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ABSTRACT: The aims of the present study were to characterize the possible genetic and 

productive performance differences associated with the maternal selected line for six 

generations in Japanese quail compared to the randombred line. Body weight (BW) and 

shank length (SL) were recorded weekly until 5 weeks of age. BW and SL at first egg, age 

at first egg (AFE), first egg weight (FEW), number of days needed to produce the first 10 

eggs (DN10), egg weight of the tenth egg (EW10) and egg mass of the first 10 eggs (EM10) 

were individually recorded for each female. The level of polymorphism between and within 

maternal line and a randombred line was estimated using two PCR-based DNA marker 

techniques RAPD and ISSR. Each line represented by 3 females and 2 males. Six RAPD 

and six ISSR primers were employed to find out genetic variations and relationships among 

these genotypes. The results indicated that line significantly affected BW at 35 days and 

AFE favoring the maternal line. However, the two lines insignificantly differed for BW at 

1, 7, 14, 21 and 28 days of age. Females had higher insignificant BW than males at all 

studied ages. Line significantly affected SL at 21, 28 and 35 days of age favoring the 

maternal line. However, the two lines insignificantly differed for SL at 1, 7, 14 days of age 

and AFE. Females had higher SL than males at all studied ages, except for 14 days of age 

(P＞0.05). Line had significant effect on AFE, maternal line attained sexual maturity at 

earlier age than the randombred line by 16.50 days. Maternal line had shorter DN10 

(P≤0.05) by 4.10 days than the randombred line. The females of the maternal line laid 

insignificantly higher FEW, EW10 and EM10 than the females of the randombred line.  
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The RAPD and ISSR analyses generated a total number of 411 and 384 amplicons 

representing a level of polymorphism of 65.385% and 50%, and an average number of 

polymorphic fragments/primer of 5.667 and 4, respectively. The genetic similarity ranged 

from 0-1 for RAPD, ISSR, and RAPD and ISSR combination. The inter-

genotyperelationships between and within the two lines based on RAPD, ISSR, and RAPD 

and ISSR combination revealed the highest genetic similarity between male randombred 

line and female maternal line, female randombred line and female maternal line, and male 

randombred line and female maternal line, respectively. And also revealed the lowest 

genetic similarity between female and female maternal line, male and female maternal line, 

and female and female randombred line, female and female maternal line, male and male 

maternal line, and female and female maternal line, respectively. The RAPD based 

dendrogram delimited the randombred line genotype male in the same group while, 

randombred line male, maternal line males, randombred line females and maternal line 

females were in separate clusters. The ISSR based dendrogram delimited the randombred 

line genotype female in separate group while, randombred line females, males, maternal 

line females and males were delimited in separate one cluster. The RAPD and ISSR 

combination based dendrogram clustered the randombred line males and female in the same 

group, and randombred line females, maternal line females and males genotypes in separate 

clusters. However, the reshuffling in the position of the maternal selected and randombred 

lines belonging to the individuals in the different dendrograms revealed that they share 

common genetic background. They might share some genes between maternal line for six 

generations and randombred line through selection in selected line. Moreover, each of the 

RAPD and ISSR was successful in identifying genotype-specific markers characterizing 

genotypes. The performance and molecular genetics analyses used in the present study 

successfully distinguished between and within the two lines and sexes.  

 

 

 

INTRODUCTION 

Japanese quail had a great impact 

on research field due to fast growth rate 

and better egg production (Minvielle, 

1998), high rate of lay and much lower feed 

and space than domestic fowl (Adeogun 

and Adeoye, 2004), its unique properties of 

easy maintenance and low generation 

interval (Tarhyela et al., 2012). Thus, many 

countries developed quail farming into an 

industry accompanied by a strong interest 

in scientific research. Studies using 

Japanese quails in breeding experiments 

have demonstrated that this species offers 

scientist several advantages in exploring 

breeding systems and certain applied 

problems of poultry breeding (Okuda et al., 

2014). Selection index provides a 

systematic means for making selection 

decisions that are consistent with improved 

profitability. This technology permits us to 

exploit information on relatives and to use 

correlated traits to improve accuracy. 

Japanese quail and chicken have similar 

karyotypes of 2n=78 chromosomes 

consisting of morphologically distinct 

macrochromosomes (1-8 and the ZW sex 

chromosomes) and cytological 

indistinguishable microchromosomes 

(Shibusawa et al., 2001). Knowledge of the 

relatedness between animals is very 

important in extended breeding programs 

that prevent the loss of genetic variation 

(Frankham et al., 2002). Conservation 



Quail; Productive performance; RAPD analysis; ISSR analysis 

897 

 

genetics for preservation of species has 

received increasing attention (Frankham, 

2003; Allendorf and Luikart, 2007). The 

egg layer industry is particularly challenged 

as most of the traits of interest are 

measurable only in mature females. Both 

males and females have the gene variants 

for better egg production. Molecular 

genetics allows direct selection to be done 

in males even for females limited traits. 

Selection based on DNA can be done at a 

much earlier age in the lifecycle of the 

chicken.          

It seems that the knowledge about 

the genetic characterisation of Japanese 

quail lines and amount of genetic diversity 

among them is minimal. Hence, studies are 

needed to characterise Japanese quail lines 

to estimate the genetic variability for 

selection and breeding programs. 

Molecular genetics providing the tool box 

of the 21st century for the modern poultry 

breeding and enhanced selection progress. 

Allow for rapid and accurate identification 

and selection at the gene level of 

individuals with better performance 

(Fulton, 2008). Genetic markers are short 

DNA sequences which have slight 

differences between individuals. A 

polymorphism assay, based on the 

amplification of random DNA fragments 

using an arbitrary nucleotide sequenced 

primer has been developed by Williams et 

al. (1990). RAPD marker was found to be 

effective to detect polymorphism and 

genetic diversity in quail lines (Kumar et 

al., 2000; Karabağ and Balcioğlub, 2010). 

Mansour et al. (2010) investigated the 

variations within four phenotypes of quail 

using RAPD and ISSR markers. RAPD was 

used to estimate genetic structures about 

chicken (Pipalia et al., 2006). 

Microsatellites have been reported in the 

literature for Japanese quails (Kayang et 

al., 2002; Guobin et al., 2006). MS map 

was constructed in the Japanese quail 

(Kayang et al., 2004), and map was applied 

(Minvielle et al., 2005). MS markers have 

been carried out to assess genetic diversity 

in various populations of chickens (Tadano 

et al., 2007).  

The aims of the current study were 

to identify the possible genetic variations 

and relationships of maternal selected and 

randombred lines in the 6th generation of 

selection, based on performance and DNA 

markers. The results would contribute to 

the appropriate managements avoiding loss 

of genetic variability in these lines and to 

future improvements.  

MATERIALS AND METHODS 

Flock history: 

The experimental work was carried 

out at the Poultry Research Center, Faculty 

of Agriculture, Fayoum University, 

Fayoum, Egypt. The birds used in this 

experiment were developed as follows: A 

maternal selected line was developed from 

the base population during the course of 

breeding experiments with Japanese quail. 

Selection index was applied to select 

females according to the aggregate 

breeding values of age at first egg, body 

weight at first egg and days needed to 

produce the first 10 eggs and the males 

kept as breeders were selected based on the 

performance of their females sibs for six 

successive generations with selection 

pressure of 19%. Randombred line which 

maintained as non-selected pedigreed 

population originated from the base 

population which the maternal selected line 

originated. In randombred line, all eggs laid 

by the two females of each family were 

used to obtain the parents for the next 

generation. Feed and water were provided 

ad libitum. All experimental birds were 

maintained as possible under the same 

conditions.  
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The following traits were estimated: 

Body weight (BW) and shank 

length (SL) were recorded weekly until 5 

weeks of age. BW and SL at first egg, age 

at first egg (AFE), first egg weight (FEW), 

number of days needed to produce the first 

10 eggs (DN10), egg weight of the tenth egg 

(EW10) and egg mass of the first 10 eggs 

(EM10) were individually recorded for each 

female. 

Statistical analyses: 

Data were subjected to analysis of 

variance using the General Linear Model 

Procedure of SPSS
 

(SPSS, 2008). The 

following model was used for the growth 

traits to determine the effect of line and 

sex, Yijk= μ+Li+Sj +eijk, where 

Yijk=observed value in the ith line in the jth 

sex of the kth individual, µ=overall mean, 

Li=line effect (i=maternal selected and 

randombred lines), Sj=sex effect (j=males 

and females) and eijk is the error term 

associated with the Yijk. While, data of egg 

production-related traits were subjected to a 

one-way analysis of variance with line 

effect. The statistical model used was as 

follows, Yij=µ+Li+eij, where Yij=observed 

value in the ith line of the jth individual, 

µ=overall mean, Li=line effect (i= maternal 

selected and randombred lines) and 

eij=random error term. 

Extraction of DNA 

Individual blood samples were 

collected from 10 birds (3 females and 2 

males)/line (maternal selected and 

randombred lines). All bird samples were 

phenotypically normal and healthy. Blood 

samples were collected from the brachial 

vein of each individual bird in a tube 

containing EDTA solution (pH 8.0) as 

anticoagulant reagent and stored at -20°C 

until DNA extraction. DNA extraction was 

performed from blood samples from each 

selected individual as described by Z10 

spin column DNA Minipreps Kit (Bio basic 

INC.). Six and six random DNA 

oligonucleotide primers synthesized by 

Operon biotechnologies, Inc., Germany 

were independently used in the RAPD and 

ISSR-PCR reaction mixture. Table (1) lists 

the base sequences of these primers that 

produced informative polymorphic bands. 

RAPD and ISSR-PCR reactions 

RAPD-PCR amplification reactions 

were performed in a 25 µl reaction 

volumes. RAPD reaction mixture 

containing 2.5 µl dNTPs (2.5 mM), 1.5 µl 

MgCl2 (25 mM), 2.5 µl 10x buffer, 2.0 µl 

primer (2.5 µM), 2.0 µl template DNA (50 

ng/µl), 0.3 µl Taq DNA polymerase (5 

U/µl) and 14.7 µl of sterile ddH2O. 

Amplification was performed in a DNA 

thermal cycler (Techni TC-512 PCR). The 

RAPD-PCR reaction was subjected to one 

cycle at 95ºC for 5 min, followed by 35 

cycles at 94ºC for 30 sec, 37ºC for 30 sec, 

and 72ºC for 30 sec, then a final cycle of 

72ºC for 12 min. The ISSR-PCR 

amplification reactions were performed in 

the same reaction volumes as used with 

RAPD-PCR with little modifications in the 

reaction mixture. Also, amplification was 

performed in a DNA thermal cycler 

(Techni TC-512 PCR) as programmed in 

RAPD reaction with some modifications. 

PCR products were separated by agarose 

(1.5%) gel electrophoresis, stained with 

ethidium bromide at 100 V to detect 

polymorphism among genotypes and sexes 

by line tested in this study. After 

electrophoresis, the RAPD and ISSR 

patterns were visualized with UV Tec. 

Documentation system. Fragments sizes 

were estimated using ladder marker cover a 

wide range (100-1500 bp). 
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Molecular genetic analysis: 

The DNA bands generated by each 

primer were counted and their molecular 

sizes were compared with those of the 

ladder marker. The bands scored from 

DNA profiles generated by each primer 

were pooled together. Then the presence or 

absence of each DNA band was treated as a 

binary character in a data matrix (coded 1 

and 0, respectively) to calculate genetic 

similarity and to construct dendrogram tree 

among the studied genotypes. Calculation 

was achieved using Dice similarity 

coefficients (Dice, 1945) as implemented in 

the computer program software SPSS-17 

(SPSS, 2008). Mathematically, similarity 

coefficients or band sharing (BS) could be 

expressed as BS=2Cab/(Na+Nb) where BS 

is band sharing, Cab is the number of 

common bands shared by individuals a and 

b, Na and Nb are the total number of bands 

for individuals a and b. 

RESULTS AND DISCUSSION 

Line and sex effects on BW and SL at 

different ages: 

The results of the effects of line and 

sex on BW are illustrated in Fig. (1) and 

(2). Line significantly affected BW at 35 

days and AFE favoring the maternal line. 

However, the two lines insignificantly 

differed for BW at 1, 7, 14, 21 and 28 days 

of age (Fig. 1). Similarly, line had 

significant influences on the BW at 1, 7, 21 

and 28 days of age and insignificant at 14 

days was reported by Baylan et al. (2009). 

Higher significant differences on BW in 

selected birds than the control at different 

ages were reported by Khaldari et al. 

(2010), Varkoohi et al. (2010) and Hussain 

et al. (2013). Also, in other some studies 

(Jatoi et al., 2013 and Akram et al., 2014) 

significant differences in BW among 

different strains of Japanese quail was 

observed. Females had higher insignificant 

BW than males at all studied ages as shown 

in Fig. (2). Line had significant influence 

on the BW at first egg was reported by 

Sakunthaladevi et al. (2011). Lower values 

for BW at first egg were reported by 

Okenyi et al. (2013) and Momoh et al. 

(2014). Line significantly affected SL at 

21, 28 and 35 days of age favoring the 

maternal line. However, the two lines 

insignificantly differed for SL at 1, 7, 14 

days of age and age at first egg (Fig. 3). 

Females had higher SL than males at all 

studied ages, except for 14 days of age 

(P＞0.05) as shown in Fig. (4). Values of 

SL obtained in the present study were in 

agreement with Ojedapo (2013) and Akram 

et al. (2013). Lower values for BW and SL 

at 14 and 28 days of age were reported by 

Ojo et al. (2014). Sex differences for BW 

and SL were previously reported in favor of 

the females was cited by Nath et al. (2011), 

Daikwo et al. (2013) and Ojo et al. (2014).  

Line effect on egg production-related 

traits: 

Line had a significant effect on 

AFE, maternal line attained sexual maturity 

at earlier age than the randombred line by 

16.50 days (Fig. 5). Similar values were 

reported for AFE as 55.3 days 

(Sakunthaladevi et al., 2011), 57.5 days 

(Punya et al., 2012) and 54.49 days 

(Momoh et al. 2014). Lower estimates were 

reported by Nath et al. (2011) as 51.16 days 

and Okuda et al. (2014) as 43.97 days. 

Maternal line had shorter DN10 (P≤0.05) by 

4.10 days than the randombred line (Fig. 

5). Similarly, Tawefeuk (2001) reported 

that there was a decrease in DN10 in the 

selected line for age at sexual maturity 

compare to the control line in the same 

generation. Mahmoud et al.  (2014) 

reported an estimate of 15.95 days for DN10 

in Japanese quail. The females of the 

maternal line laid higher FEW, EW10 and 
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EM10 than the means of randombred line 

with insignificant differences between them 

(Fig. 6). These results are in accordance 

with previous studies reported by Nath et 

al. (2011) and Okenyi et al. (2013) for EW. 

Lower FEW of 7.83g was cited by Momoh 

et al. (2014). Mahmoud et al.  (2014) 

reported an estimate of 114.23g for the first 

ten eggs laid in Japanese quail. From the 

present results, it can be concluded that 

maternal selected line had favored both 

growth traits and egg production related 

traits studied. 

Identification of RAPD-PCR markers:  

Six primers were generated 

reproducible and scoreable RAPD profiles 

(Plate 1). These primers detected scoreable 

polymorphisms in banding patterns among 

10 individuals (Table 2). Each of the 6 

primers amplified a different number of 

bands. In this respect, (Mansour et al., 

2010) reported that RAPD exhibited 

polymorphism in quail. The numbers of 

amplified fragments are summarized in 

Table (3). These produced multiple band 

profiles with a number of amplified DNA 

fragments ranging from 3-10 (Table 3 and 

Plate 1). A total number of 411 bands were 

generated and polymorphism levels 

differed from one primer to the other. 

While, the number of polymorphic 

fragments ranged from 2-5. A maximum 

number of 83 amplicons was amplified 

with primer OPB-04, while the minimum 

(54) was amplified with primer OPB-01. 

The highest number of polymorphic bands 

was detected for primer OPA-01 (5 out of 

8), while the lowest for primer OPB-07 (2 

out of 8), however 18 bands were 

monomorphic. Primer OPB-11 exhibited 

the highest percentage (77.778%) of 

polymorphism, while primers OPB-07 and 

OPE-19 exhibited the lowest 50% (Table 

4). In this respect, 85.315 polymorphism 

reported by Mansour et al. (2010), and 

99.49% was reported by Karabağ and 

Balcioğlub (2010). RAPD technique has 

been successfully applied for estimating 

genetic diversity in quail lines (Kumar et 

al., 2000). RAPD technique using 5 primers 

was applied to detect genetics similarity 

among chickens (Ghanem et al., 2012). 

Table (4) also revealed that the total 

number of polymorphic amplicons obtained 

by the six studied primers was 34. This 

corresponds to a level of polymorphism of 

65.385% and an average number of 

polymorphic fragments/primer of 5.667. 

Karabağ and Balcioğlub (2010) reported 

that the genetic relationships within and 

among selected and control lines of 

Japanese quail males and females lines 

could be estimated successfully using 

RAPD technique.  

The specific markers for quail 

genotypes generated from RAPD-PCR 

analysis are shown in Tables (2 and 3). The 

highest number of RAPD specific markers 

was scored for female 3, male 5 maternal 

line, female 6, male 9 and male 10 

randombred line (1 marker/primer). A 

number of 2 positive specific markers were 

scored for the presence of unique bands for 

a given genotype, while 8 negative specific 

markers was scored for the absence of a 

common band. The highest number of 

RAPD genotype-specific markers was 

generated by primer OPB-11 (3 markers), 

primers OPB-04 and OPB-07 (2 

markers/primer). On the other hand, the 

primers OPA-01, OPB-01 and OPE-19 

generated the least number (1 

marker/primer). RAPD marker of 

individual quail showed characteristic 

pattern and individuals could be 

distinguishable from each other even within 

the same line.  

Phylogenetic relationship among quail 

lines based on RAPD marker: 
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Based on the combined data 

obtained through the polymorphism of 

RAPD profiles, the similarity coefficient 

values among 10 individuals (maternal and 

randombred lines, females and males) were 

calculated according to Dice (1945) 

equation (Table 5). The similarity 

coefficient shows an average genetic 

distance ranging from 0-1 with a mean 

value of 0.5. The highest similarity index 

(1) was recorded between each two of male 

10 randombred line and female 3 maternal 

line. However, the lowest (0) was observed 

between female 2 and female 1 maternal 

line, male 4 and female 2 maternal line, and 

female 7 and female 6 randombred line. 

The data obtained from the analysis of 

RAPD was used to draw precise 

relationships among individuals. The 

resultant dendrogram is shown in Fig. (7) 

using Unweighted Pair-Group Method with 

Arithmetical average Algorithm (UPGMA) 

analysis. This dendrogram clustered the 

genotypes into two clusters (groups). The 

first group involved of male 10 randombred 

line was delimited in separate one cluster 

from the rest of studied genotypes. The 

second group was subdivided into two 

subgroups. The first subgroup involved 

male 9 randombred line was delimited from 

the rest of genotypes, male 5 maternal line 

was delimited from the rest of genotypes, 

female 8 randombred line was delimited 

from the rest of genotypes, and the rest of 

genotypes in the first subgroup includes 

females 6 and 7 randombred line. The 

second subgroup was subdivided into two 

subgroups. The first subgroup includes 

female 3 maternal line was delimited in one 

subgroup from the rest of genotypes, and 

the second subgroup was subdivided into 

two subgroups. The first subgroup involved 

female 1 maternal line was delimited from 

the rest of genotypes, and the second 

subgroup includes female 2 and male 4 

maternal line. Based on RAPD analysis, the 

randombred line male was delimited in 

separate group while, maternal line males, 

randombred line male, randombred line 

females and maternal line females were in 

separate clusters.  

In conclusion, it seems that 6 

primers used in the present study allowed 

enough distinction among the quail lines 

maternal selected and randombred lines, 

females and males. This has demonstrated 

the efficiency of the RAPD as a potential 

genetic marker.  

Identification of ISSR-PCR markers:  

Microsatellites are 2-6-nucleotide 

repeats, interspersed throughout the 

genome and highly polymorphic. After the 

generation of the first MS linkage map of 

quail which reported by Kayang et al. 

(2004), Miwa et al. (2006) mapped the 

panda plumage color locus on the MS 

linkage map of the quail. Fourteen MS 

markers in the inbred and randombred lines 

were used to differentiate the Japanese 

quail lines (Kim et al., 2007).  In this study, 

6 ISSR primers generated reproducible and 

scoreable ISSR profiles with the DNA of 

the 10 individual in the PCR reaction  

(Plate 2). These primers detected scoreable 

polymorphisms in banding patterns among 

the genotypes (Table 2). In this respect, 

Mansour et al. (2010) reported that genetic 

diversity of four genotypes of quail was 

analyzed by MS markers. Four MS markers 

showed that the Japanese and English white 

quail populations have a relatively high 

genetic diversity (Mamizade et al., 2013). 

Each of the six primers used in the present 

study amplified a different number of 

bands. The numbers of amplified fragments 

are summarized in Table (3). These 

produced multiple band profiles with a 

number of amplified DNA fragments 

ranging from 3-8. A total number of 384 

bands were generated and polymorphism 
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levels differed from one primer to the 

other. While, the number of polymorphic 

fragments ranged from 1-4. A maximum 

number of 76 amplicons was amplified 

with primer HB-09, while the minimum 

(43) with primer HB-13. The highest 

number of polymorphic bands was detected 

for primer HB-13 (4 out of 7) and primer 

HB-14 (4 out of 11) while, the lowest for 

primer HB-09 (1 out of 8) and primer HB-

15 (1 out of 8), however, 24 bands were 

monomorphic. Primer HB-13 exhibited the 

highest percentage (85.714%) of 

polymorphism, while primers HB-09 and 

HB-15 exhibited the lowest (25%/primer) 

(Table 4). In this respect, Mansour et al. 

(2010) found that the percentage of 

polymorphism in four quail phenotypes 

was 94.10%. Table (4) also revealed that 

the total number of polymorphic amplicons 

obtained by the 6 studied primers was 24. 

This corresponds to a level of 

polymorphism of 50% and an average 

number of polymorphic fragments/primer 

of 4. MS have much higher polymorphism 

and are considered to be more appropriate 

molecular tools for studying genetic 

biodiversity and relationships. Pasnin and 

Ranghoo-Sanmukhiya (2013) used RAPD 

and MS analysis to differentiate three cattle 

breeds, and polymorphic bands were 

obtained from the two techniques.  

The specific markers for quail 

genotypes generated from ISSR-PCR 

analysis are shown in Tables (2 and 3). The 

highest number of ISSR specific markers 

was scored for male 4 maternal line (2 

markers) and for female 8 randombred line, 

while the lowest (1 marker) for female 2 

maternal line, female 7 and male 9 

randombred line. A number of 4 positive 

specific markers were scored for the 

presence of unique bands for a given 

genotype, while 5 negative for the absence 

of a common band. The highest number of 

ISSR genotype-specific markers was 

generated by primer HB-14 (3 markers) 

and primer HB-13 generated (2 markers). 

On the other hand, the primers 44B, HB-

09, HB-10 and HB-15 generated 1 marker. 

ISSR marker of individual quail showed 

characteristic pattern and individuals could 

be distinguishable from each other even 

within the same line. This has demonstrated 

the efficiency of the ISSR as a potential 

genetic marker.  

Phylogenetic relationship among quail 

lines based on ISSR marker: 

Based on the combined data 

obtained through the polymorphism of 

ISSR profiles, the similarity coefficient 

values among 10 individuals (maternal and 

randombred lines, females and males) were 

calculated according to Dice (1945) 

equation (Table 6). The similarity 

coefficient shows an average genetic 

distance ranging from 0-1 with a mean 

value of 0.5. The highest similarity index 

(1) was recorded between each two of 

female 7 randombred line and female 2 

maternal line. However, the lowest (0) was 

observed between female 2 and female 1 

maternal line, and male 5 and male 4 

maternal line. The data obtained from the 

analysis of ISSR was used to draw precise 

relationships among the individuals. The 

resultant dendrogram is shown in Fig. (8) 

using UPGMA analysis. This dendrogram 

clustered the quail genotypes into two 

clusters (groups). The first group consisted 

of female 8 randombred line was delimited 

in separate one cluster from the rest of 

genotypes. The second group was 

subdivided into two subgroups. The first 

subgroup included females 6 and 7 

randombred line. The second subgroup 

subdivided into two subgroups, the first 

subgroup involved male 9 randombred line 

was delimited from the rest of genotypes 

and male 10 randombred line was delimited 
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from the rest of genotypes, and the second 

subgroup was subdivided into two 

subgroups. The first subgroup includes 

females 1 and 2 maternal line and the 

second subgroup involved female 3 

maternal line was delimited in one 

subgroup from the rest of genotypes, and 

the other subgroup was included males 4 

and 5 maternal line. Based on ISSR 

analysis, the randombred line female was 

delimited in one group while, randombred 

line females, randombred line males, 

maternal line females and males were 

delimited in separate one cluster. 

Phylogenetic relationship among quail 

lines based on RAPD and ISSR markers 

Both RAPD and ISSR are based on 

different strategies for exploring genetic 

diversity. While RAPD primers randomly 

target complementary and homologous 

genomic regions in the genome, ISSR 

primers amplify the highly repetitive inter-

simple sequence repeats of the MS regions. 

The combination of both techniques will 

enhance the screening of diversity between 

and within genotypes. Based on the 

combined data obtained through the 

polymorphism of RAPD and ISSR profiles, 

the similarity coefficient values among 10 

individuals (maternal and randombred 

lines, females and males) were calculated 

according to Dice (1945) equation (Table 

7). The similarity coefficient shows an 

average genetic distance ranging from 0-1 

with a mean value of 0.5. The highest 

similarity index (1) was recorded between 

each two of male 10 randombred line and 

female 3 maternal line. However, the 

lowest (0) was observed between females 2 

and 1 maternal line. The data obtained from 

the analysis of RAPD and ISSR was used 

to draw precise relationships among the 

genotypes. The resultant dendrogram is 

shown in Fig. (9) using UPGMA analysis. 

This dendrogram clustered the quail 

genotypes into two clusters (groups). The 

first group consisted of male 10 

randombred line was delimited in separate 

one, and female 8 and male 9 randombred 

line were delimited in separate one cluster 

from the rest of genotypes. The second 

group was subdivided into two subgroups. 

The first subgroup involved females 6 and 

7 randombred line were separated from the 

rest of genotypes, and the second subgroup 

includes female 3 maternal line was 

delimited in separate one from the rest of 

genotypes, male 4 maternal line was 

delimited in separate one and male 5 

maternal line was delimited in separate one 

from the rest of genotypes. The other 

subgroup includes females 1 and 2 

maternal line was separated in one cluster. 

Based on RAPD and ISSR combination 

analysis, the randombred line males and 

female were clustered in the same group, 

and randombred line females, maternal 

selected line females and males were in 

separate clusters.  

The different types of markers, 

RAPD and ISSR revealed different levels 

of genetic similarity among the 10 

individuals. This could be due to the 

difference in the polymorphism detection 

mechanisms by the different types of 

markers. DNA sequence variation at primer 

binding sites and DNA length differences 

between primer binding sites produce the 

RAPD polymorphisms. ISSR 

polymorphism is the result of differences in 

the number of repetitive di-tri- or tetra-

nucleotide units. Therefore, combining the 

data obtained from the different types of 

markers may reveal more informative 

genetic relationships.  

In conclusion, this result seems to 

be reliable since it goes with the 

expectation of clustering males and females 

in the same line in one group. Gathering 

both maternal selected and randombred 
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lines in one cluster. They might share some 

genes between maternal and randombred 

lines through selection in maternal line. 

The randombred line was the original from 

which the maternal line had selected. 

RAPD and ISSR techniques would be used 

for identification of males and females 

quail birds. Six primers with each type of 

marker used in the present study allowed 

enough distinction among the quail lines. 

The result of molecular genetic analysis is 

in agreement with the result for the 

performance since, there were differences 

between the two lines and sexes in BW and 

SL and between the two lines in studied 

egg production traits. Both was 

successfully distinguished among maternal 

and randombred lines and sexes. The study 

showed that RAPD and ISSR analyses are 

effective methods for generating 

polymorphic DNA markers in the two 

lines. These polymorphic markers are also 

useful for estimating genetic distances and 

the genetic relationships between the lines. 

The level of polymorphism detected by 

using RAPDs and ISSRs will provide 

breeders with environment independent 

DNA markers, which should be regarded as 

essential tools for selection. RAPD and 

ISSR analyses will be practical in quail 

breeding and conservation of indigenous 

lines. It provides a mean to differentiate 

lines that are genetically dissimilar and 

members (males and females) within the 

lines. This will be useful in selective 

breeding programs in Japanese quail.   

 

 

 

 

 

Table (1): The nucleotide sequences of 6 primers used for RAPD-PCR and 6 primers used 

for ISSR-PCR analysis. 

Marker 
Primer 

code 
Sequence  (5́΄- 3΄) Marker 

Primer 

code 
Sequence  (5́΄- 3΄) 

RAPD 

OPA-01 CAG GCC CTT C 

ISSR 

44 B CTC TCT CTC TCT CTC TG 

OPB-01 GTT TCG CTC C HB-09 GTG TGT GTG TGT GG 

OPB-04 GGA CTG GAG T HB-10 GAG AGA GAG AGA CC 

OPB-07 GGT GAC GCA G HB-13 GAG GAG GAG GC 

OPB-11 GTA GAC CCG T HB-14 CTC CTC CTC GC 

OPE-19 ACG GCG TAT G HB-15 GTG GTG GTG GC 
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Fig. (1): Effect of line on BW at different ages (BW1-

BW35=Body weight at day-old of age-35 days of 

age, BWFE=Body weight at first egg) of Japanese 

quail, *=Significant difference (P < 0.05).  

Fig. (2): Effect of sex on BW at different ages 

(BW1-BW35=Body weight at day-old of 

age-35 days of age) of Japanese quail. 
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Fig. (3): Effect of line on SL at different ages (SL1-

SL35=Shank length at day-old of age-35 

days of age, SLFE=Shank length at first 

egg) of Japanese quail, *=Significant 

difference (P < 0.05). 

Fig. (4): Effect of sex on SL at different ages 

(SL1-SL35=Shank length at day-old of 

age-35 days of age) of Japanese quail. 
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Fig. (5): Effect of line on age at first egg (AFE) and 

number of days needed to produce the first 10 eggs 

(DN10) of Japanese quail, *=Significant difference (P 

< 0.05). 

Fig. (6): Effect of line on first egg weight 

(FEW), egg weight of the tenth egg (EW10) and 

egg mass of the first 10 eggs (EM10) of Japanese 

quail. 
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Table (2): Banding patterns of RAPD and ISSR-PCR for two lines maternal selected and 

randombred (females and males) of Japanese quail. 

10 9 8 7 6 5 4 3 2 1 BP 
Band 

No. 
RAPD primer 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

850 

770 

710 

685 

540 

425 

310 

220 

1 

2 

3 

4 

5 

6 

7 

8 

OP-A01 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

710 

600 

475 

390 

370 

315 

240 

1 

2 

3 

4 

5 

6 

7 

OP-B01 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

950 

860 

840 

780 

700 

650 

630 

520 

425 

290 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

OP-B04 

1, 2, 3=Females maternal line, 4, 5=Males maternal line, and 6, 7, 8=Females 

randombred line, and 9, 10=Males randombred line 
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Table (2): Cont. 

10 9 8 7 6 5 4 3 2 1 BP 
Band 

No. 
RAPD primer 

0 

1 

0 

0 

1 

1 

1 

1 

0

1

0

1

1

1

1

1 

0

1

0

1

1

1

1

1 

0

1

1

1

1

1

1

1 

0

1

1

1

1

1

1

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1420 

875 

850 

750 

620 

435 

320 

270 

1 

2 

3 

4 

5 

6 

7 

8 

OP-B07 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1

1

1

1

1

1

1

1

1 

1

0

1

1

1

1

1

1

1 

1

1

1

1

0

1

1

1

1 

1

1

1

1

0

1

1

1

0 

0

1

1

0

1

1

1

1

1 

1

1

1

1

1

1

1

1

1 

0

1

1

1

1

1

1

0

1 

1

1

1

1

1

1

1

0

1 

1

0

1

1

1

1

1

0

1 

980 

830 

720 

600 

530 

500 

460 

280 

170 

1 

2 

3 

4 

5 

6 

7 

8 

9 

OP-B11 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0

0

1

1

1

0

1

1

1

1 

1

1

1

1

0

0

1

1

1

1 

0

1

1

1

0

0

1

1

1

1 

1

1

1

1

0

0

1

1

1

1 

0

0

1

1

0

1

1

1

1

1 

1

1

1

1

1

0

1

1

1

1 

0

1

1

1

1

0

1

1

1

1 

0

0

1

1

1

0

1

1

1

1 

0

1

1

1

1

0

1

1

1

1 

670 

460 

375 

350 

330 

315 

240 

130 

80 

60 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

OP-E19 

1, 2, 3=Females maternal line, 4, 5=Males maternal line, and 6, 7, 8=Females randombred line, 

and 9, 10=Males randombred line 
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Table (2): Cont. 

10 9 8 7 6 5 4 3 2 1 BP 
Band 

No. 
ISSR primer 

1 

1 

1 

1 

0 

0 

0 

1

1

1

1

0

1

1 

1

1

1

1

1

1

1 

0

1

1

1

0

0

0 

0

1

1

1

0

1

1 

1

1

1

1

0

1

1 

1

1

1

1

0

1

1 

1

1

1

1

0

1

1 

1

1

1

1

0

0

1 

1

1

1

1

0

0

1 

840 

725 

645 

620 

525 

365 

275 

1 

2 

3 

4 

5 

6 

7 

44B 

1 

1 

1 

1 

1 

1 

1 

1 

1

0

1

1

0

1

1

1 

1

1

1

1

0

1

1

1 

1

1

1

1

0

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

860 

800 

700 

670 

620 

570 

535 

485 

1 

2 

3 

4 

5 

6 

7 

8 

HB-9 

0 

1 

1 

1 

1 

1 

1 

0

1

1

1

1

1

1 

1

1

1

1

1

1

1 

1

1

1

1

1

1

1 

1

1

1

1

1

1

1 

1

1

1

1

1

1

1 

1

1

1

1

1

1

1 

0

1

1

1

1

1

1 

0

1

0

0

1

1

1 

1

1

0

1

1

1

1 

965 

830 

600 

515 

375 

310 

280 

1 

2 

3 

4 

5 

6 

7 

HB-10 

1, 2, 3=Females maternal line, 4, 5=Males maternal line, and 6, 7, 8=Females 

randombred line, and 9, 10=Males randombred line 
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Table (2): Cont. 

10 9 8 7 6 5 4 3 2 1 BP 
Band 

No. 
ISSR primer 

1 

1 

0 

0 

0 

1 

0 

1

1

0

0

1

1

0 

1

1

0

1

1

1

0 

1

0

0

1

0

1

1 

1

0

0

0

0

1

1 

1

1

0

0

1

1

1 

1

1

1

0

1

0

1 

1

1

0

0

0

1

1 

1

1

0

0

1

1

1 

1

1

0

0

1

1

1 

645 

510 

420 

400 

345 

220 

190 

1 

2 

3 

4 

5 

6 

7 

HB-13 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1

0

1

1

0

1

1

1

1

0

1 

1

0

1

0

1

1

1

1

1

1

0 

1

1

1

1

0

0

1

1

1

1

0 

1

1

0

1

0

1

1

1

1

0

0 

1

0

0

1

0

1

1

1

1

1

0 

1

0

0

1

0

1

1

1

1

1

0 

1

0

0

1

0

1

1

1

1

0

0 

1

0

0

1

0

1

1

1

1

1

1 

1

0

0

1

0

1

1

1

1

1

1 

1200 

770 

750 

640 

560 

500 

400 

345 

280 

260 

225 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

HB-14 

1 

1 

1 

1 

1 

1 

1 

1 

1

1

1

1

1

1

1

1 

1

0

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

1

1

1 

1

1

1

1

1

0

1

1 

1

1

1

1

1

0

1

1 

1

1

1

1

1

0

1

1 

1

1

1

1

1

0

1

1 

1

1

1

1

1

0

1

1 

660 

625 

540 

460 

305 

265 

240 

220 

1 

2 

3 

4 

5 

6 

7 

8 

HB-15 

1, 2, 3=Females maternal line, 4, 5=Males maternal line, and 6, 7, 8=Females 

randombred line, and 9, 10=Males randombred line 
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Table (3): Number of amplified fragments markers of two quail lines maternal 

selected and randombred based on RAPD and ISSR-PCR analysis. 

Sex/Line  

RAPD primers 

O
P

A
-0

1
 

O
P

B
-0

1
 

O
P

B
-0

4
 

O
P

B
-0

7
 

O
P

B
-1

1
 

O
P

E
-1

9
 

T
o
ta

l 

1 ♀ maternal 
AF 7 4 10 7 7 8 43 

SM 0 0 0 0 0 0 0 

2 ♀ maternal 
AF 7 5 10 6 8 7 43 

SM 0 0 0 0 0 0 0 

3 ♀ maternal 
AF 4 4 7 7 7 8 37 

SM 0 0 1 1 0 0 2 

4 ♂ maternal 
AF 7 6 10 6 9 9 47 

SM 0 0 0 0 0 0 0 

5 ♂ maternal 
AF 6 6 10 7 7 7 43 

SM 1 0 0 0 1 0 2 

6 ♀ control 
AF 6 6 9 7 7 8 43 

SM 0 0 0 0 1 0 1 

7 ♀ control 
AF 6 6 9 7 8 7 43 

SM 0 0 0 0 0 0 0 

8 ♀ control 
AF 5 6 7 6 8 8 40 

SM 0 0 0 0 0 0 0 

9 ♂ control 
AF 5 6 5 6 9 7 38 

SM 0 0 1 0 0 0 1 

10 ♂ control 
AF 3 5 6 5 7 8 34 

SM 0 1 0 1 1 1 4 

PB 5 4 5 2 4 4 24 

TAF 56 54 83 64 77 77 411 

TSM 1 1 2 2 3 1 10 

MB 2 2 3 4 2 5 18 

AF=Amplified fragments, SM=Marker including either the presence or absence of 

a band in quail lines maternal selected and randombred, PB=Polymorphic bands, 

TAF=Total number of amplified fragments, TSM=Total number of specific 

markers across maternal selected and randombred lines and MB=Monomorphic 

bands. 
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Table (3): Cont. 

Sex/Line  

ISSR primers 

4
4
B

 H
B

-0
9

 

H
B

-1
0

 

H
B

-1
3

 

H
B

-1
4

 

H
B

-1
5

 

T
o
ta

l
 

1 ♀ maternal 
AF 5 8 6 5 8 7 39 

SM 0 0 0 0 0 0 0 

2 ♀ maternal 
AF 5 8 4 5 8 7 37 

SM 0 0 1 0 0 0 1 

3 ♀ maternal 
AF 6 8 6 4 6 7 37 

SM 0 0 0 0 0 0 0 

4 ♂ maternal 
AF 6 8 7 5 7 7 40 

SM 0 0 0 2 0 0 2 

5 ♂ maternal 
AF 6 8 7 5 7 7 40 

SM 0 0 0 0 0 0 0 

6 ♀ control 
AF 5 8 7 3 7 8 38 

SM 0 0 0 0 0 0 0 

7 ♀ control 
AF 3 7 7 4 8 8 37 

SM 0 0 0 0 1 0 1 

8 ♀ control 
AF 7 7 7 5 8 7 41 

SM 1 0 0 0 2 1 4 

9 ♂ control 
AF 6 6 6 4 8 8 38 

SM 0 1 0 0 0 0 1 

10 ♂ control 
AF 4 8 6 3 8 8 37 

SM 0 0 0 0 0 0 0 

PB 3 1 2 4 4 1 15 

TAF 53 76 63 43 75 74 384 

TSM 1 1 1 2 3 1 9 

MB 3 6 4 1 4 6 24 

AF=Amplified fragments, SM=Marker including either the presence or absence of 

a band in quail lines maternal selected and randombred, PB=Polymorphic bands, 

TAF=Total number of amplified fragments, TSM=Total number of specific 

markers across maternal selected and randombred lines and MB=Monomorphic 

bands. 
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Table (4): Total number of amplicons, monomorphic amplicons, polymorphic amplicons 

and percentage of polymorphisms as revealed by RAPD and ISSR markers 

among the maternal selected and randombred lines. 

M
a
rk

er
 

Primer 
Total number 

of amplicons 

Monomorph

ic amplicons 

Polymorphic 

amplicons 

% 

Polymorphism 

R
A

P
D

 

OPA-01 8 2 6 75.000 

OPB-01 7 2 5 71.428 

OPB-04 10 3 7 70.000 

OPB-07 8 4 4 50.000 

OPB-11 9 2 7 77.778 

OPE-19 10 5 5 50.000 

Total 52 18 34 65.385 

Average 8.667 3 5.667 65.386 

IS
S

R
 

44B 7 3 4 57.143 

HB-09 8 6 2 25.000 

HB-10 7 4 3 42.857 

HB-13 7 1 6 85.714 

HB-14 11 4 7 63.636 

HB-15 8 6 2 25.000 

Total 48 24 24 50.000 

Average 8 4 4 50.000 

 

 

 

 

 

Table (5): Similarity matrix for the 10 individuals of Japanese quail on the basis of RAPD-

PCR analysis. 

Items 1
 ♀

  

m
a
te

rn
a
l 

2
 ♀

  

m
a
te

rn
a
l 

3
 ♀

  

m
a
te

rn
a
l 

4
 ♂

  

m
a
te

rn
a
l 

5
 ♂

  

m
a
te

rn
a
l 

6
 ♀

  

co
n

tr
o
l 

7
 ♀

  

co
n

tr
o
l 

8
 ♀

  

co
n

tr
o
l 

9
 ♂

  

co
n

tr
o
l 

2 ♀ maternal 0.00         

3 ♀ maternal 0.26 0.26        

4 ♂ maternal 0.07 0.00 0.32       

5 ♂ maternal 0.38 0.30 0.58 0.28      

6 ♀ control 0.30 0.23 0.58 0.14 0.23     

7 ♀ control 0.23 0.44 0.58 0.14 0.15 0.00    

8 ♀ control 0.36 0.37 0.56 0.26 0.36 0.20 0.13   

9 ♂ control  0.45 0.82 0.76 0.35 0.37 0.37 0.37 0.18  

10 ♂ control 0.74 0.65 1.00 0.16 0.65 0.65 0.57 0.20 0.39 



Quail; Productive performance; RAPD analysis; ISSR analysis 

915 

 

Q
u

a
il; P

ro
d

u
ctiv

e p
erfo

rm
a
n

ce; R
A

P
D

 a
n

a
ly

sis; IS
S

R
 a

n
a
ly

sis. 

 

 

Table (6): Similarity matrix for the 10 individuals of Japanese quail on the basis of ISSR-

PCR analysis. 

Items 1
 ♀

  

m
a
te

rn
a
l 

2
 ♀

  

m
a
te

rn
a
l 

3
 ♀

  

m
a
te

rn
a
l 

4
 ♂

  

m
a
te

rn
a
l 

5
 ♂

  

m
a
te

rn
a
l 

6
 ♀

  

co
n

tr
o
l 

7
 ♀

  

co
n

tr
o
l 

8
 ♀

  

co
n

tr
o
l 

9
 ♂

 

 c
o
n

tr
o
l 

2 ♀ maternal 0.00         

3 ♀ maternal 0.32 0.34        

4 ♂ maternal 0.23 0.40 0.24       

5 ♂ maternal 0.07 0.24 0.08 0.00      

6 ♀ control 0.56 0.74 0.25 0.47 0.31     

7 ♀ control 0.80 1.00 0.83 0.87 0.71 0.41    

♀ control 0.76 0.94 0.18 0.67 0.52 0.85 0.78   

9 ♂ control 0.56 0.57 0.41 0.62 0.47 0.64 0.90 0.54  

10 ♂ control 0.32 0.34 0.34 0.56 0.40 0.57 0.67 0.78 0.41 

 

 

 

 

Table (7): Similarity matrix for the 10 individuals of Japanese quail on the basis of RAPD 

and ISSR-PCR analysis. 

Items 1
 ♀

  

m
a
te

rn
a
l 

2
 ♀

  

m
a
te

rn
a
l 

3
 ♀

  

m
a
te

rn
a
l 

4
 ♂

  

m
a
te

rn
a
l 

5
 ♂

  

m
a
te

rn
a
l 

6
 ♀

  

co
n

tr
o
l 

7
 ♀

  

co
n

tr
o
l 

8
 ♀

  

co
n

tr
o
l 

9
 ♂

  

co
n

tr
o
l 

2 ♀ maternal 0.00         

3 ♀ maternal 0.37 0.37        

4 ♂ maternal 0.15 0.16 0.38       

5 ♂ maternal 0.37 0.38 0.54 0.25      

6 ♀ control 0.51 0.59 0.63 0.32 0.34     

7 ♀ control 0.55 0.63 0.89 0.50 0.45 0.17    

8 ♀ control 0.65 0.81 0.92 0.53 0.54 0.55 0.45   

9 ♂ control 0.65 0.58 0.84 0.58 0.53 0.61 0.58 0.40  

10 ♂ control 0.78 0.87 1.00 0.79 0.74 0.75 0.72 0.53 0.52 
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Plate (1): RAPD profile of the maternal selected (S) and randombred control (C) 

Japanese quail lines amplified with 6 different RAPD primers. M=Ladder 

marker, 1, 2 and 3=Females S, 4 and 5=Males S, 6, 7 and 8=Females C and 

9 and 10=Males C. 
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Plate (2): ISSR profile of the maternal selected (S) and randombred control (C) 

Japanese quail lines amplified with 6 different ISSR primers. M=Ladder 

marker, 1, 2 and 3=Females S, 4 and 5=Males S, 6, 7 and 8=Females C and 

9 and 10=Males C.  
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♀ maternal 
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Rescaled Distance Cluster Combine 

 

        0         5        10        15        20        25 

    Num  +---------+---------+---------+---------+---------+ 

 

      2   ─┬─┐ 

      4   ─┘ ├───────────────────┐ 

      1   ───┘                   ├───────┐ 

      3   ───────────────────────┘       │ 

      6   ─┬───────────┐                 ├─────────────────┐ 

      7   ─┘           ├───────┐         │                 │ 

      8   ─────────────┘       ├─┐       │                 │ 

      5   ─────────────────────┘ ├───────┘                 │ 

      9   ───────────────────────┘                         │ 

     10   ─────────────────────────────────────────────────┘ 

 

Fig. (7): Dendrogram for the 10 individual quails constructed from the RAPDs data using UPGMA 

and similarity matrix computed according to Dice coefficient.  
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♀ maternal 

♀ maternal 
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Rescaled Distance Cluster Combine 

 

         0         5        10        15        20        25 

    Num  +---------+---------+---------+---------+---------+ 

 

      4   ─┬─────────┐ 

      5   ─┘         ├───────┐ 

      3   ───────────┘       ├───────┐ 

      1   ─┬─────────────────┘       ├───────┐ 

      2   ─┘                         │       ├─────────┐ 

     10   ───────────────────────────┘       │         ├───┐ 

      9   ───────────────────────────────────┘         │   │ 

      6   ─────────────────────────────┬───────────────┘   │ 

      7   ─────────────────────────────┘                   │ 

      8   ─────────────────────────────────────────────────┘ 

Fig. (8): Dendrogram for the 10 individual quails constructed from the ISSRs data using UPGMA 

and similarity matrix computed according to Dice coefficient. 
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      1   ─┬─────────┐ 
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     10   ───────────────────────────────────────┘ 

Fig. (9): Dendrogram for the 10 individual quails constructed from the RAPDs and  ISSRs data 

using UPGMA and similarity matrix computed according to Dice coefficient. 

 
 



Quail; Productive performance; RAPD analysis; ISSR analysis 

919 

 

Q
u

a
il; P

ro
d

u
ctiv

e p
erfo

rm
a
n

ce; R
A

P
D

 a
n

a
ly

sis; IS
S

R
 a

n
a
ly

sis. 

 

 

REFERENCES 

Adeogun, I.O. and Adeoye, A.A. (2004). 
Heritabilities and phenotypic 

correlations of growth performance 

traits in Japanese quails. Livestock 

Res. for Rural Develop., 16: (12). 

Akram, M.; Hussain, J.; Ahmad, S.; 

Mehmood, S.; Rehman, A.; Iqbal, 

A. and Usman, M. (2013). Study of 

body measurements and slaughter 

characteristics in Japanese quail as 

influenced by age. Sci. J. Zool., 3: 

23-26. 

Akram, M.; Hussain, J.; Ahmad, S.; 

Rehman, F.;  Lohani, A.;  Munir, 

A.; Amjad, R. and  Noshahi, H. 

(2014). Comparative study on 

production performance, egg 

geometry, quality and hatching 

traits in four close-bred stocks of 

Japanese quail. Agric. Adv., 3(1): 

13-18.  

Allendorf, F.W. and Luikart, G. (2007). 
Conservation and the genetics of 

popula- tions. Blackwell Publishing. 

Malden, Massachusetts. P. 642.  

Baylan, M.; Canogullari, S.; Sahin, A.; 

Copur, G. and Baylan, M. (2009). 
Effect of different selection 

methods for body wegiht on some 

genetic parameters. J. Anim. Vet. 

Adv., 8:1385-1391.  

Daikwo, S.I.; Momoh, O.M. and Dim, 

N.I. (2013). Heritability estimates 

of genetic and phenotypic 

correlations among some selected 

carcass traits of Japanese quail 

(Coturnix coturnix japonica) raised 

in a sub-humid climate. J. Bio., 

Agric. Health., 3(5).  

Dice, L.R. (1945). Measures of the amount 

of ecologic association between 

species. Eco., 26: 297-302. 

Frankham, R. (2003). Genetics and 

conservation biology. Comptes 

Rendus Bio., 326: S22-S29. 

Frankham, R.; Ballou, J.D. and Briscoe, 

D.A. (2002). Introduction to 

conservation genetics. Cambridge 

Univ. Press, New York. P. 617. 

Fulton, J.E. (2008). Molecular genetics in 

a modern poultry breeding 

organization. World’s Poult. Sci. J., 

64: 171-176.  

Ghanem, H.H.; Attia, Y.A.; El-Tahawy, 

W.S. and Nawar, A.N. (2012). 
Developing three-way cross of 

chickens for improving egg 

production traits. 1- Heterosis effect 

and analysis of DNA polymorphism 

using RAPD-PCR. Egypt. Poult. 

Sci., 32(IV): 833-849. 

Guobin, C.; Hong, C.; Xiangping, L.; 

Zhangping, Y.; Gouhong, C.; 

Wenming, Z.; Dejun, J.; Yan, X.; 

Feng, H. and Hussein, H. (2006). 
Study on genetic coadaptability of 

wild quail populations in China. Sci. 

in China: Series C Life Sci., 49: 

172-181. 

Hussain, J.; Akram, M.A.; Sahota, W.; 

Javed, Ahmad, H.A.;  Mehmood, 

S.; Ahmad, S.; Sulaman, R.; 

Rabbani, I. and Jatoi, A.S. (2013). 
Selection for higher three week 

body weight in Japanese quail: 1. 

Effect on growth performance. J. 

Anim. Plant Sci., 23(6): 1496-1500. 

Jatoi, A.S., Sahota, A.W.; Akram, M.; 

Javed, K.; Jaspal, M.H.; Hussain, 

J.; Mirani, A.H.  and Mehmood, 

S. (2013). Effect of different body 

weight categories on the productive. 

The J. Anim. & Plant Sci., 23(1): 7-

13. 

 



E. A. Eissa et al 

920 

 

E
. A

. E
issa

 et a
l 

 Q
u

a
il; P

ro
d

u
ctiv

e p
erfo

rm
a
n

ce; R
A

P
D

 a
n

a
ly

sis; IS
S

R
 a

n
a
ly

sis. 

 

Karabağ, K. and Balcioğlub, M.S. 

(2010). Genetic diversity among 

selected Japanese quail (Coturnix 

coturnix japonica) lines using 

RAPD markers. J. Appl. Anim. 

Res., 38(1): 149-152.  

Kayang, B.B.; Inoue-Murayama, M.; 

Hoshi, T.; Matsuo, K.; Takahashi, 

H.; Minezawa, M.; Mizutani, M. 

and Ito, S. (2002). Microsatellite 

loci in Japanese quail and cross-

species amplification in chicken and 

guinea fowl. Genet. Sel. Evol., 34: 

233-253.  

Kayang, B.B.; Vignal, A.; Inoue-

Murayama, M.; Miwa, M.; 

Monvoisin, J.L.; Ito, S. and 

Minvielle, F. (2004). A first-

generation microsatellite linkage 

map of the Japanese quail. Anim. 

Genet., 35: 195-200. 

Khaldari, M.A.; Pakdel, H.; Yegane, M.; 

Javaremi, A.N. and Berg, P. 

(2010). Response to selection and 

genetic parameters of body and 

carcass weights in Japanese quail 

selected for 4-week body weight. 

Poult. Sci., 89: 1834-1841. 

Kim, S.H.; Cheng, K.M.; Ritland, C.; 

Ritland, K. and Silversides, F.G. 

(2007). Inbreeding in Japanese quail 

estimated by pedigree and 

microsatellite analyses. J. Hered., 

98(4): 378-381. 

Kumar, K.G.; Kumar, S.; Ahlawat, 

S.P.S.; Kumar, P. and Kumar, S. 

(2000). Evaluation of genetic 

diversity in Japanese quail lines by 

RAPD-PCR. Indian J. Vet. Res., 9: 

38-47.  

Mahmoud, B.Y.F.; Farahat, G.S. and El-

Full, E.A. (2014). Genetic and 

phenotypic correlations of body 

weight and shank length with some 

egg production-related traits in two 

Japanese quail genotypes differing 

in plumage colour. Egypt. Poult. 

Sci. J., 34: 133-149. 

Mamizade, N.; Ahani, A.M.; 

Zerehdaran, S.; Khan, A.A.R. 

and Naghavian, S. (2013). 
Evaluation of genetic diversity in 

Japanese and English white quail 

populations using microsatellite 

markers. Poult. Sci. J., 1(1): 53-62. 

Mansour, A.; Teixeira da Silva, J.A. and 

El-Araby, E.E. (2010). Molecular 

markers associated with the 

development of new phenotypes of 

Japanese quail in Egypt. Dynamic 

Biochem. Process Biotech. Molec. 

Bio. Global Sci. Books, 4(1): 79-84. 

Minvielle, F. (1998). Genetic and breeding 

of Japanese quail for production 

around the world, 6th Asian Pacific 

poultry congress Nagoya, Japan. 

Minvielle, F.; Kayang, B.B.; Inoue-

Murayama, M.; Miwa, M.; 

Vignal, A.; Gourichon, D.; Neau, 

A.; Monvoisin, J.L. and Ito, S. 

(2005). Microsatellite mapping of 

QTL affecting growth, feed 

consumption, egg production, tonic 

immobility and body temperature of 

Japanese quail. BMC Genomics, 6: 

87.  

Miwa, M.; Inoue-Murayama, M.; 

Kobayashi, N.; Kayang, B.B.; 

Mizutani, M.; Takahashi, H. and 

Ito, S.I. (2006). Mapping of panda 

plumage color locus on the 

microsatellite linkage map of the 

Japanese quail. BMC Genetics, 

7(2): 1-5. 

Momoh, O.M.; Gambo, D. and Dim, N.I.  

(2014). Genetic parameters of 

growth, body and egg traits in 

Japanese quails reared in southern 

guinea savannah, Nigeria. J. Appl. 

Biosci. 79: 6947-6954. 



Quail; Productive performance; RAPD analysis; ISSR analysis 

921 

 

Q
u

a
il; P

ro
d

u
ctiv

e p
erfo

rm
a
n

ce; R
A

P
D

 a
n

a
ly

sis; IS
S

R
 a

n
a
ly

sis. 

 

Nath, D.N.; Sheriff, F.R.; Prabakaran, 

R. and Rajini, R.A. (2011). 
Response to short term index 

selection for economic traits in meat 

type Japanese quail. J. Ind. Vet. 

JIVA, 9: 10-14. 

Ojedapo, L.O. (2013). Age related 

changes on growth traits of Pharaoh 

quail (Coturnix coturnix Japonica) 

kept in cages and deep litter system 

in derived savanna area of Nigeria. 

Int. J. Agric. Biosci., 4: 149-152. 

Ojo, V.; Fayeye, T.R.; Ayorinde, K.L. 

and Olojede, H. (2014). 
Relationship between body weight 

and linear body measurements in 

Japanese quail (Coturnix coturnix 

japonica). J. Sci. Res., 6(1): 175-

183. 

Okenyi, N.; Ndofor-Foleng, H.M.; Ogbu, 

C.C. and Agu, C.I. (2013). Genetic 

parameters and consequences of 

selection for short-term egg 

production traits in Japanese quail 

in a tropical environment. Afr. J. 

Biotech., 12: 1357-1362. 

Okuda, E.U.; Orunmoyia, M.; 

Adeyinkaa, I.A.;  Ezeb, E.D.;  

Shoyomboa, A.J. and Louisc, U. 

(2014). Estimation of genetic 

parameters of egg production and 

reproductive traits in Japanese 

quails. Agric. Adv., 3(1): 19-27. 

Pasnin, O. and Ranghoo-Sanmukhiya, 

V.M. (2013). Molecular studies on 

the Creole cattle breed in Mauritius. 

Advan. In Biosci. And Biotech., 4: 

925-929.   

Pipalia, D.L.; Joshi, E.G.; Khanna, K.; 

Rank, D.N.; Thakkar, K.M.; 

Brahmkshtri, B.P. and Solanki, 

J.V. (2006). RAPD profiling of 

Bantam, White Leghorn and 

Bantamised White Leghorn birds. 

Ind. J. Poult. Sci., 41: 111-114.  

Punya, K.B.; Ramesh, G.B.; Gnana, 

P.M.; Rajasekhar, R.A. and 

Sudhakar, R.K. (2012). Estimation 

of genetic parameters and 

construction of multitrait selection 

indices in Japanese quails. Int. J. 

Poult. Sci., 47: 1-5. 

Sakunthaladevi, K.; Ramesh Gupta, 

B.;M. Gnana Prakash, B.; 

Qudratullahi, S. and Rajasekhar 

Reddy, A. (2011). Genetic analysis 

of production, reproduction and 

clutch traits in Japanese quails. 

Tamilnadu J. Vet.&Anim. Sci., 

7(3): 126-132. 

Shibusawa, M.; Minai, S.; Nishida-

Umehara, C.; Suzuki, T.; Mano, 

T.; Yamada, K.; Namikawa, T. 

and Matsuda, Y. (2001). A 

comparative cytogenetic study of 

chromosome homology between 

chicken and Japanese quail. 

Cytogenet. And Cell Genet., 95: 

103-109. 

SPSS (2008). Statistical package for social 

sciences, SPSS User guide for 

statistics, release 17.0, SPSS Inc., 

USA. 

Tadano, R.; Sekino, M.; Nishibori, M. 

and Tsudzuki, M. (2007). 
Microsatellite marker analysis for 

the genetic relationships among 

Japanese long-tailed chicken breeds. 

Poult. Sci., 86: 460-469. 

Tarhyela, R.; Henab, S. and Tanimomo, 

B. (2012). Effects of age on organ 

weight and carcass characteristics of 

Japanese quail (Coturnix Japonica). 

Sci. J. Agric., 1: 21-26. 

Tawefeuk, F.A. (2001). Studies in quails 

breeding using selection index for 

the improvement of growth and egg 

production in Japanese quail. Ph.D. 

Thesis, Fac. Agric., Tanta Univ., 

Egypt. 



E. A. Eissa et al 

922 

 

E
. A

. E
issa

 et a
l 

 Q
u

a
il; P

ro
d

u
ctiv

e p
erfo

rm
a
n

ce; R
A

P
D

 a
n

a
ly

sis; IS
S

R
 a

n
a
ly

sis. 

 

Varkoohi, S.; Babak, M.M.S.; Pakdel, 

A.A.; Javaremi, N.; Zaghari, M. 

and Kause, A. (2010). Response to 

selection for feed conversion ratio 

in Japanese quail. Poult. Sci., 72: 

1005-1011. 

Williams, J.G.K.; Kubelik, A.R.; Livak, 

K.J.; Rafalski, J.A. and Tingey, 

S.V. (1990). DNA polymorphisms 

amplified by arbitrary primers are 

useful as genetic markers. Nucl. 

Acids Res. 18: 6531-6535.  

 

 

 

 الملخص العربي

في الجيل  ياعشوائ ةومتزاوج ايمأ ةمنتخب وطخطل الجزيئي التوصيف الوراثيو الإنتاجي الأداء

 السمان الياباني من  السادس

 **وانصاف احمد الفل  **وجيهان شعبان فرحات  **محمودوبثينة يوسف   *عيسي احمد عيسي

 مصر -الفيوم  41536 -جامعة الفيوم  -كلية الزراعة  -قسم الوراثة *
 رمص -الفيوم  41536 -جامعة الفيوم  -كلية الزراعة  -قسم إنتاج الدواجن **

 

لدراسة العلاقات الوراثية ISSR  الو RAPD  التكنيك مع استخدام داء الإنتاجي الأتقييم  هذه الدراسة في تم

فى الجيل متزاوج عشوائيا وخط أمي منتخب خط  اهمو اليابانيمن السمان وداخل خطين  بيننتخاب المصاحبة للإ

يوم وكذلك وزن الجسم عند عمر النضج  153-عمر تم قياس وزن الجسم وطول قصبة الساق اسبوعيا من و.  السادس

 ووزن اتبيض 01وعدد الايام اللازمة لإنتاج أول  ول بيضةأووزن  الجنسي وتسجيل العمر عند وضع أول بيضة

خط /([ذكرينو اناث 5) طيور 3] يورط 01تم سحب عينات دم منفرده من و. بيضات 01أول  وكتلة 01البيضة رقم 

 بادئات 6 و RAPD عشوائية ادئاتب 6باستخدام  ستخدام تقنية تفاعل البلمرة المتسلسلإتم لاستخلاص ال د ن ا. و

ظهرت النتائج أ .الجنسين في بين وداخل الخطوطالتي مكنت من الحصول على بصمات وراثية مميزة  ISSR عشوائية

ول بيضة وغير أر عند وضع والعميوم  53عند عمر  وزن الجسم على بفروق معنوية في صفةأكان  المنتخبن الخط أ

عمار ولكن الفروق كانت غير في وزن الجسم عند كل الأ الذكورعلى من أ ناثالإكانت وعمار. معنوي عند باقي الأ

وغير  المنتخبلصالح الخط  يوم 53و 12و  10 عمارأكان للخط تأثير معنوي على طول قصبة الساق عند و معنوية.

طول قصبة الساق عند كل صفة  فيبفروق غير معنوية  الذكورعلى من أ ناثالإكانت وعمار. معنوي عند باقي الأ

صفات انتاج البيض في  متزاوج عشوائىخط اللبامقارنة  المنتخبتفوق الخط كما  .يوم 01عمار ماعدا عمر الأ

 160) يضاتب 01يام اللازمة لإنتاج أول وعدد الأ عند وضع أول بيضة (يوم 0663) قل في العمرأالمدروسة حيث كان 

 .بيضات بفروق غير معنوية 01وكتلة أول  01ووزن البيضة رقم  في وزن أول بيضةعلى أو بفروق معنوية يوم(

تباين  نسبةوالتى كانت ممثلة فى  521و  100عدد كلى من الحزم  ISSR الو RAPDظهر تحليل ال أ

على التوالى.  1و 3‚666دىء عشوائى لكل با وراثياكان متوسط عدد الحزم المتباينة و %31و  %63‚523 وراثى

. وقد بينت العلاقات  ISSRالو RAPD ال وتوليفة ISSR الو RAPDفى ال  0-1وتراوح التشابه الوراثى بين 

تشابه  نسبة علىأن أ ISSR ال و RAPD ال وتوليفة ISSR الو RAPDال  بناء على بياناتفراد الوراثية بين الأ

 نثىأ و المتزاوج عشوائيا من الخط نثىأ و ٬من الخط المنتخب نثىأتزاوج عشوائيا و من الخط الم ذكروراثى كان بين 

 نسبة قلأ نأظهرت أ كمامن الخط المنتخب على التوالى.  نثىأ من الخط المتزاوج عشوائيا و ذكر و ٬ من الخط المنتخب

من الخط الناتج  نثىأ و نثىأ نتخب ومن الخط الم نثىأ و ذكر ومن الخط المنتخب  نثىأ و نثىأتشابه وراثى كان بين 

 نثىأ من الخط المنتخب و نثىأ و ذكر من الخط المنتخب و ذكر و ٬من الخط المنتخب نثىأ و نثىأ بالتزاوج العشوائى و

من الخط الناتج  ذكرن أ RAPD ال على نتائج ىالمبنالتحليل العنقودى  رظهأومن الخط المنتخب على التوالى. 

ناتجة بالتزاوج  اناث و ةمنتخب ذكور وج العشوائى وناتج بالتزا ذكربالتزاوج العشوائى كان فى مجموعة واحدة بينما 

 ثىنأن أ ISSR ال على نتائج ىالمبنظهر التحليل العنقودى أومنتخبة قد تم فصلها فى مجموعة واحدة.  اناث والعشوائى 

 ذكور و اناث وناتجة بالتزاوج العشوائى  ذكور و اناثد تم عزلها فى مجموعة منفصلة بينما ناتجة بالتزاوج العشوائى ق

  ISSR الو  RAPDتوليفة ال على نتائج ىالمبنظهر التحليل العنقودى أومنتخبة قد تم عزلها وتجمعت فى عنقود واحد. 
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 ذكور و اناث ناتجة بالتزاوج العشوائى و اثان ناتجة بالتزاوج العشوائى قد تجمعت فى عنقود واحد و ثىنأو ذكورن أ

 لخط المنتخبل التابعة فرادلأا ه قد حدث تغيير فى مواقع بعضنأوعلى الرغم من منتخبة قد انفصلت فى عنقود واحد. 

ن ن الخطيأفى الخلفية الوراثية. و امتقاربها يظهر ممالقرابة المختلفة  شجارأوالخط الناتج بالتزاوج العشوائى فى  مياأ

 ا من خلال الانتخابجيال والخط المتزاوج عشوائيأربما يكونوا مشتركين فى بعض الجينات بين الخط المنتخب لستة 

 ISSRال و RAPD التقنيتى من  فقد نجحت كلذلك  الى بالإضافة .بداية من العشيرة القاعدية التي نشا منها الخطان

مما يدل على كفاءة هذه التقنيات فى التمييز بين  من السمان اليابانى. لعشرة تراكيب وراثية مميزةجزيئية  دلائلتحديد  فى

وبين ختلافات بين الخطين إالمتمثلة في وجود  تفقت مع نتائج الأداء الإنتاجيإوهذه النتائج  التراكيب الوراثية المتقاربة.

ستخدام طرق الوراثة إن ألدراسة توضح اكما  نتاج البيض المدروسة.إالجنسين في صفات النمو وبين الخطين في صفات 

و أنتخاب للتمييز بين خطوط السمان المختلفة فى برامج التربية تحت ظروف الإعالية  ذات كفاءةوسائل  تعتبرالجزيئية 

  ن تكون ذات فائدة كبيرة فى تحديد الطرز الوراثية وحفظ الاصول الوراثية.أالتزاوج العشوائى ويمكن 


