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Résumé

Résumé :

Le CD47, une protéine membranaire ubiquitaire, joue un rdle crucial dans I’identification du soi en
empéchant la phagocytose des cellules par les macrophages via son interaction avec SIRPa. Cette
interaction est exploitée par les cellules tumorales pour échapper a I’'immunité, ce qui fait du CD47 une
cible pour les thérapies anticancéreuses. La ligature de CD47 stimule I’activation de Drpl, une GTPase
cytosolique, provoquant sa translocation vers les mitochondries et entrainant la production de ROS et la
mort cellulaire par apoptose. Les SNPs non synonymes peuvent modifier la structure et la fonction du CD47
et Drpl, influencant ainsi la susceptibilité au cancer et I’efficacité¢ des traitements.Ainsi, I’analyse de
I’influence des variations génétiques dans le géne CD47 pourrait établir leur lien avec la tendance a
développer un cancer. Afin d’accomplir cela, des outils d’analyse in silico des biomarqueurs ont été utilisés

pour étudier les polymorphismes nucléotidiques simples non synonymes (nsSNP).

L’objectif de ces analyses est de prévoir les variations susceptibles de causer des dommages aux propriétés
des protéines CD47 et Drpl.Pour ce faire, quatre outils in silico (SIFT, Polyphen-2, PROVEAN,
PANTHER) ont été employés pour évaluer les SNP néfastes. Par la suite, ’analyse fonctionnelle des SNP
a été réalisée en utilisant les outils InterPro et PMut. Le serveur web [-Mutant2.0 a été utilisé pour évaluer
les conséquences de la substitution des acides aminés sur la stabilité des protéines. Enfin, ConSurf a été

utilisé pour étudier la conservation évolutive des résidus d’acides aminés des protéines étudiées.

Sur la base des résultats de cette ¢tude, nous avons pu extraire des substitutions probablement délétéres
dans la protéine CD47 (D104G, V56A, C33Y, G16R) et de la protéine DRP1(N9H, Q12H, D13H S35N,
G47V, P52R ,P52L ,T59N ,R60Q , P625, F93V , R108L , K133Q , S136A, DRPI1L, T143A , D146N ,
P159S,Dl161Y ,1181T, A183T, A183D, A192E, G223D, G281R , E640Q, R659S, K660T , D664G ,
L699V, R710G, R710K, A723T, R731W) .

A partir de 237 nsSNPs appartenant au CD47 et 413 nsSNPs appartenant au DRP1, 4 nsSNP de CD47 et

34 pour le géne DRP1 ont été prédits comme étant a des mutations a haut risque.

Mots-clés : analyse in silico, apoptose, CD47, cancer, DRP1, nsSNP, phagocytose.



Abstract

Abstract :

CDA47, a ubiquitous membrane protein, plays a crucial role in self-identification by preventing phagocytosis
of cells by macrophages via its interaction with SIRPa. This interaction is exploited by tumor cells to evade
immunity, making CD47 a target for anticancer therapies. Ligation of CD47 stimulates the activation of
Drpl, a cytosolic GTPase, causing its translocation to mitochondria and leading to ROS production and
apoptotic cell death. Non-synonymous SNPs can alter the structure and function of CD47 and Drpl,
thereby influencing cancer susceptibility and treatment effectiveness.

Thus, analyzing the influence of genetic mutations in the CD47 gene could establish their link with the
tendency to develop cancer. To accomplish this, in silico biomarker analysis tools were used to study non-
synonymous single nucleotide polymorphisms (nsSNPs).

The goal of these analyzes is to predict changes that could cause damage to the properties of the CD47 and
Drp1l proteins.

To do this, four in silico tools (SIFT, Polyphen-2, PROVEAN, PANTHER) were used to evaluate harmful
SNPs. Subsequently, the functional analysis of the SNPs was carried out using the InterPro and PMut
tools. The I-Mutant2.0 web server was used to evaluate the consequences of amino acid substitution on
protein stability. Finally, ConSurf was used to study the evolutionary conservation of amino acid residues
of the studied proteins.

From 237 nsSNPs belonging to CD47 and 413 nsSNPs to the DRP1 gene, 4 nsSNPs of CD47 and 34 for
the DRP1 gene were predicted to be high-risk mutations.

Based on the results of this study, we were able to conclude the deleterious substitutions of the CD47 protein
(D104G, V56A, C33Y, G16R) and the DRP1 protein (N9H, Q12H, D13H ,S35N ,G47V ,P52R ,P52L ,
T59N ,R60Q ,P625 ,F93V ,R108L ,K133Q ,S136A, DRP1L, T143A ,D146N, P159S, D161Y, 1181T,
A183T, A183D, A192E, G223D, G281R, E640Q, R659S, K660T, D664G , L699V, R710G, R710K,
A723T, R731W).

Key words : CD47, DRP1, SIRPa, phagocytosis, apoptosis, cancer, in silico analysis, nsSNP
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Introduction :

Introduction :

CDA47, une protéine associée a I’intégrine (IAP), est un membre de la superfamille des immunoglobulines
qui jouent un rdle crucial dans I’identification du soi et récemment identifi€¢ comme une molécule de point
de controle immunitaire (Liu X et al., 2017) . C'est une molécule membranaire ubiquitaire exprimée par
toutes les cellules de I’organisme qui induit un signal « Don’t eat-me » chez les cellules myéloides qui
expriment son principal ligand : Signal regulatory proteinalpha (SIRPa)(Brown and Frazier., 2001). Elle
est largement expriméepar les cellules hématopoiétiques, y compris les thymocytes, les lymphocytes T et
B, les monocytes, les plaquettes et les érythrocytes, il est également présent sur plusieurs autre types
cellulaires tels que les muscles épithéliaux, endothéliaux (Isenberg et al., 2006), les muscles lisses
vasculaires (Isenberg et al., 2007), cellules neurales, plaquettes, fibroblastes, spermatozoides et lignées de

cellules tumorales (Barclay et al., 1997).

L’intéraction CD47/SIRPa, est responsable du signal "ne me mange pas", empéchant les macrophages de
phagocyter les cellules du corps tels que les globules rouges, les marquant ainsi comme du "soi". Par
conséquent, Cette interaction aide le systéme immunitaire a reconnaitre les cellules qui doivent étre
¢liminées (Matlung et al., 2017) . Le CD47 est exprimé de manic¢re ubiquitaire dans les conditions
physiologiques normales mais sa surproduction est observée dans les tumeurs hématologiques et solides.
En raison de son effet inhibiteur sur les macrophages et autres cellules myéloides dirigées contre les
tumeurs, il est considéré comme I'une des ciblesprincipalesdes inhibiteurs de points de controle
immunitaires(Advani et al ., 2018).

L’augmentation de I’expression de CD47 dans les tissus malins a été signalée pour la premiére fois dans le
cancer de 'ovaire (Massuger et al., 1991 ; Campbell et al., 1992) . En effet , ’expression élevée de CD47
est un marqueur pronostique dans certains cancers, Cette augmentation de l'expression de la protéine CD47
est liée a une diminution de la survie , attribuée a la suppression, dépendante de SIRPa , de la phagocytose
des cellules tumorales par les macrophages (Oldenborg et al., 2000 ; Jaiswal et al ., 2009 ; Willingham et
al., 2012). D’autre part, il a été montré que le blocage de I’intéraction CD47/SIRPa améliore la phagocytose
cellulaire dépendante des anticorps médiée par les macrophages et, par conséquent, augmente I'efficacité
thérapeutique de plusieurs thérapies ciblées contre le cancer a base d'anticorps (van den Berg and Valerius

., 2019 ; Chao et al ., 2010).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8547767/#R127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8547767/#R28

Introduction :

La DRP1 (protéine 1 liée a la dynamine), une guanosine triphosphatase (GTPase) de la famille des
dynamines, joue un role central dans le mécanisme de fission mitochondriale. Cette protéine est impliquée
dans divers processus cellulaires, notamment 1’apoptose, la biogenése mitochondriale, la mitophagie, le

métabolisme ainsi que la prolifération, la différenciation et la transformation des cellules (Lima et al., 2018).

Dans la plupart des cas, La fission mitochondriale par Drp1 favorise généralement la réplication, I’invasion
et la migration, ainsi que la tolérance aux médicaments dans les cellules tumorales, ce qui améliore la
croissance tumorale (Ma et al ., 2020). De cette maniere, on a signalé que I’inhibition de Drp1 a des effets
antitumoraux qui favorisent I’apoptose et diminuent la prolifération des cellules tumorales (Rehman et al .,

2012 ; Inoue-Yamauchi and Oda ., 2012).

Des recherches approfondies sur ce récepteur ont révélé que la ligature de CD47 par des anticorps
monoclonaux spécifiques immobilisés, la thrombospondine-1 (TSP-1), ou un peptide dérivé de la TSP-1
(4N1K), pourrait induire une mort cellulaire programmée(Bras et al ., 2007 ; Roue et al ., 2003)etstimuler
l'activation des sérine protéases de type chymotrypsine et favorise ainsi la translocation a grande échelle de
Drpl vers les mitochondries ou ils se lient au récepteur membranaire mitochondrial hFis1.Ceci entraine
une altération de la chaine de transport d'électrons, ce qui provoque a son tour la production de ROS,
l'effondrement depotentiel de la membrane mitochondriale (AW m), la perte d'ATP, les modifications de la

structure mitochondriale et ultérieurement la mort cellulaire par apoptose(Mateo et al ., 2002).

Les polymorphismes mononucléotidiques (SNP) sont les variations génétiques les plus fréquentesdu
génome humain. Elles se produisent en moyenne une fois toutes les 300 paires de bases de séquence avec
une fréquence d’alleles mineurs (MAF) supérieure a 1 % (Kruglyak and Nickerson 2001 ; Stephens et al.
2001 ; Reich et al. 2003),Ces variations son en effet les marqueurs génétiques les plus couramment utilisés
pour la cartographie des genes de maladies humaines(Consortium ., 2005). Les SNP codants (cSNP) non
synonymes, entrainent une substitution d’acides aminés.Ces modifications peuvent altérer la structure
secondaire de la protéine en augmentant ou en diminuant les liaisons hydrogéne et la phosphorylation,
impactant ainsi leurs interactions et fonctions. Par conséquent, ces changements modifient les voies de
signalisation cellulaire ainsi que les niveaux de protéines oncogeénes et suppressives de tumeur (Tennessen
et al.,2012). Ainsi, Les SNP non synonymes influencent la susceptibilit¢ au cancer en raison des

modifications qu'ils induisent dans la structure et la fonction des protéines codées.(Raghav et al.,2013).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7654641/#CIT0039

Introduction :

Les méthodes in silico gagnent actuellement en importance en sciences biologiques. Avec ces méthodes,
différents types de données biologiques peuvent €tre prédit et simulées grace a des calculs et analyses
effectués par desordinateurs et des Technologies de modélisation informatique(Yavuz and Marangoz .,
2018).Ainsi, 1’utilisation des techniques in silico peut offrir une méthode économique et efficace pour
I’évaluation de I’effet de multiples nsSNP, contournant ainsi les défis liés aux approches expérimentales

colteuses et chronophages (Venkata Subbiahet al.,2020) .

L’objectif de notre étude est de réaliser une analyse in silico des nSNPs a conséquences fonctionnelles sur
le CD47 ET DRP1, déterminer les SNPs qui ont un effet sur la stabilité de la protéine et qui affecte leur

conservation.

Le but de notre étude est d’identifier des SNPs a conséquence fonctionnelles sur les protéine CD47 et

DRPI.


https://jmhg.springeropen.com/articles/10.1186/s43042-020-00110-3#auth-Harini-Venkata_Subbiah-Aff1
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I.Revue de la littérature :
1. CD47:

1.1. Généralités :

CDA47, une protéine associ¢e a I’'intégrine (IAP), est un membre de la superfamille des immunoglobulines
(Liu X et al , 2017), qui exerce un rdle crucial dans diverses fonctions cellulaires telles que la prolifération,
I’apoptose, 1’adhésion, la migration et de multiples réponses immunitaire (Sick et al ., 2012) . Ces actions
sont médiées par 1’interaction du CD47 avec différents types de ligands, incluant les protéines régulatrices
du signal (SRPs) (Lamy et al ., 2003 ; Isenberg et al ., 2009), les thrombospondines (TSPs) (Kaur et al .,
2010 ; Sick et al ., 2012 ; Miller et al ., 2010) , des ligands membranaires tels que les intégrines (Shinohara
etal ., 2006) , le récepteur 2 du facteur de croissance endothélial vasculaire (VEGFR-2) (Kaur et al ., 2010
), CD36 (Miller et al ., 2010 ) , Fas (CD95) (Manna et al ., 2005 ) et des ligands intracellulaires telles que
les protéines Gi ( Manna and Frazier ., 2003 ) , BNIP3 (Lamy et al ., 2003 ) , Src et les protéines kinases
activées par les mitogénes (MEK) ( Shinohara et al ., 2006 )et la protéine 4.2(Bruce et al .,2002)

1.2. Structure et expression du CD47 :

La protéine CD47, initialement désignée sous le nom de protéine associée a I’intégrine (IAP), est une
glycoprotéine de surface cellulaire appartenant a la famille des immunoglobulines, avec un poids
moléculaire d’environ 50 kDa (Brownet al .,1990). Chez I’homme, elleest codé par le géne CD47, situé

sur la région 3q13.12 du chromosome 3(Brownand Frazier .,2001 ; Brown et al .,1990) .

(XRRRY
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Figure 1.1: Localisation chromosomique du CD47 humain (Kaur et al., 2021).

Cd47 est exprimé par presque toutes les cellules corporelles, y compris les celles qui ne possédent pas
d'intégrines comme les érythrocytes, donc il est désormais plus approprié de le nommer CD47 plutot que
IAP (Oldenborg ., 2013). Il est aussi présent sur diverses cellules, tant hématopoiétiques que non
hématopoiétiques, mais son niveau d'expression varie en fonction dutype cellulaire(Brown and Frazier .,
2001).

Le CD47, un récepteur membranaire intégral qui comprend un domaine extracellulaire (ECD) de type IgV
N-terminal hautement glycosylé, un domaine transmembranaire en hélice couvrant cinq segments (5-TM)et
un petit domaine C-terminal (CTD). Ce CTD est sujet a des épissages alternatifs, produisant ainsi quatre
isoformes variant en longueur de 4 a 36 résidus (Oldenborg and coll ., 2000 ; Brownet al .,1990 ;

Reinhold and coll ., 1995).

Potential thrombospondin-1
binding site

transmembrane

domain PDB: 2JJT

Figure 1.2: Structure et modifications post-traductionnelles de la protéine CD47 (Kaur et al., 2021)

1.3. Signalisation CD47 :

Le CD47 a d’abord été découvert comme un marqueur tumoral dans le cancer de I’ovaire humain (Wang
et al ., 2021), Cette protéinetransmembranaireest connue pour son role dans 1’inhibition de la phagocytose
en se liant a la SIRPa(Lindberg et al ., 1993). De plus, des études ont montré que le CD47 peut se lier a la
TSP-1 ainsi qu’aux intégrines a2p1 et avp3(Fenalti et al ., 2021 ; Poels et al .,1986) .
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La voie TSP1-CD47 joue un role crucial dans diverses fonctions cellulaires fondamentales, telles que la
prolifération, I’apoptose, I’inflammation et la réponse a 1’athérosclérose (Sick et al ., 2012). Par ailleurs,
diverses intégrines peuvent interagir avec CDA47. Par exemple, l'intégrine aS5B1 participe a la
mécanotransduction des chondrocytes via sa liaison avec CD47 (Orazizadeh et al ., 2008). La dérégulation
de la signalisation entre V3 et CD47 provoque une inflammation articulaire, une dégradation du cartilage

et la progression de I’arthrose (Wang et al ., 2019).
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B Cytoplasm
PODDDRROIDSD oS DTSHIGTooTODTDER® TOSECTDPTOCOIOODIEISSCOIDORS® CPTDODS
Cell membrane
PDIDOOGODOD POV OO T OOROOD DDODHOBPVOIDOIRIOCHEDERD HOEOIBD

cpba7 0 cpa7 cpa7
-
SIRPa TSP-1 Integrins

(L 2 1 1 2 1 1 4 1 & 1 1 1 1 2 1 1 1 1 J PDOSHPLOPOODIOPOIPSIOIPODOD L 1 1 J 4 L4 4 4 4 1 1 1 1 1 4 L 1 2 1 1
Cell membrane Cell membrane Cell membrane
DO POPODIHEDDIORODOE® DO ODOOCIPOIDOIITTOEDSE DO

P LODROSLODORODOIRDB
>

Cytoplasm Cytoplasm

Cytoplasm

1M
SHP 1/2

Figure 1.3 : Structures globales de CD47, SIRPa et du complexe CD47(Yang et al ., 2023) .

1.3.1 Interaction avec les intégrines :

avB3 sont les intégrines initialement découvertes par leur intéraction avec CD47 (Brown et al ., 1990).
Cependant, il a été ultérieurement démontré que le CD47 interagit €également avec d’autres intégrines telles
que 02B1 qui joue un rdle dans la migration et la prolifération des cellules musculaires lisses (Wang and
Frazier .,1998) , et 04p1 qui possede un domaine de liaison au domaine N-terminal de TSP-1 et TSP-2 et
joue un role dans I’adhésion des réticulocytes (Brittain et al ., 2004), a5f1 impliqué dans la mécano-
transduction des chondrocytes (Orazizadeh et al ., 2008), et a6p1 qui participe a 1’activation et a la

phagocytose des microglies fibrillaires B-amyloides(Koenigsknecht and Landreth ., 2004) .
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1.4 Interaction avec Thrombospondine-1 (TSP1) :

TSP1 est une glycoprotéine multimodulaire de la famille des thrombospondines (Baenziger et al ., 1971) ,
composée d'un domaine N-terminal (NH2), de trois répétitions de type I de properdine, de trois répétitions
de type II de facteur de croissance épidermique, d'un motif de type III se liant au calcium et d'un motif C-
terminal (COOH) facilitant l'attachement cellulaire(Adams ., 2001 ; Adams et al ., 2008) , Divers types de
cellules, dont les cellules immunitaires innées| cellules dendritiques(Doyen et al ., 2003) .et les
macrophages(Kumar et al ., 2020)] , et les cellules parenchymateuses [ endothé¢liales(Rogers et al .,2017)
, muscle lisse vasculaire (Yao et al ., 2014)], et cellules épithéliales(Rogers ., 2012)] , induisent l'expression
de TSP1 en réponse a une blessure ou a un stress( (Kale et al., 2021) .

La régulation positive de TSP1 a été confirmée par I'hypoxie (Rogers et al ., 2012),grace a l'action du
facteur inductible par I'hypoxie (HIF)-2a(Labrousse-Arias et al ., 2016) , le glucose(Bhattacharyya et al
. 2008) , et du LPS (Fordhamet al ., 2012). Il existe plusieurs facteurs de transcription supplémentaires
décrits qui favorisent ou inhibent I'expression du géne TSP1

(Stenina-Adognravi ., 2014) .

La voie TSP1-CD47 joue un rdle crucial dans diverses fonctions cellulaires fondamentales telles que la

prolifération, I’apoptose, I’inflammation et la réponse athéroscléreuse (Isenberg et al ., 2006) .

1.4.1 Interaction avec SIRPa(signal-regulatory protein alpha):

La glycoprotéine SIRPa, également connue sous plusieurs noms tels que CD172a, SHPS-1, BIT
(homologue de rat), p84 (homologue de souris), MFR, MYD-1 ou PTPNS1(Van Beek et al .,2005) ,est un
nombre de la famille des protéines régulatrices du signal (SIRP) , Cette famille comprend cinq membres :
SIRPa, SIRPB1, SIRPy, SIRPB2 et SIRPS(Logtenberget al ., 2020) .

On trouve principalement ce récepteur de surface cellulaire dans les monocytes, les granulocytes, les
cellules dendritiques et les cellules souches hématopoiétiques(Kharitonenkov et al ., 1997).Des mod¢les
d’expression différents sont présents pour SIRPa, SIRPB et SIRPy. SIRPa est exprimé dans les cellules
my¢loides et les neurones, SIRPP dans les macrophages et les neutrophiles, et SIRPy dans les lymphocytes
et les cellules tueuses naturelles(Barclay and Brown ., 2006).

Cette molécule est composé¢ d’une région cytoplasmique avec quatre motifs d’inhibition a base de tyrosine
(ITIM) et d’une région extracellulaire avec trois domaines de type immunoglobuline (Ig)(van Beeket al.,
2005) , Le domaine NH2 terminal de type V de SIRPa se lie au domaine Ig extracellulaire de
CD47(Vernon-Wilson et al ., 2000).

CDA47 inhibe la phagocytose en interagissant avec la protéine régulatrice du signal alpha (SIRPa) a la

surface des cellules phagocytaires(Oldenborg et al.,2000 ;Vernon-Wilson et al .,2000). Cette interaction
7
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favorise la localisation de SIRPa dans la synapse phagocytaire, activant ainsi la phosphatase-1 (SHP-1)
contenant le domaine d’homologie Src 2, ce qui inhibe I’accumulation de myosine IIA non musculaire a la
membrane cellulaire et empéche 1’engloutissement(Veillette et al ., 1998 ; Tsai ., 2008) .

Le blocage de la signalisation CD47-SIRPa a récemment été étudié comme une stratégie pour activer les

cellules phagocytaires, en particulier les macrophages, a des fins thérapeutiques(Maute et al ., 2020) .

1.5. Réle du CD47 dans les cellules érythroides et dans I'auto-immunité

La glycoprotéine de surface cellulaire CD47, initialement identifiée comme régulateur des réponses
dépendantes de l'intégrine, remplit plusieurs fonctions importantes en dehors de I'activation des intégrines.
Dans les érythrocytes, CD47 sert de marqueur du soi sur les érythrocytes en se liant au récepteur inhibiteur
SIRPalpha, limitant ainsi la phagocytose des cellules sensibilisees auto-immunes par les macrophages et
les cellules dendritiques. Cette interaction est importante pour atténuer la destruction des cellules hotes dans
des maladies auto-immunes telles que I'anémie hémolytique auto-immune.. (Per-Arne Oldenborg. Leuk
Lymphoma. 2004 Jul.)

1.6. Role du CD47 comme marqueur du soi sur les globules rouges

Le systtme immunitaire reconnait les envahisseurs comme étrangers parce qu'ils expriment des
déterminants qui sont absents sur les cellules hotes ou parce qu'ils manquent de « marqueurs du soi »
normalement présents. Nous montrons ici que CD47 (protéine associée a l'intégrine) fonctionne comme un
marqueur du soi sur les globules rouges murins. Les globules rouges dépourvus de CD47 ont été rapidement
¢liminés de la circulation sanguine par les macrophages de la pulpe rouge splénique. Le CD47 présent sur
les globules rouges normaux a empéché cette élimination en se liant a SIRPa. Ainsi, les macrophages
peuvent utiliser un certain nombre de récepteurs activateurs non spécifiques et s'appuyer sur la présence ou
'absence de CD47 pour se distinguer des étrangers. CD47-SIRPa peut représenter une voie potentielle pour
le controle de 'anémie hémolytique(Oldenborg et al ., 2000 ).
1.6.1 La cellule cible CD47 régule I'activation des macrophages et

I'érythrophagocytose

glycoprotéine de surface cellulaire CD47, également connue sous le nom de protéine associée a l'intégrine
(IAP),exprimée de manieére omniprésente,dans la régulation des réponses leucocytaires dépendantes de
l'intégrine aux protéines de la matrice extracellulaire. De plus, des études sur des systeémes murins ont révélé
que le CD47 agit comme un régulateur de la phagocytose des cellules cibles en se liant au récepteur
inhibiteur SIRPasur les macrophages. Cette interaction permet de limiter la destruction des cellules hotes,

notamment dans des modéles expérimentaux de maladies auto-immunes ( Olsson et al ., 2006 ) .

8
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1.7 CDA47 et les cellules immunitaires

1.7.1 CD47 et les cellules naturelles tueuses

Le CD47 joue un role négatif dans I'activation et la prolifération des cellules NK lors de la liaison de son
ligand TSP-1, tandis que le manque de CD47 augmente l'activation et la cytotoxicité des cellules NK (Nath
PRet al ., 2018 ; Nath et al ., 2019 ) .En tant que contre-récepteur SIRPa, CD47 est impliqué dans la
greffe de précurseurs NK chez des souris humanisées(Pierson et al ., 1996 ; Przewoznik et al ., 2012 )
.Dans le microenvironnement tumoral, CD47 altére le recrutement des cellules NK, tandis que le traitement
avec l'anticorps anti-CD47 augmente la destruction des cellules NK contre les cellules tumorales en

améliorant l'expression du granzyme B et de I'l[FN-y( Nath et al ., 2019 ) .

1.7.2 CD47

etcellules présentatrice d’antigenes Les macrophages jouent un rdle essentiel dans le recrutement des
cellules immunitaires pour éliminer les corps étrangers, participer a la réparation tissulaire et restaurer
I'homéostasie des tissus(Crayne et al ., 2017 ). CD47 est le point de controle dominant des macrophages,
qui agit comme un signal « ne me mange pas »(Oldenborg 2000) . Grace a son interaction avec SIRPa, les
érythrocytes agés et autres cellules normales inefficaces sont rapidement €éliminés par les macrophages de
la rate, ce qui accélere la phagocytose. D'autres preuves suggerent que 1'axe CD47-SIRPa contribue a la
régulation de l'activité des macrophages et modifie 1'état de polarisation des macrophages.(Weiskopf K.
2017).Les DC sont des cellules professionnelles présentatrices d’antigenes dotées de la capacité unique
d’induire I’activation de lymphocytes T naifs. Ils représentent également une source abondante et stable de
TSP, qui peut fonctionner comme un facteur autocrine supprimant la production d'IL-12 et d'IFN-y par

interaction avec CD47(Ferrari etal ., 2016).

1.7.3 CD47 et les cellules T effecteurs :

Le CD47 peut étre trouvé exprimé sur pratiquement toutes les cellules immunitaires, mais le niveau
d'expression varie considérablement en gravité en fonction des types de cellules et des conditions
pathologiques(Lindberg et al .,1993 ) . Pour les lymphocytes T, la signalisation CD47 est associé¢e a un
large éventail de processus cellulaires, de 'activation a I'induction de la mort(Azcutia et al ., 2013 ) . Par
exemple, la signalisation intracellulaire induite par le CD4 stimule leur prolifération, améliorant ainsi la
réponse immunologique(Feng et al .,2019 ).De plus, CD47 est exprimé préférentiellement sur les
progéniteurs de lymphocytes T @ mémoire de longue durée, ce qui peut augmenter leur durée de survie en

empéchant leur clairance par les macrophages(Van et al., 2012).
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1.7.4 CD47 et autres types de cellules :

De nouvelles preuves indiquent que le CD47 joue un role important dans la migration trans-endothéliale des
neutrophiles et d'autres leucocytes (Lee et al ., 2016 ; Liuet al ., 2004).De plus, il a été démontré
que la mobilisation des neutrophiles était retardée in vivo chez des souris déficientes en

CD47 par inoculation intrapéritonéale d'Escherichia coli(Liuet al ., 2004).

1.8. Cibler CD47 pour I’'immunothérapie du cancer

A Tére actuelle de I’oncologie, I’immunothérapie par points de contrdle des tumeurs malignes
hématopoiétiques et solides devient un mode de traitement prometteur pour les patients atteints de cancer (

Topalian et al ., 2020 ; Ribas and Wolchok ., 2018 ).Mais le fait que tous les patients atteints de cancer

ne bénéficient pas de I’'immunothérapie adaptative aux points de controle a suscité un énorme intérét pour
le ciblage de nouveaux récepteurs aux points de contréle immunitaires. Etant donné que le systéme
immunitaire inné constitue la premiére ligne de défense ciblant directement les cellules cancéreuses,
I’exploitation de I’immunité innée représente une autre voie thérapeutique potentielle pour les traitements

contre le cancer. (Advani et al ., 2018 ; Jalil et al ., 2020 ).

Figure 1.5 :M¢écanismes de mort cellulaire indépendante de la caspase induite par CD47
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Macrophage

Don't Eat Me

Cancer Y Cancer

Figure 1.6: Ciblage du point de controle immunitaire CD47 (Feng et al ., 2020 ) .

1.8.1 Mécanismes d'action de la thérapie ciblée CD47

La base théorique du fonctionnement du CD47 comme point de controle prometteur dans le traitement du
cancer est due a son role central dans I'équilibre des activités inhibitrices et stimulantes des cellules myéloides.
Premierement, la ligature du CD47 induit 'apoptose des cellules tumorales via un mécanisme indépendant de

la caspase(Zhao et al ., 2011 ; Barkal et al ., 2018 )( Mateo et al ., 1999) .

Deuxiémement, l'anti-CD47 conduit a l'absorption phagocytaire des cellules tumorales par les cellules
présentant I'antigéne et a la présentation ultérieure de I'antigéne aux cellules T (Advani et al ., 2018 ; Feng
et al ., 2020 ). Troisiémement, I'anti-CD47 annule 1'effet inhibiteur médié par

la TSP-1 contre les cellules NK humaines, mais augmente I'activation et la cytotoxicité des cellules NK( Nath

et al ., 2019).

1.9. Mécanismes moléculaires sous-jacents au traitement anti-CD47

La question de savoir si le blocage du CD47 seul suffit a induire la phagocytose est un sujet de
controverse (Zhao et al ., 2011 ; etal ., 2012) .

11
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Certaines preuves suggeérent que le ciblage du CD47 serait suffisant pour I'élimination des cellules

tumorales par les macrophages (Chao et al ., 2011 ; Jaiswal et al ., 2010 ) .
Il convient de noter que la plupart des anticorps testés auparavant incluent une région Fc,

qui reconnait la chaine ydurécepteur Fc (FcRy) sur les macrophages, les neutrophiles et les cellules
NK. (Ben Mkaddem et al.,2019 ; Németh et al ., 2019).

D'une part, activer les FcR associes au FcRy du motif d'activation des immunorécepteurs a base de tyrosine
(ITAM) et ainsi déclencher la phagocytose des macrophages (Németh et al ., 2019) . D'autre part,
I'interaction entre la région Fc et les FCR opsonisesimultanément les cellules cibles pour la cytotoxicité a
médiation cellulaire dépendante des anticorps (ADCC), puisque les cellules NK sont les médiateurs
cruciaux de cette réaction in vivo. ( Willingham et al ., 2012 ; Mentlik James et al ., 2013 ).

De plus, les cellules NK activées par FcR peuvent également sécréter de I'lFN-y, du TNF-a et conduire a une
expression accrue du récepteur de l'interleukine-21 qui supprime la croissance tumorale (Cooper et
al ., 2001 ; McMichael et al ., 2017 ).

2. Protéine liée a la dynamine (Drpl) :
2.1. Structure :

Protéine liée a la dynamine (Drpl), une protéine de 80 kDa , faisant partie de la superfamille de GTPase
mécanochimique de la dynamine, est nécessaire pour la division des mitochondries et des peroxysomes
chez les mammifeéres (Smirnova et al ., 2001 ;Li and Gould ., 2003) .

La protéine drpl se compose de quatre domaines distincts : le domaine GTPase, le domaine intermédiaire,
le domaine variable et le domaine GED (Okamoto and Shaw ., 2005).

L’étude de la structure cristalline a révélé que Le domaine variable de Drpl agit comme une charniere,
permettant a la protéine de former soit un dimeére, soit un tétramére en forme de T (Fordet al., 2011,
Frohlich et al.,2013).

L’activité favorisant la fission de Drp1 est contrélée par de nombreuses modifications post-traductionnelles
autour du domaine variable, notamment la phosphorylation, la sumoylation, I’ubiquitination et la S-
nitrosylation , les modifications post-traductionnelles et les altérations de ses fonctions de récepteur

contribuent également a I’activité de Drp1(Cho et al ., 2009) .
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(A)

(B)

Figurel.7 :Architecture de Drp1 (isoforme 1, Drpl humaine pleine longueur (736 aa)) (Mulate et al .,
2023) .

2.2 Régulation de la protéine 1 liée a la dynamine et son role central dans la fission

mitochondriale :

Les mitochondries subissent un processus constant de division et de fusion pour contréler leur forme
, leur distribution et leur taille. Cet équilibre dynamique est crucial pour de nombreux processus
cellulaires, notamment I'apoptose, la progression du cycle cellulaire, I'isolement des dommages et le
maintien global de la santé mitochondriale (Nunnari et Suomalainen, 2012 ; Otera et al.,
2013 ; Wasiak et al., 2007)

La fission mitochondriale est généralement régulée par la protéine 1 cytosolique liée a la dynamine GTPase
(Drpl)(Adaniya et al ., 2019 ; Zeng et al ., 2019)

Ce processus démarre avec le recrutement de Drpl dans les mitochondries exécuté par les protéines MOM
Fisl , MFF, MiD49 et MiD51 (Samangouei et al .,2018 ; Losén et al., 2013) , Le réticulum endoplasmique
(RE) est I'un des organites qui peuvent favoriser le recrutement de Drpl en entrant en contact avec les
mitochondries via la membrane associée aux mitochondries (MAM) . MAM facilite la transformation du
Ca2-+, un composant essentiel de la voie du calcium qui favorise la fission mitochondriale (Ortiz-Sandoval
etal., 2014).

Une fois que Drpl se lie aux récepteurs de la membrane externe mitochondriale MOM, il forme un

oligomere fonctionnel qui se déplace vers le site de fission(Hu et al ., 2017).
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Ce processus d’oligomérisation est similaire aux dynamines classiques dans les voies de bourgeonnement
vésiculaires , Drpl assemble ces oligoméres en structures d’ordre supérieur, formant des anneaux et des
spirales autour des mitochondries, ces structures resserrant le tubule mitochondrial et sectionnent les

membranes mitochondriales en hydrolysant le GTP (Chan ., 2012 ; Westermann .,2010)

Figure 1.8 : Mécanisme de fission mitochondriale (Hanewen Zhang et al ., 2020).

2.3 Lerole de Drpl dans I’apoptose et la nécroptose

2.2.1 Dans apoptose :

La fragmentation mitochondriale est un aspect conservé de I’apoptose de la levure, C.elegans, drosophile
aux mammiferes (Fannjiang et al ., 2004 ; Szabadkai et al ., 2004) .

Puisque la fragmentation mitochondriale est souvent observée lorsque les cellules sont soumises a un stress
ou lorsqu’elles meurent, Drpl a été¢ impliqué dans la pathogenése de la mort cellulaire. (Frank et al ., 2001)
. La phosphorylation de Drpl médiée par la PKA sur Ser 637 induit un allongement mitochondrial et une
résistance aux stimuli apoptotiques, tandis que la déphosphorylation de Ser 637 par la calcineurine favorise
la fragmentation mitochondriale et augmente la vulnérabilité cellulaire a I’apoptose dans les cellules PC12
de phéochromocytome de rat. (Cribbs and Strack ., 2007). Bien que la mort puisse survenir suite a un

dysfonctionnement mitochondrial provoqué par une fission dérégulée, de plus en plus de preuves suggerent
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que Drpl est plus directement impliqué dans I’apoptose en contrdlant la perméabilisation de la membrane
mitochondriale externe lorsqu’il s’associe de maniére stable aux mitochondries. Par exemple, Drpl
s’associe a Bax au niveau des sites de fission mitochondriale lors de 1’apoptose dans les cellules HeLa.
Cependant, ni Drpl ni la fission mitochondriale elle-méme ne pourraient suffire a provoquer la mort

cellulaire. (Szabadkai et al ., 2004) .

2.2.2 Dans la Nécroptose :

La nécroptose est une forme de mort cellulaire nécrotique régulée médiée par Ripl (protéine kinase 1
interagissant avec les récepteurs), Rip3 et MLKL (pseudokinase de type domaine kinase de lignée mixte)
(Galluzzi et al ., 2017). Des preuves récentes suggerent que 1’inhibition de la translocation de Drpl vers
les mitochondries protége contre la mort induite par 1’hypoxie/réoxygénation dans les cardiomyocytes si
I’intervention est administrée en prétraitement. Cependant, si I’inhibition de la translocation de Drpl est
initiée au moment de la réoxygénation, elle favorise la nécroptose, ce qui suggere que 1’association de Drp1
avec les mitochondries a des conséquences dépendantes du temps dans la régulation de la mort

cellulaire(Dong et al ., 2016).

24 Lerole de drpl dans le cancer :

Drplest un membre de la grande famille des dynamines, avec une activité¢ intrinseque de guanosine
triphosphatases (GTPase), impliquée dans I’auto-assemblage des dynamines sous la forme d’une structure
en anneau autour des mitochondries, conduisant a leur fragmentation (Danino and Hinshaw ., 2001 ;
Ingerman et al ., 2005) . Les changements dans I’expression de Drpl déplacent 1’équilibre de la biogenése
mitochondriale vers la fusion ou la fission. En outre, les altérations de Drp1 sont associées a des conditions
pathologiques, notamment au développement d’un cancer. (Corrado et al ., 2012) .Les auteurs ont suggéré
un role de DRP1 dans I’augmentation coordonnée de la biogenése mitochondriale et de la mitophagie, ainsi
que dans la régulation du métabolisme et de la survie des cellules cancéreuses du sein, puisqu’une
diminution significative de la viabilit¢ des cellules cancéreuses a également ét¢ démontrée. Il serait
intéressant d'évaluer si ces effets métaboliques induits par Mdivi-1 peuvent étre expliqués par l'inhibition
de DRP1 ou par son mécanisme d'action actuellement proposé en tant qu'inhibiteur réversible du complexe

I (Bordt et al ., 2017)
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3. Polymorphisme nucléotidique simple :

3.1. Généralités :

I'ADN génomique au niveau comprenant différentes alternatives de séquence (alléles) existant chez les
individus normaux dans certaines populations, dans lesquelles l'alléle le moins fréquent & une abondance

de 1 % ou plus.

-~ Gene (coding region)

DNA Mmolecule ‘ Protein
Common genotype
— " JiAa 1=
- ] s - Vg E—

[

B

b

Chromosome

Aldtered protein
Variant genotype > &5
—> " N 2 g W - g -

A1V

Figurel.9 : Single-nucleotide polymorphisms (SNPs) (Camp et al ., 2014)

3.2 Types de polymorphisme nucléotidique

Les SNP dans les régions non codantessont des variations génétiques qui se produisent dans les régions
non codantes de I'ADN, c'est-a-dire les séquences qui ne sont pas traduites en protéines(INGRAM .,

1956) .
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TYPES OF SNPs

N

Non-coding region Coding region
Synonymous Non-Synonymous
Missense ‘ Nonsense

Figure 1.10 : Types de SNP(Spencer et al ., 2012 ) .

les SNP (Single Nucleotide Polymorphisms) peuvent étre classés en deux principales catégories : les SNP

synonymes (sSSNP), et les SNP non synonymes (nsSNP)

3.2.1 Forme synonymes

La séquence d'acides aminés de la protéine n'est pas modifiée par ces substitutions et il ne semble pas

qu'elles affectent la fonction du géne(Chen et al ., 2010 ; Cartegni et al ., 2002) .

3.2.2 Forme non synonyme

La séquence d'acides aminés de la protéine correspondante est modifiée par un changement de nucléotide
dans une région codante de ' ADN, ce qui entraine une SNP non synonyme(Chen et al ., 2010 ; Cartegni et

al ., 2002) .
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3.3. Avantage du SNP :

L'épissage de 'ARNm, sa stabilité ou sa structure, ainsi que la traduction et la structure tertiaire des
protéines peuvent étre modifiés par les SNPs, ce qui peut avoir un impact sur la fonction des genes.(

Cartegni L, Chew SL, Krainer AR)

L'identification des variations nucléotidiques et leur corrélation avec les phénotypes héréditaires sont trés

intéressantes pour les recherches sur la prédisposition génétique a différentes maladies(INGRAM ., 1956)
4. Analyse in silico des SNP

4.1. Généralité sur analyse in silico :

Les méthodes de simulation et de modélisation informatiques appelées analyses in silico sont employées

afin d'analyser les phénomenes biologiques et médicaux sans avoir recours a des expériences en laboratoire.

Modélisation de protéines:Calcul de la structure et de la fonction des protéines en se basant sur leurs

séquences d'acides aminés(Stormo .,1990) .

Mod¢lisation des chemins métaboliques : simulation des chemins métaboliques et des circuits de

régulations mis en ceuvre dans un organisme(Stormo ., 1990) .

4.2. Analyse in silico des SNP :

Les analyses in silico des SNPs ) sont des méthodes de simulation et de modélisation informatiques utilisées

pour étudier les phénomenes biologiques et médicaux sans nécessiter des expériences en laboratoire.

Simulation de processus biologiques : simulation de processus biologiques tels que la croissance cellulaire,

la différenciation cellulaire et la réponse immunitaire(Bailey and Elkan .,1996).
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2. 1II. Matériels et méthodes :

dbSNP DE NCBI

10059)

nsSNPs des genes CD47et DRP1(géne ID 961,

La séquence protéique du CD47 et DRP1

UNIPORTKB

(IDQ08722 ,000429 ) .

Analyse fonctionnelle des

nsSNPs

Analyse de I’effet

des nsSNPs sur la

Analyse I’effet des nsSNPs sur la

conservation evolutive

SIFT PROVEAN

POLYPH PANTHER

&
&
o P

Figure 2.1 : Study design.
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2.1. Recherche des nsSNPs et des séquences protéiques :

Nous avons choisi la base de données du National Center For Biotechnologie Information (NCBI), dbSNP

(http://www.ncbi.nlm.nih.gov/projects/SNP) (Figure2.2) pour récupérer les SNPs des geénes CD47 et

DRPI, ainsi que la base de données UniProt (https:/www.uniprot.org/) (Figure 2.3) pour obtenir la

séquence primaire des protéines CD47 et DRP1 en forma FASTA (numéroD’accession Uniprot : Q08722
,000429 ).

Pour notre étude nous avons sélectionné uniquement les nsSNP pour des analyses plus approfondie en
raison de leur impact sur la modification des acides aminés .

Les séquences protéiques et les nsSNP vont étre utilisées dans les analyses fonctionnelle et d’autre analyses

in silico.

m National Library of Medicine

National Center for Biotechnology Information

dbSNP e v]dl| Seach)
Create alert  Advanced Help
Validation Status Display Settings: v Summary, 20 per page, Sorted by SNP_ID Sendto:w  Filters: Manage Fiters
by-ALFA e - —
by-cluster m
by-frequency Search results ol remedL
. Database: | Select ~ v|
Publication Items: 1to 20 of 17933 Page 1 |of897 Next> Last>» A
PubMed Cited
PubMed Linked L
Ll rs11083 [Homo sapiens]
Function Class 1. = —
inframe deletion Variant type: SNV Search details e
inframe insertion Alleles: C>AT  [Show Flanks] ca7[ALl Fields)
initiator codon variant Chromosome: 3:108058362 (GRCh38)
intron 3107777209 (GRCh37)
fissense Canonical SPDI: NC_000003.12:108058361:C:ANC_000003.12:108058361.C.T
non coding transcript variant Gene: CD47 (Varview) /)
synonymous Functional Consequence; €0ding_sequence_variantnon_coding_transcript_variant synonymous_variant
, Validated: by cluster Search See more.
ik HGVS NC_000003,12.108058362C+4, NC_000003.129 108058362657,
del NC_000003.11:9.107777209C>A, NC_000003, 11:9.107777209C>T,
delins ( >T NM 7 sA NM 7 > S ~
MOTEBSMAT ARV ey
more Turn Off., Clear
Annotation - \ , Q ¢dd7 (17933)
somatic [J rs186583 [Homo sapiens]

Figure 2.2 : Base de données dbSNP.
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"

UniPro.t.} BLAST Align Peptide search IDmapping SPARQL  UniProtks « pavanced | List IS I

Status .
U n I PrOtKB 1 ,61 6 fESU'tS or search "CD47" as a Protein Name or Gene Name
4 Reviewed (Swiss-Prot)
(37) BLAST MapID L Download ¢ Add View. Cards O Table ® £ Customize columns < Share » 1 row selected out of 25
Unreviewed (TrEMBL)
(1579) = Enfry 4 Entry Name . Protein Names Gene Names Organism Length
O Q61735 % CD47_MOUSE Leukocyte surface Cdd47 Mus musculus J03AA
Popular organisms antigen CD47]..] (Mouse)
H 1
ol i [ P97829 5 CD47_RAT Leukocyte surface Cdd47 Rattus norvegicus 303 AA
Mouse (17) antigen CD47[...] (Rat)
Rat (15) Q08722 3 CD47_HUMAN Leukocyte surface CD47, MERS Homo sapiens 323MA
Bovine (10) antigen CD47[..] (Human) E
C. elegans (2) [ QIGKES 5 CD47_PIG Leukocyte surface CD47 Sus scrofa (Pig) 303 AA
antigen CD47]..)
Taxonomy
‘ [J QS5RELO % CD47_PONAB Leukocyte surface CD47 Pongo abelii 323AA
o S ey antigen CDA7[..] (Sumatran

orangutan) (Pongo

Figure 2.3 : Base de données UniProt.

2.2. Prédiction des nsSNP délétéres :

Pour prédire I’impact fonctionnel des nsSNP, nous avons utilis¢ quatre méthodes complémentaires : Sorting
Intolerant From Tolerant (SIFT : https://sift.bii.a-star.edu.sg/), Polymorphism Phenotyping v2 (PolyPhen-
2. http://genetics.bwh.harvard.edu/pph2/), Protein Variation Effect Analyzer (PROVEAN :

http://provean.jcvi.org/index.php), et Protein Analysis Through Evolutionary Relationships-codingSNP
(PANTHER cSNP : http://pantherdb.org/tools/csnpScoreForm.jsp) (LT et al., 2021).

SIFT est un logicial qui utilise I’homologie de séquence pour prédire si une substitution d” acide aminé
affectera la fonction de la protéine et ainsi influencer le phénotype (Figure 2.5) (Ng and Henikoff ., 2001 ;
Ng and Henikoff ., 2002) . Il prédit si une substitution d’acide aminé dans une protéine serait tolérée ou
dommageable. La substitution d’acides aminés est considérée comme dommageable si le score est inférieur

ou égal a 0,05, et tolérée si le score est supérieur a 0,05 (Ng et Henikoff, 2003).Dans ce logiciel, nous
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avons saisi notre séquence, puis indiqué notre substitution d’acides aminés. Ensuite, nous avons cliqué sur

« envoyer » et obtenu nos résultats.

“@E Sorting Intolerant From Tolerant

Home Help Code Contactus [

SIFT Sequence

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
sequences or aligned sequences if you already have them.

Results are deleted after 24 hours, so please save them!
reventing connection failures]

Protein sequence

Name of file containing protein query sequence (fasta format).
| Choisir un fichier | Aucun fichier choisi

-0r-

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

NP_@01768.1 leukocyte surface antigen CD47 isoform 1 precursor [Homo
sapiens]

MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKFKGRDIYTFDG
ALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPN
ENTI TUTFPTFATI | FLUIGAFATKTI KVRSAGMNFKTTAI | VAGIVTTUTUTVGATI FUPGFVSI KNATA

Figure 2.4 : Sorting Intolerant From Tolerant (SIFT).

Nous avons employé PolyPhen2 afin de prédire I'impact de la substitution des acides aminés sur la structure
et la fonction des protéines. Les différentes options d'entrée de PolyPhen incluent la protéine de la base de
données, la localisation de I'acide aminé et les informations sur la variante de 1'acide aminé (Ramensky et
al, 2002).

Nous avons utilisé la séquence protéique et les substitutions d’acides aminés pour prédire les effets
structurels et fonctionnels sur la protéine. Les prédictions indiquent que les nsSNP peuvent étre «
PROBABLEMENT ENDOMMAGEANTS » avec un score de 0,7 a 1, « POSSIBLEMENT
ENDOMMAGEANTS » avec un score de 0,5 4 0,8, ou « BENINS » (Adzhubei et al ., 2010)
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Pour réaliser une analyse avec PolyPhen-2, nous avons entré les séquences protéiques au format FASTA en
spécifiant la position de chaque variation, 1'acide amin¢ initial et I'acide aminé de substitution. Nous avons

ensuite cliqué sur << Submit query >> pour obtenir les résultats.

N

POIVPhen'z prediction of functional effects of human nsSNPs

M‘ ‘ ',/ ).r: ‘. ‘\

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

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

Query Data

Protein or SNP identifier

ENILIVIFPIFAILLFWGQFGIKTLKYRSGGMOEKTIALLVAGLVITVIV 4

Protein sequence IVGATLFVPGEYSLKNATGL
£ GLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAWGLSLCT
InFASTATormat | roupl LscLsTLAL

AQLLGLVYMKFVASNOKTIQPPRKAVEEPLNAFKE SKGMMNDE /4

Position £3236
AM{ARNDCEQGHILKMFPSTWYYV
A;ARNDCEQRBIHILKMFPSTWYV

Substitution

Query description
Submit Query||Clear|| Check Status

Display advanced query options

Figure 2.5 : Polymorphism Phenotyping v2 (PolyPhen-2).

PROVEAN est un outil qui utilise une approche de score basée sur 1’alignement (Choi ., 2012 ; Choi et al
., 2012). 11 peut prédire les effets de tout type de variations dans les séquences protéiques, y compris les
substitutions d’acides aminés ainsi que les insertions et suppressions dans le cadre de lecture ouvert (Choi
et al., 2012). Selon ce logicial une variation est considérée comme neutre si le score est supérieur au seuil—
2,5. Le score inferieur au seuil — 2,5 indique une substitution délétére (Manickam et al., 2014).

Pour ce logiciel nous avons introduit la séquence protéique en format FASTA dans la case << Stepl >> et
la variation dans la case << Step2 ». Nous avons, ensuite, choisi « Homo sapiens >>> pour toutes les

variations et apres avoir cliqué sur « Envoyer » pour obtenir les scores de chaque variation.
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=+ PROVEAN Tools

PROVEAN Protein
PROVEAN Protein Batch
Human

Mouse

PROVEAN Genome Vanants

Human

Mouse

< About

>F

AQ

2 News

< Download

< Help

= Contact Us

< Related Links

PROVEAN PROTEIN

This tool provides PROVEAN prediction for a protein sequence from any organisms.

« Input: A protein sequence from any organism and amino acid variants of interest, §

* Qutput: PROVEAN scores and predictions. See example.

Step 1. Enter a protein sequence

Paste in your protein query sequence: [FASTA format]

NP_001768.1 leukocyte surface antigen CD47 isoform 1
precursor [Homo sapiens]

MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTN
MEAQNTTEVYVKWKFKGRDIYTFDG
IALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTC
EVTELTREGETIIELKYRVVSWFSPN

w

ENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITV 4

Or upload a file containing protein query sequence:

Choisir un fichier | Aucun fichier choisi

Step 2. Enter amino acid variations

Enter the variants of interest: [format]

[E323G

Example
(upload example 1
upload example 2)

>p53 isoform a Hof
MEEPQSDPSVEPPLY

KGQSTSRHKKLMFK]

Figure 2.6 : Protein variation effect analyzer (PROVEAN) .

PANTHERest un systeme logiciel complet qui prédit la probabilité qu’un nsSNP particulier provoque un

impact fonctionnel sur une protéine. Le score inferieur au seuil subPSEC — 3 indique une substitution

délétere (Thomas et al., 2003).

Pour cette analyse, nous avons également introduit la séquence protéique en format FASTA dans la

premiere case et les substitutions dans la deuxiéme case. J'al sectionné homo sapiens et ensuite, cliqué

sur « submit » pour obtenir le résultat.
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search keyword All v

Ll About | Data Version

Tools | APlUServices | Publications | Workspace | Downloads | FAQ/Help/Tutorial
Current Release: PANTHER 18.0 | 15,693 family phylogenetic trees | 143 species | News
Whole genome function views

EVOLUTIONARY ANALYSIS OF CODING SNPS @

Estimates the likelihood of a particular nonsynonymous (amino-acid changing) coding SNP to cause a functional impact on the protein. It calculates
the length of time (in millions of years) a given amino acid has been preserved in the lineage leading to the protein of interest. The longer the

preservation time, the greater the likelihood of functional impact. The method is called PANTHER-PSEP (position-specific evolutionary preservation)
and is described in a recent publication. Please cite this publication if you used either the downloadable tool or this web server.

Enter a protein sequence: @
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQ ~
NTTEVYVKWKFKGRDIYTFDG

ALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTEL ) )
TREGETIELKYRVVSWFSPN Please note that, for technical reasons, the cSNP scoring tool uses data from
ENILIVIFPIFAILLFWGQF GIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAI PANTHER version 9.0 rather than the latest version.
LFVPGEYSLKNATGL

GLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPM
HGPLLISGLSILAL

AQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE Vi

Enter substitution(s), e.g. L46P ®
E323G
D322v

Select single organism
Saccharomyces ceravisize
Schizosaccharomyces pombe
Dictyostelium discoideum
Arabidopsis thaliana
Escherichia coli ~g

Figure 2.7 : Protein analysis through evolutionary relationship-coding SNP (PANTHER cSNP).

2.3. L’identification de nsSNP sur les domaines des génes :

InterPro (http://www.ebi.ac.uk/interpro/) est un outil d’identification de domaines qui prédit les domaines

et les sites actifs d’une protéine en se basant sur I’analyse fonctionnelle des familles des protéines ( Vyas
etal ., 2022).
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’, InterPro  Classification of protein families

»Search ~ »Browse  »Results = Releasenotes = Download =~ » Help = » About = Contactus

Search by sequence Search by text Search by Domain Architecture

Sequence, in FASTA format

MAN Leukocyte surface antigen CD47 OS=Homo sapiens OX=9606 GNeCD47 BE=l SVel

MHBLVARLLLGSACCGSAQLLENKTXSVEFTECNDTVVIPCEVINERQNT TEVYVENKE
KGRDIYTEDGALNKSTVPTDE SSAXIEVSQLLKGDASLKMDKSDAVSHTGRYTCEVIELT
REGETIIELKYRVVSHESENENILIVIEPIFAILLEWGQEGIKTLKYRSGGUDEKTIALL
VAGLVITVIVIVGAILEVEGEYSLKNATGLGLIVISIGILILLAYYVESTAIGLISIVIA
TLVIQVIAY ILAWGLSLCIAACTENHGRLLISGLSILALAQLLGLVYMKEVASNGKTIQ

PERKAVEEPLYATKE SKGIMND]

wan | 008

Valid Sequence.

Choosefile | Example protein sequence

» Advanced options

Figure 2.8 : Base de données InterPro.

2.4. Analyse de I’effet des nsSNP sur la stabilité des protéines :

PMut ( http://mmb.irbbarcelona.org/PMut/ ) a été utilisé¢ pour évaluer la pathogénicité des nsSNP a haut
risque.Ce logiciel permet a I’utilisateur de créer un prédicteur personnalisé pour une prédiction plus précise
en utilisant ses propres ensembles de données.

Le prédicteur de PMut fournit des résultats sous forme de scores de prédiction allant de 0 a 1. Les variations
avec des scores de 0 a 0,5 sont prédites comme neutres, tandis que celles avec des scores supérieurs a 0,5

sont considérées comme probablement pathogenes (Lépez-Ferrando et al .,2017).
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Analyze Mutations

Submit a list of mutations on a protein to be predicted as either Neutral or Disease causing.
First, search or input your protein sequence; then, choose the mutations to analyze and finally submit your job.
You can check the Help page for further information and to check what kind of output to expect from this analysis.

Protein sequence

Protein Tip: for quicker results, enter the UniProt ID of the protein.

>sp|Q@8722|CD47_HUMAN Leukocyte surface antigen CD47 OS=Homo sapiens OX=96@6 GN=CD¢
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNTTEVYVKWKF
KGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELT
REGETIIELKYRVVSWFSPNENILIVIFPIFAILLFWGQFGIKTLKYRSGGMDEKTIALL
VAGLVITVIVIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIA

ILVIQVIAYILAVVGLSLCIAACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQ
PPRKAVEEPLNAFKESKGMMNDE

{ »

Choose sequence New sequence

Variants

Mutations Selected variants {automatically

Figure 2.9 : PMut .

I-Mutant 2.0 ( https://folding.biofold.org/i-mutant/i-mutant2.0.html ) est un outil en ligne qui prédit I’effet

des substitution d’ acides aminés sur la stabilité des protéines. Il fournit aussi la valeur de I’énergie libre

(valeur DDQ) et la valeur de I’indice de fiabilité (RI) des acides aminés (Capriotti et al ., 2005).
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I-Mutant2.0

I-Mutent2.0 Help T

Details

Tutorial
Data Sets Protein Sequence:

VAGL VIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFST
AIGLTSFVIA
1 ILAWGLSLCIAACIPMHGPLLISGLSILALAQLLGLVYHMK

One letter residue code

Download I-Mutant2.0
EPLNAFKESKGHMMNDE

. —— Position: 323 Sequence residue number
Biocomputing Unit
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Figure 2.10 : [-Mutant2.0 .

ConSurf (http://consurf.tau.ac.il) est un serveur Web qui analyse le taux évolutif de conservation des acides
aminés dans la séquence protéique. L’entrée est une séquence protéique au format FASTA, permettant de
calculer des scores de conservation compris entre 1 et 9. Une plage de scores de 1 a 4 indique une variabilité,
un score de 5 a 6 indique un niveau intermédiaire, et un score de 7 a 9 indique une forte conservation.

(Ashkenazy et al ., 2016) .

« c 23  consurfrau.ac.il/consurf_index.php?fbclid = IwZXhObgNhZWOCMTAAAR 1-ZNpk06r4IS9aPs6e SoNUTOXIOAPNa8iFUjvddPYe2BINPOOGRWyUGIM_sem_AY1T28Qjf1QuUaYK.. B ¥
-—w
Sanaun THE CONSURE SERVER
eo® SERVER FOR THE IDENTIFICATION OF FUNCTIONAL REGIONS IN PROTEINS

® Amino Acids Nucleotides

HOME
Is there a known structure? @

/| No. there is no known structure

Insert a sequence
REGE TIELK YRV VSWFSFNENILIVIFFIFAILLFWOUFGIK I LK Y KSLGM
DEKTIALL
VAGLVITVIVIVGAILFVPGEYSLKNATGLGLIVTSTGILILLHYYVFSTAIGL
TSFVIA
ILVIQVIAYILAVVGLSLCIAACIPMHGPLLISGLSILALAQLLGLVYMKFVA
SNQKTIQ
PPRKAVEEPLNAFKESKGMMNDE

Or. upload sequence File €»

Figure 2.11 : Serveur web ConSurf.
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Chapitre I1I : Résultat Et interprétation

3. Résultats et interprétation :

3.1. Identification des nsSNP délétéres :

Selon les données obtenues a partir de la base de données NCBI dbSNP, il y avait un total de 237 nsSNPs
dans le géne CD47 ET 413 nsSNPsdans le géne DRP1. Les nsSNP ont ensuite été soumis a quatre outils
différents (SIFT, PolyPhen, PROVEAN, PANTHER).

Sur ces 650 nsSNP, un total de 28 a été prédit comme étant des SNP déléteéres dans la protéine CD47

(Tableau 1). Et pour le DRP1 y’avait un total de 87 qui a été prédit comme étant des SNP déléteres (Tableau
2)

Tableau 1 : Résultats des nsSNP a haut risques identifiés par cinq méthodes in silico pour le CD47

Snpid Position | Prédictions du | polyohene Provean Prédiction de
Acides SIFT panther
amines

rs1438633299 | R303G Deleterious PROBABLY | Deleterious POSSIBLY

DAMAGING DAMAGING
rs899483373 M289T | Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1489208442 | Y288C Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs776599394 A281T Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1190002247 | G274S Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1364978062 | G268A Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1364978062 | G268D Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
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rs1233542880 | C259Y Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1182021939 | C259R Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1417394052 | G255E Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs755738494 Y249C | deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1360606100 | Q245R deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs377664351 V214G Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs2078975294 | G209V | Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs2078996863 | P199L Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1194534839 | A194T Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs2078999089 | Y167C Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs767508475 W157R | Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1404646315 | L155Q Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1366214998 | F148S Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1178327709 | 1145T Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs2079193402 | L144R Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
rs1367409824 | E141V Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING
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rs2079193821 S135L Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING

rs369671811 D104G Deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING

rs761749351 V56A deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING

rs190843963 C33Y deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING

rs2079622390 | G16R deleterious PROBABLY | Deleterious POSSIBLY
DAMAGING DAMAGING

CD47
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Figure 3.1 : Distribution des nsSNPs dans le géne CD47 basée sur les effets estimés prédits par quatre

outils fonctionnels

Tableau 2 : Résultats des nsSNP a haut risques identifiés par cinq méthodes in silico pour le DRP1 .

SNP ID Position | Prédiction Prédiction de | Prédiction Prédiction
d’acide de SIFT POLYPHEN | de de
aminé 2 PROVEAN | PANTHER
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$1555229948 E2A Deleterious | Probably Deleterious | Probably
damaging damaging
rs771090587 P6L Deleterious | Probably Deleterious | Probably
damaging damaging
rs781103166 N9H Deleterious | Probably Deleterious | Probably
damaging damaging
rs201348675 Q12H Deleterious | Probably Deleterious | Probably
damaging damaging
rs1157033230 D13H Deleterious | Probably Deleterious | Probably
damaging damaging
rs1952694196 S35N Deleterious | Probably Deleterious | Probably
damaging damaging
rs1310050043 G47vV Deleterious | Probably Deleterious | Probably
damaging damaging
rs1337368786 PS2R Deleterious | Probably Deleterious | Probably
damaging damaging
rs1337368786 PS2L Deleterious | Probably Deleterious | Probably
damaging damaging
rs2137302207 TS9N Deleterious | Probably Deleterious | Probably
damaging damaging
rs200245104 R60W Deleterious | Probably Deleterious | Probably
damaging damaging
rs2137302232 R60Q Deleterious | Probably Deleterious | Probably
damaging damaging
rs776561736 P62S Deleterious | Probably Deleterious | Probably
damaging damaging
rs918224990 R76W Deleterious | Probably Deleterious | Probably
damaging damaging
rs773747516 FI3Vv Deleterious | Probably Deleterious | Probably
damaging damaging
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rs1460019135 H95Y Deleterious | Probably Deleterious | Probably
damaging damaging
rs1352593144 R108L Deleterious | Probably Deleterious | Probably
damaging damaging
rs1952996815 E110D Deleterious | Probably Deleterious | Probably
damaging damaging
rs1952997134 T115R Deleterious | Probably Deleterious | Probably
damaging damaging
rs377454127 L132F Deleterious | Probably Deleterious | Probably
damaging damaging
rs1176938577 K133Q | Deleterious | Probably Deleterious | Probably
damaging damaging
rs777165189 S136A Deleterious | Probably Deleterious | Probably
damaging damaging
rs1404971575 S136L Deleterious | Probably Deleterious | Probably
damaging damaging
rs761994526 T143A Deleterious | Probably Deleterious | Probably
damaging damaging
rs1057523861 D146N | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1210909458 P159S Deleterious | Probably Deleterious | Probably
damaging damaging
rs953313441 D161Y | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1953210747 Q165H | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1565512915 L169R Deleterious | Probably Deleterious | Probably
damaging damaging
rs1308058855 R172W | Deleterious | Probably Deleterious | Probably
damaging damaging
rs2137373278 81T Deleterious | Probably Deleterious | Probably
damaging damaging
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rs751127554 A183T Deleterious | Probably Deleterious | Probably
damaging damaging
rs1170370521 A183D | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1555119216 A192E Deleterious | Probably Deleterious | Probably
damaging damaging
rs1309986527 S194A Deleterious | Probably Deleterious | Probably
damaging damaging
rs1481764946 D218Y | Deleterious | Probably Deleterious | Probably
damaging damaging
rs779714779 M220T | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1953663410 G223D | Deleterious | Probably Deleterious | Probably
damaging damaging
rs1592628632 V234G | Deleterious | Probably Deleterious | Probably
damaging damaging
rs772245414 1242T Deleterious | Probably Deleterious | Probably
damaging damaging
rs2137435217 Q249H | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs2137435240 D251E Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1319273972 F268L Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1210310144 G281R | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1555122234 R287S Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1479023201 M294R | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs752103486 L301S Deleterious | Probably Deleterious | Probably
damaging damaging
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Rs2137445950 Y344H | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs879255689 G350R | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs886037861 G362S Deleterious | Probably Deleterious | Probably
damaging damaging
Rs879255685 G362D | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1954520736 G363S Deleterious | Probably Deleterious | Probably
damaging damaging
Rs2137520923 G363D | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1592661947 A364D | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1592661973 F370L Deleterious | Probably Deleterious | Probably
damaging damaging
Rs149835088 V381A | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs766446989 D382V | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1316999302 G401S Deleterious | Probably Deleterious | Probably
damaging damaging
Rs863223953 R403C Deleterious | Probably Deleterious | Probably
damaging damaging
Rs2137523561 E414Q Deleterious | Probably Deleterious | Probably
damaging damaging
Rs953635 V417G | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs776779003 R419W | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs765555527 R423C Deleterious | Probably Deleterious | Probably
damaging damaging

35




Chapitre I1I : Résultat Et interprétation

Rs905283579 R430C Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1064794656 C431Y | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs777512650 R456Q | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1954579484 L460V Deleterious | Probably Deleterious | Probably
damaging damaging
Rs747468677 R473C Deleterious | Probably Deleterious | Probably
damaging damaging
Rs900218595 R473H | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1446428064 Y493C Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1011225865 R639W | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1372606763 E640Q | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1214515254 C644R | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs376966743 Co644Y Deleterious | Probably Deleterious | Probably
damaging damaging
Rs776581804 R659S Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1388194070 K660T Deleterious | Probably Deleterious | Probably
damaging damaging
Rs138697096 1662T Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1002656329 D664G | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1338793113 L686P Deleterious | Probably Deleterious | Probably
damaging damaging
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Rs1565548029 Y691C | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs1955390541 L699V Deleterious | Probably Deleterious | Probably
damaging damaging
Rs558042817 R709C | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs2137612346 R710G | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs58202873 R710K | Deleterious | Probably Deleterious | Probably
damaging damaging
Rs575528259 AT723T Deleterious | Probably Deleterious | Probably
damaging damaging
Rs757613675 1727T Deleterious | Probably Deleterious | Probably
damaging damaging
Rs750745310 R731W | Deleterious | Probably Deleterious | Probably
damaging damaging
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Figure 3.2 : Distribution des nsSNPs dans le géne DRP1 basée sur les effets estimés prédits Par quatre

outils fonctionnels.
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3.2. Identifications des nsSNP sur les domaines de CD47 :

Logiciel en ligne InterPro a prédit quatre domaines fonctionnels de CD47, qui sont le domaine de
CD47 Vset (8-142),le domaine Ig_like dom (3-127), le domaine IgV_CD47(20-133)et le domaine CD47-
like TM (144-292) Et cinq domaines fonctionnels aussi pour le DRPI, qui sont le domaine
Pyrv_Fd/Flavodoxin OxRdtase N (6 243 ) ,Pyrv-flavodox OxRtase EKR (622 679 ), 4Fe4S Fe-S-
bd ( 680 765 ), Pyrv/ketoisovalerate OxRed cat ( 426 _ 609 ) et le domaine PFOR 1II ( 265 347)
DAM_homologyl Dwarfin-type (87-205) (Tableau 4)

Tableau 3 : identification de divers domaines dans le CD47 .

Variant Domaine
E141V CD47 Vset
S135L CD47_Vset
D104G CD47 Vset
V56A CD47_Vset
C33Y CD47_Vset
G16R CD47_Vset
D104G Ig like dom
V56A Ig like_dom
C33Y Ig like_dom
G16R Ig like_dom
D104G IgV_CD47
V56A IgV_CD47
C33Y IgV_CD47
G16R IgV_CD47
M289T CD47-like_TM
Y288C CD47-like_TM
A281T CD47-like_TM
G274S CD47-like_TM
G268A CD47-like_TM
G268D CD47-like_TM
C259Y CD47-like_TM
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C259R CD47-like TM
G255E CD47-like_ TM
Y249C CD47-like TM
Q245R CD47-like_ TM
V214G CD47-like TM
G209V CD47-like TM
P199L CD47-like TM
A194T CD47-like TM
Y167C CD47-like_ TM
WI157R CD47-like TM
L155Q CD47-like_ TM
F148S CD47-like TM
1145T CD47-like TM
L144R CD47-like TM

Tableau 4 : identification de divers domaines dans le DRP1 .

Changement | Domaines InterPro

d’acides

aminés

P6L Pyrv_Fd/Flavodoxin_OxRdtase N
N9H Pyrv_Fd/Flavodoxin_OxRdtase N
QI12H Pyrv_Fd/Flavodoxin_OxRdtase N
D13H Pyrv_Fd/Flavodoxin_OxRdtase N
S35N Pyrv_Fd/Flavodoxin_OxRdtase N
G47V Pyrv_Fd/Flavodoxin_OxRdtase N
PS2R Pyrv_Fd/Flavodoxin_OxRdtase N
PS2L Pyrv_Fd/Flavodoxin_OxRdtase N
TS9N Pyrv_Fd/Flavodoxin_OxRdtase N
R60W Pyrv_Fd/Flavodoxin_OxRdtase N
R60Q Pyrv_Fd/Flavodoxin_OxRdtase N
P62S Pyrv_Fd/Flavodoxin_OxRdtase N
R76W Pyrv_Fd/Flavodoxin_OxRdtase N
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FI3Vv Pyrv_Fd/Flavodoxin_OxRdtase N
HI5Y Pyrv_Fd/Flavodoxin OxRdtase N
R108L Pyrv_Fd/Flavodoxin_OxRdtase N
E110D Pyrv_Fd/Flavodoxin_OxRdtase N
T115R Pyrv_Fd/Flavodoxin_OxRdtase N
L132F Pyrv_Fd/Flavodoxin_OxRdtase N
K133Q Pyrv_Fd/Flavodoxin_OxRdtase N
S136A Pyrv_Fd/Flavodoxin_OxRdtase N
S136L Pyrv_Fd/Flavodoxin OxRdtase N
T143A Pyrv_Fd/Flavodoxin_OxRdtase N
D146N Pyrv_Fd/Flavodoxin OxRdtase N
P159S Pyrv_Fd/Flavodoxin_OxRdtase N
D161Y Pyrv_Fd/Flavodoxin_OxRdtase N
Q165H Pyrv_Fd/Flavodoxin_OxRdtase N
L169R Pyrv_Fd/Flavodoxin_OxRdtase N
R172W Pyrv_Fd/Flavodoxin_OxRdtase N
1181T Pyrv_Fd/Flavodoxin_OxRdtase N
A183T Pyrv_Fd/Flavodoxin_OxRdtase N
A183D Pyrv_Fd/Flavodoxin_OxRdtase N
Al192E Pyrv_Fd/Flavodoxin_OxRdtase N
S194A Pyrv_Fd/Flavodoxin_OxRdtase N
D218Y Pyrv_Fd/Flavodoxin_OxRdtase N
M220T Pyrv_Fd/Flavodoxin_OxRdtase N
G223D Pyrv_Fd/Flavodoxin_OxRdtase N
V234G Pyrv_Fd/Flavodoxin_OxRdtase N
1242T Pyrv_Fd/Flavodoxin_OxRdtase N
F268L PFOR_II

G281R PFOR_II

R287S PFOR_II

M294R PFOR_II

L301S PFOR_II

Y344H PFOR_II
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R430C Pyrv/ketoisovalerate_OxRed_cat
C431Y Pyrv/ketoisovalerate OxRed cat
R456Q Pyrv/ketoisovalerate OxRed_cat
L460V Pyrv/ketoisovalerate_OxRed_cat
R473C Pyrv/ketoisovalerate OxRed_cat
R473H Pyrv/ketoisovalerate_OxRed_cat
Y493C Pyrv/ketoisovalerate OxRed_cat
R639W Pyrv-flavodox_OxRtase_ EKR
E640Q Pyrv-flavodox OxRtase EKR
C644R Pyrv-flavodox_OxRtase_ EKR
C644Y Pyrv-flavodox OxRtase EKR
R659S Pyrv-flavodox_OxRtase EKR
K660T Pyrv-flavodox_OxRtase_ EKR
1662T Pyrv-flavodox_OxRtase_ EKR
D664G Pyrv-flavodox_OxRtase_ EKR
L686P 4Fe4S_Fe-S-bd

Y691C 4Fe4S_Fe-S-bd

L699V 4Fe4S_Fe-S-bd

R709C 4Fe4S_Fe-S-bd

R710G 4Fe4S_Fe-S-bd

R710K 4Fe4S_Fe-S-bd

A723T 4Fe4S_Fe-S-bd

1727T 4Fe4S Fe-S-bd

R731W 4Fe4S_Fe-S-bd

3.3. Prédiction des impacts fonctionnels des nsSNP :

Les nsSNPs déléteres qui ont été sélectionnées ont ensuite été soumise a 1’outil PMut pour déterminer le
score de la probabilité et I’état de la prédiction de la protéine CD47 et DRP1. Sur les 35 nsSNP évalués du
CD47, 18 nsSNP ont été identifiés comme probablement responsables de maladies, tandis que 10 nsSNP
ont ét¢ identifiéscomme neutre (Tableau 5). Et parmi les 69 nsSNP évalués du DRP1, 68 nsSNP ont été

identifiés comme responsable de la maladie, tandis que 1nsSNPa été identifiés comme neutre (Tableau 6).

41



Chapitre I1I : Résultat Et interprétation

3.4. Détermination de la stabilité structurelle de la protéine par I-Mutant2.0 :

Pour prédire les changements dans la stabilité de la protéine CD47, nous avons utilisé 1’outil [-Mutant2.0
qui permet d’introduire une mutation ponctuelle dans la protéine DRP1 et CD47. Les résultats en révélé
que 23 nsSNP diminuaient la stabilité dans le CD47 (Tableau 5), et 54 nsSNP diminuaient la stabilité dans
le DRp1 (Tableau 6).
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performed on less than 10% of the sequences.

Insufficient data - the calculation for this site was

3.5. Analyse de la conservation évolutive par ConSurf

La conservation évolutive a été déterminée en soumettant la séquence de la protéine mutée au serveur web
ConSurf (Figure 1) et (Figure 2). Nous avons identifié28 nsSNP déléteres de la protéine CD47 et 87 nsSNP
déléteres de la protéine DRP1 en utilisant la conservation évolutive. Nous avons trouvé 5 nsSNP exposé,
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17 nsSNP buried, 2 nsSNP hautement conservé et exposé et 4 nsSNP hautement conservé et enfoui pour

CDA47 (Tableau 5), et 11 nsSNP exposé, 14 nsSNP enfoui,

Figure 3.3 : Conservation évolutive de CD47 produite par Consurf .

performed on less than 10% of the sequences.
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x - Insufficient data - the calculation for this site was
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Figure 3.4 : Conservation évolutive de DRP1 produite par Consurf.

Tableau 5 : Prédiction des nsSNP a haut risque dans les protéines CD47 par PMut, [-Mutant2.0 et ConSurf

SNP AA PMut I mutant ConSurf
LES SNP Acides Pred Scr | Pred DDG Pred Score
amines

rs2079622390 G16R Neutral | 0.25 | Decrease |-1.49 Exposed 7
rs190843963 C33Y Disease | 0.87 | Decrease |-0.89 Buried 8
rs761749351 V56A Disease | 0.84 | Decrease |-2.12 Buried 8
rs36967181 D104G | Neutral | 0.08 | Decrease |-1.66 Exposed 5
rs207919382 S135L Neutral | 0.40 | Decrease |-0.44 Buried 6
rs130878262 S138F Neutral | 0.19 | Decrease |-0.07 Buried 5
rs1367409824 E141V Disease | 0.84 | Increase |0.54 Highly 8

conserved

and exposed
rs207919340 L144R Disease | 0.65 | Decrease |-1.12 Buried 5
rs117832770 1145T Neutral | 0.20 | Decrease |-3.15 Buried 8
rs136621499 F148S Neutral | 0.59 | Decrease |-1.19 Buried 7
rs767508475 L155Q | Disease | 0.77 | Decrease |-1.79 Buried 5
rs1404646315 W157R | Disease | 0.67 | Decrease |-1.86 Buried 4
rs899483373 M289T | Disease | 0.56 | Decrease |-0.35 Buried 7
rs1489208442 Y288C | Disease | 0.82 | Increase | 1.06 Buried 8
rs776599394 A281T | Neutral | 0.23 | Decrease |-0.93 Buried 6
rs1190002247 G274S | Disease |0.81 | Decrease |-0.52 Highly 9

conserved

and buried
rs1364978062 G268A | Neutral | 0.43 | Decrease |-0.66 Buried 7
rs1364978062 G268D | Disease | 0.83 | Decrease |-0.99 Buried 7
rs1233542880 C259Y | Disease | 0.83 | Decrease |-1.03 Buried 7
rs1182021939 C259R | Disease | 0.83 | Decrease |-1.16 Buried 7
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rs1417394052 G255E | Disease | 0.86 | Decrease |-0.36 Highly 9
conserved
and buried
rs755738494 Y249C | Disease | 0.66 | Increase |1.64 Buried 5
rs1360606100 Q245R | Disease | 0.56 | Decrease |-0.63 Exposed 6
rs377664351 V214G | Disease | 0.86 | Decrease |-3.56 Highly 9
conserved
and buried
rs207897529 G209V | Disease | 0.86 | Decrease |-0.65 Highly 9
conserved

and exposed

rs2078996863 P199L | Disease | 0.62 | Decrease |-1.50 Exposed 7
rs119453483 A194T | Neutral | 0.09 | Increase | 0.02 Highly 6
conserved
and buried
rs2078999089 Y167C | Neutral | 0.34 | Increase | 0.22 Exposed 6

45



Chapitre I1I : Résultat Et interprétation

CD47
2 o B Neutre
& N
Y 2 Bl Délétere
= 2

. Augmente la stabilité
. Diminue la stabilité

Pourcentage des prédictions

x
& o
R <®

S
D
Figure 3.5 : Distribution des nsSNPs dans le géne CD47 sur la base des effets estimés Prédits par

divers outils structurels .

Tableau 6 : Prédiction des nsSNP a haut risque dans les protéines DRP1 par PMut, I-Mutant2.0 et
ConSurf.

SNP AA P mut I mutant Consurf
Pred Src Pred DDG Pred Src
rs771090587 P6L Disease 0.83 Decrease -0.15 Exposed 3
rs781103166 N9H Disease 0.89 Decrease -2.09 | Highly 9
conserved

and exposed

rs201348675 Q12H Disease 0.71 | Decrease -1.45 | Highly 9
conserved

and exposed

rs1157033230 D13H Disease 0.83 Decrease -1.42 Highly 8
conserved

and exposed)

rs1952694196 S35N Disease 0.86 | Decrease -0.62 Highly 9

conserved

and exposed
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rs1310050043 G47V Disease 0.92 | Decrease -0.07 | Highly 9
conserved

and exposed

rs1337368786 P52R Disease 0.93 Decrease -1.28 | Highly 9
conserved

and buried

rs1337368786 PS2L Disease 0.92 | Decrease -0.73 | Highly 9
conserved

and buried

rs2137302207 TS9N Disease 0.93 Decrease -0.64 Highly 9
conserved

and buried

rs200245104 R60W Disease 0.93 | Increase 0.04 Highly 9
conserved

and exposed

rs2137302232 R60Q Disease 0.92 Decrease -0.47 | Highly 9
conserved

and exposed

rs776561736 P62S Disease 0.92 | Decrease -1.51 Highly 9
conserved

and buried

rs918224990 R76W Disease 0.82 Decrease -0.00 Exposed 1

rs773747516 FI3v Disease 0.89 | Decrease -2.58 Highly 9
conserved

and buried

rs1460019135 HI95Y Disease 0.89 Increase 1.52 Highly 9
conserved

and exposed

rs1352593144 R108L Disease 0.89 | Decrease -0.03 Highly 8
conserved

and exposed
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rs1952996815 E110D Disease 0.87 | Increase 0.02 Highly 9
conserved

and exposed

rs1952997134 T115R Disease 0.92 Increase 0.06 Highly 9
conserved

and exposed

rs377454127 L132F Disease 0.92 | Increase 0.15 Highly 9
conserved
and buried
rs1176938577 K133Q Disease 0.82 Decrease -1.84 Highly 8
conserved

and exposed

rs777165189 S136A Disease 0.86 | Decrease -0.80 | Highly 9
conserved

and buried

rs1404971575 S136L Disease 0.92 Decrease -0.62 Highly 9
conserved

and buried

rs761994526 T143A Disease 0.92 | Decrease -1.53 Highly 9
conserved

and buried

rs1057523861 D146N Disease 0.92 Decrease -0.92 | Highly 9
conserved

and buried

rs1210909458 P159S Disease 0.76 | Decrease -0.34 Highly 9
conserved

and exposed

rs953313441 D161Y Disease 0.87 Decrease -0.37 Highly 8
conserved

and exposed

rs1953210747 Q165H Disease 0.92 Decrease -1.54 Exposed 7

rs1565512915 L169R Disease 0.92 Decrease -1.23 | Buried 8
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rs1308058855 R172W Disease 0.71 Decrease -0.76 Exposed 5

rs2137373278 1181T Disease 0.93 Decrease -3.26 Highly 9
conserved

and buried

rs751127554 A183T Disease 0.89 | Decrease -0.97 | Highly 9
conserved

and buried

rs1170370521 A183D Disease 0.93 Decrease -0.62 | Highly 9
conserved

and buried

rs1555119216 A192E Disease 0.87 | Decrease -0.98 Highly 9
conserved

and buried

rs1309986527 S194A Disease 0.87 Increase 0.49 Highly 9
conserved

and buried

rs1481764946 D218Y Disease 0.93 | Increase 0.11 Highly 9
conserved

and exposed

rs779714779 M220T Disease 0.92 Increase 0.54 Highly 9
conserved

and exposed

rs1953663410 G223D Disease 0.87 | Decrease -1.17 | Highly 8
conserved

and exposed

rs1592628632 V234G Disease 0.82 Decrease -3.37 | Buried 5
rs772245414 1242T Disease 0.80 | Decrease -2.77 | Buried 7
rs1319273972 F268L Disease 0.87 | Decrease -1.79 Buried 8
rs1210310144 G281R Disease 0.87 | Decrease -0.74 Highly 9
conserved
and exposed
rs1555122234 R287S Disease 0.73 Decrease -1.78 Exposed 6
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rs1479023201 M294R Disease 0.85 | Decrease -0.04 | Exposed 6
rs752103486 L301S Disease 0.92 Decrease -2.16 Buried 8
rs2137445950 Y344H Disease 0.86 | Increase 0.05 Buried 7
rs905283579 R430C Disease 0.87 | Decrease -0.48 Exposed 6
rs1064794656 C431Y Disease 0.86 | Increase 0.55 Buried 7
rs777512650 R456Q Neutral 0.49 | Decrease -1.34 | Highly 8

conserved

and exposed
rs1954579484 L460V Disease 0.83 Decrease -0.89 Buried 8
rs747468677 R473C Disease 0.86 | Decrease -0.73 Exposed 5
rs900218595 R473H Disease 0.81 Decrease -1.66 Exposed 5
rs1446428064 Y493C Disease 0.90 | Increase 1.59 Buried 8
rs1011225865 R639W Disease 0.92 Decrease -0.32 Exposed 5
rs1372606763 E640Q Disease 0.74 | Decrease -0.78 Highly 8

conserved

and exposed
rs1214515254 C644R Disease 0.91 Decrease -0.12 | Buried 4
rs376966743 C644Y Disease 0.87 | Increase 0.59 Buried 4
rs776581804 R659S Disease 0.63 Decrease -2.61 Highly 8

conserved

and exposed
rs1388194070 K660T Disease 0.86 | Decrease -0.09 | Highly 9

conserved

and exposed
rs138697096 1662T Disease 0.63 | Decrease -3.38 | Buried 7
rs1002656329 D664G Disease 0.92 | Decrease -1.81 Highly 9

conserved

and exposed
rs1338793113 L686P Disease 0.92 | Increase 0.16 Buried 6
rs1565548029 Y691C Disease 0.92 Increase 0.47 Highly 9

conserved

and buried
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rs1955390541 L699V Disease 0.82 | Decrease -0.27 Highly 9
conserved
and buried
rs558042817 R709C Disease 0.92 Increase 0.20 Exposed 7
rs2137612346 R710G Disease 0.92 Decrease -0.80 | Highly 9
conserved

and exposed

rs58202873 R710K Disease 0.86 | Decrease -1.12 Highly 9

conserved

and exposed

rs575528259 AT23T Disease 0.88 | Decrease -1.34 Highly 9
conserved
and buried
rs757613675 1727T Disease 0.84 Decrease -2.28 Buried 7
rs750745310 R731W Disease 0.84 | Decrease -0.46 | Highly 9
conserved

and exposed

DRP1
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1.44%

Figure 3.6 : Distribution des nsSNPs dans le gene DRP1 sur la base des effets estimés
Predits par divers outils structurels.
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Figure 3.7 : Resultat de la methodologie

Selon les résultats, il est probable que 28 nsSNP du géne CD47 et 87 nsSNP du gene DRP1 soient
déléteéres. Sur les domaines conservés de ces protéines, on a identifié 30 nsSNP de la protéine CD47
et 69 nsSNP de la protéine DRP1. 18 nsSNP peuvent étre responsables de pathologies pour CD47,
tandis que 68 nsSNP peuvent étre responsables de pathologies pour DRP1.La stabilité de ces protéines
pourrait étre altérée par 15 nsSNP du géne et 54 nsSNP du géne DRPI1. Enfin, une étude de
conservation évolutive a mis en évidence que 4 ns SNPs du CD47 et 35 du DRP1 peuvent altérer la

fonction et/ou la structure de la protéine.
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4. IV. Discussion :

CDA47, ou la protéine associée a I’intégrine est exprimé de maniere omniprésente a la surface des cellules
et joue un role essentiel dans l'auto-reconnaissance. En interagissant avec SIRPa, TSP-1 et les intégrines,
CDA47 module la phagocytose cellulaire par les macrophages, détermine la durée de vie des érythrocytes
individuels, régule I'activation des cellules immunitaires et manipule I'élagage synaptique pendant le

développement neuronal.

DRP1,0u (Dynamin-Related Protein 1) est un régulateur cl¢ de la fission mitochondriale, un processus qui
implique la division des mitochondries en fragments plus petits. Il interagit directement avec la protéine

pro-apoptotique BAX pour induire son activation et favoriser I'apoptose

Dans cette étude, nous avons identifié les nsSNPs a haut risque pathogene dans les protéines CD47,DRP1
en utilisant une approche in silico. Pour obtenir des résultats, il etait nécessaire de passer par les étapes

suivantes :
1. Analyser les mutations particulieres de CD47 et Drpl.

2. Prendre en compte les mutations dans les quatre logiciels (SIFT, POLYPHEN, PROVEAN,
PANTHER) afin d'obtenir des prédictions sur leur impact fonctionnel.

Un total de 237 SNPs ont été extraits de la base de données dbSNP du NCBI pour le géne CD47 et 403
pour le gene DRP1

Nous avons finalement sélectionné les nsSNPs fortement délétéres : 28 pour CD47, 87 pour DRP1.. Ces
nsSNPs délétéres ont été sélectionnés sur la base des scores de prédiction générés par ces quatre outils.
Nous avons également déterminé la localisation de ces nsSNPs sur différents domaines des protéines

étudiées : 28 nsSNPs dans différents domaines de CD47, 69 dans DRP1 .

Les logiciels PMUT et [-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 développement de thérapies ciblées.

Les nsSNPs déléteres qui ont été sélectionnés ont ensuite été 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 18 nsSNPs pour

CDA47, 68 nsSNPs Pour DRP1 tous présentant un haut risque.
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La stabilité des protéines joue un role 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 CD47 et 54 nsSNPs Dans le drpl

La méthode ConSurf a ét¢ employée pour évaluer 1'évolution conservatrice des résidus protéiques. La
préservation d'un acide aminé au fil de 1'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 ). En a étudier 1'évolution des protéines et en identifiant les régions les

plus importantes ou conservées, on compte 4 nsSNPs pour CD47 , 35 nsSNPs pour le DRP1

une étude récente a identifié rs879255685 et rs879255689, entrainant les variantes faux-sens DRP1
G362D et G379K, dans les cellules de patients atteints d'un cancer du poumon (Liang X and Dang
S.,2021) . Ces mutations auraient été précédemment associées a un retard de développement, a une
épilepsie réfractaire et a une altération de la fonction des peroxysomes et des mitochondries. Parmi les
deux, DRP1 rs879255689 aurait été associé a un risque accru de développer un cancer du poumon (Liang
X and Dang S.,2021) . Les résultats que nous avons obtenus sont complétement identiques a 1'étude que

nous avons trouvée.

Des modifications potentiellement néfastes ont été repérées dans ces protéines. Ces différences pourraient

contribuer a I'élaboration de traitements plus spécifiques pour diverses affections.

54



Chapitre V : Conclusion et perspectives



V. Conclusion et perspectives :

5. V. Conclusion et perspectives :

Cibler CD47 pourrait représenter une approche thérapeutique prometteuse dans certains cancers,
en facilitant la reconnaissance et I’élimination des cellules cancéreuses par le systeme immunitaire.
En revanche, I’approche thérapeutique visant a cibler DRP1 pourrait également étre pertinente
pour le traitement de certains cancers. En modulant la dynamique mitochondriale et en favorisant
I’apoptose des cellules cancéreuses, cette stratégie pourrait compléter d’autres approches
thérapeutiques existantes .

Les altérations des protéine CD47 et Drpl causées par des mutations ou des polymorphismes
peuvent avoir un impact sur la progression et le développement du cancer.

Il a été démontreé dans cette étu e »que quatre nsSNPs(G274S), (G255E), (V214G), (G209V) pour le
Cd47 et 34 pour le DRP1 ont un risque pathogéne élevé et une stabilité réduite, ce qui laisse
entendre qu’ils pourraient avoir un effet néfaste sur la structure et/ou la protéine CD47
Il est possible d’utiliser ces nsSNPs pour des analyses complémentaires in silico qui se concentrent

sur les changements post-traductionnels du CD47 et ses interactions avec le SIRP alpha.
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Annex :
CD47 :
Prédiction de Prédiction
@ ° v =
- ) E = 2 2 E plokyhene 2 = E § de panther 2 i
& £ 2 53 ga |2 & IS I % 3
rs1313900472 E323G Deleterious 0.00 0.023 BENIGN -1.122 | Neutral probably 0.02
benign
rs753480891 D322V Deleterious 0.00 0.964 PROBABLY -1.724 | Neutral possibly 05
DAMAGING damaging
rs1326347179 D322N Deleterious 0.00 0.023 BENIGN -0.969 | Neutral possibly 05
damaging
rs149019300 N321K Deleterious 0.00 1.000 PROBABLY -0.995 | Neutral possibly 05
DAMAGING damaging
rs765184100 M3201 Deleterious 0.00 0.056 BENIGN -0.752 | Neutral possibly
damaging 05
rs540550254 M320T Deleterious 0.00 0.900 POSSIBLY -1.420 | Neutral possibly 05
DAMAGING damaging
rs758415149 M320V Deleterious 0.00 0.478 POSSIBLY -0.819 | Neutral possibly
DAMAGING damaging 05
rs2078788649 M3191 Deleterious 0.00 0.981 PROBABLY -0.619 | Neutral possibly
DAMAGING damaging 03
rs1181055013 M319V Deleterious 0.00 0.956 PROBABLY -0.727 | Neutral possibly 05
DAMAGING damaging
rs950162709 G318A Deleterious 0.00 1.000 PROBABLY -1.086 | Neutral possibly
DAMAGING damaging 05
rs1576984704 E315K Deleterious 0.00 0.999 PROBABLY -0.810 | Neutral possibly
DAMAGING damaging 03
rs1164900609 K314N Deleterious 0.00 1.000 PROBABLY -1.336 | Neutral possibly
DAMAGING damaging 03
rs750542237 F313v Deleterious 0.00 0.998 PROBABLY -1.854 | Neutral possibly
DAMAGING damaging 05
rs1318188103 A305G Deleterious 0.00 0.999 PROBABLY -1.283 | Neutral possibly 05
DAMAGING damaging
rs1365581895 A305T Deleterious 0.00 1.000 PROBABLY -1.040 | Neutral possibly
DAMAGING damaging 03
rs2078809562 K304E Tolerated 0.20 1.000 BENIGN -1.002 | Neutral possibly
damaging 0.3
rs1438633299 R303G Deleterious 0.00 0.986 PROBABLY -3.400 | Deleterious possibly 05
DAMAGING damaging
rs1381698308 P302S Deleterious 0.00 0.261 BENIGN -3.587 | Deleterious possibly
damaging 03
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rs2078836270 1299V Deleterious 0.00 0.166 BENIGN -0.300 | Neutral probably
benign 0.27
rs931195630 Q296L Deleterious 0.04 0.270 BENIGN -2.293 | Neutral possibly
damaging 03
rs931195630 Q296R Tolerated 0.13 0.473 POSSIBLY -1.567 | Neutral possibly
DAMAGING damaging 03
rs1367503441 N295D Tolerated 0.45 0.012 BENIGN -2.243 | Neutral possibly
damaging 05
rs2108222970 $294C Deleterious 0.00 0.999 PROBABLY -2.160 | Neutral possibly 05
DAMAGING damaging
rs1165703727 A293T Tolerated 0.14 0.997 PROBABLY -1.727 | Neutral possibly
DAMAGING damaging 03
rs777556173 V292G Deleterious 0.02 0.852 POSSIBLY -3.703 | Deleterious probably
DAMAGING benign 0-27
rs777556173 V292A Tolerated 0.11 0.134 BENIGN -1.740 | Neutral probably 0.27
benign
rs746911136 K290T Tolerated 0.38 0.957 PROBABLY -3.193 | Deleterious possibly
DAMAGING damaging 03
rs899483373 M289T Deleterious 0.01 0.990 PROBABLY -4.327 | Deleterious possibly
DAMAGING damaging 03
rs1489208442 Y288C Deleterious 0.01 1.000 PROBABLY -7.010 | Deleterious possibly
DAMAGING damaging 05
rs1219612693 V2871 Tolerated 0.18 0.198 BENIGN -0.293 | Neutral possibly
damaging 05
rs2108230571 L284F Tolerated 0.22 0.467 POSSIBLY -1.273 | Neutral possibly
DAMAGING damaging 03
rs776599394 A281T Deleterious 0.05 0.980 PROBABLY -2.507 | Deleterious possibly
DAMAGING damaging 0.3
rs577689017 L280V Tolerated 0.52 1.000 PROBABLY -1.480 | Neutral possibly
DAMAGING damaging 03
rs2078931106 A279T Tolerated 0.22 0.905 POSSIBLY -2.540 | Deleterious possibly 05
DAMAGING damaging
rs1576991978 1277T Tolerated 0.49 1.000 PROBABLY -4.067 | Deleterious possibly
DAMAGING damaging 0.5
rs749297323 1277V Tolerated 0.40 0.997 PROBABLY -0.760 | Neutral possibly 05
DAMAGING damaging
rs768851205 S276N Tolerated 0.40 0.037 BENIGN -1.213 | Neutral probably
benign 019
rs1190002247 G274S Deleterious 0.00 1.000 PROBABLY -5.127 | Deleterious possibly
DAMAGING damaging 03
rs1301380986 P269S Tolerated 0.28 0.957 PROBABLY -2.323 | Neutral possibly 05
DAMAGING damaging
rs1301380986 P269A Tolerated 0.19 0.996 PROBABLY -3.256 | Deleterious possibly
DAMAGING damaging 05
rs1364978062 G268A Deleterious 0.00 1.000 PROBABLY -3.960 | Deleterious possibly 05
DAMAGING damaging
rs1364978062 G268D Deleterious 0.00 1.000 PROBABLY -5.253 | Deleterious possibly
DAMAGING damaging 03
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rs1326768699 H267R Deleterious 0.00 0.669 POSSIBLY -4.669 | Deleterious probably 0.27
DAMAGING benign
rs762111109 M2661 Tolerated 0.25 0.019 BENIGN 0.431 Neutral probably 0.19
benign
rs202128619 M266T Tolerated 0.06 0.001 BENIGN -1.002 | Neutral probably 0.19
benign
rs773739625 M266V Deleterious 0.00 0.000 BENIGN 0.874 Neutral probably 0.19
benign
rs369761147 1264M Tolerated 0.09 0.039 BENIGN -0.529 | Neutral probably 0.19
benign
rs1391165852 1264L Tolerated 0.35 0.006 BENIGN -0.652 | Neutral probably 0.19
benign
rs754405285 A262V Tolerated 0.11 0.010 BENIGN -1.940 | Neutral probably 0.19
benign
rs866855775 A261V Tolerated 0.37 0.043 BENIGN -0.769 | Neutral probably 0.19
benign
rs1233542880 C259Y Deleterious 0.02 0.999 PROBABLY -6.527 | Deleterious possibly
DAMAGING damaging 03
rs1182021939 C259R Deleterious 0.04 0.999 PROBABLY -6.720 | Deleterious possibly 05
DAMAGING damaging
rs1450241550 L2581 Deleterious 0.00 1.000 PROBABLY -1.687 | Neutral possibly 05
DAMAGING damaging
rs1188363393 S257T Tolerated 0.28 0.801 PROBABLY -1.167 | Neutral possibly 05
DAMAGING damaging
rs1188363393 S257N Tolerated 0.20 0.961 PROBABLY -1.753 | Neutral possibly 05
DAMAGING damaging
rs1417394052 G255E Deleterious 0.00 1.000 PROBABLY -6.813 | Deleterious possibly 05
DAMAGING damaging
rs377243748 V254G Tolerated 0.10 0.920 POSSIBLY -4.720 | Deleterious probably 0.27
DAMAGING benign
rs377243748 V254A Deleterious 0.04 0.159 BENIGN -1.940 | Neutral probably 0.27
benign
rs761086667 A2528 Tolerated 0.821 0.343 BENIGN -1.047 | Neutral probably 0.19
benign
rs761086667 A252T Deleterious 0.00 0.771 POSSIBLY -1.407 | Neutral probably 0.19
DAMAGING benign
rs776988820 L251V deleterious 0.00 0.916 POSSIBLY -1.480 | Neutral possibly 05
DAMAGING damaging
rs755738494 Y249F deleterious 0.02 0.002 BENIGN -1.967 | Neutral possibly
damaging 03
rs755738494 Y249C deleterious 0.03 0.993 PROBABLY -6.313 | Deleterious possibly 05
DAMAGING damaging
rs76658948 V246L Tolerated 0.85 0.005 BENIGN -0.880 | Neutral probably 0.27
benign
rs76658948 V246M Tolerated 0.06 0.934 PROBABLY -1.247 | Neutral probably 0.27
DAMAGING benign
rs1360606100 Q245R deleterious 0.00 1.000 PROBABLY -3.073 | Deleterious possibly
DAMAGING damaging 03
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rs1219773336 1244T Tolerated 0.31 0.010 BENIGN -1.707 | Neutral probably
benign 019
rs1476395765 V2431 deleterious 0.00 0,002 BENIGN 0.260 | Neutral probably 0.19
benign
rs867703238 L242F Deleterious 0.05 0,733 POSSIBLY -2.140 | Neutral possibly
DAMAGING damaging 03
rs755240766 1241M deleterious 0.00 0,817 POSSIBLY -1.413 | Neutral possibly
DAMAGING damaging 05
rs955820054 1241V deleterious 0.00 0,659 POSSIBLY -0.760 | Neutral possibly 05
DAMAGING damaging
rs1321218439 A240V Tolerated 0.33 0,136 BENIGN -1.538 | Neutral possibly
damaging 03
rs1202791750 A240T Tolerated 0.33 0,93 BENIGN -2.073 | Neutral possibly
damaging 0.3
rs990196677 1239T Tolerated 0.31 0,896 POSSIBLY -3.333 | Deleterious possibly 05
DAMAGING damaging
rs990196677 1239N Tolerated 0.18 0,995 PROBABLY -4.703 | Deleterious possibly
DAMAGING damaging 03
rs914264372 1239F Tolerated 0.33 0,968 PROBABLY -2.440 | Neutral possibly
DAMAGING damaging 03
rs1218151856 V2381 Tolerated 0.29 0,177 BENIGN -0.793 | Neutral probably
benign 0.19
rs1185276142 F237L Tolerated 0.45 0,98 PROBABLY -2.393 | Neutral possibly
DAMAGING damaging 05
rs1320737488 S236F Tolerated 0.06 0,876 POSSIBLY -1.280 | Neutral probably 0.27
DAMAGING benign
rs1200837699 T2351 deleterious 0.02 0,984 PROBABLY -3.286 | Deleterious probably
DAMAGING benign 0.19
rs1236700726 T235A Tolerated 0.06 0,811 POSSIBLY -2.826 | Deleterious probably
DAMAGING benign 019
rs2078954849 1232T Tolerated 0.09 0,642 POSSIBLY -2.038 | Neutral probably 0.19
DAMAGING benign
rs1176172930 A231V Tolerated 0.56 0,211 BENIGN -1.147 | Neutral possibly
damaging 05
rs1176172930 A231E Tolerated 0.11 0,968 PROBABLY -2.820 | Deleterious possibly 05
DAMAGING damaging
rs1490007910 A231S Tolerated 0.27 0,103 BENIGN -1.600 | Neutral possibly
damaging 05
rs1199269327 F228Y Deleterious 0.0 1,000 PROBABLY -2.147 | Neutral possibly
DAMAGING damaging 03
rs1364772493 Y226C Tolerated 0.19 0,000 BENIGN -0.559 | Neutral probably 0.19
benign
rs1313425823 Y225H Deleterious 0.04 0.948 POSSIBLY -3.200 | Deleterious possibly
DAMAGING damaging 05
rs2078974564 H224Q Tolerated 0.67 0,99 BENIGN 1.833 Neutral probably 0.19
benign
rs1415428759 H224N Tolerated 0.13 0,97 BENIGN -0.400 | Neutral probably 0.19
benign
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rs778133198 1221M Deleterious 0.00 0,966 PROBABLY -1.307 | Neutral probably
DAMAGING benign 019
rs747290744 L220F Deleterious 0.00 1,000 PROBABLY -2.140 | Neutral possibly
DAMAGING damaging 03
rs771140932 1219M Tolerated 0.06 0,267 BENIGN -1.029 | Neutral probably 0.27
benign
rs373991479 T2151 Tolerated 0.83 0,001 BENIGN 2.020 Neutral probably
benign 0.19
rs377664351 V214G Deleterious 0.01 0,999 PROBABLY -4.587 | Deleterious possibly 05
DAMAGING damaging
rs2078975294 G209V Deleterious 0.00 1.000 PROBABLY -6.485 | Deleterious possibly
DAMAGING damaging 03
rs1308525788 A207S Tolerated 0.22 0,9 BENIGN -1.053 | Neutral possibly
damaging 0.3
rs1308525788 A207T Tolerated 0.351 0,955 POSSIBLY -1.689 | Neutral possibly 05
DAMAGING damaging
rs2078996863 P199L Deleterious 0.00 1,000 PROBABLY -6.890 | Deleterious possibly
DAMAGING damaging 03
rs181737868 V1981 Deleterious 0.0 0,96 BENIGN 0.147 Neutral probably 0.19
benign
rs374191006 F197S Tolerated 01 0,994 PROBABLY -5.693 | Deleterious possibly
DAMAGING damaging 05
rs992302821 L1961 Deleterious 0.00 0,733 POSSIBLY -1.580 | Neutral possibly
DAMAGING damaging 05
rs186442801 A194V Deleterious 0.00 0,941 POSSIBLY -2.540 | Deleterious possibly
DAMAGING damaging 03
rs1194534839 A194T Deleterious 0.00 0.989 PROBABLY -2.640 | Deleterious possibly
DAMAGING damaging 0.3
rs768091582 191m Deleterious 0.04 0,991 PROBABLY -1.698 | Neutral probably
DAMAGING benign 019
rs773886112 1191v Tolerated 0.70 0,046 BENIGN -0.362 | Neutral probably 0.19
benign
rs767172511 V190A Tolerated 0.49 0.998 PROBABLY -1.907 | Neutral possibly
DAMAGING damaging 0.5
rs1576995415 V1901 Deleterious 0.0 0.957 PROBABLY -0.677 | Neutral possibly 05
DAMAGING damaging
rs760511346 1189T Deleterious 0.01 0,93 BENIGN -2.799 | Deleterious probably 0.19
benign
rs2078997619 1189V Tolerated 0.1 0,001 BENIGN -0.093 | Neutral probably 0.19
benign
rs1315115373 V188A Deleterious 0.05 0,27 BENIGN -2.538 | Deleterious probably 0.19
benign
rs2078997739 V1881 Tolerated 0.62 0,001 BENIGN 0.134 Neutral probably 0.19
benign
rs1239522388 1186V Tolerated 0.2 0,036 BENIGN -0.693 | Neutral probably 0.02
benign
rs1377850727 V185A Tolerated 0.24 0,002 BENIGN -2.200 | Neutral probably 0.02
benign
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rs2108236264 V185M Tolerated 0.19 0,139 BENIGN -0.545 | Neutral probably
benign 0.02
rs1470821416 V1811 Deleterious 0.00 0,005 BENIGN -0.404 | Neutral probably 0.19
benign
rs2078998140 L179S Deleterious 0.00 0,521 POSSIBLY -4.202 | Deleterious possibly
DAMAGING damaging 03
rs376846275 A178G Deleterious 0.04 0,000 BENIGN -0.207 | Neutral probably
benign 0.19
rs367689645 n77v Tolerated 0.95 0,489 POSSIBLY -0.447 | Neutral probably 0.27
DAMAGING benign
rs1225925162 D173Y Tolerated 0.08 0,353 BENIGN -1.604 | Neutral probably
benign 019
rs2078998535 G171D Tolerated 0.22 0,008 BENIGN 0.242 Neutral probably
benign 0.19
rs1270103433 G1718 Tolerated 0.41 0,005 BENIGN 0.856 Neutral probably 0.19
benign
rs2078998630 G170D Tolerated 0.60 0,008 BENIGN 0.049 | Neutral probably 0.19
benign
rs781473227 G170R Tolerated 0.421 0,002 BENIGN -0.722 | Neutral probably 0.19
benign
rs781473227 G170S Deleterious 0.00 0,97 BENIGN 0.954 Neutral probably
benign 0.19
rs967278612 S169A Deleterious 0.00 0,020 BENIGN -1.314 | Neutral probably
benign 0.27
rs2078999089 Y167C Deleterious 0.00 1,000 PROBABLY -5.094 | Deleterious possibly
DAMAGING damaging 03
rs2079192387 1162V Tolerated 0.51 0,122 BENIGN -0.360 | Neutral possibly
damaging 05
rs1162571145 G161D Tolerated 0.06 1,000 PROBABLY -3.902 | Deleterious possibly
DAMAGING damaging 03
rs767508475 WI157R Deleterious 0.00 1,000 PROBABLY -9.688 | Deleterious possibly 05
DAMAGING damaging
rs1404646315 L155Q Deleterious 0.00 1,000 PROBABLY -4.827 | Deleterious possibly
DAMAGING damaging 0.5
rs2079192707 L154F Tolerated 0.40 0.973 PROBABLY -2.187 | Neutral possibly 05
DAMAGING damaging
rs750595130 1153V Tolerated 0.15 0,005 BENIGN -0.507 | Neutral possibly
damaging 05
rs578129715 A152V Tolerated 0.09 0,990 PROBABLY -0.855 | Neutral possibly
DAMAGING damaging 03
rs780352146 1150V Tolerated 0.94 0.051 BENIGN -0.460 | Neutral possibly 05
damaging
rs2079192920 P149L Tolerated 0.05 1,000 PROBABLY -4.753 | Deleterious possibly
DAMAGING damaging 05
rs1451808171 P149S Tolerated 0.28 1,000 PROBABLY -3.700 | Deleterious possibly 05
DAMAGING damaging
rs1451808171 P149T Tolerated 0.75 0,996 PROBABLY -3.607 | Deleterious possibly
DAMAGING damaging 03
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rs1366214998 F148S Deleterious 0.00 1,000 PROBABLY -5.142 | Deleterious possibly
DAMAGING damaging 05
rs755372883 V146F Tolerated 0.47 0.976 PROBABLY -2.553 | Deleterious possibly
DAMAGING damaging 03
rs755372883 V146l Tolerated 0.46 0,134 BENIGN -0.367 | Neutral possibly
damaging 03
rs1178327709 1145T Deleterious 0.03 1,000 PROBABLY -3.987 | Deleterious possibly
DAMAGING damaging 05
rs2079193402 L144R Deleterious 0.00 0,999 PROBABLY -3.460 | Deleterious possibly 05
DAMAGING damaging
rs1481153764 1143V Deleterious 0.20 0.911 POSSIBLY -0.552 | Neutral possibly
DAMAGING damaging 03
rs1367409824 E141V Deleterious 0.02 1,000 PROBABLY -5.144 | Deleterious possibly
DAMAGING damaging 03
rs1308782623 S138F Deleterious 0.01 0,036 BENIGN -3.157 | Deleterious probably 0.27
benign
rs2079193821 S135L Deleterious 0.02 1,000 PROBABLY -4.246 | Deleterious possibly
DAMAGING damaging 03
rs2079193872 S135A Tolerated 0.07 0,995 PROBABLY -2.110 | Neutral possibly
DAMAGING damaging 03
rs1238902659 V134A Tolerated 0.14 0.812 POSSIBLY -1.670 | Neutral possibly
DAMAGING damaging 05
rs2079386024 V1331 Tolerated 0.43 1,000 BENIGN -0.289 | Neutral probably
benign 019
rs952895858 R132H Deleterious 0.00 0.192 BENIGN -1.643 | Neutral probably 0.27
benign
rs867558279 R132C Deleterious 0.00 1,000 PROBABLY -4.195 | Deleterious probably
DAMAGING benign 0-27
rs984506752 K130Q Tolerated 0.32 0,838 POSSIBLY -2.470 | Neutral probably
DAMAGING benign 0-27
rs1294565690 E128K Tolerated 0.33 0,994 PROBABLY -2.597 | Deleterious possibly 05
DAMAGING damaging
rs199751577 1127T Deleterious 0.01 0,995 PROBABLY -3.273 | Deleterious probably
DAMAGING benign 0.19
rs867685532 1127V Tolerated 0.56 0,99 BENIGN -0.273 | Neutral probably 0.19
benign
rs780980078 1126F Deleterious 0.04 0,887 POSSIBLY -2.065 | Neutral probably
DAMAGING benign 019
rs769647911 T125M Deleterious 0.01 1,000 PROBABLY -3.181 | Deleterious probably 0.27
DAMAGING benign
rs762902560 E115k Deleterious 0.00 0,999 PROBABLY possibly 05
DAMAGING damaging
rs2079387200 T1091 Tolerated 0.74 0,000 BENIGN 0.477 Neutral probably
benign 0.19
rs2079387262 T109A Tolerated 0.15 0,002 BENIGN -0.400 | Neutral probably 0.19
benign
rs1216301301 S107L Deleterious 0.04 0,000 BENIGN 0.408 Neutral probably 0.19
benign
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rs1293328038 A105T Tolerated 0.35 0,990 PROBABLY -2.656 | Deleterious possibly
DAMAGING damaging 05
rs369671811 D104G Deleterious 0.02 0,995 PROBABLY -4.333 | Deleterious possibly
DAMAGING damaging 03
rs760735393 D104N Deleterious 0.02 0,939 POSSIBLY -2.530 | Deleterious possibly
DAMAGING damaging 03
rs2079387692 S103N Tolerated 0.25 0,003 BENIGN -0.652 | Neutral probably
benign 0.27
rs753998111 K102R Tolerated 0.78 0,001 BENIGN -1.343 | Neutral probably 0.27
benign
rs753998111 K102T Tolerated 0.40 0.096 BENIGN -2.390 | Neutral probably
benign 0.27
rs2079387884 K102E Tolerated 0.33 0,631 POSSIBLY -1.804 | Neutral probably
DAMAGING benign 0-27
rs548694951 D101V Tolerated 0.07 0,166 BENIGN -3.655 | Deleterious probably 0.27
benign
rs548694951 D101G Tolerated 0.11 0,575 POSSIBLY -2.660 | Deleterious probably 0.27
DAMAGING benign
rs753024870 D101Y Deleterious 0.02 0980 PROBABLY -3.721 | Deleterious probably 0.27
DAMAGING benign
rs758845757 M1001 Tolerated 0.6 0,175 BENIGN -1.314 | Neutral probably
benign 0.27
rs1429441748 M100V Tolerated 0.14 0,937 POSSIBLY -1.548 | Neutral probably
DAMAGING benign 0.27
rs1188858305 S97T Deleterious 0.00 0,998 PROBABLY -2.328 | Neutral possibly 05
DAMAGING damaging
rs11546646 A96P Tolerated 0.05 1,000 PROBABLY -3.825 | Deleterious possibly
DAMAGING damaging 0.3
rs2079388353 DI9SE Tolerated 0.7 0,05 BENIGN -1.364 | Neutral probably
benign 019
rs1417986062 K93N Tolerated 0.67 0,034 BENIGN -2.125 | Neutral probably 0.27
benign
rs1560029597 L92Q Tolerated 0.06 1,000 PROBABLY -3.745 | Deleterious probably
DAMAGING benign 0.27
rs1560029610 L91F Deleterious 0.00 0,56 POSSIBLY -1.853 | Neutral probably 0.27
DAMAGING benign
rs756769818 Q90R Tolerated 0.21 0,001 BENIGN -1.313 | Neutral probably
benign 019
rs2079388867 S89A Deleterious 0.00 0,188 BENIGN -1.318 | Neutral probably
benign 0-27
rs1421090873 V88A Tolerated 0.61 0,92 POSSIBLY -1.015 | Neutral probably 0.19
DAMAGING benign
rs969325274 V8SL Tolerated 0.41 0,014 BENIGN -0.807 | Neutral probably
benign 0.19
rs200864999 K85N Deleterious 0.03 0,835 POSSIBLY -1.989 | Neutral probably 0.27
DAMAGING benign
rs1456075448 KS8SE Tolerated 0.21 0,002 BENIGN -1.299 | Neutral probably 0.27
benign
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rs1250375613 S83T Deleterious 0.00 0,364 BENIGN -1.614 | Neutral possibly
damaging 05
rs769594762 S82R Deleterious 0.04 0,532 POSSIBLY -1.796 | Neutral probably 0.19
DAMAGING benign
rs1339769463 S82N Tolerated 0.1 0,066 BENIGN -1.165 | Neutral probably 0.19
benign
rs2079389440 F81S Tolerated 0.17 1,00 PROBABLY -5.266 | Deleterious possibly
DAMAGING damaging 05
rs1394520216 P78L Tolerated 0.15 0,98 BENIGN -1.150 | Neutral probably 0.19
benign
rs953795918 P78S Tolerated 0.72 0,002 BENIGN 0.840 | Neutral probably 0.19
benign
rs2079389754 V77D Tolerated 0.35 0,885 POSSIBLY -0.965 | Neutral probably
DAMAGING benign 0-13
rs2079389801 V771 Tolerated 0.57 0,000 BENIGN -0.174 | Neutral probably 0.13
benign
rs2079389845 T761 Tolerated 0.61 0,856 POSSIBLY -3.151 | Deleterious probably 0.27
DAMAGING benign
rs779808912 T76A Tolerated 0.59 0,95 BENIGN -2.458 | Neutral probably 0.27
benign
rs749009086 S75Y deleterious 0.02 0,17 BENIGN -1.748 | Neutral probably
benign 0.19
rs2108266168 N73T Tolerated 0.20 0,144 BENIGN -2.903 | Deleterious probably
benign 019
rs2079390197 A71D Tolerated 0.23 0,99 BENIGN -0.885 | Neutral probably 0.27
benign
rs1278168735 AT1IT Tolerated 1.00 0,046 BENIGN 0.018 Neutral probably
benign 0.27
rs774138616 R63K Tolerated 1.00 0,000 BENIGN 0.428 Neutral probably
benign 019
rs2079390727 Fo0I Tolerated 0.20 0,878 PROBABLY -2.276 | Neutral probably 0.27
DAMAGING benign
rs761749351 V56A deleterious 0.02 0,989 PROBABLY -3.073 | Deleterious possibly
DAMAGING damaging 0.5
rs770928049 V561 Tolerated 0.56 0,302 BENIGN -0.387 | Neutral possibly 05
damaging
rs1171696992 T521 Tolerated 0.16 0,080 BENIGN -2.260 | Neutral probably
benign 019
rs1171696992 T528 Tolerated 0.79 0,001 BENIGN 0.437 Neutral probably
benign 019
rs759705097 T52A Tolerated 0.63 0,001 BENIGN -1.062 | Neutral probably 0.19
benign
rs1402020254 TS1A Tolerated 0.43 0,083 BENIGN -1.317 | Neutral probably
benign 0.19
rs1156332992 N50S Tolerated 0.59 0,009 BENIGN -1.957 | Neutral possibly 05
damaging
rs1359296978 M46R Tolerated 0.07 0,419 BENIGN -3.180 | Deleterious probably 0.19
benign
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rs1359296978 M46T Tolerated 0.32 0,613 PROBABLY -2.080 | Neutral probably
DAMAGING benign 019
rs765354769 T44A Tolerated 0.77 0,071 BENIGN -2.067 | Neutral probably 0.19
benign
rs1343468860 F42v Tolerated 0.97 0,94 BENIGN -2.454 | Neutral probably 0.19
benign
rs377560018 V38F deleterious 0.02 0,980 PROBABLY -3.070 | Deleterious probably
DAMAGING benign 0.19
rs757872791 T36S deleterious 0.00 0,044 BENIGN -2.187 | Neutral possibly 05
damaging
rs190843963 C33Y deleterious 0.00 1,00 PROBABLY -9.180 | Deleterious possibly
DAMAGING damaging 03
rs1461738006 F32Y Tolerated 1.00 0,061 BENIGN -0.071 | Neutral probably
benign 0.19
rs182245005 T3IM deleterious 0.00 1,000 PROBABLY -3.668 | Deleterious probably 0.27
DAMAGING benign
rs755693988 F30L Tolerated 0.06 0,582 PROBABLY -2.154 | Neutral probably 0.19
DAMAGING benign
rs749022502 S27F deleterious 0.00 0,028 BENIGN -2.391 | Neutral probably 0.27
benign
rs2079392564 T25I Tolerated 0.62 0,011 BENIGN -0.833 | Neutral possibly
damaging 05
rs754669142 T258 Tolerated 0.07 0,655 PROBABLY -2.002 | Neutral possibly
DAMAGING damaging 05
rs748035656 F22L Tolerated 0.73 0,819 PROBABLY -2.313 | Neutral possibly 05
DAMAGING damaging
rs1165466070 L201 Tolerated 1.00 0,978 PROBABLY -1.125 | Neutral possibly
DAMAGING damaging 0.3
rs773182221 A18T deleterious 0.00 0,978 PROBABLY -2.077 | Neutral possibly
DAMAGING damaging 03
rs2079622390 G16R deleterious 0.00 0,999 PROBABLY -3.965 | Deleterious possibly 05
DAMAGING damaging
rs1204002972 C15R deleterious 0.00 0,832 PROBABLY -2.373 | Neutral probably
DAMAGING benign 0.27
rs1341983571 Cl14wW Tolerated 0.18 0,949 PROBABLY -1.467 | Neutral possibly 05
DAMAGING damaging
rs2108280685 S12W deleterious 0.00 0,993 PROBABLY -2.520 | Deleterious probably
DAMAGING benign 0.27
rs1205124677 Gl11C deleterious 0.00 0,996 PROBABLY -2.245 | Neutral possibly
DAMAGING damaging 03
rs868244848 L8M Tolerated 0.05 0,918 PROBABLY -0.375 | Neutral probably 0.27
DAMAGING benign
rs2079623016 A7V Tolerated 0.84 0,002 BENIGN -0.593 | Neutral probably 0.19
benign
rs1374723550 A6P Tolerated 0.08 0,888 PROBABLY -1.053 | Neutral possibly 05
DAMAGING damaging
rs1357452911 VsI Tolerated 0.27 0,421 BENIGN -0.391 | Neutral probably 0.19
benign
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rs1371519707 P3L deleterious 0.00 0,906 POSSIBLY -1.648 | Neutral possibly 05
DAMAGING damaging
rs2108280759 P3S deleterious 0.00 0,580 POSSIBLY -1.353 | Neutral possibly 05
DAMAGING damaging
rs1169717362 M1l deleterious 0.00 0,759 POSSIBLY -1.178 | Neutral possibly
DAMAGING damaging 03
DRP1:

SNP ID Position | Prédiction Score | Prédiction de | Score de Prédiction Score de Prédiction Score de
d’acide de SIFT de POLYPHEN | POLYPHEN | de PROVEAN | de PANTHER
aminé SIFT | 2 2 PROVEAN PANTHER

rs1555229948 E2A Deleterious 0.04 Probably 1.000 Deleterious -5.297 Probably 0,85

damaging damaging

rs1384408811 A3T Tolerated 0.56 Benign 0.032 Neutral -1.449 Probably 0,57

damaging

rs1270620589 L41 Tolerated 0.11 Probably 1.000 Neutral -1.813 Probably 0,,89

damaging damaging

rs1198426789 P6S Tolerated 0.21 Probably 1.000 Deleterious -6.746 Probably 0,89

damaging damaging

rs771090587 P6L Deleterious | 0.02 Probably 0.979 Deleterious -8.630 Probably 0,89

damaging damaging

rs1471152339 I8L Tolerated 0.08 Benign 0,339 Neutral -1.710 Probably 0,85

damaging

rs781103166 N9H Deleterious | 0.00 Probably 1,000 Deleterious -4.395 Probably 0,89

damaging damaging

rs771381138 N9S Deleterious | 0.00 Possibly 0.956 Deleterious -4.215 Probably 0,89

damaging damaging

rs1592548168 K10R Tolerated 0.11 Benign 0.94 Neutral -2.109 Probably 0,89

damaging

rs201348675 Q12H Deleterious | 0.00 Probably 0.990 Deleterious -4.433 Probably 0,89

damaging damaging

rs1157033230 D13H Deleterious 0.01 Probably 0.999 Deleterious -5.485 Probably 0,57

damaging damaging

rs1951714567 V14l Tolerated 0.51 Benign 0.020 Neutral -0.672 Probably 0,89

damaging

rs896148786 N16D Tolerated 0.78 Possibly 0.925 Deleterious -3.468 Probably 0,86

damaging damaging

rs761707963 V18A Tolerated 0.11 Probably 0.999 Deleterious -3.266 Probably 0,85

damaging damaging

rs1057523007 G32A Tolerated 0.13 Probably 0.989 Deleterious -5.234 Probably 0,89

damaging damaging
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rs1952694196 S35N Deleterious | 0.00 Probably 0.965 Deleterious -2.560 Probably 0.89
damaging damaging
rs879255688 S36G Tolerated 0.13 Probably 0.967 Deleterious -3.192 Probably 0.89
damaging damaging
rs1952694899 S39G Deleterious | 0.00 Possibly 0.676 Deleterious -3.690 Probably 0.89
damaging damaging
rs1338124555 S441 Tolerated 0.09 Possibly 0.922 Deleterious -4.645 Probably 0,74
damaging damaging
rs1310050043 G47V Deleterious | 0.00 Probably 0.995 Deleterious -8.197 Probably 0,89
damaging damaging
rs772908146 L50V Deleterious | 0.04 Benign 0.001 Neutral -1.123 Probably 0,57
damaging
rs1337368786 P52R Deleterious | 0.00 Probably 0.999 Deleterious -7.959 Probably 0,89
damaging damaging
rs1337368786 P52L Deleterious | 0.00 Probably 0.986 Deleterious -9.100 Probably 0,89
damaging damaging
rs2137302207 TS9N Deleterious 0.00 Probably 0.971 Deleterious -4.471 Probably 0,89
damaging damaging
rs200245104 R60W Deleterious | 0.00 Probably 1.000 Deleterious -7.267 Probably 0,89
damaging damaging
rs2137302232 R60Q Deleterious | 0.00 Probably 0.998 Deleterious -3.633 Probably 0,89
damaging damaging
rs776561736 P62S Deleterious | 0.00 Probably 0.991 Deleterious -7.244 Probably 0,89
damaging damaging
rs1203150153 164L Tolerated 0.24 Benign 0.000 Neutral -1.683 Probably 0,57
damaging
rs1160087717 V68A Tolerated 0.15 Probably 0.863 Deleterious -3.258 Probably 0,74
damaging damaging
rs1194309962 H69R Tolerated 0.06 Benign 0.002 Deleterious -5.002 Probably 0,86
damaging
rs1952699946 V70F Tolerated 0.08 Benign 0.044 Deleterious -3.120 Probably 0,85
damaging
rs371579886 D74H Tolerated 0.05 Benign 0.001 Deleterious -4.688 Probably 0,57
damaging
rs918224990 R76W Deleterious | 0.02 Probably 0.970 Deleterious -3.443 Probably 0,57
damaging damaging
rs775172506 R76Q Tolerated 0.50 Possibly 0.586 Neutral -0.026 Probably 0,57
damaging damaging
rs952149887 T79A Tolerated 0.55 Benign 0.000 Neutral 0,002 Probably 0,27
benign
rs762561184 T791 Tolerated 0.14 Benign 0.000 Neutral -1.468 Probably 0,27
benign
rs763762352 E82G Tolerated 0.21 Benign 0.000 Neutral -0,630 Probably 0,57
damaging
rs1372482384 G84A Tolerated 0.14 Benign 0.009 Neutral 0,708 Probably 0,57
damaging
rs772365551 V85L Tolerated 0.31 Benign 0.000 Neutral -0,196 Probably 0,57
damaging
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rs1952966523 E86K Tolerated 0.53 Benign 0.000 Neutral -0,734 Probably 0,27
benign
rs1337529893 E89Q Deleterious 0.03 Probably 0.993 Neutral -2.434 Probably 0,89
damaging damaging
rs928097787 E89D Tolerated 0.21 Benign 0.283 Neutral -1.716 Probably 0,89
damaging
rs1303300557 K92Q Deleterious | 0.05 Possibly 0.943 Neutral -1.704 Probably 0,57
damaging damaging
rs773747516 FI3Vv Deleterious | 0.00 Probably 1.000 Deleterious -6.349 Probably 0,89
damaging damaging
rs1460019135 H95Y Deleterious 0.00 Probably 1.000 Deleterious -5.572 Probably 0,89
damaging damaging
rs1952967664 T96S Tolerated 0.58 Benign 0.030 Neutral -1.506 Probably 0,85
damaging
rs1400677432 K97E Tolerated 0.29 Probably 0.983 Deleterious -2.986 Probably 0,85
damaging damaging
rs1592602833 K97R Tolerated 0.07 Benign 0.098 Neutral -2165 Probably 0,85
damaging
rs141185042 N98I Tolerated 0.12 Probably 0.462 Deleterious -5.742 Probably 0,85
damaging damaging
rs1489365981 K99Q Tolerated 0.43 Benign 0.242 Deleterious -2.602 Probably 0,86
damaging
rs1276813403 K99M Tolerated 0.05 Probably 1.000 Deleterious -4.647 Probably 0,86
damaging damaging
rs201929226 T102M Tolerated 0.10 Probably 0.999 Deleterious -3.616 Probably 0,89
damaging damaging
rs1284463739 F104L Tolerated 0.15 Probably 1.000 Deleterious -5.584 Probably 0,89
damaging damaging
rs1565508233 E106A Tolerated 0.06 Benign 0.207 Deleterious -4.575 Probably 0,85
damaging
rs1352593144 R108L Deleterious 0.01 Probably 0.994 Deleterious -5.664 Probably 0,89
damaging damaging
rs750681544 Q109H Tolerated 0.09 Benign 0.001 Neutral -2.438 Probably 0,57
damaging
rs1952996815 E110D Deleterious | 0.00 Probably 1.000 Deleterious -2.842 Probably 0,89
damaging damaging
rs1331490439 v Deleterious | 0.00 Probably 1.000 Neutral -0,947 Probably 0,89
damaging damaging
rs752843798 E112K Tolerated 0.12 Benign 0.028 Deleterious -3 057 Probably 0,89
damaging
rs1952997134 T115R Deleterious | 0.00 Probably 1.000 Deleterious -5.617 Probably 0,89
damaging damaging
rs1232557020 N121D Tolerated 0.55 Benign 0.001 Neutral -1.634 Probably 0,57
damaging
rs2137342221 N121S Tolerated 0.55 Benign 0.001 Neutral 0,217 Probably 0,57
damaging
rs1953101647 S$126G Tolerated 0.06 Probably 0.997 Deleterious -2.941 Probably 0,89
damaging damaging
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rs1555118683 1130v Deleterious | 0.00 Probably 0.982 Neutral -0,914 Probably 0,89
damaging damaging

rs374865870 H131N Tolerated 1.00 Benign 0.055 Neutral 0,396 Probably 0,85
damaging

rs2137359108 H131L Tolerated 0.59 Benign 0.378 Deleterious -4.718 Probably 0,85
damaging

rs377454127 L132F Deleterious | 0.00 Probably 1.000 Deleterious -3.789 Probably 0,89
damaging damaging

rs1176938577 K133Q Deleterious | 0.04 Probably 0.989 Deleterious -3.456 Probably 0,85
damaging damaging

rs771460757 K133R Tolerated 0.36 Benign 0.021 Neutral -2.342 Probably 0,85
damaging

rs1473305626 1134L Deleterious | 0.05 Benign 0.383 Neutral -1.795 Probably 0,85
damaging

rs1473305626 1134V Tolerated 0.24 Benign 0.031 Neutral -0,824 Probably 0,85
damaging

rs777165189 S136A Deleterious 0.00 Probably 0.999 Deleterious -2.842 Probably 0,89
damaging damaging

rs1404971575 S136L Deleterious | 0.00 Probably 1.000 Deleterious -5.684 Probably 0,89
damaging damaging

rs1953103176 N138D Tolerated 0.17 Possibly 0.557 Neutral -2.280 Probably 0,57
damaging damaging

rs746168549 N138T Tolerated 0.08 Benign 0.064 Deleterious -2.518 Probably 0,57
damaging

rs746168549 N138S Tolerated 0.13 Benign 0.017 Neutral -1.369 Probably 0,57
damaging

rs150170255 V1391 Deleterious | 0.00 Probably 1.000 Neutral -0,947 Probably 0,89
damaging damaging

rs138620818 N141S Tolerated 0.15 Probably 0.985 Deleterious -4.099 Probably 0,89
damaging damaging

rs761994526 T143A Deleterious 0.03 Probably 0.999 Deleterious -4505 Probably 0,89
damaging damaging

rs1057523861 D146N Deleterious | 0.00 Probably 1.000 Deleterious -4.736 Probably 0,89
damaging damaging

rs1383100203 M150L Tolerated 0.99 Benign 0.000 Neutral 0,183 Probably 0,57
damaging

rs770049591 V153L Deleterious | 0.05 Benign 0.017 Neutral -2480 Probably 0,89
damaging

rs776124108 D157E Tolerated 0.24 Probably 0.998 Deleterious -3.795 Probably 0,89
damaging damaging

rs1210909458 P159S Deleterious | 0.00 Probably 1.000 Deleterious -7.584 Probably 0,89
damaging damaging

rs2137372835 K160E Tolerated 0.67 Benign 0.003 Neutral 1.161 Probably 0,57
damaging

rs953313441 D161Y Deleterious 0.00 Probably 1.000 Deleterious -8.160 Probably 0,89
damaging damaging

rs773298342 Q165K Tolerated 0.17 Possibly 0.860 Deleterious -3.395 Probably 0,89
damaging damaging
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rs1953210747 Q165H Deleterious | 0.02 Probably 1.000 Deleterious 4.510 Probably 0,89
damaging damaging
rs1953210856 L169F Tolerated 0.06 Probably 0.996 Deleterious -3.322 Probably 0,57
damaging damaging
rs1565512915 L169R Deleterious | 0.01 Probably 0.998 Deleterious -4.983 Probably 0,57
damaging damaging
rs1792476402 1n70v Tolerated 0.44 Benign 0.048 Neutral -0,379 Probably 0,74
damaging
rs759430253 L1711 Tolerated 0.06 Benign 0.235 Neutral -1.212 Probably 0,85
damaging
rs1308058855 R172W Deleterious 0.01 Probably 0.995 Deleterious -4.000 Probably 0,5
damaging damaging
rs764915133 R172Q Tolerated 0.49 Benign 0.023 Neutral 0,495 Probably 0,5
damaging
rs764915133 R172P Tolerated 0.23 Benign 0.387 Neutral -2363 Probably 0,5
damaging
rs764915133 R172L Tolerated 0.25 Benign 0.238 Deleterious -3060 Probably 0,5
damaging
rs1158418550 1174L Deleterious | 0.00 Probably 0.988 Neutral -1.831 Probably 0,89
damaging damaging
rs200474114 N176S Tolerated 0.36 Probably 0.983 Deleterious -4.266 Probably 0,85
damaging damaging
rs200474114 N1761 Tolerated 0.09 Probably 1.000 Deleterious -3.105 Probably 0,85
damaging damaging
rs1381541976 P177S Tolerated 0.32 Probably 1.000 Deleterious -7.590 Probably 0,89
damaging damaging
rs758439519 1180V Tolerated 0.14 Possibly 0.789 Neutral -0,915 Probably 0,57
damaging damaging
rs1177962270 1181v Deleterious | 0.00 Probably 0.998 Neutral 0,949 Probably 0,89
damaging damaging
rs2137373278 1181T Deleterious 0.00 Probably 1.000 Deleterious -4.721 Probably 0,89
damaging damaging
rs751127554 A183T Deleterious | 0.02 Probably 1.000 Deleterious -3.711 Probably 0,89
damaging damaging
rs1170370521 A183D Deleterious | 0.01 Probably 1.000 Deleterious -5.601 Probably 0,89
damaging damaging
rs1386720662 V1841 Deleterious | 0.00 Possibly 0.775 Neutral 0,860 Probably 0,89
damaging damaging
rs1409512648 M191V Tolerated 0.05 Probably 0.965 Deleterious -2.659 Probably 0,85
damaging damaging
rs780965041 MI191T Deleterious | 0.01 Possibly 0.891 Deleterious -4.389 Probably 0,85
damaging damaging
rs750031238 M1911 Tolerated 0.24 Benign 0.005 Neutral -2.292 Probably 0,85
damaging
rs1555119216 A192E Deleterious 0.02 Probably 0.988 Deleterious -4.677 Probably 0,89
damaging damaging
rs1309986527 S194A Deleterious | 0.00 Probably 1.000 Deleterious -2.846 Probably 0,89
damaging damaging

71



Annex

rs2137373569 E202D Tolerated 0.44 Benign 0.002 Neutral -0.792 Probably 0,89
damaging

rs780252977 D204E Deleterious 0.00 Possibly 0.890 Deleterious -3.795 Probably 0,89
damaging damaging

rs749615882 P205T Deleterious | 0.00 Benign 0.321 Deleterious -7.006 Probably 0,89
damaging

rs749615882 P205A Deleterious | 0.00 Benign 0.206 Deleterious -6.821 Probably 0,89
damaging

rs1462914389 D206G Tolerated 0.06 Benign 0.041 Deleterious -5.183 Probably 0,85
damaging

rs1217689913 R208C Deleterious | 0.03 Possibly 0.613 Deleterious -4.439 Probably 0,85
damaging damaging

rs766905181 R208H Tolerated 0.21 Benign 0.174 Deleterious -2.708 Probably 0,85
damaging

rs750138115 A212G Tolerated 1.00 Benign 0.155 Deleterious -3.351 Probably 0,85
damaging

rs755741612 V2131 Deleterious 0.00 Benign 0.028 Neutral -0.872 Probably 0,85
damaging

rs1481764946 D218Y Deleterious | 0.00 Probably 1.000 Deleterious -8.413 Probably 0,89
damaging damaging

rs1592628533 M220L Deleterious | 0.00 Benign 0.108 Deleterious -2.835 Probably 0,89
damaging

rs779714779 M220T Deleterious | 0.00 Probably 0.993 Deleterious -5.637 Probably 0,89
damaging damaging

rs754202457 A222V Tolerated 0.18 Benign 0.164 Deleterious -3.048 Probably 0,85
damaging

rs1953663410 G223D Deleterious | 0.00 Probably 0.989 Deleterious -6.481 Probably 0,89
damaging damaging

rs755273034 M227T Tolerated 0.11 Benign 0.002 Deleterious -2.564 Probably 0,89
damaging

rs779468068 D228E Tolerated 0.29 Benign 0.018 Deleterious -2.864 Probably 0,89
damaging

rs1230267460 V2291 Tolerated 1.00 Benign 0.009 Neutral -0.144 Probably 0,85
damaging

rs745793670 M2311 Tolerated 0.44 Benign 0.020 Neutral -0.908 Probably 0,74
damaging

rs1592628632 V234G Deleterious | 0.00 Probably 1.000 Deleterious -6.492 Probably 0,89
damaging damaging

rs1953664699 1235V Tolerated 0.64 Benign 0.008 Neutral -0.550 Probably 0,85
damaging

rs748626399 1241L Tolerated 0.37 Benign 0.010 Neutral -1.673 Probably 0,57
damaging

rs2137425119 1242V Tolerated 1.00 Benign 0.033 Neutral -0.855 Probably 0,85
damaging

rs772245414 1242T Deleterious 0.02 Probably 0.999 Deleterious -4.605 Probably 0,85
damaging damaging

rs777740373 G243V Tolerated 0.13 Probably 0.999 Deleterious -8.437 Probably 0,89
damaging damaging
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rs1953665333 V2441 Tolerated 0.08 Benign 0.028 Neutral -0.801 Probably 0,85
damaging

rs1953665466 V245L Tolerated 0.07 Benign 0.318 Deleterious -2.629 Probably 0,89
damaging

rs1953665595 N246T Deleterious | 0.00 Possibly 0.928 Deleterious -5.357 Probably 0,89
damaging damaging

rs1194016851 S248C Tolerated 0.17 Probably 1.000 Deleterious -4.659 Probably 0,89
damaging damaging

rs2137435202 S248N Tolerated 0.19 Probably 1.000 Deleterious -2.795 Probably 0,89
damaging damaging

rs2137435217 Q249H Deleterious | 0.00 Probably 1.000 Deleterious -4.659 Probably 0,89
damaging damaging

rs2137435240 D251E Deleterious | 0.00 Probably 0.999 Deleterious -3.638 Probably 0,89
damaging damaging

rs1424280721 N253D Tolerated 0.63 Benign 0.260 Deleterious -3.166 Probably 0,85
damaging

rs945120265 N254D Tolerated 0.63 Benign 0.001 Neutral -1.459 Probably 0,57
damaging

rs138048932 N254K Tolerated 0.91 Benign 0.010 Deleterious -2.604 Probably 0,57
damaging

rs1953762520 K255E Tolerated 0.21 Possibly 0.519 Neutral -1.596 Probably 0,57
damaging damaging

rs1953762801 K255N Tolerated 0.70 Benign 0.022 Neutral -0.723 Probably 0,57
damaging

rs143502160 S257R Deleterious | 0.01 Possibly 0.815 Deleterious -2.952 Probably 0,89
damaging damaging

rs1953763262 S257T Tolerated 0.64 Benign 0.001 Neutral -1.055 Probably 0,89
damaging

rs758862589 D260N Tolerated 0.10 Benign 0.258 Deleterious -3.155 Probably 0,74
damaging

rs1450536271 1262V Tolerated 0.06 Benign 0.003 Neutral -0.660 Probably 0,57
damaging

rs778277609 R263C Tolerated 0.05 Probably 1.000 Deleterious -5.288 Probably 0,57
damaging damaging

rs369600288 R263H Tolerated 0.12 Probably 0.996 Deleterious -3.133 Probably 0,57
damaging damaging

rs1394690252 D264G Tolerated 0.44 Probably 1.000 Deleterious -6.083 Probably 0,85
damaging damaging

rs1319273972 F268L Deleterious | 0.04 Probably 1.000 Deleterious -5.436 Probably 0,89
damaging damaging

rs1217452893 L269F Tolerated 1.00 Possibly 0.548 Neutral -2.006 Probably 0,85
damaging damaging

rs2137435568 K272R Tolerated 0.78 Benign 0.043 Neutral -1.665 Probably 0,85
damaging

rs191913233 N278S Tolerated 0.45 Benign 0.007 Neutral -0.872 Probably 0,57
damaging

rs1953765693 N280S Tolerated 1.00 Possibly 0.693 Deleterious -3.523 Probably 0,85
damaging damaging
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rs1210310144 G281R Deleterious | 0.00 Probably 1.000 Deleterious -7.552 Probably 0,89
damaging damaging
rs1953766389 R287K Tolerated 1.00 Benign 0.001 Neutral 1.138 Probably 0,57
damaging
rs1555122234 R287S Deleterious | 0.02 Probably 0.970 Deleterious -2.584 Probably 0,57
damaging damaging
rs1401710739 T288A Tolerated 0.42 Probably 0.991 Deleterious -3.938 Probably 0,89
damaging damaging
rs1953766806 T288I Tolerated 0.21 Probably 1.000 Deleterious -5.045 Probably 0,89
damaging damaging
rs930566171 R291K Tolerated 1.00 Benign 0.234 Neutral -1.743 Probably 0,85
damaging
rs1479023201 M294R Deleterious | 0.02 Probably 0.999 Deleterious -5.284 Probably 0,89
damaging damaging
rs1191895722 H295Y Tolerated 0.99 Probably 0.995 Deleterious -4.650 Probably 0,85
damaging damaging
rs1412490222 H295R Tolerated 0.45 Possibly 0.563 Deleterious -6.002 Probably 0,85
damaging damaging
rs752103486 L301S Deleterious | 0.00 Probably 1.000 Deleterious -5.456 Probably 0,89
damaging damaging
rs1953852950 E303Q Tolerated 0.08 Benign 0.195 Neutral -1.864 Probably 0,57
damaging
rs1057110607 T306A Tolerated 0.69 Benign 0.049 Deleterious -3.292 Probably 0,85
damaging
rs1953853595 R307K Tolerated 0.59 Probably 0.962 Neutral -2.362 Probably 0,85
damaging damaging
rs745893339 1308V Tolerated 0.33 Benign 0.105 Neutral 0.168 Probably 0,57
damaging
rs780354745 V3101 Tolerated 0.26 Benign 0.010 Neutral -0.586 Probably 0,85
damaging
rs1436540918 V310A Tolerated 1.00 Possibly 0.917 Deleterious -2.622 Probably 0,85
damaging damaging
rs747906672 L3nv Tolerated 0.40 Benign 0.429 Neutral -1.479 Probably 0,57
damaging
rs897648599 V326M Tolerated 0.23 Probably 1.000 Neutral -2.398 Probably 0,85
damaging damaging
rs1316868041 D327A Tolerated 0.45 Benign 0.001 Neutral -1.985 Probably 0,5
damaging
rs1275949625 K329R Tolerated 0.97 Benign 0.006 Neutral -1.927 Probably 0,57
damaging
rs758981725 S330N Tolerated 0.08 Benign 0.007 Neutral -1.201 Probably 0,74
damaging
rs2137445773 T332A Tolerated 0.14 Benign 0.158 Deleterious -3.140 Probably 0,85
damaging
rs1222396350 L333F Tolerated 0.05 Benign 0.332 Deleterious -3.368 Probably 0,86
damaging
rs2137445906 K339Q Tolerated 0.37 Probably 0.987 Deleterious 2.933 Probably 0,85
damaging damaging
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rs1360870959 F340Y Tolerated 0.37 Probably 0.991 Deleterious -2.637 Probably 0,89
damaging damaging

rs2137445950 Y344H Deleterious 0.00 Probably 1.000 Deleterious -4.533 Probably 0,85
damaging damaging

rs763293775 C345F Tolerated 0.22 Probably 0.965 Deleterious -8.360 Probably 0,85
damaging damaging

rs1280000270 1348V Tolerated 0.41 Possibly 0.819 Neutral -0.920 Probably 0,89
damaging damaging

rs879255689 G350R Deleterious | 0.00 Probably 1.000 Deleterious -7.303 Probably 0,89
damaging damaging

rs764487834 T351A Tolerated 0.62 Benign 0.400 Deleterious -4.205 Probably 0,85
damaging

rs374035685 1355M Tolerated 0.41 Probably 0.987 Deleterious -2.691 Probably 0,85
damaging damaging

rs2137446146 S358L Tolerated 0.21 Possibly 0.805 Deleterious -3.390 Probably 0,57
damaging damaging

rs886037861 G362S Deleterious 0.00 Probably 1.000 Deleterious -5.519 Probably 0,89
damaging damaging

rs879255685 G362D Deleterious | 0.00 Probably 1.000 Deleterious -6.439 Probably 0,89
damaging damaging

rs1954520736 G363S Deleterious | 0.00 Probably 1.000 Deleterious -5.519 Probably 0,89
damaging damaging

rs2137520923 G363D Deleterious | 0.00 Probably 1.000 Deleterious -6.439 Probably 0,89
damaging damaging

rs1592661947 A364D Deleterious | 0.00 Probably 1.000 Deleterious -5.519 Probably 0,89
damaging damaging

rs2137520997 C367R Tolerated 0.35 Probably 0.982 Deleterious -9.791 Probably 0,85
damaging damaging

rs1592661973 F370L Deleterious | 0.03 Probably 1.000 Deleterious -5.732 Probably 0,89
damaging damaging

rs2137521083 G375A Tolerated 0.92 Probably 0.981 Deleterious -5.055 Probably 0,85
damaging damaging

rs1954521883 R376Q Tolerated 0.42 Probably 0.988 Deleterious -2.759 Probably 0,85
damaging damaging

rs1057518694 E379K Tolerated 0.48 Benign 0.216 Deleterious -2.774 Probably 0,57
damaging

rs1954522309 V3811 Tolerated 1.00 Benign 0.001 Neutral 0.244 Probably 0,57
damaging

rs149835088 V381A Deleterious | 0.02 Probably 0.997 Deleterious -3.754 Probably 0,57
damaging damaging

rs766446989 D382V Deleterious | 0.00 Probably 0.995 Deleterious -5.948 Probably 0,89
damaging damaging

rs753816187 L3841 Tolerated 0.36 Probably 1.000 Neutral -1.876 Probably 0,85
damaging damaging

rs753816187 L384F Tolerated 0.46 Probably 1.000 Deleterious -3.756 Probably 0,85
damaging damaging

rs1954523089 G385R Tolerated 0.32 Probably 0.998 Deleterious -3.342 Probably 0,85
damaging damaging
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rs1954523329 N388I Tolerated 0.07 Benign 0.107 Deleterious -2.890 Probably 0,5
damaging
rs563960563 T389A Tolerated 1.00 Possibly 0.823 Neutral -1.934 Probably 0,57
damaging damaging
rs2137521369 1390T Tolerated 0.67 Benign 0.347 Neutral -2.159 Probably 0,57
damaging
rs121908531 A395D Tolerated 0.05 Probably 1.000 Deleterious -5.727 Probably 0,89
damaging damaging
rs121908531 A395G Tolerated 0.07 Probably 1.000 Deleterious -3.818 Probably 0,89
damaging damaging
rs1443306992 R397T Tolerated 0.39 Probably 1.000 Deleterious -5.219 Probably 0,89
damaging damaging
rs1954524440 R397S Tolerated 0.37 Probably 0.999 Deleterious -5.053 Probably 0,89
damaging damaging
rs1316999302 G401S Deleterious | 0.00 Probably 0.998 Deleterious -5.726 Probably 0,89
damaging damaging
rs1453311778 P402S Tolerated 0.40 Possibly 0.932 Deleterious -7.208 Probably 0,86
damaging damaging
rs863223953 R403C Deleterious | 0.03 Probably 1.000 Deleterious -7.637 Probably 0,89
damaging damaging
rs1954544114 E410K Tolerated 0.15 Probably 0.973 Deleterious -3.654 Probably 0,89
damaging damaging
rs2137523561 E414Q Deleterious | 0.05 Probably 0.987 Deleterious -2.866 Probably 0,89
damaging damaging
rs953635 V417G Deleterious | 0.00 Probably 1.000 Deleterious -6.389 Probably 0,85
damaging damaging
rs776779003 R419W | Deleterious | 0.02 Probably 1.000 Deleterious -6.978 Probably 0,74
damaging damaging
rs1263144131 R419Q Tolerated 0.43 Probably 1.000 Deleterious -3.159 Probably 0,74
damaging damaging
rs992623773 K422R Tolerated 0.51 Benign 0.002 Neutral 0.820 Probably 0,57
damaging
rs2137523694 K422N Tolerated 0.41 Probably 0.990 Deleterious -2.776 Probably 0,57
damaging damaging
rs765555527 R423C Deleterious | 0.03 Probably 1.000 Deleterious -7.208 Probably 0,89
damaging damaging
rs1954546092 E425Q Tolerated 0.36 Probably 0.996 Deleterious -2.599 Probably 0,86
damaging damaging
rs7487855 E425D Tolerated 0.52 Probably 0.997 Deleterious -2.732 Probably 0,86
damaging damaging
rs2389105 E426D Tolerated 0.56 Benign 0.044 Neutral -2.144 Probably 0,85
damaging
rs1954547304 L429V Tolerated 0.44 Possibly 0.882 Deleterious -2.668 Probably 0,85
damaging damaging
rs1954547304 L429F Tolerated 0.46 Probably 0.996 Deleterious -3.690 Probably 0,85
damaging damaging
rs905283579 R430C Deleterious | 0.01 Probably 1.000 Deleterious -7.509 Probably 0,85
damaging damaging
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rs2137523963 R430H Tolerated 0.06 Probably 1.000 Deleterious -4.643 Probably 0,85
damaging damaging
rs1064794656 C431Y Deleterious 0.02 Probably 1.000 Deleterious -10.508 Probably 0,89
damaging damaging
rs879253874 C446F Tolerated 0.09 Probably 1.000 Deleterious -9.755 Probably 0,89
damaging damaging
rs756107898 S447T Tolerated 0.81 Benign 0.282 Neutral -1.596 Probably 0,57
damaging
rs1954550069 Y449C Tolerated 0.18 Probably 0.999 Deleterious -3.024 Probably 0,74
damaging damaging
rs938122399 S450G Tolerated 0.54 Benign 0.074 Neutral -1.078 Probably 0,57
damaging
rs1555125923 S450N Tolerated 0.52 Benign 0.004 Neutral -1.098 Probably 0,57
damaging
rs1387186009 T4511 Tolerated 0.21 Probably 0.992 Deleterious -2.962 Probably 0,74
damaging damaging
rs2137527527 L4558 Tolerated 0.79 Probably 0.976 Deleterious -3.664 Probably 0,85
damaging damaging
rs777512650 R456Q Deleterious | 0.04 Probably 0.992 Deleterious -3.703 Probably 0,89
damaging damaging
rs1954579484 L460V Deleterious | 0.00 Probably 0.987 Deleterious -2.580 Probably 0,89
damaging damaging
rs952702570 H461Q Tolerated 0.47 Possibly 0.931 Deleterious -5.725 Probably 0,85
damaging damaging
rs890708529 1464V Tolerated 0.50 Probably 0.968 Neutral -0,793 Probably 0,85
damaging damaging
rs984565210 V4651 Tolerated 0.85 Benign 0.001 Neutral -0,733 Probably 0,85
damaging
rs1954580078 E466D Tolerated 0.12 Benign 0.001 Neutral -0,253 Probably 0,85
damaging
rs1954580247 T469A Tolerated 0.59 Benign 0.016 Deleterious -3.501 Probably 0,85
damaging
rs1039126845 C470F Tolerated 0.05 Benign 0.193 Neutral -1.290 Probably 0,5
damaging
rs747468677 R473C Deleterious | 0.00 Probably 1.000 Deleterious -6.734 Probably 0,85
damaging damaging
rs900218595 R473H Deleterious | 0.02 Probably 1.000 Deleterious -4.181 Probably 0,85
damaging damaging
rs1954581292 R475K Tolerated 0.98 Probably 0.986 Deleterious -2.780 Probably 0,85
damaging damaging
rs1165349966 R475S Tolerated 0.93 Probably 1.000 Deleterious -5.561 Probably 0,85
damaging damaging
rs781743377 V478L Tolerated 0.29 Benign 0.003 Neutral -1.258 Probably 0,57
damaging
rs771442203 V487L Tolerated 0.07 Benign 0.062 Deleterious -2.639 Probably 0,85
damaging
rs771442203 V487TM Deleterious | 0.01 Possibly 0.578 Deleterious -2.739 Probably 0,85
damaging damaging
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rs746203446 A488T Tolerated 0.28 Possibly 0.513 Deleterious -3.177 Probably 0,85
damaging damaging
rs770290056 1489V Tolerated 0.44 Benign 0.051 Neutral -0,896 Probably 0,85
damaging
rs1446428064 Y493C Deleterious | 0.00 Probably 1.000 Deleterious -8.516 Probably 0,89
damaging damaging
rs1215143262 D503V Tolerated 0.06 Benign 0.262 Deleterious -4.651 Probably 0,85
damaging
rs1194462799 C505Y Tolerated 0.31 Benign 0.000 Neutral -2.278 Probably 0,57
damaging
rs768715602 M5081 Tolerated 0.19 Benign 0.000 Neutral 0,028 Probably 0,57
damaging
rs148686457 1512T Deleterious | 0.04 Benign 0.178 Neutral -1.792 Probably 0,57
damaging
rs756456130 R5171 Tolerated 0.12 Possibly 0.687 Neutral -1.788 Probably 0,57
damaging damaging
rs1954938694 N518Y Deleterious 0.05 Probably 0.984 Neutral -2.347 Probably 0,57
damaging damaging
rs1378374416 N518S Tolerated 0.75 Benign 0.036 Neutral -0.975 Probably 0,57
damaging
rs780603647 R519K Deleterious | 0.00 Benign 0.116 Neutral -0.213 Probably 0,57
damaging
rs201966248 L520P Tolerated 0.08 Benign 0.156 Neutral -0.404 Probably 0,5
damaging
rs1031075173 L5248 Deleterious | 0.01 Benign 0.002 Neutral -0.375 Probably 0,57
damaging
rs2137562786 AS527T Tolerated 0.57 Benign 0.001 Neutral 0.253 Probably 0,5
damaging
rs1466811479 AS527V Tolerated 0.29 Benign 0.005 Neutral -0.522 Probably 0,5
damaging
rs778877877 V528L Tolerated 0.50 Benign 0.002 Neutral -0.673 Probably 0,57
damaging
rs1334908137 S529P Tolerated 0.26 Benign 0.000 Neutral -0.989 Probably 0,27
benign
rs748215133 R530Q Tolerated 0.62 Probably 0.983 Neutral -0.688 Probably 0,57
damaging damaging
rs748215133 RS530P Tolerated 0.12 Probably 0.997 Neutral -2.091 Probably 0,57
damaging damaging
rs773474698 DS3IN Tolerated 0.28 Possibly 0.952 Neutral -0.116 Probably 0,5
damaging damaging
rs1233977568 KS532E Tolerated 0.58 Probably 0.991 Neutral -0.369 Probably 0,57
damaging damaging
rs771229782 S534P Tolerated 0.31 Benign 0.072 Neutral -0.988 Probably 0,5
damaging
rs1955006896 S534C Tolerated 0.07 Benign 0.214 Neutral -1.616 Probably 0,5
damaging
rs200201471 V5361 Tolerated 0.59 Benign 0.001 Neutral -0.349 Probably 0,5
damaging
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rs1272468730 V536A Tolerated 0.63 Benign 0.000 Neutral 0.099 Probably 0,5
damaging
rs561705501 P537A Tolerated 0.57 Benign 0.070 Neutral -0.867 Probably 0,5
damaging
rs1226529797 P537L Tolerated 0.07 Benign 0.001 Neutral -1.309 Probably 0,5
damaging
rs971412136 S538G Tolerated 0.37 Benign 0.000 Neutral -0.423 Probably 0,27
benign
rs1955008090 AS539V Tolerated 0.34 Benign 0.000 Neutral -0.288 Probably 0,27
benign
rs768489890 A541V Tolerated 0.29 Benign 0.000 Neutral 0.063 Probably 0,57
damaging
rs535907248 P542S Tolerated 0.84 Benign 0.000 Neutral -0.122 Probably 0,57
damaging
rs1284507721 P542L Tolerated 0.09 Benign 0.041 Neutral -0.788 Probably 0,57
damaging
rs1955008918 S544P Tolerated 0.32 Benign 0.000 Neutral -0.797 Probably 0,57
damaging
rs761296463 S544F Deleterious | 0.05 Benign 0.054 Neutral -1.525 Probably 0,57
damaging
rs777005596 E546D Tolerated 0.63 Benign 0.000 Neutral -0.123 Probably 0,5
damaging
rs767021397 P547A Tolerated 0.62 Benign 0.001 Neutral -1.242 Probably 0,5
damaging
rs767021397 P547S Tolerated 0.58 Benign 0.000 Neutral -1.153 Probably 0,5
damaging
rs146565893 P547L Tolerated 0.27 Benign 0.000 Neutral -1.433 Probably 0,5
damaging
rs761934549 P549S Tolerated 0.73 Benign 0.000 Neutral -0.258 Probably 0,27
benign
rs754204113 P549H Tolerated 0.14 Benign 0.073 Neutral -0.893 Probably 0,27
benign
rs754204113 P549R Tolerated 0.59 Benign 0.022 Neutral -0.789 Probably 0,27
benign
rs367627379 A550T Tolerated 0.41 Benign 0.355 Neutral -0.367 Probably 0,5
damaging
rs367627379 AS50P Tolerated 0.24 Benign 0.001 Neutral -0.399 Probably 0,5
damaging
rs143236486 AS50V Tolerated 0.31 Benign 0.001 Neutral -0.380 Probably 0,5
damaging
rs143236486 A550D Tolerated 0.18 Benign 0.255 Neutral -0.496 Probably 0,5
damaging
rs151232689 AS51T Tolerated 0.41 Benign 0.000 Neutral -0.227 Probably 0,5
damaging
rs1415174785 AS51V Tolerated 0.51 Benign 0.047 Neutral -0.222 Probably 0,5
damaging
rs757559862 E554K Tolerated 0.59 Benign 0.012 Neutral 0.009 Probably 0,5
damaging
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rs770791053 AS555G Tolerated 0.57 Benign 0.039 Neutral -0.653 Probably 0,5
damaging
rs1041131420 D556G Tolerated 0.15 Benign 0.094 Neutral -0.383 Probably 0,5
damaging
rs1955013677 G557S Tolerated 0.56 Benign 0.039 Neutral -0.299 Probably 0,5
damaging
rs1205195941 G557D Tolerated 0.87 Benign 0.089 Neutral -0.445 Probably 0,5
damaging
rs1955040841 D562V Tolerated 0.33 Benign 0.001 Neutral -0.433 Probably 0,27
benign
rs747853679 S563G Tolerated 0.36 Benign 0.003 Neutral -0.063 Probably 0,5
damaging
rs908267163 S563R Tolerated 0.49 Benign 0.037 Neutral -0.405 Probably 0,5
damaging
rs1396008534 E566K Tolerated 0.53 Benign 0.000 Neutral -0.264 Probably 0,5
damaging
rs201599334 V570A Tolerated 0.61 Benign 0.000 Neutral -0.131 Probably 0,5
damaging
rs1297238215 A571P Tolerated 0.33 Benign 0.001 Neutral -0.058 Probably 0,27
benign
rs1443489945 AS571V Tolerated 0.88 Benign 0.001 Neutral -0.921 Probably 0,27
benign
rs200121892 S572C Tolerated 0.11 Benign 0.002 Neutral -1.900 Probably 0,27
benign
rs200121892 S572F Tolerated 0.32 Benign 0.001 Neutral -1.482 Probably 0,27
benign
rs1955182322 G575S Tolerated 0.79 Benign 0.001 Neutral -0.736 Probably 0,27
benign
rs746931612 G575D Tolerated 0.63 Benign 0.074 Neutral -1.181 Probably 0,27
benign
rs140385935 V5771 Tolerated 0.20 Benign 0.000 Neutral -0.049 Probably 0,5
benign
rs140385935 V577L Tolerated 0.31 Benign 0.000 Neutral -0.216 Probably 0,5
damaging
rs1955183586 D579G Tolerated 0.28 Benign 0.000 Neutral -0.477 Probably 0,57
damaging
rs1187287636 G580D Tolerated 0.52 Benign 0.000 Neutral -1.040 Probably 0,57
damaging
rs745309773 PS84A Tolerated 0.82 Benign 0.000 Neutral -0.069 Probably 0,5
damaging
rs1955184846 P584L Tolerated 0.35 Benign 0.000 Neutral -1.141 Probably 0,5
damaging
rs2137588675 T585A Tolerated 1.00 Benign 0.000 Neutral -0.067 Probably 0,5
damaging
rs1470456176 T586A Tolerated 0.11 Benign 0.002 Neutral -0.267 Probably 0,57
damaging
rs1955185543 N588S Tolerated 0.78 Benign 0.001 Neutral -0.593 Probably 0,57
damaging
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rs1430413582 R590K Tolerated 1.00 Benign 0.007 Neutral -0.506 Probably 0,57
damaging
rs774993840 M5921 Tolerated 0.76 Benign 0.004 Neutral -0.918 Probably 0,57
damaging
rs749727800 K594Q Tolerated 0.51 Benign 0.282 Neutral -0.625 Probably 0,57
damaging
rs2137588835 K594T Tolerated 0.62 Benign 0.002 Neutral -0.839 Probably 0,57
damaging
rs142350144 E600A Tolerated 0.24 Benign 0.154 Neutral -1.130 Probably 0,57
damaging
rs1373025030 S607P Tolerated 0.33 Benign 0.000 Neutral -0.759 Probably 0,5
damaging
rs1592688400 K608Q Tolerated 0.44 Benign 0.242 Neutral -0.987 Probably 0,5
damaging
rs970542018 K608N Tolerated 0.31 Benign 0.001 Neutral -0.595 Probably 0,5
damaging
rs1719280410 P609S Tolerated 1.00 Benign 0.037 Neutral -1.079 Probably 0,5
damaging
rs1955188051 P609L Tolerated 0.45 Benign 0.000 Deleterious -2.542 Probably 0,5
damaging
rs138133550 1612L Tolerated 0.74 Benign 0.000 Neutral 0.080 Probably 0,5
damaging
rs138133550 1612V Tolerated 1.00 Benign 0.000 Neutral -0.187 Probably 0,5
damaging
rs138133550 1612F Tolerated 0.49 Benign 0.035 Neutral -0.507 Probably 0,5
damaging
rs2137589113 1612T Tolerated 0.31 Benign 0.000 Neutral 0.086 Probably 0,5
damaging
rs760612084 M613T Tolerated 0.95 Benign 0.001 Neutral -0.163 Probably 0,5
damaging
rs1362063625 Mo6131 Tolerated 0.49 Benign 0.000 Neutral -0.818 Probably 0,5
damaging
rs1955189043 P614A Tolerated 0.71 Benign 0.005 Neutral -1.967 Probably 0,85
damaging
rs374816038 A615P Tolerated 0.22 Benign 0.001 Neutral -1.370 Probably 0,57
damaging
rs1955189777 S616N Tolerated 0.46 Possibly 0.745 Neutral -1.218 Probably 0,57
damaging damaging
rs753979883 P617S Tolerated 0.78 Benign 0.038 Neutral -2.389 Probably 0,57
damaging
rs1412594768 G620S Tolerated 0.40 Benign 0.021 Neutral -0.776 Probably 0,57
damaging
rs143592037 G620A Tolerated 0.12 Benign 0.245 Neutral -1.001 Probably 0,57
damaging
rs2137589345 H621P Tolerated 0.34 Benign 0.001 Neutral -1.245 Probably 0,85
damaging
rs757191582 V623M Tolerated 0.17 Probably 0.973 Neutral -1.746 Probably 0,85
damaging damaging
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rs757191582 V623L Tolerated 0.67 Benign 0.249 Neutral -1.576 Probably 0,85
damaging

rs1955192288 N624S Tolerated 0.82 Possibly 0.467 Deleterious -3.133 Probably 0,85
damaging damaging

rs1486237466 L626V Tolerated 1.00 Probably 0.990 Neutral -1.973 Probably 0,85
damaging damaging

rs1186108950 D627H Tolerated 0.26 Probably 0.989 Deleterious -3.478 Probably 0,74
damaging damaging

rs1399579227 P631A Tolerated 0.32 Possibly 0.830 Deleterious -2.512 Probably 0,85
damaging damaging

rs1228666743 V6321 Tolerated 0.47 Benign 0.038 Neutral -0.424 Probably 0,74
damaging

rs1156401234 A633T Tolerated 0.53 Benign 0.025 Neutral -0.648 Probably 0,57
damaging

rs1955210177 A633V Tolerated 0.38 Possibly 0.653 Neutral -2.398 Probably 0,57
damaging damaging

rs1334083521 R634Q Tolerated 0.42 Probably 1.000 Deleterious -3.208 Probably 0,85
damaging damaging

rs1324806947 K635T Tolerated 0.98 Possibly 0.947 Deleterious -4.320 Probably 0,85
damaging damaging

rs536594496 A638T Tolerated 0.14 Benign 0.161 Neutral -0.660 Probably 0,57
damaging

rs1011225865 R639W | Deleterious | 0.00 Probably 1.000 Deleterious -6.968 Probably 0,85
damaging damaging

rs1372606763 E640Q Deleterious | 0.00 Probably 1.000 Deleterious -2.634 Probably 0,89
damaging damaging

rs1223281402 QO641E Tolerated 1.00 Benign 0.334 Neutral -2.272 Probably 0,85
damaging

rs754678039 Q641P Tolerated 0.22 Probably 0.996 Deleterious -4.838 Probably 0,85
damaging damaging

rs778646236 R642Q Tolerated 0.27 Probably 0.999 Neutral -2.408 Probably 0,85
damaging damaging

rs1214515254 C644R Deleterious | 0.04 Probably 1.000 Deleterious -9.168 Probably 0,85
damaging damaging

rs376966743 C644Y Deleterious | 0.03 Probably 0.999 Deleterious -8.323 Probably 0,85
damaging damaging

rs369974940 E648Q Tolerated 0.06 Probably 0.963 Neutral -1.797 Probably 0,57
damaging damaging

rs373262213 K6521 Tolerated 0.24 Probably 0.989 Deleterious -5.923 Probably 0,85
damaging damaging

rs747496322 1657V Tolerated 0.09 Probably 0.996 Neutral -0.945 Probably 0,89
damaging damaging

rs1757976722 V6581 Tolerated 0.29 Possibly 0.763 Neutral -0.767 Probably 0,89
damaging damaging

rs776581804 R659S Deleterious 0.02 Probably 1.000 Deleterious -5.400 Probably 0,89
damaging damaging

rs1388194070 K660T Deleterious | 0.03 Probably 1.000 Deleterious -5.667 Probably 0,89
damaging damaging
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rs138697096 1662T Deleterious | 0.01 Probably 0.997 Deleterious -4.603 Probably 0,89
damaging damaging

rs1002656329 D664G Deleterious 0.00 Probably 1.000 Deleterious -6.612 Probably 0,89
damaging damaging

rs1955385587 V6701 Tolerated 1.00 Benign 0.050 Neutral -0.038 Probably 0.57
damaging

rs1955385587 V670L Tolerated 0.25 Benign 0.450 Neutral -1.925 Probably 0.57
damaging

rs535793293 H672N Tolerated 0.25 Benign 0.332 Deleterious -5.428 Probably 0.89
damaging

rs535793293 H672Y Tolerated 0.69 Probably 0.999 Deleterious -5.050 Probably 0,89
damaging damaging

rs1418477326 N676S Tolerated 0.24 Possibly 0.952 Deleterious -4.720 Probably 0,89
damaging damaging

rs863223952 V678M Tolerated 0.06 Probably 0.986 Deleterious -2.765 Probably 0,85
damaging damaging

rs2137611567 K679Q Deleterious 0.00 Benign 0.052 Deleterious -2862 Probably 0,74
damaging

rs2137611597 D680N Tolerated 0.30 Probably 0.997 Deleterious -3.945 Probably 0,85
damaging damaging

rs2137611620 D680G Tolerated 0.22 Probably 0.997 Deleterious -5.886 Probably 0,85
damaging damaging

rs769836116 E685G Tolerated 0.26 Probably 0.986 Deleterious -6.094 Probably 0,85
damaging damaging

rs1338793113 L686P Deleterious | 0.01 Probably 1.000 Deleterious -6.561 Probably 0,89
damaging damaging

rs1955388252 V687A Deleterious | 0.02 Possibly 0.952 Deleterious -3.749 Probably 0,89
damaging damaging

rs1339087646 Q689H Deleterious | 0.04 Benign 0.013 Neutral -0.277 Probably 0,85
damaging

rs1565548029 Y691C Deleterious 0.00 Probably 0.999 Deleterious -8.436 Probably 0,89
damaging damaging

rs1955389898 D697Y Deleterious | 0.01 Possibly 0.770 Deleterious -5.202 Probably 0,57
damaging damaging

rs772887555 D697E Tolerated 0.98 Benign 0.003 Neutral -0.625 Probably 0,57
damaging

rs1281269050 D698G Tolerated 0.07 Benign 0.001 Neutral -2.286 Probably 0,57
damaging

rs1955390541 L699V Deleterious | 0.03 Probably 0.980 Deleterious -2.710 Probably 0,89
damaging damaging

rs1432284979 T7011 Tolerated 0.21 Benign 0.056 Deleterious -2.574 Probably 0,57
damaging

rs1211063636 A707E Tolerated 0.38 Probably 1.000 Deleterious -3.692 Probably 0,85
damaging damaging

rs558042817 R709C Deleterious 0.02 Probably 1.000 Deleterious -6.770 Probably 0,57
damaging damaging

rs776702636 R709H Tolerated 0.07 Probably 1.000 Deleterious -4.098 Probably 0,57
damaging damaging

83



Annex

rs2137612346 R710G Deleterious | 0.00 Probably 1.000 Deleterious -6.402 Probably 0,89
damaging damaging
rs58202873 R710K Deleterious 0.00 Probably 1.000 Deleterious -2.739 Probably 0,89
damaging damaging
rs1241205476 K711T Tolerated 0.06 Benign 0.014 Deleterious -3.889 Probably 0,5
damaging
rs759154998 E712A Tolerated 0.59 Probably 0.986 Deleterious -5.067 Probably 0,85
damaging damaging
rs764865265 M716V Tolerated 0.42 Possibly 0.599 Deleterious -3.499 Probably 0,89
damaging damaging
rs752217265 M716K | Tolerated 0.22 Probably 0.981 Deleterious -5.325 Probably 0,89
damaging damaging
rs752217265 M716T Tolerated 1.00 Probably 0.962 Deleterious -5.114 Probably 0,89
damaging damaging
rs1457496434 A719S Tolerated 0.16 Probably 0.998 Neutral -2.496 Probably 0,85
damaging damaging
rs575528259 AT723T Deleterious 0.00 Probably 1.000 Deleterious -3.561 Probably 0,89
damaging damaging
rs1328208349 S724N Tolerated 0.88 Benign 0.050 Neutral -1.219 Probably 0,74
damaging
rs368684474 Q725E Tolerated 0.99 Possibly 0.881 Neutral -0,916 Probably 0,85
damaging damaging
rs757613675 1727T Deleterious | 0.02 Probably 0.996 Deleterious -4.123 Probably 0,85
damaging damaging
rs750745310 R731W | Deleterious | 0.00 Probably 1.000 Deleterious -7.257 Probably 0,85
damaging damaging
rs1955454521 L735V Deleterious | 0.00 Benign 0.025 Neutral -0,675 Probably 0,74
damaging
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