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Abstract  

etermining the genetic polymorphism is essential for evaluating the outcomes of breeding 

programs. Thus, the current study aimed at comparing two methods to measure the genetic 

polymorphism of the cairo-mix broiler hybrid, this was done by using 100 genomic DNA samples.  

The microsatellite marker method and the start codons targeted (SCoT) marker techniques were used. 

The results showed that 14 microsatellite loci detected 34 alleles with an average of 2.43 alleles per 

microsatellite. While ten SCoT loci detected 66 alleles with an average of 6.6 alleles per primer. The 

effective number of alleles for the microsatellite markers ranged from 1.47 to 2.77 (mcw0217 and 

adl0266), whereas for SCoT markers, it ranged from 2.38 to 5.55 (SCoT-18 and SCoT-1). Moreover, 

among the SCoT markers, SCoT-01, SCoT-10, SCoT-40, SCoT-44, and SCoT-50, primers were 

found to be the most informative and discriminative. The averages of shannon's information index 

were 0.82 and 1.64 for the microsatellite and SCoT markers, respectively. The mean values of 

observed heterozygosity were 0.77 and 1.00 for the microsatellite and SCoT markers, respectively. In 

conclusion, the high genetic diversity of the cairo-mix hybrid indicates that promising results may be 

expected in future breeding programs. The SCoT markers as a simple and informative technique 

could be a potent method for studying genetic variation in poultry. 
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Introduction    

Selection and breeding programs for chickens using 

Asian native breeds began in the mid-nineteenth 

century [1]. Poultry breeding efforts support the 

commercial breeds to dominate the sector of chicken 

production leaving the local chicken breeds to be 

endangered [2]. However, local chicken breeds 

significantly contribute to the economy of several 

countries, especially developing countries [3]. In 

Egypt, the meat production value of indigenous 

poultry was 1775.8 million dollars, while that of 

commercial chickens were 2240.3 million dollars 

(FASTAT 2016). Indigenous chicken strains, in the 

subtropics, are usually adapted to high environmental 

temperatures, limited access to water, and require 

minimal farming input [4-6]. However, these 

indigenous strains perform poorly due to less genetic 

improvement, and the selection for production traits 

would improve herd averages for the traits of 

interests (FAO 2016). There are four native Egyptian 

chicken breeds and sixteen synthetic local strains, 

with very little genetic information known about 

them [7]. Markers are used to identify intra- and/or 

inter-population differences. When compared to 

morphological markers, molecular markers provide 

possibilities for measuring genetic diversity among 

populations at the DNA level. The use of genetic 

markers is significant in many contexts, including 

gene flow, association mapping, evolutionary 

history, and genetic diversity [8].  Microsatellites are 

highly polymorphic co-dominant multi-allelic 

markers; thus, they are used as excellent markers to 

determine genetic diversity within and between 

populations, estimating gene flow, crossover rates, 

linkage mapping and evolutionary studies [9, 10]. 

Start Codon Targeted (SCoT) polymorphisms are 

new repeatable markers based on a short-conserved 

area in plant genes surrounding the ATG translate 

start codon [11, 12]. The SCoT polymorphisms [12] 

are dominant and reproducible markers that use a 

single 18-mer primer in polymerase chain reaction 

(PCR) experiments and a high annealing temperature 
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(50°C). SCoT markers are beneficial in studying 

genetic diversity due to their high repeatability and 

high power for polymorphism detection [13]. 

SCoT markers have been successfully employed 

to analyze genetic diversity and structure, identify 

cultivars, and for quantitative trait loci (QTL) 

mapping and DNA fingerprinting in wheat, mullet 

and rice [14-16]. SCoT markers technique is easy 

and applicable. It has been used extensively in plant 

genetics studies [12].  In camel breeds, 16 SCoT 

markers were used to determine the genetic diversity 

of four Egyptian camel breeds [11]. However, 

utilizing the SCoT markers in chicken diversity 

studies is not well established. Therefore, this study 

may be the first to utilize the SCoT marker technique 

was used to determine the chicken genetic 

polymorphism in Egypt. This SCoT marker 

technique and the microsatellite marker technique 

were used to compare both efficiencies in identifying 

the genetic diversity and polymorphism in a novel 

meat-type chicken, the Cairo-Mix hybrid. 

Material and Methods                                                  

Ethics statement  

The present study has been conducted in 

accordance with the guidelines of the Ethics 

Committee of Cairo University Protocol number CU-

11-F34-20. 

Birds and management 

The Cairo-Mix broiler hybrid used in this study 

was produced through a crossbreeding program that 

involved the Giza male line with the Cairo female 

line. The Giza male line was developed by crossing a 

commercial grandparent male line strain males with 

females of a synthetic local Bandara strain 

(developed by crossing the Cornish pure breed males 

with the synthetic Gemeza local strain). The Gemeza 

strain was developed by crossing the synthetic 

Dokki-4 local strain males with the White Plymouth 

Rook pure breed females. The Dokki-4 local strain 

was developed by crossing the Fayoumi native 

Egyptian breed with the Barred Plymouth Rock pure 

breed females. The Cairo female line was developed 

by crossing a commercial grandparent's female line 

strain males with the White Baladi females, a native 

Egyptian breed. The breeding program, over 15 

generations, involved individual selection for 

attaining a higher 6-week body weight. Also, 

selection for higher egg production until 42 weeks of 

age using the independent culling level selection 

method for the Cairo line.  

Since we crossed these 4 chicken breeds (or 

strains) to get our parental lines, then our final 4-way 

cross should carry approximately 25% of the genetic 

makeup of each of the original strains or breeds. 

Thus, the Cairo – mix hybrid broilers would have the 

following genetic makeup:  

25% Baladi White, native Egyptian breed, 

12.5% Cornish, purebreed 

6.25% White Plymouth Rock, purebreed  

3.25% Barred Rock, purebreed 

3.25% Fayoumi, native Egyptian breed 

25% Commercial male line strain 

25% Commercial female line strain 

 

Individual phenotypic selection for higher 6-week 

body weight and wider breast width at the same age 

was practiced over five generations. The Cairo-Mix 

broilers used in this study were produced by crossing 

these two parental lines through artificial 

insemination. Cairo-Mix is a novel Egyptian local 

broiler hybrid. The average body weight of chicks is 

1.34 kg at day 56 of age, with a feed conversion ratio 

of 2.13. Its dressing percentage is around 65%. White 

color plumage is dominant (95%) as well as, single 

comb shape (93%). About 99% of the birds have red 

earlobes, whereas the rest have white earlobes. Most 

of the birds (93%) have yellow shanks, while the rest 

have white shanks. The skin color of the carcass is 

white (Fig. 1). 

 

 
 
Fig.1. Cairo-Mix broiler hybrid 

 

For this study, 300 wing-banded day-old Cairo-

Mix chicks were used and reared in a deep litter floor 

brooder. They were fed on a commercial broiler 

starter diet (23% protein and 3200 Kcal/Kg ME‎/ Kg 

diet‎) for the first two weeks of age and a commercial 

broiler finisher diet (21% protein and 3200 Kcal 

Me/Kg diet) from three to eight weeks of age. The 

birds had access to ad libitum feed and water. 

Blood sample and DNA isolation 

One hundred blood samples were collected from 

chickens in an anti-coagulate buffer [17] from 50 

males and 50 females, and stored at 5°C until DNA 

extraction. Individual genomic DNA were isolated 

from blood using Genomic DNA Mini kits, 

microcentrifuge spin-column format (Invitrogen™ 

K182001, USA) to obtain a pure extracted DNA. A 

NanoDrop® ND-1000 UV-Vis was used to 

determine DNA concentration. Spectrophotometer 

procedure was used to examine the purity of DNA. 

Microsatellite markers (MS) statistics        

Fourteen, of the original twenty, based on a pilot 

study, microsatellite DNA markers (Table 1) were 

used (Thermo Fisher Scientific ). PCR reactions were 

performed in a final volume of 50 μl reaction 

mixture, composed of 3μl DNA (40 ng/μl), 45μl of 
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PCR SuperMix 1.1x concentration (Invitrogen, 

USA), 1.5μl of each primer (10 pmol/μl). The 

amplification conditions, on a Genemate B960 

gradient thermal cycling platform, were as follows: 

initial denaturation step at 94°C for 3 mins, 30 cycles 

of amplification (45s of denaturation at 94°C, 60s of 

annealing at 55°C, 56°C or 60°C based on the 

optimal annealing temperature for the used primer, 

60s of extension at 72°C). This was followed by a 

final extension at 72°C for 12 min. PCR products 

were electrophoresed on 1.5% agarose gel containing 

0.5 % ethidium bromide then viewed under UV light 

and documented using the Uvp-BioDoc system the 

molecular sizes of the PCR-products were 

determined using a standard ladder DNA marker 

(100bp). 

Start codon targeted (SCoT) analysis.  

In the current study, 10 SCoT primers were used. 

The start codon targeted were brought from Thermo 

Fisher Scientific [12] (Table 2). Each 20-μl 

amplification reaction mix included 1 μl (100 ng) of 

template DNA, 10 μl of Master Mix (Bioline, GmbH, 

Germany), 1 μl of 25 pmol primers, and distilled 

sterilized water. Amplification was carried out in a 

programmed Biometra thermal cycler (version 

1.12tp, 2004) using the following protocol: 94°C for 

3 min; 35 cycles of 94°C for 1 min, 50°C for 1 min, 

and 72°C for 1 min; and a final extension at 72°C for 

5 min. The resulting amplification products were 

analyzed by electrophoresis in 1.5% agarose gel in 

TAE buffer, stained with ethidium bromide, and 

photographed under UV light. The sequence of the 

tested primers is provided in Table 2.  

The Gel Doc 2000 Bio-Rad system was used for 

SCoT gel image scanning, and Software v 4.0.1 

(BioRad Laboratories, Hercules, Co., USA) was 

utilized for band scoring and cluster analysis. 

Genotyping statistical analysis  

The size of the alleles was estimated through 

comparison with a standard ladder DNA marker.  

Each allele size was estimated according to its 

repeated number for each microsatellite marker. The 

frequencies of different alleles were estimated 

following the gene-counting method by Nei index 

genetic diversity. The input files for all genetic 

software were prepared using Convert version 1.3.1 

[18]. POPGENE 3.2 software package [19] was used 

to calculate heterozygosity (H). The polymorphism 

information content (PIC) was calculated according 

to [20] using CERVUS version 3 software [21].    

 

Results    

Alleles numbers (Na) and Effective allele number 

(Ne) 

The highest observed number of alleles (Na), 

presented in Table (3), was 4 alleles at locus 

ADL0266, followed by 3 alleles at 4 loci: ADL0158, 

LEI0082, ROS0095, and LEI0112. The mean 

number of alleles observed over the 14 microsatellite 

loci for the Cairo-Mix cross is an indication of high 

allele frequency, which could have been influenced 

by the genetic improvement of the parents of this 

cross.  

 The total effective number of alleles was 28.68 

with a mean of 2.05 alleles per loci. Locus ADL0266 

showed the highest effective number of alleles 

2.77(Table 3). A higher mean effective number of 

alleles suggests that the original genes were 

preserved more effectively. The mean effective 

number of alleles (Ne) in this study confirms the 

usefulness of locus ADL0266 over other loci used. 

As expected, the effective number of alleles was 

lower than the observed number of alleles over all 14 

microsatellite markers. comparisons with other 

studies revealed differences that may plausibly 

attributable to sample size, markerstaype, and/or 

populations variation.  

The total number of observed alleles (Na) 

generated by the ten-start codon targeted (SCoT) 

primers, as presented in Table (4), was 66 with an 

average of 6.6 amplicons per primer. The lowest 

number of amplicons (3) was generated by SCoT-18, 

while the highest number of amplicons (12) was 

generated by SCoT-10. The highest effective number 

of alleles was 5.55 alleles at SCoT-1, while the 

lowest observed number of alleles was 2.38 at SCoT-

18. The total number of effective alleles observed by 

the ten SCoT primers was 41.53 with an average of 

4.15 amplicons per primer.  

Shannon's Information index (I) and the Polymorphic 

information content (PIC) 

Shannon's Information Index (I) ranged from 0.50 

at locus MCW0217, to 1.83 at locus ADL0158 with 

an average of 0.82. Polymorphic information content 

(PIC) is one of the most critical indications of genetic 

marker quality. The PIC for co-dominant markers 

ranges from 0 (monomorphic) to 1 (polymorphic), as 

reported by Smith et al. (1997). So, PIC values are 

divided into three classes: PIC> 0.5 = highly 

informative, 0.25< PIC< 0.5 = moderate, and PIC < 

0.25 = low. The Polymorphic information content 

(PIC) for this study ranged from 0.38 at loci 

ADL0188, LEI0094, LEI0120, ADL0292, LEI0079, 

and MCW0064 to 0.69 at locus MCW0217 with an 

average 0.49 (Table 3).  

The Shannon's information index ranged from 

0.94 at SCoT-18 to 2.90 aSCoT-10. The total score 

was 16.44 with a mean of 1.64. The total number of 

polymorphic information content was 7.59 with an 

average of 0.76 per SCoT primer (Table 4). The 

Polymorphic information content ranged from 0.38 at 

SCoT-18 to 0.93 at SCoT-10. Allele size ranged 

from 136 to 1716 (bp). Start codon targeted PIC has 

traditionally been used to assess the informative 

capacity of SCoT markers in various germplasm and 

produced cultivars. 
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Observed heterozygosity (Ho) and Expected 

heterozygosity (He) 

 In Cairo-Mix and with the indicated 14 MS, the 

observed heterozygosity values were often greater 

than the expected (anticipated) heterozygosity 

values. The mean value of observed heterozygosity 

was 0.77, while, the mean value of the expected 

heterozygosity was 0.49. The greatest observed 

heterozygosity value was 1.00 at eight loci, 

ADL0158, ADL0188, ADL0240, LEI0082, 

ADL0266, ADL0292, LEI0079, and LEI0112. 

However, the maximum expected heterozygosity 

value was 0.64 at three loci, LEI0082, ROS0095, and 

ADL0266. Out of the 14 microsatellite loci, studied, 

two loci (LEI0120 and MCW0217) had zero 

observed heterozygosity, indicating that no 

individual was heterozygote at these loci.  

The observed heterozygosity values were 

generally higher than the expected heterozygosity 

values in the Cairo-Mix for all ten SCoT primers. 

The mean value of observed heterozygosity was 1.00 

while the mean value for expected heterozygosity 

was 0.78. The higher values of observed 

heterozygosity for all the 10 SCoT primers, are due 

to the existence of real hybridization in all of these 

DNA fragments of this local broiler cross, Cairo-

Mix. 

Average heterozygosity (Ave - Het) 

The results presented in Table 3 show that the 

average heterozygosity ranged from 0.16 at locus 

MCW0217 to 0.64 at locus ADL0240 and that the 

mean of the average heterozygosity across markers 

was 0.48. Our study demonstrated also that five of 

the fourteen MS markers (ADL0158, LEI0082, 

ROS0095, ADL0266, and LEI0112) were highly 

informative and discriminative, and would be 

appropriate for the analysis of the Cairo-Mix cross. 

Cluster analysis 

The phylogenies, by neighbor-joining, procedure 

categorized various primers into specific clusters and 

branches based on the proportion of variance 

explained by microsatellites, and start codon markers 

(SCoT). Dendrogram cluster analysis (Fig2) 

indicated that all microsatellites aggregated in one 

group (except MC0217 and LEI10120 

microsatellites), including SCoT-18 and SCoT-55. In 

these groups, both LEI0094 and MCW0064 markers 

were identified and separated into further groups far 

from the others by 0.0325 points. In this cluster, 

ADL0188, ADL0292, and LEI0079 microsatellite 

polymorphisms are the same (zero distance). SCoT-

18 is the nearest primer to them, while SCoT-55 was 

the nearest to the ADL0266 marker, (the highest 

polymorphic microsatellite marker), with a small 

distance (0.1255) between them. The SCoT-04, 

SCoT-21, and SCoT-58 primers scored higher 

polymorphism, aggregated in a separate cluster, and 

far by 0.0325 points to the microsatellite’s groups. In 

a separate group, SCoT-01, SCoT-40, SCoT-44, 

SCoT-50, and SCoT-10 primers are the most 

discriminative and informative of all markers. SCoT-

10 primer is the most polymorphic, and informative, 

and it is separated in a unique cluster. Finally, the 

least informative markers, LEI0120, and MCW0217 

microsatellites aggregated far away from all markers 

alone in a separate cluster ‎(Fig 2). ‎   

Dendrogram using the nearest neighbor 

hierarchical cluster method, revealed. The genetic 

relationships and similarities among microsatellites 

and start codon targeted markers (SCoT) in detecting 

genetic polymorphism in a novel meat-type hybrid, 

Cairo-Mix. The number at the node indicates the 

average distance of a cluster.. 

Discussion 

The highest observed number of alleles (Na) was 

4 alleles at locus ADL0266. The mean number of 

alleles over 14 microsatellite loci indicated high 

allele frequency, possibly influenced by genetic 

improvement. Comparison with other studies, 

variations in allele numbers, likely due to 

methodological differences, sample size, and genetic 

background. Ramadan et al. [22] reported that 

Simple Sequence Repeats (SSR) for loci MCW0064, 

LEI0120, ADL0240, ADL0273, and ADL0372 had a 

larger number of alleles in the Cairo line than in the 

control line. Microsatellites technique play an 

important role in genetic diversity for being stable, 

simple, clear, and high specificity [23]. The number 

of observed alleles was less than what was found (16 

- 23) by [24] and differed compared to (4 - 14) as 

reported by [25] in the Local Turkish Denizli 

Chicken and (6 – 11) as reported by [26] in Nigerian 

indigenous chicken.  However, the average allele 

numbers obtained in this study are somewhat lower 

than these estimates findings (6. 35) of Yacouba et 

al. [27] using local chicken ecotypes from Burkina 

Faso. Further, our estimate of the mean number of 

alleles was higher than those reported in Kenya 

(1.96) [28].   

The total effective number of alleles was 28.68 

with a mean of 2.05 alleles per loci. Locus ADL0266 

showed the highest effective number of alleles 

(2.77). A higher mean effective number of alleles 

suggests better preservation of original genes. 

Comparisons with other studies revealed differences 

that may be plausibly attributed to sample size, 

marker types, and/or population variation. The 

effective allele numbers are a guide for genetic 

diversity and mutation flow [23]. When the mean 

effective number of alleles is higher, it suggests that 

the population can preserve is original genes and 

prevent the emergence of new variations, even under 

the influence of genetic drift and artificial selection. 

Similar results were previously reported [29, 30]. 

Furthermore, the mean Ne found in this study (2.05) 

was much lower than those reported by Olowofeso et 

al. [26] in Nigerian indigenous chicken (4.45) and 

Ohwojakpor et al. [31] in  chicken populations in 
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Nigeria's South-South area (6.16). Our estimation 

was similar to that found in Burkina Faso (2.3) and 

[27]. The observed differences between the observed 

allelic number and the effective allelic number could 

be attributable to sample size, the number or type of 

markers used, and/or the differences between the 

examined populations [32]. However, the results 

were similar to those of many other researchers who 

documented breed and strain differences in body 

weight as well as differences in the number of alleles 

[22].  

Ten Start Codon Targeted (SCoT) primers 

generated a total of 66 observed alleles with an 

average of 6.6 amplicons per primer. Effective alleles 

were discussed in relation to inbreeding and genetic 

diversity. Allele size range and the evolution of 

genetic diversity were discussed. Based on the data 

analysis results, the moderate PIC values for marker 

primers might be attributable to the evolution of 

genetic diversity [33]. 

Results showed that Shannon's Information Index 

ranged from 0.50 to 1.83, with an average of 0.82. 

The polymorphic Information Content values ranged 

from 0.38 to 0.69, with an average of 0.49. In Quail, 

Elkhaiat et al. [34] studied the variation between 

brown and white quail and their reciprocal cross 

using microsatellites. Shannon's Information Index 

ranged from 0.38 to 1.21. These indices provide 

insights into the informativeness and utility of 

markers for linkage analysis Comparisons with other 

poultry breeds' PIC values. It assesses the 

informativeness and utility of markers for linkage 

analysis [35, 36]. The PIC for co-dominant markers 

ranges from 0 (monomorphic) to 1 (polymorphic), as 

reported by [33]. Thus, PIC values are divided into 

three classes: PIC> 0.5 = highly informative, 0.25< 

PIC< 0.5 = moderate, and PIC < 0.25 = low. Several 

studies have estimated the Polymorphic Information 

Content (PIC) of different poultry breeds, including 

an Italian breed (0.54) [37], an Egyptian breed (0.61) 

[38], a southern Xinjiang chicken breed (0.79) [39], 

and a Swedish breed (0.56) using 24 MS [40].  

In our study, Shannon's Information Index of ten 

SCoT markers ranged from 0.94 to 2.90, with a mean 

of 1.64. PIC values ranged from 0.38 to 0.93, 

indicating a moderate to high informative. Al-Soudy 

et al., [11] studied the genetic diversity amongst four 

Egyptian camel breeds using 18 SSRs and 16 SCoT 

markers. Shannon's Information Index in their study, 

ranged from 1.78 to 1,88. 

Observed heterozygosity values were generally 

higher than expected, indicating a high level of 

heterosis. Some loci showed zero observed 

heterozygosity, possibly due to specific genetic 

characteristics. Comparisons with other studies and 

the Hardy-Weinberg equilibrium (HWE) were 

discussed. The higher mean observed heterozygosity 

than expected may suggest deviation from HWE.  

The heterozygosity is a significant display of the 

chicken population’s genetic diversity. The study of 

Das et al. [41] indicated that out of 24 microsatellite 

loci, four loci CW0014, MCW0049, MCW0059, 

MCW0071) across the lines studied and one locus 

(MCW0041) of the control line demonstrated 

observed zero heterozygosity (Ho). In the present 

study, two loci (LEI0120 and MCW0217) 

demonstrated observed zero Ho,  two loci (LEI0094 

and MCW0064) demonstrated Ho>0.5. Most of the 

loci (ADL0273, ADL0240, LEI0082, ADL0158, 

ADL0188, ROS0095, ADL0266, ADL0292, 

LEI0079 and LEI0112) demonstrated Ho > 0.75. As 

most of the loci demonstrated higher Ho probably 

due to the existence of a large number of 

heterozygous alleles indicating a high level of 

heterosis. Sahu et al. [42] demonstrated that 

ADL0273 have significant effects on some economic 

traits in chicken. 

The present estimates were similar to the 

estimates reported for MCW0005, MCW0014, and 

MCW0016 in Rhode Island Red (RIR) chickens [43].  

Findings of  Das et al. [41]  that  ranged from 0.5053 

(MCW0059) to 0.8421 (MCW0004) in the selected 

RIR line. Also, the estimated means of the (Ho) and 

(He) in the Cairo-Mix are similar to those reported 

by [44, 45]. The differences, observed in different 

studies, might be due to their different genetic base, 

loci studied and chicken breeds /lines /strains. Also, 

most of the Swedish chicken breeds, with relatively 

lower effective population sizes, had lower observed 

homozygosity than expected [46].  

In contrast with the finding of  Das et al. [41] the 

Ho mean  observed was more than the He means 

indicating that this population is not within the 

Hardy-Weinberg equilibrium (HWE). Lower 

observed heterozygosity, than expected, indicates a 

higher rate of inbreeding [40]. The absence of 

homozygosity may be caused by the presence of 

heterozygous alleles at the same locus [47]. Keeping 

breeds in tiny groups and small isolated flocks causes 

heterozygosity loss over several generations [48]. 

Observed heterozygosity values were generally 

higher than expected, indicating real hybridization in 

the Cairo-Mix.Comparisons with heterozygosity 

values in other breeds were provided. In the Kinda 

and Hedem breeds, the average observed 

heterozygosity ranged from 0.39 to 0.73. A lack of 

heterozygosity within a breed is caused by the 

existence of homozygous alleles at the same locus 

[47]. Keeping breeds in small populations will cause 

more observed homozygosity than expected. This is 

a sign of genetically related individuals mating, 

genetic drift, and non-random mating [46]. Al-Soudy 

et al [11] using the SCOT marker in the Egyptian 

Camel breed, A data binary matrix was created using 

the banding profiles that the SCoT markers had 

produced, taking into account whether the bands 

were present (1) or absent (0). Al-Soudy et al. [11] 

showed that the bulked genomic DNA for the four 
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breeds of camels as well as the banding profile 

produced by 12 of the 16 SCoT primers. As can be 

seen, 153 amplicons in all, with an average of 9.56 

bands per primer, were produced. Seventy-five of the 

153 bands were polymorphism, resulting in a 

polymorphism rate of 49%. Across the four Egyptian 

camel breeds, the number of polymorphic amplicons 

ranged from zero (SCoT-08) to twelve (SCoT-15), 

with an average of 4.6 bands per primer. The 

polymorphism percentage with the highest value was 

found in the SCoT-15 marker (92.3%). The SCoT-08 

marker, on the other hand, showed (0%) polymorphic 

amplicons. 

Average heterozygosity ranged from 0.16 to 

0.64.Five markers were highlighted as highly 

informative and discriminative for the Cairo-Mix 

cross. Comparisons with other studies on genetic 

diversity in chicken populations were provided. 

Heterozygosity levels represent genetic variation 

within races [49]. When the breed is under the 

Hardy-Weinberg equilibrium, the genetic diversity is 

comparable to the estimated homozygosity. Zanetti et 

al. [37] used 20 microsatellite markers on Italian 

native chickens and found that the mean observed 

and anticipated heterozygosity were 0.35 and 0.33, 

respectively. In addition, Cendron et al. [50]  

discovered that Italian native chickens exhibit limited 

genetic diversity in comparison to commercial 

stocks. 

Cluster analysis is an example approach that is 

designed to assign random data into groups (clusters) 

to identify common patterns and improve 

understanding [51]. A cluster can be defined as a 

group of markers closely together, which is 

expressing similar results. Clustering the 

polymorphic genetic results revealed that variation 

and diversity resulted from primers: SCoT-01, SCoT-

40, SCoT-44, SCoT-50, and SCoT-10 primers are 

highly indicated to study polymorphisms in the 

future breeding improvement plans. 

Conclusion   

The high genetic diversity of the Cairo-Mix 

hybrid indicates that promising results should be 

expected in future breeding programs. The selection 

for production traits would improve herd averages 

for the traits of interest.  The SCoT markers as a 

simple and informative technique could be a potent 

method for studying genetic variation in poultry. 
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TABLE 1. Microsatellite markers (ID), their distribution on chicken chromosomes, sequences, annealing temperature 

and traits associated with the indicated genetic loci.  

Marker 
C

h 

Forward (5` − 3`)  

Reverse (3` -- 5) 

AT 

°C 
Traits associated with the genetic loci References 

MCW0064 8 CTTCAAGAGCCATAGGTGGT 
TCTCAGCACTACAAAATACACAG 

55 Body weight 28, 42, 56-day, Abdominal 

fat weight, Drumstick weight, Breast 

and leg meat weight, spleen %. 
[52] 

ROS0095 28 CCCTCCCTCTGTGCTCTG 

AGCTGCTTTGAAGGAGAAACC 
55 Body weight (day of first egg), Skin fat 

weight, Abdominal fat weight, carcass 

weight, and Tibia width. 

[53, 54] 

ADL0240 12 ACC TGG GAG ATT GGA TTC 

CGT CCC GTC CTG ANT GTT TG 
56 Drumstick %, Breast muscle %, and 

Leg bowing. [55] 

LEI0120 15 CGTAACACATGCAACTCAAT 

TTAGAATGAAAAGGCTGTTCC 

 

55 Growth (8-46) days, Body Weight 35. 

42, 46 days, Abdominal fat %, 

Drumstick and thigh %, Tibia bone 

mineral density, carcass weight, spleen 

weight & spleen %.  

[54, 55] 

ADL0292 5 TTAGAATGAAAAGGCTGTTCC 

AAA TGG CCT AAG GAT GAG GA 
55 Body weight (40 days), Conformation 

score, Body depth, Chest width, Breast 

muscle weight, Feed conversion ratio, 

Weight of the front half of the carcass, 

Abdominal fat percentage, Shank 

growth, Gizzard weight, Marek’s 

disease-related traits. 

[54, 56,57] 

LEI0079 1 AGGCTCCTGAATGAATGCAT 

TCATTATCCTTGTGTGAAACTG 
60 Body Weight, 21,35, 42, 56, 63, 77, and 

84 days. Carcass weight, Breast muscle, 

wing weight, heart, spleen, and gizzard 

weight.  

[53, 58] 

LEI0082 5 TATCCATACAGTACCCTCCT 

CCTTAGCTGGCTCAGTGGATG 
55 Body Weight 42, 112, and 200-days, 

carcass weight, Conformation score, 

Breast percentage, Dressing percentage, 

breast muscle, the weight of the front 

half of the carcass, Drumstick weight,  

[59, 60] 

ADL0273 Z GCC ATA CAT GAC AAT AGA 

TGG TAG ATG CTG AGA GGT GT 
55 Body Weight, Number of eggs, Femur 

bone mineral density, Marek’s disease-

related traits. 

[61,62] 

ADL0158 10 TGG CAT GGT TGA GGA ATA 

TAG GTG CTG CAC TGG AAA TC 
56 Body Weight (ascites conditions), Body 

Weight 14, 28-day, spleen, liver, 

Abdominal fat %, Heart %. 

[6,41] 

MCW0217 18 GATCTTTCTGGAACAGATTT 

CTGCACTTGGTTCAGGTTCTG 
60 Body weight (1, 35, and 56-day), 

Abdominal fat weight & %, breast, and 

spleen %, weight. 

[54,56] 

ADL0188 1 CAC TTC CAG TAT TAA CGT 

GTG GAC ACA ATG AGT TCC TC 
55 Body weight, 21, 42, 63-day, Breast and 

leg meat weight, Abdominal fat weight, 

shank length Breast color, Tibia marrow 

diameter, and Shank length.  

[54,62] 

ADL0266 4 GTG GCA TTC AGG CAG AGC 

AAT GCA TTG CAG GAT GTA TG 
56 Body weight 42, 63, and 112-days. 

Growth (21-42), (42-63), and (46-112) 

days. Spleen, liver, and egg weights, 

conformation score, tibia-marrow 

diameter, thigh meat to bone marrow, 

and creatine kinase level. 

[63] 

LEI0094 4 GATCTCACCAGTATGAGCTG 

TCTCACACTGTAACACAGTGC 
55 Body weight 21.42.and 112 days, 

Growth (46-112) days, breast muscle, 

thigh muscle, abdominal fat, and egg 

weight, and Marek's disease-related 

trait. 

[64,65] 

LEI0112    15 
GGGAACATACAGGGTGCTG 

TATCATACCAGCGCAGCTCTG 

56 Body weight 14, 21, 28, 42-days, and 

carcass weight, 
[55] 

*The traits in Table 1, refer to those traits associated with the genetic loci responsible for meat production in chickens from 

previous studies, Ch: chromosome number, AT: Annealing Temperature. 
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TABLE 2.‎ Names, sequences, GC % and Annealing Temperature, of SCoT primers. 

 

TABLE 3 Genetic parameters measured in the Cairo-Mix hybrid using 14 ‎‎259 ‎microsatellite markers ‎ 

Markers Na Ne I PIC Ho He Ave Het 

ADL0158 3.00 2.63 1.83 0.49 1.00 0.56 0.56 

ADL0188 2.00 2.00 0.69 0.38 1.00 0.56 0.50 

ADL0240 2.00 1.72 0.61 0.53 1.00 0.56 0.64 

ADL0266 4.00 2.77 1.16 0.49 1.00 0.64 0.61 

ADL0273 2.00 1.72 0.61 0.68 0.80 0.53 0.45 

ADL0292 2.00 2.00 0.69 0.38 1.00 0.56 0.50 

LEI0079 2.00 2.00 0.69 0.38 1.00 0.56 0.50 

LEI0082 3.00 2.38 0.94 0.60 1.00 0.64 0.58 

LEI0094 2.00 1.72 0.61 0.38 0.60 0.47 0.42 

LEI0112 3.00 2.38 0.94 0.50 1.00 0.64 0.58 

LEI0120 2.00 2.00 0.69 0.38 0.00 0.00 0.25 

MCW0064 2.00 1.72 0.61 0.38 0.60 0.47 0.42 

MCW0217 2.00 1.47 0.50 0.69 0.00 0.00 0.16 

ROS0095 3.00 2.17 0.88 0.60 0.80 0.64 0.51 

Total 34.00 28.68 11.45 6.86 10.80 6.83 6.68 

Mean 2.43 2.05 0.82 0.49 0.77 0.49 0.48 

SD 0.65 0.37 0.20 0.13 0.35 0.21 0.13 

        Na=Observed number of alleles; Ne=Effective number of alleles; I=Shannon's Information index; PIC=Polymorphic 

information content; Ho=Observed heterozygosity; He=Expected heterozygosity; Ave Het=Average heterozygosity. 

 

 

 

 

Primer Sequence 5'-3' GC% AT °C 

SCOT-01 CAACAATGGCTACCACCA 50 50 

SCOT-04 CAACAATGGCTACCACCT 50 50 

SCOT-10 CAACAATGGCTACCAGCC 56 50 

SCOT-18 ACCATGGCTACCACCGCC 67 50 

SCOT-21 ACGACATGGCGACCCACA 61 50 

SCOT-40 CAATGGCTACCACTACAG 50 50 

SCOT-44 CAATGGCTACCATTAGCC 50 50 

SCOT-50 ACAATGGCTACCACTGGG 56 50 

SCOT-55 ACAATGGCTACCACTACC 50 50 

SCOT-58 ACAATGGCTACCACTAGG 50 50 
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TABLE 4. Genetic parameters measured on the Cairo-Mix hybrid using 10 SCOT markers 

Primer Na Ne I PIC Ho He Ave-He Allele size range (bp) 

SCOT-01 9 5.55 1.96 0.89 1 0.86 0.82 440-765 

SCOT-04 4 3.38 1.28 0.79 1 0.74 0.71 175-1334 

SCOT-10 12 5.12 2.90 0.93 1 0.85 0.81 216-761 

SCOT-18 3 2.38 0.94 0.38 1 0.61 0.58 200-1716 

SCOT-21 4 3.38 1.28 0.74 1 0.74 0.71 224-647 

SCOT-40 9 5.44 1.91 0.89 1 0.86 0.82 252-791 

SCOT-44 8 4.87 1.80 0.85 1 0.84 0.80 136-1362 

SCOT-50 8 4.54 1.74 0.85 1 0.82 0.78 139-971 

SCOT-55 4 2.98 1.19 0.50 1 0.70 0.67 380-1114 

SCOT-58 5 3.89 1.44 0.77 1 0.78 0.74 218-939 

Total 66 41.53 16.44 7.59 10 7.8 7.44 --- 

Means 6.6 4.15 1.6 0.76 1 0.78 0.74 --- 

S.D. 2.83 2.98 1.10 0.38 0.17 0 0.08 --- 

Na = the Observed number of alleles; Ne = Effective number of alleles I = Shannon's Information index; PIC= Polymorphic 

information content; Ho = Observed heterozygosity; He = Expected heterozygosity; Ave-Het= Average heterozygosity. 

 

 

 

 

Fig. 2. The genetic relationships and similarities among microsatellites and start codon targeted markers (SCoT) in 

detecting genetic polymorphism in a novel meat-type hybrid, Cairo-Mix. The number at the node indicates the 

average distance of a cluster. 
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باسحخذاو علايات  (ييكس)كايرو حنىع انىراثي في دجاج انهحى انهجيٍ جحهيم ان

 كىدوٌ انبذء اسحهذافوعلايات  انًيكروساجلايث

جًعة سعيذ ريضاٌ 
1

, فريذ كًال ريزي اسحينى 
2

, اسحفحاح محمد انكىيي 
1

, محمد إبراهيى انصبري  
2

عًر ,  

سيذ راشذ
3

و يني محمد غاني 
2

 

1
 .يصش ،شكض انقىيً نهبحىدانً ،قغى الاَخاج انحٍىاًَ 
2

 ش.يص ،خايعت انقاهشة ،كهٍت انضساعت ،قغى الاَخاج انحٍىاًَ 
3

 .يصش، وصاسة انضساعت ،قغى حشبٍت انذواخٍ، يعهذ بحىد الاَخاج انحٍىاًَ 

 
 انًهخص

إنى يقاسَت طشٌقخٍٍ ٌعُخبش ححذٌذ انخعذد اندًٍُ أيشًا أعاعًٍا نخقٍٍى َخائح بشايح انخشبٍت. ونزنك، هذفج انذساعت انحانٍت 

  DNAعٍُت يٍ انحًض انُىوي اندًٍُ 111، ورنك باعخخذاو كاٌشويٍكظنقٍاط انخعذد اندًٍُ فً هدٍٍ دخاج انهحى 

يىقعاً  14 َخائحأظهشث  .(SCoT) انبذء اعخهذاف كىدوٌحى اعخخذاو طشٌقت علاياث انًٍكشوعاحلاٌج وحقٍُاث علاياث 

 اكخشاف عششة يىاقع اوضحج َخائحأنٍلًا نكم يٍكشوعاحلاٌج، بًٍُا  2.43ًخىعط أنٍلًا ب 34 فانهًٍكشوعاحلاٌج اكخش

SCoT 66   2.77و 1.47أنٍلًا نكم بادئ. حشاوذ انعذد انفعال نلأنٍلاث نعلاياث انًٍكشوعاحلاٌج بٍٍ  6.6أنٍلًا بًخىعط 

-SCoTو (SCoT-18) قعًىانه 5.55و 2.38بٍٍ  SCoT بًٍُا حشاوذ نعلاياث ((adl0266و (mcw0217) ًىاقعنه

هً الأكثش   SCoT-50، وSCoT-01 ،SCoT-10 ،SCoT-40 ،SCoT-44 علاوة عهى رنك، كاَج انًىاقع(.  .(1

نعلاياث انًٍكشوعاحلاٌج  1.64و 1.82كاَج يخىعطاث يؤشش انًعهىياث نشاَىٌ  SCoT  .إفادة وحًٍٍضًا بٍٍ علاياث

نعلاياث انًٍكشوعاحلاٌج  1.11و 1.77عهى انخىانً. كًا كاَج انقٍى انًخىعطت نهخُىع انىساثً انًهحىظ  SCoTو

إنى أَه ًٌكٍ حىقع َخائح واعذة فً  كاٌشويٍكظعهى انخىانً. فً انخخاو، ٌشٍش انخُىع انىساثً انعانً فً هدٍٍ  SCoTو

ت وغٍُت بانًعهىياث أداة قىٌت نذساعت انخباٌٍ انىساثً فً كطشٌقت بغٍط SCoT بشايح انخشبٍت انًغخقبهٍت. وحعذ علاياث

 .انذواخٍ

 .انخُىع انىساثً و ، انغلالاث انًحهٍت، دخاج انهحىSCoTانًٍكشوعاحلاٌج،  :ذانةانكهًات ان


