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1. Introduction

The New Zealand White rabbit (NZW) is one of the 
most popular breeds of domestic rabbits. Developed in 
the early 20th century by W. S. Preshaw, NZW rabbit 
emerged later and rapidly gained popularity due to its 
utility in commercial meat production and laboratory 

research (Verhoef-Verhallen, 1998). The NZW rabbit 
is characterized by its albino coat, white fur, and 
pink eyes due to the lack of pigmentation (Naff and 
Craig, 2012). The presence of NZW rabbit in Indonesia, 
primarily introduced for meat production and research 
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2. Materials and Methods

This study was conducted in accordance with the 
principles of animal welfare and ethical standards for 
scientific research. All procedures involving animals 
were approved by the Ethics Committee of Universitas 
Diponegoro, under approval number: 59-01/A-01/KEP-FPP. 
Animal handling was carried out with care to minimize 
stress, pain, and discomfort, following standard guidelines 
for the care and use of laboratory animals.

This study utilized genomic DNA (gDNA) which was 
extracted from liver tissue. A total of 15 grams of liver 
tissue were collected from a NZW rabbit that had been 
slaughtered and dissected previously. The liver tissue 
then was preserved in Falcon tubes containing ethanol to 
ensure sample stability and were then processed to extract 
gDNA following the standard protocol provided by the 
gSYNC DNA Extraction Kit (Geneaid, New Taipei, Taiwan).  
The extracted gDNA was rigorously evaluated for both 
quality and quantity to ensure optimal suitability for further 
analysis. Subsequently, mitochondrial DNA enrichment 
was performed using the REPLI-g Mitochondrial DNA 
Kit (Qiagen, Hilden, Germany) to enhance the yield of 
mtDNA. This enriched mtDNA was then used in the library 
preparation process for downstream genetic analysis 
by combining End Prep and Nick Repair and Ligation of 
sequencing adapters (Head et al., 2014). The sequencing 
process was carried out using whole genome sequencing 
(WGS) analysis with nanopore technology, employing 
the Oxford Nanopore Technologies GridION platform 
(Zascavage et al., 2019; Zascavage et al., 2018), that was 
facilitated by Genetika Science Ltd., Indonesia. Following 
the sequencing, bioinformatics analysis was conducted to 
process and interpret the data.

The sequencing run was managed using the MinKNOW 
(v21.11.17). Base calling, essential for converting raw 
electrical signals into nucleotide sequences, was performed 
with Guppy (v5.1.13) in high-accuracy mode, ensuring 
the fidelity of the sequencing results (Wick et al., 2019).  
To visualize the quality of the reads, NanoPlot (v1.40.0) 
was utilized, offering an insightful overview of the dataset  
(De Coster et al., 2018). The alignment of all sequencing 
reads to the reference mitochondrial sequence from 
GenBank was performed using Minimap2 (v2.24), ensuring 
precise mapping to the known mitochondrial genome 
 (Li, 2018; White and Hesselberth, 2022). The assembly of 
the genome was then executed with Flye (v2.8.3), leveraging 
the filtered mapped reads to construct a high-quality 
mitochondrial genome assembly (Kolmogorov et al., 2019). 
Quality control was meticulously applied throughout the 
process, with NanoPlot (v1.40.0) being employed once more 
to assess the quality of both mapped and filtered reads 
(De Coster et al., 2018). The polishing of the constructed 
sequence was performed using Racon (v1.5.0), which was 
run four times to refine the accuracy of the assembly. 
Further polishing was completed using Medaka (v1.5.0), 
which was applied three times to ensure optimal sequence 
correction (https://github.com/nanoporetech/medaka) 
(Vaser et al., 2017). The final sequences were annotated and 
visualized using MitoZ (v2.4), a tool specifically designed 
for mitochondrial genome analysis (Meng et al., 2019), 

purposes, has been significant. However, a significant 
issue with rabbit development programs in Indonesia 
is that the rabbits are primarily imported from the 
United States and Europe. This reliance on imported 
breeds presents challenges in terms of adaptation, 
genetic diversity, and long-term sustainability. As a 
result, imported rabbit breeds may undergo genetic 
divergence due to founder effects, breeding history, 
and adaptation to tropical environmental conditions.  
Many of these rabbits struggle to adapt successfully to 
tropical conditions, limiting their effectiveness in local 
farming systems (Setiaji et al., 2022a, b). As Indonesia 
seeks to diversify its agricultural and livestock sectors, 
rabbit farming has gained attention as a viable alternative 
source of protein. Furthermore, due to its rapid growth 
rate, fertility, and well-adapted nature in tropical 
environments, NZW rabbit has become one of the most 
popular rabbit breeds in Indonesia (Marhaeniyanto et al., 
2015; Setiaji et al., 2021).

Although the development of NZW rabbits has 
gained significant traction in Indonesia, comprehensive 
information remains scarce, particularly when it comes to 
the genetic exploration of this breed. Specifically, when 
it comes to genetic characterization through molecular 
techniques, research has predominantly been confined 
to analyzing mitochondrial DNA (mtDNA) segments, such 
as the D-loop region (Ahmed et al., 2022; Lestari et al., 
2025); 12S rRNA gene (Allam  et  al., 2024); leaving 
much of the broader genetic landscape unexplored. 
Mitochondria are a driving force in the evolution process 
of eukaryotes because this organelle can produce ATP 
as an essential product for this step (Friedman and 
Nunnari, 2014a, b). Proteins encoded by mitochondrial 
DNA contribute to OXPHOS and directly impact the 
metabolic process pressure operating on these proteins, 
which can reveal information about their evolution. 
A mutation in mitochondrial DNA can be beneficial, 
neutral, or detrimental. Due to mitochondria’s reliance 
on genetic information found in their little genome 
(mtDNA), these functions could be carried out (Chial 
and Craig, 2008). Unlike nuclear DNA, which is inherited 
from both parents, the mtDNA is inherited maternally.  
This unique inheritance pattern makes it useful for 
studying maternal lineage and population genetics 
(Xia et al., 2021; Mustafa et al., 2022).

Furthermore, conducting comprehensive genetic 
characterization of the complete mitochondrial genome is 
essential to not only supplement the findings of previous 
studies but also to significantly enhance the body of 
knowledge surrounding the genetic diversity, evolutionary 
history, and overall existence of NZW rabbit. This research 
will provide a more detailed genetic framework that 
could support conservation, breeding, and improvement 
of the breed. Therefore, this study was aimed to discover, 
identify, and comprehensively explore the characteristics 
of the complete mitochondrial DNA genomes of the NZW 
rabbit (Oryctolagus cuniculus). Those findings can provide 
valuable insights into its genetic makeup and contribute to 
a deeper understanding of its unique traits, which can be 
used to support breeding programs, conservation efforts, 
and further scientific studies.
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while the overall quality of the constructed sequences was 
evaluated with Quast (v5.0.2), providing a comprehensive 
assessment of the accuracy and completeness of the 
assembled mitochondrial genome (Gurevich et al., 2013). 
A detailed workflow for WGS, mtDNA sequencing, and 
bioinformatics analysis is presented in Figure 1.

Data analysis was carried out using the MEGA11 
software (Tamura  et  al., 2021), where the complete 
mitochondrial DNA (mtDNA) genome sequences of NZW 
rabbit were aligned to comprehensively examine its 
genetic characteristics. This analysis included identifying 
key elements such as gene sequences, their positions, 
sizes, amino acid lengths, amino acid alterations, and 
overall nucleotide composition. Additionally, these mtDNA 
sequences were compared against 16 complete sequence 
from Leporidae family consisting of Oryctolagus, Lepus and 
Brachylagus (Table 1). This comparative analysis aimed 
to uncover potential mutations, assess genetic diversity, 
and visualize the phylogenetic relationships among the 
samples through the construction of a phylogenetic tree, 
utilizing the Maximum Likelihood method for accurate 
evolutionary inference (Tamura and Nei, 1993).

3. Result and Discussion

3.1. Genetic characteristic based on mtDNA genome 
sequence

The sequencing result of the NZW rabbit revealed that 
this breed’s mitochondrial genome spans a total length of 

17,374 base pairs (bp) which descripted by green, red and 
blue color in Figure 2. This genome is composed of 13 Protein 
Coding Genes (PCGs) responsible for key mitochondrial 
functions, which are ND1 (NADH dehydrogenase subunit 
1), ND2 (NADH dehydrogenase subunit 2), ND3 (NADH 
dehydrogenase subunit 3), ND4 (NADH dehydrogenase 
subunit 4), ND4L (NADH dehydrogenase subunit 4L), 
ND5 (NADH dehydrogenase subunit 5), ND6 (NADH 
dehydrogenase subunit 6), COX1 (Cytochrome Oxidase 
1), COX2 (Cytochrome Oxidase 2), COX3 (Cytochrome 
Oxidase 3), ATP6 (ATP synthase membrane subunit 6), ATP8  
(ATP synthase membrane subunit 8), CYTB (Cytochrome B); 
22 transfer RNA (tRNA) genes involved in protein synthesis 
(trnR, trnH, trnS, trnL, trnE, trnT, trnP, trnF, trnV, trnL, trnl, 
trnQ, trnM, trnW, trnA, trnN, trnC, trnY, trnS, trnD, trnK, 
trnG), and two ribosomal RNA (rRNA) genes essential for the 
formation of ribosomes (l-rRNA and s-rRNA). Additionally, 
the mtDNA genome contains a control region known as 
the Displacement Loop (D-loop), which is characterized 
by a long non-coding sequence that plays a critical role 
in the regulation of mitochondrial DNA replication and 
transcription and also a replication origin. This detailed 
structural organization highlights the complex genetic 
machinery that underpins mitochondrial function in the 
NZW rabbit. This structural information is relevant to NZW 
rabbits because their frequent use as laboratory models in 
metabolic and reproductive studies makes mitochondrial 
function a key determinant of experimental outcomes.  
As the D-loop regulates mtDNA replication and transcription, 
its features may influence mitochondrial efficiency and 

Figure 1. Workflow process for mitochondrial genome sequencing and bioinformatics analysis.
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thereby affect physiological traits commonly assessed in 
NZW rabbits

The nucleotide composition of the NZW rabbit 
mtDNA genome in this study is characterized by 
specific percentages: 31.50% adenine (A), 28.30% 
thymine (T), 26.60% cytosine (C), and 13.6% guanine (G), 
resulting in a sequential order of A > T > C > G (Table 2).  
This distribution of nucleotides reflects the AT-rich 
nature of the mitochondrial genome, a common feature 
in many animal species, which may have implications 
for mitochondrial stability and replication efficiency. The 
AT-rich nature of mitochondrial genomes has been shown 
to affect replication fidelity and promote strand-specific 
mutational biases (Gomes-Dos-Santos  et  al., 2023). 
Comparative studies of mtDNA genome across various 
rabbit breeds have revealed differences not only in 
nucleotide composition but also in the overall length 
of the mitochondrial genome. This suggest potential 
breed-specific variations in mitochondrial function 
and genetic regulation. These differences could be 
linked to evolutionary adaptations, energy metabolism, 
or other biological factors unique to each breed.  
Comparative analyses indicate breed-specific differences 
in mitogenome length among Oryctolagus cuniculus. 
For example, the Yimeng wool rabbit mitogenome is 
16,740 bp (Yao et al., 2019; Accession number MN296708), 
while reported lengths for Chuanbai Rex rabbits is 
17,174 bp (Wang et al., 2021; Accession number MN953621).  
In previous study the Indonesian local rabbit showed a 
mitogenome length of 17,469 bp and a notably longer D-loop 
region (Setiaji et al., 2023). These quantitative differences 
likely reflect variation and small insertion/deletion 
events among breeds, and may underlie breed-specific 

mitochondrial regulation. Such length variation is most 
commonly attributed to differences within the D-loop, 
which is known to harbor repeat expansions, indels, and 
highly mutable motifs that contribute disproportionately to 
overall mitogenome size variation in comparative studies.

The DNA duplex strand can be differentiated based 
on its GC (guanine-cytosine) content, as regions with 
higher GC content tend to have greater buoyant density 
due to the triple hydrogen bonds between guanine 
and cytosine, compared to the double hydrogen bonds 
between adenine and thymine. This difference in GC 
content results in contrasting buoyant densities for 
each strand, often referred to as the ‘heavy’ (GC-rich) 
and ‘light’ (AT-rich) strands. The heavy strand encodes 
12 PCGs (ND3, ND4L, ND4, ND5, CYTB, ND1, ND2, COX1, 
COX2, ATP8, ATP6, COX3), 2 rRNAs (s-rRNA and l-rRNA), 
and 14 tRNAs (trnR, trnH, trnS, trnL, trnT, trnF, trnV, trnL, 
trnI, trnM, trnW, trnD, trnK, trnG), while the light strand 
encodes remains (Table 2).

3.2. PCGs and amino acid profile

The sequence lengths of the 13 PCGs in the NZW 
rabbit mitochondrial genome (Table  2), arranged from 
longest to shortest, are as follows: ND5 (1.812 bp), 
COX1 (1.542 bp), ND4 (1.375 bp), CYTB (1.140 bp), ND2 (1.044 bp), 
ND1 (957 bp), COX3 (804 bp), COX2 (684 bp), ATP6 (681 bp), 
ND6 (525 bp), ND4L (297 bp), ND3 (273 bp), and ATP8 (204 bp).  
The majority of these genes are initiated by the ATG, 
with exceptions observed for ND2 and ND5, which 
initiated by ATT and ND3 which which initiated by ATC.  
The termination codons are predominantly TAG, followed 
by TAA for ND4L, ND2, ATP8, and ATP6; AGG for ND6 and 
CYTB; and TAT for ND4.

Table 1. References of mitogenomes used for comparison.

No Organism Name Genbank ID Size Reference

1 O. cuniculus (Indonesian Local) - 17,469 (Setiaji et al., 2023)

2 O. cuniculus (Chuanbai Rex) MN953621 17,174 (Wang et al., 2021)

3 O. cuniculus (New Zealand White) MH985853 17,418 (Hu et al., 2018)

4 O. cuniculus (Yimeng Wool) MN296708 16,740 (Yao et al., 2019)

5 O. cuniculus (Fujian Yellow) MN518689.1 17,000 (Zhou et al., 2021)

6 O. cuniculus (Jiuyi Mountain) PP357264.1 17,306 (Li and Guo, 2024)

7 L. capensis GU937113.1 17,722 (Wang and Yang, 2010)

8 L. coreanus KF040450.1 17,471 (Yu and Kwak, 2013)

9 L. europaeus KY211025.1 16,680 (Arnason et al., 2002; Nilsson et al.,  
2003; Giannoulis et al., 2018)

10 L. granatensis KJ397610.1 16,915 (Melo-Ferreira et al., 2014)

11 L. hainanus JQ219662.1 16,646 (Wang et al., 2011)

12 L. sinensis KM362831.1 17,438 (Ding et al., 2016a)

13 L. timidus KR030072.1 17,749 (Fu, 2015)

14 L. tolai MN539744.1 17,047 (Ding et al., 2016b; Shan et al., 2020)

15 L. yarkadensis MN539747.1 16,808 (Shan, 2019; Huang et al., 2019)

16 B. idahoensis OL436257 17,021 (Saha et al., 2022)
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Figure 2. The fully mapped mitochondrial genome sequence of the NZW rabbit in this study.

The amino acid sequence lengths of the 13 PCGs in 
the NZW rabbit mitochondrial genome, arranged from 
longest to shortest, are as follows: ATP8 gene encodes 
amino acid sequence consisting of 67 residues, followed by 
ND3 (90 residues), ND4L (98 residues), ND6 (174 residues), 
ATP6 (226 residues), COX2 (227 residues), COX3 (267 
residues), ND1 (318 residues), ND2 (347 residues), CYTB 
(379 residues), ND4 (458 residues), COX1 (513 residues), 
ND5 (603 residues). Overall amino acid composition 
reveals notable variations (Figure 3), with Leucine being 
the most abundant at 15.82%, highlighting its significant 
presence in the structure or function of proteins in the 
analyzed genes. The high proportion of leucine is consistent 
with patterns observed in vertebrate mitochondrial 
proteins, which typically exhibit leucine enrichment due 
to the presence of two dedicated leucine codon families 

(UUR and CUN) and the availability of corresponding 
tRNAs. In addition, many mtDNA-encoded proteins form 
hydrophobic transmembrane helices within the respiratory 
chain complexes, where leucine residues are favored for 
stabilizing membrane-embedded structures (Liu  et  al., 
2002; Gurezka et al., 1999). In contrast, Cysteine is the 
least represented, accounting for only 0.61%, which may 
reflect its limited role or specific functional constraints. 
Meanwhile, other amino acid compositions range from 
1.88% to 8.10% (Table 3).

Interestingly, certain amino acids are entirely absent 
in specific genes, indicating potential differences in the 
functional requirements or structural properties of the 
proteins they encode. For example, Histidine is absent in 
the ND3 and ND6 genes, while Cysteine is missing from 
ND2 and ATP6. Similarly, Glycine is not found in ATP8, 
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Table 2. Complete mtDNA genome sequence profile of NZW rabbit in this study.

Gene1

Position
Size 
(bp)

Nucleotide (%) Amino Acid

Strand2

Start End T C A G Length
Start 

Codon
Stop 

Codon

Replication 
origin

1 11 11 33.3 25.0 41.7 -

ND3 12 285 273 32.2 23.4 31.1 13.2 90 ATC TAG H

trnR 275 342 67 35.8 10.4 40.3 13.4 H

ND4L 343 640 297 34.3 25.6 29.6 10.4 98 ATG TAA H

ND4 633 2008 1375 29.3 29.1 30.2 11.4 458 ATG TAT H

trnH 2011 2080 69 30.4 17.4 37.7 14.5 H

trnS 2080 2139 59 28.8 28.8 25.4 16.9 H

trnL 2139 2209 70 25.7 14.3 41.4 18.6 H

ND5 2209 4021 1812 30.6 27.1 30.8 11.5 603 ATT TAG H

ND6 4016 4541 525 40.4 6.5 19.8 33.3 174 ATG AGG L

trnE 4541 4609 68 36.8 14.7 30.9 17.6 L

CYTB 4612 5752 1140 28.9 30.4 28.0 12.7 379 ATG AGG H

trnT 5751 5817 66 28.8 19.7 28.8 22.7 H

trnP 5817 5883 66 28.8 15.2 21.2 34.8 L

D-loop 5884 7883 2000 27.0 28.5 31.8 12.8 H

trnF 7883 7952 69 21.7 23.2 37.7 17.4 H

s-rRNA 7952 8909 957 23.9 22.0 35.8 18.2 H

trnV 8909 8975 66 27.3 25.8 30.3 16.7 H

l-rRNA 8973 10554 1581 25.4 20.4 36.4 17.8 H

trnL 10554 10629 75 26.7 22.7 32.0 18.7 H

ND1 10631 11588 957 28.8 30.1 28.7 12.3 318 ATG TAG H

trnl 11586 11656 70 34.3 11.4 37.1 17.1 H

trnQ 11653 11725 72 31.9 13.9 25.0 29.2 L

trnM 11733 11802 69 27.5 24.6 29.0 18.8 H

ND2 11802 12846 1044 28.3 27.7 34.9 9.2 347 ATT TAA H

trnW 12853 12920 67 22.4 23.9 34.3 19.4 H

trnA 12922 12989 67 32.8 14.9 29.9 22.4 L

trnN 12989 13062 73 28.8 17.8 24.7 28.8 L

trnC 13095 13164 69 24.6 21.7 29.0 24.6 L

trnY 13164 13230 66 27.3 16.7 33.3 22.7 L

COX1 13237 14779 1542 31.0 25.3 26.4 17.3 513 ATG TAG H

trnS 14781 14850 69 33.3 17.4 21.7 27.5 L

trnD 14853 14922 69 39.1 14.5 36.2 10.1 H

COX2 14922 15606 684 28.7 26.6 30.4 14.3 227 ATG TAG H

trnK 15609 15678 69 26.1 18.8 31.9 23.2 H

ATP8 15679 15883 204 28.4 29.4 34.3 7.8 67 ATG TAA H

ATP6 15840 16521 681 29.7 29.5 29.5 11.3 226 ATG TAA H

COX3 16520 17324 804 29.1 28.5 27.2 15.2 267 ATG TAG H

trnG 17304 17374 70 30.3 22.9 32.9 14.3 H

Average 28.3 26.6 31.5 13.6

1ND: NADH dehydrogenase; trnR: tRNA Arginine; trnH: tRNA Histidine; trnS: tRNA Serine; trnL: tRNA Leucine; trnE: tRNA Glutamic acid; CYTB: 
Cytochrome b; trnT: tRNA Threonine;  trnT: tRNA Threonine; Dloop: Displacement loop; trnF: tRNA Phenylalanine; s-rRNA: short ribosomal RNA; 
trnV: tRNA Valine; l-rRNA: length ribosomal RNA; trnI: tRNA Isoleucine; trnQ: tRNA Glutamine; trnM: tRNA Methionone; trnW: tRNA Tryptophan; 
trnA: tRNA Alanine; trnN: tRNA Asparagine; trnC: tRNA Cystein; trnY: tRNA Tyrosine; COX: Cytochrome c oxidase; trnD: tRNA Aspartic acid; trnK: 
tRNA Lysine; ATP: Adenosine triphosphate; trnG: tRNA Glycine. 2L: light strand; H: heavy strand.
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Figure 3. Fluctuation curve of amino acid composition (%) encoded by PCGs in the NZW rabbit MtDNA genome in this study.

Lysine is absent in ND4L, Glutamine is missing from ND6, 
Arginine is absent in ATP8, and Tryptophan is not found in 
ND4L. These patterns suggest a complex interplay between 
gene-specific coding requirements and the functional 
characteristics of the proteins these genes produce.  
These absences align with well-established structural 
constraints of mitochondrially encoded membrane proteins, 
which require hydrophobic residues for stabilizing 
multi-pass transmembrane helices. Consequently, amino 
acids such as cysteine and histidine—often involved 
in metal-binding or catalytic motifs—are typically 
underrepresented or absent in ND2, ND3, ND6, and ATP6. 
Comparative inspection of other rabbit mitogenomes 
(Chuanbai Rex rabbit, Yimeng wool rabbit) shows similar 
amino-acid loss patterns within the same genes, supporting 
the view that these absences are conserved structural 
features rather than NZW-specific anomalies (Wang et al., 
2021; Yao et al., 2019)

3.3. tRNA

The sequence lengths of the 22 transfer RNA (tRNA) 
genes in the NZW rabbit mitochondrial genome exhibit a 
range of variability when arranged from longest to shortest. 
These genes play critical roles in protein synthesis by 
transporting specific amino acids to the ribosome during 
translation. The longest tRNA gene is trnL, with a length of 
75 base pairs (bp), followed by trnN at 73 bp and trnQ at 
72 bp. Several genes, including trnL, trnl, and trnG, share a 
length of 70 bp, reflecting a degree of uniformity in certain 
sequences. Other tRNA genes, such as trnS, trnD, trnK, 
trnM, trnF, trnC, trnH, and trnE, display lengths of 69 bp, 
suggesting a common structural feature. Shorter tRNA genes 
include trnR, trnW, trnA (67 bp), and trnT, trnP, trnV, trnY 
(66 bp). The shortest gene in this set is trnS, measuring 

only 59 bp. This variability in sequence length among 
tRNA genes reflects their diverse structural and functional 
adaptations within the mitochondrial genome. According 
to Suzuki  et  al. (2020), in the mitochondrial genome, 
tRNA functions are vital for translating the mitochondrial 
mRNA into proteins necessary for energy production. 
Mitochondrial tRNAs (mt-tRNAs) differ structurally from 
cytosolic tRNAs, often showing truncated sequences but 
still supporting protein synthesis. They play a key role in 
the translation of the 13 essential proteins encoded by the 
mitochondrial genome, which are primarily components 
of the oxidative phosphorylation system. Mutations in 
mt-tRNAs are linked to various mitochondrial diseases 
(Lauber et al., 1991). These fact that highlighting the tRNA 
functional importance in organism.

3.4. rRNA

In this study, the NZW rabbit mitochondrial genome 
reveals that the s-rRNA gene sequence spans a length 
of 957 bp, while the l-rRNA gene sequence is notably 
longer at 1,581 bp. When compared with other rabbit 
breeds, these lengths fall within the expected range: the 
Yimeng wool rabbit by Yao et al. (2019) exhibits s-rRNA 
and l-rRNA lengths of 956 bp and 1,575 bp, respectively 
(Accession number MN296708); the Chuanbai Rex 
rabbit shows 956 bp and 1,579 bp (Wang  et  al., 2021; 
Accession number MN953621); and the Indonesian local 
rabbit presents 957 bp and 1,581 bp (Setiaji et al., 2023).  
These similarities indicate that the rRNA genes of 
NZW rabbits are structurally conserved and consistent 
with patterns observed across other Oryctolagus 
cuniculus mitogenomes.

Both genes, s-rRNA and l-rRNA play essential roles 
in the mitochondrial translation process, with s-rRNA 
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contributing to the formation of the small ribosomal 
subunit and l-rRNA forming a core component of the 
large ribosomal subunit, both of which are crucial for 
protein synthesis within mitochondria. The s-rRNA gene 
is strategically positioned between the trnF and trnV 
genes, suggesting its integration within a highly conserved 
region of the mitochondrial genome that supports efficient 
transcription and processing. Similarly, the l-rRNA gene 
is located between the trnV and trnI genes, underscoring 
its close association with tRNA genes that likely facilitate 
coordinated expression and maturation of mitochondrial 
RNAs. The arrangement and lengths of these rRNA genes 
highlight the compact and efficient organization typical 
of mitochondrial genomes, emphasizing their functional 
importance in maintaining mitochondrial protein synthesis 
and overall cellular energy production.

3.5. Displacement Loop (D-loop)

The D-loop sequence of the NZW rabbit in this study was 
positioned between the trnF and trnP genes. This sequence 
spanned 2,000 bp and contained two distinct repetitive 
elements: a 20-bp segment (GCACGTACACCCGTACGCAC) 
re p e a te d  14  t i m e s  a n d  a  15 3 - b p  s e g m e n t 
(TAAACCCCCTTTCCCACCCCAAGTCAGACAGCTCAGGGCAT 
CTAAATTTTGAAATTTAAAACGCACCTTTACAATACTGACATA 
GCACTCTAGCCCTTTTTTTCCTTTTAACAGGTTTAACTCAATTA 
AATACAAATTGTATAATATTTGGAC) repeated five times. 
Based on Kozhukhar et al. (2020) and Sbisa et al. (1997), 
tandem repeats in the D-loop region may play roles in 
regulating replication by affecting the stability and structure 
of the D-loop as well as the interactions of proteins required 
for replication initiation. In addition, variation in repeat 
copy number has also been associated with differences 
in mtDNA copy number. This study is different with study 
by Setiaji et al. (2023), reported a longer D-loop sequence 
in the Indonesian local rabbit, measuring 2023 bp.  
This sequence contained the same 20 bp segment but 
with a lower repetition frequency, appearing 11 times 
instead of 14. Additionally, a 151 bp segment, slightly 
shorter than the one found in the NZW rabbit, was also 
present and repeated five times. Moreover, a comparison 
with other references reveals that the 20-bp repetition 
with the same pattern as in NZW in this study was also 
found in Chuanbai Rex, Yimeng Wool, Fujian Yellow, and 
Jiuyi Mountain rabbits, with repetition counts of 8, 3, 12, 
and 22, respectively (Wang et al., 2021; Yao et al., 2019; 
Zhou et al., 2021; Li and Guo, 2024). A similar trend was 
observed for the 153-bp repetition with a similar pattern 
was also identified in Chuanbai Rex (Wang et al., 2021) 
and Jiuyi Mountain (Li and Guo, 2024) rabbits, with 
4 and 3 repetitions, respectively. These differences in 
D-loop sequence length and repetition frequency may be 
associated with variations in mitochondrial activity, energy 
metabolism, or evolutionary adaptation (Liu et al., 2018).

3.6. Genetic distance and phylogenetic study

The analysis results revealed a significant pattern 
in the genetic relationships of the NZW rabbit.  
This study identified that the NZW rabbit shares the 
closest genetic distance with the Chuanbai Rex rabbit 

0.0022 (Wang et al., 2021), followed by the Yimeng Wool 
rabbit 0.0024 (Yao et al., 2019) and the Indonesian Local 
rabbit 0.0026 (Setiaji et al., 2023) (Table 4). Notably, all 
these rabbits belong to the same species, Oryctolagus 
cuniculus, indicating their close evolutionary ties and 
possible similarities in their genetic makeup. As stated by 
Larson and Fuller (2013), domestication — both in its early 
stages and through subsequent selective breeding — often 
results in relatively small genetic divergence among newly 
developed breeds, because domesticated populations 
typically originate from a limited ancestral stock (founder 
effect) and gene exchange (gene flow) frequently occurs 
among populations or breeds.

In contrast, the genetic analysis showed that the NZW 
rabbit exhibits the greatest genetic divergence from  
L. timidus 0.1953 (Fu, 2015), L. sinensis 0.1955 (Ding et al., 
2016b), and L. capensis 0.1993 (Wang and Yang, 2010).  
These species, while classified under a different genus, 
Lepus, remain within the same family, Leporidae, as the 
NZW rabbit (Alves et al., 2008; Chapman and Flux, 1990).  
This considerable genetic distance highlights the 
evolutionary divergence between the genera Oryctolagus 
and Lepus, despite their shared familial lineage.  
Such findings provide valuable insights into the genetic 
distinctions and evolutionary relationships among species 
within the Leporidae family. This fact is also consistent 
with the phylogenetic tree shown in Figure  4, which 
was constructed using the Maximum Likelihood method 
(Felsenstein, 1985).

The phylogeny tree branch representing Oryctolagus 
cuniculus provides a detailed illustration of the genetic 
relationships among various populations of domestic 
rabbits that are present today. This close clustering 
of Oryctolagus cuniculus populations highlights their 
shared evolutionary history and relatively minor genetic 
differences, suggesting a common ancestry within the 
genus. In contrast, the genus Lepus occupies a branch that 
is notably distant from Oryctolagus cuniculus, reflecting a 
much greater degree of genetic divergence and emphasizing 
the distinct evolutionary paths taken by these two genera. 
This separation underscores the substantial genetic 
differences between the domestic rabbits of Oryctolagus 
and the hares of Lepus, despite their shared classification 
within the family Leporidae which is consistent with 
findings reported in previous studies (Alves et al., 2008; 
Chapman and Flux, 1990). At the outermost edge of the 
phylogenetic tree, a separate branch is occupied by species 
from a different genus, such as Brachylagus idahoensis. 
This branch serves as an outgroup, providing a reference 
point for rooting the tree and enhancing the interpretation 
of evolutionary relationships among the species within 
the Leporidae family. The inclusion of an outgroup like 
Brachylagus idahoensis helps to contextualize the genetic 
distances and clarify the broader evolutionary framework 
depicted in the phylogenetic tree.

4. Conclusion

The New Zealand White (NZW) rabbit (Oryctolagus 
cuniculus) in this study spans 17,374 bp. The genome is 
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AT-rich and exhibits gene-specific features in sequence 
length, codon usage, and amino acid composition, 
highlighting functional adaptations. The D-loop region 
in NZW rabbits contains repetitive elements that differ 
in length and frequency compare to other rabbit breeds, 
which may influence mitochondrial gene regulation and 
replication. Phylogenetic analysis showed a close genetic 
relationship between the NZW rabbit and other Oryctolagus 
cuniculus breeds, distinct from Lepus species. These findings 
provide important genetic insights that support breeding, 
conservation, and further scientific studies.
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