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ABSTRACT

Japanese quail is an important pouitry bird in Egypt and allover the world. Since its
immigration to Egypt, new breeds with new phenotypes were appeard. For improving quail
production and its attributes as poultry bird, different phenotype and genotype are often
produced and evaluated under different conditions. In this regards, utilization of molecular
marker analysis has provided breeders with new insights for molecular assisted selection (MAS).
Depending on the marker system used, the genetic similarity analyses varied dramatically.
Knowledge about genetic diversity and phylogenetic relationships among breeding quail could
be an invaluable aid in improvement strategies of such poultry birds

In this report, genomic variation within four isolated phenotypes of Japanese quail in Egypt,
were investigated using two different molecular marker systems which targets different genomic
regions; RAPD (random amplified polymorphic DNA) and ISSR (inter-simple sequence repeat).
Different dendrograms were constructed based on RAPD and ISSR results individually and
collectively revealed that similarity and clustering is much dependant on the markers system

used.

INTRODUCTION

The Japanese quail belongs to the order
Galliformes, genus coturnix, and species
japonica. The scientific designation for
Japanese quail is Coturnix coturnix japonica
(I) and now renamed Coturnix japonica (2).
The Japanese quail is different from the
common quail (Coturnix coturnix) and found
in Japan, Korea, Eastern China, Mongolia and
Sakhalin as migrating birds.

Japanese quail (Coturnix japonica), as the
chicken (Gallus gallus), belongs to the order

Galliformes and the family Phasianidae. Both’

species have a similar genome size and
karyotype. Japanese quail karyotype composed
of 2n= 78 chromosomes, some of which are

morphologically distinguishable macro
chromosomes , 1-8 and the ZW sex
chromosomes, and the rest are

indistinguishable micro chromosomes (3).
Moreover, Japanese quail, as poultry bird, is
appreciated for meat and eggs as well as a
valuable laboratory species because of its
small body size, short generation interval and
high prolificacy.

Genetic analyses were performed with
plumage color and plumage color mutations
(roux, brown and white) in Japanese quail.
Roux and brown quail have similar plumage
color, but roux quail is paler. Three plumage
color loci have been reported on the Z

‘chromosome of the Japanese quail. The first

locus (AL) has two kinds of mutations:
imperfect albinism (4-6) or sex-linked white
(7, 8), and red-eyed brown (8) or cinnamon (6,
9, 10). The second locus has only one
mutation, brown (6, 8, 11), which is caused by
a recessive allele. Another sex-linked plumage
color mutation roux has been independently
discovered in France and is reported to be
controlled by a recessive gene (6).

Knowledge about studying  genetic
diversity and phylogenetic relationships
among quail phenotypes could be an

invaluable aid in its improvement strategies. A
number of methods are currently available for
analyses of genetic diversity in breeding
strains and populations. These methods have
relied on pedigree data, morphological data,
performance data, biochemical data and more
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recently molecular (DNA-based) data. With
DNA-based markers, it 1s theoretically
possible to exploit the entire diversity in DNA
sequence that exists in any cross (12).
Molecular typing methods provide an
opportunity for a powerful and reproducible
approach of estimating relatedness within and
among genotypes based on DNA sequence
variation. Different types of locus specific
markers are available, tie., minisatellite,
microsatellite (13, I4} and random amplified
polymorphic DNA (RAPD) (15).

Microsatellites, also known as simple
sequence repeats (SSRs), are tandem repeats
of 1-6 bases in length that occur abundantly
and at random in most eukaryotic genomes
and co dominance mode of inheritance.
Microsatellites can be typed using the
polymerase chain reaction (PCR), have made
them the markers of choice in genome
mapping and linkage analyses (16) as well as
analyses of genetic diversity and evolution of
animal genomes (17-19).

Random amplified polymorphic DNA
(RAPD) technique provides a powerful tool
for identification of populations and detection
of genetic variability within and among
populations. The RAPD procedure is relatively
simple, fast, inexpensive and without
requirement for target DNA  sequence
information (20). However, the potential of the
original RAPD assay to generate polymorphic
DNA markers with a given set of primers was
further increased by combining two primers in
a single PCR and three sets of primers (21).

In this investigation, we study genomic
variation within four isolated phenotypes of
Tapanese quail in Egypt using two different
molecular marker systems; RAPD (random
amplified polymorphic DNA) and ISSR (inter-
simple sequence repeat) to reveal similarity
and evolution of Japanese quail in its new
inhabitant in Egypt.

MATERIAL AND METHODS
Ouail genotypes

A total of four quail genotypes were used
in the present study. This includes, Plumage
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color quail wild type, Roux color quail (mutant
type), Brown color quail (mutant type) and
White color quail (mutant type).

All bird samples were phenotypically
normal and healthy. The studied quails birds
were obtained from Faculty of Agriculture, EI-
Azhar University,

Blood samples

Blood samples from different genotypes
were collected from wing vein of individual
birds, blood samples for DNA extraction were
collected in plastic tubes containing EDTA
and stored at -20°C.

DNA extraction

DNA samples were extracted from blood
samples using (Promega Genomic Wizard kit)
following the manufacturer instructions.
method followed by an RNase-A treatment
(Sigma, St. Louis, MO; R-4875) for 30 min at
37°C in each case (21). The quality and
quantity of extracted DNA was measured (2
uy by a NanoDrop ND-1000 UV-Vis
spectrophotometer (NanoDrop Technologies,
Delaware, and USA). DNA samples were
adjusted to a concentration of 50 ng/ul with
ddH20 before subjected to PCR amplification.

RAPD PCR reactions

Amplification reactions were performed
(15) in volumes of 235 pl. Briefly the reaction
mixture containing 10 mM Tris-Cl, pH 8.3, 50
mM KCl, 2 mM MgCl;, 0.001% gelatin, 100
uM of each dATP, dCTP, dGTP and TTP
(Pharmacia), 0.2 pl primer, 25 ng of genomic
DNA, and 0.5 unit of 7ag DNA polymerase
(Promega). The amplification was performed
in a Perkin Elmer 2400 Thermal Cycler
programmed for 5 minutes at 94°C followed
by 40 cycles of ! min at 94°C, 1 min at 34°C,
2 min at 72°C, using the fastest available
transitions between each temperature (ramp
time), followed by one cycie of 72°C for 20
min; and 4°C thereafter. The annealing
temperature varied according to the melting
temperature (™) for the primer (Table 1). The
core program increased from 40 to 45 cycles,
if amplification was weak, to get a slight
increase in the amount of PCR products (21).
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ISSR PCR reactions

A set of 15 anchored microsatellite primers
was procured from Metabion, Germany,
(Table 1). PCR amplification was performed
according to (23). Briefly, 20 ng of DNA was
added with 10 mM Tris-HCI pH 7.5, 50 mM
KCI, 1.5 mM MgCl,, 0.5 mM spermidine, 2%
formamide, 0.1 mM dNTPs, 0.3 uM primer
and 0.8 U of Tag DNA polymerase (Promega
Tag DNA polymerase, USA) in a 25 pl
reaction  using  Perkin  Elmer 2400
thermocycler. All the chemicals required for
the reaction mixture were obtained from
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(Sigma-Aldrich, USA). After initial
denaturation at 94°C for 5 min, each cycle
consisted of 30 sec denaturation at 94°C, 45
sec of annealing at 50°C, 2 min extension at
72°C along with 5 min extension at 72°C at
the end of 40 cycles. It is worth mentioning
that the annealing temperature varied
according to the melting temperature (™) of
each primer. Moreover, the core program
increased from 40 to 45 cycles, if
amplification was weak, to get a slight
increase in the amount of PCR products.

Table 1. Sequence of the RAPD and ISSR primers applied

Gel electrophoresis
7 Amplified fragments, 10 pl, were separated
by agarose (1.6%) gel electrophoresis, stained
with ethidium bromide (0.5 ng/ul) at 80 V in
1X TBE buffer and photographed on a UV
transilluminator (Pharmacia) by Canon S5
digital camera with UV filter adaptor. A
negative control which contained all the
necessary PCR components except template
DNA was included in the PCR runs.

Data analysis

Fragment analysis was conducted (21).
Briefly, amplification products were scored

RAPD Sequences (5'- 3') ISSR
P1 GTA GAC CCG 814 (CT)TG #814)
P2 GGA CCC TTAC 844A (CT),AC (#844A)
P3 GTC GCC GTC A 844B (CT):G (#844B)
P4 GGT CCC TGA C 17898A (CAYRACHITRI8A)
Ps TGG ACC GGT G 178988 (CA)GT (#17898B)
Pé6 AGG GGT CTT G 17899A (CA)AG (#17899A)
P7 TTC CCC CGC T 178998 (CA)GG (#17899B)
P8 TTC CCC CCA G HBS (GA),GG (#HBS)
P9 ACT TCG CCA C HEBY (GT).GG (#HBY)
P10 CAA TCG CCG T HB10 (GA),CC (#HBB)
P11 AGG GAA CGA G HB11 (GT),CC (#HB11)
P12 TGC GCC CTT C HB12 (CAC),GC(#HB12)
P13 TTC GCA CGG G HB13 (GAG),GC (#HB13)
P14 GTG AGG CGT C HB14 (CTC),GC (#HB14)
P15 CAA ACG TCG G HB15 (GTG),GC (#HB14)
Pi6 CTG CTG GGA C
P17 GTG ACG TAG G
P18 CCA CAG CAG T
P19 TGA GCG GAC A
P20 GTG AGG CGT C

independently as 1 and O for presence and
absence of bands, respectively, and the obtained
binary data were used for the analyses. Only
sharp PCR fragments were scored. Fragments at
low intensities were only scored as present when
‘they were reproducible in repeated experiments
using GelAnalyzer 3 (Egygene) software.
Unequivocally reproducible bands were scored
and entered into a binary character matrix (1 for
presence and O for absence) The genetic
similarity among accessions was determined by
Nei’s genetic distance (24) modified to
accommodate  dominant (e.g.,, RAPD-like)
markers. A dendrogram was constructed based
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on the matrix of distance using Unweighted Pair
Group Method with Arithmetic averages
(UPGMA). All the calculations were performed
using the NTSYS-pc 2.02 software package
(Numerical ~ Taxonomy  System,  Exeter
Software) (25). The statistical stability of the
clusters was estimated by a bootstrap analysis
with 1000 replications using Winboot software
(26).

RESULTS AND DISCUSSION
Genetic diversity based on RAPD markers

Single, random oligodeoxyribonucleotide
primers were used to generate PCR-amplified
fragment markers, from bulked genomic DNA
of each genotype. The twenty primers from
the initial screening process were listed in
Table 1 that are highly variable in DNA
sequence and therefore chosen for this study.
A fragment was considered polymorphic when
absent in at least one genotype. These primers
detected scoreable polymorphisms in banding
patterns among the four quail genotypes Fig.
I. All Polymorphic RAPD products were
confirmed by repeating the PCR reaction.
Each of twenty primers used for analysis of
individual quail genotype amplified different
number of bands. The average numbers of
amplified fragments from all primers for ail
genotype are summarized in Table 2. The
RAPD technique was successfully used to
detect individual variation and estimate
relatedness within and between populations
(27, 28). The high frequency of species-
specific fragments may be due to the random
primers annealing to different forms of the
same or similar gene (29).

Phylogenetic Relationships among Quail

genotypes based on amplified RAPD
fragments (bands)
The potential application of RAPD

analysis to refationships among quail genotype
was assessed through cluster analysis of these
four different genotypes, with large number of
scorable polymorphic markers from twenty
different random primers. The dendrogram of
genetic distances among quail genotypes
based on band polymorphisms generated by
RAPD-PCR after using all primer is shown in
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Fig. 2. This dendrogram clusters the quail
genotypes into three clusters which are given
in Table 3. Cluster III was the largest having
two genotypes, while clusters I and II had
single genotype. RAPD markers were used to
detect polymorphism in various quail lines
which were found to be effective and 31.7%
of primers were found to be polymorphic (30).

Genetic diversity based on ISSR markers

The genetic diversity (allele frequency,
mean polymorphic information content (PIC)
of preserved population of 4 genotypes of
quail was analyzed by 15 microsatellite
markers, and exhibited high polymorphism
Fig. 3. The clustering dendrogram was
obtained eventually based on data of 15
microsatellite primers. The results showed that
the average number of alleles of each locus
was 10 = 2 and the range of allele frequencies
was (.333 and 4 genotypes of quail shared 13
+ 2 alleles as average number of each locus.
The average Polymorphic (without unique) of
15 microsatellite loci was 3 + 2 (Table 2). The
dendrogram of genetic distances among quail
genotypes based on band polymorphisms
generated by RAPD-PCR after using all
primer is shown in Fig. 4. This dendrogram
clusters the quail genotypes into two clusters
which are given in Table 4. Cluster II was the
largest having three genotypes, while clusters
I had single genotype. Several studies (31-34)
showed that 28% of primers were
polymorphic and results indicated that the
usefullness of microsatellite markers to
characterize  the quail genome. The
development of a genetic map for this
economically valuable species would facilitate
eventual construction of a comparative genetic
map in Phasianidae, which comprises a
number of important species of poultry.

Genetic divei‘sity of quail genotypes as
determined by combined analysis of ISSR
and RAPD band differences

The dendrogram produced from genetic
distances between quail genotypes is shown in
Fig. 5. The linkage dendrogram provide visual
idea about clustering and variability present in
the population. The grouping pattern and
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distribution of quail genotypes into different
clusters is given in Table 5. Cluster II was the
largest having three genotypes, while clusters
I had single genotype.

CONCLUSION

Depending on the consumer's needs and
desires, quail breeder usually prefers to breed
one color than others. Thus, it is important to
understand color development and evolution
of guail inside its new habitat. However, the
plumage color phenotype was the original
color from which the other colors were
segregated, results from RAPD and ISSR
markers indicated that Roux, and White
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mutants quail phenotypes are genetically
closer to Plumage than the Brown mutant
phonotype. This result reveals that some of
the quail segregates with different colors is
more genetically closer to the original
plurnage color which they have originally
evolved from. The genetic basis and
inheritance of those different colors is yet to
be studied extensively. However, more
research still needed to explain the genetic
basis behind the development of one color to
another. In this case, the brown color seemed
to be very distant phonotype from the original.

Table 2. Comparison of DNA marker systems in quail phenotypes

Marker Ne of Gel polymorphism Average MNe of Polymorphism  Mean of

system  Primers Polymorphic Unique Polymorphic Bands / (%) band
{without bands (with primer frequency
unique} unique}

Single-

primer 20 Bx2 17+2  25%2 202 85.31 0.361

RAPD

ISSR 15 3x2 132 152 10+2 94.10 0.333

Total= 35 11 30 40 30 0.694

Table 3. Grouping pattern of the studied four quail genotypes based on analysis of their
RAPD band differences using all primers.

Cluster Number of genotypes Quail genotypes falling in cluster
I 1 Brown
11 1 Roux
1 2 Plumage and White

Table 4. Grouping pattern of the studied four quail genotypes based on analysis of their

ISSR band differences using all

rimers.
Cluster Number of genotypes Quail genotypes falling in cluster
| 1 Brown
i 3 Roux, Plumage and White

Table 5. Grouping pattern of the studied four quail genotypes based on analysis of their
ISSR and RAPD band differences using all primers.

Cluster Number of genotypes Quail genotypes falling in cluster
| 1 Brown
1 3 Roux, Plumage and White
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Fig. 1. Ethidium bromide stained RAPD fragments using bulked genomic DNA extracted from
the quail breeds.
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Fig. 2. Linkage dendrogeram of studied 4 guail breeds based on RAPD PCR products after using
all primers.
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Fig. 3. Ethidium bromide stained ISSR fragments using bulked genomic DNA extracted from the
quail breeds.
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Fig. 4. Linkage dendrogeram of studied 4 quail breeds based on ISSR PCR products after using
all primers
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Fig. 5. Linkage dendrogeram of studied 4 quail breeds based on combined analysis of all RAPD

and ISSR-PCR data.
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