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Strukturalne varianty

CNV (Copy number variations)

> Dizka = 1000 bp A _
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CNV mOozu prispiet k rozvoju ochoreni

- narusenim samotného génu

- zasiahnutim regulacnej oblasti

- zmena mnozstva produktu génu

Ochorenia spojené s vyvinovymi, kardiovaskularnymi,

neurodegenerativnymi, autoimunitnymi poruchami



CNV

Benigne
CNV

Motivacia:
= vopred identifikovat CNV zapricinujuci chorobny prejav
= urcenie klinického dopadu pritomnosti CNV

= vcas zahgjit a zacielit lieCbu



Sucasny stav riesenej

problematiky
ACMG kritérid

Ewvidence Type

Copy Number Gain Contertt
(For Intragenic varants, use
sachion 21)

Section 1: Inkial Assessment of Gemomic Content

Evidence

1A. Cortains profein-coding o ofher known functiorally
Imporiant elements

1B. Does NOT contain protein-zoding of any &ncen
funconaly imporiant elements

Section 2: Overlap with (T8),

Crverlap with ESTASLISHED
TS ganes or genamic ragions

Overiap with ESTASLISHED
benign copy number gain
genes or genamic regions

Overlap with ESTASLISHED
HI gens{sit

Breakpcimis) within
ESTABLISHED HI geres

Breakpoims within ofer
gens(s)

Suggested points

0 (Contirwe Evaluaton)

-oec

Max Score

[

LDec

Ship & Section 1 ¥ the copy number guin dosx

2A. Complele overiap: e TS gane or minimal crtical
region & fuly contained within the abserved copy number
can

28. Partal overiap of an establzhed TS reglon

= The cbserved CNV doss NOT contain the known
causative gene o critical reglon for this establshed
TS genamic regicn OR

*  Unciear If the known causative gene or critical
region i afeciad OR

= No speciic causative gene of critical region has
been establshed for this TS genomic region

ZC. Identic In gene content 1o the estabiished banign
copy number gain

20. Smaller than estabiished benign copy number gan,
breakpainl(s) does not interrupt protein.coding genes

2E. Emalier than establishad benign copy number gain,
breakpaint(s) potenialy inlemupts peotein-coding gens

2F. Largar than known benign copy number gain, does not
Include acaBonal profein-codng genes

2G. Overaps a benign copy numder gain bt Indudas
addmonal genamic material

2H. HI gene fully contained within observed copy number
gan

21. Bom breakpainis are within the same gene (genedeval
sequence vanant, possibly resding in loss of function
LOF)}

ZJ. One breakpoint s within an establshed Hi gene,
patlent’s phenotype = ather Inconsistent with what is
expecied for LOF of that gene OR unknown

2K. Cne I= within an Higene,
patient’s phenotype i highly spechc and consisiant with
what ks expecied for LOF of ihat gene

2ZL. One or both breakpoints are within gena(s) of no
estabiishad cinical significance

these types

0 (Continwe Evaluaton)

0 (Contirwe Evaluaton)

-0.50 (Range: 0 % -1.00)

0 (Contirue Evaluaton)

0 (Continue Evaluation)

See CiinGen EVI working
group PVS1
wpechications

« PVS! = 0.90 (Ranpge
0.45 % 0.80)

« PVS1_Stong =043
(Range: 0.30 % 0.80)

* NiA=0 (Continue
Evaluaton)

0 (Continwe evaluation)

0.45

0 (Continue evaluation)

Points Given

Aszigned points: [0

{HI}, or Benign Genes or Genomic Reglons

Assigned points: [

Assignes points: ([}

Assigned points: [0}

Assigned points: [

Assigned points: [[)

Aszignes points: [



Sucasny stav riesenej problematiky

Existuce nastroje:

- AnnotSV
- anotacny a klasifikacny nastroj
= (lassifyCNV
- presny
- velku cast klasifikuje ako neklasifikovane (68% z delécii

a 72% duplikacii na testovacich datach)



Ciel bakalarskej prace
Vytvorenie predik¢nej metody
- Predikcia pravdepodobnosti patogenicity CNV

z koordinatov CNV (Cislo chromozdmu,

pociatocna a koncova pozicia)

Neklasi-
fikovane
CNV
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Data

ClinVar databaza - klinicky vyznam ludskych variantov

Delécie Duplikacie
Dataset Benigne Patogénne Spolu Benigne Patogénne Spolu
Trénovaci 7608 4180 11788 2019 6417 8436
Validacny 1622 904 2526 1385 423 1808
Testovaci 1635 891 2526 1380 428 1808
16840 12052




Vysledky



DiZka CNV, Polet génov

Pocet ‘morbidnych’ génov
-. o, Konzervovanost génov
PO UZIte atrl b Uty Skore netolerancie straty funkcie
Max ExAC skore nefunkcnosti genu
Skore haploinsuficiencie z DDD

Skore haploinsufficiencie z ClinGen-u




Vyber modelu

Delécie
100 A
90 A
80 - v
70 v
60
864 *+ Presnost - trénovaci set
® Presnost - validacny set
0. m PPV -trénovaci set
X & PPV -validacny set

LogisticRegression SsvC DecisionTree linearSVC  KNeighborsClassifier = XGBoostCIf RandomForestClfGradientBoostingClf ~ AdaBoostCIf



Stanovenie hranic neklasifikovanych CNV

Predikcia patogenicity

50%
2

- doveryhodné vysledky vzhladom
na citlivost diagnostickych analyz

- odstranit chybné predikcie



Stanovenie hranic neklasifikovanych CNV

Hranice pravdepodobnosti patogenicity neklasifikovanych CNV:
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Presnosti vysledného modelu

CNV

Presnost

Delécie

Duplikacie

96.04%
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Presnosti vysledného modelu

Presnost
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Porovnanie s dostupnymi metédami

Presnost
(testovaci set)

Neklasifikované CNV

Nastroj Delécie Duplikacie Delécie Duplikacie
AnnotSV 73% 65% 0% 0%
ClassifyCNV 98.73% 99.38% 68% 73%
Vysledny model 96.04% 97.34% 0% 0%

98.06% 98.61% 5% 5%



Zhrnutie

= uzitocna pre klinicku diagnostiku
- vyhodnocuje vsetky CNV
- moznost urcit, kolko % z dat sme ochotni
neklasifikovat
- velké mnozstvo CNV z realneho sveta

- Uplne automatizovana



Moznosti dalsej prace

- Pridanie novych atributov z dalsich genomickych databaz

\7

Nastavenie vhodnych parametrov modelu
- CNV ohodnotené ako likely pathogenic a likely benign v ClinVar
- ako ich natrénovny model vyhodnoti?
- natrénovat novy mode|
= (CNV spbsobujuce zavazné syndromy a ochorenia z OMIM,
DECIPHER

= Dbenigne CNV s vysokou populacnou frekvenciou z gnomAD-u.



Dakujem za pozornost



‘

Otazky od oponenta



= Vysvetlite rozdiel medzi pojmami exdn a exdm (anglicky exon a

exome). V praci pouzivate slovo exdm aj namiesto slova exon

Gene

,—»Exon Exon Exon Exon
Intron Intron Intron
DNA
Exon Exon Exon Exon
Intron Intron Intron
RNA 5 yTtR 3'UTR

mRNA

5 UTF\:" 3'UTR



- Vysvetlite rozdiel medzi pojmami exon a exdm (anglicky exon a

exome). V praci pouzivate slovo exdm aj namiesto slova exon

Exon -- kddujucou sekvenciou génu

Exom -- Cast gendmu tvorena exéonmi

-- DNA, prepisana do mRNA



Otazky od oponenta

- Ako vysvetlujete, ze napriklad pre duplikacie ma logisticka
regresia presnost menej ako 30%, kym XGBoost s iba jednym

atributom ma presnost 94%? (Obr. 3.2 a 3.4).

uuuuuuuuuuuu
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linearSVC  KNeighborsClassifier ~XGBoostCIf RandomForestClfGradientBoostingCIf ~ AdaBoostClIf



Akym sposobom boli klasifikovaneé varianty v databaze ClinVar
na patogenne, benigne a podobne? Povazujete tieto udaje za

déveryhodné?

poskytnutie metodiky urcovania klinického vyznamu
(podporujuce dbékazy, zdévodnenie klasifikacie)
ACMG, AMP kritéria

Sequence Variant Interpretation WG

Posudzované ClinGen Steering Committee



Evidence Type Evidence Suggested points Max Score Points Given
[ 1A. Comtains profein-coding or oher inown functionally 0 (Contiwe Evaluaten) 0
Copy Number Gain Comtert Jmportant elements
(For ntragenic varants, use
saction 21) [] 1B. Does NOT contain protein-coding or any known -aeco oe0 Aszigned points: [
funcsonally imporiant elements
Section 2: Overlap with itive (TS), dficient {HI}, or Benign Genes or
Ship & Section I ¥ the copy number guin dosx
(1 2A Complete overlap: e TS gane or minimal critical 1 1
region i fity withn the py number Assignad points: [0
gan
1 28. Partal overiap of an establshed TS region 0 (Continwe Evaluaten) ©
Crverlap with ESTASLISHED * The cbserved CNYV doas NOT contain the known
TS genes or genamic regions causative gene of critical reglon for this estabished
TS genamic ragicn OR
«  Unciear If the known causative gens or critical
region i afeciad OR
= No speciic causattve gane or critical region has
been established for this TS genoemic reglon
[ ZC. Identicyl in gene content fo the estabiished banign -1 -1
[] 20D. Smaller than estabilshed berign copy number gain, -1 -1
breakpainl(s) does not interrupt protein.coding gones wmn
:;ES g:m (] 2E. Emalier than establizhad benign copy number gain, 0 (Continwe Evaluatcn) 0O
"mwm‘ breakpaint(s) potentaly inlemupts peotein-coding gens
[ 2F. Larger than known benign copy number gain, does not -0.50 (Range: 0% -1.00) -1
Include addBonal profein-codng genes Asszigned points: [
[ 2G. Overaps a benign copy number gain but Indudes 0 (Centiwe Evaluaten) 0
addional genamic material
Overlap with ESTASLISHED [1 2H HI gene fuly contained within observed copy number 0 (Continue Evaluaton)  ©
Hi gens(s)1 gGan
[ 21. Boh breakpaints are within the same gene (genedevel  See CiinGen SVI working @
sequence varant, possibly resaing in loss of ncon group PVS1 Asszigned points: [
LOF)} spechications
= PVS! = 0.30 (Range:
0.45 %0 0.80)
« PVS1_Srong =043
(Range: 0.30 % 0.80)
Breakpoimis) within = NA=0 (Continus
ESTABUSHED Hl geres Evaluation)
[] 2J.0ne ¥point |5 within an Hi gene, 0 (Continwe evaluaticn) O
patient’s phenotype &5 aither Inconsistent with what 1s
expeciad for LOF of that gene OR unknown
[ 2K. One bregspcint s within an established Hi gene, 0.45 043 [
patiert’s phenatype i highly spechic and consistent with Assigned points: ([}

Breakpoints witin ofer
genais)

what is expecied for LOF of ihat gene

2L. One or both breakpcints are within gens{s) of no
established cinical significance

0 (Continwe evaluation) O






