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Acromesomelic dysplasia maroteaux type is a severe skeletal disorder that is caused due to loss of 
function mutations in the NPR2 gene which leads to the dysfunction of the Natriuretic Peptide 
Receptor (NPR2). Skeletal growth in AMDM patients falls off sharply after birth causing abnormal 
growth plate and short misshapen bones in the extremities and carrier parents of AMDM children are 
shorter than average. This protein comprises four domains: The extracellular ligand-binding domain, 
carboxyl-terminal guanylyl cyclase catalytic domain, intracellular protein kinase homology domain, 
and single membrane-spanning region. The missence mutation occur in chromosome 9p13.q12 with 
accession ID: P20594, result amino acid changes at 907 of Threonine into Methionine. The aims of this 
study were to find out the underlined missense mutation p.T907M in Pakistani family effect with 
acromesomelic dysplasia, type maroteaux. In this study a missense mutation determines by in 
Pakistani family which cause acromesomelic dysplasia, type maroteaux. Whole exome sequencing 
identified by the missense mutation was carried out by the causative gene. Bioinformatics tools were 
used for confirmation of pathogenicity of the identified mutations. The novel missense mutations, c. 
2720C>T; p.T907M in NPR2 gene were identified in Pakistani family, respectively. Whole exome 
sequencing confirmed co-segregation of the mutations with disease phenotypes in Pakistani family. In 
Silico analysis of the sequence variants confirmed their pathogenicity. The report of NPR2 gene 
mutations in Pakistani family, which support the frequent involvement of NPR2 sequence variants in 
acromesomelic dysplasia, type maroteaux.
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INTRODUCTION
Acromesomelic dysplasia moroteaux type is a severe skeletal 
disorder that is caused due to loss of function mutations in the 
NPR2 gene which leads to the dysfunction of the Natriuretic 
Peptide Receptor (NPR2) [1]. The idiopathic short stature occurs 
due to heterozygous mutations in NPR2 gene [2]. Natriuretic 
Peptide Receptor B (NPR2) is encoded by the NPR2 gene. This 
protein comprises four domains: The extracellular ligand-binding 
domain, carboxyl-terminal guanylyl cyclase catalytic domain, 
intracellular protein kinase homology domain, and single 
membrane-spanning region [3]. It acts as a receptor for C-type 
Natriuretic Peptide (CNP). In order to activate the NPR2 gene, it 
forms a homodimer that starts producing cytoplasmic cyclic 
GMP from GTP upon binding of their extracellular ligand, called 
CNP [4]. Such binding enhances the guanylyl cyclase activity of 
the Natriuretic Peptide (NPR2) Receptor which subsequently, 
boosted the cGMP synthesis which further stimulates typeII 
cGMP-dependent protein kinase. This led to the formation of 
CNP/NPR2 cascade which induces cartilage homeostasis, 
differentiation and proliferation of osteoclasts and osteoblasts 
by regulating endochondral ossification. To determine the 
impact of mutations on protein structure and their subsequent 
relationship with disorders development, it is pertinent to carry 
out in silico modeling of the structural and functional analysis of 
protein. In this regard, bioinformatics tools help us to 
understand the structural and functional analysis of novel 
mutations and subsequently, their impact on changes in ligand 
binding interaction, structural changes and show the 
relationship between phenotypes and mutations. The NPR2 
gene causes acromesomelic dysplasia, type maroteaux. A 
sequence variant (c.2720 C>T; p.T907M) in the NPR2 cause 
acromesomelic dysplasia, type maroteaux located on the 
chromosome 9p13.q12. Acromesomelic dysplasia, type 
Maroteaux, which is autosomal recessive, may be impacted by 
this protein's ability to function. The NPR2 gene contains 4248 
bp which encode 1047 residues amino acid. The NPR2 gene is 
expressed in a variety of tissues and cell types, including the 
uterus, brain, heart, and blood vessels. The NPR2 gene 
sequence variant (c.2720 C>T; p.T907M) to analyze it 
computationally by different bioinformatics tools [6-10].

MATERIALS AND METHODS

Pathogenicity of Sequence Variant
To study the sequence variant which cause phenotypically 
cromesomelic dysplasia, type maroteaux. A syndrome in 
human being the sequence variant was packed from the 
previous research study of the NPR2 gene. The target variant 
of NPR2 gene protein FASTA sequence was retrieved from the 
uniprot database with accession ID: P20594. The variation 
table for the NPR2 gene in the ensemble genome browser has 
confirmation of the mutation. For more studying, the impact 
of sequence variant which cause protein structure and 
function to confirm the target variant through various online

tools. MAPP, Predict SNP, Panther, SIFT, SNAP2, SNP and GO,
Polyphen-2, I-Mutant to find the structural and functional
consequence of variant (c.2720C>T lead in to point mutation
p.Thr907 Met).

Phylogenetic Analysis
To determine the greatest similarity and confirm the related
gene family in other species, a phylogenetic evolutionary tree
was constructed using the NPR2 gene and 14 other closed
related species found by the NCBI-BLAST tool. In order to
construct the phylogenetic relationship between protein
sequences, the MEGA X programme used neighbour-joining
algorithms, verifying the statistical significance of the tree.

Structural Analysis and Validation
The complete 3D structure of NPR2 gene is not present in the
online tools PDB (protein data bank). The NPR2 gene retrieved
the FASTA sequence from uniprot database. The multi protein
template structure was predicted through online web server
Alpha Fold and Swiss model. The CASP 10 method, a verified
refinement technique. Ramachandran plot and ERRAT were
generated with procheck to verify the phi and psi angles in
order to validate the 3D model of the NPR2 gene. For more
studying the, validated structure was refined through
RAMPAGE and galaxy refine tools.

Mutagenesis of NPR2 and Structure Comparison with
Wild Type NPR2
The 3-dimensional structure of the mutant protein from the
wild type protein through chimera. The mutant structure was
retrieved from the wild type protein. In addition to having a
graphical user interface, the Chimera interface also accepts
user commands that are script-based and executes them. To
demonstrate several rotamers in chimera during mutagenesis.
The mutation percentage valve for each rotamer illustrates
how likely each rotamer's chances. The possible clashes in the
structure was then cleared and remove. Through chimera, the
protein structures of the wild-type and mutant type were
compared.

Energy Minimization and Impact of Deleterious
To study the variant analysis, that will examine the mutation
alteration lying the novel structure through Hope server. Hope
server was used to draw residue to residue comparison. The
3-dimensional structure energy minimization was carried out
through SWISSPDB. The NPR2 mutagenesis compared with
wild type.

Molecular Docking
The NPR2 gene was docked by various computational
methods for further investigation. ChemBl, Pymol, autodock
vina, HPEPDOCK and Biovia discovery studio. To study how
two or more molecular structure are fit together. It is
technique how a protein interacts with small molecules
(LIGAND).
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RESULTS

Pathogenicity of Sequence Variant
The NPR2 gene sequence variant were retrieved from
ensemble genome browser and uniprot databases. The NPR2
gene identified a missense mutation (c.2720 C>T;
p.Thr907Met) located on the chromosome 9p13-q12. In the
result threonine are converted in to methionine after the
mutation. For more studying various online tools for the
structural and functional annotation of sequence variant.
MAPP is affected the protein sequence with deleterious score

as 86% accuracy that cause the disease. Predict SNP affect the 
disease with a score as 87% accuracy. Panther show probably 
damaging with a score as 0.85. SIFT is affect the protein 
function with a score as 0.00 mutation can the disease SIFT. 
SNP and GO affect the structure with score as =52 and show 
75% accuracy. Polyphen2 indicate the probably damaging 
with a score as 1.000. PROVEAN was deleterious that affect 
the protein structure with a score as -5.744. I-mutant affects 
the protein structure stability (Table1).

Mutation MAPP SNAP2 Provean Panther SNP and GO  PredictSNP

p.T907M Deleterious Effect Deleterious Possibly
damaging

Disease effect Deleterious

Mutation score 87% accuracy 52 accuracy
75%

-5.744 0.85 80% accuracy 87% accuracy

Secondary Structure Prediction and Mutagenesis
The secondary structure prediction was retrieved from 
PDBsum tool. There are 7 sheets, 11 beta hairpin, 32 strands, 
12 beta bulges, 38 helices, 32 Helix-Helix interactions, 76 beta 
turn, 13 gamma turn and 2 disulphide. To enhance the 
secondary prediction, compare the solvent accessibility of the 
wild-type and mutant-type through RaptorX tools. The results 
indicate that the NPR2 gene, which causes acromesomelic 
dysplasia, type maroteaux, can decrease and increase solvent 
accessibility.

Phylogenetic Analysis
The 14 species sequence has been blasted with the NPR2 
gene, to confirm a relationship among the species and to 
show the distance among all these species with expected 
threshold value of against the NCBI domain database. The 
conserved domain programme was carried out using several 
sequence alignment approaches; 14 species resembled for 
NPR2 gene were classified in to two clusters on the basis of 
closely relationship. Based on BLAST results, the phylogenetic 
tree was also constructed to confirm the conservation of NPR2 
with these 14 different species belonging to the NPR2 gene 
family as highly conserved (Figure 1).

Structural Analysis and Validation
The NPR2 gene protein sequence was retrieved from uniprot 
database. The 3-dimensional structure was obtained from online 
web based tool AlphaFold and Swiss model. The validation of 3-
dimensional structure using various methods used to examine 
the characteristics of proteins for structure validation. ERRAT 
and Ramachandran plot were used for structure validation. 
Ramachandran plot show that 91.7% of residues are most 
favored region and 7.6% residues in additionally allowed region 
and no residues fall in the outlier region. The quality factor 
score according to ERRAT is 97.1%.To further enhance the 
reliability, RAMPAGE and Galaxy Refine tools were used for 
validation the 3D-structure (Figures 2A-C).
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Figure 1: Phylogenetic tree analyses of 15 different protein 
sequences with different species using the Neighbor-Joining 
method by MEGA X with the branch length.

Mutagenesis of NPR2 and Structure Comparison with 
Wild type NPR2
The mutant structure of NPR2 aligned with the wild type of 
NPR2. Both the structures demonstrate how the residues 
differ from one another. Structure of mutant and wild type of 
the gene were minimized before comparison. The difference 
between the side chains of the residues that threonine is 
conserved in to methionine was shown by structural 
comparison (Figures 2D,E). The comparison of residues reveals 
that the mutant type residue is larger than the wild type.



Energy Minimization and Impact of Deleterious
The NPR2 gene variant analysis check through the online 
server hope server, demonstrated that the mutation occurs in 
the single amino acid at the position of T907M. The mutation 
region is larger than the region of the wild type. The 
backbone of each amino acid is red and change the mutation 
backbone is black. These mutations have a disease severity 
annotation. The wild and mutant type energy minimization 
demonstrates that protein is unstable reveal a huge difference 
between wild and mutant type (Table 2).

Amino acid variant Total energy after minimization kj/mol Electrostatics constraint

Wild type -48919.2 -32688.9

Mutant type -48904.1 -32674.8

Molecular Docking
The 3D model structure of NPR2 predicted and characterized 
by online computational tools. Ramachandran plot and ERRAT 
show that approximately 90-97% residues area in allowed 
region. Analyses of molecular docking chimera were used to 
create the mutant type structure. For molecular docking 
analysis ligand molecules are retrieved from ChEMBL 
database (CHEMBL387059). By using molecular docking 
analysis, the interaction of the normal and mutant types of 
the NPR2 gene was determined. The interaction between 
(CHEMBL387059) with normal (p.T907) is Leu71,Glu72, Ala74, 
Cys75, Glu77, Thr175 (Figures 3A,B), while in case of mutant 
(p.907M) is Leu71, Glu72, Ala74, Cys75, Glu77, Thy38, Thr175 
(Figures 3C,D).

Figure 3: Visualization of the best docked NPR2 gene complex 
normal and mutant. (A) Cartoon view of the normal NPR2 
compound with H-bond interaction. (B) Surface view is shown 
in atomic representation with normal (C) Cartoon view of the 
mutant NPR2 compound with H-bond interaction. (D) Surface 
view is shown in atomic representation with mutant.

The complex compound between the normal and mutant to 
show change in residues and change some distance between 
surfaces around ligand (Figure 4). Furthermore to check the 
confirmation of binding interaction through Pymol and 
hpepdock for ligand preparation.

Figure 4: Molecular interaction surface around ligand NPR2 
protein. (A) Normal NPR2 with surface around ligand (B) 
Mutant NPR2 with surface around ligand.
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Table 2: Total energy of wild type and mutant type structure after energy minimization.
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Figure 2: Structure analysis and modeled of normal and 
mutant NPR2 protein. (A) Structure of wild type NPR2 protein 
is highlighted in cyan colour. (B) Structure of mutant type 
NPR2 protein is highlighted in red colour. (C) Superimposition 
of wild (cyan) and mutant (red). (D) Wild type p.T907 residue is 
shown in red colour. (E) Mutant type p. T907M residue is 
shown in cyan colour.



DISCUSSION
Acromesomelic dysplasia moroteaux type is a severe skeletal
disorder that is caused due to loss of function mutations in
the NPR2 gene which leads to the dysfunction of the
natriuretic peptide receptor (NPR2). Skeletal growth in AMDM
patients falls off sharply after birth causing abnormal growth
plate and short misshapen bones in the extremities and spine
[11]. Carrier parents of AMDM children are shorter than
average. This protein comprises four domains: The
extracellular ligand-binding domain, carboxyl-terminal
guanylyl cyclase catalytic domain, intracellular protein kinase
homology domain, and single membrane-spanning region.
The NPR2 gene encode 1047 amino acid contain 22exons.
Sequence analysis of the gene revealed (c.2720C>T;
p.Thr907Met) effect the acromesomelic dysplasia, type
maroteaux. The NPR2 gene's sequence variation in humans
has been linked to acromesomelic dysplasia of the type
Maroteaux [12-14]. In addition, the sequencing of the
available proteome information now allows for a better
understanding of the relationship between phenotype and
genotype. This phenotype-genotype correlation studies has
now been made easy by the bioinformatics. To determine the
pathogenicity of the amino acid alteration, the sequence
variant is assessed using a variety of bioinformatics tools.
MAPP, PredictSNP, Panther, SIFT, SNAP2, SNP and GO,
Polyphen-2, I-Mutant, detected the sequence variant disease
causing. The mutation identified to be harmful using through
different tools in variant table. The study of the relationship
between phenotype and genotype and the impact of single
nucleotide stability [15,16]. The analysis of human genetic
variation of NPR2 gene in combination with computational
method to predict the possible functional impact NPR2 gene
sequence variant and their effect on functional characteristics
of protein. The stability of native protein is tested by
homology modeling both structure of the NPR2 gene variant
to compare the wild type and mutant types. For the NPR2
variation, the RMSD valve, TM score, and total energy in
kcal/mol of the normal and mutant 3D models are compared.
The decrease in protein stability was shown to be caused by a
single amino acid substitution [17,18]. The variant analysis
and the total energy of protein show that protein is unstable
and huge difference between the wild type and mutant type
of protein. A significant conformational alteration in the
active binding site of the mutant NPR2 was discovered by
molecular docking analysis, which affected the interaction
with the compound [19,20].

CONCLUSION
In conclusion we have reported that in silico sequence variant
analysis of acromesomelic dysplasia, type maroteauxis
autosomal recessive as a protein folding diseases perform
through computational analysis. The sequence variant of
NPR2 (c.2720C>T lead in to point mutation p.Thr907Met) is
predicted to be disease causing by MAPP, PredictSNP, Panther,
SIFT, SNAP2, SNP and GO, Polyphen-2, I-Mutant predicted that
there is decrease in the stability of protein structure. The

variation analysis and energy calculation showed that the 
total energy of protein differs by kj/mol. The mutant protein's 
structure analysis using the Chimera tool reveals that the 
threonine ring is at the centre of the strand and that the 
substituted methionine is hanging outside. In docking, the 
active binding site of mutant NPR2 is change the stability of 
the protein because of change some distance surface around 
ligand. According to the findings, the sequence variant 
(p.Thr907Met) is altering the structural confirmation and 
decreasing the stability of the protein, which results in 
acromesomelic dysplasia of type Maroteaux.

AUTHOR CONTRIBUTIONS
SI, OH, AA, RT: Conceptualization, methodology, software, 
data curation, writing-original draft preparation. RT, SI, AA, 
S.A.U, N.G: Helped in write-up and editing, validation, 
methodology, visualization, validation. Y.A: Help in reading 
manuscript.

ACKNOWLEDGEMENTS
The authors acknowledge all those patients who 
participated in the study.

INSTITUTIONAL REVIEW BOARD
STATEMENT
Not applicable.

INFORMED CONSENT STATEMENT
Not applicable.

DATA AVAILABILITY STATEMENT
Not applicable.

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

REFERENCES
1. Adzhubei I, Jordan DM, Sunyaev SR (2013) Predicting

functional effect of human missense mutations using
PolyPhen-2. Curr Protoc Hum Genet. 76(1):7-20.

2. Bartels CF, Bukulmez H, Padayatti P, Rhee DK, van
Ravenswaaij-Arts C, et al. (2004) Mutations in the
transmembrane natriuretic peptide receptor NPR-B
impair skeletal growth and cause acromesomelic

Ishaq S, et al.Page 5

Volume 06 • Issue 01 • 036

https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/0471142905.hg0720s76
https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/0471142905.hg0720s76
https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/0471142905.hg0720s76
https://www.cell.com/ajhg/fulltext/S0002-9297(07)61990-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0002929707619909%3Fshowall%3Dtrue
https://www.cell.com/ajhg/fulltext/S0002-9297(07)61990-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0002929707619909%3Fshowall%3Dtrue
https://www.cell.com/ajhg/fulltext/S0002-9297(07)61990-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0002929707619909%3Fshowall%3Dtrue


dysplasia, type Maroteaux. Am J Hum Genet. 75(1):
27-34.

3. Bendl J, Stourac J, Salanda O, Pavelka A, Wieben ED, et al.
(2014) PredictSNP: Robust and accurate consensus
classifier for prediction of disease-related mutations.
PLoS Comput Biol. 10(1):e1003440.

4. Brunet MA, Levesque SA, Hunting DJ, Cohen AA, Roucou
X (2018) Recognition of the polycistronic nature of
human genes is critical to understanding the genotype-
phenotype relationship. Genome Res. 28(5):609-24.

5. Calabrese WR, Rudick MM, Simms LJ, Clark LA (2012)
Development and validation of Big Four personality
scales for the Schedule for Nonadaptive and Adaptive
Personality-Second Edition (SNAP-2). Psychol Assess.
24(3):751.

6. Dickey DM, Edmund AB, Otto NM, Chaffee TS, Robinson
JW, et al. (2016) Catalytically active guanylyl cyclase B
requires endoplasmic reticulum-mediated glycosylation,
and mutations that inhibit this process cause dwarfism. J
Biol Chem. 291(21):11385-11393.

7. Gaulton A, Bellis LJ, Bento AP, Chambers J, Davies M, et
al. (2012) ChEMBL: A large-scale bioactivity database for
drug discovery. Nucleic Acids Res. 40(D1):D1100-7.

8. Giardine B, Riemer C, Hardison RC, Burhans R, Elnitski L,
et al. (2005) Galaxy: A platform for interactive large-scale
genome analysis. Genome Res. 15(10):1451-1455.

9. Gopalakrishnan K, Sowmiya G, Sheik SS, Sekar K (2007)
Ramachandran plot on the web (2.0). Protein Pept Lett.
14(7):669-671.

10. Guex N, Peitsch MC (1997) SWISS-MODEL and the Swiss-
Pdb Viewer: an environment for comparative protein
modeling. Electrophoresis. 18(15):2714-2723.

11. Jumper J, Evans R, Pritzel A, Green T, Figurnov M, et al.
(2021) Highly accurate protein structure prediction with
AlphaFold. nature. 596:583-589.

12. Khan S, Ali RH, Abbasi S, Nawaz M, Muhammad N, et al.
(2012) Novel mutations in natriuretic peptide receptor-2

gene underlie acromesomelic dysplasia, type maroteaux.
BMC Med Gene. 13:1-8.

13. Khan S, Basit S, Khan MA, Muhammad N, Ahmad W
(2016) Genetics of human isolated acromesomelic
dysplasia. Eur J Med Genet. 59(4):198-203.

14. Kiefer F, Arnold K, Kunzli M, Bordoli L, Schwede T (2009)
The SWISS-MODEL Repository and associated resources.
Nucleic Acids Res. 37(suppl_1):D387-D392.

15. Koller KJ, Goeddel DV (1992) Molecular biology of the
natriuretic peptides and their receptors. Circulation.
86(4):1081-1088.

16. Kumar R, Bansal A, Shukla R, Raj Singh T, Wasudeo
Ramteke P, et al. (2019) In silico screening of
deleterious single nucleotide polymorphisms (SNPs)
and molecular dynamics simulation of disease associated 
mutations   in    gene    responsible    for   oculocutaneous
albinism type 6 (OCA 6) disorder. J   Biomol   Struct    Dyn.
37(13):3513-3523.

17. Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018)
MEGA X: Molecular evolutionary genetics analysis across
computing platforms. Mol Biol Evol. 35(6):1547-1549.

18. Lincoln TM, Cornwell TL (1993) Intracellular cyclic GMP
receptor proteins. The FASEB J. 7(2):328-338.

19. Mi H, Muruganujan A, Ebert D, Huang X, Thomas PD
(2019) PANTHER version 14: More genomes, a new
PANTHER GO-slim and improvements in enrichment
analysis tools. Nucleic Acids Res. 47(D1):D419-D426.

20. Miura K, Kim OH, Lee HR, Namba N, Michigami T, et al.
(2014) Overgrowth syndrome associated with a gain-of-
function mutation of the natriuretic peptide receptor 2
(NPR2) gene. Am J Med Genet A. 164(1):156-163.

Ishaq S, et al.Page 6

Volume 06 • Issue 01 • 036(MRPFT)

https://www.cell.com/ajhg/fulltext/S0002-9297(07)61990-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0002929707619909%3Fshowall%3Dtrue
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003440
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003440
https://genome.cshlp.org/content/28/5/609
https://genome.cshlp.org/content/28/5/609
https://genome.cshlp.org/content/28/5/609
https://psycnet.apa.org/doiLanding?doi=10.1037%2Fa0026915
https://psycnet.apa.org/doiLanding?doi=10.1037%2Fa0026915
https://psycnet.apa.org/doiLanding?doi=10.1037%2Fa0026915
https://www.jbc.org/article/S0021-9258(20)40876-2/fulltext
https://www.jbc.org/article/S0021-9258(20)40876-2/fulltext
https://www.jbc.org/article/S0021-9258(20)40876-2/fulltext
https://academic.oup.com/nar/article/40/D1/D1100/2903401?login=false
https://academic.oup.com/nar/article/40/D1/D1100/2903401?login=false
https://genome.cshlp.org/content/15/10/1451
https://genome.cshlp.org/content/15/10/1451
https://www.eurekaselect.com/article/23635
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/elps.1150181505
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/elps.1150181505
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/elps.1150181505
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://bmcmedgenet.biomedcentral.com/articles/10.1186/1471-2350-13-44
https://bmcmedgenet.biomedcentral.com/articles/10.1186/1471-2350-13-44
https://www.sciencedirect.com/science/article/abs/pii/S1769721216300313?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1769721216300313?via%3Dihub
https://academic.oup.com/nar/article/37/suppl_1/D387/1008685?login=false
https://www.ahajournals.org/doi/10.1161/01.CIR.86.4.1081
https://www.ahajournals.org/doi/10.1161/01.CIR.86.4.1081
https://academic.oup.com/mbe/article/35/6/1547/4990887?login=false
https://academic.oup.com/mbe/article/35/6/1547/4990887?login=false
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fasebj.7.2.7680013
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fasebj.7.2.7680013
https://academic.oup.com/nar/article/47/D1/D419/5165346?login=false
https://academic.oup.com/nar/article/47/D1/D419/5165346?login=false
https://academic.oup.com/nar/article/47/D1/D419/5165346?login=false
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.36218
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.36218
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.36218
https://www.tandfonline.com/doi/full/10.1080/07391102.2018.1520649
https://www.tandfonline.com/doi/full/10.1080/07391102.2018.1520649
https://www.tandfonline.com/doi/full/10.1080/07391102.2018.1520649

	Contents
	In Silico Structural Analysis and Molecular Docking of Human NPR2 Gene Causing Acromesomelic Dysplasia, Type Maroteaux
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Pathogenicity of Sequence Variant
	Phylogenetic Analysis
	Structural Analysis and Validation
	Mutagenesis of NPR2 and Structure Comparison with Wild Type NPR2
	Energy Minimization and Impact of Deleterious
	Molecular Docking

	RESULTS
	Pathogenicity of Sequence Variant
	Secondary Structure Prediction and Mutagenesis
	Phylogenetic Analysis
	Structural Analysis and Validation
	Mutagenesis of NPR2 and Structure Comparison with Wild type NPR2
	Energy Minimization and Impact of Deleterious
	Molecular Docking

	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	INSTITUTIONAL REVIEW BOARD STATEMENT
	INFORMED CONSENT STATEMENT
	DATA AVAILABILITY STATEMENT
	CONFLICTS OF INTEREST
	REFERENCES




