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(1) Variations inter-especes




Activités

1.1 ‘Voir’ 'unicité/diversité en comparant des séquences de protéines (1) (Align@UniProt)
1.2 ‘Voir’ 'unicité/diversité en comparant des séquences de protéines (2) (Align@UniProt)

2.1 Comparer des séquences ADN de mitochondrie (Néanderthal, ‘mon génome’, chimpanzé, etc...)
(Align@UniProt)

2.2 Comparer les séquence ADN de mitochondrie de 60 individus (Align@UniProt)

2.3 Comparer une séquence ADN de mitochondrie avec le génome de référence et repérer les SNP
(BLAT@UCSC) (expert)

2.3 bis Comparer la séquence ADN de mitochondrie de ‘mon génome’ avec le génome de référence et
repérer les SNP (BLAT@UCSC) (expert)

2.4 Comparer une séquence ADN de mitochondrie humain avec le génome différentes especes
(BLAT@UCSC); ‘Voir’ I'unicité/diversité

2.5 Annotation des variants dans UniProtKB/Swiss-Prot (TAS2R38, CFTR, BRCA1)

2.6 ‘Voir’ les variations génétiques de Arabidopsis Thaliana

2.7 Une famille, un arbre généalogique, une maladie génétique: exemple complet

3.1 ‘Trouver’ une variation somatique associée avec le mélanome (Align@UniProt)
3.2 Traitement personnalisé: exemple BRAF
Variations somatiques chez les plantes....

http://education.expasy.org/cours/P017421/



http://education.expasy.org/cours/PO17421/

ADN vu au microscope électronique a balayage

Giles Sparrow ‘La nature vue de trés prés’; agrandissement 80°000x

ttacaagcatgcaccaccacgcccagctaatcttgtattt
aatgttcgtacgtggtggtgcgggtcgattagaacataaa

Chromosome Séquence ADN

ﬂ Séquence protéine

Swiss Institute of
Bioinformatics



De ’ADN aux protéines...

ggatatcggtgag  reférence ?
*

ggatattggtgag  Mile xxxx

Chromosome 10

Génotype & Phénotype

Association statistique (GWAS)
Analyse fonctionnelle de la protéine (expérimentale)
Génétique des population (fréquence)



e Les techniques de sequencage de '’ADN:
— NGS (Next Generation Sequencing)
— 10 x coverage (minimum)

— Validation des variants avec la bonne vieille
méthode Sanger....

Sanger Validation of NextGen Sequencing Variants:
“Of over 5,800 NGS-derived variants, 19 were not
validated by Sanger data. “ (PMC4878677)



Variations par

rapport a une

séquence de
référence

https://m.simplyscience.ch/le-monde-des-genes/articles/le-mond

LES MUTATIONS SONT DES ERREURS DANS L’ADN
(DNA). TOUTES LES ERREURS N’ONT PAS DE

REPERCEUSSIONS, CERTAINES SONT INOFFENSIVES,
MAIS MAIS D’AUTRES PEUVENT RFESVAGRASE ETRE

GRAVES. LES MUTATIONS SONT COMME DES FAUTES
DE FRAPPE. LE SENS DU TEXTE PET CHANGRE UQO PAS...
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Activite 1.1

‘Voir’ l'unicité/diversité en comparant des séquences de
protéines (1) (Align@UniProt)

‘Voir’ I’évolution en comparant des séquences de protéines....

Aligner les séquences d’'une méme protéine chez différentes especes
Choisir différentes protéines; garder les méme especes
www.uniprot.org, align



http://www.uniprot.org/

Depuis le site www.uniprot.org:

Taper un nom de gene (ACTB)
Cliguer sur ‘Reviewed’ et ‘Gene name’

Q, search

mapping Peptide Help Contact

To improve security and privacy, we are moving our web pages and services from HTTP to HTTPS.

To give users of web services time to fransttion to HTTPS, we will support separate HTTP and HTTPS services until June 20, 2018.
From this date, the HTTP traffic will be automatically redirected to HTTPS.

More information or view this page using hitps

UniProtKB ults @ 2bout Unirotks [

& Download # Columns > <l 1to250of 4,151 p Show 25

..

P60709 ACTB_HUMAN H Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] Homo sapiens (Human)

Filter by’

*dl Reviewed (202)
Swiss-Prot

Unreviewed (3,945)

TrEMBL PO7830 ACT1_DICDI E Major actin (Actin A1) (Actin A12) (Actin A8) (Actin III) (Actin M6) (Actin-1) (Actin-11) (Actin-12) (Actin-13) (Actin-14) (Actin-15) (Actin-16) actl actia, Dictyostelium discoideum (Slime mold) 376
- (Actin-19) (Actin-2) (Actin-2-sub 1) (Actin-20) (Actin-21) (Actin-3a) (Actin-4) (Actin-5) (Actin-6) (Actin-7) (Actin-8) (Actin-9) (Actin-IEL1) DDB_G0289553
Popular organisms act2 act2-1,
M (68) DDB_G0274133
ouse acta DDB_G0289005
Humnan (65) act5 DDB_G0289663
act6 DDB_G0274135
Rat (26) act? DDB_G0280545
Bovine (18) e Ctrl+
PE0710 ACTB_MOUSE ﬁ Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] Actb Mus musculus {(Mouse) 375
Zebrafish (12) -
PE0711 ACTB_RAT ﬁ Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] Actb Rattus norvegicus (Rat) 375
Other organisms *
“ PO04626  ERBBZ_HUMAN Receptor tyrosine-protein kinase erbB-2 (EC 2.7.10.1) {Metastatic lymph node gene 19 pratein) (MLN 19) (Proto-oncogene Neu) (Proto-  ERBB2 HERZ, MLN19,  Homo sapiens (Human) 1,255
e oncogene c-ErbB-2) (Tyrosine kinase-type cell surface receptor HER2) (p185erbB2) (CD antigen CD340) NEU, NGL
Q08211 DHX9_HUMAN ﬁ ATP-dependent RNA helicase A (EC 3.6.4.13) (DEAH box protein 8) (DExH-box helicase 9) (Leukophysin) (LKP) (Muclear DNA helicase II) DHX9 DDXS, LKP, Homo sapiens (Human) 1,270
Search terms =% (NDH 11) (RNA helicase A) NDHZ
Filter "actb” as: PE0706 ACTE_CHICK ﬁ Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] ACTB Gallus gallus (Chicken) 375
*
gene name (594) *
protein name (30) Q711N3 ACTB_MESAU ‘E Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] ACTB Mesocricetus auratus (Golden hamster) 375
strain (2) 018840 ACTB_CANLF & Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] ACTB Canis lupus familiaris (Dog) (Canis 375
- familiaris)

taxonomy (2]
v (2) QSREGOD ACTB_PONAE Wy Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed] ACTB Pongo abelii {Sumatran orangutan) 375



http://www.uniprot.org/

Sélectionner HUMAN, PANTR (Chimp), MOUSE, RAT, XENLA, CHICKEN
Liste des codes des espéces utilisée dans UniProtKB: http://www.uniprot.org/docs/speclist

Cliquer sur ‘Align’

UniProtKB results
Filter by’

= Align

& Download 'l Add to basket

# Columns =

Show 100

@ About UniProf

1to 33 of 33

Show 50 w

Reviewed (3.

Swiss-Prot

Popular organisms

Bovine (1)
Human (1)
Mouse (1)

Rat (1)

Slime mold (1)

Other organisms

Go

Search terms
Filter "actb" as:

View by

Results table

Taxonomy

Keywords
Gene Ontology
Enzyme class

Pathway

UniRef

Your results in sequence clusters with identity
of:
100%, 90% or 50%

Demo

Show enly exact matches for actb

P&0709

P0O7830

Q711N9

018840

QSREGO

PE0712

QEQAQL

P29751

P79818

ACTB_HUMAN

ACT1_DICDI

ACTB_RAT

ACTB_MOUSE

ACTB_CHICK

ACTB_MESAU

ACTB_CANLF

ACTB_PONAB

ACTE_BOVIN

ACTB_PIG

ACTE_RABIT

ACTB_ORYLA

ACTB_XENLA

6 result(s) selected. (Clear selection)

a Actin, cytoplasmic 1 (Beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed]

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Seta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1 (Beta-actin) [Cleaved into:

Actin, cytoplasmic 1,

Actin, oytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

Actin, cytoplasmic 1,

1 Major actin (Adtin A1) (Actin A12) (Actin AS) (Actin III) (Actin M6) (Actin-1) (Actin-11) (Actin-12) (Adtin-13) (Actin-14) (Actin-15) (Actin-16)
[Actin-19) (Actin-2) (Actin-2-sub 1) (Actin-20) [Actin-21) (Actin-3a) (Actin-4) (Actin-5) (Actin-6) (Actin-7) (Actin-8) (Actin-8) (Actin-IEL1)

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

N-terminally processed]

Actin, cytoplasmic 1 (Seta-actin) (OICAL) [Cleaved inte: Actin, cytoplasmic 1, N-terminally processed]

Actin, cytoplasmic 1 (Beta-actin) (Cytoplasmic beta-actin) [Cleaved into: Actin, cytoplasmic 1, N-terminally processed]

ACTB

actl actia,
DDB_G0289553
act2 act2-1,
DDB_G0274133
act4 DDB_G0289005
act5 DDB_G0289663
acté DDB_G0274135
act? DDB_G0280545
e

Actb

Acth

ACTB

ACTB

ACTB

ACTB

ACTB

ACTB

ACTB

I S

Homo sapiens (Human)

Dictyostelium discoideum (Slime mold)

Rattus norvegicus (Rat)

Mus musculus (Mouse)

Gallus gallus (Chicken)

Mesocricetus auratus (Golden' hamster)

Canis lupus familiaris (Dog) (Canis
familiaris)

Pongo abelii (Sumatran orangutan) (Pongo
pygmaeus abelii)

Bos taurus (Bovine)

Sus scrofa (Pig)

Oryctolagus cuniculus (Rabbit)
Oryzias latipes (Japanese rice fish)

(Japanese killifish)

Xenopus laevis (African clawed frog)

x



http://www.uniprot.org/docs/speclist

Cliquer sur ‘Similarity’ ACTB

Alignment A“gnment
Tree
& How to print an alignment in color
Result info
PE0709 ACTE_HUMAN 1 &0
. . PE0711 ACTE_RAT 1 &0
nghllght DEOT10 ACTE MOUSE 1 &a
- DE0706 ACTE_CHICK 1 &0
i 033400 ACTE_XENLA 1 &0
Annotation QER1X3 ACTE_PANTR 1 &0
Initiator methionine
Sequence conflict PE0705 ACTE_HUMAN &1 120
DE0711 ACTE_RAT &1 120
Modified residue PE0710 ACTE_MOUSE &1 120
] DPE0706 ACTE_CHICE &1 120
Natural variant 0923400 ACTE XENLEL &1 1z0
. QSR1¥3 ACTE_PRNTER &1 120
Chain =
Cross-link PE0709 ACTB_HUMAN 121 180
PE0711 ACTE_RAT 121 180
Amino acid pr es PE0710 ACTE_MOUSE 121 180
PE0706 ACTE_CHICK 121 180
Similarity 053400 ACTE_XENLE 1z1 180
Hydrophobic @SR1X3 ACTE_DANTER 121 130
Negative PE0703 ACTB HUMAN 181 240
Positive PE0711 ACTE_BAT 181 240
DE0710 ACTE_MOUSE 181 240
Aliphatic PE0706 ACTE_CHICE 181 240
) 093400 ACTE_XENLA 181 240
Tiny QSR1¥3 ACTE_PANTER 181 240
Aromatic
PE0709 ACTB_HUMAN 241 300
Charged PE0711 ACTE_RAT zal 300
Small PE0710 ACTE_MOUSE 241 300
PE0706 ACTE_CHICE 241 300
Folar 033400 ACTE_XENLA 241 300
) @SR1X3 ACTE_DANTER z41 300
Big - e e e e e e e e e e e e e e e e e = e e e e e e e
Serine Threonine £60705 ACTE HUMAN 301 380
PE0711 ACTE_BAT 301 380
PE0710 ACTE_MOUSE 301 380
Demo DE0706 ACTB CHICK 301 380
033400 ACTE_XENLAE 301 380
. QSR1¥3 ACTE_PANTER 301 380
B Help video -
PE0709 ACTE_HUMAEN 261 375
P&0711 ACTE_RAT 381 375
PE0710 ACTE_MOUSE 381 375
PE0706 ACTE_CHICE 381 375
033400 ACTE_XENLE 381 375
@SR1X3 ACTE_DANTE 381 375




Alignment
Tree
Result info

Highlight

Annotation

Natural varnant
Chain

Turn
Cross-link
Helix

DNA binding
. ... .

Les génes évoluent a des vitesse différentes: le gene H4 (un ‘petit’ gene) est
particulierement conservé (Histone H4: beaucoup d’acides aminés chargés

Alignment

H4

& How to print an alignment in color

PeZa05 H4 HUMRN 1
PeZa0l H4 CHICE 1
PeZa0& H4 MOUSE 1
P84040 H4¢ DROME 1
Dg2305 H4 HUMRN &l
Peza0l H4_CHICE &l
De230& H4 MOUSE &l
PE4040 H4_ DROME &l

You may add additional sequences to this alignment (in FASTA format)

positivement (¢n vert) pour interagir avec I’ADN chargé négativement)

P62805
P62801
P62806
P84040

P62805
P62801
P62806
P84040

H4 HUMAN
H4 CHICK
H4 MOUSE
H4 DROME

H4 HUMAN
H4 CHICK
H4 MOUSE
H4 DROME

MSGRGKGGKGLGKGGAKRHREVLRDNIQGITKPATRRLARRGGVKRISGLIYEETRGVLK
MSGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLK
MSGRGKGGKGLGKGGAKRHREVLRDNIQGITKPATRRLARRGGVKRISGLIYEETRGVLK

MTGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLK
R L L s

e

61 VFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG
6l VFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG
61 VFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG

61 VFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG
hhkhkkhhhhkhhhkhhhhhhkhhhhhhhhhrhhdkhrhhhrhrhrdxr

60
60
60
60

103
103
103
103

&0
&0
&0
&0

103
103
103
103



MC1R

&, Download € Edit and resubmit

@ Alignment A“g nment
@ Tree ) ) )
& How to print an alignment in color
E Result info
QRO1726 MSHR HUMAN 1 VQESRERLLESLEST PTAI PRLELARNQT &0
. . Q01727 MSHE_MOUSE 1 STQEPQRSLLCSLNENA--TSELCLATNQSE 53
H 1g h |Ig h‘t QROTUK¢ MSHR PANTR 1 VESQRRLLESLESTPTAT PQLELARNQT &0
D55167 MSHE CHICK 1 SMLAPLALURE --SECNSIATACACCR] 53
Annotation : c - oo
E— QO1726 MSHR_HUMAN &1 120
Lipidation Q01727 MSHR MOUSE 59 118
Glycosylation QSTUK4 MSHR_DANTR &1 120
D55167 MSHR_CHICK 53 118
Sequence conflict
Topological domain Q01726 MSHR_HUMAN 121 120
. Q01727 MSHR_MOUSE 113 178
Natural variant [(STUK4 MSHR_EANTR 121 180
Chain P55167 MSHR_CHICK 119 178
Transmembrane
QRO1726 MSHR HUMAN 181 240
Mutagenesis Q01727 MSHR MOUSE 173 238
(STUK4 MSHE_DANTR 181 240
. . . D55167 MSHR CHICK 175 237
Amino acid properties -
@ Similarity Q01726 MSHR HUMAN 241 300
Hydrophobic QO1727 MSHR_MOUSE 233 238
QSTUK4 MSHR_DANTR 241 300
Negative P551&7 MSHE CHICE 238 287
Positive
linhati QO172& MSHR_HUMAN 301 317
Aliphatic Q01727 MSHE_MOUSE 299 31s
Tiny QSTUK4 MSHR_PANTR 301 317
P55167 MSHR_CHICK 298 314
Aromatic - Lk ks wew

Les genes évoluent a des vitesse différentes: MC1R évolue rapidement....



ACTB
Dans ce cas, I'alighement est tres mauvais, et ne peut pas étre interprété,
car les séquences sont trop différentes (voir peut-étre fausses (pas orthologues pour

Alignment
Tree

Result info

Alignment

ARATH (ACTN11) ...)

& How to print an alignment in color

PE0709 ACTE HUMAN 1  --MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFESIVERPRHOGVMVEMEOXDSYVEDEA 58
. . P60711 ACTE_RAT 1  --MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFESIVERPRHOCVMVEMCOXDSYVCDEA 58
nghllg ht PE0710 ACTB_MOUSE 1 --MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFESIVERPRHOCVMVEMCOKDSYVCDER 58
P60706 ACTB_CHICK 1 --MDDDIARLVVDNGSGMCKAGFAGDDADRAVFESIVERPRHOCVMVEMCCKDSYVCDER 58
- 0711N% ACTB_MESAU 1  --MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFE 58
Annotation 018840 ACTE CANLF 1 --MDDDIAALVVDNGSGMCKAGFAGCDDADRAVED 58
] chain Q5R6G0 ACTE_PONAB 1 --MDDDIARLVVDNGSGMCKAGFACDDADRAVFES F 58
) P24005 ARCTB DICDI 1 mmmm MAETKVAP\IL”GIEQTKA———GQQFI‘ERLS»-_EAM 31
1 Natural variant P53456 ACT11 ARATH 1  MADGEDIOQPLVCDNGTGMVKAGFAGDDAPRAVFESIVERPRHTCVMVEMCQE 60
I Turn PE0712 ACTEB_BOVIN 1  --MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFE G 58
e W W
[ Beta strand
] Modified residue P6070% ACTE_HUMAN 59 ©--SERGILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEAPLNPKANR 116
PE0711 ACTE RAT 55  0--SERCILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEADLNDEANR 116
[] sequence conflict P60710 ACTB_MOUSE 53  Q--SERCILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEADPLNDEANR 116
7 Helix P60706 RCTB_CHICK 55 Q--SERGILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEAPTNDKANR 116
Q711N% ACTE_MESAU 58  Q--SERCILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEADLNDEANR 116
[ compositional bias 018840 ACTE_CANLF 59  Q--SERCILTLEYPIEHGLVINWDDMERIWHHTFYNELRVAPEEHPVLLTEADPLNDEANR 116
I Cross-link Q5R6G0 ACTE_PONAB 55 Q--SERGILTLEYPTEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEAPTNDKANR 116
P24005 ACTB_DICDI 32 CNVAKLPES QOAVHEFLNAY ALV SHEREF———————— oo 63
[ mitiator methionine P53496 ACT11_ARATH 61 RGILTLRYPIEHGIVSNWDDMER IWHETFYNELRVAPEEHPVLLTEAPLNPEANR 118
PE0712 ACTE BOVIN 59 Q--SERGILTLEYPIEHGIVINWDDMERIWHHTFYNELRVAPEEHPVLLTEAPLNPRANR 116
- - * . * . . o= *

Amino acid properties
Similarity PE070% ACTEB_HUMAN 117 ERMTOIMFETENTPAMYVATQAVLSLYASERTTGIVME 176
PE0711 ACTE_RAT 117 ERMTOIMFETENTPAMYVATIQAVLSLYAS 176
[ Hydrophobic P60710 ACTE MOUSE 117 EEMTOIMFERENTPAMYVATQAVLSLYAS 176
] Negative PE0706 ACTB_CHICK 117 ERMTOIMFERENTPAMYVATQAVLSLY 176
Q711N9 ACTE_MESAU 117 ERMTOIMFETFNTPAMYVATQAVLSLYAS 176
[ positive 016840 ACTEB CANLF 117  EEMTOIMFETENTPAMYVAIQAVLSLY 176
[] Aliphatic Q5R6G0 ACTE_PONAB 117 EERMTOIMFETENTPAMYVATQAVLSLY DCVTHTVPIEEGYALPHAIL 176
P24005 ACTB DICDI 64  --IYSVGWETIKYADMH--—--——---- TQLVEKYDEENDLDFDIALY¥FYEQUCE--F 109
[ Tiny P53496 ACT1l ARATH 119 ERMTOIMFETENTPAMYVATQAVLSLYASERTTGIVLDSEDCVSHTVEINEGYALDHAIL 178
DAromatlc PE0712 ACTB_BOVIN 117 EEMTOIMFETFNTPAMYVAIQAVLSLYASGRTTGIVMBSEDGVTHTVPIYEGYALPHAIL 176

- - - WA - * - " - L - - - * - -

= .



Activité 1.2

‘Voir’ l'unicité/diversité en comparant des séquences de
protéines (2) (Align@UniProt)

‘Voir’ I’évolution en comparant des séquences de protéines....

Autre approche en partant des sets de séquences de protéines disponibles ici:
http://education.expasy.org/bioinformatique/Sequences/Liste prot evol.html|



http://education.expasy.org/bioinformatique/Sequences/Liste_prot_evol.html

‘Voir’ I'’évolution en comparant des séquences de protéines....

Sélectionner un set de séquence (format fasta)
http://education.expasy.org/bioinformatique/Sequences/Liste prot _evol.html

Choisir les séquences en fonction des especes
Liste des codes des espéces utilisée dans UniProtKB: http://www.uniprot.org/docs/speclist

Proposition: ajouter au fur et a mesure les séquences de protéines d’espéces
de plus en plus éloignées du point de vue de I’évolution ...

Coller les sequences sur le site www.uniprot.org/align

Cliquer sur ‘Run Align’

Depuis la page de résultats, a gauche: cliquer sur ‘Similarity’
Enlever manuellement les séquences qui posent probleme (trop différentes).


http://education.expasy.org/bioinformatique/Sequences/Liste_prot_evol.html
http://www.uniprot.org/docs/speclist
http://www.uniprot.org/align

primates

Pe07085
Q5R1X3
Q5SREG0O

Pe070%
Q5R1X3
Q5REG0O

Pe0708
Q5R1X3
Q5R6G0

Pe0708
Q5R1X3
QSReG0

P&0708
Q5R1X3
Q5R6G0

Pe0708
Q5SR1X3
Q5R6G0

P&0709
Q5SR1X3
Q5R6G0O

ACTB_HUMAN
ACTE PANTR
ACTE PONAB

ACTE HUMAN

ACTB_PANTR
ACTE PONAB

ACTE HUMAN
ACTB_PANTR
ACTE PONAB

ACTE HUMAN
ACTE PANTR
ACTB_PONAB

ACTE HUMAN
ACTE PANTR
ACTE PONAB

ACTE HUMAN

ACTE PANTR
ACTE PONAB

ACTE HUMAN
ACTE PANTR
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mammiferes

P&0705
O5R1X3
05R6G0
P&0711
o0PGG4
Pe0712
P48975

P&0705
Q5R1X3
O5R6GO
Pe0711
o0PGG4
P60712
P48975

P&0705
Q5R1X3
05R6G0
P&0711
Q0PGG4
Pe0712
P48975

P&0705
Q5R1X3
O5R6GO
Pe0711
COPGG4
P60712
P48975

P&0705
Q5R1X3
05R6G0
Pe0711
Q0PGG4
Pe0712
P48975

P&0705
O5R1X3
Q5R6GO
Pe0711
COPGG4
Pe0712
P48975

ACTB

HUMAN

ACTE DPANTR

ACTB

PONAB

ACTB

RAT

ACTB

BOSMU

ACTB

BOVIN

ACTB_CRIGR

ACTB

HUMAN

ACTE_DPANTR
ACTE_ PONAB

ACTB

RAT

ACTB

BOSMU

ACTB

BOVIN

ACTE2_CRIGR

ACTB

HUMAN

ACTE_DANTR

ACTB

PONAB

ACTB_RAT

ACTB

BOSMU

ACTB

BOVIN

ACTB_CRIGR

ACTB

HUMAN

ACTB

PANTR

ACTE PONAB

ACTB

RAT

ACTB

BOSMU

ACTB

BOVIN

ACTE2_CRIGR

ACTB

HUMAN

ACTE_DANTR
ACTE_PONAB

ACTB

RAT

ACTB

BOSMU

ACTB

BOVIN

ACTB_CRIGR

ACTB

HUMAN

ACTE_DANTR
ACTB_PONAE

ACTB

RAT

ACTB

BOSMU

ACTB

BOVIN

ACTB_CRIGR

6l
6l
&6l
6l
6l
6l
6l

121
121
121
121
121
121
121

181
181
181
181
181
181
181

241
241
241
241
241
241
z41

301
301
301
301
301
301
301

3el
3el
3el
36l
3el
3el
36l

EE R T R 2 E R ittt ittt i i s

KRk A KR A KA A R A AN A A A A A A AN A kR kR Ak kR Wk Wk whd WAk R Rk W ok

R s T T T

115115115

IE11S] = 15

kR e e ok e e ok e e Rk

ACTB



ACTB

Vertébrés + plante

PE0709 ACTE HUMAN 179 b 1i v \AS 238
QS5R1X3 ACTE PANTR 179 T} "VALDF] A5 238
Q5R6G0 ACTE_PONAB 179 'VALDF] BRS 238
PE0711 ACTB RAT 179 T} VALDF] RS 238
QO0PGG4 ACTE_BOSMU 179 \Y F A5 238
pPE0712 ACTE BOVIN 179 I} VALDF] A5 238
P48975 ACTB CRIGR 179 T} "VALDF] A5 238
PE0706 ACTB CHICK 179 T} VALDF] BRS 238
0Q6P378 ACTG_XENTR 179 T} VALDF] BRS 238
Q6NVAS ACTE_XENTR 179 VALDF] AAS 238
pP30171 ACT11 SOLTU 181 = Xl T SKT 240
- H . - - - = :slsl(d(:slrsk
PE0709 ACTB_HUMAN 239 py 3y 298
0SR1X3 ACTE_DANTR 239 3 8T 298
QSREGO ACTE PONAB 239 ¥ A T 298
PE0711 ACTB RAT 239 p 2 T 298
Q0PGG4 ACTE_BOSMU 239 N A ] 298
P60712 ACTE BOVIN 239 3 A 298
P48975 ACTE CRIGR 239 3 T 298
pPE0706 ACTE CHICK 239 N ) T 298
Q6P378 ACTG XENTR 239 p A T 298
Q6NVAS ACTE XENTR 239 H ) 298
P30171 AcCT11 SOLTU 241 - I 300
E Rk R R Rk R Rk
PE0709 ACTE HUMAN 299 ] D) 358
Q5R1X3 ACTE PANTR 299 Y] D) 358
Q5R6G0 ACTE_PONAB 299 [ D) 358
PE0711 ACTB_RAT 299 Y] D) 358
Q0PGGE4 ACTE BOSMU 299 ] ] 358
PE0712 ACTE BOVIN 299 Y] D) 358
P48975 ACTB_CRIGR 299 Y| D) 358
PE0706 ACTB CHICK 299 Y] D) 358
06P378 ACTG_XENTR 299 Y] D) 358
QENVAS ACTE XENTR 299 Y] D) 358
P30171 ACT11 SOLTU 301 F 360
PE0709 ACTB_HUMAN 359 375
QSR1¥3 ACTE PANTR 359 375
QSREGO ACTE PONAB 359 375
PE0711 ACTB_RAT 359 375
Q0PGG4 ACTB BOSMU 359 375
PE0712 ACTB_BOVIN 359 375
p48975 ACTE CRIGR 359 375
PE0706 ACTB CHICK 359 375
Q6P378 ACTG XENTR 359 375
Q6NVAS ACTB XENTR 359 375
P30171 ACT11_SOLTU 361 377
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(1) Variations inter-especes
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(2) Variation intra-especes

e Génome de référence
* Variations génétiques



Génomes humains ‘en ligne’

 Genome Reference Consortium (GRCh)- public (13
individus) (génomes nucléaire + mitochondrial)

* Craig Venter — Celera (génome nucléaire)
* Néanderthal (génome mitochondrial)

En 2001, les revues Nature et Science publiaient une
premiere analyse de la séquence du génome humain.



http://www.ncbi.nlm.nih.gov/pubmed/11237011
http://www.ncbi.nlm.nih.gov/pubmed/11181995

Genome Reference Consortium (GRCh)

“As they are often assembled from the sequencing of DNA from
a number of donors, reference genomes do not accurately
represent the set of genes of any single person.

Instead a reference provides a haploid mosaic of different DNA
sequences from each donor. For example, GRCh38, the Genome
Reference Consortium human genome (build 38) is derived from
thirteen anonymous volunteers from Buffalo, New York.

The ABO blood group system differs among humans, but the

human reference genome contains only an O allele (although the
other alleles are annotated).”

Wikipedia



Genome Reference Consortium

Human Overview

Data

Human Genome |ssues

Human Genome Overview

Information about the continuing improvement of the human genome
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Ideogram of the latest human assembly, GRCh38.p12
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i Human Assembly Data

The GRC is working hard to provide the best possible reference assembly for human. Weas do this
by both generating multiple representations (alternate loci) for regions that are too complex to be
represented by a single path. Additionally, we are releasing regional fixes known as patches. This
allows users who are interested in a specific locus to get an improved representation without affecting
users who need chromosome coordinate stability.

Download data:
+ GRCh38.p12 (latest minor release) FTP
+ GRCh38 (latest major release) FTP
« Genomic regions under review FTP
» Current Tiling Path Files (TPFs)

Transitioning to GRCh38? Try the NCBI Remapping Service, which uses the same assembly-
assembly alignments used by the GRC.

Next assembly update
The GRC will review data for the next assembly update in summer 2018.

https://www.ncbi.nlm.nih.gov/grc/human

GRCh38.p11: Clinically

Sep 13, 2017

Relevant Updates to
SLC39A4
GRCh38.p11: Update to Jul 11, 2017
GCNT2
see all

Resolved Human Issues
HG-2087

Jan 19, 2018

HuRef contig ABBA01054858.1 corrects an
approximately 3kb deletion in
NC_000017.11 component AC026954.14.

HG-2179 Jan 19, 2018

CHM13 component LDOCO03008379.1
(GCA_001015385.3) agrees with reference
component AP002981.2, suggesting this is

see all



https://www.ncbi.nlm.nih.gov/grc/human

Chromogsome 21

le plus petit chromosome humain
~1.6 cm d’ADN

46'709°983 nucléotides

1470 pages
248 nucléotides par ligne
31'775 nucléotides par page
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Genome Craig Venter

TCCACACGCTCCTTGCGGCCTCATGEETGTAGEGTCCAGCCCCACAGGLETCE
GCAGAGACGAGAGAGTGTAGARATARAGACACARGACRARGAGATTAARRAR
GGACCACTACCACCAATGCGCGGAGACCGGTAGTGECCCCGAATGTCTGECT
TACAAGGCARARRAGGGGCAGGETARAGAGTGTGAGTCATCTCCAATGATAGAT
TGETCCACTGGACAGGGEGCCCTTCCCTGCCTGGCAGCCGAGGCAGAGAGGGAY
ATAGCTTACGCCATTATTTTTGTATATTAGAGACCGTTTAGTACTTTCACTAR
ARGGCAGAGCCAGGTGCACAGGATGGAACATGARGEAGGACTAGGAGCETGAY
ACAGGGAGRACGETTAGGCCTCCGGATAACTGCGEGCAGGTCTGACTGATETC
GGAGGAGCAGAGTCTTCTCTARACTCCCCCGGEGARMAGGGAGCCCCTCCTTT
GGETGTTTTTCCTTGACACTTACGCTACCGCTAGACCACGETCCGCTTGGCR
GCTGGCATCACCGCTAGACCARGGAGCCCTCTAGTGGCCTTGTCCGGEECATA
TETCTTCTGGTCACTCCTCACTATGTCCCCTCAGCTCCTATCTCTGTATGGCCTEGETTTTTCCTAGTTT
TGATTATAGAGCGAGCGATTGTTATAATATTCCGAATAAACACGTAATTCGCTACAAACTAATCGATTALATCAT
TTCATATATAATCATATCTARGATCTATATCTGETCTAACTATTTTTATTTTATATTTTATTATACTGE
ACAGCTCGTGTCCTCAGTCTCTTGCCTCGGCACCTEEETGECTTGCCGCCCACAATGEECAGCTTATTC
TCAGGGRAAGGCCTTTGTCTCCACACCTGTGEGGTGAAGACCATCGEGGATGCTTTGCCTTCAACAGGCRAAC
CCAACAATTCACCTTCACTTCCCTCCCTCCAGGRAACACCAGCTCCCAGCTCAGAGTCATCGGCCTCGCT
ACAGGGACGTCACACTACCCGCTCTGTGEGEGECATCGTETGETCTGGACTTGCTGAGCAGAARGTAGC
GCTGCCCTCAACACCTCCCTAGAGCATCTGCGAGCCGAACACCTEGEEGCCCACGCCTCCGGCACGTCTR
GGACCCAGTGETCCATCCCTTCCCAAGCACARGECALAGTEGCTACCTCAGTCCCTTCCTCCACGARCAD
GAGGCACGATGCCTAGTGCTGTAGGTCCCATGTTATTTGGGAAGCAACTTTTGCCCTATTTGEARGTGC

http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta

This is part of the sequence of Craig Venter chromosome 11
(GenBank database; 3'852’046 bp over 135'006'516 bp)


http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta
http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta

Neanderthal: ADN mitochondrial

GATCACAGGTCTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTTCGTCTGGGGG
GTGTGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTC
CTGCCCCATTCCATTATTTATCGCACCTACGTTCAATATTACAGGCGAGCATACTTACTGAAGTGTGTTA
ATTAATTAATGCTTGTAGGACATAATAATAACGACTAAATGTCTGCACAGCTGCTTTCCACACAGACATC
ATAACAAAAAATTTCCACCAAACCCCCCCTCCCCCGCTTCTGGCCACAGCACTTARACACATCTCTGCCA
AACCCCAAAAACAAAGAACCCTAACACCAGCCTAACCAGATTTCAAATTTTATCTTTTGGCGGTATACAC
TTTTAACAGTCACCCCCTAACTAACACATTATTTTCCCCTCCCACTCCCATACTACTAATCTCATCAATA
CAACCCCCGCCCATCCTACCCAGCACACACCGCTGCTAACCCCATACCCCGAGCCAACCAAACCCCAAAG
ACACCCCCCACAGTTTATGTAGCTTACCTCCTCAAAGCAATACACTGAAAATGT TTAGACGGGCTCACAT
CACCCCATAAACAAATAGGTTTGGTCCTAGCCTTTCTATTAGCTCTTAGTAAGATTACACATGCAAGCAT
CCCCATTCCAGTGAGTTCACCCTCTAAATCACCACGATCAAAAGGGACAAGCATCAAGCACGCAACAATG
CAGCTCAAAACGCTTAGCCTAGCCACACCCCCACGGGAAACAGCAGTGATAAGCCTTTAGCAATAAACGA
AAGTTTAACTAAGCTATACTAACCCCAGGGTTGGTCAATTTCGTGCCAGCCACCGCGGTCACACGATTAA
CCCAAGTCAATAGAAGCCGGCGTAAAGAGTGTTTTAGATCACCCCCTCCCCAATAAAGCTAAAACTCACC
TGAGTTGTAAAAAACTCCAGTTGACACAAAATAAACTACGAAAGTGGCTTTAACATATCTGAACACACAA
TAGCTAAGACCCAAACTGGGATTAGATACCCCACTATGCTTAGCCCTAAACCTCAACAGTTAAATCAACA
AAACTGCTCGCCAGAACACTACGAGCCACAGCTTAAAACTCAAAGGACCTGGCGGTGCTTCATATCCCTC
TAGAGGAGCCTGTTCTGTAATCGATAAACCCCGATCAACCTCACCACCTCTTGCTCAGCCTATATACCGC
CATCTTCAGCAAACCCTGATGAAGGCTACAAAGTAAGCGCAAGTACCCACGTAAAGACGTTAGGTCAAGG
TGTAGCCCATGAGGTGGCAAGAAATGGGCTACATTTTCTACCCCAGAAAACTACGATAGCCCTTATGAAA
CCTAAGGGTCGAAGGTGGATTTAGCAGTAAACTGAGAGTAGAGTGCTTAGTTGAACAGGGCCCTGAAGCG
CGTACACACCGCCCGTCACCCTCCTCAAGTATACTTCAAAGGACATTTAACTAAAACCCCTACGCATTTA
TATAGAGGAGACAAGTCGTAACATGGTAAGTGTACTGGAAAGTGCACTTGGACGAACCAGAGTGTAGCTT
aacacarAchimd Anawwancbindesnih.pov/muccored 196423578 Rrepont=fastarcccc
CAAACCCACTCCACCTTACTACCAAACAACCTTAGCCAAACCATTTACCCAAATAAAGTATAGGCGATAG
AAATTGAAACCTGGCGCAATAGATGTAGTACCGCAAGGGAAAGATGAAAAATTATAACCAAGCATAATAT
AGCAAGGACTAACCCCTATACCTTCTGCATAATGAATTAACTAGAAATAACTTTGCAAGGAGAGCCAAAG
CTAAGACCCCCGAAACCAGACGAGCTACCTAAGAACAGCTAAAAGAGCACACCCGTCTATGTAGCAAAAT
ACTGGGAACATTTATAGCTAGAGGCGACAAACCTACCCAGCCTGCETCATAGCTCGTTGTCCAAGATAGAA



http://www.ncbi.nlm.nih.gov/nuccore/196123578?report=fasta

(2) Variation intra-especes

e Génome de référence
e Variations génétiques



* Toutes les séequences des génomes humains
ne sont pas disponibles en ligne (seulement
les génomes de référence)

e Toutes les variations sont rapportées au
genome de référence



T

ACGTGC TAGC TAGC TCCTCTCGAGACGT,

ATATAGC TCGCGACAC
GAAACAGC TCCGACACAGE
TGACCTGACACGTGCTAGE
GGGCTCTCGATATAGL TCG
GCGCTCCCTGAAACAGCTC
CTCGAGACCTGACCTGACA
CGAGACGTAGGGCTCTCGA
AGATATATAGCGLTCCCTG
CGCACACCGL TCGAGACCT
AGCTCCTCTCGAGACGTAG
GACACACACAGATATATAG
GACACAGL TCGCACACCGE
GTGCTAGCTAGCTCCTCTC
ATAGCTCGCGACACACACA
AACAGC TCCGACACAGETC
ACCTGACACGTGCTAGCTA
GCTCTCGATATAGCTCGCG
GCTCCCTGAAACAGETCCG
CGAGACCTGACCTGACACG
AGACGTAGGGCTCTCGATA
ATATATAGCGC TCCCTGAA
CACACCGCTCGAGACCTGA
CTCCTCTCGAGACGTAGGG
CACACACAGATATATAGLG
CACAGL TCGLACACCGLTC
GCTAGCTAGC TCCTCTCGA
AGL TCGCGACACACACAGA
CAGCTCCGACACAGLTCGL
CTGACACGTGCTAGCTAGC
TCTCGATATAGC TCGCGAC
TCCCTGAAACAGC TCCGAC
AGACCTGACC TGACACGTG
ACGTAGGGCTCTCGATATA
ATA‘I'MK“YCCCm
CACCGC TCGAGAC

CCTCTCGAGACGTAGGGCT
CACACAGATATATAGCGCT

AGGGLTC
ACACAGATATATAGCGCTCCCT
ACGTGLTAGCTAGCTCCTCT

TCG

Plus on compare de génomes, plus on trouve de

ATATAGCTCR GACACACACAu 1a1a1me. \/ Q) riat | ons

ACGTGCTAGC

GAAACAGCTCCGACACAGE
TGACCTGACACGTGLTAGE
GGGCTCTCGATATAGCTCG

GLGLTCCCT (4
CYCGAGACC CTGACA
CGAGACGTAS TCTCGA

AGATATATAGCGLTCCCYG
CGCACACCGLTCGAGACCT
AGCTCCTCTCGAGACGTAG
GACACACACAGATATATAG
GACACAGCTCGCACACCGC
GTGCTAGCTAGCTCCTCTC
ATAGCTCGCGACACACACA
AACAGCTCCGACACAGCTC
ACCTGACACGTGCTAGCTA
GCTCTCGATATAGCTCKCG
GLTCCCTGAACAGLTCCG
CGAGACCTGACCTGACACG
AGACGTAGGGCTCTCGATA
ATATATAGCGC TCCCTGAA
CACACCGCTCGAGACCTGA
CTCCTCTCGAGACGTAGGG
CACACACAGATATATAGCG
CACAGLTCGCACACCGLTC
GLTAGCTAGCTCCTCTCGA
AGCTCGCGACACACACAGA
CAGC TCCGACACAGCTCGC

- — = e s ——

ATATAGC TCGCGACACACACAGATATA!
GACACAGCT

GAAACAGCTCC
TGACCTGACACGTGCTAGCT ACGTGC
GGGCTCTCGATATAGCTCGE

GLGCTCCCT ¢ GAAACAGCTCCC
mmeﬁcm

CGAGACGT. TCGAT
AGATATATAGCGCTCCCTGA &
COCACACCOCTCAGACCTG
AGCTCCTCTCGAGACGTAGG
GACACACACAGATATATAGE
GACACAGCTCGCACACCGET
GTGCTAGCTAGCTCCTCTCG
ATAGC TCGCGACACACACAG
AACAGCTCCGACACAGCTCG
ACCTGACACGTGCTAGCTAG
GCTCTCGATATAGCTCGCGA

AGACGTAGGGCTCTCGATAT
ATATATAGCGCTCCCTGAAA
CACACC

GT)
TATATAGLGC

CTGACACGTGCTAGCTAK

TCTCGATATAGC TCGCGAC

ACGTAGGGC TCTCGATATA
ATATAGCGCTCCCTGAAAC

CAGCTCGCACACCGCTCGA CACC

TAGCTAGC TCCTCTCGAGA
GCGACACACACAGATA
o3 TCGCAC

S. Antonarakis, nov 2017
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DNA sequence variants
s= 1 in 1000 nts vary in two randomly selected genomes

: AT AT TR T AR A A
TR A T T A T T T AT Al
TR AT RS T UL, BT ARARI AT

T A T A T T T b A S T T AT T AT A0 LS RS RGN T T
2 A A A A T (S AL AT
TR R A T TR T AL AL RT3

T
1o
AECe|
T A L A A T A A T T A T A T T KA T AT A AT L A | AT T A T At 7 e LN P T
T T A A T A A T A A S B Y T A AT T A Inminm
oA T T T e T T A T ot

TASCTEETET
TASETEETET

Quelle(s) variation(s), quel(s) effet(s)?
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~ 3.3 millions de variations entre 2 individus

~10 millions de variations dans la population
neutres (la majorité)
associées a un phénotype particulier...
associées a une prédisposition
pathogéniques...
variants of unknown significance (VUS)

DNA sequence variants

S.E. Antonarakis, UNIGE




Taux de mutation a chaque génération: 1/108

En moyenne un nouveau-né porte entre 50 et
100 ‘nouvelles mutations’

Ces mutations sont importantes: possibilité
d’évolution et d’adaptation (i.e. résistance au
HIV)

Un prix a payer: nouvelles pathologies

S. Antonarakis, nov 2017



Homozygote

— Si les deux locus ont chacun un allele mutant
différent, on parle d'« hétérozygote composite »

Hétérozygote

A mutation affecting only one allele is called heterozygous. A homozygous
mutation is the presence of the identical mutation on both alleles of a
specific gene. However, when both alleles of a gene harbor mutations, but
the mutations are different, these mutations are called compound
heterozygous.



Clinical significance value (n=5)

GWAS, génétique des populations, analyse fonctionnelle

Clinical
significance Guidance for use in ClinVar SCV records
value
Benign As recommended by ACMG/AMP for variants interpreted for Mendelian disorders.
Likely benign As recommended by ACMG/AMP for variants interpreted for Mendelian disorders. 90%
Uncertain As recommended by ACMG/AMP for variants interpreted for Mendelian disorders VUS
significance Y P ’ ( )
Likely pathogenic As recommended by ACMG/AMP for variants interpreted for Mendelian disorders. 90%
Pathogenic

As recommended by ACMG/AMP for variants interpreted for Mendelian disorders.

Variants that have low penetrance may be submitted as "Pathogenic”; please also include information about the penetrance in a "Comment on clinical significance”.

drug response A general term for a variant that affects a drug response, not a disease. We anticipate adding more specific drug response terms based on a recommendation by CPIC.

association For variants identified in a GWAS study and further interpreted for their clinical significance.
risk factor For variants that are interpreted not to cause a disorder but to increase the risk.

protective For variants that decrease the risk of a disorder, including infections.

Affects For variants that cause a non-disease phenotype, such as lactose intolerance.

https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/



https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/
https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/
https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/

;&‘% World Health

¢ Organization

* More than 10,000 monogenic inherited
disorders have been identified, affecting
millions of people worldwide.

* The global prevalence of all single gene
diseases at birth is approximately 10/1000.

* |n Canada, it has been estimated that taken
together, monogenic diseases may account for
upto 40% of the work of hospital based
paediatric practice (Scriver, 1995).

http://www.who.int/genomics/public/geneticdiseases/en/index2.html



Fatal familial insomnia (prion)

“If you have a genetic risk that you believe is
predicting disease but isn’t, you can end up doing
drastic things.”

SEEING
DEADLY
MUTATIONS IN
ANEW LIGHT

nnnnnnnnnnnnnnnnnn

http://education.expasy.org/cours/P0O17421/publications/



http://education.expasy.org/cours/PO17421/publications/

8jo;
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Analyse des variants...

* Qutils de prédiction
— PolyPhen

— Mutalyzer

— Mutation taster

— Pathogenicity calculator (aide a la décision)

 Banques de données
— dbSNP / dbVar / ClinVar

— ExXAC (Exome Aggregation Consortium; 60’000 personnes)
— UniProtKB/Swiss-Prot



http://genetics.bwh.harvard.edu/pph2/
https://mutalyzer.nl/
http://www.mutationtaster.org/
http://calculator.clinicalgenome.org/site/cg-calculator
https://www.ncbi.nlm.nih.gov/SNP/
https://www.ncbi.nlm.nih.gov/dbvar
https://www.ncbi.nlm.nih.gov/clinvar/
http://exac.broadinstitute.org/
http://www.uniprot.org/docs/humsavar
http://www.uniprot.org/docs/humsavar
http://www.uniprot.org/docs/humsavar

WHAT IS THE CLINGEN
PATHOGENICITY
CALCULATOR?

The shift from genetic testing of individual genes to exome and
genome sequencing has been accompanied by new challenges in
genome interpretation. The American College of Medical Genetics and
Genomics and the Association for Molecular Pathology (ACMG/AMP)
have published Standards and Guidelines for the Interpretation of
Sequence Variants. To enable wide application of the ACMG/AMP and
similar guidelines and the development of collective knowledge by the
community, ClinGen has developed the ClinGen Pathogenicity
Calculator. By automating the formal reasoning, the Calculator
eliminates errors in rule application and makes it possible to
automatically calculate provisional conclusions based on latest
evidence. Moreover, the Calculator makes reasoning explicit by

mutation t(’sting

HGNC gene symbol. NCBI Gene ID. Ensembl gene ID show available transcripts

Ensembl transcript ID

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 using straightforward physical and comparative considerations. Please, ©@ coding sequence (ORF) © transcript (cDNA sequence) © gene (genomic sequence)
use the form below to submit your query. ail types by sequence
options
Query Data enter a few bases around your alteration [7] show nucleotide alignment
Protein or SNP identifier
Format:
ACTGTC[A/T] GTGTF A substituted by T
Protein sequence ACTGTC[AG/T] GTGTF AG substituted by T
in FASTA format ACTGTC[ACGT/-] GTGTF ACGT deleted
ACTGTC[-/AA] GTGTF AA inserted
single base exchange by position
Position .
enter position
substitution A RNDCEQGHILKMFPSTWYV and new base

AALARNDCEQGHILKMFPSTWYV
insertion or deletion by position

Query description —
enter positions of
Submic Query || Clear | | Check Status ...last wild type base before alteration
Display advanced query options ..first wild type base after alteration

and the inserted bases
(if applicable)
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KTGNs1 GluGlylysArgSerLysVal ThrairgArgProlysAlaSerAspTvrGlnArgleu AspElnl ys———————=——-
wraN4s GluGlyLvsArgSerlysVal ThrairgArgProlysilaSerAspTvrGlnArgleudspElnlys—————————-
HTGN46 GIWWLWQMMMMMA@WM-—--— -——-

e £ el yo a0y

1309 - 1350 g! 1 1367 Exon 4

agtatgtcttaattctgaatgttttccctgcacc mmmtcttttctmccmmm

IV VLT r_ﬂw"f@pvpuaf Lgﬂb TEW YT P LE
hTGN31 --M&Lﬂmﬂvﬂmm har.ﬂ.:.Pr alLethrGIuTrp_TugllaProLmGl 4
HTGN48 ——— -= —“~-———~————————————————IlePheSerPrﬂPrcSerPraﬁsnArgﬁetvw 4
BTGNS === === == = e e e e e e e e Serend g 4
1394
ARG TG A OGO A TGEA TG TGO TGO TCTOG T T T AGC T T TG
*+------ T
KWTGN51 ULysAspGluArgHisGInTrplleVal LeuleuSer PheGlnleuend
hToNds Tyshrfend L o (O W :\:’L_L_@,FQL’
¥bal
1482 L
TTTCTARATCAARRCARR .
TS [ rs4240199 [Homo sapiens]
1570 1
GTAGGEEECTECTITGEEECT
GGAATATACCATTCTGTTAGGACTT [A/C] GEGCARARARGATCTTTTAGGAGGT
Chromosome: 2:85322745
Gene: TGOLN2 (GeneView)
Functional Consequence: intron variant missense stop gained
Validated: by 1000G,by cluster by frequency
Global MAF: A=0.2210M1107
HGVS: NC_000002.11:9.85549868A>G, NC_000002.12:9.85322745A>G, NG_030379.1:9.10552C,
MNG_030379.1:g.10552C>T, NM_001206840.1:c.1383C, NM_001208840.1:c.1363C=>T,
NM_001206841.1:c.1322C, NM_001206841.1:c.1322C=T, NM_001206844 1:c.1135-4T=C,
MM_008464 3:¢.1309-4T=C, NP_001193769.1:p.GInd55, NP_001193769.1:p.GIn455Ter,
NP_001193770.1:p.Pro441, NP_001193770.1:p.Pro441Leu

043493; JBC 1998



 dbSNP: short genetic variations (single
nucleotide polymorphisms) present in more
than 1% of the population (-> not disease
associated)

 dbVar: structural variation — insertions,
deletions, duplications, inversions, mobile
elements, and translocations

* ClinVar: aggregates information about
genomic variation and its relationship with
human health



https://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?type=rs&rs=113488022
https://www.ncbi.nlm.nih.gov/dbvar
https://www.ncbi.nlm.nih.gov/clinvar/

Il Financement des banques de données !!!

@ Due to the lapse in government funding, the information on this web site may not be up to date, transactions submitted via the web site may not be processed, and the agency may not be able to
respond to inquiries until appropriations are enacted. Updates regarding government operating status and resumption of normal operations can be found at opm.gov.

ACTGATGGTATGGGGCCAAGAGATATATCT  ~linVar

CAGGTACGGCTGTCATCACTTAGACCTCAC
CAG("{"ETGGL’ CATAAAAGTL%(J(:‘GCAGAL C Clinvar aggregates information about genomic variation and its relationship to human health.
CCATGGTGCATCTGACTCCTCAGGAGAAGT
GCAGGTTGGTATCAACGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Using ClinVar Toals Related Sites
About ClinVar ACME Recommendations for Reporting of Incidental Findings ClinGen

Data Dictionary Clinvar Submission Portal GeneReviews®
Downloads/FTP site Submissions GTR®

FAQ Variation Viewer MedGen
Contact Us Clinical Remapping - Between assemblies and RefSeqGenes OMIME

RSS feed/What's new? RefSeqGene/RG Variation

Eactshest




Les variations ‘missense’ &
UniProtKB/Swiss-Prot

* http://www.uniprot.org/docs/humsavar
30’182 disease variants, 39’800 polymorphisms, 7’600 unclassified

CETR p.Serl3pPhe Disease rs397508635 Cystic fibrosis (CF) [MIM:218700]

CFTR p.Arg3icys Polymorphism rs1800073 -

CETR p.Arg3lleu Disease 149 9 Ccystic fibrosis (CF) [MIM:219700]

CETR p.Serd2phe Disease 1 Cystic fibrosis (CF) [MIM:219700]

CFTR D.Asp44Gly Disease Ccystic fibrosis (CF) [MIM:21%700]

CFTR p.Aspddval Polymorphism 1800074 -

CETR p.Ser50Tyr Disease Congenital bilateral absence of the vas deferens (CBAVD) [MIM:277180]
CFTR D.Trp57Gly Disease Ccystic fibrosis (CF) [MIM:21%700]

CFTR p.Pro67Leu Disease Cystic fibrosis (CF) [MIM:218700]

CETR p.Arg74Trp Disease Cystic fibrosis (CF) [MIM:219700]

CFTR Dp.Arg75Gln Polymorphism -

CFTR p.Gly85G1lu Disease Cystic fibrosis (CF) [MIM:219700]

CETR p.Phe87Leu Disease Cystic fibrosis (CF) [MIM:219700]

CFTR p.Gly91lArg Disease Cystic fibrosis (CF) [MIM:219700]

CFTR p.Glu92Lys Disease Cystic fibrosis (CF) [MIM:219700]

CETR p.Gln98Arg Disease Cystic fibrosis (CF) [MIM:219700]

CFTR p.Ilel05ser Disease - cystic fibrosis (CF) [MIM:219700]

CFTR p.Tyrl09Cys Disease 5121909031 Cystic fibrosis (CF) [MIM:219700]

CETR p.AspllOHis Disease rs113993958 Cystic fibrosis (CF) [MIM:216700]

CFTR p.Prolllleu Disease rs140502196 Congenital bilateral absence of the vas deferens (CBAVD) [MIM:277180]
CFTR p.Argll7Cys Disease rs77834169 Cystic fibrosis (CF) [MIM:219700]

CETR p.Argll7His Disease rs78655421 Congenital bilateral absence of the vas deferens (CBAVD) [MIM:277180]
CETR p.Argll7His Disease cystic fibrosis (CF) [MIM:21$700]

CFTR p.Argll7Leu Disease Cystic fibrosis (CF) [MIM:219700]

CETR p.Argll7Pro Disease Ccystic fibrosis (CF) [MIM:219700]

CETR p.Alal20Thr Disease cystic fibrosis (CF) [MIM:21$700]

CFTR p.His139Arg Disease cystic fibrosis (CF) [MIM:21%700]

CETR p.Alal4lAsp Disease Ccystic fibrosis (CF) [MIM:219700]



http://www.uniprot.org/docs/humsavar

Les données sont en constante évolution

e apoE: génotype 4/4 associé avec un risque d’hyperlipémie -> 1993
Depuis 1993: associé avec un risque d’Alzheimer familial précoce !

“About 60% of the AD patients in the Caucasian population are APOE €4 carriers and this
reduces the age of onset of the disease in a gene dose-dependent manner by as much as 7
to 9 years per allele copy” (Science, (1993), PMID: 8346443 )

e TASR38: golt amer (PTC)
Depuis quelques années: associé avec un risque de développer un cancer

colorectal et des sinusites... (http://education.expasy.org/cours/PO17421/publication/)

e Variant of ‘unknown significance’ in 2016: en 2020 ?

Cependant, il a ét¢ trouvé le variant BRCA7 ¢.2002C>T / p.Leu668Phe dont la répercussion fonctionnelle n’est pas
clairement établie. Ce variant a &té référencé dans la base de données internationale du BIC '
(http://rescarch.nhgri.nih.gov/bic/), et est classé comme «unknown clinical significances. Selon les principaux algorithmes
de prediction ainsi qu'une récente publication de test fonctionnel in vifro ce variant serait prédit comme neutre (P, Bouwman
et al., Cancer Discovery, 2013). Ce vatiant ne peut pas &tre utilisé dans le cadre d’un dépistage informatif pour les autres
metnbres de la famille tant que sa nature pathogéne ou polymorphique n’a pas été confirmée,


http://education.expasy.org/cours/PO17421/publication/

e Autres sites intéressants...



SNPedia

https://www.snpedia.com/ http://www.chromosomewalk.ch/chromosome/chromosome-15/

Popular e

rs53576 in the oxytocin receptor influences social behavior and personality
rs1815739 muscle performance
rs7412 and rs429358 can raise the risk of Alzheimer's disease by more than 10x
rs6152 can influence baldness
rs333 resistance to HIV
rs1800497 in a dopamine receptor may influence the senseg of pleasure
rs1805007 determines red hair and sensitivity to anesthetics
rs9939609 triggers obesity and type-2 diabetes
rs662799 prevents weight gain from high fat diets
rs7495174 green eye color and rs12913832 for blue eye color
rs7903146 in 3% of the population greatly increases the risk of type-2 diabetes
rs12255372 linked to type-2 diabetes and breast cancer
rs1799971 makes alcohol cravings stronger
rs17822931 determines earwax, sweating and body odor
rs4680 varied cognitive effects
rs1333049 coronary heart disease
rs1051730 and rs3750344 nicotine dependence

® 154988235 lactose intolerance
View all 107819 snps in SNPedia.



https://www.snpedia.com/
https://phewascatalog.org/phewas
http://www.chromosomewalk.ch/chromosome/chromosome-15/
http://www.chromosomewalk.ch/chromosome/chromosome-15/
http://www.chromosomewalk.ch/chromosome/chromosome-15/

GWAS phenotype

https://phewascatalog.org/phewas

Genome wide associate studies (GWAS) are a common method used in associating
single nucleotide polymorphisms (SNPs) to a disease or trait under study.

For a case/control phenotype, you're basically looking to see if there are more risk
alleles in the case population than the control population (i.e. log (p)) (PMC3154648)

La variation rs2075650 est retrouvée plus fréeguemment chez des personnes avec

Alzheimer: cela ne signifie pas qu’elle est la ‘cause’ du probleme

152075650 Help

GWA Catalog: Alzheimer's disease, Alzheimer's disease bio k s, Amyloid Beta P ptd 1-42, LDL Cholesterol, C-reactive protein, Total
Cholesterol, G ey matter der

. . M r
. et Y e %4

o %, G/Y@ 5. %,

C’\/o £ % g’v

U ez 0%
3



https://phewascatalog.org/phewas
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3154648/

Séquencer mon génome ?



Mon génome.... (celui d’un collegue)

§ FullGenomes

Comprehensive DNA

- https://www.fullgenomes.com/ (juin 2017) S v

We offer GenomeGuide, a whole genome test for ancestry purposes, and Y

- 800 dollards, 20x coverage
1 those markers (i.e. SNPs and STRs) that are most useful for your paternal
ancestry.

Y-DNA Tree

Coverage Read length Haplogroup
50x 150 base pairs Determines your Y haplogroup
View details — View details — _
View details —

SNPs Private SNPs STRs
eports your pri Reports over 300 Y chromosome STRs

- Aprés 6 mois: répertoire de 50 Gb
- Variants autosomes
- Variants chromosome Y
- Séguence ADN mitochondrie (http://education.expasy.org/cours/PO17421/)



http://education.expasy.org/cours/PO17421/

# The following table is tormatted as tab separated values.

#GeneId GeneName BioType Bases affected (DOWNSTREAM) Total score (DOWNSTREAM) Length (DOWNSTREAM) Bases affected (EXON) Total
xon_loss_variant) Count (5_prime_UTR_variant) Count (disruptive_inframe_deletion) Count (disruptive_inframe_deletion+synonymous_variant)
etained_variant) Count (synonymous_variant) Count (upstream_gene variant)

ENSGO0000000003 TSPAN6 protein_coding 11 0 9772 2 2968 10 0 11322 8 0 8354 6 0
ENSGO0O000000005 TNMD protein_coding 21 0 7354 1 0 1610 19 0 15084 18 0 13474 19 0
ENSGO0000000419 DPML protein_coding 20 0 6281 1 0 1207 5 0 23689 5 0 22482 0 0
ENSGO0000000457 SCYL3 protein_coding 29 0 14488 2 0 6876 86 0 44637 84 0 37761 64 0
ENSG00000000460 Clorfl12 protein_coding 49 0 27580 7 0 6354 531 0 191977 526 0 185623 0
ENSGO0000000938 FGR protein_coding 15 0 13473 0 0 3474 23 0 23214 23 0 19740 10 0
ENSGO0000000971 CFH protein_coding 56 0 20002 14 0 8144 299 0 95627 294 0 87483 0 0
ENSGO0000001036 FUCA2 protein_coding 39 0 12134 1 0 3119 2 0 16880 28 0 13761 0 0
ENSGO0000001084 GCLC protein_coding 31 0 26933 9 0 8463 144 0 119630 138 0 111167 0 0
ENSGO0000001167 NFYA protein_coding 4 0 7026 0 0 3811 0 0 27032 0 0 23221 2 0
ENSGO0000001460 STPGL protein_coding 67 0 30736 15 0 8514 120 0 59936 118 0 51422 52 0
ENSG00000001461 NIPAL3 protein_coding 44 0 24375 1 0 9404 181 0 57183 173 0 47779 41 0
ENSGO0000001497 LASIL protein_coding 4 0 10001 1 0 5589 7 0 22194 6 0 16605 0 0
ENSGO0000001561 ENPP4 protein_coding 26 0 5000 1 0 4651 50 0 16707 40 0 12056 10 0
ENSGO0000001617 SEMA3F proteWn coding 25 0 19214 2 0 4826 46 0 34031 43 0 29205 41 0
ENSGO0000001626 CFTR proteWn coding 11 0 31738 3 0 8099 90 0 250188 &89 0 242089 63 0
ENSGO0000001629 ANKIB1 proteWn coding 13 0 28547 1 0 7130 58 0 155151 55 0 148021 28 0
ENSGO0000001630 CYP51A1 proteWn coding 4 0 11543 1 0 4074 13 0 30802 12 0 26728 4 0
ENSG0O0000001631 KRITL proteWn coding 17 0 26192 0 0 6204 29 0 47198 29 0 40994 25 0
ENSGO0000002016 RAD52 protein_coding 38 0 19102 4 0 4190 221 0 77977 224 0 73787 9 0
ENSGO0000002079 MYH16 pseudogene 32 0 31626 b 0 6387 89 0 72337 84 0 65950 0 0
ENSGO0000002330 BAD proteWn coding 10 0 10478 0 0 1708 0 0 14875 0 0 13167 0 0
ENSGO0000002549 LAP3 proteWn coding 55 0 17220 2 0 3785 122 0 30781 118 0 26996 3 0
ENSGO0000002586 CD99 proteWn coding 99 0 23222 10 0 3284 203 0 50131 197 0 46847 200 0
ENSGO0000002587 HS3ST1 proteWn coding 10 0 10000 0 0 8166 b2 0 36616 55 0 28450 0 0]
ENSGO0000002726 AOC1 proteWn coding 25 0 9287 3 0 3824 97 0 36878 88 0 33054 10 0
ENSGO0000002745 WNT16 proteWn coding 9 0 6646 2 0 3261 37 0 15738 34 0 12477 0 0
ENSGO0000002746 HECWL proteWn coding 123 0 40823 8 0 13965 972 0 453403 960 0 439438 280 0
ENSGO0000002822 MADI1L1 proteWn coding 133 0 57916 8 0 6955 1359 0 417450 1357 0 410495 1356 0
ENSGO0000002834 LASP1 protein_coding 11 0 16641 8 0 7061 141 0 51912 131 0 44851 125 0
ENSGO0000002919 SNX11 protein_coding 55 0 15174 3 0 36006 b4 0 19718 68 0 16112 27 0
ENSGO0000002933 TMEM176A protein_coding 17 0 7831 15 0 3479 1 0 4718 17 0 1239 14
ENSGO0000003056 MePR protein coding 3 0 10122 1 0 3777 b 0 9593 3 0 5816 3 0
ENSGO0000003096 KLHL13 proteWn coding 3 0 10759 0 0 6983 132 0 219528 132 0 212545 4 0
ENSGO0000003137 CYPZ26B1 proteWn coding 8 0 11042 0 0 5015 14 0 18801 12 0 13786 0 0
ENSG0O0000003147 ICA1 proteWn coding 173 0 35468 23 0 4891 487 0 149504 484 0 144613 264 0
ENSGO0000003249 DBNDD1 proteWn coding 0 0 6615 2 0 3522 42 0 15264 19 0 11742 0 0
ENSGO0000003393 ALS2 proteWn coding 119 0 38684 8 0 10381 254 0 80636 251 0 70255 168 0
ENSGO0000003400 CASP10 proteWn coding 40 0 38437 3 0 7598 a7 0 16526 16 0 38928 13 0
ENSG0O0000003402 CFLAR proteWn coding 46 0 45114 1 0 22528 107 0 60584 53 0 38056 51 0
ENSG00000003436 TFPI protein_coding 15 0 23787 12 0 11714 30 0 101531 30 0 89817 4 0



Mon génome.... (celui d’un collegue)

- 10 millions de SNPs, 5 millions ‘validés’
- 28.8% des variants sont ‘nouveaux’
- 13’000 SNPs codants, 50 % homozygotes, 50 % hétérozygotes

General statistics

Lines of input read

Variants processed 5022516
Variants filtered out 0
» Novel / existing variants 1446690 (28.8) / 3575826 (71.2)
Overlapped genes 57286
Overlapped transcripts 195446

Overlapped regulatory features 105340



Mon génome.... (celui d’'un collegue)

Distribution of variants on chromosome 2
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e http://genetics.bwh.harvard.edu/pph?2/

e a tool which predicts possible impact of an amino acid substitution on the
structure and function of a human protein

PolyPhen summary

® possibly_damaging

@ unknown
probably _damaging

@ benign



http://genetics.bwh.harvard.edu/pph2/

Activite 2.1

Comparer des génomes de mitochondrie (Néanderthal, ‘mon génome’, chimpanzé, etc...)
(Align@UniProt)

Comprendre la notion de génome de référence
Comprendre la notion de variation génétique

Séquences ADN mitochondrial: http://education.expasy.org/cours/P017421/
‘mon génome/collegue’, Néanderthal, GEnome de référence



http://education.expasy.org/cours/PO17421/

Depuis le site
http://education.expasy.org/cours/P017421

Récupérer les séquences ADN (format fasta)
Copier / coller les séquences : http://www.uniprot.org/align/

Cliguer sur ‘Similarity’


http://education.expasy.org/cours/PO17421
http://www.uniprot.org/align/

Alignment

99.89% identité

Comparaison ADN collegue (MT) / MT_Reference

& How to print an alignment in color
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Comparaison ADN collegue (MT) / Néanderthal
98.721% identite

Alignment

& How to print an alignment in color

MT 1 60
NC_011137.1 1 &0
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Activite 2.2

Comparer les séquence ADN de mitochondrie
de 60 individus (Align@UniProt)

Comprendre la notion de génome de référence
Comprendre la notion de variation génétique

Séquences ADN mitochondrial (60 séquences anonymes / set Experiment@al)



Génome mitochondrie

Le nombre de mitochondries par cellule est régulé par I'activité
cellulaire (100 -> 1’000°000).

5 a 10 copies du génome dans une mitochondrie.

Nombre de variations intra-individu = ???



Depuis le site
http://education.expasy.org/cours/P017421

Récupérer les séquences ADN de mitochondries de 60 personnes (format fasta)
Copier / coller les séquences : http://www.uniprot.org/align/

Cliguer sur ‘Similarity’


http://education.expasy.org/cours/PO17421
http://www.uniprot.org/align/

Repérer les différences....

Alignment

& How to print an alignment in color

genome reference
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9 différences sur les 60 premiers nucléotides;
une seule différence est présente chez 2 individus



12 3 4 5 6 7 8 9

I | | | (R A A

CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA

9 différences sur les 60 premiers nucléotides



Activite 2.3

Comparer une séquence ADN de mitochondrie avec le
génome de référence et repérer les SNP (BLAT@UCSC)
(expert)

‘Voir’ les différences par rapport au génome de référence...

Notion de variations génétiques et de ‘nouvelles variations’

BLAT @ UCSC
Banque de données dbSNP



BLAT @UCSC

Aller sur le site BLAT UCSC:

http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189 KGLWGb4JX7tbta73c2kVaMzByjD7&command=start

Human BLAT Search

BLAT Search Genome

Genome: Assembly: Query type: Sort output: ~ Output type:
Human ~ Dec. 2013 (GRCh38/hg38) ~ IBLAT'S guess |Z| | query,score |Z| | hyperlink |Z|

CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA

[ submit H T'm feeling lucky ] [ clear ]

Copier / Coller la séquence
‘CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA'

Cliguer sur ‘Submit’


http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start

BLAT @UCSC

BLAT Search Results

Go back to chriM:16057-16116 on the Genome Browser.

Custom track name: blat YourSeq Custom track description: blat on YourSeg

| Build a custom track with these results |

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRCO STRAND START END SPAN

browser details YourSeg &0 1 &0 60 100.0% M + 16057 lelle (1]

Explication du résultat:

La séquence ADN (60 nucléotides) est 100 % identique a la
séequence du génome mitochondrial de référence.

Elle est située sur le génome de la mitochondrie (M) en position
16’057-16'116

Cliquer sur ‘browser’



BLAT @UCSC

Choisir les options: variation all SNPs(150) full

[ - | Variation
Common SNPs(150) %7 Common SNPs(146) Common SNPs(144)g':% :‘1"22: g;’\l% :?2 ]
Ihide i I—Ehi de I hide i Ihide i I—Ehi e I—Ehi de
All SNPs(150) All SNPs(147) All SNPs(146) All SNPs(144) All SNPs(142) All SNPs(141)
full I hide i I hide i I hide i Ihide i I hide i
Flagged SNPs(150) Flagged SNPs(147) Flagged SNPs(146) Flagged SNPs(144) Flagged SNPs(142) Flagged SNPs(141)
I hide j I hide j I hide j I hide j I hide j I hide j
Mult. SNPs(150) Mult. SNPs(147)  Mult. SNPs(146) Mult. SNPs(144) Mult. SNPs(142)  Mult. SNPs(141)
I hide : I hide i I hide : I hide i I hide : I hide i
DGV Struct Var

hide



1, 103 4 5 7

6 g 9
W | J R

CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move[ << H << “ < “ > “ >> H x> ]ZODm inl 1.5x% H 3x “ 10x “ base ]zoom Dutl 1.5x% “ 3x “ 10x H 100x ]

chrM:16,057-16,116 60 bp. | enter position, gene symbol, HGVS or search terms

chri | M | | w
Ecale 26 bases| | hosa
chirt 16, B68| 16, 855S| 16, 674 16, 875| 16, aaa| 16, 855S| 16, @98| 16, 9as| 16, 1@88| 16, 185]| 16,118| 16,115|
—3s CAARGTATTGACTCACCCATCAACARCCGEGC TATGETATTTCGTACAT T TACTGCCAGCCATLCTCA
Assemb 1y from Frasments
Assemb 19
Your Seguence from Blat Search

Yoursed

CEE=

CEEEL

GEMCODE w24 Comprehensive Transcript Set (onld Basic displaded by default)
Consensus CDS
Horn-Human RefSeq Genss
Human mENAs from GenBank

fiF 1 82686 )

BCee2735

rS147983261
rs575991045
rE3564200830
rs2853511
re386829271
rs35315169
rEs879157695

)

1 — {3

FTimple Mucleotide Folumorphisms (doSNF 158) Found in »= 1% OoFf Zamples

Simple Nucleotide FOlumorphisms (doSNF 147) Found in »>= 1% Oof Samples

Zimple Hucleotide Polymorphisms (dbSHP 146) Found in »>= 1R of Samples

Simple Hucleotide POlumorphisms (dbSHP 144) Found in >= 1R of Samples
Eimple Nucleotide Folumorphisms (dbSHF 156)

Lister la liste des no AC des SNPs: i.e. rs147903261



1, 103 4 5 7

6 g 9
W | J R

CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA

: rs147903261

: pas dans dbSNP -> ‘nouvelle variation’

: pas dans dbSNP; présent seulement dans ’ADN de référence de Neanderthal
: rs386420030

: rs2853511

: pas dans dbSNP -> ‘nouvelle variation’

: rs386829271

: rs35315169

: rs879157

10: rs878991048: ce polymorphisme est retrouvé dans plus de 1% de la
population, mais n’est pas retrouvé parmi les 60 séquences



Information sur les variants: dbSNP@NCBI

Aller sur le site dbSNP: https://www.ncbi.nlm.nih.gov/SNP/

Copier / coller le no AC du SNP (i.e. rs147903261)

La banque de données dbSNP contient des informations sur les SNPs présents a plus
de 1% dans la population (et qui ont été soumis et validés....)


https://www.ncbi.nlm.nih.gov/SNP/

] rs147903261 [Homo sapiens]
1.

TTTGGETACCACCCARGTATTGACT [C/T] ACCCATCARCAACCGCTATGTATTT
Chromosome: MT:16069

Validated: by cluster
HGVS: NC_012920.1:m.16069C=T



Activiteé 2.3 bis

Comparer une séquence ADN de mitochondrie
de ‘mon génome’ avec le génome de
référence et repérer les SNP (BLAT@UCSC)
(expert)



Mon génome.... (celui d’un collegue)

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< | << | < > | >> | >>> |zoomin 1.5x | 3x | 10x | base [zoomout 1.5x | 3x 10x 100x

chrM:1-16,385 16,385 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
[chr‘l’dl M ] II
Scale S kb | ha3s
chr: 1,008 =2,888] 3,088] 4,808 S,e08] 6,808 7,008 5,808 9,608 16,008 11,808 12,608 13,688 14,008 15,668l 16,668

[T

Your Segquence from Blat Search
Yourseq
mp 1e Mucleot ide Fo (dRSNF 158)
R N R TN R ATy | LU TR T T R T T T TR R T T U T N RO T TTORTTTTN R T  N T
" i LRI LR LT CE T R TCTDRRTE TR Ny |

chrm | 1 M ]
Scale 18 hases| | he3s
chrM:  748] 745| 758| 755 768|
N fl T c A i A A G G A A c Al A G c A T [ A A G c i
Your Seguence from Blat Search
r7 Yoursed

_J Simple Hucleotide Folumorphisms (dbSHF 156)

Rechercher les SNP connus dans la séquence ADN de ‘mon génome mitochondrial’



Activité 2.4

Comparer une séquence ADN de mitochondrie humain avec le génome
différentes especes (BLAT@UCSC)

Analyser les variations entre especes pour une méme séquence d’ADN
Faire un BLAT@USCS; tester différents génomes

}(1) Variations inter-espéces

RS V4
a0 ¢ %{

(2) Variations intra-espéce (humain)




BLAT @UCSC

Aller sur le site BLAT UCSC:

http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189 KGLWGb4JX7tbta73c2kVaMzByjD7&command=start

Human BLAT Search

BLAT Search Genome

Genome: Assembly: Query type: Sort output: ~ Output type:
Human ~ Dec. 2013 (GRCh38/hg38) ~ IBLAT'S guess |Z| | query,score |Z| | hyperlink |Z|

CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA

[ submit H T'm feeling lucky ] [ clear ]

Copier / Coller la séquence
‘CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCA'

Sélection un génome de votre choix

Cliquer sur ‘Submit’


http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?hgsid=653344189_KGLWGb4JX7tbta73c2kVaMzByjD7&command=start

‘CAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACC!

Homo sapiens (M) 100

Chimp (M) 100

Bonobo (M) 100

Gorilla No match
mouse No match
rat No match
chick No match
Xenopus No match

D. Melanogaster No match



>Gene Histone H4 GCRh38

TCCCGCCATT TCCTGGGGCT TGGAGGAGGG GTTAAAGGAG CGGACTGTAG GCGTCACATT
TCCCGCCTGC GCGCTTTTCA GTCTCAGTGT CCGCTGGAGG TGGGGGCAGG GGTAACGTAG

ATATATAAAG ATCGGTTTCC TATTCTCTCA CTTGCTCTTG GTTCACTTCT TGGGAAGTCA

TGTCTGGACG TGGTAAGGGC GGGAAGGGTT TGGGTAAGGG GGGTGCCAAG CGCCACCGCA
AGGTGTTGCG TGACAACATC CAGGGCATCA CCAAGCCGGC CATCCGGCGT CTGGCCCGGL
GTGGCGGTGT GAAGCGGATC TCTGGTCTGA TCTACGAGGA GACTCGCGGG GTGCTCAAGG
TGTTTTTGGA GAACGTGATC CGTGACGCTG TCACCTATAC GGAGCACGCC AAGCGCAAGA
CAGTCACTGC CATGGACGTG GTCTACGCGC TTAAGCGCCA GGGACGCACC CTTTATGGCT
TTGGCGGTTA AGGTTGCTGA TTTCTCCACA GCTTGCATTT CTGAACCAAA GGCCCTTTTC
AGGGCCGCCC AACTAAACAA AAGAAGAGCT GTATCCATTA AGTCAAGAAG CTCAATGTGT
AATTAAGATG AATGATACTG AGCTGACATC CTAAAAAGGA AAGATTAGGG GAACTCCAAG

TTTGCCCTCC

especes % identité chromosome

Homo sapiens
Chimp
Bonobo
Gorilla

mouse

rat

chick

Xenopus

D. Melanogaster

100

98.9
98.9
97.5
84.3
86.9
87.4
78.7
89.1

6
6

13
17

210-492 /670



>Gene ACTN1

ttccactcac
GGGACTGACC
CCTGGCCATC
TATGGCGGGC
CCACgtgagt
gtccatttta
gtttgtccaa
tgttactgac
atggctgacc
CTCGGAGGGA
GCAAGCAGTT
tgggtcccat
gccagccagg

especes % identité chromosome

(oartie; EXON,

ttctagcgcet
ACAGCCCATG
CTGGGCATCC
ACCAACCCCT
tgaagggcat
attgattttt
atgtcaaatg
cggcccttcec
catcctgaaa
CCAAGCTCTG
TGGAGCCCAG
gctgggaagc
ctgcctgtct

Homo sapiens

Chimp

Bonobo

Gorilla
mouse
rat
chick

Xenopus

D. Melanogaster

intronl)
ccctttgttce
AGCAGTTCAA
ACAATGAGGT
ACACAACCAT
gggccgagcec
gtcaatttca
actgggtttc
ccttctgggt
gtcgccttgt
ACGGAGGAGC
GCCAATGTCA
agtgctgggg
ccctgggtgg

100

99.4
99.4
99.0
87.8
87.2
87.6

ctcttgccca
GGCCACCCTC
GTCCAAGATT
CACGCCTCAG
attgtaagtt
tttaaaattg
cagaacaggt
cctccatttce
tgttcctgcc
ATGCCCGACA
TCGGGCCCTG
ctcccacccce
gacccatgga

No match

780 nucléotides

catattccca
CCTGATGCCG
GTCCAGACCT
GAGATCAATG
tcataaaggc
tcatatagta
tgacaccttt
ctcatctggc
ccagGTGCGG
GCAGCACAAT
GATCCAGACC
tcccecececga

ggactgaggc

tctctgtcCA
ACAAGGAGCG
ACCACGTCAA
GCAAATGGGA
agggattttt
aacactcatt
actcctgttc
acatggacag
CAGCTGGTGC
GAGAGGCTAC
AAGATGGAGg
cactatccta
ccggagccca

14
14
14
14

59 538 /780
295320/ 780



Conservation d’une séquence ADN du chromosome Y....

>Gene SRY

ATGCAATCAT
GTGCAAGAGA
AACTCTAAGT
AAGCGACCCA
GAGAATCCCA
CTTACTGAAG
AGAGAGAAAT
AATTGCAGTT
AACAGGTTGT
GGCCACTTAC
TGGACAAAGC

ATGCTTCTGC
ATATTCCCGC
ATCAGTGTGA
TGAACGCATT
GAATGCGAAA
CCGAAAAATG
ACCCGAATTA
TGCTTCCCGC
ACAGGGATGA
CGCCCATCAA
TG

TATGTTAAGC
TCTCCGGAGA
AACGGGAGAA
CATCGTGTGG
CTCAGAGATC
GCCATTCTTC
TAAGTATCGA
AGATCCCGCT
CTGTACGAAA
CGCAGCCAGC

GTATTCAACA
AGCTCTTCCT
AACAGTAAAG
TCTCGCGATC
AGCAAGCAGC
CAGGAGGCAC
CCTCGTCGGA
TCGGTACTCT
GCCACACACT
TCACCGCAGC

GCGATGATTA
TCCTTTGCAC
GCAACGTCCA
AGAGGCGCAA
TGGGATACCA
AGAAATTACA
AGGCGAAGAT
GCAGCGAAGT
CAAGAATGGA
AACGGGACCG

CAGTCCAGCT
TGAAAGCTGT
GGATAGAGTG
GATGGCTCTA
GTGGAAAATG
GGCCATGCAC
GCTGCCGAAG
GCAACTGGAC
GCACCAGCTA
CTACAGCCAC

especes % identité chromosome coverage

Homo sapiens

Chimp

Bonobo

Gorilla

mouse

rat

chick

Xenopus

D. Melanogaster

98.7

75.9%
94.0%
85.0%

17
16

1-612/612
1-612/612
236- 268 / 612
178 - 210 /612
242-374 /612



GULO et le besoin de vitamine C

http://www.chromosomewalk.ch/chromosome/chromosome-8/

La large majorité des mammiferes élaborent eux-mémes leur propre
vitamine C, comme la souris et le chien. Comment avons-nous perdu
cette faculté? Parce que nous ne produisons plus la protéine responsable
de sa fabrication: Gulo. (Gulo est un pseudogeéne chez I’lhumain)

donc
pas besoin
de fruits!

)


http://www.chromosomewalk.ch/chromosome/chromosome-8/
http://www.chromosomewalk.ch/chromosome/chromosome-8/
http://www.chromosomewalk.ch/chromosome/chromosome-8/

>Gene (mRNA) GULO mouse
GCCTTTCTTGGTACCTGTGGCTAAACTTCCAGTCCCGTTCTGCCTGAGGTAACCCAGAGCCGAGGTTGCC
TGACCACTGCATCTGCTGCTGCCCAGGGCTTTGTTCAACTTCCTGTGGGAACGCTTCAAGTCAAGTCGTC
TGACCCTGTTGATCGCTGGAATCATGGTCCATGGGTACAAAGGGGTCCAGTTCCAAAACTGGGCGAAGAC
CTATGGCTGCAGTCCAGAGATGTACTACCAGCCCACATCAGTGGGGGAGGTCAGAGAGGTGCTGGCCCTG
GCCCGGCAGCAGAACAAGAAAGTGAAGGTGGTGGGTGGCGGCCACTCGCCTTCAGACATCGCCTGCACCG
ATGGCTTCATGATTCACATGGGCAAGATGAACCGGGTTCTCCAGGTGGACAAGGAGAAGAAGCAGGTCAC
AGTGGAAGCCGGTATCCTCCTGACTGACCTGCACCCACAGCTGGACAAGCATGGCCTGGCCCTGTCTAAT
CTGGGAGCCGTGTCTGATGTGACGGTTGGTGGCGTCATTGGGTCTGGAACACATAACACCGGGATCAAGC
ACGGTATCCTGGCCACCCAGGTGGTGGCCCTGACCCTGATGAAGGCTGATGGAACAGTTCTGGAATGTTC
TGAGTCAAGTAATGCAGATGTGTTCCAGGCTGCAAGGGTGCACCTGGGCTGCCTGGGTGTTATCCTCACT
GTCACCCTGCAGTGTGTGCCACAGTTCCACCTTCTGGAGACATCCTTTCCTTCGACCCTCAAGGAGGTCC
TTGACAACCTGGACAGCCACCTGAAGAAGTCTGAGTACTTCCGCTTCCTCTGGTTTCCTCACAGTGAGAA
CGTCAGCATCATCTACCAAGATCACACCAACAAGGAGCCCTCCTCTGCATCTAACTGGTTTTGGGACTAT
GCCATTGGGTTCTACCTCCTGGAATTCTTGCTCTGGACCAGCACCTACCTGCCACGCCTCGTGGGCTGGA
TCAACCGCTTCTTCTTCTGGCTGCTGTTCAACTGCAAGAAGGAGAGCAGCAACCTCAGCCACAAGATCTT
CTCCTACGAGTGTCGCTTCAAGCAGCATGTCCAAGACTGGGCCATCCCCAGGGAGAAGACCAAGGAGGCC
CTGCTGGAGCTAAAGGCCATGCTGGAGGCCCACCCCAAGGTGGTAGCCCACTACCCCGTGGAGGTGCGCT
TCACCCGAGGTGATGACATCCTGCTGAGCCCGTGCTTCCAGAGGGACAGCTGCTACATGAACATCATTAT
GTACAGGCCCTATGGGAAGGATGTGCCTCGGTTGGATTACTGGCTGGCCTATGAGACCATCATGAAGAAG
TTTGGAGGCAGGCCCCACTGGGCAAAGGCCCACAATTGCACCAGGAAGGACTTTGAGAAAATGTACCCCG
CCTTTCACAAGTTCTGTGACATCCGCGAGAAGCTGGACCCCACTGGAATGTTCTTGAATTCGTACCTGGA
AAAGGTTTTCTACTAAAGTAGAAGCAGAAGCAAGCTGCCCTGACCCCTCACTTCTGCTGCCTTGGGGGGG
GGGGGGCAGGGCAGTGTCTCACAGGCACAGTGGGAGACGACCTCTCCTGAACACAAGGAGGGGCTGGGCT
CTGGCCGAGGCCTCTGCCTTCTTTATCATCTTCATAACACCCCAGGCAAGAAGTGGCCTCTCACTCAAAT
TCCTGTTTGCATCTCCACGAGCCATACATAAACTACAATCATCTCAGGAAAAGGGGTTCCCCTTGCATCA
TATCTGTCCAGGCTAAGGATTTGGTCCTTCTAGGTTCTACTGGTCCACCAAGTATAGAGAGATCCCTGGG
GCCTGCAGTTTTCCCTCCCTCTTCAGAAGGGATCTCTTGGCAACAGAGGTAGCATGAGGCATGCTCTGCT
TACTTTTATCCTTAAAGGCCTTTCAGATGCCCAGAGTCTGTCTGTTGGTCCTGAGCAAGCCATCTTCCAG
ATGGGTCCACGTGGCCTTCTGACTGCCATGGCCTGGCCCTCACAGTGTCTCTTTCGGGTGGTGTTTAGAG
TGGAATTTGCCTCGTCTTCTTAACCAGTTCCTGTTAGATCCCTGTGTTTTCTCCCTTCACCTCAGAGACA
ATTCTTTGGGCTGGGATCTCGCCGTGTCCCTGGGTTTCCCTGGGTCTTGGTTTCATCTTTCTCTTCACAG
AGATGATTTCAGTTTATTTGTGGCCTTTCTGGAATGTTCCTTGGAGAGCCAATATGTTCCAGGTACTTTG
TCAGAATTAAAAGACTCTGAAAGAT

donc
pas besoin
de fruits!

\%fﬁm



Q'O
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especes % identité chromosome coverage

Homo sapiens 87.4%
Chimp 87.1%
Bonobo

Gorilla

mouse 100
rat 91.9%
chick 86.8%

14
15

392 -1267 /2265
392 -1267 /2265

1-2265 /2265
17-2253 /2265
279 1331 2265

GULO chez 'homme (et les primates) est un ‘pseudogene’: la séquence ADN ‘existe’

mais aucune protéine n’est produite



Activite 2.5

'annotation des variants (missense; changement d’acide aminé) dans
UniProtKB/Swiss-Prot



TASR38 / PTC

http://education.expasy.org/bioinformatigue/gout amer.html



http://education.expasy.org/bioinformatique/gout_amer.html

Fnongangiklal
atgttgacte
atttes e
Trtogggitg
ageateagee
theocagaagt
attgoaaacs
eteateogtt
tesragatge
tgetttttta
aggyoteoaact
Togtetgtge
ggaaggeana
goeoeacatta
Tgtgtogoct
grtTgtgtoy
aatgooaagt
graagagecy

Fnengansiblad
atgttgacte
aAttteoagtes
trttgggatyg
ageatcages
tteoagaagt
ATTgyoagaco
steateogtt
tooccagatgo
tgetttttta
aggoteoaast
tggteagtge
gyaaggoaca
goooacatta
tgtgrtgest
gritgrgreg
aatgooaagt
greagageey

Foangiklal

atgttgacts
atttoagtoo
Tootgggaty
ageatcages
ttesagaagt
attgcasacc
steatoogtt
tossagatge
tgetttttta
agyotoaact
tggretgrge
ggaaggoaca
JoooIoITTa
tgtgetgect
grtogrgtey
aatgooaagt
gteagagesy

Feanaiblaed
atgttgacte
attteagtes
TrLTtgggaty
agoatocagos
Toocagaagt
attgoaaacs
steatengtt

tasctogoat
Tggagroogs
Tagtgaagay
ggottttont
tgagtgasec
aagooaaset
tetotoacac
testgggtat
goagacctoa
gycagaataa
stestitest
tgaggacaat
aagosotoaa
teatetotgt
ggataacggs
Tgaggagage
aczasaagge

tazstogoat
tggagrerge
TagTgaagay
ggetttteet
tgagtgaass
aagyoocageont
totetoacsas
tectgggtat
goagacstea
Fycagaataa
cteottteont
Tgaggyacaat
aagoeotoas
teatetetgt
ggataacgge
Tyaggagage
azzacaagge

taactogoat
tggagtetge
tagtgaagay
ggetttteet
Tgagegaase
Aagooaacct
teteteacac
testgggtat
goagasotes
stestttoot
tgaggasiat
aageseteaa

eogeactgtg
AgTIgFFEET
geaggeacty
geatggasty
actgaaccac
sTggectget
cttoctgate
tattettoge
cttcacagtes
agatoToaat
attgtttetg
gaaggtetat
grtetettgte
geoocotactyg
agettgroses
tgtgatgace
agattosegy

cogoantatg
agtggggtet
geaggeacty
geatggacty
actgaaccac
stggettget
attootqate
Tattotiogo
ctteapagte
agatotoaat
attgtttotyg
gaaggretat
grtetettgoe
geoootacty
agettgtens
tgtgatgacs
agatteseg

cogoastgtg
agtggggret
geagecaety
geatggactyg
astgazseoasn
stggettget
sttectgate
tattetttge
stteasagte
agatctoaat
attgretecy
gaaggtetat

gretettgre

teotatgaayg
ctgaccaaty
dgoaacagny
stgttootga
agotaccaayg
gectgootea
tgottggoaad
tectgeatet
acaactgtge
TLATLLTatT
gtttettetg
accagazant
teotttttet
attetgbgge
tetgggeaty
attetgetet
apastgtgtt

toctatgaagy
ctgascaate
ageadcagty
ctgttoctga
agotaccaay

sotgented
tgettggsaa
Tootgoatcto
acaactgtgs
ttattttatt
gtttattetyg
ACCagasact
testttttet
attetgtgge
tetgggeaty
ATToTyotoT
apactgtget

tootatgaay
ctgaccaaty
dgeddcagty
ctgttoctga
agstaseaay
gectgoctea
tgettggoaa
tectgoatet
acazetgoge
thattttatt
gttoecteng
accagaaast
tectttttet

teaggagtas
cottogtttt
attgtgtget
gtgotatena
CCatCatoat

cotgettta
getgggtets
geastgtent
tattoatgaa
SoTTLETorE
ggatgetgacs
stogtoasos
gettatttgt
gogaciaaat
cagocatont
gggeteagay
ga

teaggagtac
cottogtttt
attgegtget
gtgotatesa
coatoateat
gectgettta
gotgggtete
goactgtect
tattoatgas
cotttetett
ggatgetgas
ctogtgaces
gettotttgt
gogacaaaat
cagenatont
gggeteagag
ga

teaggagtas
cottoegtttt
AtTgogTget
gtgotatesa
coauogToat
gectgettta
getgggrens
geactgtest
tatteatgas
cotttoteott
ggatgetgas
ctogtgacen

gettetttgt

teatetotgt
ggataacgge
tgaggagage
azcacaagge

taastogoat
tggagttige
tagtgaagay
ggetttteoct
Tgagtgaase
Aadyocaanot
P —

gecootacts
agortgrons
Tgtgatgase
agatteseyg

cogeastgtg
agtggggtet
geageeanty
geatggacty
aActgaacoan
ctggettget

sttectgate

toocagatgs
THoLTLLTCa
aggeteoaast
tggtetgtge
ggaaggeasa
goCCcacatta
Tgtgetgoet
grttgtgteg
aatgooaagt
grasgagesy

toctgggtat
groagacotoa
gycagaataa
ctectttont
tgaggyasaat
aagooctoaa
teatetetgt
gyataatgge
tyaggagage
accacaaggo

Tattotoogo
cttoacagte
agatotoaat
attgtttetg
gaaggretat
gtetettgte
geoootactyg
agettgrone
tgtgatgane
agattosogy

atteotgtggs
Tetgggeaty
attetgetet
apactgtget

tooctatgaagy
ctgaccaaty
ageaasagty
ctgttoctga
agotaccaay

cotgontea
tgettggeaa
TooTgoatct
acaactgrgn
ttattttatt
gtttottetg
afscagasact
Tocttttter
attetgtgge
tetgggeaty
attetgetet
acactgtget

gogacaaaat
cageocgtont

gggeteagay o

ga

teaggagtac
sottegtttt
attgegtget
gtgotatooa
Soatoatoan
geotgottta
getgggtets
goactgtoct
Tattoatgas
sotttotett
ggatgergae
stogtqanos
gettetttgt
gogacazaat
cageegtect
gggeteagag
ga

atttetgttt
cttggtgaac
getgrgters
gottacocoac
gotatggaty
stgetesaay
saggaagats
sEgtgrttgy
Caaaatasa
stgetatery
tgtetene

sageetggay
gatatoatcoo
agggggaty
gateteagge
sagootgaay

atttetgtte
stTggTgaat
getgrgrece
gottacoeac
getatggaty
stgotenadg
caggaagate
stgtgttigy
taacaataca
stgetatety
tytetonn

cagoetggay
gatatsates
aggggtgaty
gatoteaqge
cagootgaay

atttotgtts
ettggtgaat
getgtgtete
gettaceeac
gotatggacy
ctgotocaag
saggaagats
stgtgtrtgy
Tascaartacg
stgotatetg
tgtetene

cagectggag
gatateoateoo
agggggaty
gateteagge
sotgaay

atttetgtte
sttggtgaat
getgtgtete
gottasooac
getatggacy
stgetesaay
caggaagate
stgtgtttgy
taacaataca
stgetatety
tgtetene

sagoetggay
gatatcatcco
aggggtgaty
gateteagge
cagoctgaay

-

Position 145
Sensible:
Non sensible:

Position 785
Sensible:
Non sensible:

Position 886
Sensible:
Non sensible:

cag
cag

tgt
tgt

gcc
gcc

cca
gca

get
gtt

gtc
atc

ctg
ctg

gcc
gcc

ctg
ctg



dbSNP:rs10246939 Ensembl, ClinVar.

Tcale 588 bases| | ha3s
chr7?:| | 141,972,508] 141,972,988 141,973,688 141,973,188 141,973,2808] 141,973,3608] 141,973,408] 141,975,568] 141,975,608
|_ rour Sequence frrom Blat Search
Toursed
Zimple HUcleotide Foldmorphisms (dbESNF 1583
F=137982855 | r=9SE265879 | FETHER2THIE1E | rPETSRETEASE | rsTS1S95E54 | FETE2T1I1264 | FETE2594573 | rETERE1EESS | FETE1S1617E | FEITLIITEEES |
rs751759853 | rs7S2121415 | rs1726566 | rSTS196T257 | PETS2SI6229 | rESE3S1S567 | FSS47H95195 | FETS2210745 | rSOTS2ES246 | =556 842952 |
rE7S2154486 | PS18246939 |  rSl47669535 | FS1SS2ASER4 | FSTSRESTEES | rslB39E3I4ETE | rsTERTR127S | rs158289521 | rSTIES95 | rS7S1912967 |
F=ET52581355 | r=ESSETESSET | FEITESTISSSE | FETE2TIE194 | rETERS4T722S | FETS2ES4EE7T | FEITIEEE4E1 | FE951127186 | FEH924ETE4E | rESEE981925 |
r=7S1565354 | rs215199945 | rEE5 7475945 | rEO5IES4564 | rS7S2555915 | rE7E2149645 | FETS2T7E4475 |  FS2814673555 | rE7S2526957 | rS3TSASS24L |
rE7S2495141 | FSTS19649435|  FEITETIEASS | rS142521264 | r=S5EE390556 | PSTSERTTE4SS | rE751984949 | PsTES21517ES | rE7S2257425 | PSTE2S0965S |
FETS2T7369TS | FETE2ETEEES | rETS198252E | rETE2116664 | rE942592 759 | FETE1SE2E59 | FE151117HES | PETE2169945 | r=14119656% | rsS41691951 |
rE7S15121 64 | rs7s27EeE1ET | rES7SE23439 | FEST7S2E42725 | rES45517497 | FST7S27I2734 | rE7S2S54554 | PESTS2485244 | PS144556521 | rs1SeS25654 |
F=1:5399735261 | FEITIATES AT | rEl46262959 | PETE1S1E55A | FETE2126141 | FETE1SREEEE | FETS2TES45S | FETE1997472 | FETE2595495 | PETER5H96 64 |
r=752118952 | FETE1915721 | FETE1547554 | FEIT5E48527 | rETERSE5527 | r=E4941 8358 | rETE1854522 | r=1358697 84 | FETE21TEEES |
rES67SE1265 | =55 8893294 | rE752493265 | rS7S2457209|  rS7S196E855 | rs14S5970S538 | rs7S2472664 | rs115966955 | FETS2E54195 |
FET51915615 | FETS27I5046 | FS1BEEYA2ESS | FEI525158S | FETS2ETE4ES | FSTE2529044 | PETSR2ERGEAET | FEI42562145 | rel45445145 |
=965 aT743 84 | FEIETAS1 146 | FETS2EETE24 | FETS2E94569 | FETE1581475 | r=ETER54A158 | rsSTE21866A5 | =1 45662552 | FESTEEESE4S |
rETS2514178 | rE7S25EATSL | rES7RE24217 | rE7S2E287ET | r=538559921 | rE7E2454501 | rE7E256A384 | rESTTS424ET |
FETS2647T1T6 | FETE2E9EATE | FE18318TI215 | FEIE9E 14452 | FETE22T1451 | FE962351114 | FEITT4TALOE |
F=1AAA912155 | r=SST7A2ESEE3 | rEl4421 2167 | r=1419893929 | FETE2E1E571 | FETS2ETA249 | FEE54955325 |
rEFS22557S5 | rs7s2439217 | rE555594257 | rES7EEA21EE | r=139543952 | rS7S227R958 | rs7S1965522 |
FETS25341761 FE5E526E59S | FE2EEATESLL | FE3E9515471 | FE141 BS575E | PEITHIIAAD4 |
FESTETITIT2L | rS139655846 | FETE22TRERS | FETS259256S | FEATETASESS | rETE181 1462 |
r=1831859158 | rs752582547 | rs1825185788 | rE752523974 | rE141743754 |
FETS21B163S | FETS2EEA949 | FETE2ETI261 |
FETS519536488 | FETE21 18546 |
rE7E2153144 |
rETE2432124 |
FE9THEE4ATE |
rEE71955611 |
PETS1SST41E |
FESTESTEA5E |
r=114255546 |
FrETE21TIE9S |
Natural variant® (vAR_017860) 49 A — P 4 1 Ppublication + Corresponds to variant
dbSNP:rs713598 Ensembl, ClinVar.
Natural variant® (vAR_017861) 262 A —V @& 5 Ppublications + Corresponds to variant
dbSNP:rs1726866 Ensembl, ClinVar.
Natural variant® (vAR_017862) 296 I -V @ 1 publication -~ Corresponds to variant



An Alternative Laboratory Designed to
Address Ethical Concerns Associated with
Traditional TAS2R38 Student Genotyping®’

From the tDepartment of the History of Science, Harvard University,
Cambridge, Massachusetts 02138, *Department of Biological
Sciences, Wellesley College, Wellesley, Massachusetts 02481

The AVI variant of T2R38 is associated with an increased risk of both colorectal
cancer and Pseudomonas aeruginosa-associated sinus infection and T2R38
variants have been implicated in off-target drug responses.



Polymorphism®
Variations in TAS2R38 are associated with the ability to taste phenylthiocarbamide (PTC tasting) [MIMi:1?1200]; also called thiourea
tasting. The ability to taste the substance PTC and a number of related substances is genetically controlled. Genetic studies have
demonstrated complex inheritance for this trait. For some people (and some chimpanzees alsa), the chemical PTC tastes very bitter. For
others, it is tasteless. Actually, substantial variation in taste sensitivity exists in human. Five haplotypes arising from three coding SNPs in
the TAS2ZR38 gene are associated with distinct phenotypes of PTC taste sensitivity.

Natural variant

Natural variant® nar_o17as0) 49 A— P @ 1 publication ~ Corresponds to variant
dbSNP:rs713598 Ensembl, ClinVar.

Matural variant® (ar_o17as1) 262 A —\V @ 5 publications -~ Corresponds to variant | 1
dbSNP:rs1726866 Ensembl, ClinVar.

Natural variant ar_o17ss2) 296 I—V # 1 Publication ~ Corresponds to variant | 1
dbSNP:rs10246939 Ensembl, ClinVar.

http://www.uniprot.org/uniprot/P59533#sequences



http://www.uniprot.org/uniprot/P59533

CFTR / muscoviscidose
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Séquence CFTR_HUMAN: http://www.uniprot.org/uniprot/P13569.fasta
Blat@UCSC

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< || << | < | > [ >> | »>>> |zoomin| 1.5x | 3x || 10x || base | zoom out | 1.5x | 3x || 10x || 100x |

e

chr7:117,480,095-117,667,105 187,011 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
chr? (aq31.2) | | EiNEE | B ii+«<.sHi+.10 1 0 [ ] =11 B [22. 1] EENEY | B R cEEEE ST |
scale So koj | hass
chr7: 117,508, 80| 117,558, aas| 117,608, aaa| 117,658, aaa|
Your Sequence from Blat Search
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Simp e Hucleotide Folgmorphisms (dbSHF 158)

T
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o Coding - Synonymous: synonyj' mous_variant
o Coding - Non-Synonymous: stop_gained, missense_variant, stop_lost, frameshift_variant, inframe_indel

o Untranslated: 5 prime UTR variant, 3 _prime UTR_variant
o Intron: intron_variant
o Splice Site: splice_acceptor_variant, splice_donor_variant



http://www.uniprot.org/uniprot/P13569.fasta

CFTR @ UniProt

http://www.uniprot.org/uniprot/P13569#pathology and biotech

Pathology & Biotech’

Involvement in disease’

Cystic fibrosis (CF) # 84 Publications +

The disease is caused by mutations affecting the gene represented in this entry.

Disease description: A common generalized disorder of the exocrine glands which impairs clearance of secretions in a variety of organs. It is chara
bronchopulmonary disease (with recurrent respiratory infections), pancreatic insufficiency (which leads to malabsorption and growth retardation) a
the most common genetic disease in Caucasians, with a prevalence of about 1 in 2'000 live births. Inheritance is autosomal recessive.

See also OMIM:219700

Feature key Position(s) | Description Actions I

Natural variant’ (vAR_000101)

Natural variant* vAR_000103;

13
31

S — Fin CF. & 1 publication - Corresponds to variant dbSNP:rs397508635
R — LinCF. @ 1 publication -~ Corresponds to variant dbSNP:rs149353983

Ensembl.

Ensembl.

Natural va[ianti(VAR_uU[Jma} 42 S - FinCF. # 1 publication -~ Corresponds to variant dbSNP:rs143456784 Ensembl, ClinVar.
Natural variant® VAR 000105 44 D — G in CF. Corresponds to variant dbSNP:rs1800074 Ensembl.
Natural va[iami(\/AR?gggms} 57 W — Gin CF. & 1 publication = Corresponds to variant dbSNP:rs397508272 Ensembl.
Natural variant® vAR_000109) 67 P — L in CF. Corresponds to variant dbSNP:rs368505753 Ensembl, Clinvar.

Natural varianti(VARint]OﬁO)
Natural varianti(VARinnOﬁQ)
Natural varianti(VARinmma)
Natural variant;(VARint]Oﬁd)
Natural variant;(VARint]OﬁE)
Natural variant® (AR_000116)
Natural varianti(VARinnOﬁT)
Natural varianti(VARinmma)
Natural variant;(VARint]Oﬁa)
Natural variant;(VAR_nnmzn

Natural variant® (AR_000122;

74
85
87
91
92
98
105
109
110
117
117

R — W in CF. Corresponds to variant dbSNP:rs115545701
G - EinCF. # 1 Publication ~ Corresponds to variant dbSNP:rs75961395
F—LinCF. & 1 publication ~ Corresponds to variant dbSNP:rs397508403
G — R in CF. Corresponds to variant dbSNP:rs121908750

E— Kin CF. # 2 publications = Corresponds to variant dbSNP:rs121908751
Q - RinCF. @ 1 Publication -~ Corresponds to variant dbSNP:rs397508464
I-5inCF.

Y - CinCF. & 1 publication » Corresponds to variant dbSNP:rs121909031

D — H in CF. Corresponds to variant dbSNP:rs113993958

R — CinCF. # 1 Publication ~ Corresponds to variant dbSNP:rs77834169

Ensembl, ClinVar.
Ensembl, ClinVar.

Ensembl.
Ensembl, ClinVar.
Ensembl, ClinVar.

Ensembl, ClinVar.

Ensembl, ClinVar.
Ensembl, ClinVvar.

Ensembl, ClinVar.

R — Hin CF and CBAVD; decreases single channel conductance; promotes rapid return to the closed

state of the channel.

# 2 Publications -~ Corresponds to variant dbSNP:rs78655421 Ensembl, ClinVar.

UniprotKB/Swiss-Prot annote les variations ‘missense’, rarement les délétions. La
célebre variation DeltaF508 n’est donc pas annotée...


http://www.uniprot.org/uniprot/P13569

http://www.uniprot.org/docs/humsavar

CFTR P13569 VAR 000101 p.Serl3fFhe Disease r3327508635 Cystic fibrosis (CF) [MIM:219700]

CFTR P1356% VAR 000102 p.Arg3lCys Polymorphism rs1800073 -

CFTR P1356% VAR 000103 p.Arg3llLeu Dissase rs149353983 Cystic fibrosis (CF) [MIM:219700]

CFTR P13569 VAR 000104 p.Ser42Phe Disease r5143456784 Ccystic fibrosis (CF) [MIM:215700]

CFTR P1356% VAR 000105 p.Aspd4dGly Disease rs1800074 Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000106 p.Asp44val Polymorphism rsl1800074 -

CFTR P13569% VAR 000107 p.Ser50Tyr Disease rs35%7508220 Congenital bilateral absence of the vas deferens (CBAVD) [MIM:277180]
CFTR P13569 VAR 000108 p.Trp57Gly Disesase rs397508272 Cystic fibrosis (CF) [MIM:219700]

CFTR P13569 VAR 000109 p.Pro&7Leu Disease rs5368505753 cystic fibrosis (CF) [MIM:215700]

CFTR P1356% VAR 000110 p.Arg74Trp Dissase rs115545701 Cystic fibrosis (CF) [MIM:219700]

CFTR P1356% VAR 000111 p.Arg75Gln Polymorphism rs1800076 -

CFTR P1356% VAR 000112 p.Gly85Glu Disease rs759613%5 Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000113 p.PheB87Leu Disease r33927508403 Cystic fibrosis (CF) [MIM:219700]

CFTR P1356% VAR 000114 p.Gly%lArg Disease rs121508750 Cystic fibrosis (CF) [MIM:215700]

CFTR P1356% VAR 000115 p.Glu92Lys Dissase rs121508751 Cystic fibrosis (CF) [MIM:219700]

CFTR P13569 VAR 000116 p.Gln%BArg Disease r5397508464 Ccystic fibrosis (CF) [MIM:215700]

CFTR P1356% VAR 000117 p.IlelO5Ser Dissase - Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000118 p.Tyrl0SCys Disease rs5121909031 cystic fibrosis (CF) [MIM:219700]

CFTR P1356% VAR 000119 p.AspllOHis Disease rs113593%58 Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000120 p.Prolllleu Disease rz140502196 Congenital bilateral absence of the wvas deferens (CBAVD) [MIM:277180]
CFTR P13569 VAR 000121 p.Argllicys Disease rs7783416% Cystic fibrosis (CF) [MIM:21%700]

CFTR P1356% VAR 000122 p.Argll7His Dissase rs78655421 Congenital bilateral absence of the vas deferens (CBAVD) [MIM:277180]
CFTR P13569 VAR 000122 p.Argll7His Disease rs578655421 cCystic fibrosis (CF) [MIM:215700]

CFTR P1356% VAR 000123 p.Argll7Leu Dissase rs78655421 Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000124 p.Argll7Pro Disease rs78655421 cCystic fibrosis (CF) [MIM:219700]

CFTR P1356% VAR 000125 p.Alal20Thr Disease rs201558172 Cystic fibrosis (CF) [MIM:215700]

CFTR P13569 VAR 000126 p.Hisl3%Arg Disease rs76371115 cCystic fibrosis (CF) [MIM:219700]

CFTR P13569 VAR 000127 p.Alald4lAsp Disease rs5397508700 Cystic fibrosis (CF) [MIM:219700]


http://www.uniprot.org/docs/humsavar

Information sur les variants: dbSNP@NCBI

Aller sur le site dbSNP: https://www.ncbi.nlm.nih.gov/SNP/

Copier / coller le no AC du SNP (i.e. rs397508635)

2 NCBI  Resources @ How To (&

dbSNP SNP ~ |rs397508635

Create alert Advanced

Display Settings: = Summary

Send to: ~

Ol rs397508635 [Homo sapiens]
1

CCTCTGGEARRAGGCCAGCGTTGTCT [C/T] CARACTTTTTTTCAGGTGAGRAGGT

Chromosome: 7117480132

Gene: CFTR (GeneView)

Functional Consequence: intron variant missense

Allele Origin T(germline)/C(germline)

Clinical significance: untested

Validated: no info

HGVS. NC_000007.13:g.117120186C>T, NC_000007.14:9.117480132C>T, NG_016465.4:9.19349C>T, NM_000492.3:c.38C>T,

NP_000483.3:p.Ser13Phe, XM_011515751.2:c.143+787C>T, XM_011515753.1:c.-191+438C>T, XM_011515754.2:c.-518-16C>T,
XM_017011699.1:c-265+438C>T
Varview

1 Encore beaucoup de désaccords sur la pathogénicité d’'un variant entre les
différentes banques de données. Les informations dans dbSNP sont annotées par la
personne qui a soumis le variant....Plusieurs initiatives pour mettre en commun.


https://www.ncbi.nlm.nih.gov/SNP/

BRCA1 / cancer

Plays a central role in DNA repair by facilitating cellular responses to DNA damage.

Mutations in BRCA1 are thought to be responsible for 45% of inherited breast cancer.

Mutations génétiques + somatigues



Séquence BRCA1_HUMAN: http://www.uniprot.org/uniprot/P38398.fasta
BLAT @ UCSC; browser

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< || << | < | > | >> | »»>> |zoomin| 1.5x || 3x || 10x | base | zoom out | 1.5x || 3x | 10x | 100x |

chr17:43,045,681-43,124,096 78,416 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
|chr‘1? cg21.31) [I5. STERE R 1712 1 IV [ ] -':1'&'4-EE§Eﬂ]IZI:Eﬂ-J!si
Scale 28 kbl { hg3s
chri7: 43, 868, aoa| 43,970, 6o 43, 858, Boe| 43, 998, aad| 43,108, s0o| 43,118, aaa| 43,128, aaa|
Your Sequence from Blat Search
|— BRCAL_HUMAN =ttt } t++ t + i } +HE.-+-- + et 1

o Coding - Synonymous: synclmymous variant
o Coding - Non-Synonymous: stop_gained, missense_variant, stop_lost, frameshift_variant, inframe_indel
o Untranslated: 5_prime_UTR_variant, 3_prime_UTR_variant

o Intron: intron_variant

o Splice Site: splice_acceptor_variant, splice_donor_variant



http://www.uniprot.org/uniprot/P38398.fasta

BRCA1noll-zoomer.shtml

Ircos

//research.nhgri.nih.gov/projects/bic/circos/BIC Ci

https



https://research.nhgri.nih.gov/projects/bic/circos/BIC_Circos_BRCA1no11-zoomer.shtml
https://research.nhgri.nih.gov/projects/bic/circos/BIC_Circos_BRCA1no11-zoomer.shtml
https://research.nhgri.nih.gov/projects/bic/circos/BIC_Circos_BRCA1no11-zoomer.shtml

http://www.uniprot.org/uniprot/P38398#pathology and biotech

Pathology & Biotech’

Involvement in disease’

Breast cancer (BC) € 22 Publications

Disease susceptibility is associated with variations affecting the gene represented in this entry. Mutations in BRCA1 are thought to be responsible
Moreover, BRCA1 carriers have a 4-fold increased risk of colon cancer, whereas male carriers face a 3-fold increased risk of prostate cancer. Cells
repair by homologous recombination.
Disease description: A common malignancy originating from breast epithelial tissue. Breast neoplasms can be distinguished by their histologic pat
the most common type. Breast cancer is etiologically and genetically heterogeneous. Important genetic factors have been indicated by familial oc

Mutations at more than one locus can be involved in different families or even in the same case.

See also OMIM:114480

Feature key Position(s) | Description Actions

Natural variant® (VAR_070458)

Natural variant? (VAR_020679)

Natural variant® (VAR_063899)

Natural variant® wAR_007756)
Natural variant® (vAR_020630)

Natural variant? (VAR_070459)
Natural variant® (VAR_007T5T)
Natural variant’ (VAR_007758)
Natural variant® (VAR_070460)
Natural variant? (VAR_020681)
Natural variant® (VAR_070462)

Natural variant® (VAR_070463)

10
18

22
23
45

61

64

67

71

132

142

4 S — Fin BC; unknown pathological significance.
dbSNP:rs786203152

E — Kin BC and BROVCA1l. @ 1 publication

M — T in BC; unknown pathological significance.
dbSNP:rs80356929
L — Sin BC. # 1 Publication = Corresponds to variant dbSNP:rs80357438

E — Kin BC and BROVCA1. # 1 Publication

K — Q in BC; unknown pathological significance; functionally neutral in vitro.

Corresponds to variant dbSNP:rs769650474

C — G in BC and ovarian cancer; no interaction with BAP1.
dbSNP:rs28897672

C — G in BC; no interaction with BAP1.

D — Y in BC; unknown pathological significance; functionally neutral in vitro.

Corresponds to variant dbSNP:rs80357102
R — K in BC; unknown pathological significance.
dbSNP:rs80356913

N — K in BC; unknown pathological significance; functionally neutral in vitro.

Corresponds to variant dbSNP:rs80357413

P — H in BC; unknown pathological significance; functionally neutral in vitro.

Marencmmmde Fa cmeinesd ARCRKMD . -~ CEOAT7T4 20072

# 7 Publications +

# 1 Publication = Corresponds to variant

Ensembl, Clinvar.

# 2 Publications -~ Corresponds to variant

Ensembl, Clinvar.
Ensembl, Clinvar.

# 1 Publication «
Ensembl, Clinvar.

Corresponds to variant
Ensembl, Clinvar.

# 4 Publications -~ Corresponds to variant dbSNP:rs80357064

Ensembl, Clinvar.

# 1 Publication «
Ensembl, Clinvar.

# 1 Publication - Corresponds to variant

Ensembl, Clinvar.

# 1 Publication «
Ensembl, Clinvar.

# 1 Publication «

Corrmmnbl i liad e



http://www.uniprot.org/uniprot/P38398

BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1
BRCA1
BRCAR1
BRCAL
BRCR1

http://www.uniprot.org/docs/humsavar

P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398
P38398

VAR 007761
VAR 007762
VAR 007764
VAR 007765
VAR_007766
VAR 007767
VAR 007768
VAR 007769
VAR 007770
VAR 007771
VAR 007772
VAR 007773
VAR 007774
VAR 007775
VAR 007776
VAR 007777
VAR 007778
VAR 007779
VAR 007780
VAR 007781
VAR 007782
VAR 007783
VAR 007784
VAR 007785
VAR_007786
VAR 007787
VAR 007788
VAR 007789

p.Val27lMet
p-Gln356Arg
p-Ile37S%Met
p.Phed46lleu
p.Tyr465Asp
p-Arg507Ile
p-Gly552val
pP.Asp693Asn
p.vVali7ZAla
p-LysB820G1lu
p-Thr826éLys
p.-Arg841Trp
p.Pro871lLeu
p-.LeuBB9ZSer
p-Gly960Asp
p-Metl008Ile
p-Thrl0z25Ile
p-Glul038Gly
p.Serl040Asn
p.VallO47Ala
p.Proll50sSer
p-Lysll183Arg
p-Glul2l19Asp
p.Argl347Gly
p.Serld431Pro
D.-Argldd3Gcly
p-Serl5l12Ile
p-Thrl56lIle

Disease
Polymorphism
Polymorphism
Disease
Disease
Unclassified
Disease
Polymorphism
Polymorphism
Polymorphism
Unclassified
Unclassified
Polymorphism
Disease
Disease
Polymorphism
Disease
Polymorphism
Polymorphism
Disease
Disease
Polymorphism
Unclassified
Polymorphism
Polymorphism
Unclassified
Polymorphism

Unclassified

rs80357244
rs1799950
rs56128296
rs56046357
rs397508869
rs80357224
rs397508893
rs4%86850
rs80357467
rs56082113
rs28897683
rs1800709
rs799917
rs397508994
rs397509022
rsl1800704
rs3975059034
rsle94l
rs4986852
rs397509037
rs80357272
rsle94z2
rs80356876
rs28897689
rs412963455
rs1800744
rs56158747

Breast cancer

Breast cancer

Breast cancer

Breast cancer

Breast cancer

(BC) [MIM
(BC) [MIM
(BC) [MIM
(BC) [MIM
(BC) [MIM

Breast—ovarian cancer,

Breast cancer
Breast cancer

Breast cancer

Breast cancer

Breast cancer

Breast cancer

(BC) [MIM
(BC) [MIM:
(BC) [MIM:
(BC) [MIM:
(BC) [MIM:
(BC) [MIM:

11144801

:114480]

11144801

11144801

11144801

familial,

:114480]
114480]

114480]

114480]

114480]

114480]

1 (BROVCAL)

[MIM: €04370]


http://www.uniprot.org/docs/humsavar

Actualité > Société » Santé

Cancer du sein: "l'effet Angelina Jolie" fait
doubler le nombre de consultations

Par Cécile Casciano, publié le 23/09/2014 a 18:05, mis a jour le 24/09/2014 a 02:00

Apres la médiatisation de la double mastectomie préventive de l'actrice
americaine, le depistage de femmes porteuses de genes augmentant les
risques de contracter un cancer du sein a doublé, selon une étude canadienne
menée en Grande-Bretagne.

FEELErEd 1.9 | W Tweeter 39 4+

"L'effet Angelina Jolie" pourrait bien sauver des vies. L'actrice avait
surpris, en mai 2013, en annongant avoir subi une double
mastectomie préventive dans une tribune intitulée My medical
choice publiée par le New York Times. Porteuse du géne mutant
BRCAA1, ses risques de contracter un cancer du sein étaient de 87%
avant I'opération. Aujourd'hui I'intervention a permis de réduire ce

. -
risque a 5%. en Grande-Bretagne, le nombre de rendez-vous pour des

dépistages génétiques & grimpé de 90% en six mois. Un afflux de
consultations trés bénéfique, soulignent les chercheurs, puisque
deux fois plus de femmes porteuses du géne BRCA1 ou BRCAZ2,

facteurs de risques pour le cancer du sein mais aussi des ovaires, ,
ont été identifiées durant cette période. Lexpress

W

, Voter (0) 0 + =




Breast Cancer
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S. Antonarakis

CCTCTGCTCTGGGTAAAGTTAGTGGAGTCCCGGGARAGGGACAGGGGGCCCAAGTGATGCTCTGGGGTAC
TGGCGTGGGAGAGTGGATTTCCGAAGCTGACAGATGGTTCATTGGAACAGAAAGAAATGGATTTATCTGC
TCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTG
==~~~ 3ATCAAGGAACCTGTCTCCACAAAGTGTGACCACATATTTTGC TTTGCATGCTGAAACTTC
~AGAAGAAAGGGCCTTCACAGTGTCCTTTATGAGCCTACAAG TACGAGATTCAGTCAACTT
AGAGCTATTGAAAACCATTTGTGCTTTTCAGCTTGACACAGG I TGGAGTATGCAAACAGCTATA
SCAAAAAAGGAAAATAACTCTCCTGAACATCTAAAAGATGAAGTTTCTATCATCCAAAGTATGGG
CTACAGAAACCGTGCCAAAAGACTTC GAGTGAACCCGAAAATCCTTCCTTGG CAGTCT.CAGT
GTCCAACTCTCTAACCTTGGAACTGTﬁ&QLtﬂ@L@i m&ﬁ@ﬂinﬂﬂ@cﬁ@f@ﬂiﬁ it-Gr
CTGTCTACATTGAATTGGGATCTGATTCTTCTGAAGATACCGTTAATAAGGCAACTTATTGCAGTGTGGG
AGATCAAGAATTGTTACAAATCACCCCTCAAGGAACCAGGGATGAAATCAGTTTGGACTCTGCAAAAAAG
GCTGCTTGTGAATTTTCTGAGACGGATGTAACAAATACTGAACATCATCAACCCAGTAATAATGATTTGA
ACACCACTGAGAAGCGTGCAGCTGAGAGGCATCCAGAAAAGTATCAGGGTAGT TCTGTTTCAAACTTGCA
TGTGGAGCCATGTGGCACAAATACTCATGCCAGCTCATTACAGCATGAGAACAGCAGTTTATTACTCACT
AAAGACAGAATGAATGTAGAAAAGGCTGAATTCTGTAATAAAAGCAAACAGCCTGGCTTAGCAAGGAGCC
AACATAACAGATGGGCTGGAAGTAAGGAAACATGTAATGATAGGCGGACTCCCAGCACAGAAAAAAAGGT
AGATCTGAATGCTGATCCCCTGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCTCAGAGAAT
CCTAGAGATACTGAAGATGTTCCTTGGATAACACTAAATAGCAGCATTCAGAAAGTTAATGAGTGGTTTT
CCAGAAGTGATGAACTGTTAGGTTCTGATGACTCACATGATGGGGAGTCTGAATCAAATGCCAAAGTAGC
TGATGTATTGGACGTTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAATAGACTTACTGGCC
AGTGATCCTCATGAGGCTTTAATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTG
AAGACAAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTAACTGAAAA
TCTAATTATAGGAGCATTTGTTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAG
CGTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAGAAAGCAGATTTGGCAGTTCAAA
AGACTCCTGAAATGATAAATCAGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGATGAATATTACTAA
TAGTGGTCATGAGAATAAAACAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAATAGAATCA
CTCGAAAAAGAATCTGCTTTCAAAACGAAAGCTGAACCTATAAGCAGCAGTATAAGCAATATGGAACTCG
AATTAAATATCCACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGTCTTCTACCAGGCATAT
TCATGCGCTTGAACTAGTAGTCAGTAGAAATCTAAGCCCACCTAATTGTACTGAATTGCAAATTGATAGT
TGTTCTAGCAGTGAAGAGATAAAGAAAAAAAAGTACAACCAAATGCCAGTCAGGCACAGCAGAAACCTAC
AACTCATGGAAGGTAAAGAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAACAGACAAGTAA
AAGACATGACAGCGATACTTTCCCAGAGCTGAAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGTTCA
AATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAGAGAAGAAAAAGAAGAGAAACTAGAAA
CAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAAGATCTCATGTTAAGTGGAGAAAGGGTTTTGCAAAC
TGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTCAGGAAAGTATC
TCGTTACTGGAAGTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAGTGTGCAG
CATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAGGCTTTAA
GTATCCATTGGGACATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGAAGAAAGTGAACTTGAT
GCTCAGTATTTGCAGAATACATTCAAGGTTTCAAAGCGCCAGTCATTTGCTCCGTTTTCAAATCCA. . . .



Mutation c¢.187 188delAG occurs due to a 2-bp (AG)
deletion of the normal sequence TTA GAG of codons 22-
23 in exonZ2 of BRCAl

SAIN

* %

TACAAAATGTCATTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTG

CANCER

TACAAAATGTCATTAATGCTATGCAGAAAATCTTAGTGTCCCATCTG



Exemple d’information donnée au patient....

Cependant, il a été trouvé le variant BRCAZ ¢.2002C>T / p.Leu668Phe dont la répercussion fonctionnelle n’est pas
clairement établie. Ce variant a &té référencé dans la base de données internationale du BIC '
([1ttp:r'fr:.:s¢arch.ﬁhgri.nih,guv.fbic!), et est classé comme «unknown clinical significance». Selon les principaux algorithmes
de prédiction ainsi qu'une récente publication de test fonctionnel in vitro ce variant serait prédit comme neuntre (P, Bouwman
et al., Cancer Discovery, 2013). Ce variant ne peut pas 8tre utilisé dang dre d'un dépistage informatif pour fes autres
membres de la famille tant que sa nature pathogéne ou polys que n'a pas été confirmeée,

Advancing human health through genomics research

Research Funding Researdl at NHGRI ;i Ex11i] ‘ Education

Research @ NHGRI » Online Research Resources » Breast Cancer Information Core

m) National Human Genome Research Institute Search Genome.gov
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Breast Cancer Information Core

An Open Access On-Line Breast Cancer Mutation Data Base
An International Collaborative Effort hosted by NHGRI

https://www.ncbi.nlm.nih.gov/clinvar/variation/37441/
http://www.uniprot.org/uniprot/P38398#pathology and biotech

Natural variant | (var_oo7768) 465 Y —Din BC. 4 1 Publication ~ Corresponds to variant dbSNP:rs397508869
Natural variant® war_o07762) 552 G—VinBC. & 1 publication -~ Corresponds to variant dbSNP:rs397508893
‘ Natural variant® pan_ 070473 668 L — Fin BC; unknown pathological significance; functionally neutral in vitro. € 1 Publication « '

dbSNP:rs80357250

Natural variant® (ar_o70474) 695 D — Nin BC; unknown pathological significance; functionally neutral in vitro. & 1 publication -
dbSNP:rs28897681

Natural variant® war_o20883 749 D—Yin BC. # 1 publication -~ Corresponds to variant dbSNP:rs80357114

Natural Vamantiwm_gm475_3 798 P — Lin BC; unknown pathological significance; functionally neutral in vitro. @ 1 publication = '
dbSNP:rs876660005

Natural variant (var_o70476) g10 N — ¥ in BC; unknown pathological significance; functionally neutral in vitro. 4 1 publication -

dbSNP:rs28897682


https://www.ncbi.nlm.nih.gov/clinvar/variation/37441/
http://www.uniprot.org/uniprot/P38398

Activiteé 2.6

‘Voir’ les variations génétiques de Arabidopsis
Thaliana




Génome Arapidopsis Thaliana Columbia
1135 génomes séquences...

Sur le site www.1001genomes.org
Tools -> GO

Polymorph 1001
C“quer sur POIymOrphiSm 1001 Variant browser for 1135 accessions.

¥ Locus

Gene |dentifier

Choisir un locus (TAIR Ids: taper AT....)


http://www.1001genomes.org/

Exemple avec le locus AT4G14880.1
POLYMORPH 1001

Vanant Search Parameters Va rl a ntS
¥ Locus .
7441 variants found.
Click on table row for effect details.
Gene Identi ange Position
Chr Position Strain Ref Alt Quality Impact Effect Type
AT4G14880.1 v 4 8517967 9987 T G 40 MODIFIER downstream_gene_variant
. 4 8517988 1062 G T 40 MODIFIER downstream_gene_variant
¥ Filter - -
4 8517988 2278 G T 40 MODIFIER downstream_gene_variant
Variant Type:
SNPs A 4 8517988 5836 G T 40 MODIFIER downstream_gene_variant
Impact: 4 8517988 6023 G T 40 MODIFIER downstream_gene_variant
All -
4 8517988 6024 G T 40 MODIFIER downstream_gene_variant
Effect Type: .
4 8517988 6034 G T 40 MODIFIER downstream_gene_variant
All
4 8517988 6038 G T 40 MODIFIER downstream_gene_variant
b Accessions 4 8517988 6040 G T 40 MODIFIER downstream_gene_variant
4 8517988 6090 G T 40 MODIFIER downstream_gene_variant
4 8517988 6091 G T 40 MODIFIER downstream_gene_variant
4 8517988 6102 G T 40 MODIFIER downstream_gene_variant
4 8517988 6104 G T 40 MODIFIER downstream_gene_variant

m 4 8517988 6112 G T 40 MODIFIER downstream_gene_variant



Et Mendel dans tout ca....

Journal List » Genetics » v.189(1); 2011 Sep > PMC3176118

GENETICS

Information for Authors Edrtorial Board ubmit a Manuscr

Genetics. 2011 Sep; 189(1): 3-10. PMCID: PMC3176118
doi: 10.1534/genetics.111.132118

Mendel’s Genes: Toward a Full Molecular Characterization

James B. Reid and John J. Ross]

Table 1

Seven characters of P. safivum examined by Mendel and a summary of the genes, phenotypes, and presumed mutations involved

Trait Dominant Recessive Symbol Linkage Cloned Gene function Molecular nature of
phenotype phenotype group group mutation
Seed shape Round Wrinkled R W Yes Starch branching enzyme 1 0.8-kb insertion
Stem length Tall Dwarf LE I Yes GA 3-oxidasel G-to-A substitution
Cotyledon color Yellow Green I I Yes Stay-green gene 6-bp insertion
Seed coat/flower Purple White A II Yes bHLH transeription factor G-to-A at splice site
color
Pod color Green Yellow GP W No Chloroplast structure in pod Unknown
wall
Pod form Inflated Constricted v I No Sclerenchyma formation in Unknown
pods
Position of flowers Axial Terminal E4 v No Meristem function Unknown

References are given in the text.

Bio Tremplin: http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html



http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html
http://tecfa-bio-news.blogspot.ch/2013/11/de-mendel-et-ses-pois-verts-aux-risques.html

Activite 2.7

Exemple complet d’'une I'analyse génétique (famille)

Remarque: Il s'agit d’'un exemple tres particulier d’'une famille norvégienne. Cet
exemple doit étre utilisé pour expliquer les variations génétiques et non pas le
diabete de type |



De

CTCGAGGEECCTAGACATTCCCCTCCAGAGAGAGCACCCAACACCCTCCAGECTTGACCGGECCAGGETGTCCOCTTCCTACCT TGGAGAGAGCACCCCCAGGGCATC
TG AGGGGETECTEGEACACC A TOGCCTICAL GG TCTC TGO C T T CAGCC AT CCACT A ACGETGCTGGGATCCTGGATC TCAGCTOCCTGGCCGACAAC
ACTGGCAAACTCCTACTCATCCACGA AGCCOCTOCTGEECATGETGETCCTTCCCAGCCTEGCAGTCTGTTCCTCACACACCTTETTAGTGCCCAGCCCCTGAGGTT
GCAGCTGEGEGETCTCTCTGAAGGGETCTGAGCCOCCAGGAAGCCCTGEGEEAACTGCCTGCCTTGCCTCCCCCOGGCCCTECCAGCGCCTGECTCTGCCCTCCTACCT
GGECTCCCCCCATCCAGCCTCCCTCCCTACACACTCCTCTCAACGAGGCACOCATCTCCTCTCCAGC TGCCGGECCTCAGAGCACTEGTGECETOCTGGEGGCAGCCAC
C éTG!C CTGT GCATGGCTCAGGGTGGAAAGGGC%iGGGAGGGGTCCTGCAGATAGCTGGTGCCCACTACCAAACCCGCTCGGGGCAGGAGAGCCAAAGG
G
=

C C G ACATAGGGEATGUGAGGEGOIGEGGCACAGGATACTCCAACCTGCCTGCCCCCAT
C TT} i - ?p#GETAAGGGGCTGCAGGCAGCAGGGCTCGGAGCCCATGCCCCCTCACCATGG
GCTCAGEC CCTCCAG C AGUTGLGAGLE GAG GTACCCCAGGGGCTCAGCCCAGATGACACTATGEEGETGATGETGTCATCGEA

CCTGGCCAGGAGAGGEGEAGATGGECTCCCAGAAGA GG AGTGGGEGCTGAGAGGCTECCTGGOGEGECCAGLACGEAGCTGLGCCAGTGCACAGCTICCCACACCTGCC
CACCCCCAGAGTCCTGCOGCCACCCCCAGATCACACGGAAGATCAGGTCOGAGTGLECCTGCTGAGGACTTGCTGCT TETCCCCAGGTCCCCAGGTCATGCLCCTCCTT
CTGCCACCCTGGEGEAGCTGAGGGCCTCAGCTEEEGCTCCTETCCT AL GGCAGGETEEGEAACTAGGCAGCCAGCAGGGAGEGGACCCCTCCCTCACTCCCACTCTCCC
ACCCCCACCACCTTGGCCCATCCATGGCEGCATCTTGEGECCATCCGGGACTEEGGACAGGEETCCTGEGGEACASGGETCCGGGEGACAGGETCCTEGEGEACAGEEGETG
TEGEEEACAGGEETCTGEEGACAGEGGE TG TGEEGACAGGLE TG TOGEGACAGEECTCTEGGGCACAGGGEETETGGEEGACAGLEETCCGEGGACAGOLGTETGGELGACAG
GGEETCTGGEGGACAGLGETGTGEEGEACAGGGGETETGEGEACAGGEGETCTGLGEACAGGEETETEGEEGACAGGEETCCTEGEGACAGGELTGTGEEEACAGGEETETGE
GGEACAGGEETGTGEGGEGACAGGEETETEEEGACAGGEETCCTGEEGAT AGGGETCTEEEEACAGGEETETCEEGACAGCGETCCCGGEEGACACGOETCTGGEGACAGS
GETGTGEGEGACACGEETCCTGEEGEACAGEGETCTGAGCACAGGEGTCTGGGCACAGGEETCCTGEGEACAGEGETCCTGEEGACAGGGETCCTOLGEACAGGGETCT
GGEEGACAGCAGCGCALACACCCCCGCCCTGCAGCCTCCAGCTCTCC T GG T TAATCTGEAA A CTGGCCCAGETGAGGECTTTGCTCTCCTGGAGACAT TTGCCCCCA
GCTGTGAGCAGGGACAGGTCTGGECCACCGGEICCCTGLTTAAGACTCTAATCACCCGCTGETCCTGAGGAAGAGGTGCTGACGACCAAGGAGATCTTCCCACAGACT
CAGCACCAGGGAAATGETCCGGAAATTGCAGCCTCAGCCCCCAGCCATCTGOCGACCCCCCCACCCCGCCCTAATGLECCAGGOGGECAGGEETTEACAGGTAGEGEA
GATGGECTCTGAGACTATAAAGCCAGCGEGEECCCAGCAGCCCTCAGCCCTOCAGGACAGGCTGCATCAGALGAGGCCATCAAGCAGCTCTCTTCCAAGGGCCTTTG
CETCAGGTGEGCTCAGGGTTCCAGGETGECTEGEACCCCAGECCCCAGCTCTECAGCAGEGAGGACGTGGCTGEECTCCTGAAGCATETGEEGETEAGCCCAGGGGEC
CCAAGECAGGGCACCTGGOCTTCAGCCTGCCTCAGCCCTGECTETCTCCCAGATCACTGTCCTTCTGUCATGECCC TG TGGATGLGCCTCCTGOCCCTGITGLIGET
GCTGGCCCTCTGEGGEACCTEACCCAGCCGCAGCCTTTCTGAACCA ACACCTETCCEGCTCACACCTEETCEAACCTCTCTACCTAGTGTGOEGEEAACGAGGCTTCT
TCTACACACCCAAGACOCGCCGEGEAGGCAGACCACCTCCAGGGTGAGCCAMCCCCCCATTGCTGCCCCTGGCOGCCCCCAGCCACCCCCTGCTOCTGGOGCTCCCAC
CCAGCATGGECAGA AGGGEGECAGGAGGC TGO ACCCAGCAGGGEGTCAGGTECACTTTTTTAAA A ACGAACTTCTCTTOGTCACGTCCTAAL ACTCACCAGCTCCCTG
TGEECCCAGTCAGAATCTCAGCCTGAGGACGGLTGTTGGCTTCGGCAGCCCCGAGATACATCAGAGGLGTGGECADGCTCCTCCCTCCACTCGCCCCTCAAACAAATGEC
oG AGCCCATTTCTCCACCCTCATTTGATGACCGCAGATTCAAGTGTTTTGTTAAGT AR ACTCCTGEETGACCTGEEGETCACAGGETGCCCCACGCTGCCTGCCTC
TGEEGCGAACACCCCATCACGCCCGEAGGAGEGCETGECTGCCTECCTGAGTEEGCCAGACCCCTETCGCCAGICTCACGGECAGCTCCATACTCACGAGATGGGGAAG
ATGCTGEGEEACAGGCCCTGGEGEAGAACTACTEEGATCACCTGTTCAGGC TCOCACT GTGACGCTGCCCCGGEEIEGEEGAAGGAGETGEEACATETCEECETTGGEG
CCTGTAGGTCCACACCCAGTGTGEETGACCCTCOCTCTAACCTOGGETCCAGOCCGECTGGAGATGLETGEGAGT GUGACCTAGGLCTGECGGEGCAGGIGLECACTET
CTCTCCCTGACTCTETCCTCC TG TG TCCCTCT GO TCGCCGCTET TCCGGAACC TECTCTGC GGG ACCTCCTGGCAGTGEGEECAGGTGEAGCTGEEOGEGEECCT
TGEETGCAGGCAGCCTGCAGCCCTTGGCCCTEGEAGGGETCCCTGCAGAACCCTCECAT TETGGAACAATCCTGTACCAGCATCTGCTCCCTCTACCAGCTGEAGAACT
ACTGCAACTAGACGCAGCCTGCAGGCAGCCOCACACCCOCCGCCTCCTGCACCCAGAGAGATCGAATAL AGCCOCTTGAACCAGCCCTGCTCTGOCGTCTGTGTGTCT
TEEGGEECCCTGGECCAAGCCCCACTTCCCGECACTGTTETGAGCCCCTCOCAGCTCTCTCCACGCTCTCTGEGTGUCCACAGGTECCAACGCCAGGCAGGICCAGTA
TECAGTGECTCTCCCCAAAGCGECCATGCCTET TGGECTCCCTGETGCCCCCACCC TG TG TCAGGETCCAGTATGEGAGCTTCGGEEGETCTCTEAGGGGICAGGEA
TEETGEGECCACTGAGAAGTGACTCTETCAGT AGCCGACCTGGAGTCCCCAGAGACCTTGT TCAGGAALACGGAATGAGA ACATTCCAGCAATTTTCCCCCCACCTAG
T CAGGT T T AT TT T TAGAGT TAT TTCTGATGGACTCCCTGTGGAGGEAGGAGGC TEEEC TGAGGGAGGEEGTCC TG AGGGCGEEEGEECTGEGEAAGETGGEEG
AGAGGCTGCCGAGAGCCACCCGCTATCCCCAGCTCTGLECAGCCCCGGGEACAGTCACACACCCTGLCCTCGUGECCCAAGCTGGCAGCCGTCTOCAGCCACAGCTTA
TECCAGCCCAGGTCCAGCCAGACACCTGAGEGACCCACTGETGCCT TGGAGEAAGCAGGAGAGETCAGATGECACCATGAGCTGLGEECAGCTGCAGGGACCGTCEGCA
GCACCTGGECAGGGCCTCAGAACCCATGCCT TEGEECACCCCGGUCATGAGGCOCTGAGGATTGCAGCCCAAGAGAAGCAGEGAACGCCAGGECCACAGEEGCAGAGAT
CAGGCCAGGGTCCCT Uy = CLiGE T, TGCTCADCCAGAGGCCCACG
GGCCCTAGTGACAAGE&E@ S’F -%%ﬁ@ﬁﬁéﬁﬁﬁi&: gjl: ﬁ@éﬁéﬁ ﬁ&&m@g CTCCGCTOGGCACCCAGCCTA
GCTGGGCAGACGAGA ACCTAGGEECTGCCTGEGCCTACTCTEGCCTGEGEAGGTCAGCGEETCACCCTAGCTACCCTGTGGCTGEGCCAGTCTGCCTGCCACCCAGGEC
AAACCAATCTGCACCTTTOCTGAGAGCTCCACCCAGGECTEGGETGGEGEATOECTEEECCTGEGEECTGGCATOECCTCETGGCTGCAGACCACTOCCAGCTTGGECCT
CGEAGGCCAGGAGCTCACCCTCCAGCTGCCCOGCCTCCAGAGTGEGGEGCCAGEEC TG AGGCGEETGGACGEICGEACACTGGCCCCGEAAGACGAGGGAGGCGET
GECTGEGATCGGCAGCAGCCGTCCATGGGAACACCCAGCCGGUCCCACTOGCACGEGTAGAGACAGGCGC

~ 20’000 génes humains
2 % du ‘texte’ génome humain
(en rouge: le gene de l'insuline sur le chromosome 11)


https://www.ncbi.nlm.nih.gov/nuccore/AH012037

De I’ADN aux proteéines...

AAC ACA TGT CAC AGA ATG TCG TTC GAG CCG

Code génétique

A\ 4 v v v
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Traduction d'un bout de séguence d'ADN en un bout de séguence de protéine
en utilisant le code génétigue % ;F‘f“
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Concentration max d’insuline dans le sang:
430 1012 mole/L, soit ~ 2600 x 101! molécules/L




En 2008, des chercheurs ont étudié une famille norvégienne dont plusieurs membres sont
diabétiques (type | et type Il).

Toutes les personnes diabétiques type | de cette famille sont porteuses de la méme
variation dans le gene qui code pour l'insuline (Molven et al., 2008).

Voici le pédigré de la famille (phénotype et liens de parenté):

Family T1D-N781 3 .
O WO
Diabéte type Il
(40 ans)

E e O—

Diabéte type |
(13 ans)

Diabéte type N
(50 ans)

Pamat con 11¥0ENY

http://education.expasy.org/bioinformatique/journee diabete 3.html



http://www.ncbi.nlm.nih.gov/pubmed/18192540
http://education.expasy.org/bioinformatique/journee_diabete_3.html

Afin de savoir si le bébé est porteur de la mutation pathogénique, les chercheurs ont extrait
I'ADN de 8 des membres de cette famille et ont séquencé une partie du gene qui code pour
I'insuline.

>1
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctcectctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacctgccgggaggcagaggacce
>2
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctcectctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgceccgggaggcagaggacce
>3
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacctgccgggaggcagaggacc
>4
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgccgggaggcagaggacce
>5
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctcectctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgccgggaggcagaggacce
>6
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgccgggaggcagaggacce
>
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctacc
tagtgtgcggagaacgaggcttcttctacacacccaagacccgccgggaggcagaggacce
>8
cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctcectctacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgccgggaggcagaggacce



Approche papier crayon:
...bandelettes de papier avec les séquences ADN a analyser manuellement afin de
bien comprendre le principe de la comparaison de séquences, et de |'alignement:

8 membres de la famille - 4 séqguences ADN - une alléle

8 membres de la famille - 1 séquence ADN - 2 alléles

8 membres de la famille - 2 séquences ADN - 2 alleles (plus difficile)
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Approche bioinformatique:

Construire un alignement des 8 séquences a |'aide d'un outil bioinformatique et identifier la
variation commune aux personnes diabétiques de type |

* Copier/Coller les 8 séquences (inclue la ligne '>1') dans I'outil d'alighement
* Cliquer sur l'icbne 'Run align'
* Sur la page des résultats, colonne de droite 'Highlight': sélectionner 'Similarity’



http://www.uniprot.org/align/

....informations médicales sur la famille

Le sujet (1) avec la mutation R55C (hétérozygote) a présenté un diabete de type | a I'age
de 10 ans. Elle avait un taux de glucose dans le sang de 17.6 mmol/I.

Sa maman (3) a développé un diabete de type | a I'age de 13 ans. Elle est sous
traitement d'insuline (...). Elle est aussi hétérozygote pour la mutation R55C.

Le grand-pére maternel (6) a été diagnostiqué diabétique de type Il a I'age de 40 ans. |l
est traité a l'insuline (...). Ni lui ni sa femme (en bonne santé) ne sont porteurs de la
mutation R55C, ce qui suggere gu'il s'agit d'une mutation de novo qui pourraient avoir
eu lieu par exemple dans les cellules germinales d'un des 2 grands-parents (...).

Les patients (1) et (3) porteurs de la mutation R55C ont des taux de C-peptide quasi
normaux, ce qui suggere qu'ils sont guand méme capables de fabriquer de l'insuline.
Les scientifiques ne comprennent pas pourquoi les patients (1) et (3) ont besoin de
s'injecter de l'insuline a des doses aussi élevées (...) (Molven et al., 2008).

....voici la séquence du gene de l'insuline et la liste des variations (en rouge) connues du
gene de l'insuline; beaucoup de variations ne sont pas associées avec un diabete.



http://education.expasy.org/bioinformatique/Glossaire.html
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
//freud.ad.sib.swiss/grp-sprot/www/education/bioinformatique/pdfs/Insuline_gene_texte.pdf
http://www.ncbi.nlm.nih.gov/snp?term=ins[gene]%20AND%20%22Homo%20sapiens%22[Organism]

La mutation ¢ -> t dans le gene de l'insuline conduit au remplacement de I'acide aminé R
(arginine; codon cgc) par l'acide aminé C (cystéine; codon cgt) en position 55:

ce changement empéche la protéine insuline d'étre 'coupée’, un processus qui est
essentiel pour que l'insuline puisse étre fonctionnelle (Molven et al., 2008).

L'insuline est coupée par une enzyme appelée 'protéase’ (insulin protease , insulinase).
Le site de coupure reconnu par l'insulinase est tres spécifique: un changement dans la
séquence en acide aminé du site de coupure (comme celui induit par la mutation R55C),
empéche la protéase de faire son 'travail'.

Séquence en acide aminé de I'insuline ‘normale’

¥ ; :

MALWMRLLPLLALLALWGPDPAAA RREAE DLOYGOVELGGGPGAGSLOPLALEGSLOKRG IVEQCCTS TCSLYQLENYCH

GIVEQCCTSICSLYOLENYCN

Séquence en acide aminé de l'insuline ‘mutée’ (R 55 C)

% X %

MALWMRLLPLLALLALWGPDPAAA CREAEDLQVGQVELGGGPGAG SLOPLALEGSLOKRGIVEQCCTS ICSLYOLENYCH

La mutation R -> Cempéche Iinsuline
d'étre coupée et donc fonctionnnelle



http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
http://www.uniprot.org/uniprot/P14735
http://www.uniprot.org/uniprot/P14735

(1) Variations inter-especes
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Le mélanome: cancer de la peau
...et médecine personnalisée



* Le mélanome est un cancer de la peau, conséquence
de la prolifération anormale des cellules appelées
‘mélanocytes’.

* Les cellules de la tumeur dérivent toutes d’'une
cellule ‘initiatrice’” qui a acquis certaines
caractéristiques lui permettant de se diviser
indéfiniment (perte de contréle). weinome

Mélanocytes
Epiderme

‘‘‘‘‘‘‘
........
.......

 Mutation (somatique)

e

Derme



Résultat de la recherche bioinformatique (statistique)

C uta neous me I anoma x Table 2. Genes most frequently mutated in melanoma. Data from COSMIC

database, (accessed on 20 November 2011).

Gene Frequency (%) Gene Frequency (%o)
BRAF 45 GNAQ
[ CDRNZA [ 29 CINNBI
NRAS 9 NF2 :
P53 7 PDGFRA |
[ PTEN 7 PIK3CA
250 mutational cancer drivers have been detected in 2 Cutaneous —%(}1511;12 > ﬁﬁ 3
melanoma (CM) projects. The most mutated drivers are: BRAF, NRAS, EIT 5 GNATT 2
TP53, CDKN2A, PTEN, etc.
Etational cancer driver genes: 250 v
2 s 8]
FOXP1
PIK3C2B AQR LRPPRC
TCF12 NF1 TRERF1
nTNna  NCOR1PIK3CB ARHGAP29
sos2 RASA2 STAG1 EZH2 BRAFMECOM POM121
TJP2 ARID1B RGS3
CHD3 PPP6C TCF4 ARID2
BRWD1 USP6 BCLAF1 WNK1
XRNT  SF3B1 LRP6 =51 SVEP1 Fros:
sHiuREz PTEN NRASPLCB1 cLcet
FCRL4 TP53 RB1 C150rf55
PERY ITSN1 CTNNB1 vim DDX3X
FANCI ARHGEF2 EIF2AK3
SEC24D MKL1
TGFBR2

This driver cloud represents the most recurrently mutated cancer driver genes in Cutaneous melanoma. The size of the gene symbol is relative to the count of samples with PAMs.

https://www.intogen.org/search?cancer=CM



Catalog of driver mutations
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This plot shows the top 30 driver or known mutations




COSMIC
http://cancer.sanger.ac.uk/cosmic/search?q=braf

s COSMIC

Catalogue Of Somatic Mutations In Cancer

A/

COSMIC search results

Your search term "braf", n exact match for the COSMIC gene BRAEF.
A search of the whole C database returned results in 5 sections of the database. More...
Mutations (675) Cancer (38) Samples (177) Pubmed (1499)
Show 10 ~ entries
Gene . Alternate IDs Tested samples Simple Mutations Fusions Coding Mutations
BRAF BRAF,ENST00000288602 AZ628. .. 269348 50676 643 50676
HMG20B HMG20B,ENST00000333651,5002... 31969 63 0 63

Showing 1 to 2 of 2 entries First Previous ‘ 1 | Next Last



I COSMIC

Catalogue Of Somatic Mutations In Cancer

COSMIC search results

Your search term "braf" was an exact match for the COSMIC gene BRAF.

A search of the whole COSMIC database returned results in 5 sections of the database. More...

Genes (2 hits) QEENCGOERGEYEY)] Cancer (38) Samples (177) Pubmed (1499)

Show 10 ~ entries

Gene - Syntax Alternate IDs Recurrence

BRAF €.1799T>A BRAF c.1799T>A... 26609

BRAF c.? 20618

BRAF €.1798 1799GT>AA 653

BRAF c.? 373

BRAF B 366 |
BRAF c.? 127

BRAF c.1801A>G 109

BRAF €.1798 1799GT>AG BRAF c.1798_1799GT>AG... 108

BRAF €.1799 1800TG>AA BRAF c.1799 1800TG>AA... 87

BRAF c.1781A>G BRAF c.1781A>G... 80

Showing 1 to 10 of 675 entries First Previous ‘ 1 ‘ 2 3] 4 5 68 Next Last



Mutation somatique

\—I_-TTTTAA&AACCATGRAAAICCATACATGCGTGTACACAI
CACACACACACACACACACACCCTCCTTAARARRGAGT
ATTTAGGCCAGGETGARAACARCATTTCTTTATGCAR
GEGAGGTTGTCTCCTACTTTARGGCTAGGARARCTAY
CCTTTCCTCCAAATTCCAARRATTAARTATCTTTGAT,
ARTARRARAMGCATCCTATCTTAAARRGGAGCCAGARAG

cnx.org

chromosome 7

GCATGGTGGCAGGCTCCTGTCATCCTGGCTACTAGEGAGGCTGAGGCAGGAGARATCACTTGAACTTAGGA
GECGGAGETTCTAGTGAGCCARGACTGTGCCACT GCACTCCAGCCTGEGTCACACGAGT GAGACTCCATCT
CAARRARTATATATATATARRATTCATATARTTTATACTTTATATATARTGTATATARTTTATATATAAC
ATAATTTATATACARTATATARCATATATATTATATATAACATATATATTATATATARCATATATATATT
ATATATAACATATATAATTTATATATATTATATATATARARAGTTTCCATAGTARRAAGTTTTTTARARRR
ACAGTTGTTCTARAARTTTAGGTGGTCATCAARRTTGTTATATGTTTAATTCTTTCAGATAGTACATTART
TTGGTAGTTTGTTTTACAGTGCAGACGATTATATGCCTTAAGTARGCTTCATGATACAGTARCATCTTAR
ATARARCTGGCACAGRATATACATGCCAATATACAGERTTTGAATACARATTTARATTACATAGCTTTCTG
ATTTTATAATTTAACTTAATGCCARGTTCTTTTTT ACTATTACATCARATTACATTTTTTTTTTTTTT
TTGAGACAGAGTCTCGCTCTGTCGCCCAGGCTGCAGTGCAGTGGCGTGATCTCAGCTCACTGCARAGCTCC
ACCTCCCEEGCTCACGCCATTCTCCTGCCTCAGC CTCCTGAGTAGC TEEEGACTACAGGTGTCTGCCACCA
CGCCTGECTRAATTTTGTTTTTTTTTGTATTTTTAGTAGAGACGGGGTTTCTCCTTGTTAGCCAAGATGET
CTCGATCTCCTGACCTCATGATTCGCCCGCCTCAGCCTCCCARAGTCCTACGCATTACAGEGTGTGAGCCAT
TTTTTTTTTTTTTTTTTTTTGAGACAGGGTCTTGCTCTGCCACCCAGGCTTGTGCAATGGTGCGACCTAG
AATCACTECARACT CCACTTCACAGETTCAAGGGATTCTCATGCCTCAGCTTCCAGAGCAGCTEGEGATTA
CAGGCATGTGCCAGCAAGCCCGGECTAATTTTTTTGTATTGTTAGTARAAGACGEGETTTTAGTATGTTCCT
CAGGCTGGTCTCGAACTCCTTACCTCAAGTGACCCECCTGCCTCAGCCTCCCARAGTGCTGGEATTACAG
GTGTGAGCCACTGCAACTCGECCTARATTACAATATTGTTTTARAGARARRAARATTCGTTATGATCTGCTTA

http://www.ncbi.nlm.nih.gov/nuccore/568815591?report=fasta



http://www.ncbi.nlm.nih.gov/nuccore/568815591?report=fasta

Activite 3.1

Comprendre comment les scientifiques font I'association entre un variant et un
phénotype.

Alignement multiple @ UniProt



Récupérer les séquence ADN du gene BRAF de différents patients.
http://education.expasy.org/cours/P017421/

Pour chaque patient, il y a ’'ADN de cellules normales et ’'ADN de cellules de mélanomes....

Copier/coller les séquences dans www.uniprot.org/align

Cliquer éventuellement sur ‘Similarity’


http://education.expasy.org/cours/PO17421/
http://www.uniprot.org/align

analyse des mutations

Alignement multiple

1 normal gtttgaactaggtgattttggtctagctacagtgaaatctcgatggagtgggtcccat
2 normal gtttgaactaggtgattttggtctagctacagtgaaatctcgatggagtgggtcccat
3 normal gtttgaactaggtgattttggtctagctacagtgaaatctcgatggagtgggtcccat
Patient normal gtttgaaataggtgattttggtctagctacagtgaaatctcgatggagtgggtcccat
1 melanome gtttgaactaggtgattttggtctagctacagagaaatctcgatggagtgggtcccat
2 melanome gtttgaaataggtgattttggtctagctacagtgaaatctcgatggagtgggtcccat
3 melanome gtttgaaataggtgattttggtctagctacagagaaatctcgatggagtgggtcccat

Patient melanome dgtttgaaataggtgattttggtctagctacagagaaatctcgatggagtgggtcccat
- hhkkhkkhhk hhhkhhhkhhhkhhA A A h A h kA hhhdhhK s khk ko ko k ko kokkkokdkkkk k&K kK

2+ 1t

Question
Est-ce que le mélanome du patient possede la variation génétique retrouvée dans 60
% des mélanomes ?

Un variant ‘pathogenic’ ne devrait pas se retrouver dans la population saine....



Activite 3.2

Comprendre le lien entre une analyse génétique (mutation somatique) et la
prescription d’un médicament



voigvf‘
&

Code génétique

V->E



Changement d’un acide aminé (V600E)
-> Changement de la forme
-> Changement de la fonction
-> Cible spécifique d’un médicament

Protéine B-RAF Protéine B-RAF mutée

Contrdle la division des cellules Con%a division des cellules



Modélisation de la transition conformationnelle entre les formes inactives et
actives de BRAF: http://www.atelier-drug-design.ch/videos.php



http://www.atelier-drug-design.ch/videos.php
http://www.atelier-drug-design.ch/videos.php
http://www.atelier-drug-design.ch/videos.php
http://www.atelier-drug-design.ch/videos.php
http://www.atelier-drug-design.ch/videos.php

Séquence ADN 4 activité pédagogique

.. ggt gat ttt ggt cta gect aca gtg aaa tect cga tgg

Code génetique

ggt > G

gat -> D

Séquence proteine

00GC0eee0e8e

Protéine

¥ 9“3 9“3
ob, o

Quel medicament cible votre protéine ?




Séquence ADN - - activité pédagogique

.. ggt gat ttt ggt cta get aca gag aaa tet ega tgg

Code genétique

ggt —>G

gat -> D

Séquence protéine

G6G0Ce 080800
Q‘D 9“3 ‘
o’a oy

Quel médicament cibe votre proteine ?

Proteine




(1) Variations inter-especes




Low rate of somatic mutations in a long-lived oak tree

http://dx.doi.org/10.1101/149203

http://education.expasy.org/cours/PO17421/publication



http://dx.doi.org/10.1101/149203
http://education.expasy.org/cours/PO17421/

Séquencage du génome du chéne de I’Université de Lausanne

Le temps passe, 'ADN du chéne reste

BOTANIQUE Une équipe lausannoise a pour la premiére fois séquence le génome d'un chéne, celui du «chéne de Napoléon», qui pousse
sur le campus de Dorigny. Surprise, son ADN est resté étonnamment stable durant ses 239 ans de vie. De quoi questionner les biologistes

FABIEN GOUBET
W @fabiengoubet

Clest un vieux monsieur, devant
lequel onpeut passer sansluipréter
la moindre attention. Un arbre qui
détient les clés dun mystére qui
plane sur ka botanique depuis des
décennies. Du haut deses 3ométres,
239ansdhistoire nouscontemplent,
auraitpudireNapoléon Bonaparte...
daprés lequel a justement été bap-
tisé ce chénemajestueux.

Nommé le «chéne de Napoléons,
cet arbre planté sur le campusde
I'UniversitédeLaisanne(Uni) ena
vudautres. A commencerpar Napo-
léon Bonaparte donc, de passagea
Saint-Sulpice pour unerevuede ses
troupes en 1800. Légende ou pas,
clesten tout casainsique fut baptisé
le vénérable sylvestre.

Malgré tous les changements dont
fut témoin cet arbre, il est une chose
qui estdemeurée chez lui éonnam-
ment stable: son génome. Telle est
dumoins la conclusion d'une trés
belle étude pluridisciplinaire tout
Juste parue dans la revue Nature
Plants, étude qui pourrait amener
les botanistes a revoir la maniére
dont ces honorables végétaux tra-
versent les siécles.

http://education.expasy.org/cours/P0O17421/publication



http://education.expasy.org/cours/PO17421/

Dernieres nouvelles...



http://www.bbc.com/news/world-europe-42805485

Boris Johnson 'is descendant’ of
mummified Basel woman

By Imogen Foulkes
BBC News, Basel

© 6 hours ago f ¥y ®© [ <« Share

e The woman is the great-great-great-great-great-great-great grandmother of UK
Foreign Secretary Boris Johnson. The body was uncovered in 1975 while
renovations were being done on Basel's Barfusser Church.

e Now the scientists and the historians were sure (99.8% probability): the mummy
was none other than Anna Catharina Bischoff. Born in Basel in 1719, she died
there in 1787.


http://www.bbc.com/news/world-europe-42805485
http://www.bbc.com/news/world-europe-42805485
http://www.bbc.com/news/world-europe-42805485
http://www.bbc.com/news/world-europe-42805485
http://www.bbc.com/news/world-europe-42805485
http://www.bbc.com/news/world-europe-42805485

HUMAN GENOMICS Kong et al., Science 359, 424-428 (2018)

The nature of nurture:
Effects of parental genotypes

Augustine Kong,"*?* Gudmar Thorleifsson,' Michael L. Frigge,'

Bjarni J. Vilhjalmsson,*” Alexander I. Young,?® Thorgeir E. Thorgeirsson,’
Stefania Benonisdottir,! Asmundur Oddsson,' Bjarni V. Halldorsson,' Gisli Masson,'
Daniel F. Gudbjartsson,”* Agnar Helgason,"” Gyda Bjornsdottir,"

Unnur Thorsteinsdottir,"® Kari Stefansson™%*

Sequence variants in the parental genomes that are not transmitted to a child (the
proband) are often ignored in genetic studies. Here we show that nontransmitted alleles
can affect a child through their impacts on the parents and other relatives, a phenomenon
we call “genetic nurture” Using results from a meta-analysis of educational attainment,
we find that the polygenic score computed for the nontransmitted alleles of 21,637 probands
with at least one parent genotyped has an estimated effect on the educational attainment
of the proband that is 29.9% (P = 1.6 x 107%) of that of the transmitted polygenic score.
Genetic nurturing effects of this polygenic score extend to other traits. Paternal and maternal
polygenic scores have similar effects on educational attainment, but mothers contribute
more than fathers to nutrition- and heath-related traits.

http://education.expasy.org/cours/P0O17421/publication
https://www.rts.ch/info/sciences-tech/medecine/9279297-la-reussite-scolaire-
depend-de-l-environnement-social-et-genetique.html



http://education.expasy.org/cours/PO17421/publication
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NVIRONNEMENT GENETIQUE

Source : KONG et alscience 2018

Cet exemple montre les séquences d’ADN transmises des parents a I'enfant. La séquence rouge serait corrélée a la réussite
scolaire de la mere. L'enfant n'a pas recu cet ADN. Pourtant, au contact de sa mere, il grandit dans un environnement favorable

qui augmente guand méme ses chances a I'école. [ - RTS]

Our analyses implicitly assume that direct
genetic effects and genetic nurturing effects are
additive, but interactive effects could certainly
exist and further complicate the interpretation of
observed effects. Moreover, alleles other than
those in the parents can also have an effect; for
example, the genetic makeup of the population
of the probands could also be an important en-
vironmental contributor to their phenotypes.



Nature. 1988 Jun 30;333(6176):816-8.

Human basophil degranulation triggered by very dilute antiserum against IgE.

Davenas E1, Beauvais F, Amara J, Oberbaum M, Robinzon B, Miadonna A, Tedeschi A, Pomeranz B, Fortner P, Belon P, et al.

# Author information

Abstract
When human polymorphonuclear basophils, a type of white blood cell with antibodies of the immunoglobulin E (IgE) type on its surface, are

exposed to anti-IgE antibodies, they release histamine from their intracellular granules and change their staining properties. The latter can be
demonstrated at dilutions of anti-IgE that range from 1 x 10(2) to 1 x 10(120); over that range, there are successive peaks of degranulation
from 40 to 60% of the basophils, despite the calculated absence of any anti-IgE molecules at the highest dilutions. Since dilutions need to be
accompanied by vigorous shaking for the effects to be observed, transmission of the biological information could be related to the molecular
organization of water.

PMID: 2455231 DOI: 10.1038/333816a0

Mature. 1994 Aug 4.370(6488).322.

Memory of water revisited.

Benveniste J, Ducot B, Spira A.

Comment on
Human basophil degranulation is not triggered by very dilute antiserum against human IgE. [Nature. 1993]
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Réponse a un médicament

Voir aussi activité 3.2
et

http://www.chromosomewalk.ch/chromosome/chromosome-10/
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Ré p O n S e é. u n Variation in the glucose transporter gene SLC2A2

is associated with glycemic response to metformin

meédicament

1.6 1 Nonobese

1.5

1.4

1.3 1 +

1.2

Séquence ADN b

HbA1c reduction (%)

T T T
T TC CcC

Obese 2,120 1,602 357
Nonobese 1,881 1,351 270

rs8192675 genotype

... ggggatgcaatagtagtagtggtactgtagaggatgaagtagatgggtgea ...

Séquence du gene SLC2A2 / GLUT2 qui est impliqué dans le transport du glucose.
Les patients avec la variation ‘t -> ¢’ répondent mieux au traitement Metformin
(Glucophage, Stagid, ...), un antidiabétique oral de la famille des biguanides
normoglycémiant utilisé dans le traitement du diabéete de type 2

“The normal dose of metformin used to treat patients with diabetes is between 500mg and 2000mg. We have found
that overweight people who carry two copies of the genetic variant c respond much better to metformin, equivalent
to receiving an extra 550mg of the drug.”

Chromosome 3: SLC2A2 (rs8192675)

Nature Genetics 48, 1055-1059 (2016)



Table 1 Currently available antidiabetic drugs and their associated candidate genes involved in efficacy/toxicity

Class Common medical representatives Mechanism of action Candidate genes involved in Ref.
pharmacotherapy
Biguanide Metformin AMP-kinase activation SLC2AL, SLCI2A2, SLCX2A3, [28-39]
SLCE7AL, SLC47A2

Sulfornylureas Gliburide, gliclazide, Inhibition of KATP channel on plasma  KCNJ11, ABCCS, CYP2C9, [3,10,45-91]
Glimepiride, glipizide membrane of g-cells TCFAL2

Thiazclidinediones Pioglitazone, rosiglitazone Activates PPAR-y FEAR-¥, ADIFOQ, TNF-, LEF, [02-131]

CYP2CE
Meglitinides Nateglinide, repaglinide Inhibition of KATP channel on Flasma  SLCOB1, CYP2CS, KCNG, [75,106,132-144]
hMembrane of p-cells SLC30A8, ECNTI1, TCEAL

DPP-4 inhibitors Alogliptin, linagliptin, Inhibits DPP-4, Affect GLP-1 receptor Possibly TCF7L2 [145-148]

saxagliptin, sitagliptin, pathway
vildagliptin

a-glucosidase Acarbose, miglitol, voglibose Inhibits intestinal c-glucosidase Yet to identify? [10]

inhibitors

SGLT-2 inhibitors Canagliflozin, dapagliflozin,  Inhibits SGLT2 transporters in kidney Yet to identify? [10]

empagliflozin
GLP-1 agonist Exenatide, liraglutide Activate GLP-1 receptor Yet to identify? [10]

DFPP-4: Dipeptidyl peptidase-4; SGLT-2: Sedium glucose transporter-2; GLP-1: Glucagon like peptide-1; KATP: ATP-sensitive potassium channel; FPARy:
Perowisome proliferator-activated receptor .



Type 2 diabetes
About 415 million people are suffering from T2DM (642 millions in 2040)
About 70 genetic loci have been identified to be associated with T2DM

Over the last decade, the number of available oral antidiabetic drugs (OADs) has
considerably increased.

However, clinical treatment of T2DM patients has become more complex due to
different degrees of therapeutic outcomes.

Personalized differences duriiig OADs therapeutics have been iinked with numerous
variants related %o drug-transporters, drug-targets, drug catabolizing enzymes and

T2DM risk genes. In audition. CYP gene encoding Cytochrome P450 enzvmes aiso play
a crucial role with respect to metabolism of drugs.

Pharmacogenetic studies update in type 2 diabetes mellitus

Aot 2016
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Médecine personnalisée,

> Santé Un
programme a été
lancé en juin

aux Etats-Unis pour
faire progresser

les thérapies ciblées
sur le profil génétique

> Les grandes
pharmaceutiques,
en particulier Roche
et Novartis,

sont a la pointe

Willy Boder

Début juilleta commencé, dans
2400 hopitaux américains, une
vaste opération de dépistage de
patients atteints dune forme ou
diune autre de cancer.

Contrairement aux études clini-
ques traditionnelles, lobjectif nest
pas de recruter des malades souf-
frant dun méme type de cancer,
du sein, des p ou de la

Elargir et 3 affiner ce quon appelle
la médecine personnalisée, ou |3
médecine de précision, selon ke
terme utilisé par Barack Obama.
Leprésident des Etars-Unis est per-
suadé de pouvoir faire progresser
rapidement [s recherche scientfi-
que de cette maniere et tente d'ob-
tenir un financement par ke Cons
grés de ces nouvelles formes de
thérapie.

Joe Jimenez, patron de Novarris,
deuxidme entreprise au monde,
derriére Roche, dans la mise i dis-
position de médicaments contre le
cancer, estime qu'un guart des mé-
dicaments sont actucliement gas-
pillés de différentes maniéres.
Lune des principales causes de ce
gaspillage, qui colite trés cher aux
systémes de santé, provient du
manque de connaissances scienti
fiques précises sur le profil généti-
que de telle ou telle maladie d met-
tre en corrélation avec IADN du
patient. Le médecm est dés lms

int de tester plusi
caments sur un pmenl avant de
trouver celui qui est Je plus effi-
cace.

Cette approche empirique se
prodmt pour dc trés nombreuses

dies, de I lon aux

prostate par exemple, pour tester
lefficacite d'vn seul nouveau mé-
di 1l Sagit, au de

maladies infectieuses, en passant
par des affections trés graves. Pour
Jad: ic vital

GO IMALES

bes ies ot le

combine prefil

rassembler les patients selon le
profil génétique de Jeur tumeur,
toutes catégories confondues.

o5t engagé, comme certaines for
mes de cancer, ce titonnement, sy-
nonyme de perte de temps, peut

une

Les médecins ad.minlsmom conduire 3 la mort.
de Selon les spéeali la méde-
(km!cl‘ﬂaln\pmwmnenl(lrgmu cine de précision a aussi pour
utiques suisses, qui de réduire les cotits de la

sont dq: sur le marché ou encore
en développement. Une patiente
souffrant dun cancer du sein
avancé recevra par exemple une
thérapse normalement destinée &
un patient souffrant d'un cancer
du poumon.

Cette nouvelle approche des

rogrammes d'essais climques via
le profil génétique des tumeurs et
des paticnts, désignée par be terme
sessais en corbeilles est suivie d'un
il bienveillant par la Food and
Drug Administration (FDA), char-
gée du contrdle des médicaments
aux Ftats-Unis, Cette vaste étude
sintégre dans la rendance scienti-
fique générale suivie actuell

santé. Les médicaments de ce type
associfs @ un diagnostic (biomar-
queur ou test spécifique dADN ac-
compagnant le traitement) sont,
certes, nettement phss chers que
les produits thérapeutiques tradi-
tionnels, mais ils &vitent le titon-
nement médical et la facturation
aux caisses maladie de médica-
ments inefficaces.

Rassembler les patients
selon le profil génétique
de leur tumeur, toutes
catégories confondues

par tous les grands groupes phar-
maceutiques, i savoir rendre cha-
que médicament plus efficaceenle
modulant selon le profil génétigue
de |2 maladic dont souffre exacte
ment tel ou tel pasient,

Lz méthode d'essais cliniques
en scorbeiller, menée aux Etats-
Unis sous Je contrdle de institut
national du cancer (NCI), vise &

Le programme du NCI, qui tou-
che 2400 hpitaux et 1000 patients
sélectionnés au sein d'un groupe
de 3000 malsdes du cancer, est
doté d'un budget de 30 3 40 mil-
lions de dollars, Le critére de succés
de [a thérapie sera principal

Depuis le premier séquencage
dun génome humain, en 2003,
T'analyse des maladies, en particu-
Her e cancer, repase de manidre de
plus en plus précise sur la décou-
verte de mutations génétiques et
{activation ou la désactivation de
protéines, au sein méme ou 3 la
surface des cellules, Ces mécanis-
mes provoquent la prolifération
des cellules cancireuses dans lor-
gane touché, puis sous forme de
métastases.

Les cancers ne sont désormais
phus considérés comme différentes
formes d'une méme maladie, mais

et médicaments thérapeutiques de manibre clbléde, axcayrs

la révolution

Comment ¢ca marche
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Tests moliseufarres des malatles Répondnts Tratament B
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Ititude de mala- spies contre | Alétude associées & h

Lo taex dela

dies ayant des caracténsti et
un profil génétique propre. Lecan-
cer &volue difffremment selon
chaque patient, ce qui entralne, si
le mécanisme génétique qui dys-
fonctionne peut étze ciblé et cor-
1igé, la prescription d'un médica

finale de

le
mwm;wmwma«mmmmmmamhanu

chances de survie 3 ka suite d'un cancer

ponsable du développement de
Rodse en om:ologw Hcitele casdu

usceovay

de la protéine PD-L1, qui fait ap-
pel & la stimulation du systéme

ib, contre le

ment spécifique et une approche  cancer du poumen au stade
thérapeutique personnalisée. avannc en phase d'homologation.

sGrlice la p Les m dans le cerveau se
sée nous édil d avecun taux
ment des taux de réponse inédits  de réponse jusqué 70% dune du-

aux traitements. Il y a viaiment un

basé sur une réduction rapide de la
tumeur d'su moins un ders.

<h de paradigme dans
ce domaine mcnu.ﬁqucu, sen-
thousiasme Dietmar Berger, res-

rée usqu'll onze mois.

Roche place aussi b

pour détruire les cel-
lules cancéreuses. Ce mécanksme,
identique chez certains patients
spécialement diagnostiqués, peut
&tre appliqué dans 1a lutte contre
les cancers du poumon, de la
prostate, du sein et du rein, 470%
de nos méd

afique associén, constate Dietmar
Berger,

wOnassiste réellement 3 une révo-
lution dans le traitement de ces ma-
ladiies, confirme Severin Schwan, pa-
tron de Roche. Auparavant, un
cancer mitastasé menait be plus sou-
vent 3 ka mort. Aujourd hui, dans de
nombreux cas, grace 3 la médecine

d'espoir dans Atezolizumab, un
médicament, associé a la présence

en phase cli- on peut p 1
nigue I et Il en oncologie ont 1a vie durant des années, et peut-
désormais un test diagnostic spé&  &tre guérir de ce type de cancers



