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1. INTRODUCTION

In recent years, there has been a rise in global awareness on the virtues of
rabbit meat, especially in developing countries, depicting it as an alternative

means of alleviating world food shortages.

India, which faces enormous shortages in meat supply, has the greatest
chance to tap the potentials of rabbit production. Due to the fact that India
doesn’t have a rabbit breed of its own, the Central Sheep and Wool Research
Institute (CSWRI) of the ICAR imported rabbits for meat from the United
Kingdom in 1978 and for wool in 1979 from the erstwhile USSR to study their

adaptability and performance in different agroclimatic conditions of India.

Of the imported meat-type rabbit breeds in Kerala, Newzealand White,
Soviet Chinchilla and Grey Giant are the most common. Although some decline
in fertility has been observed, these exotic breeds have performed relatively well
under our diversified environmental conditions, under proper feeding, housing,

management and health measures.

The population of valuable pure bred rabbits in the State is facing a rapid
decline due to the adoption of indiscriminate crossbreeding programme. To
prevent this genetic erosion, a possible way is to characterize rabbit breeds
precisely with a view to formulate a proper breeding programme. It is in this
context that the differences among the breeds and the genetic distances existing

between them need be investigated.

Though there is no déarth of reports on the productive and reproductive
performance of various breeds of rabbits, the molecular characterization works
thereon are scarce. The genetic characterization of a species in turn allows the
assessment of its genetic variability, which is an important element in

determining breeding strategies and genetic conservation programmes.



Some of the recent developments in molecular biology help to identify
and utilize the genetic variability for genetic improvement of different species.
Molecular techniques allow the detection of variability or polymorphism of
specific regions of DNA, among individuals in a population and also between
populations. Among the various molecular markers identified, the microsatellite
markers have found widespread applications in the analysis of population

structure and genetic diversity among populations.

Microsatellites are short, simple, tandemly repeated nucleotide sequences
abundantly present in the genome. Polymerase Chain Reaction (PCR) based
microsatellite markers have been very useful because of their abundance and
ubiquitous distribution in the genome, specificity of primers, high degree of
polymorphisms that yield several alleles and complemented by easy detection

and automation of the technique.

In order to set up an appropriate breeding programme for rabbits in the
state with a view to evolve a suitable meat breed, genetic characterization of
rabbit breeds should precede. The present study was undertaken with the

following objectives:

1. Characterization of different breeds of rabbits using microsatellite

markers,
2. Estimation of allele and genotype frequencies at the polymorphic loci and

3. Estimation of the genetic relationship among different breeds of rabbits.
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2. REVIEW OF LITERATURE
2.1 GENETIC DIVERSITY ANALYSIS

Genetic diversity is the 'raw material' that enables species to adjust to a
changing world.  The level of similarity (homogeneity) or difference
(heterogeneity) in the genetic makeup (genome) of populations of the same
species indicates the extent to which genetic material can be exchanged between

populations, keeping a species-specific gene pool intact.

Understanding the mechanisms by which genes are exchanged within a
species can provide insight into the role of diverse populations in maintaining a
species' genetic diversity, or leading to the isolation and creation of distinctive
new genomes and, potentially, species. Studies on genetic diversity within a
species also has the potential to reveal that a single species, perhaps classified as

such for morphological reasons, may in fact be two or more species.

4 . . . oy
/Notter (1999) stressed the importance of maintenance of genetic variation
within livestock species. He supported the global programmes to determine
genetic distances among livestock breeds and encouraged public co-operation in

maintenance of animal genetic diversity.

A genetic diversity measure to permit ranking of breeds and thereby
providing useful information concerning the relative contribution of 18 local
cattle breeds from Spain, Portugal and France to genetic diversity was defined by
Canon ef al. (2001)”

2.2 MOLECULAR MARKERS -

Recent developments in molecular biology have opened up new vistas in

identifying and using genomic variation for genetic improvement of livestock.



The molecular techniques detect variation or polymorphisms among individuals
in specific regions of DNA. Restriction Fragment Length Polymorphism
(RFLP), Randomly Amplified Polymorphic DNA (RAPD), Simple Sequence
Repeats (SSR), Amplification Fragment Length Polymorphism (AFLP), Singlé
Nucleotide Polymorphism (SNP), Minisatellites, Microsatellites efc are some of

the DNA genetic markers (Montaldo and Meza-Herrera, 1998).

Studies based on genetic markers suggest that cattle breeds are
significantly differentiated at the genetic level. Therefore genetic markers could
provide a potentially powerful way of identifying the breed to which an
individual animal belongs, when pedigree information is missing (Blott et al.,

1999).

Molecular markers are highly polymorphic, ubiquitously distributed
throughout the genome, follow Mendelian inheritance and are unaffected by

environmental factors (Arora ef al., 2003)

Hai-Guo et al. (2005) suggested that the discriminating power of blood
-group typing and biochemical polymorphisms is less than that of DNA markers.

2.3 MICROSATELLITE MARKERS

Litt and Luty (1989) found that (TG), repeats found abundantly in the
human genome are polymorphic and since they are present in regions where
minisatellites are rare, these microsatellite loci are very useful for linkage studies

in humans.

Microsatellites are basically variable non-coding regions of nuclear DNA,
consisting of short tandemly repeated sequences of typically 1-6 bp in length.

Given their multi-allelic nature and therefore high Polymorphic Information



Content (PIC), microsatellite DNA profiling has become standard methodology
for genetic analysis of natural population (Tautz, 1989)./ )

Weber and May (!l 989)éound out that the interspersed DNA elements of
the form (dC-dA),. (dG-dT), were polymorphic in length and they demonstrated
the variations in lengths by aniplifying the DNA within and immediately flanking
the repeat blocks using PCR.

/Ciampolini et al, (1 995)/detected 17 new alleles of larger sizes in eight of
the microsatellites used in Italian cattle breeds compared with previous
information collected. Specific breed alleles with high frequencies, particularly

in Piemontese breed were also obtained.

A method for the estimation of relative mutation rates at microsatellite
loci, grouped by the repeat motif, using generalized stepwise mutation model was
put forward by Chakraborty ef al. (1997{They suggested that the dinucleotides

have mutation rates 1.5-2 times higher than the tetranucleotides.

Blott ef al. (1999) recommended that the most powerful microsatellite
markers for breed discrimination are those with high average heterozygosities

and with greater mean numbers of observed alleles.

Of the 20 microsatellite markers used by Dorji et al. (2003{for the
genetic diversity study of indigenous cattle population in Bhutan, 17 loci deviated
from Hardy-Weinberg equilibrium. They suggested that the reason for this
disequilibrium is population subdivision following sampling from a range of

distinct location within the same broad geographic area.

/Hai-Guo et al. (20057 used ten microsatellites to assess the genetic

diversity of five native cattle breeds of China and found that the variability of



microsatellite DNA loci is much larger than that of traditional genetic markers

based on unique sequence DNA mutation.
2.3.1. Applications of Microsatellite Markers

The evolutionary relationships and molecular biogeography of 20
different cattle population were determined by surveying microsatellite loci by
MacHugh et al. (1997)./ These markers proved to be very useful for the

investigation of gene flow and admixture in African population.

/s
Surridge ef al. (1999) used polymorphic microsatellite loci to study the
genetic structure of a population of European wild rabbits and found that the
formation of stable breeding groups with low levels of gene flow between them

influenced the genetic structure of population.

Microsatellite markers have potential use in genetic characterization of
animals. Using the allele frequency data obtained from microsatellite analysis,
Chenyambuga et al. (2004)/classiﬁed the goat population of Sub-Saharan Africa

into distinct genetic groups or breeds.

/

for routine Korean Native Horse parentage testing and polymorphisms in the

ho and Cho (2004) investigated the validity of 16 microsatellite markers

population of Korean Native Horse. DNA based methods offer several potential
advantages compared with conventional parentage testing system because of their
accuracy and specificity. They could give basic information for developing
accurate parentage verification and individual identification system in Korean

Native Horse.

The genetic relationship of 10 Chinese indigenous Pig breeds was

evaluated by Li er al. (2004) using microsatellite markers.



/Wiener et al. (2004) described and defined breeds in terms of their
cohesiveness based on the evaluation using microsatellite markers on samples

chosen at random from the United Kingdom breeding pool of eight cattle breeds.

Chantry-Darmon ef al. (2005) constructed an integrated cytogenetic and
genetic map based on microsatellites homogenously anchored to the rabbit
genome. The study revealed that rabbit genome manifested a higher proportion
of (TC), repeats and a nonhomogenous distribution of (TG), and (TC), repeats
compared to those in human. They reported a reservoir of 305 new rabbit

. microsatellites.

In Bhutan, the formulation of conservation strategies and programmes for
the indigenous cattle population was based on the analysis of microsatellite

/

markers among them (Dorji ef al., 2003).
2.3.2. Conservation of Microsatellite Across Species

Surridge et al (1997)/reported that six polymorphic microsatellite
markers developed for European wild rabbit (Oryctolagus cuniculus) amplified
with 20 other species of lagomorphs. The amplification indicated that the
flanking regions of the microsatellite loci have been strongly conserved over the

last 50 million years.

Andersson et al. (1999) used five microsatellite primer pairs, developed
for the European wild rabbit (Oryctolagus cuniculus) to amplify microsatellites in
two species of hare in Sweden and could detect a significant level of
differentiation between the two species. They found that the conservation of
microsatellite loci across taxa usually enables PCR amplification of the

microsatellites in closely related species with the same primers.



/

Flagstad er al (1999) utilized heterologous primers for the Bovidae
family to assess the effect of habitat fragmentation of hartebeest (Alcelaphus
buselaphus swaynei) using microsatellite analysis. They used 15 ovine and 28
bovine primer sets, as there were no reports in the literature on microsatellite
primer sets designed for Alcelaphine species. 26 of the 43 microsatellite markers
tested amplified successfully and about 75 % of the amplifiable markers were

polymorphic.

’
Pang et al. (1999) tested 48 primer pairs for chicken (Gallus gallus)
microsatellite loci in PCR amplification of Japanese Quail (Coturnix japonica)
genomic DNA. Amplification products were obtained from 28 primer pairs

(58.3%) after optimizing the PCR conditions.

Many of the bovine microsatellite markers had been adapted for analysis
in sheep and goat. The genetic relationships in goat and buffalo breeds were
widely estimated ?mg bovine microsatellite markers (Sa1tbek0va et al., 1999; d
Arora et al., 2003; Chenyambuga et al., 2004, Ma:rtmez et al., 2004, Tantla etal,””

2004; Sukla et al,, 2006 and Triwitayakomn ef al,, 2006
2.3.3. Microsatellites and Genetic Divergence

Ciampolini ef al. (1995)'{nvestigated the genetic variability within and
between cattle breeds using 17 polymorphic microsatellites. They observed 181
alleles and reported that the average number of alleles per microsatellite was
10.59.

The genetic relationship among eight Swiss goat breeds was established
by estiinating genetic distances from the analysis of 20 microsatellite markers by
Saitbekova et al. (1999)./ Their findings were in perfect agreement with the
history of Swiss goat Breeding.



Microsatellite markers have found widespread épplication in the analysis
of population structure and genetic diversity among various species like cattle,
goat, buffalo, horse, pig, dog and goose. (Canon ef al.,, 2001; Maudet. et al,
2002; Arora et al., 2003; Dorji et al., 200{;Chenyambuga et al, 2004;/(th and
Cho, 2004; Li et al., 2004;/Martinez etal, 2 04;/Cho, 2005;/ Arora and Bhatia,
2006,/ Cervini ef al., 20067 Sukla et al, 20064; Tu et al.,, 2006).

2.3.4. Sol 03

The rabbit microsatellite marker, Sol 03, was first reported by Rico et al.
(1994)by screening a size-selected library for the rabbit (Oryctolagus cuniculus)
containing 200 to 600 bp inserts. The interrupted repeat was found to be
(TC)14(T)4(TC)¢ and had a sizé-range of 237 to 252 bp. The marker proved to be
polymorphic with five alleles with a heterozygosity and PIC of 0.800 and 0.700,

respectively.

Surridge et al. (1997) used this marker for the intergeneric amplification
study of microsatellite loci in the Laporidae family and detected 12 alleles with a

size range of 225 to 249 bp in Oryctolagus cuniculus.

This marker had been used by several workers for genetic variability
studies in rabbit and had obtained varying number of alleles. (Surridge et al.,
19994 Surridge et al,, 1999b and Burton er al.,2002):

2.3.580133

Surridge et al. (1997) éported this microsatellite marker from a size-
selected rabbit genomic library.  The repeat array was found to be
(TG):GG(TG)13 and on PCR amplification revealed 15 alleles of size range 189
to 219 bp.
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/
This marker had been used by Surridge e/ al. (1999) in two different
studies and obtained 16 and nine alleles with a heterozygosity of 0.581 and 0.605.

The polymorphism of Sol 33 was also reported by Burton ef al. (2002)(
2.3.6 Sol 44

Sol 44 was detected to be a polymorphic marker composed of 17 GT

repeats in rabbit. On PCR amplification, this marker was found to be

1997).
s < . :
(1999a and 1999b) with 15 and four alleles, respectively.

polymorphic with nine alleles with a size range of 178 to 208 bp (Surridge et al.,
)};‘he polymorphism of Sol 44 locus was also reported by Surridge et al.

2.4 ISOLATION OF GENOMIC DNA

Any genetic study requires pure, high molecular weight DNA as the
first step. Phenol-chloroform extraction technique is the most extensively used

method for the isolation of genomic DNA.

Blin and Stafford (1976) introduced a new method for the isolation of
high molecular weight DNA from eukaryotes. According to them, DNA could be

prepared from a variety of tissues such as calf thymus or human placenta.

A simple salting out ﬁrocédure for extracting DNA from human nucleated
cells was put forward by Miller et al. (1988). They introduced a rapid, safe and
inexpensive method involving salting out of the cellular proteins by dehydration

and precipitation with a saturated sodium chloride solution.
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Grimberg et al. (1989%1escribed a simple and efficient non-organic
procedure for isolation of genomic DNA from blood which eliminated the use of

hazardous organic reagents.

Jackson et al. (1990)(compared several DNA extraction techniques
quantitatively and qualitatively using both fresh and paraffin wax embedded
tissue and reported that incubation with proteinase K was the most efficient

extraction procedure.

Surridge et al. (1999) performed DNA extraction using the standard
Phenol-Chloroform method for the amplification of genomic DNA by PCR. The
isolated DNA was then used for the genetic diversity studies using microsatellite

markers among European wild rabbits in East Anglia.
2.5 POLYMERASE CHAIN REACTION

Polymerase Chain Reaction (PCR) is a rapid technique for the enzymatic
in vitro amplification of DNA. The technique is very sensitive and can tolerate

small quantity of poor quality template DNA. (Jackson ef al., 1990) <

Holland er al. (1991) described that the 5'-3' exonuclease activity of the
thermostable enzyme Thermus aquaticus (Taq) DNA polymerase might be
employed in a PCR product detection system to generate a specific detectable

signal concomitantly with amplification. -

A ‘touch down’ PCR programme which decreased the specificity of
primers by lowering the annealing temperature 0.5°C for each cycle was used by
Andersson et al. (1999) when the amplification proved unspecific at high

annealing temperatures.
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The PCR conditions should be optimized for each primer set before
testing the microsatellite markers for polymorphisms using DNA samples
/
(Korstanje ef al., 2001;/Ar0ra et al, 2003/and Vijh et al., 2004).

According to Burton et al. (2002),/ the amplified products could be
visualized under ultraviolet light after electrophoresing on an ethidium bromide

stained two percent agarose gel.

The PCR products could be resolved on polyacrylamide sequencing gels.
(Andersson ef al., 1999 and Canon ef al, 2001)./The separated PCR products
could be visualized by silver staining (Bassam et al., 1991/ Canon et al., 2001,
Arora et al, 2003/and Tu et al, 2006)/autorad10graphy or by means of an
autornated sequencer (Canon et ul., 200 { Maudet ef al., 2002/and Martinez et al.,
2004).

2.6 AUTORADIOGRAPHY

- The PCR products can be visualized by incorporating radiolabelled

nucleotide or by endlabelling one of the primers used.

_ _ |

Biggin er al. (1983) proposed that the use of deoxyadenosine 5'-[a- (*°S)
thio] triphosphate as the label incorporated in dideoxynucleotide sequence
reaction increases the sharpness of the bands on an autoradiograph and so

increases the resolution achieved.

Hite et al. (1996) labeled:the 5'- end of the forward primer of each primer
pair with y-P or y-°P using T4 polynucleotide kinase to study the factors
affecting the fidelity of DNA synthesis during PCR and they visualized the
results by autoradiography. '
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Burton ef al. (2002) éalized the PCR products by exposing the dried
gels to autoradiographic film for 24-48 hours after endlabeling the forward
primer using 9.25 kBq [v*?P] ATP to study the genetic structure of cyclic

snowshoe hares in Canada.

/S{lkla et al. (2006) detected various microsatellite bands for identification

of different alleles present in six buffalo population by autoradiography after
adding o->*P dCTP to the PCR mix.

2.7 SEQUENCING

Maxam and Gilbert (1977)/sequenéed DNA by a chemical procedure that
breaks the terminally labelled DNA molecule partially at each repetition of a
base. They found that the technique permitted sequencing of at least 100 bases
from the point of labelling.

Sanger ef al. (1977/described a new method for determining nucleotides
in DNA. This method made use of inhibitors that terminate the newly
synthesized chains at specific residues. The inhibitory activity of 2'3'-
dideoxythymidine triphosphate (ddTTP) on DNA polymerase 1 depended on its
being incorporated into the growing oligonucleotide chain in the place of
thymidylic acid (dT).

Flagstad et al. (1999) resolved the PCR products by electrophoresis on a
six percent denaturing gel and determined the allele sequences by comparison

with M13 mp 18 DNA sequencing ladder.

Sukla er al. (2006)4quenced M13 DNA By chain-termination method
and the sequencing ladder (G, A, T and C) was run on the gel to size mark the
PCR products.
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2.8 STATISTICAL ANALYSIS
2.8.1. Heterozygosit‘y

Nei (19789/evaluated the magnitudes of the systematic biases involved in
sample heterozygosity and obtained the unbiased estimate of average

heterozygosity for a single locus which may be written as,

H=2n (1-Zx%) /2n-1
where ‘n’ is the number of individuals and ‘x;’ 1s

the allele frequency.

In a sample of individuals, heterozygosity could be estimated as the

binomial proportion of heterozygotes in the sample. (Ott, 1992)./

Heterozygosity is given by,
k
He=1-Z P{

where p; is the frequency of i™ allele at a locus.
2.8.2. Polymorphic Information Content (PIC)

The polymorphism at a given locus influences the probability of detection
of linkage of that locus to another. This could be found/out by a measure called

polymorphic information content (Botstein ef al., 1980). It is given by,

k k-1 L
PIC=1-[ZP?]- Z £ 2P?P}

i=1 -l j=itl
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where P; and P; stands for frequency of
‘band i and band j respectively in one
population and ‘k’ is the number of alleles
from a certain locus.

2.8.3. Genetic Distance

Genetic distance calculated using allele frequency is the basis of genetic
diversity research. It should be an index for group structure and breed diversity

when breed conservation decisions are made.

The number of individuals to be used for estimating the genetic distance
can be very small if the genetic distance is large and average heterozygosity of
the two species compared is low. (Nei, 1978)

Takezaki and Nei (1996) studied the efficiencies of genetic distance
measures in phylogenetic reconstruction by using computer simulation. They
found that Nei’s genetic distance (D4) and Cavalli-Sforza and Edwards’ chord

distance (D¢) are the most efficient.

Andersson et al. (1999)/ used the obtained allelic variation from
microsatellite markers to construct a genetic distance tree based on the amount of
shared alleles between all pairs of individuals. This method offered sufficient
differences to arrange all individuals in two groups.

Vijh er al. (2004) (gculated several genetic distances based on the
assumption of infinite allele model. The genetic distance between populations
provided a relative estimate of the time that had elapsed since the breeds existed

as one entity.
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2.8.4. Dendrograms or Phylogenetic Trees

When a dendrogram for a group of species is constructed from genetic
distance estimates, the reliability of the topology of dendrogram depends on the
difference in genetic distance among different pairs of species. If these
differences are small the genetic distance must be estimated accurately ie, a
considerable concentration of individuals should be examined for each locus

(Nei, 1978).7

/
Vijh et al. (2004) prepared dendrogram using distance matrix and using
unweighted pair group method with arithmetic mean and neighbour joining (NJ)
algorithm. The results of dendrogram were similar to those obtained using Nei’s

genetic distance.
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3. MATERIALS AND METHODS

A total of 75 genetically unrelated animals, belonging to three breeds, viz.
Newzealand White, Soviet Chinchilla and Grey Giant formed the material for this
study. The animals were sampled from the Rabbit farm attached to the Centre for
Advanced Studies in Animal Genetics and Breeding, College of Veterinary and

Animal Sciences, Mannuthy, Thrissur.
3.1 COLLECTION OF BLOOD SAMPLES

Blood samples (5 ml each) were collected from the ear vein aseptically
using sterile disposable syringes and immediately transferred into sterile
disposable centrifuge tubes containing Ethylene Diamine Tetraacetic Acid
(EDTA-1 mg/ml of blood) as anticoagulant. The samples were transported on ice
to the laboratory and stored at 4°C till processed.

3.2 ISOLATION OF DNA FROM WHOLE BLOOD

DNA was extracted from whole blood using the standard Phenol-
Chloroform extraction procedure (Sambrook et al., 1989) with modifications.

The procedure was as follows;

1. To 5 ml of blood collected in a 15 ml centrifuge tube, two volumes of ice-
cold RBC lysis buffer (150mM NH;Cl, 10mM KCl, 0.1mM EDTA) was
added, mixed well and kept on ice with occasional mixing for ten minutes

for the complete lysis of erythrocytes.

2. The leukocytes were recovered by centrifuging at 3500 rpm for 15

minutes and the supernatent containing lysed erythrocytes was discarded.



18

Steps 2 and 3 were repeated till the cell pellet was clear without any

unlysed erythrocytes.

The cell pellet was washed twice with 10 m] of Tris buffered saline (TBS-
140mM NaCl, 0.5 ma KCI, and 0.25 mM Tris) by vortexing followed by
centrifugation at 3000 rpm for 10 minutes.

The washed white cell pellet was resuspended completely by vortexing in
5 ml of saline EDTA buffer (SE buffer- 75 mM NaCl, 35 mM EDTA). To
this mixture, 25 pl of proteinase-K (20 mg/ml) and 0.25 ml of 20 % SDS

were added, mixed well and incubated at 50°C for a minimum of 3 hours.

To the digested sample, 300 pl of 5 M NaCl was added and mixed by
vortexing. An equal volume of phenol (pH 7.8) saturated with Tris- HCI,
was added, mixed thoroughly by inversion of the tubes for ten minutes

and centrifuged at 3500 rpm for 15 minutes.

The aqueous phase containing DNA was collected in fresh tubes, to which
an equal volume of saturated: phenol: chloroform: isoamyl alcohol
(25:24:1) was added. The contents were mixed thoroughly by inversion

for ten minutes and centrifuged at 3500 rpm for 15 minutes.

To the aqueous phase collected in fresh tubes, equal volume of
chloroform: isoamyl alcohol (24:1) was added, mixed and centrifuged at

3500 rpm for 15 minutes.

The supernatent was transferred to a sterile 50 ml beaker and 1/10™

volume of 3M sodium acetate (pH 5.5) was added and mixed.
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10.  An equal volume of chilled isopropyl alcohol was added and the
precipitated DNA was spooled out using a fresh micropipette tip, washed

in 70 % ethanol and air-dried.

11.  Dried DNA was resuspended in 0.5 ml of Tris EDTA buffer (TE buffer-
10mM Tris, 0.1mAM EDTA) and stored at -20°C.

3.3 PCR ANALYSIS

3.3.1 Template DNA

Working solutions of DNA samples were prepared from the DNA stock
solution by diluting with sterile double distilled water to get a final concentration
of 50 ng/pl. One microlitre of this working solution was used in every 10 pl PCR

assay.

3.3.2 Selection of primers

A set of 12 microsatellite markers (INRA 005, INRA 063, TGLA 53,
TGLA 63, ILSTS 030, HUJ 1177, BM 6121, EMX 1, LA 4, Sol 03, Sol 33 and
Sol 44) was selected from available literature and the primers were custom
synthesized. Three markers, viz. Sol 03, Sol 33 and Sol 44 which exhibited
comparatively higher degree of polymorphism, among those typed, were chosen
for the study. The sequences of the forward and reverse primers for each locus

were as follows.

Locus Primer sequence (5’ -3")

Sol 03 F 5- TACCGAGCACCAGATATTAGTTAC-3'
R 5- GTTGCCTGTGTTTTGGAGTTCTTA-3'
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Sol33 F 5- GAAGGCTCTGAGATCTAGAT-3’
R 5~ GGGCCAATAGGTACTGATCCATGT-3’

Sol 44 F 5'- GGCCCTAGTCTGACTCTGATTG-3'
R 5'- GGTGGGGCGGCGGGTCTGAAAC-3'

The primers obtained in Iyophilized form were reconstituted in sterile
double distilled water to make a stock solution of 200 pM/ul concentration. The
solutions were incubated at room temperature for one hour and then stored at

-20°C. Working solutions of the primers were prepared by dilution from the

stock.

3.3.3 Incorporation of Radioactivity: End-Labeling of Primers
: For visualizing the PCR products by autoradiography, the forward
primer of each marker was radio-labeled at the 5' end with y*> P-ATP. The
reaction was carried out with the DNA end-labeling kit (Bangalore Genei Pvt.
Ltd).

The procedure for end-labeling was as follows:

The following components were added to a 0.2 ml microcentrifuge tube in

the order;

10X Polynucleotide kinase (PNK) buffer - 1l
Forward primer (200 pAM/ul) - I ul
T4 Polynucleotide kinase (SU/ul) - 0.5ul
72 P-ATP (10mCi/ml) - - - 1pl
Nuclease free water - 6.5 ul

The mixture was incubated at 37°C for 30 minutes. Five picomoles of the

diluted end-labeled primer (10pM/ul) was used for every 10 ul PCR assay.
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3.3.4 PCR Conditions

The PCR conditions for each microsatellite loci were standardized
separately. Each reaction was carried out in 10 pl volume. PCR reaction was set
up with 1 pl of 10X PCR buffer (15 mM MgCl,, 100 mM Tris-pH 8.3, 500mM
KCI), 200uM INTP, SpM of end-labeled forward primer, 5pM of reverse primer
and 0.3 U of Taq DNA polymerase. The concentrations of MgCl, used were 1.5
mM for Sol 03 and 1.25mM for Sol 33 and Sol 44. The reaction mixture was
mixed well and subjected to amplification in a thermal cycler (Techne Flexigene).
The thermal cycling involved an initial denaturation of 94 °C for 3 minutes
followed by 35 cycles each consisting of denaturation at 94 °C for one minute,
annealing at 60.9 °C, 60.5 °C and 67.7 °C for one minute for Sol 03, Sol 33 and
Sol 44, respectively and extension at 72 °C for one minute. This was followed by
a final extension at 72 °C for five minutes. The samples were then cooled down

to 4 °C and stored at -20 °C till further analysis.
3.4 SEQUENCING M13 BACTERIOPHAGE DNA

Determination of the exact size of alleles necessitated comparison with a
sequencing ladder from M13. Single stranded M13 phage DNA was sequenced
using the DNA sequencing kit version 2.0 (Amersham Biosciences Corporation,

USA) according to the manufacture’s instructions as follows.

1 Preparation of annealing mixture.

The composition of the mixture is as follows:

M13 phage DNA (0.2 pg/nl) - Sul
5 X Sequenase reaction buffer - 2ul

Primer - lul
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The volume was made upto 10ul with distilled water. The mixture was
centrifuged briefly and incubated at 65°C for two minutes. It was then slowly

cooled to room temperature over 15-30 minutes, and chilled on ice.

2. To the four tubes labeled G, A, T and C, 2.5 pl of each dideoxy
termination mixtures (ddGTP, ddATP, ddTTP and ddCTP) were added.

3. Dilution of labeling mix.

The labeling mix provided in the kit was diluted five fold as follows:

5X Labeling mix - osul
Water - 2.0pl
4. Dilution of enzyme.

The enzyme (Sequenase version 2.0) was diluted eight fold with

Sequenase enzyme dilution buffer as follows:

Sequenase enzyme (13U/ul) - 0.5ul
Sequenase dilution buffer - 3.5ul
1.  Labeling reaction.

To the ice cold annealed DNA mixture, the following components

were added:
Dithiothreitol (DTT 0.1M) - lul
Diluted labeling mix - 2ul
Diluted enzyme - 2ul
oS dATP (10p Ciful) - 2ul
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The contents were mixed well and incubated at room temperature for two

to five minutes.

2. To each termination tubes (G, A, T and C), 3.5ul of labeling reaction
mixture was transferred, mixed well and incubated at 37°C for five

minutes.

7. The reaction was stopped by addition of 4pl of stop solution provided in

the sequencing kit and stored at -20°C.
3.5 ELECTROPHORESIS
3.5.1 Checking of Amplification of Target DNA

The PCR products were checked in 1.5% agarose gels in 1X Tris Acetate
EDTA (TAE) (0.04 mA/ Tris acetate and 0.001 mM EDTA) buffer in a horizontal
submarine electrophoresis unit. Appropriately sized gel tray was cleaned and
sealed. The tray was placed on a leveled surface and comb was kept in proper
position in the tray. 1.5 % agarose in TAE buffer was heated in a microwave
oven until it was a clear solution, cooled to 60°C and 0.5pg/ml of Ethidium
bromide was added and mixed well. The mixture was cooled to 60°C and
carefully poured into the gel tray avoiding air bubbles. After polymerization, the
comb and sealing were removed gently and the tray was immersed in the buffer
tank (Amersham Pharmacia Biotech, USA) containing 1X TAE buffer. One
microlitre of the PCR product was mixed with equal volume of 6X gel loading
buffer (Bromophenol blue 0.25%, Xylene cyanol 0.25%, Sucrose 40%) and
loaded into the well carefully. Haelll digested pBR322 was used as the DNA
size marker. 1.5 ul of the marker was mixed with equal volume of gel loading

buffer and was loaded into one of the wells.
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Electrophoresis was carried out at 2V/cm until the Bromophenol blue dye
migrated more than two-third of the length of gel. The gel was visualized under a
UV transilluminator (Hoefer, USA) and checked amplification of target DNA.
Those samples with amplified PCR products were subjected to polyacrylamide

gel electrophoresis (PAGE).
3.5.2 Denaturing Polyacrylamide Gel Electrophoresis

The radioactively labeled PCR products were subjected to electrophoresis
on six percent denaturing polyacrylamide gels for better resolution. Denaturing
PAGE was performed on the Vertical Sequencer (Consort, Belgium) as described
by Biggin et al. ( 1983)./“16 gels-were set between two glass plates (41 x 33 cm)
separated by 0.35 mm thick spacers.

3.5.2.1 Casting the Gel

The glass plates were cleaned thoroughly with soap solution and dried.
Traces of grease and oil were removed by repeated wiping with chloroform and
acetone. The plates were assembled with 0.35 mm thick spacers in between and

the sides and bottom sealed with sealing tape.

The gel was prepared by mixing 60 ml of 0.5X TBE gel mix (6%
acrylamide, 6M urea, 0.5X TBE) and 125 pl each of 10% Ammonium
persulphate solution (APS) and N, N, N, N’, Tetra Methyl Ethylene Diamine
(TEMED) in a beaker. The mixture was poured between the glass plates
avoiding air bubbles. The plates were clamped and the comb (Shark toothed -
comb) was inserted on top with the toothed surface facing upwards. The gel was
allowed to set for half an hour before electrophoresis. The tapes and clamps were
removed and assembled in the sequencer. The upper and lower electrode tanks
were filled with 1X Tris Borate EDTA (pH 8.3) buffer (TBE 0.045 M Tris borate,
0.001 M EDTA) to the required level. The comb was removed, wells cleaned
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with buffer solution and comb was then reinserted in opposite direction with the

toothed surface now facing downwards to form sample-loading wells.
3.5.2.2 Loading of Samples

The PCR products were mixed with 4 ul formamide loading buffer
(0.02% Xylene Cyanol, 0.02% Bromophenol blue, 10 mM EDTA and 98%
deionised formamide), denatured at 94°C for five minutes and cooled
immediately on ice. About 4 pl each of this mixture was loaded into each well
with care to avoid mixing up of the samples from adjacent wells. The prepared
M13 DNA sequencing ladder, which was also denatured at 94°C for five minutes,

was loaded simultaneously in the middle or side wells.
3.5.2.3 Electrophoresis

The gels were electrophoresed at 30W for three hours. The bromophenol
dye in the loading buffer acted as indicator of the mobility of DNA fragments and
had a mobility equivalent to a 25 base fragment and the Xylene Cyanol dye had a-

mobility approximately equivalent to a 100 base fragment.
3.6 DRYING OF GELS

After electrophoresis, the glass plates were removed from the sequencer,
and carefully separated. The gel adhering to one of the plates was transferred to a
filter paper. The position of the first well was marked by cutting out a small
portion of the corresponding corner. The gel was covered with a cling film and

dried in a gel drier at 80°C for one and a half hours.
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3.7 AUTORADIOGRAPHY

The cling film was removed after drying and the gel was set for
autoradiography with X-ray film (Kodak, 35.6 x 43.2cm) in a cassette (Kiran
Hypercassette) fitted with an intensifying screen. The X-ray film was developed

after 24 to 48 hours depending on the intensity of the radioactive signal.
3.8 DEVELOPMENT OF X-RAY FILM

The X-ray film was dei'eléped in the dark room. Developing was done by
transferring the film serially into 1X developer solution (Kodak) for three to five
minutes, one percent acetic acid for a minute followed by washing in distilled
water and finally into fixer solution (Kodak) for six to ten minutes. The

developed film was washed thoroughly in running water and dried.
3.9 MICROSATELLITE TYPING

The genotypes of the animals were determined for each microsatellite loci
by comparing the sizes of alleles with M13 sequencing ladder. The G, A, T and
C sequences were read from the botfom to the top in order. The allele sizes were
assigned corresponding to the G, A, T, C bands. The frequency at each locus was
determined by direct countingi.

L]

3.10 STATISTICAL ANALYSIS
3.10.1 Heterozygosity (He)

Heterozygosity is a measure of usefulness of the marker. Heterozygosity
was calculated by the method of Ott (1992)./
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Heterozygosity is given by;
k
He =1- X pi
i=1
where p; is the frequency of i™ allele at a locus. Markers with higher

heterozygosity values are more useful.
3.10.2 Polymorphic Information Content (PIC)

The polymorphic information content expresses informativeness or
usefulness of a marker for linkage studies. The PIC values of the markers were

calculated as;

k k-1 k
PIC=1-[Zp?]-Z Z 2pp]
i=1 i=1 j=i+1
:th

where p; and p; are the frequencies of i and jth alleles, respectively
(Botstein et al, 1980). /

3.11 GENETIC DISTANCE

Genetic distance measures provide the best description of genetic
differentiation among breeds or genetic groups. The standard genetic distance
between the four. populations studied were computed using Nei’s method as given
by Nei (1978)! The distance measures were derived using the POPGENE version
1.31 program (Yeh et al., 1999). /

Nei’s standard genetic distance is given by;

Ds =-In [ Jxy/ ¥ IxJy ]
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where Jx Jy and Jxy are averages of £x %, Zy? and Zx; y; over r loci and
xjand y;are the sample allele frequencies of the i" allele in populations X and Y,

respectively.
3.12 DENDROGRAM

A dendrogram representing the relationship between the animals
belonging to the three rabbit populations was constructed using the POPGENE
version 1.31 program (Yeh ef al., 1999)./ The UPGMA method was used for
plotting the dendrogram.



Results
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4. RESULTS

4.1 ISOLATION OF GENOMIC DNA

A total of 75 DNA samples were isolated from whole blood collected
from three breeds of rabbit, viz. Newzealand White, Soviet Chinchilla and Grey
Giant belonging to the rabbit farm attached to the Centre for Advanced Studies in
Animal Genetics and Breeding, College of Veterinary and Animal Sciences,

Mannuthy, Thrissur.

4.2 PCR ANALYSIS

Microsatellite markers, selected from among published literatures, were
custom synthesized and used for PCR amplification of the samples. Out of the 12
microsatellite markers tested (INRA 005, INRA 063, TGLA 53, TGLA 63,
ILSTS 030, HUJ 1177, BM 6121, EMX 1, LA 4, Sol 03, Sol 33 and Sol 44), six
markers (INRA 063, TGLA 53, TGLA 63, ILSTS 030 and BM 6121) failed to
amplify. Among the markers which had successful amplification, three (INRA
005, HUJ 1177 and EMX 1) were found to be monomorphic. Three markers (Sol
03, Sol 33 and Sol 44) which showed polymorphism were used for further

analysis.

4.2.1 Optimization of PCR

PCR reactions, temperature and time of the cycles were optimized
separately for each primer pair for efficient amplification and accurate typing of

the products, the details of which are presented in Tables 4.1, 4.2 and 4.3.

The PCR products were checked for amplification by electrophoresis on
1.5 % agarose gels using Hae [II digested pBR 322 as the size standard.

Amplified products of the expected size range were observed for all loci.
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4.3 NUMBER, SIZE AND FREQUENCY OF ALLELES

The amplified products were fractionated by denaturing polyacrylamide
gel electrophoresis. The pattern of bands at each locus was visualized by
autoradiography. Direct counting was employed for detecting the number of
alleles at each locus. The size of alleles were approximated by comparing with
the sequence of M13 phage DNA run along with the samples. The different
alleles and their frequencies for the three markers studied are presented in Tables
4.4 to 4.6. The different genotypes and their frequencies are presented in Tables
4.7 to 4.9. The number of alleles; siée range, heterozygosity and PIC values for
the different loci tested are summarized in Tables 4.10 to 4.12. The
autoradiograph of the three polymorphic loci and the monomorphic markers are

depicted in Figures 1 to 6.
4.3.1 Sol 03

A total number of eight, eleven and seven alleles were observed in
Newzealand White, Soviet Chinchilla and Grey Giant for Sol 03 locus,
respectively. Out of the three polymorphic markers, maximum polymorphism
was observed at this locus (Fig.1). The allele size ranged from 221 to 235 bp in
Newzealand White, 205 to 247 bp in Soviet Chinchilla and 209 to 247 bp in Grey
Giant. Three alleles 205, 219 Aand_ 237 bp were specific to Soviet Chinchilla
while the allele 217 bp was found exclusively in Grey Giant. The allele size of
235 bp was found in the highest frequehcy (0.250) in Newzealand White while
the allele 223 bp topped in Soviet Chinchilla with a frequency of 0.438. In Grey
Giant, the allele 229 bp was found to be the most frequent (0.350). The allele

size and frequencies are summarized in Table 4.4.

A total of thirteen, eleven and eight genotypes were recorded in
Newzealand White, Soviet Chinchilla and Grey Giant, respectively. The
genotype 223/209 occurred in both Soviet Chinchilla and Grey Giant.
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Newzealand White and Soviet Chinchilla revealed the presence of three common
genotypes (231/223, 233/223 and 235/223). The genotype 235/231 was found
with maximum frequency (0.250) in Newzealand White. In Soviet Chinchilla,
both genotypes 223/223 and 235/223 were found to be more frequent (0.167).
2297229 genotype was observed in the highest frequency of 0.250 in Grey Giant.

The genotypes and their frequencies are presented in Table 4.7.
4.3.2 Sol 33

A total of eight alleles could be observed for Sol 33 locus in Grey Giant
while four alleles each were -detected in Newzealand White and Soviet
Chinchilla. The allele size and frequencies of Sol 33 locus are presented in
Table 4.5. The allele size ranged from 206 to 216 bp in Newzealand White, 208
to 216 bp in Soviet Chinchilla and 206 to 224 bp in Grey Giant. The maximum
number of alleles (eight) was observed in Grey Giant. Three alleles found
exclusively in Grey Giant were 218 bp, 222 and 224 bp. The alleles 208, 212 and
216 bp were common to all the breeds. The allele size of 216 bp occurred in
highest frequency both in Newzealand White (0.480) and Soviet Chinchilla
(0.409). Two alleles 214 bp and 222 bp topped with a frequency of 0.190 in Grey
Giant. The polymorphism at Sol 33 locus is depicted in Fig.2.

A total of 12 genotypes were observed for Sol 33 locu’s in Grey Giant
while six each in Newzealand White and Soviet Chinchilla contributing to 16
different genotypes in the pooled population. The genotypes and their
frequencies are presented in Table 4.8. The genotype 216/206 was found
exclusively in Newzealand White. Eight genotypes (214/208, 218/214, 218/216,
2227218, 222/222, 224/216, 224/218 and 224/222) were specific to Grey Giant.
The genotype 216/208 was present in all the populations. Both in Newzealand
White and Soviet Chinchilla, 216/208 genotype was observed with maximum
frequency of 0.280 and 0.318, respectively while in Grey Giant, the genotypes
208/206 and 214/212 recorded the highest frequency (0.143).
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4.3.3 Sol 44

A maximum number of four alleles at this locus was observed in Grey
Giant while three each were recorded in Newzealand White and Soviet
Chinchilla. The allele size ranged from 205 to 211 bp in Newzealand White and
Grey Giant while the size was from 205 to 209 bp in Soviet Chinchilla. The
alleles 205, 207 and 209 bp were common to all the three breeds. The allele 209
bp topped in Newzealand White, Soviet Chinchilla and Grey Giant with
frequencies of 0.480, 0.500 and 0.375, respectively. The allele size and
frequencies are summarized in Table 4.6. The polymorphism of Sol 44 locus is

depicted in Fig.3.

Three different genotypes were recorded for Sol 44 locus in Newzealand
White, two in Soviet Chinchilla while Grey Giant recorded four. The genotype
207/205 was specific to Newzealand White while 211/205 was found in Grey
Giant only. All the three populations had 209/207 genotype in common and was
observed in maximum frequency of 0.800, 0.840 and 0.350 in Newzealand white,
Soviet Chinchilla and Grey Giant, respectively. The genotype and their

frequencies are summarized in Table 4.9.
4.4 HETEROZYGOSITY AND POLYMORPHIC INFORMATION CONTENT

The values for heterozygosity and PIC in Newzealand White at the Sol 03
locus were recorded as 0.840 and 0.836, in Soviet Chinchilla as 0.766 and 0.764,
while in Grey Giant, the heterozygosity and PIC values stood at 0.775 and 0.765,
respectively. The heterozygosity and PIC. values at Sol 03 locus are presented in
Table 4.10. The maximum values: for heterozygosity were obtained in

Newzealand White while Soviet Chinchilla recorded the minimum.

At the Sol 33 locus, the maximum values for heterozygosity (0.858) and
PIC (0.854) were observed in Grey Giant while Newzealand White recorded the
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lowest (0.672 and 0.667, respectively). In Soviet Chinchilla, values for
heterozygosity and PIC were 0.691 and 0.680 respectively. The details of

heterozygosity and PIC are summarized in Table 4.11.

The highest values for heterozygosity (0.728) and PIC (0.702) at the Sol
44 locus were recorded in Grey Giant, while the lowest (0.567 and 0.477) in
Soviet Chinchilla. The heterozygosity and PIC values were 0.586 and 0.502,
respectively in Newzealand White. The heterozygosity and PIC values of Sol 44

locus are presented in Table 4.12.

The mean values for the heterozygosity and PIC obtained were 0.794 and
0.788 at Sol 03 locus, 0.740 and 0.734 at Sol 33 locus and 0.627 and 0.560 at Sol

44 locus. The values are summarized in Table 4.13.
4.5 GENETIC DISTANCE

The genetic distance between Newzealand White and Soviet Chinchilla
was found to be 0.2022, between Soviet Chinchilla and Grey Giant was 0.6942
and between Newzealand White and Grey Giant recorded as 0.6130. The
maximum genetic distance was recorded between Soviet Chinchilla and Grey
Giant, while the minimum between Newzealand White and Soviet Chinchilla.

Genetic distance matrix is presented in Table 4.14.
4.6 DENDROGRAM
The dendrogram of relationship between the three rabbit breeds based on

POPGENE program (Nei, 1978)/’§howed one cluster, grouping Newzealand
White and Soviet Chinchilla. The dendrogram is presented in Fig.7.
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S1. No. Parameter Value
1. Template DNA (ng) 50
Sol03~-1.5
2. MgCly (mM) Sol33—1.25
Sol 44 - 1.25
3. 10X Reaction Buffer (ul) 1
4, dNTPs (uM) 200
5. Forward Primer (pM) 5
6. Reverse Primer (pM) 5
7. Taq DNA Polymerase (U) 0.3
8. Reaction Volume (ul) 10
Table 4.2  Standardised temperature and cycling conditions for the PCR at
different polymorphic microsatellite loci analysed ‘
Temperature/Time
Sl Parameter
No. Sol03 1 go133 Sol 44
Initial denaturation
1. | ccnmin o4 o4 94
Denaturation
2. (°C/min) 94 94 94
Annealing
3. (°C/min) 60.9 60.5 L 67.7
Extension
4. (°C/min) 72 72 72
35
3. No. of Cycles 35 35
6. Final extension .
(°C/5 min) 72 72 72
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Table 4.3 Standardised conditions for the PCR at different monomorphic microsatellite
loci analysed

Marker | MgCl; (mM) Annealing temperature
(°C/minute)
INRA 005 1.25 58.6
HUJ 1177 1.25 55
EMX 1 1.1 62

Table 4.4 Alleles, their size and frequency at the Sol 03 locus in the rabbit populations

investigated
; Frequency
SI. No. A(g;;e Newzealand White | Soviet Chinchilla | Grey Giant
1 205 0.000 | 0.042 0.000
2 209 0.000 0.083 0.025
3 217 0.000 0.000 0.125
4 219 0.000 0.042 0.000
5 221 0.042 0.042 0.000
6 223 0.104 0.438 0.025
7 225 0.042 0.000 0.075
8 227 0.146 0.042 0.000
9 229 0.104 0.000 0.350
10 231 0.188 0.021 0.200
11 233 0.125 0.021 0.000
12 235 0.250 0.125 0.000
13 237 “0.000 .0.104 0.000
14 247 0.000 0.042 0.200
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Table 4.5  Alleles, their size and frequency at the Sol 33 locus in the rabbit
populations investigated
. . Frequency
S1.No. Allele Newzealand Soviet Grey Giant
(bp) White Chinchilla
1 206 0.120 0.000 0.071
2 208 0.240 0273 0.143
3 212 0.160 0.250 0.071
4 214 0.000 0.068 0.190
5 216 0.480 0.409 0.143
6 218 0.000 0.000 0.095
7 222 0.000 0.000 0.190
8 224 0.000 0.000 0.095

Table 4.6 Alleles, their size and frequency at the Sol 44 locus in the rabbit

‘populations investigated

Frequency
SL.No. Allele Newzealand Soviet Grey Giant
(bp) White Chinchilla
1 205 0.020 0.080 0.225
2 207 0.420 0.420 0.175
3 209 0.480 0.500 0.375
4 211 0.080 0.000 0.225
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Table 4.7 Genotypes and frequencies at the Sol 03 locus in the different rabbit

populations.
Frequency
SI. No. Genotype Newzealand Soviet Grey Giant
White Chinchilla

1 219/205 0.000 0.083 0.000
2 221/209 0.000 0.083 0.000
3 223/209 0.000 0.083 0.050
4 223/223 0.000 0.167 0.000
5 227/223 0.000 0.083 0.000
6 229/217 0.000 0.000 0.050
7 229/221 0.083 0.000 0.000
8 229/223 0.083 0.000 0.000
9 229/229 0.000 0.000 0.250

- 10 229/247 0.000 0.000 0.150
11 231/217 0.000 0.000 0.200
12 2317223 0.042 0.042 0.000
13 2317225 0.042 0.000 0.000
14 231/227 0.042 0.000 0.000
15 2317231 0.000 0.000 0.050
16 233/223 0.042 0.042 0.000
17 2337227 0.125 0.000 0.000
18 233/229 0.042 0.000 0.000
19 235/223 0.042 0.167 0.000
20 235/225 0.042 0.000 0.000
21 2351227 0.125 0.000 0.000
22 235/229 0.042 0.000 0.000
23 235/231 0.250 0.000 0.000
24 235/235 0.000 0.042 0.000
25 237/223 0.000 0.125 0.000
26 247/225 0.000 0.000 0.150
27 247/231 0.000 0.000 0.100
28 247/237 0.000 0.083 0.000
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Table 4.8 Genotypes and frequencies at the Sol 33 locus in the different rabbit

populations
. Frequency
S No. Genotype Newzealand Soviet Grey Giant
White Chinchilla
1 208/206 0.120 0.000 0.143
2 212/208 0.080 0.227 0.000
3 214/208 0.000 0.000 0.095
4 214212 0.000 0.045 0.143
5 216/206 0.120 0.000 0.000
6 216/208 0.280 0.318 0.048
7 216/212 0.240 0.227 0.000
8 216/214 0.000 0.091 0.095
9 216/216 0.160 0.099 0.000
10 218214 0.000 0.000 0.048
11 218/216. 0.000 0.000 0.095
12 222/218 0.000 0.000 0.048
13 222/222 0.000 0.000 0.095
14 224/216 0.000: : 0.000 0.048
15 224/218 0.000 0.000 0.048
16 224/222 0.000 0.000 0.096

Table 4.9 Genotypes and frequencies at the Sol 44 locus in the different rabbit

populations
Frequency
S1. No. Genotype Newzealand Soviet Grey Giant
White Chinchilla
I 207/205 0.040 0.000 0.000
2 209/205 0.000 0.160 0.200
3 2097207 0.800 0.840 0.350
4 211/205 0.000 0.000 0.250
5 211/209 0.160 0.000 0.200
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Table 4.10  Allele size range, Number of alleles, Heterozygosity and Polymorphic
Information Content (PIC) at the Sol 03 locus in the rabbit populations

investigated.
Observation Newzealand White | Soviet Chinchilla | Grey Giant
(n=235) (n=25) (n=25)
Allele size range 221-235 205-247 209-247
(bp)
Number of alleles 8 11 7
Heterozygosity 0.840 0.766 0.775
PIC 0.836 0.764 0.765
Table 4.11 Allele size range, Number of alleles, Heterozygosity and Polymorphic
Information Content (PI(‘) at the Sol 33 Iocus in the rabbit populations
investigated. o
Observation Newzealand White | Soviet Chinchilla { Grey Giant
(n=25) (n=25) (n=25)
Allele size range 206-216 208-216 206-224
(bp)
Number of alleles 4 4 8
Heterozygosity 0.672 0.691 0.858
PIC 0.667 0.680 0.854
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Table 4.12  Allele size range, Number of alleles, Heterozygosity and Polymorphic
Information Content (PIC) at the Sol 44 locus in the rabbit populations

investigated
Observation Newzealand White | Soviet Chinchilla Grey Giant
(n=25) (n=25) (n=25)
Allele size range (bp) 205-211 205-209 205-211
Number of alleles 3 3 4
Heterozygosity 0.586 0.567 0.728
PIC 0.502 0.477 0.702

Table 4.13 Mean Heterozygosity and PIC of the three microsatellite markers tested
in different rabbit populations

Microsatellite loci
Parameter Sol03 Sol33 Sol44
Mean Heterozygosity 0.794 0.740 0.627
Mean PIC 0.788 0.734 0.560

Table 4.14 Nei’s genetic distance matri:i for the three rabbit breeds analysed

Breeds Newzealand Soviet Grey Giant
White Chinchilla
Newzealand *odokok ok ok
White
Soviet 0.0222 sk ok
Chinchilla
Grey Giant 0.6130 0.6942 s ok
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Fig. 1. Autoradiograph showing polymorphism at Sol 03 locus
GATC represents M13 sequence used as marker.
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Fig. 2. Autoradiograph showing polymorphism at Sol 33 locus
GATC represents M13 sequence used as marker
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Fig. 3. Autoradiograph showing polymorphism at Sol 44 locus

GATC represents M13 sequence used as marker



Fig.4. Autoradiograph showing monomorphic HUJ 1177 locus
GATC represents M13 sequence used as marker
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Fig.5 . Autoradiograph showing monomorphic EMX 1 locus
GATC represents M13 sequence used as marker
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Fig.6. Autoradiograph showing monomorphic INRA005 locus
GATC represents M13 sequence used as marker
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Fig.7 Dendrogram representing relationship between the three rabbit breeds
studied constructed using the UPGMA method. Numbers indicate branch lengths
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5. DISCUSSION

5.1 MICROSATELLITE PRIMERS

Microsatellites, the tandem repeat loci, can be generally considered to be
hypervariable in length. This variability is a reflection of a general mechanism,
most likely, slippage occurring during DNA repair or replication processes. At
these lobi, a mutation may alter the size of an allele by adding or deleting one or
more repeats. Slippage mutations are sufficiently frequent to maintain a high
degree of polymorphism within populations, but not frequent enough to occur in
successive generations. The mutation rate is exceptionally high, implying a

higher degree of polymorphism (Tautz, 1989)./ ]

Microsatellites have proved to be useful polymorphic markers for the
analysis of genetic relationships. The usefulness of microsatellite markers for the
estimation of genetic distances among closely related populations has been

documented by Ciampolini et al. (1995):"

Twelve microsatellite markers (INRA 005, INRA 063, TGLA 53, TGLA
63, ILSTS 030, HUJ 1177, BM 6121, EMX 1, LA 4, Sol 03, Sol 33 and Sol 44)
were tested in the present study. Out of these, only three markers (Sol 03, Sol 33
and Sol 44) were found to be polymorphic. Six primers failed to produce PCR
amplification. Among the markers which had successful amplification, three
(INRA 005, HUJ 1177 and EMX 1) demonstrated no polymorphism. Pemberton
et al., (1995)and de Gortari ef al., (1997) observed that the homologous markers
tend to be shorter in related species, are less polymorphic and have a higher

fraction of null alleles .
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5.1.1 Sol 03

In the present study, this marker well amplified with a total of 14 alleles
in the pooled population, with a size range of 205 to 247 bp. The heterozygosity
values at this locus in three breeds of rabbits ranged from 0.725 to 0.840. Rico et
al. (1994){eported five alleles with a size range of 237 to 249 bp and obtained a
heterozygosity of 0.800 for the same locus in European wild rabbit (Oryctolagus

cuniculus).

The allele 235 bp was more predominant in Newzealand White with a
frequency of 0.250 while the alleles 223 bp and 229 bp predominated in Soviet
Chinchilla (0.438) and Grey Giant (0.350), respectively.

The value for heterozygosity in Newzealand White was recorded as
0.840, in Soviet Chinchilla as 0.766, while in Grey Giant, the heterozygosity
value stood at 0.775.

Several others who had worked at this locus has reported eight to

seventeen alleles in rabbits with a size range of 225 to 249 bp (Surridge et
/ p ~
al.,1997; Surridge et al., 1999"and Burton et al., 2002).

5.1.2 Sol 33

The maximum number of alleles (eight) for Sol 33 locus was observed in
Grey Giant, followed by four each in Newzealand White and Soviet Chinchilla.
The allele size ranged from 206 to 224 bp. A total of 16 different genotypes were
recorded in the pooled population. The allele size of 216 bp occurred in highest
frequency both in Newzealand White (0.480) and Soviet Chinchilla (0.410) for
Sol 33 locus while two alleles 214 and 222 bp topped in Grey Giant (0.190).
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Surridge et al. (1997) obtained 15 alleles with a size range of 189 to 219
bp in the European wild rabbit (Oryctolagus cuniculus) and they observed that

this locus amplified well in other lagomorph species also.

The polymorphism at Sol 33 locus was exploited by Surridge er al.,
(1999) and Burton er al., (2002) to study the population genetic structure of

rabbits and obtained nine to sixteen alleles in various studies.

The heterozygosity values recorded the maximum in Grey Giant (0.858),
followed by Soviet Chinchilla (0.691) and Newzealand White (0.672). These

values indicate the suitability of this marker for diversity studies.
5.1.3 Sol 44

The maximum number of alleles (four) for Sol 44 locus was observed in
Grey Giant while three alleles each were recorded in Newzealand White and
Soviet Chinchilla. The allele size ranged from 205 to 211 bp. The 211 bp allele
was absent in Soviet Chinchilla and the allele 209 bp appeared to be the most
frequent one with frequencies of 0.480, 0.500 and 0.375 in Newzealand White,
Soviet Chinchilla and Grey Giant, respectively.

Surridge et al. (1997) detected a total of nine alleles with a size range of

178 to 208 bp in the European wild rabbit.

The maximum value for heterozygosity (0.728) was observed in Grey
Giant while Soviet Chinchilla (0.567) recorded the lowest. In Newzealand White,

the value for heterozygosity at Sol 44 locus was 0.586.

The number of alleles at different marker loci and their frequencies are

indicators of genetic variability and also form the basis of all diversity indices for
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estimation of genetic distances and construction of phylogenetic trees (Mukesh es

al., 2006)”

The level of variation depicted by the number of alleles at each locus
serves as a measure of genetic variability having direct impact on differentiation

s
of breeds within a species (Arora and Bhatia, 2006).”

Among the three breeds studied, the maximum number of alleles (eleven)
was observed in Soviet Chinchilla for Sol 03 locus. As regards Sol 33 locus, a
maximum of four alleles were detected in both Newzealand White and Soviet
Chinchilla whereas Sol 44 locus revealed a maximum of four alleles in both
Newzealand White and Grey Giant. The high mean number of alleles per loci is
an indication of high genetic variability within breeds (Sodhi ef al., 2003). The
mean number of alleles is dependent on sample size because of the presence of
unique alleles which occur in low frequencies in the population and also because
of the number of observed alleles which tend to increase with increase in

population size (Kotze e al., 2004):”

The allele frequencies for all the microsatellite loci ranged from 0.020 to
0.500. The observed number of alleles per locus ranged from four to fourteen.
The number of genotypes per locus ranged from five to twenty eight and the

genotypic frequency ranged from 0.040 to 0.800.

The number of genotypes being high could be due to the number of alleles
being high in the population. This may also indicate the existence of
heterozygous genotypes in this population. The low allele frequency in this study
could be explained by the fact that the number of alleles is high and the sample
size being low (Selvi er al., 2004).

Certain breed specific alleles were also detected in the population under

study. Sol 03 locus revealed 219 and 237 bp in Soviet Chinchilla and 217 bp in
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Grey Giant which was not observed in the other two breeds. Similarly, Sol 33
revealed 218, 222 and 224 bp in Grey Giant.

The occurrence of a few highly frequent alleles in the different
populations could be suggestive of probable linkage of these loci to traits of
economic importance and selection for those traits. In the present study, the allele
209 bp was found to be the most frequent one in Newzealand White, Soviet
Chinchilla and Grey Giant. However, to obtain more consistent results and
definite conclusions, a study is warranted incorporating a Highcr number of

animals representing each breed.
5.2 HETEROZYGOSITY AND POLYMORPHIC INFORMATION CONTENT

An important characteristic. of a genetic marker is its heterozygosity, that
is, the probability that a random individual is heterozygous for that marker (Ott,
1992')T/Heterozygosity reflects the genetic diversity of a population and thus, to a

certain extent, also reflects the state of inbreeding.

The values for heterozygosity for Sol 03 locus ranged from 0.775 to 0.840
while that of Sol 33 locus ranged from 0.672 to 0.858 among the three breeds
studied. With regard to Sol 44 locus, the heterozygosity values ranged from
0.567 to 0.728.

The mean heterozygosity values for the three markers used in the present
study ranged from 0.627 to 0.794. Takezaki and Nei (1996) showed that, having
an average heterozygosity between 0.3 and 0.8 in the population is useful for
measuring genetic variation.

All the three breeds demonstrated high heterozygosity values, which were
in accordance with the expectations for the microsatellite loci. Similar values for

heterozygosity were reported in rabbits by Rico et al. (1994‘)’.‘
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PIC is a measure of the informativeness of the marker. Botstein et al.
(1980) developed the PIC value for the measurement of a marker’s

informativeness in linkage analysis.

PIC values were high for all loci studied in all the breeds and ranged from
0.560 to 0.790. A fairly high PIC values (>0.5) suggest the suitability of

microsatellites as markers of choice for studying genetic distance in rabbits.
5.3 GENETIC DISTANCE

Genetic distance is the basis for genetic diversity research. Genetic
distance derived from microsatellite can reflect the time of diversity as well as the

yd
genetics and variation among breeds (Tu et al., 2006).

The genetic distance measures the time that had elapsed since the
populations were genetically equivalent. It indicates the time of divergence of the

breeds from each other.

The genetic distance can be estimated from the difference in the allele
frequency using several methods. Vijh et al. (2004) proved that the Nei’s genetic

distance was the most appropriate.

In the present study, allele frequencies at each locus for each breed were
used for computing the genetic distance between each pair of breeds. The Nei’s
genetic distance between breeds ranged from 0.2022 to 0.6942. The genetic

.distance between Newzealand White aﬁd Soviet Chinchilla was found to be
0.2022, between Newzealand White and Grey Giant 0.6130 and between Soviet
Chinchilla and Grey Giant 0.6942. The results showed that the genetic distance
between Soviet Chinchilla and Grey: Giant was the highest.



47

5.4 DENDROGRAM

The dendrogram is a phylogenetic tree to show the relationship among
different population. In the present study, the dendrogram constructed from the
genetic distance data using POPGENE program grouped Newzealand White and
Soviet Chinchilla in one cluster. Grey Giant was found to be the most widely

separated breed.

The clustering based on UPGMA and Nei’s genetic distance are the best
methods for analysing genetic diversity among the different breeds (Tu et al,,

2006)’./The present study too supports this view.

It was found that the set of microsatellite markers tested in this study
could be used satisfactorily for molecular characterisation and genetic diversity
studies in rabbits. However, using more number of markers and increasing the

sample size would allow a better differentiation between populations.

The study characterised the three breeds of rabbit, viz. Newzealand
White, Soviet Chinchilla and Grey Giant, using microsatellite markers. The
allele and genotype frequencies and the genetic distance obtained revealed that
Grey Giant is widely separated from the other two breeds. Newzealand White
and Soviet Chinchilla are more closely related. This information can be utilized
in formulating an appropriate breeding programme since the cross between more
genetically distant animals produce young ones with better hybrid vigor. The
present study indicates the scope for the production of crossbreds with high vigor
by crossing the genetically distant Grey Giant with either of the other two breeds,

viz. Newzealand white or Soviet Chinchilla for the benefit of rabbit farmers.



Summary
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6. SUMMARY

The present study aimed at characterisation of the three breeds of rabbit,
viz. Newzealand White, Soviet Chinchilla and Grey Giant using microsatellite
markers. The phylogenetic relationship existing among these breeds has also

been investigated by estimating the allele and genotype frequencies and genetic

- distance.

DNA isolated from 25 animals of each breed by standard Phenol-
Chloroform extraction procedure formed the material for the study. Out of the 12
microsatellite markers (INRA 005, INRA 063, TGLA 53, TGLA 63, ILSTS 063,
HUJ 1177, BM 6121, EMX 1, LA 4, Sol 03, Sol 33 and Sol 44) tested, Sol 03,
Sol 33 and Sol 44 were found to be polymorphic while INRA 005, HUJ 1177 and
EMX 1 proved to be monomorphic.

PCR conditions were optimized separately for each primer. Each reaction
was carried out in 10 pl volume containing 1pul of 10X PCR reaction buffer, 200
uM dNTP, 5 pM each of forward and reverse primer and 0.3U of Thermus
aquaticus DNA polymerase. A MgCl, concentration of 1.5 mA for Sol 03 and
1.25 mM for Sol 33 and Sol 44 was found to be satisfactory. The annealing
temperature was optimized at 60.9°C for Sol 03, 60.5 °C for Sol 33 and 67.7 °C
for Sol 44. The forward primer of each primer pair was endlabelled with y*2P-
ATP.

Denaturing polyacrylamide gel electrophoresis was used to fractionate the
amplified products and bands were visualized by autoradiography. The size of
alleles at each locus was assessed by comparing with the sequence of M13 single
stranded DNA size standard.
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A total of eight, eleven and seven alleles were observed for Sol 03 locus
in Newzealand White, Soviet Chinchilla and Grey Giant respectively. The allele
of 217 bp was found exclusively in Grey Giant. The allele of 235 bp occurred in
highest frequency in Newzealand White. The values for heterozygosity and PIC
in Newzealand White at the Sol 03 locus were recorded as 0.840 and 0.836, in
Soviet Chinchilla as 0.766 and 0.764, While in Grey Giant, the heterozygosity and -
PIC values stood at 0.775 and 0.765, respectively.

With regard to Sol 33 locus, eight alleles in Grey Giant and four alleles
each in Newzealand White and Soviet Chinchilla were detected. Eight genotypes
and three alleles were found to be specific in Grey Giant. At the Sol 33 locus, the
maximum values for heterozygosity (0.858) and PIC (0.854) were observed in
Grey Giant while Newzealand White (0.672 and 0.667, respectively) recorded the
lowest. In Soviet Chinchilla, values for heterozygosity and PIC were 0.691 and
0.680 respectively. |

The third microsatellite marker Sol 44 gave rise to four alleles in Grey
Giant and three alleles each .in Newzealand White and Soviet Chinchilla. The
heterozygosity and PIC values were highest in Grey Giant (0.728 and 0.702)
while lowest values (0.567 and 0.477) were recorded in Soviet Chinchilla. In

Newzealand White, the values were 0.586 and 0.502, respectively.

Allele frequencies at each locus for each breed were used to calculate
genetic distances among the three breeds. Nei’s genetic distance was worked out
using the POPGENE version 1.31 program. The genetic distance between Soviet
Chinchilla and Grey Giant was found to be 0.6942 while that between
Newzealand White and Grey Giant was 0.6130. The genetic distance between
Newzealand White and Soviet Chinchilla was found to be 0.2022. The
dendrogram constructed using the POPGENE program grouped Newzealand
White and Soviet Chinchilla in one cluster. These results revealed that Soviet

Chinchilla and Newzealand White are more closely related when compared to
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Grey Giant. The cross between more genetically distant animals produces young
ones with better hybrid vigor. This information gathered herein can contribute to
database based on which the breeding programme shall be formulated The
present study indicates the scope for the production of crossbreds with high vigor
by crossing the genetically distant Grey Giant with either of the other two
breeds, viz. Newzealand white or Soviet Chinchilla for the benefit of rabbit

farmers.

The study also indicated that the set of microsatellite markers tested could
be used satisfactorily for molecular characterization and genetic diversity studies
in rabbits. The results reveal the scope for further attempts using more markers
in larger sample sizes so as to generate clearer picture as regards differentiation

among closely related populations.
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ANNEXURE -1

COMPOSITION OF REAGENTS AND BUFFERS USED IN THE

STUDY
Acrylamide (40 %)
Acrylamide 380 g
NN - Methylene bisacrylamide 20g
Water to 1000 ml

Agarose (1 %)

Weighed 0.6 g of agarose powder and mixed with 60 ml of I X
TAE buffer in a conical flask. Solution was heated in a microwave oven
until boiling and cooled slowly.

Ammonium persulphate (10 %)

Ammonium persulphate 100 mg

Water to 1 ml

Denaturing Polyacrylamide Gel

0.5 X TBE Gelmix 60 ml
TEMED 0.125 m!
Ammonium persulphate (10 %) 0.125 m]

Mixed well without air bubbles.



EDTA (0.5M, pH 8.3)

Dissolved 18.61 g of EDTA (disodium, dihydrate) in 80 ml of
distilled water by bringing the pH to 8.3 with NaOH solution and volume
made upto 100 ml. Stored at room temperature after filtration and

autoclaving.

Ethidium Bromide (10 mg/ml)

Dissolved 100 mg Ethidium bromide in 10 ml of distilled water.

Solution stored at 4°C in a dark coloured bottle.

Formamide dye / Stop buffer

Deionised formamide 98 %
Xylene cyanol 0.025 %
Bromopheno! blue 0.025 %
0.5 MEDTA 10mM

Gel loading buffer

Bromophenol blue 0.25% 50 mg
Xylene cyanol 0.25% 50 mg
Sucrose 40 % 8g

Components stirred well in 20 ml distilled water and stored at 4°C.



il

Pheno! (Saturated, pH 7.8)

Commercially available crystalline phenol melted at 65°C in a
water bath. Hydroxyquinolone added to a final concentration of 0.1
percent, To the molten phenol, 0.5 M Tris HCI (pH 8.0) was added in
equal volume and stirred for 30 minutes in a magnetic stirrer. The contents
were transferred into a separating funnel. Lower phenolic phase was
collected and mixed with equal volume of 0.1 M Tris HCI (pH 8.0) and
stirred again for 30 minutes. The phenolic phase was collected and
extraction repeated with 0.1M Tris HCI (pH 8.0) until the pH of phenolic
phase was more than 7.8. Finally 0.1 volume of 0.01 A/ Tris HCI (pH 8.0)
added and stored in a dark bottle at 4°C.

RBC lysis buffer

Ammonium chloride 150 mM 8.0235 g
Potassium chloride 10 mM 0.7455 g
EDTA 0.1 mM 0.0372 ¢

Dissolved the contents in distilled water and volume made up to

1000 ml. Stored at 4 °C after filtration and autoclaving.
Sodium acetate
Dissolved 40.824 g of Sodium acetate in 70 ml of distilled water

and pH adjusted to 5.5 with glacial acetic acid. Volume made up to 100

ml, autoclaved and stored at room temperature.



Sodium chloride (5 M)

Dissolved 29.22 g of sodium chloride in 80 ml distilled water and
volume made up to 100 ml. Solution filtered and stored at room

temperature.

Sodium chloride- EDTA (SE) buffer (pH, 8.0)

Sodium chloride 75 mM 4383 g
EDTA 35mM 9.306 g

Dissolved the contents in 900 ml distilled water and pH adjusted to
8.0. Made up the volume to 1000 ml, filtered, autoclaved, stored at 4 °C.

Sodium dodecyl sulphate (SDS) 20 %
SDS 20g
Distilled water make up to 100 ml

Stirred, filtered and stored at room temperature.

Tris Acetate EDTA (TAE) buffer (50X)

Tris base 484 ¢
Glacial acetic acid 11.42 ml
0.5MEDTA (pH8.0) 20 ml
Distilled water up to 1000 ml

Autoclaved and stored at room temperature.



Tris-Borate (TBE) buffer pH 8.3) 10X

Tris base 108.0g

Boric acid 550g
EDTA 93¢g

Dissolved in 700 ml of distilled water and pH adjusted to 8.3.

Volume made up to 1000 ml, autoclaved and stored at room temperature.

TBE Gel mix (0.5 X)
40% Acrylamide 150 ml
10X TBE buffer 50 ml
Urea . ‘ 450 g

Mixed well in 700 ml distilled water, volume made up to 1000 ml
and stored at 4°C.

Tris Buffered Saline (TBS) pH 7.4

Sodium chloride 140 mM 8.18¢g .
Potassium chloride 0.5 mM 0.0373 g
Tris base 0.25 mM 0.0303 g

Dissolved in 900 ml of distilled water and pH adjusted to 7.4.
Made up the volume to 1000 ml, filtered, autoclaved and stored at 4°C.



vi

Tris EDTA (TE) buffer (pH 8.0)

Tris base 10 mM 1.2114 g
EDTA 0.1 mM 03722 ¢

Dissolved in 900 ml of distilled water and adjusted the pH to 8.0.
Made up the volume to 1000 ml, filtered, autoclaved and stored at 4°C.

Tris 1M (pH 8.0)
Tris base 121.14 g

Added distilled water up to 1000 ml, pH adjusted to 8.0, filtered

and stored at room temperature.



ANNEXURE -11

vii

SOURCES OF IMPORTANT CHEMICALS AND ENZYMES USED IN

(A)

THIS STUDY

CHEMICALS

Acrylamide (Molecular Biology grade)

Agarose (Low EED)
Ammonium chloride
Ammonium per sulphate
N-N-Methylene Bis acrylamide
Boric acid

Chloroform

Crystalline phenol

Di-sodium hydrogen orthophosphate -

dNTPs.

EDTA

Ethanol

Ethidum bromide

6 X gel loading buffer
Glacial acetic acid
Hydroxy quinolone
Isoamyl alcohol
Methanol

Potassium chloride
Sodium acetate
Sodium chioride
Sodium dodecyl sulphate (SDS)

- SRL, Bombay
Bangalore Genei Pvt. Ltd.
SRL, Bombay

SRL, Bombay

SRL, Bombay

SRL, Bombay

Merck

Merck

SRL, Bombay

Finn Enzymes

SRL, Bombay

Merck

BDH lab, England
Bangalore Genei Pvt. Ltd.
BDH-E, Merck (India) Ltd.
Qualigens Chemicals, Mumbai
Merck

SRL, Bombay

SRL, Bombay

SRL, Bombay

SRL, Bombay

SRL, Bombay



(B)

©)

(D)

(E)

(F)

TEMED
Tris base

Urea

PRIMERS
InVitrogen (India ) Pvt. Ltd.

MOLECULAR MARKERS

pBR322 DNA /Hae 111 digest
M13 sequencing ladder

ENZYMES

Tagq DNA polymerase
Proteinase-K

PNK

KITS

DNA-End-labelling kit
Sequenase version 2.0 DNA
sequencing kit

ISOTOPES

v*2 P-ATP
o S-dATP

viit

SRL, Bombay
SRL, Bombay
SRL, Bombay

~ Bangalore Genei Pvt. Ltd.

Amersham Pharmacia Biotech,
USA.

Bangalore Genei Pvt. Ltd.

Bangalore Genei Pvt. Ltd.

Bangalore Genei Pvt. Ltd.

Bangalore Genei Pvt. Ltd.

Amersham Pharmacia

Biotech, USA.

BRIT, Bombay
BRIT (Jonaki), Hyderabad.



RFLP
PCR
RAPD
DNA
PAGE
PIC
EDTA
DTT
TEMED
APS
PNK
He

Hg

mg
mM.
cm
nm
mCi
Kb
Rpm
SDS
dNTP.

ANNEXURE - IIT
ABBREVIATIONS

Restriction Fragment Length Polymorphism
Polymerase Chain Reaction

Random Amplified Polymorphic DNA
Deoxy Nucleic Acid

Polyacrylamide Gel Electrophoresis
Polymorphic Information Content
Ethylene Diamine Tetraacetic Acid
Dithiothreitol

N, N, N’, N’ Tetramethylethylenediamine
Ammonium Persulphate
Polynucleotide Kinase

Heterozygosity

microlitres

microgram

milligram

millimolar

centimeter

nanometer

millicurie

Kilo basepair

Revolutions per minute

Sodium Dodecyl Sulphate

Deoxy Nucleotide Triphosphate



ddATP.

ddCTP

ddGTP.
ddTTP.

Dideoxy Adenosine Triphosphate
Dideoxy Cytosine Triphosphate.

Dideoxy Guanosine Triphosphate
Dideoxy Thymidine Triphosphate
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ABSTRACT

The genetic divergence among three breeds of rabbit, viz. Newzealand
White, Soviet Chinchilla and Grey Giant was studied using microsatellite

markers.

A set of twelve microsatellite markers were tested, out of which three
markers (Sol 03, Sol 33 and Sol 44) were selected based on their polymorphism.
The PCR products were separated by denaturing polyacrylamide gel

electrophoresis and autoradiographed.

The Sol 03 locus was found to be the most polymorphic with fourteen
alleles in the pooled population. The values for heterozygosity and PIC in
Newzealand White at the Sol 03 locus were recorded as 0.840 and 0.836, in
Soviet Chinchilla as 0.766 and 0.764, while in Grey Giant, the heterozygosity and
PIC values stood at 0.775 and 0.765, respectively.

Eight alleles were detected at the Sol 33 locus. The maximum values for
heterozygosity (0.858) and PIC (0.854) were observed in Grey Giant while
Newzealand White (0.672 and 0.667, respectively) recorded the lowest.. In Soviet
Chinchilla, values for heterozygosity and PIC were 0.691 and 0.680 respectively.
with mean heterozygosity and PIC values of 0.740 and 0.764.

Sol 44 locus revealed four alleles. The highest values for heterozygosity
(0.728) and PIC (0.702) at the Sol 44 locus were recorded in Grey Giant, while
the lowest (0.567 and 0.477) in Soviet Chinchilla. The heterozygosity and PIC

values were 0.586 and 0.502, respectively in Newzealand White.

The genetic distance was calculated based on Nei’s formula, and the
highest value was noticed between Soviet Chinchilla and Grey Giant (0.6942)
while the lowest between Newzealand White and Soviet Chinchilla (0.2022).



The dendrogram constructed using POPGENE program grouped
Newzealand White and Soviet Chinchilla in one cluster indicating their closer

relationship. Grey Giant was found to be the most widely separated breed.




