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Résumé

Résumé :

Les protéines SIRPa, SHP1 et SHP2 forment des complexes qui interagissent pour réguler
divers processus cellulaires, notamment la phagocytose et la signalisation immunitaire. Le
polymorphisme de ces protéines pourrait étre impliqué dans de nombreuses maladies tels que
les cancers.

Cette étude a explore les conséquences fonctionnelles des polymorphismes d'un seul nucléotide
non-synonymes (nsSNP) sur SIRPa, SHP1 et SHP2, a l'aide de différentes méthodes in silico
afin de prédire les variations dommageables.

L’analyse in silico a été réalisée par quatre outils différents (SIFT, PolyPhen-2, PROVEAN,
PANTHER) pour obtenir les SNP délétéres. Ensuite, les nsSSNP ont été soumis a une analyse
fonctionnelle a lI'aide des outils InterPro et Pmut. L'outil I-Mutant 2.0 a ensuite été utilisé pour
prédire les changements dans la stabilité des protéines lorsqu'une mutation se produit, tandis
que ConSurf a été utilisé pour analyser la conservation évolutive de ces protéines.

Dans ce travail, 23 nsSNP ont été retenus pour la protéine SIRPa, 77 nsSSNP pour le géne SHP1,
et 472 nsSNP pour le géne SHP2. Parmi eux, 13 nsSNP de SIRPa et 36 nsSSNP de SHP1, ainsi

que 179 nsSNP du géne SHP2, ont été identifiés comme étant des variations a haut risque.

Mots-clés : in silico, nsSNP, SIRPa, SHP1, SHP2.



Résumé

Abstract :

The proteins SIRPa, SHP1, and SHP2 form complexes that interact to regulate various cellular
processes, including phagocytosis and immune signaling. Polymorphisms in these proteins may
be implicated in numerous diseases such as cancers. This study explored the functional
consequences of non-synonymous single nucleotide polymorphisms (nsSNPs) on SIRPa,
SHP1, and SHP2 using various in silico methods to predict detrimental variations. In silico
analysis was conducted using four different tools (SIFT, PolyPhen-2, PROVEAN, PANTHER)
to identify deleterious SNPs. Subsequently, nsSNPs were subjected to functional analysis using
InterPro and Pmut tools. The I-Mutant 2.0 tool was then used to predict changes in protein
stability upon mutation, while ConSurf was employed to analyze the evolutionary conservation
of these proteins. This study identified 23 nsSNPs in SIRPa, 77 in SHP1, and 472 in SHP2.
Among these, 13 nsSNPs in SIRPa, 36 in SHP1, and 176 in SHP2 were classified as high-risk

variations.

Keywords: in silico, nsSNP, SIRPa, SHP1, SHP2.
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Liste des abréviations

Liste des abréviations

AcM : Anticorps monoclonaux.

ADN: Deoxyribonucleic Acid

AKT : Protéine Kinase B

CDA47 : protéine transmembranaire

C-lg: Constant region of Immunoglobulin

DC: Dendritic Cell

ECM : Matrice Extracellulaire

ERK: Extracellular Signal-Regulated Kinase

Fc : Fragment crystallizable region

FcyR : Le récepteur du fragment cristallisable gamma
FLT3: FMS-like tyrosine kinase 3

GAB2: Grb2-associated binder 2

Grb: Growth Factor Receptor-Bound protein

GRB2: Growth Factor Receptor-Bound Protein 2

Ig: Immunoglobuline

1gG4,2 : des sous-classes spécifiques d'lgG

IL12 : Interleukine 12

ILA: IgA-like domains

ILC3 : Cellules Lymphoides Innées de type

ITIM: Immunoreceptor Tyrosine-based Inhibition Motif
KDa : kilodalton

MPP+ : (1-méthyl-4-phénylpyridinium)

mMTOR: Mammalian Target of Rapamycin

NCBI: National Center for Biotechnology Information
NSCLC: Non-Small Cell Lung Cancer

nsSNP : Non synonyme polymorphisme nucléotidique simple.
PD1: Programmed cell Death Protein 1

PD-L1: Programmed Death-Ligand 1

PI3K: Phosphoinositide 3-kinase

PR: Polyarthrite rhumatoide

PTP: Protein Tyrosine Phosphatases
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PTP1C: likely refers to Protein Tyrosine Phosphatase 1C

PTP1D: likely refers to Protein Tyrosine Phosphatase 1D.

PTPN11: protein tyrosine phosphatase, non-receptor type 11

PTPNG : protéine tyrosine phosphatase non réceptrice 6

SH2: Src Homology 2

SH2: Src homology region 2

SH3: Src Homology 3

SHP-1 : La protéine tyrosine phosphatase possédant un domaine d'homologie a SH2 1
SHP-2 : La protéine tyrosine phosphatase possédant un domaine d’homologie a SH2 2
SHPS-1 : Substrat de la phosphatase tyrosine contenant le domaine SH2 1

SIRPa. : Protéine alpha régulatrice du signal

SNC : Systeme Nerveux Central

SNP : Polymorphisme nucléotidique simple

Src : référence a une famille de protéines kinases tyrosine

STATS3: Signal Transducer and Activator of Transcription 3

Th17: Cellules T Helper 17

Treg: Lymphocyte T régulateur

Tsp-1: Thrombospondin-1

Tyr: Tyrosine

V-Ig: Variable region of Immunoglobulin

V-1gsF : Superfamille Immunoglobuline Variable
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INTRODUCTION

Introduction

CD172a, ou la protéine de régulation de la signalisation a (SIRPa), est une protéine inhibitrice
transmembranaire identifiée comme une glycoprotéine impliquée dans la régulation de la
fonction leucocytaire (Van Beek et al., 2005) et abondamment exprimée dans les cellules
hématopoietiques de la lignée myéloide telles que les macrophages et les cellules dendritiques
(Murata et al., 2014a).

La SIRPa exerce ses effets inhibiteurs par le biais de son interaction extracellulaire avec le
CDA47, une glycoprotéine largement exprimée a la surface des globules rouges (Yamauchi et
al., 2013). Le CD47 est un ligand de la SIRPa qui agit comme un signal "ne me mange pas" et
conduit a la phosphorylation de la queue cytoplasmique de la SIRPa. Cette queue est un motif
d’inhibition des récepteurs Immuns basé sur la tyrosine (ITIMs en anglais), (L. Shi etal., 2021).
qui entraine des événements de signalisation en aval conduisant a 1’inhibition de la phagocytose
des érythrocytes (L. Shi et al., 2021). Il a été démontré que la liaison de CD47 aux SIRPa
exprimées par les macrophages spléniques inhibe la phagocytose des érythrocytes par les
macrophages (Tsai et Discher, 2008).

Cette interaction CD47/SIRPa permet également aux cellules tumorales d'échapper au ciblage
des macrophages (Dizman et Buchbinder, 2021). Il a été démontré que le blocage des
interactions CD47-SIRPa peut améliorer la destruction des cellules tumorales par les
macrophages. En outre, le ciblage de I'axe CD47-SIRPa améliore également la fonction des
cellules présentatrices d'antigenes et stimule ainsi les cellules T adaptatives dans la lutte contre
le cancer (Tristan Maguet, 2020).

La SIRPa est un partenaire de liaison ou un substrat putatif pour deux protéines cytoplasmiques
de type tyrosine phosphatase : Src Homology region 2 domain-containing phosphatase-1
(SHP1) et Src homology region 2 domain-containing phosphatase-2 (SHP2). Elle agit comme
une protéine d'amarrage pour recruter et activer SHP-1 et SHP-2 a la membrane cellulaire en
réponse a des stimuli extracellulaires. Ces protéines phosphatases sont considérées comme
essentielles pour la signalisation en aval de la SIRPa (Murata et al., 2014b).

La famille des phosphatases SHP comprend deux membres principaux : SHP1 (Tyrosine-
protein phosphatase non-receptor type 6, PTPNG) et son analogue SHP2 (Tyrosine-protein
phosphatase non-receptor type 11, PTPN11) qui sont des protéines tyrosine phosphatase (PTP)
cytoplasmiques jouant un role essentiel dans un large éventail de fonctions cellulaires (Bard-
Chapeau et al., 2011). Bien qu'ayant une similarité de sequence de base de 61% et une
Structure similaire, SHP1 et SHP2 différent dans leur expression et leur fonction. SHP1 est
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principalement exprimée dans le systéeme hématopoiétique et certains types de cellules
épithéliales (Tsui et al., 2002), tandis que SHP2 est ubiquitaire (Neel, Gu, et Pao, 2003). Leur

role régulateur varie également : SHP1 agit principalement de maniere négative en régulant
négativement la signalisation des récepteurs, tandis que SHP2, une molécule pléiotropique,
exerce a la fois des fonctions régulatrices positives et négatives via divers complexes de
signalisation (Z.-Q. Shi et al., 2000). Leur déreglement, qu'il soit d0 & des mutations ou a une
expression aberrante, contribue a un certain nombre de maladies humaines, notamment le
cancer (Bard-Chapeau et al., 2011).

Les polymorphismes d'un seul nucléotide (SNP) sont des variations d'alléles d'une seule
base et constituent le type de variation le plus courant dans les séquences d'ADN. Les
polymorphismes nucléotidiques simples (SNP) dans la région codante du génome humain sont
d'une grande importance (Collins, Brooks, et Chakravarti, 1998). Parmi eux, les SNPs non
synonymes (nsSNPs) sont responsables des substitutions de résidus d'acides aminés qui peuvent
conduire a une diversité fonctionnelle des protéines chez I'nomme (Lander, 1996). Ces
variations fonctionnelles peuvent avoir des effets délétéres ou neutres sur la structure et/ou la
fonction des protéines (Capriotti et Altman, 2011).

Les SNPs agissent comme des biomarqueurs qui peuvent se lier a des génes associés a diverses
maladies complexes telles que le cancer. Ces SNPs sont généralement situés a l'intérieur du
gene ou dans une région régulatrice proche du gene et peuvent affecter la fonction du gene et
jouer un role direct dans la maladie (Kaur et al., 2019).

L'approche in silico joue un role crucial dans la prédiction des vecteurs polymorphes délétéres
associés aux maladies génétiques humaines, ou des outils informatiques sont utilisés pour
analyser de grandes quantités de données génétiques, identifier les candidats au polymorphisme
génétique probablement déléteres et prédire leur impact fonctionnel sur la structure et la
fonction des protéines. Cette approche facilite la hiérarchisation de variantes pathogénes
potentielles, ce qui réduit considérablement le temps et les ressources necessaires a la
verification expérimentale. Cette étude facilite la compréhension des mécanismes de base, le
dépistage et la conception des traitements (Shinwari et al., 2023).

Dans le cadre de notre recherche, nous analyserons in silico les SNPs et comment ils affectent
la structure et/ou la fonction du CD172a, SHP1 et SHP2 ainsi que I'¢tendue de leur relation
avec le développement de maladies d'origine immunitaire afin de faciliter la mise en place de

nouvelles méthodes de dépistage et de prévention.
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I. REVUE DE LA LITTERATURE
1.1 CD172a

1.1.1 Généralités
Connue sous le nom de protéine régulatrice du signal (SIRPa) également appelé CD172a ou

SHPS-1 (Barclay et amp ; Van Den Berg, 2014), il s’agit d’une protéine transmembranaire
qui se lie aux protéines tyrosine phosphatase SHP-1 et SHP-2 (Takahashi, 2018).

La protéine de signalisation régulatrice alpha (SIRPa/CD172a) est exprimée dans la majorité
des cellules myéloides. Cependant, elle est exprimée de maniere différentielle par des sous-
ensembles de cellules myéloides (les monocytes et les macrophages) (Scott et al., 2014).

1.1.2 Le géne SIRPa
Le SIRPo humain est codé par le géne SHPS-1 situé dans le 20éme chromosome humain

(20p13) (Figure 1.1). Larégion du cadre de lecture ouvert se compose de huit exons, y compris
un peptide signal (Alvey et al. 2017). Ce géne et son produit partagent une tres grande similarité

avec plusieurs autres membres de la famille SIRP (NCBI gene).
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Figure 1.1 : la localisation du géne SIRPa. (NCBI gene).

1.1.3 Structure et caractéristiques de SIRPa
Le cd172a ou SIRPa est une protéine de type | glycoprotéine d'environ 90 kDa, contient 2

régions : région extracellulaire et région cytoplasmique, hautement conservée entre les rats, les
souris et les humains. La région cytoplasmique contient un certain nombre de résidus de
tyrosine, qui agissent probablement comme des ITIMs (motifs d'immunorécepteurs inhibiteurs
tyrosine-based, La région extracellulaire contient trois domaines de la superfamille des
immunoglobulines - un seul domaine V-set et deux domaines C1-set IgSF(Barclay & VVan Den
Berg, 2014).


https://www.fishersci.fr/shop/products/cd172a-sirp-alpha-mouse-anti-human-apc-clone-15-414-ebioscience-2/15598036
https://www.fishersci.fr/shop/products/cd172a-sirp-alpha-mouse-anti-human-apc-clone-15-414-ebioscience-2/15598036
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Figure 1.2 : structure de SIRPo adapté de (Matozaki et al., 2009).

1.1.4 Fonctions biologiques de SIRPa
CD172a (SIRPa) joue plusieurs fonctions importantes dans la régulation des cellules

immunitaires, notamment :

La stabilisation de I'hnoméostasie des cellules T et des cellules Treg dans la rate (Respatika
et al. 2017).

Le maintien de I'noméostasie et le contréle de I'inflammation excessive (Zen et al. 2013).
activer sélectivement les cellules Th17 et les lymphocytes innés de type 3 (ILC3) (Hansen
et al., 2018).

inhibition de I’activité des macrophage et réduction de 1’expression d’IL-12 ainsi que
I’induction de la tolérance au greffon (Pengam et al., 2019).

contr6le de la migration des cellules myéloides et les cellules de Langerhans de la peau

(Fukunaga et al., 2004).
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1.1.5 La voix de signalisation SIRPa/CD47
CDA7 est une protéine présente sur la surface des cellules telles que les globules rouges, les

plaquettes et les cellules cancéreuses, CD47 est une glycoprotéine transmembranaire de 52 kDa,
situé dans la région q13.12 du chromosome 3 (Qu, Li, et Wang 2022)( Figure 1.3).
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Figure 1.3: la localisation du gene CD47 (NCBI gene).

La protéine CDA47 se compose d'un domaine extracellulaire V' IgSF, d'un domaine présénile
avec cing segments couvrant la membrane et d'un domaine cytoplasmique (Campbell et al.
1999) (Figure 1.4).

extracellular

EXEE

intracellular

C

Figure 1.4 : Représentation schématique de la structure du CD47 adapté (Zheleznyak et al.,
2013).

CDA47 joue un role essentiel dans différents processus biologiques, tels que la régulation de la

réponse immunitaire et la signalisation cellulaire (Brown, 2001).
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L'activité phagocytaire des macrophages est régulée par son interaction avec le ligand du CD47,
SIRPa (Signal Regulatory Protein alpha), qui est exprimé sur les cellules phagocytaires
(Barclay et amp ; Van Den Berg, 2014b). 1l a été démontré que le rdle de CD47 en tant
qu'auto-marqueur ou signal « ne me mangez pas » inhibe la phagocytose des macrophages
(Barclay &amp ; Van Den Berg, 2014b).

L'interaction entre CD47 et SIRPo induit une modification de la conformation de SIRPa,
déclenchant ainsi I'activation de sa voie de signalisation intracellulaire. La partie cytoplasmique
de SIRPa renferme plusieurs motifs ITIM qui sont phosphorylés par des kinases de la famille
Src lors de I'activation de SIRPa. Les phosphatases SHP-1 et SHP-2 se lient ensuite aux motifs
ITIM phosphorylés de SIRPa via leurs domaines SH2 respectifs, ce qui active ces phosphatases
et initie la déphosphorylation de leurs substrats cibles (Murata et al., 2014) (Figure 1.5). Deux
résidus Tyr (449 et 473) sont essentiels pour la liaison avec SHP-2 (Takada et al., 1998).

Certaines fonctions de signalisation de SIRPa peuvent étre médiées par d'autres molécules de
signalisation, telles que les récepteurs de la famille des immunoglobulines ou des intégrines,
qui peuvent moduler son activité (Veillette, 2010). De plus, les deux régions riches en proline
situées entre les tyrosines en tandem des ITIM peuvent interagir avec les domaines SH3 de
certaines protéines de signalisation, comme les kinases Src ou les adaptateurs de signalisation
Grb2 (Alenghat et al., 2012).

La phosphorylation des tyrosines du domaine cytoplasmique de SIRPa, renforcée par I'adhésion
médiée par le complément, est cruciale pour sa signalisation. Elle permet le recrutement de
protéines adaptatrices telles que SHP-1 et SHP-2, qui régulent différentes voies de signalisation
intracellulaire, telles que les voies MAPK et PI3K/Akt (Johansen et Brown, 2007 ; Barclay
et al.,, 2002). Ainsi, SIRPa participe a la régulation de processus cellulaires tels que la
prolifération, la migration et la phagocytose (Veillette, Thibaudeau et Latour, 1998 ; Seiffert
et al., 1999).
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Figure 1.5 : I’interaction cd47/ SIRPa (Behrens, Van Den Berg, et Van Egmond 2022a)

L'interaction entre le domaine IgV de CDA47 et le domaine IgV de SIRPa entraine la phosphorylation
des deux ITIMs dans la queue intracellulaire de SIRPa. En conséquence, les phosphatases SHP-1 et

SHP-2 sont recrutées, ce qui les active par la suite et leur permet de réguler les voies de signalisation

cellulaires en aval, par exemple, la signalisation des récepteurs Fc ou TLR, en déphosphorylant divers

médiateurs de tyrosine (Behrens, Van Den Berg, et Van Egmond 2022a).

1.1.6 Fonctions de SIRPa/CD47 dans le systéme immunitaire
1.1.6.1 Réle du SIRPa/CD47 dans I’élimination des GR sénescents et les cellules
endommagées

SIRPa est présent dans les cellules phagocytaires, comme les macrophages, qui participent

activement aux réponses immunitaires en éliminant les vieilles cellules et les corps apoptotiques
(Savill et Fadok 2000). Le systeme de signalisation CD47/SIRPa régule notamment la
phagocytose des cellules sanguines matures, telles que les globules rouges, dans la rate.

La liaison de CD47 sur les érythrocytes a SIRPa sur les macrophages spléniques inhibe la
phagocytose de ces cellules par les macrophages (Oldenborg et al., 2000).

Cd47 réguler la phagocytose des vieux globules rouges (Burger et al., 2012). La phagocytose
des érythrocytes dépend d'un changement de conformation de CD47, qui agit alors comme un
signal "mangez-moi" sur les érythrocytes agés (Kusakari et al., 2008). La liaison de la

thrombospondine-1 (TSP-1) au CD47 favorise cette phagocytose via l'interaction avec le
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récepteur SIRPa sur le macrophage (van Bruggen, 2013). De plus, I'axe CD47-SIRPa inhibe
la clairance des plaquettes ou des lymphocytes circulants par les macrophages spléniques
(Murata et al., 2014) (Figure 1.6).

La liaison de SIRPa sur les monocytes humains & CD47 sur les érythrocytes joue un role dans
la régulation négative de la phagocytose dépendante du FcyR en déphosphorylant la myosine-
I1A, une molécule clé pour la phagocytose, au niveau des synapses phagocytaires (Tsai et
Discher 2008b).

CD47

CD47/TSP-1
SIRPa -

Inhibits SIRPG l Promotes

Phagocytosis Phagocytosis

Figure 1.6 : L’inhibition de I’érythrophagocytose par I’interaction CD47
(GR) — SIRPa (macrophage) (Van
Bruggen 2013).

1.1.6.2 SIRPa et CD74 dans le systéme nerveux central
SIRPa est exprimée dans le systeme nerveux central (SNC) et joue un role important dans la

neuroimmunité, notamment en modulant la croissance axonale médiée par les molécules de la
matrice extracellulaire (ECM) telles que la laminine (Wang et Pfenninger, 2006). SIRPa
exerce également un role protecteur essentiel dans la survie des cellules glomérulaires en
maintenant l'activité autophagique. La suppression de SIRPa entraine un dysfonctionnement
des cellules glomérulaires chez la souris (Li et al., 2019). Par ailleurs, une étude sur les
neurones dopaminergiques humains a montré que les cellules Treg protégent ces neurones de
la neurotoxicité du MPP+ via un meécanisme de communication intercellulaire impliquant
I'interaction CD47-SIRPa et I'activation de la voie Racl/Akt (Huang et al., 2017).
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1.1.7 Implication du SIRPa dans les maladies

1.1.7.1 SIRPa dans le cancer
Dans divers cancers, la régulation a la baisse de SIRPa active des voies de signalisation qui

entrainent une augmentation de la croissance des cellules cancéreuses. Dans le cancer de la
prostate, la surexpression de SIRP alpha entraine une diminution du nombre de cellules
cancereuses de la prostate (Yao et al. 2017).

Dans le cas du cancer du cerveau, le SIRPa réduit la transformation des cellules tumorales et
les empéche de migrer et d'envahir (C. Wu et al., 2000). Dans le cancer du foie également, si
le SIRPa est régulé a la hausse, il entraine une réduction du nombre de cellules tumorales (Yan
et al., 2004).

Le blocage de l'interaction CD47/SIRPa peut augmenter la phagocytose des cellules tumorales
par les macrophages, offrant une stratégie thérapeutique potentielle pour le traitement du cancer
(Chao et al., 2010).

1.1.7.2 SIRPa dans les maladies auto-immunes
> SIRPa et le Lupus Erythémateux Systémique (LES)

L’expression de SIRP-alpha est diminuée dans les cellules dendritiques des patients atteints de
LES, ce qui conduit a une activation excessive de ces cellules et & une augmentation de la
présentation d'antigénes auto-immunes. Cette altération contribue a I'amplification de la

réponse auto-immune et a la progression de la maladie (Squatrito et al., 2014).

» SIRPa et La polyarthrite rhumatoide (PR)

La signalisation via SIRPo./CD47 régule négativement l'activité phagocytaire des macrophages
et limite leur activation inflammatoire. Des études ont montré que le blocage de cette voie peut
exacerber l'inflammation articulaire, suggérant que SIRP-alpha a un réle protecteur en limitant

la réponse inflammatoire dans la PR (Park et al., 2021).
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1.1.8 Thérapie Anticancéreuse Ciblant I'Interaction CD47/SIRPa : Mécanismes, Agents
Thérapeutiques et Impact Clinique

1.1.8.1 Mécanismes
L'immunothérapie est une méthode prometteuse en oncologie qui exploite le systeme

immunitaire pour lutter contre le cancer. Le blocage des points de controle immunitaire,
notamment l'interaction CD47/SIRP, est une stratégie innovante qui permet aux macrophages
de reconnaitre et de détruire les cellules cancéreuses (Atkins et al., 1999).

Il existe trois types de facteurs qui ciblent I'interaction entre CD47 et SIRPa. : les anticorps
dirigés contre le CDA47, les protéines de fusion SIRP-Fc ciblant également le CD47, ainsi que
les anticorps visant spécifiquement le SIRPa. Ces facteurs sont utilisés pour inhiber le signal

phagocytaire (Qu, Li, et Wang, 2022) (Figure 1.7).

Bt . Macrophage

7 = Q Phagocytosis
I/ ASIRPG
| Anti-CD47

Q mADb Anti-SIRPa
Q o ,' mAb
I _—
¥, Anti-CD47 | I
- . N mAb
ADCC LI 1 IRPa
Q , s Y SIRPa-Fc
NK Cell , V
CDC cDa7
c{})
gt ~ = Anti-CD47

r mAb Antigen presentation
\ N\ D4+ T Cell
->

htY
CD8+ T Cell
Dendritic Cell

Ry

Figure 1.7: Ciblage la voie CD47-SIRPa dans le cancer (Chao, Weissman, et Majeti
2012b).

le ciblage thérapeutique de la voie CD47—SIRPa peut mener a I'élimination des cellules cancéreuses

par divers mécanismes. Premierement, I'inhibition de l'interaction CD47—SIRPa a 1'aide d'un anticorps
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anti-CD47 bloquant, d'un anticorps anti-SIRPa bloquant, ou d'une protéine SIRPa recombinante
(désignée ici comme une protéine de fusion bivalente Fc) conduit a la phagocytose des cellules
tumorales par les macrophages. Deuxiémement, un anticorps anti-CD47 peut éliminer les cellules
tumorales via des mécanismes traditionnels dépendants de la région Fc des anticorps, tels que la
cytotoxicité a médiation cellulaire dépendante des anticorps (ADCC) et la cytotoxicité dépendante du
complément (CDC). Troisiemement, l'anticorps anti-CD47 peut directement induire I'apoptose des
cellules tumorales par un mécanisme indépendant des caspases. Quatriemement, I'anticorps anti-CD47
peut favoriser la phagocytose des cellules tumorales par les cellules dendritiques (DC), ce qui entraine
une présentation antigénique subséquente aux cellules T CD4 et CD8, stimulant ainsi une réponse

immunitaire adaptative anti-tumorale. mAb = anticorps monoclonal (Chao et al., 2012).

1.1.8.2 Agents Thérapeutiques
» Agents ciblant le CD47

- Magrolimab (Hu5F-G4) : Anticorps humanisé anti-CDA47, favorise la phagocytose des
cellules cancéreuses par les macrophages en diminuant la toxicité sur les cellules non

cancéreuses (J. Liu et al., 2015).

- CC-90002 : Anticorps humanisé 1gG4-PE qui limite les interactions avec FcyR, réduisant

ainsi la toxicité tout en permettant la phagocytose (Narla et al., 2017).

- Létaplimab (I1BI1188) : Anticorps IgG4 anti-CD47, favorise la phagocytose des cellules

cancéreuses par les macrophages in vitro (Fu et al., 2021).

- TTI-622 : Protéine de fusion SIRPa-Fc qui se lie spécifiquement au récepteur SIRPa, inhibant
la signalisation inhibitrice et favorisant la phagocytose sans affecter les érythrocytes (Ni et al.,

2022).

» Anti SIRP alpha
- ALX148 (Evorbacept) : Protéine de fusion SIRPa-Fc, renforce la liaison au CD47 pour
stimuler la réponse immunitaire anti-tumorale (Weiskopf et al., 2013).
- CC-95251 : Premier anticorps anti-SIRPa, IgG1 entiérement humain, inactive la queue Fc tout
en maintenant la capacité de liaison aux récepteurs Fcy, ce qui est bénéfique en immunothérapie
(Chan et al., 2021).
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- B1765063 (OSE-172) : Anticorps 1gG4 humanise, cible spécifiquement les variantes
polymorphes de SIRPa, améliorant ainsi I'efficacité de 1'immunothérapie (Gauttier et al.,
2020).

1.1.8.3 L’impact des thérapies anti-CD47

Le blocage de CD47 permet aux macrophages et autres cellules immunitaires de mieux
présenter les antigénes tumoraux, améliorant ainsi la réponse immunitaire adaptative via les
lymphocytes T. Des études montrent que cette approche réduit la taille des tumeurs et inhibe
les métastases (Willingham et al., 2012). Cependant, des effets secondaires comme I'anémie
peuvent survenir, nécessitant des ajustements des doses et des modifications des anticorps pour

minimiser la toxicité (Majeti et al., 2009).

1.1.9 Approche synergique et perspectives

Les nanocorps, fragments d'anticorps, peuvent inhiber efficacement I'axe CD47-SIRPa et, en
combinaison avec des anticorps anti-PD-L1, réduire significativement la prolifération tumorale
(Sockolosky et al., 2016). Le blocage simultané de SIRPa et de PD-1 a montré un effet
antitumoral synergique, surtout dans le cancer du cdlon, améliorant I'élimination des cellules

cancéreuses (Yanagita et al., 2017).

O Cytotoxic
T cells
- Cellular t
‘cytotoxicity
-

[Cross-priming]| t

Dendritic
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"‘Ir' NU-SIRAF . Y Anti-PD-1 Ab
Y Anti-CDA47 Ab Y Anti-PD-L1 Ab

Figure 1.8 : Effets anti tumoraux synergiques du blocage de l'interaction CD47-protéine de
régulation du signal o (SIRPa) combiné a des inhibiteurs de points de contréle immunitaire

(Yoji Murata et al. 2018).
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L'interaction entre les cellules cancéreuses et les cellules immunitaires, telles que les cellules
dendritiques et les macrophages, met en lumiére I'effet des anticorps anti-CD47, anti-SIRPa et anti-
PD-L1. Cette interaction démontre comment ces anticorps peuvent stimuler la cytotoxicité des cellules
T et favoriser la phagocytose des cellules tumorales.

1.2. Protéine tyrosine phosphatases

Les protéines tyrosine phosphatases (PTP) appartiennent a une famille de molécules qui
catalysent I'élimination des groupes phosphates des résidus phosphotyrosine des protéines (Sun
& Tonks, 1994). (Figurel.9). La perturbation de la signalisation des PTP peut conduire a des
accumulations anormales de protéines phosphorylées par la tyrosine, qui peuvent perturber la
prolifération et la différenciation cellulaires normales et causer les altérations génétiques a
I'origine de la transformation progressive des cellules (Evren et al. 2012). Par consequent, de
nombreuses PTP jouent un r6le de suppression des tumeurs dans la physiologie normale (Wu,
2003).

Protein Tyrosine Phosphatase (PTP) Superfamily

J | ll Jl

Class | Class Il Class Il Class IV

L \l ( LMPTP) (CDC25 A, B and C) (Eya 1-4)

Classical Dual-specific
PTPs PTPs (61 members)

» Receptor PTPs
" (21 members)

> Non-Receptor PTPs
(17 members)

(e.g. SHP-1, SHP-2)

Figure 1.9 : la famille de Protéine tyrosine phosphatases(Liu & Qu, 2011).
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Dans la premiere classe en a les tyrosines phosphatases classiques non réceptrices, les
phosphatases SHP-1 et SHP-2, caractérisées par la présence d'un domaine SH2, ont été les plus
étudiées.

SHP1 et SHP2 Bien qu'ils partagent beaucoup de similarités en termes de structure et d'activite.
Les principales différences de séquence entre les deux molécules sont observées dans les
quelque 100 résidus d'acides aminés situés a I'extrémité C-terminale des phosphatases, au-dela
du domaine catalytique de la phosphatase (Poole & Jones, 2005). Cependant, malgré leur forte
homologie de séquence et de structure, ces deux enzymes jouent des roles cellulaires distincts
(Maggipinto et al. 2020). Tandis que la SHP-1 exerce principalement un effet négatif sur la
signalisation cellulaire en inhibant [l'activation, la SHP-2 favorise généralement une
signalisation positive (Poole & Jones, 2005).

L'expression de la SHP-1 est essentiellement restreinte aux cellules hématopoiétiques, tandis
que celle de la SHP-2 est plus répandue ; les deux enzymes sont exprimées dans de nombreuses
cellules hématopoiétiques (Poole & Jones, 2005). Les deux phosphatases, SHP-1 et SHP-2,

possédent un domaine catalytique central contenant la caractéristique PTP (Lorenz,2009a).

Dominant in
hematopoietic cells
Cell growth,

migration and
Ras — 7 differentiation
- — Rho

Positive regulation
Expressed

ubiquitously

Negative regulation

Figure 1.10 :L’expression et la régulation de SHP1 et SHP2 (Matozaki et al., 2009).
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1.2.1 La protéine phosphatase contenant le domaine d’homologie SH2 (SHP-1)

1.2.1.1 Généralités

SHP-1 est une protéine nommeée phosphatase tyrosine non réceptrice, elle est également connue
sous les noms suivants : PTPN6, SHPTP1, HCP ou PTP1C (Evren et al. 2012). C’est une
protéine d'une masse de 68 kDa (Abram & Lowell, 2017), qui contient 595 acides aminés
(Varone et al. 2020). Elle est largement exprimée dans les cellules issues de I'hématopoiese

(Tang et al. 2017). Sa localisation principale est dans le cytoplasme (Poole & Jones, 2005).

1.2.1.2 Le géne de SHP-1

SHP-1 codée par le gene PTPNG6 et localisée sur le chromosome 12pl13 chez I'homme
(Varon2020a). Ce gene est composé de 17 exons, il s'étend sur environ 17 kb d'ADN, avec une
taille de transcription de 2,4 a 2,6 Kb (Wu, 2003b).

En ce qui concerne la régulation de son expression, le géne SHP-1 possede deux promoteurs :
le promoteur distal, spécifique aux cellules épithéliales, et le promoteur proximal, actif a la fois

dans les cellules épithéliales et hématopoiétiques (Hao et al. 2021).
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Figure 1.11: la localisation du géne SHP-1 (NCBI gene).

1.2.1.3 la structure de la protéine SHP-1 :

SHP-1 se compose de trois principaux domaines : le domaine N-terminal Src homology-2
(SH2), le domaine C-terminal SH2, et le domaine catalytique C-terminal de la phosphatase
tyrosine protéine (PTP) (Metzner et al. 2009). Deux résidus tyrosine situés a I'extrémité C-
terminale de SHP-1 (Y536 et Y564) subissent une phosphorylation en réponse a divers stimuli,

ce qui altére I'activité et la fonction de la protéine (Yang et al. 2003) (Figure 1.12).
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FIGURE 1.12 : Representation schématique de la structure de
SHP1(Lorenz,2009).

Dans sa configuration inactive, SHP-1 adopte une conformation auto-inhibée, ou le domaine
N-SH2 se lie étroitement au domaine PTP, empéchant ainsi I'accés du substrat au domaine
catalytique (Hao et al. 2021). Toutefois, une fois que le phospho-peptide se lie au domaine C-
SH2, l'auto-inhibition est levée, activant ainsi I'enzyme (Hao et al. 2021) (Figure 1.13).

FIGURE 1. 13 : Structure globale de la SHP-1. Le domaine N-SH2 est en orange, le
domaine C-SH2 est en marine, le domaine PTP est en rose vif et les liens entre eux sont en
rouge (Wang et al. 2011).

1.2.1.4 Role de SHP1 dans le systéme immunitaire
SHP-1 agit en tant que modulateur négatif de la signalisation au sein des cellules immunitaires
innées et adaptatives (Myers et al. 2020). Elle exerce une régulation sur une large gamme de

fonctions et de cibles cellulaires, influencant ainsi la transmission d'informations de la
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membrane cellulaire vers le noyau (Varone et al. 2020b).

SHP-1 est également exprimé dans les cellules épithéliales (sein, prostate, ovaires, pancréas et
thyroide, entre autres) et atténue ou bien termine les voies de transduction du signal impliquant
la prolifération cellulaire, la différenciation, la survie, I'apoptose et I'adhésion ; cependant, la
fonction précise et les cibles de SHP-1 dans les cellules non hématopoiétiques sont largement
inconnues (Valencia et al. 1997).

SHP1 est aussi un régulateur de I'homéostasie du glucose et module la signalisation de I'insuline

dans le foie et les muscles ainsi que I'élimination hépatique de I'insuline (Dubois et al. 2006).

1.2.1.5 Role de SHP-1 dans cancer

SHP-1 est souvent considéré comme un géne suppresseur de tumeurs. Dans les cancers solides
tels que le carcinome hépatocellulaire (HCC), une diminution de I'expression de SHP-1 a été
observée, ce qui est associé a une activation accrue de voies oncogéniques comme STAT3, NF-
kB et AKT. Ces voies favorisent la croissance tumorale et la résistance aux traitements (\WWen

et al., 2018).

SHP-1 régule également les réponses immunitaires. Sa perte peut augmenter l'activité des
macrophages et d'autres cellules immunitaires, améliorant ainsi la phagocytose des cellules
tumorales et la réponse immunitaire globale. Par exemple, dans certains modéles murins, la
délétion de SHP-1 a conduit & une immunité antitumorale accrue, bien que cela puisse aussi

provoquer une inflammation excessive (Myers et al., 2020).

la perte de SHP-1 peut augmenter la phagocytose de maniére comparable au blocage des
interactions CD47-SIRPa par des anticorps, ou si elle aurait un effet additif en combinaison
avec les signaux pro-phagocytaires induits par la portion Fc des anticorps se liant aux récepteurs
Fc sur les phagocytes. Des preuves précliniques solides montrent que le blocage de l'interaction
CD47-SIRPa avec un anticorps augmente la phagocytose et limite la croissance des tumeurs in
vivo (Chao et al., 2001). Cependant, il reste a savoir si la perte de SHP-1 dans les cellules
immunitaires infiltrant les tumeurs augmenterait de maniére similaire I'immunité antitumorale
(Myers et al., 2020).
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1.2.1.6 Role de SHP1 dans I’'immunothérapie

Le blocage de l'activité de SHP-1 représente une stratégie immunothérapeutique potentielle
intéressante pour le traitement du cancer, car l'inhibition de SHP1 devrait libérer I'immunité
innée et adaptative contre les cellules tumorales (Myers et al. 2020).

Dans certains types de lymphomes, comme le lymphome diffus a grandes cellules B, la perte
de SHP-1 peut influencer la réponse aux thérapies ciblées telles que I'ibrutinib, un inhibiteur de
la tyrosine kinase BTK. La présence ou l'absence de SHP-1 peut ainsi servir de biomarqueur
prédictif pour I'efficacité du traitement (Wu et al. 2023).

Les altérations de SHP-1, que ce soit par mutation ou par régulation épigénétique, peuvent
constituer des cibles thérapeutiques potentielles. Par exemple, des inhibiteurs qui augmentent
I'activité de SHP-1 ou restaurent son expression pourraient étre utilisés pour traiter certains
cancers en limitant la prolifération cellulaire et en renforcant les réponses immunitaires
(Varone et al. 2020).

1.2.1.7 Effet de la signalisation SIRPo/ SHP-1 sur la phagocytose

SHP-1 a été proposé comme un transducteur de signaux anti-phagocytiques ""ne me mange pas"
en aval de la protéine régulatrice du signal alpha (SIRPa), qui est exprimée sur les cellules
dendritiques (DC) et les macrophages, les cellules phagocytaires primaires du systéme
immunitaire (Chen et al. 2017).

Lors de la reconnaissance de son ligand CDA47, les ITIMs de SIRPa deviennent phosphorylés.
Cela permet le recrutement de SHP-1 et I'activation de son activité phosphatase, entrainant la
régulation a la baisse des signaux provenant des récepteurs phagocytaires tels que les récepteurs
Fc, inhibant ainsi la phagocytose. 1l reste a déterminer si les macrophages déficients en SHP-1
provenant d'autres sites anatomiques présentent également une phagocytose accrue (Janssen et
al. 2008).
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Macrophage

Phagocytosis

FIGURE 1.14 : Régulation négative de la phagocytose par ligature CD47 — SIRPa, et son

association ultérieure avec la phosphatase SHP-1(Matozaki et al. 2009).

1.2.2 La protéine phosphatase contenant le domaine d’homologie SH2 (SHP-2)

1.2.2.1 Généralités

SHP-2 est une protéine nommeée phosphatase tyrosine non réceptrice, contenant le domaine
d’homologie Src-2. Egalement désignée sous les noms Syp, SH-PTP2, SH-PTP3, PTP1D ou
PTP2C (Perkins et al. 1992). C'est une phosphatase de 593 acides aminés (He et al. 2014).
Cette protéine est exprimée de maniere ubiquitaire (Liu & Qu, 2011). La SHP-2 est exprimée
dans la plupart des types de cellules et régule les petites protéines de liaison au GTP, Ras et Rh

(Neel et al. 2003).

1.2.2.2 Le géne SHP-2

SHP-2 codée par le gene PTPN11 (J. Zhang et al. 2023), et localisée sur le chromosome
12924.13 chez I'nomme (Isobe et al. 1994). Le gene PTPN11 est constitué de 16 exons et
s'étend sur environ 32 kb d’/ADN. La taille de sa transcription est d'environ 6,0 kb (Tartaglia

et al., 2001 ; Edouard et al., 2010).
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Figure 1.15: la localisation du gene SHP-2 (NCBI gene).

1.2.2.3 la structure de la protéine SHP-2

C’est une protéine de 593 acides aminés, conservée au cours de I'évolution. Elle se caractérise
par une structure comprenant trois domaines distincts. Les deux premiers sont des domaines
SH2 N-terminaux (N-SH2 et C-SH2), tandis que le troisiéme est un domaine catalytique PTP
(Neel et al. 2003). Le domaine N-SH2 est défini par les acides aminés 2 & 104, tandis que les
résidus 112 a 215 et 220 a 525 forment respectivement le domaine C-SH2 et le domaine
catalytique PTP (Yang et al. 2003).

Une cystéine hautement réactive, Cys-459, située dans le motif de signature conservé du
domaine catalytique PTP, joue un rdle catalytique crucial (Yang et al. 2003).

SHP2 présente également une queue hydrophobe C-terminale comportant quatre sites de
phosphorylation de tyrosine (Tyr-542, Tyr-546, Tyr-580 et Tyr-584) localisés dans le motif de
liaison au domaine Grb SH2, pYxNXx. Ces sites sont phosphorylés apres stimulation par des
facteurs de croissance (M. Scott et al. 2010).

Parmi ces phosphotyrosines, pY542 et pY580 rivalisent pour une interaction cis dans le méme
domaine C-SH2 de SHP2, régulée par une combinaison antagoniste de séquences d'acides

aminés contextuelles et de la position des phosphotyrosines (J. Sun et al. 2013).

542 580

VHCSAGIGRTG
r‘—’-’_ 97
SHP-2

FIGURE 1 .16 : Représentation schématique de la structure de SHP-2 (Lorenz, 2009).
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Ces interactions cis, régulées par la protéine adaptatrice Grb2, modulent les cascades de
signalisation en aval, telles que la phosphorylation d'ERK (J. Sun et al. 2013).

En outre, un site supplémentaire de phosphorylation de tyrosine (Tyr-591) a été identifié dans
la région hydrophobe C-terminale, selon les données du National Center for Biotechnology
Information (NCBI). Ces sites potentiels de phosphorylation pourraient également étre activés
suite & une stimulation par des facteurs de croissance (Huang et al. 2014).

Figure 1.17 :Structure de la SHP-2 (Feng, 1999).

1.2.2.4 Role de SHP-2 dans le syst¢éme immunitaire

- SHP2 joue un réle essentiel dans le développement et la fonction des cellules
hématopoiétiques en régulant la signalisation des facteurs de croissance et des protéines (Liu
& Qu, 2011). Elle a également été identifiée comme un régulateur crucial du micro
environnement tumoral (Sodir et al. 2023a).

- Elles est essentielle pour la signalisation des cellules T, qui sont des acteurs clés de I'immunité
adaptative, module I'activation des récepteurs de cellules T (TCR) en régulant la
phosphorylation de diverses protéines impliquées dans la cascade de signalisation. Cette
régulation fine est cruciale pour la prolifération, la différenciation et la survie des cellules T,
ainsi que pour la réponse immunitaire globale. L'absence ou la dysfonction de SHP2 peut
entrainer des anomalies dans la signalisation TCR, conduisant a des dysfonctionnements
immunitaires et a une susceptibilité accrue aux infections(Leen et al., 2007)(Bar-Ephraim &
Mebius, 2016)..
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- Elle joue également un role dans la réponse immunitaire innée, notamment en regulant
I'activité des récepteurs de type Toll (TLR). Ces récepteurs détectent les agents pathogénes et
déclenchent une réponse inflammatoire rapide. SHP-2 intervient en modulant les voies de
signalisation en aval des TLR, ce qui influence la production de cytokines pro-

inflammatoires(Xu et al., 2012)

- intervient dans la signalisation des cytokines, qui sont des molécules de communication entre
les cellules immunitaires. Elle joue un rdle crucial dans la modulation de la voie JAK-STAT,
une voie clé pour la transmission des signaux des cytokines (Schindler & Darnell, 1995). En
particulier, SHP-2 est connue pour interagir avec les récepteurs de cytokines comme les
récepteurs de I'lL-6 et de I'lL-2, modulant ainsi les réponses cellulaires telles que la prolifération
et la différenciation des cellules immunitaires. Cette fonction de SHP-2 est critique pour le
contrdle de la réponse immunitaire et la régulation des processus inflammatoires(Niogret et al.,
2019)..

1.2.2.5 Role SHP2 dans le cancer

Le réle de SHP-2 dans le cancer est bien documenté, principalement en tant que régulateur clé
des voies de signalisation cellulaires impliquées dans la prolifération, la survie et la migration
des cellules cancéreuses.

SHP-2 joue un role crucial dans plusieurs voies de signalisation, favorisant ainsi le
développement tumoral. Elle interagit avec le récepteur du CSF (CSF1R) ainsi que GRB2 et
GAB?2 sur la paroi interne du macrophage (Achkova & Maher, 2016).

De plus, SHP-2 régule I'activité des protéines de surface CD47 et CD24, connues sous le nom
de « signal, ne me mangez pas ». CD47 est exprimé a la surface des cellules tumorales et forme
un complexe de signalisation avec SIRPa, une protéine adaptatrice abondamment présente sur
les cellules myéloides. Ce complexe inhibe le signal intracellulaire via la déphosphorylation
par SHP-2, permettant ainsi a la tumeur d'éviter la phagocytose médiée par les macrophages
(W. Zhang et al. 2020).

Dautre part, CD24, present a la surface des cellules tumorales, se lie au récepteur inhibiteur
Siglec-10 sur les TAM, ce qui entraine une cascade de signalisation inhibitrice et permet a la
tumeur d'échapper a la phagocytose par les TAM. Ce processus est médié par le recrutement de
SHP-2 (ou SHP-1) sur le motif d'inhibition basé sur I'immuno récepteur tyrosine (ITIM) de la
queue cytoplasmique de Siglec-10 (Barkal et al. 2019).
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1.2.2.6 Role de SHP-2 dans I’immunothérapie

La liaison de CD47 a SIRPa sur les macrophages envoie un signal "ne me mange pas", inhibant
ainsi la phagocytose de la cellule ciblée. Cette signalisation est médiée par le recrutement de la
phosphatase SHP-2, qui désactive les voies de signalisation pro-phagocytaires en
déphosphorylant des protéines cibles spécifiques. La régulation de leur activité par SHP-2 et
SIRPa est essentielle pour éviter 1'auto-immunité et maintenir la tolérance immunitaire.

SHP-2 Considéré comme une cible thérapeutique dans le cancer, le développement d'inhibiteurs
directs de la SHP2 pourrait offrir un double avantage en inhibant intrinséquement et

extrinséquement la croissance tumorale (Sodir et al. 2023a).

1.3 Polymorphisme nucléotidique simple

1.3.1 Généralités

Les polymorphismes d'un seul nucléotide (SNP) sont des variations de la séquence d’/ADN qui
se produisent lorsqu'un seul nucléotide du génome differe dans des chromosomes appariés.
Certains polymorphismes d'un seul nucléotide dans la région codante peuvent modifier la
séquence d'acides aminés d'une protéine, tandis que d'autres dans la région codante n'affectent
pas la séquence des protéines (Bland, Clarke, et Harden 1976).

Les polymorphismes d'un seul nucléotide (SNP) comptent parmi les types de variation
génétique les plus courants chez I'homme, représentant environ 90 % de la variation génétique
(Gorlov, Gorlova et Amos, 2008). On pense que les polymorphismes d'un seul nucléotide
(SNP) contribuent largement a la variation genétique interindividuelle de la susceptibilité aux

maladies humaines courantes (Gorlov, Gorlova et Amos, 2008)(figure 1.18).
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Figure 1.18 : polymorphisme nucléotidique https://www.alamyimages.com
Les polymorphismes nucléotidiques (SNPs) sont des variations génétiques qui affectent une seule base
de I'ADN, entrainant un changement dans la séquence des acides aminés et pouvant conduire a une
altération du fonctionnement de la protéine associée.

1.3.2 Type de polymorphisme nucléotidique simple

Les SNP sont divisés en SNP codants et SNP non codants (Bichenkova et al. 2011). Le
polymorphisme dans la région codante modifie la forme de la protéine qui modifie la fonction
de la protéine ainsi que la modulation des réponses immunitaires, produisant des formes égales,
liant le peptide et polymérisant la capacité (Donadi et al. 2011)les SNP codants se composent

de polymorphismes synonymes et non synonymes. (Bichenkova et al. 2011).

1.3.2.1 Les SNPs des régions codantes

1.3.2.1.1 Les polymorphismes synonymes

Les mutations synonymes ne provoquent aucun changement dans la protéine correspondante
en raison du code de dégénérescence alternative des acides aminés des acides aminés. Bien
qu’ils puissent influencer le processus de splicing, ces synonymes SNPs (SSNPs) sont
considérés comme fonctionnellement inactifs et ont un impact minime sur les processus

évolutifs (Bailey, Alonso Morales, et Kassen 2021).
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1.3.2.1.2 Les polymorphismes non-synonymes d'un seul nucléotide (nsSNP)

Sont des polymorphismes d'un seul nucléotide avec une substitution d'un seul acide aminé dans
la séquence protéique, ce qui entraine une mutation faux-sens ou non-sens. La modification de
la séquence protéique affecte ensuite la structure de la protéine et les interactions protéiques
(Yates et Sternberg 2013).

» Les SNP non-sens
Engendrent, respectivement, I'incorporation d'un I'arrét de la traduction ou d'un acide aminé
différent (Korzeniewski et al., 2013).
IIs peuvent entrainer 1'absence d'un produit génique ou d'une protéine tronquée ; ils sont donc
souvent considérés comme désavantageux et sont associés a la susceptibilité aux maladies
(Yngvadottir et al. 2009).

» SNP faux-sens
Est une forme de substitution non synonyme (nsSNPs) ou un des acides aminés est substitué
par un autre et peut entrainer la formation d’une protéine modifiée, avec des changements
structurels et fonctionnels qui peuvent entrainer la maladie (Dakal et al. 2017). Les mutations
faux-sens & base unique jouent un réle clé dans les maladies monogéniques (Stenson et al.
2014). Ou elles ont un impact majeur sur la fonction des protéines (Shi, Sellers, et Moult,
2012). Les mutations faux-sens, généralement somatiques, jouent également un role clé dans le
cancer (Ciriello et al. 2013). Et les méthodes informatiques permettent de démontrer que ces
mutations ont souvent un impact significatif sur la fonction des protéines (Pal et Moult.2015).

1.3.3 Avantages des polymorphismes nucléotidiques

Les polymorphismes d'un seul nucléotide (SNP) sont I'une des formes les plus abondantes de

variation génétique humaine et une source de cartographie complexe des caractéeres génétiques

(Collins, Guyer et Chakravarti 1997).

Le grand volume de données produites par les projets de séquencage a haut débit constitue une

source tres riche et largement inexploitée de polymorphismes génétiques (Marth et al.1999).
La connaissance des polymorphismes génétiques devrait permettre d'identifier les génes de

susceptibilité aux maladies complexes, les genes de susceptibilité aux médicaments et les génes

d'histocompatibilité pour les transfusions sanguines ou les greffes d’organes (Wakui 2013).
Les études d'association a I'échelle du génome (GWAS) ont permis d'identifier un grand

nombre de polymorphismes de nucléotides simples (SNP) associés a des maladies humaines.
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Dans I'annotation des maladies humaines, telles que les cancers, les polymorphismes d'un seul
nucléotide (SNP) ont aussi fait I'objet d'une attention croissante en tant que composante tres

importante de la génétique (Ren et al. 2023).

1.3.4 Role des polymorphismes nucléotidiques dans la maladie humaine

Les polymorphismes d'un seul nucléotide (SNP) agissent comme des biomarqueurs qui peuvent
se lier a des geénes associés a diverses maladies complexes telles que les maladies cardiaques,
le diabéte, le cancer, la schizophrenie, la pression artérielle, la migraine et la maladie
d'Alzheimer. Ces SNP sont généralement situés a I'intérieur ou a proximité du géne et peuvent
affecter la fonction du géne et jouer un role direct dans la maladie. Les SNP permettent aux
scientifiques de mettre au point des médicaments candidats en évaluant le patrimoine génétique

d'un individu pour une maladie donnée (Kaur et al. 2019).

1.4 Analyse in silico des polymorphismes nucléotidiques

1.4.1 Définition d’analyse in silico

La modélisation in silico a gagné en popularité au cours des derniéres années. Le terme "in
silico” décrit des modeles informatiques qui utilisent des techniques telles que les bases de
données, I'exploration de données, la pharmacologie, les modeles d'homologie, I'apprentissage
automatique, les connexions quantitatives structure-activité et les outils d'analyse de réseau
pour explorer les théories pharmacologiques. Les modeles in vitro sont généralement utilisés
en conjonction avec des approches in silico. Ils ont déja fait des progrés significatifs dans la
caractérisation physicochimique, la découverte et I'optimisation de nouvelles molécules et une

variété d'applications pharmaceutiques (Ekins, Mestres et Testa, 2007).

1.4.3 le role d’analyse in silico les SNPs

En utilisant des outils bioinformatiques bases sur le web pour étudier un grand nombre de
polymorphismes d'un seul nucléotide (SNP) présents dans un géne particulier. Et leur relation
avec les maladies. Plusieurs algorithmes ont été développés pour prédire avec précision les
effets phénotypiques du phénotype nsSNP (Kumar et al. 2014).

L'analyse de tous les polymorphismes du génome humain, voire méme d'un seul géne, est un
grand défi pour les chercheurs en raison de la complexité des proceédures expérimentales (Jia
et al., 2014). Les approches computationnelles in silico ont suscité un grand intérét de la part
des biologistes pour leur potentiel de criblage a faible codt et en un temps relativement court

(Navapour et Mogharrab, 2021).
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On utilise une boite a outils in silico pour repérer les genes faux-sens déléteres liés a des genes
de la base de données de polymorphisme NCBI, puis on les analyse a I'aide d'outils tels que
SIFT, PolyPhen, PROVEAN et PANTHER.

Pour identifier les SNPs déléteres (Sim et al., 2012), on prédit I'effet des protéines hétérogenes
sur la stabilité des protéines par I-Mutant 2.0 pour déterminer l'effet du polymorphisme de
I'énergie libre sur la stabilité des protéines (Capriotti et al., 2006 ; Capriotti et al., 2005).

* Pour étudier la conservation évolutive des acides aminés dans les protéines, I'outil ConSurf a
été utilisé. ConSurf évalue les scores de conservation pour chaque position d'acides aminés
d'une protéine en se basant sur la relation évolutive entre des séquences homologues
(Ashkenazy et al., 2010 ; Ashkenazy et al., 2016a).

1.5 Problématique et objectif

1.5.1 Problématique

Dans le cadre de notre recherche, nous analyserons in silico les SNP et comment ils affectent
la fonction et la structure de SHP1/SHP2et Cd172a ainsi que I'étendue de leur relation avec le
développement de maladies d'origine immunitaire. Et découvrir de nouvelles méthodes pour

diagnostiquer et traiter ces maladies

1.5.2 Objectif

Analyse in silico des polynucléotides ayant des conséquences fonctionnelles sur SHP1/SHP2
et cd172a

- Identifier des polymorphismes fonctionnels

- Trouver des mutations responsables de maladies immunologiques

Analyse des polymorphismes : nous examinerons les polymorphismes spécifiques associés a
SHP1/SHP2 et Cd172a, en identifiant leur localisation et leurs effets potentiels.

Etude de la fonction et de la structure : Nous évaluerons comment ces SNP modulent la
fonction et la structure des protéines. Des outils bioinformatiques nous aideront a prédire les
effets sur l'activité et la stabilité.

Nous explorerons la relation entre les polymorphismes de SHP1/SHP2 et Cdl72a et le

développement de maladies auto-immunes et de cancers et proposerons de nouvelles approches.
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1.5.3 Le but
Le but de notre étude est d'identifier les SNP ayant des conséquences fonctionnelles sur cd172a

et SHP1/SHP?2 et leur relation avec les maladies immunologiques.

-30-



CHAPITRE 11 :
MATERIEL
ET
METHODES




CHAPITRE II ;: Matérielles METHODES

C Analyse in silico des nsSNP de SIRP et SHP1 et SHP2 )
Recherche des nsSNPs La séquence protéique
(geéne IDs 140885, 5777, FASTA (ID : P78324,
5781) P29350, Q06124

v

Analyse de la
Analyse de .
Anal
fonctloﬁgjlele de Peffet es nsSNPs g\cjglslf':i\\llittljcgs]
ASSNP sur la stabilité Fotéin
des protéines proteines
SIFT I PROVEAN [ 1-Mutant 3.0 [ ConSurf ]
POLYPHEN ][ PANTHER

=
v

[ et |

Figure 2.1: study design
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2.1 Exploration de données

Pour explorer les données, nous avons choisi la base de données dbSNP du National Center for
Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/snp/). Afin d'extraire les
polymorphismes et les séquences protéiques associées pour les génes SIRPa. et SHP1 et SHP2
(Sherry 2001). Les séquences primaires des protéines (numéro d'accession Uniprot : P78324,
P29350, Q06124) codées par les génes SIRPa et SHP1 et SHP2 ont été récupérées en format
FASTA a partir de la base des donnéees UniProtKB (https://www.uniprot.org/ ).

Les séquences FASTA correspondantes ont été obtenues de la base des données UniProtKB en
utilisant les numéros d'accession spécifiques (SIRPa (P78324), SHP1 (P29350) et SHP2
(Q06124)). Par la suite, ces données ont été analysées a I'aide de divers outils bioinformatiques.

5 B ptplc- Gene- NCBI x| + 5

< (&} (GRS https:/www.nchi.nim.nih.gov/gene/?term=ptp+1c 9% 17 r ® O

B=  An official website of the United States government Here's how you know v

National Library of Medicine

National Center for Biotechnalogy Information

Gene e vl el [ scren

Create RSS  Save search Advanced Help
Gene sources Tabular- 20 perpage » Sort by Relevance « Sendio: ~ Hide sidebar >>
Genomic

Filters: Manage Filters
Categories See Gene information for 1c ptp ptp 1c

Alternatively spliced 1cin D r 1 Gene record Results by taxon 4|
Annctated genes ptp in Bombyx mori r us Turkey adenovirus 3 Maruca vitrata nucleopol t All 42 Gene records .
Protein-coding ptp 1cin Homo sapiens Xenopus tropicalis All 2 Gene records Top Organisms [Tree]
Pyrenophora tritici-repentis Pt-1C-BFP (7)
Sequence content ;—:nmn saplelﬂs .’gll
Mus musculus (.
::f:mbl Search results Caennmahdms‘s‘\egans 3
RefSeq Items: 1 to 20 of 23 Page[1 | o2 Nex>  Lests> ;T:ﬂ;z:g;&;%ﬂngdnnu (1)
RefSeqGene @ see also 1 discontinued or replaced items Mare.. o
Status
+ Current Name/Gene ID Description Location Aliases Miw
[ PTPNG protein tyrosine phosphatase non-receptor Chromosome 12, HCP,HCPH, HPTP1C, 176883 Find related data
Clearal 1D: §777 type & [Homo sapiens (human)] NC_000012.12 PTP-1C, SH-PTP1, Database: | Seledt
Show additional fiters (6946577.6961316) SHP-1, 3HP-1L, SHP1
(1 Ptpné protein tyrosine phosphatase, non-receptor Chromosome 6, NC_000072.7 70Z-SHP, Hcph,
1D: 15170 type 6 [Mus musculus (house mouse))] (124697670.124715672, PTPTY-42, Ptp1C, SH-
complement) PTP1, SHP-1, hcp, me
. . . Search details =
[ ptp-3 Protein-tyrosine-phosphatase; Tyrosine- Chromosome Il CELE_C09D8.1
1D: 174885 protein phosphatase Lar-like;protein-tyrosine-  NC_003280.10 (ptp[All Fields] AND 1c[All Fields]) AND
phosphatase [Caenorhabaitis elegans] (10975539.11012247) alivelprep]
] coronin-1C [Chelonoidis abingdonii NW_022646518.1
LOCTIBE39457  (apingdon istand giant tortoise)] (975077..1130122)

1D; 116539457

Figure 2.2 : Base de données géne de NCBI

-33-


https://www.uniprot.org/

Matérielles et Methodes

2" M | a uniport- Recherche X @ uniProt x |+ - @
« C £ hitpsy/www.uniprot.org B & A Y m = @ R
UniPro.t.,: BLAST Align Peptide search ID mapping SPARQL Release 2024_02 | Statistics & & £ Help

Find your protein

UniProlks « BSIIRETE]

Examples: Insulin, APP, Human, P05067, organism_id:3606

Feedback

UniProt is the world’s leading high-quality, comprehensive and freely accessible resource of prolein sequence and functional information. Cite UniProt*®

UniProt invites you to participata in a survay on the use and value of UniProt Please click on the link provided to complets the survey [7

We'd like lo inform you that we have updated our Privacy Notice to comp th Europe’s new General Data Protection Regulation (GDPR) that applies since 2§

UniProt invites you to participa... &

Figure 2.3 : Base de données UniProtKB

2.2 Prédiction des nsSNP déléteres par différents outils de bio-informatique

Plusieurs outils en ligne ont été utilisés pour identifier les nsSNP (polymorphismes
nucléotidiques non synonymes). Les nsSNP probablement délétéres des géenes SIRP et
SHP1/SHP2 ont été déterminés a l'aide de quatre outils in silico différents. Tout d'abord, les
nsSNP des génes SIRP et SHP1/SHP2 ont été extraits des bases de données NCBI, puis analysés

a l'aide des outils in silico suivants : SIFT (Sorting Intolerant from Tolerant) (https://sift.bii.a-

star.edu.sg/www/SIFT_seq_submit2.html ) (Sim et al. 2012) et PolyPhen v2 (Polymorphism
Phenotyping v2) (http://genetics.bwh.harvard.edu/pph2/ ) (Adzhubei et al., 2013), ainsi que
PROVEAN (Protein Variation Effect Analyzer)
(http://provean.jcvi.org/provean_seq_report.php?jobid=931403343896935 ) et PANTHER
cSNP  (Protein  Analysis  Through  Evolutionary  Relationships-Coding  SNP)
(https://pantherdb.org/ ).

*SIFT est utilisé pour distinguer les mutations codantes tolérées des intolé et pour prédire si
une substitution d'acide aminé dans une protéine aura un effet phénotypique. SIFT repose sur
le principe que I'évolution des protéines est liée a leur fonction (McLaren et al. 2010). Il est

également utile de calculer les probabilités normalisees de toutes les alternatives possibles a
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chaque position de I'alignement. Les alternatives dont les probabilités normalisées sont
inférieures & une tolérance de 0,05 sont considérées comme intolérantes ou nuisibles (Ng and
Henikoff, 2001 ; Ng and Henikoff, 2006). Dans cet outil, nous entrons la séquence protéique
sous la forme « fasta », puis nous indiquons les changements d’acides aminés, nous cliquons

sur envoyer et nous recevons les resultats.

qj‘—_‘““f;: Sorting Intolerant From Tolerant

]
Home Help Code Contactus [l il
(]
SIFT Sequence
a

SIFT Sequence provides SIFT predictions for a given protein FASTA sequence. This will take 10-15 min because we must search
your protein sequence against a database to pick the related sequences. You can also submit your protein sequence and related w
sequences or aligned sequences if you already have them.

Results are deleted afier 24 hours, so please save them!
Preventing connection failures +

Protein sequence

Name of file containing protein query sequence (fasta format).
| Choisir un fichier | Aucun fichier n'a été sélectionné

_OI‘_

Paste in your protein query sequence (Upload example) (fasta format’

>sp|P78324|SHPS1_HUMAN Tyrosine-protein phosphatase non-receptor type

substrate 1 0S=Homo sapiens 0X=96@6 GN=SIRPA PE=1 SV=2

MEPAGPAPGRLGPLLCLLLAASCAWSGVAGEEELQVIQPDKSYLVAAGETATLRCTATSL

IPVGPIQWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYY

CVKFRKGSPDDVEFKSGAGTELSVRAKPSAPVVSGPAARATPQHTVSFTCESHGFSPRDT

TLKWFKNGNELSDFQTNVDPVGESVSYSTHSTAKVVL TREDVHSQUICEVAHVTLQGDPL L @
RGTANLSETIRVPPTLEVTOQPVRAENQVNVTCOVRKFYPORLOLTHLENGNVSRTETAS

Figure 2.4: Sorting Intolerant From Tolerant (SIFT).

*Polyphene v2 est un outil automatisé utilisé pour predire I'impact potentiel d'une substitution
d'acide aminé sur la structure et la fonction d'une protéine humaine. Ces prédictions
automatisées sont essentielles pour interpréter de vastes ensembles de données de variantes
génétiques rares (Bamshad et al., 2011). Il est également employé pour calculer la surface
perméable naturelle et les changements dans la pente de la surface perméable résultant de la
substitution d'acides aminés (Adzhubei et al., 2010). Dans cet outil, l'utilisateur saisit d'abord
la séquence de la protéine, indique le numeéro de position, sélectionne I'acide aminé d'origine et

celui de substitution, puis clique sur "Soumettre" pour obtenir la prédiction et le score.
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N

""i ¢ 8 f\ POIVPhen'z prediction of functional effects of human nsSNPs

. - Y ‘\ | | | | ! | :

PolyPhen-2 (Pelymorphism Phenotyping v2) is a tool which predicts possible impact of an amino acid substitution on the structure and function of a human protein using straightforward physical and
comparative considerations. Please, use the form below to submit your query.

21-Jun-2021: Server has been migrated o new hardware. Note, all queries were terminated and user sessions data discarded in the process, hence you will need to resubmit your query if afected. We
aplogize for the inconvenience caused.

Query Data
Protein or SNP identifier
»sp|P78324|SHPS1_HUMAN Tyrosine-protein ~
Protein sequence phosphatase non-receptor type substrate 1 05=Homo 1
) sapiens 0X=0606 GN=SIRPA PE=1 5V=2
in FASTA format NEPAGPAPGRLGPLLCLLLAASCAHSGVAGEEELQVIQPDKSVLVAAGET ¥
ATLRCTATSL p
Position 2

AA1ARNDC|E|QGHILKMFPSTWYV

Substitution
AAQARN@CEQGHILKMFPSTWYV

Query description
Submit Query| | Clear || Check Status
Display advanced query options

Figure 2.4: Polymorphism Phenotyping v2 (PolyPhen-2).

*PROVEAN (Protein Variation Effect Analyzer) est un outil utilisé pour analyser les
conséquences des variations de séquence sur la fonction des protéines (Figure 2.5) (Choi et
al., 2012). Un score PROVEAN < -2,5 indique qu'une variante d'acide aminé a un effet néfaste,
tandis qu'une variante avec un score > -2,5 est considérée comme ayant un effet neutre sur la
protéine. Dans cet outil, nous avons saisi notre séquence dans la case " Step 1", puis les
variations d’acides aminés dans la case " Step 2". Ensuite, nous avons cliqué sur "Envoyer"

pour obtenir la prédiction et le score.
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& c A\ Not secure  provean.jcvi.org/seq_submit.php aQ o

D Battery report M Gmail B YouTube B¥ Maps

va' .‘JNCS'}'IATETVEE‘NTER

JCVIHame | PROVEAN Home

PROVEAN PROTEIN

PROVEAN Protein Batch This toal provides PROVEAN prediction for a protein sequence from any organisms.
Human
. « Input: A pratein sequence from any organism znd amino acid varants of interest. Se= sxample.
. * Output: PROVEAN scores and predictions. See example.
PROVEAN Genome Variants

Human

Mouse Step 1. Enter a protein sequence
s about mole

Paste in your protein query sequence: [FASTA format] ( 2mal .
upload example

 FaQ [5p[P29350]PTNG_HUMAN Tyrosine-protein phosphatase
s e S-Homo sapiens OX 8605 upload example 2)
Newrs
1
1L KGRGVHGSFLARPSRKNQGDFSLS =pS3 isoform a Homo sapiens
S — S QSDPSVEPPLSQETFSDLWKLLPENN. .
el ELVEYYTQQQGVLQDRDGTIHLKYPLNCSDP
A
) Contact Us Vi sQ VLSVLSDQPKAGPGSPLAY g oo
FLVRESLSQPGDFVLSVLSDQPKAGPGSPLR SR MR TECPDSD
, Relsed Links

g protein query sequence:

Or uplozd
s £ie | o e 2homen

Step 2. Enter amino acid variations

Enter the variants of interest: [format] Example
7z
2 P72R
G105C
K370del
A H178_H17%insPHP

L22_W23delinsQS

Figure 2.5 : Protein variation effect analyzer (PROVEAN).

*PANTHER (Protein Analysis through Evolutionary Relationships) est un outil d'évolution
spécifique a la position (figure2.6) qui permet de prédire les variantes non variables
potentiellement pathogénes ou nuisibles (Marini, Thomas, et Rine 2010). De plus, il évalue la
probabilité qu'un nsSNP donné ait un effet fonctionnel sur une protéine en utilisant la
conservation évolutive spécifique au locus (Tang et Thomas 2016) dans ce logiciel, nous avons
écrit notre séquence dans la 1< case et nous avons mis tous les changements d’acide amine

dans la 2™ case et apres cliqué sur « Submit » pour obtenir le score.

~ M Fwd: - dahmanirawnzk06@gm- X | @ PANTHER Tools - bio.tools x pantherdb.org/tools/csnpScors X+ -

<« c 25 pantherdb.org/tcols/csnpScoreForm.jsp? Bg |

EVOLUTIONARY ANALY SIS OF CODING SNPS @

Estimates the likelihood of a particular nonsynonymous (sminc-acid changing) coding SNP to cause a functionsl impact on the protein. It calculates

fhe length of time (in millions oF years) 8 guen amin ac.d has been preserved in the ineage Icading to the protem of Interest. The langer the

preservation time, the greater the likelihood ctional impact. The method is called PANTHER-PSEP (position-specific evolutionary preservation
nd is described in a recent publication. Ple: te this publication if you used either the downloadable tool or this web serve

Enter a pretein sequence; @

VAHVTLOGDPL -
RGTANLSETIRVPPTLEVTQOPVRAENQVNVTCOVRKFYPORLALTWL

ENGNVSRTETAS . that, for B - N ' .
TVTENKDG TV NWMSWLLVNYSAHRDDVKLTCQVEHDGQPAVSKSHDL Please note technical reasons, the cSNP scoring tool uses data from
KVSAHPKEQGSNT PANTHER vereioh 5.0 rather than the |atest version.
AAENTGSNERNIVIVVGVVCTLLVALLMAALYLYRIRQKKAQGSTSSTRL

HEPEKNARE| -
TODTNDITYADLNLPKGKKPAPQAAEPHNHTEYASIGTSPQPASEDTLTY
ADLDMVHLNR TPKQPAPKPEPSFSEYASVQVPRK -

Enter substitution(s), e.q. Lasp @
E2D

Rattus norvegicus
Gallus galius
Danio rario

Submit

NEW! To analyze many SNPs, download the PANTHER Coding Snp Analysis tool from the dewnloads page.

Figure 2.6: Protein analysis through evolutionary relationship-coding SNP (PANTHER).
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2.3 L’identification de nsSNP dans les domaines conservés des génes

*InterPro est utilisé pour localiser les domaines conservés d'une protéine (Hunter et al.
2012). Cet outil permet de reconnaitre les motifs et les domaines au sein de la protéine, facilitant
ainsi sa caractérisation fonctionnelle a l'aide d'une base de données regroupant des familles de
protéines, des domaines et des sites fonctionnels (Apweiler 2001). Pour cela, nous avons

soumis notre séquence en format FASTA dans le logiciel, effectué une recherche et obtenu les

domaines correspondants (https://www.ebi.ac.uk/interpro/ ).

‘ InterPro  Classification of protein families Q
+ Search » Browse » Results Release notes Download » Help » About Contact us
]
&
Sequence, in FASTA format ¢
»sp|P78324|SHPS1 HUMAN Tyrosine-protein phosphatase non-receptor type substrate 1 OS=Homo sapiens OX=9606 GN=SIRPA PE=1 §V=2
MEPAGPAPGRLGPLLCLLLAASCAWSGVAGEEELQVIOPDKSVLVAAGETATLRCTATSL a
IPVGPIQWFRGAGPGRELTYNQREGHFPRVTTVSDLTRRNNMDFSIRIGNI TPADAGTYY
CVKFRRGSPDIVEFKSGAGTELSVRAKPSAPVVSGEARRAT PQHTVSFTCESHGFSPRDI w

TLEWFENGNELSDFQTNVDEVGE SVSYSTHSTARVVLTREDVHSQVICEVAHVT LOGDPL
RGTANLSETIRVPETLEVIQOFVRAENOVNVICOVREFYPQRLOLIWLENGNVSRIETAS
TVIENEDGT YNWMSWLLVIVS AHRDOVEL TCQVEEDGQPAVSKSHDLK QGSNT +
ARENTGSNERNIYIVVGVVCTLLVALLMAALYLVRIROKKAQGSTSSTRLHEPEKNAREL
TQDINDITYADLNLPRGKKPAPQRAE PNNHTEYASIQT SPQPASEDTLTYADLIMVELNR.
TPRQPAFRPEPSFSEYASVOVERK

Valid Sequence.

Choose file Example protein sequence

P Advanced options

Powered by InterProScan - EE

Figure 2.7 : l'outil InterPro

2.4 Validation des nsSNP a haut risque

*PMUT (Ferrer-Costa et al.2005) est un logiciel, publié en 2005, qui permet de prédire la
pathogénicité des mutations non-synonymes (nsSNP) ainsi que d'identifier les points chauds

dans les séquences de protéines (Burger et al. 2012) (https://mmb.irbbarcelona.org/PMut/ ).

Dans ce logiciel, nous avons sélectionné la protéine d'intérét, puis choisi son isoforme, ce qui a
généré une barre colorée indiquant le score et les pourcentages de pathogénicité (Figure 2.8).
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€ @ A Nensécurisé  mmb.irbbarcelona.org/PMut/repository?query=PTP+10 Brx O

PMut Q Repository A Analyze mutations

ch analysis ® Custom predictor of REST AP & PyMut @ Help & Login

Repository
PTP 1D m Reset 1-17 of 17 Nexl

e.g. BRCA2, 2vgb, ENS| 110, Q04917, Rett syndrome
Gene Protein Name Length Mutations visualization
PTPN11 Q06124 Tyrosine-protein phosphatase nan-recepior type 11 593 LR
MTMR3 Q13 Myotubularin-related protein 3 1198 & §
MTMR1 Myotubularin-related protein 1 665 Hl
MTMR7 Q9Y216 Myotubularin-related protein 7 660 IR
MTMRS Q9GEF0 Myotubularin-related protein & 704 | IR SR E BRI G
TPTE2 53 Phosphatidylinositol 3,4.5-trisphosphate 3-phosphatase TPTE2 522 ol - (F 4 pe)
MTMRE Myotubularin-related protein 6 621
MTM1 Myotubularin 603
PTEN Phosphatidylinositol 3.4.5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase 403

PTEN

FEKCZ4 Phosphatidylinositol 3,4.5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase 403 T e |
PTEN
5 Phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase 403 -

Figure 2.8 : PMut.

2.5 Analyse de I'effet des nsSNPs sur la stabilité des protéines
*|-Mutant2.0 est un programme de prédiction de la stabilité des structures protéiques
(https://folding.biofold.org/i-mutant/i-mutant2.0.html ). 1l permet d'estimer dans quelle mesure

une mutation dans une séquence protéique affectera la stabilité de la protéine (Capriotti,
Fariselli, et Casadio 2005) (Figure 2.9).

I-Mutant2.0

I-Mutant2.0 Help

GNVSRTETAS

Details [ TVTENKDGTYNWMSWLLVNVSAHRDDVK L TCQVEHDGQPAVSKSHDLKVS
Tatorial AHPKEQGSNT
Data Sets Protein Sequence: :i:’:l;é;:?l.7\’1";‘#5‘.‘.\,[ LLVALLARALYLVRIRQKAQSSTSSTRL One letter residue code
E Al
[TODTHDITYADLNLPKGKKPAPQAAEPNNHTEYASIQTSPQPASEDTLTY
Download I Mutant2.0 ADLDHVHLNR M
 TPKQPAPKPEPSFSEYASVQVPRK y

Sequence residue number

If only one substitution 1s required

Biocomputing Unit

Temperature in Celsius degrees [0-100]
pH value [0-14]

Contact us

Prediction: ® Free Energy change value (DDG)
) Sign of DDG

e-mail: |dahmanirawnakDB@gmail com ‘

Last Update

| Submit |

Figure 2.9: I-Mutant2.0
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2.6 Prédiction de la conservation évolutive des protéines
*ConSurf : L'importance structurelle et fonctionnelle d'une position est déterminée par son

degré de conservation évolutive. Ainsi, le serveur ConSurf (https://consurf.tau.ac.il/ ) (Figure

2.10) analyse le niveau de conservation de chaque position dans la séquence d'acides aminés
d'une protéine (Armon, Graur et Ben-Tal 2001). Le taux d'évolution de chaque position
d'acide aminé est évalué en fonction des relations évolutives entre les séquences homologues.
Le logiciel peut distinguer de maniére adequate entre la véritable conservation de la séquence
et d'autres conservations pouvant résulter d'une évolution trés rapide (Klausen et al. 2019).
Dans cet outil, nous avons soumis notre séquence au format FASTA et obtenu les résultats apres

validation.

& G ) https://consurf.tau.acil/consurf_index.phy 5 A ; [

3l

@ ® SERVER FOR THE IDENTIFICATION OF FUNCTIONAL REGIONS IN PROTEINS

@AmmoAcnds ) Nucleotides

HOME
Is there a known structure? @

ure €

v/| No, there is no known structure

Insert a sequence

>sp|Q06124|PTN11_HUMAN Tyrosine-protein phosphatase non- '
receptor type 11 0S=Homo sapiens 0X=9606 GN=PTPN11 PE=1
sv=3

MTSRRWFHPNITGVEAENLLLTRGVDGSFLARPSKSNPGDFTLSVRRN
GAVTHIKIONTG
DYYDLYGGEKFATLAELVQYYMEHHGQLKEKNGDVIELKYPLNCADPTS .

Or, upload sequence File €»

If you want to predict the 3D structure using MODELLER, insert MODELLER keyo

Figure2.10 : Le serveur web ConSurf

Tout d'abord, les outils de prédiction ont été sélectionnés afin de couvrir quatre méthodes
différentes. Les outils suivants ont été inclus dans I'étude : SIFT (Sorting Intolerant from
Tolerant) (Vaser et al. 2016), PROVEAN (Protein Variation Effect Analyser) (Choi et al.
2012), et Mutation Evaluator (Reva, Antipin, et Sander 2011). Ces outils évaluent I'impact
des substitutions d'acides aminés sur la fonction des protéines en se basant sur I'homologie des

séquences.
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RESULTATS ET INTERPRETATION

[II. Reésultats et
interpretation

3.1 Récupération des nsSNP dans les génes SIRPa et SHP1/SHP2
A partir des données obtenues de la base de données NCBI dbSNP, 523 SNPs ont été trouveés

dans le gene SIRPa, dont 509 étaient des SNPs non synonymes. Pour le géne SHP1, 486 SNPs
ont été identifiés, parmi lesquels 408 étaient des SNPs non synonymes. De plus, 1419 SNPs ont
été trouvés dans le géne SHP2, et parmi ceux-ci, 1384 étaient des SNPs non synonymes. Toutes
les approches méthodologiques sont résumées dans la représentation graphique ci dessous
(Figure2.1).

3.2 Prédiction des nsSNP déléteres

Aprés avoir collecté chaque nsSNP a partir de la base de données NCBI, ils étaients ensuite
analysés selon quatre méthodes in silico différentes : SIFT, PolyPhen-2, PROVEAN et
PANTHER. Ces méthodes utilisent des algorithmes distincts pour diverses prédictions, afin de
déterminer les nsSNP ayant des effets indésirables pouvant affecter la structure et la fonction
des protéines SIRPa et SHP1/SHP2. 23 nsSNP du géne SIRPo ont été identifiés comme
"dommageables" par les quatre outils in silico (tableau 3.1), ainsi que 77nsSNP pour le géne
SHP1 (tableau 3.2) et 472 nsSNP pour le géne SHP2 (tableau 3.3). Les effets des nsSSNPs sur
les protéines étudiées ont été catégorisés en fonction des résultats de ces algorithmes, qui sont

présentés dans la Figure 3.1 et la Figure 3.2 et Figure 3.3.

» SIFT

Pour le gene SIRPa environ (64.24) (tolérés ou neutre) des variantes identifiées ont obtenu un
score supérieur a 0.05, et environ (35.75) des variantes non tolérees ou délétéres ont obtenu un
score inférieur a la valeur limite.

Pour le gene SHP1 environ (45.06) (tolérés ou neutre) des variantes identifiées ont obtenu un
score supérieur a 0.05, et environ (52.94) des variantes non tolérées ou délétéres ont obtenu un

score inférieur a la valeur limite.
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Pour le gene SHP2 environ (44.58) (tolérés ou neutre) des variantes identifiées ont obtenu un
score supérieur a 0.05, et environ (55.41) des variantes non tolérées ou délétéres ont obtenu un

score inférieur a la valeur limite.

< PolyPhen-2

PolyPhen-2 a prédit les effets des mutations sur la fonction des protéines SIRPa, SHP1 et SHP2
en calculant une valeur standard allant de 0.0 (toléré) a 1.0 (délétere). Pour le géne SIRPa,
environ 55.06 % des SNPs ont été prédits comme étant bénins, avec des scores plus proches de
0.0. Environ 13.79 % peuvent étre déléteres et 31.37 % sont probablement déléteres. Pour le
géne SHP1, environ 55.06 % des SNPs ont été prédits comme étant bénins, avec des scores plus
proches de 0.0. Environ 13.79 % peuvent étre déléteres et 31.37 % sont probablement deléteres.
Pour le géne SHP2, environ 55.06 % des SNPs ont été prédits comme étant bénins, avec des
scores plus proches de 0.0. Environ 13.79 % peuvent étre déléteres et 31.37 % sont

probablement déléteres.

%+ PROVEAN

Cet outil distingue les SNP neutres des SNP délétéres a I'aide du seuil PROVEAN, de sorte que
les nsSNPs avec une valeur seuil inférieure a -2.5 sont considérés comme ayant un effet délétére
sur l'activité des protéines. Pour le géne SIRPa, environ 41.49 % des SNPs ont été catégorisés
comme ayant des effets déléteres, tandis que 56.97 % ont été classés comme neutres. Pour le
géne SHP1, environ 60.30 % des SNPs ont été catégorisés comme ayant des effets déléteres,
tandis que 39.70 % ont été classés comme neutres. Pour le gene SHP2, environ 63.65 % des
SNPs ont été catégorisés comme ayant des effets déléteres, tandis que 36.34 % ont été classés

comme neutres.

%+ PANTHER

Environ 91,35 % des nsSNPs du geéne SIRPa ont été prédits comme étant "probablement

bénins", tandis que 8,64 % ont des effets néfastes possibles ou probables.
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Pour le gene SHP1 : Environ 19,06 % des nsSNPs de ce géne ont été prédits comme étant

"probablement bénins", tandis que 36,76 % ont des effets peut-étre délétéres et 43,62 %

probablement déléteres.

100 % des nsSNPs du gene SHP2 ont été prédits comme étant probablement délétéres.
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Figure 3.1: Distribution des nsSNPs dans le gene SIRPa basée sur les effets estimés prédits
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Figure 3.2: Distribution des nsSNPs dans le gene SHP-1 basée sur les effets estimés prédits

par quatre outils fonctionnels.

Figure 3.3: Distribution des nsSNPs dans le gene SIRPa basée sur les effets estimés prédits

par quatre outils fonctionnels.
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Tableau 3.1: Liste des résultats de I'analyse des nsSNPs SIRPa par quatre programmes in silico

SNP ID AA Sift Polyphene Provean Panther

Change | prediction Prediction Prediction Prediction
rs555038801 G27E Deleterious Pro.damg Deleterious Pro.damg
rs1380579047 Q38H Deleterious Pro.damg Deleterious Pro.damg
G48A Deleterious Pro.damg Deleterious Pro.damg

rs766744865
G48E Deleterious Pro.damg Deleterious Pro.damg
rs776996791 L53V Deleterious Pro.damg Deleterious Pro.damg
C55S Deleterious Pro.damg Deleterious Pro.damg
C55R Deleterious Pro.damg Deleterious Pro.damg

rs780096272
C55G Deleterious Pro.damg Deleterious Pro.damg
C55F Deleterious Pro.damg Deleterious Pro.damg

rs754894636
C55Y Deleterious Pro.damg Deleterious Pro.damg
rs778881054 C55W Deleterious Pro.damg Deleterious Pro.damg
rs775972376 R76W Deleterious Pro.damg Deleterious Pro.damg
rs1446582576 179M Deleterious Pro.damg Deleterious Pro.damg
rs1985188222 Y80C Deleterious Pro.damg Deleterious Pro.damg
rs140361473 R89W Deleterious Pro.damg Deleterious Pro.damg
rs1342463990 V93G | Deleterious Pro.damg Deleterious Pro.damg
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rs1471635352 | D103V | Deleterious Pro.damg Deleterious Pro.damg
rs780866974 1106 M Deleterious Pro.damg Deleterious Pro.damg
rs377556462 G117S Deleterious Pro.damg Deleterious Pro.damg
rs1203000287 G117D | Deleterious Pro.damg Deleterious Pro.damg
rs1240577393 | Y119C | Deleterious Pro.damg Deleterious Pro.damg
rs1985206848 F124L Deleterious Pro.damg Deleterious Pro.damg
rs779570157 G127W | Deleterious Pro.damg Deleterious Pro.damg

Tableau 3.2: Liste des résultats de I'analyse des nsSNPs SHP1 par quatre programmes in silico.

SNP AA SIFT Polyphene Provean Panther
D Change | predictions Prediction prediction Prediction
Rs782158849 E15K Deleterious Pro.damg Deleterious Pro.damg
Rs1945927243 | E15G Deleterious Pro.damg Deleterious Pro.damg
Rs1945927243 | E15V Deleterious Pro.damg Deleterious Pro.damg
Rs267603654 S42F Deleterious Pro.damg Deleterious Pro.damg
Rs1762846715 | 154N Deleterious Pro.damg Deleterious Pro.damg
Rs782531361 AT0E Deleterious Pro.damg Deleterious Pro.damg
Rs1555147881 | G91D Deleterious Pro.damg Deleterious Pro.damg
Rs1028611737 | P99A Deleterious Pro.damg Deleterious Pro.damg
Rs1555147885 | P99L Deleterious Pro.damg Deleterious Pro.damg
Rs194593805 D104N | Deleterious Pro.damg Deleterious Pro.damg
Rs1855030043 | D104V | Deleterious Pro.damg Deleterious Pro.damg
Rs782054048 V135G | Deleterious Pro.damg Deleterious Pro.damg
Rs782710028 R136C Deleterious Pro.damg Deleterious Pro.damg
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Rs1228369426 | R136H Deleterious Pro.damg Deleterious Pro.damg
Rs1945997072 | S138R Deleterious Pro.damg Deleterious Pro.damg
Rs194599734 F145Vv Deleterious Pro.damg Deleterious Pro.damg
Rs1048598 V146E Deleterious Pro.damg Deleterious Pro.damg
Rs1945999820 | T165N Deleterious Pro.damg Deleterious Pro.damg
Rs1555148338 | H166Y Deleterious Pro.damg Deleterious Pro.damg
Rs2138268895 | G180V Deleterious Pro.damg Deleterious Pro.damg
Rs1565581803 | F184S Deleterious Pro.damg Deleterious Pro.damg
Rs1555148382 | L190V Deleterious Pro.damg Deleterious Pro.damg
Rs1555148393 | E201Q Deleterious Pro.damg Deleterious Pro.damg
Rs1555148396 | G204D Deleterious Pro.damg Deleterious Pro.damg
Rs1555148454 | P212L Deleterious Pro.damg Deleterious Pro.damg
Rs1946009081 | T216M | Deleterious Pro.damg Deleterious Pro.damg
Rs782302331 1223T Deleterious Pro.damg Deleterious Pro.damg
Rs781935337 R226P Deleterious Pro.damg Deleterious Pro.damg
Rs1555148488 | F2441 Deleterious Pro.damg Deleterious Pro.damg
Rs1719651282 | E247Q Deleterious Pro.damg Deleterious Pro.damg
Rs1946016105 | Q254P Deleterious Pro.damg Deleterious Pro.damg
Rs761631984 R262H Deleterious Pro.damg Deleterious Pro.damg
Rs1555148541 | R267W | Deleterious Pro.damg Deleterious Pro.damg
Rs1323488790 | R286Q Deleterious Pro.damg Deleterious Pro.damg
Rs56111095 V287M | Deleterious Pro.damg Deleterious Pro.damg
Rs782595592 G298W | Deleterious Pro.damg Deleterious Pro.damg
Rs754255009 D300N | Deleterious Pro.damg Deleterious Pro.damg
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Rs1946027516 | N303S Deleterious Pro.damg Deleterious Pro.damg
Rs1555148653 | N305S Deleterious Pro.damg Deleterious Pro.damg
Rs1555148710 | A323T Deleterious Pro.damg Deleterious Pro.damg
Rs781923789 Q325H Deleterious Pro.damg Deleterious Pro.damg
Rs1946033659 | T331M | Deleterious Pro.damg Deleterious Pro.damg
Rs1946033926 | D334Y | Deleterious Pro.damg Deleterious Pro.damg
Rs782608469 Q341P Deleterious Pro.damg Deleterious Pro.damg
Rs1591689121 | E342G Deleterious Pro.damg Deleterious Pro.damg
Rs782187261 T350N Deleterious Pro.damg Deleterious Pro.damg
Rs1946035689 | R358W | Deleterious Pro.damg Deleterious Pro.damg
Rs781941676 K360R Deleterious Pro.damg Deleterious Pro.damg
Rs1555148935 | C361S Deleterious Pro.damg Deleterious Pro.damg
Rs1555148944 | W365R | Deleterious Pro.damg Deleterious Pro.damg
Rs782262226 Y390H Deleterious Pro.damg Deleterious Pro.damg
Rs782044132 R393H Deleterious Pro.damg Deleterious Pro.damg
Rs1489313099 | R407Q Deleterious Pro.damg Deleterious Pro.damg
Rs2138277591 D419N Deleterious Pro.damg Deleterious Pro.damg
Rs1555149024 | V422A | Deleterious Pro.damg Deleterious Pro.damg
Rs1946061989 | P423L Deleterious Pro.damg Deleterious Pro.damg
Rs782404245 P448A Deleterious Pro.damg Deleterious Pro.damg
Rs782028376 1449T Deleterious Pro.damg Deleterious Pro.damg
Rs136318140 S454N Deleterious Pro.damg Deleterious Pro.damg
Rs376685795 S454R Deleterious Pro.damg Deleterious Pro.damg

A455T Deleterious Pro.damg Deleterious Pro.damg
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Rs1946098507 | G456S Deleterious Pro.damg Deleterious Pro.damg
Rs1555149392 | G456D | Deleterious Pro.damg Deleterious Pro.damg
sRs1946098810 | G458S Deleterious Pro.damg Deleterious Pro.damg
Rs1591692944 | R459P Deleterious Pro.damg Deleterious Pro.damg
Rs194609896 T462S Deleterious Pro.damg Deleterious Pro.damg
Rs926689109 1466S Deleterious Pro.damg Deleterious Pro.damg
Rs376994439 D467N | Deleterious Pro.damg Deleterious Pro.damg
Rs781904280 R492W | Deleterious Pro.damg Deleterious Pro.damg
Rs1946104248 | R495C Deleterious Pro.damg Deleterious Pro.damg
Rs1356852472 | R495H Deleterious Pro.damg Deleterious Pro.damg
Rs782414151 T501R Deleterious Pro.damg Deleterious Pro.damg
Rs782414151 T501M | Deleterious Pro.damg Deleterious Pro.damg
Rs782252503 F507L Deleterious Pro.damg Deleterious Pro.damg
Rs1946105619 | IS08T Deleterious Pro.damg Deleterious Pro.damg
Rs1555149485 | I516T Deleterious Pro.damg Deleterious Pro.damg
Rs1555149614 | Y536C Deleterious Pro.damg Deleterious Pro.damg

Tableau 3.3: Liste des resultats de I'analyse des nsSSNPs SHP2 par quatre programmes in silico.

dbSNPrs# Amino Sift Polyphene Provean Panther
Cluster id Acid Predictions Predction Prediction Prediction
rs886041517 R4W Deleterious Pro.damg Deleterious Pro.damg
1s79203122 we6C Deleterious Pro.damg Deleterious Pro.damg
rs1181579972 11T Deleterious Pro.damg Deleterious Pro.damg
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152135856346 GI3S Deleterious Pro.damg Deleterious Pro.damg
1s2135856357 Al16T Deleterious Pro.damg Deleterious Pro.damg
Al6V Deleterious Pro.damg Deleterious Pro.damg

152135856364
Al6G Deleterious Pro.damg Deleterious Pro.damg
152135856448 G27D Deleterious Pro.damg Deleterious Pro.damg
152037994433 A31E Deleterious Pro.damg Deleterious Pro.damg
1s2135856466 R32M Deleterious Pro.damg Deleterious Pro.damg
rs886041585 G39R Deleterious Pro.damg Deleterious Pro.damg
1s2135856548 F41S Deleterious Pro.damg Deleterious Pro.damg
152037995014 F41L Deleterious Pro.damg Deleterious Pro.damg
152135856577 S44C Deleterious Pro.damg Deleterious Pro.damg
152135861904 VS51A Deleterious Pro.damg Deleterious Pro.damg
T52N Deleterious Pro.damg Deleterious Pro.damg

rs397507503

T521 Deleterious Pro.damg Deleterious Pro.damg
H53N Deleterious Pro.damg Deleterious Pro.damg
152135861929 H53Y Deleterious Pro.damg Deleterious Pro.damg
H53D Deleterious Pro.damg Deleterious Pro.damg
1s2135861937 HS53L Deleterious Pro.damg Deleterious Pro.damg
1s766205831 H53Q Deleterious Pro.damg Deleterious Pro.damg
152135861950 I54F Deleterious Pro.damg Deleterious Pro.damg
152135861953 I54N Deleterious Pro.damg Deleterious Pro.damg
rs1207829516 I54M Deleterious Pro.damg Deleterious Pro.damg
1s2135861965 KS55E Deleterious Pro.damg Deleterious Pro.damg
1s2135861980 K55N Deleterious Pro.damg Deleterious Pro.damg
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rs397507504 I56F Deleterious Pro.damg Deleterious Pro.damg
I56N Deleterious Pro.damg Deleterious Pro.damg
rs1052382672 I56T Deleterious Pro.damg Deleterious Pro.damg
I56N Deleterious Pro.damg Deleterious Pro.damg
152135862007 Q57L Deleterious Pro.damg Deleterious Pro.damg
Rs397507505 N58Y Deleterious Pro.damg Deleterious Pro.damg
rs751437780 NS58I Deleterious Pro.damg Deleterious Pro.damg
152135862036 T591 Deleterious Pro.damg Deleterious Pro.damg
G60R Deleterious Pro.damg Deleterious Pro.damg
rs397507507 G60S Deleterious Pro.damg Deleterious Pro.damg
G60C Deleterious Pro.damg Deleterious Pro.damg
G60V Deleterious Pro.damg Deleterious Pro.damg

rs397507509
G60A Deleterious Pro.damg Deleterious Pro.damg
D61H Deleterious Pro.damg Deleterious Pro.damg
rs397507510 D61IN Deleterious Pro.damg Deleterious Pro.damg
D61Y Deleterious Pro.damg Deleterious Pro.damg
D61A Deleterious Pro.damg Deleterious Pro.damg
rs121918461 D61V Deleterious Pro.damg Deleterious Pro.damg
D61G Deleterious Pro.damg Deleterious Pro.damg
Rs121918460 Y62D Deleterious Pro.damg Deleterious Pro.damg
1s2135862143 Y63H Deleterious Pro.damg Deleterious Pro.damg
Y63C Deleterious Pro.damg Deleterious Pro.damg

rs121918459
D64H Deleterious Pro.damg Deleterious Pro.damg
rs2135862168 D64V Deleterious Pro.damg Deleterious Pro.damg
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D64G Deleterious Pro.damg Deleterious Pro.damg
L65Q Deleterious Pro.damg Deleterious Pro.damg
152135862193
L65P Deleterious Pro.damg Deleterious Pro.damg
1s2135862207 Y66H Deleterious Pro.damg Deleterious Pro.damg
G67E Deleterious Pro.damg Deleterious Pro.damg
152135862226 G67A Deleterious Pro.damg Deleterious Pro.damg
G67V Deleterious Pro.damg Deleterious Pro.damg
G68R Deleterious Pro.damg Deleterious Pro.damg
1s2135862235
Go68W Deleterious Pro.damg Deleterious Pro.damg
G68E Deleterious Pro.damg Deleterious Pro.damg
152135862244
G68A Deleterious Pro.damg Deleterious Pro.damg
E69Q Deleterious Pro.damg Deleterious Pro.damg
rs397507511
E69K Deleterious Pro.damg Deleterious Pro.damg
E69G Deleterious Pro.damg Deleterious Pro.damg
rs72750338
E69V Deleterious Pro.damg Deleterious Pro.damg
F711 Deleterious Pro.damg Deleterious Pro.damg
1s397507512 F71L Deleterious Pro.damg Deleterious Pro.damg
F71V Deleterious Pro.damg Deleterious Pro.damg
F71Y Deleterious Pro.damg Deleterious Pro.damg
1s755709231
F71C Deleterious Pro.damg Deleterious Pro.damg
rs1555267558 F71L Deleterious Pro.damg Deleterious Pro.damg
rs121918453 A72T Deleterious Pro.damg Deleterious Pro.damg
A72D Deleterious Pro.damg Deleterious Pro.damg
rs121918454
A72G Deleterious Pro.damg Deleterious Pro.damg

-53-




RESULTATS ET INTERPRETATION

AT72V Deleterious Pro.damg Deleterious Pro.damg
rs397507513 T73P Deleterious Pro.damg Deleterious Pro.damg
rs121918462 T731 Deleterious Pro.damg Deleterious Pro.damg

152038063436 T73V Deleterious Pro.damg Deleterious Pro.damg
rs1429492147 L74F Deleterious Pro.damg Deleterious Pro.damg

E76Q Deleterious Pro.damg Deleterious Pro.damg
rs121918464

E76K Deleterious Pro.damg Deleterious Pro.damg

E76A Deleterious Pro.damg Deleterious Pro.damg
rs121918465 E76G Deleterious Pro.damg Deleterious Pro.damg

E76V Deleterious Pro.damg Deleterious Pro.damg
rs397507514 E76D Deleterious Pro.damg Deleterious Pro.damg
rs397507514 L77V Deleterious Pro.damg Deleterious Pro.damg

rs2038063935 L77F Deleterious Pro.damg Deleterious Pro.damg
rs121918466 Q79R Deleterious Pro.damg Deleterious Pro.damg

Y80D Deleterious Pro.damg Deleterious Pro.damg

152135862466

Y8ON Deleterious Pro.damg Deleterious Pro.damg

Y8IN Deleterious Pro.damg Deleterious Pro.damg

rs2135862477

Y8ID Deleterious Pro.damg Deleterious Pro.damg

Y8IC Deleterious Pro.damg Deleterious Pro.damg

rs2135862485

YS81F Deleterious Pro.damg Deleterious Pro.damg

G86R Deleterious Pro.damg Deleterious Pro.damg
rs925129380

G86V Deleterious Pro.damg Deleterious Pro.damg

152135862627 Q87H Deleterious Pro.damg Deleterious Pro.damg
152135862640 L88F Deleterious Pro.damg Deleterious Pro.damg
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152135862672 E90K Deleterious Pro.damg Deleterious Pro.damg
1869312744 N91IM Deleterious Pro.damg Deleterious Pro.damg
rs2135862716 K9IN Deleterious Pro.damg Deleterious Pro.damg
1s2135862726 N92Y Deleterious Pro.damg Deleterious Pro.damg
rs1225001423 GI93R Deleterious Pro.damg Deleterious Pro.damg
GI93A Deleterious Pro.damg Deleterious Pro.damg
152135862760 Go3V Deleterious Pro.damg Deleterious Pro.damg
GI93E Deleterious Pro.damg Deleterious Pro.damg
V5D Deleterious Pro.damg Deleterious Pro.damg

152135862806
VIo5G Deleterious Pro.damg Deleterious Pro.damg
196S Deleterious Pro.damg Deleterious Pro.damg

1s2135862822
196T Deleterious Pro.damg Deleterious Pro.damg
rs397507516 E97K Deleterious Pro.damg Deleterious Pro.damg
LI9gP Deleterious Pro.damg Deleterious Pro.damg

152135862868
L98H Deleterious Pro.damg Deleterious Pro.damg
152135862890 K991 Deleterious Pro.damg Deleterious Pro.damg
152135862899 K99N Deleterious Pro.damg Deleterious Pro.damg
P101A Deleterious Pro.damg Deleterious Pro.damg
rs747470140 P101T Deleterious Pro.damg Deleterious Pro.damg
P101S Deleterious Pro.damg Deleterious Pro.damg
P101H Deleterious Pro.damg Deleterious Pro.damg
152135862932 P101R Deleterious Pro.damg Deleterious Pro.damg
P101L Deleterious Pro.damg Deleterious Pro.damg
rs2135862951 L102P Deleterious Pro.damg Deleterious Pro.damg
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L102Q Deleterious Pro.damg Deleterious Pro.damg
152135862970 N103Y Deleterious Pro.damg Deleterious Pro.damg

D106N Deleterious Pro.damg Deleterious Pro.damg
152135863029

D106H Deleterious Pro.damg Deleterious Pro.damg
rs397507517 D106V | Deleterious Pro.damg Deleterious Pro.damg
rs2135863045 P107T Deleterious Pro.damg Deleterious Pro.damg
1s2135863048 P107H Deleterious Pro.damg Deleterious Pro.damg
152135863064 T108P Deleterious Pro.damg Deleterious Pro.damg
152135863072 T108N Deleterious Pro.damg Deleterious Pro.damg

S109Y Deleterious Pro.damg Deleterious Pro.damg
152135863092

S109C Deleterious Pro.damg Deleterious Pro.damg
rs397507518 E110K Deleterious Pro.damg Deleterious Pro.damg

E110G Deleterious Pro.damg Deleterious Pro.damg
rs397507519

E110A Deleterious Pro.damg Deleterious Pro.damg

RI111G Deleterious Pro.damg Deleterious Pro.damg
1s2135863123

R111W | Deleterious Pro.damg Deleterious Pro.damg
rs2038102175 R111S Deleterious Pro.damg Deleterious Pro.damg
152135866520 W112C | Deleterious Pro.damg Deleterious Pro.damg
1s2135866524 F113S Deleterious Pro.damg Deleterious Pro.damg
152135866528 H114Y Deleterious Pro.damg Deleterious Pro.damg

HII4R Deleterious Pro.damg Deleterious Pro.damg
152135866534

HI114L Deleterious Pro.damg Deleterious Pro.damg
152038102296 GI115R Deleterious Pro.damg Deleterious Pro.damg
1s2135866565 G115V Deleterious Pro.damg Deleterious Pro.damg

-56 -




RESULTATS ET INTERPRETATION

GI115A Deleterious Pro.damg Deleterious Pro.damg
152135866596 S118Y Deleterious Pro.damg Deleterious Pro.damg
152135866603 GI119R Deleterious Pro.damg Deleterious Pro.damg
G119E Deleterious Pro.damg Deleterious Pro.damg

152135866617
G119V | Deleterious Pro.damg Deleterious Pro.damg
152135866627 EI21K Deleterious Pro.damg Deleterious Pro.damg
A122P Deleterious Pro.damg Deleterious Pro.damg

152135866642
A222T Deleterious Pro.damg Deleterious Pro.damg
Al122E Deleterious Pro.damg Deleterious Pro.damg
152135866648 A122G | Deleterious Pro.damg Deleterious Pro.damg
A122V Deleterious Pro.damg Deleterious Pro.damg
1s2135866665 E123Q Deleterious Pro.damg Deleterious Pro.damg
15755619262 E123D Deleterious Pro.damg Deleterious Pro.damg
1s2038102767 L125F Deleterious Pro.damg Deleterious Pro.damg
1s2135866723 L126F Deleterious Pro.damg Deleterious Pro.damg
152135866768 GI30R Deleterious Pro.damg Deleterious Pro.damg
152135866774 GI130E Deleterious Pro.damg Deleterious Pro.damg
1s2135866843 S134R Deleterious Pro.damg Deleterious Pro.damg
152135866856 F135I Deleterious Pro.damg Deleterious Pro.damg
L1361 Deleterious Pro.damg Deleterious Pro.damg

152135866874
L136F Deleterious Pro.damg Deleterious Pro.damg
1s2135866881 V1371 Deleterious Pro.damg Deleterious Pro.damg
VI37E Deleterious Pro.damg Deleterious Pro.damg

152135866894
V137G Deleterious Pro.damg Deleterious Pro.damg
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15267606989 R138G Deleterious Pro.damg Deleterious Pro.damg
rs1385944040 R138P Deleterious Pro.damg Deleterious Pro.damg
rs2135866938 E139V Deleterious Pro.damg Deleterious Pro.damg

rs397507520 E139D Deleterious Pro.damg Deleterious Pro.damg
rs1060502527 S140C Deleterious Pro.damg Deleterious Pro.damg

S142G Deleterious Pro.damg Deleterious Pro.damg

152135866981
S1421 Deleterious Pro.damg Deleterious Pro.damg
P144A Deleterious Pro.damg Deleterious Pro.damg
152135867026 P144S Deleterious Pro.damg Deleterious Pro.damg
P144T Deleterious Pro.damg Deleterious Pro.damg
P144H Deleterious Pro.damg Deleterious Pro.damg
1s2135867036 P144R Deleterious Pro.damg Deleterious Pro.damg
P144L Deleterious Pro.damg Deleterious Pro.damg
1s2135867049 GI145R Deleterious Pro.damg Deleterious Pro.damg
GI145E Deleterious Pro.damg Deleterious Pro.damg

1s2135867057
Gl45A Deleterious Pro.damg Deleterious Pro.damg
152038103924 Dl46Y Deleterious Pro.damg Deleterious Pro.damg
1s2135867073 D146V Deleterious Pro.damg Deleterious Pro.damg
V1481 Deleterious Pro.damg Deleterious Pro.damg

1s2135867090
V148L Deleterious Pro.damg Deleterious Pro.damg
L1491 Deleterious Pro.damg Deleterious Pro.damg
1s2135867103 L149V Deleterious Pro.damg Deleterious Pro.damg
L149F Deleterious Pro.damg Deleterious Pro.damg
rs2038104194 S150C Deleterious Pro.damg Deleterious Pro.damg
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S150Y Deleterious Pro.damg Deleterious Pro.damg
1768927453 V151L Deleterious Pro.damg Deleterious Pro.damg
VI151E Deleterious Pro.damg Deleterious Pro.damg
1s202026962
VI5S1A Deleterious Pro.damg Deleterious Pro.damg
rs1295524782 R152C Deleterious Pro.damg Deleterious Pro.damg
rs2135867418 V167M | Deleterious Pro.damg Deleterious Pro.damg
VI167E Deleterious Pro.damg Deleterious Pro.damg
151460204712
V167A Deleterious Pro.damg Deleterious Pro.damg
1s2135867441 T168N Deleterious Pro.damg Deleterious Pro.damg
152135867501 1172F Deleterious Pro.damg Deleterious Pro.damg
rs2135867504 172N Deleterious Pro.damg Deleterious Pro.damg
rs545138829 R173C Deleterious Pro.damg Deleterious Pro.damg
Y179N Deleterious Pro.damg Deleterious Pro.damg
1s2135869301
Y179H Deleterious Pro.damg Deleterious Pro.damg
1s2135869320 D180H Deleterious Pro.damg Deleterious Pro.damg
152135869351 V181D Deleterious Pro.damg Deleterious Pro.damg
152135869362 GI82R Deleterious Pro.damg Deleterious Pro.damg
152135869376 G182V Deleterious Pro.damg Deleterious Pro.damg
1s2135869381 GI83R Deleterious Pro.damg Deleterious Pro.damg
G183E Deleterious Pro.damg Deleterious Pro.damg
152135869390 G183A | Deleterious Pro.damg Deleterious Pro.damg
G183V | Deleterious Pro.damg Deleterious Pro.damg
F187L Deleterious Pro.damg Deleterious Pro.damg
152135869472
F187V Deleterious Pro.damg Deleterious Pro.damg
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F187Y Deleterious Pro.damg Deleterious Pro.damg
152135869482 F187S Deleterious Pro.damg Deleterious Pro.damg
F187C Deleterious Pro.damg Deleterious Pro.damg
152135869491 FI87L Deleterious Pro.damg Deleterious Pro.damg
rs1555267939 DI188Y | Deleterious Pro.damg Deleterious Pro.damg
rs2038125958 L190S Deleterious Pro.damg Deleterious Pro.damg
rs2038126001 L190F Deleterious Pro.damg Deleterious Pro.damg
rs370763866 T191R Deleterious Pro.damg Deleterious Pro.damg
L193F Deleterious Pro.damg Deleterious Pro.damg

152135869601
L193V Deleterious Pro.damg Deleterious Pro.damg
L193H Deleterious Pro.damg Deleterious Pro.damg

152135869609
L193P Deleterious Pro.damg Deleterious Pro.damg
Y197N Deleterious Pro.damg Deleterious Pro.damg

152135869679
Y197D Deleterious Pro.damg Deleterious Pro.damg
rs1266830703 Y197C Deleterious Pro.damg Deleterious Pro.damg
152135869705 K198M | Deleterious Pro.damg Deleterious Pro.damg
152135869741 P201H Deleterious Pro.damg Deleterious Pro.damg
G207R Deleterious Pro.damg Deleterious Pro.damg

152135869826
G207C Deleterious Pro.damg Deleterious Pro.damg
Rs2135869871 V209E Deleterious Pro.damg Deleterious Pro.damg
152135869933 L212H Deleterious Pro.damg Deleterious Pro.damg
152135869950 K213N | Deleterious Pro.damg Deleterious Pro.damg
rs2135872231 P215S Deleterious Pro.damg Deleterious Pro.damg
rs2135872268 R220C Deleterious Pro.damg Deleterious Pro.damg
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Y279S Deleterious Pro.damg Deleterious Pro.damg

rs121918456
Y279C Deleterious Pro.damg Deleterious Pro.damg
rs886041495 1282T Deleterious Pro.damg Deleterious Pro.damg
rs397507530 1282M Deleterious Pro.damg Deleterious Pro.damg
F285I Deleterious Pro.damg Deleterious Pro.damg
rs397507531 F285L Deleterious Pro.damg Deleterious Pro.damg
F285V Deleterious Pro.damg Deleterious Pro.damg
F285C Deleterious Pro.damg Deleterious Pro.damg

rs121918463
F285S Deleterious Pro.damg Deleterious Pro.damg
1s2135900937 D286H | Deleterious Pro.damg Deleterious Pro.damg
1s2135900941 D286V Deleterious Pro.damg Deleterious Pro.damg
1s2038527071 H287P Deleterious Pro.damg Deleterious Pro.damg
1s2135900987 T2881 Deleterious Pro.damg Deleterious Pro.damg
rs2135901005 R289G Deleterious Pro.damg Deleterious Pro.damg
rs1566181003 R289S Deleterious Pro.damg Deleterious Pro.damg
V290D Deleterious Pro.damg Deleterious Pro.damg

rs1340811351
V290A Deleterious Pro.damg Deleterious Pro.damg
rs2135901164 D296H Deleterious Pro.damg Deleterious Pro.damg
Rs2135901327 | D303Y Deleterious Pro.damg Deleterious Pro.damg
Y304N Deleterious Pro.damg Deleterious Pro.damg
rs1002196930 Y304H | Deleterious Pro.damg Deleterious Pro.damg
Y304D Deleterious Pro.damg Deleterious Pro.damg
rs2135901349 Y304F Deleterious Pro.damg Deleterious Pro.damg
Rs370880995 [305F Deleterious Pro.damg Deleterious Pro.damg
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rs2135901367 I305N Deleterious Pro.damg Deleterious Pro.damg
rs2038528739 [305M Deleterious Pro.damg Deleterious Pro.damg
rs2135901378 N306I Deleterious Pro.damg Deleterious Pro.damg
rs2135901382 N306K | Deleterious Pro.damg Deleterious Pro.damg
A307T Deleterious Pro.damg Deleterious Pro.damg
1s2135901385
A307P Deleterious Pro.damg Deleterious Pro.damg
rs2135901411 N308K | Deleterious Pro.damg Deleterious Pro.damg
rs1028787542 Y327C Deleterious Pro.damg Deleterious Pro.damg
rs369430257 1328T Deleterious Pro.damg Deleterious Pro.damg
G332A | Deleterious Pro.damg Deleterious Pro.damg
152135901928 G332D Deleterious Pro.damg Deleterious Pro.damg
G332V Deleterious Pro.damg Deleterious Pro.damg
152135901940 C333Y Deleterious Pro.damg Deleterious Pro.damg
1s1592847614 L334Q Deleterious Pro.damg Deleterious Pro.damg
T337K Deleterious Pro.damg Deleterious Pro.damg
1s964758446 ' ‘ Pro.damg
T337M Deleterious Pro.damg Deleterious
152135901995 D340Y Deleterious Pro.damg Deleterious Pro.damg
rs1373621596 | R343W | Deleterious Pro.damg Deleterious Pro.damg
Rs2135902024 | M344V | Deleterious Pro.damg Deleterious Pro.damg
152038533623 M3441 Deleterious Pro.damg Deleterious Pro.damg
152038533750 Q347K | Deleterious Pro.damg Deleterious Pro.damg
rs2038533815 Q347R | Deleterious Pro.damg Deleterious Pro.damg
1s2135902093 S350Y Deleterious Pro.damg Deleterious Pro.damg
1s2038535259 M355T | Deleterious Pro.damg Deleterious Pro.damg

-62 -




RESULTATS ET INTERPRETATION

T357R Deleterious Pro.damg Deleterious Pro.damg

1s2135902156
T357M Deleterious Pro.damg Deleterious Pro.damg
rs1337767914 E361Q Deleterious Pro.damg Deleterious Pro.damg
P372A Deleterious Pro.damg Deleterious Pro.damg

152135906691
P372S Deleterious Pro.damg Deleterious Pro.damg
rs1444455893 Y380C Deleterious Pro.damg Deleterious Pro.damg
1s2135912201 R413G Deleterious Pro.damg Deleterious Pro.damg
1s761510407 R413K | Deleterious Pro.damg Deleterious Pro.damg
151055526692 R413S Deleterious Pro.damg Deleterious Pro.damg
V415D Deleterious Pro.damg Deleterious Pro.damg

1s2135912244
V415G Deleterious Pro.damg Deleterious Pro.damg
1s2135912294 H419L Deleterious Pro.damg Deleterious Pro.damg
rs2135912301 F420L Deleterious Pro.damg Deleterious Pro.damg
rs1203723771 F420L Deleterious Pro.damg Deleterious Pro.damg
rs2135912362 W423C | Deleterious Pro.damg Deleterious Pro.damg
P424A Deleterious Pro.damg Deleterious Pro.damg
1s2135912371 P424S Deleterious Pro.damg Deleterious Pro.damg
P424T Deleterious Pro.damg Deleterious Pro.damg
P424R Deleterious Pro.damg Deleterious Pro.damg

rs1592852902
P424L Deleterious Pro.damg Deleterious Pro.damg
D425 N | Deleterious Pro.damg Deleterious Pro.damg

1s2135912391
D425H | Deleterious Pro.damg Deleterious Pro.damg
152135912403 H426D Deleterious Pro.damg Deleterious Pro.damg
rs727505389 H426L Deleterious Pro.damg Deleterious Pro.damg
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H426P Deleterious Pro.damg Deleterious Pro.damg
G427S Deleterious Pro.damg Deleterious Pro.damg
rs2135912421 G427R Deleterious Pro.damg Deleterious Pro.damg
G427C Deleterious Pro.damg Deleterious Pro.damg
G427A Deleterious Pro.damg Deleterious Pro.damg

1s2135912427
G427V Deleterious Pro.damg Deleterious Pro.damg
1s397507536 V428M | Deleterious Pro.damg Deleterious Pro.damg
V428E Deleterious Pro.damg Deleterious Pro.damg
rs1458141683 V428A Deleterious Pro.damg Deleterious Pro.damg
V428G Deleterious Pro.damg Deleterious Pro.damg
P429A Deleterious Pro.damg Deleterious Pro.damg
15756647576 | P429S Deleterious Pro.damg Deleterious Pro.damg
P429T Deleterious Pro.damg Deleterious Pro.damg
P429H Deleterious Pro.damg Deleterious Pro.damg
rs2135912489 | P429R Deleterious Pro.damg Deleterious Pro.damg
P429L Deleterious Pro.damg Deleterious Pro.damg
1s2135912532 D431G | Deleterious Pro.damg Deleterious Pro.damg
P432H Deleterious Pro.damg Deleterious Pro.damg

rs2135912554

P432R Deleterious Pro.damg Deleterious Pro.damg
1s2135912563 G433W | Deleterious Pro.damg Deleterious Pro.damg
V435E Deleterious Pro.damg Deleterious Pro.damg
1s2135912616 | V435A | Deleterious Pro.damg Deleterious Pro.damg
V435G | Deleterious Pro.damg Deleterious Pro.damg
rs2135912630 L436V Deleterious Pro.damg Deleterious Pro.damg
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L436P Deleterious Pro.damg Deleterious Pro.damg
152135912636

L436Q Deleterious Pro.damg Deleterious Pro.damg

L439Q Deleterious Pro.damg Deleterious Pro.damg
152135912692

L439P Deleterious Pro.damg Deleterious Pro.damg

V442E Deleterious Pro.damg Deleterious Pro.damg
1s2135912731

V442G Deleterious Pro.damg Deleterious Pro.damg
151464947249 G453R Deleterious Pro.damg Deleterious Pro.damg

P454A Deleterious Pro.damg Deleterious Pro.damg
1s2135912909

P454T Deleterious Pro.damg Deleterious Pro.damg

P454R Deleterious Pro.damg Deleterious Pro.damg
151566185599 P454L Deleterious Pro.damg Deleterious Pro.damg

P454Q Deleterious Pro.damg Deleterious Pro.damg

V455D | Deleterious Pro.damg Deleterious Pro.damg
1s2135912932

V455G | Deleterious Pro.damg Deleterious Pro.damg
rs2135912949 V456G Deleterious Pro.damg Deleterious Pro.damg

V457L Deleterious Pro.damg Deleterious Pro.damg
152135912962

V457M | Deleterious Pro.damg Deleterious Pro.damg

V457E Deleterious Pro.damg Deleterious Pro.damg
rs1592853023 V457A | Deleterious Pro.damg Deleterious Pro.damg

V457G | Deleterious Pro.damg Deleterious Pro.damg
1s2135912990 H458 N | Deleterious Pro.damg Deleterious Pro.damg

H458P Deleterious Pro.damg Deleterious Pro.damg
1s2135912996

H458L Deleterious Pro.damg Deleterious Pro.damg
1s727504393 H458Q | Deleterious Pro.damg Deleterious Pro.damg
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rs2135913003 C459S Deleterious Pro.damg Deleterious Pro.damg
rs2135913006 C459Y Deleterious Pro.damg Deleterious Pro.damg
rs2135913017 S460N Deleterious Pro.damg Deleterious Pro.damg
152135914904 S460R Deleterious Pro.damg Deleterious Pro.damg

A461T Deleterious Pro.damg Deleterious Pro.damg
rs121918468 A461P Deleterious Pro.damg Deleterious Pro.damg

A461S Deleterious Pro.damg Deleterious Pro.damg

A461G | Deleterious Pro.damg Deleterious Pro.damg
1s397509344

A461V | Deleterious Pro.damg Deleterious Pro.damg

G462A | Deleterious Pro.damg Deleterious Pro.damg
152038706464

G462V | Deleterious Pro.damg Deleterious Pro.damg

[463N Deleterious Pro.damg Deleterious Pro.damg
152135914936

1463S Deleterious Pro.damg Deleterious Pro.damg

G464S Deleterious Pro.damg Deleterious Pro.damg
152135914949

G464C Deleterious Pro.damg Deleterious Pro.damg

G464D | Deleterious Pro.damg Deleterious Pro.damg
rs121918469 G464A | Deleterious Pro.damg Deleterious Pro.damg

G464V | Deleterious Pro.damg Deleterious Pro.damg

R465G Deleterious Pro.damg Deleterious Pro.damg
1s2135914973

R465W | Deleterious Pro.damg Deleterious Pro.damg

R465P Deleterious Pro.damg Deleterious Pro.damg
152135914981 R465L Deleterious Pro.damg Deleterious Pro.damg

R465Q Deleterious Pro.damg Deleterious Pro.damg
rs2135915002 T466R Deleterious Pro.damg Deleterious Pro.damg
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T4661 Deleterious Pro.damg Deleterious Pro.damg
rs2135915013 G467R Deleterious Pro.damg Deleterious Pro.damg

G467E Deleterious Pro.damg Deleterious Pro.damg
rs2135915021 G467A | Deleterious Pro.damg Deleterious Pro.damg

G467V | Deleterious Pro.damg Deleterious Pro.damg
rs397507537 T468P Deleterious Pro.damg Deleterious Pro.damg

T468K Deleterious Pro.damg Deleterious Pro.damg
rs121918457 T468R Deleterious Pro.damg Deleterious Pro.damg

T468M | Deleterious Pro.damg Deleterious Pro.damg

F469C Deleterious Pro.damg Deleterious Pro.damg
152135915057

F469S Deleterious Pro.damg Deleterious Pro.damg

1470F Deleterious Pro.damg Deleterious Pro.damg
15779978269

1470S Deleterious Pro.damg Deleterious Pro.damg
rs2135915085 V471E Deleterious Pro.damg Deleterious Pro.damg
1s2135915099 1472F Deleterious Pro.damg Deleterious Pro.damg

D473N | Deleterious Pro.damg Deleterious Pro.damg
1s2135915103

D473H | Deleterious Pro.damg Deleterious Pro.damg
rs2135915109 D473V | Deleterious Pro.damg Deleterious Pro.damg
rs2135915119 L475F Deleterious Pro.damg Deleterious Pro.damg
1s2135915126 L475H Deleterious Pro.damg Deleterious Pro.damg
1s2135915183 1479F Deleterious Pro.damg Deleterious Pro.damg
rs1555270590 1479T Deleterious Pro.damg Deleterious Pro.damg
rs2135916101 1488N Deleterious Pro.damg Deleterious Pro.damg
rs2135916108 D489H Deleterious Pro.damg Deleterious Pro.damg
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rs2135916113 D489G Deleterious Pro.damg Deleterious Pro.damg
D489A Deleterious Pro.damg Deleterious Pro.damg
D489V Deleterious Pro.damg Deleterious Pro.damg
1s539373294 D489E Deleterious Pro.damg Deleterious Pro.damg
rs2135916129 V490D | Deleterious Pro.damg Deleterious Pro.damg
rs2135916159 K4921 Deleterious Pro.damg Deleterious Pro.damg
1s2135916177 1494F Deleterious Pro.damg Deleterious Pro.damg
rs2135916182 1494N Deleterious Pro.damg Deleterious Pro.damg
1s2135916222 V497E Deleterious Pro.damg Deleterious Pro.damg
R498G Deleterious Pro.damg Deleterious Pro.damg
1s397507541
R498W | Deleterious Pro.damg Deleterious Pro.damg
R498Q Deleterious Pro.damg Deleterious Pro.damg
1s397507542 R498P Deleterious Pro.damg Deleterious Pro.damg
R498L Deleterious Pro.damg Deleterious Pro.damg
rs1264992160 S499C Deleterious Pro.damg Deleterious Pro.damg
152038714548 Q500E Deleterious Pro.damg Deleterious Pro.damg
Q500pP Deleterious Pro.damg Deleterious Pro.damg
rs1173984843
Q500L Deleterious Pro.damg Deleterious Pro.damg
R501G Deleterious Pro.damg Deleterious Pro.damg
1s2135916280
R501W | Deleterious Pro.damg Deleterious Pro.damg
1s397507543 R501K | Deleterious Pro.damg Deleterious Pro.damg
1s2135916295 R501S Deleterious Pro.damg Deleterious Pro.damg
1s397507547 M504V | Deleterious Pro.damg Deleterious Pro.damg
rs2038715043 M504T | Deleterious Pro.damg Deleterious Pro.damg
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rs1379175668 M5041 Deleterious Pro.damg Deleterious Pro.damg

V505L Deleterious Pro.damg Deleterious Pro.damg
152135916370

V505F Deleterious Pro.damg Deleterious Pro.damg
1s2135916378 V505G | Deleterious Pro.damg Deleterious Pro.damg

Q506E Deleterious Pro.damg Deleterious Pro.damg
rs387907157

Q506K | Deleterious Pro.damg Deleterious Pro.damg

Q506L Deleterious Pro.damg Deleterious Pro.damg
rs397507548

Q506P Deleterious Pro.damg Deleterious Pro.damg
1s2135916416 Q506H | Deleterious Pro.damg Deleterious Pro.damg
1s2135916423 T507S Deleterious Pro.damg Deleterious Pro.damg

T507K Deleterious Pro.damg Deleterious Pro.damg
rs886039463 T507R Deleterious Pro.damg Deleterious Pro.damg

T5071 Deleterious Pro.damg Deleterious Pro.damg

QSI10E Deleterious Pro.damg Deleterious Pro.damg
1s397507549

Q510K | Deleterious Pro.damg Deleterious Pro.damg

Q510pP Deleterious Pro.damg Deleterious Pro.damg
rs121918470 Q510R Deleterious Pro.damg Deleterious Pro.damg

QS510L Deleterious Pro.damg Deleterious Pro.damg
rs397507550 Q510H | Deleterious Pro.damg Deleterious Pro.damg

Y511D | Deleterious Pro.damg Deleterious Pro.damg
152135916494

Y51IN | Deleterious Pro.damg Deleterious Pro.damg
152135916500 Y511C Deleterious Pro.damg Deleterious Pro.damg

F5131 Deleterious Pro.damg Deleterious Pro.damg
1s2135916525

F513V Deleterious Pro.damg Deleterious Pro.damg
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rs2135916528 F513C Deleterious Pro.damg Deleterious Pro.damg
rs2135916538 I514F Deleterious Pro.damg Deleterious Pro.damg
rs2135916545 Y515N Deleterious Pro.damg Deleterious Pro.damg
1s2135916583 AS517P Deleterious Pro.damg Deleterious Pro.damg

AS17E Deleterious Pro.damg Deleterious Pro.damg
152135916587

A517G Deleterious Pro.damg Deleterious Pro.damg
Rs1488010874 | V518F Deleterious Pro.damg Deleterious Pro.damg
1s1592854657 V518G | Deleterious Pro.damg Deleterious Pro.damg
Rs191525506 R527C Deleterious Pro.damg Deleterious Pro.damg
Rs2135916746 | R528M | Deleterious Pro.damg Deleterious Pro.damg
152135916753 R528S Deleterious Pro.damg Deleterious Pro.damg
rs994138881 G539W | Deleterious Pro.damg Deleterious Pro.damg
1s759551230 S548C Deleterious Pro.damg Deleterious Pro.damg

3.3 Identification des domaines des protéines SIRPa et SHP1/SHP2
Nous avons utilisé le logiciel InterPro pour obtenir les domaines fonctionnels des protéines

SIRPa et SHP1 /SHP2

Les trois domaines de SIRPa sont :
¢ Immunoglobulin-like domain (21-121)
e Immunoglobulin subtype (40-145)
e Immunoglobulin V-set domain (38-144)

22 des 23 nsSNPs se situent dans ces domaines (tableau 3.4).

Pour SHP-1, quatre domaines fonctionnels ont été identifiés :
e SH2 domain (2-100)
e Tyrosine-specific protein phosphatase, PTPase domain (243-517)
e Protein-tyrosine phosphatase, catalytic (408-514)
e Tyrosine-specific protein phosphatases domain (430-506)

60 des 79 nsSNPs se situent dans ces domaines (tableau 3.5).
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Pour SHP-2, quatre domaines fonctionnels ont également été identifiés :
e SH2 domain (4-102)
e Tyrosine-specific protein phosphatase, PTPase domain (246-523)
e Tyrosine-specific protein phosphatases domain (436-512
e Protein-tyrosine phosphatase, catalytic (414-520)

477 des 351 nsSNPs se situent dans ces domaines (tableau3.6).

Tableau 3.4 : Identification des Divers Domaines dans le SIRPa

Variants Domaines InterPro

Q38H, G48A, G48E, L53V, C558S, C55R
C55G, C55F, C55Y, C55W, R76W, 176W, - .
Immunoglobulin like domain
179M, Y80C, R89W, V93G, D103V, I1106M (IPR0O07110)
NI110K, G117S, G117D, Y119C

G48A, G48E, L53V, C55S, C55R
C55G, C55F, C55Y, C55W, R76W, 176 W, .
Immunoglobulin subtype
179M, Y80C, R89W, V93G, D103V, [106M (IPR003599)
NI110K, G117S, G117D, Y119C, F124L, G127W

Q38H, G48A, G48E, L53V, C558S, C55R

C55G, C55F, C55Y, C55W, R76W, 176W, . .
Immunoglobulin V-set domain

179M, Y80C, R89W, V93G, D103V, I1106M (IPRO13106)

NI110K, G117S, G117D, Y119C, F124L, G127W

Tableau 3.5 : identification de divers domaines dans le SHP1.

Variant Domains InterPro
E15K, E15G, E15V, S42F, 154N, A70E, SH2 domain
GI1D, P99A, P99L, D104N, D104V (IPR0O00980)

E247Q, Q254P, R262H, R267W, R286Q, V287M,
G298W, D300N, N303S, N305S, A323T, Q325H,
T331M, D334Y, Q341P, E342G, T350N, R358W,

Tyrosine-specific protein phosphatase,

PTPase domain (IPR000242)
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K360R, C361S, W365R, Y390H, R393H, R407Q,
D419N, V422A, P423L, P448A, 1449T, S454N,
S454R, A455T, G456S, G456D, G458S, R459P,
T462S, 1466S, D467N, R492W, R495C, R495H,
T501R, TS01IM, F507L, I508T, I516T

D419N, V422A, P423L, P448A, 1449T, S454N,
S454R, A455T, G456S, G456D, G458S, R459P,
T462S, 1466S, D467N, R492W, R495C, R495H,
T501R, T501M, F507L, 1508T

Protein-tyrosine phosphatase, catalytic

(IPR003595)

P448A, 1449T, S454N, S454R, A455T, G4568S,
G456D, G458S, R459P, T462S, 1466S, D467N,
R492W, R495C, R495H, T501R, T501M, F507L,
I508T

Tyrosine-specific protein phosphatases

domain (IPR000387)

Tableau 3.6 : Identification des Divers Domaines dans le SHP2

Varient

Domaines InterPro

R4W, W6C, 111T, G13S, A16T, A16V, A16G
G27D, A31E, R32M, G39R, F41S, F41L, S44C
V51A, T52N, T521, H53N, H53Y, H53D, H53L
H53Q, I54F, 154N, 154M, K55E, K55N, 156F
156N, I56T, 156N, Q57L, N58Y, N58I, T591
G60R, G60S, G60C, G60V, G60A, D61H, D61N
D61Y, D61A, D61V, Y62D, Y63H, Y63C

D64H, D64V, D64G, L65Q, L65P, Y66H, G67E
G67A, G67V, G68R, G68W, G6SE, G68A, E69Q
E69K, E69G, E69V, F711, F71L, F71V, F71Y,
F71C, F71L, A72T, A72D, A72G, A72V, T73P
T731, T73V, L74F, E76Q, E76K, E76A, E76G,
E76V, E76D, L77V, L77F, Q79R, Y80D, YSON
Y81N, Y81D, Y81C, Y81F, G86R, G86V, Q87H
L88F, E90K, K91M, K91N, N92Y, G93R, G93A
G93V, G93E, V95D, V95G, 1968, 196T, E97K,
L98P, L9SH, K991, K99N, P101A, P101T, P101S,
P101H, P101R, P101L, L102P, L102Q

SH2 domain (IPR000980)

-72 -




RESULTATS ET INTERPRETATION

Y2798, Y279C, 1282T, 1282M, F2851

F285L, F285V, F285C, F285S, D286H, D286V
H287P, T2881, R289G, R289S, V290D, V290A
D296H, D303Y, Y304N, Y304H, Y304D

Y304F, 1305F, 1305N, 1305M, N306I, N306K
A307T, A307P, N308K, Y327C, 1328T, G332A
G332D, G332V, C333Y, L334Q, T337K, T337M
D340Y, R343W, M344V, M3441, Q347K, Q347R
S$350Y, M355T, T357R, T357M, E361Q, P372A
P372S, Y380C, R413G, R413K, R413S, V415D
V415G, H419L, FA20L, F420L, W423C, P424A
P424S, PA24T, PA24R, P424L, D425 N, D425H
H426D, H426L, H426P, G427S, G427R, G427C
G427A, G427V, V4A28M, V428E, V428A, V428G
P429A, P429S, P429T, P429H, P429R, P429L
D431G, P432H, P432R, G433W, V435E, V435A
V435G, L436V, L436P, L436Q, L439Q, L439P,
V442F

V442G, G453R, P454A, P454T, PA54R, P454L,
P454Q, V455D, V455G, V456G, V4571, V457M,
V457E, V457A, V457G, H458 N, H458P, H458L,
H458Q, C459S, C459Y, S460N, S460R, A461T,
A461P, Ad61S, Ad61G, A461V, G462A,
G462V,463N, 1463S, G464S, G464C, G464D,
G464A, G464V, R465G, R465W, R465P, R465L,
R465Q, T466R, T4661, G467R, G467E, G467A,
G467V, T468P, T468K, T468R, T468M, F469C,
F469S, 1470F,470S, VA71E

[472F, D473N, D473H, D473V, L475F, L475H
[479F, 1479T, 1488N, D489H, D489G, D489A,
D489V, D489E, V490D, K4921, 1494F, 1494N,
V497E, R498G, R498W, R498Q, R498P, R498L,
S499C, Q500E, Q500P

Q500L, R501G, R501W, R501K, R501S, M504V,
MS504T, M5041, V505L, V505F, V505G, QS06E,
Q506K, Q506L, Q506P, Q506H, T507S, T507K,
T507R, T5071, Q510E, Q510K, Q510P, Q510R,
Q510L, Q510H, Y511D, Y51IN

Y511C, F5131, F513V, F513C, I514F, Y515N,
A517P, AS17E, A517G, V518F, V518G

Tyrosine-specific protein phosphatase,
PTPase domain (IPR000242)
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L436V, L436P, L436Q, L439Q, L439P, V442E
V442G, G453R; P454A, P454T, PA54R, P454L,
P454Q, V455D, V455G, V456G, V45TL, V45TM,
V457E, V457A, V457G, H458 N, H458P, H458L,
H458Q, C459S, C459Y, S460N, S460R, A461T,
A461P, Ad61S, Ad61G, A461V, G462A,

G462V, 463N, 1463S, G464S, G464C, G464D,
G464A, G464V, R465G, R465W, R465P, R465L,
R465Q, T466R, T4661, G467R, G467E, G467A,
G467V, T468P, T468K, T468R, T468M, F469C,
F469S, 1470F,470S, VA71E

[472F, D473N, D473H, D473V, L475F, L475H
[479F, 1479T, 1488N, D489H, D489G, D489A,
D489V, D489E, V490D, K4921, 1494F, 1494N,
V497E, R498G, R498W, R498Q, R498P, R498L,
$499C, Q500E, Q500P, Q500L, R501G, R501W,
R501K, R501S, M504V, M504T

MS5041, V505L, V505F, V505G, Q506E, Q506K,
Q506L, Q506P, Q506H, T507S, TS07K, TSOTR,
T5071, Q510E, Q510K, Q510P, Q510R, Q510L,
Q510H, Y511D, Y51IN, Y511C

Tyrosine-specific protein phosphatases
domain

(IPR000387)

V415D, V415G, H419L, F420L, F420L, W423C,
P424A, P424S, P424T, PA24R, P424L, D425N,
D425H, H426D, H426L, H426P, G427S, G427R,
G427CG427A, G427V, V428M, V428E, VA28A,
V428G, P429A, P429S, P429T, P429H, P429R,
P429L, D431G, P432H, P432R, G433W, V435E,
V435A, V435G, L436V, L436P, L436Q, L439Q,
L439P, V442F, V442G, G453R ; P454A, P454T,
P454R, P454L, P454Q

V455D, V455G, V456G, V4571, V457M, V457E
V457A, V457G, H458 N, H458P, H458L, H458Q
C4598, C459Y, S460N, S460R, A461T, A461P
A4618S, A461G, A461V, G462A, G462V,463N
14638, G464S, G464C, G464D, G464A, G464V
R465G, R465W, R465P, R465L, R465Q, T466R
T4661, G467R, G467E, G467A, G467V,
T468PT468K, T468R, T468M, F469C, F469S,
[470F,470S, VA71E, 1472F, D473N, D473H,
D473V, L475H, 1479F, 1479T, 1488N, D489H,
D489G, D489A, D489V, D489E, V490D, K492I,
[494F, 1494N, V497E, R498G, R498W, R498Q,
R498P, R498L, S499C, Q500E, Q500P

Protein-tyrosine phosphatase, catalytic

(IPR003595)
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QS500L, R501G, R501W, R501K, R501S, M504V,
M504T, M5041, VS05L, V505F, V505G, QS06E,
Q506K, Q506L, Q506P, Q506H, TS07S, TS07K,
T507R, T5071, Q510E, Q510K, Q510P, Q510R,
Q510L, Q510H, Y511D, Y511IN, Y511C, F5131,
F513V, F513C, I514F, Y515N, AS17P, AS17E
AS517G, V518E, V518G

3.4 Vérification des nsSNP a haut risque par PMut

Par la suite, nous avons soumis les nsSSNP déléteres presents dans les domaines fonctionnels au
serveur PMut afin d'obtenir des résultats plus précis susceptibles d'influencer l'impact
fonctionnel. La protéine résultante des mutations est évaluée en fonction du score, du
pourcentage de probabilité et du statut de prédiction (maladie, neutre). Parmi les 23 nsSNP
déléteres du gene SIRPa, dix-sept peuvent provoquer une maladie (tableau 3.7), et parmi les
77 nsSNP délétéres du géne SHP1, cinquante-huit peuvent provoquer une maladie (tableau
3.8). Enfin, parmi les 479 nsSNP délétéres du géne SHP2, deux cents peuvent provoquer une
maladie (tableau 3.9).

3.5 Détermination de la stabilité des protéines par I-Mutant 2.0

Apres avoir identifié les nsSNP déléteres susceptibles d'influencer I'impact fonctionnel, nous
avons procédé a la prédiction de la stabilité structurelle des protéines produites a l'aide d'l-
Mutant 2.0. Le résultat d'l-Mutant 2.0 est exprimé en termes de variation de I'énergie libre
(DDG). Parmi les 17 nsSNP dans le géne SIRPa, 15 entrainent une diminution de la stabilité
de la proteine (tableau 3.7). Parmi les 59 nsSNP dans le gene SHP1, 46 entrainent une
diminution de la stabilité de la protéine (tableau 3.8). Parmi les 281 nsSNP dans le gene SHP2,

230 entrainent une diminution de la stabilité de la protéine (tableau 3.9).
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Figure 3.4: Distribution des nsSNPs dans le géne SIRPa sur la base des effets estimé prédits
par divers outils structurels.
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Figure 3.5 : Distribution des nsSNPs dans le gene SHP-1 sur la base des effets estimé prédits
par divers outils structurels.
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Figure 3.6 : Distribution des nsSNPs dans le géne SHP-2 sur la base des effets estimé prédits

par divers outils structurels.

3.6 Analyse de la conservation évolutive des protéines

Nous avons utilisé 15 nsSNPs de SIRPa identifiés précédemment susceptibles d'étre delétéres
pour analyser leur emplacement dans les régions conservées critiques. Les résultats dans
ConSurf ont prédit qu'il y a 5 nsSNP (Q38H, G48E, R89W, D103V, G117S). lls sont situés
dans des régions hautement conservées qui peuvent affecter directement la fonction de la
protéine, tandis qu'il y a 8 nsSNP (L53V, C55S, C55R, C55G, C55F, C55Y, C55W, 1106M)
comme résidu structurel, ce qui les rend hautement conservés et enfouis. 2 nsSSNP ont été prédits
comme étant exposés mais non fonctionnels, tandis que 5 nsSNP ont été prédits comme étant

enfouis et non fonctionnels (tableau 3.7).

Pour la protéine SHP1, ConSurf montre qu'il y a 21 nsSNP (E15K, E15G, R30Q, G91D, P99A,
PO9L, D104N, R286Q, D300N, N303S, N305S, Q325H, Q341P, E342G, R358W, K360R,
R393H, R407Q, D419N, R459P, R495H). Ils sont situés dans des régions hautement conservees
qui peuvent affecter directement la fonction de la protéine, tandis qu'il y a 13 nsSNP (L28P,
54N, A70E, V287M, A323T, V422A, S554V, S454R, A455T, G456S, G456D, G458S,

D467N) comme résidu structurel, ce qui les rend hautement conserves et enfouis. 3 nsSNP ont
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été prédits comme étant exposés mais non fonctionnels, tandis que 7 nsSNP ont été predits
comme étant enfouis et non fonctionnels (tableau 3.8).

Et pour la protéine SHP2, il y a 90 nsSNP (G13S, R32M, G39R, K55E, G60R, G60S, D61V,
D61G, D64V, D64G, Y66H, G67E, G67A, G67V, G68R, G68W, G68E, G68A, E69K, E6IG,
E76G, GI93R, G93A, G93V, P101A, P101T, P101S, P101H, D286H, D286V, R289G, R289S,
D303Y, N306K, G332A, G332D, G332V, L334Q, T337K, Q347K, Q347R, E361Q, P372S,
R413G, P424A, P424S, PA24T, PA24R, PA24L, GA427S, G427R, G427C, G427A, G427V,
G427M, P429A, P429S, P429T, P429H, P429R, P429L, P432H, P432R, R465G, R465W,
R465P, R465L, R465Q, D489G, D489A, D489V, R498G, R498Q, R498P, R501G, R501K,
R501S, Q506E, Q506K, T507K, Q510E, Q510K, Q510P, Q510R). IIs sont situés dans des
régions hautement conservées qui peuvent affecter directement la fonction de la protéine, tandis
qu'il y a 86 nsSNP (W6C, A16T, A16G, S44C, V51A, H53N, H53Y, H53D, I56F, 156N, 156T,
G60C, G60V, G60A, L65Q, L65P, F711, F71L, F71V, F71Y, F71C, F71L, A72T, A72D,
AT72G, T73P, L74F, L77F, Y81N, Y81D, 196S, 196T, L98P, L98H, Y279S, 1282T, V290D,
V290A, Y304N, Y304H, Y304D, I305N, 1305M, 1328T, M344V, M3441, M355T, T357R,
T357M, W423C, V428E, V428A, V428G, V435G, L436V, L436P, L436Q, V457L, VA57TM,
VA457E, V457A, V457G, H458, H458P, H458Q, C459Y, S460N, S460R, A461P, A461S,
A461G, A461V, 1463N, 1463S, G464S, G464C, G464D, G464A, G464V, T466R, T466l,
G467R, G467E, T468P, T468K, T468R, T468M, D473N, D473H, D473V, 1494F, 1494N,
V497E, M504T, V505F, V505G, Y515N) comme résidu structurel, ce qui les rend hautement
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conservés et enfouis. 13 nsSNP ont été prédits comme étant exposés mais non fonctionnels,
tandis que 36 nsSNP ont été prédits comme étant enfouis et non fonctionnels (tableau 3.9).

Figure 3.6: Conservation évolutive de SIRPa génerée par le serveur web ConSurf
ConSurf Results for job:SIRP alpha date:07/05/2024
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The conservation scale:
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- An exposed residue according to the neural network algorithm.
b - A buried residue according to the neural network algorithm.
£ - A predicted functional residue (highly conserved and exposed).
s - A predicted structural residue (highly conserved and buried).

Figure 3.8:Conservation évolutive de SHP1 générée par le serveur web ConSurf
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ConSurf Results for job:PTP 1C date:20/05/2024
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ConSurf Results for job:PTP 1D date:20/05/2024
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Figure 3.8:Conservation évolutive de SHP2 générée par le serveur web ConSurf
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Tableau 3.7 : Prédiction des nsSNP a haut risque dans les protéines SIRPa par PMut, I-Mutant

2.0 et ConSurf

SNP

AA

PMUT

I-Mutant 2.0

ConSurf

Predictio
n

Score And
Pourcentage

Prédictio
n

Score

Score

Prediction

rs1380579047

Q38H

Disease

0.74 (87%)

Decrease

-1.73

Exposed(e)
Highly conserved
and exposed (f)

1s766744865

G48A

Neutral

0.45 (84%)

Decrease

-1.30

Exposed(e)
Highly conserved
and exposed (f)

G48E

Disease

0.51 (79%)

Decrease

-0.34

Exposed(e)
Highly conserved
and exposed (f)

1s776996791

L53V

Disease

0.61 (83%)

Decrease

-0.90

Buried (b)
Highly conserved and
buried (s)

rs780096272

C55S

Disease

0.50 (79%)

Decrease

-0.53

Buried (b)
Highly conserved
and buried (s)

C55R

Disease

0.53 (80%)

Decrease

-1.00

Buried (b)
Highly conserved
and buried (s)

C55G

Disease

0.50 (79%)

Decrease

-1.02

Buried (b)
Highly conserved
and buried (s)

rs754894636

CS55F

Disease

0.50 (79%)

Decrease

-0.88

Buried (b)
Highly conserved
and buried (s)

C55Y

Disease

0.52 (79%)

Decrease

-0.27

Buried (b)
Highly conserved
and buried (s)

rs778881054

C55W

Disease

0.52 (79%)

Decrease

-0.61

Buried (b)
Highly conserved
and buried (s)

rs775972376

R76W

Disease

0.53 (80%)

Increase

0.23

Exposed(e)
Highly conserved
and exposed (f)

rs1446582576

179M

Neutral

0.38 (87%)

Decrease

-0.52

Buried (b)

rs1446582576

Y80C

Neutral

0.49 (83%)

Increase

0.93

Buried (b)
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Exposed(e)
rs140361473 R8OW Disease 0.55 (81%) Decrease -0.59 8 Highly conserved
and exposed (f)
rs1342463990 | VI93G Disease 0.55 (81%) Decrease -5.13 5 Buried (b)
Exposed(e)
rs1471635352 | D103V Disease 0.57 (82%) Decrease -1.82 9 Highly conserved
and exposed (f)
Buried (b)
rs780866974 1106M Disease 0.55 (81%) Decrease -1.61 9 Highly conserved
and buried (s)
Exposed(e)
1s377556462 G1178 Disease 0.52 (79% Decrease -2.20 9 Highly conserved
and exposed (f)
Exposed(e)
o _ .
151203000287 G117D Neutral 0.34 (88%) Decrease 2.21 9 Highly conserved
and exposed (f)
rs1240577393 | Y119C Disease 0.51 (79%) Increase 0.25 8 Buried(b)
rs1985206848 | F124L Neutral 0.23 (91%) Decrease -2.55 8 Buried (b)
1s779570157 | G127W Disease 0.56 (81%) Decrease -0.83 1 Exposed(e)

Tableau3.8 : Prédiction des nsSNP a haut risque dans les protéines SHP1 par PMut, I-Mutant

3.0 et ConSurf
PMUT I MUTANT ConSurf
AA
SNP Chan SCORE AND
e
ge | PREDIC | | ‘onr | PREDICAT | o | SCO PREDICATION
ATION ION RE
AGE
Exposed(e)
Rs782158849 | EISK Disease 0'704 Decrease -0,75 9 Highly conserved
(87%)
and exposed (f)
0.7 Exposed(e)
Rs1945927243 | E15G Disease 00 Decrease -0,27 9 Highly conserved
(88%)
and exposed (f)
Exposed(e)
Rs1945927243 E15V | Disease 0.803 Increase 0,84 9 Highly conserved
(90%)
and exposed (f)
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0.78 Buried (b)
rs11547853 L28P Disease . Decrease -1,21 Highly conserved
(88%) .
and buried (s)
0.74 Exposed(e)
rs1945928168 R30Q Disease 2o Decrease -1,17 Highly conserved
(88%)
and exposed ()
0.77 Buried (b)
Rs267603654 S42F Disease oo Increase 0,09 Highly conserved
(88%) .
and buried (s)
0.72 Buried (b)
Rs1762846715 154N Disease o Decrease -2,09 Highly conserved
(87%) .
and buried (s)
0.78 Buried (b)
Rs782531361 AT70E Disease 00 Decrease -0,45 Highly conserved
(88%) .
and buried (s)
Exposed(e)
Rs1555147881 Go1D Disease 0.65 Decrease -0,81 Highly conserved
(84%)
and exposed (f)
0.73 Exposed(e)
Rs1028611737 | P99A | Disease o Decrease -2,20 Highly conserved
(87%)
and exposed (f)
Exposed(e)
Rs1555147885 P99L Disease 0.66 Decrease -1,91 Highly conserved
(85%)
and exposed (f)
Exposed(e)
Rs1945938025 D104 Disease 0.64 Decrease -1,27 Highly conserved
N (84%)
and exposed (f)
Exposed(e)
Rs1855030043 D104 Disease 0.65 Increase 0,20 Highly conserved
\% (85%)
and exposed (f)
Rs1719651282 | E247 . 0.59 Exposed(c)
Q Disease (82%) Increase 0,31 Highly conserved
and exposed (f)
Q254 0.62
Rs1946016105 P Disease ; Decrease -1,12 Exposed(e)
(83%)
R262 0.26 Exposed(e)
Rs761631984 H Neutral ) Decrease -1,20 Highly conserved
(90%)
and exposed (f)
R267 0,89
Rs1555148541 W Disease (92%) Increase 0,23 Exposed(e)
Rs1323488790 | R286 . 0,87 Exposed(e)
Q Disease (91%) Decrease -1,90 Highly conserved
and exposed (f)
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https://www.ncbi.nlm.nih.gov/snp/rs1945928168
https://www.ncbi.nlm.nih.gov/snp/rs267603654
https://www.ncbi.nlm.nih.gov/snp/rs1762846715
https://www.ncbi.nlm.nih.gov/snp/rs782531361
https://www.ncbi.nlm.nih.gov/snp/rs1555147881
https://www.ncbi.nlm.nih.gov/snp/rs1028611737
https://www.ncbi.nlm.nih.gov/snp/rs1555147885
https://www.ncbi.nlm.nih.gov/snp/rs1945938025
https://www.ncbi.nlm.nih.gov/snp/rs1855030043
https://www.ncbi.nlm.nih.gov/snp/rs1719651282
https://www.ncbi.nlm.nih.gov/snp/rs1946016105
https://www.ncbi.nlm.nih.gov/snp/rs761631984
https://www.ncbi.nlm.nih.gov/snp/rs1555148541
https://www.ncbi.nlm.nih.gov/snp/rs1323488790

RESULTATS ET INTERPRETATION

V287 0.86 Buried (b)
Rs56111095 M Disease ’ Decrease -1,24 Highly conserved
(91%) .
and buried (s)
G298 . 0,86
Rs782595592 W Disease (91%) Decrease -1,25 Exposed(e)
Exposed(e)
Rs754255009 D300 Disease 0,76 Decrease -2,74 Highly conserved
N (88%)
and exposed (f)
N303 0.87 Exposed(e)
Rs1946027516 S Disease o Decrease -0,48 Highly conserved
(91%)
and exposed ()
Rs1555148653 | 1203 . 0,54 _Exposed(e)
S Disease Decrease -0,52 Highly conserved
(80%)
and exposed (f)
Rs1555148710 | A323 | 0.83 _ Buried (b)
T Disease (90%) Decrease -1,12 Highly conserved
and buried (s)
Exposed(e)
Rs781923789 Q325 Disease 0.88 Decrease -0,43 Highly conserved
H (92%
and exposed (f)
T331 Exposed(e)
Rs1946033659 M Disease 0.61 (83%) Increase 0,73 Highly conserved
and exposed (f)
D334 Exposed(e)
Rs1946033926 Y Disease 0.88 (92%) Increase 1,28 Highly conserved
and exposed (f)
Q341 Exposed(e)
Rs782608469 P Disease 0.88 (92%) Decrease -1,55 Highly conserved
and exposed (f)
E342 Exposed(e)
Rs1591689121 G Disease 0.76 (88%) Decrease -1,00 Highly conserved
and exposed (f)
T350
Rs782187261 N Disease 0.76 (88%) Decrease -0,89 Buried (b)
Exposed(e)
Rs1946035689 RS\? 8 Disease 0.87 (91%) Decrease -0,55 Highly conserved
and exposed (f)
K360 Exposed(e)
Rs781941676 R Disease 0.81 (89%) Decrease -0,37 Highly conserved
and exposed (f)
Rs1555148935 C‘?l Discase | 0.87(91%) | Decrease | -1,96 Buried (b)
W365
Rs1555148944 R Disease 0.88 (92%) Decrease -1,93 Exposed(e)
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https://www.ncbi.nlm.nih.gov/snp/rs56111095
https://www.ncbi.nlm.nih.gov/snp/rs782595592
https://www.ncbi.nlm.nih.gov/snp/rs754255009
https://www.ncbi.nlm.nih.gov/snp/rs1946027516
https://www.ncbi.nlm.nih.gov/snp/rs1555148653
https://www.ncbi.nlm.nih.gov/snp/rs1555148710
https://www.ncbi.nlm.nih.gov/snp/rs781923789
https://www.ncbi.nlm.nih.gov/snp/rs1946033659
https://www.ncbi.nlm.nih.gov/snp/rs1946033926
https://www.ncbi.nlm.nih.gov/snp/rs782608469
https://www.ncbi.nlm.nih.gov/snp/rs1591689121
https://www.ncbi.nlm.nih.gov/snp/rs782187261
https://www.ncbi.nlm.nih.gov/snp/rs1946035689
https://www.ncbi.nlm.nih.gov/snp/rs781941676
https://www.ncbi.nlm.nih.gov/snp/rs1555148935
https://www.ncbi.nlm.nih.gov/snp/rs1555148944
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Y390
Rs782262226 H Disease 0.81 (89%) Decrease -0,51 Buried (b)
Exposed(e)
Rs782044132 R?_|93 Disease 0.66 (85%) Decrease -1,31 Highly conserved
and exposed (f)
R407 Exposed(e)
Rs1489313099 Q Disease 0.74 (87%) Decrease -1,46 Highly conserved
and exposed (f)
Exposed(e)
Rs2138277591 D4N19 Disease 0.86 (91%) Decrease -0,81 Highly conserved
and exposed ()
Buried (b)
Rs1555149024 VAAZZ Disease 0.81 (89%) Decrease -2,65 Highly conserved
and buried (s)
423 Exposed(e)
Rs1946061989 L Disease 0.88 (92%) Decrease -1,52 Highly conserved
and exposed (f)
Exposed(e)
Rs782404245 PA:B Disease 0.68 (85%) Decrease -1,99 Highly conserved
and exposed (f)
Rs782028376 1449T | Disease 0.55 (80%) Decrease -2,55 Buried (b)
S454 Buried (b)
Rs1363181410 N Disease 0.87 (91%) Decrease -0,18 Highly conserved
and buried (s)
Sa54 Buried (b)
Rs376685795 R Disease 0.82 (90%) Decrease -0,92 Highly conserved
and buried (s)
A455 Buried (b)
Rs1435682678 T Disease 0.86 (91%) Decrease -0,24 Highly conserved
and buried (s)
G456 Buried (b)
Rs1946098507 S Disease 0.86 (91%) Decrease -1,10 Highly conserved
and buried (s)
G456 Buried (b)
Rs1555149392 D Disease 0.87 (91%) Decrease -0,65 Highly conserved
and buried (s)
G458 Buried (b)
Rs1946098810 S Disease 0.88 (92%) Decrease -1,20 Highly conserved
and buried (s)
RA59 Exposed(e)
Rs1591692944 p Disease 0.88 (92%) Decrease -0,85 Highly conserved
and exposed (f)
T462 Buried (b)
Rs1946098996 S Disease 0.86 (91%) Increase 0,26 Highly conserved
and buried (s)
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https://www.ncbi.nlm.nih.gov/snp/rs782044132
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https://www.ncbi.nlm.nih.gov/snp/rs1363181410
https://www.ncbi.nlm.nih.gov/snp/rs376685795
https://www.ncbi.nlm.nih.gov/snp/rs1435682678
https://www.ncbi.nlm.nih.gov/snp/rs1946098507
https://www.ncbi.nlm.nih.gov/snp/rs1555149392
https://www.ncbi.nlm.nih.gov/snp/rs1946098810
https://www.ncbi.nlm.nih.gov/snp/rs1591692944
https://www.ncbi.nlm.nih.gov/snp/rs1946098996
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Rs926689109 1466S | Disease 0.88 (92%) Decrease -1,55 8 Buried (b)
D467 Buried (b)
Rs376994439 N Disease 0.86 (91%) Decrease -1,21 9 Highly conserved
and buried (s)
Exposed(e)
Rs781904280 RC\?Z Disease 0.86 (91%) Increase 0,62 9 Highly conserved
and exposed (f)
R495 Exposed(e)
Rs1946104248 C Disease 0.87 (91%) Increase 0,95 9 Highly conserved
and exposed ()
R495 Exposed(e)
Rs1356852472 H Disease 0.86 (91%) Decrease -0,15 9 Highly conserved
and exposed (f)
T501 Exposed(e)
Rs782414151 R Disease 0.87 (91%) Increase 0,21 9 Highly conserved
and exposed (f)
T501 Exposed(e)
Rs782414151 M Disease 0.77 (88%) Increase 0,59 9 Highly conserved
and exposed (f)
F507 Buried (b)
Rs782252503 L Disease 0.66 (85%) Increase 0,08 9 Highly conserved
and buried (s)
1508T . .
Rs1946105619 Disease 0.86 (91%) Decrease -2,76 8 Buried (b)
Rs1555149485 | I516T Disease 0.80 (89%) Decrease -1,25 6 Buried (b)
Tableau 3.9 : Prédiction des nsSNP a haut risque dans les protéines SHP2 par PMut, |-
Mutant2.0 et ConSurf
PMUT I mutant ConSurf
SNP AA L
Predictio Score and Prediction DDG Score Prediction
n pourcentage
0.14
rs886041517 R4W Neutral o Decrease -1.13 4 Exposed(e)
(94%)
Buried (b)
rs79203122 Wwe6C Disease 0.68 (85%) Decrease -1.23 9 Highly conserved
and buried (s)
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rs1181579972 11T Disease 0.50 (78%) Decrease -3.16 Buried (b)
0.65 Exposed(e)
rs2135856346 G138 Disease ) Decrease -1.64 Highly conserved
(84%)
and exposed (f)
0.72 Buried (b)
rs2135856357 Al6T Disease o Decrease -1.01 Highly conserved
(86%) .
and buried (s)
0.72 Buried (b)
1s2135856364 | A16V | Disease (86%) Increase 0.83 Highly conserved
and buried (s)
071 Buried (b)
A16G | Disease (86‘7 ) Decrease -1.30 Highly conserved
o and buried (s)
o
rs2135856448 G27D | Disease 0.78 (88%) Decrease -0.72 Buried (b)
0.54
rs2037994433 A31E | Disecase (80%) Decrease -0.45 Buried (b)
R32 Exposed(e)
rs2135856466 M Disease 0.71 (86%) Decrease -1.96 Highly conserved
and exposed (f)
0.57 Exposed(e)
rs886041585 G39R | Disease ; Decrease -0.81 Highly conserved
(82%)
and exposed (f)
. 0.69 .
rs2135856548 F41S Disease Decrease -2.85 Buried (b)
(85%)
. 0.60 .
rs2037995014 F41L Disease Decrease -1.75 Buried (b)
(83%)
0.72 Buried (b)
rs2135856577 S44C Disease o Decrease -1.67 Highly conserved
(86%) .
and buried (s)
0.72 Buried (b)
rs2135861904 V51A | Disease o Decrease -2.84 Highly conserved
(87%) .
and buried (s)
0.63
T52N Disease (83%) Decrease -1.61 Buried (b)
rs397507503
T521 Disease 0.68 (85%) Decrease -2.22 Buried (b)
rs2135861929 0.55 i Elu“ceodngzzve q
H53N | Disease (81%) Decrease .64 ghy co
and buried (s)
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0.70 Buried (b)
H53Y | Disease (8'6‘7) Decrease -0.54 Highly conserved
’ and buried (s)
0.69 Buried (b)
H53D | Disease (86%) Decrease -1.20 Highly conserved
and buried (s)
0.62 Buried (b)
rs2135861937 H53L Disease ; Increase 0.23 Highly conserved
(83%) .
and buried (s)
0.55 Buried (b)
1s766205831 H53Q | Disease : Decrease -1.56 Highly conserved
(81%) .
and buried (s)
0.63 Buried (b)
rs2135861950 I54N Disease ) Decrease -1.02 Highly conserved
(84%) .
and buried (s)
0.64 Buried (b)
rs1207829516 154M Disease ; Decrease -1.12 Highly conserved
(83%) .
and buried (s)
051 Exposed(e)
rs2135861965 KS5E | Disease . Decrease -0.98 Highly conserved
(79%)
and exposed (f)
0.46 Exposed(e)
rs2135861980 | K55N | Neutral ) Decrease -0.41 Highly conserved
(84%)
and exposed (f)
0.70 Buried (b)
rs397507504 I56F Disease ) Decrease -1.38 Highly conserved
(86%) .
and buried (s)
0.65 Buried (b)
I56N Disease (8;10/) Decrease -0.89 Highly conserved
o and buried (s)
rs1052382672
0.54 Buried (b)
156T Disease 3 (')0/) Decrease -2.53 Highly conserved
o and buried (s)
0.66 Exposed(e)
rs2135862007 Q57L | Disease <o Increase 0.35 Highly conserved
(85%)
and exposed (f)
0.63 Exposed(e)
Rs397507505 N58Y | Disease (84%) Increase 0.60 Highly conserved
and exposed (f)
0.64 Exposed(e)
rs751437780 N58I Disease o Increase 2.24 Highly conserved
(84%)
and exposed (f)
. 0.55
1s2135862036 T591 Disease (81%) Decrease -1.00 Exposed(e)
0
0.80 Exposed(e)
rs397507507 G60R | Disease (89%) Decrease -1.03 Highly conserved
and exposed (f)
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0.65 Exposed(e)
G60S Disease (84%) Decrease -1.64 Highly conserved
and exposed (f)
081 Exposed(e)
G60C | Disease . Decrease -1.21 Highly conserved
(89%)
and exposed (f)
0.71 Exposed(e)
G60V | Disease (86%) Decrease -0.76 Highly conserved
and exposed (f)
15397507509
Exposed(e)
o
G60A | Disease 0.67 (85%) Decrease -1.00 Highly conserved
and exposed (f)
0.66 Exposed(e)
D61H | Disease ) Increase 0.63 Highly conserved
(84%)
and exposed (f)
0.53 Exposed(e)
rs397507510 D6IN | Disease o Increase 0.14 Highly conserved
(80%)
and exposed (f)
0.78 Exposed(e)
D61Y | Disease (88%) Increase 0.57 Highly conserved
and exposed (f)
0.67 Exposed(e)
rs121918461 D61A | Disease <o Decrease -0.53 Highly conserved
(85%)
and exposed (f)
0.69 Exposed(e)
D61V | Disease ) Decrease -0.49 Highly conserved
(86%)
and exposed (f)
0.67 Exposed(e)
D61G | Disease : Decrease -0.30 Highly conserved
(85%)
and exposed (f)
0.48
(83%)
Rs121918460 Y62D | Neutral Decrease -1.01 Exposed(e)
. 0.72 .
rs2135862143 Y63H | Disease Decrease -0.99 Buried (b)
(86%)
0.72
Y63C | Disease (86%) Decrease -0.06 Buried (b)
rs121918459
0.74 Exposed(e)
D64H | Disease ; Increase 0.42 Highly conserved
(87%)
and exposed (f)
081 Exposed(e)
D64V | Disease 50 Decrease -0.44 Highly conserved
(89%)
and exposed (f)
rs2135862168
0.67 Exposed(e)
D64G | Disease <o Decrease -0.70 Highly conserved
(85%)
and exposed (f)
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0.80 Buried (b)
L65Q Disease @3 é(y) Decrease -1.97 Highly conserved
’ and buried (s)
rs2135862193
0.70 Buried (b)
L65P Disease (8'6‘7) Decrease -2.23 Highly conserved
’ and buried (s)
0.65 Exposed(e)
rs2135862207 | Y66H | Disease o Decrease -0.49 Highly conserved
(84%)
and exposed (f)
0.59 Exposed(e)
G67E Disease o Decrease -0.46 Highly conserved
(82%)
and exposed ()
0.58 Exposed(e)
rs2135862226 G67A | Disease - Decrease -1.03 Highly conserved
(82%)
and exposed (f)
0.59 Exposed(e)
G67V | Disease ; Decrease -0.37 Highly conserved
(82%)
and exposed (f)
0.77 Exposed(e)
G68R | Disease c Decrease -1.21 Highly conserved
(88%)
and exposed (f)
rs2135862235
Exposed(e)
GV?IS Disease (g87°/7) Decrease -1.22 Highly conserved
o and exposed (f)
0.77 Exposed(e)
G68E | Disease . Decrease -0.34 Highly conserved
(88%)
and exposed (f)
rs2135862244
0.76 Exposed(e)
G68A | Disease . Decrease -0.84 Highly conserved
(88%)
and exposed (f)
0.34 Exposed(e)
E69Q Neutral . Increase 0.16 Highly conserved
(88%)
and exposed (f)
rs397507511
0.68 Exposed(e)
E69K | Disease <o Decrease -0.06 Highly conserved
(85%)
and exposed (f)
0.74 Exposed(e)
E69G Disease o Decrease -0.87 Highly conserved
(87%)
and exposed (f)
rs72750338
0.77 Exposed(e)
E69V Disease 00 Increase 0.50 Highly conserved
(88%)
and exposed (f)
0.61 Buried (b)
F711 Disease (83‘7 ) Decrease -0.56 Highly conserved
0 and buried (s)
rs397507512
0.61 Buried (b)
F71L Disease @ é(y ) Decrease -2.19 Highly conserved
o and buried (s)
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0.70 Buried (b)
F71V Disease (8'6(y ) Decrease -2.59 Highly conserved
o and buried (s)
0.59 Buried (b)
F71Y Disease (8.2‘7) Decrease -0.14 Highly conserved
o and buried (s)
rs755709231
0.69 Buried (b)
F71C Disease (86"/ ) Decrease -2.47 Highly conserved
o and buried (s)
0.61 Buried (b)
rs1555267558 F71L Disease ; Decrease -2.19 Highly conserved
(83%) .
and buried (s)
0.68 Buried (b)
rs121918453 AT72T Disease ; Decrease -1.72 Highly conserved
(83%) .
and buried (s)
0.72 Buried (b)
A72D | Disease (8'60/) Decrease -1.22 Highly conserved
? and buried (s)
0.63 Buried (b)
rs121918454 A72G Disease ) Decrease -1.21 Highly conserved
(84%) .
and buried (s)
0.69 Buried (b)
A72V | Disease (8'60/) Increase 0.34 Highly conserved
? and buried (s)
0.62 Buried (b)
rs397507513 T73P Disease ; Decrease -1.09 Highly conserved
(83%) .
and buried (s)
0.69 Buried (b)
rs121918462 T731 Disease ) Increase 0.40 Highly conserved
(86%) .
and buried (s)
0.69 Buried (b)
1s2038063436 T73V Disease ) Increase 0.23 Highly conserved
(86%) .
and buried (s)
0.65 Buried (b)
rs1429492147 L74F Disease ) Decrease -0.70 Highly conserved
(84%) .
and buried (s)
' 0.54 ' Exposed(e)
E76Q Disease (860/) Increase 0.60 Highly conserved
o and exposed (f)
rs121918464
' 0.66 ' Exposed(e)
E76K Disease o Increase 0.10 Highly conserved
(85%)
and exposed (f)
. 0.68 . Exposed(e)
E76A Disease <o Increase 0.02 Highly conserved
(85%)
and exposed (f)
rs121918465
. 0.68 . Exposed(e)
E76G Disease <o Decrease -1.34 Highly conserved
(85%) and ex d
posed (f)
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Exposed(e)
isease ncrease . ighly conserve
E76V | Di (2'670/1) I 1.01 Highl d
’ and exposed (f)
Exposed(e)
rs eutra ecrease -0. ighly conserve
397507514 | E76D | Neutral (g;f,f) D 0.43 Highl d
’ and exposed (f)
Buried (b)
rs2135862415 L77v Neutral ((9)020/6) Decrease -1.57 Highly conserved
o and buried (s)
Buried (b)
rs2038063935 L77F Disease (2250/9) Decrease -0.07 Highly conserved
o and buried (s)
rs121918466 Q79R Neutral (241/50) Decrease -0.76 Exposed(e)
Y80D | Disease (g660/90) Decrease -1.10 Exposed(e)
rs2135862466
Y8ON | Disease (g660/90) Decrease -0.52 Exposed(e)
. 0.77 . Buried (b)
Y8IN | Disease (38%) Decrease -0.52 Highly conserved
) 135862477 ° and buried (s)
rs
. 0.77 . Buried (b)
Y81D | Disease (38%) Decrease -1.25 Highly conserved
o and buried (s)
. 0.63 . Buried (b)
Y81C | Disease (34%) Increase 0.90 Highly conserved
2135862485 0 and buried
rs
. 0.57 . Buried (b)
YS81F Disease (82%) Increase 0.55 Highly conserved
o and buried (s)
rs925129380 G86R | Neutral ((8)41/60) Decrease -0.03 Exposed(e)
G86V | Disease (3250/90) Increase 0.20 Exposed(e)
152135862627 Q87H | Neutral (35‘})/20) Decrease -1.46 Exposed(e)
Buried (b)
. 0.71 .
1s2135862640 L88F Disease (36%) Increase 0.89 Highly conserved
’ and buried (s)
Exposed(e)
rs2135862672 E90K | Disease ((7)9509) Increase 0.09 Highly conserved
o and exposed (f)
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K91

rs869312744 M Disease 0.52 (79%) Increase 0.09 Exposed(e)
rs2135862716 | K9IN | Disease ((7)950/20) Decrease -0.42 Exposed(e)
152135862726 K91Y | Neutral (2250?) Increase 0.48 Exposed(e)
0
0.63 Exposed(e)
rs1225001423 G93R | Disease o Decrease -0.92 Highly conserved
(84%)
and exposed ()
0.74 Exposed(e)
G93A | Disease ; Decrease -0.67 Highly conserved
(87%)
and exposed (f)
0.80 Exposed(e)
rs2135862760 | G93V | Disease 50 Decrease -0.77 Highly conserved
(89%)
and exposed (f)
0.63 Exposed(e)
G93E | Disease 5 Increase 0.26 Highly conserved
(89%)
and exposed (f)
V95D | Disease 0.65 Decrease -1.77 Buried (b)
. .
(84%)
rs2135862806
. 0.54 .
V95G | Disease (30%) Decrease -1.97 Buried (b)
Buried (b)
1965 Disease 0.73 (87%) Decrease -2.68 Highly conserved
and buried (s)
rs2135862822
0.63 Buried (b)
96T Disease (8;10/) Decrease -2.60 Highly conserved
o and buried (s)
0.38
rs397507516 E97K | Neutral (87%) Decrease -0.17 Exposed(e)
(1)
0.70 Buried (b)
152135862868 L98P Disease o Decrease -2.49 Highly conserved
(86%) .
and buried (s)
0.72 Buried (b)
L98H Disease (8.70/) Decrease -1.91 Highly conserved
o and buried (s)
. 0.58
rs2135862890 K991 Disease (82%) Decrease -0.45 Exposed(e)
. 0.52
rs2135862899 | K99N | Disease (79%) Decrease -1.18 Exposed(e)
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Exposed(e)
P L?l Disease (gost)j) Decrease -2.35 Highly conserved
’ and exposed (f)
Exposed(e)
15747470140 P101 Disease 0.60 Decrease -2.26 Highly conserved
T (83%)
and exposed (f)
Exposed(e)
P ISOI Disease (2360?) Decrease -2.20 Highly conserved
o and exposed (f)
Exposed(e)
P E)l Disease (2560}) Decrease -1.87 Highly conserved
o and exposed (f)
Exposed(e)
rs2135862932 P101 Neutral 0.4(1)0 Decrease -1.10 Highly conserved
R (86%)
and exposed (f)
Exposed(e)
P ILOI Neutral (g;)?) Decrease -1.41 Highly conserved
o and exposed (f)
L102 . 0.71
P Disease (36%) Decrease -1.76 Exposed(e)
rs2135862951
L102 . 0.71
Q Disease (36%) Decrease -2.56 Exposed(e)
Y279 . 0.86 _ Buried (b)
S Disease (91%) Decrease -1.86 Highly conserved
and buried (s)
rs121918456 .
Y279 . 0.85 _ Buried (b)
C Disease (91%) Increase 0.29 Highly conserved
and buried (s)
0.85 Buried (b)
1282T | Disease © 1 %) Decrease -1.64 Highly conserved
o and buried (s)
rs886041495
Buried (b)
Iﬁz Neutral ((8)4%;) Decrease -0.91 Highly conserved
? and buried (s)
Buried (b)
rs778374689 1283 Neutral 0'302 Decrease -1.16 Highly conserved
M (89%) .
and buried (s)
F2851 Disease 0.75 (87%) Decrease -1.64 Buried (b)
F285 .
rs397507531 L Neutral 0.42 (85%) Decrease -2.88 Buried (b)
F285 .
vV Neutral 0.46 (84%) Decrease -2.75 Buried (b)
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F285

C Neutral 0.40 (86%) Decrease -2.25 Buried (b)
rs121918463
F285 . o .
S Disease 0.78 (88%) Decrease -3.14 Buried (b)
D286 Exposed(e)
1s2135900937 H Disease 0.82 (90% Decrease -1.48 Highly conserved
and exposed (f)
D286 Exposed(e)
1s2135900941 v Disease 0.86 (91%) Decrease -0.70 Highly conserved
and exposed ()
H287 .
152038527071 P Disease 0.86 (91%) Decrease -1.00 Exposed(e)
rs2135900987 T288I | Disease 0.79 (89%) Decrease -1.73 Buried (b)
R289 Exposed(e)
rs2135901005 G Disease 0.88 (92%) Decrease -1.22 Highly conserved
and exposed (f)
R289 Exposed(e)
rs1566181003 S Disease 0.88 (92%) Decrease -3.20 Highly conserved
and exposed (f)
V290 Buried (b)
D Disease 0.88 (92%) Decrease -2.68 Highly conserved
1340811351 and buried
rs
V290 Buried (b)
A Disease 0.86 (91%) Decrease -2.69 Highly conserved
and buried (s)
D296
152135901164 H Neutral 0.30 (89%) Decrease -1.39 Exposed(e)
D303 Exposed(e)
Rs2135901327 v Disease 0.88 (92%) Decrease -0.90 Highly conserved
and exposed (f)
Y304 Buried (b)
N Disease 0.88 (92%) Decrease -1.35 Highly conserved
and buried (s)
Y304 Buried (b)
rs1002196930 H Disease 0.88 (92%) Decrease -0.52 Highly conserved
and buried (s)
Y304 Buried (b)
D Disease 0.88 (92%) Decrease -0.18 Highly conserved
and buried (s)
Y304 Buried (b)
rs2135901349 F Disease 0.81 (89%) Increase 0.16 Highly conserved
and buried (s)

-96 -




RESULTATS ET INTERPRETATION

Buried (b)
rs370880995 1305F Neutral 0.45 (84%) Decrease -1.66 Highly conserved
and buried (s)
1305 Buried (b)
rs2135901367 N Disease 0.88 (92%) Decrease -1.94 Highly conserved
and buried (s)
1305 Buried (b)
1s2038528739 M Disease 0.87 (92%) Decrease -1.43 Highly conserved
and buried (s)
N306 Exposed(e)
1s2135901378 I Disease 0.88 (92%) Increase 1.89 Highly conserved
and exposed ()
N306 Exposed(e)
rs2135901382 K Disease 0.87 (92%) Decrease -0.01 Highly conserved
and exposed (f)
A§FO7 Disease 0.87 (92%) Decrease -0.95 Buried (b)
rs2135901385
Ai)07 Disease 0.87 (92%) Decrease -1.67 Buried (b)
N308 Exposed(e)
rs2135901411 K Disease 0.82 (90%) Increase 0.24 Highly conserved
and exposed (f)
Y327 Exposed(e)
rs1028787542 C Disease 0.85 (91%) Increase 1.04 Highly conserved
and exposed (f)
Buried (b)
rs369430257 1328T | Disease 0.88 (92%) Decrease -1.07 Highly conserved
and buried (s)
G332 Exposed(e)
A Disease 0.86 (91%) Decrease -2.05 Highly conserved
and exposed (f)
G332 Exposed(e)
rs2135901928 D Disease 0.88 (92%) Decrease -2.00 Highly conserved
and exposed (f)
G332 Exposed(e)
v Disease 0.88 (92%) Decrease -1.27 Highly conserved
and exposed (f)
C333 . .
rs2135901940 v Disease 0.71 (86%) Increase 0.23 Buried (b)
L334 Exposed(e)
151592847614 Q Disease 0.86 (91%) Decrease -2.20 Highly conserved
and exposed (f)
T337 Exposed(e)
15964758446 K Disease 0.88 (92%) Decrease -1.76 Highly conserved
and exposed (f)
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T337 Exposed(e)
M Neutral 0.43 (85%) Decrease -0.20 Highly conserved
and exposed (f)
D340 Exposed(e)
rs2135901995 v Disease 0.88 (92%) Increase 0.21 Highly conserved
and exposed (f)
R343 .
rs1373621596 W Disease 0.73 (87%) Decrease -1.11 Exposed(e)
M344 Buried (b)
Rs2135902024 v Disease 0.86 (91% Decrease -1.31 Highly conserved
and buried (s)
M344 Buried (b)
152038533623 I Disease 0.86 (91%) Decrease -1.91 Highly conserved
and buried (s)
Q347 Exposed(e)
rs2038533750 K Disease 0.79 (89%) Decrease -0.98 Highly conserved
and exposed (f)
Q347 Exposed(e)
rs2038533815 R Disease 0.79 (89%) Decrease -1.03 Highly conserved
and exposed (f)
S350 .
152135902093 v Disease 0.86 (91%) Increase 0.04 Exposed(e)
M355 Buried (b)
152038535259 T Disease 0.83 (90%) Decrease -0.37 Highly conserved
and buried (s)
T357 Buried (b)
R Disease 0.83 (90%) Decrease -0.83 Highly conserved
and buried (s)
rs2135902156
T357 Buried (b)
M Disease 0.82 (90%) Decrease 0.42 Highly conserved
and buried (s)
E361 Exposed(e)
rs1337767914 Q Disease 0.83 (90%) Decrease -0.69 Highly conserved
and exposed (f)
P372 Exposed(e)
A Neutral 0.46 (84%) Decrease -1.97 Highly conserved
2135906691 and exposed (0
rs
P372 Exposed(e)
S Disease 0.82 (90%) Decrease -1.63 Highly conserved
and exposed (f)
Y380 .
rs1444455893 C Disease 0.52 (79%) Increase 0.31 Exposed(e)
R413 Exposed(e)
152135912201 G Disease NAN Decrease -1.45 Highly conserved
and exposed (f)
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R413 Exposed(e)
1761510407 K Neutral 0.34 (88%) Decrease -1.30 Highly conserved
and exposed (f)
R413 Exposed(e)
rs1055526692 S Neutral 0.38 (87% Decrease -2.71 Highly conserved
and exposed (f)
V415 .
D Neutral 0.22 (92%) Decrease -1.68 Buried (b)
rs2135912244
V415 o .
G Neutral 0.19 (93%) Decrease -3.32 Buried (b)
H419 Buried (b)
1s2135912294 L Neutral 0.39 (86% Increase 1.08 Highly conserved
and buried (s)
F420 .
rs2135912301 L Neutral 0.32 (89%) Decrease -1.31 Buried (b)
F420 .
rs1203723771 L Neutral 0.32 (89%) Decrease -1.31 Buried (b)
W423 Buried (b)
rs2135912362 C Disease 0.80 (89%) Decrease -1.95 Highly conserved
and buried (s)
Pa24 Exposed(e)
A Disease 0.82 (90%) Decrease -2.04 Highly conserved
and exposed (f)
Pa24 Exposed(e)
rs2135912371 S Disease 0.82 (90%) Decrease -2.10 Highly conserved
and exposed (f)
Pana Exposed(e)
T Disease 0.82 (90%) Decrease -1.81 Highly conserved
and exposed (f)
pa4 Exposed(e)
R Disease 0.82 (90%) Decrease -0.73 Highly conserved
1592852902 and exposed ()
rs
pa24 Exposed(e)
L Disease 0.78 (88%) Decrease -0.69 Highly conserved
and exposed (f)
D425 Exposed(e)
N Neutral 0.46 (84%) Decrease -1.28 Highly conserved
2135912391 and exposed (0
rs
D425 Exposed(e)
H Neutral 0.17 (93%) Decrease -0.32 Highly conserved
and exposed (f)
1426 Exposed(e)
rs2135912403 D Neutral 0.37 (87%) Decrease -0.99 Highly conserved
and exposed (f)
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H426 Exposed(e)
L Neutral 0.42 (85% Increase 0.48 Highly conserved
197505359 and exposed (f)
rs
H426 Exposed(e)
P Neutral 0.42 (85%) Decrease -0.68 Highly conserved
and exposed (f)
G427 Exposed(e)
S Disease 0.88 (92%) Decrease -1.63 Highly conserved
and exposed (f)
G427 Exposed(e)
1s2135912421 R Disease 0.88 (92%) Decrease -1.08 Highly conserved
and exposed ()
G427 Exposed(e)
C Disease 0.88 (92%) Decrease -1.39 Highly conserved
and exposed (f)
G427 Exposed(e)
A Disease 0.88 (92%) Decrease -1.01 Highly conserved
and exposed (f)
G427 Exposed(e)
rs2135912427 v Disease 0.88 (92%) Decrease -0.96 Highly conserved
and exposed (f)
G427 Exposed(e)
M Disease 0.87 (92%) Decrease -1.35 Highly conserved
and exposed (f)
V428 Buried (b)
E Disease 0.84 (90% Decrease -2.31 Highly conserved
and buried (s)
V428 Buried (b)
rs1458141683 A Disease 0.83 (90%) Decrease -2.98 Highly conserved
and buried (s)
V428 Buried (b)
G Disease 0.83 (90%) Decrease -4.10 Highly conserved
and buried (s)
P429 Exposed(e)
A Disease 0.82 (90%) Decrease -2.09 Highly conserved
and exposed (f)
P429 Exposed(e)
1s756647576 S Disease 0.78 (88%) Decrease -1.98 Highly conserved
and exposed (f)
P429 Exposed(e)
T Disease 0.79 (89%) Decrease -2.02 Highly conserved
and exposed (f)
. Exposed(e)
P‘I‘{29 Disease 0.78 (88%) Decrease -1.70 Highly conserved
2135912489 and exposed ()
rs
P429 Exposed(e)
R Disease 0.82 (90%) Decrease -1.13 Highly conserved
and exposed (f)
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P429 Exposed(e)
L Disease 0.82 (90%) Decrease -1.13 Highly conserved
and exposed (f)
D431 .
rs2135912532 G Disease NAN Decrease -0.55 Exposed(e)
P432 Exposed(e)
1s2135912554 H Disease 0.82 (90% Decrease -1.76 Highly conserved
and exposed (f)
P432 Exposed(e)
R Disease 0.82 (90%) Decrease -0.97 Highly conserved
and exposed ()
152135912563 Gf;;’ 3| Discase | 0.87(91%) | Decrease | -1.35 Exposed(e)
V435 Buried (b)
E Neutral 0.12 (95%) Decrease -2.28 Highly conserved
and buried (s)
V435 Buried (b)
rs2135912616 A Neutral 0.30 (89%) Decrease -2.36 Highly conserved
and buried (s)
V435 Buried (b)
G Disease 0.54 (80%) Decrease -4.38 Highly conserved
and buried (s)
1436 Buried (b)
rs2135912630 v Disease 0.67 (85%) Decrease -1.52 Highly conserved
and buried (s)
1436 Buried (b)
P Disease NAN Decrease -2.48 Highly conserved
and buried (s)
rs2135912636
L436 Buried (b)
Q Disease 0.79 (89%) Decrease -2.22 Highly conserved
and buried (s)
ng Disease 0.84 (90%) Decrease -1.47 Buried (b)
rs2135912692
in)39 Disease 0.79 (89%) Decrease -0.74 Buried (b)
V?;Z Disease 0.82 (90%) Decrease -1.53 Buried (b)
rs2135912731
Végl2 Disease 0.82 (90%) Decrease -3.06 Buried (b)
G453 Buried (b)
151464947249 R Neutral 0.45 (84%) Decrease -0.15 Highly conserved
and buried (s)
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Pasa Exposed(e)
A Neutral 0.10 (96%) Decrease -2.04 Highly conserved
2135912909 and exposed (O
rs
P4s4 Exposed(e)
T Neutral 0.07 (96%) Decrease -1.30 Highly conserved
and exposed (f)
Pas4 Exposed(e)
51566185599 R Neutral 0.06 (97%) Decrease -1.22 Highly conserved
and exposed (f)
Pas4 Exposed(e)
L Neutral 0.11 (95%) Decrease -0.33 Highly conserved
and exposed ()
Pas4 Exposed(e)
Q Neutral 0.03 (98%) Decrease -1.81 Highly conserved
and exposed (f)
V?)SS Disease NAN Decrease -0.99 Buried (b)
rs2135912932
V?}SS Neutral 0.35 (88%) Decrease -4.13 Buried (b)
12135912949 V‘(‘}% Discase | 0.52(79%) | Decrease | -3.56 Buried (b)
V457 Buried (b)
L Disease 0.86 (91%) Decrease -0.61 Highly conserved
2135912962 and buried (s)
rs
V457 Buried (b)
M Disease 0.83 (90%) Decrease -1.93 Highly conserved
and buried (s)
V457 Buried (b)
E Disease 0.70 (86% Decrease -1.84 Highly conserved
and buried (s)
V457 Buried (b)
rs1592853023 A Disease 0.68 (85%) Decrease -2.09 Highly conserved
and buried (s)
V457 Buried (b)
G Disease NAN Decrease -4.58 Highly conserved
and buried (s)
H458 Buried (b)
rs2135912990 N Disease 0.87 (92%) Decrease -1.93 Highly conserved
and buried (s)
1458 Buried (b)
P Disease NAN Decrease -0.54 Highly conserved
2135912996 and buried
rs
1458 Buried (b)
L Disease 0.88 (92%) Increase 0.56 Highly conserved
and buried (s)
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H458 . . Buried (b)
1s727504393 Q Disease 0.87 (92%) Decrease -1.42 Highly conserved
and buried (s)
C459 . Buried (b)
rs2135913003 S Neutral 0.45 (84% Decrease -1.48 Highly conserved
and buried (s)
C459 . . Buried (b)
rs2135913006 v Disease 0.76 (88%) Decrease -0.77 Highly conserved
and buried (s)
460 . . Buried (b)
1s2135913017 N Disease 0.85 (91%) Decrease 0.12 Highly conserved
and buried (s)
3460 . . Buried (b)
152135914904 R Disease 0.85 (91%) Decrease -1.24 Highly conserved
and buried (s)
A461 . Buried (b)
T Neutral 0.42 (85%) Decrease -0.48 Highly conserved
and buried (s)
A461 . . Buried (b)
rs121918468 P Disease 0.82 (90%) Decrease -0.81 Highly conserved
and buried (s)
A461 . . . Buried (b)
S Disease 0.73 (87% Decrease -0.55 Highly conserved
and buried (s)
A461 . . Buried (b)
G Disease 0.86 (91%) Decrease -1.31 Highly conserved
and buried (s)
rs397509344
A461 . . Buried (b)
v Disease NAN Decrease -0.41 Highly conserved
and buried (s)
1463 . . Buried (b)
N Disease 0.88 (92%) Decrease -1.08 Highly conserved
and buried (s)
rs2135914936
Buried (b)
1463S | Disease 0.87 (92%) Decrease -2.56 Highly conserved
and buried (s)
G464 ' ' Buried (b)
S Disease NAN Decrease -1.16 Highly conserved
and buried (s)
rs2135914949 .
G464 ' . ' Buried (b)
C Disease 0.87 (92%) Decrease -1.56 Highly conserved
and buried (s)
G464 . . Buried (b)
D Disease 0.87 (92%) Decrease -0.83 Highly conserved
and buried (s)
rs121918469
G464 . . . Buried (b)
A Disease 0.86 (91% Decrease -1.58 Highly conserved
and buried (s)
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G464 Buried (b)
v Disease 0.88 (92%) Decrease -1.38 Highly conserved
and buried (s)
R465 Exposed(e)
G Disease 0.87 (92%) Decrease -0.77 Highly conserved
2135914973 and exposed ()
rs
R465 Exposed(e)
W Disease 0.88 (92%) Decrease -0.75 Highly conserved
and exposed (f)
R465 Exposed(e)
P Disease 0.87 (92%) Decrease -1.11 Highly conserved
and exposed ()
R465 Exposed(e)
152135914981 L Disease 0.88 (92%) Decrease -0.38 Highly conserved
and exposed (f)
R465 Exposed(e)
Disease 0.87 (92%) Decrease -1.16 Highly conserved
Q and exposed (f)
T466 Buried (b)
R Disease 0.88 (92%) Decrease -1.05 Highly conserved
213591500 and buried (s)
rs
Buried (b)
T4661 | Disease 0.87 (91%) Decrease -1.42 Highly conserved
and buried (s)
G467 Buried (b)
rs2135915013 R Disease 0.72 (86%) Decrease -2.52 Highly conserved
and buried (s)
G467 Buried (b)
E Disease 0.84 (90%) Decrease -1.22 Highly conserved
and buried (s)
G467 Buried (b)
rs2135915021 A Neutral 0.31 (89%) Decrease -2.56 Highly conserved
and buried (s)
G467 Buried (b)
v Neutral 0.29 (90%) Decrease -2.61 Highly conserved
and buried (s)
T468 Buried (b)
rs397507537 P Disease 0.87 (92%) Decrease -2.65 Highly conserved
and buried (s)
T468 Buried (b)
K Disease 0.88 (92%) Decrease -1.65 Highly conserved
and buried (s)
T468 Buried (b)
rs121918457 R Disease 0.88 (92%) Decrease -1.11 Highly conserved
and buried (s)
T468 Buried (b)
M Disease 0.87 (91%) Decrease -0.35 Highly conserved
and buried (s)
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Féé69 Disease 0.88 (92%) Decrease -0.81 Buried (b)
rs2135915057
F4S69 Disease 0.88 (92%) Decrease -1.01 Buried (b)
1470F Disease 0.88 (92%) Decrease -1.94 Buried (b)
1s779978269
1470S | Neutral | 041(86%) | Decrease | -1.47 Buried (b)
12135915085 V‘gl Disease 0.88 (92%) Decrease -1.29 Buried (b)
152135915099 | 1472F | Disease 0.83 (90%) Decrease -1.53 Buried (b)
D473 Buried (b)
rs2135915103 N Disease 0.86 (91%) Decrease -1.36 Highly conserved
and buried (s)
D473 Buried (b)
0 Disease 0.85 (91%) Decrease -0.98 Highly conserved
and buried (s)
D473 Buried (b)
rs2135915109 v Disease 0.81 (89%) Decrease -1.35 Highly conserved
and buried (s)
rs2135915119 L‘gs Disease 0.80 (89%) Decrease -0.45 Buried (b)
12135915126 L411{75 Disease 0.84 (90%) Decrease -1.17 Buried (b)
152135915183 | 1479F | Neutral 0.42 (86%) Decrease 134 Buried (b)
rs1555270590 | 1479T | Neutral 0.19 (92%) Decrease -1.04 Buried (b)
1488 Buried (b)
152135916101 N Neutral 0.43 (85%) Decrease -1.10 Highly conserved
and buried (s)
D489 Exposed(e)
152135916108 H Neutral 0.40 (86%) Decrease -1.50 Highly conserved
and exposed (f)
D489 Exposed(e)
rs2135916113 G Disease 0.54 (80%) Decrease -0.98 Highly conserved
and exposed (f)
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D489 Exposed(e)
A Disease 0.52 (79%) Decrease -1.29 Highly conserved
and exposed (f)
D489 Exposed(e)
vV Disease 0.54 (80%) Decrease -1.20 Highly conserved
and exposed (f)
D489 Exposed(e)
1s539373294 E Neutral 0.37 (87% Decrease -0.67 Highly conserved
and exposed (f)
rs2135916129 V‘go Neutral | 0.46 (84%) | Decrease | -1.25 Buried (b)
152135916159 K‘?Z Disease NAN Decrease | -0.15 Exposed(e)
Buried (b)
rs2135916177 1494F | Disease 0.64 (84%) Decrease -1.85 Highly conserved
and buried (s)
1494 Buried (b)
rs2135916182 N Disease 0.84 (90%) Decrease -2.00 Highly conserved
and buried (s)
V497 Buried (b)
rs2135916222 E Disease 0.75 (87%) Decrease -0.76 Highly conserved
and buried (s)
R498 Exposed(e)
G Disease 0.79 (89% Decrease -1.50 Highly conserved
397507541 and exposed (B
rs
R498 Exposed(e)
W Disease 0.76 (88%) Increase 0.03 Highly conserved
and exposed (f)
R498 Exposed(e)
Q Disease 0.79 (89% Decrease -1.14 Highly conserved
and exposed (f)
R498 Exposed(e)
rs397507542 P Disease 0.79 (89%) Decrease -1.17 Highly conserved
and exposed (f)
R498 Exposed(e)
L Neutral 0.25 (91%) Decrease -0.04 Highly conserved
and exposed (f)
11264992160 5299 Neutral | 0.27(90%) | Decrease | -0.12 Exposed(e)
Q500 Exposed(e)
152038714548 E Neutral 0.26 (90%) Increase 0.48 Highly conserved
and exposed (f)
Q500 Exposed(e)
rs1173984843 P Disease 0.66 (85%) Decrease -0.71 Highly conserved
and exposed (f)
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Q500 . Exposed(e)
L Neutral 0.21 (92%) Increase 1.31 Highly conserved
and exposed (f)
R501 . \ . Exposed(e)
G Disease 0.76 (88%) Decrease -0.81 Highly conserved
and exposed (f)
rs2135916280
R501 . . Exposed(e)
W Disease 0.76 (88%) Increase 0.81 Highly conserved
and exposed (f)
R501 . . Exposed(e)
1s397507543 K Disease 0.76 (88%) Decrease -0.53 Highly conserved
and exposed ()
R501 . . Exposed(e)
rs2135916295 S Disease 0.75 (87%) Decrease -1.47 Highly conserved
and exposed (f)
M504 . . Buried (b)
rs397507547 v Disease 0.86 (91%) Increase 0.06 Highly conserved
and buried (s)
M504 . . Buried (b)
rs2038715043 T Disease 0.82 (90% Decrease -0.27 Highly conserved
and buried (s)
M504 . . Buried (b)
rs1379175668 I Disease 0.85 (91%) Increase 0.24 Highly conserved
and buried (s)
V505 . . Buried (b)
rs2135916370 L Disease 0.88 (92%) Increase 1.29 Highly conserved
and buried (s)
V505 . . Buried (b)
F Disease 0.88 (92%) Decrease -0.62 Highly conserved
and buried (s)
V505 . . Buried (b)
rs2135916378 G Disease 0.88 (92%) Decrease -3.17 Highly conserved
and buried (s)
Q506 ' . Exposed(e)
E Disease 0.75 (87%) Decrease -0.31 Highly conserved
and exposed (f)
p
rs387907157
Q506 ' ' Exposed(e)
K Disease 0.73 (87%) Decrease -0.91 Highly conserved
and exposed (f)
Q506 ' Exposed(e)
L Neutral 0.43 (85%) Increase 0.77 Highly conserved
and exposed (f)
1s397507548
Q506 . . Exposed(e)
P Neutral 0.19 (93%) Decrease -0.81 Highly conserved
and exposed (f)
Q506 . Exposed(e)
rs2135916416 u Neutral 0.20 (92%) Decrease -1.32 Highly conserved
and exposed (f)
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T507 Exposed(e)
rs2135916423 S Neutral 0.34 (88%) Decrease -0.35 Highly conserved
and exposed (f)
T507 Exposed(e)
K Disease 0.66 (84%) Decrease -0.72 Highly conserved
and exposed (f)
T507 Exposed(e)
1s886039463 R Disease 0.66 (84%) Increase 0.58 Highly conserved
and exposed (f)
Exposed(e)
T5071 | Disease 0.84 (90%) Increase 0.01 Highly conserved
and exposed ()
Q510 Exposed(e)
B Disease 0.87 (92% Decrease -0.56 Highly conserved
397507549 and exposed (f)
rs
Q510 Exposed(e)
K Disease 0.87 (92%) Decrease -0.82 Highly conserved
and exposed (f)
Q510 Exposed(e)
P Disease 0.86 (91%) Decrease -1.28 Highly conserved
and exposed (f)
Q510 Exposed(e)
rs121918470 R Disease 0.87 (92%) Decrease -1.46 Highly conserved
and exposed (f)
Q510 Exposed(e)
L Disease 0.88 (92%) Increase 0.87 Highly conserved
and exposed (f)
Q510 Exposed(e)
rs397507550 H Disease 0.86 (91%) Decrease -1.64 Highly conserved
and exposed (f)
Y511 . .
D Disease 0.87 (92%) Increase 0.02 Buried (b)
rs2135916494
Y511 . .
N Disease 0.78 (88%) Decrease -0.21 Buried (b)
Y511 . .
rs2135916500 C Disease 0.86 (91% Increase 1.61 Buried (b)
Buried (b)
F5131 Disease 0.74 (87%) Decrease -0.30 Highly conserved
5135916525 and buried (s)
rs
Buried (b)
FSVI 3 Neutral (24‘(‘)/6) Decrease -2.16 Highly conserved
0 and buried (s)
F513 Buried (b)
152135916528 C Neutral 0.19 (92%) Decrease -1.15 Highly conserved
and buried (s)
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rs2135916538 | IS14F | Discase | 0.88(92%) | Decrease | -1.13 Buried (b)

Y515 Buried (b)
rs2135916545 N Disease 0.88 (92%) Decrease -0.18 Highly conserved

and buried (s)

1s2135916583 Ai)” Disease 0.86 (91%) Decrease -0.88 Buried (b)

Ai:” Disease 0.86 (91%) Decrease -1.15 Buried (b)
152135916587

Ai}” Disease 0.86 (91%) Decrease -1.47 Buried (b)
Rs1488010874 | V% | Discase | 0.80(89%) | Decreasc | -0.84 Buried (b)
151592854657 VSGl 8| Discase | 0.81(89%) Decrease | -2.30 Buried (b)
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| | |

Exploration des

nsSNP déléteres
' ' '

Domains 35
fonctionnels
nsSNP a haut -
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La stabilité des
protéines

4_94_

La conservation
évolutive des
protéines

13 36 176

Figure : résultats
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Discussion :

SIRPa, ou Signal Regulatory Protein Alpha, est une protéine transmembranaire appartenant a
la famille des immunoglobulines (Barclay & Brown, 2006). Elle est principalement exprimée
sur les cellules myéloides telles que les macrophages, les cellules dendritiques et les
granulocytes. SIRPa joue plusieurs roles biologiques, notamment dans la régulation

immunitaire, I'noméostasie cellulaire et I'immunothérapie (Van Beek et al., 2005).

SHP1 (PTPNG) est essentiellement exprimée dans les cellules hématopoiétiques, elle module
les réponses immunitaires et inflammatoires en désactivant divers récepteurs de signalisation
(Lorenz, 2009). Une activité réduite de SHP1 est associée a des maladies auto-immunes et a
certains cancers, en raison d'une régulation inadéquate des signaux de croissance et de survie

cellulaire (Scapini et al., 2009).

SHP2 (PTPN11) est ubiquitaire et exprimée dans de nombreux types cellulaires, et agit souvent
comme un régulateur positif de la signalisation des récepteurs de croissance et de
différenciation, spécialement dans les voies MAPK/ERK (Lorenz, 2009). Des mutations
activatrices de SHP2 sont liées au syndrome de Noonan et a certaines leucémies, tandis que son
dysfonctionnement est impliqué dans diverses maladies développementales et cancers (Sharma
et al., 2016).

Dans cette étude, nous avons identifié les nsSSNPs a haut risque pathogéne dans les protéines
SIRPa, SHP1 et SHP2 en utilisant une approche in silico. Pour obtenir des résultats, il etait

nécessaire de passer par les étapes suivantes :

1. Identifier les mutations spécifiques de SIRPa, SHP1 et SHP2 a analyser.
2. Soumettre les mutations aux quatre logiciels (SIFT, POLYPHEN, PROVEAN,

PANTHER) pour obtenir des prédictions sur leur impact fonctionnel.

Un total de 523 SNPs ont été extraits de la base de données dbSNP du NCBI pour le gene SIRPa
et 486 pour le géne SHP1, et 1419 pour le gene SHP2.

Nous avons finalement sélectionné les nsSNPs fortement déléteres : 23 pour SIRPa, 77 pour
SHP1 et 472 pour SHP2. Ces nsSNPs délétéres ont été sélectionnés sur la base des scores de

prédiction généreés par ces quatre outils. Nous avons également déterminé la localisation de ces
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nsSNPs sur différents domaines des protéines étudiées : 22 nsSNPs dans différents domaines
de SIRPa, 60 dans ceux de SHP1 et 352 dans ceux de SHP2.

Les logiciels PMUT et I-Mutant offrent une vue d'ensemble des structures fonctionnelles, des
effets potentiels des mutations et des implications sur la stabilité et la fonction des protéines.
Ces informations sont essentielles pour comprendre les mécanismes moléculaires sous-jacents

a diverses pathologies et peuvent guider le developpement de thérapies ciblées.

Les nsSNPs délétéres qui ont été sélectionnés ont ensuite ét¢ soumis a 1’outil PMut pour
déterminer le score de probabilité et 1’état de prédiction de la protéine. Parmi ces SNPs, il y a

17 nsSNPs pour SIRP alpha, 58 pour shpl et 292 pour shp2, tous présentant un haut risque.

La stabilité des protéines joue un réle crucial dans I'évaluation de leur activité biologique et de
leur fonctionnalité (Michael Gromiha, 2010). Les résultats de I-Mutant ont révélé que 15
nsSNP diminuaient la stabilité dans le SIRP alpha, 46 dans le shpl et 201 dans le shp2.

La méthode ConSurf a été employée pour évaluer I'évolution conservatrice des résidus
protéiques. La préservation d'un acide aminé au fil de I'évolution refléte sa propension
intrinséque a la mutation. On peut inférer que les mutations affectant les acides aminés
hautement conservés et exposés sont susceptibles d'avoir les effets les plus néfastes
(Ashkenazy et al., 2016). En a étudier I'évolution des protéines et en identifiant les régions les
plus importantes ou conservées, on compte 13 nsSNPs pour SIRP alpha, 34 pour shpl et 176

pour shp2.

Parmi ces SNPs, il y a 509 nsSNPs pour SIRPa, 405 nsSNPs pour SHP1, Les deux résidus
tyrosine situés a l'extrémité C-terminale de la protéine SHP-1, Y536 et Y564, subissent une
phosphorylation en réponse a divers stimuli, ce qui modifie I'activité et la fonction de la protéine
(Yang et al., 2003). Ces resultats ont été observes et rapportés dans ces études, en a trouve
Y536C et Y564S les deux sont délétéres.

1384 nsSNPs pour SHP2, par apport a les résultats de Yang et al Une cystéine hautement
réactive, Cys-459, située dans le motif de signature conserve du domaine catalytique PTP, joue
un role catalytique crucial (Yang et al. 2003), en a trouvé deux cystéine C459Y et C459S.

Nous avons identifié des variations potentiellement déléteres dans ces protéines. Ces variations

pourraient aider a développer des traitements plus ciblés pour plusieurs maladies.
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Conclusion et perspectives

V. Conclusion et perspectives

L'étude in silico des SNPs présents dans les génes SIRPa et SHP1/SHP2 permet d'approfondir
notre compréhension sur leurs conséquences fonctionnelles et de leurs liens avec des maladies.
Selon cette étude, il est possible que differents SNP non synonymes perturbent la fonction des
protéines SIRPa et SHP1/SHP2. Ces nsSNPs peuvent étre percus comme des éléments-clés
dans la pathogenése de maladies comme le cancer.

Sur I'ensemble des outils bio-informatiques utilisés dans cette étude, 23 SNPs du géne SIRPa
et 77 SNPs du géne SHP1 et 472SNPs du géne SHP2 ont été identifiés comme des pathogéenes
a haut risque, avec 13 nsSNPs SIRPa et 34 nsSNPs SHP1 et 176 nsSNP SHP2.

Il est néanmoins crucial de vérifier ces prédictions a travers des études expérimentales afin de
confirmer leur validité clinique. Les résultats de cette étude sont supposés servir de fondement
a de futures études expérimentales et in silico.

Nos résultats serviront de base pour d'autres analyses structurelles visant a prédire I’effets de
ces variations sur les modifications post traductionnelles 1’interaction entre SIRPa et CD47

ainsi gque la signalisation engendrée par cette intéraction.
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rs1312698186 E2D Tolerated | 0.20 Probably 0.999 Neutral -0.937 Probably 0.02
damaging benign
rs1260136939 P3S Deleteriou | 0.00 Probably 1 Neutral -1.326 Probably 0.02
s damaging benign
A4S Deleteriou | 0.00 Probably 0.779 Neutral -0.357 Probably 0.02
rs1356963795 s damaging benign
A4T Deleteriou | 0.00 Benign 0.326 Neutral -0.678 Probably 0.02
s benign
rs1210518049 G5S Tolerated | 0.42 Probably 0.572 Neutral -0.254 Probably 0.02
damaging benign
G5V Tolerated | 0.30 | Probably 0.982 Neutral -1.059 Probably 0.02
151292048669 damaging benign
G5A Tolerated | 0.63 Possibly 0.793 Neutral -0.405 Probably 0.02
damaging benign
rs1198921779 P6R Deleteriou | 0.02 Probably 0.993 Neutral -2.338 Probably 0.02
s damaging benign
15755781590 ATV Deleteriou | 0.00 Possibly 0.793 Neutral -1.089 Probably 0.02
s damaging benign
rs1001882194 P8L Tolerated 1.00 Benign 0.200 Neutral -2.210 Probably 0.02
benign
rs1983737960 G9D Tolerated | 0.09 | Probably 0.999 Neutral -1.517 Probably 0.02
Damaging benign
rs1983738163 RI10H | Deleteriou | 0.00 Benign 0.059 Neutral -0.317 Probably 0.02
S benign
GI2R Tolerated | 0.84 Benign 0.205 Neutral -1.815 Probably 0.02
rs1458812035 benign
GI12T Tolerated | 0.48 Possibly 0.928 Neutral -1.147 Probably 0.02
Damaging benign
151983739356 P13S Tolerated | 0.07 Bening 0.123 Neutral -2.162 Probably 0.02
benign
rs1983739891 L14vV Tolerated | 0.24 Probably 0.999 Neutral -0.824 Probably 0.02
Damaging benign
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rs1983740096 L15F Tolerated | 0.15 Bening 0.331 Neutral -0.767 Probably 0.02
benign
152122926796 L15R | Deleteriou | 0.03 Probably 0.997 Neutral -1.891 Probably 0.02
s Damaging benign
rs1983741650 A21T Tolerated | 0.20 Bening 0.213 Neutral -0.531 Probably 0.02
benign
rs1983742314 A24T Tolerated | 0.52 Bening 0.216 Neutral -0.498 Probably 0.02
benign
rs1983742530 S26T Tolerated | 0.89 Bening 0.001 Neutral 1.056 Probably 0.02
benign
rs555038801 G27E | Deleteriou | 0.02 Probably 0.996 | Deleteriou | -2.878 Probably 0.78
s Damaging s damaging
rs1985160073 | V28M Tolerated | 0.12 Possibly 0.904 Neutral -1.611- Probably 0.02
Damaging benign
rs867616851 A29S Tolerated | 0.40 Possibly 0.850 Neutral -1.377 Probably 0.19
Damaging benign
A29G Tolerated | 0.06 Benign 0.083 Neutral -2.105 Probably 0.19
rs573686249 benign
A29V Tolerated | 0.06 Possibly 0.820 Neutral -2.396 Probably 0.19
Damaging benign
rs768204721 E31G Tolerated | 0.11 Benign 0.002 Deleteriou | -3.621 Probably 0.02
s benign
E32V Tolerated | 0.06 Benign 0.001 Deleteriou | -2.794 Probably 0.02
s benign
15756630350
E32G Tolerated | 0.20 Benign 0.004 Neutral -2.433 Probably 0.02
benign
rs754109100 E32D Tolerated | 0.46 Benign 0.000 Neutral -1.438 Probably 0.02
benign
1s755247899 E33G | Deleteriou | 0.01 Benign 0.065 Deleteriou | -3.276 Probably 0.78
S s benign
rs1405279962 Q35R Tolerated 1 Benign 0.014 | Deleteriou | -2.643 Probably 0.02
s benign
rs778976139 V36G | Deleteriou | 0.00 Possibly 0.938 Deleteriou | -6.400 Probably 0.27
s Damaging s benign
rs1367486973 137V Tolerated | 0.89 Benign 0.093 Neutral 0.582 Probably 0.19
benign
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Q38H | Deleteriou | 0.03 Probably 1.000 Deleteriou | -4.801 Probably 0.78
rs1380579047 s Damaging s damaging
rs1295193905 | D40N Tolerated | 0.05 Benign 0.106 Neutral -2.174 Probably 0.02
benign

rs1312987697 | D40V | Deleteriou | 0.03 Benign 0.006 | Deleteriou 4.209 Probably 0.02
s s benign

rs1349896458 D40E Tolerated 1 Benign 0.000 Neutral 1.364 Probably 0.02
benign

rs748264325 K41R Tolerated | 0.36 Benign 0.002 Neutral -1.067 Probably 0.19
benign

rs1323485349 | V43M | Deleteriou | 0.01 Probably 0.999 Neutral -2.145 Probably 0.78

s Damaging damaging

L44S Tolerated | 0.72 Benign 0.017 Neutral 2.888 Probably 0.02
benign

15143735290 L44W | Deleteriou | 0.03 Benign 0.079 Neutral -1.970 Probably 0.02
s benign

L44F Tolerated | 0.59 Benign 0.003 Neutral -0.662 Probably 0.02

benign

A46S Tolerated | 0.31 Benign 0.001 Neutral -2.042 Probably 0.02

benign
15775380062
A46T Tolerated | 0.37 Benign 0.006 Neutral -2.081 Probably 0.02
benign
rs768395547 A46V Tolerated | 0.41 Benign 0.013 Deleteriou | -2.733 Probably 0.02
s benign
rs761467146 A47S Tolerated | 0.11 Benign 0.025 Neutral -2.085 Probably 0.19
benign

A47V Tolerated | 0.75 Benign 0.076 | Deleteriou | -2.907 Probably 0.19

s benign
rs767147511

A47D Tolerated | 0.06 Benign 0.281 Deleteriou | -4.232 Probably 0.19

S benign
G48A | Deleteriou | 0.00 Probably 0.998 Deleteriou | -5.777 Probably 0.78
s Damaging s damaging
rs766744865

G48E | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -7.703 Probably 0.78

s Damaging s damaging
1s755263241 E49K Tolerated | 0.38 Benign 0.026 | Deleteriou | -2.951 Probably 0.02
S benign
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E49V Tolerated | 0.10 Possibly 0.673 Deleteriou | -5.559 Probably 0.02
rs765505924 Damaging s benign
E49A Tolerated | 0.33 Possibly 0.723 Deleteriou | -4.635 Probably 0.02
Damaging s benign
rs758551564 E49D Tolerated | 0.74 Benign 0.003 Neutral -1.617 Probably 0.02
benign
T50A | Deleteriou | 0.04 Benign 0.000 | Deleteriou | -2.558 Probably 0.02
s S benign
1517855609
T50S Tolerated | 0.55 Benign 0.000 Neutral -1.920 Probably 0.02
benign
rs756128180 T501 Deleteriou | 0.01 Benign 0.041 Deleteriou | -4.184 Probably 0.02
s s benign
AS51S Deleteriou | 0.02 Benign 0.194 Neutral -2.325 Probably 0.02
s benign
rs768322199
ASIT Tolerated | 0.25 Benign 0.232 | Deleteriou | -2.547 Probably 0.02
s benign
A51D | Deleteriou | 0.01 Probably 0.979 | Deleteriou | -4.770 Probably 0.02
s Damaging s benign
rs747805113
AS1V Tolerated | 0.65 Benign 0.109 Neutral -1.844 Probably 0.02
benign
T52A Tolerated 1 Benign 0.012 Deleteriou | -3.974 Probably 0.02
rs772867783 s benign
T52P Deleteriou | 0.03 Possibly 0.820 | Deleteriou | -5.180 Probably 0.02
S Damaging S benign
T52S Tolerated | 0.21 Possibly 0.459 | Deleteriou | -3.411 Probably 0.02
rs17855610 Damaging s benign
T521 Tolerated | 0.69 Benign 0.050 | Deleteriou | -4.532 Probably 0.02
s benign
L53M | Deleteriou | 0.02 Probably 1.000 Neutral -1.926 Probably 0.78
s Damaging damaging
15776996791
L53V | Deleteriou | 0.02 Probably 0.992 Deleteriou | -2.889 Probably 0.78
s Damaging s damaging
R54S Tolerated | 0.78 Benign 0.343 Neutral -1.556 Probably 0.02
rs758642581 benign
R54G Tolerated | 0.36 Possibly 0.950 Deleteriou | -2.623 Probably 0.02
Damaging s benign
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R54H Tolerated | 0.34 Benign 0.010 Neutral 1.028 Probably 0.02
benign
1517855611
R54P Tolerated | 0.26 Benign 0.109 | Deleteriou | -2.794 Probably 0.02
s benign
Deleteriou | -9.629 Probably
C55S Deleteriou | 0.00 Probably 1.000 s damaging 0.78
s Damaging
15780096272 [ C55R | Deleteriou | 0.00 | Probably | 1.000 | Deleteriou | -11.554 | Probably | 0.78
s Damaging S damaging
C55G | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -11.554 Probably 0.78
s Damaging s damaging
C55F Deleteriou | 0.00 Probably 1.000 | Deleteriou | -10.591 Probably 0.78
s Damaging s damaging
1s754894636
C55Y | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -10.591 Probably 0.78
s Damaging s damaging
rs778881054 C55W | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -10.591 Probably 0.78
s Damaging s damaging
rs771896459 T56P Tolerated | 0.23 Probably 0.989 | Deleteriou | -5.186 Probably 0.78
Damaging s damaging
TS6N Tolerated | 0.38 Benign 0.082 Deleteriou | -4.353 Probably 0.78
s damaging
rs772964158
T561 Tolerated | 0.25 Possibly 0.623 Deleteriou | -4.911 Probably 0.78
Damaging s damaging
AS57S Tolerated | 0.12 Benign 0.000 Neutral -1.597 Probably 0.02
15776144552 benign
ASTT Tolerated | 0.71 Benign 0.039 Neutral -0.443 Probably 0.02
benign
ASTE | Deleteriou | 0.03 Possibly 0.517 Neutral -2.181 Probably 0.02
rs17855612 s Damaging benign
AS5TV Tolerated 1 Benign 0.001 Neutral 2.308 Probably 0.02
benign
15763275466 T58S Tolerated | 0.56 Benign 0.118 Deleteriou | -2.710 Probably 0.27
s benign
T58S Tolerated | 0.56 Benign 0.018 Deleteriou | -2.710 Probably 0.27
s benign
15764367971 [ T58N | Tolerated | 0.27 | Benign | 0.183 | Deleteriou | -3.631 Probably | 0.27
S benign
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T581 Tolerated | 0.07 Possibly 0.946 Deleteriou | -5.164 Probably 0.27
Damaging s benign
S59F Deleteriou | 0.00 | Probably 0.964 | Deleteriou | -4.957 Probably 0.19
s Damaging ] benign
1s767499863
S59Y | Deleteriou | 0.01 Possibly 0.883 Deleteriou | -4.954 Probably 0.19
s Damaging s benign
rs778969033 I61L Tolerated | 0.88 Benign 0.000 Neutral 0.303 Probably 0.02
benign
161N Tolerated | 0.62 Benign 0.038 | Deleteriou | -2.755 Probably 0.02
rs1371837011 s benign
I61T Tolerated | 0.86 Benign 0.021 Neutral -1.625 Probably 0.02
benign
G64A Tolerated | 0.20 Probably 0.999 | Deleteriou | -5.874 Probably 0.78
151334752212 Damaging s damaging
rs752578636 P65S Tolerated | 0.08 Probably 0.987 Deleteriou | -6.510 Probably 0.78
Damaging s damaging
rs1985183617 P65H Tolerated | 0.12 Probably 1.000 | Deleteriou | -7.622 Probably 0.78
Damaging s damaging
rs1314024858 | Q67H Tolerated | 0.21 Possibly 0.630 Neutral -2.329 Probably 0.02
Damaging benign
rs758259237 R70G Tolerated | 0.07 Probably 0.997 Deleteriou | -5.736 Probably 0.19
Damaging s benign
rs571746929 R70T Tolerated 1 Probably 0.996 | Deleteriou | -4.756 Probably 0.19
Damaging s benign
rs2123095508 G71R Tolerated | 0.05 Probably 0.996 | Deleteriou | -7.836 Probably 0.78
Damaging s damaging
rs1985184720 A72P Tolerated | 0.23 Possibly 0.485 Neutral -1.541 Probably 0.02
Damaging benign
AT2V Tolerated | 0.43 Benign 0.004 Neutral -0.483 Probably 0.02
rs143351148 benign
A72G Tolerated | 0.31 Benign 0.210 Neutral -1.895 Probably 0.02
benign
P74A Tolerated 0.38 Benign 0.018 Deleteriou -4.954 Probably 0.02
rs539268857 s benign
P74S Tolerated | 0.37 Benign 0.152 Deleteriou | -4.596 Probably 0.02
S benign
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rs1985185911 P74L Tolerated | 0.16 Benign 0.084 | Deleteriou | -6.575 Probably 0.02
s benign
1s2123095652 G758 Tolerated | 0.56 Benign 0.002 Neutral -1.434 Probably 0.02
benign
G75A Tolerated | 0.63 Benign 0.001 Neutral -2.183 Probably 0.02
rs1057114 benign
G75D Tolerated | 0.20 Benign 0.003 Neutral -1.507 Probably 0.02
benign
rs775972376 R76W | Deleteriou | 0.00 Probably 0.999 | Deleteriou | -7.523 Probably 0.78
s Damaging s damaging
rs1370042282 R76Q Tolerated | 0.22 Probably 1.000 | Deleteriou | -3.511 Probably 0.78
Damaging s damaging
rs1182420620 E77K Tolerated | 0.83 Benign 0.001 Neutral -2.192 Probably 0.02
benign
rs1446582576 179M | Deleteriou | 0.02 Probably 0.998 Deleteriou | -2.795 Probably 0.78
s Damaging s damaging
rs1985188222 Y80C | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -8.282 Probably 0.78
s Damaging s damaging
rs1250110733 G85S Tolerated | 0.78 Benign 0.035 | Deleteriou | -3.387 Probably 0.02
s benign
rs140361473 R89W | Deleteriou | 0.01 Probably 1.000 | Deleteriou | -7.550 Probably 0.78
s Damaging s damaging
rs1441903737 R89Q Tolerated | 0.12 Probably 0.999 | Deleteriou | -3.454 Probably 0.78
Damaging s damaging
rs767728473 V901 Tolerated | 0.52 Benign 0.009 Neutral -0.548 Probably 0.02
benign
rs1296766988 T91A Tolerated | 0.57 Probably 0.978 Deleteriou | -4.175 Probably 0.19
Damaging s benign
Probably Deleteriou | -5.716 Probably 0.78
rs1342463990 | V93G | Deleteriou | 0.01 | Damaging | 0.999 s damaging
s
rs138283486 D95E Tolerated | 0.33 Possibly 0.564 | Deleteriou | -3.513 Probably 0.27
Damaging s benign
L96F Tolerated | 0.66 Benign 0.003 Neutral -0.485 Probably 0.02
rs149634649 benign
Lo6l Tolerated | 0.44 Benign 0.003 Neutral -0.005 Probably 0.02
benign
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L96P Tolerated | 0.21 Benign 0.038 Neutral 0.531 Probably 0.02
benign
rs146163282
L96R Tolerated | 0.37 Benign 0.091 Neutral 0.089 Probably 0.02
benign
L96H Tolerated | 0.51 Possibly 0.531 Neutral 0.558 Probably 0.02
Damaging benign
T971 Tolerated | 0.21 Probably 0.998 Deleteriou | -5.078 Probably 0.27
15752664719 Damaging S benign
K98N Tolerated | 0.05 Benign 0.440 | Deleteriou | -3.332 Probably 0.02
S benign
rs17855613 N100D | Tolerated | 0.18 Benign 0.008 Deleteriou | -2.864 Probably 0.02
s benign
N100S | Tolerated | 0.59 Benign 0.032 Deleteriou | -3.139 Probably 0.02
151403798207 s benign
N100I | Deleteriou | 0.04 Possibly 0.584 | Deleteriou | -7.006 Probably 0.02
s Damaging s benign
rs17855614 NI100K | Tolerated | 0.11 Benign 0.142 Deleteriou | -4.425 Probably 0.02
s benign
M102V | Tolerated | 0.56 Benign 0.100 Neutral -1.429 Probably 0.02
benign
rs142085206
MI102L | Tolerated | 0.75 Benign 0.000 Neutral -0.855 Probably 0.02
benign
rs1384642105 | M102T | Tolerated | 0.47 Benign 0.012 Neutral -1.099 Probably 0.02
benign
rs754641900 M102I | Tolerated | 0.40 Benign 0.019 Neutral -1.615 Probably 0.02
benign
rs1471635352 | D103V | Deleteriou | 0.01 Probably 1.000 | Deleteriou | -8.806 Probably 0.78
s Damaging s damaging
rs780866974 1106M | Deleteriou | 0.01 Probably 1.000 Deleteriou | -2.817 Probably 0.78
S Damaging s damaging
R107S Tolerated 1 Probably 0.973 Deleteriou | -4.125 Probably 0.02
Damaging s benign
1517855615 [ R107G | Tolerated | 0.48 | Probably | 0.998 | Deleteriou | -5.171 Probably | 0.02
Damaging s benign
R107C | Tolerated | 0.29 Probably 0.977 Deleteriou | -6.074 Probably 0.02
Damaging s benign
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rs1409816206 | 1108V Tolerated | 0.13 Possibly 0.889 Neutral -0.936 Probably 0.78
Damaging damaging
G109R | Deleteriou | 0.05 Benign 0.001 Neutral 0.292 Probably 0.02
1517855616 s benign
G109S | Tolerated 1 Benign 0.000 Neutral 3.218 Probably 0.02
benign
N110S Tolerated 0.11 Benign 0.184 Deleteriou | -3.621 Probably 0.78
s damaging
1rs200920826
N110K | Deleteriou | 0.03 Possibly 0.506 | Deleteriou | -4.630 Probably 0.78
s Damaging s damaging
rs1985200620 v Tolerated 1 Benign 0.006 Neutral -0.267 Probably 0.02
benign
rs1985201341 P113S Tolerated | 0.56 Possibly 0.955 Deleteriou | -6.657 Probably 0.02
Damaging s benign
rs1432266948 | A114T | Tolerated | 0.27 Benign 0.277 Deleteriou | -2.592 Probably 0.27
s benign
rs773474735 Al114G | Tolerated | 0.33 Benign 0.061 Deleteriou | -2.822 Probably 0.27
s benign
A116V | Tolerated | 0.20 Benign 0.220 Neutral -2.214 Probably 0.19
1s766576360 benign
A116G | Tolerated | 0.22 Possibly 0.900 | Deleteriou | -2.793 Probably 0.19
Damaging s benign
GI117S | Deleteriou | 0.02 Probably 1.000 | Deleteriou | -5.601 0.78
rs377556462 ] Damaging s Probably
damaging
G117D | Deleteriou | 0.02 Probably 0.995 Deleteriou | -6.371 Probably 0.78
rs1203000287 ] Damaging s damaging
rs138711836 T1181 Tolerated 0.25 Benign 0.030 Deleteriou | -4.270 Probably 0.19
s benign
YT119C | Deleteriou | 0.00 Probably 1.000 Deleteriou | -8.445 Probably 0.78
rs1240577393 S Damaging s damaging
V122L | Tolerated | 0.23 Probably 0.995 Deleteriou | -2.859 Probably 0.78
151985206141 Damaging s damaging
F124L | Deleteriou | 0.05 Probably 0.995 Deleteriou | -4.595 Probably 0.78
151985206848 s Damaging s damaging
rs1985207234 | R125W | Deleteriou | 0.02 Benign 0.028 Deleteriou | -4.620 Probably 0.02
S s benign
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rs767136065 R125Q | Tolerated | 0.75 Benign 0.023 Neutral -0.051 Probably 0.02
benign
rs750090514 | KI126T | Tolerated | 0.70 Possibly 0.849 | Deleteriou | -4.997 Probably 0.27
Damaging s benign
GI27R | Tolerated | 0.08 Possibly 0.934 | Deleteriou | -4.485 Probably 0.78
Damaging s damaging
1s779570157
G127W | Deleteriou | 0.01 Probably 0.998 Deleteriou | -5.260 Probably 0.78
s Damaging S damaging
GI27E | Tolerated | 0.48 Benign 0.056 | Deleteriou | -4.453 Probably 0.78
rs755486043 ] damaging
rs748524423 S1281 Tolerated | 0.26 Benign 0.051 Deleteriou | -3.233 Probably 0.02
s benign
1s772467858 P129S Tolerated | 0.57 Benign 0.015 | Deleteriou | -3.234 Probably 0.02
s benign
1s747269909 | DI130N | Tolerated | 0.46 Benign 0.002 Neutral -1.308 Probably 0.02
benign
DI30A | Tolerated | 0.71 Benign 0.002 Neutral -1.165 Probably 0.02
rs771231945 benign
D130V | Tolerated | 0.27 Benign 0.003 Neutral -2.131 Probably 0.02
benign
DI3IN | Tolerated | 0.27 Benign 0.161 Neutral -1.174 Probably 0.78
rs201761690 damaging
VI132M | Tolerated | 0.66 Possibly 0.607 Neutral -1.415 Probably 0.02
rs115287948 Damaging benign
V132L | Tolerated | 0.70 Benign 0.061 Neutral -1.681 Probably 0.02
benign
rs114499682 VI132A | Tolerated | 0.74 Possibly 0.926 Neutral -2.039 Probably 0.02
Damaging benign
rs1555771059 | E133K | Tolerated | 0.11 Probably 0.998 Deleteriou | -3.472 Probably 0.19
Damaging s benign
rs1985215130 | F134C Tolerated | 0.08 Probably 0.997 Deleteriou | -4.346 Probably 0.02
Damaging s benign
rs1237114618 | KI135E | Tolerated | 0.06 Benign 0.191 Deleteriou | -2.610 Probably 0.02
s benign
A138S Tolerated | 0.38 Benign 0.000 Neutral 0.015 Probably 0.02
rs750177982 benign
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A138P | Tolerated | 0.44 Benign 0.000 Neutral 2.703 Probably 0.02
benign
rs2123098615 | A138V | Tolerated | 0.15 Benign 0.387 Neutral -1.709 Probably 0.02
benign
T140S Tolerated | 0.23 Probably 0.999 | Deleteriou | -3.719 Probably 0.78
rs755783426 Damaging s damaging
rs371173447 E141D | Tolerated | 0.59 Benign 0.074 Neutral -1.720 Probably 0.02
benign
L142M | Deleteriou | 0.00 Possibly 0.950 Neutral -0.833 Probably 0.78
151271295016 s Damaging damaging
L142M | Tolerated | 0.09 Possibly 0.950 Neutral -0.833 Probably 0.78
rs1271295016 Damaging damaging
rs754503197 R145C | Tolerated | 0.18 | Probably 1.000 Neutral -1.142 Probably 0.02
Damaging benign
rs779342446 | R145H | Tolerated | 0.55 Benign 0.087 Neutral -0.659 Probably 0.02
benign
rs561231326 A146T | Deleteriou | 0.04 Possibly 0.672 Deleteriou | -3.669 Probably 0.02
s Damaging s benign
rs1398411571 | Al146V | Tolerated | 0.27 Benign 0.390 | Deleteriou | -3.683 Probably 0.02
s benign
rs1389441258 | K147T | Tolerated | 0.50 Probably 0.977 Deleteriou | -5.333 Probably 0.02
Damaging s benign
rs1600434224 | K147N | Tolerated | 0.23 Possibly 0.938 Deleteriou | -4.437 Probably 0.02
Damaging s benign
rs1985640343 | P148S Tolerated | 0.05 Possibly 0.951 Deleteriou | -7.210 Probably 0.02
Damaging s benign
rs1328169498 | S149C | Deleteriou | 0.01 Probably 0.993 Deleteriou | -4.443 Probably 0.02
s Damaging s benign
V152L | Tolerated | 0.69 Benign 0.015 Neutral -1.792 Probably 0.02
rs143335460 benign
V152M | Tolerated | 0.23 Benign 0.400 Neutral -1.416 Probably 0.02
benign
rs370744062 S154L Tolerated | 0.11 Benign 0.163 Deleteriou | -3.381 Probably 0.02
s benign
rs1985641292 | P156L Tolerated | 0.70 Possibly 0.912 Deleteriou | -8.677 Probably 0.02
Damaging s benign
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rs532628857 A157E | Tolerated | 0.87 Possibly 0.834 Neutral -2.152 Probably 0.02
Damaging benign

rs148378409 | A158V | Tolerated | 0.33 Benign 0.016 Neutral -1.758 Probably 0.02
benign

rs1024315516 | A160S Tolerated | 0.34 Benign 0.008 Neutral -1.664 Probably 0.02
benign

rs141549443 A160V | Tolerated | 0.36 Benign 0.015 Neutral -1.680 Probably 0.02
benign

rs1985644043 | P162L | Deleteriou | 0.02 Possibly 0.783 | Deleteriou | -6.658 Probably 0.02
s Damaging s benign

rs202077577 QI63E | Tolerated 1 Benign 0.003 Neutral -1.043 Probably 0.02
benign

rs970024482 T165A | Tolerated | 0.71 Possibly 0.913 Deleteriou | -3.399 Probably 0.02
Damaging s benign

rs1170772172 | F168L Tolerated 1 Possibly 0.921 Deleteriou | -5.100 Probably 0.02
Damaging s benign

rs746107736 T169S Tolerated | 0.61 Possibly 0.980 | Deleteriou | -3.265 Probably 0.02
Damaging s benign

rs769868568 T1691 | Deleteriou | 0.02 | Probably 0.995 | Deleteriou | -5.102 Probably 0.02
S Damaging S benign

rs749303552 E171K | Tolerated 1 Benign 0.003 Neutral -0.386 Probably 0.02
benign

rs1238711335 | S172C | Deleteriou | 0.04 Probably 1.000 | Deleteriou | -4.280 Probably 0.02
S Damaging S benign

rs1985646473 | H173R | Tolerated | 0.36 Benign 0.055 | Deleteriou | -5.821 Probably 0.02
s benign

G174S | Deleteriou | 0.04 Probably 0.996 | Deleteriou | -4.623 Probably 0.02
rs139476824 s Damaging s benign

G174C | Deleteriou | 0.00 Probably 1.000 Deleteriou | -7.396 Probably 0.02
s Damaging s benign

rs1380729558 | S176L Tolerated | 0.29 Possibly 0.843 Deleteriou | -4.648 Probably 0.02
Damaging s benign

rs770721545 R178G | Tolerated | 0.12 Probably 0.991 Deleteriou | -5.430 Probably 0.02
Damaging s benign

rs1296642085 | R178T Tolerated | 0.17 Probably 0.987 Deleteriou | -4.602 Probably 0.02
Damaging s benign

- 143 -




ANNEXE

rs913702063 I180V | Deleteriou | 0.00 Benign 0.331 Neutral -0.777 Probably 0.02
s benign

rs1225714969 | TI18IN | Tolerated | 0.15 Possibly 0.647 Deleteriou | -2.914 Probably 0.02
Damaging s benign

rs1344297150 | L182V | Deleteriou | 0.04 Probably 0.995 Neutral -2.399 Probably 0.02
s Damaging benign

rs1323601039 | K183Q | Tolerated | 0.10 Probably 0.989 | Deleteriou | -3.107 Probably 0.02
Damaging S benign

1s776219453 K183R | Tolerated | 0.52 Benign 0.021 Neutral -1.677 Probably 0.02
benign

rs764778039 F185L Tolerated | 0.32 Possibly 0.530 | Deleteriou | -4.634 Probably 0.02
Damaging s benign

rs752293944 K186R | Tolerated | 0.21 Possibly 0.587 Deleteriou | -2.625 Probably 0.02
Damaging s benign

G188R | Tolerated | 0.19 Probably 0.999 | Deleteriou | -6.230 Probably 0.02
rs1157839332 Damaging s benign

G188W | Deleteriou | 0.01 Probably 1.000 | Deleteriou | -6.712 Probably 0.02
s Damaging s benign

G188E | Tolerated | 0.11 Probably 0.999 | Deleteriou | -6.363 Probably 0.02
rs200439865 Damaging s benign

G188V | Tolerated | 0.11 Probably 0.999 | Deleteriou | -7.424 Probably 0.02
Damaging s benign

N189Y | Tolerated | 0.05 Probably 0.994 | Deleteriou | -6.128 Probably 0.02
rs764759187 Damaging s benign

N189H | Tolerated | 0.11 Benign 0.383 Deleteriou | -3.660 Probably 0.02
s benign

rs1263418811 | N189S | Tolerated | 0.16 Probably 0.964 | Deleteriou | -3.778 Probably 0.02
Damaging s benign

rs142746467 E190D | Tolerated | 0.05 Possibly 0.906 Neutral -2.392 Probably 0.02
Damaging benign

rs752127082 S192v Tolerated | 0.35 Possibly 0.786 Deleteriou | -2.859 Probably 0.02
Damaging s benign

18757772647 F194L Tolerated | 0.86 Benign 0.006 Neutral -0.578 Probably 0.02
benign

rs1985651858 | QI195H | Deleteriou | 0.04 Probably 0.999 | Deleteriou | -4.087 Probably 0.02
s Damaging s benign

- 144 -




ANNEXE

rs768027007 T196S Tolerated | 0.32 Probably 0.991 Deleteriou | -3.310 Probably 0.02
Damaging s benign

N197S | Tolerated | 0.82 Benign 0.007 Neutral -0.281 Probably 0.02
151985652490 benign

N197K | Tolerated 1 Benign 0.122 Neutral -1.121 Probably 0.02
benign

VI98L | Tolerated | 0.24 Possibly 0.992 Neutral -2.480 Probably 0.02
rs191126675 Damaging benign

V198M | Tolerated | 0.06 Probably 0.998 Neutral -2.467 Probably 0.02
Damaging benign

rs947569263 DI99N | Tolerated | 0.43 Benign 0.009 Neutral -2.242 Probably 0.02
benign

1rs749450960 P200S Tolerated | 0.34 | Probably 0.967 | Deleteriou | -6.310 Probably 0.02
Damaging s benign

rs115894672 V2011 Tolerated | 0.21 Benign 0.001 Neutral -0.740 Probably 0.02
benign

rs746950408 V201A | Tolerated | 0.77 Benign 0.005 Neutral -0.931 Probably 0.02
benign

rs1177898369 | E203D | Tolerated | 0.53 Benign 0.001 Neutral -0.026 Probably 0.02
benign

S204G | Tolerated | 0.61 Benign 0.090 Neutral -2.454 Probably 0.02
rs1568505952 benign

S204R | Tolerated | 0.20 Probably 0.979 | Deleteriou | -2.800 Probably 0.02
Damaging s benign

rs556014813 | V205M | Tolerated | 0.09 | Probably 0.992 Neutral -1.889 Probably 0.02
Damaging benign

rs1437968385 | Y207H | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -4.887 Probably 0.02
s Damaging s benign

Y207S | Deleteriou | 0.00 Probably 1.000 Deleteriou | -8.796 Probably 0.02
rs1600435061 S Damaging s benign

Y207C | Deleteriou | 0.00 Probably 0.999 Deleteriou | -8.796 Probably 0.02
s Damaging s benign

rs888745506 S208N | Tolerated | 0.41 Benign 0.000 Neutral 0.279 Probably 0.19
benign

rs1225722948 | 1209M | Deleteriou | 0.01 Probably 1.000 Neutral -2.133 Probably 0.19
s Damaging benign
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rs774996103 H210R | Tolerated | 0.53 Benign 0.000 Neutral -0.117 Probably 0.02
benign

rs1215901087 | T2121 Tolerated | 0.08 Benign 0.021 Deleteriou | -4.964 Probably 0.02
s benign

A213S | Deleteriou | 0.03 Benign 0.334 Neutral -1.093 Probably 0.02
rs188077907 s benign

A213T | Tolerated | 0.33 Benign 0.048 Neutral 0.573 Probably 0.02
benign

rs2123148778 | V215M | Tolerated | 0.06 Probably 0.986 Neutral -2.272 Probably 0.02
Damaging benign

rs199532889 | V216M | Tolerated | 0.12 Benign 0.239 Neutral -1.206 Probably 0.02
benign

rs767886843 R219C | Deleteriou | 0.03 Probably 1.000 Neutral -1.433 Probably 0.02
S Damaging benign

rs140075472 R219H | Tolerated | 0.10 Benign 0.049 Neutral -0.898 Probably 0.02
benign

rs201193311 E220K | Tolerated | 0.87 Benign 0.181 Neutral -0.360 Probably 0.02
benign

rs1985660873 | E220G | Tolerated | 0.39 Benign 0.005 Neutral 3.952 Probably 0.02
benign

rs754015483 D221E | Deleteriou | 0.00 Probably 0.996 | Deleteriou | -3.776 Probably 0.02
s Damaging s benign

V2221 Tolerated | 0.73 Benign 0.015 Neutral -0.625 Probably 0.19
rs143385810 benign

V222L | Tolerated | 0.44 Benign 0.028 Neutral -2.313 Probably 0.19
benign

rs1322463841 | Q225E | Tolerated 1 Possibly 0.627 Neutral -2.127 Probably 0.19
Damaging benign

rs1347077090 1227F Tolerated | 0.12 Probably 0.957 Deleteriou | -3.557 Probably 0.02
Damaging s benign

rs1985663078 1227T Tolerated | 0.35 Possibly 0.621 Deleteriou | -3.889 Probably 0.02
Damaging s benign

E229Q | Tolerated | 0.08 Possibly 0.802 Deleteriou | -2.649 Probably 0.02
151985663722 Damaging s benign

E229K | Tolerated 0.11 Possibly 0.998 Deleteriou | -3.654 Probably 0.02
Damaging s benign
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rs200513155 | V230M | Tolerated | 0.06 Probably 0.990 | Deleteriou | -2.830 Probably 0.02
Damaging s benign

rs1985664496 | A231V | Tolerated | 0.08 Benign 0.061 Deleteriou | -2.879 Probably 0.02
s benign

rs745737488 H232Y | Tolerated | 0.06 Probably 1.000 | Deleteriou | -5.764 Probably 0.02
Damaging s benign

rs199733185 V2331 Tolerated | 0.52 Benign 0.008 Neutral -0.568 Probably 0.02
benign

T234S Tolerated | 0.49 Probably 0.985 Deleteriou | -3.668 Probably 0.02
rs748980816 Damaging s benign

T2341 | Deleteriou | 0.02 Probably 0.998 Deleteriou | -5.648 Probably 0.02
s Damaging s benign

1s761374773 P239S Tolerated | 0.12 Benign 0.194 | Deleteriou | -6.366 Probably 0.02
s benign

rs1600435474 | P239L | Deleteriou | 0.01 Possibly 0.659 | Deleteriou | -8.111 Probably 0.02
s Damaging s benign

rs369093228 R241H | Deleteriou | 0.04 Benign 0.263 Deleteriou | -4.060 Probably 0.02
s s benign

rs1985667237 | T243A | Tolerated | 0.14 Benign 0.270 | Deleteriou | -3.863 Probably 0.27
s benign

rs1358873982 | A244G | Tolerated | 0.30 Probably 0.990 | Deleteriou | -3.460 Probably 0.02
Damaging s benign

N245D | Tolerated | 0.41 Probably 0.997 Deleteriou | -4.342 Probably 0.02
rs761181759 Damaging s benign

N245H | Deleteriou | 0.15 Possibly 0.783 Deleteriou | -3.624 Probably 0.02
S Damaging S benign

rs1985668402 | S247F | Deleteriou | 0.03 Probably 1.000 | Deleteriou | -5.531 Probably 0.02
s Damaging s benign

rs140418541 T249A | Tolerated 1 Benign 0.001 Neutral -1.260 Probably 0.02
benign

rs373611629 1250V Tolerated | 0.25 Benign 0.378 Neutral -0.944 Probably 0.02
benign

rs377448893 R251Q | Tolerated | 0.27 Possibly 0.640 | Deleteriou | -2.866 Probably 0.02
Damaging s benign

15751609627 P253T Tolerated | 0.79 Benign 0.041 Deleteriou | -5.482 Probably 0.02
S benign
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P253L | Deleteriou | 0.04 Benign 0.074 | Deleteriou | -6.736 Probably 0.02
rs1331379264 s s benign

P253Q | Tolerated | 0.06 Probably 0.967 Deleteriou | -5.787 Probably 0.02
Damaging s benign

T255A | Tolerated | 0.06 Possibly 0.886 | Deleteriou | -3.898 Probably 0.02
rs1270564763 Damaging s benign

T255S Tolerated | 0.35 Benign 0.326 | Deleteriou | -2.816 Probably 0.02
S benign

rs1306879912 T2551 | Deleteriou | 0.01 Probably 0.928 Deleteriou | -4.877 Probably 0.02
s Damaging ] benign

rs1428530571 | Q261P | Tolerated | 0.18 Probably 0.995 Deleteriou | -4.093 Probably 0.02
Damaging s benign

rs754806675 | V263M | Tolerated | 0.34 Benign 0.003 Neutral 0.248 Probably 0.02
benign

rs1237129974 | V263G | Tolerated | 0.33 Benign 0.377 | Deleteriou | -3.082 Probably 0.02
s benign

N267D | Tolerated | 0.50 Benign 0.008 Neutral -2.234 Probably 0.02
rs1475834892 benign

N267H | Deleteriou | 0.04 Possibly 0.946 | Deleteriou | -3.331 Probably 0.2
S Damaging S benign

rs1188686874 | Q268H | Deleteriou | 0.01 Probably 0.987 Deleteriou | -3.900 Probably 0.02
s Damaging s benign

rs1985712620 | V269E | Deleteriou | 0.01 Benign 0.032 Deleteriou | -4.958 Probably 0.02
S s benign

rs1417859969 | N270S | Deleteriou | 0.01 Possibly 0.747 | Deleteriou | -3.821 Probably 0.02
S Damaging S benign

rs1465413794 | V271A | Deleteriou | 0.02 Probably 0.985 Deleteriou | -3.398 Probably 0.02
s Damaging s benign

rs1985713633 T2721 Tolerated | 0.07 Benign 0.100 | Deleteriou | -4.747 Probably 0.02
S benign

rs2123155966 | Q274H | Deleteriou | 0.03 Benign 0.007 Deleteriou | -2.531 Probably 0.02
s s benign

rs778793021 V275L | Tolerated | 0.23 Possibly 0.587 Deleteriou | -2.618 Probably 0.19
Damaging s benign

rs771711753 K277R | Tolerated | 0.56 Benign 0.012 Neutral -1.616 Probably 0.02
benign
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rs777166825 Q281R | Tolerated 1 Benign 0.002 Neutral -0.919 Probably 0.02
benign

rs1432410417 | R282S Tolerated | 0.64 Benign 0.080 Neutral -0.541 Probably 0.02
benign

rs1985715656 | T286A | Tolerated | 0.44 Possibly 0.514 | Deleteriou | -3.522 Probably 0.02
Damaging s benign

rs746503962 T286S Tolerated | 0.26 Benign 0.267 Deleteriou | -2.611 Probably 0.02
S benign

rs370831282 G291E | Deleteriou | 0.00 Possibly 0.865 Deleteriou | -6.827 Probably 0.02
s Damaging ] benign

rs151006495 | V293M | Tolerated | 0.30 Benign 0.330 Neutral -1.228 Probably 0.02
benign

rs764356789 V293E | Tolerated | 0.09 Possibly 0.946 | Deleteriou | -3.980 Probably 0.02
Damaging s benign

rs2422665 R295W | Deleteriou | 0.00 Possibly 0.841 Deleteriou | -6.411 Probably 0.02
s Damaging s benign

rs753839133 R295Q | Tolerated | 0.11 Probably 0.973 Neutral -2.228 Probably 0.02
Damaging benign

rs141989867 T296A | Tolerated | 0.08 Possibly 0.586 | Deleteriou | -3.175 Probably 0.02
Damaging s benign

T296K | Tolerated | 0.14 Benign 0.329 | Deleteriou | -3.316 Probably 0.02
s benign

rs558867758 [ T296R | Tolerated | 0.18 | Possibly | 0.567 | Deleteriou | -3.488 | Probably | 0.02
Damaging s benign

T2961 | Deleteriou | 0.02 Benign 0.329 | Deleteriou | -3.544 Probably 0.02
S s benign

rs1021538813 | T298M | Tolerated | 0.10 Probably 0.998 Deleteriou | -2.505 Probably 0.02
Damaging s benign

rs1985720111 | A299V | Tolerated | 0.58 Benign 0.146 Deleteriou | -2.563 Probably 0.02
S benign

rs1985720597 | S300L Tolerated | 0.10 Benign 0.005 Deleteriou | -3.707 Probably 0.02
s benign

T301S Tolerated | 0.77 Benign 0.018 Neutral -1.153 Probably 0.02
rs777448693 benign

T301A | Tolerated | 0.63 Benign 0.002 Neutral -2.331 Probably 0.02
benign
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rs1403539600 | T301I Tolerated | 0.43 Benign 0.018 Deleteriou | -2.553 Probably 0.02
s benign

V3021 Tolerated | 0.16 Benign 0.002 Neutral 0.254 Probably 0.02
152422666 benign

V302L | Tolerated 1 Benign 0.000 Neutral 1.150 Probably 0.02
benign

rs746410414 T3031 Tolerated | 0.35 Benign 0.009 Neutral -1.161 Probably 0.02
benign

1s2422667 E304D | Tolerated | 0.64 Benign 0.027 Neutral -2.388 Probably 0.02
benign

rs1232487890 | N305S Tolerated | 0.12 Probably 0.997 Deleteriou | -4.349 Probably 0.02
Damaging s benign

rs1032208389 | D307G | Tolerated | 0.05 | Probably 1.000 | Deleteriou | -6.508 Probably 0.02
Damaging s benign

rs1985722964 | G308S | Tolerated | 0.34 | Probably 1.000 | Deleteriou | -5.779 Probably 0.02
Damaging s benign

rs1985723156 | T309A | Deleteriou | 0.05 Probably 0.999 | Deleteriou | -4.600 Probably 0.02
s Damaging s benign

rs368100826 | Y310H | Tolerated | 0.10 | Probably 1.000 | Deleteriou | -4.413 Probably 0.02
Damaging s benign

N311T | Deleteriou | 0.01 Benign 0.075 Deleteriou | -3.618 Probably 0.02
rs768829349 s s benign

N311S | Deleteriou | 0.03 Benign 0.011 Neutral -2.402 Probably 0.02
S benign

rs761882921 | W312R | Tolerated | 0.13 Possibly 0.574 | Deleteriou | -6.138 Probably 0.02
Damaging s benign

rs1252632302 | M313L | Tolerated 1 Benign 0.003 Neutral -0.595 Probably 0.02
benign

1976892281 M3131 Tolerated | 0.36 Benign 0.000 Neutral -0.682 Probably 0.02
benign

rs767709533 S314R | Deleteriou | 0.01 Possibly 0.691 Deleteriou | -4.054 Probably 0.02
s Damaging s benign

rs1985725165 | V320A | Tolerated | 0.30 Benign 0.005 Neutral 0.922 Probably 0.02
benign

rs370533198 R324K | Deleteriou | 0.01 Benign 0.333 Neutral -1.339 Probably 0.02
S benign
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rs199583931 K328R | Tolerated | 0.11 Benign 0.013 Neutral -0.870 Probably 0.02
benign

rs1985727379 | L329V | Tolerated | 0.08 Benign 0.014 Neutral -1.792 Probably 0.02
benign

rs763740975 T330P | Deleteriou | 0.01 Possibly 0.819 | Deleteriou | -5.279 Probably 0.02
s Damaging s benign

rs1985728455 T330I | Deleteriou | 0.01 Probably 0.987 Deleteriou | -5.334 Probably 0.02
s Damaging ] benign

rs756864389 | Q332R | Deleteriou | 0.00 Possibly 0.614 | Deleteriou | -2.927 Probably 0.02
s Damaging ] benign

rs1568507131 | Q332H | Deleteriou | 0.00 Probably 0.996 | Deleteriou | -3.796 Probably 0.02
s Damaging s benign

V333L | Deleteriou | 0.00 | Probably 0.999 | Deleteriou | -2.889 Probably 0.02
S Damaging S benign

1s1156236080

V333M | Deleteriou | 0.00 | Probably 1.000 | Deleteriou | -2.889 Probably 0.02
s Damaging s benign

1s756656814 G337R | Tolerated | 0.06 Probably 0.983 Deleteriou | -5.539 Probably 0.02
Damaging s benign

rs1363533702 | Q338K | Tolerated | 0.29 Possibly 0.546 | Deleteriou | -3.433 Probably 0.02
Damaging s benign

rs1329535913 | P339A | Tolerated | 0.41 Benign 0.227 | Deleteriou | -4.370 Probably 0.02
s benign

rs1433660920 | A340V | Deleteriou | 0.01 Possibly 0.804 Neutral -2.112 Probably 0.02
S Damaging benign

rs1017124411 | V341F | Tolerated | 0.05 Probably 0.969 | Deleteriou | -3.915 Probably 0.02
Damaging s benign

rs200179222 S342T Tolerated | 0.54 Benign 0.000 Neutral 1.244 Probably 0.02
benign

rs1158059336 | S344N | Tolerated 1 Benign 0.000 Neutral 0.739 Probably 0.02
benign

rs1307115722 | D346N | Tolerated | 0.00 Benign 0.003 Neutral 0.575 Probably 0.02
benign

rs1600437796 | D346A | Tolerated | 0.55 Benign 0.000 Neutral 1.514 Probably 0.02
benign

V3491 Tolerated | 0.71 Benign 0.017 Neutral -0.414 Probably 0.02
rs773473733 benign
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V349F | Tolerated | 0.09 Benign 0.010 Neutral -1.965 Probably 0.02
benign

rs1600437854 | S350A | Tolerated | 0.62 Benign 0.038 Neutral -1.634 Probably 0.02
benign

rs1251879296 | H352Y | Tolerated 0.11 Probably 0.996 Deleteriou | -2.596 Probably 0.02
Damaging s benign

rs1440005516 | H352P | Tolerated | 0.27 Benign 0.002 Neutral -1.751 Probably 0.02
benign

1s769916724 | H352Q | Tolerated | 0.25 Benign 0.040 | Deleteriou | -2.545 Probably 0.02
s benign

rs138876160 P353L Tolerated | 0.07 Benign 0.003 Neutral -1.533 Probably 0.02
benign

rs751263972 K354E | Tolerated | 0.12 Benign 0.196 Neutral -2.491 Probably 0.02
benign

rs371795489 | K354N | Tolerated | 0.13 Probably 0.985 | Deleteriou | -3.343 Probably 0.02
Damaging s benign

rs1331716018 | Q356E | Tolerated | 0.32 Benign 0.004 Neutral -1.636 Probably 0.02
benign

rs1600437937 | Q356R | Tolerated | 0.32 Benign 0.339 | Deleteriou | -2.525 Probably 0.02
s benign

rs1200233096 | G357S | Tolerated | 0.14 Benign 0.021 Neutral -1.665 Probably 0.02
benign

rs74625621 T360P Tolerated | 0.12 Benign 0.009 Neutral -2.014 Probably 0.02
benign

A361T | Tolerated | 0.65 Benign 0.024 Neutral 0.955 Probably 0.02
rs981667353 benign

A361S Tolerated | 0.49 Benign 0.004 Neutral 0.258 Probably 0.02
benign

1s755396026 A362T | Tolerated | 0.06 Benign 0.148 Neutral 0.017 Probably 0.02
benign

rs1324824296 | E363A | Tolerated | 0.22 Benign 0.017 Neutral -1.039 Probably 0.02
benign

rs1018011271 | N364S | Tolerated | 0.83 Benign 0.003 Neutral -0.226 Probably 0.02
benign

E369G | Tolerated | 0.46 Benign 0.000 Neutral -0.637 Probably 0.02
rs1410245745 benign
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E369D | Tolerated 1 Benign 0.042 Neutral -0.436 Probably 0.02
benign

rs200858478 | R370W | Tolerated | 0.19 Benign 0.000 Neutral 0.807 Probably 0.02
benign

rs778218860 R370Q | Tolerated | 0.49 Benign 0.005 Neutral 0.419 Probably 0.02
benign

rs771010369 N371T | Tolerated | 0.16 Possibly 0.666 Neutral -0.563 Probably 0.02
Damaging benign

rs181742590 1372F | Deleteriou | 0.02 Probably 0.981 Neutral -1.761 Probably 0.02
s Damaging benign

rs368720222 I1374M | Deleteriou | 0.03 Probably 0.999 Neutral -0.979 Probably 0.02
s Damaging benign

rs1985884548 | V378M | Tolerated | 0.10 | Probably 1.000 Neutral -0.769 Probably 0.02
Damaging benign

rs12624995 V379G | Tolerated | 0.25 | Probably 0.973 Neutral -1.012 Probably 0.02
Damaging benign

rs1376041755 | L382S | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.660 Probably 0.02
s Damaging s benign

rs1170284788 | A385V | Tolerated 1 Benign 0.005 Neutral 0.053 Probably 0.02
benign

A389P | Tolerated | 0.05 Probably 0.993 Deleteriou | -2.616 Probably 0.02
rs112407891 Damaging s benign

A389T | Deleteriou | 0.04 Probably 0.986 Neutral -1.311 Probably 0.02
S Damaging benign

rs748023319 | A389V | Deleteriou | 0.04 | Probably 0.999 Neutral -1.228 Probably 0.02
S Damaging benign

A390S Tolerated 1 Possibly 0.908 Neutral -0.914 Probably 0.02
rs146048438 Damaging benign

A390T | Tolerated | 0.30 Benign 0.379 Neutral -0.797 Probably 0.02
benign

1s765921966 L393F | Deleteriou | 0.03 Benign 0.289 Neutral -1.640 Probably 0.02
s benign

rs140079423 V3941 Tolerated | 0.12 Benign 0.297 Neutral 0.401 Probably 0.02
benign

rs1487072320 | V394A | Deleteriou | 0.03 Benign 0.130 Neutral -1.196 Probably 0.02
S benign
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rs1985888510 | R395Q | Tolerated | 0.12 Probably 1.000 Neutral -1.613 Probably 0.02
Damaging benign

rs1269287905 | 1396M | Deleteriou | 0.02 Possibly 0.883 Neutral -0.369 Probably 0.02
s Damaging benign

rs763605516 A401V | Deleteriou | 0.02 Possibly 0.908 Neutral -1.564 Probably 0.02
s Damaging benign

rs1600449368 | Q402E | Tolerated | 0.19 Benign 0.031 Neutral -0.174 Probably 0.02
benign

rs1568510825 | G403C | Tolerated | 0.12 | Probably 1.000 | Deleteriou | -2.664 Probably 0.02
Damaging s benign

G403V | Tolerated | 0.32 Probably 1.000 | Deleteriou | -2.849 Probably 0.02
rs941843579 Damaging s benign

G403D | Tolerated | 0.21 Probably 1.000 Neutral -2.183 Probably 0.02
Damaging benign

rs1349834945 | S404F | Deleteriou | 0.00 | Probably 0.999 Neutral -1.646 Probably 0.02
s Damaging benign

rs764665145 T405S Tolerated | 0.60 Probably 0.999 Neutral -1.260 Probably 0.02
Damaging benign

rs1374088454 | S406F | Deleteriou | 0.01 Probably 0.999 Neutral -1.685 Probably 0.02
S Damaging benign

rs1445393851 | S407C | Deleteriou | 0.01 Probably 1.000 Neutral -1.727 Probably 0.02
s Damaging benign

rs757552603 T408A | Deleteriou | 0.03 Probably 0.999 Neutral -1.633 Probably 0.02
S Damaging benign

rs1986477749 | H411Q | Tolerated | 0.08 | Probably 0.999 | Deleteriou | -2.616 Probably 0.02
Damaging s benign

rs141454528 E414K | Tolerated | 0.06 Benign 0.257 Neutral -1.303 Probably 0.02
benign

rs1986478657 | K415T | Tolerated | 0.12 Probably 1.000 Neutral -2.032 Probably 0.02
Damaging benign

rs1401634189 | A417T | Tolerated | 0.30 Benign 0.208 Neutral -0.945 Probably 0.02
benign

1s1486310769 | R418G | Deleteriou | 0.00 Probably 0.999 Neutral -2.166 Probably 0.02
s Damaging benign

rs1986479173 | R418S | Deleteriou | 0.00 Probably 0.999 Neutral -1.751 Probably 0.02
s Damaging benign
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rs745645458 E419G | Deleteriou | 0.00 Possibly 0.954 Neutral -1.997 Probably 0.02
s Damaging benign

1s769637747 1420V Tolerated | 0.30 Benign 0.390 Neutral -0.333 Probably 0.02
benign

1s955216012 1420T Tolerated | 0.39 Benign 0.087 Neutral -1.445 Probably 0.02
benign

rs779843288 T4211 | Deleteriou | 0.00 Probably 1.000 Neutral -1.060 Probably 0.02
s Damaging benign

rs748895218 | Q422R | Deleteriou | 0.00 Benign 0.004 Neutral -1.371 Probably 0.02
s benign

rs768288574 | Q422H | Deleteriou | 0.00 Possibly 0.895 Neutral -1.341 Probably 0.02
s Damaging benign

rs1986480703 | D423L | Deleteriou | 0.00 | Probably 1.000 Neutral -1.014 Probably 0.02
s Damaging benign

rs1192857709 | D423N | Deleteriou | 0.00 | Probably 1.000 Neutral -1.341 Probably 0.02
s Damaging benign

T4241 Tolerated | 0.45 Benign 0.000 Neutral 0.435 Probably 0.02
rs1210742811 benign

T424R | Tolerated | 0.15 Benign 0.327 Neutral -0.659 Probably 0.02
benign

rs1568516838 | N425D | Deleteriou | 0.00 Probably 0.999 Neutral -1.552 Probably 0.02
s Damaging benign

rs1450343462 | N425S | Deleteriou | 0.00 Probably 0.999 Neutral -1.541 Probably 0.02
S Damaging benign

rs1232996262 | 1427T | Deleteriou | 0.00 Probably 0.999 Neutral -1.744 Probably 0.02
S Damaging benign

rs773754915 Y429H | Deleteriou | 0.00 Probably 1.000 Neutral -1.775 Probably 0.02
s Damaging benign

rs1600468750 | Y429C | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.873 Probably 0.02
s Damaging s benign

rs1267575632 | A430S | Deleteriou | 0.00 Probably 0.999 Neutral -0.961 Probably 0.02
s Damaging benign

rs747456966 D431V | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.718 Probably 0.02
s Damaging s benign

rs1600468793 | N433T | Deleteriou | 0.00 Probably 1.000 Neutral -2.040 Probably 0.02
s Damaging benign
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rs1986636091 P435L | Deleteriou | 0.00 Probably 1.000 Deleteriou | -2.855 Probably 0.02
s Damaging s benign

rs1388528170 | K436N | Deleteriou | 0.00 | Probably 1.000 Neutral -1.269 Probably 0.02
s Damaging benign

rs1986636793 | G437R | Tolerated | 0.17 Benign 0.028 Neutral -1.412 Probably 0.02
benign

rs1472583308 | G437E | Tolerated 1 Benign 0.051 Neutral -0.613 Probably 0.02
benign

rs1986637462 | K438E | Deleteriou | 0.00 Possibly 0.952 Neutral -1.366 Probably 0.02
s Damaging benign

rs887974925 | K438M | Deleteriou | 0.00 Probably 0.999 Neutral -2.149 Probably 0.02
s Damaging benign

rs56370008 K439E | Deleteriou | 0.00 | Probably 0.999 Neutral -1.343 Probably 0.02
S Damaging benign

rs1329429265 | K439N | Deleteriou | 0.00 Probably 1.000 Neutral -1.680 Probably 0.02
s Damaging benign

P440A | Tolerated | 0.10 Benign 0.012 Neutral -1.552 Probably 0.02
benign

rs1377814553 | p440S | Tolerated | 0.43 | Benign | 0.051 | Neutral | -1.317 | Probably | 0.02
benign

P440T Tolerated | 0.06 Possibly 0.666 Neutral -1.702 Probably 0.02
Damaging benign

rs1449083414 | P442S | Deleteriou | 0.00 Probably 1.000 Neutral -2.397 Probably 0.02
S Damaging benign

rs759805287 A444S | Tolerated | 0.06 | Probably 0.991 Neutral -0.877 Probably 0.02
Damaging benign

rs1376362519 | A444D | Deleteriou | 0.01 Probably 0.999 Neutral -1.666 Probably 0.02
s Damaging benign

rs1246015069 | A445V | Tolerated | 0.19 Probably 0.978 Neutral -0.503 Probably 0.02
Damaging benign

rs1409390586 | P447S | Deleteriou | 0.00 Benign 0.208 Neutral -0.931 Probably 0.02
s benign

rs1329853718 | P447L | Deleteriou | 0.00 Probably 0.986 Neutral -1.903 Probably 0.02
s Damaging benign

1s763076272 | N448D | Deleteriou | 0.00 Probably 0.999 Neutral -1.680 Probably 0.02
s Damaging benign
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rs1165275327 | H450D | Deleteriou | 0.00 Probably 0.999 Neutral -2.451 Probably 0.02
s Damaging benign

T451M | Deleteriou | 0.00 Probably 1.000 Neutral -1.962 Probably 0.02
rs527874912 s Damaging benign

T451K | Deleteriou | 0.00 Probably 1.000 Neutral -1.945 Probably 0.02
s Damaging benign

rs1986642585 | E452A | Deleteriou | 0.00 Probably 0.999 Neutral -1.923 Probably 0.02
s Damaging benign

rs1986642835 | A454T | Deleteriou | 0.00 | Probably 1.000 Neutral -1.160 Probably 0.02
s Damaging benign

rs766303171 A454V | Deleteriou | 0.00 Probably 1.000 Neutral -1.326 Probably 0.02
s Damaging benign

1s753660710 S455G | Deleteriou | 0.00 | Probably 0.997 Neutral -1.271 Probably 0.02
S Damaging benign

rs1472334782 | S459T Tolerated | 0.37 Benign 0.225 Neutral -0.669 Probably 0.02
benign

rs1168490568 | P460L Tolerated | 0.18 Benign 0.010 | Deleteriou | -2.646 Probably 0.02
s benign

rs2122211774 | Q461K | Tolerated | 0.35 Benign 0.039 Neutral -0.231 Probably 0.02
benign

rs376299386 Q461R | Tolerated | 0.26 Benign 0.086 Neutral -0.452 Probably 0.02
benign

rs1456779931 | P462S | Deleteriou | 0.00 Possibly 0.635 Neutral -2.331 Probably 0.02
S Damaging benign

A463V | Tolerated 1 Benign 0.017 Neutral -0.637 Probably 0.02
rs370724960 benign

A463G | Tolerated | 0.31 Benign 0.008 Neutral -0.682 Probably 0.02
benign

rs377104734 S464L | Deleteriou | 0.02 Benign 0.002 Neutral -0.616 Probably 0.02
S benign

1s769969115 D466N | Deleteriou | 0.00 Probably 0.993 Neutral -1.558 Probably 0.02
s Damaging benign

D466A | Deleteriou | 0.00 Benign 0.058 Neutral -2.453 Probably 0.02
151464969245 s benign

D466G | Deleteriou | 0.00 Possibly 0.908 Neutral -2.221 Probably 0.02
s Damaging benign
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rs1986649118 | T467A | Deleteriou | 0.00 Possibly 0.877 Neutral -1.383 Probably 0.02
s Damaging benign

T4671 | Deleteriou | 0.00 Probably 0.981 Neutral -1.625 Probably 0.02
151320556144 s Damaging benign

T467N | Deleteriou | 0.00 Benign 0.022 Neutral -0.571 Probably 0.02
s benign

Y470S | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.884 Probably 0.02
15763022327 s Damaging S benign

Y470C | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.784 Probably 0.02
s Damaging ] benign

rs766385167 | M475V | Deleteriou | 0.00 Probably 0.982 Neutral -1.338 Probably 0.02
s Damaging benign

rs201731716 | M475R | Deleteriou | 0.00 Probably 0.998 Neutral -1.956 Probably 0.02
S Damaging benign

rs1600469441 | H477P | Deleteriou | 0.00 Probably 0.999 | Deleteriou | -3.316 Probably 0.02
s Damaging s benign

rs1194044230 | N479D | Deleteriou | 0.00 Possibly 0.953 Neutral -1.414 Probably 0.02
s Damaging benign

rs1600469466 | N479T | Tolerated | 0.06 Possibly 0.910 Neutral -1.612 Probably 0.02
Damaging benign

rs1425717852 | R480W | Deleteriou | 0.00 Probably 1.000 | Deleteriou | -2.620 Probably 0.02
s Damaging s benign

rs566700469 R480Q | Deleteriou | 0.00 Probably 1.000 Neutral -1.293 Probably 0.02
S Damaging benign

T481P Tolerated | 0.09 Possibly 0.627 Neutral -0.751 Probably 0.02
Damaging benign

rs1600469494

T481A | Tolerated 1 Benign 0.000 Neutral 0.283 Probably 0.02
benign

rs41278990 P482S | Deleteriou | 0.00 Probably 1.000 Neutral -1.272 Probably 0.02
s Damaging benign

rs764882188 K483T | Deleteriou | 0.00 Probably 0.998 Neutral -1.571 Probably 0.02
s Damaging benign

1s1466608520 | K483N | Deleteriou | 0.00 Probably 0.998 Neutral -1.292 Probably 0.02
s Damaging benign

rs1400259645 | P485S | Deleteriou | 0.00 Benign 0.016 Neutral -1.302 Probably 0.02
S benign
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rs555638361 P485L | Deleteriou | 0.00 Benign 0.021 Neutral -2.230 Probably 0.02
s benign
A486T | Tolerated | 0.40 Benign 0.087 Neutral -0.385 Probably 0.02
rs751040166 benign
A486S Tolerated | 0.11 Possibly 0.780 Neutral -0.546 Probably 0.02
Damaging benign
A486V | Tolerated | 0.07 Possibly 0.780 Neutral -0.911 Probably 0.02
rs781656196 Damaging benign
A486D | Deleteriou | 0.02 Probably 0.961 Neutral -1.320 Probably 0.02
s Damaging benign
P487A | Deleteriou | 0.00 Probably 1.000 Neutral -1.997 Probably 0.02
rs746304594 s Damaging benign
P487S | Deleteriou | 0.00 Probably 1.000 Neutral -1.953 Probably 0.02
S Damaging benign
rs1986658035 | E490V | Deleteriou | 0.00 | Probably 0.993 Neutral -2.341 Probably 0.02
s Damaging benign
rs367629199 S492L | Deleteriou | 0.00 Probably 0.999 Neutral -2.023 Probably 0.02
s Damaging benign
rs1217108138 | S492P | Deleteriou | 0.00 Probably 0.999 Neutral -1.736 Probably 0.02
s Damaging benign
rs761977699 S492V | Deleteriou | 0.00 Probably 0.999 Neutral -2.012 Probably 0.02
s Damaging benign
S494P | Deleteriou | 0.00 Probably 0.999 Neutral -1.714 Probably 0.02
rs776719258 ] Damaging benign
S494A | Deleteriou | 0.00 | Probably 0.994 Neutral -0.984 Probably 0.02
S Damaging benign
rs376079666 S494L | Deleteriou | 0.00 Probably 0.999 Neutral -2.045 Probably 0.02
s Damaging benign
rs1986660445 | Y496H | Deleteriou | 0.00 Probably 1.000 Neutral -1.658 Probably 0.02
s Damaging benign
rs189066894 A497T | Deleteriou | 0.00 Probably 1.000 Neutral -1.382 Probably 0.02
s Damaging benign
S498N | Deleteriou | 0.00 Probably 0.999 Neutral -1.006 Probably 0.02
s Damaging benign
rs762714208
S498T | Deleteriou | 0.00 Probably 0.997 Neutral -1.017 Probably 0.02
s Damaging benign
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rs368388982 V4991 | Deleteriou | 0.00 Benign 0.095 Neutral -0.358 Probably 0.02
s benign
rs372228659 V499A | Deleteriou | 0.00 Possibly 0.856 Neutral -1.349 Probably 0.02
s Damaging benign
V5011 | Deleteriou | 0.00 Probably 0.999 Neutral -0.309 Probably 0.02
rs1986661646 s Damaging benign
V501L | Deleteriou | 0.00 Probably 0.999 Neutral -0.973 Probably 0.02
s Damaging benign
rs2122213130 | P502T | Tolerated | 0.19 Benign 0.026 Neutral -0.185 Probably 0.02
benign
rs147758372 P502L Tolerated | 0.13 Benign 0.000 Neutral -0.679 Probably 0.02
benign
rs553964074 | KS504N | Deleteriou | 0.00 | Probably 0.999 Neutral -1.602 Probably 0.02
S Damaging benign
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1s1591683472 V2G Deleteriou | 0,00 Benign 0.388 Neutral 0,896 Possibly 0,5
S damaging
rs1555147752 w4cC Deleteriou | 0,00 Benign 0.388 Deleteriou | -10,437 Probably 0,85
s s damaging
rs1179133485 R7G Tolerated 0,82 Probably 1.000 Neutral -0,854 Possibly 0,5
damaging damaging
1769682837 R7Q Tolerated | 0,20 Possibly 0.908 Neutral 0,429 Possibly 0,5
damaging damaging
1s1555147756 L12R Deleteriou | 0,10 Possibly 0.735 Deleteriou -3,061 Probably 0,57
s damaging s damaging
rs782158849 E15K Deleteriou | 0,00 Probably 0.735 Deleteriou -3,230 Probably 0,85
S damaging s damaging
1s1945927243 E15G Deleteriou | 0,00 Probably 0.998 Deleteriou -5,653 Probably 0,85
s damaging s damaging
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1s1945927243 E15V Deleteriou | 0,00 Probably 1.000 Deleteriou -5,653 Probably 0,85

s damaging s damaging
rs782702822 T16N Tolerated 1 Benign 0.000 Neutral 0,139 Possibly 0,5
damaging

1s1555147762 L17V Tolerated 0,00 Possibly 0.686 Neutral -1,347 Possibly 0,5
damaging damaging

1s1555147765 KI19E Tolerated 0,19 Possibly 0.769 Neutral -1,409 Probably 0,57
damaging damaging

rs377003393 G20C Tolerated 0,09 Possibly 0,828 Neutral -0,833 Possibly 0,5
damaging damaging

rs11547853 L28P Deleteriou | 0,00 Probably 1,000 Deleteriou -5,647 Probably 0,85
s damaging s damaging

1s1945928168 R30Q Deleteriou | 0,00 Probably 1,000 Deleteriou -3,297 Probably 0,85
s damaging s damaging

1s782523221 R33C Deleteriou | 0,00 Probably 0,998 Deleteriou -3,730 Possibly 0,5

s damaging s damaging
1s369614203 R33H Deleteriou | 0,01 Benign 0,009 Neutral -1,914 Possibly 0,5
s damaging

1s369614203 R33L Deleteriou | 0,01 Possibly 0,455 Deleteriou -3,077 Possibly 0,5
s damaging s damaging

rs1555147772 | K34Q | Deleteriou | 0,02 Benign 0,201 Neutral -0,491 Probably 0,57
s damaging

rs782452891 D38A Tolerated | 0,19 Probably 0,965 Deleteriou | -5,799 Probably 0,85

damaging s Damaging
1s782042492 S40T Tolerated 1 Benign 0,000 Neutral 2,437 Probably 0,57
damaging

15267603654 S42F Deleteriou | 0,00 Probably 1,000 | Deleteriou | -4,971 Probably 0,85

s damaging s damaging
1s377254990 V431 Deleteriou | 0,00 Possibly 0,897 Neutral -0,824 Probably 0,85
S damaging damaging

rs1555147854 V45M Tolerated 0,11 Possibly 0,942 Neutral 1,120 Probably 0,57
damaging damaging

1s782712760 G46W | Deleteriou | 0,00 Possibly 0,658 Deleteriou -4,002 Possibly 0,5

s damaging s damaging
rs781820797 D47N Tolerated 0,01 Benign 0,011 Neutral -0,204 Probably 0,57
damaging
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1s370939978 R53W | Deleteriou | 0,00 Possibly 0,866 Deleteriou -4,948 Probably 0,57
S damaging S damaging
rs1555147857 R53Q Tolerated 0,05 Probably 0,999 Neutral -1,463 Probably 0,57
damaging damaging
rs1762846715 154N Deleteriou | 0,00 Probably 1,000 Deleteriou -6,140 Probably 0,85
S damaging S damaging
1s782618719 D59E Deleteriou | 0,02 Benign 0,147 Deleteriou -2,585 Probably 0,85
s s damaging
rs782531361 AT0E Deleteriou | 0,00 Probably 0,999 Deleteriou -4,364 Probably 0,85
s damaging s damaging
1s782204971 T73A Tolerated 1 Benign 0,000 Neutral 1,459 Possibly 0,5
damaging
1s782204971 T73S Tolerated 0,53 Benign 0,000 Neutral 1,455 Possibly 0,5
damaging
1s1945936198 T73R Deleteriou | 0,02 Benign 0,354 Neutral -1,524 Possibly 0,5
s damaging
1s1945936395 Y78H Tolerated 0,19 Benign 0,156 Deleteriou -3,280 Probably 0,85
s damaging
1782242482 T80A Tolerated 0,22 Benign 0,388 Neutral -2,008 Probably 0,57
damaging
rs782393921 Q83R Tolerated 0,17 Benign 0,000 Neutral -1,591 Possibly 0,5
damaging
rs1770986939 | G84D | Deleteriou | 0,02 Benign 0,088 Deleteriou | -4,309 Probably 0,74
S s damaging
rs1048597 L86V Deleteriou | 0,00 Possibly 0,942 Neutral 2,418 Probably 0,85
] damaging damaging
rs782163170 R89C Deleteriou | 0,00 Probably 1,000 Deleteriou -4,633 Possibly 0,5
s damaging s damaging
1s782308449 R89H Deleteriou | 0,01 Possibly 0,941 Deleteriou -2,912 Possibly 0,5
S damaging s damaging
1s782302155 DI90ON Tolerated 1 Benign 0,003 Neutral 2,939 Possibly 0,5
damaging
151555147881 G91D | Deleteriou | 0,00 Probably 0,998 Deleteriou | -5,978 Probably 0,85
s damaging s damaging
rs2138260633 T92S Tolerated 0,67 Benign 0,023 Neutral 0,358 Possibly 0,5
damaging
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ANNEXE

rs1342222997 193V Tolerated 0,21 Benign 0,003 Neutral 0,103 Possibly 0,5
damaging
1s1028611737 P99A Deleteriou | 0,00 Probably 0,998 Deleteriou -6,867 Probably 0,85
s damaging s damaging
rs1555147885 P99L Deleteriou | 0,00 Probably 1,000 Deleteriou -8,594 Probably 0,85
s damaging s damaging
rs1555147887 C102S | Deleteriou | 0,01 Possibly 0,804 Deleteriou -6,277 Probably 0,85
s damaging s damaging
rs1945938025| D104N | Deleteriou | 0,02 Probably 0,995 Deleteriou -4.431 Probably 0,85
s damaging s damaging
rs1855030043 | D104V | Deleteriou | 0,00 Probably 0,961 Deleteriou -7,511 Probably 0,85
s damaging s damaging
1s782804780 SI07N | Deleteriou | 0,00 Benign 0,00 Neutral -1,338 Possibly 0,5
s damaging
rs1189982819 | MI115T | Deleteriou | 0,00 Benign 0,024 Neutral -2,358 Probably 0,27
s benign
1s782645298 G118R | Deleteriou | 0,49 Benign 0,000 Neutral 3,518 Probably 0,27
s benign
rs1555148312| TI122A | Deleteriou | 0,02 Benign 0,000 Neutral -0,386 Possibly 0,5
S damaging
rs201550362 T122M | Deleteriou | 0,00 Possibly 0,593 Neutral -0,550 Possibly 0,5
s damaging damaging
1782364925 K127R | Tolerated 0,43 Benign 0,005 Neutral -1,275 Possibly 0,5
damaging
rs1555148318| G128S | Deleteriou | 0,00 Probably 0,984 Deleteriou -4,778 Possibly 0,5
] damaging s damaging
rs782797143 T132M | Deleteriou | 0,00 Probably 0,329 Neutral -2,348 Probably 0,57
s damaging damaging
1s782054048 V135G | Deleteriou | 0,00 Probably 1,000 Deleteriou -6,574 Probably 0,85
S damaging s damaging
1s782710028 R136C | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,514 Probably 0,85
s damaging s damaging
11228369426 | R136H | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,696 Probably 0,85
s damaging s damaging
rs1945997072 S138R | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,696 Probably 0,85
S damaging s damaging

- 163 -



https://www.ncbi.nlm.nih.gov/snp/rs1342222997
https://www.ncbi.nlm.nih.gov/snp/rs1028611737
https://www.ncbi.nlm.nih.gov/snp/rs1555147885
https://www.ncbi.nlm.nih.gov/snp/rs1555147887
https://www.ncbi.nlm.nih.gov/snp/rs1945938025
https://www.ncbi.nlm.nih.gov/snp/rs1855030043
https://www.ncbi.nlm.nih.gov/snp/rs782804780
https://www.ncbi.nlm.nih.gov/snp/rs1189982819
https://www.ncbi.nlm.nih.gov/snp/rs782645298
https://www.ncbi.nlm.nih.gov/snp/rs1555148312
https://www.ncbi.nlm.nih.gov/snp/rs201550362
https://www.ncbi.nlm.nih.gov/snp/rs782364925
https://www.ncbi.nlm.nih.gov/snp/rs1555148318
https://www.ncbi.nlm.nih.gov/snp/rs782797143
https://www.ncbi.nlm.nih.gov/snp/rs782054048
https://www.ncbi.nlm.nih.gov/snp/rs782710028
https://www.ncbi.nlm.nih.gov/snp/rs1228369426
https://www.ncbi.nlm.nih.gov/snp/rs1945997072

ANNEXE

rs781818617 L139P | Deleteriou | 0,05 Probably 1,000 Neutral -0,384 Possibly 0,5
s damaging damaging
rs1945997384| F145V | Deleteriou | 0,00 Probably 0,999 Deleteriou -5,974 Probably 0,74
s damaging s damaging
rs1048598 V146E | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,356 Probably 0,85
s damaging s damaging
rs1945997917 | V149G | Deleteriou | 0,00 Probably 0,999 Deleteriou -6,261 Possibly 0,5
s damaging s damaging
1s1945998123 SI5IN | Deleteriou | 0,00 Benign 0,000 Neutral -0,844 Possibly 0,5
s damaging
1s782775329 QI53R Tolerated 0,06 Benign 0,111 Neutral -1,122 Possibly 0,5
damaging
1s1945998479 P154S Tolerated 0,56 Benign 0,069 Neutral 0,063 Possibly 0,5
damaging
rs781874476 P154H Tolerated 0,09 Benign 0,234 Neutral -0,490 Possibly 0,5
damaging
1s782700653 G157D Tolerated 0,05 Benign 0,039 Neutral 0,385 Possibly 0,5
damaging
1s782700653 G157V | Deleteriou | 0,02 Benign 0,003 Neutral -0,765 Possibly 0,5
S damaging
rs1945998811 P158T Tolerated 0,10 Benign 0,000 Neutral 0,418 Possibly 0,5
damaging
rs1945998811 P158S Tolerated 0,26 Benign 0,000 Neutral 0,669 Possibly 0,5
damaging
1s1945999071 | G159C | Deleteriou | 0,00 Probably 0,984 Neutral -1,218 Possibly 0,5
] damaging damaging
rs1945999159 | G159V | Deleteriou | 0,00 Possibly 0,661 Neutral -1,316 Possibly 0,5
s damaging damaging
c
rs1555148329 P161S Tolerated 0,71 Benign 0,098 Neutral -0,217 Possibly 0,5
damaging
1s373750986 P161R | Deleteriou | 0,01 Possibly 0,463 Neutral 0,521 Possibly 0,5
s damaging damaging
c
rs373750986 P161L | Deleteriou | 0,01 Benign 0,283 Neutral -1,220 Possibly 0,5
s damaging
rs1945999616( L162P Tolerated 0,21 Possibly 0,790 Neutral 0,574 Possibly 0,5
damaging damaging
c
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ANNEXE

rs782394570 | R163G | Deleteriou | 0,01 Benign 0,105 Deleteriou -4,300 Probably 0,27
S S benign
rs369530834 | R163K | Tolerated 1 Benign 0,000 Neutral -0,119 Probably 0,27
benign
rs1945999820| TI165N | Deleteriou | 0,01 Probably 0,990 Deleteriou -3,879 Probably 0,57
s damaging s damaging
rs1555148338 | H166Y | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,535 Probably 0,85
s damaging s damaging
rs782299688 M170T | Tolerated 0,07 Benign 0,236 Neutral -0,367 Possibly 0,5
damaging
rs1555148341| C171Y | Deleteriou | 0,04 Benign 0,037 Deleteriou -2,932 Probably 0,85
s s damaging
1s781941174 E172K | Deleteriou | 0,01 Benign 0,056 Neutral -0,242 Possibly 0,5
s damaging
1s1555148370 | G173S Tolerated 0,14 Benign 0,000 Neutral 0,545 Possibly 0,5
damaging
rs1555148372 | G174R Tolerated 0,30 Possibly 0,492 Deleteriou -3,344 Possibly 0,5
damaging s damaging
rs781988918 R175C | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,230 Possibly 0,5
] damaging s damaging
rs1281119726 | R175H | Deleteriou | 0,00 Possibly 0,700 Neutral -2,377 Possibly 0,5
s damaging damaging
rs1946003345 | V178M | Deleteriou | 0,00 Possibly 0,813 Neutral -2,310 Possibly 0,5
] damaging damaging
1s2138268895 | G180V | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,825 Probably 0,85
] damaging s damaging
15970406672 E182K | Deleteriou | 0,00 Benign 0,006 | Deleteriou | -2,892 Probably 0,57
s s damaging
rs782304451 T183P Tolerated 0,14 Possibly 0,940 Neutral -0,796 Possibly 0,5
damaging damaging
1 15782304451 | T183S Tolerated 0,78 Benign 0,003 Neutral 0,491 Possibly 0,5
damaging
rs1565581803| F184S | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,202 Probably 0,85
s damaging s damaging
1s782079530 D185N | Deleteriou | 0,05 Benign 0,239 Deleteriou -2,590 Possibly 0,5
S s damaging
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ANNEXE

1s782079530 D185H | Deleteriou | 0,01 Possibly 0,703 Deleteriou -4,24 Possibly 0,5
S damaging S damaging
1s1591687142 | DI85A | Tolerated 0,26 Benign 0,231 Deleteriou -4,580 Possibly 0,5
] damaging
1s368426352 T188K | Deleteriou | 0,01 Benign 0,092 Deleteriou -2,515 Possibly 0,5
S S damaging
1s368426352 T188M | Deleteriou | 0,00 Probably 0,998 Deleteriou -3,157 Possibly 0,5
S damaging S damaging
1s1555148380 | DI189N | Deleteriou | 0,00 Possibly 0,908 Deleteriou -3,435 Probably 0,74
S damaging S damaging
rs781875658 D189E Tolerated 0,38 Benign 0,009 Neutral -1,935 Probably 0,74
damaging
rs781875658 D189E Tolerated 0,38 Benign 0,009 Neutral -1,935 Probably 0,74
damaging
1s1555148382 | L190V | Deleteriou | 0,01 Probably 1,000 Deleteriou -2,701 Probably 0,85
s damaging s damaging
rs1555148387 | H193Y | Deleteriou | 0,00 Benign 0,010 Neutral -2,350 Possibly 0,5
s damaging
1s782576858 T197M | Deleteriou | 0,01 Possibly 0,546 Neutral -1,838 Possibly 0,5
] damaging damaging
rs1555148393 | E201Q | Deleteriou | 0,01 Probably 0,998 Deleteriou | -2,701 Probably 0,85
s damaging s damaging
rs1946005369| A202V | Deleteriou | 0,03 Benign 0,001 Neutral -0,501 Possibly 0,5
s damaging
rs1555148396 | G204D | Deleteriou | 0,00 Probably 0,990 | Deleteriou | -6,302 Probably 0,85
] damaging s damaging
rs375296528 A205T | Tolerated 1 Benign 0,000 Neutral 0,793 Probably 0,27
benign
1s375296528 A205S | Deleteriou | 0,04 Benign 0,000 Neutral 0,448 Probably 0,27
S benign
rs1555148401 | A205D | Deleteriou | 0,02 Benign 0,002 Neutral -1,479 Probably 0,27
S benign
rs1555148401 | A205V | Deleteriou | 0,01 Benign 0,001 Neutral -1,190 Probably 0,27
s benign
rs1555148406| F206L Tolerated 0,32 Benign 0,002 Neutral 1,032 Possibly 0,5
damaging
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ANNEXE

rs1159545254 | F206Y | Deleteriou | 0,02 Benign 0,001 Neutral -0,217 Possibly 0,5
s damaging

rs1469972531| F206L Tolerated 0,32 Benign 0,002 Neutral 1,032 Possibly 0,5
damaging

rs1946006084| V2071 | Deleteriou | 0,02 Benign 0,042 Neutral -0,486 Probably 0,85
s damaging

1s973281293 R210W | Deleteriou | 0,00 Probably 0,992 Deleteriou -4.511 Possibly 0,5
s damaging s damaging

rs367551491 | R210Q | Deleteriou | 0,04 Possibly 0,911 Neutral -1,249 Possibly 0,5
s damaging damaging

rs1555148454 P212L | Deleteriou | 0,03 Probably 0,999 Deleteriou -9,004 Probably 0,85
s damaging s damaging

1s1555148455 | Y214H | Tolerated 0,36 Benign 0,183 Neutral 1,615 Probably 0,57
damaging

1s1946009081 | T216M | Deleteriou | 0,13 Probably 1,000 Deleteriou -5,240 Probably 0,85
s damaging s damaging

rs782524619 | V218M | Deleteriou | 0,00 Possibly 0,863 Neutral -1,733 Possibly 0,5

s damaging damaging
rs782524619 | V218L Tolerated 0,05 Benign 0,000 Neutral -1.061 Possibly 0,5
damaging

rs1591687479| V218G | Deleteriou | 0,04 Probably 1,000 Deleteriou -5,921 Possibly 0,5
s damaging s damaging

rs1212719021| A220V | Deleteriou | 0,04 Probably 0,984 Neutral -2,151 Probably 0,85
] damaging damaging

rs782302331 1223T | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,246 Probably 0,85
s damaging s damaging

rs201345298 | N225K | Tolerated | 0,82 Benign 0,001 Neutral -2,157 Probably 0,57
damaging

1s781935337 R226Q | Deleteriou | 0,03 Benign 0,000 Deleteriou -3,581 Probably 0,85
S s damaging

1s781935337 R226P | Deleteriou | 0,04 Probably 1,000 Deleteriou -6,258 Probably 0,85
s damaging s damaging

rs2138269801 E229K | Deleteriou | 0,04 Benign 0,094 Neutral -2,023 Probably 0,57

s damaging
1s782212727 N231D | Tolerated | 0,36 Benign 0,010 Neutral -1,224 Probably 0.57
damaging
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ANNEXE

rs1340881647 | Q234H Tolerated 0,57 Benign 0,000 Neutral 0,768 Probably 0,13
benign
rs1946010591| E235D | Deleteriou | 0,01 Benign 0,000 Neutral 0,514 Probably 0,27
S benign
rs1270207675 S236A Tolerated 0,31 Benign 0,000 Neutral -0,396 Probably 0,27
benign
1s782356549 S236F Tolerated 0,11 Benign 0,055 Deleteriou -2,627 Probably 0,27
S benign
1s782130684 | E237K | Tolerated 0,35 Benign 0,438 Neutral -0,659 Possibly 0,5
damaging
rs782130684 E237Q Tolerated 0,21 Benign 0,016 Neutral -0,449 Possibly 0,5
damaging
1s1315244865 | E237D Tolerated 0,45 Benign 0,002 Neutral -0,460 Possibly 0,5
damaging
1s1555148481 | D238Y | Deleteriou | 0,02 Benign 0,294 Deleteriou -2,997 Probably 0,27
s s benign
rs782045447 | A240V Tolerated 1 Benign 0,001 Neutral -2,093 Probably 0,57
damaging
rs1555148485 | K241R | Tolerated | 0,12 Benign 0,173 Neutral -2,322 Probably 0,85
damaging
1s1555148488 F2441 | Deleteriou | 0,03 Probably 0,990 | Deleteriou | -5,411 Probably 0,85
s damaging s damaging
1s781816472 | E246D | Deleteriou | 0,03 Benign 0,396 Neutral -2,471 Probably 0,85
s damaging
rs1719651282 | E247Q | Deleteriou | 0,01 Probably 0,999 Deleteriou -2,705 Probably 0,85
] damaging s damaging
rs1946015981| Q252R | Tolerated | 0,16 Probably 0,999 | Deleteriou | -3,614 Probably 0,85
damaging s damaging
rs1946016105 | Q254P | Deleteriou | 0,03 Probably 0,996 Deleteriou -4,267 Probably 0,85
S damaging s damaging
rs1946016163 | V256M | Tolerated 0,12 Benign 0,290 Neutral -0,309 Possibly 0,5
damaging
1s782819686 L259S Tolerated 0,16 Probably 0,963 Deleteriou -4,105 Possibly 0,5
damaging s damaging
rs1555148529| H260Y | Tolerated 1 Benign 0,000 Neutral 2,380 Probably 0,27
benign
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ANNEXE

rs1591687896| H260P Tolerated 0,13 Benign 0,137 Deleteriou -3,760 Probably 0,27
s benign
11555148535 | H260Q | Tolerated 0,22 Benign 0,002 Neutral -2,423 Probably 0,27
benign
rs1555148535 | H260Q Tolerated 0,22 Benign 0,002 Neutral -2,423 Probably 0,27
benign
1s374959527 Q261H | Deleteriou | 0,03 Benign 0,008 Neutral -1,120 Probably 0,27
s benign
1s761631984 R262H | Deleteriou | 0,02 Probably 0,987 Deleteriou -4,636 Probably 0,85
s damaging s damaging
rs1555148541 | R267W | Deleteriou | 0,00 Probably 1,000 Deleteriou -6,816 Probably 0,74
s damaging s damaging
rs781848123 R267Q Tolerated | 0,09 | Probably 0,999 Deleteriou -3,011 Probably 0,74
damaging s damaging
rs781848123 R267P | Deleteriou | 0,02 Probably 1,000 Deleteriou -5,747 Probably 0,74
s damaging s damaging
1s781848123 R267L Tolerated 0,25 Probably 0,998 Deleteriou -5,890 Probably 0,74
damaging s damaging
1s782637799 E269Q Tolerated 0,17 Probably 0,992 Deleteriou -2,644 Probably 0,85
damaging s damaging
rs1555148620| D283N | Deleteriou | 0,03 Possibly 0,744 | Deleteriou | -4,298 Probably 0,85
s damaging s damaging
rs1555148621 | H284Y | Tolerated | 0,07 Possibly 0,865 Deleteriou | -2,989 Probably 0,85
damaging s damaging
rs1371026118 | H284R | Tolerated 0,06 Benign 0,085 Deleteriou -3,482 Probably 0,85
s damaging
rs1323488790 | R286Q | Deleteriou | 0,00 Probably 1,000 | Deleteriou | -3,438 Probably 0,85
s damaging s damaging
1s56111095 V287M | Deleteriou | 0,00 Probably 1,000 Deleteriou -2,612 Probably 0,85
S damaging s damaging
rs782600635 | R292W | Deleteriou | 0,02 Probably 0,999 Neutral -0,885 Possibly 0,5
s damaging damaging
rs1387683991 | R292Q Tolerated 0,59 Probably 0,995 Neutral 0,209 Possibly 0,5
damaging damaging
1s782502543 D293G | Deleteriou | 0,04 Possibly 0,770 Deleteriou -5,484 Probably 0,85
S damaging s damaging
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ANNEXE

rs1946026855| D293E Tolerated 0,75 Benign 0,064 Deleteriou -2,938 Probably 0,85
S damaging
rs1378668798 | S294G Tolerated 0,44 Benign 0,001 Neutral -0,569 Possibly 0,5
damaging
1s782646307 1296F Tolerated 0,07 Possibly 0,888 Deleteriou -2,515 Possibly 0,5
damaging s damaging
1s782595592 G298R Tolerated 0,55 Probably 1,000 Deleteriou -6,265 Probably 0,85
damaging s damaging
1s782595592 | G298W | Deleteriou | 0,03 Probably 1,000 Deleteriou -6,200 Probably 0,85
s damaging s damaging
1s754255009 D300N | Deleteriou | 0,01 Probably 0,996 Deleteriou -4,465 Probably 0,85
s damaging s damaging
rs1946027516| N303S | Deleteriou | 0,01 Probably 1,000 Deleteriou -4,465 Probably 0,85
s damaging s damaging
1s1555148653 | N305S | Deleteriou | 0,32 Probably 0,969 Deleteriou -4,231 Probably 0,85
S damaging S damaging
rs1252389772| 1307V Tolerated 0,13 Benign 0,002 Neutral -0,659 Probably 0,19
benign
rs1946027624| K308M | Tolerated 0,41 Probably 0,976 Neutral -1,756 Possibly 0,5
damaging damaging
rs1555148694 | Q310K | Tolerated 0,24 Benign 0,001 Neutral -0,306 Possibly 0,5
damaging
rs1555148695| Q310R | Tolerated 0,29 Benign 0,045 Neutral -0,915 Possibly 0,5
damaging
rs1555148696 | G313D | Tolerated | 0,20 Benign 0,029 Neutral 0,412 Probably 0,27
benign
rs1555148698| P314A | Tolerated | 0,46 Benign 0,000 Neutral -0,299 Probably 0,27
benign
rs1555148698| P314S Tolerated | 0,58 Benign 0,000 Neutral 0,240 Probably 0,27
benign
rs1946032455| P314L Tolerated | 0,26 Benign 0,000 Neutral -1,373 Probably 0,27
benign
s1946032509| D315E | Tolerated 1 Benign 0,001 Neutral 0,237 Possibly 0,5
damaging
rs1198645982 | E316K Tolerated 0,54 Benign 0,053 Neutral -0,849 Possibly 0,5
damaging
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ANNEXE

1s200624825 N317K | Tolerated 0,52 Benign 0,013 Neutral 0,288 Possibly 0,5
damaging

rs782211008 A318T Tolerated 0,59 Benign 0,000 Neutral -0,005 Possibly 0,5
damaging

rs1555148704 | A318V Tolerated 0,51 Benign 0,001 Neutral -1,486 Possibly 0,5
damaging

rs1591689003| T320P Tolerated 0,14 Possibly 0,868 Neutral -1,092 Probably 0,57

damaging damaging
rs782127411 1322L | Deleteriou | 0,00 Probably 0,995 Neutral -1,854 Probably 0,85
s damaging damaging

rs1555148710 | A323T | Deleteriou | 0,00 Probably 0,999 Deleteriou -3,441 Probably 0,85
s damaging s damaging

rs781923789 Q325H | Deleteriou | 0,00 Probably 1,000 Deleteriou -3,668 Probably 0,85
s damaging s damaging

1s2138273089 | E329K Tolerated 0,63 Benign 0,002 Neutral -0,358 Probably 0,19
benign

rs1946033536| E329V Tolerated 0,21 Benign 0,001 Neutral -2,312 Probably 0,19
benign

1s1946033659 | T331IM | Deleteriou | 0,02 Probably 1,000 Deleteriou -5,419 Probably 0,85
s damaging s damaging

rs199933225 V3321 Tolerated 0,19 Benign 0,049 Neutral -0,145 Possibly 0,5
damaging

rs2138273165| N333S Tolerated 0,48 Benign 0,053 Neutral -0,721 Possibly 0,5
damaging

1s1946033926 | D334Y | Deleteriou | 0,00 Probably 1,000 Deleteriou -6,562 Probably 0,85
s damaging s damaging

1s782547213 | A339T | Deleteriou | 0,05 Benign 0,000 Neutral -0,159 Probably 0,19
s benign

1s201976465 A339V Tolerated 1,00 Benign 0,000 Neutral 3,270 Probably 0,19
benign

1s782608469 Q341P | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,457 Probably 0,85
S damaging s damaging

1s782608469 Q341R | Deleteriou | 0,00 Probably 0,954 Deleteriou -3,590 Probably 0,85
s damaging s damaging

rs1591689121 E342G | Deleteriou | 0,01 Probably 0,996 Deleteriou -5,858 Probably 0,85
S damaging s damaging
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ANNEXE

rs1946034768 | N343D Tolerated 0,10 Benign 0,200 Deleteriou -2,957 Probably 0,85
s damaging

rs369337036 | R345C Tolerated 0,05 Probably 0,993 Deleteriou -5,810 Probably 0,85
damaging ] damaging

rs1470957233| R345H Tolerated 0,19 Benign 0,079 Neutral -2,053 Probably 0,85
damaging

1s879984166 V3461 Tolerated 0,17 Benign 0,006 Neutral -0,664 Possibly 0,5

damaging

11177433416 V3481 Tolerated 0,05 Probably 0,984 Neutral -0,829 Probably 0,85
damaging damaging

1s782671210 V348A Tolerated 0,05 Probably 0,999 Deleteriou -3,534 Probably 0,85
damaging s damaging

1s782187261 T350N | Deleteriou | 0,03 Probably 1,000 Deleteriou -4,616 Probably 0,85
s damaging s damaging

1s923201462 R352Q Tolerated 0,12 Probably 0,955 Neutral -1,543 Possibly 0,5

damaging damaging

1s1946035635 | G357D | Deleteriou | 0,00 Probably 0,901 Deleteriou -6,501 Probably 0,85
S damaging S damaging

1s1946035689 | R358W | Deleteriou | 0,00 Probably 1,000 Deleteriou -6,169 Probably 0,57
s damaging s damaging

rs1555148751 | R358Q | Deleteriou | 0,03 Probably 0,998 Neutral -2,210 Probably 0,57
s damaging damaging

rs1555148930 | N359S | Tolerated | 0,74 Benign 0,232 Neutral -2,088 Probably 0,85
damaging

1s1555148933 | N359K | Tolerated 0,91 Benign 0,171 Deleteriou -3,242 Probably 0,85
s damaging

rs781941676 K360R | Deleteriou | 0,02 Probably 0,978 Deleteriou | -2,878 Probably 0,85
s damaging s damaging

rs1555148935 C361S | Deleteriou | 0,03 Probably 1,000 Deleteriou -9,381 Probably 0,85
S damaging s damaging

1s782761798 V3621 Tolerated 0,39 Benign 0,153 Neutral -0,486 Probably 0,78
damaging

rs1177506427| P363T Tolerated 0,11 Benign 0,053 Neutral -0,727 Probably 0,57
damaging

rs1555148944 | W365R | Deleteriou | 0,00 Probably 1,000 Deleteriou | -13,040 Probably 0,85
S damaging s damaging
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ANNEXE

1s377517197 E367K Tolerated 0,09 Possibly 0,950 Deleteriou -3,064 Possibly 0,5
damaging S damaging
rs377517197 E367Q | Deleteriou | 0,05 Possibly 0,558 Neutral -2,203 Possibly 0,5
s damaging damaging
1s959921236 E367A Tolerated 0,08 Benign 0,282 Deleteriou -3,853 Possibly 0,5
S damaging
1s781806998 V368M | Tolerated 0,09 Benign 0,000 Neutral 0,176 Possibly 0,5
damaging
1s1946056210 | G369S Tolerated 0,31 Benign 0,186 Neutral -1,373 Possibly 0,5
damaging
rs2138276680 | M370T Tolerated 0,57 Benign 0,000 Neutral 0,831 Probably 0,13
benign
1s1946056311 M3701 Tolerated 0,18 Benign 0,000 Neutral -0,850 Probably 0,13
benign
rs370538000 R372G | Tolerated 0,18 Benign 0,002 Neutral -2,352 Probably 0,27
benign
1s370538000 R372C | Deleteriou | 0,04 Benign 0,239 Deleteriou -3,700 Probably 0,27
S S benign
rs782528840 R372H | Tolerated 0,11 Benign 0,001 Neutral -2,055 Probably 0,27
benign
1s782674280 Y377C Tolerated 0,09 Probably 0,999 Deleteriou -3,206 Possibly 0,5
damaging S damaging
rs1484282642 | N381S | Tolerated | 0,48 Benign 0,001 Neutral -1,811 Possibly 0,5
damaging
rs782455819 G383R | Tolerated | 0,45 Benign 0,002 Neutral -0,050 Probably 0,19
benign
1s1555148958 | E384D | Deleteriou | 0,04 Possibly 0,956 Deleteriou -2,583 Probably 0,85
s damaging s damaging
15782570503 H385R Tolerated 0,06 Benign 0,000 Neutral 0,577 Possibly 0,5
damaging
rs1555148961| D386G | Tolerated 0,39 Benign 0,009 Neutral -1,596 Probably 0,57
damaging
1s1946056965 T387S Tolerated 0,45 Benign 0,001 Neutral -0,617 Probably 0,27
benign
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ANNEXE

rs1946057064 | T388N Tolerated 0,53 Benign 0,001 Neutral -0,221 Probably 0,19
benign
rs782346134 E389K | Tolerated 0,10 Possibly 0,716 Neutral -2,013 Possibly 0,5
damaging damaging
1s376886181 E389A Tolerated 0,19 Benign 0,051 Deleteriou -2,596 Possibly 0,5
s damaging
15782262226 Y390H | Deleteriou | 0,02 Probably 0,997 Deleteriou -4,622 Probably 0,85
s damaging s damaging
1s782405424 L392V Tolerated 0,41 Benign 0,001 Neutral -1,203 Possibly 0,5
damaging
rs782031352 | R393C | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,804 Probably 0,85
S damaging S damaging
1s782044132 R393H | Deleteriou | 0,01 Probably 1,000 Deleteriou -4,831 Probably 0,85
s damaging s damaging
rs1555148971| Q396K | Tolerated 1 Benign 0,000 Neutral -0,341 Probably 0,13
benign
rs1555148971| Q396E Tolerated 0,78 Benign 0,007 Neutral 0,052 Probably 0,13
benign
1s782746802 S398C Tolerated 0,05 Benign 0,007 Neutral -2,360 Probably 0,57
damaging
rs781971151 P399L Tolerated 0,54 Benign 0,010 Neutral -1,518 Possibly 0,5
damaging
rs1302893456 | D401G | Tolerated 0,47 Benign 0,002 Neutral -1,104 Possibly 0,5
damaging
1s1302893456 | D401V | Tolerated 0,24 Benign 0,020 Deleteriou -3,394 Possibly 0,5
s damaging
rs782681772 L405V Tolerated 0,38 Benign 0,010 Neutral 0,282 Possibly 0,5
damaging
rs1249604029| L405Q Tolerated 0,58 Benign 0,171 Neutral 2,024 Possibly 0,5
damaging
rs1249604029| 1L405P Tolerated 0,31 Benign 0,013 Neutral 1,607 Possibly 0,5
damaging
rs781934308 1406M Tolerated 0,11 Benign 0,181 Neutral 0,794 Probably 0,19
benign
rs1489313099| R407Q | Deleteriou | 0,03 Probably 1,000 Deleteriou -3,447 Probably 0,85
S damaging s damaging
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ANNEXE

rs1946061537 | Q413H Tolerated 1 Benign 0,175 Neutral 2,419 Probably 0,57
damaging
rs2138277591 | D419N | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,871 Probably 0,85
s damaging s damaging
rs1555149024 | V422A | Deleteriou | 0,04 Probably 0,999 Deleteriou -3,790 Probably 0,85
s damaging s damaging
rs1946061989 P423L | Deleteriou | 0,01 Probably 1,000 Deleteriou -9,808 Probably 0,85
s damaging s damaging
1s781949874 S424N Tolerated 0,16 Benign 0,002 Neutral -1,708 Possibly 0,5
damaging
1s782096531 S424R Tolerated 0,14 Benign 0,310 Deleteriou -2,674 Possibly 0,5
S damaging
1s1555149029 | G427A | Tolerated 0,24 Possibly 0,606 Deleteriou -4,596 Probably 0,78
damaging s damaging
rs782368432 | G428S Tolerated 0,44 Benign 0,339 Neutral -2,451 Probably 0,78
damaging
1s781994700 G428D Tolerated 0,26 Possibly 0,464 Deleteriou -3,599 Probably 0,78
damaging s damaging
1s781994700 G428V | Tolerated 0,21 Possibly 0,871 Deleteriou -4,360 Probably 0,78
damaging s damaging
rs782142224 V4291 Tolerated | 0,22 Possibly 0,818 Neutral -0,908 Probably 0,85
damaging damaging
rs1356734316 | Q435R | Tolerated 0,51 Benign 0,118 Neutral -2,446 Possibly 0,5
damaging
1s1555149035 | N437K | Tolerated 0,30 Possibly 0,947 Deleteriou -4,807 Probably 0,85
damaging s damaging
rs1555149037 | Q438R | Tolerated 0,50 Benign 0,000 Neutral -0,433 Possibly 0,5
damaging
1s374365975 Q438H Tolerated 0,43 Benign 0,000 Neutral -0,850 Possibly 0,5
damaging
rs782065208 | R439W | Tolerated 0,13 Probably 0,990 Deleteriou -4,440 Possibly 0,5
damaging s damaging
1s782749360 R439Q Tolerated 0,21 Benign 0,440 Neutral -1,228 Possibly 0,5
damaging
rs781860095 | E441K Tolerated 0,46 Benign 0,015 Neutral -1,724 Probably 0,57
damaging
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ANNEXE

1s200005925 E441G Tolerated 0,19 Possibly 0,719 Deleteriou -3,528 Probably 0,57
damaging s damaging

1s1305426435 S442C | Deleteriou | 0,01 Possibly 0,784 Deleteriou -4,162 Probably 0,57
s damaging ] damaging

rs1591690821 S442R Tolerated 0,23 Benign 0,005 Deleteriou -3,053 Probably 0,57
s damaging

rs368398907 | L1443V Tolerated 0,07 Benign 0,002 Neutral 0,103 Possibly 0,5
damaging

1s1565583883 L443P Tolerated 0,08 Probably 1,000 Deleteriou -3,505 Possibly 0,5
damaging ] damaging

rs782437067 P4448S Tolerated 0,45 Benign 0,050 Deleteriou -3,358 Probably 0,85

s damaging
rs782216134 | A446T Tolerated 0,10 Benign 0,307 Neutral -1,587 Probably 0,85
damaging

rs782216134 A446P | Deleteriou | 0,03 Benign 0,067 Neutral -2,200 Probably 0,85
s damaging

rs782216134 A446S Tolerated 0,18 Possibly 0,010 Neutral -0,719 Probably 0,85
damaging damaging

rs782625225 | A446V | Deleteriou | 0,04 Benign 0,528 Neutral -2,483 Probably 0,85
S damaging

rs782404245 P448A | Deleteriou | 0,02 Probably 0,992 Deleteriou | -6,630 Probably 0,85
s damaging s damaging

rs782028376 1449T | Deleteriou | 0,03 Probably 0,987 Deleteriou | -4,075 Probably 0,74

] damaging s damaging
rs1555149058| 1450V Tolerated 1 Benign 0,001 Neutral 0,154 Probably 0,27
benign

rs62621988 V451M | Deleteriou | 0,00 Probably 1,000 Deleteriou -2,892 Possibly 0,5
s damaging s damaging

rs62621988 V451L | Deleteriou | 0,00 Probably 0,985 Deleteriou -2,842 Possibly 0,5
S damaging s damaging

rs1363181410| S454N | Deleteriou | 0,00 Probably 0,996 Deleteriou -2,698 Probably 0,85
s damaging s damaging

1s376685795 S454R | Deleteriou | 0,00 Probably 0,995 Deleteriou -4,212 Probably 0,85
s damaging s damaging

rs1435682678 | A455T | Deleteriou | 0,00 Probably 1,000 Deleteriou -3,634 Probably 0,85
S damaging s damaging
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ANNEXE

rs1435682678 | A455S | Deleteriou | 0,02 Possibly 0,936 Deleteriou -2,641 Probably 0,85
s damaging s damaging

rs1946098507| G456S | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,403 Probably 0,85
s damaging S damaging

rs1555149392 | G456D | Deleteriou Probably 1,000 Deleteriou -6,346 Probably 0,85
S damaging S damaging

1s782000132 1457V Tolerated 0,46 Probably 0,983 Neutral -0,909 Probably 0,85
damaging damaging

1s1946098810 | G458S | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,520 Probably 0,85
s damaging s damaging

1s1591692944 | R459P | Deleteriou | 0,00 Probably 1,000 Deleteriou -6,418 Probably 0,85
s damaging s damaging

rs1946098996| T462S | Deleteriou | 0,03 Probably 1,000 Deleteriou -3,434 Probably 0,85
s damaging s damaging

1s926689109 1466S Deleteriou | 0,03 Probably 1,000 Deleteriou -5,366 Probably 0,85
s damaging s damaging

1s376994439 D467N | Deleteriou | 0,01 Probably 1,000 Deleteriou -4,492 Probably 0,85
s damaging s damaging

rs1946099497| M468V | Tolerated 0,39 Probably 0,964 Neutral -1,208 Probably 0,57
damaging damaging

rs1565584932 | L469V | Tolerated | 0,24 Benign 0,060 Neutral -1,161 Probably 0,27
benign

rs1946099608 | M470R | Deleteriou | 0,04 Possibly 0,464 Deleteriou -3,706 Possibly 0,5
s damaging s damaging

rs1591693004| S474P Tolerated 0,18 Benign 0,007 Neutral -1,286 Possibly 0,5
damaging

rs782729581 T475A Tolerated 0,63 Benign 0,002 Neutral -0,571 Possibly 0,5
damaging

12138283647 T4751 Tolerated 0,14 Benign 0,089 Neutral -2,256 Possibly 0,5
damaging

rs1171574303| K476T Tolerated 0,06 Possibly 0,919 Neutral -2,165 Probably 0,57
damaging damaging

rs1171574303| K476R | Tolerated 0,13 Benign 0,382 Neutral -0,535 Probably 0,57
damaging

rs1171574303| K476M | Deleteriou | 0,01 Possibly 0,934 Neutral -1,408 Probably 0,57
S damaging damaging
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rs1555149453| Q489R Tolerated 0,29 Benign 0,346 Deleteriou -3,221 Probably 0,85
S damaging
rs1555149453| Q489L Tolerated 0,18 Possibly 0,952 Deleteriou -5,917 Probably 0,85
damaging s damaging
1s781904280 R492W | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,340 Probably 0,85
s damaging s damaging
rs1946103949| A493T Tolerated 0,17 Benign 0,024 Neutral -0,327 Possibly 0,5
damaging
rs1272459641| A493V | Deleteriou | 0,05 Possibly 0,880 Neutral -2,196 Possibly 0,5
s damaging damaging
1s1946104248 | R495C | Deleteriou | 0,00 Probably 1,000 Deleteriou -7,240 Probably 0,85
s damaging s damaging
1s1356852472 | R495H | Deleteriou | 0,00 Probably 1,000 Deleteriou -4,398 Probably 0,85
S damaging S damaging
rs1283407292 | S496L Tolerated 0,43 Probably 1,000 Deleteriou | -5,484 Probably 0,85
damaging S damaging
1s782414151 T501R | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,067 Probably 0,85
s damaging s damaging
1s782414151 T501M | Deleteriou | 0,00 Probably 1,000 Deleteriou -5,334 Probably 0,85
] damaging s damaging
rs1946104804 | AS503T | Tolerated | 0,25 Probably 0,956 | Deleteriou | -3,178 Probably 0,85
damaging s damaging
rs185835888 | AS503V | Tolerated | 0,14 Probably 0,999 | Deleteriou | -3,295 Probably 0,85
damaging s damaging
1s1555149474 | K506N | Tolerated 0,31 Probably 1,000 Deleteriou -3,812 Probably 0,74
damaging s damaging
rs782252503 F507L | Deleteriou | 0,04 Probably 0,996 | Deleteriou | -5,380 Probably 0,85
s damaging s damaging
rs1946105619 1508T Deleteriou | 0,01 Probably 1,000 Deleteriou -3,395 Probably 0,57
S damaging s damaging
rs782170877 | V510M | Tolerated | 0,22 Benign 0,000 Neutral 1,800 Probably 0,27
benign
1s1946106242 | AS513T Tolerated 0,33 Benign 0,195 Neutral -0,389 Possibly 0,5
damaging
rs1471321885| F515L Tolerated 0,20 Possibly 0,917 Deleteriou -3,556 Possibly 0,5
damaging s damaging
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rs1555149485 1516T Deleteriou | 0,00 Probably 0,981 Deleteriou -3,761 Probably 0,85
s damaging s damaging
1s1946106693 T518S Tolerated 0,13 Benign 0,018 Neutral -2,376 Possibly 0,5
damaging
rs781952099 T5191 Tolerated 0,46 Benign 0,006 Neutral -0,089 Probably 0,57
damaging
rs1946107148| KS522R Tolerated 1 Benign 0,000 Neutral 1,584 Probably 0,57
damaging
rs2138284613| L1523V Tolerated 0,20 Benign 0,025 Neutral -0,586 Probably 0,57
damaging
1s1555149492 V5251 Tolerated 0,43 Benign 0,000 Neutral -0,609 Possibly 0,5
damaging
rs1555149495( L526M | Tolerated | 0,22 Benign 0,003 Neutral 0,636 Probably 0,19
benign
rs200635165 S528W | Tolerated | 0,02 Possibly 0,871 Neutral -2,191 Probably 0,27
damaging benign
1s200635165 S528L Tolerated 0,40 Benign 0,000 Neutral -0,894 Probably 0,27
benign
1s1555149602 | K530N | Tolerated 0,18 Benign 0,000 Neutral -1,641 Possibly 0,5
damaging
rs1946114778 | G531S Tolerated 0,28 Benign 0,001 Neutral 0,075 Possibly 0,5
damaging
rs1591693786 S534P Tolerated 0,15 Benign 0,001 Neutral -0,828 Possibly 0,5
damaging
1s1591693786 | S534A Tolerated 0,42 Benign 0,007 Neutral -0,050 Possibly 0,5
damaging
rs782688576 S534L Tolerated 0,39 Benign 0,175 Neutral -1,271 Possibly 0,5
damaging
rs1009148404 | Y536H | Deleteriou | 0,03 Possibly 0,758 Deleteriou -3,042 Probably 0,85
S damaging s damaging
rs1555149614 | YS536C | Deleteriou | 0,00 Probably 0,999 Deleteriou -6,372 Probably 0,85
s damaging s damaging
rs1946115324| G537R | Tolerated 0,39 Probably 0,993 Neutral -0,999 Probably 0,57
damaging damaging
15782494259 T540S | Deleteriou | 0,05 Benign 0,000 Neutral 0,307 Possibly 0,5
S damaging
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15782494259 T5401 Deleteriou | 0,01 Benign 0,008 Neutral -1,353 Possibly 0,5
S damaging
rs1370018915| P542S Tolerated 0,18 Benign 0,329 Neutral 1,023 Possibly 0,5
damaging
rs1307380937 | P543Q | Deleteriou | 0,02 Benign 0,016 Neutral -1,002 Possibly 0,5
s damaging
rs1555149629 | A544P | Deleteriou | 0,00 Benign 0,176 Neutral -0,198 Possibly 0,5
s damaging
1s1555149633 | M545V | Deleteriou | 0,04 Benign 0,000 Neutral 0,017 Probably 0,85
s damaging
1s782265270 M545T | Deleteriou | 0,01 Benign 0,000 Neutral 0,494 Possibly 0,5
s damaging
1s782265270 M545R | Deleteriou | 0,00 Benign 0,003 Neutral 0,028 Probably 0,57
s damaging
rs782487049 K546R | Tolerated 0,21 Benign 0,000 Neutral 0,143 Probably 0,57
damaging
rs1555149641 | A548V Tolerated 0,73 Benign 0,000 Neutral -0,855 Probably 0,57
damaging
rs782555031 K551E Tolerated 0,05 Benign 0,000 Neutral -0,338 Possibly 0,5
damaging
rs782253557 A552T | Tolerated | 0,13 Benign 0,013 Neutral -0,286 Probably 0,19
benign
rs782253557 A552P | Tolerated | 0,32 Possibly 0,518 Neutral 0,939 Probably 0,27
damaging benign
rs782253557 AS552S Tolerated | 0,32 Benign 0,003 Neutral -0,089 Probably 0,27
benign
rs200155138 S553F | Deleteriou | 0,00 Benign 0,000 Neutral -1,559 Possibly 0,5
s damaging
1s782599498 R554C | Deleteriou | 0,00 Probably 0,995 Neutral -0,142 Possibly 0,5
S damaging damaging
1s782226517 R554H | Deleteriou | 0,01 Benign 0,168 Neutral -0,894 Possibly 0,5
s damaging
15782226517 R554P | Deleteriou | 0,01 Possibly 0,935 Neutral 1,654 Possibly 0,5
s damaging damaging
rs1591693916| T5551 | Deleteriou | 0,00 Benign 0,001 Neutral -0,730 Possibly 0,5
S damaging
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1s782366247 S556L | Deleteriou | 0,01 Benign 0,288 Neutral -0,464 Possibly 0,5
s damaging

rs1555149653| K558T | Deleteriou | 0,05 Benign 0,002 Neutral -0,182 Possibly 0,5
s damaging

rs1555149653| K558R | Deleteriou | 0,04 Benign 0,010 Neutral 0,082 Possibly 0,5
s damaging

rs1946125383 | H559Y | Deleteriou | 0,00 Benign 0,000 Neutral -0,048 Probably 0,02
s benign

rs1555149806 | H559R | Deleteriou | 0,01 Benign 0,000 Neutral 0,137 Probably 0,02
s benign

1s781928397 K560R Tolerated 0,22 Benign 0,000 Neutral 0,017 Probably 0,02
benign

1s1270713882 | K560N | Deleteriou | 0,04 Benign 0,000 Neutral 0,051 Probably 0,02

s benign
1s1591694546 | E561K Tolerated 0,22 Benign 0,000 Neutral -0,608 Possibly 0,5
damaging

rs1555149810 | E561D | Deleteriou | 0,03 Benign 0,000 Neutral 0,187 Possibly 0,5
s damaging

rs1946125807| Y564S | Deleteriou | 0,00 Benign 0,034 Deleteriou -2,857 Probably 0,02
S s benign

rs1946125919 | E565G | Deleteriou | 0,00 Benign 0,005 Neutral -2,472 Probably 0,02
s benign

rs782332287 L567M | Deleteriou | 0,00 Benign 0,151 Neutral -0,621 Probably 0,02

S benign
rs375291511 H568Y | Deleteriou | 0,00 Benign 0,008 Neutral -0,473 Probably 0,02
S benign

rs782106910 H568P | Deleteriou | 0,01 Benign 0,000 Neutral 1,198 Probably 0,02
s benign

rs1555149821| H568Q | Deleteriou | 0,01 Benign 0,000 Neutral 0,323 Probably 0,02
S benign

rs1231052417| T569A | Deleteriou | 0,01 Benign 0,000 Neutral 0,258 Probably 0,02
s benign

1s782460041 N571D | Deleteriou | 0,03 Benign 0,000 Neutral -0,408 Probably 0,02

s benign
rs978237552 K572T | Deleteriou | 0,03 Possibly 0,930 Neutral -0,046 Probably 0,02
S damaging benign
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1s978237552 K572R Tolerated 0,11 Benign 0,009 Neutral -0,423 Probably 0,02
benign

rs1555149837 | R573G | Deleteriou | 0,00 Benign 0,000 Neutral 0,230 Probably 0,19
s benign

rs1946127133| R573K | Deleteriou | 0,00 Benign 0,000 Neutral 0,024 Probably 0,19
s benign

rs1946127228| E574Q | Deleteriou | 0,00 Benign 0,098 Neutral -0,200 Probably 0,02
S benign

rs1555149838 | E574D | Deleteriou | 0,00 Possibly 0,731 Neutral 0,074 Probably 0,02
s damaging benign

rs1288467058 | K576E | Deleteriou | 0,00 Benign 0,422 Neutral -0,335 Probably 0,02
s benign

1s1555149841 | V577M | Deleteriou | 0,00 Benign 0,000 Neutral 0,161 Probably 0,02
s benign

1s1946127504 | K579T | Deleteriou | 0,00 Benign 0,068 Neutral -0,412 Probably 0,02
s benign

1s782777814 | Q580K | Deleteriou | 0,00 Benign 0,002 Neutral -0,116 Probably 0,02
s benign

rs782020090 | R581W | Deleteriou | 0,00 Probably 0,999 Neutral -0,580 Probably 0,02
S Damaging benign

rs782167753 R581Q | Deleteriou | 0,00 Probably 0,985 Neutral 0,141 Probably 0,02
s Damaging benign

rs1326097283 | S582L | Deleteriou | 0,00 Benign 0,002 Neutral -0,629 Probably 0,02
S benign

1367563603 K585E | Deleteriou | 0,00 Benign 0,003 Neutral -0,262 Probably 0,02
S benign

rs1555149852 | KS585R | Deleteriou | 0,00 Benign 0,364 Neutral 0,031 Probably 0,02
s benign

rs1390422023 | K587E | Deleteriou | 0,00 Benign 0,111 Neutral -0,331 Probably 0,02
S benign

rs1163107482| K587N | Deleteriou | 0,00 Benign 0,364 Neutral 0,028 Probably 0,02
s benign

rs1555149856 | S588G | Deleteriou | 0,00 Benign 0,000 Neutral -0,124 Probably 0,02
s benign

rs1555149857 | S588N | Deleteriou | 0,00 Benign 0,026 Neutral -0,177 Probably 0,02
S benign
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1s781866962 G590S | Deleteriou | 0,00 Possibly 0,495 Neutral -0,476 Possibly 0,5
s damaging damaging

rs1555149861| S591F | Deleteriou | 0,00 Benign 0,329 Neutral -0,693 Possibly 0,57
s damaging

1s782532946 L592F | Deleteriou | 0,00 Benign 0,000 Neutral -0,676 Possibly 0,5
s damaging

1s782676287 K593N | Deleteriou | 0,00 Benign 0,000 Neutral -0,098 Probably 0,02
s benign

rs1468613421| R594S | Deleteriou | 0,00 Benign 0,001 Neutral -0,141 Probably 0,27
s benign

rs1555149866 | K595E | Deleteriou | 0,00 Benign 0,276 Neutral -0,156 Possibly 0,5
s damaging
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) 0.011 Pro.dam
rs2135817439 T2A Tolerated 0.21 Benign 0,000 Neutral ’ 0,57
Neutral Pro.dam
rs267606990 T2I Tolerated 0.07 Benign 0,018 -0,178 0,57
Délétere Pro.dam Neutral Pro.dam
S3W 0.00 1,000 -2,475 0,57
rs2135817459 Délétére Pro.dam Neutral Pro.dam
S3L 0.00 0,999 -1,875 0,57
Délétére Neutral Pro.dam
rs886041517 R4G 0.00 | Poss.dam | 0,956 -2,022 0,57
Délétere Délétere Pro.dam
R4W 0.00 Pro.dam 0,990 -3,401 0,57
Poss Délétere Pro.dam
rs587781133 R5G Tolerated 0.30 Dam’ 0,954 -3,948 0,85
Délétere Délétere Pro.dam
1s79203122 we6C 0.00 Pro.dam 1,000 -10,968 0,85
Délétere Poss Délétere Pro.dam
rs2135856276 H8Y 0.00 ’ 0,706 -4,601 0,85
Dam
Poss. Délétére Pro.dam
1s566068139 P9A Tolerated 1 Dam 0,864 -4,953 0,57
Poss. Délétere Pro.dam
rs536503257 P9Q Tolerated 0.25 Dam 0,927 -4.475 0,57
Délétere Pro.dam
rs368633510 N10D Tolerated 1 Benign 0,023 -2,765 0,57
Délétere Pro.dam
N10H Tolerated 0.10 Benign 0,070 -2,853 0,57
Délétére Pro.dam
rs200613531 N10S Tolerated 0.09 Benign 0,190 -3,197 0,57
Délétére Délétere Pro.dam
N10I 0.00 Pro.dam 0,895 -6,203 0,57
Délétere Pro.dam
rs1472357430 111V 0.02 Benign 0,077 Neutral -0,814 0,57
Délétere Pro.dam
rs1181579972 I11T 0.00 Pro.dam 0,990 Délétére -3,758 0,57
Pro.dam
rs1386827892 TI2A Délétére 0.01 Benign 0,272 Neutral -1,486 0,57
Pro.dam
rs2135856346 G138 Délétére 0.00 Pro.dam 0,990 Délétére -4,942 0,85
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Pro.dam

rs2135856353 | V14M Tolerated | 0.12 Benign 0,107 Neutral -0,001 0,57
Délétere Pro.dam Pro.dam

rs2135856357 Al6T 0.00 0,990 Délétére -3,297 0,85
Délétere Pro.dam Pro.dam

Al6V 0.00 0,999 Délétére -3,297 0,85
152135856364 Délétere Pro.dam Pro.dam

A16G 0.00 1,000 Délétére -3,297 0,85
Neutral Pro.dam

rs776089364 N18D Tolerated 0.18 Benign 0,003 -0,586 0,57
Neutral Pro.dam

rs587778635 N18S Tolerated | 0.23 Benign 0,041 -0,010 0,57
Délétere Poss. Neutral Pro.dam

rs2037993841 L19V 0.00 Dam 0,669 -1,330 0,57
Délétére Poss. Pro.dam

1s397507500 LI9R 0.00 | pam 0,900 Délétére -4,228 0,57
Délétére Poss. Neutral Pro.dam

1s753951666 L20V 0.01 Dam 1,000 -2,473 0,85
Neutral Pro.dam

rs757537175 T22A Tolerated 0.55 Benign 0,107 -0,920 0,57
Neutral Pro.dam

rs2037994211 V251 Tolerated 0.25 Benign 0,014 -0,223 0,57
Neutral Pro.dam

1s750261927 D26N Tolerated 0.83 Benign 0,324 -1,655 0,57
Délétére Pro.dam

D26Y Tolerated 0.06 Pro.dam 0,985 -3,403 0,57
Délétére Pro.dam

rs1247363600 D26V Délétére 0.02 Benign 0,403 -4,728 0,57
Délétere Pro.dam

rs2135856448 G27D 0.00 Pro.dam 0,999 Délétére -4,830 0,85
Délétere Poss Pro.dam

rs2135856451 S28N 0.00 Dam’ 0,918 Neutral -2,440 0,85
Délétére Pro.dam Délétére Pro.dam

1s2037994433 A31E 0.00 0,995 -3,554 0,85
Délétére Pro.dam Délétére Pro.dam

rs2135856466 R32M 0.00 1,000 -4,941 0,85
Délétere Pro.dam Neutral Pro.dam

1s906966059 S34N 0.00 0,999 -2,475 0,85
Neutral Pro.dam

1s934388335 K35Q Tolerated 0.42 Benign 0,080 -1,483 0,57
Délétere Délétere Pro.dam

K35E 0.03 Benign 0,178 -1,888 0,57
Délétére Poss. Délétere Pro.dam

1s2037994651 K351 0.01 Dam 0,776 -4,579 0,57
Poss. Délétere Pro.dam

rs2135856496 S36G Tolerated 0.09 Dam 0,999 -2,820 0,57
Délétere Pro.dam

rs1337565783 N37K Tolerated 0.23 Benign 0,256 -2,936 0,85
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Poss Délétere Pro.dam

rs886041585 G39R Délétére 0.00 Dam' 1,000 -6,452 0,85
Délétere Pro.dam

rs397516795 D40G Tolerated 0.06 Benign 0,331 -5,185 0,85
Poss. Délétére Pro.dam

rs2135856548 F41S Délétére 0.00 Dam 1,000 -6,896 0,85
Poss. Délétére Pro.dam

rs2037995014 F41L Délétére 0.00 Dam 1,000 -5,173 0,85
Poss. Délétére Pro.dam

rs397507501 T42A Tolerated 0.11 Dam 0,623 -3,308 0,57
Délétere Pro.dam Pro.dam

rs1566164987 1431 0.00 0,985 Neutral -1,724 0,85
Délétere Pro.dam Pro.dam

rs2135856577 S44C 0.00 1,000 Délétére -4,301 0,85
Délétére Pro.dam

rs2037995352 V451 0.00 Benign 0,267 Neutral -0,825 0,85
Délétére Poss. Pro.dam

V45L 0.00 Dam 0,671 Délétére -2,535 0,85
Poss. Pro.dam

rs2135861852 R47K Tolerated 0.36 Dam 0,842 Neutral -2,078 0,57
Pro.dam Pro.dam

R47T Tolerated 0.59 0,999 Délétére -3,993 0,57
Neutral Pro.dam

rs2038060556 N48H Tolerated 0.07 Benign 0,013 -2,122 0,57
Neutral Pro.dam

1s765495843 N48S Tolerated 0.16 Benign 0,072 -2,075 0,57
Délétere Poss Neutral Pro.dam

rs2135861867 G49R 0.02 ’ 0,721 -2,231 0,57

Dam

Délétere Neutral Pro.dam

rs2135861872 G49E 0.04 Benign 0,027 -0,988 0,57
Délétere Neutral Pro.dam

G49A 0.03 Benign 0,712 -1,912 0,57
Délétére Poss. Pro.dam

G49V 0.00 Dam 0,027 Délétére -3,426 0,57
Poss. Neutral Pro.dam

1s587778636 A50P Tolerated 0.71 Dam 0,263 -0,813 0,57
Neutral Pro.dam

AS50T Tolerated 0.06 Benign 0,832 -0,411 0,57
Délétere Neutral Pro.dam

rs2135861893 A50V 0.03 Benign 0,611 -1,056 0,57
Délétere Neutral Pro.dam

A50G 0.05 Benign 0,173 -1,220 0,57
Délétére Neutral Pro.dam

rs2135861898 V511 0.00 Benign 0,014 -0,716 0,85
Délétére Poss Neutral Pro.dam

V51L 0.00 ’ 0,001 -2,442 0,85

Dam

Délétére Pro.dam Délétere Pro.dam

rs2135861904 V51A 0.00 0,144 -3,418 0,85
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Délétere Pro.dam Délétere Pro.dam

rs397507503 T52N 0.00 0,731 -4,348 0,85
Délétére Poss Délétére Pro.dam

T52S 0.00 ’ 1,000 -3,451 0,85

Dam

Délétere Pro.dam Délétére Pro.dam

T521 0.00 0,981 -5,211 0,85
Délétere Pro.dam Délétére Pro.dam

rs2135861929 H53N 0.00 0,952 -6,040 0,85
Délétere Pro.dam Délétére Pro.dam

H53Y 0.00 0,994 -5,177 0,85
Délétere Pro.dam Délétere Pro.dam

H53D 0.00 1,000 -7,766 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135861937 H53L 0.00 1,000 -9,492 0,85
Délétére Pro.dam Délétére Pro.dam

1s766205831 H53Q 0.00 1,000 -6,903 0,85
Délétére Pro.dam Délétére Pro.dam

rs2135861950 154F 0.00 0,971 -3,451 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135861953 154N 0.01 1,000 -6,007 0,85

Délétere Pro.dam Délétere

rs1207829516 154M 0.00 1,000 -2,555 Poss. dam 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135861965 K55E 0.04 0,999 -2,996 0,57
Pro.dam

1s1261667540 K55R Tolerated 0.99 Pro.dam 0,9999 Neutral -1,221 0,57
Pro.dam Délétére Pro.dam

K55M Tolerated 0.36 1,000 -4,494 0,57
Délétere Pro.dam Délétere Pro.dam

rs2135861980 K55N 0.03 1.000 -3,631 0,57
Délétere Pro.dam Délétere Pro.dam

rs397507504 I56F 0.00 1,000 -3,451 0,85
Délétére Pro.dam Pro.dam

156V 0.00 0,960 Neutral -0,863 0,85
Délétére Pro.dam Délétére Pro.dam

rs1052382672 156N 0.00 1,000 -6,040 0,85
Délétere Pro.dam Délétere Pro.dam

156T 0.00 1,000 -4,281 0,85
Délétere Pro.dam Délétere Pro.dam

156N .0,00 1,000 -6,040 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135861999 Q57K 0.03 0,578 -2,851 0,85
Délétére Pro.dam Pro.dam

Q57E 0.01 0,997 Neutral -2,355 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135862007 Q57L 0.00 0,971 -5,640 0,85
) Délétére Pro.dam

Q57R Tolerated 0.24 Benign 0,173 -2,751 0,85
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Poss Délétere Pro.dam

rs2135862010 Q57H Délétére 0.00 Dam’ 0,768 -3,948 0,85
Pro.dam Délétere Pro.dam

rs397507505 N58D Tolerated 0.21 1,000 -4,314 0,85
Pro.dam Délétére Pro.dam

N58Y Délétére 0.04 0,997 -6,903 0,85
Pro.dam Délétére Pro.dam

N58H Tolerated 0.05 0,979 -4,314 0,85
Pro.dam Délétére Pro.dam

rs751437780 N58I Délétére 0.02 0,998 -7,766 0,85
Pro.dam Délétere Pro.dam

N58S Tolerated 0.12 0,994 -4,281 0,85
Pro.dam Délétere Pro.dam

1s397507506 N58K Tolerated 0.08 0,997 -5,177 0,85
: Délétére Pro.dam

1s886043790 | TsoA | Deleteriou | g o Posso o gy 2,615 0,85

S Dam

) Neutral Pro.dam

T59S Tolerated 1 Benign 0,144 -1,338 0,85
Poss Neutral Pro.dam

rs2135862036 T59N Tolerated 0.43 Dam’ 0,546 22,281 0,85
Neutral Pro.dam

T59S Tolerated 1 Benign 0,144 -1,338 0,85
Délétere Pro.dam Délétere Pro.dam

T591 0.01 0,989 -4,091 0,85
Délétére Pro.dam Délétére Pro.dam

1s397507507 G60R 0.00 1,000 -6,570 0,85
Délétére Pro.dam Délétére Pro.dam

G60S 0.01 0,997 -4,877 0,85
Délétere Pro.dam Délétere Pro.dam

G60C 0.00 1,000 -7,566 0,85
Délétere Pro.dam Délétere Pro.dam

rs397507509 G60V 0.00 1,000 -7,466 0,85
Délétére Pro.dam Délétére Pro.dam

G60A 0.01 1,000 -4.911 0,85
Pro.dam Délétére Pro.dam

G60D Tolerated 0.23 0,996 -5,673 0,85
Délétere Pro.dam Délétere Pro.dam

1s397507510 D61H 0.00 1,000 -5,373 0,85
Délétere Pro.dam Délétere Pro.dam

D6IN 0.02 0,998 -3,914 0,85
Délétere Pro.dam Délétere Pro.dam

D61Y 0.00 1,000 -7,099 0,85
Délétere Pro.dam Délétere Pro.dam

rs121918461 D61A 0.01 1,000 -6,203 0,85
Délétere Pro.dam Délétere Pro.dam

D61V 0.00 0,998 -7,099 0,85
Délétére Pro.dam Délétere Pro.dam

D61G 0.02 0,998 -5,640 0,85
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Délétere Délétere Pro.dam
rs2135862116 D61E 0.02 Benign 0,232 -2,518 0,85
Pro.dam Délétere Pro.dam
rs121918460 Y62N Tolerated 0.06 1,000 -6,727 0,57
Pro.dam Délétére Pro.dam
Y62D Délétére 0.04 0,999 -7,244 0,57
Pro.dam
rs1013419211 Y62F Tolerated 1 Benign 0,149 Neutral -1,028 0,57
Délétere Poss Délétere Pro.dam
Y62C 0.02 ’ 0,946 -6,141 0,57
Dam
Délétere Délétere Pro.dam
rs2135862143 Y63H 0.00 Pro.dam 1,000 -4,081 0,74
Poss Délétere Pro.dam
1s121918459 Y63F Tolerated 0.25 Darﬂ 0,776 -2,885 0,74
Délétére Délétére Pro.dam
Y63C 0.00 Pro.dam 1,000 -7,066 0,74
Délétere Poss Délétere Pro.dam
rs2135862159 D64N 0.00 ’ 0,939 -4,148 0,85
Dam
Délétere Pro.dam Délétere Pro.dam
D64H 0.00 1,000 -5,807 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135862168 D64V 0.00 0,998 -7,399 0,85
Délétere Pro.dam Délétere Pro.dam
D64G 0.00 0,993 -5,740 0,85
Pro.dam Délétére Pro.dam
rs2135862175 D64E Tolerated 1 0,994 -3,285 0,85
Pro.dam Pro.dam
rs2135862184 L65M Délétére 0.01 1,000 Neutral -1,726 0,85
Pro.dam Délétere Pro.dam
L65V Tolerated 0.22 1,000 -2,589 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135862193 L65Q 0.00 0,998 -5,177 0,85
Délétére Pro.dam Délétére Pro.dam
L65P 0.00 1,000 -6,040 0,85
Pro.dam Délétére Pro.dam
rs2135862207 Y66D Tolerated 1 0,997 -8,629 0,85
Poss Délétére Pro.dam
Y66N Tolerated | 0.10 ’ 0,909 -7,766 0,85
Dam
Délétere Pro.dam
Y66H Délétere 0.03 Pro.dam 1,000 -4,314 0,85
Poss Délétére Pro.dam
rs2135862220 Y66F Tolerated 0.12 Dam- 0,745 -3,451 0,85
Pro.dam Délétere Pro.dam
rs2135862226 G67E Délétére 0.00 1,000 -6,903 0,85
Délétere Pro.dam Délétere Pro.dam
G67A 0. 00 0,999 -5,177 0,85
Délétére Pro.dam Délétere Pro.dam
G67V 0.00 1,000 -7,766 0,85
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Délétere Pro.dam Délétere Pro.dam

rs2135862235 G68R 0.00 1,000 -6,903 0,85
Délétere Pro.dam Délétere Pro.dam

G68W 0.00 1,000 -6,903 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135862244 G68E 0.00 1,000 -6,903 0,85
Délétere Pro.dam Délétere Pro.dam

G68A 0.00 0,999 -5,177 0,85
Délétere Pro.dam Délétere Pro.dam

rs397507511 E69Q 0.00 0,999 -2,272 0,85
Délétere Pro.dam Délétere Pro.dam

E69K 0.00 0,978 -3,435 0,85
Délétere Pro.dam Délétere Pro.dam

1s72750338 E69G 0.00 0,994 -5,973 0,85
Délétére Pro.dam Délétére Pro.dam

E69V 0.00 0,998 -6,007 0,85
Délétére Poss. dam Neutral Pro.dam

rs2135862276 E69D 0.00 0,389 -2,472 0,85
Délétere Poss. dam Neutral Pro.dam

rs397516801 K70R 0.02 0,945 -2,089 0,85
Délétere Poss. dam Délétere Pro.dam

rs2135862289 K70N 0.01 0,712 -3,048 0,85
Délétere Pro.dam Délétere Pro.dam

1s397507512 F711 0.00 1,000 -5,177 0,85
Délétére Pro.dam Délétére Pro.dam

F71L 0.00 1,000 -5,177 0,85
Délétére Pro.dam Délétére Pro.dam

F71V 0.00 1,000 -6,040 0,85
Délétere Pro.dam Délétere Pro.dam

rs755709231 F71Y 0.00 1,000 -2,589 0,85
Délétere Pro.dam Délétere Pro.dam

F71C 0.00 1,000 -6,903 0,85
Délétére Pro.dam Délétére Pro.dam

rs1555267558 F71L 0.00 1,000 -5,177 0,85
Délétére Poss. dam Délétére Pro.dam

1s121918453 A72P 0.00 0,962 -4,314 0,85
Délétere Poss. dam Délétere Pro.dam

A72S 0.00 0,920 -2,589 0,85
Délétere Pro.dam Délétere Pro.dam

A72T 0.00 0,999 -3,451 0,85
Délétere Pro.dam Délétere Pro.dam

1s121918454 A72D 0.00 0,999 -5,177 0,85
Délétére Pro.dam Délétere Pro.dam

AT2G 0.00 0,968 -3,451 0,85
Délétere Pro.dam Délétere Pro.dam

AT2V 0.00 0,995 -3,451 0,85
Délétére Pro.dam Délétere Pro.dam

1s397507513 T73P 0.00 1,000 -4,999 0,85
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Délétere Poss Délétere Pro.dam
T73S 0.00 ’ 0,858 -3,140 0,85
Dam
Délétere Délétere Pro.dam
rs121918462 T731 0.00 Pro.dam 0,999 -5,044 0,85
Délétere Poss Délétere Pro.dam
T73S 0.00 ’ 0,858 -3,140 0,85
Dam
Délétére Pro.dam Délétére Pro.dam
rs2038063436 T73V 0.00 0,998 -4,225 0,85
Délétére Pro.dam Délétére Pro.dam
rs1429492147 L74F 0.02 1,000 -3,450 0,85
Délétere Pro.dam
1s1555267561 A75P Tolerated 0.35 Benign 0,020 -2,995 0,57
Neutral Pro.dam
A75S Tolerated 0.58 Benign 0,001 -0,155 0,57
Poss. dam Neutral Pro.dam
AT5T Tolerated 1 0,142 -1,526 0,57
Poss. dam Délétére Pro.dam
rs1456360392 A75D Délétére 0.04 0,572 -3,067 0,57
Poss. dam Délétere Pro.dam
A75V Tolerated 0.06 0,900 -2,886 0,57
Poss. dam Pro.dam
A75G Tolerated 0.08 0,900 Neutral -2,233 0,57
Délétere Pro.dam Délétere Pro.dam
rs121918464 E76Q 0.00 1,000 -2,589 0,85
Délétére Pro.dam Délétére Pro.dam
E76K 0.00 0,999 -3,451 0,85
Délétére Pro.dam Délétére Pro.dam
rs121918465 E76A 0.00 0,996 -5,177 0,85
Délétere Pro.dam Délétere Pro.dam
E76G 0.00 1,000 -6,040 0,85
Délétere Pro.dam Délétere Pro.dam
E76V 0.00 0,999 -6,040 0,85
Délétére Pro.dam Délétére Pro.dam
1s397507514 E76D 0.00 0,968 -2,589 0,85
Délétére Pro.dam Pro.dam
1s397507514 L77M 0.00 1,000 Neutral -1,726 0,85
Délétere Pro.dam Délétere Pro.dam
L77V 0.00 1,000 -2,589 0,85
Délétere Pro.dam Délétere Pro.dam
rs2038063935 L77F 0.00 1,000 -3,451 0,85
Délétere Poss Délétere Pro.dam
1s397516803 Q79K 0.00 ’ 0,948 -2,835 0,57
Dam
Pro.dam
Q79E Tolerated 1 Benign 0,337 Neutral -1,555 0,57
Délétere Délétere Pro.dam
rs121918466 Q79R 0.00 Pro.dam 0,977 -2,996 0,57
Délétére Poss. dam Délétere Pro.dam
Q79L 0.00 0,948 -5,451 0,57
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Délétere Poss. dam Délétere Pro.dam

1748952554 Q79H 0.00 0,759 -3,597 0,57
Délétere Pro.dam Délétere Pro.dam

rs2135862466 Y&0D 0.01 1,000 -7,125 0,85
Délétére Pro.dam Délétére Pro.dam

Y80N 0.01 1,000 -6,363 0,85
Délétére Pro.dam Délétére Pro.dam

rs2135862477 Y8IN 0.00 1,000 -7,599 0,85
Délétére Pro.dam Délétére Pro.dam

Y&1D 0.00 1,000 -8,462 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135862485 Y8&1C 0.00 0,999 -7,632 0,85
Délétere Pro.dam Délétere Pro.dam

Y81F 0.00 1,000 -3,451 0,85
Poss Neutral Pro.dam

1s397507515 M82V Tolerated 0.09 Dam. 0,691 -1,126 0,57
Neutral Pro.dam

MS82L Tolerated 0.09 Benign 0,039 -1,234 0,57
Pro.dam

rs1403012975 M&2K Tolerated 0.54 Benign 0,340 Délétere -2,567 0,57
Pro.dam

rs753788277 M8&21 Tolerated 0.06 Benign 0,039 Neutral -1,578 0,57
Poss. dam Délétere Pro.dam

rs1319495648 E83K Tolerated 0.05 0,940 -2,848 0,57
Poss. dam Délétére Pro.dam

rs2135862519 E83V Délétére 0.01 0,912 -5,103 0,57
Poss. dam Pro.dam

E83G Délétére 0.01 0,623 Délétére -4,377 0,57
Poss. dam Neutral Pro.dam

rs2135862530 E83D Délétere 0.03 0,898 -1,994 0,57
Neutral Pro.dam

rs2135862537 H84N Tolerated 0.08 Benign 0,007 1,524 0,57
Neutral Pro.dam

H&84D Tolerated 0.08 Benign 0,021 -0,511 0,57
Neutral Pro.dam

H84Y Délétére 0.02 Benign 0,336 -2,150 0,57
Neutral Pro.dam

rs2135862547 H84Q Tolerated 1 Benign 0,010 0,319 0,57
Poss Neutral Pro.dam

rs2135862555 H&5D Tolerated 0.19 Dam- 0,579 -1,237 0,57
Neutral Pro.dam

H85N Tolerated 0.64 Benign 0,166 -0,625 0,57
Poss Neutral Pro.dam

H85Y Délétére 0.02 ’ 0,870 -1,769 0,57

Dam

Neutral Pro.dam

1s2135862563 H85R Tolerated 0.06 Benign 0,004 -0,601 0,57
Pro.dam

H&5L Délétére 0.01 Benign 0,242 Délétére -3,056 0,57
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Pro.dam
1s6173691 H85Q Tolerated 1 Benign 0,052 Neutral 0,773 0,57
Délétere Délétere Pro.dam
rs925129380 G86R 0.00 Pro.dam 0,976 -5,305 0,74
Délétere Poss Délétere Pro.dam
rs2135862592 G86E 0.00 ’ 0,750 -4,614 0,74
Dam
Délétere ) Délétere Pro.dam
G86A 0.00 Benign 0,345 -4,105 0,74
Délétére Délétére Pro.dam
G86V 0.00 Pro.dam 0,993 -6,334 0,74
Neutral Pro.dam
1s2135862613 Q87K Tolerated 0.49 Benign 0,080 -2,181 0,57
Poss Neutral Pro.dam
Q87E Tolerated 0.55 D ’ 0,749 -1,826 0,57
am
Délétére Pro.dam Pro.dam
rs2135862627 Q87H 0.05 0,980 Délétére -2,890 0,57
Délétére Pro.dam Pro.dam
rs2135862632 L88I 0.01 0,971 Neutral -1,590 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135862640 L88F 0.01 0,964 -3,386 0,85
Pro.dam Délétere Pro.dam
rs2135862654 K891 Tolerated 0.05 0,992 -4,959 0,57
Pro.dam Pro.dam
rs2135862672 E90Q Délétére 0.02 0,987 Neutral -2,463 0,57
Pro.dam Pro.dam
E90K Délétére 0.01 0,991 Délétére -3,326 0,57
Poss Pro.dam
rs2135862685 E90V Délétére 0.00 Dam- 0,512 Délétére -5,789 0,57
Neutral Pro.dam
rs2135862694 E90D Tolerated 0.70 Benign 0,045 -1,696 0,57
Neutral Pro.dam
rs869312744 K91R Tolerated 0.99 Benign 0,004 -0,721 0,57
Délétére Pro.dam Délétére Pro.dam
K9IM 0.01 1,000 -3,811 0,57
Délétére Pro.dam Délétére Pro.dam
rs2135862716 K9IN 0.02 0,998 -3,114 0,57
Délétere Pro.dam Délétere Pro.dam
rs2135862726 No2Y 0.05 0,999 -6,097 0,57
Délétere Poss Délétere Pro.dam
rs2135862733 No921I 0.01 ’ 0,940 -6,899 0,57
Dam
Pro.dam Délétere Pro.dam
rs2135862739 N92K Tolerated 0.13 0,988 -4,481 0,57
Délétére Pro.dam Délétere Pro.dam
rs1225001423 G93R 0.00 0,999 -6,842 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135862760 G93A 0.00 0,994 -5,115 0,85
Délétére Pro.dam Délétere Pro.dam
GI3V 0.00 1,000 -7,705 0,85
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Délétere Pro.dam Délétere Pro.dam

G93E 0.00 1,000 -6,832 0,85
Poss Pro.dam

rs2135862777 D94Y Délétére 0.03 Darﬁ 0,910 Délétére -3,557 0,57
Neutral Pro.dam

D94N Tolerated 0.23 Benign 0,001 -1,155 0,57
Neutral Pro.dam

D94H Délétére 0.05 Benign 0,008 -2,357 0,57
Délétére Pro.dam

D94V Tolerated 0.05 Benign 0,019 -3,168 0,57
Poss Délétere Pro.dam

D9%4G Tolerated 0.14 ’ 0,633 -2,825 0,57

Dam

Neutral Pro.dam

rs2135862791 D94E Tolerated 0.33 Benign 0,001 -0,335 0,57
Neutral Pro.dam

rs2135862799 V951 Tolerated 0.99 Benign 0,005 -0,070 0,57
Neutral Pro.dam

V95L Tolerated 0.07 Benign 0,005 -1,247 0,57
Délétere Pro.dam Délétere Pro.dam

rs2135862806 V95D 0.00 0,999 -4,889 0,57
Délétere Pro.dam Délétere Pro.dam

V95G 0.00 1.000 -5,228 0,57
Délétere Pro.dam Délétere Pro.dam

rs2135862822 196S 0.00 1,000 -5,148 0,85
Délétére Pro.dam Délétére Pro.dam

196T 0.00 0,996 -4,251 0,85
Délétére Pro.dam Pro.dam

1s397507516 E97Q 0.04 0,994 | Neutral 22,121 0,57
Délétere Pro.dam Délétere Pro.dam

E97K 0.03 0,991 -2,851 0,57
Délétere Poss Délétere Pro.dam

rs2135862855 E97V 0.01 ’ 0,474 -5,134 0,57

Dam

Pro.dam

rs1228009060 E97D Tolerated 0.08 Benign 0,332 Neutral -1,957 0,57
Délétére Pro.dam Délétére Pro.dam

rs2135862868 L98P 0.00 1,000 -6,045 0,85
Délétere Pro.dam Délétere Pro.dam

L98H 0.00 1,000 -6,045 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135862890 K991 0.00 0,995 -6,111 0,85
Délétere Pro.dam Délétere Pro.dam

rs2135862899 K99N 0.00 0,999 -3,512 0,85
Pro.dam Délétere Pro.dam

rs2135862909 | Y100N | Tolerated 0.11 1,000 -6,638 0,85
Délétere Délétere Pro.dam

rs2135862915 | Y100F 0.03 Benign 0,235 -2,729 0,85
Délétére Pro.dam Délétere Pro.dam

ISTAT4T0140 1 p1o1A 0.00 1,000 6,867 0,85
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Délétere Pro.dam Délétere Pro.dam
P101T 0.00 0,994 -6,825 0,85
Délétere Pro.dam Délétere Pro.dam
P101S 0.00 1,000 -6,858 0,85
Délétére Pro.dam Délétére Pro.dam
rs2135862932 | P101H 0.00 1,000 -7,780 0,85
Délétére Pro.dam Délétére Pro.dam
P101IR 0.00 1,000 -7,772 0,85
Délétére Pro.dam Délétére Pro.dam
P101L 0.00 1,000 -8,627 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135862951 L102P 0.00 1,000 -6,062 0,85
Délétere Pro.dam Délétere Pro.dam
L102Q 0.00 1,000 -5,190 0,85
Délétére Poss Délétére Pro.dam
rs2135862970 | N103Y 0.03 ’ 0,516 -4,647 0,78
Dam
Délétére Pro.dam
rs2135862977 | N103S Tolerated 0.10 Benign 0,351 -2,965 0,78
Délétere Pro.dam
N103I Tolerated 0.30 Benign 0,148 -4,763 0,78
Délétere Pro.dam
rs2135862985 | N103K | Tolerated 0.06 | Poss.dam | 0,883 -3,895 0,78
Délétere Poss Délétere Pro.dam
1s747300372 C104S 0.01 ’ 0,469 -6,110 0,85
Dam
Délétére Délétére Pro.dam
C104R 0.00 Benign 0,402 -8,404 0,85
Délétére Neutral Pro.dam
rs1026762762 | C104W 0.00 Pro.dam 0,997 -8,107 0,85
Délétere Neutral Pro.dam
rs2135863007 | A105P 0.02 Benign 0,008 -2,307 0,57
Neutral Pro.dam
A105S Tolerated 1 Benign 0,001 -0,514 0,57
Neutral Pro.dam
A105T Tolerated 0.48 Benign 0,059 -1,567 0,57
Délétére Neutral Pro.dam
rs2135863015 | A105E 0.01 Benign 0,020 -0,797 0,57
Délétere Neutral Pro.dam
A105V 0.01 Benign 0,044 -2,197 0,57
Délétére Poss Neutral Pro.dam
A105G 0.02 ’ 0,596 -2,102 0,57
Dam
Délétere Pro.dam Délétere Pro.dam
rs2135863029 | D106N 0.02 0,992 -4,209 0,85
Délétére Pro.dam Délétere Pro.dam
D106H 0.01 1,000 -5,886 0,85
Délétere Poss Délétere Pro.dam
rs397507517 DI106A 0.04 ’ 0,940 -6,733 0,85
Dam
Délétére Délétere Pro.dam
D106V 0.01 Pro.dam -7,677 0,85
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Délétere Pro.dam
rs2038065262 | DI106E | Tolerated | 0.45 Benign 0,122 -3,087 0,85
Pro.dam Délétere Pro.dam
rs2135863045 | P107T Délétére 0.04 0,973 -6,575 0,85
Pro.dam Délétére Pro.dam
P107A Tolerated 0.09 0,568 -6,575 0,85
: Délétére Pro.dam
pro7s | Deleteriou |0 | Poss. ) ooy 6,675 0.85
S Dam
Délétére Délétére Pro.dam
rs2135863048 | P107H 0.01 Pro.dam 0,982 -7,580 0,85
Délétere Délétere Pro.dam
P107R 0.02 | Poss.dam | 0,997 -7,580 0,85
Poss Délétere Pro.dam
P107L Tolerated 0.10 ’ 0,894 -8,102 0,85
Dam
Délétére Délétére Pro.dam
rs2135863064 | T108P 0.00 Pro.dam 1,000 -5,398 0,85
Délétére Délétére Pro.dam
T108A 0.00 | Poss.dam | 0,783 -4,484 0,85
Délétere Délétere Pro.dam
T108S 0.00 | Poss.dam | 0,612 -3,596 0,85
Délétere Délétere Pro.dam
rs2135863072 | T108N 0.00 Pro.dam 0,997 -4,501 0,85
Délétere Poss Délétere Pro.dam
T108S 0.00 ’ 0,612 -3,596 0,85
Dam
Délétere Poss Délétere Pro.dam
T1081 0.00 ’ 0,898 -5,356 0,85
Dam
Délétére Pro.dam
rs2135863088 S109P Délétére 0.01 Benign 0,075 -2,677 0,57
Pro.dam
S109T Tolerated 0.32 Benign 0,003 Neutral 0,221 0,57
Délétere Délétere Pro.dam
rs2135863092 | S109Y 0.00 Pro.dam 0,985 -3,715 0,57
Délétere Poss Délétere Pro.dam
S109F 0.00 ’ 0,901 -3,824 0,57
Dam
Délétére Pro.dam Délétére Pro.dam
S109C 0.00 0,998 -3,060 0,57
Délétere Pro.dam Délétere Pro.dam
1s397507518 E110K 0.00 0,995 -3,579 0,57
Délétere Pro.dam Délétere Pro.dam
1s397507519 E110G 0.00 1,000 -6,286 0,57
Délétere Pro.dam Délétere Pro.dam
E110A 0.00 0,970 -5,365 0,57
Délétére Poss Délétére Pro.dam
rs1566167244 | E110D 0.00 ’ 0,900 -2,699 0,57
Dam
Délétere Pro.dam Délétere Pro.dam
rs2135863123 | RI111G 0.00 1,000 -6,336 0,85
Délétére Pro.dam Délétere Pro.dam
RI1IW 0.00 1,000 -7,242 0,85
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Délétere Pro.dam Délétere Pro.dam
rs2038102175 | RI111S 0.00 1,000 -5,431 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135866520 | W112C 0.00 1,000 -12,201 0,85
Délétére Pro.dam Délétére Pro.dam
rs2135866524 | F113S 0.00 1,000 -6,328 0,57
Délétére Pro.dam Délétére Pro.dam
rs2135866528 | H114Y 0.00 1,000 -5,631 0,85
Délétére Pro.dam Délétére Pro.dam
rs2135866534 | H114R 0.00 1,000 -7,508 0,85
Délétere Pro.dam Délétere Pro.dam
H114L 0.00 1,000 -10,324 0,85
Délétere Pro.dam Délétere Pro.dam
rs2038102296 | G115R 0.00 1,000 -7,508 0,85
Délétére Pro.dam Délétére Pro.dam
rs2135866565 | G115V 0.00 1,000 -8,447 0,85
Délétére Pro.dam Délétére Pro.dam
G115A 0.00 0,986 -5,631 0,85
Délétere Benign Délétere Pro.dam
rs1053009990 | HI116Y 0.00 0,053 -3,798 0,78
Délétere Pro.dam
H116N Tolerated 0.61 Benign 0,250 -4,403 0,78
Délétere Poss Délétere Pro.dam
rs1482410266 | H116Q 0.00 ’ 0,635 -5,042 0,78
Dam
Délétére Délétére Pro.dam
rs2135866596 | S118Y 0.00 Pro.dam 0,986 -3,496 0,74
Délétere Poss Délétere Pro.dam
S118F 0.00 ’ 0,611 -3,169 0,74
Dam
Délétere Pro.dam Délétere Pro.dam
rs2135866603 | G119R 0.00 0,990 -6,342 0,85
Délétere Pro.dam Délétere Pro.dam
rs2135866617 | GI119E 0.00 1,000 -6,342 0,85
Délétére Poss. dam Délétére Pro.dam
G119A 0.00 0,755 -3,965 0,85
Délétére Poss. dam Délétére Pro.dam
G119V 0.00 0,999 -6,947 0,85
Poss. dam Pro.dam
rs2135866627 | E121Q Tolerated 0.69 0,793 | Neutral -1,856 0,57
Délétere Pro.dam
El121K 0.01 Pro.dam 0,979 Délétére -3,015 0,57
Délétere Pro.dam
1s2135866636 | E121D 0.02 Benign 0,075 Neutral -1,356 0,57
Délétere Délétere Pro.dam
rs2135866642 | Al122P 0.00 Pro.dam 1,000 -4,626 0,85
Délétére Poss Délétére Pro.dam
A122S 0.00 ’ 0,950 -2,682 0,85
Dam
Délétére Pro.dam Délétere Pro.dam
A222T 0.00 0,999 -4,604 0,85

-197 -




ANNEXE

Délétere Pro.dam Délétere Pro.dam

rs2135866648 | A122E 0.00 1,000 -3,687 0,85
Délétere Pro.dam Délétere Pro.dam

A122G 0.00 1,000 -3,732 0,85
Délétere Pro.dam Délétére Pro.dam

A122V 0.00 1,000 -2,816 0,85
Délétere Pro.dam Délétére Pro.dam

rs2135866665 | E123Q 0.00 1,000 -2,816 0,85
Délétere Pro.dam Délétére Pro.dam

1s755619262 E123D 0.00 1,000 -5,027 0,85
Délétere Pro.dam

1s2135866684 K1241 0.02 | Poss. dam 0,928 Neutral -1,444 0,85
Délétere Poss Délétere Pro.dam

1s2135866695 L1251 0.00 ’ 0,628 -3,287 0,85

Dam

Délétére Pro.dam Délétére Pro.dam

rs2038102767 | LI125F 0.00 0,987 -3,287 0,85
Délétére Pro.dam -3.287 Pro.dam

rs2135866723 L126F 0.01 1,000 | Délétére 0,85
Neutral -1.057 Pro.dam

1s2135866732 T127S Tolerated 0.22 Benign 0,039 0,57
Délétere -4.828 Pro.dam

1s2135866738 Tolerated 0.22 Benign 0,039 0,85
Délétere -5.059 Pro.dam

1s2135866749 | E128G Tolerated 0.14 Pro.dam 0,991 0,57
Neutral -1.647 Pro.dam

E128V Tolerated 0.06 Benign 0,088 0,57
Délétére -2.771 Pro.dam

rs2135866757 | E128D Tolerated 0.26 Benign 0,013 0,57
Délétere Poss Délétere -6.981 Pro.dam

rs1401305712 | K129E 0.01 ’ 0,650 0,57

Dam

Délétere Pro.dam Délétere -6.795 Pro.dam

rs2135866768 | G130R 0.00 1,000 0,85
Délétére Pro.dam Délétére -5.202 Pro.dam

rs2135866774 | G130E 0.00 0,997 0,85
Délétére Pro.dam Neutral -1.627 Pro.dam

G130A 0.00 0,960 0,85
Délétere Délétere -3.431 Pro.dam

1s397516805 K131R 0.03 Benign 0,003 0,57
Délétere Neutral 0.316 Pro.dam

rs1592828825 | KI13IN 0.01 Pro.dam 0,995 0,57
Délétere -3.036 Pro.dam

rs2135866802 | H132D | Tolerated 0.75 Benign 0,001 0,57
Délétere -4.871 Pro.dam

rs2135866805 | H132L Délétére 0.04 Benign 0,001 0,57
Pro.dam Délétere -6.567 Pro.dam

rs2135866814 | G133S Tolerated 0.29 0,987 0,57
Pro.dam Délétere -7.307 Pro.dam

G133R | Tolerated 0.20 0,990 0,57

- 198 -




ANNEXE

Pro.dam Délétere -5.577 Pro.dam

G133C Tolerated 0.14 0,999 0,57
Poss Délétére -4.938 Pro.dam

1s2135866823 | G133D Tolerated 0.28 Darﬁ 0,927 0,57
Pro.dam Délétere -7.373 Pro.dam

GI133A | Tolerated | 0.46 0,998 0,57
Pro.dam Délétére -3.786 Pro.dam

G133V | Tolerated 0.16 1,000 0,57
Délétere Poss Délétere -4.186 Pro.dam

rs2135866839 | S134C 0.00 ’ 0,865 0,57

Dam

Délétere Pro.dam Délétere -5.435 Pro.dam

rs2135866843 S134R 0.00 0,999 0,57
Délétere Pro.dam Délétere -5.435 Pro.dam

rs2135866856 F1351 0.00 1,000 0,85
Délétére Pro.dam Neutral -1.878 Pro.dam

rs2135866862 | P135L 0.00 1,000 0,85
Délétére Pro.dam Délétére -3.757 Pro.dam

rs2135866874 L1361 0.00 0,999 0,85
Délétere Pro.dam Délétere -2.818 Pro.dam

L136F 0.00 1,000 0,85
Délétere Pro.dam Neutral -0.939 Pro.dam

L136V 0.00 0,999 0,85
Délétere Pro.dam Délétere -2.818 Pro.dam

rs2135866881 V1371 0.00 0,982 0,85
Délétere Poss Délétere -5.635 Pro.dam

V137L 0.00 ’ 0,886 0,85

Dam

Pro.dam Délétére -6.574 Pro.dam

rs2135866894 | V137E Délétére 0.00 1,000 0,85
Délétere Pro.dam Délétere -6.574 Pro.dam

V137G 0.00 1,000 0,85
Délétere Pro.dam Délétere -6.574 Pro.dam

1267606989 R138G 0.00 1,000 0,85
Délétére Pro.dam Délétére -5.674 Pro.dam

rs1385944040 | R138P 0.00 1,000 0,85
Délétére Pro.dam Délétére -2.518 Pro.dam

rs2135866938 | E139V 0.00 0,984 0,74
Délétere Pro.dam Délétere -4.696 Pro.dam

1s397507520 E139D 0.00 0,995 0,74
Délétere Pro.dam Délétere -4.696 Pro.dam

rs1060502527 | S140C 0.00 1,000 0,85
Délétere Pro.dam Neutral -2.012 Pro.dam

rs2135866955 S140R 0.00 1,000 0,85
Délétére Neutral -2.179 Pro.dam

rs2135866962 | QI41E 0.04 Benign 0,006 0,57
Délétere -3.604 Pro.dam

rs2135866967 | QIl41R | Tolerated | 0.06 Benign 0,006 0,57
Délétere -3.051 Pro.dam

QI141L | Tolerated 1 Benign 0,009 0,57
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Délétere -3.357 Pro.dam

rs2135866974 | Ql41H Délétere 0.02 Benign 0,172 0,57
Délétere Pro.dam Délétere -4.296 Pro.dam

rs2135866981 S142G 0.00 1,000 0,85
Délétere Pro.dam Neutral -2.184 Pro.dam

S142C 0.00 1,000 0,85
Délétére Poss. dam Délétére -2.518 Pro.dam

rs2135866991 S142N 0.00 0,879 0,85
Délétére Poss. dam Délétére -5.102 Pro.dam

S142T 0.00 0,600 0,85
Délétere Pro.dam Délétere -3.729 Pro.dam

S1421 0.00 0,999 0,85
Délétere Pro.dam Neutral -1.357 Pro.dam

1s199498784 S142R 0.00 0,976 0,85
Délétére Poss Neutral 1.507 Pro.dam

rs2135867008 | H143Y 0.01 ’ 0,558 0,57

Dam

Neutral -1.796 Pro.dam

rs1296689385 | HI143R | Tolerated 0.14 Benign 0,001 0,57
Neutral 1.112 Pro.dam

H143L Délétére 0.02 Benign 0,014 0,57
Délétere -7.510 Pro.dam

rs2135867020 | H143Q Tolerated 1 Benign 0,028 0,57
Délétere Pro.dam Délétere -7.509 Pro.dam

rs2135867026 | P144A 0.00 1,000 0,85
Délétére Pro.dam Délétére -7.510 Pro.dam

P144S 0.00 1,000 0,85
Délétére Pro.dam Délétére -8.444 Pro.dam

P144T 0.00 1,000 0,85
Délétere Pro.dam Délétere -8.447 Pro.dam

rs2135867036 | P144H 0.00 0,996 0,85
Délétere Pro.dam Délétere -9.388 Pro.dam

P144R 0.00 1,000 0,85
Délétére Pro.dam Délétére -7.514 Pro.dam

P144L 0.00 0,998 0,85
Délétére Pro.dam Délétére -7.514 Pro.dam

rs2135867049 | GI145R 0.00 1,000 0,85
Délétere Pro.dam Délétere -5.635 Pro.dam

rs2135867057 | G145E 0.00 1,000 0,85
Délétere Pro.dam Délétere -3.596 Pro.dam

G145A 0.00 0,999 0,85
Délétere Délétere -5.374 Pro.dam

rs2038103924 | D146N 0.00 Benign 0,037 0,85
Délétére Délétere -7.419 Pro.dam

D146H 0.00 Benign 0,259 0,85
Délétere Pro.dam Délétere -7.653 Pro.dam

D146Y 0.00 0,997 0,85
Délétére Pro.dam Délétere -3.257 Pro.dam

rs2135867073 | D146V 0.00 0,967 0,85
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Délétere Délétere -6.714 Pro.dam

1s1566168661 | D146E 0.00 Benign 0,267 0,85
Délétere Pro.dam Délétere -0.906 Pro.dam

rs1179862540 | F147C 0.00 1,000 0,74
Délétere Pro.dam Délétére -2.649 Pro.dam

rs2135867090 V1481 0.00 0,994 0,85
Délétere Pro.dam Délétére -6.230 Pro.dam

V148L 0.00 0,957 0,85
Délétere Pro.dam Neutral -1.678 Pro.dam

rs2135867096 | V148D 0.00 1,000 0,85
Délétere Pro.dam Délétere -2.618 Pro.dam

rs2135867103 L1491 0.00 0,986 0,85
Délétere Pro.dam Délétere -3.357 Pro.dam

L149V 0.00 0,996 0,85
Délétére Pro.dam Délétére -4.696 Pro.dam

L149F 0.00 0,992 0,85
Délétére Pro.dam Délétére -5.635 Pro.dam

rs2038104194 | S150C 0.00 1,000 0,85
Délétere Pro.dam Délétere -5.635 Pro.dam

S150Y 0.03 1,000 0,85
Pro.dam Délétere -2.603 Pro.dam

S150F Tolerated 0.11 1,000 0,85
Délétere Pro.dam Délétere -5.269 Pro.dam

1s768927453 V151L 0.01 0,982 0,57
Délétére Pro.dam Délétére -3.303 Pro.dam

1202026962 VI151E 0.00 1,000 0,57
Délétére Pro.dam Délétére -3.470 Pro.dam

V151A 0.00 1,000 0,57
Pro.dam Délétere -4.236 Pro.dam

rs1395524782 | R152S Tolerated 0.24 0,999 0,57
Pro.dam Délétere -4.769 Pro.dam

R152C Délétere 0.04 1,000 0,57
Pro.dam Délétére -3.251 Pro.dam

R152G Tolerated 0.27 0,999 0,57
Pro.dam Délétére -4.268 Pro.dam

1s397507521 R152H Tolerated 0.13 1,000 0,57
Pro.dam Délétere -4.210 Pro.dam

R152P Tolerated 0.17 1,000 0,57
; Délétere -3.447 Pro.dam

rs1380290210 | Tis3p | Deleteriou | o, Poss. 0,812 0,85

S Dam

Délétere -2.907 Pro.dam

T153A Tolerated 0.05 | Benign 0,099 0,85
Poss Délétére -2.907 Pro.dam

T153S Tolerated 0.30 ’ 0,629 0,85

Dam

Poss. dam Délétere -3.912 Pro.dam

rs2038104871 T153S Tolerated 030 0,629 0,85
Poss. dam Neutral 0.210 Pro.dam

T1531 Délétére 0.01 0,805 0,85
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Neutral -0.460 Pro.dam
rs2135867186 | G154S Tolerated 0.23 Benign 0,011 0,57
Poss Neutral -0.740 Pro.dam
G154R | Tolerated 0.19 ’ 0,708 0,57
Dam
) Neutral 1.998 Pro.dam
1s376027245 G154A | Tolerated 0.17 Benign 0,032 0,57
Neutral 0.537 Pro.dam
G154D | Tolerated 1 Benign 0,001 0,57
Neutral -0.244 Pro.dam
rs2135867215 | G154N | Tolerated 0.64 Benign 0,008 0,57
Neutral -1.690 Pro.dam
G154H Tolerated 0.12 Benign 0,044 0,57
Délétere Poss Neutral -0.852 Pro.dam
rs2135867222 | G154V 0.03 ’ 0,708 0,57
Dam
Délétére Neutral -1.137 Pro.dam
rs2135867224 | DI155E 0.01 Benign 0,001 0,57
Délétere Poss Neutral -1.978 Pro.dam
rs2135867231 | DI156N 0.03 ’ 0,808 0,57
Dam
Délétere Pro.dam Neutral -1.875 Pro.dam
D156Y 0.01 0,992 0,57
Délétere Pro.dam Neutral -1.570 Pro.dam
rs200712424 D156G 0.04 0,990 0,57
Neutral -1.714 Pro.dam
D156V | Tolerated 0.15 Benign 0,324 0,57
Poss Neutral -0.297 Pro.dam
D156A Délétére 0.05 ’ 0,877 0,57
Dam
Neutral -0.577 Pro.dam
1s2135867257 | DI156E Tolerated 0.06 Benign 0,304 0,57
Neutral -0.318 Pro.dam
rs1315568280 | KI57R | Tolerated | 0.09 Benign 0,227 0,57
Neutral -0.511 Pro.dam
G158R | Tolerated | 0.08 Benign 0,000 0,57
Poss Neutral -0.360 Pro.dam
G158W Délétére 0.01 ’ 0,889 0,57
Dam
Neutral 0.139 Pro.dam
rs1555267825 | GI158E Tolerated 0.11 Benign 0,020 0,57
Neutral -0.550 Pro.dam
G158A | Tolerated 0.85 Benign 0,000 0,57
Neutral -0.719 Pro.dam
12135867288 | E159Q Tolerated 0.09 Benign 0,003 0,57
Neutral -1.165 Pro.dam
E159K | Tolerated 1 Benign 0,000 0,57
Neutral 0.061 Pro.dam
rs2135867292 | E159G Délétére 0.03 Benign 0,004 0,57
Neutral -0.135 Pro.dam
1s769848611 E159D Tolerated 0.08 Benign 0,000 0,57
Délétére Neutral -0.192 Pro.dam
rs1044076600 | S160N 0.00 Benign 0,003 0,57
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Délétere Neutral -0.593 Pro.dam

S160T 0.01 Benign 0,000 0,57
Délétere Neutral -1.181 Pro.dam

S160R 0.00 Benign 0,089 0,57
Délétére ) Neutral -0.091 Pro.dam

rs2135867314 | Nl161Y 0.03 Benign 0,290 0,57
) Neutral -0.607 Pro.dam

rs2135867319 | NI161S Tolerated 0.14 Benign 0,000 0,57
Neutral -2.093 Pro.dam

rs1224553141 | N161K | Tolerated | 0.07 Benign 0,000 0,57
Délétere -2.621 Pro.dam

rs2135867339 | D162H Tolerated 0.18 Benign 0,133 0,57
Délétere Poss Délétere -2.534 Pro.dam

D162Y 0.04 ’ 0,555 0,57

Dam

Délétére Neutral -0.998 Pro.dam

rs2135867348 | D162V 0.04 Benign 0,000 0,57
Neutral -0.659 Pro.dam

1s397507522 D162E Tolerated 0.29 Benign 0,000 0,57
Délétere Neutral -1.540 Pro.dam

rs730880992 G163S 0.00 Benign 0,000 0,57
Délétere Poss. dam Neutral 0.120 Pro.dam

Gl163C 0.00 0,849 0,57
Délétere Poss. dam Neutral -0.276 Pro.dam

G163R 0.00 0,663 0,57
Neutral -0.924 Pro.dam

rs2038105663 | K164R Tolerated 0.08 Benign 0,000 0,57
Poss Neutral -0.351 Pro.dam

rs2135867393 | K164N | Tolerated 0.06 Dam- 0,812 0,57
Délétere Neutral -0.288 Pro.dam

rs2135867397 S165T 0.02 Benign 0,000 0,57
Délétere Neutral -1.042 Pro.dam

S165A 0.04 Benign 0,000 0,57
Délétére Neutral -1.022 Pro.dam

rs2135867404 | S165Y 0.00 Benign 0,054 0,57
Délétére Délétére -2.595 Pro.dam

S165C 0.00 Benign 0,250 0,57
Délétere Pro.dam Délétere -5.569 Pro.dam

rs2135867418 | V167M 0.00 0,995 0,74
Délétere Pro.dam Délétere -3.712 Pro.dam

rs1460204712 | V167E 0.00 1,000 0,74
Délétere Pro.dam Délétere -3.496 Pro.dam

V167A 0.00 1,000 0,74
Délétére Poss. dam Délétere 2,717 Pro.dam

rs2038105901 T168A 0.00 0,476 0,57
Délétere Poss. dam Délétere -3.963 Pro.dam

T168S 0.00 0,533 0,57
Délétére Délétere 2,717 Pro.dam

rs2135867441 | T168N 0.00 Pro.dam 0,997 0,57
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Délétere Poss. dam Délétere -4.675 Pro.dam

T168S 0.00 0,533 0,57
Délétere Poss. dam Délétere -6.574 Pro.dam

T1681 0.00 0,859 0,57
Délétére Neutral -0.418 Pro.dam

rs2135867461 | H169N 0.00 Pro.dam 1,000 0,57
) Neutral -2.163 Pro.dam

rs2135867471 V1701 Tolerated 0.64 Benign 0,022 0,57
Délétére Délétére -6.047 Pro.dam

V170L 0.02 Benign 0,109 0,57
Délétere Pro.dam Neutral -1.905 Pro.dam

rs2135867476 | V170D 0.00 1,000 0,57
Pro.dam Neutral -1.851 Pro.dam

s2135867482 | M171V | Tolerated 0.59 0,998 0,57
) Délétere -3.523 Pro.dam

rs2135867489 | M1711 Tolerated 0.31 Benign 0,018 0,57
Délétére Pro.dam Délétére -6.297 Pro.dam

rs2135867501 1172F 0.01 1,000 0,85
Délétere Pro.dam Délétere -3.503 Pro.dam

rs2135867504 I1172N 0.00 1,000 0,85
Pro.dam Délétere -4.412 Pro.dam

rs545138829 R173S Tolerated 0.07 0,987 0,57
Pro.dam Délétere -4.904 Pro.dam

R173G Tolerated 0.06 0,999 0,57
Pro.dam Délétére -4.576 Pro.dam

R173C Délétére 0.02 0,999 0,57
Délétére -4.326 Pro.dam

1s369155025 R173P Tolerated 0.07 Pro.dam 1,000 0,57
Poss Neutral -1.973 Pro.dam

R173L Tolerated 1 ’ 0,756 0,57

Dam

Délétere -2.915 Pro.dam

R173H Délétere 0.05 Benign 0,182 0,57
Délétére -2.924 Pro.dam

rs1324123217 | C174Y Tolerated 0.31 Benign 0,015 0,85
Poss Neutral -1.500 Pro.dam

C174S Délétére 0.04 ’ 0,518 0,85

Dam

Délétere -3.006 Pro.dam

rs1168475393 | Q175E | Tolerated | 0.74 Benign 0,303 0,57
Poss Neutral -1.337 Pro.dam

rs2038106350 | Q175P Délétére 0.01 Dam- 0,876 0,57
Neutral -1.671 Pro.dam

rs2135869235 | E176Q | Tolerated | 0.13 Benign 0,031 0,57
Neutral -1.787 Pro.dam

E176K Tolerated 0.14 Benign 0,000 0,57
Délétere -3.171 Pro.dam

rs1290487642 | E176G Tolerated 0.88 Benign 0,000 0,57
Neutral 1.665 Pro.dam

E176V Délétére 0.03 Benign 0,003 0,57
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Neutral 0.651 Pro.dam
rs775493749 G176D Tolerated 1 Benign 0,000 0,85
Poss Neutral 0.334 Pro.dam
rs760660964 L177M | Tolerated 0.06 Darﬁ 0,537 0,57
) Neutral 0.334 Pro.dam
L177V Tolerated 0.17 Benign 0,017 0,57
Neutral 0.878 Pro.dam
rs2038125193 L177P Tolerated 0.25 Pro.dam 0,993 0,57
Neutral 1.459 Pro.dam
L177R Tolerated 0.24 Benign 0,014 0,57
Poss Neutral 1.689 Pro.dam
L177Q Tolerated 0.14 ’ 0,902 0,57
Dam
Neutral 1.459 Pro.dam
rs2135869298 | L177R Tolerated 0.24 Benign 0,014 0,57
) Neutral -0.061 Pro.dam
L1771 Tolerated | 0.22 Benign 0,019 0,57
Délétére Pro.dam Délétére -7.553 Pro.dam
rs2135869301 | Y179N 0.00 1,000 0,85
Délétere Pro.dam Délétere -4.379 Pro.dam
Y179H 0.00 1,000 0,85
Délétere Poss Délétere -2.901 Pro.dam
rs2135869306 | Y179F 0.03 ’ 0,555 0,85
Dam
Délétere Délétere -5.218 Pro.dam
rs2135869320 | D180H 0.05 Pro.dam 0,995 0,57
Délétere Poss Délétere -6.836 Pro.dam
D180Y 0.02 ’ 0,905 0,57
Dam
Délétére Délétére -6.735 Pro.dam
rs2135869329 | D180V 0.02 Benign 0,441 0,57
Délétere -2.990 Pro.dam
1s753269427 DI8OE | Tolerated | 0.08 Benign 0,018 0,57
Neutral -0.666 Pro.dam
rs2135869341 V1811 Délétere 0.01 Benign 0,002 0,57
) Neutral -2.232 Pro.dam
V181L Tolerated 0.10 Benign 0,000 0,57
Délétére Délétére -5.766 Pro.dam
rs2135869351 | V181D 0.00 Pro.dam 0,995 0,57
Délétere Poss. dam Délétere -2.998 Pro.dam
VI8IA 0.00 0,626 0,57
Délétere Poss. dam Délétere -4.935 Pro.dam
rs2135869362 | G182S 0.00 0,715 0,85
Délétere Délétere -6.669 Pro.dam
G182R 0.00 Pro.dam 0,996 0,85
Délétére Poss. dam Délétere -7.103 Pro.dam
G182C 0.00 0,786 0,85
Délétere Poss. dam Délétere -5.836 Pro.dam
rs2135869376 | G182D 0.01 0,649 0,85
Délétére Poss. dam Délétere -4.902 Pro.dam
G182A 0.00 0,715 0,85
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Délétere Délétere -7.436 Pro.dam
G182V 0.00 Pro.dam 0,992 0,85
Délétere Pro.dam Délétere -6.702 Pro.dam
rs2135869381 | GI183R 0.00 1,000 0,85
Délétere Pro.dam Délétére -6.869 Pro.dam
rs2135869390 | GI183E 0.00 0,999 0,85
Délétere Pro.dam Délétére -5.169 Pro.dam
G183A 0.00 0,999 0,85
Délétere Pro.dam Délétére -7.803 Pro.dam
G183V 0.00 1,000 0,85
Délétere Délétere -5.599 Pro.dam
rs1238453850 | G184R 0.02 Benign 0,231 0,57
Délétere Poss Délétere -5.723 Pro.dam
rs2135869414 | G184E 0.03 ’ 0,562 0,57
Dam
Délétére -4.113 Pro.dam
G184A | Tolerated 0.28 Benign 0,085 0,57
Poss Délétére -6.604 Pro.dam
G184V Délétére 0.05 ’ 0,929 0,57
Dam
Délétere Neutral -1.733 Pro.dam
rs1566169411 | E185Q 0.00 Benign 0,078 0,57
Délétere Délétere -4.797 Pro.dam
rs2135869432 | E185G 0.00 Benign 0,104 0,57
Délétere Délétere -5.080 Pro.dam
E185V 0.00 Benign 0,433 0,57
Délétére Neutral -1.465 Pro.dam
rs2038125422 | EI185D 0.00 Benign 0,004 0,57
Délétére -3.469 Pro.dam
15143433437 R186G Tolerated 0.05 Benign 0,104 0,57
Délétere -4.134 Pro.dam
R186W Délétere 0.01 Pro.dam 0,994 0,57
Neutral -0.348 Pro.dam
rs764663951 R186Q | Tolerated | 0.06 Benign 0,026 0,57
Pro.dam Délétére -2.934 Pro.dam
R186P Tolerated 0.08 0,987 0,57
Délétére Pro.dam Délétére -5.407 Pro.dam
rs2135869472 | F187L 0.00 0,995 0,85
Délétere Pro.dam Délétere -6.308 Pro.dam
F187V 0.00 0,995 0,85
Délétere Poss Délétere -5.407 Pro.dam
F1871 0.00 ’ 0,948 0,85
Dam
Pro.dam Délétere -2.706 Pro.dam
rs2135869482 | F187Y Délétére 0.00 0,992 0,85
Délétére Pro.dam Délétere -7.208 Pro.dam
F187S 0.00 1,000 0,85
Délétere Pro.dam Délétere -7.208 Pro.dam
F187C 0.00 1,000 0,85
Délétére Pro.dam Délétere -5.407 Pro.dam
rs2135869491 F187L 0.00 0,995 0,85
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Délétere -2.585 Pro.dam
rs1555267939 | DI188N Tolerated 0.21 Benign 0,113 0,78
Délétere Délétere -5.544 Pro.dam
D188Y 0.03 Pro.dam 0,996 0,78
Délétére Poss. dam Délétére -4.013 Pro.dam
D188H 0.04 0,681 0,78
Poss. dam Délétere -5.500 Pro.dam
rs1436513335 | D188V | Tolerated 0.07 0,910 0,78
Poss Délétere -4.191 Pro.dam
D188G | Tolerated 0.55 ’ 0,952 0,78
Dam
Neutral -1.626 Pro.dam
rs1436513335 | DI18SE Tolerated 0.11 Benign 0,031 0,78
Neutral -1.626 Pro.dam
12135869509 D188E Tolerated 0.11 Benign 0,031 0,78
Neutral -2.077 Pro.dam
1s79068130 S189A Délétére 0.01 Benign 0,074 0,57
Neutral -0.571 Pro.dam
S189T Tolerated 1 Benign 0,000 0,57
Délétere Poss Délétere -4.316 Pro.dam
rs2135869528 | S189Y 0.00 ’ 0,925 0,57
Dam
Délétere Délétere -3.514 Pro.dam
S189C 0.00 Benign 0,139 0,57
Délétere Délétere -4.315 Pro.dam
S189F 0.00 Benign 0,376 0,57
Délétére Délétére -5.324 Pro.dam
rs2038125958 | L190S 0.00 Pro.dam 1,000 0,85
Délétére Délétére -3.518 Pro.dam
rs2038126001 L190F 0.00 Pro.dam 0,999 0,85
Neutral -0.592 Pro.dam
rs2135869554 | TI191S Tolerated | 0.58 Benign 0,030 0,74
Délétere Neutral -1.709 Pro.dam
T191A 0.01 Benign 0,068 0,74
Délétére Neutral -2.382 Pro.dam
1s370763866 T191K 0.00 Benign 0,068 0,74
Délétére Délétére -2.890 Pro.dam
TI191R 0.00 Pro.dam 0,963 0,74
Délétere Poss. dam Délétere -3.465 Pro.dam
T1911 0.00 0,532 0,74
Délétere Poss. dam Délétere -3.602 Pro.dam
rs1488672907 | D192N 0.00 0,457 0,74
Délétere Délétere -5.036 Pro.dam
D192H 0.00 Benign 0,266 0,74
Délétere Poss Délétere -6.764 Pro.dam
D192Y 0.00 ’ 0,932 0,74
Dam
Délétere Délétere -6.736 Pro.dam
rs2135869587 | D192V 0.00 Benign 0,373 0,74
Délétére Poss Délétére -5.369 Pro.dam
D192G 0.00 Dam- 0,848 0,74
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Neutral -2.101 Pro.dam

rs2135869592 | D192E | Tolerated | 0.60 Benign 0,000 0,74
Délétere Pro.dam Neutral -1.801 Pro.dam

rs2135869601 L1931 0.00 0,997 0,85
Délétere Pro.dam Délétére -3.601 Pro.dam

L193F 0.00 0,988 0,85
Délétere Pro.dam Délétére -2.695 Pro.dam

L193V 0.00 0,989 0,85
Délétere Pro.dam Délétére -6.302 Pro.dam

rs2135869609 | L193H 0.00 1,000 0,85
Délétere Pro.dam Délétere -6.302 Pro.dam

L193P 0.00 1,000 0,85
Délétere Neutral -1.642 Pro.dam

rs2135869624 | V194L 0.02 Benign 0,002 0,57
Délétére Neutral -2.300 Pro.dam

rs1181200121 | E195Q 0.00 Benign 0,085 0,57
Délétére Délétére -3.133 Pro.dam

E195K 0.00 Benign 0,130 0,57
Délétere Délétere -5.589 Pro.dam

rs2135869642 | E195V 0.00 Benign 0,457 0,57
Délétere Neutral -1.048 Pro.dam

rs753107691 E195D 0.00 Benign 0,001 0,57
Délétere Poss Délétere -6.360 Pro.dam

rs2135869652 | H196D 0.00 ’ 0,948 0,57

Dam

Délétére Neutral -2.350 Pro.dam

H196Y 0.00 Benign 0,000 0,57
Délétére Délétére -4.970 Pro.dam

H196 N 0.00 Benign 0,423 0,57
Délétere Délétere -5.359 Pro.dam

rs2135869664 | HI196R 0.00 Benign 0,004 0,57
Délétere Poss Délétere -5.315 Pro.dam

rs2038126348 | H196Q 0.00 ’ 0,855 0,57

Dam

Délétére Pro.dam Délétére -7.401 Pro.dam

rs2135869679 | Y197N 0.00 1,000 0,57
Délétére Pro.dam Délétére -8.312 Pro.dam

Y197D 0.00 1,000 0,57
Délétere Pro.dam Délétere -7.611 Pro.dam

rs1266830703 | Y197C 0.00 1,000 0,57
Délétere Pro.dam Délétere -4.398 Pro.dam

rs2135869705 | K198M 0.00 0,998 0,74
Délétere Poss. dam Délétere -3.497 Pro.dam

rs778211349 K198N 0.00 0,934 0,74
Délétére Poss. dam Délétere -2.539 Pro.dam

rs2135869720 | K199N 0.01 0,743 0,57
Poss. dam Délétere -4.874 Pro.dam

rs727503381 N200Y | Tolerated 0.10 0,871 0,57
Délétere -2.813 Pro.dam

rs2135869732 | N200S | Tolerated | 0.56 Benign 0,080 0,57
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Délétere -3.369 Pro.dam

1s2135869736 | N200K | Tolerated 0.64 Benign 0,057 0,57
Délétere -6.615 Pro.dam

rs2135869741 | P201H Délétére 0.04 Pro.dam 0.987 0,57
Poss. dam Délétére -6.581 Pro.dam

P201IR Tolerated 0.10 0,928 0,57
Poss. dam Délétére -7.551 Pro.dam

P201L Tolerated 0.10 0,603 0,57
Neutral -1.990 Pro.dam

rs2038126694 | M202L | Tolerated | 0.24 Benign 0,000 0,57
Délétere -2.515 Pro.dam

1s2135869765 M2021 Tolerated 0.79 Benign 0,000 0,57
Neutral -2.259 Pro.dam

rs2135869771 | V203M | Tolerated 0.08 Benign 0,356 0,57
Neutral -2.362 Pro.dam

V203L Tolerated 0.27 Benign 0,004 0,57
Délétere Poss Délétere -6.302 Pro.dam

rs2135869778 | E204V 0.00 ’ 0,726 0,85

Dam

Délétere Délétere -2.701 Pro.dam

rs2038126760 | E204D 0.02 Benign 0,123 0,85
Neutral -1.766 Pro.dam

1s2135869786 T205S Tolerated 0.08 Benign 0,140 0,57
Neutral -2.372 Pro.dam

1s2135869795 | T205R Tolerated 0.15 Benign 0,034 0,57
Délétere -3.418 Pro.dam

T2051 Délétére 0.01 Benign 0,053 0,57
Neutral 0.396 Pro.dam

1s78376169 L206M Tolerated 0.17 Pro.dam 0,993 0,57
Poss. dam Neutral -0.550 Pro.dam

rs2135869819 | L206F Tolerated 0.16 0,687 0,57
Poss. dam Délétere -5.391 Pro.dam

rs2135869826 | G207S Délétere 0.00 0,685 0,85
Délétére Pro.dam Délétére -7.202 Pro.dam

G207R 0.00 0,999 0,85
Délétére Pro.dam Délétére -8.103 Pro.dam

G207C 0.00 0,999 0,85
Délétere Poss. dam Délétere -6.302 Pro.dam

rs2135869833 | G207D 0.00 0,475 0,85
Délétere Poss. dam Délétere -5.396 Pro.dam

G207A 0.00 0,949 0,85
Neutral -0.682 Pro.dam

rs2038127038 | T208A | Tolerated 0.79 Benign 0,000 0,57
Délétére Neutral -1.845 Pro.dam

rs2135869854 | T208R 0.01 Benign 0,003 0,57
Délétere Neutral -2.292 Pro.dam

T208I 0.01 Benign 0,006 0,57
Neutral -0.567 Pro.dam

152135869866 V2091 Tolerated 0.13 Benign 0,004 0,57
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Neutral -1.909 Pro.dam

V209L Tolerated 0.18 Benign 0,000 0,57
Délétére Poss Délétére -5.395 Pro.dam

rs2135869871 | V209G 0.01 ’ 0,566 0,57

Dam

Délétére Délétére -4.640 Pro.dam

V209E 0.01 Pro.dam 0,971 0,57
Délétére -3.042 Pro.dam

V209A | Tolerated | 0.05 Benign 0,146 0,57
Neutral 1.742 Pro.dam

rs2135869890 | L210V Tolerated 1 Benign 0,000 0,57
Poss Délétere -3.255 Pro.dam

rs2135869896 | L210Q Délétére 0.00 Dam' 0,750 0,57
Neutral -0.383 Pro.dam

rs2135869905 | Q211E Tolerated 1 Benign 0,000 0,57
) Neutral -2.260 Pro.dam

1s745331641 Q211L Tolerated 0.17 Benign 0,001 0,57
Poss. dam Neutral -1.773 Pro.dam

rs2038127489 L2121 Délétére 0.01 0,674 0,85
Poss. dam Délétere -2.673 Pro.dam

L212V Tolerated 0.11 0,941 0,85
Délétere Poss. dam Délétere -3.440 Pro.dam

L212F 0.01 0,662 0,85
Délétere Pro.dam Délétere -6.208 Pro.dam

rs2135869933 | L212H 0.00 1,000 0,85
Délétére Pro.dam Délétére -3.681 Pro.dam

rs2135869950 | K213N 0.01 0,996 0,57
) Neutral -2.018 Pro.dam

1s2135869961 Q214E Tolerated 0.10 Benign 0,352 0,85
Délétere -7.202 Pro.dam

rs2135872231 P215S Délétere 0.02 Pro.dam 0,998 0,85
Délétere -4.158 Pro.dam

rs747243342 | N217K | Tolerated | 0.21 Benign 0,121 0,57
Neutral 2.482 Pro.dam

T218A | Tolerated 1 Benign 0,000 0,57
) Neutral 0.792 Pro.dam

T218S Tolerated 0.08 Benign 0,000 0,57
Délétere Neutral -1.239 Pro.dam

rs1201590326 | T218K 0.01 Benign 0,052 0,57
Délétere Neutral -1.360 Pro.dam

T218M 0.00 Benign 0,026 0,57
Délétere Délétere -6.433 Pro.dam

rs2135872268 | R220C 0.00 Pro.dam 0,978 0,85
Délétére Délétere -4.006 Pro.dam

rs780911423 R220H 0.04 Benign 0,375 0,85
Neutral -1.564 Pro.dam

rs397516806 1221L Tolerated 0.11 Benign 0,001 0,57
Pro.dam

1221V Tolerated 0.81 Benign 0,008 0,57
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Délétere Poss Neutral -2.318 Pro.dam

rs2135872286 | A223V 0.01 ’ 0,590 0,85

Dam

Délétere Délétere -3.702 Pro.dam

rs748085966 S2281 0.04 Benign 0,013 0,57
) Neutral -0.830 Pro.dam

rs1239878972 V2301 Tolerated 0.08 Benign 0,023 0,85
) Neutral -1.098 Pro.dam

rs1223522089 | R231Q | Tolerated 0.44 Benign 0,138 0,57
Neutral 1.026 Pro.dam

rs730881220 S234N Tolerated 1 Benign 0,000 0,57
Neutral 0.274 Pro.dam

rs905086108 D241E Tolerated 0.11 Benign 0,000 0,57
Neutral -0.680 Pro.dam

rs2038155027 | Q245E Tolerated 0.46 Benign 0,003 0,57
Pro.dam

1s2135872369 F251y Tolerated 0.17 Pro.dam 0,972 0,85
Neutral -0.278 Pro.dam

1s773918720 T253A | Tolerated 0.12 Benign 0,002 0,57
Neutral -2.315 Pro.dam

rs1391791847 | Q256E Tolerated 0.30 Pro.dam 0,964 0,57
Neutral -2.394 Pro.dam

Q256K | Tolerated 0.93 Benign 0,105 0,57
Délétere -2.839 Pro.dam

rs397507523 Q256R Tolerated 0.34 Benign 0,289 0,57
Délétere -2.849 Pro.dam

rs2038442309 | Q257R | Tolerated | 0.07 Benign 0,203 0,85
Pro.dam Délétére -2.644 Pro.dam

rs1279770165 | E258Q | Tolerated 0.21 0,987 0,74
Pro.dam Délétere -3.536 Pro.dam

E258K | Tolerated 0.14 0,987 0,74
Neutral -2.444 Pro.dam

rs397516809 E258D | Tolerated | 0.46 Benign 0,094 0,74
Délétére -6.121 Pro.dam

rs2135894852 | C259Y Tolerated 1 Benign 0,091 0,57
Neutral -1.013 Pro.dam

1s773417679 K260R Tolerated 0.48 Benign 0,003 0,85
Neutral -0.460 Pro.dam

rs397507525 L2611 Tolerated | 0.40 Benign 0,103 0,57
Neutral -0.478 Pro.dam

L261F Tolerated | 0.70 Benign 0,001 0,57
Neutral 2.987 Pro.dam

15765642157 L261H | Tolerated | 0.54 Benign 0,018 0,57
Neutral -0.167 Pro.dam

L261R Tolerated 0.37 Benign 0,003 0,57
Délétere -3.262 Pro.dam

rs2038442836 L262F Tolerated 0.26 Benign 0,145 0,57

Délétere -5.303 | Pro.dam
1s397507526 L262H Tolerated 0.18 Pro.dam 0,963 0,57
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Délétere -4.516 Pro.dam

L262R Tolerated 0.11 Benign 0,145 0,57
Délétere -5.994 Pro.dam

rs763617831 Y263C Tolerated 0.08 Pro.dam 1,000 0,57
) Neutral -1.633 Pro.dam

rs1193712005 S264T Tolerated 0.29 Benign 0,005 0,57
Pro.dam Délétére -3.152 Pro.dam

rs2135894932 | S264R Tolerated 0.20 0,989 0,57
Pro.dam Délétére -6.722 Pro.dam

rs766531368 R265G Tolerated 0.17 0,998 0,85
Pro.dam Délétere -3.842 Pro.dam

rs376607329 R265Q Tolerated 0.17 0,999 0,85
Pro.dam Délétere -6.722 Pro.dam

R265L Tolerated 0.26 1,000 0,85

Neutral -2.185 Pro.dam

rs917536914 K266R Tolerated 0.47 Benign 0,029 0,57
Délétére -2.510 Pro.dam

1s755104848 E267D Tolerated 0.20 Benign 0,173 0,85
Pro.dam Délétere -5.763 Pro.dam

rs397507527 G268S Tolerated 0.13 0,994 0,85
Délétere Pro.dam Délétere -8.644 Pro.dam

G268C 0.00 1,000 0,85
Délétere Pro.dam Délétere -7.684 Pro.dam

G268R 0.02 1,000 0,85
Neutral -2.495 Pro.dam

rs2135894985 | Q269K | Tolerated 0.59 Benign 0,040 0,78
Délétere -2.628 Pro.dam

15794727858 Q269R | Tolerated | 0.31 Benign 0,059 0,78
Délétere -3.405 Pro.dam

Q269L Tolerated 0.16 Benign 0,003 0,78
Délétere -3.700 Pro.dam

1s752966396 E272K Tolerated 0.10 Benign 0,012 0,85
Neutral -1.504 Pro.dam

rs1167080618 | N275H Tolerated 0.31 Benign 0,004 0,57
Neutral -0.131 Pro.dam

1s397507528 N275T Tolerated 0.66 Benign 0,000 0,57
Délétere -2.679 Pro.dam

1s777603059 K276R | Tolerated 0.06 Benign 0,418 0,85
Délétere -8.199 Pro.dam

1s121918456 Y279S Délétére 0.02 Pro.dam 0,993 0,85
Délétere -8.199 Pro.dam

Y279C Délétére 0.00 Pro.dam 0,995 0,85
Neutral -0.926 Pro.dam

rs397507529 1282V Tolerated 0.38 Benign 0,072 0,85
Pro.dam Délétere -4.629 Pro.dam

rs886041495 1282T Délétére 0.00 0,999 0,85
Délétére Pro.dam Délétere -2.777 Pro.dam

1s397507530 1282M 0.00 1,000 0,85
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Délétere Pro.dam Neutral -1.818 Pro.dam
rs778374689 L283M 0.04 0,999 0,85
Délétere Délétere -5.373 Pro.dam
rs397507531 F2851 0.02 Pro.dam 0,997 0,85
Délétére Pro.dam Délétére -5.307 Pro.dam
F285L 0.04 0,881 0,85
Délétére Pro.dam Délétére -6.277 Pro.dam
F285V 0.03 0,984 0,85
Neutral -2.420 Pro.dam
rs121918463 F285Y Tolerated 1 Benign 0,073 0,85
Délétere Pro.dam Délétere -7.264 Pro.dam
F285C 0.01 0,983 0,85
Délétere Pro.dam Délétere -7.302 Pro.dam
F285S 0.01 1,000 0,85
Délétere Poss Délétere -5.307 Pro.dam
1s397516810 F285L 0.04 ’ 0,881 0,85
Dam
Délétére Pro.dam Délétére -6.250 Pro.dam
rs2135900937 | D286H 0.00 0,999 0,85
Délétere Pro.dam Délétere -8.170 Pro.dam
rs2135900941 | D286V 0.00 0,978 0,85
Pro.dam Délétere -3.605 Pro.dam
rs397516811 D286E Tolerated 0.08 0,901 0,85
Pro.dam Délétére -3.322 Pro.dam
rs2135900952 | H287Y | Tolerated 0.09 0,972 0,85
Poss Délétere -3.962 Pro.dam
H287D | Tolerated 0.08 ’ 0,697 0,85
Dam
Délétére -5.280 Pro.dam
rs2038527071 H287P Délétére 0.01 Pro.dam 1,000 0,85
Poss Délétere -5.985 Pro.dam
H287L Tolerated 0.06 ’ 0,924 0,85
Dam
Délétere -4.123 Pro.dam
rs2135900982 | T288A | Tolerated 0.07 Pro.dam 0,977 0,85
Poss Délétere -2.993 Pro.dam
T288S Tolerated 0.98 ’ 0,889 0,85
Dam
Délétére -4.123 Pro.dam
rs2135900987 | T288N | Tolerated 0.10 Pro.dam 0,992 0,85
Poss Délétere -2.993 Pro.dam
T288S Tolerated 0.98 ’ 0,889 0,85
Dam
Pro.dam Délétere -5.252 Pro.dam
T2881 Délétére 0.00 0,999 0,85
Délétere Pro.dam Délétere -6.350 Pro.dam
rs2135901005 | R289G 0.00 1,000 0,85
Délétére Pro.dam Délétere -5.391 Pro.dam
rs1566181003 | R289S 0.00 1,000 0,85
Neutral -0.826 Pro.dam
1s1555269782 V2901 Tolerated 0.07 Benign 0,242 0,85
Délétére Délétere -2.612 Pro.dam
V290L 0.00 Benign 0,069 0,85
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Délétere Poss Délétere -4.398 Pro.dam
V290F 0.01 ’ 0,883 0,85
Dam
Délétere Pro.dam Délétere -6.084 Pro.dam
rs1340811351 | V290D 0.00 1,000 0,85
Délétére Pro.dam Délétére -3.538 Pro.dam
V290A 0.00 0,999 0,85
Neutral -1.168 Pro.dam
rs2135901036 | V291L Tolerated 0.71 Benign 0,001 0,57
Neutral -0.306 Pro.dam
V2911 Tolerated 0.46 Benign 0,000 0,57
Délétere -3.356 Pro.dam
rs2135901043 | V291D | Tolerated | 0.33 Pro.dam 0,976 0,57
Poss Neutral -1.729 Pro.dam
1s930267460 12921 Délétére 0.00 Darﬂ 0,705 0,85
Neutral -1.758 Pro.dam
rs1283049536 | H293D Tolerated 0.46 Benign 0,000 0,57
Neutral -1.798 Pro.dam
H293Y Délétére 0.04 Benign 0,020 0,57
Neutral -0.538 Pro.dam
H293N Tolerated 0.38 Benign 0,000 0,57
Deleteriou -2.555 Pro.dam
rs2135901093 | H293L Tolerated 0.37 Benign 0,000 S 0,57
Neutral 0.535 Pro.dam
rs117730996 H293Q | Tolerated 1 Benign 0,001 0,57
Délétére -4.071 Pro.dam
rs376007642 D294H Tolerated 0.11 Benign 0,017 0,57
Poss Délétére -5.818 Pro.dam
D294Y Délétére 0.03 ’ 0,690 0,57
Dam
Neutral -2.369 Pro.dam
D294N | Tolerated | 0.94 Benign 0,001 0,57
Délétere -3.615 Pro.dam
D294G | Tolerated | 0.65 Benign 0,002 0,57
15746607246 Délétére -5.871 Pro.dam
D294V | Tolerated 0.26 Benign 0,021 0,57
Neutral -1.067 Pro.dam
G2958 Tolerated 0.73 Benign 0,000 0,57
rs2135901138 Neutral -2.006 Pro.dam
G295R | Tolerated | 0.53 Benign 0,000 0,57
Neutral -0.129 Pro.dam
G295V | Tolerated | 0.29 Benign 0,000 0,57
Neutral -0.176 Pro.dam
1s2135901149 | G295A | Tolerated | 0.75 Benign 0,000 0,57
Neutral -2.233 Pro.dam
G295D Tolerated 0.62 Benign 0,001 0,57
Délétere -5.384 Pro.dam
D296H Délétére 0.01 Pro.dam 0,959 0,85
rs2135901164 Délétére | -3.598 | Pro.dam
D296N | Tolerated 0.09 Benign 0,020 0,85
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Délétere -5.550 Pro.dam
rs2135901173 | D296G Tolerated 0.07 Pro.dam 0,959 0,85
Délétere -7.003 Pro.dam
D296V Délétere 0.01 Benign 0,417 0,85
) Délétére -4.070 Pro.dam
P297A Tolerated 0.71 Benign 0,000 0,57
) Déléteére -3.655 Pro.dam
rs1485809548 P297S Tolerated 0.82 Benign 0,002 0,57
Délétére -4.187 Pro.dam
P297T Tolerated 0.56 Benign 0,003 0,57
Délétere -4.124 Pro.dam
rs2135901188 | P297H Tolerated 0.16 Benign 0,000 0,57
Délétere -4.735 Pro.dam
P297R Tolerated 0.55 Benign 0,007 0,57
Délétére -5.941 Pro.dam
P297L Tolerated 0.29 Benign 0,007 0,57
Neutral -1.479 Pro.dam
rs1044269059 | N298D Tolerated 0.31 Benign 0,000 0,57
Neutral -2.307 Pro.dam
N298T Tolerated 0.10 Benign 0,001 0,57
rs372274623 Neutral -1.068 Pro.dam
N298S Tolerated 0.77 Benign 0,000 0,57
Délétere -2.553 Pro.dam
rs2038528197 | N298K | Tolerated 0.14 Benign 0,020 0,57
Neutral -0.476 Pro.dam
E299K | Tolerated 0.91 Benign 0,001 0,57
rs2135901227 Neutral -0.456 Pro.dam
E299Q Tolerated 0.58 Benign 0,038 0,57
Neutral 2.474 Pro.dam
rs2135901233 | E299V | Tolerated | 0.31 Benign 0,000 0,57
Neutral -0.889 Pro.dam
rs781010979 E299D | Tolerated | 0.62 Benign 0,000 0,57
Délétére -3.778 Pro.dam
P300T Tolerated 0.57 Benign 0,006 0,85
Délétére -3.648 Pro.dam
rs888674339 P300A Tolerated 0.19 Benign 0,001 0,85
Délétere -4.097 Pro.dam
P300S Tolerated 0.06 Benign 0,024 0,85
Délétere -5.137 Pro.dam
P300R Délétére 0.00 Benign 0,280 0,85
Délétere Poss Délétere -5.236 Pro.dam
rs2135901265 | P300H 0.00 ’ 0,522 0,85
Dam
Délétére Délétere -4.926 Pro.dam
P300L 0.00 Benign 0,004 0,85
Neutral -0.860 Pro.dam
V3011 Tolerated 0.40 Benign 0,000 0,57
rs2135901277 Neutral -1.028 Pro.dam
V301L Tolerated 0.65 Benign 0,000 0,57
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Neutral 0.825 Pro.dam
V301D Tolerated 0.32 Benign 0,002 0,57
rs2135901286 Neutral 1.923 Pro.dam
V301A Tolerated 0.53 Benign 0,002 0,57
Neutral -2.160 Pro.dam
1s2135901298 S302T Tolerated 0.12 Benign 0,006 0,85
Délétere Poss Délétere -4.354 Pro.dam
rs2135901304 | S302L 0.05 ’ 0,453 0,85
Dam
Délétere Délétére -6.150 Pro.dam
D303H 0.00 Benign 0,425 0,85
Délétere Délétere -7.936 Pro.dam
rs2135901327 | D303Y 0.00 Pro.dam 0,997 0,85
Délétere Poss Délétere -4.431 Pro.dam
D303N 0.02 ’ 0,513 0,85
Dam
Pro.dam Délétére -6.217 Pro.dam
rs2038528479 | D303G | Tolerated 0.07 0,967 0,85
Délétére Pro.dam Délétére -7.936 Pro.dam
Y304N 0.00 1,000 0,85
Délétere Pro.dam Délétere -4.431 Pro.dam
rs1002196930 | Y304H 0.00 1,000 0,85
Délétere Pro.dam Délétere -8.863 Pro.dam
Y304D 0.00 1,000 0,85
Délétere Pro.dam Délétere -3.572 Pro.dam
rs2135901349 | Y304F 0.00 0,988 0,85
Délétére Pro.dam Délétére -3.538 Pro.dam
1305F 0.00 0,998 0,85
rs730880995 Délétére Pro.dam Neutral -0.860 Pro.dam
1305V 0.01 0,964 0,85
Délétere Pro.dam Délétere -6.117 Pro.dam
rs2135901367 1305N 0.00 1,000 0,85
Délétere Pro.dam Délétere -2.645 Pro.dam
rs2038528739 | I305M 0.00 1,000 0,85
Délétére Pro.dam Délétére -8.103 Pro.dam
rs2135901378 | N306I 0.00 0,999 0,85
Délétére Pro.dam Délétére -5.424 Pro.dam
rs2135901382 | N306K 0.00 0,998 0,85
Délétere Pro.dam Délétere -3.525 Pro.dam
A307T 0.00 0,978 0,85
12135901385 Délétere Pro.dam Délétére | -4.411 Pro.dam
A307P 0.00 0,999 0,85
Délétere Poss. dam Délétere -4.465 Pro.dam
1s28933386 N308D 0.01 0,572 0,85
Délétére Poss. dam Délétere -5.515 Pro.dam
rs121918455 N308T 0.00 0,783 0,85
Poss. dam Délétere -4.665 Pro.dam
N308S Tolerated 0.34 0,567 0,85
Délétere -5.558 Pro.dam
1s2135901411 | N308K Délétére 0.00 Pro.dam 0,990 0,85
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Délétere Neutral -0.220 Pro.dam

rs201787206 1309V 0.01 Benign 0,000 0,57
Délétere Neutral -0.357 Pro.dam

rs2135901422 | I309M 0.00 Benign 0,024 0,57
Délétere Neutral -2.412 Pro.dam

rs2135901430 | I310M 0.02 Pro.dam | 0,999 0,57
Neutral -0.920 Pro.dam

1s774939392 M311V | Tolerated 0.14 Benign 0,029 0,57
Neutral 1.978 Pro.dam

M311K | Tolerated 1 Benign 0,000 0,57
rs201226824 Neutral -0.135 Pro.dam

M311T Tolerated 0.11 Benign 0,002 0,57
Neutral -1.149 Pro.dam

rs2135901451 M3111 Tolerated 0.15 Benign 0,000 0,57
Neutral -0.658 Pro.dam

P312T Tolerated 0.79 Benign 0,002 0,57
rs1340471856 Neutral -0.850 Pro.dam

P312A | Tolerated | 0.72 Benign 0,001 0,57
Neutral -2.004 Pro.dam

1s1294377445 P312L Tolerated 1 Benign 0,001 0,57
Deleteriou -2.784 Pro.dam

rs2038531117 E313V Tolerated 0.11 Benign 0,001 S 0,57
Neutral 0.018 Pro.dam

1s968167995 F314L Tolerated 1 Benign 0,000 0,57
Neutral -1.629 Pro.dam

1s547041954 T3161 Délétére 0.04 Benign 0,008 0,57
Neutral -0.140 Pro.dam

C318S Tolerated 0.95 Benign 0,000 0,57
rs747815170 Neutral -1.500 Pro.dam

C318Y | Tolerated | 0.92 Benign 0,030 0,57
Neutral -1.242 Pro.dam

rs2038531520 | N319Y Tolerated 0.07 Benign 0,159 0,57
Neutral 0.082 Pro.dam

N319D Tolerated 0.81 Benign 0,000 0,57
Neutral -0.431 Pro.dam

rs1333826013 N319S Tolerated 0.44 Benign 0,001 0,57
Neutral -0.957 Pro.dam

1s771407775 | N319K | Tolerated | 0.48 Benign 0,003 0,57
Neutral -0.307 Pro.dam

rs1398859175 | N320S | Tolerated | 0.26 Benign 0,000 0,57
Neutral -0.784 Pro.dam

12135901832 S321T Tolerated 0.35 Benign 0,000 0,57
Neutral -0.904 Pro.dam

P323A Tolerated 0.73 Benign 0,000 0,57
Neutral -0.782 Pro.dam

rs779400765 P323T Tolerated 0.51 Benign 0,000 0,57
Neutral -0.432 Pro.dam

P323S Tolerated 0.33 Benign 0,000 0,57
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Neutral -0.466 Pro.dam
rs2135901857 | P323H Tolerated 0.11 Benign 0,000 0,57
Neutral 0.015 Pro.dam
rs2038531958 | K324Q Tolerated 0.58 Benign 0,000 0,57
Neutral -0.376 | Pro.dam
15772684421 K234R | Tolerated | 0.43 Benign 0,000
Poss Neutral -1.567 Pro.dam
rs2038532080 | S326G Tolerated 0.12 Darﬁ 0,677 0,57
Délétére Délétére -7.481 Pro.dam
rs1028787542 | Y327C 0.00 Pro.dam 0,999 0,85
Délétere Délétere -4.268 Pro.dam
rs369430257 1328T 0.00 Pro.dam 1,000 0,85
Délétere Poss. dam Délétere -3.308 Pro.dam
1s760769867 A329T 0.00 0,717 0,85
Délétére Poss. dam Délétére -3.541 Pro.dam
rs2038532430 | A329V 0.00 0,844 0,85
Délétére Pro.dam Délétére -5.362 Pro.dam
rs2135901928 | G332A 0.03 1,000 0,85
Délétere Pro.dam Délétere -6.322 Pro.dam
G332D 0.00 1,000 0,85
Délétere Pro.dam Délétere -8.170 Pro.dam
G332V 0.00 1,000 0,85
Pro.dam Délétere -7.641 Pro.dam
1s730880993 C333S Tolerated 0.52 1,000 0,85
Délétére Pro.dam Délétére -8.702 Pro.dam
rs2135901940 | C333Y 0.03 1,000 0,85
Délétére Délétére -5.162 Pro.dam
rs1592847614 | 1334Q 0.00 Pro.dam 1,000 0,85
Neutral 0.567 Pro.dam
rs886041622 Q335P | Tolerated | 0.75 Benign 0,001 0,57
Pro.dam Délétere -5.136 Pro.dam
T337K Délétere 0.00 0,996 0,85
rs964758446 Délétére Pro.dam Délétére -5.219 Pro.dam
T337M 0.01 1,000 0,85
Délétére Pro.dam Délétére -6.862 Pro.dam
rs2135901995 | D340Y 0.00 1,000 0,85
Délétere Pro.dam Délétere -3.255 Pro.dam
rs1373621596 | R343W 0.00 0,997 0,57
Neutral 0.267 Pro.dam
1s535800148 R343Q Tolerated 0.07 Benign 0,051 0,57
Délétere -2.696 Pro.dam
rs2135902024 | M344L | Tolerated 0.66 Benign 0,228 0,85
Délétére Pro.dam Délétere -3.595 Pro.dam
M344V 0.01 0,999 0,85
Délétere Pro.dam Délétere -3.595 Pro.dam
rs2038533623 | M3441 0.00 0,969 0,85
Délétére Poss Neutral -2.285 Pro.dam
rs1317602687 | V345M 0.00 Dam- 0,583 0,85
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Délétere Délétere -3.525 Pro.dam
rs2038533750 | Q347K 0.01 Pro.dam 0,964 0,85
Délétere Délétere -3.590 Pro.dam
rs2038533815 | Q347R 0.00 Pro.dam 0,973 0,85
Délétere Poss Délétere -6.092 Pro.dam
rs1287780991 | E348V 0.01 ’ 0,695 0,85
Dam
Délétére -2.624 Pro.dam
rs1032908020 | N349D Tolerated 0.10 Benign 0,008 0,85
Neutral -1.169 Pro.dam
rs146571700 S350A | Tolerated | 0.15 Benign 0,055 0,57
Pro.dam Délétere -3.326 Pro.dam
rs2135902093 | S350Y Délétére 0.00 0,998 0,57
Pro.dam Délétere -4.622 Pro.dam
R351P Tolerated 0.12 0,999 0,85
Poss. dam Délétére -4.663 Pro.dam
rs397507534 R351L Tolerated 0.18 0,822 0,85
Poss. dam Neutral -2.027 Pro.dam
R351Q Tolerated 0.19 0,602 0,85
Neutral -2.440 Pro.dam
rs767192602 V352L Tolerated 0.05 Benign 0,006 0,74
Poss Neutral -1.775 Pro.dam
1353L Délétére 0.02 ’ 0,888 0,85
Dam
1s752392909 Neutral -0.804 Pro.dam
1353V Tolerated 0.09 Benign 0,417 0,85
Délétére Délétére -5.293 Pro.dam
rs2038535259 | M355T 0.00 Pro.dam 0,977 0,85
Délétere Poss Délétere -4.483 Pro.dam
1s755871216 T357A 0.01 ’ 0,690 0,85
Dam
Délétere Pro.dam Délétere -5.465 Pro.dam
rs2135902156 | T357R 0.00 0,998 0,85
Délétere Pro.dam Délétere -5.498 Pro.dam
T357M 0.00 0,995 0,85
Délétére Pro.dam Délétére -2.730 Pro.dam
rs1337767914 | E361Q 0.00 0,979 0,85
Délétere Poss Délétere -6.236 Pro.dam
rs2135902189 | E361G 0.00 ’ 0,950 0,85
Dam
Neutral -1.896 Pro.dam
1s2135902194 | R362K | Tolerated | 0.97 Benign 0,004 0,57
Poss Délétére -6.935 Pro.dam
rs2135902196 | G363R Délétére 0.01 Dam- 0,912 0,85
Neutral 0.127 Pro.dam
rs988676659 | K364R | Tolerated 1 Benign 0,000 0,57
Neutral -1.319 Pro.dam
1s1566183223 S365R Tolerated 0.52 Benign 0,409 0,57
Neutral -0.453 Pro.dam
rs758737605 V3681 Tolerated 0.40 Benign 0,025 0,78
Délétére Délétere -7.798 Pro.dam
rs2135906691 | P372A 0.04 Pro.dam 0,998 0,85
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Délétere Délétere -7.678 Pro.dam
P3728S 0.00 Pro.dam 1,000 0,85
Délétere -2.747 Pro.dam
rs1338792040 | D373N | Tolerated 0.12 Benign 0,401 0,57
) Neutral -1.001 Pro.dam
1s397507535 E374Q Tolerated 0.27 Benign 0,007 0,57
Délétére -3.221 Pro.dam
rs780328721 E374G | Tolerated 0.14 Benign 0,008 0,57
Neutral -1.393 Pro.dam
rs41299183 Y375C Tolerated 0.18 Benign 0,007 0,57
Neutral -0.572 Pro.dam
1s1566183260 | A376G Tolerated 0.41 Benign 0,001 0,57
Neutral 0.516 Pro.dam
1s1322494804 | L377V Tolerated 0.50 Benign 0,001 0,57
Délétere -6.268 Pro.dam
rs1444455893 | Y380C Délétére 0.00 Pro.dam 0,994 0,57
Neutral -0.414 Pro.dam
rs1214510641 V3821 Tolerated 0.40 Benign 0,001 0,57
Neutral 0.394 Pro.dam
1s1592850296 | V382A | Tolerated 0.52 Benign 0,001 0,57
Neutral 0.309 Pro.dam
1s2038606256 | M383V | Tolerated 0.38 Benign 0,090 0,57
Neutral -1.761 Pro.dam
rs1260386432 | M383T | Tolerated 0.24 Benign 0,006 0,57
Poss Neutral -0.776 Pro.dam
R384S Tolerated 0.92 ’ 0,801 0,57
Dam
rs748162361 Poss Neutral -1.638 Pro.dam
R384C Tolerated 0.12 ’ 0,828 0,57
Dam
Neutral -1.028 Pro.dam
rs2135906820 | R384H | Tolerated | 0.18 Benign 0,061 0,57
Poss Neutral -0.748 Pro.dam
rs769798916 V3851 Tolerated 0.44 Darﬂ 0,793 0,85
) Neutral -0.244 Pro.dam
1s2135906836 | R386K Tolerated 0.97 Benign 0,042 0,57
) Neutral -0.059 Pro.dam
15749523268 V3881 Tolerated 0.55 Benign 0,011 0,57.
Délétere -4.222 Pro.dam
rs2135906857 | V388D | Tolerated 0.16 Pro.dam 0,998 0,57
Neutral -0.870 Pro.dam
rs2038606620 | K389R | Tolerated 0.37 Benign 0,000 0,57
Délétére -2.929 Pro.dam
rs2135906874 | E390K | Tolerated 0.07 Pro.dam 0,981 0,85
Neutral -2.155 Pro.dam
1s2135906878 S391G Tolerated 0.31 Benign 0,429 0,57
Poss Neutral -2.338 Pro.dam
S391C Délétére 0.05 ’ 0,528 0,57
Dam
Neutral -0.386 Pro.dam
rs2038606689 | S39IN Tolerated 0.67 Benign 0,000 0,57
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Neutral 0.402 Pro.dam

rs774356443 A392T Tolerated 0.60 Benign 0,002 0,57
Neutral 0.397 Pro.dam

rs1214118543 | A393T Tolerated 0.96 Benign 0,008 0,74
) Neutral 0.089 Pro.dam

rs1415532476 | H394R | Tolerated 0.51 Benign 0,000 0,57
) Neutral -1.603 Pro.dam

1s2135906950 | L398V Tolerated 0.37 Benign 0,021 0,57
Poss Délétére -2.944 Pro.dam

rs2135906956 | R399K Délétére 0.11 Darﬁ 0,816 0,85
Neutral -2.457 Pro.dam

1s2038607191 E400K Tolerated 0.55 Benign 0,118 0,57
Neutral -1.011 Pro.dam

1s2135906964 | K402N Tolerated 0.51 Benign 0,253 0,57
Neutral -2.314 Pro.dam

rs888186656 S404P Délétére 0.04 Benign 0,049 0,57
Poss Neutral -1.454 Pro.dam

rs2135906978 | K405E Tolerated 0.38 Dam. 0,611 0,57
Neutral -0.324 Pro.dam

1s1592850347 V4061 Tolerated 0.21 Benign 0,000 0,57
Neutral -0.899 Pro.dam

rs760221298 V406A | Tolerated 0.78 Benign 0,045 0,57
Neutral -0.864 Pro.dam

V406D | Tolerated 0.64 Benign 0,061 0,57
) Neutral -0.123 Pro.dam

rs2135907009 | Q408E Tolerated 0.87 Benign 0,027 0,57
) Neutral -0.856 Pro.dam

rs2038607572 | Q408R Tolerated 0.49 Benign 0,117 0,57
Neutral -1.081 Pro.dam

rs2135912132 | G409R | Tolerated | 0.11 Benign 0,098 0,57
Neutral 0.411 Pro.dam

rs201247699 G409E | Tolerated | 0.28 Benign 0,078 0,57
) Neutral -0.653 Pro.dam

G409A | Tolerated 0.18 Benign 0,093 0,57
Neutral -1.875 Pro.dam

G409V | Tolerated 0.07 Benign 0,318 0,57
Neutral 0.303 Pro.dam

N410D | Tolerated 1 Benign 0,035 0,57
rs2135912158 Neutral -2.037 Pro.dam

N410Y Délétére 0.01 Pro.dam 0,998 0,57
Neutral -0.311 Pro.dam

rs2135912163 | N410K | Tolerated 0.73 Benign 0,245 0,57
Neutral 0.628 Pro.dam

rs2135912173 T411S Tolerated 0.73 Benign 0,003 0,57
Neutral 0.150 Pro.dam

T411K Tolerated 0.92 Benign 0,059 0,57
15121918467 Poss Neutral -0.774 Pro.dam

T411M | Tolerated 0.11 Dam- 0,485 0,57
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Neutral -0.764 Pro.dam

E412Q Tolerated 0.54 Benign 0,005 0,57
rs2135912186 Neutral -1.032 Pro.dam

E412K Tolerated 0.85 Benign 0,019 0,57
Neutral -2.121 Pro.dam

E412G | Tolerated 0.35 Benign 0,038 0,57
rs2038677213 Neutral -1.955 Pro.dam

E412V Tolerated 0.31 Benign 0,001 0,57
Délétére Délétére -5.618 Pro.dam

rs2135912201 | R413G 0.00 Pro.dam 1,000 0,85
Délétere Délétere -2.576 Pro.dam

rs761510407 R413K 0.03 Pro.dam 0,982 0,85
Délétere Délétere -4.380 Pro.dam

rs1055526692 | R413S 0.00 Pro.dam 1,000 0,57
Neutral -0.771 Pro.dam

rs2135912221 T414S Tolerated 0.47 Benign 0,012 0,57
Neutral -0.080 Pro.dam

T414K | Tolerated 0.50 Benign 0,013 0,57
Neutral -0.356 Pro.dam

rs1193000800 | T414R Tolerated 0.63 Benign 0,019 0,57
Poss. dam Neutral -1.562 Pro.dam

T414M | Tolerated 0.06 0,508 0,57
Poss. dam Neutral -1.938 Pro.dam

rs2135912241 | V415L Tolerated 0.20 0,608 0,57
Délétére Délétére -6.100 Pro.dam

V415D 0.00 Pro.dam 1,000 0,57
152135912244 Délétére Pro.dam Délétére -6.393 Pro.dam

V415G 0.00 1,000 0,57
Pro.dam Délétere -5.511 Pro.dam

rs2135912269 | W416C | Tolerated 0.16 1,000 0,74
Délétere Pro.dam Neutral -0.662 Pro.dam

rs2135912277 | Q417E 0.01 0,995 0,57
Déléteére Poss Déléteére -3.964 Pro.dam

rs1306943402 | H419Y 0.01 ’ 0,668 0,57

Dam

Délétére Pro.dam Délétére -7.332 Pro.dam

rs2135912294 | H419L 0.04 0,961 0,57
Délétere Pro.dam Délétere -5.061 Pro.dam

rs2135912301 F420L 0.01 0,995 0,57
Délétere Pro.dam Délétere -5.061 Pro.dam

rs1203723771 F420L 0.00 0,995 0,57
Poss. dam Neutral -1.351 Pro.dam

rs1355732645 | R421W Délétére 0.04 0,933 0,57
Poss. dam Neutral -2.303 Pro.dam

R421G Tolerated 0.40 0,681 0,57
Neutral 0.169 Pro.dam

R421Q Tolerated 0.69 Benign 0,008 0,57
rs1420362815 Neutral 0.467 Pro.dam

R421L Tolerated 0.48 Benign 0,006 0,57
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Poss Neutral -1.703 | Pro.dam
R421P Tolerated 0.20 ’ 0,908 0,57
Dam
Poss Neutral -2.169 Pro.dam
1s2135912334 T422P Tolerated 0.09 Darﬁ 0,737 0,57
) Neutral 0.845 Pro.dam
T422S Tolerated 1 Benign 0,000 0,57
) Neutral 0.768 Pro.dam
T422A | Tolerated | 0.55 Benign 0,000 0,57
Neutral 0.845 Pro.dam
T4228 Tolerated 1 Benign 0,000 0,57
rs2135912346 Neutral -2.231 Pro.dam
T4221 Tolerated 0.06 Benign 0,030 0,57
Délétere Pro.dam Délétere -12.750 Pro.dam
rs2135912362 | W423C 0.00 1,000 0,85
Délétére Pro.dam Délétére -7.791 Pro.dam
P424A 0.01 0,996 0,85
Délétére Pro.dam Délétére -7.796 Pro.dam
rs2135912371 P424S 0.02 0,999 0,85
Délétere Pro.dam Délétere -7.791 Pro.dam
P424T 0.00 0,993 0,85
Délétere Pro.dam Délétere -8.772 Pro.dam
rs1592852902 | P424R 0.00 1,000 0,85
Délétere Pro.dam Délétere -9.713 Pro.dam
P424L 0.00 0,992 0,85
Délétére Pro.dam Délétére -4.871 Pro.dam
D425 N 0.00 0,999 0,85
12135912391 Délétére Délétére | -6.799 | Pro.dam
D425H 0.01 Pro.dam 1,000 0,85
Poss Délétere -3.895 Pro.dam
rs2135912398 | D425E Tolerated 0.08 Darﬂ 0,898 0,85
Délétere Pro.dam Délétere -8.694 Pro.dam
rs2135912403 | H426D 0.00 1,000 0,85
Délétére Pro.dam Délétére -10.522 Pro.dam
1s727505389 H426L 0.01 0,998 0,85
Délétére Pro.dam Délétére -9.641 Pro.dam
H426P 0.00 1,000 0,85
Pro.dam Délétere -7.680 Pro.dam
rs886038519 H426Q | Tolerated 0.06 1,000 0,85
Pro.dam Délétere -5.885 Pro.dam
rs2135912421 | G427S Délétére 0.02 0,996 0,85
Délétere Pro.dam Délétere -7.846 Pro.dam
G427R 0.00 1,000 0,85
Délétére Pro.dam Délétere -8.827 Pro.dam
G427C 0.00 1,000 0,85
Délétere Pro.dam Délétere -5.885 Pro.dam
rs2135912427 | G427A 0.00 0,997 0,85
Pro.dam Délétere -6.866 Pro.dam
G427D | Tolerated 0.07 0,973 0,85
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Délétere Pro.dam Délétere -8.827 Pro.dam
G427V 0.00 0,999 0,85
Délétére Poss Délétére -2.876 Pro.dam
rs397507536 V428L 0.01 ’ 0,938 0,85
Dam
Délétére Pro.dam Délétére -2.876 Pro.dam
V428M 0.00 1,000 0,85
Délétére Pro.dam Délétére -5.718 Pro.dam
rs1458141683 | V428E 0.00 1,000 0,85
Délétére Pro.dam Délétére -3.790 Pro.dam
V428A 0.04 0,998 0,85
Délétere Pro.dam Délétere -6.699 Pro.dam
V428G 0.00 1,000 0,85
Délétere Pro.dam Délétere -7.846 Pro.dam
P429A 0.00 1,000 0,85
Délétére Pro.dam Délétére -7.846 | Pro.dam
1s756647576 P429S 0.00 1,000 0,85
Délétére Pro.dam Délétére -7.846 Pro.dam
P429T 0.00 1,000 0,85
Délétere Pro.dam Délétere -8.827 Pro.dam
rs2135912489 | P429H 0.00 1,000 0,85
Délétere Pro.dam Délétere -8.827 Pro.dam
P429R 0.00 1.000 0,85
Délétere Pro.dam Délétere -9.808 Pro.dam
P429L 0.00 1,000 0,85
Poss Délétére - Pro.dam
rs2038678616 | S430R Tolerated 0.10 ’ 0,424 2.674 0,57
Dam :
o Poss. Déléteére - Pro.dam
S430C Délétére 0.03 Dam 0,542 3.304 0,57
Délétere - Pro.dam
S430G | Tolerated | 0.09 Benign 0,004 2.503 0,57
Neutral - Pro.dam
S430N | Tolerated | 0.11 Benign 0,000 1.674 0,57
152135912511 Neutral - Pro.dam
S430T | Tolerated | 0.13 Benign 0,000 1.085 0,57
. Délétere - Pro.dam
rs1178602062 | S430R | Tolerated | 0.10 Benign 0,424 2.674 0,57
Délétere - Pro.dam
rs2038678797 | D431N | Tolerated 1 Benign 0,260 3.388 0,57
Poss. dam Délétére - Pro.dam
D431H | Tolerated 0.22 0,885 4.769 0,57
Poss. dam Délétére - Pro.dam
rs2135912532 | D431V Délétére 0.03 0,586 6.819 0,57
Délétere - Pro.dam
D431A | Tolerated | 0.14 | Pro.dam 0,962 5838 0,57
Délétere - Pro.dam
D431G Délétére 0.05 Pro.dam 0,979 5527 0,57
Neutral - Pro.dam
12135912542 | D431E Tolerated 0.59 Benign 0,001 1.290 0,57
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Pro.dam Délétere - Pro.dam
rs2135912550 | P432S Tolerated 0.15 1,000 7.680 0,85
Délétere Pro.dam Délétere - Pro.dam
rs2135912554 | P432H 0.01 1,000 8.694 0,85
Délétére Pro.dam Délétére - Pro.dam
P432R 0.01 0,996 8.677 0,85
Poss Délétére - Pro.dam
rs2135912563 | G433R | Tolerated 0.19 ’ 0,798 6.880 0,78
Dam :
Délétére - Pro.dam
G433W Délétere 0.00 Pro.dam 1,000 7.057 0,78
Poss Délétere - Pro.dam
rs2135912565 | G433E Tolerated 0.29 ’ 0,920 6.835 0,78
Dam :
) Délétere - Pro.dam
G433A | Tolerated | 0.27 | Benign 0,232 4.963 0,78
Délétére - Pro.dam
G433V | Tolerated 0.07 Pro.dam 0,995 7760 0,78
Neutral - Pro.dam
G434S Tolerated 0.64 Benign 0,073 1.951 0,78
rs2135912581 Délétere - Pro.dam
G434R Tolerated 0.36 Benign 0,451 3.346 0,78
Délétere - Pro.dam
G434D Tolerated 0.28 Benign 0,235 3.366 0,78
Neutral - Pro.dam
rs2038679163 | G434A | Tolerated | 0.62 Benign 0,011 1.551 0,78
Délétére - Pro.dam
G434V Tolerated 0.51 Benign 0,451 3.427 0,78
. Délétere - Pro.dam
V435L Tolerated 0.54 Benign 0,191 2.853 0,85
rs1054802954 Pro.dam Délétere - Pro.dam
V435M | Tolerated 0.09 0,986 2.836 0,85
Délétere Pro.dam Délétere - Pro.dam
V435E 0.00 1,000 5701 0,85
Délétére Pro.dam Délétére - Pro.dam
rs2135912616 | V435A 0.01 1,000 3.645 0,85
Délétére Pro.dam Délétére - Pro.dam
V435G 0.00 1,000 6.616 0,85
Délétere Pro.dam Délétere - Pro.dam
rs2135912630 | L436V 0.03 0,986 2.742 0,85
Délétere Pro.dam Délétere - Pro.dam
rs2135912636 | L436P 0.00 1,000 6.732 0,85
Pro.dam Délétere - Pro.dam
L436Q Délétére 0.00 1,000 5.785 0,85
Neutral - Pro.dam
rs2135912651 | D437H | Tolerated | 0.12 Benign 0,033 1.168 0,57
Neutral - Pro.dam
rs2135912657 | D437A Tolerated 0.46 Benign 0,056 1.750 0,57
Neutral - Pro.dam
D437G | Tolerated | 0.20 Benign 0,008 1.058 0,57
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Neutral - Pro.dam

rs757362412 D437E Tolerated 0.45 Benign 0,003 0916 0,57
Pro.dam Délétere - Pro.dam

rs2135912671 F438L Tolerated 0.10 0,967 5551 0,85
Pro.dam Délétére - Pro.dam

rs2135912674 | F438L | Tolerated | 0.10 0,967 5551 0,85
Pro.dam Délétére - Pro.dam

rs2038679762 | L439V Tolerated 0.38 0,976 2.809 0,85
Délétére Pro.dam Délétére - Pro.dam

rs2135912692 | L439Q 0.00 1,000 5618 0,85
Délétere Pro.dam Délétere - Pro.dam

1439P 0.00 1,000 6.666 0,85
Neutral - Pro.dam

12135912696 | E440Q | Tolerated | 0.83 Benign 0,108 0.867 0,57
Neutral - Pro.dam

E440K | Tolerated | 0.76 Benign 0,472 1.985 0,57
Poss Délétére - Pro.dam

rs2135912704 | E440V | Tolerated 0.46 Dam. 0,835 4.229 0,57
Neutral - Pro.dam

E440D Tolerated 0.89 Benign 0,006 0.457 0,57
Neutral - Pro.dam

rs2135912715 | E441Q Tolerated 0.88 Benign 0,040 0.779 0,57
Délétere - Pro.dam

E441K | Tolerated 0.67 Benign 0,144 2.556 0,57
Délétére - Pro.dam

rs2135912722 | E441G | Tolerated | 0.20 | Pro.dam 0,991 4.232 0,57
Délétére - Pro.dam

rs2135912710 | E441V Tolerated 0.20 Benign 0,229 4.800 0,57
Poss Neutral - Pro.dam

rs2135912727 | V442L Délétere 0.02 Dam’ 0,811 2.492 0,57
Pro.dam Délétere - Pro.dam

V442M | Tolerated 0.07 0,987 2717 0,57
Pro.dam Délétére - Pro.dam

rs2135912731 | V442E Délétére 0.00 1,000 5885 0,57
Pro.dam Délétére - Pro.dam

V442A | Tolerated 0.06 0,999 3.923 0,57
Délétere Pro.dam Délétere - Pro.dam

V442G 0.00 1,000 6.866 0,57
Délétere ) Délétere - Pro.dam

1s779236638 H443Y 0.02 Benign 0,394 3.064 0,57
) Neutral - Pro.dam

1s2135912747 | H443Q | Tolerated 0.18 Benign 0,188 1.397 0,57
Neutral 0.550 Pro.dam

rs2038680043 | H444R Tolerated 0.47 Benign 0,000 0,57
Neutral 1.117 Pro.dam

rs2135912759 | H444Q | Tolerated | 0.85 Benign 0,003 0,57
) Neutral 0.118 Pro.dam

rs2135912764 | K445R | Tolerated 1 Benign 0,002 0,57
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Neutral - Pro.dam

rs2135912771 | K445N Tolerated 0.22 Pro.dam 0,977 2.433 0,57
Délétere - Pro.dam

Q446K | Tolerated 0.19 Pro.dam 0,961 3.357 0,85
152038680126 Poss. Neutral - Pro.dam

Q446E Tolerated 0.13 Dam 0,763 2.409 0,85
) Délétere - Pro.dam

rs2135912792 | Q446H | Tolerated 0.08 Benign 0,104 3.837 0,85
Neutral - Pro.dam

rs2135912806 | E447Q | Tolerated | 0.40 Benign 0,063 1.411 0,57
Neutral - Pro.dam

E447K Tolerated 0.53 Benign 0,006 1.957 0,57
Neutral - Pro.dam

rs2038680295 | S448N | Tolerated | 0.13 Benign 0,000 1.814 0,57
) Délétere - Pro.dam

1s2038680392 S448R Tolerated 0.20 Benign 0,015 3.053 0,57
) Neutral - Pro.dam

rs746112827 1449V Tolerated | 0.42 Benign 0,033 0.632 0,57
Poss Délétere - Pro.dam

rs2135912839 1449N Tolerated 0.28 ’ 0,951 4.406 0,57

Dam :

Délétere - Pro.dam

1449T Tolerated 0.37 Pro.dam 0,988 3.112 0,57
Poss Neutral - Pro.dam

rs2135912845 | 1449M Tolerated 0.19 ’ 0,562 1.032 0,57

Dam :

Neutral - Pro.dam

1s2038680566 | M450V | Tolerated 0.59 Benign 0,001 0.337 0,57
Neutral - Pro.dam

M450L | Tolerated 0.70 Benign 0,000 0.913 0,57
Neutral 0.175 Pro.dam

1s2135912854 | M450K | Tolerated 0.78 Benign 0,000 0,57
Neutral 0.419 Pro.dam

M450T | Tolerated | 0.61 Benign 0,000 0,57
Neutral - Pro.dam

M450R | Tolerated | 0.57 Benign 0,000 0215 0,57
Neutral - Pro.dam

rs2135912861 | M4501 | Tolerated | 0.41 Benign 0,000 1.052 0,57
Neutral - Pro.dam

1s2038680642 | D451IN | Tolerated | 0.41 Benign 0,000 0.333 0,57
Neutral - Pro.dam

D451H | Tolerated | 0.96 Benign 0,000 1.463 0,57
Neutral - Pro.dam

rs2135912875 | D451E | Tolerated | 0.76 Benign 0,000 1.033 0,57
Neutral - Pro.dam

rs1165173231 | A452S | Tolerated | 0.24 Benign 0,001 0.503 0,85
Neutral - Pro.dam

A452T Tolerated 0.13 Benign 0,021 1.498 0,85
Neutral - Pro.dam

rs2135912881 | A452E | Tolerated | 0.12 Benign 0,044 2.290 0,85
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) Délétere - Pro.dam
A452G Tolerated 0.06 Benign 0,011 2.533 0,85
) Neutral - Pro.dam
A452V Délétere 0.04 Benign 0,118 2.421 0,85
) Neutral - Pro.dam
rs2135912881 A452E Tolerated 0.12 Benign 0,044 2.290 0,85
) Délétere - Pro.dam
A452G Tolerated 0.06 Benign 0,011 2.533 0,85
Délétére ) Neutral - Pro.dam
A452V 0.04 Benign 0,118 2.421 0,85
rs1464947249 | G453R Délétere 0.01 Pro.dam 0,999 Délétere 6 6-79 Pro.dam 0,85
rs2135912909 | P454A Délétére 0.02 Pro.dam 0,991 Délétére 6 4; 63 Pro.dam 0,85
P454T Délétére 0.00 Pro.dam 0,998 Délétére 6 6_ 41 Pro.dam 0,85
cléte . Déléte - Pro.d 0,85
51566185599 P454R Délétére 0.00 Pro.dam 1,000 ¢élétére 7730 ro.dam
P454L Délétere 0.00 Pro.dam 1,000 Délétere 3 4; 61 Pro.dam 0,85
P454Q Délétere 0.00 Pro.dam 1,000 Délétere 6 7_90 Pro.dam 0,85
rs2135912928 V4551 Tolerated 1 Benign 0,000 Neutral 0.611 Pro.dam 0,57
V455L Tolerated 0.10 Benign 0,000 Neutral 0 7- 10 Pro.dam 0,57
rs2135912932 | V455D Délétére 0.00 Pro.dam 0,990 Délétére 5 (;69 Pro.dam 0,57
V455G Délétére 0.00 Pro.dam 0,975 Délétére 5 9_26 Pro.dam 0,57
rs397516796 V456L | Tolerated | 0.22 Benign 0,001 Neutral | 2_41 Pro.dam 0,57
V456M Délétére 0.01 Pro.dam 0,979 Neutral 1 é73 Pro.dam 0,57
152135912949 | V456E | Délétére | 0.00 Poss. 0,849 | Délétere - Pro.dam | 0,57
Dam 5.445
V456G Délétére 0.00 Pro.dam 0,994 Délétére 6 3:59 Pro.dam 0,57
rs2135912962 | V457L Délétére 0.00 Pro.dam 0,977 Délétére 5 8_42 Pro.dam 0,57
V457TM Délétére 0.00 Pro.dam 1,000 Délétére 5 8_ 9 Pro.dam 0,57
rs1592853023 | VA457E Délétere 0.00 Pro.dam 1,000 Délétere 5 E;85 Pro.dam 0,57
V457A Délétére 0.00 Pro.dam 1,000 Délétere 3 9_23 Pro.dam 0,57
V457G Délétére 0.00 Pro.dam 1,000 Délétére 6 8_66 Pro.dam 0,57
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rs2135912990 | H458 N Délétere 0.00 Pro.dam 1,000 Délétere 6.7-80 Pro.dam
rs2135912996 | H458P Délétere 0.00 Pro.dam 1,000 Délétere 9.6_36 Pro.dam 0,85
H458L Délétere 0.00 Pro.dam 1,000 Délétere 1 0?66 Pro.dam 0,85

0
1s727504393 H458Q Délétére 0.00 Pro.dam 1,000 Délétére 7.7_ 43 Pro.dam 0,85
rs2135913003 | C459S Délétére 0.00 Pro.dam 1,000 Délétére 9'5_5 1 Pro.dam 0,85
rs2135913006 | C459Y Délétére 0.00 Pro.dam 1,000 Délétére 10j56 Pro.dam 0,85
6

rs2135913017 | S460N Délétére 0.00 Pro.dam 0,999 Délétére 2.8_65 Pro.dam 0,85
rs2135914904 | S460R Délétére 0.00 Pro.dam 1,000 Délétére 4.7_28 Pro.dam 0,85
rs121918468 A461T Délétere 0.00 Pro.dam 1,000 Délétere 3.8-34 Pro.dam 0,85
A461P Délétere 0.00 Pro.dam 0,990 Délétere 4.7_90 Pro.dam 0,85
A461S Délétére 0.01 Pro.dam 0,964 Délétére 5 8_7 4 Pro.dam 0,85
1s397509344 A461G Délétére 0.01 Pro.dam 1,000 Délétére 3. 8_3 6 Pro.dam 0,85
Ad61V Délétére 0.01 Pro.dam 1,000 Délétére 3 é3 3 Pro.dam 0,85
rs2038706464 | G462A Délétére 0.00 Pro.dam 1,000 Délétére 5 7_ 51 Pro.dam 0,85
G462V Délétére 0.00 Pro.dam 1,000 Délétére 3. 6_29 Pro.dam 0,85
rs2135914932 1463V Tolerated 0.41 Pro.dam 0,989 Neutral 0'9-59 Pro.dam 0,85
rs2135914936 1463N Délétére 0.00 Pro.dam 1,000 Délétére 6.7- 1 Pro.dam 0,85
1463S Délétére 0.00 Pro.dam 1,000 Délétére 5'7_52 Pro.dam 0,85
12135914949 | G464S Délétére 0.00 Pro.dam 1,000 Délétére 5.7_53 Pro.dam 0,85
G464C Délétére 0.00 Pro.dam 1,000 Délétére 3 5_ 30 Pro.dam 0,85
rs121918469 G464D Délétére 0.00 Pro.dam 1,000 Délétere 6.7- 12 Pro.dam 0,85
G464A Délétére 0.00 Pro.dam 1,000 Délétere 5.7_ 53 Pro.dam 0,85
G464V Délétére 0.00 Pro.dam 1,000 Délétére 3 6_3 0 Pro.dam 0,85
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rs2135914973 | R465G Délétere 0.00 Pro.dam 1,000 Délétere 6.6-89 Pro.dam 0,85
R465W Délétere 0.000 | Pro.dam 1,000 Délétere 7 6_ 43 Pro.dam 0,85
rs2135914981 R465P Délétére 0.00 Pro.dam 1,000 Délétére 6.6_85 Pro.dam 0,85
R465L Délétére 0.00 Pro.dam 1,000 Délétére 6. 6_90 Pro.dam 0,85
R465Q Délétere 0.00 Pro.dam 1,000 Délétere 3.,;91 Pro.dam 0,85
1s2135914998 T466S Tolerated 0.12 Pro.dam 0,973 Délétere 3.6-02 Pro.dam 0,85
rs2135915002 | T466R Délétére 0.00 Pro.dam 1,000 Délétére 5 6_ 19 Pro.dam 0,85
T4661 Délétére 0.00 Pro.dam 1,000 Délétére 5. 6_ 53 Pro.dam 0,85
rs2135915013 | G467R Délétére 0.00 Pro.dam 1,000 Délétére 7.6_68 Pro.dam 0,85
1s2135915021 G467E Délétere 0.00 Pro.dam 1,000 Délétere 7.6-70 Pro.dam 0,85
G467A Délétere 0.00 Pro.dam 1,000 Délétere 5.7_ 53 Pro.dam 0,85
G467V Délétére 0.00 Pro.dam 1,000 Délétére 3. 6_29 Pro.dam 0,85
1s397507537 T468P Délétére 0.01 Pro.dam 1,000 Délétére 5. 5- 32 Pro.dam 0,85
T468A | Tolerated 0.07 Pro.dam 0,986 Délétére 4'4;92 Pro.dam 0,85
rs121918457 T468K Délétére 0.00 Pro.dam 1,000 Délétére 5.5_82 Pro.dam 0,85
T468R Délétére 0.00 Pro.dam 1,000 Délétére 5 5_ 31 Pro.dam 0,85
T468M Délétére 0.00 Pro.dam 1,000 Délétére 5. 5- 34 Pro.dam 0,85
rs2135915055 F4691 Tolerated 0.41 Benign 0,026 Neutral 2'3:3 1 Pro.dam 0,57
1s2135915057 | F469Y | Tolerated | 0.24 Benign 0,015 Neutral ].9_71 Pro.dam 0,57
F469C Délétére 0.00 Pro.dam 1,000 Délétére 5.2_2 0 Pro.dam 0,57
F469S Délétére 0.00 Pro.dam 1,000 Délétére 5.5_56 Pro.dam 0,57
rs779978269 1470F Délétere 0.00 Pro.dam 0,997 Délétere 3.7_34 Pro.dam 0,57
1470V | Tolerated | 0.09 | TO | 0608 | Neutral . Pro.dam | 0,57

Dam ’ 0.805 ’
1470S Délétere 0.01 Pro.dam 1,000 Délétere 5.5_57 Pro.dam 0,57
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1470T Tolerated 0.41 Pro.dam 1,000 Délétere 4 5_72 Pro.dam 0,57

152135915081 | V47IL | Tolerated | 024 | 1O 0,610 | Délétere - Pro.dam | 0,85
Dam 2.586

rs2135915085 | V471E Délétére 0.01 Pro.dam 1,000 Délétére 5.4;28 Pro.dam 0,85

V471G | Tolerated | 0.07 | Pro.dam 1,000 Délétere 6.2_9 6 Pro.dam 0,85

rs2135915099 1472F Délétere 0.00 Pro.dam 0,995 Délétere 3.é34 Pro.dam 0,85

rs2135915103 | D473N Délétere 0.03 Pro.dam 1,000 Délétere 4.,;92 Pro.dam 0,85

D473H Délétére 0.03 Pro.dam 1,000 Délétére 6. 7_ 09 Pro.dam 0,85

rs2135915109 | D473V Délétére 0.01 Pro.dam 1,000 Délétére 8.6_26 Pro.dam 0,85

rs2135915117 1474F Tolerated 0.17 Pro.dam 0,961 Neutral 2.2_47 Pro.dam 0,57

1474V Tolerated 0.27 Benign 0,231 Neutral 0. 3_ 57 Pro.dam 0,57

rs2135915119 L4751 Tolerated 0.72 Benign 0,272 Neutral 0.031 Pro.dam 0,57

L475F Délétére 0.04 Pro.dam 0,989 Délétére -2.843 Pro.dam 0,57

L475V | Tolerated | 0.53 %‘:ﬁl’ 0,564 | Neutral | -0910 | Prodam | 0,57

rs2135915126 | L475H Délétére 0.02 Pro.dam 1,000 Délétére -5.693 Pro.dam 0,57

rs2038706987 | 1476V Tolerated | 0.06 Benign 0,024 Neutral -0.371 Pro.dam 0,57

1476F Tolerated 0.05 | Poss.dam | 0,916 Délétére -2.780 Pro.dam 0,57

rs1276701553 1476T Délétére 0.04 | Poss.dam | 0,846 Délétére -3.232 Pro.dam 0,57

rs2135915142 | D477N | Tolerated 0.30 Benign 0,024 Neutral -2.422 Pro.dam 0,57

D477H | Délétere 0.04 ]Pé)(;srsr‘,- 0,483 Délétere -4.542 Pro.dam 0,57

1s2135915149 | D477G | Tolerated | 0.18 Benign 0,233 Délétere -4.928 Pro.dam 0,57

D477A | Tolerated | 0.39 120;}:{ 0,670 | Délétere | -5.655 | Prodam | 0,57

rs139196273 D477E Tolerated 0.95 Benign 0,014 Neutral -2.345 Pro.dam 0,57

rs1320374464 1478F Tolerated 0.71 Benign 0,011 Neutral -1.454 Pro.dam 0,57

1478V Tolerated | 0.55 Benign 0,000 Neutral 0.195 Pro.dam 0,57
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1s1320374464 1478T Tolerated 0.48 Benign 0,000 Neutral -0.261 Pro.dam 0,57
rs2135915176 | 1478M Tolerated 0.25 Benign 0,015 Neutral 0.195 Pro.dam 0,57
rs2135915183 1479F Délétére 0.02 Pro.dam 0,966 Délétére -3.645 Pro.dam 0,85
rs1555270590 1479T Délétére 0.02 Pro.dam 1,000 Délétére -4.593 Pro.dam 0,57
rs2135915196 | R480G | Tolerated | 0.29 ]P;(:;l' 0,869 | Délétere | -3.091 | Prodam | 0,57
rs754837922 R480K Tolerated 0.80 Benign 0,009 Neutral 0.355 Pro.dam 0,57

R480T | Tolerated | 0.44 I];‘;SI; 0,784 | Délétere | -2.560 | Prodam | 0,57

R4801 Tolerated 0.14 Pro.dam 0,990 Délétére -4.399 Pro.dam 0,57

rs2135915209 | E481Q | Tolerated | 0.51 Benign 0,024 Neutral 0.531 Pro.dam 0,57
E481K Tolerated 0.74 Benign 0,002 Neutral 0.854 Pro.dam 0,57

rs2135915217 | G483S Tolerated 0.06 Pro.dam 0,999 Délétere -5.717 Pro.dam 0,85
rs2135916026 | G483D | Tolerated 0.07 Pro.dam 0,994 Délétére -6.670 Pro.dam 0,85
G483A Délétére 0.03 Pro.dam 0,999 Délétére -5.717 Pro.dam 0,85

rs2135916035 V4841 Tolerated 0.16 Benign 0,000 Neutral 0.640 Pro.dam 0,57
V484L | Tolerated 1 Benign 0,000 Neutral 1.753 Pro.dam 0,57

rs2135916041 | V484G | Tolerated | 0.10 Benign 0,430 Délétere -4.467 Pro.dam 0,57
V484D | Tolerated | 0.10 %‘:ﬁl’ 0,618 | Délétere | -4449 | Prodam | 0,57

1s397507538 D485N | Tolerated 0.09 Benign 0,091 Délétére -3.398 Pro.dam 0,85

D485H Délétére 0.01 Benign 0,422 Délétére -5.170 Pro.dam 0,85

rs2135916057 | D485G | Délétere 0.03 Benign 0,352 Délétere -5.284 Pro.dam 0,85
D485V | Tolerated | 0.12 EO;:{ 0,875 | Délétere | -6.942 Pro.dam 0,85

rs1400574896 | DA485SE Tolerated 0.12 Benign 0,025 Délétere -2.611 Pro.dam 0,85
rs2135916069 C486S Tolerated 0.75 | Poss. dam 0,942 Délétere -8.045 Pro.dam 0,85
rs2135916075 | C486Y | Tolerated 0.57 | Poss.dam | 0,843 Délétére -8.876 Pro.dam 0,85
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C486S Tolerated 0.75 | Poss. dam 0,942 Délétere -8.045 Pro.dam 0,85

rs751834261 C486W | Tolerated 0.08 Pro.dam 1,000 Délétere -9.098 Pro.dam 0,85

rs2135916083 | D487N | Tolerated 0.21 l]))(;sr;. 0,733 Délétére -3.348 Pro.dam 0,74
D487H Délétére 0.01 Pro.dam 0,999 Délétére -4.442 Pro.dam 0,74

rs730880994 D487G Délétere 0.03 Pro.dam 0,997 Délétere -5.253 Pro.dam 0,74

D487V Délétere 0.04 | Poss. dam 0,921 Délétere -6.215 Pro.dam 0,74

rs2135916096 1488F Tolerated | 0.020 | Poss.dam | 0,617 Délétére -3.811 Pro.dam 0,85
rs2135916101 1488N Délétére 0.00 Pro.dam 1,000 Délétére -6.603 Pro.dam 0,85
rs2135916108 | D489N | Tolerated 0.14 Pro.dam 0,986 Délétére -4.764 Pro.dam 0,85
D489H Délétere 0.00 Pro.dam 0,999 Délétere -6.670 Pro.dam 0,85

rs2135916113 | D489G Délétere 0.01 Pro.dam 1,000 Délétere -6.670 Pro.dam 0,85
D489A Délétére 0.00 Pro.dam 1,000 Délétére -7.623 Pro.dam 0,85

D489V Délétére 0.02 Pro.dam 1,000 Délétére -8.576 Pro.dam 0,85

1s539373294 D489E Délétére 0.02 Pro.dam 0,995 Délétére -3.811 Pro.dam 0,85

rs781083623 V4901 Tolerated 1 Benign 0,018 Neutral 0.664 Pro.dam 0,57

V490L | Tolerated | 0.06 I];‘;SI;' 0,477 | Neutral | -1242 | Prodam | 0,57

rs2135916129 | V490D Délétére 0.00 Pro.dam 1,000 Délétére -5.862 Pro.dam 0,57
1s397507539 P491A Tolerated 0.50 Benign 0,066 Neutral -2.019 Pro.dam 0,57

P491S Tolerated 0.40 Benign 0,411 Neutral -1.421 Pro.dam 0,57

P49IT | Tolerated | 0.39 EO;:{ 0,590 | Neutral | -2.086 | Prodam | 0,57

1s397507540 P491H Tolerated 0.54 Pro.dam 0,969 Neutral -1.575 Pro.dam 0,57

P491L Tolerated 0.65 | Poss. dam 0,511 Délétere -3.226 Pro.dam 0,57

rs2135916159 | K492Q Tolerated 0.36 | Poss. dam 0,709 Neutral -2.278 Pro.dam 0,74
1s2135916159 | K492R | Tolerated | 0.68 Benign 0,010 Neutral 0.041 Pro.dam 0,74
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K4921 Délétere 0.05 Pro.dam 0,999 Délétere -6.056 Pro.dam 0,74

rs2038714218 | T493N Tolerated 0.10 Pro.dam 0,995 Délétere -3.929 Pro.dam 0,85
T493S Tolerated 0.16 | Poss.dam | 0,638 Délétére -2.685 Pro.dam 0,85

T4931 Tolerated 0.21 | Poss.dam | 0,640 Délétére -4.787 Pro.dam 0,85

1s2135916177 1494F Délétere 0.00 Pro.dam 0,995 Délétere -3.745 Pro.dam 0,85
1494V Tolerated 0.75 Benign 0,172 Neutral -0.686 Pro.dam 0,85

rs2135916182 1494N Délétére 0.00 Pro.dam 1,000 Délétére -6.470 Pro.dam 0,85
rs2135916187 | 1494M Tolerated 0.09 Pro.dam 1,000 Délétére -2.625 Pro.dam 0,85
1s756104635 Q495E Tolerated 0.38 Pro.dam 0,977 Neutral -2.462 Pro.dam 0,85
Q495K | Tolerated | 0.43 I];‘;SI;' 0,744 | Délétere | -3271 | Prodam | 0,85

rs2135916200 | Q495R Tolerated 0.32 Benign 0,396 Délétere -3.121 Pro.dam 0,85
rs2135916202 | Q495H | Tolerated 0.07 I]))c;s;. 0,708 Délétére -4.291 Pro.dam 0,85
rs1019884653 | M496V | Tolerated 0.31 Pro.dam 0,976 Délétére -2.673 Pro.dam 0,85
rs2135916211 M4961 Tolerated 0.22 Benign 0,016 Délétére -2.573 Pro.dam 0,85
rs2135916214 | V497L | Tolerated | 0.57 Benign 0,019 Neutral -2.459 Pro.dam 0,85
V497M | Tolerated | 0.39 I];‘;SI;' 0,906 | Délétere | 2592 | Prodam | 0,85

rs2135916222 | V497E Délétére 0.00 Pro.dam 1,000 Délétére -5.484 Pro.dam 0,85
1s397507541 R498G Délétére 0.00 Pro.dam 1,000 Délétére -6.670 Pro.dam 0,85
R498W Délétére 0.00 Pro.dam 0,997 Délétére -7.623 Pro.dam 0,85

rs397507542 | R498Q Délétere 0.00 Pro.dam 1,000 Délétere -3.811 Pro.dam 0,85
R498P Délétére 0.00 Pro.dam 1,000 Délétére -6.670 Pro.dam 0,85

R498L Délétere 0.00 Pro.dam 1,000 Délétere -6.670 Pro.dam 0,85

rs1566186813 S499T Tolerated 0.39 Benign 0,001 Neutral -1.362 Pro.dam 0,57
rs1264992160 | S499C Délétere 0.01 Pro.dam 0,993 Délétere -3.195 Pro.dam 0,57
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rs2038714548 | QS500E Délétere 0.04 Pro.dam 1,000 Délétere -2.792 Pro.dam 0,85
rs1173984843 Q500P Délétere 0.00 Pro.dam 1,000 Délétere -5.616 Pro.dam 0,85
Q500R | Tolerated 0.05 | Poss.dam | 0,659 Délétére -3.545 Pro.dam 0,85

Q500L Délétére 0.00 Pro.dam 0,992 Délétére -6.537 Pro.dam 0,85

rs1464221944 | Q500H | Délétére | 0.04 ]P;(:;l' 0,839 | Délétere | -4.631 Pro.dam | 0,85
rs2135916280 | R501G Délétere 0.00 Pro.dam 1,000 Délétere -6.569 Pro.dam 0,85
R501W Délétére 0.00 Pro.dam 1,000 Délétére -7.423 Pro.dam 0,85

1s397507543 R501K Délétére 0.00 Pro.dam 1,000 Délétére -2.859 Pro.dam 0,85

rs2135916295 | R501S Délétére 0.00 Pro.dam 1,000 Délétére -5.651 Pro.dam 0,85
rs121918458 S502T Tolerated 0.30 | Poss. dam 0,564 Délétere -2.759 Pro.dam 0,85

S502P Tolerated 0.38 | Poss. dam 0,470 Délétere -4.598 Pro.dam 0,85

S502A Tolerated 0.51 | Poss.dam | 0,820 Délétére -2.759 Pro.dam 0,85

1s397507544 S502L Tolerated 0.50 Pro.dam 0,999 Délétére -5.517 Pro.dam 0,85

1s397507545 G503R | Tolerated 0.09 Pro.dam 1,000 Délétére -7.263 Pro.dam 0,85

G503W | Tolerated 0.06 Pro.dam 1,000 Délétére -7.147 Pro.dam 0,85

rs397507546 G503A | Tolerated 0.21 Pro.dam 0,990 Délétére -5.474 Pro.dam 0,85

G503V | Tolerated 0.13 Pro.dam 1,000 Délétére -8.220 Pro.dam 0,85

G503E Tolerated 0.07 Pro.dam 1,000 Délétére -7.202 Pro.dam 0,85

rs397507547 | M504V | Déléteére 0.01 Pro.dam 1,000 Délétere -3.477 Pro.dam 0,85

rs2038715043 | M504T | Délétere 0.00 Pro.dam 1,000 Délétere -5.315 Pro.dam 0,85
rs1379175668 | M5041 Délétere 0.01 Pro.dam 0,992 Délétere -3.410 Pro.dam 0,85
1s2135916370 | V5051 | Tolerated | 0.21 %‘;S; 0,886 | Neutral | -0920 | Prodam | 0,85
V505L Délétére 0.00 Pro.dam 0,977 Délétere -2.758 Pro.dam 0,85

V505F Délétére 0.00 Pro.dam 1,000 Délétére -4.596 Pro.dam 0,85
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1s2135916378 | V505G Délétere 0.00 Pro.dam 1,000 Délétere -6.433 Pro.dam 0,85
rs387907157 Q506E Délétere 0.00 Pro.dam 1,000 Délétere -2.756 Pro.dam 0,85

Q506K Délétére 0.00 Pro.dam 0,995 Délétére -3.677 Pro.dam 0,85

1s397507548 Q506L Délétére 0.00 Pro.dam 1,000 Délétére -6.435 Pro.dam 0,85

Q506P Délétere 0.00 Pro.dam 0,999 Délétere -5.511 Pro.dam 0,85

rs2135916416 | Q506H Délétere 0.00 Pro.dam 0,981 Délétere -4.396 Pro.dam 0,85
rs2135916423 T507S Délétére 0.03 Pro.dam 0,955 Délétére -3.511 Pro.dam 0,85
1s886039463 T507K Délétére 0.00 Pro.dam 0,998 Délétére -5.217 Pro.dam 0,85

T507R Délétére 0.00 Pro.dam 0,998 Délétére -5.117 Pro.dam 0,85

T5071 Délétere 0.00 Pro.dam 0,997 Délétere -5.417 Pro.dam 0,85

1s2038715361 E508Q Tolerated 0.07 | Poss. dam 0,892 Délétere -2.659 Pro.dam 0,85
E508K | Tolerated 0.17 | Poss.dam | 0,920 Délétére -3.711 Pro.dam 0,85

152135916448 | E508V Delet:riou 0.03 | Poss.dam | 0,931 | Délétere | -6.537 | Pro.dam | 0,85
rs2135916453 | AS509T Tolerated 0.29 | Poss.dam | 0,830 Délétére -3.178 Pro.dam 0,85
rs2135916461 | AS509P Tolerated 0.13 Pro.dam 0,991 Délétére -3.931 Pro.dam 0,85
A509E Tolerated 0.08 | Poss.dam | 0,652 Délétére -3.998 Pro.dam 0,85

A509G | Tolerated 0.24 | Poss.dam | 0,810 Délétére -3.411 Pro.dam 0,85

A509V | Tolerated 0.14 Pro.dam 0,986 Délétére -3.445 Pro.dam 0,85

rs397507549 | QS10E Délétere 0.01 Pro.dam 1,000 Délétere -2.725 Pro.dam 0,85

Q510K Délétére 0.00 Pro.dam 0,999 Délétére -3.478 Pro.dam 0,85

rs121918470 | Q510P Délétere 0.00 Pro.dam 1,000 Délétere -5.217 Pro.dam 0,85

Q510R Délétere 0.00 Pro.dam 0,999 Délétere -3.278 Pro.dam 0,85

Q510L Délétere 0.00 Pro.dam 0,999 Délétere -6.403 Pro.dam 0,85

rs397507550 | QS510H | Délétere 0.00 Pro.dam 1,000 Délétere -4.431 Pro.dam 0,85
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1s2135916494 | YS511D Délétere 0.00 Pro.dam 0,999 Délétere -9.262 Pro.dam 0,85
YS51IN Délétere 0.00 Pro.dam 1,000 Délétere -8.309 Pro.dam 0,85

rs2135916500 | YS511C Délétére 0.00 Pro.dam 1,000 Délétére -8.276 Pro.dam 0,85
Y511F Tolerated 0.06 Pro.dam 0,994 Délétére -3.778 Pro.dam 0,85

rs2135916511 | R512G Tolerated 0.19 Pro.dam 0,998 Délétere -3.897 Pro.dam 0,57
152135916519 | R512Q | Tolerated | 0.36 ]P;(:;l' 0,684 | Neutral | -1.072 | Prodam | 0,57
R512P Tolerated 0.14 Pro.dam 1,000 Délétére -2.895 Pro.dam 0,57

rs2135916525 F5131 Délétére 0.00 Pro.dam 1,000 Délétére -5.580 Pro.dam 0,85
F513V Délétére 0.00 Pro.dam 1,000 Délétére -6.499 Pro.dam 0,85

1s2135916528 | F513C Délétere 0.01 Pro.dam 1,000 Délétere -7.117 Pro.dam 0,85
1s2135916532 F513L Tolerated 0.06 Pro.dam 0,989 Délétere -5.580 Pro.dam 0,85
rs2135916538 1514F Délétére 0.00 Pro.dam 0,961 Délétére -3.811 Pro.dam 0,57
rs2135916545 | Y515N Délétére 0.03 Pro.dam 1,000 Délétére -8.037 Pro.dam 0,85
1s2135916551 | Y5ISF | Tolerated | 0.05 II;‘;S;' 0,839 | Délétere | -3.589 | Prodam | 0,85
rs773825880 | MS516L | Tolerated | 0.67 Benign 0,000 Neutral -0.291 Pro.dam 0,57

M516V | Tolerated | 0.58 I];‘;SI;' 0,646 | Neutral | -1.766 | Prodam | 0,57

1s994514579 M516T | Tolerated 0.73 Benign 0,432 Délétére -3.082 Pro.dam 0,57

rs2135916575 | MS5161 Tolerated 0.41 Benign 0,148 Neutral -1.458 Pro.dam 0,57
rs2135916583 | AS17T Tolerated 0.06 Pro.dam 0,994 Délétére -3.300 Pro.dam 0,85
AS517P Délétére 0.00 Pro.dam 0,999 Délétére -4.203 Pro.dam 0,85

A517S | Délétere | 0.00 EO;:{ 0,528 Neutral | -2.186 Pro.dam 0,85

rs2135916587 | AS17E Délétere 0.00 Pro.dam 0,978 Délétere -4.103 Pro.dam 0,85
A517G Délétére 0.00 Pro.dam 0,999 Délétere -3.417 Pro.dam 0,85

AS517V | Tolerated 0.17 Pro.dam 0,992 Délétére -3.511 Pro.dam 0,85
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rs1488010874 | V518L Tolerated 0.37 Benign 0,002 Neutral -1.897 Pro.dam 0,57
V5181 Tolerated 091 Benign 0,010 Neutral -0.415 Pro.dam 0,57

V518F Délétére 0.00 Pro.dam 0,986 Délétére -3.881 Pro.dam 0,57

rs1592854657 | V518G Délétére 0.00 Pro.dam 1,000 Délétére -6.124 Pro.dam 0,57
rs2135916618 | QS19E Tolerated 1 Benign 0,266 Neutral -1.362 Pro.dam 0,57
rs2135916620 | QS19L Tolerated 0.57 Benign 0,002 Neutral -1.427 Pro.dam 0,57
rs2135916624 | Q519H | Tolerated | 0.31 Benign 0,114 Neutral -2.249 Pro.dam 0,57
rs2135916631 | H520Y | Tolerated 0.34 Benign 0,009 Délétére -2.743 Pro.dam 0,57
H520D | Tolerated 0.24 Benign 0,138 Délétére -3.987 Pro.dam 0,57

rs1365861378 1522V Tolerated 0.11 Benign 0,217 Neutral -0.717 Pro.dam 0,85
1s2135916641 1522N Délétere 0.00 Pro.dam 0,989 Délétere -6.106 Pro.dam 0,85
rs2135916647 | E523K | Tolerated 0.14 Benign 0,043 Délétére -2.960 Pro.dam 0,78
E523Q | Tolerated | 0.58 Benign 0,085 Neutral -2.103 Pro.dam 0,78

rs1389060443 | E523G Tolerated 0.07 Pro.dam 0,988 Délétére -5.044 Pro.dam 0,78
rs1566186902 | E523D | Tolerated | 0.13 Benign 0,010 Neutral -1.499 Pro.dam 0,78
rs2135916669 | T524K | Tolerated 0.11 | Poss.dam | 0914 Délétére -4.123 Pro.dam 0,57
T524R Tolerated 0.05 | Poss.dam | 0,534 Délétére -4.293 Pro.dam 0,57

1s2135916673 L5251 Tolerated 0.13 Benign 0,155 Neutral -0.399 Pro.dam 0,57
L525V Tolerated 0.10 Benign 0,006 Neutral -0.306 Pro.dam 0,57

rs2135916677 | L525Q | Tolerated 0.06 ]PS(;SI;' 0,916 Neutral -1.400 Pro.dam 0,57
L525P Délétére 0.02 Pro.dam 1,000 Neutral -2.196 Pro.dam 0,57

rs2135916693 | Q526E | Tolerated | 0.87 Benign 0,132 Neutral -0.836 Pro.dam 0,57
rs2135916699 | Q526R Tolerated 0.56 Benign 0,001 Neutral -0.740 Pro.dam 0,57
rs777116808 Q526H | Tolerated 0.14 | Poss.dam | 0,931 Neutral -1.756 Pro.dam 0,57
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rs191525506 R527S Tolerated 0.35 | Poss. dam 0,782 Neutral -1.657 Pro.dam 0,57

R527C Délétere 0.02 Pro.dam 0,958 Délétere -3.593 Pro.dam 0,57

R527G | Tolerated 0.16 Benign 0,407 Délétére -2.914 Pro.dam 0,57

1s770363146 R527P Tolerated 0.12 Pro.dam 0,998 Délétére -2.574 Pro.dam 0,57

1s2135916737 | R528H Délétere 0.04 | Poss. dam 0,736 Délétere -3.391 Pro.dam 0,57
1s2135916746 | R528K Tolerated 0.66 | Poss. dam 0,342 Neutral -1.521 Pro.dam 0,57
R528M Délétére 0.01 Pro.dam 0,981 Délétére -3.896 Pro.dam 0,57

rs2135916753 | R528S Délétére 0.03 Pro.dam 1,000 Délétére -3.945 Pro.dam 0,57
rs2135916758 | E530K | Tolerated 0.20 Benign 0,040 Neutral -1.035 Pro.dam 0,57
1s2135916762 | E531K Tolerated 0.82 I];(;SI;' 0,756 Neutral -1.302 Pro.dam 0,57
E531Q Tolerated 0.56 Benign 0,314 Neutral -0.862 Pro.dam 0,57

1s587778634 E532K | Tolerated 0.30 Benign 0,219 Neutral -2.188 Pro.dam 0,57

15397507551 | E532G | Tolerated | 0.33 %‘:ﬁl’ 0,878 | Délétere | -4.212 | Prodam | 0,57

rs2135916774 | E532D Tolerated 0.21 Benign 0,022 Neutral -1.675 Pro.dam 0,57
rs2135916780 | Q533K Délétere 0.03 Benign 0,029 Neutral -2.113 Pro.dam 0,57
Q533E | Tolerated | 0.59 Benign 0,157 Neutral -1.580 Pro.dam 0,57

rs2135916785 | Q533R Délétere 0.01 Benign 0,043 Neutral -2.354 Pro.dam 0,57
1s954561196 S535R Délétére 0.02 Benign 0,030 Neutral -2.419 Pro.dam 0,57

rs2038881506 | KS536R | Tolerated 0.70 Benign 0,081 Neutral -0.830 Pro.dam 0,57
rs1415569303 | R537K | Tolerated 1 Benign 0,000 Neutral -0.313 Pro.dam 0,57
rs994138881 | G539W | Déléteére 0.02 Pro.dam 1,000 Délétere -4.475 Pro.dam 0,57

rs186919241 | E541K | Délétere | 0.01 %‘;S; 0,507 | Délétere | -2.952 | Prodam | 0,85

rs1057520397 T5431 Tolerated 0.09 Benign 0,169 Délétere -2.876 Pro.dam 0,57
rs2135928749 | K546N | Tolerated 0.08 Benign 0,169 Neutral -1.368 Pro.dam 0,57
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rs1057517907 S548P Tolerated 0.29 Benign 0,009 Neutral -1.248 Pro.dam 0,57
rs759551230 S548C Délétere 0.02 Pro.dam 0,998 Délétere -2.541 Pro.dam 0,57

rs2038881997 | L549V Tolerated 0.23 Benign 0,081 Neutral -0.023 Pro.dam 0,57
rs1048909771 | AS550T Tolerated 0.10 Benign 0,003 Neutral -0.707 Pro.dam 0,57
rs767712281 A550V Tolerated 0.06 Benign 0,001 Neutral -1.095 Pro.dam 0,57

rs148176616 T553K Tolerated 0.15 Benign 0,062 Neutral -1.319 Pro.dam 0,57

T553M | Délétere | 0.03 I];‘;SI; 0939 | Neutral | -0912 | Prodam | 0,57

rs2135928795 | S554G Tolerated 0.09 Benign 0,000 Neutral -0.776 Pro.dam 0,57
rs1555271397 | S554N Tolerated 0.10 Benign 0,145 Neutral -0.312 Pro.dam 0,57
rs1024227490 | Q557K | Tolerated 0.39 Benign 0,458 Neutral 0.232 Pro.dam 0,57
rs763926088 Q557R Tolerated 1 Benign 0,052 Neutral -0.147 Pro.dam 0,57

1s753741561 Q557H | Tolerated 0.05 Pro.dam 0,967 Neutral -0.447 Pro.dam 0,57

rs1060502526 | P559S Tolerated 0.11 Benign 0,023 Neutral -0.085 Pro.dam 0,57
rs1253971623 | P559R Délétére 0.00 Benign 0,005 Neutral -0.684 Pro.dam 0,57
rs397516797 L560V Délétere 0.02 Benign 0,114 Neutral -0.562 Pro.dam 0,57

L560F Délétere 0.01 Benign 0,019 Neutral -1.004 Pro.dam 0,85

12135928841 P561S Délétére 0.00 Benign 0,208 Neutral -1.587 Pro.dam 0,57
rs141140214 P561L Délétére 0.00 Pro.dam 0,991 Neutral -2.120 Pro.dam 0,57

12038884191 P562L Délétére 0.00 | Poss.dam | 0,458 Neutral -2.434 Pro.dam 0,57
rs1238697234 | C563Y Délétére 0.01 | Poss.dam | 0,937 Neutral -1.466 Pro.dam 0,57
1s779810329 T564S Délétére 0.03 Benign 0,008 Neutral 0.072 Pro.dam 0,57

1s2135928860 T5641 Tolerated 0.93 ]Pé)(;sri' 0,893 Neutral -1.022 Pro.dam 0,57
rs2135928864 | P565A Tolerated 1 Benign 0,025 Neutral -1.863 Pro.dam 0,57
rs1315318035 | P565Q Tolerated 0.33 I];(;SI;' 0,764 Neutral -2.279 Pro.dam 0,57
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rs746712068 T566A Tolerated 0.12 Benign 0,126 Neutral -0.639 Pro.dam 0,57

T566S Tolerated 1 Benign 0,397 Neutral -0.265 Pro.dam 0,57

rs150730493 T566M Délétére 0.00 Pro.dam 0,985 Neutral -1.320 Pro.dam 0,57

rs2038884653 | P568L Tolerated 0.14 Benign 0,000 Neutral -1.662 Pro.dam 0,57
1s1420924484 | C569R Tolerated 0.07 Benign 0,175 Neutral -0.319 Pro.dam 0,57
rs1592862763 | E571G Tolerated 0.34 Benign 0,000 Neutral -0.317 Pro.dam 0,57
151415602777 | M572T | Tolerated | 0.07 I];‘;SI; 0467 | Neutral | -0.744 | Prodam | 0,57
1s397516799 D575G Délétére 0.05 Benign 0,005 Neutral -1.948 Pro.dam 0,57

1s754106920 S576R Délétére 0.00 Benign 0,302 Neutral -1.078 Pro.dam 0,57

rs781006724 S576N Délétere 0.01 | Poss. dam 0,467 Neutral -0.678 Pro.dam 0,57

rs757593532 R5781 Délétere 0.01 | Poss. dam 0,804 Neutral -1.226 Pro.dam 0,57

rs746410911 V5791 Délétére 0.03 Benign 0,063 Neutral -0.349 Pro.dam 0,74

1s2038914051 | Y5S80C | Tolerated | 0.18 | Pro.dam | 0,969 De;ztseri -3.167 | Prodam | 0,85
rs2135930858 | E581K Délétére 0.05 Benign 0,372 Neutral -1.523 Pro.dam 0,74
rs2135930864 | ES581A | Tolerated | 0.06 Benign 0,228 Neutral -1.930 Pro.dam 0,74
rs963465148 V583M | Tolerated 0.36 Pro.dam 0,999 Neutral -0.183 Pro.dam 0,57

rs2135930871 | G584D Délétére 0.00 Pro.dam 1,000 Neutral -0.763 Pro.dam 0,57
rs2135930878 | L585P Délétére 0.00 Pro.dam 0,997 Neutral -0.570 Pro.dam 0,57
rs1283260430 | Q588R Délétere 0.00 | Poss.dam | 0,908 Neutral -0.155 Pro.dam 0,57
1s768805690 Q589R Délétere 0.00 | Poss.dam | 0,908 Neutral -0.792 Pro.dam 0,57

rs1720859398 | S59IN Délétére 0.00 Pro.dam 0,981 Neutral -0.406 Pro.dam 0,57
rs1205297900 | R593G Délétere 0.00 Pro.dam 0,981 Neutral -0.745 Pro.dam 0,57
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Résumé :

Les protéines SIRPa, SHP1 et SHP2 forment des complexes qui interagissent pour réguler divers processus
cellulaires, notamment la phagocytose et la signalisation immunitaire. Le polymorphisme de ces protéines
pourrait étre impliqué dans de nombreuses maladies tels que les cancers.

Cette étude a exploré les conséquences fonctionnelles des polymorphismes d'un seul nucléotide non-
synonymes (nsSNP) sur SIRPa, SHP1 et SHP2, a l'aide de différentes méthodes in silico afin de prédire les
variations dommageables.

L’analyse in silico a éte réalisée par quatre outils différents (SIFT, PolyPhen-2, PROVEAN, PANTHER) pour
obtenir les SNP déléteres. Ensuite, les nsSNP ont été soumis a une analyse fonctionnelle a l'aide des outils
InterPro et Pmut. L'outil I-Mutant 2.0 a ensuite été utilisé pour prédire les changements dans la stabilité des
protéines lorsqu'une mutation se produit, tandis que ConSurf a été utilisé pour analyser la conservation
évolutive de ces protéines.

Dans ce travail, 23 nsSNP ont été retenus pour la protéine SIRPa, 77 nsSNP pour le géne SHP1, et 472 nsSNP
pour le géne SHP2. Parmi eux, 13 nsSNP de SIRPa et 36 nsSNP de SHP1, ainsi que 179 nsSNP du géne SHP2,
ont été identifies comme étant des variations a haut risque.

Mots-clés : in silico, nsSNP, SIRPa, SHP1, SHP2.
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Abstract :

The proteins SIRPa, SHP1, and SHP2 form complexes that interact to regulate various cellular processes,
including phagocytosis and immune signaling. Polymorphisms in these proteins may be implicated in
numerous diseases such as cancers. This study explored the functional consequences of non-synonymous single
nucleotide polymorphisms (nsSNPs) on SIRPa, SHP1, and SHP2 using various in silico methods to predict
detrimental variations. In silico analysis was conducted using four different tools (SIFT, PolyPhen-2,
PROVEAN, PANTHER) to identify deleterious SNPs. Subsequently, nsSNPs were subjected to functional
analysis using InterPro and Pmut tools. The I-Mutant 2.0 tool was then used to predict changes in protein
stability upon mutation, while ConSurf was employed to analyze the evolutionary conservation of these
proteins. This study identified 23 nsSNPs in SIRPa, 77 in SHP1, and 472 in SHP2. Among these, 13 nsSNPs
in SIRPa, 36 in SHP1, and 176 in SHP2 were classified as high-risk variations.

Keywords: in silico, nsSNP, SIRPa, SHP1, SHP2.




