Human Gene Mutation Database (HGMD) — databaze mutaci lidskych gent v
kddujich oblastech.

(vychazi s primarnich dat, manualni a automatické prohledavani, vice jak

250 C¢asopisu je skenovano)

/= HGMD® - Windows Internet Explorer.
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Uvod do HMGD®

Databdze mutaci lidskvch gend (Human Gene Mutation Database - HGMD®) zahrnuje obsdhl¥ soubor germindlnich mutaci zpisobujicich nebo asociovanych s lidskymi dédiénymi
onemocnénimi. Tato databdze byla piivodné uréend pro studium mutaénich mechanismi v lidskych genech, ale nyni ziskala irsi uplatnéni v tom, ze ztélestiuje aktudlni a uceleny zdroj
informaci o spektru dédénych poruch lidskych gena.

HGMD shromazduje veskeré germinilni mutace zpisobujici nemoc a funkéni polymorfizmy asociované s nemocemi, které byly publikovany v literatufe; tato data poskytuje ve

4400 gend — zaznam
snadno piistupném formatu véem zdjemetm, bez ohledu na to, jestli jsou z akademického, Kiinického nebo komeréniho prostiedi. HGMD nyni de facto predstavuje centrilni databdzi )4 b4 H)-4 7 7
mutaci asociovanych s nemocemi, kterd je pfistupnd pro védeckou komunitu. Data zahrnuji jednobdzové substituce v kodujicich oblastech jadernvch gend (tzv. missense a nonsense VS e C e I C n yC | I I u a C I

mutace), mutace v regulacnich ablastech a mutace v oblastech vyznamnych pro sestiih, dale mikrodelece a mikroinzerce, mutace typu tzv. indel, expanze repetititvnich sekvenci a
rovnéz vétsi genové poruchy (delece, inzerce a duplikace) a komplexni genové prestavby.

o L4 r v r
HGMD je volné k dispozici pro resistrované uZivatele 2 akademickych nebo neziskovyeh instituci pres internetov{ portdl http-//wiw hemd ore. Na této vefejné strnce jsou informace Z p u S O b u J I C I O n e m O C n e n I

o mutacich v sou¢asné dobé zpfistupnéna 3 roku po prvotnim zahrnuti do databdze. Nejnovéisi piedplacend verze HGMD (HGMD Professional) je k dispozici pro komeréni a
akademické zdkazniky pies licenci z BIOBASE GmbH, naseho komeréniho partnera. Kromé aktudlni mutaéni databdze nabizi HGMD Professional také pokro¢ilé vyhleddvaci nastroje
adalsi specifické informace tykajici se mutaci a genii, které nejsou dostupné na vefejném portalu. HGMD Professional je aktualizovand kazdé 3 mésice

Stenson et al. (2009) The Human Gene Mutation Database (HGMD®): 2008 Update.
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» Understand the mutational spectrum of a

* Quickly access detailed reports for human particular gene or disease
inherited disease mutations without tedious
and time consuming literature searches

» Analyze / Identify candidate genes for disease

linkage and predisposition

« Easily verify whether an observed mutation
is novel or has been previously described




Human Gene Mutation Database (HGMD) — databaze mutaci lidskych genu
(vychazi s primarnich dat, manualni a automatickeé prohledavani, vice jak
250 ¢asopisu je skenovano)




funkéni mutace (10%)

Vice nez 60% vSech mutaci tvori missense mutace
u monogennich onemocnéni

— strukturni mutace (80%)
\‘ Jiné efekty (10%)




funkéni mutace # (napf. vazbu ligandu/kofaktoru, pfip. vazba specifickych
iontU soucast konformace aktivniho mista)

Obr. PAH



strukturni mutace Vytvareji sit kontaktu s okolnimi aminokyselinami
H-bonding, stacking, salt bridges

naruseni struktury proteinu vede k destabilizaci proteinu,
unfoldingu pfip. agregaci

zména fyzikalné-chemickych parametru:
zZmeéna naboje,

Polarity

velikost aminokyseliny

HYDROPHOBIC



OvsSem ne vzdy substituce aminokyselin je Skodliva!

Jak rozliSit mezi
single nucleotide polymorphisms (SNPs) v kédujici oblasti, ktera je funkéné neutralni

A kauzalni mutaci?






Pristupy studia efektl missense mutaci:

 Funkéni analyzy (exprese proteinu, stabilita, specifické charakteristiky)
¢asové a finanéné ndrocné
 Automatické /n silico programy (SIFT, PolyPhen, SNPs3D, FODLX..)

rychlé a spolehlivost primérné 70 %

 Strukturni analyza pomoci MD a bioinformatiky
¢asové a finanéné stredné ndrocné, podhled do mechanismu dc¢inky
je to ale stdle predikce



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

SIFT - Sorting Tolerant From Intolerant
(http://sift.jcvi.org)

SIFT assumes that important positions
in a protein sequence have been
conserved throughout evolution and
therefore substitutions at these positions
may affect protein function.

Using sequence homology, SIFT predicts
the effects of all possible substitutions at
each position in the protein sequence,
5—20 min.

Uspé&snost predikce pro skupinu
kauzalnich mutaci 69%.
Falesné pozitivni 19 %.
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Amino acid substitution models such as PAM and BLOSUM describe the
degree of substitutions as log-odd ratio values where the positive scores
suggest commonly occurring and preferred substitutions, whereas the
negative scores imply very rare substitutions which are disfavoured in nature.

Those substitution tables were widely used to assess and predict the effects
of nsSNPs



Substituéni matice pro aminokyseliny

AA s podobnymi chemickymi vlastnostmi (napr: naboj,
velikost) maji vyssi skore

« Acids & Amides

« Basic
 Aromatic

«  Hydrophilic

« Hydrophobic

DENQ (Asp, Glu, Asn, GIn)

HKR (His, Lys, Arg)

FYW (Phe, Tyr, Trp)

ACGPST (Ala, Cys, Gly, Pro, Ser, Thr)
LMV (lle, Leu, Met, Val)
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Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

Polyphen -2 (http://genetics.bwh.harvard.edu/pph/)

Uses sequence conservation, structure and SWISS-PROT annotation
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Uspésnost predikce 92% a 73%
Pro HumDiv a HumVar datasets

alignment clustering, Annotation

alignment refinement MSA depth, CpG context ACT_SITE 66, 110, 203
Prediction confidence
Piam domain, residue volume ¥
v 4 - L r 0 - |
FaleSné pozitivni ~ 20 %.

3D visualization

' Structure \
'?.:_ \Muesalhleslﬂacearea,* ___________ _.‘,/ i p % 5 - I

* hydrophobic propensity,
B-factor

y —




Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

SNPs3D (http://www.snps3d.org/)

Uses the SupportVector Machine method (analyze data and recognize patterns)
together with 15 parameters (structure based) or 5 parameters (alignment based).

E.g. Loss of polar—polar interactions, Loss of hydrophobic interactions, Loss of
a salt-bridge, Buried charge, Over-packing, Cavity formation...

These parameters (when positive) indicate decrease of protein stability.
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Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

Zména celkoveé volné energie
AAG = AGmut-AGwt

FOLDX (http://foldx.embl.de/) .
AGmut - free energy difference

between the folded and unfolded
states

Empirical force field that was developed for the rapid evaluation of the effect
of mutations on the stability, folding and dynamics of proteins and nucleic acids

AG =a - AGyw + b - AGgoyg + ¢ - AGgovp + d - AGyp
+ ¢ - AGhbond "‘f - AGel + g AGyxon + 1 - TASpc
+k - TASSC +1- A(;clash-

(a...l)are relative weights of the different energy terms used for the free energy calculation

Vypocty na lokalnim PC ne pfes web rozhrani nyni.

Lze meéenit poCatecCni nastaveni: T(K), c(M)...



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

FOLDX (http://foldx.embl.de/)

FoldX component

Energy (kcal. mol-1)

Backbone Hbond
Sidechain Hbond

Van der Waals
Electrostatics
Solvation Polar
Solvation Hydrophobic
Van de Waals clashes
entropy side chain
entropy main chain
sloop_entropy
mloop_entropy
cis_bord

torsional clash
backbone clash

helix dipole

water bridge

disulfide 0.00
electrostatic kon
partial covalent bonds

Total

-48.30
-18.40
-62.33
-2.79
84.34
-76.71
0.00
34.93
81.94
0.00
0.00
0.00
0.40
1.20
0.00
0.00

0.00
0.00

-5.72

AAG(change) = AG(MT) - AG(WT)
AAG(change) > 1kcal/mol: the mutation is destabilizing

AAG(change) < -1 kcal/mol: the mutation is stabilizing

Uspé&3snost predikce 60%



Vlastni analyza missense mutaci pomoci MD a bioinformatik

T
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Hodnocené znaky:
Specifické kontakty postranimi fetézci AA

Konzervovanost AA > 50%

Vyskyt AA v aktivnim misté

Pritomnost helix/turn breakers

Zanorenost AAV proteinu Mutaéni pravdépodobnost (Blosum62)

- zména objemu AA
- Zmeéna naboje
- zména polarity

N _/
s
Ukazatele kauzality

Blundell:
Clanek v plos one
Kauzalni mutace uvnitf proteinu, polymorfismy spi$ napovrchu

Kauzalni mutace: wt mutace Castéji vytvari H-bond kontakty



Examples of disease caused by structure destabilizing factors:
In silico analysis of mutations

Causal mutations:

and bonds of the mutant side-chains are yellow.



