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DNA

Biologicky
substrat

kodujici dédicnou
informaci.

Mol. gen. je zabyva strukturou a funkci gent, jejich regulaci, zménami a dopadem téchto zmén a to na molekularni Grovni.
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Gen, genetika, molekularni genetika

gen x alela

Gen predstavuje usek
DNA, ktery nese
informaci pro tvorbu
proteinu. Alela je pak
specifickou formou
daného genu.

chromozom

Strukturni komplex
jednoho retézce DNA
(obsahujici radu genti)
propojeny s
histonovymi a dalSimi
proteiny.
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Kompletni sestava
vSech chromozomi
v bunce (autozomy,
gonozomy).



Mendelovy zakony - prenos a sila alel

* Dominantni x recesivni alela

* Separace jednotlivych alel v
gametogenezi

* Na ostatnich genech
nezavisla separace alel

Generation

Autosomal dominant
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B Unaffected
| Affected

Unaffected

"Carrier"
Father

Unaffected
1in 4 chance

Autosomal recessive

Unaffected "Carrier"
2 in 4 chance

Unaffected

"Carrier"
Mother

Affected
1in 4 chance



Exprese genu

DNA Transcription Transcription
start site Intron Exon stop site
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upravy pre-mRNA
Intron sequences " (editace, sestrih)
removed during Finished transcription product
splicing _~~containing only exons
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* Translation mRNA
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¢ Posttranslational modification
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Upravy pre-mRNA

MmRNA sestrih
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Alternativni sestrih
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Genetické variace

malého rozsahu

* jednonukleotidové zamény
SNP - single nucleotide polymorphism

* vicebodové zmény nukleotidii
indels in=inserce del=delece

Point mutations

No mutation ~ |
Silent Nonsense Missense
conservative non-conservative
DNA level TTC TTT ATC TCC TGC
mRNA level AAG AAA UAG AGG ACG
protein level Lys Lys STOP Arg Thr

HyM MNH,"

HP HJC\rOH

basic
polar

NH,* NH;

velkého rozsahu

* vice jak 1kb inserce/delece

* zdvojovani/opakovani oblasti uvnitf chromozému
CNV - copy number variation

*zprehazeni celych ¢asti na chromozému

* duplikace chromozémiu

Deletion Duplication

mmmmmmmes (B |8 | s——

| 1.
| | B D
(N [=T&T=




Epigenetika

Zmény v expresi gentll a vysledném fenotypu mohou byt zplisobeny i jinymi mechanismy neZ jen variaci v DNA.

H DNA methyl H
* DNA metylace y ‘N_H Esen,c Nt

* modifikace histonu HO—CH; ‘ HO—CH \
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: Arrested transcription
Transcription “Silenced cene”

l Unmethylated site




Neurologicka onemocnéni
s vyznamnou slozkou dédic¢nosti

neurodevelopmentalni

Tézkeé dopady na celkovy stav pacienta

Velkém zmény v CNS na mnoha urovnich
Casny (okamZity) nastup v postnatalnim vyvoji
Zatim farmakologicky prakticky neovlivnitelné
ASD autism spectrum disorder

ID intellectual disability

ADHD attention deficit hyperactivity disorder

EPI epilepsy (nékteré vrozené formy)

neuropsychiatricka

Mirnéjsi (nékteré) projevy onemocnéni
Nastup v puberté Ci dalSich fazich Zivota

Environmentalni faktory ovliviiujici vznik a pribéh
onemocnéni

Farmakoterapie, vyvoj a testovani novych latek
SCH schizophrenia
MD mood disorder

deprese, psychotické stavy



Geny/podjednotky ionotropnich glutamatovych receptoru

TABLE 1
Glutamate receptor subunits
Nonhuman genes are represented by lowercase HUGO symbols (e.g., Grial).

IUPHAR Name HUGO Symbel Common Names Human Chromosome Amino Acids in Longest Splice Variant
GluAl GRIAL GluR1, GluRA 5g31.1 906
GluA2 FRIAZ GluR2. GluRB 4q32-g33 901
GluA3 GRIA3 GluR3, GluRC Xqg25-q26 894
GluA4 GRIA4 GluR4, GluRD 1122 902
GluK1 GRIK1 GluR5 21g22.11 918
GluKZ2 GRIKZ GluR6 6q16.3-g21 908
GluK3 GRIK3 GluR7 1p34-p33 919
GluK4 GRIE4 KA1l 11g22.3 956
GluKSL FRIKS KA2 19g13.2 981
GluN1 GRIN1 NMDARI, NR1, GluR£1 9q34.3 938
GluNZA GRINZA NMDARZA, NR2A, GluRel 16p13.2 1464
GluN2B GRINZB NMDARZ2ZB, NR2ZEB, GluRe2 12p12 1484
GluN2C FRIN2C NMDAR2C, NR2C, GluRe3 17q25 1236
GluN2D GRINZD NMDAR2D, NR2D, GluRed 19q13.1-gter 1336
GluN3A GRIN3A NR3A 9g31.1 1115
GluN3B GRIN3B NR3B 19p13.3 1043
GluD1 GRID1 i1, GluR delta-1 10g22 1009
GluD2 GRID2 62, GluR delta-2 4q22 1007
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AMPA podjednotky ionotropnich glutamatovych receptoru

splicing editing GluR (@) Glu Ry (@) + Glu Ry (R) (1:1)
NTD GluA1 flipiflop R Q ’ ot o e
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GIuN1 - alternativni sestrih

NMDA podjednotky ionotropnich glutamatovych receptoru
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Geneticke zmény NMDAR a neurologicka onemocnéni

(a) Monsense (c)

o - ~— _gnomAD
_abbd Al

9% -
genome aggregation database

ce site
5%

B0% 17

Percentage of mutations

(b) GIuN2C 40% 1 .
20% - -
SCZ
//ID
0% EPI

(d) Summery of NMDAR mutations identified in patients with neurological diseases

Missense| Nonsense | Frame-shift | Splice site | Others | Total | ADHD ASD EPI ID SCZ
GluN1 24 1 1 0 0 26 0 3 13 21 1
GluN2A 56 10 9 7 18 100 3 10 78 70 2
GluN2B 75 11 9 7 14 116 2 31 34 101 4
GluN2C 5 0 4 0 0 9 0 3 2 2
GluN2D 7 0 0 0 0 7 0 2 1 1 4
Total 167 22 23 14 32 258 5 49 127 198 13

Current Opinion in Physiology




Geneticke zmény NMDAR a neurologicka onemocnéni

(a) GRIN/GIUN s i (d)
( am s (N ass2 [ cw
AAAA A
Linker regions
(b) tetramer (c) single GluN subunit

ATD -
I (e) Summery of NMDAR mutation locations
ABD - ATD | ABD |[TM-link| CTD | Total |
GluN1 | 4 4 17 1 26
GIuN2A | 17 | 29 15 14 75
GIuN2B | 15 | 33 33 14 95
™ - GluN2C | 2 0 1 6 9
e GIuN2D | 0 2 2 3 -
, * Total | 38 | 68 68 38 | 212
CTD {

Cument Opinion in Physiology




Geneticke zmény NMDAR a neurologicka onemocnéni

(a) GIuN1/GIUN2/GIuN 1/GIuN2 tetramer (b) & GoF @ LoF @ unclear

GoF

gain of function 33% (1/3) show
functional changes:
" 0% (0/3) GoF

33% (1/3) LoF

ATD -

LoF
loss of function

87% (19/23) show
functional changes:
"~ 17% (4/23) GoF
70% (16/23) LoF

ABD -

96% (24/25) show
functional changes:
" 56% (14/25) GoF
40% (10/25) LoF

u
N

0% (/1) show
functional changes
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Geneticke zmény NMDAR a neurologicka onemocneéni
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Epilepsy aphasia syndrome

I Intellectual disability

Intellectual disability and epilepsy
and/or epileptic encephalopathy
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Geneticke zmény NMDAR a neurologicka onemocnéni

princip analyzy mutace

Prima funkcni analyza

(elektrofyziologie/biochemie)

(a) Synaptic-like activation
1 mM glutamate for <5 ms

Time course controlled by:

Agonist unbinding rate

v Amplitude and time course define the integral of the synaptic
] current (or charge transfer)
WT
B Amplitude is controlled by:
Mutant | Agonist ECsg

Surface expression
Open probability

Mg?* sensitivity
Endogenous modulators

Deactivation time course
Desensitizaton time course
Extent of desensitization
Channel open time

(b) Non-Synaptic activation
Steady-state current activated | >
by 100 nM glutamate

Amplitude and potency (ECs;) can be used to calculate non-
synaptic current at steady-state

Current Opinion in Physiclogy
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GluN2A L812M - piiklad

Functional analysis of a de novo GRINZ2A missense
mutation associated with early-onset epileptic
encephalopathy

Hongjie Yuan'!, Kasper B. Hansen!, Jing Zhang', Tyler Mark Pierson?3, Thomas C. Markello?,
Karin V. Fuentes Fajard03, Conisha M. Holloman3, Gretchen Golas3, David R. Adams3, Cornelius F. Boerkoel?,
William A. Gahl® & Stephen F. Traynelis!

Analyza de novo mutace nalezené u pacienta
s casnym nastupem epilepsie spojené s celkovou
poruchou vyvoje

,case study”

| N

COMMUNICATIONS
2 GRIN2A M2
ATD S1 M1 M3 S2 M4 CTD
4 e ¥ ¥ S — N —
GIuN2A HNEKNEVMS SOT.D IDNMAGVFYMLA
GluN2B HNEKNEVMSSQLDI DNMAGVEYMLG
GIUN2C ONEKNEVMSSKLDIDNMAGVEYMLL
GIUN2D HNDKIEVMSSKLDIDNMAGVEYMLL
GluN1 CDSRS-NAPATLTFENMAGVEMLVA
b c GluN1-M3
GIUN1/GIUN2A(WT) -




Diheteromerni
NMDAR

Krivky zavislosti
proudové odpovédi
na koncentraci
agonisty

GluN2A L812M - priklad ,case study”
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GluN2A L812M - priklad ,case study”

Dlouhy ,extrasynapticky “ a kratky
,Synapsi napodobujici“ pulz glutamatu

Prolonged activalion
glutamate

Zmeény vlastnosti jednotlivych kanalli - doba otevreni

Brief activation wiaa

glutamate
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GWAS - genome wide association study

Studie zamérena na hledani genetickych variant, které by bylo moZno spojit s pritomnosti daného fenotypu ¢i onemocnéni.
Je zaloZena na sekvenacni analyze celého genomu ¢i jeho Casti, porovnani dat s kohortou nezasazenych osob

a naslednym propojenim vysledkil s konkrétnimi skupinami pacientti ¢i danym onemocnénim.

Vysledkem (alespon u neurologickych onemocnéni) zpravidla byva skupina tzv. risk faktort, celych alel nebo urcitych variant
které jsou daleko Castéji zastoupeny u postiZenych osob

cases controls

Variant Frequency
Cases - 58.3%

Controls - 16.7% ¢




GWAS - genome wide association study - priklad schizofrenie

Biological insights from 108 [iess
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium*

Schizophrenia is a highly heritable disorder. Genetic risk is conferred by a large number of alleles, including common
alleles of small effect that might be detected by genome-wide association studies. Here we report a multi-stage schizo-
phrenia genome-wide association study of up to 36,989 cases and 113,075 controls. We identify 128 independent asso-
ciations spanning 108 conservatively defined loci that meet genome-wide significance, 83 of which have not been
previously reported. Associations were enriched among genes expressed in brain, providing biological plausibility for

®

| MHC C4
_‘g 18+ I j ?
I GRIAL(GluA1) a GRIN2A(GIUN2A)

Chromosome

40 000 pacientii/ 113 000 ctrl

Prezentace dat pomoci
Manhattan plot




Schizofrenie

* Zavazné neuropsychiatrické onemocnéni postihuje az 1% populace na celém svéte

* Nastup béhem dospivani

* Opétovné navraty/zhorsSeni stavu onemocnéni

* Pozitivni / negativni symptomy, kognitivni defekty - halucinace, disorganizace reci, ztrata motivace,
snizeni intelektualnich funkci, poruchy paméti, pozménéna socialni kognice

* Kratsi délka zivota - kardiovaskularni onemocnéni, sebevrazedné tendence

Vznik a rozvoj:
Multifaktorialni onemocnéni - geneticka predispozice a environmentalni podnéty
Vysoka mira dédicnosti
Environmentalni podnéty aktivujici genetickou predispozici (rychlost urbanizace, prenatalni rizika -
infek¢ni onemocnéni, psychiatrické trauma v puberté, uzivani drog)
Stovky rizikovych alel / genti / variant

Hlavni hypotézy:
i / vysoka produkce dopaminu
ii / NMDAR hypofunkce a zménéna excitacni signalizace
iii / celkové defekty béhem vyvoje neuront a jejich propojeni




Glutamatergni hypotéza vzniku schizofrenie - ,NMDAR gene complex”

Glutamatergni hypotéza - hypofunkce NMDAR
i/ nekompetitivni antagonisté fencyklidin, ketamin, MK-801 - funk¢ni blok NMDA receptort a nasledna indukce chovani
podobného projeviim SCH
ii/ geneticky model GriN1 neo -/- mysi exprimujicich GluN1 jen na 5% trovni oproti wild type zplisobuje chovani
podobného projevim SCH

Excitacni synapse - jejich organizace/morfologie/pocet  Nartlist de novo mutaci u genu excitacniho NMDAR komplexu

Presynaptic terminal A Schizophrenia vs. Normal
2
: ey,
] Wm“:’“ P = s ':ao,, — Table 3 | Enrichment of de novo mutations in postsynaptic protein complexes
.;: e - 7 e Current study Schizophrenia Schizophrenia Schazophrenia al
:‘-: (ref, 14) (ret, 13) (refs 12-14)
Q
° Birth Childhood Adolescence Adulthood Non- s o
B synony- Loss-Of- synony- Loss-of  synony-  Loss-of-
mous function mous function mous function
Neureguli AMPAR Nonsynonymous (482)  Loss-of-function (64)  (68) (12) (137) (20) (702) (100
NvpaR  NMDAR Gene Genes P No. O/E P No. O/E P E 2 B 2 P
Lot N mut. mut
Postsynaptic |681 0.019 34 146 0091 6 192 084 045 065 064 0091 012
density
ARC 28 0.00048 6 606 0005 2 1742 1 1 1 0.0035 0.015
complex
NMDAR 60 0.025 6 274 0035 2 699 013 0086 0.016 0.011
1 complex
l v ra man A Asn v Ralinme on ol P amn sth s mas N om AntA Auma s et TV Masunaliu sian feant D AN als

Postsynaptic terminal



Genetické zmény NMDAR u schizofrenie

NUDZ (prof. Jiti Horacek) - peclivé definovana kohorta 64 pacientti trpicich SCH (¢asny nastup) a odpovidajicich
32 zdravych kontrolnich subjekti
Genove specifické sekvenovani genti (+1000) NMDAR komplexu

Analyza dat 16 gent pro iGluR s detailnim pohledem na NMDAR

Consequences (most severe)

General statistics missense_variant
synonymous_variant

® 3 prime_UTR_variant

@ non_coding_transcript
exon_variant

@ intron_variant

Variants processed 19499
Novel / existing variants 1626 (8.3%) / 17873 (91.7%)

Variant classes

|
|’ @ indel

@ substitution
insertion

@ deletion
® SNV

upstream_gene_variant
@ intergenic_variant
Other

missense_variant 66

synonymous_variant 89




NMDAR u schizofrenie

€ zmeény

Genetick

Pozice mutaci nalezenych u iGIuR genti

TMD
(membranek

C-terminus



Genetické zmény NMDAR u schizofrenie

Analyza dat 7 genti pro NMDAR

General statistics

Variants processed 5903

Novel / existing variants 454 (7.7%) / 5449 (92.3%)

Variant classes

[ ® indel
@ substitution

insertion
@® deletion
® SNV

Consequences (most severe)

missense_variant
synonymous_variant
@® 5 prime_UTR_variant
@® 3 prime UTR_variant
@ non_coding_transcript_
exon_variant
@ intron_variant
upstream_gene_variant
@ intergenic_variant
Other

missense_variant 49

synonymous_variant 58



Genetické zmény NMDAR u schizofrenie

Funk¢ni analyza GLUNZ2A missense mutaci
v oblasti C-konce receptoru

A/ Glutamate potency

1 p 3 uM 1000 pM Glu 1 pM M 1000 pM Glu
——
% %
7
GluN2A
GluN2C
2nA 0.4 nA
23

B/ Desensitization

— 1000 M Glu I {000 M Gl GluN2A
I 00 M Gly 100 M Gly

VI67L
N1076K
GluN2A GluN2C GluN2C
| 7 nA 0.1 nA WT
2s 2s L65F

C/ MK-801 ion channel block

1 Ll K-804 1 M MIK-801
I —— L EEEEEE———————

100 pM Gy + 1000 M Glu 100 b Gy = 1000 1M Ghi
|

GluN2A Z2nA
75 GIluN2C
2s
D/ Summary table
Relative glutamate potency (%) | Desensitization (%) | Onset of MK-801 block
GlulN 1+ 1uM to 1mmM 3uM to ImM Tau,, (ms)
GluNZA_WT 13% 38% 505 561
GluN2A_VaIeTL 20% 51% 6% TO9
GluN2A_N1078K 8% 23% 43% 1021
| Glunzc_wt | 38% | 71% [ 5% [ 4614 |

| Glunzc_LesF | a4% | B0% [ 14% | 4807 |




Genetické zmény NMDAR u schizofrenie

Funkc¢ni analyza promotorovych oblasti NMDAR

Regulacni oblast genu

Proximal Core
control elements

promoter

$tart of transcription RNA Poly({&.) site

GC box CAAT box TATA box Exon 1 Exon 2

Exon3 |

e
B e |

DNA

GGGCGG
—100

GCCCAATCT
-80

romoter

TATAAA

, e
3’ untranslated
region (trailer)

5’ untranslated
region (leader)

Luciferazova esej
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Varianty promotort dle pritomnych SNP

num. of
SCHZz

"associated

" prom.
Grinl 2 3 1
Grin2A 4
Grin2B 12
Grin2C 4
Grin2D 5
Grin3A 12 8
Grin3B 28 10

num. of
promoter
variants

num.
Gene of
SNPs

O N O O

W kELr Pk O W

Aktivita nékterych promotori Grin3A
: 1
1

=

E (schz)

O B N W & 01 O N

A (schz) B (ctrl) C (ctrl) D (schz)
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Geneticke zmény NMDAR u schizofrenie

Analyza vSech NMDAR komplex genti a u nich nalezenych variant s p val < 0,01 ctrlxSCH

Zastoupeni z 330 ,,asociovanych” variant

A

SCHZ

CTRL

pocet

1 3 5 7 % 11131517 19 21 23 25 27 29 31 33 35 57 35 41 43 45 47 49 51 53 55 57 59 61 63 5 67 69 71 73 75 77 79 Bl B3 B6 B8 50 52 54 36

Cislo vzorku

celkovy pocCet variant (z 330) pritomnych
v obou alelach genu

? iV
L

1 3 5 7 5 11131517 15 21 23 25 27 29 31 33 35 37 35 41 43 45 47 45 51 53 55 57 5% 61 65 67 65 71 73 75 77 79 81 B3 86 BB 90 92 94 96

Cislo vzorku



Dékuji za pozornost.



