¥ knowledge to develop a test based on

based on the principle that if a significantly high

one can conclude that the population is not at

ulations that exhibit significant heterozygosity excess would be
ced a recent genetic bottleneck. The other test called “shift
et al., (1998) is based on the principle that the population at

of alleles at low fr ncy. It is also known that the alleles at low frequency (<0.1) are always
expected to be mdre abundant than the alleles at intermediate frequencies, regardless of the
mutation rate and model (Nei and Li, 1976). The populations, which have undergone recent
bottleneck, are expected to lose the alleles at low frequency (Allendorf 1986; Denniston,
1978; Nei et al., 1976). Thus the distribution of allele frequency provides a test for a recent
population bottleneck.

Two buffalo populations Marathwada (Maharashtra) and Surti (Gujarat) were selected for

the study. We utilized four tests viz. Sign test, Standardized differences test, Wilcoxon test
288
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and Shift mode test to find out which of the two buffalo population had undergone population
bottleneck in recent times. We also utilized the three models of microsatellite evolution i.e.
IAM, SMM, and TPM. The sample size in terms of haploid genome, He (Average
Heterozygosity), the heterozygosity observed, K, (number of alleles observed) for the data
have been given in table no. 16 and 17 for the two buffalo populations.

In Marathwada the sample size was 40 i.e., 80 haploid genomes. The values of the
haploid genomes for all 23 loci separately have been given in tabl
expected numbers of loci with heterozygotic excess were 13.60
13.65 under the TPM and 13.67 under the SMM (table no.

of*23 loci under 1AM,
bers of loci with
ly fqr the three

accepted under IAM but rejected under SMM a

The results obtained for the standardized di

calculated and have been given in table no. 15. Th

null hypothesis of mutation drift equilibrium is accepted for IAM

TPM and SMM. The
graphic representati

Table No.

15: Tests for
Null ign Test (No. of loci with heterozygosity excess)

Hypoth " Observed Expected Observed
under thre 15 13.65* 9
mlcrosatel_llt 16 13.27 12
es mutation
models

Expected Observed
13.67* 2
13.24* 5

Standardized differences test (T2 values)

1.362

-1.744*

-7.699*

2.218*

-0.943

-6.9944*

Wilcoxon rank tes

t (probability of heterozygosity Excess)

Marathwada

0.01633*

0.89441

1.0000

Surti

0.00558*

0.62301

0.99893
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* Rejection of Null Hypothesis of mutation drift equilibrium bottl
7 The negative values show heterozygotic deficiency.

QY*
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Table No. 16a. Testing heterozygosity excess at 23 polymorphic microsatellite loci in Marathwada buffaloes using Standardised
deviation test

Locus CSSMO06 | CSSM19 | CSSM57 | ILSTS38 | ILSTS29 | ILSTS30 CSSM33 | CSSM08 | CSRM60 | CSSM43

Sample size 80 78 78 74 80 80 78
(Haploid)

Ho

No. of Alleles (ko)

He

Std. Deviation(SD)
[(Ho-He)/SD]
Probability(H>He)

He

Std. Deviation(SD)
[(Ho-He)/SD]
Probability(H>He)

SMM

He
Std. Deviation(SD)
(Ho-He)/SD]
Probability(H>He)
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Table No. 16b. Testing heterozygosity excess at 23 polymorphic microsatellite loci j thwada buffaloes using Standardised
deviation test

Locus CSSM45 | ILSTSO0S | LISTS49 | ILSTS58 | ILSTS72 | BM1818 ILSTS59 | ILSTS87

Sample size 78 78 80 80 80
(Haploid)

Ho

No. of Alleles (ko)

He

Std. Deviation(SD)
[(Ho-He)/SD]
Probability(H>He)

He
Std. Deviation(SD)
[(Ho-He)/SD]
Probability(H>He)
SMM

He
Std. Deviation(SD)
(Ho-He)/SD]
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Probability(H>He)

X\,Y*
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Table No. 17a. Testing heterozygosity excess at 23 polymorphic microsatellite loci in S
test
Table 17b. Testing heterozygosity excess at 23 polymorphic microsatellite loci in
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Probability(H>He) 0.008 0.0190

X\,Y*
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Figure 9: Normal L shaped curve depicting no Mode Shift of allelic di§tribution in Marathwada
uffalo population.

Surti Buffalo

Allele Frequency

Class Interval

Figure 10: Normal L shaped curve depicting no Mode Shift of allelic distribution in
Surti Buffalo population.
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In Surti buffalos the number of individuals typed were 48 or 96 haploid genomes. The
values of sample size, observed heterozygosity and number of alleles for each locus in Surti
buffaloes are given in table no. 17a and 17b. The expected numbers of loci and observed loci
with heterozygosity excess have been given in table no. 15. Using Sign test the number of loci
with heterozygosity excess were 19, 17 and 11 respectively for the three-mutation models. The
expected values for the three models were respectively 13.15, 13.27 and 13.24. In the Sign rank
test the null hypothesis of mutation drift equilibrium was rejected in gase of SMM in favour of
heterozygosity deficiency and was accepted for TPM as well as . Yhe values obtained in

probability values being 0.62301 and 0.99893
normal L-shaped curve (fig. 19) and there is no
The results of the bottleneck studies do population to have
experienced any recent genetic bottleneck if we use i Model which is the most
conservative model for the test of heterozygosity excess. 1AM
extreme models of mutation (Cha
populations exhibit bottleneck in
Standardized difference test and Wilc owever known that most of the loci
model). In the present case the Surti

i buffaloes such is not the case and the bottleneck if
200 generations ago. The inference is backed by the

1. The 23 heter microsatellite loci selected for this study in Marathwada and Surti
breeds of buffgloes were found to be highly polymorphic with allele numbers ranging from
3 to 15 in Marathwada breed and 2 to 12 in Surti breed respectively. This shows the utility
of heterologus microsatellite loci of cattle in buffaloes for diversity analysis.

2. The two populations Marathwada and Surti buffaloes taken in this study showed variations
in terms of allelic frequencies and the population were found to be quite distinct from one
another.
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. The microsatellite studied in the present study were neutral in nature as evidenced by Ewens
Watterson test of neutrality. This implies that the loci have not been subjected to selection
and thus are fit for population genetic analysis at these loci.

. The microsatellite loci selected were highly polymorphic with a large number of alleles at
lower allelic frequencies. This is depicted by quite large variatigi between the number of
alleles and effective number of alleles.

observed.

. The Hardy Weinberg equilibrium of the two as #ésted using chi square
and G? statistics and 13 loci out of 23 loci [ Weinberg equilibrium in
Marathwada buffalo population and 9 loci in Surti buffalo pop
and genotypic have changed wi t to the loci wwPlardy Weinberg equilibrium by
factors like mutation, migration, s i

differences.

. The value of number of migrants between the populations was quite high, it being 9.62
migrants per generations depicting large amount of gene flow among the buffalo
populations.

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

11. The interindividual genetic distance based on Nei’s genetic measure were utilized for the
assignment of the individuals to their respective populations using neighbour joining (NJ)
and unweighted pair group method with arithmetic mean (UPGMA\) algorithms. 17% wrong
assignments were found in Marathwada and Surti buffaloes, which are attributed to
similarity in allele frequencies.

. The mutation drift equilibrium and bottleneck studies revealed that none of the populations
were found to have a recent genetic bottleneck by graphica as well as SMM of
microsatellite evolution.
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