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India is one of the Mega-biodiversity centres in the world. It
possesses more than 6% world’s livestock diversity although its world’s
geographical share is only 2.3%. India ranks first in the cattle (185.18
millions) and Buffalo (97.92 millions) population, second in goats (124.36
millions), third in Sheep (61.47 millions) and fifth in Chicken (489.01
millions) population in the world (Livestock Census, 2003). In addition,
India has good number of pigs (135.18 lakh), Horses (7.51 lakh), Mules
(1.76 lakh), Donkey (6.50 lakh), Camel (6.32 lakh), Mithun (2.78 lakh), Yak
(0.65 lakh).

India is an agrarian country where about 72% population lives in
more than six lakh villages, of which more than 80% people directly or
indirectly depend on agriculture and allied activities. Thus being
complementary to the agriculture, Indian livestock resources play very
important role in the national economy. Although share of GDP from
agriculture as a whole has been declining over the years, the contribution of
livestock in the GDP increased from less than 5% in 1980-81 to 5.4% in
2002-2003 at current prices.

Food and Agriculture Organisation(FAO) identifies 1568 cattle
breeds distributed throughout the world (FAO, 2000) of which more than
55% are in the developing countries (FAO, 2000). As per Indian Council of
Agricultural Research (ICAR) India is the breeding tract of 30 breeds of
cattle (61 as per FAO); 15 breeds of buffaloes (19 as per FAO); 20 breeds of
goats (29 as per FAO); 42 breeds of sheep (59 as per FAO); 3 breeds of
pigs; 18 breeds of Poultry; 6 breeds of Horses (9 as per FAO); 3 breeds of
Donkey and 6 breeds of Camel. Amongst cattle breeds, some of the breeds
like Sahiwal, Tharparkar, Gir, Red-Sindhi are milch breeds; Hariana, Rathi,
Deoni, Kankrej, Krishna-valley are dual purpose breeds and Bachaur,
Amritmahal, Kenkatha, Kherigarh, Siri are draught purpose breeds. These

breeds are famous for their utility in India as well as abroad. In addition to
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described breeds about 80% indigenous livestock falls in non-descript
category.

Such a mega-biodiversity in India has been the result of continuous
evolutionary processes resulting in adaptation to the harsh climate, disease
resistance to the various tropical diseases, better feed efficiency and
production potential at low input in terms of feeds and fodders. The animal
genetic resources and their diversity throughout the world including India
are in a dramatic state of decline. The indiscriminate uses of cross breeding
and grading up have been proved as the important cause of this decline.
Recent techniques like Artificial Insemination (AI), Embryo Transfer
Technology (ETT) have further aggravated the situation. Other causes are
geographical reorganization; Purpose based farming system, mechanization
of the agricultural works etc.

All these factors collectively resulted into the disappearance of a
substantial number of uncharacterized local population of cattle alongwith
the unique gene and gene combinations. It cannot be predicted that what
might be needed in the future and what might be the consequences of the
extinction of the livestock genetic diversity. Thus as a genetic security the
conservation of native breed populations for their use in future is required.

The International Union for the Conservation of Nature and Natural
Resources (IUCN) has defined the need for conservation as “The
management for human use of the biosphere so that it may yield the greatest
sustainable benefits to present generations while maintaining its potential to
meet the needs and aspirations of future generations. Thus conservation is
positive, embracing preservation, maintenance, sustainable utilization,
restoration and enhancement of the natural environment”. As a fundamental
step in the process of conservation the phenotypic and genotypic

characterization of breeds are done to know the
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I. Overall magnitude of genetic diversity within the breed,

phenotypically as well as at gene level.

2. Structure of relationship expressed as genetic distance amongst

breeds.

3. Genetic uniqueness of the breed.

4. Degree of endangerment.

5. Cultural and historical value of the breeds.

As these conservation processes are very costly thus the prioritization of
conservation for a breed should be very rational. Therefore, phenotypic
characterization including livestock survey and preparation of breed
descriptors as well as molecular genetic characterization are usually done.
Molecular genetic characterization of a breed in a species is basically the
measurement of genetic variability within and between the breeds. Array of
mplecular markers are used for estimation of genetic diversity i. e. RFLP,
AFLP, VNTRs-which includes minisatellites (15-60 bp repeats) and
microsatellites (1-6bp repeats). Amongst all, microsatellites are now
considered as the most powerful genetic markers for characterization and
biodiversity evaluation.

Bachaur, a famous draught purpose cattle breed was concentrated in
Bachaur Pargana (Madhubani, Sitamarhi and Darbhanga districts of Bihar).
The breeding tract has shifted with time to northern part of Bihar bordering
Nepal. The percentage of genetically viable population of Bachaur cattle in
Madhubani, Sitamarhi and Darbhanga districts of Bihar were extrapolated to
be 3.288%, 1.500% and 0.459% respectively, the overall value being
3.072%. Estimated breed population is approximately 11000 only (Singh, et
al., 2004). Bullocks of this breed are reared by the farmers, who are still
dependent on traditional method of farming. Bullocks have excellent draft
capacity. They can work for 6-7 hours continuously even in extremes of the

weather.
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Bachaur cattle are managed under extensive management. The
animals are white to gray in colour with black muzzle, and eyelids. Switch
of the tail is up to hock joint. Horns are small and straight. The average
body length, height at withers and body girth are 125, 118 and 165c¢m in
male and 120, 150 and 112 c¢m in females respectively. The average adult
body weight is 270 and 243kg in male and female respectively. The age at
first calving, calving interval and service period averaged 46 months, 400
days and 60 days respectively. The cows are poor milker producing an
average of 2.2 kg of milk per day with average 5% fat and peak milk yield
3.63kg per day for average 180.08 days of lactation length. Although
bullocks are excellent draft animal yet poor milk producing female of this
breed is one of the main causes of the endangered status of this breed in
addition to the dilution of breed by indiscriminate cross-breeding and
mechanization of agricultural work.

In the present study molecular characterization of Bachaur breed of
cattle has been done by using 22 FAO recommended highly polymorphic

microsatellite markers with the following objectives.

1. To study the genetic diversity within Bachaur Cattle breed.
2. To asses whether the Bachaur Cattle breed has experienced any recent

genetic bottleneck.



Fig.3 A Typical Bachaur calf
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2.1 Genetic Characterization.

Genetic characterization is the first step in breed conservation
programme of the Animal Genetic Resources. It also has implications in
future breeding strategies. It is the description of the genome to measure the
genetic diversity and the uniqueness of the breed. As a first step to obtain an
unbiased estimate of genetic variation a series of enzyme coding loci
generally called Allozymes were studied (Lewontin and Hubby, 1966;
Harris, 1966). These studies were based on the electrophoretic mobility of
their products with the assumption that this assessment of variation would
be independent of the functions of the genes.

Analysis of genomic DNA for the estimation of variation within and
between the breeds of a species has been used extensively because of its
authenticity and relative ease. The first work of its kind for estimation of
differences at genomic DNA has its history in 1960s to 70s when
organization of eukaryotic genome was studied (Britten and Kohne, 1963).
The technique was DNA-DNA hybridization, which is based on the
thermodynamic reannealing properties of heterologous single stranded DNA
sequences. However, in recent years this technique has lost its ground due to
theoretical and practical difficulties and has been replaced by more direct
DNA sequence based approaches (Avise, 1994).

Restriction Fragment Length Polymorphism (RFLP) was the first
screening technique to be used for detection of variation at DNA level. This
technique was used in identifying both disease causing mutation and
apparently neutral variants (Botstein et a/, 1980; White et al, 1985; Donis-
Keller et al., 1987). In this technique polymorphism at the DNA sequence
level can also be visualized as changes in the cleavage pattern of DNA
fragments which have been treated with particular Restriction Endonuclease
(RE).

Classical studies of the kinetics of DNA reassociation by Britten and

Kohne (1968) showed that the genome of Eukaryotes can roughly be
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divided in to four fractions such as Fold back DNA, Single Copy DNA,

Middle Repetitive DNA and Highly Repetitive DNA. The middlc
repetitive DNA having hundreds to thousands base pairs repeated from
dozen to thousand times in the genome and in the highly repetitive DNA
few to hundreds of nucleotides are repeated thousands to millions time.
Repetitive fraction of the genome may be localized or dispersed
among which localized repetitive DNA usually occurs as tandem array, are
called Tandem Repetitive DNA (TR-DNA). TR-DNA has attracted much
attention in the recent years because many TR-DNA loci are highly
variables among individuals in a population. Thus they are very useful
markers in biology and medicine. This line of research started with Wyman
and White’s (1980) observation of a locus highly polymorphic for
restriction length variation and with the finding of Bell et al., (1982) that the
hypervariable locus near the insuline gene consisted of tandem repeats with
multi allelic variation arising through variation in repeat,copy number.

2.2 Molecular Marker

Genetic analysis of natural populations by the use of recent DNA
technologies such as Polymerase Chain Reaction (Mullis et al.. 1986),
Microarray technology and Fluorescence in situ hybridization (FISH) etc
have made it possible to uncover a large number of genetic polymorphisms
at the DNA sequence level. They have been used as markers for evaluation
of the genetic basis for the observed phenotypic variability. The markers
revealing variations at the DNA level are called molecular markers. A series
of highly informative molecular markers have been recognized so far such
as RFLP, AFLP, RAPD, Mt-DNA and VNTRs.

2.2.1 Restriction Fragment Length Polymorphism (RFLP)

It is a technique in which Restriction Endonuclease (RE) enzymes are
used, which recognizes and cleaves specific sequences in DNA, yielding
fragments of defined length. Beckmann et al.,, (1986) screened DNA of

Israeli Holstein-Friesian sires for RFLPs using labeled Growth Hormone, rat
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muscle beta-actin and bovine chymosine DNA as probes, thercby

illustrating the power of RFLPs in detecting genetic variability in the cattle
populations. RFLP have successfully been used for characterization of gene
of the bovine Mojor Histocompatibility Complex (MHC) (Singurdardottir et
al., 1988), growth hormone and prolactin genes in Holstein bulls (Cowan et
al, 1989), ovine casein genes (Leveziel et al., 1991) and type I interferon
gene in cattle (Ryan and Womack, 1993). RFLP, although is specific yet it
is laborious and time consuming. Thus with the discoveries of PCR based
techniques this method was replaced by other decent methods.

2.2.2 Amplified Fragment Length Polymorphism (AFLP)

The AFLP technique is based on the selective PCR amplification of
restriction fragments of genomic DNA ligated with oligonucleotide
adapters. The oligonucleotide adapter and restriction site sequence both are
used as target sites for primer annealing in the process of amplification of
restriction fragments by PCR. The selective amplification is achieved by the
use of primers that extend into the restriction fragments, amplifying only
those fragments in which the primer extension match the nucleotide
flanking the restriction site. Typically 50-100 restriction fragments are
amplified and detected on denaturing polyacrylamide gels. The AFLP
technique provides a novel and very powerful DNA fingerprinting technique
for DNAs of any origin or complexity. They have been used in evaluating
genetic diversity in Friesian cattle (Ajmone-Marsan et a.l, 1996) as well as
in estimating genetic distances within and between cattle breeds (Ajmone-
Marsan et al., 2002)

2.2.3 Random Amplified Polymorphic DNA (RAPD)

This is a PCR based techniques. In this technique random DNA
segments of genomic DNA are being amplified by using arbitrary primers
thus called as RAPD and polymorphism generated can be used as genetic
markers. RAPD have been used to detect genetic differences among cattle

and sheep (Kantanen et al, 1995) and plants (Sulaiman and Hasmain,
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1996). Population specific RAPDs from pooled DNA samples of different
populations were detected by Kemp and Teale (1994). Lougheed et al,
(2000) used RAPD markers along with microsatellites to compare the
genetic variation among rattle snake population. Genetic variability within
and between breeds among some Indian breed like Hariana, Red Sindhi, and
Tharparker was estimated using RAPD fingerprinting (Bhattacharya et /.,
2004). Where as (Sharma et al., 2004) used RAPD as molecular marker for
molecular genetic characterization of Rathi and Tharparkar cattle breeds.

2.2.4 Mitochondrial DNA (Mt-DNA)

This marker has been used extensively as molecular marker to
examine variation and evolutionary relationship among species (Avise,
1991). Animal Mt-DNA being circular contains 22 tRNAs, 2rRNAs and 13
protein coding genes and have the highly variable D-Loop region (Cann et
al., 1984). It shows unusual maternal inheritance and high rate of evolution
than that of nuclear DNA (Brown et al., 1979). This property of Mt-DNA
makes it well suited for use in evolutionary studies (Stoneking and
Soodyall, 1996)

Mt-DNA polymorphisms have been used to study the genetic
variations between species (Sankoff et al.,, 1992) within species (Okumura
et al., 1996) and within breeds (Bowling et al, 1998). The D-loop
polymorphism has been used to differenciate cow lineages (Ron et al.,
1992) horse breeds (Kim et al., 1999 and Kavar, et al., 1999), pig breeds
(Takeda et al., 1995) and water buffalo (Lan ef al.,1998)

2.2.5 Variable Number of Tandam Repeats (VNTRSs)

This is given by Nakamura et al., (1987). These markers are
characterized 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 Minisatellites and Microsatellites. The term
Minisatellite was originally coined by Jeffrey et al., (1991) to describe any

tandem repeat region that is much shorter but has structural similarity to
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classical satellite DNA. However it is used in a more restricted sense for a

tandem array of repeats with a unit length 9 bp or longer (Shriver, 1993).
They are frequently Hypervariable and its hypervariability has been
exploited in developing the DNA Finger Printing Technique (Jeffrey, 1985).
Now some synthetic minisatelljte probes were constructed to develop finger
prints of cattle breeds (Builtcamp et al., 1991) and Horses (Ellegren et al.,
1992a).

2.2.5.1 Microsatellite

Microsatellite or Short Tandem Repeats (STRs) or Simple Sequence
Repeat (SSR) or Simple Sequence Length Polymorphism (SSLP) or
Sequence Tagged Microsatellite Repeat (STMR) are the well known DNA
marker containing monotonous tandem repeats of 1-6 base pairs. It provides
a vast store of polymorphic genetic marker (Tautz, 1989; Weber and May,
1989). The term microsatellite coined by Litt and Luty (1989) to
characterize the tandemly repeated simple sequence motifs.

2.2.5.1.1 Properties and Distribution

Microsatellites have been used increasingly as the marker of choice
for the genome analysis. It is used to measure genetic diversity within and
between the breeds of animal genetic resources. It has several specific
properties such as ubiquitous and even distribution throughout the genome
with the frequencies as high as | in every 10 to 20 Kb (Edwards et «l.,
1991). They are present on the Non-coding region of the genome and most
of them are selectively neutral which make them compatible with the
assumptions of most population genetic theories. They follow a typical
Mendelian inheritance, which usually expressed in a co-dominant fashion.
Microsatellites are often multi-allelic with mean heterozygosity of more
than 70 percent. Microsatellites remain unaffected by the environmental
factors and generally do not have pleiotropic effects on quantitative trait loci
(QTL). Technically microsatellites are more desirable than the other

markers as they can be successfully amplified by the Polymerase Chain
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Reaction (PCR) followed by appropriate sizing by Polyacrylamide-Gel-
Electrophoresis (PAGE). Finally microsatellites are highly polymorphic and
have been found to be variable even in a population that has low level of
allozyme and Mitichondrial variation (Estoup et al., 1995a, 1995b, 1996;
Paetkau and Strobeck, 1994).
2.2.5.1.2 Microsatellite evolution

Microsatellite alleles at a locus in a population change or mutate over
time. It differs in the number of repeats without any change in the flanking
regions sequence. Microsatellites mutation rates are approximately 10 to
10™ (Dietrich et al., 1992; Weissenbach et al., 1992.)
2.2.5.1.2.1 Mechanism of Mutation

All the current hypotheses of size change (Mutation) at the VNTRs
loci involve mispairing of repeats. They only differ in the timing of the
DNA mispairing events i.e. Replication Mitosis and Meiosis. Thus there
may be three mechanism of VNTR mutation.

A. Unequal Crossing-Over or Genetic Recombination during Meiosis

This is an inter-chromosomal phenomenon involving homologous
chromosomes. Unequal crossing over causes an exchange of flanking
markers. However Wolff et al. (1989) found that only 1 in 12 size change
events at the D1S7 minisatellite locus had a recombination between two
flanking markers.

B. Unequal Sister Chromatid Exchange (USCE)

This occurs during Mitosis and less frequently during Meiosis. It is
an intra chromosomal phenomenon involving exchange between two copies
of same chromosomes.

C. Slipped-Strand Mispairing (SSM) or Replication Slippage

It occurs during replication and appears to be the predominant mode
of microsatellite mutation (Wolff et al., 1989). Replication slippage is
speculated to occur primarily during lagging strand synthesis (Schlotterer

and Tautz, 1992)



2.2.5.1.2.2 Models of Microsatellite evolution
A. Infinite Allele Model (IAM)

According to this model every new mutation is assumed to give rise
to a new electrophoretically distinguishable allele called Allelomorph. This
model was given by Kimura and Crow (1964) and has proved very
successful in explaining the observed allozyme variation (Nei, 1984) and up
to some extent in explaining the observed frequencies of irregular composite
microsatellite loci i. e. microsatellite made up of 2-3 core repeat units.
(Estoup et al., 1995a, 1995b; Shriver et al., 1993)

B. Stepwise Mutation Model (SMM)

According to this model alleles can only mutate by the gain and loss
of one repeat unit. SMM explains the condition where high amounts of
homoplasy exist such as in case of microsatellite markers because most of
the mutations seem to involve the gain or loss of a single repeat unit (Weber
and Wong, 1993). This is important as homoplasy leads to the
underestimation of the total amounts of variation and genetic distance, and
to the overestimation of similarities of the populations.

C. Two-Phase Model (TPM)

This model has been developed recently to explain the variation
observed at dinucleotide repeat microsatellite by Di Rienzo et al., (1994). It
is based on coalescence theory, that predict’s the expected variance in the
repeat number under different mutational processes and demographic
histories. The TPM incorporates the mutational process of SMM, but allows
for mutations of a larger magnitude to occur. The main difference in the
model is that once a mutation has occurred it has a probability P to being a
one step mutation and a probability 1-P of being a multi-step mutation.

It is clear that the evolution of microsatellites is a complex mutational
process involving atleast two different mechanisms. The prevalence of each
mechanism varies according to the structure of the repeat unit itself. Three

to five bp repeats seems to evolve via the SMM while 1-2 bp repeats are
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more likely via TPM. Further the prevalence of single step mutations

decreases as the complexity of the repeat core increases. It has been
suggested that microsatellites that have a more IAM like evolution (1. e.
composite 4 repeats) should be best suited to study population, questions
such as population sub division and genetic relationships (Estoup et al.,
1995a, 1995b) since they will contain the lowest level of Homoplasy.
2.2.5.1.3 Isolation of Microsatellite Markers

In order to construct the linkage maps, polymorphic markers need to
be identified, isolated and characterized. Microsatellite (VNTR) is first
detected from the entire genome and their unique flanking sequences are
used to develop primers for amplification of the specific microsatellites by

PCR. Broadly two strategies are used for the isolation of microsatellite

markers.
A. Cosmid derived microsatellite markers

In this strategy, the genomic DNA (gDNA), after digestion with
Restriction Endonuclease (RE) is cloned in to suitable vectors mostly
cosmids thus forming a cosmid genomic library. The cosmids are then
screened with lebelled (CA), or (GT), polynucleotide probe. The clones that
hybridized with the probes are detected by autoradiography. The positive
clones are isolated and insert (Microsatellite) that they harbour is sequenced
and characterized. Appropriate primers are designed from the flanking
region (Ellegren et al., 1992; Toldo et al., 1993, Steffen et al.,, 1993; Moore
et al., 1994; Sunden et al., 1993; Lang and Planty, 1994).
B. Microdissected chromosome derived microsatellite Markers

In this methodology a chromosome spread is obtained from a blood
culture. The chromosome of interest is identified under a microscope. This
chromosome is dissected using a micromanipulator. The microdissected
chromosomal fragments are then used to construct genomic DNA library
which is screened with radiolabelled (CA)n or (GT)n probes. Positive clones

are isolated and subjected to PCR amplification. The PCR products are
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sequenced and the sequences are checked for uniqueness to develop PCR

primers (Zhao et al., 1999). A modification in this method involves the
amplification of microdissected chromosomal fragments by PCR using
degenerate oligonucleotide primers. To the amplified products biotinylated
(CA)n probes are added. After denaturation and annealing the annealed
DNA is added to Streptavidin paramagnetic particles and incubated to
capture DNA fragments hybridized to biotinylated (CA)n 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 ef al., 2001).
2.2.5.1.4 Applications of Microsatellite

Microsatellites have been established as an extraordinary molecular
marker in the field of molecular biology research and have been proved to
be usefull for a number of analyses. They have been initially utilized for
genétic mapping (example Weissenbach et a/, 1992; Nakamura et al., 1987;
Edward et al., 1991; Silver, 1992) and studies of population structure (Flint
et al., 1989; Chakraborty and Jin, 1992; Bruford and Wayne, 1993) as well
as extensively used for Linkage analyses in the association with
susceptability genes (Friedl et al., 1990). Microsatellite variation have been
used to study the amount of recombinations between the closely related
species (Gottelli et al., 1994; Roy et al., 1994), comparison of level of
variation between species and populations and assessment of overall genetic
variation (Gottelli et al., 1994; Paetkau and Strobeck 1994; Taylor et al.,
1994). They can be used to estimate effective population size (Allen et «l.,
1995) and to gain insight into the degree of population substructure
including both the amount of migration between subpopulations (Allen et al.
1995; Gottelli et al, 1994) and genetic relationships among the various
subpopulations (Bowcock et al., 1994 Forbes et al., 1995; Estoup et al.,
1996; Lade et al., 1996). Presently microsatellites have been exploited to
identify QTL for economically important traits. Ron et al, 1994,using
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microsatellite markers, identify one marker (D21S4) associated with

significant effects on milk and protein yields. Using 159 microsatellite
markers in 14 USH Holstein half sib families George et al., 1995
demonstrated the presence of QTL for milk production on five
chromosomes namely chromosome No. 1, 6, 9, 10 and 20. In another study
significant association of microsatellites markers with somatic cell score
(SCS, an indicator for susceptibility to mastitis), productive herd life, milk
and meat production traits were established (Kucerova, et al., 2004 and a;
Haiguo, et al., 2004). More recently using microsatellite markers Ashwell et
al., (1997) identified potential QTL for SCS, fat yield, fat percentage and
protein yield and its percentage. Characterization of QTL for economically
important traits using microsatellite markers will help in formulating more
efficient breeding programme using MAS especially for bulls prior to
progeny testing.

2.2.5.1.5 Problems associated with microsatellite markers

During the PCR amplification with microsatellite primers some
technical problems are encountered which are as follows: -
A. Null Alleles:

Some alleles of microsatellite fail to amplify in the PCR because of
mutation in the flanking region. These are termed as Null Alleles. It leads to
serious underestimation of heterozygosity compared with that expected on
the basis of Hardy-Weinberg-Equilibrium (Callen et al., 1993). In a
heterozygote of two different alleles, if allele fails to amplify due to failure
of primer annealing then phenotype will appear as homozygote. This
problem may overcomed by designing new primers.

B. Slippage :

Slippage of Taq Polymerase enzyme during PCR is one of the
important problems associated with amplification of microsatellite. This
leads to production of differently sized products. These are less intense and

are referred as shadow banding. Further the Taq Polymerase has a tendency
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to add an additional dATP at the 3’ end of the amplified PCR products.

These sometimes make the allele scoring difficult.

C. Homoplasy:

It can be defined as the co-occurrence of alleles that are identical by
descent. If two alleles are inherited without any mutation from the same
ancestral allele, they are identical by descent. But two alleles may have the
same structure and even the same sequence but may not have been inherited
from same ancestral allele, are called Identical by state. Thus Homoplasy
helps in estimating the actual divergence between populations. Homoplasy
due to different forward and reverse mutation may underestimate genetic
divergence. Under the IAM of microsatellite evolution there is lowest level
of Homoplasy.

2.3 Microsatellite based genetic characterization of cattle:

Although, the molecular genetic characterization based on molecular
marker such as microsatellites, is a new technique, but extensive work
particularly in case of cattle has been done in India and abroad.

2.3.1 Molecular genetic characterization of Exotic cattle

Schmid et. al., (1999) studied the genetic diversity between and
within swiss cattle breeds. The breeds were original Swiss Brown, Pure bred
Smmental, Holstein, Herens and Evolenard. A set of 30 microsatellite
markers was used in this study. All loci were found polymorphic in the five
breeds with total allele number ranging from 2 in ILSTS 005 to 16 in TGLA
122. Great variations were found among breeds with respect to the total
number of alleles at a given locus. The average expected heterozygosity
within breeds ranged from 0.60 in Simmental to 0.69 in Holstein. Genetic
distances between populations were measured with Cavalli-Sforza and
Edwards’ chord distance D.. Two breeds Evolenard and Herens (matrix of
D, value was lowest. 0.029) were found closely related. All other distances

were found two to three times larger.
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Edwards et al, (2000) established relationship between the

endangered Pustertaler-Sprinzen and three related European cattle breeds
viz. Pinzgauer, Vosges and Simmental by the analysis of data generated
from 20 polymorphic microsatellite loci and finally concluded that the
Pustertaler breed and the three breeds considered to be most closely
associated, it cluster most closely with the Pinzgauer breed. The overall
level of genetic variability in the Pustertaler breed is not significantly
reduced compared with the three breed or indeed when compared to other
European breeds. This may be expected due to known outcrossing with
Pinzgauer and Simmental in the past.

Del Bo et al., (2001) studied genetic diversity of seven autochthonous
[talian cattle breeds viz. Aosta Black Pied (ABP), Aosta Red Pied (ARP),
Aosta Chestnut (AC), Oropa Red Pied (ORP), Gray Alpine (GA), Rendena

and Burlina, bred in the Alpine area to characterize their genetic structure
and to study their phylogenetic origin. Two cattle breeds from Germany
(German Brown and Holstein) and four from Switzerland (Simmental,
Herens, Evolene and Brown Swiss) were also included in the study in order
to determine the genetic diversity existing among Italian local breeds. They
used seventeen internationally accepted panel of microsatellite markers.
Microsatellites were highly polymorphic with a mean number of five alleles
per locus. The mean PIC value within each breed ranged from 0.66
(Burlina) to 0.55 (Evolene and Herens). The average heterozygosity in each
population for 17 loci ranged between 0.6 to 0.68. They found the strong
genetic differentiation and high variability even in the endangered breeds.
They used allele frequencies to estimate genetic distances and to draw a
phyllogenetic tree. They found ASP and ABP as closest breed. The Holstein
and AC were genetically most different. AostaValley breeds like Evolene
and Herens constituted a tight cluster in the phylogenetic consensus tree.
Ultimately the genetic differences among breed were found in accordance

with thei geographical and historical origins.
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Beja-Perreira et al, (2003) characterized southwestern European

bovine breeds with a set of 16 microsatellite and assessed historically as
well as biogeographically. They analysed 889 unrelated individuals from
fifteen representative Iberian breeds and three French breeds for 16
microsatellite loci. A total of 173 alleles were found across all loci with
mean number of alleles (MNA) per locus 6.5. The unbiased estimates of
gene diversity (expected heterozygosity, He) ranged from 0.611 to 0.709.
They visualized the geographical distribution of the genetic differentiation
between Iberian cattle breeds. Data from the principal components analysis
(PCA) were used to construct synthetic maps. It revealed a large
differentiation between Northern Iberian breeds rather than between more
geographically distant breeds. A clear east-west gradiant was found that
might be related with the model of demic diffusion of agriculture, but no

strong evidence for an African genetic influence in the Iberian cattle breeds

was analysed in this study.

Jordana et al., (2003) studied the genetic structure and relationship
among 18 Southwest European beef cattle breeds ( 10 from Spain 5 from
Portugal and three from France). They used 16 DNA microsatellite data and
F- Statistics for analysis. Level of apparent breed differentiation was found
considerable and multilocus Fst value indicated that around 6.8% of the
total genetic variation could be explained by breed differences and
remaining 93.2% by differences among individuals. They observed that a
significant deficit of heterozygote of 7.6% (P<0.001) exists for each one of
the analysed breeds except the Portuguese breeds Barrosa and Mirandesa
and that of 13.9% (P<0.001) in the whole population. They suggested that,
several factors were responsible for heterozygote deficiency such as the
consanguinity produced by mating between the relatives, genetic
hitchhiking effect (the locus can be under selection, being close to some
morphological or productive trait of selective interest), presence of Null-

alleles (non amplifying alleles) and finally presence of population sub
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structure within the breed, which might lead to the Wahlund’s effect. Finally

they concluded that gene flow could have played an important role for
genetic uniformity in population of narrow geographical vicinity and the
genetic drift as the most important factors of genetic differentiation among
the analysed population. Thus the apparent taxonomic distinctiveness of the
breeds could be the result of a random drift, which can affect the genetic
distances among populations.

Grzybowski and Prusak (2004) estimated genetic variation in nine
European cattle breeds and also calculated the mean number of gencs
migrating in one generation (N,,) between population of nine cattle breeds
maintained in Germany, Switzerland and Poland which ranged from 2.023
within the Polish cattle breeds to 1.214 within German population with
average value 2.048 for whole population. Finally, result showed that the
greatest exchange of genetic material took place between breeds from the
same geographical regions. They concluded that the breed structure of the

analyzed populations of European cattle is principally a reflection of
geographic origin of individual breeds.

Metta ef al., (2004) used S di and 5 tri- nucleotide repeat loci, in 17
Ongole and 13 Deoni unrelated individuals to study the genetic variability
among the breeds. The di-nucleotide repeats were found to be more
polymorphic than (100%) that of tri-nucleotide repeat loci (60%). A total of
39 polymorphic alleles were obtained at 4.5 alleles per locus in Ongole and
4.1 in Deoni breeds respectively. The PIC value of the polymorphic loci
ranged from 0.15 to 0.79 in Ongole and 0.13 to 0.80 in Deoni breeds. Six
Ongole specific and three Deoni specific alleles were identified. The two
breeds showed a moderate genetic relationship among themselves with a Fgy
value of 0.117 (P=0.01).

Steigleder et al., (2004) estimated the genetic diversity of a Brazilian
Creole cattle by analyzing data from the fourteen microsatellite loci in 73

animals. All the microsatellites were polymorphic with the PIC value 0.55
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(TGLA227). The number of alleles per locus varied from

4 (BMS3004) to 13 (RM088). The observed heterozygosity varies from 0.51
to 0.99, higher than that of expected one which ranged from 0.59 to 0.89.

(BM3004) to 0.87

The population genotype frequencies were not in Hardy-Weinberg
equilibrium. The probability of identity between two animals was very small
ranging from 0.03 to 0.21 the average value being almost zero (2 X 10 ),
which also indicate genetic diversity. Finally they concluded that although
the breed was at is at the risk of extinction with its population not exceeding
500 animals but still had high degree of variability.

Cervini et al., (2006) assessed the polymorphism of 10 microsatellites
in Brazilizn Nellore cattle (Bos indicus) using a commercial multiplex
system. Ninety-four alleles were detected from the 10 loci surveyed,
yielding a mean value of 9.4 alleles per locus. All loci were not equally
informative as revealed by allelic frequencies. A significant deficit of
heterozygosity (P<0.01) was detected in the TGLAS3, ETH10, ETH225,
TGLA122 and INRAO23 loci. The ETH3 locus did not show the
heterozygote deficiency. Six loci deviated significantly from the Hardy-
Weinberg equilibrium. The mean PIC value was 0.640 and the mean
expected heterozygosity value was 0.679. This multiplex analysis could
contribute toward pedigree information, adequate genetic improvements and

breeding programs.

Rahimi, et al., (2006) estimated genetic variation in Holstein young
bulls of Iran Al station using molecular markers. A total of 119 individuals
were genotyped at 13 microsatellite loci. The mean number of observed
allele per microsatellie marker was 9.15 and average number of effective
allele was less than the observed value (4.03). the average observed and
expected heterozygosity values were 0.612 and 0.898 respectively. The
mean PIC value was 0.694. Inbreeding was calculated as the difference

between observed and expected heterozygosity. Observed homozygosity
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was less than that of expected one, which reflects inbreeding of -3.7%

indicating that there is genetic differences between bull-sire and bull-dams
used to produce young bulls. The results obtained from this study
demonstrated that the microsatellite DNA markers used in the present DNA
typing are usefull and sufficient for individual identification and parentage
verification without accurate pedigree information.
2.3.2 Molecular Genetic Characterization of Indian Zebu Cattle
Mukesh, et al., (2004) assessed the genetic variation and established
the relationship amongst the three Indian zebu cattle breeds, viz. Sahiwal
(SC) Hariana (HC) and Deoni (DC) using bovine specific 20 microsatellite
markers. The estimated mean allelic diversity was 5.2, 6.5 and 5.9 in SC,
HC and DC, respectively. The average observed and expected
heterozygosities for the population varied from 0.42 (SC) to 0.59 (DC), and
from 0.61 (SC) to 0.70 (DC), respectively. Low value of genetic variability
estimates was observed in SC when compared with the DC and HC,
indicating some loss of variability in SC because of its relatively small
population size. All the three cattle breeds showed a significant
heterozygote deficit ranging from 17.2% in Deoni to 32.6% in Sahiwal.
From global F-statistics a significant deficit of heterozygotes of 24.2%
(P<0.05) was observed for each one of the analysed breeds whereas the total
population had a 32.8% (P<0.05) deficit of heterozygotes. The Fgr estimate
demonstrated that approximately 88.7% of the total genetic variation was
because of the genetic differentiation within each breed. Pair wise breed
differentiation, Nei’s standard and DA genetic distance estimates revealed
relatively close genetic similarity between HC and DC in comparison with
SC. In the UPGMA based phylogenetic tree constructed from the genetic
distances, HC and DC were grouped together in one cluster and SC in the
other. The estimated time of divergence suggested a separation time of
approximately 776 years between DC and HC, and a comparatively longer

period (1296 years) between DC and SC.
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Mukesh et al., (2004) characterized Sahiwal cattle to know its

population structure and within breed genetic variability. A total of 130
alleles were detected across 25 loci with mean of 5.20 alleles per locus. The
observed and effective number of alleles ranged from 2-10 and 1.04 to 6.65
at locus ETH 3 and ILSTS 006 respectively. The range for observed and
expected heterozygosity values across the 25 loci was 0.04 (ETH 3) to 0.86
(HEL 9) and 0.04 (ETH 152) to 0.85 (ILSTS 006) with mean value of 0.43
and 0.60 respectively. Polymorphism Information Content (PIC) values
ranged from 0.03 (ETH 3) to 0.81 (ILSTS 006) with a mean of 0.54. They
found substantial amount of genetic variability in Sahiwal that might be
used in planning breeding strategies particularly in population of small
sizes; furthermore, such variability could also be employed to detect genetic
markers linked to quantitative trait loci (QTL). /

Kumar, et al., (2006) characterized the Hallikar cattle breed, native of
Karnataka using 19 FAO recommended microsatellite marker. Number of
alleles per locus ranged from three to nine with allele size ranging from 102
to 294 bp. These alleles were distributed in the frequency ranged between
0.306 and 0.8673 in the population. The mean observed and expected
heterozygosities were 0.7515+0.1734 and 0.7850+0.1381 respectively. The
high heterozygosity observed implies presence of higher genetic variability
within Hallikar breed. The population was tested for Hardy-Weinberg
equilibrium at 19 microsatellite loci (74 percent of the loci) were found to
be at disequilibrium.

Pandey et al., (2006) reported a genetic diversity of Kherigarh cattle,
a utility daught-purposed breed of India by use of microsatellite marker
recommended by the Food and Agriculture Organisation. A total of 131
alleles were distinguished by the 21 microsatellite markers used. All
microsatellie loci were highly polymorphic with the mean allelic number
6.24+1.7, ranging 4-10 per locus. The observed heterozygosity in the
population ranged between 0.261 and 0.809 with the mean of 0.574+0.131.
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It indicated considerable genetic genetic variation in this population. This

breed had not experienced a genetic bottleneck in the recent past.

Pandey et al., (2006a) studied the genetic variability in Kenkatha
cattle by using an array of 21 microsatellite markers. A total of 125 distinct
alleles were identified in kenkatha cattle with the number of allelcs
50.95+1.9 (ranging from 3 to 10 per locus). The observed heterozygosity in
the population ranged between 0.250 and 0.826 with a mean of
0.540+0.171, signifying considerable genetic variation in this population.
Population displayed heterozygote deficit in the tune of 21.4%. They found
absence of genetic bottleneck in the population.

Sharma et al., (2006) investigated microsatellite based within breed
genetic variability in Gangatiri cattle, a dual purpose Indian cattle breed
whose population is showing a declinig trend. 138 alleles were detected by
the 22 microsatellite markers. All microsatellie loci were highly
polymorphic with the mean allelic number 6.273+2.39. The observed
heterozygosity in the population varied from 0.227 to 0.756 with the mean
0f 0.464+0.166. It indicates the less genetic variability within the breed. The
population exhibited inbreeding (f=0.318) and heterozygote deficit.
Bottleneck was absent. An immediate need for genetic management of the

breed was found to be essential for its conservation and improvement.

Sharma et al., (2006 a) studied the genetic variation of Ponwar cattle
by the use of microsatellite markers. A total of 141 alleles were detected by
24 microsatellite loci. Number of alleles varied from 3-10 per locus with the
mean allelic number 5.875+1.727. The observed heterozygosity in the
population was 0.497+0.177, reflecting less genetic variation in this
population. Population showed inbreeding (f=0.262) and heterozygote

deficit. Genetic bottleneck was absent.
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2.3.3 Association of Microsatellite Marker with QTL

Hai Guo et al., (2004) reported the relationship of microsatellite DNA
and beef performance trait of Yanbian Yellow cattle. They selected some
microsatellite markers that are reported to be closely linked to the main
performance traits of beef cattle. They found, the allele 209 of locus ETH10
was positively correlated with topline and shoulder whereas allele 213 had a
positive correlation with pastern, rump and fineness, however allele 215
showed a negative correlation with topline and rump. For microsatellite
locus IDVGAA46, allele 249 had a positive correlation with the topline , fore
limbs and hind limbs based on appearance evaluation, loin width with
muscularity evaluation

Kim et al., (2004) studied gDNA of 6 Hanwoo steers showing the
differences in meat quality and quantity. Four bacteriophage genomic
libraries containing the chromosomal DNA of Hanwoo steer used to isolate
microsatellite for their possible use in the genetic selection. They
demonstrated that 208 and 210 alleles of HW-YU-MS#3 microsatellite were
closely related to the economic traits such as marbling score, daily gain in
body weight, back fat thickness and Longissimus dorsi muscle area (Loin
Eye Area) in Hanwoo cattle. HW-YU-MS#3 microsatellite was localized on
bovine chromosome 17, on which QTL related to the regulation of the body
fat content and muscle hypertrophy locus was previously known to exist.
They finally suggested that these two alleles could be used as DNA marker
related to economic traits for selection of hanwoo cattle in future.

Kucerova et al., (2004) studied relation of microsatellite ETH10 to
milk and meat production parameters in Czech Pied cattle. They found a
significant association between ETH10 and milk fat content. Significant
differences were observed between genotype group of ETH10 and weight at
the beginning of fattening period and dressed carcass weight of bulls. These
findings were an instigation to prove the effects of ETHI0 on production

parameters in lager population.
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Kucerova et al (2004) studied the association between paternal

microsatellite ETH10, heterozygous level of paternal microsatellites and
milk production parameters in Czech Pied dairy cattle. They found highest
and lowest milk fat content in the daughter whose sires had the ETH10
genotypes (217/222) 4.55% and the genotype (217/221), 4.09%,
respectively. The highest value of all milk performances traits were
recorded in cows whose sire had the ETHIO (217/223) genotype. The
presence of the heterozygous level of paternal microsatellite was significant
in relation to milk protein and milk fat content. Milk protein and fat contents
were also 0.19 and 0.18% higher, respectively, in the daughter of sire with
the lowest heterozygous level of microsatellite (60-70%) compared to those
with the highest heterozygous level (90- 100%). However, the highest milk
production (5195 Kg) was recorded in the group with the highest
heterozygous level of microsatellite compared to those of the other groups
(4947 and 4937).

Choi et al., (2006) investigated microsatellite markers on bovine
chromosome no. 1 and 14 for potential allelic association with carcass traits
in Hanwoo (Korean Cattle). A total of 13 polymorphic microsatellite
markers on bovine chromosomes | and 14 were used for alleleic association
test with cacass characteristics in Hanwoo cattle. The number of individual
marker alleles was varied from 4 to 11. For bovine chromosome 1, six
significant allelic associations were found with carcass Breeding Value
(BV) in the population. One significant allelic frequency differences with
microsatellite marker BM711 were found for marbling score BV in Hanwoo
populations. Two significant allelic frequency differences with
microsatellite marker MCM 130 and BMS4049 were found for cold carcass
BV and Two significant allelic frequency differences with microsatellite
marker BMS4049 and BMS2263 were found for longissimus muscle area
BV. Only one allelic frequency differences in the marker BMS2263 was

found for back fat thickness BV. For bovine chromosome 14, five
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significant allelic associations were also found with cacass BV. Allele 1 for

RM 180 marker and allele 2 for BM4305 had significant association with
longissimus muscle BV. Allele 1 of BL1029 and BMS2055 marker had

significant association with marbling score BV. Allele 1 of BM4305 marker

had significant association with back fat thickness BV.
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3.1 Materials required

Chemicals, reagents, buffers and equipment used in the present study
are listed in the Appendix. Most of the reagents and chemicals used in this
study were of molecular biology grade.

3.2 Collection of Blood

Materials Required
o Sterile vacutainers with KsEDTA
e Adaptor with needles
e [ce pack

Blood samples were acquired from 50 random and unrelated Bachaur
cattle from the breeding tract (Madhubani, Darbhanga and Sitamarhi
districts of Bihar) as per the guideline of MoDAD (Measurement of
Domestic Animal Diversity) programme (FAO, 1995). To ensure
unrelatedness of animals due to nonexistence of pedigreed account under
field situations, animals were selected from distinct villages after
interviewing the owners in detail. About 9-10 ml blood was collected
aseptically by jugular vein into sterile vacutainers containing EDTA as

anticoagulant. Blood was transported from field to the laboratory

maintaining cold chain.

Fig 4. Collection of Blood Sample in a vacutainer from Jugular vein
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3.3 Isolation of genomic DNA from the Blood.

Materials Required
> Equipments

 Oakridge tubes (50 ml, three sets)
¢ QGlass culture tubes ( 30 ml, one set)
* Eppendorf tubes (1.5 ml, one set)
 Micropipette (5 ml) with autoclaved tips
e Centrifuge machine
e Vortex mixer
e Weighing balance
> Reagents
o Lysis buffer
o Extraction buffer
o TE buffer
e SDS (20%)
» Proteinase K (20 mg/ml)
e Sodium acetate (3 M, pH 5.2)
¢ Phenol (equilibrated with Tris at pH 8)
e Chloroform
o Isoamyl alcohol
e Absolute alcohol
e 70% alcohol

o Ice flakes

Genomic DNA was isolated and purified from the blood cells using the
standard phenol-chloroform-isoamyl alcohol extraction followed by ethanol
precipitation described by Sambrook et al. (1989).

The detailed protocol is as under:
1. Two volume of ice cold lysis buffer (appendix) was added to whole blood

in a 50 ml oakridge tube and mixed properly. The tube was kept on ice for
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10 min., centrifuged at 10,000 rpm for 10 m. at 4 °C to pellet WBC. The

Supernatant was discarded carefully.
. Above step was repeated until most RBCs were lysed and clear pellet of
WBC was obtained (2-3 washes were sufficient to achieve clear WBC

pellet).
3. Five ml Digestion buffer (appendix) was then added to the WBC pellet and

mixed well by vortexing.

4. Sodium dodecyl sulphate (SDS, 20%) was added so that its final
concentration become 0.5%, followed by addition of Proteinase K ( Final
conc. 100 pg/ml ), mixed slowly followed by incubation at 56°C for
overnight (or atleast for 6 hours) in a water bath. .

S. After overnight incubation, equal volume of equilibrated phenol
(pH~8.0) was added and Mixed slowly for 5-10 minutes by inverting the
tubes to form uniform suspension. Centrifuge at 10,000 rpm for 10min at
room temperature (25°C).

6. Upper aquous phase (containing DNA) was collected in a separate
oakridge tubes using sterilized Pasteur pipette.

7. Equal volume of phenol: chloroform: isoamyl alcohol (25: 24:1) was
added and mixed well to form uniform suspension. The suspension was
centrifuged at 10,000rpm for 10 min at 25°C.

8. Upper aqueous phase was saved without disturbing the interphase in a
separate oakridge tubes using sterilized Pasteur pipette.

9. Equal volume of chloroform: isoamylalcohol (24:1) was added and
mixed properly. Suspension was centrifuged at 10,000 rpm for 10 min at
25°C.

10.Upper aquous phase was separated in a glass culture tube and 1/10
volume of 3M-sodium acetate (pH 5.2) followed by 2 to 2.5 volume of
chilled ethanol was added.

11.Mixed gently till DNA completely precipitates.
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12.Precipitated DNA was spooled out in a sterilized eppendorf tube and

washed twice by adding 1 ml 70% ethanol followed by centrifugation at
6,000 rpm for 6 minutes and then air dried.

13.Extracted and washed DNA pellet was dissolved in 300-500 pl of TE
buffer (pH 8.0).

14.DNA dissolved in TE was incubated at 56°C for 15-20m for inactivation
of DNAse and RNAse and genomic DNA stock was stored at -20°C for
future analysis.
3.4 Agarose gel electrophoresis to check the quality of isolated
genomic DNA
Materials Required
> Equipments
* Horizontal gel electrophoresis system
e Power pack °
e UV Transilluminator
¢ Gel casting plate
e Comb
¢ Microwave oven
e Conical flask (250 ml)
e Micropipette (2.5ul and 10ul) with autoclaved tips
> Reagents
o 50x TAE buffer
e Ethidium bromide
e Loading dye

e Agarose

Agarose gel electrophoresis is the method of separating and
analyzing charged biomolecules like DNA, RNA and proteins. The use of

gels such as starch, polyacrylamide and agarose as supporting media
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provides enhanced resolution particularly for nucleic acids and proteins.

-The location of DNA within the gel can be easily detected by staining with
ethidium bromide and very small quantities of DNA (1-10ng) can be
detected by this method. Larger sized DNA molecules face a large
frictional force as they move through the gel and so have lower mobility as
compared to the smaller sized DNA fragments that experience lesser force.
A mixture of DNA molecules therefore separates into discrete bands
during electrophoresis. Frozen stock of 50 genomic DNA samples of
Bachaur cattle was diluted (1:10) with Milli Q water. Their quantity and
quality was assessed by 0.6 % agarose gel electrophoresis using 1X TAE
buffer. Based on the result of electrophoresis the selected samples were

further diluted to a concentration of 50-100ng/ul. The detailed protocol is
as under:

3.4.1 Dissolution of agarose

Two types of running buffers are commonly used for DNA gel

electrophoresis in agarose: Tris- Acetate EDTA (TAE) and Tris —Borate

EDTA (TBE). TAE buffer was used in the present study. It is convenient to

prepare the running buffer as 50 x stock solutions and dilute as necessary

immediately before the electrophoresis.

1.

Two ml of 50x TAE was diluted to make 100ml in a 250ml Erlenmeyer

flask to give final concentration 1x.

. The required amount of agarose powder was weighed and added to the

1x TAE buffer.

. The slurry was heated in a microwave oven until agarose was completely

dissolved. Solution was gently swirled between heating cycles to release
trapped air and re-suspend any agarose particles caught on the side of the
flask.
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. The agarose solution was cooled until it reached a temperature of approx.

50-55°C (slightly hot to the hand). The flask was swirled occasionally to
keep the contents at uniform temperature and prevent the agarose from
gelling at the bottom of the flask. Ethidium bromide stock solution

(10mg/ml in water) was added to the final concentration of 0.5 pg/ml.
3.4.2 Casting of Gel

1. The comb was placed at the desired position on the gel tray 0.5-1.0 mm
above the surface of the gel plate so that the complete well is formed.

2. The warm agarose solution was poured into the mold until its thickness
become 3mm to Smm. Care should be taken to avoid the air bubbles
under or between the teeth of comb. If bubbles form, they can be
removed with the help of pointed end of pipette tips before the setting of
gel.

3. After the gel was completely set (30-40 minutes at room temperature),
comb was removed carefully by wriggling back and forth gently and then
lifting up.

34.3 Gelloading

The gel along with gel tray was placed in the electrophoresis tank.
fresh running buffer (1xXTAE) was added to cover the gel up to height of
about 1-2mm. The DNA samples were mixed with desired gel loading dye
before loading into wells. The gel loading dye serves three purposes

(i) It increase the density of the samples

(ii) Ensuring that the DNA drops evenly into the wells

(iii) Adds color to the samples, thereby simplifying the loading process. Gel

loading dye contains dyes that in an electric field move towards the
anode at predictable rates.

Bromophenol blue migrates through agarose gels approximately 2.2
fold faster than xylene cyanol FF independent of agarose concentration.

Bromophenol blue migrates through the agarose gel run in 0.5x TBE at






