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Abstract  

Genetic diversity in rabbit populations plays a critical role in breeding programs aimed at 

enhancing desirable traits. This study investigates allele diversity at microsatellite loci in 

Baladi Black and New Zealand White rabbit breeds, as well as their crossbred offspring. 

Genome scanning using 6 microsatellite markers was applied to genotype animals. The results 

revealed that allele counts in Baladi Black rabbits varied markedly among loci, ranging from 

4 to 13 alleles per locus with an average of 7.33. Effective allele numbers (Ne) showed similar 

variability, ranging from 2.07 to 10.1. Contrasts between observed (No) and effective alleles 

(Ne) indicated varying degrees of genetic activity, with differences ranging from 0.7 to 3.9 

across loci. New Zealand White rabbits displayed a range of 4 to 15 alleles per locus, with 

effective allele numbers from 2.81 to 13. Differences between No and Ne ranged from 0.9 to 

2.9. Crossbred rabbits exhibited intermediate allele counts (average 5.66 alleles per locus) and 

effective allele numbers (ranging from 1.69 to 8.1), reflecting genetic contributions from both 

parental breeds. Heterozygosity analysis revealed moderate to high observed (Ho) and 

expected (He) heterozygosity levels across populations. Polymorphic Information Content 

(PIC) values indicated moderate to high levels of polymorphism, with Baladi Black and New 

Zealand White breeds averaging 0.720 and 0.758, respectively, and crossbreds averaging 

0.641 across loci. These findings underscore the multi-allelic nature of microsatellite loci and 

highlight their utility in assessing and enhancing genetic diversity in rabbit populations, 

essential for sustainable breeding and conservation strategies. 
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Introduction  

Rabbits are important part of the rich diversity in Egypt. There exist several native 

breeds of rabbits that have been adapted to in the harsh environmental conditions [1]. 

They have been valuable food sources and rich reservoirs of culture. Among these 

breeds are the Baladi Red, Baladi Black, and Gabali [2]. Unfortunately, the native 

populations of these animals have been decreasing over the past few decades. Two of 

the breeds (Baladi White and Giza White) have already gone into extinction, whereas 

for the rest, there is a looming threat of extinction [2]. Therefore, estimation of diversity 

parameters in those breeds is essential, where low level of genetic diversity indicates 

low biological survivability and environmental adaptation, which is required for 

sustained genetic improvement and stable inheritance of desirable traits [3]. 

The native Egyptian rabbit breeds possess some peculiar features which make them fit 

to live in the hot, dry climate of Egypt [4]. These also demonstrate very high disease 

resistance [5]. Conservation of such genetic diversity would not only save such breeds 

from total annihilation but also would be focused on preserving a rare pool of genetic 

resources that could be a trump card for future rabbit improvement ventures in disease 

resistance [6,5] 

Native rabbit breeds of Egypt present a unique chapter in rabbit domestication history: 

chances are that they hold the key to understanding past rabbit breeding practices and 

breed evolution [7]. Nevertheless, those breeds are characterized by poor performance 

compared to commercial lines [8,9]. Genetic improvement of reproductive traits and 

prolificacy, particularly in local rabbit breeds, is a crucial step in improving their 

performances in general [10] . 
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 One of the most successful approach for traditional rabbit breeding is crossbreeding.  

The inter-population mating result in offspring that often benefit from heterosis [11]. It 

results in faster growth, larger litter size, and better feed conversion [12].  

Besides this aspect, crossbreeding involves the advantage of bringing genes for 

resistance to specific diseases from one breed into another, so as to have much healthier 

offspring [12,13]. Different studies have shown that microsatellites can help to evaluate 

crossbreeding and also to estimate heterozygosity and inbreeding coefficients, allowing 

for the identification of full sibling groups and maintaining genetic diversity within 

captive populations.  

In this concern, microsatellite analysis provides advantages over traditional methods, 

offering high exclusion probabilities, requiring small sample sizes, and being applicable 

to animals of all ages [14] . 

The current work therefore aimed at evaluating the genomic parameters of crossbred 

rabbits between a commercial line and a local breed in comparison to its parents.  

MATERIALS AND METHODS 

Experimental design 

Two rabbit breeds that differed in their genetic compositions were used in this 

experiment. The breeds were Baladi Black, which is a local breed in Egypt, and New 

Zealand White, which is an exotic commercial breed. The does and bucks of each breed 

were obtained and reared in a battery system housed in a naturally-ventilated 

conventional pen. The breeds were interbred for one generation, where one-way 

crossbreeding was performed between Baladi Black bucks and New Zealand White 

does. The bunnies remained with their mothers for a month for weaning and then were 

routinely raised and fed commercial diets.   
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DNA extraction 

Blood samples (≈5ml) were collected from the ear vein of individuals of Black 

Baladi, New Zealand White, and crossed offspring (11 individuals/population) in 

sterilized tubes containing ethylene diamine tetra acetic acid (EDTA. All samples were 

immediately stored at -20°C.  

Upon use, the samples were thawed and used for the genomic DNA extraction using 

the phenol/chloroform extraction procedure [15]. A blood sample (200μl) was put in a 

1.5-ml Eppendorf tube and 20μl of proteinase K (10mg/ml) and 50μl of 10% sodium 

dodecyl sulfate (SDS) were added to the blood. The components were then thoroughly 

mixed by vortex and incubated in a water bath at 56°C for 120 minutes. 

Phenol/chloroform/isoamyl alcohol mixture was added to the digested blood at a ratio 

of 1:1, so 270μl of the mixture was added to the digested blood. The total volume was 

then mixed and centrifuged at 12000xg for 5 minutes. The upper phase (water phase) 

was transferred into another tube to repeat the last step. Then, 2.5 volumes of absolute 

ethanol and 1/10 volume of 3 M sodium acetate (pH = 5.2) were added, and mixed 

thoroughly. The mixture was incubated overnight at -20°C, and then centrifuged at 4°C 

at 12000xg for 15 minutes. The DNA pellet was collected, washed with ethanol 70%, 

dried and dissolved in 100μl TE buffer, and stored at -20°C until use. 

Genotyping microsatellite markers 

The individual samples were screened by six microsatellite primers‚ through the 

polymerase chain reaction (PCR) procedures. The molecular information of the 

different microsatellite primers is presented in Table (1).  A total volume of 12.5 µl 

mixture was prepared for PCR, including 4.0 µl of DNA (75 ng), 1.0 µl of each of the 

forward and reverse primers (25 pmol), 6.0 µl master mix, and 0.5 µl PCR- grade 

water. The PCR reaction was performed using the thermal cycler (Techne, UK). The 
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amplification program included an initial denaturation step at94 °C for 5 min, and 35 

Cycles of denaturation (94 °C /40 sec), annealing   (60 °C/45 sec), and extension (72 

°C/40 sec), followed by a final extension step at 72 °C for10 min.  

Electrophoresis of DNA fragment 

The PCR products were first separated by electrophoresis using the agarose gel 

electrophoresis. If DNA fragments were detected on agarose gel, the PCR products 

were then separated on 8% non–denaturing polyacrylamide gel by electrophoresis. The 

electrophoresis results were visualized and photographed using the WGD-30 WiseDoc 

Gel Documentation (Daihan Scientific, South Korea). The DNA images were analyzed 

for allele detection, volume, and length (bp) using the TotalLab software (Total LabLtd, 

UK).  

Data analysis 

The data generated from the microsatellite-genotyping of the rabbit breeds were used 

to calculate the number of alleles (No) per locus per breed and the observed 

heterozygosity (Ho) and effective number of alleles (Ne). The expected heterozygosity 

(He) within-breed was estimated according to Ott [16], and polymorphic information 

content (PIC) was estimated according to Botstein [17].  

Results and Discussion  

Allele diversity 

Table (2) presents information on the microsatellite alleles detected at the different loci 

for the two breeds and their crossbred rabbits. For the Baladi Black breed, the loci varied 

in the observed number of alleles (No). The observed number of alleles were 4, 7, 13, 

7, 8, and 5 for locus D5Utr4B, D5Utr4C, D5Utr4F, D7Utr4A, D7Utr4B, and 

D19Utr4B, respectively, with a mean of 7.33. The highest number of alleles was 13 

alleles that were detected at locus D5Utr4f, and the lowest number of alleles was 4 at 
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locus D5Utr4B. The effective number of alleles (Ne) also varied between different loci, 

with values of 2.07, 6.28, 10.1, 3.07, 7.2 and3.25 in D5Utr4B, D5Utr4C, D5Utr4F, 

D7Utr4A, D7Utr4B, and D19Utr4B, respectively, with a mean of 5.32. Allele 

frequencies across microsatellite loci were different due to the differences in the 

distribution of the allele frequency for each allele size among the breeds. The difference 

between No and Ne monitors the genetic activity of the population. The differences 

were 1.9, 0.7, 2.9, 3.9, 0.8 and 1.7 for primer D5Utr4B, D5Utr4C, D5Utr4F, D7Utr4A, 

D7Utr4B and D19Utr4B, respectively. The highest difference was estimated at 3.9 for 

prime D7Utr4A, and the lowest difference was 0.7 for D5Utr4C. The results indicate 

that the microsatellite loci were multi-allelic.  

Table (2) also shows the information on alleles detected by different microsatellite 

primers in the New Zealand White breed. The results indicate that the microsatellite 

loci were multi-allelic. The allele number ranged from 4 to 15 loci, with a mean of 7.5 

alleles/locus in D5Utr4B, D5Utr4C, D5Utr4f, D7Utr4A, D7Utr4B and D19Utr4B, 

respectively. The highest effective number of alleles was 13 alleles for prime D5Utr4F 

and the lowest was 2.81 in D5Utr4B.The difference between No and Ne were1.1, 1.7, 

2, 0.92 0.9, 2.9 for D5Utr4B, D5Utr4C, D5Utr4f, D7Utr4A, D7Utr4B and D19Utr4B, 

respectively. The highest difference was estimated at 2.9 for prime D19UTR4B and the 

lowest was 0.9 for D7UTR4b in New Zealand rabbits.  

The information on the recognized alleles in different microsatellite loci for crossbred 

rabbits is presented in Table (2). The total number of alleles detected in all loci was 34 

alleles, with an average of 5.66 alleles/locus. The results indicate the multi-allelic nature 

of the microsatellite loci. In addition, the effective number of alleles varied between 

different loci, with values of 1.69, 3.65, 7.6, 2.5, 8.1and 2.74 in D5Utr4B, D5Utr4C, 

D5Utr4F, D7Utr4A, D7Utr4B, and D19Utr4B, respectively, with a mean of 4.38. The 
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difference between No and Ne was 1.3 for D5Utr4B ,1.3 for D5Utr4C ,2.3 for D5Utr4F, 

0.5 for D7Utr4A ,1.9 for D7Utr4B and 0.6 for D19Utr4B.The highest difference was 

2.3 for D5Utr4F and the lowest difference was estimated 0.6 for D19Utr4B.  

Microsatellite markers are often recommending for genetic studies in animals due to 

their high polymorphism, which is repented by the number of alleles that is usually 

higher than the minimum of 5 alleles [18]. The effective number of alleles reflects the 

contribution of allele frequencies to genetic diversity, where a population with a lower 

effective number of alleles is usually more susceptible to genetic drift [19,20] . The 

effective number of alleles was previously reported to averaged 6.625 in seven breeds 

of rabbits and indicated that the gene polymorphisms and genetic diversity were 

abundant [21] . In Egypt, the number of detected alleles in five rabbit breeds varied 

among the different breeds and ranged between 2.00 in Baladi White and 2.71 in New 

Zealand rabbits [22]. Also, the number of observed alleles was reported to range 

between 3.64 and 10 with an average 6.125 in local Egyptian rabbits [6], Higher average 

number of alleles per locus (14.26) was previously estimated [23]. In the current study, 

the results of the number of alleles were aligned with that were previously reported 

[24.25]. However, the effective number of alleles was lesser in the crossbred rabbits 

than their parents, this may indicate loss of rare alleles due to crossbreeding.  

Heterozygosity  

The observed (Ho) and expected (He) heterozygosity at the microsatellite loci in Baladi 

Black rabbits are presented in (Table 3). The Ho in Baladi Black varied from low to 

high and ranged from 0.25 to 1.00, with an average of 0.76. In comparison, the He was 

moderate to fairly high and ranged from 0.52 to 0.90, with an average of 0.74.  
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The observed (Ho) and expected (He) heterozygosity at the microsatellite loci in New 

Zealand White rabbits is presented in (Table 3). The Ho in New Zealand White was 

low to high and ranged from 0.33 to 1.00 with an average of 0.74, whereas He varied 

from moderate to fairly-high, and ranged from 0.64 to 0.93 with an average of 0.77. 

The observed (Ho) and expected (He) heterozygosity at the microsatellite loci in Baladi 

Black is presented in (Table 3). The Ho in the crossbred rabbits varied from low to high 

and ranged from 0.00 to 1.00, with an average of 0.56. In comparison, the He was in 

general moderate to fairly high and ranged from 0.41 to 0.87, with an average of 0.68.  

The average of Ho was previously reported to be lower than the He in four Egyptian 

rabbit breeds (Baladi Black, Gabali, Baladi Red, White Giza) and New Zealand White 

where Ho ranged from 0.477 in NZW to 0.581 in Giza White [26]. Also in NZW rabbits, 

the minimum expected heterozygosity was 0.008, the maximum value was 0.709, and 

the average value was 0.450 [27], Higher values for total population heterozygosity 

ranged between 0.340 and 0.878 with an average 0.705 in Angora rabbits [28] .  

The values obtained for expected heterozygosity in the current study are comparable 

and consistent to those observed in Indian rabbits (0.842-0.849) [24]. in Egypt 

Moshtohor line rabbits (0.66-0.88) [29], but higher than that in Pygmy rabbits (0.54- 

0.60) [30]. indigenous Tunisian rabbit (0.39-0.58) [31], and in five Egyptian rabbit 

breeds (0.20-0.65) [32] , indicated that the gene polymorphisms and genetic diversity 

are abundant.  

Moreover, the average expected heterozygosity for NZW rabbits was ranged between 

0.33 at D19UTR4B locus to 0.935 at D7UTR4B locus, which are close to our results 

[21].  It worth mentioned that the Ho was less than He in both NZW and crossbred 

rabbits, which mainly indicate strong dominance relationships between loci in the 
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parental generation this also may be attributed to the loss of rare alleles due to 

crossbreeding. However, the unexpectedly high value of observed heterozygosity in 

Baladi Black rabbits can be explained by hidden population structure, where unknown 

breeding practices were applied for this population.   

Polymorphic information content  

The polymorphism measured as polymorphic information content (PIC) at different 

microsatellite loci is presented in Table (4). For the Baladi Black breed, The PIC in 

Baladi Black rabbits was in general highly moderate to high and ranged from 0.469 at 

the locus D5Utr4B to 0.890 at the locus D5Utr4F on chromosome 5, and it averaged 

0.720 overall loci. In New Zealand White rabbits, PIC was moderate to high, with an 

average of 0.758 overall loci, and the highest value was 0.930 at the locus D5Utr4F on 

chromosome 5. The PIC in the crossbred population varied from low to high and ranged 

from 0.358 to 0.863, with an average of 0.641 overall loci. The polymorphism is 

significant in the adaptability of the living organisms to the local environment.  

Polymorphic information content is a statistical measurement to assess the 

informativeness of genetic markers, and when values are ranged between 0.5 and 0.8, 

it indicates a highly informative marker, and suggests the marker can effectively 

distinguish between different genotypes [33]. The mean PIC value in 7 rabbit breeds 

was found to be ranging from 0.625 to 0.796 [22]. In NZW rabbits, the average PIC 

was 0.556 [21]. A wider range of PIC ranged between 0.083 and  0.936 was observed 

in Algerian rabbits [25].  

Conclusion  

This study employed microsatellite markers to analyze the genetic diversity of a 

hybrid population in comparison with its parental breeds (Baladi Black and New 
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Zealand White). The results revealed a high level of genetic diversity across all breeds. 

All loci examined were polymorphic, containing multiple alleles. The unique genetic 

makeup of Baladi black was distinct from imported breeds, and suggests a natural 

adaptation encoded in their genes. 
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Table (1): The molecular information of microsatellite primers. 

Locus 
Allele size 

(bp) 
 Sequence GC (%) 

D5UTR4B 188-194 
F 

R 

5′CAGCGGTAAGAGTGAGAAAC 3′ 

5′TCCCCCATAACAAAAGAGG 3′ 
50.0 

47.3 

D5UTR4C 278-270 
F 

R 

5′ GCTCTTGGCTCCTGGTTTC 3′ 

5′ AGAGTTCTCCGTCCCTGATGG 3′ 
57.8 

57.1 

D5UTR4F 214-244 
F 

R 

5′ CCAGCTGGTAATAGTAGAGA 3′ 

5′ AAGGCATTTGTGGAGTGAA 3′ 
45.0 

42.1 

D7UTR4A 225-237 
F 

R 

5′ TGCTAATGTGCCCAGAAAGGTA 3′ 

5′ GGCATCCCAAAAGGCAGTAT 3′ 

45.4 

50.0 

D7UTR4B 153-163 
F 

R 

5′ TAGGCATTTAGGGAGTGAAC 3′ 

5′ GGAGGGGGATGGTAGAG 3′ 
45.0 

64.7 

D19UTR4B 237-239 
F 

R 

5′ TGTATGTGGGTGTGGGTGTAGAG 3′ 

5′ TACTGTTGCTTGCTGGGATTTTTA 3′ 
52.3 

37.5 

 

Table 2: The allele diversity in different microsatellite loci  

  Baladi Black  New Zealand White  Crossbred 

locus    No Ne diff 
 

No Ne Diff 
 

No Ne Diff 

D5Utr4B  4 2.1 1.9  4 2.8 1.1  3 1.7 1.3 

D5Utr4C  7 6.3 0.7  5 3.3 1.7  5 3.7 1.3 

D5Utr4F  13 10 2.9  15 13 2  10 7.6 2.3 

D7Utr4A  7 3.1 3.9  6 5.1 0.9  3 2.5 0.5 

D7Utr4B  8 7.2 0.8  7 6.1 0.9  10 8.1 1.9 

D19Utr4B  5 3.3 1.7  8 5.1 2.9  3 2.7 0.6 

Mean   7.3 5.3 2  7.5 5.9 1.6  5.7 4.4 1.3 

SE   1.3 1.3 0.5  1.6 1.5 0.3  1.4 0.5 0.1 

 No and Ne  indicates number of alleles and effective number of alleles, respectively. 
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Table 3: The observed heterozygote (Ho) and expected heterozygote (He) at 

different microsatellite loci 

 

Locus 

Baladi Black  New Zealand White  Crossbred 

Ho He 
 

Ho He 
 

Ho He 

D5Utr4B 1 0.5  0.3 1  0.4 0.4 

D5Utr4C 1 0.8  0.6 1  0.6 0.7 

D5Utr4f 1 0.9  1 1  0.6 0.9 

D7Utr4A 0 0.7  0.9 1  0 0.6 

D7Utr4b 1 0.9  1 1  1 0.9 

D19R4B 1 0.7  0.7 1  0.7 0.6 

Mean 1 0.7  0.7 1  0.6 0.7 

SE 0 0.1  0.1 0  0.1 0.1 

 

 

 

Table 4: polymorphic information content (PIC) at different microsatellite loci  

 

locus  

Genotype 

Baladi Black New Zealand White Crossbred 

D5Utr4B 0.469 0.595 0.358 

D5Utr4C 0.820 0.654 0.679 

D5Utr4F 0.890 0.930 0.855 

D7Utr4A 0.653 0.774 0.529 

D7Utr4B 0.845 0.816 0.863 

D19Utr4B 0.640 0.778 0.563 

Mean 0.720 0.758 0.641 
SE 0.065 0.048 0.080 

 


