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B npeadblayLnx cepmax

* B npomuielii pa3 Mbl 0TOOpanu cpeau Habopa
BapHUaHTOB BCEI0 HECKOJILKO

* CpeacTBaMu KaKkoTro pecypca Mbl JJISL 3TOTO
IOJIb30BAJIUCEH?

* Kakne kpuTepun ObLIN IPUMEHEHBI 111 0TOOpa
BAPHUAHTOB?



[na paboTbl Ha CEMUHAPE

 OcranoBumMcsa Ha reae APOB

* BapuaHT B 3TOM I'eHe:
« ENST00000233242.5:c.2786del
« ENSP00000233242.1:p.Pro929GInfsTer24
* 151553385404
« 2:21022861-21022862
 frameshift_variant
* Impact - HIGH



YnparkHeHune

* Ha mpeapiayiem ciiaiae OQuH BaApUAHT
OXapakTepHu30BaH 6 criocodaMu

* PactmupyiiTe\oObsSICHUTE KaXKIBIM 13 HUX



3a/a4a CeMMHapPa

* OnucanHbIN Boile BapuaHT B reHe APOB MeI
HAIIUIA Y KOHKPETHOTO YEJIOBEKa

* HeoOxoauMo onmcaTh 3TOT BapUAHT CPEACTBAMMU
0a3 JaHHBIX
e gnomad
e ClinVar



gnoOmAD
gnomAD N VYY)

Genome Aggregation Database

* https://gnomad.broadinstitute.org/
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https://www.nature.com/articles/s41586-020-2308-7


https://gnomad.broadinstitute.org/

gnomAD

* HoBas Bepcusa v4.1.0

* 1 mos0ps 2023 (v4.0.0)
* https://gnomad.broadinstitute.org/stats

gnomAD v4.1.0

GRCh3g '
gnomAD v3.1.2
gnomAD SVs v4.1.0

gnomaLl GNYs w4 1.0
GRCRST

gnomALD w2 1.1

gnomAD 5Vs v2.1

ExAC




gnomAD
gnomAD N VYY)

Genome Aggregation Database

gnomAD v4 includes 807,162 individuals

e 730,947 exomes 800K —
» /6,215 genomes
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OTKyAa NOABUNOCH CTO/IbKO HOBbIX BAPUAHTOB? 8



gnomAD

Short variants
e Total SNVs: 786,500,648
¢ Total InDels: 122,583,462

e \ariant type® counts

o Synonymous: 9,645,254
o Missense: 16,412,219
o Nonsense: 726,924
o Frameshift: 1,186,588
o Canonical splice site: 542,514
/UII dverage we see 2\
SHVs every 3 basepairs
car
T A G
o -~

gnomAD
AdAAA

Genome Aggregation Database

Structural variants
e 1,199,117 genome SVs

o

o

o

o

o

o

o

627,947 Deletions
258,882 Duplications
711 CNVs

296,184 Insertions
2,185 Inversersions
13,116 Complex

92 Canonical recriprocal translocations

* 66,903 rare (<1% site frequency (SF)) exome CNVs

o

o

30,877 Deletions
36,026 Duplications



gnoOmAD
gnomAD N VYY)

Genome Aggregation Database

Age Sex
s 406,265 XX individuals
Exomes Genomes e 400,897 XY individuals
4.00K
3.50K
" " 3.00K
= B 250k
= =
= = 200K
o o
= € 150K
1.00K
300
a
Age Age
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ExAC
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NOMAD

Genome Aggregation Database

gnomAD v2

AF > Ol gnomAD v
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gnomAD
gnomAD N VYY)

Genome Aggregation Database

gnomAD v2 gnomAD v3 gnomAD v4*
# = % Fold increase from v2
Admixed American 5,789 17,720 7,647 30,019 3.72% 1.7x
African 5,203 12,487 20,744 37,545 4.65% 3x
Ashkenazi Jewish - 5,185 1,736 14,804 1.83% 2.9x%
East Asian 4327 9,977 2,604 22,448 2.78% 2.3x
European” 36,667 77,165 39,345 622,057 77.07% 8.1x
Middle Eastern - - 158 3,031 0.38% 19.2x
Remaining Individuals* 454 3,614 1,503 31,172 3.939% 8.8x
South Asian 8,256 15,308 2,419 45,546 5.64% 3x

141,456
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gnomAD
gnomAD N VYY)

Genome Aggregation Database

e [lonuck MOKHO IIPOBOIUTDb, HAYHWHAA C.
* Gene: PCSK9
 Transcript: ENST00000302118
 Variant: 1-55051215-G-GA
« Structural variant region: 19-11078371-11144910
« Copy number variant region: 19-11078371-11144910
« Mitochondrial variant: M-8602-T-C
 Short tandem repeat locus: ATXN1
 Regional missense constraint (gnomAD v2, GRCh37): GRIN2A

« Variant co-occurrence (gnomAD v2, GRCh37): 1-55505647-G-T
and 1-55523855-G-A

13



YnparkHeHune

* B Opay3epe gnomAD HnaianTe ucciaenyeMoli
BApHUAHT MO JTFOOOM MOAXOAAIICH XapaKTEPUCTUKE

* YOeauTech, 4TO IpU IMOUCKE Bbl HCIIOIB3YETE
HOBYIO Bepcuto V4.1.0

* Jlanee oOCynuM BbIgayy NOHWCKA OT BapHaHTAa



gnomAD
gnomAD N VYY)

Genome Aggregation Database

* O6paTI/IT€ BHUMAHHUC, YTO CCTh BO3MOKHOCTD
YBUACTD PC3YJIbTATbl OTACIIbHO AJIsI 9K30MOB U
I'CHOMOB

Exomes Genomes  Total External Resources
. No
Filters Pass =
------ =) variant e oS Nk < 1553285404
Allele Count 1 L e UCSC
Allele Number 628768 * 628768 * e ClinVar (440527)
Allele Frequency 0.000001580 0000001590 o All of Us
Grpmax Filtering AF @ 0 o
(95% confidence) Feedback
Number of homozygotes 0 0
Eraction of individuals with >20x 0 Report an issue with this variant
coverage '

15



gnomAD
gnomAD N VYY)

Genome Aggregation Database

Genetic Ancestry Group Frequencies @

Genetic Ancestry Group Allele Count Allele Number Number of Homozygotes Allele Frequency v
» European (non-Finnish) 1 350098 0 0.000002856
» Remaining 0 33006 0 0.000

» Admixed American 0 43740 0 0.000

» European (Finnish) 0 53140 0 0.000

» Middle Eastern 0 4148 0 0.000

» South Asian 0 69798 0 0.000

» Ashkenazi Jewish 0 20984 0 0.000

» East Asian 0 36070 0 0.000

» African/African American 0 17694 0 0.000

KX 1 286240 0 0.000003494
XY 0 342528 0 0.000

Total 1 628768 0 0.000001590

16



NOMA
gnomAD 2&“

Genome Aggregation Database

e Related Variants
* Nearby Variants

* View variants located within 20 bases of this variant.

Variant 1D + Source Gene HGVS Consequence VEP Annotation ELIIE;:,'CEQD 519%9%:552
2-21022841-G-A G| APOB p.Leud36Phe @ missense

2-21022842-C-T APOB p.Leu935Leu @ synonymous

2-21022843-A-C APOB p.Leu935Arg @ missense

2-21022845-C-G APOB p.Lys934Asn @ missense

2-21022849-A-G APOB pVal933Ala © missense

2-21022852-G-C APOB p.Pro9324rg @ missense

2-21022852-G-A APOB p.Pro932Leu © missense

2-21022854-T-C APOB p-Arg931Arg ® synonymaous

2-21022854-T-G APOB p.Arg931Ser © missense

2-21022856-T-C APQB RArg931Gly Q missense

2-21022860-TG-T APOB p.Pro929GInfsTer24 @ frameshift Pathogenic
2-21022862-G-C APOB p.Pro929Ala O missense

2-21022863-G-A APOB p.Ser928Ser ® synocnymaous

2-21022865-A-G APOB p.5er928Pro © missense

2-21022867-G-A APOB p-Pro927Leu © missenss

2-21022868-G-T APOB p.Pro927Thr ® missense

2-21022869-A-T APOB p.lle926lle @ synonymous

2-21022871-T-A APOB p.lle926Phe © missense

2-21022872-G-A APOB p.lleg25lle @ synonymaous

2-21022878-C-G APOB p.Lys923Asn @ missense 17



gnomAD
gnomAD N VYY)

Genome Aggregation Database

* OTKyAa 3Ta UHPopmaumna?

Variant Effect Predictor

This variant falls on 3 transcripts in 1 gene.

I8 The gene symbols shown below are provided by VEP and may differ from the symbol shown on gene pages.

frameshift 3' UTR
1. APOB 1. APOB
1. ENSTO0D000233242.5 1. ENSTD0000673739.1
MANE Select transcript for APOB HGVSc: ¢.*2092del
HGVSp: p.Pro929GInfsTer24 2. ENSTO0000672882.1
Domains: PF09172 (Pfam), and 4 more HGVSC c.*2092del

pLoF: @ High-confidence

18



YnparkHeHune

e Ha cnaiine BEIlIIE
* BAPUAHT HAWJECH B TPEX TPAHCKPHUIITAX
* BAPUAHT OTHECEH K JIBYM pa3HbIM KaTE€ropusM 3aMEH

(frameshift, 3 UTR)
* y OJIHOTO U3 TPAHCKPHUNTOB yKa3zaHo “MANE”

OO0cyauTe, 4YTO ATO 3HAYUT 1 MOYEMY TaK IIPOU3OIILIO0



gnomAD
gnomAD N VYY)

Genome Aggregation Database

Site Quality Metrics

Metric distribution | All metric values

Metric Exome samples
SiteQuality 2.03%+3
inbreeding_coeff -1.590e-6
AS S 3,108
AS_MQ 60

AS MQRankSum 0

AS pab max 0,738

AS QUALapprox 1.061e+3
A5 QD 13,263
AS_ReadPosRankSum -0,608
AS S0R 1,103

AS VarDP 80

AS VQSLOD 3,664

20



YnparkHeHune

* C cTpanunbsl gnOMAD ¢ onmcanneM BapuaHTa
IIEPEUIUTE I10 CCHUIKE HA CTPAHMITY T'€Ha, B
KOTOPOM HAWJI€H BApUAHT



gnomAD

APOB apolipoprotein B

Genome build GRCh38 / hg38

Ensembl gene ID ENSG00000084674.15

MANE Select transcript @ ENST00000233242.5 / NM_000384.3

Ensembl canonical transcript @ ENST00000233242.5

Other transcripts ENST00000399256.4, ENSTO0000673739.1, ENSTO0000673882.1
Region 2:2100142%-21044073

External resources Ensembl, UCSC Browser, and more

gnomAD

Genome Aggregation Database

Datgset ano

[Constral'nt

[Variant co-occurrence 9]

Category  Expected SNVs Observed SNVs Constraint metrics
£=0482

Synonymous 2081.8 2013 0 9 1
o/e=0970Q92-1)

. Z=024

Missense 5461 5271 0 =3
o/e =097 (0.94-0.99)
pLI = 0

pLoF 3197 150

Constraint metrics based on MANE Select transcript (ENST00000233242.5).

o]
ofe =047 041 -(054) ° ——

22



YnparkHeHune

* [locMoTpuTe Ha BBIAAYY IO T€HAM:
* GAPDH
« CCK



gnomAD
gnomAD NTVY Y

Genome Aggregation Database

I exome [ genome Metric| Over20 -] [Saveplm]

Fraction of
individuals
with coverage
over 20

Include: Coding regions (CDS) Il D Untranslated regions (UTRs) me= Non-coding transcripts

Hide
© I ]
A * Transcript is the MANE Select transcript for this gene Save transcripts plot | @

ensToofpzazzazse - I B T I I B . .
L

I EEEEIE L] i
ENSTOOO399256. ] H I = EENENIBE L] i
ENSTODOEEBHQJ
ENSTOOO@ET3882.1

I[J'Iﬂ KaKA0ro recHa €CTb BO3MOKHOCTD ITOKa3aThb BCC TPAHCKPHUIITBI
24



gnomAD
gnomAD N VYY)

Genome Aggregation Database

gnomAD variants

gnomAD v4.0.0
variants (11733)

Viewing in table

21 001 658 21004 247 21006 306 21008 112 21009917 21011 723 21014650 21022953 21028 362 21035 571 21024020
= Exomes SNVs ) Filtered variants @
M pLoF onl V] Missense / Inframe indel onl Synonymous  onl M| Other onl all m : : ; Search variant table
I P Y / Y ynony Y Y | Lal) @ Genomes Indels Display neighboring variants -

BapuaHTbl MOXHO OT(UIBTPOBATH T10 PAAY KPUTEPHUEB

25



YnparkHeHune

* Jliist BapuanToB JNOMAD ocTaBBTE TOJIBKO
OJHOHYKJIeoTHaHbIC PLOF B 3K30Max

* OTCOPTUPYHUTE MO KIIMHUYECKOW 3HAYUMOCTH

* OXapakTepru3ynTe NOJTYYCHHBIC BAPUAHTHI 110
yacToTe n agHortarmu VEP



gnomAD v4.0.0
variants (186)

Viewing in table

YnpaxkHeHune

* [l[pumepHoOe pelleHuUe

gnomAD variants

B e o[-0 -——— - = — @0 - - —_———— e - Q@ -— - - - ———od - - — —_—— - — — - - - e @ e == - - —-& -_— e of =0 -
. - Qe - e - @ - 0 e - - L ]
21001 658 21004 247 21006 305 21008 112 21008917 21011723 21014 650 21022953 21025 382 21035571 21024020
Exomes SNVs O Filtered variants @

|@ pleF only | (O Missense /Inframeindel only [ Syncnymous only [ Other only .\[al\ | @ Search variant table

[J Genomes ) Indels  [J Display neighboring variants

\'. Export variants to CSV \ | Configure table \

8 Only variants located in or within 75 base pairs of a coding exon are shown here. To see variants in UTRs or introns, use the region view.

The table below shows the HGVS consequence and VEP annotation for each variant's most severe consequence across all transcripts in this gene. Cases where the most severe consequence occurs in a non-MANE Select transcript (or non-
canonical transcript if no MANE Select transcript exists) are denoted with . To see consequences in a specific transcript, use the franscript view.

Variant 1D Source HGVS Conseguence VEP_Annotation LoF Curation Clinical Significance  ~ Flags Allele Count M':,l_lr;zll,_i_[ Hi':_';'_;':;';"“'ef;’t_'fe_s_
2-21001846-G-A p.GInd526Ter @ stop gained Uncertain significance LC pLoF 4 1461750 0
2-21002363-G-T p.Cys4353Ter @ stop gained Uncertain significance 3 1454022 0
2-21002393-A-T p.Tyr4343Ter @ stop gained Uncertain significance 1 1449406 0
2-21002683-G-A p.GIn4247Ter @ stop gained Uncertain significance 26 1461488 0
2-21002881-C-A p.Glu4181Ter @ stop gained Uncertain significance Lo L L3 ploF flag 11 1461320 0
2-21010615-G-A p.Arg2085Ter @ stop gained ogenic/Likely | 24 1461792 0
2-21037957-C-A €537+1G=>T @ splice donor jenic/Likely 2 628774 0
2-21038086-C-A p.Glu137Ter @ stop gained jenic/Likely 24 1461840 0
2-21005538-G-T p.Ser3777Ter @ stop gained 3 1461770 0
2-21006235-C-A p-Glu3545Ter @ stop gained 2 628662 0
e = PP - - - . J R

)
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gnomAD v4.0.0
variants (186)

Viewing in table

gnomAD

* OOparuTe BHUMAHHUE, YTO IIPHU UCCIETOBAHUN MOKHO
COCPENOTOYUTHCS HA KOHKPETHBIX TPAHCKPUIITAX

gnomAD variants

B e o[-0 -——— - = — @0 - - —_———— e - Q@ -— - - - ———od - - — —_—— - — — - - - e @ e == - - - = & -_— e of =0 -
™ - Qe - s - & - 0 e — - Y]
21001 658 21004 247 21 006 306 21008112 21009917 21011 723 21014 650 21022 853 21028 382 21035 571 21044020
. ) = Exomes SNVs O Filtered variants @ < i
LoF onl Missense / Inframe indel  onl Synonymous  onl Other onl all — : - ! © , Search variant table
@ y |O / vy [8 synony y 1O v ‘ e e [J Genomes ) Indels  [J Display neighboring variants

\'. Export variants to CSV \ | Configure table \

8 Only variants located in or within 75 base pairs of a coding exon are shown here. To see variants in UTRs or introns, use the region view.

The table below shows the HGVS consequence and VEP annotation for each variant's most severe consequence across all transcripts in this gene. Cases where the most severe consequence occurs in a non-MANE Select transcript (or non-
canonical transcript if no MANE Select transcript exists) are denoted with . To see consequences in a specific transcript, use the franscript view.

Yariant1R 3ource HGV3 Consequence VEP Annotation  LeF Curation sl_inic_a_l_‘-i_ignﬁc_a_n_c_e. ~ Elags Allele Count M':,l_lr;zll,_i_[ ._r:éilﬁ_cx Hi':_';'_;':;';"“'ef;’t_'fe_s_
2-21001846-G-A (E] p.GIn4526Ter ® stop gained Uncertain sigffificance 4 1461750 274e-6 0
2-21002363-G-T E p.Cys4353Ter @ stop gained Uncertain sigffificance 19 L3 pLoF flag 3 1454022 2.06e-6 0
2-21002393-A-T E p.Tyr4343Ter @ stop gained Uncertain sigffificance L L3l pLoF flag 1 1449406 6.90e-7 0
2-21002683-G-A E p.GInd247Ter @ stop gained Uncertain sigffificance L9 L3 pLoF flag 26 1461488 1.78e-5 0
2-21002881-C-A E p.Glu4181Ter @ stop gained Uncertain sigffificance Lo L L3 ploF flag 11 1461320 7.53e-6 0
2-21010615-G-A E p.Arg2085Ter @ stop gained y patho... 24 1461792 1.64e-5 0
2-21037957-C-A E €537+1G=>T @ splice donor v patho... 2 628774 3.18e-6 0
2-21038086-C-A E p.Glu137Ter @ stop gained ] v patho... 24 1461840 1.64e-5 0
2-21005538-G-T E p.Ser3777Ter @ stop gained Pathogenic 3 1461770 2.05e-6 0
2-21006235-C-A E p-Glu3545Ter @ stop gained Pathogenic 2 628662 3.18e-6 0
e = PP - . - - . J R -




ClinVar

e https://www.ncbi.nIlm.nih.gov/clinvar/

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

29


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

ClinVar

Worldwide Participation in ClinVar

30



YnparkHeHune

 Hanaute B 6a3e ClinVar BapmnaHnT rs1553385404



ClinVar

e 11A Ka*KA0ro BapmaHTa NoJIy4aemM XapaKTEPUCTUKY

Interpretation: Pathogenic

Review status: ¥ ¥¥ ¥ ¢ no assertion criteria provided
Submissions: |

First in ClinVar: Oct 1, 2017

Most recent Submission: Oct 1, 2017

Accession: VCV000440527.1

Variation ID: 440527

Description: 1bp deletion

32



ClinVar

* Review status

Number of gold
stars

four
three

two

aone

aone
none
none

none

https://github.com/ncbi/clinvar/blob/master/ReviewStatus.md

Review status Description
practice guideline practice guideline
reviewed by expert panel reviewed by expert panel

criteria provided, multiple submitters, no  Two or more submitters with assertion criteria and evidence (or a public contact) provided the same interpretation.
conflicts

criteria provided, conflicting Multiple submitters provided assertion criteria and evidence (or a public contact) but there are conflicting interpretations. The independent values are
interpretations enumerated for clinical significance.

criteria provided, single submitter One submitter provided an interpretation with assertion criteria and evidence (or a public contact).

no assertion for the individual variant The allele was not interpreted directly in any submission; it was submitted to ClinVar only as a component of a haplotype or a genotype.

no assertion criteria provided The allele was included in a submission with an interpretation but without assertion criteria and evidence (or a public contact).

no assertion provided The allele was included in a submission that did not provide an interpretation.

Practice guideline

33


https://github.com/ncbi/clinvar/blob/master/ReviewStatus.md
https://www.ncbi.nlm.nih.gov/clinvar/docs/review_guidelines/

ClinVar

About ClinVar

Sequence
Ontology

=

=

=

Variation

Interpretation

MedGen
(HPO, OMIM)

Evidence e

Germline/somatic
Affected status

Collection method
Other databases
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https://www.clinicalgenome.org/site/assets/files/5759/use_of_and_submission_to_clinvar_landrum.pdf

ClinVar

Category of analysis

Current total (Nov 21, 2023)

Records submitted 3544617
Records with assertion criteria 3237894
Records with an interpretation 3513987
Total genes represented 92077
Unigue variation records 2388783
Unigue variation records with interpretations 2377607
Unique variation records with assertion criteria 2273062
Unique variation records with practice guidelines (4 stars) 663
Unique variation records from expert panels (3 stars) 15473
Unigue variation records with assertion criteria, multiple submitters, and no conflicts (2 stars) 345008
Unigue variation records with assertion criteria (1 star) 1805893
Unigue variation records with assertion criteria and a conflict (1 star) 106025
Unique variation records with conflicting interpretations 106298
Genes with variants specific to one gene 17213
Genes with variants specific to one protein-coding gene 17053
Genes included in a variant spanning maore than one gene 92406
Variants affecting overlapping genes 35479
Total submitters 2686
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ClinVar

e KaK 6bl xoTenocb, 4Tob 6bINO

L ]
Cll nva r Genomic variation as it relates to human health Search by gene symbols, location, HGVS expressions, c-dot, p-dot, conditions, and more Search ClinVar 0

Advanced search

About Access Submit Stats FTP Help Were new search queries using location, c-dot, and p-dot helpful? % @
BETe S Print & Download
NM_000314.8(PTEN):c.139A>G (p.Arg47Gly) Cite this record
Interpretation: Pathogenic
Review status: ¢ reviewed by expert panel
Submissions: 3
First in ClinVar: May 28,2018
Most recent Submission: Oct 1, 2022
Last evaluated: Jun 18, 2020
Accession: VCV000189401.9
Variation ID: 189401
Description: single nucleotide variant
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Representation of classifications
in ClinVar

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

Representation of classifications in ClinVar

= Types of classifications
« Classfication on ClinVar submitied records (SCW)
e Standards for classification terms
& QOptions for germline classification
« Aszeriion score
« Clinical significance and mode of inheritance
e Options for somatic classification
¢ Source of classifications
= Classifications on ClinVar aggregale records (VCV and RCV)
e Overview
¢ Aggregate germling classification
s Aggregate somatic classification of clinical impaci
s Aggregate somatic classification of omcogenicity
« Terminology

37


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

YnpaxkHeHune

e [Toumure B 0a3e ClinVar rex APOB

* OTOEpHUTE TONBKO ITAaTOICHHBIC BAPUAHTHI,
IIOIIABIIIHUE B CAUTHI CIIAUCHUHTA

* BeiOepuTe OMH BapHUaHT, IS KOTOPOro YKa3aHO
OoJiee 0JHOTO (paKTa PErUCTpallMd U OTCYTCTBHUE
KOH(JIMKTOB B HHTEPIPLETAIINI

* N3yunte BeImauy ClinVar



ClinVar

Clinical significance

Conflicting interpretations (0)

Benign (0)
Likely benign (0)

Uncertain significance (0)

Likely pathogenic (45)
Pathagenic (115)

Molecular
consequence

Frameshift (64)
Missense (18)
MNonsense (48)
Splice site (14)
ncRNA (0)
Near gene (0)
UTR (0)

Variation type
Deletion (60)
Duplication (10)

Indel (2)

Insertion (12)

Single nucleotide (75)

* Pe3ynbTaTbl Noucka reHa APOB

Variation size
Short variant (< 50 bps) (143)

Structural variant (== 50 bps) (0)

Variant length

= 1kb, single gene (145)
= 1kb, single gene (0)

= 1kb, multiple genes (0)

Review status

Practice guideline (0)

Expert panel (0)

Multiple submitters (22)
Single submitter (97)

At least one star (119)
Conflicting interpretations (0)
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YnpaxkHeHune

* [l[pumepHoOe pelleHuUe

Gene

Pathogenic I
Likely pathogenic

Uncenrtain significance

Likely benign

Benign

Conflicting

Not provided

other

21225K 21230K

21235K

21240K

21245K

21250K

21255K

21260K

40
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ClinVar

Interpretation:

Review status:
Submissions:

First in ClinVar:

Most recent Submission:
Last evaluated:
Accession:

Variation ID:

Description:

Pathogenic

¢ Y¥ criteria provided, multiple submitters, no conflicts
3
Dec 26, 2017
Feb 7,2023
Aug 31, 2021
VCV000477783.10
477783
single nucleotide variant
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ClinVar

NM_000384.3(APOB):c.1830-1G>A

Allele ID: 450492
Variant type: single nucleotide variant
Variant length: 1bp
Cytogenetic location: 2p24.1
Genomic location: 2:21028066 (GRCh38) GRCh38 UCSC
2:21250938 (GRCh37) GRCh37 UCSC
HGVS: Nucleotide o |
consequence
NM_000384.3:¢c.1830-1G>A a3 © splice acceptor

NC_000002.12:9.21028066C>T

NC_000002.11:9.21250938C>T

NG_011793.1:g.21008G>A

NG_011793.2:g.21007G>A

... less HGVS
Protein change:
Other names: -
Canonical SPDIL: © NC_000002.12:21028065:C:T
Functional consequence: -

Global minor allele
frequency (GMAF):

Allele frequency:

Links: ClinGen: CA346013946
dbSNP: rs1399892057
VarSome



ClinVar

* MHbopmauma o daKTax perncTpaumm BapmaHTa

Review status

Condition

Submitter

More information

Interpretation ‘:‘
(Last evaluated) (Assertion criteria) (Inheritance) -
Pathogenic criteria provided, single - Familial hypobetalipoproteinemia 1 Invitae Comment: ‘C‘
(Jul 25,2017) submitter Affected status: unknown Accession: SCV000659242.1 This sequence change (S
(Invitae Variant Classification Allele origin: germline Firstin Clinvar: Dec 26, 2017 affects an acceptor splice
Sherloc (09022015)) Last updated: Dec 26, 2017 site in intron 13 of the A_POB
Method: clinical testing gene. It is expected to disrupt
RNA splicing and likely
results ... (more)
Pathogenic criteria provided, single - Hypobetalipoproteinemia, familial, 1 Knight Diagnostic Laboratories, ‘:‘
(Aug 29,2019) submitter Affected status: unknown Oregon Health and Sciences —
(ACMG Guidelines, 2015) Allele origin: germline University
Method: clinical testing Accession: SCV001448948.1
Firstin ClinVar: Dec 12, 2020
Last updated: Dec 12, 2020
Pathogenic criteria provided, single - Familial hypobetalipoproteinemia 1 Invitae Publications:PubMed (3)

(Aug 31,2021)

submitter

(Invitae Variant Classification
Sherloc (09022015))
Method: clinical testing

- Hypercholesterolemia, autosomal

dominant, type B
Affected status: unknown
Allele origin: germline

Accession: SCV001581337.3
Firstin ClinVar: May 10, 2021
Last updated: Feb 07,2023

Comment:

This sequence change
affects an acceptor splice
site in intron 13 of the APOB
gene. It is expected to disrupt
RNA splicing. Variants that
disrupt ... (more)

43



ClinVar

* https://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/

Disease name and MIM number

Adenomatous polyposis coli (MIM 175100)

Aortic aneurysm, familial thoracic 4 (MIM 132900)

Aortic aneurysm, familial thoracic 6 (MIM 611788)

Arrhythmogenic right ventricular cardiomyopathy, type 5 (MIM 604400)
Arrhythmogenic right ventricular cardiomyopathy, type 8 (MIM 607450)
Arrhythmogenic right ventricular cardiomyopathy, type 9 (MIM 609040)
Arrhythmogenic right ventricular cardiomyopathy, type 10 (MIM 610193)
Arrhythmogenic right ventricular cardiomyopathy, type 11 (MIM 610476)
Biotinidase deficiency (MIM 253260)

Breast-ovarian cancer, familial 1 (MIM 604370)

MedGen

MedGen
MedGen
MedGen
MedGen

Gene via GTR

APC (MIM 611731)
MYH11 (MIM 160745)
ACTAZ (MIM 102620)
TMEM43 (MIM 612048)

MedGen
MedGen
MedGen
MedGen
MedGen
MedGen

DSP (MIM 125647)
PKP2 (MIM 602861)
DSG2 (MIM 125671)
DSC2 (MIM 125645)
BTD (MIM 609019)
BRCA1 (MIM 113705)

Variations that may
be pathogenic

ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
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ClinGen CliinGe

Clinical Genome Resource

Patients Clinicians Laboratories Researchers

DR = (oo.oo)(ooo.o)ﬂ(ooooo} dovces,

Aggregate Genomic and Health Data

W

Curate Based on ClinGen's Critical Questions

Gene Disease Variant Dosage Clinical
Validity Pathogenicity Sensitivity Actionability

.. .Disseminate Expert Curated Knowledge N
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ClinGen

Clinical Genome Resource

ClinGen

« https://clinicalgenome.org/

Gene-Disease Validity Variant Pathogenicity

Can variation in this gene cause disease? Which changes in the gene cause disease?

Browse Curations [

Clinical Actionability
Are there actions that could be taken to improve outcomes for

patients with this genetic risk?

Browse Curations [

Somatic Cancer Variant

Somatic Cancer Clinical Domain Working Group curates the
clinical significance of genomic anomalies associated with

different cancer types within the following diseases specific task

forces - pediatric cancers, pancreatic cancer, lung cancer and

genitourinary cancers

nterface &'

Browse Curations

Dosage Sensitivity
Does loss or gain of a copy of this gene or genomic region

result in disease?

Browse Curations

Baseline Annotation

Baseline annotation focuses on annotating evidence in the
biomedical literature in a structured and standardized way, thus
supporting our expert panels, working groups, and curation
processes.

Community Curation Database =

ClinGen Curation of ClinVar

Learn Maore




ClinGen

Clinical Genome Resource

e https://search.clinicalgenome.org/kb/reports/stats

Q

Gene-Disease Validity

2352 1931

@

Dosage Sensitivity

3851 1547

A)

Clinical Actionability

232 280

Total reports
(Number of curations
for this activity)

Unique genes
(Total genes with at
least one curation)

Total reports
(Number of curations
for this activity)

Unique genes
(Total genes with at
least one curation)

Total reports
(Number of reports
for this activity)

Unique genes
(Total genes with at
least one report)

5797

Total reports
(Number of curations
for this activity)

Variant Pathogenicity

5795

Unique variants
(Total variants with at
least one curation)

Pharmacogenomics

690

Total reports
(Number of gene-drug pairs

far this activity)

128

Unique genes
(Total genes with at
least one gene-drug pair)
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ClinGen ClmGe

Clinical Genome Resource

' @

Classification Statistics
Gene-Disease Clinical Validity has 2352 curations encompassing 1931 genes.

Definitive 1476
Strong . 51 2 3 5 2
Moderate ) 276
Limited D 337 TOTAL
No Known Disease Relationship b 20 \ GENE-DISEASE
Disputed Evidence B 4 \ CURATIONS
Refuted Evidence b 26

About ClinVar & ClinGen
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YnparkHeHune

» Haiinure B 6a3e ClinGen undopmanuio o reue
APOB



ClinGen ClinGe

Clinical Genome Resource

APOB - hypercholesterolemia, autosomal dominant, type B

(MONDO:0007751)
Activity MOI / Report Expert Panel / Working Group Classification Report & Date
(G) Gene-Disease Validity (2] Autosomal Dominant @ General Gene Curation GCEP Definitive K 11/14/2018
3o r—l)
A Clinical Actionability @ Heterozygous Familial Pediatric Actionability WG [ | Pediatric I 08/03/2020

Hypercholesterolemia Strong Actionability @

Homozygous Familial Pediatric Actionability WG [ | Pediatric

Hypercholesterolemia Strong Actionability @

Homozygous Familial Adult Actionability WG [ Adult K 08/03/2020

Hypercholesterolemia Strong Actionability @

Adult Actionability WG [ Adult I 08/03/2020
Definitive Actionability @

5
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ClinGen

(%) APOB

=] View Gene Facts

Gene Facts
GNC Symbol
HGNC Name
Gene type
Locus type
Prefious symbols
JAlias symbols
GenCC [lassifications
%HI @
pLI ©®
LOEUF @
Cytoband

Genomik Coordinates

MANE Sefect Transcript

Function

j :I| ] o
] T
Tada L et

Cf'l'i'hGen

Clinical Genome Resource

2 2 6 0 0/0
Gene-Disease Validity Dosage Sensitivity Clinical Actionability ~ Variant Pathogenicity ~ CPIC / PharmGKB High Follow Gene
Classifications Classifications Assertions Assertions Level Records

External Data Attribution

apolipoprotein B

protein-coding gene

gene with protein product

No previous names found

ApoB-100

m (Read more about GenCC Classifications)

12.78 (Read more about the DECIPHER Haploinsufficiency Index)

0 (Read more about gnomAD pLl score)

046 (Read more about gnomAD LOEUF score)

2p24.1

GRCh37/hg19: chr2:21224301-21266945 [ Ensembl
GRCh38/hg38: chr2:21001429-21044073 [ Ensembl

NM_000384.3 @ ENST00000233242.5@ (Read more about MANE Select)

Apolipoprotein B is a major protein constituent of chylomicrons (apo B-48), LDL (apo B-100) and VLDL (apo B-100). Apo B- 100 functions as a recognition signal
for the cellular binding and internalization of LDL particles by the apoB/E receptor. (Source: Uniprot) '
-~
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PANTHER

Classification System

PANTHER

 https://www.pantherdb.org/

Please refer to our article in Nature Protocols for detailed instructions on how to use this page.

Help Tips
Steps: 1. Enter ids and or select file for batch upload. Else enter ids or select file or list
+ 1. Select list and list from workspace for comparing to a reference list.
type to analyze Enter IDs:
» 2. Select Organism Supported separate IDs by a space or comma
% 3. Select operation Ibs A
Using enhancer data Upload BriBepute chaiin | ©ain He sbifpax
IDs:
File format

Please login to be able to select lists from your workspace.

SelectList @ p st
Type:

Previously exported text search results
Workspace list
PANTHER Generic Mapping
ID's from Reference Proteome Genome
Organism for id list |Abru5 precatorius (ABRPR) v

WCF File  Flanking region | 20 Kb w [0 search Enhancer Data

2. Select organism.

Homeo sapiens ~
Mus musculus
Rattus norvegicus
Gallus gallus
Danio rerio

3. Select Analysis.

@ Functional classification viewed in gene list

O Functional classification viewed in graphic charts O Barchart O Pie chart
O statistical overrepresentation test

O Statistical enrichment test

52
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PANTHER

Classification System

PANTHER

PANTHER™ website news
September 17, 2023

* PANTHER18.0 Released.
+ PANTHER18.0 is generated from the 2022_02 and 2023_01 release of ReferenceProteome dataset. Here is the composition of all genomes.

143 total genomes

35 bacteria

8 archaea

15 fungus

40 plants

8 protista and alveolata
3 amoebazoa

15 invertebrate

19 vertebrate

2617023 total genes

00 00O0O0O0CO0O0OO0

+ 1968858 genes in PANTHER™ families with phylogenetic trees, multiple sequence alignments and HMMs

15693 PANTHER™ families

125138 subfamilies

177 pathways

3092 pathway components

51031 sequences associated to pathways
5996 references captured for the pathways

000000

+ PANTHER17.0 is indexed by PANTHER GO slim and an updated PANTHER Protein Class. PANTHER GO slim is based on Gene Ontology phylogenetic annotations to over 8000 PANTHER™ families. The GO slim
ontology contains:

o 3420 total terms

o 2282 biological process terms
o 538 cellular component terms
o 600 molecular function terms

* PANTHER™ Protein Class contains a total of 210 terms.
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PANTHER

Classification System

PANTHER

PANTHER GENOME INFORMATION

Organism: Homo sapiens

Version: Reference Proteome 2022 02
Common Name: human
Short Name: HUMAN
Taxonomy Id: 9606
Total number of genes in genome: 20592

Genes assigned to PANTHER families 19446

Genes with Molecular Function annotations: 11161

Genes with Biological Process annotations: 12290

Genes with Cellular Component annotations: 11888

Genes with Protein Class annotations: 13983

Genes with Pathway annotations: 2597
54



PANTHER

Classification System

PANTHER

PANTHER CLASSIFICATION DETAILS

Molecular Function Biological Process Cellular Component Protein Class PANTHER Pathways
RN AR ARANNAm;
Category Count
DNA metabolism protein (225 genes) e

LDNA glycosylase (9 genes)
LDNA helicase (22 genes)
LDNA ligase (2 genes)

LDNA methyltransferase (6 genes)

LDNA photolyase (2 genes)
LDNA polymerase processivity factor (1 gene)

LDNA topoisomerase (2 genes)
LDNA-directed DNA polymerase (16 genes)
Lbdamaged DNA-binding_protein (17 genes)

Lendodeoxyribonuclease (14 genes)

Lexodeoxyribonuclease (6 genes)

Liprimase (2 genes)

Lireplication origin binding_protein (9 genes)
RNA metabolism protein (817 genes)

LDNA-directed RNA polymerase (39 genes)
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PANTHER

Classification System

PANTHER

B DNA metabolism protein (PC0O0009)
. No PANTHER cat i i d (UNCILASSIFIED
PANTHER Protein Class W No category is assigned ( )
Total # Genes: 19446 Total # protein class hits: 19446 B RNA metabolism protein (PC00031)

M calcium-binding_protein (PCO0060),
8000 cell adhesion molecule (PCO0069)
5500 M cell junction protein (PC00070)
5000 B chaperone (PC00072)
4500 chromatin/chromatin-binding, or -regulatory protein (PCO0077)
cytoskeletal protein (PCO0085)
4000 M defense/immunity protein (PC00090)
o 3500 B extracellular matrix protein (PC00102)
% 3000 B gene-specific transcriptional regulator (PC00264)
9 B intercellular signal molecule (PC00207)
2500 membrane traffic protein (PC00150)
2000 B metabolite interconversion enzyme (PC00262)
1500 B protein modifying enzyme (PC00260)
B protein-binding_activity modulator (PC00095)
1000 scaffold/adaptor protein (PC00226)
500 I I M storage protein (PC00210)
ol HENm _l__l- I a - structural protein (PC00211)
Category transfer/carrier protein (PC00219)

translational protein (PC00263)
transmembrane signal receptor (PC00197)

M transporter (PC00227)

M viral or transposable element protein (PC00237)

56



YnpaxkHeHune

e C rmoMoI1Ib BO3MOXHOCTEN 0a3bl Panther.db
oxapakrepu3yite cBoi oeiaok (APOB)

* OOparuTe BHUMAHHUE, YTO IIPHU IMMOUCKE HEOOXOIUMO
yKa3aTb HYKHbIM OpTaHU3M



YnpaxkHeHune

* Bocnonp3yliTech TCHOMHBIM Opay3epoM
e Haiinute Tam rea APOB

* OCTaBBTE TOJBKO TPEKH, KOTOPBIE HECYT
KJIMHUYECKH UHTEPECHYIO HH(POPMAIIHIO



YnpaxkHeHune

* [IpumepHoOE pelieHue IS reHa

GENCODE V44 (2 items filtered out) |

POS) #H e R A Feeted
ENSG00000280330 |
APOB L l—&8—H | i | AR | L | i feeedd
RefSeq genes from NCBI
RetSeq Curated Hi—1 i H i —H—H —i — | i —
NCBI RefSeq and Ensembl transcripts from the MANE Project
APOB| ——H | i | 4 A | | foeeet
OMIM Allelic Variant Phenotypes
OMIM Alleles R R R | | (IR I I |

ClinGen Dosage Sensitivity Map - Haploinsufficienc
APOB

ClinGen Dosage Sensitivity Map - Triplosensitivit
APOB

ClinGen Gene-Disease Validity Classification

‘pobetalipoproteinemia 1
somal dominant, type B

ClinVar Variants

cinvarsNvs EEEE NI NN B 1 n 12 11 in 1 1 I n nia I 11 11

ClinVar Copy Number Variants >= 50bp (Merged 9 items

Merged 9 items
a.
ClinVar SNVs submitted interpretations and evidence

L L

o ®
ClinVar interp + AN 4. - - 4
; <~ 4Hh-J4iF & ar

OMIM Gene Phenotypes - Dark Green Can Be Disease-causin

OMIM Genes
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)
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YnparkHeHune

* Bocnonp3yliTech TCHOMHBIM Opay3epoM

* Hanagure TaM BapuaHT, KOTOPBIA Mbl U3yYaJIn

(rs1553385404)

* OCTaBBTE TOJBKO TPEKH, KOTOPBIEC HECYT
KJIMHUYECKU UHTEPECHYIO HH(POPMAIIHIO



YnpaxkHeHune

* [IpumepHOE peleHue a1 BapyuaHTa

‘ Scale 100 bases | [ hgas
chr2: 21,022,800| 21,022,850| 21,022,900/ 21,022,950/

‘ Reference Assembly Fix Patch Sequence Alignments

chr2_MU273344v1_fix

| Reference Assembly Alternate Haplotype Sequence Alignments

‘ GENCODE V44 (2 items filtered out

APOB <k} GS LILKNWN PR PSPPI I FKLKGAKILANMHAEILGSEHFIEFEFNTNRNMOQWGIISRIK®
RefSeq genes from NCEBI

RefSeq Curated
NCEI RefSeq and Ensembl transcripts from the MANE Project
APOB <}
OMIM Allelic Variant Phenotypes
OMIM Alleles
ClinGen Dosage Sensitivity Map - Haploinsufficienc
APOB [
ClinGen Dosage Sensitivity Map - Triplosensitivit
APOE [

ClinGen Gene-Disease Validity Classification

‘pobetalipoproteinemia 1 L
somal dominant, type B KK

ClinVar Short Variants < 50bp

T=Al e | A-G 1 dup c=Gfl T=-G01 C-Tl c-TH G=TI caTl TGl
del I c-TH G=All T=G|
G=Cl c-Tl
A-Gl
G-Cll
G=All
Cl:.._l

ClinVar Copy Number Variants == 50bp (Merged 10 items
Merged 10 items

ClinVar SNVs submitted interpretations and evidence

P ®
Lp
o Vs ® . o & oo & ° ® ¢
ClinVar nt A
IinVar interp LB . . ' ' . . ‘ .
B
TH
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YnpaxkHeHune

* B gnomAD ecTbh BO3MOXHOCTh YBHUJIETh BAPUAHTHI
n3 6a3e1 ClinVar

* BeiBeuTe TONBKO maroreHHbie PLOF BapraHTEI

* CKOJILKO TAKMX BapPUAHTOB YIAJIOCh HAUTH?



YnparkHeHune

* Bocnonp3yiitech 110001 6a30i JaHHBIX I Web-
CEPBHUCOM

* Hanaure 1 KaXX10ro0 BapuaHTa U3 TUIIOB:
 Stop-gain

Synonymous

Missense

Splice-site

Frameshift indel

* OXapakTepu3ymTe 3TH BAPUAHTHI
* ]lo KoopauHaram
* B Kakou reH nomnajl BApUaHT
* C xako#l 00JIE3HBIO ACCOIIMMPOBAH BapUAHT
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