NGS wprowadzenie; klasyfikacja
wariantow, zapis i wytyczne

Monika Gos
Zaktad Genetyki Medycznej
Instytut Matki i Dziecka

Kurs: Warsztaty z analizy wynikéw NGS - eksomowego i panelowego,
19-20.05.2022
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Projekt sekwencjonowania genomu ludzkiego

Genom Metoda Koszt
Human Genome Project (13 lat) Sekwenator kapilarny 2,7mld S
Venter Genome (9 miesiecy) Sekwenator kapilarny (>340tys. reakcji) 70min S
James Watson Roche, 454 (234 reakcje) 1min$

James Lupski Life/APG (3 reakcje) 75 tys. S

Cost per Raw Megabase of DNA Sequence

10,000.000

1,000.000

100.000 ——m—————————— Moore’s Law

10.000

NIH sy

genome.gov/sequencingcosts
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Jakie mutacje identyfikujemy za pomoca

sekwencjonowania?
GGG GAG AAC TAC ...  missens GGG GAG TAC
G E N Y » G Y

Gly Glu Asn Tyr

ciche nonsens
synonimiczne

GGA GAG AAC TAC
G E N Y G
Gly Glu Asn Tyr

GGG GAG AAC

Gly Glu Asn

Gly Glu Tyr Tyr

TAG

STOP
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Jakie mutacje identyfikujemy za pomoca
sekwencjonowania?

GGG GGA GAA CTA C..

insercja / G G E L
duplikacj/ Gly Gly Glu Leu
GGG GAG AAC TAC ...

G E N Y
Gly Glu Asn Tyr

delecja \ GGG AGA ACT ACG
G R T T

Gly Arg Thr Thr
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Jakie mutacje identyfikujemy za pomoca

sekwencjonowania?
ESE
sekwencja /
polipirymidynowa
T Gusase A v o IEEE Ac T ev

miejsce miejsce miejsce \
donorowe rozgatezienia akceptorowe ISS

. . erhy |qul+ HI HIIIIII[III[H” L..IIII{H ARITARTREAA

366 TCTGLATCT tl.‘, GCGT CCTCACCCT -.,EE TCTCTCT t‘..;.:'ﬁ.;'{-.'-'..'..;l

NGS: SpliceAl, ADA, RF
NM 0002?7 1:c. [159 13T>G ] Sanger: Alamut, Human

_CSQS?«23U1 R =ﬁﬂp-.'.-,," il I m Splicing Finder

A
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Sekwencjonowanie

* odczyt sekwencji nukleotydowej wybranego pojedynczego fragmentu
DNA

* sekwencjonowanie | generacji
Fred Sanger — laureat nagrody Nobla — 1977
Matryca do sekwencjonowania: produkt reakcji PCR

dATP + + +dTTP

DNA Polymerase
Template DNA
OCH; O Base Primer
H H ddATP ddTTP
. CCTGOCCCTCCAGG TG T!
Dideoxynucleotide (ddNTP)
ocH2 o Base h
- ATATT ACTCAGATGCT  ACTCAGATGCT  ACTCAGATGCT H )
ACTCA ACTCAGAT ACTCAGAT ACTCAGAT \
ACTCA ACT! ACTCA ACT | | |
OH H A A [ l ﬂ $
Deoxynucleotide (dNTP) 'I I 1 VY
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https://www.ensembl.org/Homo sapiens/
Baza danych
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File Edit View Finch Help

SEEIFEIEEEE Y
Gotofaseho. | FrdSeqece | | LLED

e e b e e b e LB lII|+II|IlIIIII!! !Illllllllllllll

ACGTA TTGGG TCTGCATCTTTGGCCTGCGTTAGTTCCAGTGACTGTCTCCTCACCCTCCCCATTCTCTCTTCTA AGAAT GATGTAAACC CCACATTGAATCTAG

B 0 ) 100 110
NM_000277.1: c.[169-13T>G ]

: Ul
T T wnmunuﬂ.hdhnmmhummlumu

llllllllllllllllIIllllllllllll]lllllllllllllllll]lllllllllllllllllllllIllllllllllllllllllllllllllllllllllllllllllllllllII
ACCTTCTCGTTTAAAGAAAGATGAGTATGAATTTTTCACCCATTTGGATAAACGTAGCCTGCCTGCTCTGACAAACATCATCAAGATCTTGAGGCATGACATTGGTGCCAC TGTCCATGAG
Vertical 120 200 23

umnuhmmlnhmhﬂhummnhhmmml hhhmﬂmmunnuhmlhhuhmﬂuhhuhmm

U B S
CTTTCACGAGATAAGAAGAAAGACACARGTAAGAATTAGAGGAATTTTGCAACATAAGTAACTCCACACTGTCTTCATAAAATAACAGCAATATACATATTTAACAGCATATTTAAATATA
280 240 00 Hl 20 30 M 30

il

L -
T GTATAT T TAATATATATTGCTGT TATTTTGC GGAAGCAAAATTAATATATAT GTATTGGAAATAATGCCTTGGAAGACTGTTTGGGGGGATTAAGA
360 k1 360 390 410 a0 420 430 440

bl

=1

Reset Scales Horizontal Scale



181 GAGGAGCELTGLCGGAATS: 24
.. e....ATGACGGALT Arg(R) 5
. e=M——T——E-—- 1

GGC>AGC

p.Glyl2Ser | P Start
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http://www.ensembl.org/Homo_sapiens/Transcript/Sequence_cDNA?db=core;g=ENSG00000174775;r=11:532242-537287;t=ENST00000451590

Mutation taster
https://www.mutationtaster.org/

Program predykcyjny

Matki i Dziecka EUropeis
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700
— Autosomal dominant genes
— Autosomal recessive genes
X-linked genes
—— Total genes

600

Sekwencjonowanie

500

400

* sekwencjonowanie nastepnej generacji
(NGS) - wysokoprzepustowe
sekwencjonowanie réwnolegte,

Number of novel ID genes identified over time

pierwotnie opracowane do .
sekwencjonowania genomow de novo; : .;
aktualr"e rese kwenCJonowarHe (1980 1985 1990 1995 2000 zlo"os 2010 2015
Year
* sekwencjonowanie Il generacji Nature Reviews | Genetics

wymaga amplifikacji materiatu przed

. . : : : Pierwsze publikacje - 2012
wtasciwg reakcjg sekwencjonowania

zespot Kabuki — KMT2D
« sekwencjonowanie Il generacji zespot Freemana-Sheldona - MYH3
nie wymaga amplifikacji materiatu; zespot Millera — DHODH

sekwencjonowanie bezpoérednie zespot Schinzla-Giediona - SETBP1
nieswoiste zapalenie jelit

przypominajgce zespot Crohna - XIAP
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http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjc69GX-aLQAhVCRhQKHYLHDOUQjRwIBw&url=http://www.nature.com/nrg/journal/v17/n1/abs/nrg3999.html&psig=AFQjCNFEHDXHOqvn0NyvSXS_TMBlK0h0NQ&ust=1479030566239644

Sekwencjonowanie Il generacji - lllumina

Amplifikacja klastrowa (mostkowa) Sekwencjonowanie
a (M i 0 o i ;
4 1‘1”.1" ‘”‘i{ ‘i ”i”f .. .. ;
: ' 0 e : .
. ¢
i

=

‘.

—
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Sekwencjonowanie Il generacji - lllumina

st ome
® o @ €« @ ®
A G T C | A G T C

) e
A la]l TFlEe]] ™A @ T @

MiSeq, HiSeq NextSeq, NovaSeq

NEEEE . 5 e iy sn
HEEEN c2cc. 1PG, BCL > faste
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Label

Sequence

@FORJUSPO2AJIWD1

PI i k fa St CCGTCAATTCATT[TAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
q ;

AAAAAAAAAAAA:

9@::::??@@: : FFAAAAACCAA: : : : BB@@?A?

Q scores (as ASCII chars)

Base=T, 0=":"=25§

. . https://www.drive5.com/usearch/manual/fastq_files.html
FASTQ File Format Analysis

Flow mle‘\umber The member of a pair,

Unique

within the 1 or 2 (paired-end or .
instrument | | cell 1D . 0" mate-pair) 0 when none of the control bits
name oweellane ! are on, otherwise it is an even

Y if the read
Run ID ‘ Flowcell XandY is filtered. N number
Lane coordinate o
i within the otherwise
tile

Przyrownanie do

sekwencji
1 Index sequence
1 1 i 1 E A 4 &
o Hsa-7001380f292 finTwwaciodh 1101 feso-2131 b #eccasasstcriatcercer]

ferencyjnej lub
CATTATGCCCATAGARGGCAAGLTTGCGEAAARAGCATTECCTCTGATTEGATCAACAACTHNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN d bl
GLETACGAAGCETATT TTGCAGAAAAACCETATCAATTALTGATCT TE GG ECECECAATTCAAATETTGTTTCCEACACTCCACTEEGATTTAGGTTCATTGAACARATTGELCAACGCAALE GGEE e novo asse' I l y
L]

e

EEEGHINIHN GG s e FRRREARARRAREAR R RURAARERRY<<< GG NG G NG NG e e G e f 9 b
GIGHGIIGINININIGGIGNIG MGIGGEIIGI ol astq al I l

The “+” indicates the break
between sequence and
quality.

Encodes the quality values
for the sequence letters Raw sequence letters

https://kscbioinformatics.wordpress.com/2017/02/03/raw-illumina-sequence-data-files-for-dummies-part-1/
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Integrative Genomic Viewer

i 16 " - - T h . ¥ - T e | O i
File Genomes View Tracks Regions Tools GenomeSpace Help
Human hg19 - 14 ~ | |chr14:29,236,339-29,237,350 G Bt « » Q& b= r@ | S
T T T
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File Genomes View Tracks Regions Tools GenomeSpace Help

Human hg13 - |dviz v 1225, 368, 327-25,38,641 o it « > @R | =L =

~-"EN T T T T O B BN O T T O e e
332 pL32 pi23 pi22 plal’ plL22  pild g2 g3l q313  qi33 qdl qia? a5 @l qi2  qA3l g3l 07 31 B2 533 qAI 420 2423 q431 0432 qBn

F 315hp

25368 400 bp 25 368 500 bp 25 368 600 bp
I I |

- 1)
RG-550815_S3.bam Coverage

m

chil2:25 368 462
Total count: 115

POKRYCIE nt

1 T:115 (100%, 46+, 69- )

_ 7 -

zmiany sekwencji |——— ~ _
/ \ Y I

I ODCZYT

(najczesciej 75-150pz)

RG-E5015_53 bam

~"

PARA ODCZYTOW
. z jednego fragmentu DNA

Sequence

RefSeq Genes

sekwencja referencyjna

Fundusze . Oo _
iski Rzeczpospolita Instytut Unia Europejska -m m m
E Europejskie - Polska " Y iy Pk Spolecing ed u etg en.l |d . ed 3 pl

Wiedza Edukacja Rozw6j Mafki i DZieCkO



Minusy , krétkich odczytow”

* Problemy z sekwencjonowaniem regiondw bogatych w pary GC
» Staba rozdzielczos¢ w regionach , kompleksowych” np. MHC
* Regiony powtdrzone / paralogi — problemy z uliniowieniem sekwencji

* Brak mozliwosci identyfikacji rearanzacji chromosomowych (rozlegte
delecje/duplikacje; warianty strukturalne)

* Brak mozliwosci ,,fazowania” wariantow
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Parametr MiniSeq MiSeq NextSeq NovaSeq
Czas reakgcji 4-24 godz. 4-55 godz. 12-30 godz. 16—44 godz.
Max ilos¢ danych 7.5 Gb (5Gb) 15 Gb (5Gb) 120 Gb (80Gb) 6000 Gb
Max liczba odczytow 25 min 25 min* 400 min 20 mld
Max dtugos¢ odczytu 2 x 150 bp 2 x 300 bp 2 x 150 bp 2 x 150 bp
Genom ludzki 30x 21 reakgcji 2 reakcje 1 reakcja (3-19)

| oommme

koszt
pokrycie +
llos¢ danych ++++
CNV

nowe geny ? +

+ (strukturalne)

++

+++ ++++
++ +
+/- +/-
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Zalecenia EuroGenTest (12.2014)

http://www.eurogentest.org/fileadmin/templates/eugt/pdf/NGS_Guidelines/EuroGentest_ NGS_guidelines_2014 - final_draft_02-12-2014_v2.pdf

STATEMENT 2.03: For diagnostic purpose, only genes with a known (i.e. published and

confirmed) relationship between the aberrant genotype and the pathology, should be
included in the analysis.

STATEMENT 2.04: For the sake of comparison, to avoid irresponsible testing, for the
benefit of the patients, ‘core disease gene lists’ should be established by the clinical and
laboratory experts.

STATEMENT 3.02: The analysis pipeline of diagnostic laboratories should focus on the
gene panel under investigation in order to avoid the chance of secondary findings, and be
validated accordingly.

STATEMENT 3.04: If a clinical centre or a laboratory decides to offer patients the
possibility to get carrier status for unrelated diseases and secondary findings, it should
implement an opt-in, opt-out protocol and all the logistics need to be covered.

STATEMENT 5.01: The report of an NGS assay should summarize the patient's
identification and diagnosis, a brief description of the test, a summary of results, and the
major findings on one page.
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Panel App
(https://panelapp.genomicsengland.co.uk/)

Panel ¥

growth|

Beckwith-Wiedemann syndrome (BWS) and other congenital

overgrowth disorders

Evaluated genes

29 0f 30

97%

Level 3: Beckwith-Wiedemann syndrome (BWS) and other congenital overgrowth disorders

Level 2: Growth disorders

Regions: 1

Relevant disorders: Atypical Beckwith-Wiedemann syndrome, Classical Beckwith-
Wiedemann syndrome, Simpson-Golabi-Behmel syndrome, Sotos syndrome, Weaver

syndrome
Version 1.103

Panel Types: Rare Disease 100K,
Growth failure in early childhood

Relevant disorders: R147
Version 1.58

Panel Types: GMS Rare Disease Virtual, GMS signed-off,
Signed Off v.1.4 on 3 Mar 2020

IUGR and IGF abnormalities

Level 3: Growth hormone disorders
Level 2- Endocrine disorders

Relevant disorders:
Version 1.35

Panel Types: Rare Disease 100K,

129 of 148

87%

Regions: 5

108 of 115

94%

Regions: 5

Reviewers Actions
6 panels
8 reviewers 2 Downlead
10 reviewers 2 Download
13 reviewers & Download
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Human Phenotype Ontology (HPO)

Documentation -

human
pheno ype

ontology

@O monarch

The Human Phenotype Ontology

The Human Phenotype Ontology IHPOD) prowdes a standardized vocabulary of phenotypic abnormalities encountered in human dsease. Each termin
the HPQO describes a phenotypic abnormaliby, such as Atrial septal defect. The HPO & currently beng developed using the medical iterature,
Orphanst, DECIPHER, and OMIM. HPO currently contains over 13,000 terms and over 156,000 annotstions to hereditary dissases. The HPO project
and nthers have developed softwars for phenabype-driven differential diagnostics, genomic diagnostics, and trarelational research, The HPD isa
Hlagship product of the Monarch Initiative, an NIH-supported international ronsortium dedicated tn semantic integration ot biomedical and mode
organizm data with the ultimate goal of impeoving biomedical research. The HPO, as a part of the Monarch Initiative, is a central component of ane of
the 13 driver projects in the Global Alliznce for Genomics and Health [GALGH) strategic roadmap.

Exomiser

Evaluate vanants based on the predicted pai

Genomiser

Analyze genome se e clata for non-coding variants

News & Updates

August 2021 HPO release August 2, 2021
June 2021 HPO release June 8, 2021
Aprll 2021 HPO release April 14, 2021

Phenomizer
Rank disease differembial diagnosis by cinical features.

. [@ Profile Search

Q-

Cross-species disease discovery and diagnosis.

r diseases with 2 phematype pr
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Sekwencjonowanie celowane

GENDMIC SAMPLE 1. Genomic DNA

dodatkowy -

wzbogacania .

fragmentow G
DNA pod ol ahous g

G. Hybridize biotinylated probes to targeted regions

' ‘ Straptavidin beads

¥

[ 4

€*§ o = -

D. Enrich using streptavidin beads

WZ g I e d e m Q0000 gophe 00000 STREPTAVIDIN COATED MAGHETIC BLADS : é

arete _ Ammmd ! 5. Washing
WU wo NS + A a A

Y
v

analizowanej coon ao0e
sekwencji T
¥ : .

tzw. TARGET
l".-‘asﬂ.?m‘sl ¥ - - j—

4 Amplify 8. Sequencing
ARV =3 | Sequencing TN
g ATCTCAGGA
E. Elute from beads

r\i:?\"’:?‘ (v\‘:’ﬂl‘ /ﬁc"‘(irtraarnc M\CTAG(“

.Q

‘Saquencing-Ready Fragment
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Scale 100 bases f————————————— hgas
chria, | ss4s1150] 58441200] s8.441250) 5441300 58441350  se4ar400]  58.441.450]

Capture Tagets
Uncovered targets
Uncovered targets
BI RefSeq genes, curated subset (NM_", NR_*, NP_* or YP_*) - Annotation Release NGBI Homo sapiens 109.20211119 (2021-11-2

\0586/NM_001244161 2
\0S6NM 001204152 2 I
A0586/NM_001244190.2
\0se8INM D0r2a41E0 2 IR R
10586/NM_001364700. 1
A0586/NM_001329945.2

0586/NM_D01364701.2
014749.5
A0586/NM_001329947.2

Sekwencjonowanie celowane -

Scale 1kb} | hg3s
chns: | 88,855,000| 88,855,500| 88,856,000( 88,856,500| 88,857,000| 88,857,500|
|| S5_CRAMIO_V3c_regions_cons_rpt.bd 158885015 8855 _— Goplyra Tagete
| 7| S5_CRAMIO_V3c_regions_cons.bed 15BEES56T5 RA56] i Gl Ll —_—1
: Uncoverad targets R —
f— Sl RANIO_V3c_reg|ons.bed I NGB ReiSeq genes. curated subset (MM _*. NB * NP _* or YP_*) - Annatation Release NCBI Homo sapiens 100.20211119 2021-11-2
- i 001135.4
7155 CRANIO_V3c_primary_targets.bed ACANNM 0132074 <
|7 85_CRANIO_V3c_predicted_uncovered_targets.bed ACANMNM_001369268. 1]<]
| 55_CRANIO_V3c_coverage_surmnmary.bd 1 1| : i 11 1 | . ___|____I
=1 55_CRANIO_V3c_coverage.txt : : — = | '
7] 55_CRANIO_V3c_capture_targets.bed - - — i
| £ | -
200555636_55_CRANIO_V3c_report.pdf w ‘ i ' i ] ‘_u
| o
T | I
= L 1 1 - 1 (-]
chri 2436172950 243613070 T S ——
chri2 65914699 65914925 Scale 100 bases|—————————————{ hgas
chrX: | 1117448500 1117447000 111,744,7500  111,744,8000 111,744850] 111,744,800 111,744,950 111,745,000(
chri2 110167860 110167988
chri4 58441210 58441353 5.0 chX 111744665, ¢ I Gepiyre Jogers
*3_0_chrX_111744668_f ]
chrls 48729407 48729417 Uncovered targets
Uncovered targets - ) )
Ch r15 888555 61 8885 6?15 LGN 001257230.2 I:K‘BI ReiSeq genes, curated subset (NM_*, NR_®, NP_® or YP_") - Annotation Release NCEI Homo sapiens 109.20211119 (2021-1 1-23\
ALGI3/NM 24 s
chrle 53956672 53956799 \LG13NM 001099622 3 e
\LG13/NM_001257234.2
chr2 33323486 33323511 WLGTI/NM _001257231.2 e o 5048 5 58 -
\LG13/NM_001324283.1
ALGIZNM 7.2 4]
chr2 112566747 112566905 e
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Rozwigzanie — dtugie odczyty

Insercja Delecja

R — 'T_"_«m

Duplikacja (CNV) Inwersja
I I — — l
. |

Krotkie odczyty: btedne mapowanie odczytow / brak mapowania

Dtugie odczyty: sekwencjonowanie punktéw ztaman https://academic.oup.com/hmg/article/27/R2/R234/4996216
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Sekwencjonowanie lll generacji

+ dfugie odczyty (do 15kb) co umozliwia

identyfikacje rozlegtych rearanzacji genomu i
n sekwencjonowanie sekwencji powtdrzonych
= duza ilos¢ generowanych bteddow (do 15%)

" 2| & 3 5
g * 2 Bl o0 | Q & g Short Reads
! : Q
- A\ ity | “4 N 100-'
% L 0474 e '
* N L3 | ol (=g N _.
BBl FEFER oo FRFE sl R ! g
|~ |~
£ 909 Long Reads
it
fi <
> “C" puise “[:’p\:l:
i Glass é
m‘.l.”im Emission £ BTl ot giman e AP IIB A S DA S I DT TN &0
Time e o 10,000 20,000 30,000
Pacific Biosciences 0
Read Length (bp)
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Figure 3. Long reads span and call variations that short reads cannot. IGV ...

qmlo» bp i Lntl“ﬂ bp. tﬂ‘-l‘” bp : LMION bp Lm.liﬂ bp ‘-ml‘” b 4,739,000 bp.
| I} |

soted_chained.bam Coverago

sotod_chainad.bam

Human Molecular Genetics, Volume 27, Issue R2, 01 August 2018, Pages R234-R241, https://doi.org/10.1093/hmg/ddy177 O X EORD

The content of this slide may be subject to copyright: please see the slide notes for details. UNIVERSITY PRESS


https://doi.org/10.1093/hmg/ddy177
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pliki *.bcl = plik *.fastq (CASAVA, bcl2fastg, basespace)

dopasowanie wygenerowanych przez sekwenator
sekwencji do genomu referencyjnego (hg19,hg38)

plik *.bam (BWA)

analiza sekwencji pod kagtem obecnosci zmian — podstawien pojedynczych
nukleotyddéw lub insercji / delecji + anotacja

plik *.vcf (m.in. GATK, SAMTools)

analiza funkcjonalna — odniesienie do populacyjnych baz danych
(gnomAD, ClinVar), analiza predykcyjna

plik Excel (*.tsv, *.txt, *.csv) lub oprogramowanie komercyjne

wybor wariantu zwigzanego z patogenezg choroby
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SPECIAL ARTICLE Human Mutation

OFFICIAL JOURNAL

HGVS Recommendations for the Description of Sequence
Variants: 2016 Update HGV§‘

HUMAN GENOME
VARIATION SOCIETY

whanw . higvs.org

Johan T. den Dunnen,’ Raymond Dalgleish,2 Donna R. Maglott® Reece K. Hart,* Marc S. Greenblatt,
Jean McGowan-Jordan,® Anne-Francoise Roux,” Timothy Smith,® Stylianos E. Antonarakis,® and Peter E.M. Taschner'® on

behalf of the Human Genome Variation Society (HGVS), the Human Variome Project (HVP), and the Human Genome
Organisation (HUGO)

':e:‘ = ‘Q‘ |® a https://varnomen.hgvs.org se {}| |Q hgvs _)| m o ®

L} Czesto odwiedzane 0 Pierwsze kroki W' ChIA-PET - Wikipedia @ PanelApp @ gnomAD " Varsome The Human ... = Primer designing tool W\ Primer3 Input

Sequence Va riant Nomenclature Recommendations ~ Background Materials ~ Recent Additions Contact Us Version 19.01 Q

Current Recommendations




Human Gene Variation Society (HGVS)
http://varnomen.hgvs.org/ Version 20.05

1. nalezy uzywac nazw gendow zgodnych z HGNC (np. nie MLL2, tylko KMT2D)
2. wszystkie opisywane zmiany muszg by¢ opisane na poziomie DNA
3. zawsze w opisie mutacji nalezy podac litere opisujgcy sekwencje referencyjna:
> kodujgcy DNA — ¢.35A>G
> sekwencja genomowa — 8.375C>T
> sekwencja mitochondrialna — m.8993T>C
> sekwencja RNA —r.67c>g
> sekwencja aminokwasowa — p.Arg408Trp
> niekodujgcy RNA —n....
w opisie zmiany powinien by¢ podany numer sekwencji referencyjne;j.
sekwencja referencyjna nukleotydowa — gtdwny i najdtuzszy transkrypt
sekwencja referencyjna biatkowa — pierwotny produkt translacji
DNA — duze litery, RNA — mate litery, biatko — kod troéjliterowy, pierwsza litera duza

e
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http://varnomen.hgvs.org/

Human Gene Variation Society (HGVS)
http://varnomen.hgvs.org/

Rekomendowane sekwencje referencyjne:

RefSeq sequences with the prefixes NC_, NT , NW_,NG_, NM_, NR_or NP_
chromosome - NC_000023.11
genomic contigs or scaffolds - NT_010718.17, NW_003315950.2
gene/genomic region - NG_012232.1
coding transcript - NM_004006.2
non-coding transcript - NR_004430.2
protein - NP_003997.1

LRG sequences with the prefixes LRG_#, LRG_#t#, LRG_#p# (see examples below)
gene/genomic region - LRG_199
coding transcript (or non-coding transcript) - LRG_199t1
protein - LRG_199p1

Ensembl transcript (ENST) and protein (ENSP) which are not identified by Ensembl as being incomplete
gene/genomic region - ENSG00000198947.15
coding transcript - ENST0O0000357033.8
non-coding transcript - ENST00000383925.1
protein - ENSP00000354923.3
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Sekwencje referencyjne — baza LRG
https://www.Irg-sequence.org/

«Irg-sequence.org e | | Q szukaj

rszekroki W ChIA-PET - Wikipedia @ PanelApp ) gnomAD & Varsome The Human ... =3 Primer designing tool ' Primer3Input &/ Homo sapiens - Ense.. 2} PSSEw m.st. Warszawie g COVID-19 panel (&) Coronavirus COVID-1¢

Home @ About

0 alisw

E What is unique about LRG reference sequence records?

Created specifically for clinical reporting by manual curation

o Include a minimum set of transcripts for reporting at a locus (ideally one)
o Manually curated by expert scientists

Stable

o Include transcript sequences that are stable and independent of changes to transcript models (RefSeq @ and GENCODE &)
o Establish a coordinate system that is independent from upgrades to the reference genome assembly, and provides mappings to present and past assemblies
o Use a unique and stable identifier that is not versioned

Flexible and collaborative

o Allow inclusion of legacy or community-requested reference sequences
o Individual records created at the request of the clinical community and in collaboration with gene-specific experts

Connect the past, present and future of clinical variant reporting

o Part of the effort to rationalise differences in NCBI "—"(RefSeq) and EMBL-EBI “(EnsembllGENCODE)gene sets

o Aim to achieve faster convergence between NCBI  (RefSeq) and EMBL-EBI 2 (Ensembl/GENCODE) on key high value annotations to provide a common minimal
set of transcripts per gene

o Facilitate unambiguous multi-directional data exchange between NCBI o (RefSeq), EMBL-EBI & (Ensembl/GENCODE) and the reference genome assemblies
(GRCh37, GRCh38)

o Define the relationship between legacy and community-reguested sequences and the reference assembly

© Ensure compatibility with genome reference assembly-based NGS variant reporting systems

Well-supported

o Integrated into the Ensembl &, NCBI @ and UCSC & genome browsers to allow visualization in genomic context, with all other existing annotations
o Compatible with the Human Genome Variation Society (HGVS) nomenclature and supported by nomenclature checker systems (e.g. Mutalyzer &, variantvalidator
&)

o Generated and maintained by the NCBI & and EMBL-EBI &
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Sekwencje referencyjne — baza LRG
https://www.Irg-sequence.org/

(& ‘Q [0 ftp.ebi.acuk/pub/databases/Irgex/LRG_614.xml

ZE;tDD wiedzane 1ErWsZe Krokl - - IKIpedia anelApp gnom. arsome e Human .. = Frimer ESIgﬂlﬂgtDD FIMEr: ﬂpLIt . omao sapiens - ENse..
#C dwied Pi kroki W ChIA-PET - Wikiped Paneldy AD W Vi TheH 22 Primer designi I\ Primer3 1 el H jens - PSSt

8 | Fixed Annotation
6 1 4 ® Updatable Annotation
. PTPN11 &= Additional source

Requester info

PUBLIC

This LRG has been made public (finalised) i.e. the fixed reference sequences will n;

HGNC Gene Symbol (Identifier): PTPN11( HGNC:9644 &) Made Public: O 10 April 2014  Last Update: (© 23 April 2020

8 Fixed reference sequences in this record

Number of sequences @ Genomic: 1 / Transcript: 1 / Protein: 1

Genomic Transcript

MANE type

Protein

Source Source

LRG_614 98,182nt NG_007459.1%  t1 6,283 nt NM_002834.3% p1 593aa NP_0028253% CCD59163.1 &
ENSP0O0000340944.2 &

Download LRG_614 data: XML - [ FASTA

@ | Fixed Sequence Annotation

LRG_614 genomic sequence

Genomic sequence length: 98,182 nt P Show sequence

Sequence source: NG_007459.1 &

Comment(s} @ The LRG genomic sequence is identical to NG_007459.1 & and to the Primary genome assembly (GRCh38).
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Human Gene Variation Society (HGVS
http://varnomen.hgvs.org/
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Human Gene Variation Society (HGVS)
http://varnomen.hgvs.org/

Opis zmian
e substytucja c.34A>T
e zakres zmiany c.34 38del (c.34_38delATGCA)

* delecja c.34del (c.34delA)

e duplikacja c.34dup

* insercje c.34 _35insG

. ALE: c.35dup, a nie c.35_36insT

* inwersja c.34_76inv

* konwersja c.123 _678conNM 004006.1:c.123 678
* allel []

w przypadku sekwencji powtorzonych zaktadamy, ze zmianie
ulegt nukleotyd/-y znajdujace sie na koricu 3’ sekwencji.
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Human Gene Variation Society (HGVS)
http://varnomen.hgvs.org/

Nazewnictwo na poziomie biatka

* tylko jako dodatek do opisu na poziomie DNA

* jesli zmiana aminokwasowa nie zostata zbadana funkcjonalnie (RNA lub
biatko) zapisuje sie jg w nawiasie np. p.(Arg45Trp)

* format p.Arg4d5Trp, NIGDY: p.45Arg>Trp
ZALECA SIE UZYWANIE KODU TRZYLITEROWEGO

e zmiany ciche: p.= (ew. p.(=), NIGDY: p.Arg45Arg
e zmiany prawdopodobne, nie badane: p.?
e mutacje typu frameshift: p.Arg97Glyfs*26, p.Arg97GlyfsTer26, p.Arg97fs

* mutacje typu extension: p.(Ter110GInextTer17), p.(*110GInext*17),
p.Metlext-5 (5’UTR), p.Metl_Leu2insArgSerThrVal (ATG)
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Human Gene Variation Society (HGVS)
http://varnomen.hgvs.org/

Zapis mutacji zgodny z HGVS
* NM_000277.1:c.1222C>T
« NC _000012.12(NM _000277.1):c.1315+1G>A
* NG_008690.2(NM_000277.1):c.1315+1G>A
NP _000268.1:p.Argd08Trp
Zapis genotypu zgodny z HGVS
* NM_000277.1:c.[=];[=]
e NM _000277.1:c.[1222C>T);[=]
« NM _000277.1:c.[1222C>T);[?]
* NM_000277.1:c.1222C>T(;)1315+1G>A
e NM_000277.1:¢c.1222C>T(;)(1222C>T)
* NM_000277.1:c.[1222C>T);[1222C>T]

* NM_000277.1:c.[1222C>T;1155C>G];[1315+1G>A]
Analiza konkretnego wariantu — zapis genotypu
* NM _000277.1:c.[1222C>T);[1222=]

* NP _000268.1:p.[Arg408Trp];[Arg408=]
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Mutalyzer - https://mutalyzer.nl/

Welcome to the Mutalyzer website

The aim of this program suite is to support checks of Sequence Variant Nomenclature according to the guidelines of the Human Genome Variation

Society.

Name Checker

The Name Checker takes the complete sequence variant description as input and checks whether it is correct.

Examples: ABB26906.1:c.40_42del, NG_812337.1(SDHD_vee1):c.274G>T, LRG_24t1:c.159dup

NM_eedeed.6:c.32del

SNP Converter

Allows you to convert a

dbSNP rsid to HGVS notation.

Check variant description

Name Generator

A user friendly interface that
helps to make a valid HGVS
variant description.

Syntax Checker Position
Takes the complete Converter
Bequenoe variant description Converts chromosomal
as input an_d checks whether positions to transeript
the syntax is correct. orientated positions and vice
VErsa.
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Mutalyzer - https://v3.mutalyzer.nl/

=  LUMC Mutalyzer 3 Alpha | O

Welcome!

The following tools are still to be tested/extended/etc. Use them with care. Feedback is greatly appreciated.

Name Checker
Takes a variant description as input and checks whether it is correct.

Examples: wz 012337.1(MM 003002.2):c.274G>T LRG 24:g.5525_5532del

HGVS Description NORMALIZE

Position Converter Description Extractor
Converts reference positions to Generates the HGVS variant
selector orientated positions and vice description from an observed and a
versa. reference sequence.
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Variant Validator (https://variantvalidator.org/)

VariantValidator.

Validator

Input Variant Description

Enter variant description in the HGVS format or in VCF format as shown below:
NM_000088.3:.589G>T
NC_000017.10:9.48275363C>A
NG_007400.1:.8638G>T
LRG_1:9.8638G>T
LRG_1t1:c.589G>T
17-50198002-C-A
17:50198002:C:A

* GRCh38:17:50198002:C:A

o chr17:50198002C>A

o chr17:9.50198002C>A

o chr17(GRCh38):g.50198002C>A

Variant Description:

<accession>.<version>:<type>.<variant description>

GRCh38 (hg38, build38) GRCh37 (hg19, build19)

Copyright © 2016-2022 VariantValidator Contributors UNIVERSITY OF

LEICESTER

MANCHESTER
1824

The University of Manchester
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Klasyfikacja wariantow zgodna z ACMG (2015)
https://www.nature.com/articles/gim201530

1) Patogenne

2) Potencjalnie patogenne

3) O niepewnym znaczeniu klinicznym
4) Potencjalnie tagodne

5) tagodne

Kryteria oparte na:

« czestosci wystepowania wariantu w populacji

« danych obliczeniowych i predykcyjnych

« badaniach funkcjonalnych

« danych dotyczgcych segregacji wariantu w rodzinie
(de novo, segregacja z fenotypem)

« obecnosci innych wariantéw u pacjenta
(np. in trans z patogennym wariantem)

Fundusze . Oo . . _
5 Europejskie B oo @Y Instytut Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozw6j Mﬂfkl I DZi eckc Europejski Fundusz Spoteczny



P Benign - Pathogenic -
Ty Fal Ty -
Strong Supporting Suppeorting Moderate Strong Very strong
Population MAF is oo high for Absant in population Prevalencs in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of MNovel missense change Same amino acid Predicted null
and predictive computational evidence computational at an amino acid residue change as an vanant in a gene
data suggest no impact on gene evidence support a where a different established where LOF is a
fgene product BP4 deletenous effect pathogenic missense pathogenic vanant krvown
on the gene fgene change has been seen PS4 mechanism of
Mizzsense in gene where product PP3 before PMS disease
only truncating cause P51
disease BP1 Protein length changing
vanant Ph4
Silent variant with non
predicted splice impact BP7
In-frame indeds in repeat
wiout known function BP3
Functional Well-established Missense in gene with Mutational hot spot Well-established
data functional studies show low rate of benign or well-studied functional sludies
no deletenous effect missense vanants and functional domain show a deleterious
BS3 path. missenses without benign effect PS3
common PP2 vanation PM1
Monsegregation Cosegregation with
- with disease BS54 disease in multiple i
Segregation affected family Increased segregation data
members PP
De novo De nove (without De novo (paternity and
data patermity & matermity maternity confirmed)
confirmed) PMé& ps2
Allelic data Observed in trans with For recessive
a dominant variant BP2 disorders, detected
in trans with a
Observed in cis with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source wiout Reputable source
database shared data = benign BEP& = pathogenic PPS
Found in case with Patient’s phenotype or
Other data an allernate cause FH highly specific for
BPs gene PP4




MOCNE

WSKAZUJACE

Dane populacyjne

MAF wyzsze niz czestos¢ wystepowania
choroby w populacji (BA1/BS1) lub czestos¢
wystepowania w populacji niezgodna z
czestosScig wystepowania choroby (BS2)

Wyniki analiz predykcyjnych

Wariant tagodny:
BA1 lub >2 BS1-BS4

Wariant potencjalnie tagodny:
1 BS1-BS4 i1 BP1-BP7 lub
>2 BP1-BP7

Predykcje nie wskazujg na to, ze wariant
moze wptywac na produkt biatkowy/gen
(BP4)

Mutacje missens w genach, w ktérych
mutacje LoF sg przyczyng choroby (BP1)
Wariant ,,cichy” nie zaburzajacy skfadania
mRNA (BP7)
Delecje/insercje w ramce odczytu w
regionie powtdrzen, nieistotnym dla funkgji
biatka (BP3)

Analizy funkcjonalne

Nie wykazano znaczgcego wptywu na
biatko/gen (BS3)

Analiza segregacji

Brak segregacji z chorobg (BS4)

Analiza de novo

Dane z alleli

W uktadzie in trans z wariantem
dominujgcym lub in cis z patogennym (BP2)

Inne bazy danych

Wiarygodne Zrddto niedostepne publicznie
(BP6)

Inne dane

Zidentyfikowany u probanta z inng
przyczyng choroby (BP5)




BARDZO MOCNE MOCNE UMIARKOWANE WSKAZUJACE
Czestos¢ wsrod
Dane pooulacvine pacjentéw znaczgco Brak w bazach
populacy] WYyZsza niz w grupie populacyjnych (PM2)
kontrolnej (PS4)
wariant LoF, w genie w . Nowa mutacja missens w - .
Taka sama zmiana Wyniki analiz

Wyniki analiz
predykcyjnych

ktorym tego typu
mutacje s3
odpowiedzialne za
chorobe (PVS1)

aminokwasowa jak w
przypadku znanej mutacji
(PS1)

kodonie, w ktérym
opisano mutacje (PM5)
Wariant zmieniajacy
dtugos¢ biatka (PM4)

predykcyjnych wskazujg
na patogenny efekt
obecnosci mutacji (PP3)

Analizy
funkcjonalne

Badania funkcjonalne
potwierdzajgce
patogenny charakter
wariantu (PS3)

Hot-spot lub znana
domena funkcjonalna, w
ktérej nie wystepuja
zmiany fagodne (PM1)

Mutacja missens w genie
z matg liczba fagodnych
zmian missens lub
czestymi, patogennymi
wariantami missens (PP2)

Analiza segregacji

Segregacja z fenotypem w rodzinie (PP1)

Analiza de novo

Dane z alleli

Inne bazy danych

Inne dane

Wariant patogenny:
1) PVS1i
« 21 PS1-PS4
22 PM1-PM6

+ 1PM1-PM6i 1 PP1-PP5

- 22 PP1-PP5

2) 22 PS1-PS4
3) 1 PS1-PS4 i
. >3 PM1-PM6

De novo (potwierdzone
. ojcostwo — PS2)

De novo (bez badania
ojcostwa — PM6)

In trans z wariantem
patogennym (PM3)

Wariant potencjalnie patogenny:

Wiarygodne zrodto
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