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Abstract 

Mitochondrial DNA (mtDNA) cytochrome b gene sequences were utilized to assess the genetic diversity 
and phylogenetic relationships of non-descript and Hyla rabbit populations in Nsukka, Nigeria. Non-descript 
rabbits, as locally adapted genotypes, play a crucial role in preserving genetic diversity and adaptability. 
Our analysis revealed both non-descript and Hyla rabbits as polymorphic, with non-descript rabbits 
exhibiting higher haplotype diversity (0.761±0.092) compared to Hyla (0.598±0.032). Nucleotide diversity 
ranged from 0.10137±0.00021 in non-descript to 0.06405±0.01057 in Hyla, underlining the genetic variation 
and adaptability of non-descript rabbits. The significantly negative Tajima's D value (-1.53783) in non-
descript rabbits indicates natural selection and rare allelic combinations, further highlighting their unique 
genetic signature. Phylogenetic analysis unveiled two distinct clusters, with Hyla, New Zealand, and 
Californian rabbits forming one group and non-descript, Chinchilla, and Domestic English rabbits 
comprising the other. This suggests a history of genetic exchange and hybridization, particularly with Hyla 
possibly being a result of crossbreeding between Californian and New Zealand white rabbits. The genetic 
distinctiveness of non-descript rabbits reinforces their potential role in maintaining indigenous genetic 
resources. To harness the genetic potential of these rabbit populations, we recommend comprehensive 
genetic characterization incorporating nuclear DNA markers and quantitative traits. Breeding programs 
should prioritize the preservation and improvement of locally adapted genotypes, and efforts to conserve 
and utilize Animal Genetic Resources (AnGR) should focus on preserving unique genetic variants found in 
non-descript rabbits, thereby, addressing food security and promoting environmental sustainability in 
livestock production in Nigeria. 

Index Terms: Non-Descript Rabbit, Hyla Rabbit, Mitochondrial DNA, Cytochrome B Gene, Genetic 
Diversity, Haplotypes, Polymorphs, And Phylogeny.  
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INTRODUCTION 

Nigeria, with its current population exceeding 219 million (Worldometerics, 2023), faces 
a critical challenge in meeting the increasing demand for livestock products. This 
challenge is exacerbated by factors such as insecurity, rising feed and medication costs 
(FAOSTAT, 2018), and ongoing issues like the conflict between grazers and farmers, 
religious taboos, and the soaring costs of feeding livestock (Omotoso et al., 2019). As a 
consequence, the country's reliance on larger livestock, including ruminants, poultry, and 
pigs, for animal protein is gradually waning. 

The dwindling numbers of these larger livestock, in part due to the turmoil in the North, 
highlight the need for alternative sources of animal protein to fulfill the dietary 
requirements of the Nigerian population. In light of this, several researchers have 
suggested the exploration of non-conventional livestock species, such as rabbits (Siddiqui 
et al., 2023; Oosting et al., 2022; Kumar et al., 2022), to bridge the protein deficit. 

Rabbits (Oryctolagus cuniculus) present themselves as a viable option for meat 
production in Nigeria, offering several advantages over other livestock species. They are 
known for their prolificacy, short gestation periods, low initial capital requirements, and 
adaptability to various environmental conditions. The reproductive efficiency of rabbits, 
marked by short gestation lengths and large litters, positions them as a species capable 
of significantly contributing to the availability of affordable and high-quality animal protein. 

Rabbit meat is particularly attractive as it boasts high biological value protein, low sodium, 
low cholesterol, high unsaturated lipids (comprising 60% of total fatty acids), and is low in 
calories and fat (Siddiqui et al., 2023). Despite these favorable traits, commercial rabbit 
rearing in Nigeria remains underdeveloped. Nigerian rabbit farmers grapple with 
challenges such as heat stress, limited access to feed and markets, indiscriminate mating 
practices, record-keeping deficiencies, and a lack of breed classification (Adeolu et al., 
2021). 

Furthermore, the rapid replacement of local breeds with exotic ones has raised concerns 
about the potential loss of indigenous animal species. The Food and Agriculture 
Organization of the United Nations (FAO) has recognized this threat and encouraged 
conservation measures to prevent the irreversible decline of native animal species (FAO, 
2019). The conservation and sustainable utilization of Animal Genetic Resources (AnGR) 
have gained importance in ensuring food security and environmental sustainability 
(Gowane et al., 2019). 

Efforts by animal breeders to establish breeding programs and gene banks for locally 
adapted breeds aim to provide diverse and resilient animal genetic resources for future 
generations (Eusebi et al., 2019; Bolatito and Aladele, 2019). Nevertheless, there is a 
lack of information regarding the population history and genetic diversity of rabbits 
retained in Nigeria. The absence of this vital information is attributed to factors such as 
indiscriminate mating and the absence of records. As a result, it becomes imperative to 
determine genetic variation parameters in the existing rabbit populations and breeds. 
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This knowledge is essential for developing long-term breeding strategies, formulating 
effective conservation policies, and providing valuable genetic data to enhance the 
improvement of this important genetic stock. The focus of this study, therefore, is to 
assess the genetic diversity and evolutionary relationships between the locally adapted 
non-descript and the Hyla rabbits reared in Nsukka, Nigeria, contributing to the broader 
context of conservation and sustainable utilization of animal genetic resources.   
 
MATERIALS ANS METHODS 

Study Location 

The research was conducted at the Rabbit Unit of the Animal Science Research Farm, 
University of Nigeria, Nsukka, situated in Enugu State, South Eastern Nigeria. This 
location falls within the savannah region and is geographically positioned at 
approximately 6°51'3.308"N latitude and 7°25'36.48"E longitude, with an altitude of 443 
meters above sea level. The climate is characterized as humid tropical, featuring daily 
minimum and maximum temperatures ranging from 33 to 37 degrees Celsius and an 
annual rainfall between 1680 and 1700 millimeters (Onyenucheya and Nnamchi, 2018). 

Sample Collection and Population 

The study population comprised 64 female and 16 male rabbits, representing both non-
descript (ND) and Hyla (H) breeds. For each breed, there were 32 female and 8 male 
rabbits, sourced from different localities within Nsukka (Fig 1). The objective of this 
diverse selection was to ensure a high level of genetic variation within the study region. 

DNA Analysis and Sequencing 

Blood samples were collected from the assembled rabbit population. Genomic DNA was 
extracted using the GenaAid DNA extraction kit through a series of steps: 

RBC Lysis Transfer: 900 µl of RBC Lysis Buffer and 300 µl of whole blood were mixed 
in a 1.5 ml microcentrifuge tube. The mixture was incubated for 5 minutes at room 
temperature and then centrifuged at 3,000 x g for 5 minutes to obtain a leukocyte pellet. 
The supernatant was carefully removed, leaving approximately 50 µl of residual buffer 
and leukocyte pellet. The tube was vortexed until the leukocyte pellet was fully 
resuspended. 

Lysis: 300 µl of Cell Lysis Buffer was added to the tube, mixed by vortexing, and 
incubated at 60ºC for 10 minutes to ensure a clear and homogenous sample lysate. The 
tube was inverted every 3 minutes during incubation. 

Protein Removal: 100 µl of Protein Removal Buffer was added to the sample lysate, 
vortexed for 10 seconds, and then centrifuged at 14-16,000 x g for 3 minutes to form a 
dark brown protein pellet. 

DNA Precipitation: The supernatant was transferred to a clean 1.5 ml microcentrifuge 
tube, and 300 µl of isopropanol was added and mixed well. After centrifugation at 14-
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16,000 x g for 5 minutes, the supernatant was discarded, and 300 µl of 70% ethanol was 
used to wash the pellet. Following another centrifugation at 14-16,000 x g for 3 minutes, 
the supernatant was discarded, and the pellet was air-dried for 10 minutes. 

DNA Rehydration: To dissolve the DNA pellet, 100 µl of DNA Hydration Buffer was 
added. The tube was gently vortexed for 10 seconds and incubated at 60ºC for 5-10 
minutes, with occasional tapping to promote DNA rehydration. 

DNA Concentration and Purity Assessment 

The concentration and purity of the extracted DNA were determined using a NanoDrop 
1000 Spectrophotometer. Additionally, potential DNA degradation was visualized on a 
1% agarose gel. 

 

Fig 1: Map of Nsukka Local Government Area, Enugu State, Nigeria 
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Mitochondrial DNA (mtDNA) Analysis 

The mtDNA cytochrome b sequence (450 bp) was used in this study for further analysis. 
Polymerase chain reaction (PCR) amplifications were conducted using specific forward 
(Pro1) and reverse (NC4) primers. The nucleotide positions were numbered according to 
the complete published sequence of mtDNA (GenBank accession number AJ001588). 
The PCR mixture contained 1.0 μL of genomic DNA in a 9 μL mixture, which included 5 
μL of Master Mix (Qiagen206145, Germany), 0.4 μL Pro1, 0.4 μL NC4 primers (Invitrogen, 
France), and 3.2 μL distilled water. PCR products were purified using EXOSAP-IT and 
Sephadex™. Sequencing was carried out with the BigDye® Terminator v3.1 Kit and 
analyzed on a DNA sequencer (ABI PRISM 3130 XL–Genetic Analyzer). 

Statistical Analysis  

To investigate the possible origin of the non-descript and Hyla rabbits and their 
relationships, reference rabbit mtDNA sequences (Table 1) were obtained from the 
National Centre for Biotechnology Information (NCBI). Sequence alignment was 
performed using DNASTAR software (DNASTAR Inc., Madison, WI, USA). Validation of 
breed purity was based on sequence alignment. Parameters such as the number of 
nucleotide polymorphic sites (S), haplotype (h), nucleotide diversity (π), haplotype 
diversity (Hd), and Tajima's D (TD) were calculated using DNA sequence polymorphism 
Version 5.1 (Librado and Rozas, 2009). Genetic distance among tested breeds was 
estimated using Mega 6.0 (Tamura et al., 2013) with the unweighted pair group method 
with arithmetic mean (UPGMA).  

Table 1: Sequence data list from Gene bank used in this study 

Accession Number Breed Reference 

AJ293835 Domestic English Bolet et al. (2000) 

AJ293842 Chinchilla Bolet et al. (2000) 

AF534086 California Long et al. (2003) 

AF534089 New Zealand Long et al. (2003) 

 
RESULTS AND DISCUSSION 

Mitochondrial DNA (mtDNA) Diversity Indices: The examination of mtDNA diversity in 
this study provides valuable insights into the genetic makeup of non-descript and Hyla 
rabbit populations in Nsukka, Nigeria (Table 2). A total of six haplotypes were observed, 
highlighting the genetic diversity within these populations. Both non-descript and Hyla 
rabbits displayed polymorphism, with the number of haplotypes ranging from two in Hyla 
to six in non-descript rabbits. 

Notably, non-descript rabbits exhibited a higher haplotype diversity (0.761±0.092) 
compared to Hyla rabbits (0.598±0.032). This discrepancy in haplotype diversity 
underscores the genetic variability present in non-descript rabbits, further supporting their 
status as a locally adapted genotype. These findings align with previous research 
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demonstrating that larger and more heterogeneous populations tend to exhibit higher 
levels of genetic diversity (Sakthivel et al., 2019). 

Nucleotide diversity, an important measure of genetic variation within breeds, ranged from 
0.06405±0.01057 (Hyla) to 0.10137±0.00021 (non-descript). This variation in nucleotide 
diversity signifies differences in the genetic makeup and adaptability of these rabbit 
populations. The higher nucleotide diversity observed in non-descript rabbits suggests a 
wider genetic pool and potential for adaptation to various environmental conditions, which 
is often associated with heterogeneous populations (Schumer et al., 2018). 

In contrast, Hyla rabbits displayed lower nucleotide diversity, possibly due to their more 
stable and homogeneous breed characteristics (Table 3). Stable breeds, like Hyla, may 
be more susceptible to bottleneck effects and inbreeding, which can lead to reduced 
genetic diversity (Bortoluzzi et al., 2019). These results highlight the genetic 
distinctiveness between non-descript and Hyla rabbits and underline the importance of 
preserving the genetic diversity present in locally adapted populations. 

Table 2: The mtDNA diversity indices of the tested rabbit populations 

Genotype 
No of 

Haplotypes 
Nucleotide 

diversity±SD 
Haplotype 

diversity±SD 
No of 

polymorphic sites 
Tajima’s D 
(*P<0.05) 

Non-descript 6 0.10137±0.00021 0.761±0.092 7 -1.53783* 

Hyla 2 0.06405±0.01057 0.598±0.032 2 1.24253 

Table 3: Mitochondrial DNA Haplotype Frequencies and lineage assignment 

Haplotype Non-descript Hyla Lineage 

1 0.04 - A 

2 0.127 - A 

3 0.163 - A 

4 0.405 - A 

5 0.096 0.688 A 

6 0.169 0.312 A 

Tajima's D values, a measure of the departure from neutral evolution, were significantly 
negative (-1.53783) for the non-descript rabbits, indicating an excess of rare allelic 
combinations. This suggests that non-descript rabbits have undergone natural selection 
processes, leading to the accumulation of rare alleles. In contrast, there was no significant 
difference among Hyla rabbits, as their Tajima's D values did not deviate significantly from 
neutrality. These findings further emphasize the genetic uniqueness of non-descript 
rabbits, possibly resulting from their adaptation to local conditions (Guo et al., 2019). 

Phylogenetic Analysis: The phylogenetic analysis of tested rabbit breeds and published 
sequences revealed interesting insights into their evolutionary relationships (Fig 2). The 
UPGMA tree demonstrated that all tested groups fell into the same lineage (Table 3), 
highlighting a shared ancestry among these rabbit populations. However, the UPGMA 
tree also showed the presence of two distinct clusters. One cluster included Hyla rabbits, 
New Zealand rabbits, and Californian rabbits, suggesting a closer genetic relationship 
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among these breeds. The formation of this cluster indicates a potential history of 
crossbreeding and genetic exchange between these breeds, with Hyla possibly being a 
product of hybridization between Californian and New Zealand white rabbits. In contrast, 
the other cluster comprised non-descript rabbits, Chinchilla rabbits, and Domestic English 
rabbits. This separation suggests that non-descript rabbits have a unique genetic lineage, 
distinct from the other breeds tested. This differentiation is in line with the observed high 
genetic diversity in non-descript rabbits, driven by indiscriminate mating practices and 
genetic recombination (Park et al., 2019). 

The results of this phylogenetic analysis provide crucial information about the genetic 
relationships and evolutionary history of these rabbit breeds. It also highlights the 
potential for genetic improvement and conservation strategies to preserve unique genetic 
variants within non-descript rabbits. 

 

Fig 2: Evolutionary relationships of the population inferred by MEGA 5 program: 
neighbor-joining phylogenetic tree, derived from mtDNA sequence multiple 

alignment 
 
CONCLUSION AND RECOMMENDATION 

In conclusion, the findings of the current underscores the significance of preserving and 
harnessing the genetic diversity of locally adapted rabbit genotypes, particularly the non-
descript rabbits. Non-descript rabbits displayed higher genetic diversity, reflected in a 
greater number of haplotypes and higher nucleotide diversity. These genetic traits 
position them as valuable resources for future breeding programs and sustainable 
management of genetic variants. Also, the genetic distinctiveness of non-descript rabbits 
highlights their potential role in maintaining indigenous genetic resources. It is 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 66 Issue 11 | 2023 
DOI: 10.5281/zenodo.10224157 

Nov 2023 | 172 

recommended that further studies should incorporate nuclear DNA markers and 
quantitative traits to provide a more comprehensive genetic characterization of rabbit 
populations in Nsukka. This would facilitate the development of effective breeding 
strategies and conservation policies. 
 
Acknowledgment 

The authors are highly grateful to the Nsukka local farmers who keep and preserve these animal genetic 
resources and the financial assistance of Nonso Uche (a.k.a Sir DJ Oreo). The lab staff's in African 
Bioscience with the lab work is also acknowledged by the authors. 

Declarations 

Ethical approval 

A butterfly syringe designed for capillary blood collection was used to draw blood from the lateral marginal 
ear vein. When handling the rabbit to take blood samples, no physical harm was done to it. The University 
of Nigeria, Nsukka's institutional ethics directorate examined and authorized our research, finding no 
evidence of unethical behavior. 

Statements of consent 

All authors approved of the manuscript's publication. 

Competing interests 

The authors have no competing interests to disclose. 

Authors’ contribution 

Ikeh, N. E: conception of the work, analysis of data, and drafting of the manuscript 

Anizoba, N.W: acquisition of data and drafting of the manuscript 

Ugwu, O.G: interpretation of data 

Fekurumoh, S.O: acquisition of data 

Amaefule, B.C: acquisition of data 

Machebe, N.S: supervision and design of the work 

Foleng, H.M.: supervision, design of the work and reviewed the manuscript 

 
References 

1) Worldometric, (2023). Countries in the World by Population (2023). 
https://www.worldometers.info/world-population/population-by-country/ 

2) FAOSTAT, (2018). Food and Agriculture Organization Corporate Statistical Database. 
www.fao.org/faostat/en/#home  

3) Oosting, S., van der Lee, J., Verdegem, M., de Vries, M., Vernooij, A., Bonilla-Cedrez, C., and Kabir, 
K. (2022). Farmed animal production in tropical circular food systems. Food Security, 14(1), 273-292. 

4) Omotoso AO, Olowofeso O, Wheto M, Sogunle OM (2019). Genetic variation amongst four rabbit 
populations in Nigeria using microsatellite marker. Elec J Biol, 15(2):062-67. 

https://www.worldometers.info/world-population/population-by-country/
http://www.fao.org/faostat/en/#home


Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 66 Issue 11 | 2023 
DOI: 10.5281/zenodo.10224157 

Nov 2023 | 173 

5) Obayelu, O., Adeyeye, A., Adepoju, A. and Ayanboye, A. (2022). Protein food consumption among 
students in a Nigerian university: A demand modelling. Agricultura Tropica et Subtropica, 55(1) 83-
91. https://doi.org/10.2478/ats-2022-0010 

6) Oladimeji, A. M., Johnson, T. G., Metwally, K., Farghly, M., and Mahrose, K. M. (2022). Environmental 
heat stress in rabbits: Implications and ameliorations. International Journal of Biometeorology, 1-11. 

7) Siddiqui, S. A., Gerini, F., Ikram, A., Saeed, F., Feng, X., and Chen, Y. (2023). Rabbit Meat—
Production, Consumption and Consumers’ Attitudes and Behavior. Sustainability, 15(3), 2008. 

8) Kumar, P., Abubakar, A. A., Verma, A. K., Umaraw, P., Adewale Ahmed, M., Mehta, N., Hayat, M. N., 
Kaka, U. and Sazili, A. Q. (2022). New insights in improving sustainability in meat production: 
opportunities and challenges. Critical Reviews in Food Science and Nutrition, 1-29. 
DOI: 10.1080/10408398.2022.2096562 

9) Adeolu, A. I., Wheto, M., Oleforuh-Okoleh, V. U., Nwose, R. N., Adenaike, A. S., Yakubu, A., and 
Mohammed, B. G. (2021). Genetic Diversity of Rabbit (Oryctolagus cuniculus) Population in South 
Eastern Nigeria Using Microsatellite Markers. Tropical Animal Science Journal, 44(3), 280-287. 

10) FAO (2019). First report on the implementation of the Global Plan of Action for the Conservation, 
Sustainable Use and Development of Forest Genetic Resources. url: 
http://www.fao.org/3/my877en/my8 77en.pdf.  

11) Gowane, G. R., Kumar, A., and Nimbkar, C. (2019). Challenges and opportunities to livestock breeding 
programmes in India. Journal of Animal Breeding and Genetics 136(5), 329–338. url: 
https://doi.org/10.11 11/jbg.12391. 

12) Eusebi, P. G., Martinez, A., and Cortes, O. (2019). Genomic tools for effective conservation of livestock 
breed diversity. Diversity, 12(1), 8. 

13) Bolatito, O. A., and Aladele, S. E. (2019). Preliminary information on the status of sustainable use, 
characterization and inventory of animal genetic resources in Nigeria. Nigerian Journal of Animal 
Science, 21(2), 9-17. 

14) Onyenucheya, C. O., & Nnamchi, H. C. (2018). Diurnal and annual mean weather cycles over Nsukka, 
Nigeria during 2010/2011. Nigerian Journal of Technology, 37(2), 519-524. 

15) Cui, D., Liang, S., Wang, D., and Liu, Z. (2021). A 1 km global dataset of historical (1979–2013) and 
future (2020–2100) Köppen–Geiger climate classification and bioclimatic variables. Earth System 
Science Data, 13(11), 5087-5114. 

16) Librado P., and Rozas J. (2009). DnaSP v5: a software for comprehensive analysis of DNA 
polymorphism data. Bioinformatics, 25: 1451-1452. https://doi.org/10.1093/bioinformatics/btp187 

17) Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013). MEGA6: molecular evolutionary 
genetics analysis version 6.0. Molecular biology and evolution, 30(12), 2725-2729. 

18) Bolet G., Brun J.M., Monnerot M., Abeni F., Arnal C., Arnold J., Bell D., Bergoglio G., Besenfelder U., 
Bosze S., Boucher S., Chanteloup N., Ducourouble M.C., Durand-Tardif M., Esteves P.J., Ferrand N., 
Gautier A., Haas C., Hewitt G., Jehl N., Joly T., Koehl P.F., Laube T., Lechevestrier S., Lopez M., 
Masoero G., Menigoz J.J., Piccinin R., Queney G., Saleil G., Surridge A., Van Der Loo W., Vicente 
J.S., Viudes De Castro M.P., Virag G., Zimmermann, J.M. (2000). Evaluation and conservation of 
European rabbit (Oryctolagus cuniculus) genetic resources. First results and inferences. In Proc.: 7th 
World Rabbit Congress, 4-7 July 2000, Valencia, Spain, pp. 281-315. 

19) Long J. R., Qiu X.P., Zeng F.T., Tang L.M., and Zhang Y.P. (2003). Origin of rabbit (Oryctolagus 
cuniculus) in China: evidence from mitochondrial DNA control region sequence analysis. Anim. Genet., 
34: 82-87. https://doi.org/10.1046/j.1365-2052.2003.00945.x 

https://doi.org/10.2478/ats-2022-0010
https://doi.org/10.1080/10408398.2022.2096562
https://doi.org/10.11%2011/jbg.12391
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1046/j.1365-2052.2003.00945.x


Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 66 Issue 11 | 2023 
DOI: 10.5281/zenodo.10224157 

Nov 2023 | 174 

20) Sakthivel M., Tamilmani G., Abdul Nazar A.K., Jayakumar R., Sankar M., Rameshkumar P., Anikuttan 
K.K., Samal A.K., Anbarasu M., Gopakumar G. 2018. Genetic variability of a small captive population 
of the cobia (Rachycentron canadum) through pedigree analyses. Aquaculture, 498: 435-443. 
https://doi.org/10.1016/j.aquaculture.2018.08.047 

21) Emam A., Azoz A., Mehaisen G., Ferrand N., Ahmed N. (2017). Diversity assessment among native 
Middle Egypt rabbit populations in North Upper-Egypt province by microsatellite polymorphism. World 
rabbit Sci., 25: 9-16. https://doi.org/10.4995/wrs.2017.5298 

22) Schumer, M., Xu, C., Powell, D. L., Durvasula, A., Skov, L., Holland, C., & Przeworski, M. (2018). 
Natural selection interacts with recombination to shape the evolution of hybrid 
genomes. Science, 360(6389), 656-660. 

23) Bortoluzzi C., Bosse M., Derks M.F.L., Crooijmans R., Groenen M.A.M, Megens H.J. (2019). The type 
of bottleneck matters: Insights into the deleterious variation landscape of small managed populations. 
Evol Appl., 13: 330-341. https://doi.org/10.1111/eva.12872 

24) Carneiro M., Albert F.W., Melo-Ferreira J., Galtier N., Gayral P., Blanco-Aguiar J.A., Villafuerte R., 
Nachman N.M., Ferrand N. (2012). Evidence for widespread positive and purifying selection across 
the European rabbit (Oryctolagus cuniculus) genome. Mol. Biol. Evol., 29: 1837-1849. 
https://doi.org/10.1093/molbev/mss025 

25) Ghalayini M, Launay A, BridierNahmias A, Clermont O, Denamur E, Lescat M, Tenaillon O. (2018). 
Evolution of a dominant natural isolate of Escherichia coli in the human gut over the course of a year 
suggests a neutral evolution with reduced effective population size. Appl. Environ. Microbiol., 84: 
e02377-17. https://doi.org/10.1128/AEM.02377-17 

26) Park G., Pichugin Y., Huang W., and, Traulsen A. (2019). Population size changes and extinction risk 
of populations driven by mutant interactors. Phys. Rev., E 99, 022305. 
https://doi.org/10.1103/PhysRevE.99.022305  

27) Guo H., Jiao Y., Tan X., Wang X., Huang X., Huizhe X., Jin H. and. Paterson, A.H. 2019. Gene 
duplication and genetic innovation in cereal genomes. Genome Res. 29: 261-269. 
https://doi.org/10.1101/gr.237511.118 

28) Schmidt D., Pool J. (2002). The effect of population history on the distribution of Tajima’s D statistics. 
Available at http://www. cam.cornell.edu/~deena/TajimasD.pdf. Accessed March 2021. 

29) Watson J.P.N. and Davis S.J.M. (2019). Shape differences in the pelvis of the rabbit, Oryctolagus 
cuniculus (L.), and their genetic associations. Available at https://hal.archives-ouvertes.fr/hal-
01918838v2 Accessed March 2023.  

30) Owuor, S. A., Mamati, E. G., and Kasili, R. W. (2019). Origin, genetic diversity, and population structure 
of rabbits (Oryctolagus cuniculus) in Kenya. BioMed Research International, 2019. 

 

 

https://doi.org/10.1016/j.aquaculture.2018.08.047
https://doi.org/10.4995/wrs.2017.5298
https://doi.org/10.1111/eva.12872
https://doi.org/10.1093/molbev/mss025
https://doi.org/10.1101/gr.237511.118

