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Background: In-silico analysis provides a fast, simple, and cost-free method for identifying potentially pathogenic single 
nucleotide variants. 
Objective: To propose a simple and relatively fast method for the prediction of variant pathogenicity using free online 
in-silico (IS) tools with AURKA gene as a model.
Materials and Methods: We aim to propose a methodology to predict variants with high pathogenic potential using 
computational analysis, using AURKA gene as model. We predicted a protein model and analyzed 209 out of 64,369 
AURKA variants obtained from Ensembl database. We used bioinformatic tools to predict pathogenicity. The results were 
compared through the VarSome website, which includes its own pathogenicity score and the American College of Medical 
Genetics (ACMG) classification.
Results: Out of the 209 analyzed variants, 16 were considered pathogenic, and 13 were located in the catalytic domain. 
The most frequent protein changes were size and hydrophobicity modifications of amino acids. Proline and Glycine amino 
acid substitutions were the most frequent changes predicted as pathogenic. These bioinformatic tools predicted functional 
changes, such as protein up or down-regulation, gain or loss of molecule interactions, and structural protein modifications. 
When compared to the ACMG classification, 10 out of 16 variants were considered likely pathogenic, with 7 out of 10 
changes at Proline/Glycine substitutions.
Conclusion: This method allows quick and cost-free bulk variant screening to identify variants with pathogenic potential 
for further association and/or functional studies. 
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1. Background
Among the wide range of human genetic variation 
(insertion, deletion, substitutions, etc.), the non-syn-
onymous single nucleotide variants (SNV) can lead to 
protein malfunction and alter cellular processes. With-
in these, missense variants (MSV) are defined as SNVs 
that convert a single codon into a different amino acid 
(AA); such MSVs have the potential to cause a dele-
terious effect depending on the mutated AA based on 
the hydrophobicity, charge, size, and physical contacts 
(1, 2).
The pathogenicity of specific variants of several 
genes is still under discussion (3). According to the 
American College of Medical Genetics standards and 
guidelines (4), many SNVs are considered variants of 
unknown significance (VUS). As an example, Aurora 
Kinases (AK) is a family of serin-threonine kinases 
encompassing three proteins: Aurora A (AURKA), 
Aurora B, and Aurora C. AK possess similar struc-
tures in their catalytic domain but vary greatly in their 
N- and C- terminal domains (5). AURKA MSVs have 
been previously studied in breast cancer; however, 
these studies are controversial (3). 

2. Objectives
Our aim is to propose a simple and relatively fast 
method for the prediction of variant pathogenicity us-
ing free online in-silico (IS) tools with AURKA as a 
model. 

3. Material and Methods

3.1. Data Mining
AURKA data were obtained from Ensembl 
(ENSG00000087586); the datasheet was downloaded 
and filtered by specific criteria described in Figure 1. 
We obtained 209 variants for computational analysis 
after the elimination of repeated data. Variant infor-
mation was used for the analysis (Fig. 1). The protein 
sequence was obtained in FASTA format from Uni-
Prot (O14965). The database was created and modi-
fied with Microsoft Excel 2019 and VSCode v.1.81.1 
using Python language v.3.11.4.

3.2. In Silico Data Analysis
Pathogenicity prediction was carried out using a fil-
tering stage methodology. As each platform reports 
its results differently (score, accuracy, pathogenicity, 

or effect prediction), in order to simplify our results, 
a “benign” or “pathogenic”, we used prediction out-
come. If more than one tool of the filter stage con-
sidered the variant as pathogenic, such variant was 
analyzed in the next stage; if no tool considered it 
pathogenic, no further analysis was done, and the 
variant was considered benign. This process was done 
for the first three PP filters. The filters were grouped 
according to similar algorithms and prediction prop-
erties. For the final step, only when Missense3D de-
tected structural damage, the variant was considered 
pathogenic. The HOPE tool was employed to provide 
physicochemical properties of the AA, conservation, 
and protein domain information.

3.2.1. 1st Filter: Sequence-Based Homology Prediction
Four tools were applied to analyze 209 variants on the 
first filter: PROVEAN, SIFT, Mutation Taster, and Pre-
dictSNP2. PROVEAN (http://provean.jcvi.org/index.
php) analyzes the nucleotide sequence and predicts 
the variant effect on the protein; SIFT (https://sift.
bii.a-star.edu.sg/www/SIFT_dbSNP.html) analyzes 
the physical properties of the AA and predicts if it can 
disturb the protein function. If a score of ≤-2.5 is ob-
served, the variant is considered deleterious for both 
PROVEAN and SIFT tools.
Mutation Taster (https://www.mutationtaster.org/) pre-
dicts the potential disease of the SNV alteration by 
employing Bayesian classifiers according to the most 
probable prediction for the mutation. A ≥0.51 value 
predicts a deleterious variant.
PredictSNP2 (https://loschmidt.chemi.muni.cz/pre-
dictsnp2/) evaluates the SNV effects using a consensus 
of five prediction tools (CADD, DANN, FATHMM, 
FunSeq2 and GWAVA). The results are color-coded 
(green for neutral, red for deleterious, and gray for un-
known).

3.2.2. 2nd Filter: Structure-Based Homology Prediction
Three tools were used to analyze 124 variants on the 
second filter: PolyPhen, PANTHER, and SNAP2.
PolyPhen (http://genetics.bwh.harvard.edu/pph2/) 
analyzes the substitution impact on the structure 
through physical and phylogenetic comparative con-
siderations, trying to identify the specific alteration 
site and compare it with available databases to eval-
uate the effects.
PANTHER (http://www.pantherdb.org/tools/csnp-
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ScoreForm.jsp) analyzes the functional impact of the 
protein-coding SNV through evolutionary conserva-
tion. It categorizes the variant as “possibly damaging” 
or “possibly benign”.
SNAP2 (https://rostlab.org/services/snap2web/) cate-
gorizes the variants as “neutral” or “effect” based on 
evolutionary information through multiple sequence 
alignment, secondary structure, and solvent acces-
sibility analysis. The results vary from -100 (strong 
neutral prediction) to +100 (strong effect prediction). 
A higher effect value has a correlation degree to the 
effect severity.

3.2.3. 3rd Filter: Aminoacid Substitution and Protein 
Stability Prediction
Three tools were used to analyze 112 variants on the 
third filter: PON-P2, Align GVGD, and MutPred2.
PON-P2 (http://structure.bmc.lu.se/PON-P2/) pre-
dicts the pathogenicity substitutions based on AA fea-
tures, gene ontology, evolutionary conservation, and 
functional protein site. It classifies the variants into 

pathogenic, unknown, or neutral.
Align GVGD (http://agvgd.hci.utah.edu/index.php) 
analyzes the biophysical characteristics of AA and 
protein sequence alignments to predict if a mutation 
falls in an enriched deleterious or neutral spectrum. 
The output categorizes the mutations into C0 to C65, 
resulting in tolerated/neutral variants (C0) to “untoler-
ated”/pathogenic variants (C15-C65).
MutPred2 (http://mutpred2.mutdb.org/index.html) al-
lows AA substitutions to score into benign (≤0.50) or 
pathogenic (0.51-1.0) based on known pathogenic and 
neutral variants and inter-species pairwise alignment.

3.2.4. 4th Filter: Protein Structural Effect Prediction
For the final step, we used HOPE and Missense3D 
were used to analyze 112 variants. A protein model 
was made through Phyre2.
Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/
page.cgi?id=index) provides three-dimensional struc-
ture prediction from a given sequence. The modeling 
can be done (according to the website limitations) to 

Figure 1. Data mining and PP proposed methodology. After the final prediction filter, “Protein structural 
effect prediction,” only 16 variants were considered as possibly likely-pathogenic.
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carry out the prediction through an intensive method 
that allows complete modeling using multiple tem-
plates and ab initio techniques. Model refining was 
done using ModRefiner (https://zhanggroup.org/
ModRefiner/), quality was verified with a Z-score 
and Ramachadran plot (6) using ProSa (https://prosa.
services.came.sbg.ac.at/prosa.php) and PROCHECK 
(https://saves.mbi.ucla.edu/) webtools, respectively.
Missense3D (http://missense3d.bc.ic.ac.uk/~mis-
sense3d/) is an AA structural substitution predictor 
based on physicochemical properties. It requires a 
.pdb file containing the three-dimensional structure 
of a molecule; the results include disulfide breakage, 
buried Proline introduction, or clash introduction, 

among others. Depending on each parameter value 
predicting structural damage, a neutral or altered re-
sult is provided.
Project HOPE (https://www3.cmbi.umcn.nl/hope/) 
analyzes point protein mutation structural effects. The 
output provides results regarding AA properties, struc-
ture analysis, physical contacts, evolutionary conser-
vation, and domain affectation.

4. Results
Of the 64,369 AURKA SNVs, only 209 met the criteria 
for in-silico analysis, and only 16 variants were con-
sidered pathogenic (Fig. 2).

Figure 2. Schematic representation of AURKA exons, protein functional domains, and main predicted mu-
tations. A) Purple lines correspond to exon translation regions; green boxes correspond to activation/regulation 
domains; catalytic domain (purple box) harbors the activation motif (pink box), containing a phosphorylated 
Tyrosine residue (red line); black box corresponds to the destruction box (D-B): predicted pathogenic mutations 
are shown in red text. B) Tertiary structure prediction of the wild-type (green) and mutant-type (red) residues.

A)

B)
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4.1. Sequence-Based Homology Prediction
PROVEAN predicted 132 (64.1%) benign and 74 
(35.9%) pathogenic variants; SIFT reported 108 
(52.4%) benign and 98 (47.6%) pathogenic; Mut-
Taster reported 126 (61.2%) benign and 80 (38.8%) 
pathogenic; PredictSNP2 reported 140 (68.0%) be-
nign and 66 (32.0%) pathogenic; 85 variants were 
considered as benign by all platforms. Cumulative 
analysis reported that 33 variants were considered 
pathogenic by one tool, 28 by two tools, 11 by three 
tools, and 52 by all tools. 124 variants were selected 
for further analysis.

4.2. Structure-Based Homology Prediction
From 124 that surpassed the first filters, PANTHER 
reported 19 (15.3%) benign and 105 (84.7%) as patho-
genic variants; PolyPhen2 reported 37 (29.8%) be-

nign and 87 (70.2%) pathogenic; SNAP2 reported 52 
(41.9%) benign and 72 (58.1%) as pathogenic.
Only 12 variants were considered benign by all tools. 
Furthermore, 21 variants were considered pathogenic 
by one platform, 30 variants by two tools, and 61 vari-
ants by all tools. Of the analyzed variants, 112 were 
selected for further analysis.

4.3. Aminoacid Substitution and Protein Stability Pre-
diction
Both PONP2 and Align GVGD reported only one 
(0.9%) benign and 111 (99.1%) pathogenic variants. 
MutPred analysis considered 47 (42.0%) benign and 65 
(58.0%) as pathogenic.
No variants were considered neutral. Furthermore, only 
two variants were considered benign by one platform, 
45 were considered pathogenic by two platforms, and 

Table 1. Project HOPE and Missense3D predictions for the 16 final PMSV.

rs AA change Project HOPE Missense 3D altered structure ACMG VarSomeb

Different 
size

Different 
AA hydro-
phobicity

Different 
AA charge

Evolutionarily 
conserved

rs536637669 Ser387Pro + + - + Disallowed phi/psi VUS 9/5

rs1284841822 Arg362Gly + + + - Cavity altered VUS 8/6

rs747506381 Gly355Glu + + + - Disallowed phi/psi B 8/6

rs928987283 Pro327Thr - + - - Secondary structure altered PP 12/3

rs11539196 Gly325Trp + + - + Disallowed phi/psi PP 12/3

rs1377907944 Leu315Pro + - - + Cavity altered; Buried Pro 
introduced; Buried/exposed 
switch

PP 12/3

rs1255490947 Pro298Leu + - - + Buried/exposed switch PP 13/2

rs560948705 Gly291Ala + + - + Disallowed phi/psi; Gly in a 
bend

PP 13/2

rs747008066 Gly268Glu + + + - Disallowed phi/psi; Cavity 
altered; Gly in a bend

PP 12/4

rs1015771390 Ala234Thr + + - + Cavity altered PP 11/5

rs1304208982 Tyr212Cys + + - + Cavity altered VUS 11/5

rs948288770 Leu178Arg + + + - Cavity altered PP 11/5

rs1197614826 Lys162Thr + + + + Cavity altered PP 13/3

rs879169420 Gly140Ala + + - - Cavity altered PP 14/2

rs751452141 Lys124Glu + - + + Buried charge switch VUS 6/10

rs188825988 Arg24Cys + + + + Buried charge replaced B 8/5

AA (Amino acid), MR (Mutant-type residue), WR (Wild-type residue), RSA (Relative Solvent Accessibility), ACMG (American College of Medical 
Genetics), PP (Probably Pathogenic), VUS (Variant of Unknown Significance), B (Benign).
A) Considered positive when the MR is not observed in the AA position.
B) Score based on individual predictions (pathogenic/benign). Not all predictions are available for each mutation.
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63 by all platforms. All variants were considered for 
further analysis.

4.4. Protein Structural Effect Prediction
The Phyre2 model reported that 100% of residues 
were modeled with confidence >90%. Protein ends 
were modeled with low confidence (1-16 and 389-403 
residues), while the rest of the residues were mod-
eled with high confidence. After using ModRefiner, 
the Z-score quality check reported that the model is 
within the range of scores found for native proteins of 
similar size, and ProCheck reported that 99.1% of resi-
dues were within the favored in allowed regions. Only 
16/112 variants were considered pathogenic by HOPE 
and Missense3D. 
Missense3D reported 16 (15.8%) pathogenic and 85 
(84.2%) benign variants; the reports include the spe-
cific structural damage caused by the specific mu-
tant-type residue (MR). Missense3D alteration criteria 
are described on the webpage (7). The most frequent 
structural damage detected were cavity alteration (8/16 
variants) and disallowed phi/psi (5/16) variants.
According to HOPE, most variants were related to the 
kinase domain (133 to 383 residue position). Contact 
gains/losses were predicted in four variants, described 
as spatially closed residues that form bridges or bonds 
in specific atoms (6): R362G wild-type residue (WR) 
forms a hydrogen bond with 358D, while the MR 
forms a salt bridge with 358D and 376E; Y212C and 
K162T WR form a chemical bond with Protein Data 
Bank (PDB) Chemical Component 626, WR size can 
abolish this bond, Y212C MR can cause a loss of inter-
action with ATP nucleotide which can cause a protein 
function abolition; K162T WR forms a hydrogen bond 
with 276G and 277W while WR forms a salt bridge 
with 181E; G140A WR is not in direct contact with a 
ligand, however, MR might affect ligand-contact made 
by one of the neighboring residues. Fourteen variants 
were found to affect both the protein kinase and auro-
ra kinase domains (R362G, G355E, P327T, G325W, 
L315P, P298L, G291A, G268E, A234T, Y212C, 
L178R, K162T, G140A, K124E), while two are lo-
cated at the protein ends and no specific domains are 
associated (S387P, R24C) (Fig. 2). HOPE results are 
resumed in Table 1.

5. Discussion
Our analysis predicted 16/209 (7.65%) pathogenic vari-

ants considering our methodology in order to increase 
sensibility. However, no association studies were found 
for any of the final PMSV in public databases. This may 
be due to the global allele frequencies, as all variants 
had frequencies <0.01 or only reported as sporadic. 
However, as mentioned earlier, these databases focus 
on global frequencies, which means that specific pop-
ulations may have different allele frequencies. Accord-
ing to the ACMG, 10/16 of the variants were consid-
ered likely pathogenic, with seven of them involving 
Proline/Glycine changes.
The frequent alterations observed in the final patho-
genic variants are changes in AA size and hydropho-
bicity. These physicochemical properties may alter the 
structure and/or function of the protein (8). The most 
common mutations in proteins are the replacement of 
Proline and Glycine, either as a loss (such as G355E or 
P327) or a gain (such as R362G or L315P). Glycine is 
the smallest and most flexible of the AA, while Proline’s 
side chain has a rigid cyclic structure (9, 10). Therefore, 
the specific losses or gains of Glycine can affect the 
bending of the protein structure, while Proline’s muta-
tions might affect the backbone rigidity of the normal 
tertiary structure, which can result in the alteration of 
the local binding sites or protein stability (11).
Depending on the location of the AA in the protein 
(main activity or regulatory domain, surface or core), 
interaction zone residues, or relevance to protein-li-
gand activities, the MR may cause a loss or gain of 
function or regulation, gain or loss of other molecule 
interactions, or production of core bumps, respective-
ly (12). The catalytic domain was affected in 13/16 of 
the pathogenic variants. This domain allows for a re-
versible phosphorylation process, producing a confor-
mational change affecting the protein function, such as 
enzyme activity, protein-protein associations, or even 
cellular location (13, 14).
One limitation is the lack of supporting studies (func-
tional assays or associations), to confirm our results. 
The intrinsic prediction limits of the IS tools must be 
considered, as IS results should be verified by in vitro 
or in vivo studies to be conclusive (15).
Regarding future directions, further IS analysis, such as 
hydrogen bonds, clashes or contacts, molecular docking, 
or molecular dynamics, surely will improve our findings.

6. Conclusions
IS analysis allows a first-hand, fast, and free approach 
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to studying SNV. Our methodology can be applied 
to a single or multiple SNV (hundreds to thousands) 
with relatively small-time differences. In the AURKA 
model, a filter was not useful to discriminate variants; 
however, for other genes, each filter might discard 
none, few, or several variants. This is due to the nature 
of each variant and highlights the difference between 
each prediction tool.
To the best of our knowledge, no single tool or IS 
methodology can fully effectively predict variant 
pathogenicity. However, a feasible approach is to se-
lect those SNVs with higher pathogenic potential and 
carry out further studies (experimental or computa-
tional), which surely help clarify a variant biological 
impact.
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