1- Material and Methods:
1-1-  Data mining

We explored db SNP NCBI [1] and Expasy [2] for the SNPs located in the LRR domain
of NOD2 and selected 14 SNPs that have been reported in association with diseases.
These SNPs were used for the further analysis.

The FASTA format of the NOD2 sequence was extracted from Uniprotl7. The
secondary structures and the solvent accessibility of the residues in the wild and mutant

proteins were extracted from the PDP files by DSSP18 and Getareal9, 20 respectively.

1-2-  Characterization of the potential damaging effects of the SNPs

The potential damaging effects of the mutations were evaluated by the
Provean (Protein Variation Effect Analyzer) analysis tool
(http://provean.jcvi.org/index.php) [3].

Provean predicts tolerated and damaged SNPs based on the multiple alignment
information for every position of the sequence [3].

In this work, the FASTA SEQ obtained from NCBI and the mutated positions were
submitted as a query to Provean. The substitutions at each position equal to or less than

a threshold of —2.28 indicate an intolerant or damaged variant.
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1-3-  Prediction of the functional consequence of the SNPs

To determine the potential effects of these SNPs on the function of the NOD2
receptor, we used the PolyPhen-2 (Polymorphism Phenotyping) computational tool
(http://coot.embl.de/PolyPhen) [4]. For this analysis, the amino acid sequence of NOD2
wild type in fasta format was used as input query and the position and substitution of
each of the two SNPs were submitted to PolyPhen.

PolyPhen estimates the effects of amino acid substitutions using a set of basic
algorithms that are built based on the sequence and structural and phylogenetic
information of the protein and calculates a Position-Specific Independent Counts (PSIC)
profile score. PSIC is a fast technique for calculation of position-specific sequence weights
in a multiple sequence alignment ( MSA) [5]. Finally, PolyPhen appraised the mutations
qualitatively based on a cutoff PSIC score: probably damaging (PSIC score > 0.85),
possibly damaging (PSIC score > 0.15), or benign.

For further assessment of the functional effects of SNPs, we used the PANTHER
(http://www.pantherdb.org) tool [6]. PANTHER works based on HMM statistical models
and evolutionary relationships. This tool uses the information from the sequence
conservations within a hidden Markov model (HMMs) to predict the functional effects of
the missense variants [6].

The amino acid substitution and protein fasta sequence were used as

inputs to PANTHER, and a score was computed by the tool, based on the position-
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specific evolutionary preservation (PSEP) score. Based on the selected thresholds,
SNPs were characterized: “probably damaging" (time > 450my), "possibly damaging"
(450my > time > 200my), and "probably benign" (time < 200my).

We also assess the effects of SNPs regarding their location in the functional or
structural conserved regions with Conserf webtool [7]. This computational tool works
based on the phylogenetic relationships between homologous sequences and measures

the evolutionary conservation of the SNPs in a protein sequence [7].

1-4-  Determination of the SNPs’ structural effects on protein stability and flexibility

To analyze the consequence of the point mutations on the structural stability of the
protein, I-Mutant [8] was used. [-Mutant is a computational tool that predicts the stability
of a mutant protein using a ProTerm-derived dataset. We submitted the SNPs of the
NOD2 sequence in fasta format as input. We also performed further analysis
using DynaMut [9] to assess the flexibility and interatomic interactions in wild and
mutant proteins.

For a deeper analysis of the structural effects of the correspondence SNPs, we used
HOPE web service [54]. HOPE is a web-server tool that analyzes the consequence of
SNPs on the structure and conformation of a protein. The NOD2 wild type and the SNPs

sequences were individually used as the input to the HOPE server.



1-5-  Potential post-translational modification (PTM) sites

The potential PTM sites were searched in the human NOD2 protein
using NetPhos [61] which predicts the Serine, Threonine, and Tyrosine phosphorylation
sites in a given protein sequence. For searching the ubiquitination sites and peptide

cleavage sites, we used BDM-PUB [10] and ProP 1.0 [11] respectively.

1-6-  Network analysis

For further analysis of the effects of these SNPs, we analyzed the interaction of the
mutant NOD2 with other downstream proteins.

Protein—protein interaction (PPI) networks were constructed and analyzed by
STRING and Cytoscape v. 3.4.0 [12] . Briefly, NOD2 was introduced to the software as the
seed protein, and PPI networks were constructed using STRING [13] and visualized and
analyzed in Cytoscape. STRING extracts information from both the experimental and
predicted interactions based on gene neighborhood, gene co-occurrence, gene fusions,
gene co-expression, and literature mining and extracts highly interconnected regions

(clusters) and their related pathways [12].
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