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The present study was done to determine the effects of selection, for twelve generations for increased 6-
week body weight, the body weight and carcass characteristics of Cairo B-2 line (CB-2) in comparison 
with the random breed control Line. Also 16 microsatellite markers, related to body weights and carcass 
part weights were investigated. The result indicated that the CB-2 line was significantly heavier 35.4% 
for males and 33.2% for females than the RBC line. The average number of alleles for these sixteen 
microsatellite loci for the CB-2 was 9.5 compared to 8.1 alleles for the RBC line. Heterozygosity values 
for the microsatellite loci were 0.726 and it ranged across loci from 0.620 to 0.820 for the CB-2 line. The 
average heterozygosity was 0.743 and it ranged between 0.625 and 0.815 for the RBC line. The 
polymorphism information content among these loci ranged between 0.555 to 0.833 with a general mean 
of 0.744 for Cairo B-2. It ranged from 0.555 to 0.845 with a general mean of 0.762 for the RBC line. The 
correlation coefficients between the allelic numbers for the studied alleles and 6-week LBW, carcass, 
breast meat and other investigated traits were generally significant (P≤0.05) and positive. It was thus 
suggested to use these microsatellite markers, in future CB-2 line selection program. This may improve 
the response to selection. 
Keywords: Cairo B-2, Microsatellite Markers, Heterozygosity, Polymorphic Information Content, Broiler Breeders, Body 
Weight. 

 
INTRODUCTION 

Local chicken are very important in Egypt. 
They produce meat and eggs, especially in the 
villages. Improving their economical traits such as 
body weight, carcasses weight, breast meat 
weight and leg meat yield would result in 
improved productivity. Also recognizing and 
developing these local genetic resources should 
be the main research focuses in poultry genomics 
research (Bahmanimeher, 2012). Thus to improve 
these genetics resources in local Egyptian 
chickens it was done through selection and 
crossing. This traditional phenotypic selection has 
made statistical significantly improvement in 
chickens growth and meat production (Deeb and 

Lamont, 2002). Selection for increased BW is 
negative correlated response with the age at 
sexual maturity, fertility, and egg production 
(Siegel and Dunnington, 1985). The intensive 
selection of CB-2 line for 8th generations for high 6 
WKs BW significantly improve live body weight 
(average =1217g) compared to males from the 
RBC line (average=798g).  Also, improve body 
weight (average = 1009 g) compared to females 
from the RBC line (average=670 g).  CB-2 body 
weight at 6 weeks of age was significantly higher 
(34.4% for males and 33.5% for females) RBC 
line. This was due to the selection that has been 
done for nine generations (Ramadan et al., 
2014a). Several studies founded relationship 
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among molecular markers and quantitative trait 
loci of economic value (Yonash et al., 2001). Use 
of molecular marker in animal breeding improves 
performance especially at broiler (Hardiman, 
2010). The chicken genome have over than eight 
hundreds microsatellite loci that allow scanning for 
loci related to quantitative trait (Groenen et al., 
2000). Also useing the microsatellites markers  
has become a standard technique for evaluation 
and mapping of chickens genome  (Gholizadeh 
and Mianji, 2007). The objectives of the present 
study were to determine the effects of selection 
for twelfth generations for increasing 6-week body 
weight on the body weight and carcass 
characteristics of CB-2 line  in comparison with 
the random breed control Line. Also using modern 
biotechnologies method like SSR markers in 
chicken breeding programs. This will remit in 
faster and more accurate results than the 
traditional phenotypic selection alone. In addition, 
SSR analysis will be applied to find out specific 
markers to meat production traits. These markers 
will help us to recognize loci influencing meat 
production in local chickens. These methods will 
help us also to produce CB-2 line on a 
commercial scale. 
 
MATERIALS AND METHODS 

The present study was carried out at the 
Poultry Experiment Station, Department of Animal 
Production, and the Molecular Biology Laboratory 
of the Genetic Engineering Research Center, 
Faculty of Agriculture, Cairo University, Giza, 
Egypt and Animal Production Biotechnology Lab, 
Central Laboratory Network, National Research 
Centre. 

1.Experimental populations and management.  
Cairo B-2 female broiler line males and 

females, from the eleventh selected generation, 

were mated to produce the twelve generation 

(G12). Also, males and females from the eleventh 

generation of the RBC line were mated to produce 

the RBC chicks. All chicks of the Cairo B-2 and 

RBC lines were produced by artificial 

insemination. Both lines were kept in individual 

breeding cages. About two thousand Cairo B-2 

and one thousand RBC pedigreed chicks were 

wing banded and sexed at hatch, using the vent 

method. All chicks were reared intermingled, 10 

birds/m2, in an open house, deep litter system.  

2. Rations.  
The source of the broiler feed was a 

commercial company (Cairo Poultry Co.). During 
the first 14 days of age, all chicks were fed a 
commercial starter broiler ration (23 % crude 
protein and 3050 kcal ME/kg). From 15 days to 27 
days of age, they were fed a commercial broiler 
grower ration (21 % crude protein and 3150 kcal 
ME/kg). From 28 days to the end of the 
experiment (42 days of age) they were fed a 
commercial broiler finisher ration (19 % crude 
protein and 3250 kcal ME/kg). Both feed and 
water were provided ad libitum. 

3. Lighting program.  
All chicks were exposed to continuous light for 

the first 3 days then they were exposed to 23 
hours of light daily. 

4. Vaccination program.  
All chicks were vaccinated against Newcastle 

disease virus at 6, 19 and 28 days of age using 
clone 30 strain by the drinking water method. 
They were vaccinated against infection bursal 
disease (Gumboro disease) at 14 days of age. 
Drinking water method was used as a rout of 
vaccine administration. They were also vaccinated 
against infection avian influenza disease at 7 days 
of age using H5N1 vaccine, injected under the 
skin in the back of the neck. 

5. Economic traits studied. a. Body weight.  
All birds were weighed individually, to the nearest 
gram, at hatch then again at 2, 4 and 6 weeks of 
age. Birds were fasted for 8 hours before 
weighting. 

b. Slaughter performance.  
In this study, live body weights (LBW), for all 

birds, at hatch,14, 28 and 42 days of age were 
obtained individually by using a digital scale. 
Slaughter traits were obtained at 6 weeks of age. 
Fifteen males and 15 females, from each of the 
Cairo B-2 and the RBC lines, were chosen at 
random. Birds were weighted (LBW) and 
slaughtered after 8 hours of fasting (Papa, 1991). 
Birds were slaughtered by slitting the throat, 
cutting the carotid arteries, jugular veins, 
esophagus and trachea without severing the head 
(Sams, 2001). After slaughtering each bird was 
hanged in a bleeding funnel for 3 minutes and 
weighted again to obtain the blood weight. Birds 
were then scalded in a 68OC water bath for 30 
seconds, and then the feathers were removed by 
an automatic circular feather plucker. The birds 
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were then weighted again to get the feathers 
weight. The shanks and head, without neck, were 
then removed and the birds where eviscerated 
and chilled. Each empty chilled carcass was 
weighted to obtain the dressed weight. Dressing 
percentages were expressed as the percentage of 
dressed weight to LBW. The wings, with bones 
until the end of the humeres, were then removed 
from the front parts and weighted. Also, the 
skinless pictoralis major and minor muscles were 
removed to obtain breast muscles weight. The 
bones from the thighs and drumsticks were 
removed then the skinless leg muscles were 
weighted as leg meat. The liver, heart and gizzard 
(empty) and abdominal fat were weight. All 
previous muscles and organs were also 
calculated as percentages of carcass weight and 
of LBW. 

6- Blood sample and DNA isolation.  
Individual genomic DNA was isolated from 

venous blood collected in coagulate buffer from 
15 males and 15 females from each line 
according to the manufactures structures of 
Promega kits. A PCR was carried out with 50 ng 
genomic DNA individually from 60 individuals from 
the two lines (30 males and 30 females) to 
determine polymorphism. 

7- Microsatellites. 
Sixteen Microsatellites (MS) were chosen 

from a total of 21 MS that are related to chicken 
LBW and carcass parts and internal organs 
according to the public chicken genome database 
(http://www.ncbi.nlm.nih.gov/genbank/).The 

sequences of the MS used in this study are 
presented in (Table 1). The reaction mixture (20 
µl) contained 50 ng DNA, 200 µM dNTPs, 1 µM 
from each primer, 0.5 unit of Red Hot Taq 
polymerase (AB-gene House-UK) and 10X Taq 
polymerase buffer (AB-gene House-UK). The 
PCR conditions were as follows: 94°C for 5 min, 
followed by 35 cycles of 94°C for 30 s, 56°C for 30 
s, 72°C for 1 min, and a final extension at 72°C for 
5 min. The PCR products were electrophoresed at 
100 V on a 2.5 % Agrose gel and visualized by 
staining with ethidum bromide. 

8- Genotyping.  
Genotype of every animal was determined. 

Genotyping involved the recording of the 
homozygous or heterozygous state of the animal, 
as well as the size of the respective alleles. The 
size of the allele was estimated by comparing with 
standard ladder DNA marker. Ultimately, the 
frequencies of different alleles were estimated in 
different breed groups following gene-numbering 
method by Nei index genetic diversity. Also 
Convert version 1.3.1 (Glaubitz, 2004) were used 
to prepare input files for all other genetic software 
packages that were used. POPGENE 3.2 
software package (Yeh et al., 1999) was used to 
calculate heterozygosity (H), CERVUS 3.0 
software was used to estimate polymorphic 
information content (PIC). Pair-wise alleles 
sharing were calculated manually from the row 
results. Sysat 7.0  software was used to draw the 
dendrogram presentations. 

Table 1. Microsatellite primer codes and sequences and their distribution in chicken 
chromosomes. 

Marker Ch. Forward (5` − 3`) Reverse(   3`  -- 5 `) 

MCW0064 8 TCTCAGCACTACAAAATACACG CTTCAAGAGCCATAGGTGGTCT 

ROS0095 28 AGCTGCTTTGAAGGAGAAACC CCCTCCCTCTGTGCTCTG 

ADL0240 12 CGTCCCGTCCTGANTGTTTG ACCTGGGAGATTGGATTCAA 

LEI0120 15 TTAGAATGAAAAGGCTGTTCC CGTAACACATGCAACTCAATG 

ADL0292 5 AAATGGCCTAAGGATGAGGA CCAAATCAGGCAAAACTTCT 

LEI0079 1 TCATTATCCTTGTGTGAAACTG AGGCTCCTGAATGAATGCATC 

LEI0082 5 CCTTAGCTGGCTCAGTGGATG TATCCATACAGTACCCTCCTG 

ADL0273 Z TGGTAGATGCTGAGAGGTGT GCCATACATGACAATAGAGG 

ADL0158 10 TAGGTGCTGCACTGGAAATC TGGCATGGTTGAGGAATACA 

MCW0300 27 TGTGCACATTTCTCTGCTGAC CAGAGAAACGTGCATGTGGAC 

MCW0217 18 CTGCACTTGGTTCAGGTTCTG GATCTTTCTGGAACAGATTTC 

ADL0188 1 GTGGACACAATGAGTTCCTC CACTTCCAGTATTAACGTGA 

MCW0055 Z GTTTGCATTGTCTACAGCTCCTG TTTGTAGTTACCTGGTACTGA 

MCW0193 5 ATTACGTCTGCACCAGTACAG TATTCAATAGAGTTACGCTGTC 

LEI0106 5 GTCAGCATGACAGCAGCTGAG AAACCTTCAAATGGTTAAAATGC 

ADL0372 12 GGCGCCGTTCAAGGAAGCAC CGCCCCCGTTTACTGATTTG 
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9. Statistical analysis.  
Data were analyzed as a two-way analysis of 

variance using the SAS software, general linear 
model (SAS Institute, 2008). The main effects 
were line and sex. Traits analyzed were: LBW at 
hatch, 14 days, 28 days and 42 days, carcass, 
breast meat, leg meat, liver, gizzard, heart, fat 
pad, wings with bones weights, shank and keel 
length. The following model was used: 

Yijk= μ + Li + Sj + LSij + eijk 
Where: 

Yijk: The kth observation of the jth sex within the 
ith line. 

μ: The overall mean. 
Li: The effect of the ith line. 

Sj: The effect of the jth sex 
LSij: The interaction between the ith line and 

the jth sex 
Eijk: Random error. 
All data are reported as least square means 

(LSM)±standard errors (SE). Mean values were 
separated, when significance existed, using 
Duncan's multiple range test (Duncan, 1955). 
Significance level was set at 5%.  
 
RESULTS AND DISCUSSION 

Least Square Means and standard errors of 
the main traits are summarized in (Table 2) and 
(Figs 1&2).  

 

 
 

Figure 1.  Least Square Means and SE of LBW and carcass parts weights (g) of 6-week old 
Cairo B-2 and RBC lines. 

a...d.Means, within trait, with different letters, differ significantly (p ≤ 0.05) form each other. N=15 per sex 
within line. 

 
Figure 2. Least Square Means and SE of wing with bones, abdominal fat, liver, heart, gizzard, and 

giblets, of 6-week old Cairo B-2 and RBC lines. 
a...d. means, within trait, with different letters, differ significantly (p ≤ 0.05). N=15 per sex within line 
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Table 2. LSM and SE of LBW, carcass parts and internal organs weights (g) of 6-week old CB-2and RBC lines. 

 
*S.O.V.source of variation, ** a...d. Means within trait, followed by different superscripts, differ significantly (Duncan, 1955). 

S.O.V* LBW Carcass Breast meat Leg meat 
Wings 

with bones 

 
Abdominal 

fat 
liver heart Gizzard giblet Keel shank 

Strain             

Cairo B-2 1128.19a** 765.17a 163.99a 173.80a 87.80a 22.02a 21.66a 6.10a 19.80a 47.15a 10.20a 8.29a 

RBC 740.01b 450.01b 76.25 b 96.02b 67.30b 12.87b 17.02 b 5.43b 15.76b 38.70b 8.50b 7.33b 

SE 20.40 10.30 2.90 2.70 0.84 0.42 0.28 0.18 0.34 0.73 0.16 0.13 

Sex             

Male 1038.40a 672.10a 134.60a 153.63a 82.10a 18.20a 20.50a 6.20a 19.00a 46.20a 9.60a 8.19a 

Female 855.20b 543.80b 105.62b 122.60b 73.10b 16.70b 18.10b 5.30b 16.50b 39.60b 9..10b 7.43b 

SE 20.40 10.30 2.41 2.72 0.84 0.84 0.42 0.28 0.18 0.34 0.73 0.16 

Strain*Sex             

CB-2♂ 1237.10a 838.60a 182.30a 194.01a 93.60a 23.11a 23.70a 5.55a 20.88a 52.12a 10.11a 8.22a 

CB-2♀ 1019.33b 691.70b 145.60b 152.85b 82.60b 21.22a 19.22b 5.11b 18.22b 42.22b 9.22b 7.11a 

RBC ♂ 799.50c 505.60c 88.80c 103.11c 70.55c 13.01c 17.32c 5.80b 15.89c 40.23c 8.20b 7.20b 

RBC ♀ 680.17d 304.40d 65.60d 88.12d 64.11d 12.11c 16.44c 5.22c 14.20d 37.25d 8.11c 7.10b 

SE 29.11 14.55 4.10 3.90 1.22 0.62 0.40 0.30 0.51 1.11 0.21 0.22 

Probability             

Strain <0.0001 <0.0001 <0.0011 <0.0004 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0001 0.0001 0.0001 

Sex <0.0001 0.0001 0.0001 0.0001 0.0001 0.0125 <0.0001 0.006 0.0001 0.0001 0.0001 0.0001 

Strain*Sex <0.0001 0.0001 0.0001 <0.0004 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0001 0.0001 0.0001 
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The twelfth generation 6-week live body 
weights of the CB-2 individuals were heavier than 
these of the RBC line. Live body weight of CB-2 
line, which has been subjected to intensive 
selection for eleventh generations, was compared 
with the RBC line at the age of six weeks. The 
results demonstrated that, the CB-2 line males 
had higher live body weight compared to males 
from the RBC line. Also the same observed in the 
CB-2 compared with the RBC line females. Body 
weight of CB-2 line at 6 wks of age was 
statistically significant higher   than the RBC line 
(35.4% and 33.2% for males and females, 
respectively). This was due to the selection that 
had been imposed for eleven generations. Our 
results agree with (Segura-Correa et al., 2004). 
They reported that enhansing body weights of 
native chickens using selection are a slow and 
time-consuming. Therefore, using crossbreeding 
methods are best option to get lines with a higher 
average growth that is acclimatized to native 
environmental condition. Also Nassar et al. (2012) 
and Ramadan et al. (2014a) reported similar 
results that indicate a marked superiority in the 
characteristics of body weight, carcass parts and 
internal organs in the males and females of the 
selected line compared to the control line. Our 
results, from the slaughter trial, domnstrated that 
CB-2 line had statistically significant higher 
carcass, breast meat, leg meat, and wings with 
bones weights than the RBC line at 6 weeks of 
age (Table 2 and Figs. 1&2). Males, of both lines, 
had statistically significant higher carcass, breast 
meat, leg meat, and wings with bones weights 
compared to the females. Also results indicate 
that CB-2 line had statistically significant higher 
liver, heart, gizzard, giblet and abdominal fat 
weights than the RBC line at 6 weeks of age. 
Additionally that the keel and shank lengths of the 
CB-2 line were statistically significant longer than 
those of the RBC line. This significant difference 
between the CB-2 line and the RBC line was due 
to selecting the Cairo B -2 line. The founding 
results are in agreement with the results 
determined previous by (Schmidt et al., 2009 and 
Nassar et al., 2012).  

Sixteen Microsatellites (MS) that had been 
reported to be associated with LBW and carcass 
traits, internal organs, egg production, and egg 
number were used in the current study. All the 
markers used give in the production of scrabble 
bands. A total of 566 allies for the 16 MS were 
find out in the 12th generation of CB-2 and the 
RBC lines. The molecular weights of these alleles 
ranged from 77 to 724 bp. Numerous allele bands 

vary in their alleles frequency between CB-2 and 
the RBC lines. The CB-2 had more number of 
alleles than the RBC line. This results were 
related to better body weights of the CB-2 line at 
six WKs of age. Our results also indicate that CB-
2 line had higher mean number of alleles, for 
these 16 MS that were used in this study than the 
RBC line for the microsatellite markers (Table 3). 
The mean number of alleles for the CB-2 line 
males were 9.8, while there were 8.3 alleles for 
the RBC line males (Table 3). The higher number 
of alleles for the CB-2 line point out that selection 
for increase body weight at six weeks of age was 
associated with high number of alleles for the 
using microsatellite markers. The previous finding, 
was related to microsatellites are in agreement 
with (Ramadan et al. (2014a). They demonstrated 
that the CB-2 line had more number of alleles 
than what occurred in the RBC line for several 
loci. Improving broiler production can be done by 
using specific microsatellite marker tools. Also, 
these tools can be applied in the future CB-2 
breeding programs. The relationship between MS 
markers were observed with bode weight at 6 
week of age, carcass characteristics, internal 
organs weights,  and also egg weights and egg 
number in both the CB-2 and the RBC lines 
(Table 6). In the present study the simple 
sequence repeats (SSR) for loci; MCW0064, 
LEI0120, ADL0240, ADL0273 andADL0372 had a 
higher number of alleles in males and females of 
CairoB-2 than males and females of the RBC line 
(Table 3). Also, these were similar number of 
alleles in males in both CB-2 and RBC lines in 
microsatellite loci ROS0095, ADL0292, 
MCW0217, MCW0055 and MCW0193.A similar 
trend was observed in which microsatellite loci 
LEI0079, LEI0082, MCW0217, ADL0288, 
MCW0193 and LEI0106 the females in both CB-2 
and RBC lines have the same number of allelic 
frequencies (Table 3).  The selected males have 
higher allelic number for the microsatellite marker 
LEI0082, LEI0079, ADL0158, ADL0188 and 
LEI0106 than the males of RBC line.  A similar 
trend was observed in the females with 
microsatellite markers ROS0095 and ADL0292 
which the selected female have higher number of 
alleles than the female of the RBC line (Table3). 
Similar trends were reported by Nassar et al., 
2012 and Ramadan et al., 2014b they mentioned 
that the CB-2 have a higher allelic number than 
the RBC line. Also El-Gendy and Helal. (2014) 
reported that a selected male line had a higher 
number of alleles than that of the control line.
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Table 3. Total number of alleles for the microsatellite loci of the CB-2 and RBC lines. 

Females Males Chromosome 
number 

Markers 
RBC Cairo B-2 RBC Cairo B-2 

7 9 7 8 8 MCW0064 

12 15 15 15 28 ROS0095 

5 7 9 14 12 ADL0240 

5 10 6 7 15 LEI0120 

5 7 5 5 5 ADL0292 

10 10 9 11 1 LEI0079 

10 10 10 12 5 LEI0082 

8 12 5 7 Z ADL0273 

10 10 7 11 10 ADL0158 

9 7 7 9 27 MCW0300 

10 10 10 10 18 MCW0217 

10 10 9 10 1 ADL0188 

8 9 10 10 Z MCW0055 

5 5 10 10 5 MCW0193 

6 6 6 7 5 LEI0106 

9 10 8 11 12 ADL0372 

8.0625 9.1875 8.3125 9.8125  Average 

 
The average allelic number in    their selected 

line CE1 was 5.72 compared to 2.35 alleles in the 
control line. They reported a similar trend in their 
CE3 (5.98) and CE4 (2.57) lines. Data in Table (4) 
presents the phenotypic correlations between 
microsatellite marker allelic numbers and carcass 
characteristics at 6-weeks of age. The MS marker 
MCW0064 is assumed to be associated with body 
weight, breast and leg meat weight and spleen 
weight (Zhou et al., 2006). In present study, no 
statistically   significant correlations were found 
between the numbers of alleles for that MS 
(MCW0064) and any of the studied traits except 
wing with bone weight and abdominal fat weight 
(Table 4). Therefore it was advise not to use this 
marker in our next broiler breeding progarams. 
The correlations coefficient between the numbers 
of alleles for the microsatellite loci ROS0095, 
ADL0240, LEI0079, LEI0082, ADL0158, 
ADL0372, with  all studied  traits,  measured as 
combined sex, in both lines, were all significant 
(P≤0.05) and positive. However negative 
correlations were observed between the allelic 
numbers for the markers ADL0188, MCW0055 
and most investigated traits were significant 
(P≤0.05). The phenotypic correlations between 
the number of alleles of the investigated markers 
traits reflect the efficiency of using some of these 
markers as selection criteria for improving body 
weight at 6 weeks of age. Uemoto et al., (2009), 

Nassar et al. (2012) and Ramadan et al., (2014b) 
studies indicated that the correlation coefficients 
between the microsatellites markers and body 
weight and other carcass characteristics were 
positive and significant in almost all their studied 
traits.  

Phylogenetic analysis. 
Phylogenetic trees measure the genetic 

distance by using construct dendrograms. It 
epitomize associations among population, breeds, 
strains and lines into various genetic categorys 
(Avis, 1994). Phylogenetic trees are graphical 
representation of nodes (taxonomic units) and 
branches (pathways connecting nodes). The 
nodes are the breeds and the branch lengths 
between breeds are graphical estimates of the 
genetic distance among the populations and give 
anindication of the genetic associations among 
the populations. 

Cluster analysis that was used to obtain the 
phylogenetic trees point out the examined 
populations formative of two main groups. The 
first group have the selected line and the second 
group the control line for both the male and 
female lines (Figs 4&5). Sub-clusters show that 
further differentiation may be due to individual 
difference in each population. 

 
 

http://ps.fass.org/search?author1=H.+Zhou&sortspec=date&submit=Submit
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Table 4. Correlations coefficients between the number alleles of the different loci and performance traits studied at 6 WKs of age for the 
CB-2 and RBC lines. 
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MCW0064 0.08 0.20 0.18 0.11 0.27* 0.30* 0.06 0.13 0.16 0.002 0.13 0.21 

ROS0095 0.57* 0.67* 0.58* 0.60* 0.73* 0.64* 0.45* 0.30* 0.50* 0.42* 0.43* 0.47* 

ADL0240 0.44* 0.44* 0.40* 0.42* 0.44* 0.41* 0.36* 0.30* 0.29* 0.36* 0.30* 0.29* 

LEI0120 0.02 0.27* 0.17 0.12 0.40* 0.43* 0.13 -0.04 0.11 -0.13* 0.05 0.15 

ADL0292 0.01 0.22* 0.16 0.08 0.32* 0.28* -0.08 0.04 0.14 -0.07 -0.09 0.08 

LEI0079 0.58* 0.54* 0.52* 0.60* 0.36* 0.40* 0.69* 0.74* 0.64* 0.74* 0.44* 0.44* 

LEI0082 0.59* 0.47* 0.45* 0.53* 0.35* 0.29* 0.67* 0.65* 0.49* 0.66* 0.40* 0.31* 

ADL0273 0.21* 0.37* 0.28* 0.25* 0.36* 0.43* 0.12 0.35* 0.46* 0.21* 0.16 0.28* 

ADL0158 0.47* 0.46* 0.53* 0.47* 0.41* 0.36* 0.47* 0.26* 0.41* 0.41* 0.56* 0.35* 

MCW0300 0.36* 0.34* 0.40* 0.35* 0.46* 0.29* 0.27* 0.26* 0.36* 0.27* 0.25* 0.04 

MCW0217 0.15 0.18 0.17 0.17 0.23* 0.22* 0.02 0.07 0.04 0.04 -0.04 0.04 

ADL0188 - 0.30* -0.25* -0.23* -0.26* -0.17 -0.01 -0.37* -0.41* -0.24* -0.39* -0.09 -0.09 

MCW0055 -0.34* 0.27* -0.18 -0.31* -0.04 -0.15 -0.43* -0.41* -0.30* -0.43* 0.39* -0.53* 

MCW0193 0.28* 0.31* 0.38* 0.30* 0.28* 0.24* 0.25* 0.34* 0.36* 0.29* 0.19 0.13 

LEI0106 -0.13 -0.16 -0.10 -0.12 -0.20* -0.18 -0.11 -0.02 -0.01 -0.012 -0.18 -0.11 

ADL0372 0.51* 0.44* 0.46* 0.47* 0.43* 0.52* 0.42* 0.40* 0.46* 0.43* 0.43* 0.45* 
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Figure 3. Dendrogram of 5 groups of Cairo B-2 and RBC line males  produced by Sysat 7.0 

clustering based on Nei’s genetic distance using 16 microsatellite loci 
 

 
Figure 4. Dendrogram of 5 groups of Cairo B-2 and RBC line females produced by Sysat 

7.0 clustering based on Nei’s genetic distance using 16 microsatellite loci. 
 

The genetic distance between CB-2 and RBC 
line males indicated that the smallest and largest 
genetic distance were 0.295 and 1.220 
respectively. Evaluating the genetic variability and 
genetic distances between females of CB-2 and 
females of RBC lines indicated that genetic 
distance were ranged from 0.199 to 1.613. The 
difference between CB-2 and RBC lines may be 
due to the genetic improvements for twelve 
generation in the CB-2 line. Similarly, Halima et 
al., (2007) determined the genetic variability in 
147 local Ethiopian chickens from seven 
populations. They founded the genetic distance 
were ranged from 0.073 to 1.3.  Vanhala et 
al., (1998) estimated the genetic distances and 
genetic variability among eight chicken strains 
using microsatellites markers. They founded that 
the genetic distances were ranged from 0.117 to 
1.17. A similar trend was observed by Seo et al., 
(2017) was reported that the genetic distances of 
five chicken strains were ranged from 0.131 (HH 
and NC) to 0.545 (RIR and LH). The results 
reported by these researches, and also our 

results, recommended evidence of the 
applicability of microsatellite loci to estimating the 
genetic associations among various chicken 
populations and estimating their genetic variation.    

Heterozygosity and polymorphism information 
content. 

Parmar et al., (2007) reported estimate the 
heterozygosity and PIC are appropriate 
parameters for study genetic variability. 
Polymorphism information content is a perfect 
indicator of genetic variability estimation (Parmar 
et al., 2007). Also, Vanhala et al., (1998) reported 
that the Polymorphism information content value 
of >0.5 denote a highly polymorphism, a value of 
<0.25 denote a low polymorphism, and a value 
between 0.25 and 0.50 is denote of a moderate 
polymorphism at specific loci. Data presented in 
Table 5 showed that the mean heterozygosity was 
0.726 and it ranged across loci from 0.620 to 
0.820 for the Cairo B-2.  
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Table 5. The estimated allelic number, heterozygosity, polymorphic information contents at 
various e loci in CB-2 and RBC chicken lines. 

 
The mean heterozygosity (H) was 0.743 and it 

ranged between 0.625 and 0.815 for the RBC 
lines. The polymorphism information content 
among studied loci ranged between 0.555 to 
0.833 with a general mean of 0.744 for CB-2 and 
it ranged between 0.555 to 0.845 with a general 
mean of 0.762 for the RBC line. Similar result 
were observed by Sami et al., (2013) who 
indicated that the observed heterozygosity (Ho) 
was 0.568 and it ranged across loci from 0.125 to 
0.900, while the expected heterozygosity (He) 
was 0.697 and it ranged between 0.611 and 
0.843.The polymorphism information content 
values varied among loci and they ranged 
between 0.519 for locus GUJ0063 and 0.806 for 
locus GUJ0087 with overall mean of 0.637. Also 
Das et al., (2015) reported that the determined 
polymorphism information content ranged from 
0.3648 (MCW0059) to 0.7819 (ADL0267) in a 
selected strain of Rhode Island Red chickens and 
from 0.2392 (MCW0059) to 0.8620 (ADL0136) in 
a control strain of Rhode Island Red chickens. 
They studied that most of the loci were highly 
informative (PIC>0.50) in both lines, except for 
five loci in selected strain of Rhode Island Red 
chickens and six loci in a control strain of Rhode 
Island Red chickens. Heterozygosity per locus 
ranged from 0.4800 (MCW0059) to 0.8056 
(ADL0267) in selected strain of Rhode Island Red 
chickens and from 0.2778 (MCW0059) to 0.875 
(ADL0136) in a control strain of Rhode Island Red 
chickens. In the current study, the average 
expected heterozygosity was higher than the 
average observed heterozygosity which indicates  

 
that the population was not in Hardy-Weinberg 
equilibrium but was under the influence of some 
external forces. Selection is one of the most 
probable reasons. Since, the studied population 
was small in size, and continuously being selected 
for high 6 weeks body weight with no full or half 
sibs mating, so this might have been the reason 
for disequilibrium Hardy-Weinberg . These results 
are in agreement with the results reported by 
Rahim et al. (2017) for long-term selection for 40-
week part-period egg production. They reported 
Hardy-Weinberg disequilibrium at the studied 
microsatellite loci. There by suggesting a probable 
association between these microsatellite loci and 
layer economic traits in RIR chickens. This might 
also be useful in marker assisted selection for egg 
production in the future.  

Sixteen Microsatellites (MS) were used in this 
study. These markers are related to body weight, 
carcass parts weight, internal organs weights, egg 
weight, egg number, keel and shank length (Table 
6) . To identify quantitative trait loci associated 
with these traits in both the CB-2 and the RBC 
lines. The differences between two lines due to 
the selection were being done in the CB-2 line.  In 
this study, the CB-2 had more alleles number than 
the RBC line in some microsttalit loci. Similarity 
the CB-2 is heavier than the RBC line for both 
males and females. These differences between 
the two lines may be due to the genetic 
improvement. Also the molecular study reported 
this hypothesis. Wecan use some of these 
markers in our selection program and the marker 
assisted selection in the next generation.  

Microsatellites 
Alleles / locus Heterozygosity PIC 

CairoB-2 RBC CairoB-2 RBC CairoB-2 RBC 

MCW0064 8.5 7 0.765 0.760 0.802 0.845 

ROS0095 15 13.5 0.805 0.800 0.770 0.680 

ADL0240 10.5 7 0.820 0.730 0.833 0.757 

LEI0120 8.5 5.5 0.625 0.655 0.703 0.790 

ADL0292 6 5 0.620 0.725 0.765 0.821 

LEI0079 10.5 9.5 0.750 0.770 0.555 0.757 

LEI0082 11 10 0.780 0.750 0.603 0.555 

ADL0273 9.5 6.5 0.780 0.815 0.776 0.827 

ADL0158 10.5 8.5 0.670 0.740 0.730 0.739 

MCW0300 8 8 0.750 0.720 0.814 0.795 

MCW0217 10 10 0.770 0.805 0.703 0.730 

ADL0188 10 9.5 0.620 0.785 0.703 0.784 

MCW0055 9.5 9 0.740 0.690 0.795 0.827 

MCW0193 7.5 7.5 0.620 0.625 0.555 0.703 

LEI0106 6.5 6 0.760 0.785 0.833 0.777 

ADL0372 10.5 8.5 0.750 0.725 0.777 0.808 

Mea ± SD 9.5±2.10 8.1±2.10 0.727±0.07 0.743±0.05 0.730±0.07 0.762±0.09 

https://www.ncbi.nlm.nih.gov/pubmed/20708745
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Table (6). Microsttalite markers , the traits that they affected and the chromosome where they are  located . 
 

NO. Marker Traits Ch. Referances 

1 MCW0064 Body  Weight, Breast and leg meat weight, spleen weight 8 Zhou et al., 2006. 

2 ROS0095 Abdominal  fat weight, carcass weight 28 Ikeobi et al 2002 and Ikeobi et al., 2004. 

3 ADL0240 Drumstick weight and Leg bowing 12 Zhou et al., 2006 and Sharman et al., 2007. 

4 LEI0120 
Growth (1 week until 7 weeks),  Body Weight, Abdominal  
fat weight, carcass weight, spleen weight 

15 Carlborg et al., 2003, Zhou et al., 2006 and At zmon et al., 2007. 

5 ADL0292 
Shank length, Feed conversion ratio , marek‘s disease 
related traits. 

5 De Koning et al., 2004, Heifetz et al., 2009. 

6 LEI0079 
carcass weight, Body  Weight (21, 42 days)  and spleen 
weight 

1 Liu et al., 2007,  Carlborg et al., 2004 and Zhou et al., 2006 

7 LEI0082 
Body  Weight, carcass weight, Drumstick weight, Waite 
meat weight, weight of the front  half of the carcass, egg 
weight 

5 
McELroy et al., 2006,   Ikeobi et al., 2004, Kerje et al., 2003  
and Sasaki et al., 2004. 

8 ADL0273 Body  Weight, Number of egg. Z Kerje et al., 2003 and Tuiskula–Haavisto et al., 2002. 

9 ADL0158 
Body  Weight, Liver weight, Abdominal fat weight, Body  
Weight(ascites conditions) , Heart weight, spleen weight. 

10 Zhou et al., 2006. 

10 MCW0300 Body weight (1 day), body weight (41 days), shank length . 27 Ambo et al., 2009 and schreiweis et al., 2005. 

11 MCW0217 
Body weight (1 day), body weight (35days), Abdominal fat 
weight and spleen weight. 

18 Ambo et al., 2009 , Jennen et al ., 2004 and Zhou et al., 2006. 

12 ADL0188 
Breast color, Tibia marrow diameter, Body weight, Breast 
and leg meat weight, Abdominal fat weight, shank length. 

1 
Nadaf et al., 2007, Sharman et al., 2007, Ikeobi et al., 2004,  
Ikeobi et al., 2002, Tsudzuki et al., 2007 and Sewalem et al., 2002. 

13 MCW0055 
Body weight, Abdominal fat weight, spleen weight, Liver and 
Brest Muscle weights 

Z Kerj et al ., 2003 and Zhou et al., 2006. 

14 MCW0193 Body weight, Abdominal fat weight, Brest Muscle weight. 5 McELroy et al., 2006, At zmon et al., 2007. 

15 LEI0106 Body weight, Liver weight , Growth (21-42 days )  Zhou et al., 2006, Navarro  et al., 2005 and Carlborg et al., 2004. 
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Several studies indicated the relationships 
between these markers and   body weight, 
carcass parts weight, internal organs weight, egg 
weight, egg number, keel and shank length (Table 
6). 

CONCLUSION 
The correlation coefficients between the allelic 

numbers for the studied alleles and 6-week LBW, 
carcass, breast meat and other investigated traits 
were generally significant (P≤ 0.05) and positive. 
It was thus suggested to use these microsatellite 
markers, in future CB-2 line selection program. 
This may improve the response to selection. 
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