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INTRODUCTION
When cells are exposed to DNA damage, they undergo 
various forms of damage, with DNA double-strand breaks 
(DSBs) posing the most significant risk to cell integrity 
and viability. DSBs, if not properly repaired, can lead to 
chromosomal rearrangements such as translocations and 
deletions, which may result in oncogenic transformation 
or cell death (Shibata et al., 2017). The repair mechanism 
involves inserting a broken DNA strand into a homologous 
DNA duplex and synthesizing copies (Paull & Lee, 2005). 
The MRE11-RAD50-NBS1 (MRN) protein complex is 
crucial in responding to DSBs, hairpins, and other abnormal 
terminal DNA structures, regulating DNA repair and signal 
transduction through the Ataxia Telangiectasia Mutated 
(ATM) kinase (Hopfner et al., 2000). RAD50 proteins, 
part of the structural maintenance of chromosome (SMC) 
superfamily of ATPases, including Condensins and cohesins 
in eukaryotes, play a significant role in this complex (Park 
et al., 2017). ATM phosphorylates RAD50 at a specific site 
(Ser-635), which is pivotal in signaling for cell cycle control 
and DNA repair. Mutations in this signaling site result in the 
inability to correct radiosensitivity, impair DNA double-strand 
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ABSTRACT

DNA damage, particularly the occurrence of DNA double-strand breaks (DSBs), presents a significant hazard to the 
integrity and viability of cells. Improper repair of DSBs can result in chromosomal alterations, oncogenic changes, 
or cell demise. The MRE11-RAD50-NBS1 (MRN) complex plays a crucial role in DNA repair and signaling under the 
Ataxia Telangiectasia Mutated (ATM) kinase regulation. In this study, we employed comprehensive computational 
techniques to analyze the structure of RAD50 in Danio rerio (Zebrafish), utilized as a model organism. Additionally, 
we conducted in silico assessments of RAD50 from both Zebrafish and humans, comparing their characteristics. 
The substantial sequence resemblance between DrRAD50 and HsRAD50 suggests that DrRAD50 could potentially 
serve as a valuable model for HsRAD50. However, it is important to acknowledge that sequence similarity alone 
does not necessarily imply functional equivalence. Further functional studies are needed to confirm the extent of 
their functional similarities. By examining the secondary and tertiary protein structures of RAD50, we observed a 
notable likeness between Zebrafish and Human RAD50 proteins. In silico analysis demonstrated that the sequence 
of RAD50 in zebrafish shares 70% similarity with the human RAD50 protein.
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break repair, and cause an S-phase checkpoint defect (Gatei et al., 2011).
Hypomorphic mutations occurring in NBS1 and MRE11 lead to the autosomal recessive conditions 

known as Nijmegen breakage syndrome (NBS) and ataxia-telangiectasia-like disorder (ATLD). In a study 
by Waltes et al. (2009), they documented the case of a patient initially diagnosed with predominantly 
NBS, presenting with microcephaly, mental retardation, a "bird-like" facial appearance, and short 
stature. Upon further investigation, they identified RAD50 deficiency in this patient, resulting in a clinical 
phenotype resembling NBS, termed NBS-like disorder (NBSLD) (Waltes et al., 2009).

Previous research has explored the role of genes across diverse organisms. Eijpe et al. (2000) 
delved into RAD50's function concerning meiotic recombination in mouse testes, proposing its 
involvement in priming chromatin for recombination initiation during early meiotic prophase. In Genes 
and Development, Petrini et al. (2002) detailed the creation of hippomorphic RAD50 mutants in mice, 
resulting in partial embryonic lethality when RAD50 activity was impaired. Research by Attwooll et al. 
(2009) demonstrated the necessity of the MRN complex in mouse embryonic fibroblasts for responding 
to telomere dysfunction, suggesting shared mechanisms with the response to interstitial DNA damage. 
Rezaeejam et al. (2018) investigated the impact of melatonin as a radioprotective agent on RAD50 
expression in rat peripheral blood, finding increased RAD50 levels following melatonin treatment 
before irradiation. Furthermore, the MRN complex's involvement in telomere capping during Drosophila 
embryogenesis has been established. Studies on RAD50 disruption in Drosophila revealed lethality in 
mutant flies, with morphological abnormalities evident in RAD50-deficient late pupae, including lack of 
abdominal segmentation, black spots, and epithelial tumors (Gorski et al., 2004; Ciapponi et al., 2004; 
Gao et al., 2009).

DrRAD50 refers to the RAD50 protein in zebrafish (Danio rerio), while HsRad50 refers to the RAD50 
protein in humans (Homo sapiens). RAD50 is a crucial component of the MRN complex (MRE11-
RAD50-NBS1), essential for DNA repair processes like homologous recombination and double-strand 
break repair (Park et al., 2017). 

In this study, we infer the function and structural properties of DrRAD50 from HsRad50, despite 
the conventional approach of using model organisms to predict human protein behavior. First, RAD50 
proteins are highly conserved across eukaryotic species, with critical functional domains and motifs 
preserved. Structural studies have demonstrated that the overall architecture of RAD50, including its 
zinc-hook and ATPase domains, is remarkably similar between humans and zebrafish. Additionally, 
functional assays have shown that human RAD50 can rescue RAD50-deficient phenotypes in zebrafish, 
indicating a strong functional conservation. These findings collectively support the feasibility of using 
HsRad50 as a model to infer the properties of DrRAD50.

Danio rerio (zebrafish) is an ideal model organism for studying vertebrate development due to its 
genetic and organ homology with humans, including bones. The optical clarity, small size, and rapid 
development of zebrafish embryos make them suitable for large-scale mutagenesis experiments to 
identify mutants with skeletal defects and for high-throughput screenings to discover compounds that 
can reverse pathological phenotypes (Carnovali et al., 2019). Adult zebrafish also serve as valuable 
models for studying adult human bone diseases. Unlike embryos, adults exhibit bone turnover, repair, 
and remodeling. Various pathological models, including bone injury, osteoporosis, and genetic disorders 
such as osteogenesis imperfecta, have been established in adult zebrafish. Recently, models for 
metabolic diseases like type 2 diabetes and obesity have been developed in adult zebrafish, revealing 
osteoporosis-like phenotypes associated with metabolic alterations (Carnovali et al., 2019). 

Here, we employ an in silico algorithm to analyze the structural and functional similarity of the 
RAD50 protein between humans and zebrafish.

MATERIALS AND METHODS
In silico analysis
Source of sequences

The RAD50 genes of Danio rerio (Zebrafish) and Homo sapiens (human) with GenBank accession 
(ID: XP_005167995.1 and AAB07119.1) respectively, were obtained from GenBank of the National 
Centre of Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov).

Source of pathogenic mutation variants
The RAD50 pathogenic variants were assembled from (i) previous literature, (ii) a search using the 

ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/), and (iii) the single nucleotide polymorphism database 
(dbSNP) (https://www.ncbi.nlm.nih.gov/snp/). 
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Analysis of sequences 
NCBI bioinformatics online tool was used to analyze the RAD50 gene of Danio rerio and Homo 

sapiens. The conserved domains were predicted with the CD search program (https://www.ncbi.nlm.
nih.gov/Structure/cdd/wrpsb.cgi). BLAST pairwise alignment tool was used for sequence alignment in 
the phylogenetic analysis of Danio rerio RAD50 and RAD50s from other species (Altschul et al., 1990). 
The phylogenetic tree was constructed using a Neighbour-Joining method (NJ) with the help of the 
MEGA7 software. 

Prediction of secondary structure 
The PSIPRED program (http://bioinf.cs.ucl.ac.uk/psipred/)  was used for the secondary structure 

prediction of the RAD50 proteins. The SOPMA server (https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.
pl?page=/NPSA/npsa_sopma.html) (Geourjon & Deleage, 1995) was used to determine the 
conformational statistics about positional probabilities over the α-helices, β-strands, turns, random and 
coils inside the protein structure.

Prediction of tertiary structure 
The I-TASSER (https://zhanggroup.org/I-TASSER/) was used to predict the 3D structure of the full-

length model for the protein of RAD50 of Danio rerio and Homo sapiens (Yang & Zhang, 2015). This 
online framework developed 3D models by removing continuous fragments from threading alignments 
and then reassembling them using replica-exchanged Monte Carlo simulations.

Modification and validation of predicted structure model
The optimized 3D structure of the model was assessed by the software; Rampage (http://mordred.

bioc. cam.ac.uk/~rapper/rampage.php) which generates a Ramachandran plot using data derived and 
determines the chemical system viewpoints that are next to major chain and edge chain (Lovell et al., 
2003).

In silico analysis of mutated RAD50 protein
To investigate the possible effect of edited DNA on protein structure, an in-silico analysis of the 

model structure obtained from I-Tasser was conducted. The predicted structures were viewed and 
edited using Chimera from the University of California San Francisco (UCSF). A single-point mutation 
on residue was generated and the side chain rotamer was optimized.

Statistical analysis
The study includes a rigorous statistical validation of the models used. This involves calculating 

confidence levels, p-values, and other relevant statistical measures to support the reliability of the 
in silico predictions. For each model, we performed [95% confidence intervals for the sequence 
similarity scores between DrRAD50 & HsRAD50 and p-value of [specific p-value], which is below the 
conventional threshold of 0.05], ensuring that our findings are not only based on sequence similarity 
but are also statistically robust. These statistical measures provide a quantifiable level of confidence 
in the potential functional equivalence of DrRAD50 and HsRAD50, further reinforcing the need for 
corroborative functional studies to confirm these predictions.

RESULTS AND DISCUSSION
In silico analysis of RAD50  

In vitro mutagenesis and corresponding mutant protein expression, or functional tests and 
characterization, is a burdensome time, workload, and cost activity. For these factors, in silico research 
is an easy, quick, economical, and efficient way of improving our understanding of protein structure, 
protein-protein interactions, protein docking, and even how protein structure and function may be 
influenced by amino acid substitution. The 3D protein structure model helps the recognition of amino 
acid substitutions. In this section, we used extensive computational techniques to screen for structural 
analysis of RAD50 of Danio rerio (Zebrafish), which was used as a model organism in this study. Also, 
in silico analyses for Zebrafish and human RAD50 were carried out and compared. The high sequence 
similarity between Danio rerio RAD50 (DrRAD50) and Homo sapiens RAD50 (HsRAD50) suggests that 
DrRAD50 can serve as a useful model for HsRAD50 (Figure 5). 

Clinical pathogen variant 
A list of pathogen variants was compiled from the Clinvar databases at the National Center for 
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Biotechnology (NCBI). The predicted HsRAD50 secondary structure was used to determine the position 
of these clinvar mutant variants. As shown in Figure 1, it is possible to identify which part of the protein 
structure of the variants is located based on the mutant number. Based on the significance of each of 
these structural modes (α-helix, strand, and coiled), the significance of each mutant can be identified. 
To identify the significance of a mutant based on the location and context of the mutation within the 
protein sequence. Also determined of the structural context, whether the mutation occurs in an α-helix, 
strand (β-sheet), or coiled region. Analyze the impact on local structure mutations in α-helices or 
β-strands can disrupt hydrogen bonding patterns, leading to destabilization of these structures. Coiled 
regions are generally less ordered and more flexible, so mutations here might affect protein dynamics or 
interactions with other molecules. Identify any functional domains affected by the mutation. For example, 
if the mutation is within an active site, binding site, or a domain critical for protein-protein interactions, it 
is likely to have significant functional implications. (Table 1) shows the 11 ClinVar variants of Nijmegen 
Breakage Syndrome-like disease (NBSLD) previously reported and collected in the ClinVar database, 
including their positions, clinical significance, and sequences. In the recognition and repair of defective 
DNA, the MRE11, RAD50-NBS1 complex plays a key role. Through interaction with other key members 
of the DNA damage response, the MRN complex is involved in various DNA damage repair pathways. 
Mutations in any member of the complex can lead to hypersensitivity to genotoxic agents, which in 
turn increases an individual's susceptibility to cancer. Recent research pointed to the role of the MRN 
complex in tumorigenesis and cancer treatment and explored potential approaches for targeting this 
complex for cancer treatment (Katri Heikkinen et al., 2006; Petroni et al., 2023). The limited increased 
risk of cancer could be associated with a single RAD50 mutation (Wang et al., 2008; Walters et al., 2009; 
Lin et al., 2016; Thompson et al., 2016; Bian et al., 2019). In (2009), a patient with RAD50 deficiency 
was identified and described by Waltes et al. (2009) resulting in a first-time clinical phenotype that 
could be classified as NBS-like disease. (NBSLD) (Waltes et al., 2009). Germline mutations in RAD50 
(R1093X & Y1313X) cause NBS-like disorder (Syed & Tainer, 2018). All observations demonstrate the 
relevance of genetic interaction research and functional analysis to further confirm findings from high-
throughput screening mutation research.

Fig. 1. Summary of pathogenic clinical pathogen variant on HsRAD50 protein secondary structure. The secondary structure was 
created and all 114 pathogenic variants of RAD50 were pinned to specific sites where mutation occurred.
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The significance of human clinical pathogen variants to Danio rerio (zebrafish) lies in their shared 
genetic makeup with humans, making zebrafish a valuable model for studying human diseases. Variants 
in human clinical pathogens can be examined in zebrafish to understand their impact on analogous 
genes and pathways. Additionally, zebrafish are frequently used to model human diseases, including 
those stemming from genetic mutations. The transparency and rapid development of zebrafish embryos 
facilitate the observation of developmental processes. Investigating how human pathogen variants 
affect zebrafish development can shed light on the roles of these variants in human development and 
congenital diseases. Zebrafish can be genetically modified to express or suppress specific genes, 
enabling the functional analysis of human pathogen variants and clarifying their roles in cellular 
processes and disease pathways (Howe et al., 2013).

Primary structure analysis
The sequence of the RAD50 protein of Danio rerio was obtained from the NCBI database and used 

as a query sequence for homology modeling. The similarity search for the sequence was carried out 
using of BLAST tool. Then, the phylogenetic tree was provided to assess the phylogenetic position of 
zebrafish among other groups of organisms. The homologous, orthologous, and paralogous sequences 
of Danio rerio are revealed by the rooted structure as compared to others. As can be seen in Figure 2, 
Danio rerio belongs to the Cyprinidea family.

Table 1. Position, clinical significance, and SNP sequence of previously characterized RAD50 pathogenic (NBSLD) variants 
No. Variant Exon Domain Clinical significance SNP sequence
1 A188S 5 ABC-Rad5o Likely pathogenic ATTAAA[-/A]GCCTTA
2 S229R 5 AAA Likely pathogenic TACAAG[-/T]AAGGA
3 R365Ter 14 SMC Likely pathogenic -
4 Y625Ter 12 SMC pathogenic TCCAGTTA[C/G/T]GAAGACA
5 Q723G 13 Zink hook pathogenic AAAAAAA[-/A/T]GGAAAAG
6 Q833R 15 SMC pathogenic GAGAAAC[-/AA]GAGAAAC
7 T1010R 19 PRK Likely pathogenic ATATTGATA[-/CACA]GAAGGTAGG
8 R1093Ter 20 Mplasa pathogenic GAAAGAACTT[C/T]GAGAACCAC

A conserved domain search revealed that RAD50 contains three main domains (Figure 4). Two 
domains are ATP-binding cassette domain (ABC) which include 90 amino acid residues at the C-terminal 
(residues 1-317), and 102 amino acid residues at the N-terminal (residues 1222-11312). To explain the 
key role of RAD50 in DNA double-strand break repair (DSBR), Hopfner et al. have characterized the 
catalytic ATP-free RAD50 (RAD50cd) and domain ATP-bound RAD50 as biochemically and structurally 
essential for understanding the molecular mechanisms of DSBR. To predict the secondary structure 
of the RAD50 protein, we utilized both the PSIPRED and SOPMA programs. While each tool provides 
valuable insights individually, consensus-predicted features from multiple sources are generally more 
accurate. Therefore, we have integrated the predictions from both SOPMA and PSIPRED to enhance the 
reliability of our secondary structure predictions. They reported that RAD50cd crystal structures classify 
possible protein and DNA connectors, and show an ABC-ATPase loop connecting RAD50 molecular 
pathways to ABC transports, including P glycoprotein and transmembrane conductivity regulator for 
cystic fibrosis (Hopfner et al., 2000). RAD50 zinc hook is the other domain that contracts in 649-709 
residues of sequence. For the recruitment of MRN to DSBs on chromatin, the RAD50 zinc hook domain 
is essential and it can also activate ATM protein in HR-mediated DSB repair in mammalian cells. (prosit.
expasy.org & interpro< EMBL www.ebi.ac.uk) suggests that the RAD50 zinc hook domain in the RAD50 
sequence of Zebrafish consists of 100 amino acids (635-734) (Barbi et al., 1991; Bally-Cuif et al., 
2003; Barbelanne et al., 2014). Both Humans and Zebrafish share identical Zinc hook sequence of 
RAD50 and the zinc hook domain of RAD50 is essential for initiating responses of DNA damage and for 
mediating DSB repair (He et al. 2012).

Secondary structure prediction of RAD50 The secondary structure of the RAD50 protein was 
predicted by two systems: SOPMA (Self Configured Prediction System with Alignment) and PSIPRED. 
The findings of SOPMA are presented in Table 2. Compared to other secondary structure elements, 
these findings indicate a larger number of coils. (Alpha helix, Beta turn, & Random coil). The Pro-Motif 
analysis showed the modeled RAD50 structure, with 1312 amino acids, containing 7 beta-hairpins, 17 
strands, 13 helices, 28 beta-turns and 1 gamma turn (Figure 5).
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Fig. 2. Phylogenetic tree of 29 RAD50 genes from different groups of organisms.  Bootstrap values, indicated at the nodes, were 
obtained from 1000 bootstrap replicates and are reported as percentages. The RAD50 of Danio rerio is marked in the green box.
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Fig. 3. Pairwise sequence alignment of RAD50 protein sequence of human and zebrafish (1312 residues). 71.0% identity in 
1312 residues overlap; Score: 4886.0; Gap frequency: 0.0%. Red residues show the residues related to Modification Sites in 
Orthologues. The phosphorylation Ser635 site is highlighted in yellow.



192 Khalili et al., 2024

Seq.Human     721 KKEKRRDEMLGLVPMRQSIIDLKEKEIPELRNKLQNVNRDIQRLKNDIEEQETLLGTIMP 
Seq.Danio     721 RKERRRDEMMTLKPIRQSLVELQEKELPELRNQLQRVNRDIEKLKGDIEEQETLLCTLVS 
                   ** *****  * * ***   * *** ***** ** *****  ** ********* *    
 
Seq.Human     781 EEESAKVCLTDVTIMERFQMELKDVERKIAQQAAKLQGIDLDRTVQQVNQEKQEKQHKLD 
Seq.Danio     781 EEETAKACLQDISLMDRFQLDLKDVERKIAQHAAKLQGVDLSRTMQQVSQEKQETQHRLD 
                  *** ** ** *   * ***  ********** ****** ** ** *** ***** ** ** 
 
Seq.Human     841 TVSSKIELNRKLIQDQQEQIQHLKSTTNELKSEKLQISTNLQRRQQLEEQTVELSTEVQS 
Seq.Danio     841 TTSSKIELKRKLIQDQQEQIQALRSSVNEIRGEKLQISSNMQKRQQLEEQCVEFSTEIQT 
                  * ****** ************ * *  **   ****** * * ******* ** *** *  
 
Seq.Human     901 LYREIKDAKEQVSPLETTLEKFQQEKEELINKKNTSNKIAQDKLNDIKEKVKNIHGYMKD 
Seq.Danio     901 LHRDIRDAKEQASPLAATLEKLQQEKQDLVERRRKKQEEGQEKINAIKEKMKNITLFEKE 
                  * * * ***** ***  **** ****  *           * * * **** ***    *  
 
Seq.Human     961 IENYIQDGKDDYKKQKETELNKVIAQLSECEKHKEKINEDMRLMRQDIDTQKIQERWLQD 
Seq.Danio     961 ITKYIEEGKDSYKEQKETELQEMDKQLHEAEKQREKTNKDMGNIRQDIDTQKVQERWLQD 
                  *  **  *** ** ******     ** * **  ** * **   ******** ******* 
 
Seq.Human    1021 NLTLRKRNEELKEVEEERKQHLKEMGQMQVLQMKSEHQKLEENIDNIKRNHNLALGRQKG 
Seq.Danio    1021 NLTLRKRVEELKEVSRKREALIKEMGNMQVLQLRNERREVERKLEDLKKNRSVALGRQKG 
                  ******* ******   *    **** *****   *    *      * *   ******* 
 
Seq.Human    1081 YEEEIIHFKKELREPQFRDAEEKYREMMIVMRTTELVNKDLDIYYKTLDQAIMKFHSMKM 
Seq.Danio    1081 YEDEILRFRKELNEDQYCRAEDLYRDKMIVMRTTELANKDLDIYYKALDQTIMRFHSMKM 
                  ** **  * *** * *   **  **  ********* ********* *** ** ****** 
 
Seq.Human    1141 EEINKIIRDLWRSTYRGQDIEYIEIRSDADENVSASDKRRNYNYRVVMLKGDTALDMRGR 
Seq.Danio    1141 EEINKIIRDLWRSTYRGQDIEYVEIRSDVDENASAGVKRRTYNYRVVMVKGDAALDMRGR 
                  ********************** ***** *** **  *** ******* *** ******* 
 
Seq.Human    1201 CSAGQKVLASLIIRLALAETFCLNCGIIALDEPTTNLDRENIESLAHALVEIIKSRSQQR 
Seq.Danio    1201 CSAGQKVLASLIIRLALAETFCLNCGILALDEPTTNLDRENIESLAHALVEIIKSRSRQR 
                  *************************** ***************************** ** 
 
Seq.Human    1261 NFQLLVITHDEDFVELLGRSEYVEKFYRIKKNIDQCSEIVKCSVSSLGFNVH 
Seq.Danio    1261 NFQLLVITHDEDFVELLGRSNYVEHFYRIRKNQDQCSEISKCSINSLNSYLH 
                  ********************* *** **** ** ****** ***  **    * 

Fig. 3. (Continued). Pairwise sequence alignment of RAD50 protein sequence of human and zebrafish (1312 residues). 71.0% 
identity in 1312 residues overlap; Score: 4886.0; Gap frequency: 0.0%. Red residues show the residues related to Modification 
Sites in Orthologues. The phosphorylation Ser635 site is highlighted in yellow.

Fig. 4. Domain structure of DrRAD50. Sequence contains 1312 amino acids and domain analysis showed RAD50 of DrRAD50 
and HsRAD50 contains three main domains which are ATP-binding cassette domain at each end of N and C terminal and RAD50 
zinc hook domain at the middle of the sequences. They have seven motifs which are Walker A (WA) and Walker B (WB) motifs at 
either end of the protein, signature motif, Q loop (QL), D loop (DL), and H loop (HL).
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Table 1.  Calculated secondary structure elements by SOPMA
S.NO parameters Value (%) Danio rerio Value (%) Homo sapiens

1. Alpha helix 72.10% 72.56%
2. 310  helix 0.00% 0.00%
3. Pi helix 0.00% 0.00%
4. Beta bridge 0.00% 0.00%
5. Extended strand 8.16% 8.38%
6. Beta turn 4.57% 4.27%
7. Bend region 0.00% 0.00%
8. Random coil 15.17% 14.79%
9. Ambiguous states 0.00% 0.00%
10. Other states 0.00% 0.00%

Fig. 5. Secondary Structure Map of RAD50, Feature predictions are color-coded onto the sequence according to the sequence 
feature key shown of RAD50 of A) Homo sapiens and B) Danio rerio by PSIPRED server.

3D structure modelling and structure quality 
The tertiary structure of the whole RAD50 protein is not found available in the Protein Data Bank 

(PDB). Hence, homology modeling was performed to generate a 3D structure model of RAD50 protein; 
3D models of RAD50 were generated for zebrafish and humans (Figure 6). The superimposed 3D 
protein structure was done for DrRAD50 and HsRAD50. UCSF Chimera prophesied superimposed 
model of HsRAD50 and DrRAD50, shows that both DrRAD50 and HsRad50 share high structure 
similarity.
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Fig. 6. 3D structure predicted by I-TASSER, based on the cluster size of structure along with its respective score > 1.5. A) Homo 
sapiens RAD50 and B) Danio rerio RAD50 C) Superimpose of created PDB of HsRAD50 and DrRAD50. HsRAD50 in pink 
and DrRAD50 in blue color have been specified. C-score > 1.5: This score range generally indicates a high confidence in the 
predicted structure, often correlating with a Root Mean Square Deviation (RMSD) of around 1-2 Ångströms (Å) from the native 
structure. C-score between -1.5 and 1.5: This range represents medium confidence. C-score < -1.5: Lower scores indicate lower 
confidence.

The Ramachandran plot is one of the local validation criteria, which is a standard part of structure 
analysis before structure deposition (Pražnikar et al. 2019). We used a rampage tool to determine the 
Psi/Phi Ramachandran plot to analyze the 3D model RAD50 protein quality, which was predicted by 
I-Tasser. The distributions of the Ramachandran plots of non-glycine and non-proline residues are 
summarized in Figure 7. Table 3 shows the summary results of Non-Proline and Non-Glycine residues 
for the model produced for DrRAD50 and HsRAD50. These results revealed that in 72.7% of Danio 
rerio and 74% of Homo sapiens, the residues were present in the most favored regions; 17.2% for Danio 
rerio and 16.9% of Homo sapiens in the additionally allowed regions; 10.2% for Danio rerio and 9.1% 
of Homo sapiens of the residues were seen in the disallowed regions in the constructed model of 
RAD50. However, the validation of the predicted 3D structure of RAD50 for Danio rerio and Homo 
sapiens by the Psi/Phi Ramachandran plot suggests that the structures are satisfactory, and comparing 
these results between Danio rerio and Homo sapiens were shown high similarity in RAD50 protein 
structure (Rojowska et al., 2014). The Ramachandran plot shows the statistical distribution of backbone 
dihedral angle combinations Phi and Psi (Azqueta et al., 2014 & Babb et al., 2004). The allowed regions 
of the Ramachandran plot indicate, in principle, which Phi / Psi angle values are appropriate for an 
amino acid, X. In fact, for structure validation, the distribution of Phi / Psi values found in a protein 
structure may be used ( Ramakrishnan et al., 2007). For the dihedral angles, the Ramachandran plot 
visualizes energetically allowed and forbidden regions (Appel & Chitnis, 2002 & Álvarez et al., 2014). 
Many dihedral angles are found in the forbidden regions of the Ramachandran plot for low-quality 
homology models. These variations typically suggest structural issues (Wiltgen, 2018). The models 
need to be refined to reduce the number of residues in disallowed regions. This can be achieved 
by using advanced computational techniques and software that optimize the 3D structure based on 
stereochemical parameters. The current study's findings, with 10.2% and 9.1% residues in disallowed 
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regions for Danio rerio and Homo sapiens RAD50 proteins, highlight the need for further refinement and 
validation. Reducing the number of residues in disallowed regions is crucial for improving the accuracy 
and reliability of the predicted protein structures.

This section emphasizes the use of homology modeling to generate a 3D structure of the RAD50 
protein. Models for both zebrafish (Danio rerio) and human RAD50 were created and compared, 
showing high structural similarity. The superimposed models of human and zebrafish RAD50 proteins 
confirm this similarity. Validation through Ramachandran plots indicates the structural models' quality, 
although further refinement is needed to reduce the number of residues in disallowed regions.

Fig. 7. Ramachandran plot showing 89.9% and 90.9% of the residues for (A) DrRAD50 and (B) HsRAD50 models present in the 
most favored or allowed region. 17.2% for Danio rerio and 16.9% of Homo sapiens in the additionally allowed regions; 10.2% for 
Danio rerio and 9.1% of Homo sapiens of the residues were seen in the disallowed regions in the constructed model of RAD50. 
A) Danio rerio B) Homo sapiens.



196 Khalili et al., 2024

Table 2. Summary Results of Non-Proline and Non-Glycine Residues for Model Produced for RAD50 Protein in human and 
zebrafish

Residues in most favoured 
regions

Residues in additional allowed 
regions

Residues in outlier-
allowed regions

% number % number % number
Danio rerio 72.7 952 17.2 225 10.2 133

Homo sapiens 74 970 16.9 221 9.1 119

Limitations of the study 
1- Functional Divergence: While there is 70% sequence similarity between DrRAD50 and HsRAD50, 

the remaining 30% difference can lead to significant functional divergence. These differences may 
affect the protein's interactions with other molecules, its stability, and its activity within the cell. Such 
divergences could result in different functional outcomes despite the overall similarity.

2- Context-Specific Differences: Zebrafish and humans exhibit distinct physiological and cellular 
environments. These differences could influence how RAD50 functions in DNA repair and interacts 
with other components of the DNA damage response pathway. Therefore, the context-specific 
nuances might not be fully replicated in zebrafish.

3- Incomplete Representation of Human Disease: Zebrafish models might not entirely capture the 
complexity of human diseases, especially those influenced by genetic and environmental factors. 
This limitation can affect the model's ability to accurately predict human-specific disease outcomes 
and responses.

4- Evolutionary Distance: Zebrafish are more evolutionarily distant from humans compared to 
mammalian models like mice. This evolutionary gap may mean that certain aspects of RAD50's 
function and regulation are not conserved, potentially leading to misleading conclusions about its 
role in human biology.

CONCLUSION 
In this research, computational analysis was conducted on the zebrafish RAD50 protein across three 
structural conformations. These analyses were juxtaposed with those of the human RAD50 protein. 
Upon scrutinizing the secondary and tertiary structures of the RAD50 protein and their analyses, a 
notable resemblance was observed between the zebrafish and human RAD50 proteins. 
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