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Introduction

Poultry industry in India has a strong standing globally, being third

highest egg producer with more than 50000 million eggs and fifth highest broiler

producer with 2.25 million tones of broiler meat. Largely, Indian poultry industry

is chicken dominated and the rearing of high yielding varieties under intensive

rearing system is the back bone of its present face. Presently, broiler industry

is increasing at a growth rate of 10 %, while egg production has a growth rate

of about 6 % (Singh and Sharma, 2007). This spectacular growth of Indian

poultry industry has its root in the availability of high producing germplasm

and the high yielding potential of these germplasm was well supported by

advances in nutritional and health management and husbandry practices have

also contributed.

The divergence between Red Jungle Fowl (RJF) and Domestic Fowl (DF)

is presumed to have originated some 8,000 years back. During all these years,

the chicken genome has undergone tremendous changes due to intentional

selection. Unlike other domestic species, where the ancestor from which the

present day animals evolved are not existing. Chicken offers a unique system

to compare the effect of natural selection verses man made artificial selection.

Thus, it has immense value. Today, this bird is facing the danger of extinction

in term of its purity. Peterson and Brisbin (1999) studied the 754 museum

specimen of Red Jungle Fowl and using morphological characters, mainly

presence of eclipse plumage and concluded that almost 99% of the captive

population and potentially all wild population are contaminated by feral and
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domestic chicken. This aspect needs meticulous appraisal on scientific lines.

However, in reality the position may not be so worse. It is expected that Red

Jungle Fowl population of Himachal Pradesh, Uttar Pradesh and Uttaranchal

may have negligible or no contamination. The scientific studies in this regard

are required.

In the recent past, molecular genetics have provided several powerful

tools such as DNA based genetic markers that can exploit the great wealth of

polymorphism at DNA level. DNA-based markers can be grouped into clone/

sequence based (CSB) markers and fingerprint markers (Dodgson et al., 1997).

The CSB markers include microsatellite (Weber and May, 1989), RFLP, Sequence

Tagged Site (STS) and Expressed Sequence Tags (EST). On the other hand, the

fingerprint (FP) markers include variable number of tandem repeats (VNTR).

These VNTR are often called minisatellites for large loci (Jeffreys et al., 1985)

and microsatellites for smaller VNTR loci (Ali et al., 1986). Single nucleotide

polymorphism (SNP), a new type of molecular marker and its more recent concept

has basically arisen from the recent need for the densities of genetic markers

for the studies of multifactorial diseases and the recent progress in

polymorphism detection and genotyping techniques. Detection of SNPs in the

genome is important to determine whether they cause silent changes, contribute

to the diversity of the population, or cause mutations leading to diseases. SNPs

are widely distributed throughout the genomes (Halushka et al., 1999). The

occurrence and distribution of SNPs varies among species. In chicken, 1 SNP

per 225 base pair (bp) was observed in a survey of 31,000 bases analysed from

broiler and layer lines (Schmid et al., 2000) and 1 SNP per 2,119 bp in chicken

expressed sequence tags (EST) (Kim et al., 2002). Several other SNPs were also

reported in chicken. Amills et al. (2003) reported that the genotypes of the 4

SNPs in the chicken IGF-2 gene are associated with growth and feeding traits

in chicken. The SNPs of the chicken insulin like factor-binding protein-2 gene

associated with chicken growth and carcass traits was reported by Lie et al.

(2005). The identification of SNPs of adipocyte fatty acid-binding protein gene

and its association with fatness traits in the chicken was reported by Wang et

Introduction....
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al. (2006). Qui et al. (2006) studied the association of single nucleotide

polymorphisms in the insulin gene of chicken for early growth and fat deposition.

The primary advantage of mtDNA is that it is present in higher copy

numbers within the cells and therefore more likely to be recovered even from

highly degraded specimen (Kline et al., 2005). Ingman et al. (2001) described

mtDNA  as  a potent tool for understanding human evolution, owing to its high

copy number, apparent lack of recombination, high substitution rate and

maternal mode of inheritance. The SNPs that occur in the mitochondrial genome

are very important tool in the species identification, forensic studies as well as

anthropological and evolutionary research (Vigilant et al., 1991 and Boles et

al., 1995). Harumi et al. (2004) observed the single nucleotide polymorphism

in the D-loop region in chicken mitochondrial DNA and reported 11 SNPs. For

six of the SNP sites, polymerase chain reaction (PCR) primers that had each

base (A, C, G and T) as the penultimate base at the 3’ end were produced to

type the polymorphisms. Twenty-one out of 96 primers succeeded in

distinguishing the SNPs by the presence or absence of PCR product. This method

provides an easy way to discriminate SNP in chicken mitochondrial DNA. A

rapid identification of SNPs and estimation of allele frequencies using sequences

from DNA pools was reported by Ye et al. (2006).

Hence, the present study has been mainly aimed for the detection of

SNPs in the mitochondrial DNA of Red Jungle Fowl and its utilization in

estimating genetic diversity between RJF and Domestic Fowl with the following

objectives.

1. Genotyping the potential SNPs by allele specific PCR and/or PCR

RFLP in red jungle fowl and domestic fowl population.

2. Estimating genetic diversity between RJF and DF using SNPs.



Review of Literature

Mitochondrial DNA (mtDNA)

In 1949, Boris Ephrusi suggested that mitochondria have their own

genome and several years later, in the mid 1970, mitochondria were found to

contain DNA. The DNA found in the mitochondrion is called mitochondrial

DNA. The first complete sequence to be resolved was that of the human

mitochondrial genome (Anderson et al., 1981). Since then several vertebrate

mitochondrial genomes have been sequenced, including that of the domestic

fowl.

Avian mitochondrial DNA

Desjardins and Morais (1990) studied the complete mitochondrial (mt)

genome sequences of WLH chicken (Gallus gallus domesticus). Sequence analysis

revealed that the WLH chicken mt genome is 16,775 bp and the genome encodes

the same set of genes (13 proteins, 2 rRNAs and 22 tRNAs) as do other vertebrate

mt DNAs and is organized in a very similar economical fashion (Fig.2.1). The

protein genes are highly similar to their mammalian and amphibian counterparts

and are translated according to the same variant genetic code. Despite these

highly conserved features, the chicken mitochondrial genome displays two

distinctive characteristics. First, it exhibits a novel gene order, the contiguous

tRNAGlu and ND6 genes are located immediately adjacent to the displacement

loop region of the molecule, just ahead of the contiguous tRNAPro, tRNAThr and

Cyt b gene which border the D-loop region in other vertebrate mt genomes.

This unusual gene order is conserved among the galliform birds. Second, a
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light stand replication origin, equivalent to the conserved sequence found

between mt tRNA Cys and tRNA-Asn genes in all vertebrate mt genome

sequences thus far, is absent in the chicken genome. These observations indicate

that galliform mt genomes departed from their mammalian and amphibian

counterparts during the course of evolution of vertebrate species. The complete

mitochondrial sequence of Red Jungle Fowl along with their gene position and

size is presented (Table 2.1). The mitochondrial genome of other chicken breeds,

avian species and jungle fowl has also been completely sequenced (Table 2.2).

Desjardins et al. (1990) deduced the gene organization of the Peking

duck mitochondrial (mt) DNA through heterologous hybridization using different

cloned fragments of the chicken or Japanese quail mitochondrial genome as

probe. As in the chicken and other gallinaceous birds, the Peking duck mtDNA

displays a novel gene order which differs from that of other vertebrates by the

unusual localizationn of the tRNA Glu and ND6 genes next to the displacement

(D) loop region of the molecule. The position of these genes with respect to

the mitochondrial D-loop region, the cytochome oxidase subunits I, II and III,

the NADH ehydrogenase subunit I and the ribosomal rRNAs was confirmed by

the partial nucleotide sequence of cloned mt DNA fragments.

Desjardins and Morais (1991) cloned and sequenced the segments of

the Japanese quail mitochondrial genome encompassing many tRNA and protein

genes, the small and part of the large rRNA genes, and the control region.

Analysis of the relative position of these genes confirmed that the tRNA Glu

and ND6 genes in galliform mitochondrial DNA are located immediately

adjacent to the control region of the molecule instead of between the cytochrome

b and ND5 genes as in other vertebrates. Japanese quail and chicken display

another distinctive characteristic, that is, they both lack an equivalent to the

light strand replication origin found between the tRNA Cys and tRNA Asn genes

in all vertebrate mitochondrial genomes sequenced thus far. Comparison of the

protein-encoding genes revealed that a great proportion of the substitutions

are silent and involve many transitions. Sequence alignment indicated that the

two avian control regions evolve mainly through base substitutions but are also

characterized by the occurrence of a 57-bp deletion/addition event at their 5'

end.



Table 2.1. Avian Mitochondrial DNA

Sl No Name of genes Code

1 D loop control region D-loop
2 tRNA phenylalanine tRNA-Phe
3 12S ribosomal RNA 12S rRNA
4 tRNA valine tRNA-Val
5 16S ribosomal RNA 16S rRNA
6 tRNA leucine tRNA-Leu1
7 NADH dehydrogenase 1 ND1
8 tRNA isoleucine tRNA-Ile
9 tRNA glutamine tRNA-Gln
10 tRNA methionine tRNA-Met
11 NADH dehydrogenase 2 ND2
12 tRNA tryptophan tRNA-Trp
13 tRNA alanine tRNA-Ala
14 tRNA asparagine tRNA-Asn
15 tRNA cysteine tRNA-Cys
16 tRNA tyrosine tRNA-Tyr
17 Cytochrome Oxidase I COI
18 tRNA serine 1 tRNA-Ser
19 tRNA aspartic acid tRNA-Asp
20 Cytochrome Oxidase II COII
21 tRNA lysine tRNA-Lys
22 ATP Synthase 8 ATPase8
23 ATP Synthase 6 ATPase 6
24 Cytochrome Oxidase III COIII
25 tRNA glycine tRNA-Gly
26 NADH dehydrogenase 3 ND3
27 tRNA arginine tRNA-Arg
28 NADH dehydrogenase 4L ND4L
29 NADH dehydrogenase 4 ND4
30 tRNA histidine tRNA-His
31 tRNA serine 2 tRNA-Ser
32 tRNA leucine tRNA-Leu2
33 NADH dehydrogenase 5 ND5
34 Cytochrome B Cytb
35 tRNA threonine tRNA-Thr
36 tRNA proline tRNA-Pro
37 NADH dehydrogenase 6 ND6
38 tRNA glutamic acid tRNA-Glu



Table 2.2. The avian species having complete sequence of mt DNA

Sl No Species / Breed Common name / Breed Total bases References

1  G. g. domesticus White Leghorn 16,775 Derjardius & Morais, 1990

2  C. japonica Japanese quail 16,697 Nishibori et al. (2001)

3  Numida meleagris Guineafowl 16,726 Nishibori et al. (2004)

4  G. g.  var. domesticus Silkie fowl 16,784 Wada et al. (2004)

5  G. g.  murghi Red jungle fowl 16,785 Nishibori et al. (2005)

6  G. g. Spadiceus Burmese Red Jungle fowl 16,785 Nishibori et al. (2005)

7  G. g.  gallus Cochin chinese RJF 16,785 Nishibori et al. (2005)

8  G. g. bankiva Javan RJF 16,785 Nishibori et al. (2005)
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L’Abbe et al. (1991) mapped the transcription start sites of chicken

mitochondrial DNA in the control region by direct sequencing of in vitro capped

mitochondrial RNA species, by primer extension and by S 1 nuclease protection

analysis. Transcription of the heavy strand initiates predominantly at a site

156 nucleotides upstream of the tRNAPhe gene, i.e. about 135 nucleotides

further upstream than the corresponding sites in amphibia and mammals. On

the opposite strand, transcription starts predominantly one nucleotide removed

from the site in the heavy strand. The L-strand position start site is similar to

that found in other vertebrates. The chicken mitochondrial DNA control region

thus contains one major transcriptional promoter, whose bidirectional capacity

is similar to the situation in amphibia but which contrasts to the mainly

unidirectional capacity of mammalian promoters. In chicken mitochondria, the

sequence comprising the start sites is A+T rich and contains an almost perfect

inverted repeat which can be folded into a cruciform structure. The heavy and

light strand initiation sites are flanked on their respective 3‘ ends by an

octanucleotide sequence matching those surrounding the start sites inX enopus

laevis (5’- ACPUTTATA-3’). This motif is found associated with the H-strand

start sites in mouse but is not present in human or bovine mitochondrial DNA

promoters.

Liu et al. (1996) sequenced the displacement loop (D-loop) and the

ribosomal RNA genes of mtDNA for Cairina moschata and Anas platyrhynchos.

Duck mtDNA has a specific gene order 5-upstream of the D-loop that is identical

to fowl mtDNA.The nucleotide diversity is greatest in the D-loop while being

most conserved in the 12S r RNA gene, as indicated by a comparisons of

sequences of duck and fowl mtDNA.

Marshal and Baker (1997)  sequenced the entire control region and

portions of flanking genes (tRNAPhe, tRNAGiu, and ND6) in the common

chaffinch (Fringilla coelebs), blue chaffinch (F. teydea), brambling (F.

montifringiZZa), and greenfinch (Carduelis chloris). In these finches the control

region is similar in length (1,223-1,237 bp) and has the same flanking gene

order as in other birds, and contains a putative TAS element and the highly

conserved CSB-1 and F, D, and C boxes recognizable in most vertebrates.

Cloverleaf-like structures associated with the TAS element at the 5’ end and

Review of Literature....



19

Review of Literature....

CSB-1 at the 3’ end of the control region may be involved with the stop and

start of D-loop synthesis, respectively. The pattern of nucleotide and substitution

bias is similar to that in other vertebrates, and consequently the finch control

region can be subdivided into a central, conserved G-rich domain (domain II)

flanked by hypervariable 5’-C-rich (domain I) and 3’-AT-rich (domain III)

segments. In pairwise comparisons among finch species, the central domain

has unusually low transition/transversion ratios, which suggests that increased

G+T content is a functional constraint, possibly for DNA primase efficiency. In

finches the relative rates of evolution vary among domains according to a ratio

of 4.2 (domain III) to 2.2 (domain I) to 1 (domain II), and extensively among

sites within domains I and II. Domain I and III sequences are extremely useful

in recovering intraspecific phylogeographic splits between populations in Africa

and Europe, Madeira, and a basal lineage in Nefza, Tunisia. Domain II sequences

are highly conserved, and are therefore only useful in conjunction with

sequences from domains I and III in phylogenetic studies of closely related

species.

Harlid et al. (1997) reported the complete mtDNA sequence of ostrich.

The size of the molecule was found to be 16,591 bp. Since the ostrich is a

representative of the palaeognathous birds, comparison with the mt DNA of

the fowl (neognathous) the only bird species reported so far in databases. Relative

to other vertebrates, the NADH-Glu genes of birds are positioned upstream of

the control region rather than the cytochrome b gene.The NADH 3 gene of the

ostrich was found to be terminated by a stop codon at the position 207. Thus,

the gene was about 140 nucleotides shorter than in other vertebrates. The

sequence for the L – strand origin of replication was missing in both species,

and 4 transfer RNA genes of the 2 tRNA of vertebrate mtDNA by having an

adenine at position 8. Phylgenetic analysis of complete cytochrome b gene of 6

orders of bird showed that the Passeriformes represent the earliest divergence

among recent birds, contradicting the commonly accepted notion of a basal

position of the palaeognathae among recent birds.

Mindell et al. (1998) reported that mitochondrial genomes of all vertebrate

animals analyzed to date have the same 37 genes, whose arrangement in the

circular DNA molecule varies only in the relative position of a few genes. This
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relative conservation suggests that mitochondrial gene order characters have

potential utility as phylogenetic markers for higher-level vertebrate taxa. We

report discovery of a mitochondrial gene order that has had multiple independent

originations within birds, based on sampling of 137 species representing 13

traditionally recognized orders. This provides evidence of parallel evolution in

mitochondrial gene order for animals. Our results indicate operation of physical

constraints on mitochondrial gene order changes and support models for gene

order change based on replication error. Bird mitochondria have a displaced O L

(origin of light-strand replication site) as do various other Reptilia taxa prone to

gene order changes. Our findings point to the need for broad taxonomic sampling

in using mitochondrial gene order for phylogenetic analyses. We found, however,

that the alternative mitochondrial gene orders distinguish the two primary

groups of songbirds (order Passeriformes), oscines and suboscines, in agreement

with other molecular as well as morphological data sets. Thus, although

mitochondrial gene order characters appear susceptible to some parallel

evolution because of mechanistic constraints, they do hold promise for

phylogenetic studies.

Randi and Lucchini (1998) sequenced the entire mitochondrial DNA

control region (mtDNA D loop} in the seven extant species of Alectoris partridges.

The D-loop length is much conserved (1155 ± 2 nucleotides), and substitution

rate are lower than for the mitochondrial cytochrome b gene of the same species,

on average. Comparative analysis suggest that these D-loops can be divided

into three domains corresponding to the highly variable peripheral domains I

and III and to the central conserved domain II of vertebrates. Nevertheless.

first 161 nucleotides of domain I of the Alectoris, immediately flanking the

tRNA Glu, evolve at an unusual ly slow rate and show motifs similar to the

mammalian extended termination-associated sequences [ETAS1 and ETAS2,

which can form stable secondary structures. The second part of domain I

contains a hypervariable region with two divergent copies of a tandemly

repeated sequence described previously in other species of anseriforms and

galliforms. Some of the conserved sequence blocks of mammals can be

mapped in the central domain of Alectoris. Domain III is highly variable and

has sequences similar to mammalian CSB1. The bidirectional transcription

promoter HSP/LSP box of the chicken is partially conserved among the Alectoris.
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Quinn and Wilson (1993) cloned and sequenced 3.4 kb of snow goose

mtDNA and found that the ND5 gene is followed by the genes for cytochrome

b, tRNA Thr, tRNA Pro, ND6, tRNA Glu, the control region, tRNA Phe and srRNA.

This order is identical to that of chicken, quail, and duck mtDNA but differs

from that of mammals and a frog (Xenopus). The mean extent of difference due

to base substitution between goose and chicken is generally closer to the

same comparison between rat and mouse but less than that between human

and cow. For one of the nine regions compared (tRNA Glu), the bird differences

appear to be anomalous, possibly implicating altered functional constraints.

Within the control region, several short sequences common to mammals are

also conserved in the birds. Comparison of the goose control region with that of

quail and chicken suggests that a sequence element with similarity to CSB-

1 duplicated once prior to the divergence of goose and chicken and again on

the lineage leading to chicken. Between goose (or duck) and chicken there are

four times more transversions at the third positions of fourfold-degenerate

codons in mitochondrial than in nuclear genes.

Crochet and Desmarais (2000) sequenced part of the mitochondrial

control region and the  cytochrome b gene in 72 specimens from 32 gull species

(Laridae, Larini) and 2 out-group representatives (terns: Laridae, Sternini).  Our

control region segment spanned the conserved central domain  II and the usually

hyper-variable 3' domain III. Apart from some  heteroplasmy at the 3' end of the

control region, domain III was not more variable than domain II or the cytochrome

b gene. Furthermore, variation in the tempo of evolution of domain III was

apparent between phyletic species groups. The lack of variation of the gull control

region could not be explained by an increase  in the proportion of conserved

sequences in these birds, and the gull control region showed an organization

similar to those  of other avian control regions studied to date. A novel invariant

direct repeat was identified in domain II of gulls, and in domain III, two to three

inverted, sometimes imperfect, repeats are  able to form a significantly stable

stem-and-loop structure. These putative secondary structures have not been

reported before, and a comparison between species groups showed that they

are  more stable in the group with the more conserved control region. The

unusually slow rate of evolution of control region part III of the gulls could thus



22

Review of Literature....

be partly explained by the existence  of secondary structures in domain III of

these species.

Roquis et al. (2004) reported the first entire mitochondrial DNA (mtDNA)

control region sequences in two endangered vulture species, the bearded vulture

(Gypaetus barbatus) and the Egyptian vulture (Neophron percnopterus). Results

showed that the general organization of vulture control regions was very similar

to other birds, with three distinct domains: a left variable domain (DI), a central

conserved one (DII) including the F, E, D, and C boxes, and a right domain

(DIII) containing the CSB1 sequence. However, due to the presence of long

tandem repeats, vulture control regions differed from other avian control regions

both in size and nucleotide composition. The Egyptian vulture control region

was found to be the largest sequenced so far (2031 bp), due to the simultaneous

presence of repeats in both DI (80 bp) and DIII (77 bp). Low variation was found

in vulture control regions, particularly in G. barbatus, as the probable result of

populations declines in the last few centuries.

Applications of mt DNA polymorphism

A. Species identification

Highly conserved region of mitochondrial DNA that includes Cytochrome

b gene, 12S rRNA gene, 16S rRNA gene and hypervariable region like D-loop

region have been used by various workers for species differentiation. Cytochrome

b gene is the most commonly used target for PCR-RFLP. In one of the first

report, Meyer et al. (1995) PCR amplified 359 bp Cytochrome b fragment and

cut with AluI, RsaI, TaqI and HinfI to identify pig, cattle, wild boar, buffalo,

sheep, goat, horse, chicken and turkey meat. Zimmermann et al. (1998)

developed a technique for identification of cattle, pigs, sheep, chickens, turkeys,

rabbits, European hares, dogs, cats, fallow deer, red deer, roe deer and bison

by RFLP using AluI and NcoI and base sequence analysis of 981 bp DNA fragment

from cytochrome b gene.

Matsunaga et al. (1999) developed multiplex PCR using primers targeted

against Cytochrome b gene. They were able to detect adulteration upto 1% of

chevon, chicken, beef and upto 2.2 and 3.6% of mutton and horse meat,

respectively added to pork. Chevon, chicken and beef were detected at 1% level
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with mutton or horse as base meat.  Amplification of a fragment of the

mitochondrial encoded Cytochrome b gene for discrimination of raw meat from

chickens, turkeys, swine, cows and sheep was standardized by Herman (2001).

Gene amplification of Cytochrome b1 and b2 can be applied for identification

of chicken, turkey meat and derived products (Ferrari et al., 2001). To

differentiate emu (Dromaius novaehollandiae) and ostrich (Struthio camelus), a

zone of gene coding for Cytochrome b can be amplified (Colombo et al., 2000).

This gives fragments of 543 bp in ostrich vs. 229 bp in emu, distinguishable by

horizontal PAGE.

Other mitochondrial genes were also used for meat speciation. Colgan

et al. (2001) designed PCR assay targeting mitochondrial ATPase 6/8 gene in

bovine, ovine, porcine and poultry species. A detection limit of 0.3% was

determined for both the bovine and ovine-specific primers, while a limit of 1%

was obtained with porcine-specific primers. Verkaar et al. (2002) described

bovine species identification method based on species-specific mutation on mt

DNA of Cytochrome b and Cytochrome oxidase II.

Rodriguez et al. (2003) clearly identified the goose (Anser anser), mule

duck (Anas platyrhynchos x Cairina moschata), chicken (Gallus gallus), turkey

(Meleagris gallopavo) and swine (Sus scrofa domesticus) in foie gras by using

the common forward primer designed on a conserved DNA sequence in the

mitochondrial 12S rRNA gene and reverse primers were designed to hybridize

on species-specific DNA sequences of each species considered by a specific

polymerase chain reaction and detects approximately 1% of adulteration.

Bellagamba et al. (2003) described a DNA monitoring method to examine

fishmeal for contamination with mammalian and poultry products to avoid the

risk of the diffusion of mad cow disease. A  PCR method based on the nucleotide

sequence variation in the 12S r RNA gene of mitochondrial DNA was developed

and evaluated. The PCR specifically detected mammalian and poultry

adulteration in fishmeal containing 0.125% beef, 0.125% sheep, 0.125% pig,

0.125% chicken and 0.5% goat. They also developed a multiplex PCR assay for

detection of adulteration of fishmeal by ruminant and pig meat.
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Martin et al. (2007) applied the PCR technique for the qualitative

identification of chicken (Gallus gallus), turkey (Meleagris gallipavo), duck (Anas

platyrhynchos x Cairina muschata), and goose (Anser anser) tissues in feed-

stuffs, on an individual basis using the oligonucleotide primers that are specific

for each avian species, targeting the 12S rRNA mitochondrial gene which

generated amplicons of 95, 122, 64 and 98 bp length for chicken, turkey, duck

and goose, respectively and also reported that the performance of this method

was not affected by prolonged heat-treatment (upto 133oC for 20 min at 300

kPa), and consequently, it could be very useful for the accurate identification

of tissues from these 4 avian species in products submitted to denaturing

technologies, for which other methods cannot be applied.

 Identification of different poultry meat species by using the mitochondrial

12S rRNA gene was also reported by Girish et al. (2007). Saini et al. (2007)

investigated the use of polymerase chain reaction-restriction fragment length

polymorphism (PCR-RFLP) of mitochondrial 12S rRNA gene for identification of

peacocks (Pava cristatus) using universal primers designed on mitochondrial

12S rRNA gene and amplified the 446 bp amplicon followed by digestion with

commonly available restriction enzymes AluI and Sau3AI produced a differential

pattern for identifying these poultry species unambiguously.

B. Estimation of genetic diversity among species / breeds

Another potential application of sequence variation in mitochondrial

genes is the estimation of genetic diversity among species / breeds and

establishing a phylogenetic relationship among them. There are ample reports

on this aspect in poultry itself.

Lee et al. (1989) examined the nucleotide sequence of the structural

genes for the mt asp, lys, ser-tRNAs from chicken including the CoxII gene. The

sequence arrangement was virtually identical to that found in other vertebrate

mtDNA. The tRNA (asp) and tRNA (lys) were positioned upstream and

downstream of the CoxII gene respectively, while tRNA (ser) was transcribed

from the opposite strand.

Pan et al. (1993) studied the Cytochrome c oxidase subunit II of

domesticated ducks (Anas platyrhynchos ) and their hybrid and found 91%
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sequence homology. The nucleotide substitution pattern in the gene revealed a

high transition/ transvertion ratio (8.8: 1.0).

Fumihito et al. (1995) studied the mt DNA control region for establishing

the genetic link between the Chinese bamboo partridge (Bambusicola thoracica)

and the chicken and jungle fowls of the genus Gallus. A comparison of mt

control region, DNA base sequences of 16 species belonging to the subfamily

phasianidae revealed that generalized perdicine birds (quails and partridges)

are of ancient lineages. Even the closest pair, the common quail (Coturnix coturnix

japonica) and the Chinese bamboo partridge maintained only 85.71% identify.

Fumihito et al. (1996) determined the D-loop regions of the mt DNA

sequence of birds. They determined a total of 21 birds, which 12 samples

belonged to Red Jungle Fowl (Gallus gallus), comprising 3 subspeceis, 6 G. g.

gallus, 3 G. g. spadiceus and 3 G. g. bankiva and 9 represented diverse domestic

breeds (G.g. domesticus). Four green jungle fowls (G. lafayettei) and one grey

jungle fowl (G. Sonneratii) were also sequenced. A continental population of G.

g. gallus was found to be the real matriarchy origin of all types of domestic

poultry.

Munechika et al. (1997) analysed the restriction endonuclease cleavage

patterns of mtDNA from the sequence divergence between G. gallus and G.

sonnerati, G. varius and G.lafatattei was 0.9. 10.5 and 12.6 % respectively.

Assuming that the rate of evolution of mt DNA is 3 % per million years. It was

estimated that the divergence of mtDNA of G. gallus from that of G. sonnerati,

G. varius and G. lafayattei occurred 0.3, 3.5 and 4.5 million years ago,

respectively.

Zhon et al.  (1997) studied the variation of restriction cleavage pattern of

mtDNA in chahua, Banna Fighter, wuding and Nyxi breeds of Yunnan.Samples

were digested with 11 restriction enzymes and analyses by agarose gel

electrophoresis. All birds produced the same 41 cleavage fragments. The size

of mtDNA and 4 breeds. The study suggested that these fowl were derived from

a common wild predecessor.

Nishibori et al. (2001) studied the complete mt sequence of the Japanese

quail (Cotrunix japonica) and its genetic relationship with related species



26

Review of Literature....

sequence analysis reveal that the Japanese quail mt genome is a circular DNA

of 16.697 bp, which is smaller than chicken mt DNA of 16.785 bp but the

genomic structure of Japanese quail mt DNA is same as that of chicken. The

sequence homology of an mt genes including those for 12s rRNA and 16s rRNA,

between Japanese quail and chicken ranges from 78 to 89.9%

Nishibori et al. (2002) studied the complete nucleotide sequences of the

Coturnix chinensis  mt genome and a phylogenetic analysis with related species.

They reported that the mt genome of blue-breasted quail is 16,687 bp and it is

smaller than mt Japanese quail and chicken by 10 and 88 bp respectively.

They also reported that the sequence identity of all mt genes, including those

for 12s and 16s rRNA between blue breasted quail and Japanese quail ranged

from 84.5% to 93.5% between blue breasted quail and chicken sequence identity

ranged from 78.0 to 89.6%.

Dong et al. (2002) compared the mt DNA D-loop region of 5 chinese

native chicken breeds (G. g. domesticus), a foreign breed (white leghorn) and

four jungle fowl i.e. G. gallus, G. Sonneratii, G. various and G. lafayettei. The

study revealed that G. g. domesticus was closest the Red Jungle Fowl (G. gallus).

Yan et al. (2002) sequenced a part of the mt D-loop region of silky chicken

and other 3 native breeds and compared 24 variation sites were detected among

20 DNA sequences, with a sequence divergence of 4.45%, which suggested

that there was a less differences between silky chicken and other native breeds,

In genetic relationship, silky chicken is closest to Baiyiner chicken, followed by

Xiaoshan chicken and the farthest from Xianju chicken.

Wada et al. (2004) sequenced the whole mt DNA of the silkie fowl (G. g.

var. domesticus) and found 99.77 % similarity between silkie and white leghorn

(39 nucleotide differences in 16,784 bp). Yan et al. (2002) sequenced a part of

the mt D-loop region of silky chicken and other 3 native breeds and reported a

sequence divergence of 4.45%, which suggested fewer differences between silky

chicken and other native breeds.

Nishihori et al. (2004) studied the complete nucleotide sequence of

Numida meleagris  mt genome and  it was revealed   that the mt DNA is a

circular DNA of 16,726 bp with a genomic structure the same as that of G. g.
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var. domesticus and Coturnix japonica mt DNAs, though it is 62 bp smaller than

G. g. domesticus mt DNA and 29 bp larger than C. japonica mt DNA. Similarities

of the 13 genes and two ribosomal RNAs except D-loop and tRNAs between N.

meleagris and C. japonica ranged from 77.0 to 88.8% and from 76.2 to 88.4%

respectively.

Liu et al. (2004) investigation the genetic variability of mt DNA

hypervariable HVSI) in a total of 48 birds belonging to 12 chinese native chicken

breeds. Sixteen haplotypes were identified from 35 polymorphic nucleotide sites,

which accounted for 6.4% of a sequenced 544 bp fragment. Diversity analysis

of the haplotypes showed that Tibetan, Langshan and Henan cockfight chicken

had only one haplotypes, while ancient haplotypes existed in Taihe silkie and

Chahua chicken. Phylogenetic analysis of the haplotypes suggested that Chinese

native chicken breeds shared the same maternal lineage, regardless of their

external features and ecological types. Both divergent and phylogenetic analysis

of the haplotypes indicated the close genetic relationship between the Chinese

native chicken breeds and G. gallus and G.g. spadiceus from different areas,

which implied that G. g. gallus and G. g. spadiceus were the original ancestors

of Chinese native chicken breeds.

Komiyama et al. (2004) studied the evolutionary origin of long- crowning

chicken with fighting cocks disclosed by the mt DNA sequence analysis. This

study revealed that the Nanganaki dori varieties were morophyletic and

originated from a fighting cook.

Nishibori et al. (2005) studied the phylogenetic analysis based on mt

DNA sequences and revealed that two grey jungle fowls (GJF) were clustered in

a clade with RJFs and chicken, and that one GJF was located in a remote

position close to Ceylon jungle fowl (CJF). These findings taken together strongly

indicate that interspecies hybridizations have occurred between GJF and RJF/

chicken and between GJF and CJF.

Liu et al. (2006) analysed the mt DNA hypervariable segment I (HVS-I)

for 834 domestic chickens (G. g. domesticus) and 66 wild Red Jungle Fowl (G.

gallus) from Southeast Asia and China. There distinct distribution patterns

and expansion signatures suggest that different clades may originate form
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different regions, such as Yunnam, South and South West China and or

surrounding areas i.e. Vietnam, Burma, Thiland and the Indian subcontinent,

respectively, which support the theory of multiple origin in South and Southeast

Asia.

Lee et al. (2007) studied mitochondrial DNA (mtDNA) sequence variations

in Korean Ogol chicken. A total of 31 Korean Ogol chicken was grouped into

four haplotypes and the large haplotype was represented in 12 individuals.

The un-rooted neighbor-joining tree indicates that the Korean Ogol chicken

shared three (A to C) major chicken lineages representing the high genetic

variability of this breed. These results can be used for making the breeding and

conservation strategies for the Korean Ogol chicken.

Kanginakudru et al. (2008) analyzed 76 Indian birds that included 56 G.

g. murghi (RJF), 16 G. g. domesticus (domestic chicken) and 4 G. sonneratii

(Grey JF) using both microsatellite markers and mitochondrial D-loop

sequences. Microsatellite marker analyses of Indian birds indicated an average

FST of 0.126 within G. g. murghi, and 0.154 within G. g. domesticus while it

was more than 0.2 between the two groups. The microsatellite-based

phylogenetic trees showed a clear separation of G. g. domesticus from G. g.

murghi, and G. sonneratii. Mitochondrial DNA based mismatch distribution

analyses showed a lower Harpending’s raggedness index in both G. g. murghi

(0.001515) and in Indian G. g. domesticus (0.0149) birds indicating population

expansion. When meta analysis of global populations of 855 birds was carried

out using median joining haplotype network, 43 Indian birds of G. g. domesticus

(19 haplotypes) were distributed throughout the network sharing haplotypes

with the RJFs of different origins. These results suggested that the domestication

of chicken has occurred independently in different locations of Asia including

India. We found evidence for domestication of Indian birds from G. g. spadiceus

and G. g. gallus as well as from G. g. murghi, corroborating multiple domestication

of Indian and other domestic chicken. In contrast to the commonly held view

that RJF and domestic birds hybridize in nature, the present study shows that

G. g. murghi is relatively pure. Further, the study also suggested that the chicken

populations have undergone population expansion, especially in the Indus

valley.

Review of Literature....



29

Single nucleotide polymorphism (SNP)

As suggested by the Acronym, an SNP marker is just a single base change

in a DNA sequence, with a usual alternative of two possible nucleotides at a

given position. SNPs are the nucleotide variations in the DNA sequence of

individuals in a population and constitute the most abundant molecular markers

in the genome. They can be used for various purposes including the construction

of the high- density genetic maps and association studies related to genetic

disorders (Douabin-Gicquel et al., 2001).

SNPs are widely distributed throughout the genomes (Halushka et al.,

1999). The occurrence and distribution of SNPs varies among species. In human,

an estimated 1 SNP per 1,000 base pair (Sachidanandan et al., 2001). In chicken,

1 SNP per 225 base pair (bp) was observed in a survey of 31,000 bases analysed

from broiler and layer lines (Schmid el al., 2000) and 1 SNP per 2,119 bp in

chicken expressed sequence tags (EST) (Kim et al., 2002).

Detection of SNPs in the genome is important to determine whether

they cause silent changes, contribute to the diversity of the population, or

cause mutations leading to diseases. The SNPs that occur in the mitochondrial

genome are very important tool in the species identification, forensic studies

as well as anthropological and evolutionary research (Vigilant et al., 1991; Boles

et al., 1995).

Soleimani et al. (2003) reported the Allele Specific PCR with 3 primers as

an efficient, cost effective, and reliable way for SNP validation in barley cultivars.

Bundock et al. (2005) reported an alternative cheap, simple, transferable and

robust method of SNP genotyping, based on a three primer nested allele specific

PCR. They developed markers for 40 SNP sites in 28 barley genes based on the

nested allele specific PCR method. We obtained a 95% success rate for the

development of allele specific markers (for one or both alleles) with this approach.

Markers for both alleles at a SNP site were developed in 84% of cases. Gaudet

et al. (2007) reported a new method for polymerase chain reaction (PCR)

amplification of multiple specific alleles (PAMSA), which allows efficient

discrimination of SNP polymorphisms in one reaction tube with standard PCR

conditions. This improved PAMSA requires only three unlabeled primers: a
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common reverse primer and two allele-specific primers having a tail of different

length to differentiate the two SNP alleles by the size of amplification products

on agarose gel. A destabilizing mismatch within the five bases of the 3' end is

also added to improve the allele specificity. To validate the accuracy of this

method, 94 full-sib individuals were genotyped with three SNPs and compared

to the genotypes obtained by cleaved amplified polymorphic sequence (CAPS)

or derived CAPS. This method is flexible, inexpensive, and well suited for high

throughput and automated genotyping.

Li et al. (1998) described a single-nucleotide polymorphism (SNP) in the

NADH dehydrogenase subunit IV gene that appeared to be associated with

resistance to Marek’s disease in White Leghorns. In chicken, Zhiliang et al.

(2002) studied myostatin gene in different chicken popuations and identified

seven SNPs in promoter and untranslated regions. Zhiliang et al. (2004) observed

significant association of different genotypes with skeletal muscle growth (fat,

body weight and muscle parameters).

Amills et al. (2003) reported that the genotypes of the 4 SNPs in the

chicken IGF-2 gene are associated with growth and feeding traits in chicken.

The SNPs of the chicken insulin like factor-binding protein 2 gene associated

with chicken growth and carcass traits was reported by Lie et al. (2005).

Harumi et al. (2004) identified 6 SNPs in mt D loop regions from sequence

alignment of D loop region sequences from six chickens. For six of these, they

designed the PCR primers that had each base (A,C G and T) as the penultimate

base at the 3’ end (N2 base) and bases specific to both alleles at the 3’ end.

These primers were effective in typing the SNP. Twenty one out of 96 primers

succeeded in distinguishing the SNP by the presence or absence f the PCR

product.

Sano et al. (2005) developed a new screening test for male putative

germline chimeric chickens by polymerase chain reaction (PCR) that uses single

nucleotide polymorphism (SNP) detection primers. Putative germline chimeric

chickens were produced by the transfer of stage X blastodermal cells or

circulating primordial germ cells from Barred Plymouth Rocks (BPR) to White

Leghorns (WL). For screening prior to the progeny test, DNA was extracted
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from the semen and used for PCR analysis, using SNP detection primers at

position 020 in the chicken mitochondrial DNA D-loop region (DNA database,

AB*3+**2). In this study, the type of SNP in all BPR at position 020 was fixed

as base G, and as base A in all WL. When the PCR product was typed as both

donor (base G)- and recipient (base A)-derived, the male was determined as the

germline chimera. The male and female putative germline chimeric chickens

produced in this study were given the progeny test. The results of the male

screening test showed good agreement with the progeny test for detecting

germline chimeric chickens.

Qui et al. (2006) studied the association of single nucleotide

polymorphisms in the insulin gene of chicken for early growth and fat deposition.

Rapid identification of SNPs and estimation of allele frequencies using sequences

from DNA pools was reported by Ye et al. (2006).

Sironi et al. (2006) reported the estimation of the SNP frequency within

the avian Tapasin gene. The identification of SNPs of adipocyte fatty acid- binding

protein gene and its association with fatness traits in the chicken was reported

by Wang et al. (2006).

Bharani Kumar et al.  (2007) generated the data on ten SNP markers of

Myostatin gene (GDF-8) was generated on nine breeds/populations of

indigenous poultry and Red Jungle Fowl (RJF). The SNPs were five in promoter

region, one each in intron 1 and 2 and three in exon 1. The data was analyzed

to find out the genetic relationship among the indigenous chicken populations.

PCR-RFLP was carried out to genotype the populations at seven SNPs while

three were genotyped by SNaPshot method using automated DNA sequencer

as no restriction sites were found at the SNP sites. ANOVA revealed 18% of the

variation among the populations. The correspondence analysis separated out

Punjab Brown, Red jungle fowl and Nicobari populations from the rest of the

indigenous chicken populations. It is postulated that the populations of Punjab

Brown and Nicobari showed the recent common ancestry with Red jungle fowl.

Guan et al. (2007) used experimental and in silico tools to identify

nucleotide variants in the mt Genome, including the coding and non-coding

(D-loop) regions. The distribution of the experimentally identified mitochondnal

Review of Literature....



32

DNA variants in meat-(broilers) and egg-type (White Leghorn) chickens was

also assessed. A total of 113 single-nucleotide polymorphisms (SNPs) were

identified. The in silico analysis revealed a total of 91 SNPs, with 70 in the

coding region and 21 in the non-coding region. Of the 41 experimentally

identified SNPs, 27 were in the D loop. Together, the experimentally identified

SNPs in the non-coding region formed I I haplotypes, whereas the 14 SNPs in

the coding region formed 6. Though, 9 of the D loop region haplotypes were

observed only in broilers, 3 of the 6 haplotypes from the coding region occurred

at a significantly higher frequency in broilers. To our knowledge, this

investigation represents the first whole-mt Genome scan for variation and an

evaluation, though limited in sample size, of the haplotype distribution in

meat- and egg-type populations, using the SNPs and haplotypes identified.
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Materials and Methods

3.1. Identifying the probable SNPs in mitochondrial genome

Complete mitochondrial DNA sequences from different chicken breeds

and G. gallus subspecies (Table 3.1) were retrieved from database (http://

www.ncbi.nlm.nih.gov.in). Genes identified for study were the two rRNA i.e.

12S ribosomal RNA (12S-rRNA) and 16S ribosomal RNA (16S-rRNA), 13 mRNA

i.e. ATPase unit 6 and 8 (ATPase 6 and ATPase 8, respectively), Cytochrome

Oxidase subunit I, II and III (COI, COII & COIII, respectively), Cytochrome B

(Cytb), NADP dehrdrogenase subunit 1, 2, 3, 4, 4L, 5 and 6 (ND1, ND2, ND3,

ND4, ND4L, ND5 and ND6, respectively) and 22 tRNAs i.e. tRNA Phe, tRNA

Val, tRNA Leu, tRNA Ile, tRNA Gln, tRNA Met, tRNA Trp, tRNA Ala, tRNA Asn

, tRNA Cys , tRNA Tyr , tRNA Ser , tRNA Asp , tRNA Lys tRNA Gly, tRNA Arg,

tRNA His,  tRNA Ser, tRNA Leu , tRNA Thr , tRNA Pro, and tRNA Glu. Apart

from these control region or D loop region was also included.  Complete

mitochondrial sequences were inspected manually and edited using sequence

editor option of GENETOOL and the sequences corresponding to the different

genes were isolated and saved. Subsequently, the sequences were aligned

using CLUSTALX (Thompson et al., 1994), website (http://www.cbi.ac.uk/

clustalw/). The nucleotide sequence variability was studied using the computer

program Molecular Evolutionary Genetic Analysis (MEGA Version 4.0).

Probable SNP sites were identified through manual inspection of the aligned

sequences.



Table 3.1. Details of accession numbers used

Species Subspecies Breeds Accession number

Gallus G. g. gallus Red jungle fowl AP003322

gallus G. g.  gallus Cochin Chinese red

jungle fowl NC_007236

G. g.   bankiva Javan red jungle fowl AP003323

G.g. spadiceus Burmese Red jungle fowl AP003321

G.g.  domesticus White Leghorn AP003317

G.g.  domesticus White Plymouth Rock AP003318

G.g. domesticus White Leghorn AP003580

G.g.  domesticus New Hampshire AY235570
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3.2. SNP genotyping

3.2.1. Using PCR-RFLP

The restriction enzyme maps were developed for the sequences where

the probable SNPs were identified by using GENETOOL software. These maps

were studied for identifying the restriction enzymes, whose sites were

polymorphic at the particular SNP site. No such restriction enzyme could be

identified, hence the PCR-RFLP was not used for SNP genotyping.

3.2.2. Using Allele Specific PCR

3.2.2.1. Resource population

A total of 18 individuals from Indian red jungle fowl and 18 individuals

from White Leghorn population, representing domestic fowl were used for SNP

genotyping. The DNA was obtained from the Genome Mapping Laboratory, CARI,

Izatnagar.

3.2.2.2. Designing of the primers

 The primers were designed for Allele Specific PCR using GENETOOL

computer software. For six SNPs, the primers with good score could be designed.

The details of these primers have been presented in Table 3.2.

3.2.2.3. PCR amplification

The PCR amplification carried out for SNP genotyping was a multiplex

PCR using the general primers as well as the allele specific primers for each

SNP and for each population.

The PCR amplification was carried out in a final volume of 25 µl reaction

mixtures in 0.2 ml thin wall PCR tubes. Each PCR tube containing 25-50 ng

genomic DNA, 1.5 mM MgCl
2
. 50 mM Kcl, 10 mM Tris-Hcl, pH=8.8, 0.1% Triton

X-100, 0.01% gelatin, 200 µM of each dNTP (dATP, dGTP, dCTP and dTTP), 1.0

unit of Taq DNA polymerase enzyme and 10 pico mole of each forward and

reverse primers from each set.

The amplification was carried out in an i-cycler (Biorad). Protocol for

PCR reaction consisted of an initial denaturation at 94°C  for 5 min. Followed



Table 3.2. Details of the primers used for SNP genotyping

SNP Type of PCR Primer Type Primer Code Primer Sequence Size of amplicon

COI-114-C/T General PCR Forward COI-F ggcttcgatcccatacaattt 603

Reverse COI-R cggctaaaggggggtaaactgt

Allele Specific PCR Forward COI-F ggcttcgatcccatacaattt 334

Reverse COI-114-R-RJF ggctgtcctagttctgcgcgg

Reverse COI-114-R-RJF ggctgtcctagttctgcgcga

COI-255-G/A General PCR Forward COI-F ggcttcgatcccatacaattt 603

Reverse COI-R cggctaaaggggggtaaactgt

Allele Specific PCR Forward COI-F ggcttcgatcccatacaattt 475

Reverse COI-255-R-RJF tctggggcaccgattataagc

Reverse COI-255-R-RJF tctggggcaccgattataagt

COII-279-C/T General PCR Forward COII-F ggccaaccactcccaactag 523

Reverse COII-R agggattgcgtctgtttttacc

Allele Specific PCR Forward COII-279-F-RJF agacgaaatcgacgaacctgat 268

Forward COII-279-F-DF agacgaaatcgacgaacctgac

Reverse COII-R agggattgcgtctgtttttacc



ATP6-294-G/A General PCR Forward ATP6-F atccctctaatcctcccatcact 496

Reverse ATP6-R gggcgattgtggctgtagaga

Allele Specific PCR Forward ATP6-294-F-RJF ccttcaccccaactacccaact 270

Forward ATP6-294-F-DF ccttcaccccaactacccagct

Reverse ATP6-R gggcgattgtggctgtagaga

ND4-969-C/T General PCR Forward ND4-F gcccatgtagaagcaccaatc 521

Reverse ND4-R gtgggggaggatcagttgaagag

Allele Specific PCR Forward ND4-F gcccatgtagaagcaccaatc 335

Reverse ND4-969-R-RJF gctaggcagaataaaagggaaga

Reverse ND4-969-R-DF gctaggcagaataaaagggagga

CYTB-543-T/C General PCR Forward CYTB-F cccacacttgccggaacgtac 514

Reverse CYTB-R ggggtgagtatgagagttaagcc

Allele Specific PCR Forward CYTB-F cccacacttgccggaacgtac 363

Reverse CYTB-543-R-RJF caaaggggaggaggaagtgtaag

Reverse CYTB-543-R-DF caaaggggaggaggaagtgtaaa
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by 35 cycles of PCR, each cycle consisting of 1 min at 94°C, 1 min at 55 °C and

2 min at 72°C, and followed by a final extension step of 10 min at 72 °C.

3.2.2.4. Resolution of the amplified products and documentation

The PCR products were resolved on 1.6% agarose gel in 1x TBE.

Electrophoresis was done at 90 volts for 10 minutes, then at 50 volts for 2

hour. Gel was viewed under a UV Trans-illuminator and photographed with gel

documentation system (Minibis) for future analysis. Molecular size of the

amplified product was estimated by using 100 bp DNA ladder (MBI Fermentas).

3.2.2.5. Statistical analysis

The allelic frequency for population specific allele was estimated as the

proportion of that allele in the sample population.

3.3. Polymorphism in D loop region

3.3.1. Amplification of complete D loop region in Indian Red Jungle

Fowl

The primers were designed to amplify the complete D loop region. The

forward primer was taken from tRNA-Glu (5’-AGG ACT ACG GCT TGA AAA GC-

3’), while the reverse primer was taken from tRNA-Phe (5’-CAT CTT GGC ATC

TTC AGT GCC A-3’).

PCR reactions were set up in 25 µl reaction volume containing 2.5 µl of

10 X Assay buffer (100 mM Tris- HC1, pH 9.0, 15 mM MgCl
2
, 500mM KC1 and

0.1% gelatin), 200 µM of dNTP mix, 10 pM of forward and reverse primer, 1U

Taq DNA polymerase, 50 ng of genomic DNA and autoclaved milliQ water to

make up the volume. The amplification was carried out in an i-cycler (Biorad)).

Protocol for PCR reaction consisted of an initial denaturation at 94°C  for 5

min. followed by 35 cycles of PCR, each cycle consisting of 1 min at 94°C, 1 min

at 55 °C and 2 min at 72°C, and followed by a final extension step of 10 min at

72 °C.

The PCR products were resolved on 1.6% agarose gel in 1x TBE.

Electrophoresis was done at 90 volts for 10 minutes, then at 50 volts for 2

hour. Gel was viewed under a UV Trans-illuminator and photographed with gel
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documentation system (Minibis) for future analysis. Molecular size of the

amplified product was estimated by using 100 bp DNA ladder plus (MBI

Fermentas).

3.3.2. Gel purification of PCR products

The 1325 bp PCR products were purified from gel using QIAquick Gel

Extraction Kit (QIAGEN Inc. Valencia, CA, USA) as follows:

• A preparative gel was prepared in TAE buffer and electrophoresis was

done at 30 V for 6 hours. The gel was briefly visualized in low range UV

light and the desired band was cut using a sterile paragon blade. The gel

slice was collected in a pre-weighed sterile 1.5 ml micro centrifuge tube.

• The gel slice was weighed and 3 volumes of buffer QG was added to 1

volume of gel slice and incubated at 50°C for 10 min. with intermittent

vortexing every 2-3 min.

• After the gel slice was completely dissolved, isopropanol equivalent to

gel volume was added and mixed.

• Then, the sample was applied to the QIAquick spin column, placed in 2

ml collection tube provided in the kit.

• QIAquick spin column was centrifuged for 1 min at 12000 rpm.

• The flow-through was discarded and the QIAquick spin column was

placed back in the same collection tube.

• 500 µl of buffer QG was added to QIAquick spin column and centrifuged

for another 1 min at 12000 rpm.

• For washing, 750 µl of Buffer PE was added to column and then

centrifuged at 12000 rpm for 1min.

• The flow-through was discarded and the column was placed back in the

same collection tube and centrifuged at 12000 rpm for additional 2 min.

• The column was then transferred to a clean 1.5 ml micro centrifuge tube.

• For elution of the Plasmid DNA, 30 µl of buffer EB was added to the

center of the column, kept as such for 5 min and then centrifuged at

12000 rpm for 1 min.
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• 5 µl of the purified PCR product was run in 1.6% agarose gel in 1x TBE

along with 100 bp molecular weight marker (Gene ruler 100 bp ladder,

MBI Fermentas).

3.3.3. Cloning of the purified PCR products in pTZ57R/T vector

3.3.3.1. Preparation of ligation reaction

The gel purified PCR products were cloned into pTZ57R/T vector system

(MBI Fermentas), according to the manufacturer’s protocol. The ligation reaction

was prepared in 10 µl reaction in a 0.5ml microcentrifuge tube:

5X Rapid ligation buffer 2.0 µl

pTZ57R/T  Vector (50 ng) 1.0 µl

Purified PCR product (100ng) 5.0 µl

T4 DNA ligase (5 U) 1.0 µl

Nuclease free water 2.0 µl

The reaction mixture was incubated at 4°C overnight. The ligated DNA

was diluted to 200 µl in 1.1x TCM solutions and kept at 4°C until used for

transformation.

3.3.3.2. Preparation of competent cells and transformation

In order to transform DH5α cells (E. coli cells) with the ligated DNA,

fresh competent cells were prepared. The steps as follows:

• Fresh cultures of DH5α cells were grown in 25ml LB medium in shaking

incubator at 37°C overnight.

• The cells were diluted 200 times in LB medium and incubated in shaking

incubator at 37°C for about 2-3 hrs until culture Attained an O.D. of

0.3-0.4 at A600 nm.

• The cells were kept on ice for 20 min.

• The cells were pelleted at 6000 rpm for 10 min at 4°C and the pellet was

re-suspended in 1/10 volume of chilled TSS solution and incubated on

ice for 1 hour.

• Competent cells were then ready for transformation and kept at –20°C

till further use.
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• 200 µl of competent cells were gently added to the 200µl ligated DNA

(diluted in TCM), mixed and incubated on ice for 20 min.

• The DNA-competent cells mixture were subjected to heat shock at 42°C

for 45-50 sec. and were immediately snap-chilled on ice for 2 min.

• 950 µl SOC medium was added to the transformants and incubated at

37°C for 1.5 hrs with shaking.

• Transformants were then plated on LB/Amp/X-gal/IPTG plates and

incubated overnight at 37°C.

• The white colonies were picked on the next day and grown in 10 ml LB/

Amp broth for overnight at 37°C with shaking for plasmid extraction.

3.3.3.3. Screening of recombinant clones

In order minimize the number of clones to be handled, clones were initially

checked by performing the colony.

3.3.3.3.1. Preparation of master plate

To ensure in situ maintenance of the clones until the analysis is over a

master plate was prepared with LB agar with ampicillin and marked

appropriately for identification of the colonies. The single white colony was

picked using a sterile toothpick. For each colony, after picking the colony, the

respective toothpick was first touched onto the marked place of the master

plate and then dipped into pre-numbered PCR tube containing MiIIiQ water.

Finally, the toothpick was immersed into the test tube containing LB broth

plus ampicillin. The master plate was incubated at 37°C for overnight and the

LB broth was cultured overnight at 37°C with shaking. The PCR tube was

subjected to colony PCR.

3.3.3.3.2. Colony PCR

The toothpick, after touching the master plate was transferred to pre-

numbered PCR tube containing 10 µI of autoclaved MilliQ water. Using pipette

the colonies were dissolved properly. Colony PCR was performed using the

same PCR protocol as used for the amplification of the D loop region. PCR was

performed in 25 µl reaction volume. The amplified PCR product (5 µI) was run
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in 1.6% agarose gel in 1x TBE along with 100 bp molecular weight marker

(Gene ruler 100 bp ladder, MBI Fermentas). The amplified product was

visualized, documented and its size was estimated. All the clones showed the

amplification and were propagated for further analysis.

3.3.3.4. Isolation of plasmid DNA from PCR-positive clones

As mentioned earlier, following the master plate preparation, the tooth

pick was immersed in the 50 ml test tubes containing 10 ml LB broth with the

antibiotic ampicillin (100 mg/ml) (@ 1 µl/ml of broth). The tubes were incubated

at 37°C in the shaker incubator at 150 rpm for overnight. A glycerol stock of

the positive clones (bacterial cultures) was prepared and stored at -70°C.

From these overnight grown cultures the plasmid DNA was extracted

following the small scale alkali lysis method as described by Sambrook et al.

(1989) as follows:

• Bacterial culture (1.5 ml twice in the same tube) was centrifuged at

13000 rpm (12000 g) at 4°C for 1 min and supernatant was discarded

thoroughly.

• The pellet was re-suspended in 100  µl of ice-cold Solution I by vigorous

vortexing. Then 200  µl of freshly prepared Solution II (RT) was added to

the suspension and mixed gently by inversion. Next, 150  µl of ice-cold

Solution III was added and inverted gently for mixing. The viscous lysate

was kept on ice for 3-5 min.

• The bacterial lysate was centrifuged at 13000 rpm (12000 g) at 4°C for 5

min. The supernatant was transferred to a new microcentrifuge tube.

• Equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) was added

and mixed well by vortexing. The emulsion was centrifuged at 13000

rpm at 4°C for 2 min and the upper aqueous layer was transferred to a

new microfuge tube.

• Equal volume of chloroform: isoamyl alcohol (24:1) was added and

centrifuged at 13000 rpm at 4°C for 2 min and the upper aqueous layer

was transferred to a new microfuge tube.
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• The nucleic acid was precipitated by adding two volumes of ethanol at

RT and incubated for 2-5 min at RT after brief vortexing. Then it was

centrifuged at 13000 rpm at 4°C for 5 min.

• The supernatant was discarded thoroughly by inverting the tube onto a

paper towel and 1 ml of 70% ethanol was added to the pellet. The tube

was inverted several times for proper mixing and then centrifuged at

13000 rpm (12000 g) at 4°C for 2 min.

• The supernatant was removed completely and the residual ethanol was

evaporated by keeping the tube open at RT for few min.

• The plasmid was dissolved in 25 µl TE buffer (pH 8.0) containing 20 µg/

ml DNase-free RNase A and briefly vortexed and incubated at RT for 30

min.

• The quality of the plasmid DNA was checked in 1% agarose gel. The

plasmid was then stored at -20°C until further use.

3.3.3.5. Restriction enzyme analysis of plasmid DNA

The plasmid DNA was double-digested with Restriction enzymes, EcoR I

(G?AA TIC) and Pst I (CTGCA?G) having cutting sites on either side of the MCS

in the cloning vector pTZ57R/T (as depicted in the Fig 3.1. Accordingly, RE

digestion reaction was set up in 1.5 ml microcentrifuge tube using EcoR I and

Pst I (MBI Fermentas) as follows:

Plasmid DNA 3.0 µl

Tango Buffer (2X) 4.0 µl

EcoRI (10 U/µl) 0 .5 µl

PstI (10 U/µl) 0.5 µl

Nuclease free water 12 µl

The contents were gently mixed by pipetting and incubated in a waterbath

at 37°C for 5-6 hrs. The RE digestion was studied by running the 5 µl aliquot of

the reaction on 1% agarose gel along with the 100 bp molecular weight marker

(100 bp ladder, MBI Fermentas).
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3.3.4.  Sequencing of complete D loop in Indian RJF

Sequencing was done at DNA sequencing facility, Department of

Biochemistry, University of Delhi South campus, New Delhi (UDSC) by

automated sequencer using Sanger’s dideoxy chain termination method. The

positive clones were submitted in the form of the stab culture. Sequencing was

done 5’-3’ as well as 3’-5’ using the M13 Forward and M13 reverse primers,

respectively.

3.3.5. Sequence homology comparisons

The related sequences (Table 3.3) were obtained from Genebank

(www.ncbi.nlm.nih.gov). The sequences were edited by using GENETOOL

software to get comparable sequences. Subsequently, the sequences were

aligned using CLUSTALW (Thompson et al., 1994), website (http://

www.cbi.ac.uk/clustalw/). Jukes-Cantor genetic distances were estimated using

the computer program Molecular Evolutionary Genetic Analysis (MEGA Version

4.0). Jukes-Cantor estimates were used because all mitochondrial sequences

were not much divergent (< 6 % divergence from raw counts) and no strong

transition bias was evident. Phylogenetic trees were constructed with neighbour

joining (NJ) procedure using MEGA Version 4.0.

3.4 Polymorphism between first 400 nucleotides of D loop

region in Gallus gallus species

The related sequences (Table 3.4) were obtained from Genebank

(www.ncbi.nlm.nih.gov) and from published literature. The sequences were

edited by using GENETOOL software to get comparable sequences.

Subsequently, the sequences were aligned using CLUSTALW (Thompson et al.,

1994), website (http://www.cbi.ac.uk/clustalw/). Jukes-Cantor genetic

distances were estimated using the computer program Molecular

Evolutionary Genetic Analysis (MEGA Version 4.0). Jukes-Cantor estimates

were used because all mitochondrial sequences were not much divergent (<

6 % divergence from raw counts) and no strong transition bias was evident.

Phylogenetic trees were constructed with neighbour joining (NJ) procedure

using MEGA Version 4.0.



Table 3.3. Details of accession numbers used

Species/ Subspecies Breeds Common name Accession Reference

number

G. g. murghi - Indian Red Jungle Fowl - Present work

G.  varius - Green jungle fowl AP003324 Nishibori et al. (2005)

G.  lafayettei - Ceylon jungle fowl AP003325 -do-

G.  sonneratii - Grey jungle fowl AP006741 -do-

G. g. gallus - Cochin Chinese red jungle fowl AP003322 -do-

G. g. bankiva - Javan red jungle fowl AP003323 -do-

G. g.spadiceus - Burmese Red jungle fowl AP003321 -do-

G.g. domesticus White Leghorn (WLH) Domestic fowl AP003317 Nishibori et al. (2003)

G.g.  domesticus White Plymouth Rock (WPR) Domestic fowl AP003318 Nishibori et al.  (2003)

G.g. domesticus Native Laos (NL) Domestic fowl AP00319 Nishibori et al.(2005)



Table 3.4. Localities of the different samples from subspecies of Red Jungle Fowl

Subspecies / Code Place of Collection Reference

Gallus gallus murghi

Our-RJF Pilibhit, UP, India Present work

Gallus gallus bankiva

GG_bankiva15 Singaraja, Bali, Indonesia Fumihito et al. (1996)

GG_bankiva18 West Java, Indonesia Fumihito et al. (1996)

GG_bankiva15 Lanpung, East Sumatra, Indonesia Fumihito et al. (1996)

Gallus gallus gallus

GG_gallus11 Tama Zoological Garden, Tokyo, Japan Fumihito et al. (1996)

GG_gallus39 Palembang, East Sumatra, Indonesia Fumihito et al. (1996)

GG_gallus58 Palembang, East Sumatra, Indonesia Fumihito et al. (1996)

GG_gallus8 Deptt of Forestry, Thailand Fumihito et al. (1996)

GG_gallus10 Deptt of Forestry, Thailand Fumihito et al. (1996)

GG_gallus3322 Manila, Philippines Nishibori et al., 2005

Gallus gallus spadicus

GG-spadiceus3 Deptt of Forestry, Thailand Fumihito et al. (1996)

GG-spadiceus4 Deptt of Forestry, Thailand Fumihito et al. (1996)

GG-spadiceus5 Deptt of Forestry, Thailand Fumihito et al. (1996)



Results

4.1. Identifying the probable SNPs in mitochondrial genome

A total of eight complete mitochondrial genome sequences (Table 3.1)

were used. Among these, four sequences were from G. g.  domesticus (two from

White Leghorn, one from New Hampshire and one from White Plymouth Rock).

Among the other four sequences, two were from G. g.  gallus, one from G. g.

spadiceus and one from G. g. bankiva. These sequences were compared using

MEGA 4. The size of the different genes and nucleotide sequence variability

has been presented in Table 4.1 and 4.2.

4.1.1. D-Loop

For D loop, size variation was observed within G. gallus subspecies.

While in G. g. domesticus, it ranged from 1231 to 1232 bp, but in other G.

gallus subspecies, it was 1232. This size variation was due to deletion of one

nucleotide in WLH(1) and WPR. Apart from, this deletion, 16 nucleotide

substitutions were observed between G. g. domesticus and other G. gallus

subspecies and all these substitutions were transitions. Three of the nucleotide

substitutions i.e. T by C at 217 nt, C by T at 446 nt as well as 1214 nt positions

were specific to G. g. domesticus.

4.1.2. tRNA-Phenylalanine

For tRNA Phe, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.



Table 4.1. Size variation for different mitochondrial genes/ rRNA/ tRNA / D loop region in domestic and red jungle fowl.

Acc. No AP00 3317 AP00 3318 AP00 3580 AY23 5570 AP00 3322 NC_00 7236 AP00 3323 AP00 3321

Breed/ name WLH1 WPR WLH2 NH RJF CoCh-RJF Jav-RJF Brm-RJF

D-loop 1231 1231 1232 1232 1232 1232 1232 1232

tRNA-Phe 69 69 69 69 69 69 69 69

12S rRNA 976 976 976 975 976 976 976 976

tRNA-Val 73 73 73 73 73 73 73 73

16S rRNA 1626 1623 1625 1621 1622 1622 1622 1622

tRNA-Leu1 74 74 74 74 74 74 74 74

ND1 975 975 975 975 975 975 975 975

tRNA-Ile 72 72 72 72 72 72 72 72

tRNA-Gln 71 71 71 71 71 71 71 71

tRNA-Met 69 69 69 68 69 69 69 69

ND2 1041 1041 1041 1041 1041 1041 1041 1041

tRNA-Trp 76 76 76 76 76 76 76 76

tRNA-Ala 69 69 69 69 69 69 69 69

tRNA-Asn 73 73 73 73 73 73 73 73

tRNA-Cys 66 66 66 66 66 66 66 66

tRNA-Tyr 71 71 71 71 71 71 71 71

COI 1551 1551 1551 1551 1551 1551 1551 1551

tRNA-Ser 75 75 75 75 75 75 75 75



tRNA-Asp 69 69 69 69 69 69 69 69

COII 684 684 684 684 684 684 684 684

tRNA-Lys 68 68 68 68 68 68 68 68

ATPase8 165 165 165 165 165 165 165 165

ATPase 6 684 684 684 684 684 684 684 684

COIII 784 784 784 787 786 786 786 786

tRNA-Gly 68 68 68 68 68 68 68 68

ND3 352 352 352 352 352 352 352 352

tRNA-Arg 68 68 68 68 68 68 68 68

ND4L 297 297 297 297 297 297 297 297

ND4 1378 1378 1378 1378 1380 1380 1380 1380

tRNA-His 69 69 69 69 69 69 69 69

tRNA-Ser 65 65 65 65 65 65 65 65

tRNA-Leu2 71 71 71 71 71 71 71 71

ND5 1818 1818 1818 1818 1818 1818 1818 1818

Cytb 1143 1143 1143 1143 1143 1143 1143 1143

tRNA-Thr 69 69 69 69 69 69 69 69

tRNA-Pro 70 70 70 70 70 70 70 70

ND6 522 522 522 522 522 522 522 522

tRNA-Glu 68 68 68 68 68 68 68 68



Table 4.2. Polymorphic sites in different mitochondrial genes/ rRNA/ tRNA / D loop region between as well as within in domestic and red
jungle fowl.

AP00 3317 AP00 3318 AP00 3580 AY23 5570 AP00 3322 NC_00 7236 AP00 3323 AP00 3321

WLH1 WPR WLH2 NH RHF CoCh-RJF Ja-RJF Brm-RJF

D-loop

212 G G G G G G G A

217 C C C C T T T T

243 C C C C C C C T

246 C C C C C C C T

256 C C C C C C C T

261 T T T T T T T C

281 A A A A A G G G

296 C C C C T T C C

307 T T T T C C C T

310 T T T T T T T C

315 C C C C C C C T

342 A A A A G G G A

446 T T T T C C C C

686 G G G G A A G G

859 - C - C C C C C

1214 T T T T C C C C

1215 G G G G G G G A



tRNA-Phe
- - - - - - - -

12S rRNA
1 A A - A A A A A

398 C C C C C C C A

721 G G G A G G G G

726 A G G G G G G G

908 T T T T T T T C

tRNA-Val
- - - - - - - -

16S rRNA
12 C - - - - - - -

246 G G G G A A A G

1488 A A A A A A A G

1592 C C C C T T T T

1597 C C C - C C C C

1598 C C C - - - - -

1599 C - C - - - - -

1600 C - C - - - - -

tRNA-Leu1
- - - - - - - -

ND1
236 T T T T C C C T

531 A A A A G G G G

717 A A A A G G G A



tRNA-Ile
- - - - - - - -

tRNA-Gln
- - - - - - - -

tRNA-Met
- - - - - - - -

ND2
478 T T T T G G G T

586 T T T T T T T C

tRNA-Trp
- - - - - - - -

tRNA-Ala
- - - - - - - -

tRNA-Asn
- - - - - - - -

tRNA-Cys
- - - - - - - -

tRNA-Tyr
- - - - - - - -

COI
114 C C C C T T T T

156 C C C C T T T T

255 G G G G A A A A

1429 C C C C T T T T

1542 G G G G G G A G



tRNA-Ser
- - - - - - - -

tRNA-Asp
- - - - - - - -

COII
134 C C C C T T T T

279 C C C C T T T T

303 C C C C T T T C

tRNA-Lys
- - - - - - - -

ATPase8
- - - - - - - -

ATPase6
294 G G G G A A A A

354 A A A A A A A G

COIII
150 G G G G A A A A

176 G G G G G G A G

339 G G G G G G G A

785 G - - - G - G G

786 C - - - C - C C

787 T - - - - - - -

tRNA-Gly
- - - - - - - -



ND3
193 C C C C T T T T

222 C C C C C C C T

tRNA-Arg
50 A A A A A G A A

ND4L

176 T T T T G G G T

183 T T T T C C C C

242 C C C C T T C C

260 C C C C C C T C

ND4
141 C C C C C C T C

198 A A A A G G G A

478 T T T T C C C C

720 A A A A G G A A

969 C C C C T T T T

1195 G A G G G G G G

1379 - - - - G G G G

1380 - - - - C C C C

tRNA-His
- - - - - - - -

tRNA-Ser
- - - - - - - -

tRNA-Leu2
- - - - - - - -



ND5
177 G G A G G G G G

489 T C T T T T T T

804 A A A A A A A G

1435 T T T T T T C T

CYTB
460 A A A G A A A A

507 T T T T C C C T

543 T T T T C C C C

713 C C C C C C T C

791 T T T T T T T A

973 C C C C T T C T

tRNA-Thr
- - - - - - - -

tRNA-Pro
14 G G G G A A A A

ND6

273 C C C C C C T C

403 G G G G G G G A

tRNA-Glu

- - - - - - - -
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4.1.3. 12S- rRNA gene

The 12SrRNA showed size variation from 975 to 976 bp within G. gallus

subspecies. This size variation was due to deletion of one nucleotide at 1 nt

position in NH breed. Over 976 nucleotides, only four polymorphic nucleotide

sites were observed between G. g. domesticus and other G. gallus subspecies

and all these polymorphism was due to nucleotide substitution. Out of these 4

nucleotide substitution, 3 were transitions, while 1 was transversion. None of

the nucleotide substitution was specific to G. g. domesticus.

4.1.4. tRNA-Valine

For tRNA Val, no size variation (73 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.5. 16S- rRNA gene

For 16S rRNA, size variation was observed within G. gallus subspecies.

While in G. g. domesticus, it ranged from 1621 to 1626 bp, but in other G.

gallus subspecies, it was 1622. The size variation within G. g. domesticus was

due to deletion of five nucleotide in NH, deletion of three nucleotides in WPR

and deletion of one nucleotide in WLH(2) against the 1626 bp in WLH(1). Apart

from, these deletions/ additions, only three nucleotide substitutions were

observed between G. g.  domesticus and other G. gallus subspecies and all

these substitutions were transitions. One of the nucleotide substitution i.e. T

by C at 1592 nt position was specific to G. g.  domesticus.

4.1.6. tRNA-Leucine (1)

For tRNA Leu, no size variation (74 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.7. NADH dehydrogenase 1

The NDI showed no size variation within G. gallus subspecies. Over 975

nucleotides, only 3 polymorphic nucleotide sites were observed between G. g.

domesticus and other G. gallus subspecies and all these polymorphism was

Results....
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due to nucleotide substitution. All the three nucleotide substitutions were

transitions. One nucleotide substitution i.e. G by A at 531 nt position was

specific to G. g.  domesticus.

4.1.8. tRNA-Isoleucine

For tRNA Ile, no size variation (72 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.9. tRNA-Glutamine

For tRNA Gln, no size variation (71 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.10. tRNA-Methionine

For tRNA Met, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.11. NADH dehydrogenase 2

The ND2 showed no size variation within G. gallus subspecies. Over

1041 nucleotides, only 2 polymorphic nucleotide sites were observed between

G. g. domesticus and other G. gallus subspecies and all these polymorphism

was due to nucleotide substitution. Out of these 2 nucleotide substitution, 1

was transitions, while 1 was transversion. None of the nucleotide substitution

was specific to G. g.  domesticus.

4.1.12. tRNA-Tryptophan

For tRNA Trp, no size variation (76 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.13. tRNA-Alanine

For tRNA Ala, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

Results....
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Results....

4.1.14. tRNA-Asparagine

For tRNA Asn, no size variation (73 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.15. tRNA-Cysteine

For tRNA Cys, no size variation (66 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.16. tRNA-Tyrosine

For tRNA Tyr, no size variation (71 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.17. Cytochrome Oxidase I

For COI, no size variation was observed within G. gallus subspecies.

Over 1551 nucleotides, only five polymorphic nucleotide sites were observed

between G. g. domesticus and other G. gallus subspecies and all these

polymorphism was due to nucleotide substitution. All the five substitutions

were transitions and four of these  i.e. T by C at 114, 156 as well as at 1429 nt

positions and A by G at 255 nt position were specific to G. g. domesticus.

4.1.18. tRNA-Serine(1)

For tRNA Ser, no size variation (75 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.19. tRNA-Aspertic acid

For tRNA Asp, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.20. Cytochrome Oxidase II

For COII, no size variation was observed within G. gallus subspecies.

Over 684 nucleotides, only three polymorphic nucleotide sites were observed
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between G. g. domesticus and other G. gallus subspecies and all these

polymorphism was due to nucleotide substitution. All the three substitutions

were transitions and two of them i.e. T by C at 134 nt as well as 279 nt positions

were specific to G. g.  domesticus.

4.1.21. tRNA-Lysine

For tRNA Lys, no size variation (68 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.22. ATPase8

For ATPase8, no size variation (165 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.23. ATPase6

For ATPase6, no size variation was observed within G. gallus subspecies.

Over 684 nucleotides, only two polymorphic nucleotide sites were observed

between G. g. domesticus and other G. gallus subspecies and all these

polymorphism was due to nucleotide substitution. Both of the substitutions

were transitions and one of them i.e. A by G at 294 nt position was specific to

G. g.  domesticus.

4.1.24. Cytochrome Oxidase III

For COIII, size variation was observed within G. gallus subspecies. While

in G. g. domesticus, it ranged from 784 to 787 bp, but in other G. gallus

subspecies, it ranged from 784 to 786. This size variation was due to addition

of 3 nucleotides in NH against the 784 bp in other breeds. Similarly, addition of

2 nucleotides in G. g. spadiceus, G. g. gallus and G. g.  bankiva resulted in 786

nt COIII. Apart from these deletions/ additions, three nucleotide substitutions

were observed between G. g. domesticus and other G. gallus subspecies and all

these substitutions were transitions. The nucleotide substitution A by G at

150 nt position was specific to G. g. domesticus.

Results....
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4.1.25. tRNA-Glycine

For tRNA Gly, no size variation (68 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.26. NADH dehydrogenase 3

The ND3 showed no size variation within G. gallus subspecies. Over 352

nucleotides, only 2 polymorphic nucleotide sites were observed between G. g.

domesticus and other G. gallus subspecies and all these polymorphism was

due to nucleotide substitution. Both the nucleotide substitutions were

transitions and one of them i.e. T by C at 193 nt position was specific to G. g.

domesticus.

4.1.27. tRNA-Arginine

For tRNA Arg, no size variation (68 bp) was observed within G. gallus

subspecies, however one nucleotide substitution (Transition) was found between

G. g. domesticus  and other G. gallus subspecies. This nucleotide substitution

was not specific to G. g. domesticus.

4.1.28. NADH dehydrogenase 4L

The ND4L showed no size variation within G. gallus subspecies. Over

297 nucleotides, only 4 polymorphic nucleotide sites were observed between

G. g. domesticus and other G. gallus subspecies and all these polymorphism

was due to nucleotide substitution. Out of these, 3 were transitions and one

was tranversion. One nucleotide substitution i.e. C by T at 183 nt position was

specific to G. g.  domesticus.

4.1.29. NADH dehydrogenase 4

For ND4, size variation was observed within G. gallus subspecies. While

in G. g.  domesticus, it was 1378, in other G. gallus subspecies, it was 1380.

This size variation was due to addition of 2 nucleotides in other G. gallus

subspecies. Apart from these deletions/ additions, 6 nucleotide substitutions

were observed between G. g. domesticus and other G. gallus subspecies and all

these substitutions were transitions. The nucleotide substitutions i.e. C by T

at 478 position and T by C at 969 position were specific to G. g.  domesticus.

Results....
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4.1.30. tRNA-Histidine

For tRNA His, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.31. tRNA-Serine(2)

For tRNA Ser, no size variation (65 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.32. tRNA-Leucine(2)

For tRNA Leu, no size variation (71 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.1.33. NADH dehydrogenase 5

The ND5 showed no size variation within G. gallus subspecies. Over

1818 nucleotides, only 4 polymorphic nucleotide sites were observed between

G. g. domesticus and other G. gallus subspecies and all these polymorphism

was due to nucleotide substitution. All the nucleotide substitutions were

transitions and none of them was specific to G. g. domesticus.

4.1.34. Cytochrome B

The CYTB showed no size variation within G. gallus subspecies. Over

1143 nucleotides, only six polymorphic nucleotide sites were observed between

G. g. domesticus and other G. gallus subspecies and all these polymorphism

was due to nucleotide substitution. Out of these 6 nucleotide substitution, 5

were transitions, while 1 was transversion. One nucleotide substitution i.e. C

by T at 543 nt position was specific to G. gallus domesticus.

4.1.35. tRNA-Threonine

For tRNA Thr, no size variation (69 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

Results....
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4.1.36. tRNA-Proline

For tRNA Pro , no size variation (70 bp) was observed within G. gallus

subspecies, however one nucleotide substitution i.e. A by G (Transition) was

found between G. g. domesticus  and other G. gallus subspecies and it was

specific to G. g. domesticus.

4.1.37. NADH dehydrogenase 6

The ND6 showed no size variation within G. gallus subspecies. Over 522

nucleotides, only 2 polymorphic nucleotide sites were observed between G. g.

domesticus and other G. gallus subspecies and were due to nucleotide

substitution. Both the nucleotide substitutions were transitions and not specific

to G. g. domesticus.

4.1.38. tRNA-Glutamic acid

For tRNA Glu, no size variation (68 bp) was observed within G. gallus

subspecies and it was found to be completely conserved in all the G. gallus

subspecies.

4.2. SNP genotyping

A total of 19 population specific nucleotide substitutions were identified.

Attempts were made to use these SNPs in developing the allele specific PCR

and for PCR-RFLP. None of these substitutions created or abolished the

restriction site of the commonly available restriction enzymes. However, for 6

SNPs, primers with good score could be designed (Table 3.2). The primers were

designed using GENETOOL software. In general two set of primers were designed

for each SNP. The first set i.e. general set, was designed for amplification of the

common fragment containing the SNP. Other set of primers was allele specific,

having one common primer, which used to be one of the primer of general set

of primers, while the second primer of this set used to be allele specific, having

the SNP as either the most terminal nucleotide at 3’ end or one of the 3 terminal

nucleotides at 3’ end. Hence, for each SNP, from all the individuals, general set

of primers was expected to amplify a common band in all the populations,

while the allele specific set of primer was expected to amplify the band from the

individuals having population specific nucleotide only.

Results....
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4.2.1. COI-114-C/T SNP

The forward general primer i.e. COI-F was designed from the 5‘ end (12

nt to 32 nt) of tRNA asparagines, while the reverse general primer i.e. COI-R

was taken from the initial part of COI gene (382 nt-404 nt). This set of primer

was expected to amplify a 603 bp fragment from either populations. For allele

specific set of primers, the forward primer was the same i.e. COI-F, while the

reverse primer specific to DF population i.e. COI-114-R-DF as well as reverse

primer specific to RJF population i.e. COI-114-R-RJF were taken from 114 nt

to 134 nt. These primers were expected to amplify a 334 bp fragment in either

population.

Using COI-F and COI-R primers, a 603 bp fragment was amplified in all

the individuals from both the populations. Using COI-F and COI-114-R-DF

primers, 17 out of 18 individuals showed amplification of 334 bp bands, while

using COI-F and COI-114-R-RJF primers, 16 out of 18 individuals showed

amplification of 334 bp bands (Fig 4.1). The allelic frequency of C allele in DF

population and T allele in RJF population was found to be 0.94 and 0.89,

respectively (Table 4.3).

4.2.2. COI-255-G/A SNP

The forward and reverse primers i.e. COI-F and COI-R were the same as

used for COI-114-C/T snp and were expected to amplify a 603 bp fragment

from either populations. For allele specific set of primers, the forward primer

was the same i.e. COI-F, while the reverse primer specific to DF population i.e.

COI-255-R-DF as well as reverse primer specific to RJF population i.e. COI-

255-R-RJF were taken from 255 nt to 275 nt. These primers were expected to

amplify a 475 bp fragment in either population.

Using COI-F and COI-R primers, a 603 bp fragment was amplified in all

the individuals from both the populations. Using COI-F and COI-255-R-DF

primers, 15 out of 18 individuals showed amplification of 475 bp bands, while

using COI-F and COI-255-R-RJF primers, 16 out of 18 individuals showed

amplification of 475 bp bands (Fig 4.2). The allelic frequency of G allele in DF

population and A allele in RJF population was found to be 0.83 and 0.89,

respectively (Table 4.3).

Results....





Table 4.3. Allelic frequency at different SNP positions in RJF and domestic
fowl

SNP Population Presumed Allelic

allele frequency

COI-114-C/T Domestic Fowl C 0.94

Red Jungle Fowl T 0.89

COI-255-G/A Domestic Fowl G 0.83

Red Jungle Fowl A 0.89

COII-279-C/T Domestic Fowl C 0.78

Red Jungle Fowl T 0.94

ATP6-294-G/A Domestic Fowl G 0.89

Red Jungle Fowl A 0.83

ND4-969-C/T Domestic Fowl C 0.83

Red Jungle Fowl T 0.94

CYTB-543-T/C Domestic Fowl T 0.94

Red Jungle Fowl C 0.78
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4.2.3. COII-279-C/T SNP

The forward general primer i.e. COII-F was designed from the 5‘ end (3

nt to 22 nt) of COII gene, while the reverse general primer was taken from the

3‘ part (504 nt- 525 nt). This set of primer was expected to amplify a 523 bp

fragment from either populations. For allele specific set of primers, the reverse

primer was the same i.e. COI-R, while the forward primer specific to DF

population i.e. COII-279-F-DF as well as forward primer specific to RJF

population i.e. COII-279-F-RJF were taken from 258 nt to 279 nt. These primers

were expected to amplify a 268 bp fragment in either population.

Using COII-F and COII-R primers, a 523 bp fragment was amplified in

all the individuals from both the populations. Using COII-279-F-DF and COII-

R primers, 14 out of 18 individuals showed amplification of 268 bands, while

using COII-279-F-RJF and COII-R primers, 17 out of 18 individuals showed

amplification of 268 bp bands (Fig 4.3). The allelic frequency of C allele in DF

population and T allele in RJF population was found to be 0.78 and 0.94,

respectively (Table 4.3).

4.2.4. ATP6-294-G/A SNP

The forward general primer i.e. ATP6-F was designed from the 5‘ end (49

nt to 71 nt) of ATP6 gene, while the reverse general primer was taken from the

3‘ part (524 nt- 544 nt). This set of primer was expected to amplify a 496 bp

fragment from either populations. For allele specific set of primers, the reverse

primer was the same i.e. ATP6-R, while the forward primer specific to DF

population i.e. ATP6-294-F-DF as well as forward primer specific to RJF

population i.e. ATP6-294-F-RJF were taken from 275 nt to 296 nt. These primers

were expected to amplify a 270 bp fragment in either population.

Using ATP6-F and ATP6-R primers, a 496 bp fragment was amplified in

all the individuals from both the populations. Using ATP6-294-F-DF and ATP6-

R primers, 16 out of 18 individuals showed amplification of 270 bp bands,

while using ATP6-294-F-RJF and ATP6-R primers, 15 out of 18 individuals

showed amplification of 270 bp bands (Fig 4.4). The allelic frequency of G allele

in DF population and A allele in RJF population was found to be 0.94 and 0.83,

respectively (Table 4.3).

Results....
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4.2.5. ND4-969-C/T SNP

The forward general primer i.e. ND4-F was designed from the 5‘ end

(655 nt to 675 nt) while, the reverse general primer was taken from the 3’ end

(1153 nt-1175 nt) of ND4 gene. This set of primer was expected to amplify a

521 bp fragment from either populations. For allele specific set of primers, The

forward primer was the same i.e. ND4-F, while the reverse primer specific to

DF population i.e. ND4-969-R-DF as well as reverse primer specific to RJF

population i.e. ND4-969-R-RJF were taken from 967 nt to 989 nt. These primers

were expected to amplify a 335 bp fragment in either population.

Using ND4-F and ND4-R primers, a 521 bp fragment was amplified in all

the individuals from both the populations. Using ND4-F and ND4-969-R-DF

primers, 15 out of 18 individuals showed amplification of 335 bp bands, while

using ND4-F and ND4-969-R-RJF primers, 17 out of 18 individuals showed

amplification of 335 bp bands (Fig 4.5). The allelic frequency of C allele in DF

population and T allele in RJF population was found to be 0.83 and 0.94,

respectively (Table 4.3).

4.2.6. CYTB-543-T/C SNP

The forward general primer i.e. CYTB-F was designed from the 5‘ end

(203 nt to 223 nt), while the reverse general primer was taken from the middle

part (694 nt-716 nt) of CYTB gene. This set of primer was expected to amplify a

514 bp fragment from either populations. For allele specific set of primers, The

forward primer was the same i.e. CYTB-F, while the reverse primer specific to

DF population i.e. CYTB-543-R-DF as well as reverse primer specific to RJF

population i.e. CYTB-543-R-RJF were taken from 543 nt to 565 nt. These primers

were expected to amplify a 363 bp fragment in either population.

Using CYTB-F and CYTB-R primers, a 514 bp fragment was amplified in

all the individuals from both the populations. Using CYTB-F and CYTB-543-R-

DF primers, 17 out of 18 individuals showed amplification of 363 bp bands,

while using CYTB-F and CYTB-543-R-RJF primers, 14 out of 18 individuals

showed amplification of 363 bp bands (Fig 4.6). The allelic frequency of T allele

in DF population and C allele in RJF population was found to be 0.94 and 0.78,

respectively (Table 4.3).

Results....
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4.3. Polymorphism in D loop region

4.3.1. Amplification of complete D loop region in Indian Red Jungle

Fowl

The primers were designed to amplify the complete D loop region. The

forward primer was taken from tRNA-Glu (5’-AGG ACT ACG GCT TGA AAA GC-

3’), while the reverse primer was taken from tRNA-Phe (5’-CAT CTT GGC ATC

TTC AGT GCC A-3’). These primers were expected to amplify a 1325 bp fragment.

This 1325 bp fragment is comprised of 45 nucleotide from 3’ end of tRNA-Glu,

complete  nucleotide of D loop region (1232) and 48 nucleotides from 5’ end of

tRNA-Phe.  On resolution of the PCR amplification product on 1.6 % gel showed

a single distinct band (Fig 4.7). The size of this fragment was estimated to be

1325 bp by using a molecular size marker. No non-specific amplification showed

the specificity of the primers. Absence of any primers or dimmers suggested

the good quality of primer designing.

4.3.2. Cloning of 1325 bp fragment

This 1325 bp amplicon was purified from agarose gel using QIAquick

Gel Extraction Kit (QIAGEN Inc. Valencia, CA, USA) as per the manufacturer’s

protocol (Fig 4.8). The purified PCR product was seen as a single and specific

band of 1325 bp. This purified product was directly cloned into the TA-cloning

vector (e.g., pTZ57R/T vector, MBI Fermentas)) using TA-cloning strategy. Three

µl of the ligated DNA was transformed into competent DH5 cells and plated on

LB/Amp/X-gal/IPTG plates and incubated over night at 37°C. For primary

screening of the positive transformants carrying the insert, blue-white screening

was used. White clones were screened for the presence of insert. The clones

were initially checked by performing colony PCR and later confirmed by RE

digestion of the isolated plasmid.

4.3.2.1. Colony PCR

Four individual white colonies were picked up and subjected to colony

PCR using the same set of primers applied for amplification of D loop region. As

evident in Fig 4.9, amplification of a single product of 1325 bp was seen with

all four colonies Thus the colonies may contain the plasmid with expected

insert.

Results....
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4.3.2.2. Restriction enzyme digestion

Consequent upon the fact that the cloning vector pTZ57R/T has one

restriction site for EcoR I (G?AA TIC) and one site for Pst I (CTGCA?G) on either

side of the MCS (as depicted in the Fig 3.1. Accordingly, EcoR I and Pst I double-

digestion of plasmid DNA was done in 10 µl reaction mixture volume. Presence

of two bands i.e. 1401 bp and 2840 bp on resolution of restriction digestion

mixture on 0.8 % agarose gel confirmed the release of an insert of expected size

of 1325 bp in positive clones (Fig 4.10).

4.3.2.3. Recovery of 1325 bp fragment

After confirming the successful cloning of the 1325 bp fragment, attempts

were made to retrieve the 1325 bp fragment from plasmid. Restriction enzyme

was set up in two reaction mixture volume of 100 µl each. The digestion products

were resolved on 1.4 % agarose gel after loading them in larger wells. The 1325

bp fragments were cut from the gel and eluted. A recovery of ~ 85 % was observed.

4.3.3. Sequence homology comparison with other related sequences

The 1325 bp fragment was sequenced on ABI DNA sequencer and the 5’-

3’ sequence is presented in Fig 4.11. The sequencing revealed the D loop region

is 1232 bp in G.  g. murghi. The related sequence from other Gallus species, G.

gallus subspecies including G. g. domesticus (Table 3.3) were retrieved from the

data bank and aligned using ClustalX programme (Fig 4.12).

The length of D loop region showed ranged from 1227 in WPR to 1292

bp in CJF. The size variation was observed within the G. g. domesticus

subspecies. While in WPR, it was 1227 bp, in WL, NLAO, Silky and Tibetan it

was 1231 bp and in NH, it was 1232 bp. In WPR, the reduction in size of D loop

is due to deletion of 4 nucleotides at 712 nt, 713 nt, 714 nt and 715 nt positions

in comparison the 1231 nt in WL,  NLAO, silky and Tibetan. Similarly, addition

of 1 nucleotide at 859 nt position in NH resulted in 1232 nt in D loop region. In

all the other red jungle fowl subspecies, the size of D loop region was 1232 bp

and was due to addition of 1 nucleotide at 859 nt position in comparison to

other most of the chicken breeds. Among, other Gallus species, it was 1288 nt

in G. sonnerattii, 1228 nt in G. varius and 1292 nt in G. lafayettei. All the three

Results....
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Gallus species showed the insertion of 59 nts after 360 nt position in comparison

to G. gallus. However among the other three jungle fowls, a deletion of 52 nts

was observed after 308 nt position in G. varius.

Within G. g. domesticus, a total of 6 polymorphic sites were observed.

Apart from addition and deletions at 4 sites, there were 2 nucleotide

substitutions and all were transitions (G/A). Within G. gallus subspecies

excluding G. g. murghi, the polymorphic sites were 13 and all of these were

nucleotide substitutions. All these substitutions were transitions (8 T/C and 5

G/A).

Between G. g. murghi and different chicken breeds, a total of 14

polymorphic sites were observed. While 5 sites were due to additions and

deletions of nucleotides, 9 were due to nucleotide substitutions. All these

substitutions were transitions (5  C/T and 4 G/A). Between G.  g.  murghi and

other G.  gallus  subspecies, the polymorphic sites were 17 and all of these

were nucleotide substitutions. All the substitutions were transitions (11  T/C

and 6  G/A). Between the  Gallus species, high  polymorphism was  observed.

Apart from major addition / deletions D loop region of G. sonneratii, G. lafayettei

and G. varius, several additions and deletions were also observed. Apart from

these additions/ deletions, there were 127 nucleotide substitutions between

Gallus species. Out of these substitutions,83 were transitions and 44 were

transversions.

4.3.3.1. Structure of mt D loop

A plot of number of variable sites in non-overlapping 50 bp segments

was used to examine the distribution of variation across the control region (Fig

4.13). As described by Saccone et al. (1991), three distinct regions or domains

were evident on the basis of nucleotide variability i.e. highly variable left domain,

which (1– 450 nt), highly conserved central domain (451-900 nt) and right

domain (901-1298).  The domain I showed maximum size variation from 386

bp to 448 bp, while the domain II and domain III showed very narrow range of

size variation i.e. 458 bp to 462 bp and from 383 bp to 384 bp, respectively

(Table  4.4).

Results....





Table 4.4. The sizes of the different domain of d loop region in different gallus
species.

Species Accession Domain Total

number I II III

G. g.  murghi 386 462 384 1232

G. g.  domesticus AP003317 386 462 383 1231

G. g.  domesticus AP003318 386 458 383 1227

G. g.  domesticus AP003319 386 462 383 1231

G. g. spadiceus AP003321 386 462 384 1232

G. g.  gallus AP003322 386 462 384 1232

G. g.  bankiva AP003323 386 462 384 1232

G. sonneratii AP006741 448 457 383 1288

G. varius AP003324 385 462 381 1228

G. lafayettei AP003325 447 462 383 1292

Table 4.5. Base composition of different domains of D loop region in Indian
Red Jungle Fowl

Domain   Proportion of different bases

A T G C

D I (1-400 bases) 29.5 30.3 12.3 28.0

D II (401-871 bases) 16.7 32.4 20.8 30.0

D III (872-1232 bases) 37.1 37.7 4.7 20.5
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The base composition of these domains in Indian Red Jungle Fowl is

presented in Table 4.5. In domain I, the proportion of A+T was higher  than

G+C i.e. 59.8 % vs 40.3, while domain II was CT rich (62.4 %). In domain III,

very low proportion of G i.e. 4.7 % was found, while it was highly rich in AT

(78.4 %).

All the three domains possess the different motifs of functional

importance. While the Left domain, possess the TAS (Terminal Associated

Sequences) as well as tandem repeats, the central domain possess different

conserved segments such as F box, D box and C box. The right domain possesses

the CSB (Conserved Sequence Block, origin of replication and promoters for

Heavy strand and Light Strand transcription (HSP and LSP). Between the Gallus

species showed the conserved primary sequence motifs of the three domains in

other vertebrates.

Domain I or Left Domain (ETAS domain)

There are different blocks of conserved sequences which are similar to

motifs previously identified in other avian and mammalian species. The first

block is perfectly conserved in Gallus species and has sequence capable to

produce a hairpin structure. The secondary structure of this hairpin is

determined by a stem of seven complementary Cs/Gs and a loop containing a

TCCC motif. There are two copies of TCCC mapping at nt 23-26 and 244-247,

which flanked the cloverleaf putative secondary structure formed by single

strand domain I. The second block perfectly conserved in Gallus species has

sequence similarity to mammalian TASs including the highly conserved motif

GRYCAT. These GRYCAT and TAS motifs are included in the putative ETAS1

sequence block of Gallus species.

There are repeats of the sequences, which resembles with CSB1 and

these repeats showed the GGACAT motif. These repeats varied between the

Gallus species. All the G. gallus sub species as well as G. varius showed two

repeats, while the G. sonneratii and G. lafayettei had three repeats. The single

stranded domain I can form potential secondary cloverleaf structures and this

structure is highly conserved between Gallus species.
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Domain II or Central Domain

In the domain II, the conserved F, D and C boxes are readily recognizable.

The F box showed absolute conservation among G. gallus subspecies, however

only G. sonneratii and G. lafayettei showed only one nucleotide substitution (C

to T). The D box and C box showed absolute sequence homology in all the

Gallus species.

Domain III or Right Domain (CSB domain)

In domain III, the CSB-I was absolutely conserved between Gallus

species,, however the CSB-II and CSB-III sequences could not be unambiguously

identified. A poly (C) sequence similar to the O
H
 of mammals was identified just

a few nucleotide downstream from the putative CSB-I. The bi-directional LSP/

HSP promoters, as identified by L’Abbe et al. (1991) were perfectly conserved in

Gallus species. This sequence contains an almost perfect inverted repeat, which

can be folded into stable hairpin. Farther upstream, is the most variable part of

the CSB domain, which is rich in poly(T) and poly(A) strings.

4.3.3.2. Genetic distances between the Gallus species

The genetic distances was estimated between different chicken breeds,

red jungle fowl subspecies and jungle fowls as Jukes-Cantor genetic distance,

based on transitions as well as transversions in d loop region and are presented

in Table 4.6. The G. g. murghi showed very low genetic distances with the chicken

breeds (0.008) as well as with other G. gallus sub-species (0.003-0.012), however

with other jungle fowl species, it showed higher distance (0.049-0.060). The

Jukes-Cantor genetic distance were quite low between chicken breeds and

ranged from 0.000 to 0.002. Similarly, the genetic distances between the chicken

breeds and other G. gallus subspecies, were quite low (0.005 – 0.010). Other G.

gallus subspecies also showed very low genetic distances among themselves

(0.002-0.010). However, other jungle fowl species i.e. CyJF, GyJF and GJF

showed comparatively much higher genetic distances not only from RJF

subspecies including chicken breeds (0.049-0.060), but also from each other

(0.042-0.051).



Table 4.6. Genetic distances (Jukes-Cantor) between different Gallus species based on nucleotide sequence variability in d loop region.

Ind. RJF AP00 AP00 AP00 AP00 AP00 AP00 AP00 AP00 AP00

3317 3318 3319 3321 3322 3323 6741 3324 3325

Ind. RJF -

AP003317 0.008 -

AP003318 0.008 0.000 -

AP003319 0.008 0.002 0.002 -

AP003321 0.012 0.008 0.008 0.010 -

AP003322 0.005 0.007 0.007 0.005 0.010 -

AP003323 0.003 0.005 0.005 0.005 0.008 0.002 -

AP006741 0.054 0.058 0.058 0.059 0.055 0.055 0.055 -

AP003324 0.060 0.060 0.060 0.061 0.058 0.060 0.060 0.050 -

AP003325 0.049 0.051 0.051 0.053 0.053 0.053 0.052 0.042 0.051 -
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4.3.3.3. Phylogenetic relatedness among Gallus species

The phylogenetic tree construced using NJ method based on nucleotide

sequence variability of complete D loop region has been shown in Fig 4.14.

Among the different jungle fowls, three jungle fowls i.e. G. sonneratii, G. lafayattei

and G. varius seemed to be well separated out from the G. gallus as all these

three made a separate cluster. Among the G. gallus subspecies, G. g.  spadiceus

falls as separate branch, while G. g.  murghi and G. g.  domesticus falls in one

sub-cluster, while the other two sub species i.e. G. g.  bankiva and G. g.  gallus

made another subcluster

4.4 Polymorphism between first 400 nucleotides of D loop

region in Gallus gallus species

A total of 13 nucleotide sequences (Table 3.4) of first 400 nucleotide of

mt D loop region from different subspecies of Red Jungle Fowl, including those

from Indian Red Jungle Fowl (G. g. murghi) were used to study the nucleotide

variability in this region. The sequences were aligned using ClustalX programme

and the nucleotide variability was studied by using MEGA 4 software (Fig 4.15).

A total of 50 out of 400 sites were polymorphic between sub species of Red

Jungle Fowl. Out of these 50 polymorphic sites, 5 were insertions and deletions

while, 45 were nucleotide substitutions. Out of the 45 nucleotide substitutions,

27 were transitions ( 22 T/C and 5 G/A), while 18 were transversions (4 T/G,

10 Y/A, 1 C/G and 3 C/A).

4.4.1. Genetic distances between the Gallus species

The genetic distances was estimated between different red jungle fowl

subspecies as Jukes-Cantor genetic distance, based on transitions as well as

transversions in first 400 nucleotides of D loop region and are presented in

Table 4.7. The G.  g.  murghi showed very low genetic distances with the

GG_gallus8. GG_gallus10 and GG_gallus3322 (0.008-0.013), while with other

G.  g.  gallus samples i.e. GG_gallus11,  GG_gallus39 and  GG-gallus58, the

genetic distances were comparatively higher (0.018-0.034). While, G. g.  murghi

showed the genetic distance ranging from 0.031-0.034 with G. g.  spadiceus, it

ranged from 0.061-0.066 with G. g.  bankiva.











Table 4.7. Genetic distances (Jukes-Cantor) between different Gallus gallus subspecies based on first 400 nucleotide  sequence of D
loop region.

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12]

[2] 0.061

[3] 0.064 0.013

[4] 0.066 0.015 0.013

[5] 0.018 0.053 0.055 0.064

[6] 0.029 0.047 0.050 0.058 0.021

[7] 0.034 0.058 0.061 0.069 0.031 0.010

[8] 0.013 0.058 0.061 0.064 0.015 0.026 0.036

[9] 0.008 0.064 0.061 0.064 0.015 0.026 0.031 0.010

[10] 0.010 0.055 0.064 0.061 0.013 0.023 0.034 0.008 0.008

[11] 0.031 0.078 0.075 0.078 0.034 0.034 0.045 0.029 0.029 0.026

[12] 0.034 0.081 0.078 0.081 0.036 0.036 0.047 0.031 0.031 0.029 0.003

[13] 0.036 0.083 0.081 0.083 0.039 0.039 0.050 0.034 0.034 0.031 0.005 0.008

[1] our-rjf [2] GG_bankiva5 [3] GG_bankival8 [4] GG_bankiva19 [5] GG_gallus11

[6] GG_gallus39 [7] G_gallus58 [8] GG_gallus8 [9] GG_gallus10 [10] GG_gallus3322

[11] GG_spadiceus3 [12] GG_spadiceus4 [13] GG_spadiceus
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Though very low genetic distances were observed within G. g. spadiceus

(0.003-0.008) and G. g.  bankiva (0.013-0.015), but within G. g.  gallus, the

genetic distances were comparatively higher and showed much wider range

(0.069).

4.4.2. Phylogenetic relatedness among Gallus species

The species G. gallus is composed of four sub-species i.e. G. g.  murghi,

G. g.  gallus, G. g. spadiceus and G. g. banikva.  The phylogenetic tree construced

using NJ method based on nucleotide sequence variability in the first 400

nucleotides of D loop region has been shown in Fig 4.16. Among the different

red jungle fowl subspecies, G. g. banikva seemed to be well separated from the

other three subspecies as it made a separate cluster. Among these three

subspecies, G. g.  gallus (GG_gallus39 and GG_gallus58) made separate

subcluster. In other sub-cluster, while GG_gallus11, made a separate branch,

G. g.  spadiceus falls in one sub-cluster, but as separate branch, while G. g.

murghi and G. g.  gallus (GG_gallus8. GG_gallus10 and GG_gallus3322) falls

together.

Results....





Discussion

5.1. Identifying the probable SNPs in mitochondrial genome

The total mitochondrial genome ranged from 16784 bp to 16788 bp in

different G. gallus subspecies i.e. G. g.  domesticus, G. g.  gallus, G. g. spadiceus

and G. g. bankiva. On sequence comparisons of different genes identified in

total 79 (~0.5 %) polymorphic sites and of these 12 were due to insertion and

deletions, while 67 were due to nucleotide substitutions. It suggests very low

nucleotide sequence variability for mitochondrial genome with G. gallus

subspecies. Gupta et al. (2005) reported very high genetic similarity (> 99 %)

between G. g. murghi and White Leghorn based on nucleotide sequence

variability for 12S rRNA gene. There are several reports on genetic similarity

between Indian red jungle fowl and domestic chicken using different type of

DNA markers. Very close genetic relatedness between Indian red jungle fowl

(G. g. murghi) and domestic fowl was also revealed by other DNA markers such

as randomly amplified polymorphic DNA, micro/mini satellite associated

sequence amplification (MASA) and microsatellite markers (Tomar et al., 2007).

In present study all the 67 nucleotide substitution sites were SNPs and

of these 51 were in coding region and 16 were in non coding region. Guan et al.

(2007) identified 91 SNPs, with 70 in the coding region and 21 in the non-

coding region of mt genome by in silico analysis. Out of the 67 SNPs, only 19

were identified as population specific SNPs. Restriction enzyme mapping for

these SNPs could not detect any polymorphic restriction enzyme, hence PCR-

RFLP could not be done. Alternatively, Allele Specific PCR was used for

genotyping the RJF and DF populations for the probale SNPs.
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5.2. SNP genotyping

Effective primers with good score could be designed for six SNPs only

i.e. COI-114-C/T, COI-255-G/A, COII-279-C/T, ATP6-294-G/A, ND4-969-C/T

and CYTB-543-T/C, hence the genotyping of the RJF an population was done

for these six SNPs. While the general primers, expected to amplify the common

band in both the populations were designed from the total conserved regions

encompassing the SNP in both the populations, the allele specific primers were

designed with a specific base at last three terminal nucleotides at 3’ end

corresponding to one SNP allele. Newton et al. (1989) showed that a specific

base at 3’ end corresponding to one SNP allele was able to amplify the specific

allele (match base allele) more effectively than the non-specific one (mismatch

base allele). Furthermore an additional mismatch within three or four bases

from the 3’ end enhances primer specificity (Kwok et al., 1990 ; Drenkand et

al., 2000).  In present study, while the general primers amplified the common

band in both the population, the allele specific primers also amplified the specific

and in respective populations.

At COI-114-C/T SNP, while the COI-F and COI-R primers amplified a

603 bp fragment in all the individuals from both the populations, COI-F and

COI-114-R-DF primers amplified the 334 bp fragment in 17 out of 18 individuals

from DF population and COI-F and COI-114-R-RJF primers amplified the 334

bp band in 16 out of 18 individuals from RJF population. Similarly at COI-255-

G/A SNP site, using COI-F and COI-R primers, a 603 bp fragment was amplified

in all the individuals from both the populations, while COI-F and COI-255-R-

DF primers amplified a 475 bp band in 15 out of 18 individuals in DF population

and COI-F and COI-255-R-RJF primers amplified the 475 bp fragment in 16

out of 18 individuals in RJF population.

Using COII-F and COII-R primers, a 523 bp fragment was amplified in

all the individuals from both the populations, while COII-279-F-DF and COII-

R primers amplified the 268 bp fragment in 14 out of 18 individuals in DF

population and COII-279-F-RJF and COII-R primers amplified 268 bp band in

17 out of 18 individuals from RJF population. At ATP6-294-G/A SNP, ATP6-F

and ATP6-R primers amplified a 496 bp fragment in all the individuals from
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both the populations, however ATP6-294-F-DF and ATP6-R primers amplified

the 270 bp in 16 out of 18 individuals from Df population. Similarly, a 270 bp

band was amplified in 15 out of 18 individuals from RJF population with ATP6-

294-F-RJF and ATP6-R primers. Using ND4-F and ND4-R primers, a 521 bp

fragment was amplified in all the individuals from both the populations, while

ND4-F and ND4-969-R-DF primers could amplify a 335 bp fragment in 15 out

of 18 individuals from DF population and ND4-F and ND4-969-R-RJF primers

amplified the 335 bp fragment in 17 out of 18 individuals from RJF population.

At CYTB-543-T/C SNP, while the CYTB-F and CYTB-R primers amplified the

514 bp fragment in all the individuals from both the populations, CYTB-F and

CYTB-543-R-DF primers amplified 363 bp band in 17 out of 18 individuals and

CYTB-F and CYTB-543-R-RJF primers amplified 363 bp band in 14 out of 18

individuals from RJF population.

At each SNP site, the specific allele showed very high frequency in the

respective populations, but these alleles were not fixed. At COI-114-C/T snp,

allelic frequency of C allele in DF population and T allele in RJF population was

found to be 0.94 and 0.89, respectively. At COI-255-G/A snp, allelic frequency

of G allele in DF population and A allele in RJF population was found to be

0.83 and 0.89, respectively. Similarly the allelic frequency of C allele in DF

population and T allele in RJF population was found to be 0.78 and 0.94,

respectively at COII-279-C/T snp. At ATP6-294-G/A SNP, allelic frequency of

G allele in DF population and A allele in RJF population was found to be 0.94

and 0.83, respectively and allelic frequency of C and T alleles were 0.83 and

0.94 in DF and RJF populations respectively. At CYTB-543-T/C SNP, allelic

frequency of T allele in DF population and C allele in RJF population was found

to be 0.94 and 0.78, respectively. In spite of these high frequency of specific

alleles in respective populations, these alleles were not fixed in the populations

hence these SNPs could not be used as population specific markers.

Soleimani et al. (2003) reported the Allele Specific PCR with 3 primers as

an efficient, cost effective, and reliable way for SNP validation in barley cultivars.

Subsequently, Bundock et al. (2005) reported an alternative cheap, simple,

transferable and robust method of SNP genotyping, based on a three primer

nested allele specific PCR. They developed markers for 40 SNP sites in 28 barley
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genes based on the nested allele specific PCR method. We obtained a 95%

success rate for the development of allele specific markers (for one or both

alleles) with this approach. Markers for both alleles at a SNP site were developed

in 84% of cases.

Harumi et al. (2004) identified 6 SNPs in mt D loop regions from sequence

alignment of D loop region sequences from six chickens. For six of these, they

designed the PCR primers that had each base (A,C G and T) as the penultimate

base at the 3’ end (N2 base) and bases specific to both alleles at the 3’ end.

These primers were effective in typing the SNP. Twenty one out of 96 primers

succeeded in distinguishing the SNP by the presence or absence f the PCR

product. Sano et al. (2005) used polymerase chain reaction (PCR) based

screening using single nucleotide polymorphism (SNP) at 686 position in mt D

loop (#AB091008) for testing male putative germline chimeric chickens. In this

study, the type of SNP in all BPR at position 020 was fixed as base G, and as

base A in all WL. When the PCR product was typed as both donor (base G)- and

recipient (base A)-derived, the male was determined as the germline chimera.

The results of the male screening test showed good agreement with the progeny

test for detecting germline chimeric chickens.

Bharani Kumar et al. (2007) identified 10 SNPs identified in Myostatin

gene in the nine breeds/populations of indigenous poultry and Red Jungle

Fowl. The five SNPs were in promoter region, while one each in intron 1 and 2

and three in exon 1. PCR-RFLP was carried out to genotype the populations at

seven SNPs while three SNPs were genotyped by SNaPshot method using

automated DNA sequencer as no restriction sites were found at these SNP

sites. The correspondence analysis separated out Punjab Brown, Red jungle

fowl and Nicobari populations from the rest of the indigenous chicken

populations. It is postulated that the populations of Punjab Brown and Nicobari

showed the recent common ancestry with Red jungle fowl.

Gaudet et al. (2007) reported a new method for polymerase chain reaction

(PCR) amplification of multiple specific alleles (PAMSA), which allows efficient

discrimination of SNP polymorphisms in one reaction tube with standard PCR

conditions. To validate the accuracy of this method, 94 full-sib individuals
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were genotyped with three SNPs and compared to the genotypes obtained by

cleaved amplified polymorphic sequence (CAPS) or derived CAPS. This method

is flexible, inexpensive, and well suited for high throughput and automated

genotyping.

5.3. Polymorphism in D loop region

The 1325 bp fragment was sequenced on ABI DNA sequencer. The

nucleotide sequence revealed that the 1325 bp fragment is comprised of 45

nucleotide from 3’ end of tRNA-Glu, complete  nucleotide of D loop region (1232)

and 48 nucleotides from 5’ end of tRNA-Phe. The mitochondrial D loop size

seemed to be highly conserved within red jungle fowl subspecies, however in

G. g.  domesticus, the size ranged from 1227 in White Plymouth Rock to 1232 in

New Hampshire. However, the size variability was very high when co mpared

among the Gallus species as it was 1288 nt in G. sonnerattii, 1228 nt in G.

varius and 1292 nt in G. lafeyettii. Sequence homology comparisons revealed

that the much higher size in G. sonnerattii (1288 bp) and G. lafeyettii (1292 bp)

is due to an additional tandem repeat.

For the D loop region, very low variability was observed within G. g.

domesticus as only 6 polymorphic sites were observed. Among these 2 were

nucleotide substitutions and all were transitions. Similarly, very low nucleotide

variability was observed within G. gallus subspecies including G. g.  murghi as

there were 17 polymorphic sites and all of these were transitions. Between G.

g.  murghi and different chicken breeds, a total of 14 polymorphic sites were

observed and 9 of these were due to nucleotide substitutions, which were

transitions only. Between the Gallus species, high polymorphism was observed.

Apart from major addition / deletions D loop region of G. sonnerattii, G. lafeyettii

and G. varius, several additions and deletions were also observed. Apart from

these additions/ deletions, there were 127 nucleotide substitutions between

Gallus species. Out of these substitutions, 83 were transitions and 44 were

transversions. These results showed a transition bias in the nucleotide

substitutions among Gallus genus, especially in G. gallus species.

Shen et al. (2002) used complete cytochrome b (cyt b) gene (1140 bp)

nucleotide sequences and reported high homologies observed among the chicken
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breeds (egg-purpose). Similarly, Wada et al. (2004) reported 99.77 % similarity

between silkie and white leghorn as they reported 39 nucleotide differences in

16, 784 bp of complete mitochondrial DNA. Some other studies, based on

nucleotide variation in hypervariable D loop region of mtDNA reported

comparatively higher sequence divergence between different chicken breeds.

Fu et al. (2001b) reported 4.45 % sequence divergence (24 polymorphic sites

out of 539 bp of D –loop) among the 30 DNA sequences from native chicken

breeds of Zhejiang province and the white leghorn chicken. Further, Liu et al.

(2004) investigated the genetic variability of 544 bp mt DNA hyper variable

HVSI) in a total of 48 birds belonging to 12 Chinese native chicken breeds and

identified 16 from 35 polymorphic nucleotide sites, which accounted for 6.4 %.

Earlier studies based nucleotide diversity in 539 bp of D loop region also

revealed very low sequence divergence between G. g. gallus and G. g. spadiceus

(Fu et al., 2001 ; Niu et al., 2002), however Fumihito et al. (1996) observed

comparatively more nucleotides diversity between G. g. bankiva and other two

G. gallus subspecies i.e. G. g. gallus and G. g. spadiceus. A high nucleotide

divergence was observed by earlier workers also (Munechika et al., 1997; Fu et

al., 2001 and Niu et al., 2002).

Structure of mt D loop

Sequencing of the 1325 bp fragment and its alignment with mitochondrial

genome of other galliformes as well other Aves, showed that the D loop has

tRNA Glu at its 5’ end and tRNA PHe at 3’ end. This gene order in the flanking

region of D loop is very well conserved in all the Galliformes as well as other

Avian order (Desjardins and Moris, 1990; Desjardins et al., 1990 and Quinn

and Wilson, 1993) and is different from that observed in mammals, where tRNA

Pro is present at 5” end of D loop (Saccone et al., 1991; Douzery and Randi,

1997).

Distribution of variable sites in non-overlapping 50 bp segments of the

mt D loop sequences from Genus Gallus revealed that the whole D loop region

could be divided into three domains as suggested by Saccone et al. (1991) i.e.

highly variable left domain, which (1– 450 nt), highly conserved central domain

(451-900 nt) and right domain (901-1298). This three domain structure of D



66

Discussion....

loop was very much evident in different avian species. Marshal and Baker (1997)

delimited domains in D loop region to encompass regions of differing variability

as follows: 5’ domain I-bases l-400; central domain II-bases 401-873; and 3’

domain III-bases 874-1252 in Fringilline Finches (Fringilla spp.) and the

Greenfinch (Carduelis chloris) under the order Passeriformes. Randi and Lucchini

(1998) showed that D-loops of Alectoris can be descriptively divided into three

domains: a variable domain I (nt 1–316), with 22% variable sites (including

indels) among Alectoris; a central conserved domain II (nt 317–784), with only

5% variable sites among Alectoris; and a variable domain III, spanning the origin

of replication OH to the end of the D-loop (nt 785–1160), with 14% variable

sites. Roques et al. (2004) reported three distinct domains in the control region

i.e. left domain I (DI), central domain (DII) and the right domain III (DIII) in two

vulture species i.e. Gypaetus barbatus and Neophron percnopterus

The base composition of these domains in Indian Red Jungle Fowl (Table

4.5) showed that in domain I, the proportion of A+T was higher  than G+C i.e.

59.8 % vs 40.3, while domain II was CT rich (62.4 %). In domain III, very low

proportion of G i.e. 4.7 % was found, while it was highly rich in AT (78.4 %).

Roques et al. (2004) reported that though the control region DI of N. percnopterus

is not AC rich, as in most bird species, but was exceedingly rich in thymidine

(33.7%) due to the presence of a tandemly repeated region. However both the

species had A + T > G + C, a CT-rich D-II, and a DIII very poor in G and with

high proportions of AT nucleotides.

Domain I or Left Domain (ETAS domain)

There are different blocks of conserved sequences which are similar to

motifs previously identified in other avian and mammalian species. The first

block is perfectly conserved in Gallus species and has sequence similarity to

the goose hairpin as described by Quinn and Wilson (1993) in goose. The

secondary structure of this hairpin is determined by a stem of seven

complementary Cs/Gs and a loop containing a TCCC motif, also present in

mammalian D loop (Douzery and Randi, 1997), which was associated

expermimentally with termination of H strands (Dufresne et al., 1996). There

are two copies of TCCC mapping at nt 23-26 and 244-247, which flanked the
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cloverleaf putative secondary structure formed by single strand domain I. The

presence of this ‘Goose hairpin’ was also reported in the D-loops of 16 species

of phasianids (Fumihito et al., 1994; 1995), and in Anas platyrhyncos (Ramirez

et al., 1993) and in Alectoris (Randi and Lucchini, 1998). At the 5’ end of the

DI, an interrupted poly-C sequence was observed in the Gallus sequences

including G. g.  murghi. This structure seems to be a conserved feature across

many species and was described in birds including Struthioniformes,

Galliformes, Falconiformes, and Sphenisciformes (Haring et al., 2001; Ritchie

and Lambert,2000 & Roques et al., 2004).

The second block perfectly conserved in Gallus species has sequence

similarity to mammalian TASs including. Sbisa et al. (1997) identified two long

conserved blocks in DI i.e. ETAS1 and ETAS2, potentially involved in the control

of H strand synthesis. Interestingly, in second block of domain I in Gallus

genus, a sequence similar to ETAS1, however, the ETAS2 sequence could not

be found without ambiguity. This sequence has the highly conserved motif

GRYCAT as well as TAS motifs and are well conserved in all the species of

Gallus genus.

A putative TAS sequence has been identified in domain I of chaffinches

and greenfinch (Marshall and Baker, 1997). The motif GYRCAT (Y 4 C/T; R 4

A/G) is widespread in domain I of a range of mammalian D-loops (Douzery and

Randi, 1997). Its functional importance is suggested by both comparative

(Douzery and Randi, 1997) and experimental (Dufresne et al., 1996) findings.

These GYRCAT and TAS motifs are included in the putative ETAS1 sequence

block of Alectoris which has 67% similarity to the mammalian consensus ETAS1

sequence (Sbisa et al.,1997).

Roques et al. (2004) also reported that in both the DI of G. barbatus and

N. percnopterus, a 31 bp long sequence of high similarity (71%) with the ETAS1

sequence could be identified, however, the ETAS2 sequence could not be found

without ambiguity.

There are repeats of the sequences, which resembles with CSB1 and

these repeats showed the GGACAT motif. These repeats varied between the

gallus species. All the G.  gallus sub species as well as G.  varius showed two
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repeats, while the G. sonneratti and G. lefeyettei had three repeats. The single

stranded domain I can form potential secondary cloverleaf structures and this

structure is highly conserved between Gallus species.

The CSB1 like sequences were also reported in other avian species like

Alectoris and the motif GGACAT is very conserved among galliforms, Anas and

Anser ( Desjardins and Morais, 1991; Quinn and Wilson, 1993; Ramirez et al.,

1993; Fumihito et al.,1994 &1995 ; Randi and Lucchini, 1998).  The potential

secondary cloverleaf structures formed by single-stranded domain I is also well

conserved.

Domain II or Central Domain

The domain II showed very high degree of conserved sequences in the

genus Gallus and showed the presence of the F, E, D and C boxes. The F box

showed absolute conservation among G. gallus subspecies, however only G.

sonneratii and G. lafayettei showed only one nucleotide substitution (C to T).

The D box and C box showed absolute sequence homology in all the Gallus

species. These conserved blocks were also reported in other avian species like

goose  (Quinn and Wilson, 1993), finches (Marshall and Baker, 1997), Alectoris

(Randi and Lucchini, 1998) and vultures (Roques et al., 2004) as well as

mammals (Sbisa et al., 1997).

Roques et al. (2004) also reported the CSB1 region in domain III in both

species, however, the conserved blocks CSB2 and CSB3, previously reported

in other vertebrates and believed to be involved in the initiation of DNA synthesis,

could not be mapped unambiguously. Similarly these boxes were absent in

other Falconiformes and Ciconiiformes species such as Falco peregrinus (Mindell

et al., 1998), Buteo buteo (Haring et al., 2001) and Ciconia ciconia (Yamamoto et

al., 2000).

Domain III or Right Domain (CSB domain)

The domain III also showed several conserved functional sequences in

the genus Gallus. A poly (C) sequence similar to the O
H
 of mammals was identified

just a few nucleotide downstream from the poutative CSB-I. The CSB-I was

absolutely conserved between Gallus species,, however the CSB-II and CSB-III



69

sequences could not be unambiguously identified. Randi and Lucchini (1998)

also reported this poly C stretch sequence similar to the OH of mammals in

Alectoris. The conserved CSB1 block has been identified in the domain III, but

CSB2 and CSB 3 could not be identified in this region of other avian species

like Alectoris (Randi and Lucchini, 1998), chaffinches and greenfinch (Marshall

and Baker, 1997).

The bi-directional LSP/HSP promters, as identified by L’Abbe et al. (1991)

were perfectly conserved in the genus Gallus. This sequence contain an almost

perfect inverted repeat, which can be folded into stable hairpin. Farther

upstream, is the most variable part of the CSB domain, which is rich in poly(T)

and poly(A) strings. The LSP/HSP sequences were also identified in Alectoris

and were well conserved. A stable hairpin is possible immediately upstream

from the promoters. (Randi and Lucchini, 1998).

Genetic distances and phylogenetic relationship between Gallus
species

The domestication of chicken seems to have a long history. Earliest

evidences of domestication of the chicken date back to nearly 8000 years. From

16 neolithic sites along the yellow river in Northeast China, the remains of

domesticated chickens were evident and some of them dated back to 7500

years (West and Zhou, 1989). However, very strong indication of domestication

of chicken was found in the Mohenjo-Doro in the Indus valley (Zeuner, 1963).

The signs of domestication were also found in unlikely places like Ukraine and

Spain (West and Zhou, 1989). Thus the question of single domestication site or

multiple and independent domestication sites is always debatable. Earlier

population studies based on isozyme polymorphism suggested the multiple

and independent site of domestication (Hashiguchi et al., 1983). Among the

different jungle fowls, red jungle fowl (G. gallus) is believed to be the sole

progenitor of domestic fowl. There are five subspecies of red jungle fowl

inhabiting the Indian sub-continent eastwards across Myanmar, South China,

Indonesia to Java. Among these five, in India, two subspecies namely G. g.

murghi (Indian red Jungle Fowl) and G. g. spadiceus (Bermese red jungle fowl)

are found. While the former is distributed in the north and central part of

India, extending eastwards to Orissa and West Bengal, the later is confined to
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the Northeastern parts of India. Apart from red jungle fowl, there are three

other jungle fowl species i.e. Green jungle fowl (G. varius), Ceylon jungle fowl

(G. lafayetei) and Grey Jungle fowl (G. sonerratii). Therefore, estimation of genetic

diversity between domestic fowl, red jungle fowl sub-species and other jungle

fowl species and establishing phylogenetic relationship is important to have

understanding of monophyletic or polyphyletic origin of domestic chicken origin.

Overall low genetic distances were observed within as well between the

species under genus Gallus. The G. g.  murghi showed very low genetic distances

with the chicken breeds (0.008) as well as with other G. g.   sub-species (0.003-

0.012), however with other jungle fowl species, it showed higher distance (0.049-

0.060). In general all the other three jungle fowl species i.e. CyJF, GyJF and

GJF showed comparatively much higher genetic distances not only from RJF

subspecies including chicken breeds (0.049-0.060), but also from each other

(0.042-0.051). The phylogenetic tree based on nucleotide sequence variability

of complete D loop region showed the distantness of the G. gallus with other

three jungle fowls i.e. G. sonneratii, G. lafayattei and G. varius as they make a

separate cluster. Between G. gallus subspecies, G. g.  bankiva and G. g.  gallus

seemed to be distant from G. g.  spadiceus, G. g.  murghi and G. g.  domesticus.

G. g.  murghi and G. g. domesticus showed maximum closeness. These

phylogenetic analysis also clearly support very high genetic relatedness of G. g.

domesticus with G. gallus however, the relative closeness of G. g.  domesticus

with other G. gallus subspecies is not conclusive due to almost equal distance

of all these red jungle fowl subspecies from most of the domestic chicken breeds.

Earlier reports also showed the much closeness of domestic chicken (G.

g. domesticus) with red jungle fowl in comparison to other jungle fowl species,

which were clearly well distant from domestic chicken, hence exclude the

possibilities of their contribution towards evolution of domestic chicken. Fu et

al.  (2001)  and Niu et al.  (2002),  based on first 539 bases of mitochondrial

DNA D-loop region, reported that among the four species of  the genus Gallus,

G. g. domesticus was closest to the red jungle fowl. Similarly, Dong et al. (2002)

reported that G. g. domesticus was closest the red jungle fowl (G. gallus) based

on mt DNA D-loop polymorphism. Nishibori et al. (2005), based on mitochondrial
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D-loop analysis further supports the hypothesis developed from morphology

and progeny production that red jungle fowl (RJF) is the direct ancestor of the

chicken. Based on RFLP and sequence of first 400 bp of control region of

mitochondrial DNA, Fumihito et al. (1994) reported very low sequence divergence

(0.5-3.0 %) between various domestic breeds of chicken and G. g. gallus (from

Thailand), indicating a single domestication event in the area inhibited by this

sub-species of the red jungle fowl. Later Fumihito et al. (1996) made phylogenic

analysis, on the basis of nucleotide divergence 480 bp of D loop region and

observed that all domestic fowls including Indonesian races belong to same

clusters with G. g. gallus and G. g. spadiceus from Thailand and its adjacent

areas. In contrast to these reports, Liu et al. (2004) based on the genetic

variability of 544 bp mt DNA hyper variable HVSI), reported close genetic

relationship between the Chinese native chicken breeds with G. g. gallus as

well as G. g. spadiceus from different areas. Similarly, phylogenetic analyses

based on mtDNA hyper variable segment I (HVS-I) revealed nine highly divergent

mtDNA clades (A–I) in which seven clades contained both the red jungle fowls

and domestic chickens and there was no breed-specific clade in the chickens

(Liu et al., 2006). Oka et al. (2007) analyzed the mitochondrial DNA D-loop

region of Japanese native chickens. These results indicate that Chinese and

Korean chickens were derived from Southeast Asia. Following the domestication

of red jungle fowl, a non-game type chicken was developed, and it spread to

China. A game type chicken was developed in each area. Both non-game and

game chickens formed the foundation of Japanese native chickens.

5.4 Polymorphism between first 400 nucleotides of D loop region
in Gallus gallus species

The Domain  I of the D loop region was found to be most polymorphic.

Hence the nucleotide sequence variability in this region was used to establish

the phylogenic relationship of Indian  red  jungle fowl (G. gallus murghi ) with

the other three subspecies of  Red   Jungle   Fowl.  While very low genetic

distances were observed within  G.  g.  spadicieus (0.003-0.008) and G.  g.

bankiva  (0.013 - 0.015),   G. gallus  showed higher genetic distances range

(0.008-0.069) within themselves.  The G  g.  murghi showed very low genetic

distances (0.008-0.013) with the one group of G. g.  gallus (GG_gallus8.
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GG_gallus10 and GG_gallus3322) in comparison to other G. g.  gallus group i.e.

GG_gallus11, GG_gallus39 and GG-gallus58 (0.018-0.034). The genetic distances

between G. g. murghi and G. g. bankiva were higher (0.061-0.066) than those

observed between G. g.  murghi and  G. g. spadiceus (0.031-0.034).

The phylogenetic analysis revealed that among the different red jungle

fowl subspecies, G. g. banikva seemed to be well separated from the other three

subspecies as it made a separate cluster. Among these three subspecies, G. g.

gallus makes two separate clusters i.e. one those from Thailand (GG_gallus8.

GG_gallus10 and GG_gallus3322) and other those from Japan and Indonesia

(GG_gallus11 and GG_gallus39 and GG_gallus58). All the G. g . spadiceus falls

in one sub-cluster. The G. g .  murghi falls in one sub-cluster along with the G.

g. gallus from Thailand.

Fumihito et al. (1996) made phylogenic analysis, on the basis of nucleotide

divergence 480 bp of D loop region and showed that G. g. gallus and G. g.

spadiceus do not form two separate clusters in the phylogenetic tree. It seems

that G. g. gallus is divided into two separate populations: (i) an island population

from Sumatra and a (ii) continental population. G. g. spadiceus is more closely

allied with a continental population of G. g. gallus than an island population of

G.  g.  gallus is to its continental relation. Thus, the subspecies status given to

G.  g.  spadiceus might be questioned. On the other hand, G. g. bankiva, which

inhabits the Indonesian islands of Sumatra, Java, and Bali, is a very distinct

entity that is clearly separate from G. g. gallus as well as G. g. spadiceus; thus,

its subspecies status appears to be well-deserved. The reports on the

phylogenetic relationship of G.  g. murghi are very few. Gupta et al. (2005), who

reported very high genetic similarity (> 99 %) between G.  g.  murghi and White

Leghorn. However there are several reports on genetic similarity between Indian

red jungle fowl and domestic chicken using different type of DNA markers.

Very close genetic relatedness between Indian red jungle fowl  (G.  g.   murghi )

and domestic fowl was also revealed by other DNA markers such as randomly

amplified polymorphic DNA, micro/mini satellite associated sequence

amplification (MASA) and microsatellite markers (Tomar et al. 2007). However

very recently, Kanginakudru  et  al.  (2008) analyzed 76 Indian birds that included

56 G. g. murghi (RJF), 16 G. g. domesticus (domestic chicken) and 4 G. sonneratii
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(Grey JF) using both microsatellite markers and mitochondrial D-loop

sequences. The microsatellite-based phylogenetic trees showed a clear

separation of G. g. domesticus from G. g.murghi, and G. sonneratii. Mitochondrial

DNA based mismatch distribution analyses showed a lower Harpending’s

raggedness index in both G. g. murghi (0.001515) and in Indian G. g. domesticus

(0.0149) birds indicating population expansion. When meta analysis of global

populations of 855 birds was carried out using median joining haplotype

network, 43 Indian birds of G. g. domesticus (19 haplotypes) were distributed

throughout the network sharing haplotypes with the RJFs of different origins.

These results suggested the evidence for domestication of Indian birds from G.

g. spadiceus and G. g. gallus as well as from G. g. murghi, corroborating multiple

domestication of Indian and other domestic chicken.

Hence the following conclusions may be drawn from these results

• Sequence homology comparisons of whole mitochondrial genome between

DF and RJF revealed 19 probable SNPs.

• None of the SNPs could generate PCR-RFLP.

• Effective primers could be designed for 6 of the 19 SNPs.

• Allele specific PCR was effective in genotyping the specific alleles.

• The specific alleles at all the 6 SNP sites, though were present in very

high frequency in respective populations, but were not fixed. Hence could

not be used for population identification.

• Complete mitochondrial D loop was amplified, cloned and sequenced in

Indian RJF. The size was 1232 bp.

• The complete D loop could be divided into three domains i.e. Domain I,

II and III.

• The D loop showed most of the conserved primary and secondary

structures in the genus Gallus found in mammalian D loop region.

• Within Gallus genus, the D loop was highly conserved.

• Variable number of the tandem repeats in the D loop of the different

Gallus species is the reason for size difference in D loop.
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• Based on nucleotide sequence variability of complete D loop region, Indian

RJF showed very high similarity with domestic chicken breeds as well

as other RJF subspecies.

• Other JF (CyJF, GyJF, GJF) showed higher genetic distances with Indian

RJF, other RJF subspecies as well as domestic chicken breeds.

• Based on nucleotide sequence variability of first 400 nt of mt D loop,

Indian RJF showed very high similarity with the G. g. gallus from Thailand.

• The G. g. gallus showed two clusters well separated from each other

suggesting independent origin and multiplication of this subspecies at

these places.
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Present study has been mainly aimed for genotyping the potential SNPs

in mitochondrial genome by allele specific PCR and/or PCR RFLP in red jungle

fowl and domestic fowl population and estimating genetic diversity between

red jungle fowl and domestic fowl using the polymorphism in mitochondrial D

loop.

A total of eight complete mitochondrial genome sequences (four from G.

g. domesticus and four from other subspecies of red jungle fowl i.e. G. g. gallus,

G. g. spadiceus and G. g. bankiva) were identified. Sequence comparisons of all

the 37 genes and the control region revealed that size variation was observed

only in control region, 12S rRNA gene, 16S rRNA gene, COIII gene and ND4

gene. The nucleotide sequence variability was observed in the control region (D

loop), both the rRNA genes, all the mRNA genes except ATPase8 and only two

tRNA genes i.e. tRNA-Arg and tRNA-Pro. The number of total polymorphic sites

were 17 in D loop, 5 in 12S rRNA, 8 in 16S rRNA, 3 in NDI, 2 in ND2, 5 in COI,

3 in COII, 2 in ATPase 6, 6 in COIII, 2 in ND3, 1 in tRNA-Arg, 8 in ND4, 4 in

ND4L, 4 in ND5, 6 in Cyt b, 1 in tRNA-Pro and 2 in ND6.

Out of these, total of 19 population specific nucleotide substitutions

were identified. The number of SNPs specific to G. g. domesticus were 3 in D

loop, 1 in 16S rRNA, 1 in NDI, 4 in COI, 2 in COII, 1 in ATPase 6, 1 in COIII, 1

in ND3, 2 in ND4, 1 in ND4L, 1 in Cyt b and  1 in tRNA-Pro. None of these

substitutions created or abolished the restriction site of the commonly available

restriction enzymes. However, for 6 SNPs i.e. COI-114-C/T SNP, COI-255-G/A
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SNP, COII-279-C/T SNP, ATP6-294-G/A SNP, ND4-969-C/T SNP and CYTB-

543-T/C SNP, primers with good score could be designed. For each SNP, two

sets of primers were designed. The first set i.e. general set, was designed for

amplification of the common fragment containing the SNP. Other set of primers

was allele specific, having one common primer, which used to be one of the

primer of general set of primers, while the second primer of this set used to be

allele specific, having the SNP as either the most terminal nucleotide at 3’ end

or one of the 3 terminal nucleotides at 3’ end.

A resource population of 18 RJF individuals and 18 DF individuals were

genotyped for these 6 SNPs. The allele specific primers were effective in

amplifying the specific alleles. At each SNP site, the specific allele showed very

high frequency in the respective populations, but these alleles were not fixed.

At COI-114-C/T snp, allelic frequency of C allele in DF population and T allele

in RJF population was found to be 0.94 and 0.89, respectively. At COI-255-G/

A snp, allelic frequency of G allele in DF population and A allele in RJF population

was found to be 0.83 and 0.89, respectively. Similarly the allelic frequency of C

allele in DF population and T allele in RJF population was found to be 0.78 and

0.94, respectively at COII-279-C/T snp. At ATP6-294-G/A SNP, allelic frequency

of G allele in DF population and A allele in RJF population was found to be

0.94 and 0.83, respectively and allelic frequency of C and T alleles were 0.83

and 0.94 in DF and RJF populations respectively. At CYTB-543-T/C SNP, allelic

frequency of T allele in DF population and C allele in RJF population was found

to be 0.94 and 0.78, respectively. In spite of these high frequency of specific

alleles in respective populations, these alleles were not fixed in the populations

hence these SNPs could not be used as population specific markers.

A 1325 bp fragment having the complete D loop region was amplified

using the forward primer from tRNA-Glu and the reverse primer from tRNA-

Phe. This fragment was cloned in pTZ57R/T vector and sequenced. The

nucleotide sequencing revealed that this 1325 bp fragment was comprising of

45 nucleotide from 3’ end of tRNA-Glu, complete D loop region (1232) and 48

nucleotides from 5’ end of tRNA-Phe was amplified using the primers were

designed to amplify the complete D loop region. The 1232 bp nucleotide sequence

was aligned with the related D loop sequences from from other Gallus species,



77

G. gallus subspecies including G.  g.   domesticus. The length of D loop region

showed ranged from 1227 in WPR to 1292 bp in CyJF.

For the D loop region, very low variability was observed within G.  g.

domesticus  as only 6  polymorphic sites were observed. Among these  2 were

nucleotide substitutions and all were transitions. Similarly, very low nucleotide

variability was observed  within  G.  gallus   subspecies including G. g .  murghi

as there were 17 polymorphic sites and all of these were transitions. Between

G. g.  murghi and different chicken breeds, a total of 14 polymorphic sites were

observed and 9 of these were due to nucleotide substitutions, which were

transitions only. Between the Gallus species, high polymorphism was observed.

Apart from major addition / deletions in D loop region of G. sonnerattii, G.

lafeyettii and G. varius, several additions and deletions were also observed.

Apart from these additions/ deletions, there were 127 nucleotide substitutions

between Gallus species. Out of these substitutions, 83 were transitions and 44

were transversions. These results showed a transition bias in the nucleotide

substitutions among Gallus genus, especially in G. gallus species.

Based on the distribution of variation across the control region, three

distinct regions or domains i.e. highly variable left domain, which (1– 450 nt),

highly conserved central domain (451-900 nt) and right domain (901-1298)

were observed. In domain I, first block is perfectly conserved in Gallus species

and has sequence capable to produce a hairpin structure. The secondary

structure of this hairpin is determined by a stem of seven complementary Cs/

Gs and a loop containing a TCCC motif. There are two copies of TCCC mapping

at nt 23-26 and 244-247, which flanked the cloverleaf putative secondary

structure formed by single strand domain I. The second block perfectly conserved

in Gallus species has sequence similarity to mammalian TASs including the

highly conserved motif GRYCAT. These GRYCAT and TAS motifs are included

in the putative ETAS1 sequence block of Gallus species. There are repeats of

the sequences, which resembles with CSB1 and these repeats showed the

GGACAT motif. These repeats varied between the Gallus species. All the G.

gallus sub species as well as G.  varius showed two repeats, while the G. sonneratii

and G. lafayettei had three repeats. The single stranded domain I can form
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potential secondary cloverleaf structures and this structure is highly conserved

between Gallus species.

In the domain II, the conserved F, D and C boxes are readily recognizable.

The F box showed absolute conservation among G. gallus subspecies, however

only G. sonneratii and G. lafayettei showed only one nucleotide substitution (C

to T). The D box and C box showed absolute sequence homology in all the

Gallus species.

In domain III, the CSB-I was absolutely conserved between Gallus

species,, however the CSB-II and CSB-III sequences could not be unambiguously

identified. A poly (C) sequence similar to the O
H
 of mammals was identified just

a few nucleotide downstream from the putative CSB-I. The bi-directional LSP/

HSP promoters were perfectly conserved in Gallus species. This sequence

contains an almost perfect inverted repeat, which can be folded into stable

hairpin. Farther upstream, is the most variable part of the CSB domain, which

is rich in poly(T) and poly(A) strings.

Overall low genetic distances were observed within as well between the

species under genus Gallus. The G. g. murghi showed very low genetic distances

with the chicken breeds (0.008) as well as with other G. gallus sub-species

(0.003-0.012), however with other jungle fowl species, it showed higher distance

(0.049-0.060). In general all the other three jungle fowl species i.e. CyJF, GyJF

and GJF showed comparatively much higher genetic distances not only from

RJF subspecies including chicken breeds (0.049-0.060), but also from each

other (0.042-0.051). The phylogenetic tree based on nucleotide sequence

variability of complete D loop region showed the distantness of the G. gallus

with other three jungle fowls i.e. G. sonneratii, G. lafayattei and G. varius as

they make a separate cluster. Between G. gallus subspecies, G. g.  bankiva and

G. g.  gallus seemed to be distant from G. gallus spadiceus, G. g.  murghi and G.

g.  domesticus. G. g.  murghi and G. g.  domesticus showed maximum closeness.

These phylogenetic analysis also clearly support very high genetic relatedness

of G. g. domesticus with G. gallus however, the relative closeness of G. g.

domesticus with other G. gallus subspecies is not conclusive due to almost

equal distance of all these red jungle fowl subspecies from most of the domestic

chicken breeds.
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The Domain I of the D loop region was found to be most polymorphic.

Hence the nucleotide sequence variability in this region was used to establish

the phylogenic relationship of Indian red jungle fowl (G. g.  murghi) with the

other three subspecies of Red Jungle Fowl. While very low genetic distances

were observed within G. g. spadicieus (0.003-0.008) and G. g.  bankiva (0.013-

0.015), G. gallus showed higher genetic distances range (0.008-0.069) within

themselves.  The G. g.  murghi showed very low genetic distances (0.008-0.013)

with the one group of G. g.  gallus (GG_gallus8. GG_gallus10 and GG_gallus3322)

in comparison to other G. g.  gallus group i.e. GG_gallus11, GG_gallus39 and

GG-gallus58 (0.018-0.034). The genetic distances between G. g.  murghi and G.

g.  bankiva were higher (0.061-0.066) than those observed between G. g.  murghi

and  G. g.  spadiceus (0.031-0.034).

The phylogenetic analysis revealed that among the different red jungle

fowl subspecies, G. g.  banikva seemed to be well separated from the other

three subspecies as it made a separate cluster. Among these three subspecies,

G. g.  gallus makes two separate clusters i.e. one those from Thailand

(GG_gallus8. GG_gallus10 and GG_gallus3322) and other those from Japan

and Indonesia (GG_gallus11 and GG_gallus39 and GG_gallus58). All the G. g.

spadiceus falls in one sub-cluster. The G. g.  murghi falls in one sub-cluster

along with the G. g.  gallus from Thailand.
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Mini Abstract

Present study has been aimed for genotyping the potential SNPs in mitochondrial
genome by allele specific PCR in red jungle fowl (RJF) and domestic fowl population and
estimating genetic diversity between RJF and domestic fowl using the polymorphism in
mitochondrial D loop. On sequence homology comparisons of eight complete
mitochondrial genome sequences G. g. domesticus and subspecies of red jungle fowl, 19
population specific SNPs were identified and for six of these primers with good score
could be designed. For each SNP, two sets of primers were designed. A resource population
of 18 RJF individuals and 18 DF individuals were genotyped for these 6 SNPs. The allele
specific primers were effective in amplifying the specific alleles. At each SNP site, the
specific allele showed very high frequency in the respective populations, but these alleles
were not fixed.

A 1325 bp fragment having the complete D loop region comprising of 45 nt from
3’ end of tRNA-Glu, complete D loop region (1232 nt) and 48 nt from 5’ end of tRNA-Phe
was amplified, cloned and sequenced in Indian Red Jungle Fowl (In-RJF). The nucleotide
sequence of D loop from In-RJF was aligned and compared with the related sequences
from other Gallus species, G. gallus subspecies including G. g.  domesticus. The length
of D loop region showed ranged from 1227 in WPR to 1292 bp in CyJF. For the D loop
region, very low variability was observed within as well as between the G.g. domesticus
and G. gallus subspecies (0.5 %-1 %) and all the nt substitutions observed were transitions
only. Between the Gallus species, high polymorphism was observed. Apart from major
addition / deletions in D loop region of other jungle fowls, 127 nt substitutions (83
transitions and 44 transversions) were observed between Gallus species.

The D loop region showed three distinct domains i.e. highly variable left domain
or domain I (DI), highly conserved central domain or domain II (DII) (451-900 nt) and
right domain or domain III (DIII) in all the Gallus sequences including In-RJF. In DI,
sequence capable to produce a goose hairpin like structure, two copies of TCCC motifs
flanking the cloverleaf putative secondary structure formed by single strand domain I,
sequences similarity to mammalian TASs including the highly conserved GRYCAT and
TAS motifs and the repeats of the CSB1 like sequences having the GGACAT motif were
found. These repeats varied between the Gallus species from two in all the G.  gallus sub
species and G. varius to 3 in G. sonneratii and G. lafayettei. In the domain II, the conserved
F, D and C boxes are readily recognizable. In domain III, a poly (C) sequence similar to
the O

H
 of mammals, the CSB-I sequence and the bi-directional LSP/HSP promoters

were identified and found to be perfectly conserved in Gallus species.
The G. g. murghi showed very low genetic distances within as well as between

the different subspecies of RJF, while between the jungle fowl species, the genetic
distances were high (0.042-0.060). The phylogenetic tree based on nt sequence variation
in D loop, In-RJF showed distinct closeness with domestic chicken. All other three
jungle fowls made a separate cluster. The nt sequence variation in the first 400
nucleotides of D loop region was studied between the different RJF subspecies including
In-RJF. In the phylogenetic tree, G.g. banikva seemed to be well separated from the
other three subspecies. Among these three subspecies, G.g. gallus makes two separate
clusters i.e. one those from Thailand and other those from Japan and Indonesia. All the
G.g. spadiceus falls in one sub-cluster. The G.g. murghi species in one sub-cluster
along with the G.g. gallus from Thailand.



y?kq lkjka'k

izLrqr 'kks/k eq[;r% jsM taxy QkÅy (vkj ts ,Q) vkSj nslh eqxhZ eas ,yhy fo'ks"k ih-lh-vkj- }kjk
ekbZVksdkfUMª;y thukse esa lEHkkfor ,l-,u-ih- ds vkadyu ds fy;s vkSj ekbZVksdksfUMª;y Mh ywi esa cgq:irk ds
}kjk jsM+ taxy QkÅy vkSj nslh eqxhZ dh vkuqokaf'kd fHkUurk ekius ds fy;s fd;k x;kA th xSyl MksesfLVdl
vkSj jsM+ taxy eqxhZ dh miiztkfr;ksa ds lEiw.kZ ekbZVksdkfUMª;y thukse Øe dh le:irk rqyuk djus ij 19
tula[;k&fo'ks"k ,l,uih dh igpku dh xbZ vkSj buesa ls N% ds fy;s mRre vadks ds izkbZejlZ fufeZr fd;s x;sA
izR;sd ,l-,u-ih- ds fy;s nks laxzg izkbZej cuk;s x;sA 18 vkj ts ,Q i`Fkd uewuksa o 18 Mh-,Q- uewuks dks bu
N% ,l-,u-ih- ds fy;s thuksVkbZi fd;k x;kA ,yhy&fo'ks"k izkbZej bu ,yhy ds lao/kZu ds fy;s la{ke ik;s x;sA
izR;sd ,l,uih LFky fo'ks"k ,yhy us viuh tula[;k esa cgqr vf/kd rhozrk n'kkZ;h ijUrq ;s ,yhy fLFkj ugha
FksA Hkkjrh; jsM taxy QkÅy ds 1325 csl ;q{eksa ds [k.M dk] ftlesa Vh&vkj-,u-,- XyqVkfeu ds 3^ fljs ls
45 U;wfDy;ksVkbZM lEiw.k Mh ywi {ks= (1232 U;wfDy;ksVkbZM) vkSj Vh&vkj-,u-,-&fÝukbZy ,ykfuu ds 5^
fljs ls 48 U;wfDy;ksVkbM Fks] dk loa/kZu fd;k vkSj bls Dyksu djds Øfer fd;k x;kA  vkj-ts-,Q- ds Mh&ywi
ds U;wfDy;ksVkbZM Øe dh vU; xSyl iztkfr;ksa th xSyl MksesfLVdl lesr th xSyl miiztkfr lacaf/kr Øeksa ds
lkFk feyku djds rqyuk dh xbZA Mh&ywi {ks= dh yEckbZ 1227 ls 1292a rd ikbZ xbZA Mh&ywi {ks= ds fy;s
th xSyl MksesfLVdl o th xSyl miiztkfr;ksa esa cgqr de fofHkUurk (0.5% - 1%) ikbZ xbZ vkSj lHkh
U;wfDy;ksVkbZM LFkkukUr=.k dsoy Vªkfl'ku FksA xSyl iztkfr esa vf/kd cgq:irk  ns[kh xbZA vU; taxy eqfxZ;ksa
ds Mh&ywi {ks= esa eq[; ;kstu@?kVu ds vfrfjDr] xSyl iztkfr;kas esa 127 U;wfdy;ksVkbZM LFkkukUrj.k (83
VªkUkft'ku o 44 VªkUloZ'ku) ns[ks x;sA vkj-ts-,Q- lfgr lHkh xSyl Øeksa esa Mh ywi {ks= us rhu fofHkUu izns'k
n'kkZ;s tSlsfd vR;f/kd fofHkUurk okyk ck¡;k iz{ks= I (Mh&I)] vf/kd lekurk okyk e/; iz{ks= II (Mh&II) vkSj nk¡;k
iz{ks= ;k Mh&III A Mh&I esa] gs;j fiu tSlh lajpuk iSnk djus esa l{ke Øe] flaxy lVªsfMM+ iz{ks= 1 }kjk fufeZr
izfl¼ DykSojyhQ lajpuk ds ckgj TCCC eksVhQ] vR;kf/kd lekurk okys GR YCAT vkSj TAS eksVhQ
lfgr Lru/kkjh TAS tSls Øe] vkSj CSB1 tSls Øeksa ds nksgjku ik;s x;sA ;s nksgjko xSyl iztkfr;ksa esa fHkUu
Fks] tSls th xSyl miiztkfr;ksa vkSj xSyl oSjh;l esa 2 ls xSyl lkusjkfV vkSj xSyl ySQs;fV esa 3 rd FksA iz{ks=
2 esa le:i ,Q Mh o lh cDls vklkuh ls igpkus tk ldrs gSaA iz{ks=&III esa Lru/kkfj;ksa ds OH ds tSls cgqyd
(lh) Øe] lh,loh&1 Øe of¼ fn'kkxkeh ,y-,l-ih- @ ,p-,l-ih- izkseksVj igpkus x;s vkSj xSyl iztkfr esa
lajf{kr ik;s x;sA th xSyl eqjxh us jsM taxy QkÅy ds fofHkUu mi&iztkfr;ksa esa cgqr de vkuqokaf'kd nwjh
n'kkZ;hA tcfd taxy QkÅy iztkfr esa vkuqokaf'kd nwjh vf/kd (0.042-0.060) FkhA Mh&ywi esa U;wfDy;ksVkbZ
fofHkUurk ij vk/kkfjr oa'k o`{k esa] Hkkjrh; jsM taxy QkÅy us ?kjsyw eqxhZ ds lkFk fHkUu lehirk n'kkZ;hA vU;
lHkh rhu taxyh eqfxZ;ksa us i`Fkd lewg cuk;kA Mh ywi {ks= ds igys 400 U;wfDyksVkbZM esa Øe fHkUurk dk Hkkjrh;
jsM taxy QkÅy lfgr lHkh fofHkUu jsM taxy QkÅy mi iztkfr;ksa esa v/;;u fd;k x;kA oa'k o`{k esa th xSyl
cSufdok vU; rhu mi iztkfr;ksa ls vPNh rjg i`Fkd izrhr gksrh gSA bu rhu miiztkfr;ksa esa th xSyl xSyl  nks
i`Fkd lewg cukrh gS tSlsfd ,d FkkbZySaM ls vkSj nwljk tkiku o bUMksusf'k;k lsA lHkh th-th- iztkfr;k ,d
mi&lewg ds vUrZxr vkrh gSA th xSyl eqjxh ,d mi&lewg esa FkkbZySM ls th xSyl xSyl ds lkFk vkrh gSaA
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Appendix

Ampicillin Stock (100 mg/ml)
Ampicillin (Sodium salt, Hi Media) 1000 mg
Distilled water 10 ml
Sterilized by filtration. Stored at -20°C.

Gel loading dye (6x)
Ethidium Bromide 0.25%
Sucrose (w/v) 40.0%
Stored at 4°C.

IPTG (isopropyl-β-D- thiogalactopyranoside) (1 M)
IPTG 238 mg
Distilled water 1 ml
Sterilized by filtration. Stored at 4°C.

Luria Bertani medium (LB medium)
Tryptone 10 gm
NaCl 5 gm
Yeast extract 5 gm
Distilled water to make 1 liter
Adjust pH to 7.5 using 10N NaOH   Sterilize by autoclaving.
To prepare LB Agar add 1.5% agar to LB medium. Where indicated
ampicillin is added to the medium 100 µg/ml.

Phosphate buffer saline (PBS) (1x (10 x)
Na2 HPO4 .2H2O 1.44 gm 14.4 gm
or
NaH PO4  1.10 gm    11.0 gm
KH2 PO4  0.2 gm     2 gm
KCl 0.2 gm     2 gm
NaCl 8.0 gm     80 gm
Distilled water 1000 ml    1000 ml

SOB medium
Tryptone 2.0000 gm
NaCl 0.0500 gm
KCl 0.0186 gm
2M Mg++ 1.0000 ml
Yeast extract 0.5000 gm
Distilled water to make 100ml. Sterilized by Autoclaving.

SOC medium
SOB medium 980 ml
1M glucose 20 ml
Sterilized by filtration.



Solution I (Cell re-suspension solution)
Glucose 50 mM
Tris-HCl (pH 8.0) 25 mM
EDTA (pH 8.) 10 mM
Prepare solution I from standard stocks in batches of ~100 ml, autoclaved
for 15 min at 15 psi on liquid cycle. Stored at 4°C.

Solution II (cell Lysis buffer)
Sodium Hydroxide                                      0.2 N

         (Freshly diluted from a 10N stock)
Sodium dodecyl sulfate 1% w/v

         Prepare solution II fresh and stored at room temperature.
Solution III (Neutralization solution)

5 M Potassium acetate 60 ml
Glacial acetic acid 11.5 ml
Distilled water 28.5 ml
The resulting solution will be 3M respect to potassium and 5M with
respect to acetate. Store the solution at 4°C and keep on ice just before
use.

TBE (10X) (Tris Borate EDTA) Buffer, pH 8.3
Tris base 109.0 gm
Boric acid 55.0 gm
EDTA 9.3 gm
Add distilled water to make final volume up to 1000 ml.

TCM (Tris Calcium Magnesium) Solution
1 M Tris. HCI, pH 7.5 11 ml
2M CaCl2 5.5 ml
1 M MgCl2 11 ml
Sterile distilled water 972.5 ml

TE Buffer
Tris HCl (pH 8.0) 10 mM
EDTA 1 mM

TSS medium
2X LB Medium 5 ml
30% PEG +60mM MgCl

2
5 ml

DMSO 750 ml
Sterile Distilled water 4.250 ml

X-gal (5-bromo-4-Chloro-3-indolyl- β-D-galactopyranoside) (1000x)
X-gal 25 mg
N,N’ Dimethyl formamide 1  ml
Stored at -200C.z


