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CeKBeHMpoBaHMeE

* OnpeneseHue Nocaea0BaTeIbHOCTH HEKOTOPOTO
HEPETYJIIPHOTO OMOJIOTMYECKOr0 reTeponoanMepa —
O€JKa WJIM HYKICHHOBOW KMCIIOTHI

* [Ipo Oeaku TOBOpUTH HE OyAeM

* [Ipo PHK Ttoe He Oynem




Next-generation sequencing (NGS) - lllumina

BcnomunM, kak padotaet cekBeHaTop koMnanuu Illumina
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https://www.1010genome.com/illumina-sequencing/

Next-generation sequencing (NGS) - lllumina

BCHOMHI/IM, YTO UTEHUS OBIBAIO ITAPHOKOHIOCBBIMHU 1 OTHOKOHICBBIMH

DNA or cDNA
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Single-End Read Paired-End Read
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https://www.1010genome.com/illumina-sequencing/

CekBeHMpoBaHMe [IHK

CTpareruu CEKBEHUPOBAHUS
* [1oIHBIN TreHOM
* IK30M — DK30HbI OCJIOK-KOJAUPYIOIIUX I'C€HOB

* [Tanean — HaOOp reHOB (M\WJIM JIOKYChI), BAPHAHTHI
B KOTOPBIX HHTEPECHBI IIPU IMIPOBEACHUN KaKOI'O-
JINOO0 UCCIIETOBAHUS WU JTUATHOCTUKU

* Bonpoc. nepeuuciume niarocvl U MUHYCbL KAAHCOO20
nooxooda



Obnactn cekBeHMPOBAHUA

Whole genome sequencing Whole exome sequencing Targeted sequencing
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https://www.omnia-health.com/product/human-genome-sequencing

Kakne BapnaHTbl bbiBatOT

SNV - OHHOHYKJI€OTUIHbBIEC BADUAHTHI, T.€.
M3MEHEHHUE OJHOI0 HYKJICOTH 1A

Indels - roporkue BcTaBku u genenuu (~ 50 m.H.)
CNYV - CTpyKTypHBIE BAPUAHTHI: UHBEPCHUU U
TPaHCJIOKALA!

AHEYILUIOUAUHU: HYJIbCOMHH, MOHOCOMHUHM,
TPUCOMUM, IIOJIMCOMHUH

Hoaumaonauzanmus



3a/a4a ceMMHapa

* [IpoanHOTHpPOBATE HAOOP BAPHMAHTOB B HECKOJIbKHX
reHax 4yeJIOBEeKa ¢ MOMOIIbpI0 BeO-cepBuca VEP

* BeicTpouTh cucteMy IpHOPUTHU3ALIMH BApUAHTOB
COINIACHO HA0OPy KPUTEPUEB



Jl1aHO

* HaOop BapnaHTOB B HECKOJIBKUX I'€HAX YE€I0BEKa
* daiin ¢ Bapuantamu B popmare VCF



Variant Effect Predictor &/’

* VEP

* Ha Bxog MmoxxHO noaath vet (ai ¢ BappaHTaMu

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Web Tools

= Web Tools Variant Effect Predictor @
- BLAST/BLAT

I~ Variant Effect Predictor

t- Linkage Disequilibrium Calculator

I~ Variant Recoder

I~ File Chameleon

|

|

|

|

ecent jobs =
Assembly Converter
ID History Converter
VCF to PED Converter

Nata Slicar
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https://www.ensembl.org/info/docs/tools/vep/index.html
https://www.ensembl.org/info/docs/tools/vep/index.html

VEP velv

Species: )
ﬂ Homo_sapiens

Name for this job (optional):

Input data: Either paste data:

MpoBepsem Bepcumn pedpepeHcos!!!

Examples: Ensembl default, VCF, HGVS notations, SPDI

Or upload file: BribepuTe daiin ‘ daiin He BuibpaH

provide file URL:



PedepeHCHbI reHOM

Total bases”

ref

CHM13

“hg38
“hg19
2010 2015
RELEASE YEAR

MISSING BASES PER CHROMOSOME

30 20 10 O

NOVEL BASES (MBP)
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https://www.pacb.com/blog/a-new-era-of-genomics-how-a-truly-complete-reference-will-impact-human-genetic-research/

YnparkHeHune

* 3arpy3ure B VEP TecTOBBIN (hai
single sample het hom.vcf

* Huxe ectb HacTpOMKH, 10OABBTE:
* HGVS
* UniProt
* Exon and intron numbers
* snomAD exomes
* snomAD genomes
* MANE
* Identify canonical transcripts



VEP yer

* [Ipu 3arpy3ke (aiiia co3aaeTCsi HOBBIM MPOLIECC

Analysis Jobs
Variant Effect Predictor E1 VEP analysis of doom_1_sample_het_hom vcf in Homo_sapiens

¢ AHHOTaHI/IH 3dHUMACT KAKOC-TO BPCM:I

* Jloxnurech craryca Done

Analysis Jobs
Variant Effect Predictor E1 VEP analysis of doom_1_sample_het_hom.vcf in Homo_sapiens (D [View resulis]

14



[ToKa Xaem...

... BCIIOMHHUM OCHOBHBIC Cl)aﬁﬂbl B dHAJIN3C JdHHbBIX
BBICOKOIIPOHU3BOAUTCIIbHOI'O CCKBCHHUPOBAHMS



[10OTOKO/

4 N 4 )
(baiisibl ONIMCaHUE [ IIpOrpaMMbl J
g J \_ J
( N ( ) fastgc / multigec — uccnenoBanue
fastq YTCHUS L KaueCTBA YTCHHIT
g J \_ J
~ : N ) ( :
/b pEe3yIIbTaT BEIPAaBHUBAHMS § bwa, hisat2 - KapTHPOBITHKH
Sa dim YTEeHUH Ha peepeHCHbIN 4
L Y, samtools — uccieqoBanue sam/bam
TEHOM P
g J k(I)aHJIOB

s

GATK — onpeneneHue BapuaHTOB
|\

\ 4

HaOOp BapHaHTOB 4
[ Vet } [ bBap J vcftools / beftools — nccnemopanue

kHat6opa BapHaHTOB

AN

Bce ¢aitnibl XpaHUM 1 aHATM3UPYEM B apXUBUPOBAHHOM BU/IE! 16


https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://multiqc.info/
https://github.com/lh3/bwa
https://daehwankimlab.github.io/hisat2/
https://www.htslib.org/doc/samtools.html
https://gatk.broadinstitute.org/hc/en-us
https://vcftools.github.io/index.html
https://samtools.github.io/bcftools/bcftools.html

1 @NB501222:13:HYSSHBGXY:1:11101:26102:3380 1:N:0:ATGTCA

2 CGTTGGAGAAATAAAATGTGCATAGTGGGGATTTTATTTTAAGTTTGTTGGTTAGGTAGTTGAGGTCTAGGGTTG
3 +

4 AAARARREEEEGEEEEGEE /EEREEG/E//EE//EEE//EEE///EEEEAREEEEEEEER/A//EEE//EREER// /A

JIJIs1 KaXKJI0TO YTEHUSA BBIZEIECHO 4 CTPOKHU:

| — uAEHTUPHUKATOP YTCHUS

2 — HYKJICOTHUHAS TTOCIEA0BATEIbHOCTh YTCHUS

3 — cTpoKa uJieHTU(UKATOpA TTOKa3aTess KadecTBa (OOBIYHO TOJIBKO «+)
4 — Ka4yeCTBO KaXJ0r0 HYKJICOTHIa

ITonpoGOHee



https://help.basespace.illumina.com/files-used-by-basespace/quality-scores
https://help.basespace.illumina.com/files-used-by-basespace/fastq-files

SAM / BAM

NB501222:13:HY55HBGXY:1:11101:16088:1242 272 14 49586777 1 oM *
0] 0] GAAACGGAGCAGGTCARAACTCCCGTGCTGATCAGTAGTGGGATCGCGCCTGTGAATAGCCACTGCACTCCAGEL
EEEAEEEEEAEEEEEEEEEAEEAEEEEEEEEAEEEEEEE<EAE /EEEEEEEEEEEEEEEEEEGEEEEAEEARARA AS:1:0 25:1:0
XN:1:0 XM:1:0 X0:1:0 XG:1:0 NM:1:0 MD:Z2:75 YT:2:UU XS:A:+ NH:1:2
Col Field Type Regexp/Range Brief description
1 QNAME String [!-7A-"1{1,254} Query template NAME
2 FLAG Int [0, 2" —1] bitwise FLAG
3 RNAME String \*| [:rname:"*=] [:rname:]* Reference sequence NAME"!
4 POS Int [0, 2%t —1] 1-based leftmost mapping POSition
5 MAPQ Int [0, 2% — 1] MAPping Quality
6 CIGAR String  \*| ([0-9]+[MIDNSHPX=])+ CIGAR string
SAM 7 RNEXT String  \*|=| [:rname:"%=] [:rname:]1*  Reference name of the mate/next read

8 PNEXT Int [0, 2% —1] Position of the mate/next read
9 TLEN Int [-2% +1, 2% —1] observed Template LENgth

10 SEQ String  \*| [A-Za-z=.]+ segment SEQuence

11 QUAL String [!-"1+ ASCII of Phred-scaled base QUALity+33

N3 0co00 BaxKHOTO:

- ID uteHus

- KOOPAWHATHI MECTa KApTUPOBAHUS UTCHUS Ha PE(PEPECHCHBIN TeHOM

- cxema kaptupoBanus (CIGAR)

- KA4€CTBO KapTUPOBAHUS

- MOCJIEA0BATEIBHOCTh B HyKJICOTHAAX (aHAJTOTUYIHO 2as1 cCTpoka fastq)

- Ka4€CTBO HYKJICOTHIOB B UTCHHH (aHAIOTHYHO 4as cTpoka fastq)

- paznuuHbIe Quiary (MapHOCTh YTEHUA, (PaKT KapTHUPOBaHUS, AyTUTUKAT U TIP.)

- pa3aUYHBIC TATH (KOJUYECTBO OIMHUOOK, KOJIMYECTBO MECT KAPTUPOBAHUS YTCHUS U fip.)


https://broadinstitute.github.io/picard/explain-flags.html
https://www.samformat.info/sam-format-alignment-tags
https://samtools.github.io/hts-specs/SAMv1.pdf

VCF

Crermmdukanms

##fileformat=VCFv4.2

##111eDate=20090805

##source=mylmputationProgramV3.1
#reference=file:///seq/references/1000GenonesFilot-NCEI36. fasta
##contig=<ID=20,length=62435964 ,assembly=B36 ,md5=f 126cdf8abelcT£379d618f f66beb2da,species="Homo sapiens",taxonomy
##phasing=partial

##INFO=<ID=NS ,Number=1,Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP ,Number=1,Type=Integer,Description="Total Depth">

##INFO=<ID=AF ,Number=4, Type=Float ,Description="Allele Frequency">
##INFO=<ID=AA ,Number=1,Type=String,Description="Ancestral Allele">
##INFO=<ID=DB ,Number=0, Type=Flag,Description="dbSNP membership, build 129">
##INFO=<1D=H2 ,Number=0, Type=Flag,Description="HapMap2 membership">
#4FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID==s50,Description="Less than 50} of samples have data">
#4FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
#4FORMAT=<ID=G() , Number=1, Type=Integer,Description="Genotype Quality">
#4FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=H( , Number=2, Type=Integer ,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NACOOO1

20 14370  rs605425T7 G A 2% PASS  NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0]0:48:1:51,51
20 17330 . T A 3 ql0 N5=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0]0:49:3:58,50
20 1110696 rs6040355 A G,T 67 PASS  NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:23,27
20 1230237 . T . 4T  PASS  NS=3;DP=13;AA=T GT:GQ:DP:HQ 0|0:54:7:56,60
20 1234567 microsatl GTC G,GTCT 50 PASS  NS=3;DP=9;AA=G GT:G0:DP 0/1:35:4

19


https://samtools.github.io/hts-specs/VCFv4.2.pdf

[na paboTbl Ha CEMUHAPE

* B kauecTBe nmpumMepa OyaeM UCII0Ib30BaTh (haili
single sample het hom.vcf

* OTKpOMTE €ro J00bIM CIIoco0oM (Kpome excel) u
PACCMOTPUTE M3 YEro ATOT (halil COCTOUT

* Tpu OCHOBHBIE YACTH:
* [Ilanka (CTpOKM HAYMHAIOTCS C ##)

* Crpoka (oaHa) ¢ 3aroJ0BKaMu CTOJIOIOB (HaUMHAETCS C #)
* Nuadopmanus o BapruaHTax



VCF — ctonbupbl

8 (PMKCHUPOBAHHBIX KOJIOHOK (€EI11€e)

* CHROM — uMs XpOMOCOMBI

e POS — no3unus BapuaHTa

e ID — moxet ObITh JIr00as nHpOpMaIUs O BApUAHTE, HO OOBIYHO MYCTOMH (.)
* REF — pedepencHas anenb

* ALT — anprepHartvBHas ajjeib

* QUAL - xauectBo BapuanTa (Phred-scaled)

* FILTER — PASS (ecnu panee Obl1a oCyIIeCTBIIEHAa MAPKUPOBKA MO0 KaKUM-JIMOO
MOKa3aTeJIsiM: MOKPBITHE, KAYeCTBO U TIP)

* INFO — paznuuHble XapaKTEpUCTUKH BapUaHTA
* FORMAT — cnucok nmapamMeTpoB BapuaHTa JiJIsi KOHKPETHOTO 00pas3ia

* HGO00096 — 3Hauenus napaMeTpoB, ykazaHHbIX B cToa01e FORMAT nns
KOHKpETHOTo 00pasia (B 3arojioBke — ID o6pasia)


https://gatk.broadinstitute.org/hc/en-us/articles/360035531692-VCF-Variant-Call-Format
https://www.reneshbedre.com/blog/vcf-fields.html

VCF — meTpurkn obpasua

* Komonka FORMAT: GT:AD:DP:GQ:PL
* Kononka ID o0pa3zna: 0/1:21,4:25:99:1220,108,0

22



VCF - FORMAT - GT

* KogupyeTt reHOTUIl BapHaHTa

* I[.H}I JAUILIOUIHBIX OPI'aHU3MOB.
* 0 — pedepeHCHBIN ajljIelb
* | — aNbTEpHATUBHBIN AJJIEIID

* OOpa3el 1o BapuaHTy:
* 0/0 — pedbepeHCHasE TOMO3UIOTa
* 0/1 — rerepo3urora
* 1/1 — anpTepHATUBHAS TOMO3UIOTA



VCF - FORMAT —AD n DP

* OTpaxkaeT NOKPbITUE

* AD — KOJIMYECTBO YTCHUM, KOTOPHIE MOAJAECPKUBAIOT
KaXXYI0 U3 BO3MOXHBIX AJUICJIEH; YYACTBYIOT BCE
YTECHUS, UCIIOJIb30BAHHBIC IIPU ITOMCKE BAPUAHTOB

* DP — o0miee KOJIM4eCTBO YTCHU, MPOIISAIINX
(bUABTPALIMIO U HOAACPKUBAIOIINX KAXKIYIO U3
MPEJCTABICHHBIX aJUICIIEU


https://gatk.broadinstitute.org/hc/en-us/articles/360036711711-DepthPerAlleleBySample
https://gatk.broadinstitute.org/hc/en-us/articles/360036711711-DepthPerAlleleBySample
https://gatk.broadinstitute.org/hc/en-us/articles/360036347832-Coverage
https://gatk.broadinstitute.org/hc/en-us/articles/360036347832-Coverage

VCF - FORMAT - PL n GQ

* OTpakaeT Ka4yeCTBO r€HOTHUIIA

* PL — HOpMaIU30BaHHBIC «BEPOSATHOCTHY BO3MOXKHBIX
reHotunoB (o mkane Phred). Ilone cogepxut 3 4yucia, 4To
coorBeTcTBYeT reHoTtunam 0/0, 0/1, 1/1. PL nanbonee
BEPOATHOIO reHorumna = 0

* GO — BeruucnsieTcs Ha ocHoBaHuu PL, npeacrasiseT codoi
pPa3HHUILy «BEPOSITHOCTEH» IBYX HanOOJIee BEPOSITHHIX
reHOTHUIIOB (HO He 0osee 99). Huszkue 3HaueHus (T.e. << 99)
— B TCHOTHIIC HET YBEPECHHOCTHU


https://gatk.broadinstitute.org/hc/en-us/articles/360035890451
https://gatk.broadinstitute.org/hc/en-us/articles/360035890451
https://gatk.broadinstitute.org/hc/en-us/articles/360035531392
https://gatk.broadinstitute.org/hc/en-us/articles/360035531392

YnpaxkHeHune

* Pacmudpyiire 3anucu

FORMAT

SAMPLE_ID

GT:AD:DP:GQ:PL

0/1:18,15:33:99:393,0,480

GT:AD:DP:GQ:PL

0/1:1,4:6:20:73,0,20

GT:AD:DP:GQ:PL

1/1:0,30:30:89:913,89,0

GT:AD:DP:GQ:PL

0/1:18,17:35:99:660,0,704

26



Multiple VCF

* B omrom VCF atinie MOXXET OBITh IIPEACTABICHA
MH(pOpMAaIMs Cpa3y O HECKOJIBKHX 00pa3max

* B koHIIe OyayT 100OABIE€HBI CTOJOIBI HA KAXK IbIN
obpaszerr

* QUAL — MmakcuMalbHBIA M3 BO3MOKHBIX

##fileformat=VCFvd .2

##fileDate=20090805

f¥#zource=nylmputationProgramVi. 1
f¥reference=file:///seq/references/1000GenomesPilot<NCBI3E . fasta
fdcontig=<ID=20 length=f2436064d assanbly=B36  mdb=f126cdf BabedcTfA79d681B f66beblda , spacies="Homo sapiens” , taxonomy=x>
f¥#phasing=partial

SR INFO=<ID=NZ, Number=1,Type=Integer,Description="Nusber of Zamples With Data">
82 INFO=<ID=DF , Number=1,Type=Integer,Description="Total Depth">»

f#INFO=<ID=AF  Nunber=A, Type=Float ,Descripticn="Allale Freguency"»

##INFO=<ID=AA Nunber=1 Type=2tring.Description="Ancestral Allele">
##INFO=<ID=DE , Nunbar=0,Type=Flag,Description="dbENP membership, build 120%>
SR INFO=<ID=HZ, Number=0,Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=ql0 Description="Quality below 10">»

#¥FILTER=<ID=s50 Description="Less than G60Y of samples have data">
SHFORNAT=<ID=0T Nunber=1, Type=2tring,Description="GCenotype">

SHFORNAT=<ID=G0  Nunbar=1, Type=Intager Descript "Ganotype Quality®™>»
##FORNAT=<ID=DP Nunbar=1,Type=Intager,Description="Read Depth">
##FORMAT=<ID~=HQ Nunber=2, Type~Integer ,Description="Haplotype Quality"™>

SCHROM PDS ID REF ALT QUAL FILTER INFOD FORMAT KAOO0O01 HAQOQ0Z2 HADOOO3
20 14370  rsG05428T7 G A 20 PAEE  NE8=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ O|0:48:1:51 .51 1|0:48:8:51,51 1/1:43:B:.,.
20 17330 . T A 3 qld N3=5;DP=11;AF=0.017 GT:GQ:DP:HQ O|0:49:3:68,50 0]1:3:5:66,3 {0/0:41:3
H) 1110858 rsB8040366 A G.T 67 PASE  NS=2;DP=10;AF=0.333,0.667;AA=T ;DB GT:GO:DP:HQ 1|2:21:6:28.27 2(1:2:0:18,2 2/2:36:4
P 1230237 . T . 47 PASE  NS=3;DP=13;AA=T GT:-GQ:DP:HQ 0]0:54:7:66,80 O|0:48:4:61,51 0/0:81:2
P 12534567 microsatl GTC G,GTCT B0 PASE  N3=3;DP=5;AA=-G GT: GO :DF 0/1:36:4 0/2:17:2 1/1:40:3

27



VEP yelr

* Job details — oToOpakaeT Bc€ HACTPOUKH U
NPEIOCTABISAECT KOMAHAY JJI1 aHAJIOTUYHOTO
aHaJIM3a Ha BBIYUCIUTEIBHOM KJIacTepe



PasHoobpa3ne AaHHbIX

* 3arpyxeno 34350 BapuaHTOB
* Kaxxap1ii IpOaHHOTHPOBAH KAKUM-TO 00pa3oM

* Hama rimoOanbHas 3agaya — 4aTh Y€I0OBEKY
MEIUITMHCKOE 3aKJIF0YEHNE Ha OCHOBAHUU
IIPOBEJICHHOIO0 TEHETUYSCKOIO UCCIICOBAHMS

* HyxHo nu nmpocmarpusars 34350 BapraHTOB?



OunbTpaumA

e TexHuueckas
* Jlo aHHOTALIMKU MOKHO YIAJIUTh BAPUAHTHI

* C HU3KHUM MOKPBITUEM
* C HM3KHUM Kaue€CTBOM

* CMBICIIOBaAS
* DTO CaMO€ HHTEPECHOE
 IIpennoxute 5 BapuaHTOB MPUOPUTHU3ALIMY BAPUAHTOB



VEP

* Consequences

N ISR N S

T “

' Y {
B regulatory region [J 5 prime UTR variant l splice donor variant
B TF binding site [ start retained variant l splice acceptor variant
[] start lost -

[] synonymous variant

[] missense variant

[l inframe insertion

H inframe deletion

B stop gained

B frameshift variant

B coding sequence variant

B intergenic variant
[] upstream gene variant

[ splice region variant

[ splice donor 5th base

[ splice donor region

[ splice polypyrimidine tract
l intron variant

‘ [] 3 prime UTR variant

‘ [] downstream gene variant

B stop lost
[ stop retained variant
B incomplete terminal codon variant )

B transcript ablation

[ transcript amplification
B protein altering variant
B mature miRNA variant
B NMD transcript variant
B coding transcript variant

[l non coding transcript exon variant
l non coding transcript variant

| TFBS ablation / amplification

[ feature elongation

[ feature truncation

Bl sequence variant

31



https://www.ensembl.org/info/genome/variation/prediction/predicted_data.html#consequences
https://www.ensembl.org/info/genome/variation/prediction/predicted_data.html#consequences

VEP

* Summary statistics

Category Count

Variants processed 34350

Variants filtered out 0

Novel / existing variants 6 (0.0)/ 34344 (100.0)
Overlapped genes 9179

Overlapped transcripts 47336

Overlapped regulatory features 4771

Ve (P

p
Consequences (all)

<
\

~

intron_variant: 46%
non_coding_transcript_variant: 17%
upstream_gene_variant. 10%
downstream_gene_variant: 10%
NMD_transcript_variant: 6%
regulatory_region_variant: 3%
intergenic_variant: 3%
non_coding_transcript_exon_variant
3_prime_UTR_variant: 1%

Others

'
Coding consequences

missense_variant: 53%
synonymous_variant: 46%
frameshift_variant: 1%
start_lost: 0%
inframe_deletion: 0%
stop_gained: 0%

stop_lost: 0%
coding_sequence_variant: 0%
inframe_insertion: 0%

32




VEP

- Ie!u

IMPACT

HIGH

MODERATE

LOW

MODIFIER

Consequence examples

splice_acceptor_variant,
splice_donor_variant,
stop_gained, stop_lost,
start lost

inframe_insertion,
inframe_deletion,
missense_variant

splice_region_variant,
synonymous_variant

5 prime_UTR_variant,
3_prime_UTR_variant,
Intron_variant,
TFBS_ablation

Description

The variant is assumed to have high
(disruptive) impact in the protein, probably
causing protein truncation, loss of function
or triggering nonsense mediated decay

A non-disruptive variant that might change
protein effectiveness

A variant that is assumed to be mostly
harmless or unlikely to change protein
behaviour

Usually non-coding variants or variants
affecting non-coding genes, where
predictions are difficult or there is no
evidence of impact
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VEP ey

* HGVC

* PGKOMGHI[EIL[I/II/I I10 OIIMCAHHWIO ITCHOMHLIX BAPHUAHTOB

* EnxuHas cucreMa OnuCcaHusl BAPUAHTOB MO3BOJISIET
[IPUCBANBATH YHUKAJIBHOE U OJJTHO3HAYHOE MM
BApUAHTY

* HGVSc - ENST00000320048.1:c.819T>A
* HGVSp - ENSP00000321506.1:p. Tyr273Ter
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https://varnomen.hgvs.org/
https://varnomen.hgvs.org/

CTpYKTYypa reHa

gene (DNA)
exon exon exon exon
~——*—~ Intron —— intron —— intron ————~

promoter
transcription

T —

+ splicing

TN —

+ translation

amino acid
chain

+ posttranslational
modification

protein

© 2013 Encyclopaedia Britannica, Inc.
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ANbTEPHATUBHbBIN CMAAUCUHT

DNA
RNA
1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA sty -t Sxininininiulsinislnipininlaly - e e L
Translation Translation Translation

Protei A Protein B Protei C
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https://en.wikipedia.org/wiki/Alternative_splicing

Yem aHHOTMPOBATbL BAPMUaAHTbI?

* JK30H WJIM UHTPOH

* 11pUBOAUT JIM K 3aMCHC dAMHWHOKHUCJIOTDI

* [IpuoOperenue unu norepss STOP-komona

* OYHKIIMOHAILHBIE JIOKYChI
e CalT CIuIayiCUHTa
* CalT CBSA3BIBaHMS TPAHCKPUIILIMOHHOTIO (PaKTOpa



JK30H UM UHTPOH ?

5-’

Genome 1 2 £] 4 5 G
Transcript A
Transcrpt B
Tranzcript C
BApWnaHT

s TpanckpunTa A — UHTPOHHBIA BAPUAHT
J1ist TpaHckpunTa B — 3K30HHBIA BapUAHT
g TpanckpunTa C — CalT CIulaliCUHTa

38



MANE

e Matched Annotation from NCBI and EBI

* |leabr0 aHHOTAIAM ABJISIETCSA PA3PEIICHUE
po0JIEMbl MHOKECTBEHHBIX TPAHCKPUIITOB

 JlJ1s KaXX10T0 reHa IpeICTaBICH OJUH TPAHCKPHUIIT,
YAOBJIETBOPSIOIIUU PAAY YCIOBUNA



https://www.ensembl.org/info/genome/genebuild/mane.html

YnparkHeHune

* OOcynuTe pe3yabTarhl, IIPEACTABICHHBIC B BKIIAAKE
Summary statistics

* ECTh 11 B BalllMX JIaHHBIX YKOPAYMBAIOIIHE OCITOK
BapuaHThI? B Kakux KaTeropusix Bbl OyJ€TE HCKATh
TAKWE BAPUAHTHI?



YnparkHeHune

* BeiOepuTe BapraHThI TOJIBKO C BBICOKMM UMIIAKTOM
* CKOJIBKO UX?

* B xkakuX reHax OHM IPEICTABICHBI?

* beIM 1M paHee ONMCaHbl ATH BapHUAHTHI?

* Yro ykazano B konoHke MANE?

* Uto emre MOKHO CKa3aTh 00 3TUX BapHUaHTax?



YnpaxkHeHune

* OTOepuTe BapHaHTHI 110 YACTOTE MPEICTABIICHHOCTH
B €BPOIEHUCKOM MOMYJISIIUU

* snomADe NFE AF <0.03
* CKOJIBKO TaKUX BapHUAHTOB?

* Kak pacnpeaeneHsl 3Ha4€HUS CTOJIOIOB
* Consequence
* Impact



YnpaxkHeHune

* [loBTOpHUTE NIpEABIAYIIECE YIIPAKHEHUE, OTOOPAB
TOJIBKO YaCThI€ BAPUAHTHI, IPEACTABICHHBIE B
€BPONECUCKON MOMYJIALUA

* CpaBHHUTE IIPEJICTABICHHOCTh 3HAYCHUM
Consequence u Impact y 4acTbIX U peIKUX
BAPHUAHTOB



YTO M3 3TOro Ha3BaHMeE reHar

 AIBG

* alpha-1-B glycoprotein
* ENSG00000121410

* ENST00000263100.8
* NM 130786

* P04217

e [Touemy Tak MHOTO?!
Yy



HomeHKNaTypbl

* AIBG - symbol

* alpha-1-B glycoprotein - name

« ENSG00000121410 — Ensembl (gene)

* ENST00000263100.8 — Ensembl (transcript)
* NM 130786 — Refseq

* P04217 — UniProt/Swiss-Prot



HGNC

HUGO Gene Nomenclature Committee

HUGO Gene Nomenclature Committee

* YTBepKJI€HHAsI HOMEHKJIaTypa F€HOB YEJIOBEKA

Pseudogene 14749

Protein-coding gene 19392 Immunoglobulin pseudogene 203
Non-coding RNA 9303 Pseudogene 14509
RMA, cluster 127 T cell receptor pseudogene 37
RNA long non-coding 5867 Other 1547
RNA, micro 1970 Complex locus constituent 70
RNA, misc 29 Endogenous retrovirus 117
RNA, ribosomal 60 Fragile site 118
RNA, small nuclear 58 Immunoglobulin gene 230
RMA, small nucleolar 569 Readthrough 148
RMA, transfer 615 Region 82
RNA, vault 4 T cell receptor gene 206
RNA,Y 4 Transposable element 4
Phenotype 569 Unknown 564
Virus integration site 8
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HGNC

HUGO Gene Nomenclature Committee

HGNC

HGNC data for A1BG

Approved symbol @ A1BG
Approved name @ alpha-1-B glycoprotein
Locus type @ gene with protein product
HGNCID ® HGNC:5
Symbol status @ Approved
Chromosomal location @ 19g13.43

Gene groups @ Immunoglobulin like domain containing

Gene resources for A1BG © A

Ensembl ENSG00000121410= W curated NCBI Gene 1 @ curated
Ensembl region in detail =,
Ensembl gene sequence &

UCSC uc002gsd.5= Alliance of Genome HGNC: 5z
Resources
Nucleotide resources for A1BG & (=)
B MANE Select NM 130786.4 RefSeq NM 130786 W@ curated
ENST00000263100.8 = NCBI sequence viewer

CCDS8 CCDS12976 W Curated
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HGNC

HUGO Gene Nomenclature Committee

HGNC

e [lone3Hoe mId MEAUITMHCKOU T€HOMUKHU

Clinical resources for A1BG [
OMIM 138670z MedlinePlus Search via A1BGE
DECIPHER SearchviaA1BGEH ClinGen Search via HGNC:5=
Genetic Testing Registry Search via NCBlI Gene ID 1= ClinVar Search via NCBl Gene ID 1

dbVar Search via NCBl Gene D 1=

* CrpaBo4Hasi HHQpOpMaLus

Other resources for AMBG (=]
AmiGO Search via PO4217 QuickG0 Search via P04217 =
BioGPS Search via NCBlI Gene ID 1= GeneCards Search via HGNC 5=
Monarch Search via HGNC 5= WikiGenes Search via NCBl Gene ID 1&
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HGNC

HUGO Gene Nomenclature Committee

HGNC

* [lone3noe ajis PUIIOTEHETUKU
Report HCOP homology predictions \

Approved symbol
Approved name

Locus type
Chromosomal location

Gene resources

A1BG O

alpha-1-B glycoprotein @&

gene with protein product @

19q13.43

NE HGNC:5 € ENSG00000121410 = B g

reciprocal search

Gene symbol

Gene name

Locus type
Chromosomal location
Gene rasources

A1BGx

alpha-1-B glycoprotein
protein_coding

19

€! ENSPTRG00000011588 @ B742390F

Assertion derived from:

E

Macaque
'
k

reciprocal search

Approved symbol
Approved name
Locus type
Chromosomal location
Gene resources

A1BGE

alpha-1-B glycoprotein
gene with protein product
19

B8\ aNC69569 27 € ENSMMUG00000012459 &

2712737

Assertion derived from:

<lelle=]E 0]

Macaque
'
k

reciprocal search

Approved symbol
Approved name
Locus type
Chromosomal location
Gene rasources

AFF1w

ALF transcription elongation factor 1
gene with protein product

]

88\ ones9s17 & 3."E\JSI'\-']I'.-']UGDDDCCID'14'375Z

+ elle MHOro OpraHM3moB HuxKe!

2700733

Assertion derived from:




Genome Browser

* [eHOMHbIN bpay3ep

SHNTH EH”Z ﬁi?ﬁﬁiﬂf ’ ; Z Genome Browser Gateway

Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us
Browse/Select Species Find Position
POPULAR SPECIES Human Assembly
- - - | Dec. 2013 (GRCh38/hg38) v
3 b .y
r . 5, =2 Rat @ Febrefish [-‘O
e o T Position/Search Term >
Search through thousands of genome browsers |Enter position, gene symbol or search terms |
|Enter species, common name or assembly 1D | Current position: chr12:6.533,553-6,539,335
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https://genome.ucsc.edu/
https://genome.ucsc.edu/

Genome Browser

* Buszyanuzanus CTpyKTypbl TEHOB, BKJIKOYAs
TPAHCKPHUIITHI, B pAMKaX Pa3HbIX HOMEHKIATYP

* bosIbII0€ KOTUYECTBO aHHOTALIMM JIOKYCOB:

KOHCEPBATUBHOCTH
YPOBEHb IKCIIPECCUU B PA3HBIX TKAHAX

HaJIMYKWE BApUAHTOB, IPEICTABICHHBIX B PA3IUUYHBIX
kIuHu4Yecknux 0azax paHabeix (OMIM, ClinVar, COSMIC

H TIp.)
(PyHKIIMOHAIBHBIC YUACTKH (CalThl CBS3BIBAHUS,
SHXAHCEPHI U TIp. )

TIOBTOPSIOIINECS DJIEMCHTBI
MHOTO€ JIPYyIroe



Genome Browser

* MoxxHo ntojgaBaTthk Ha Bxoa ID rena

* [logaepxuBacT MHOXXECTBO HOMEHKIIATYP

Search

[Human v | [Human Dec. 2013 (GRCh38/hg38)} w | for

|3F’C'b || Search |

Use the tree to hide/show results from only these categories. Hover your mouse over each category for an
explanation:

i i GEMCODE V44 (96 results)
A W hg38 Track Data (253 results)
: ﬁ w Visible Tracks (10 results)
DL RefSeq Curated (10 results)
i w Currently Hidden Tracks (243 results)
" W' Genss and Gene Predictions (240 results)
; i— W RetroGenes V9 (2 results)
: w Other RefSeq (83 results)
| @ MANE (13 results)
i W I[KMC Genes Mapped (13 results)
.. @ HGNC (16 results)
|_ & NCBI RefSeq (51 results)
| | ¥ GENCODE Versions (8 results)
i W' Phenotype and Literature (1 results)

: L. ¥ GeneRavizws (1 results)
i W mRNA and EST (2 results)
. w Human mRNAs (2 results)
W Public Hubs (74 results)
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Genome Browser

* B renomHoM Opay3epe Bcs nHpopMaus
BU3YAIM3UPOBAaHA B BUIEC TPEKOB

* Paszmerka renos no Bepcu GENCODE V44;
IIPEJCTABICHO 3 TPAHCKPUIITA

GENCODEV&i@t ems filtered out)

_APOB
ENSG000002803
" APOB

* Tpek KOHCEPBATUBHOCTH; PACCUMTAH HA YPOBHE
II03BOHOYHBIX; BBIIIC 3HAUCHUE — 00jIee
KOHcepBaTHBHLIﬁ JIOKyC

ertebrates Bas vation by PhyloP

ks Dbl 4 30 ) WMH A lﬂ T T N R
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Genome Browser

¢ TpCKI/I MOKHO BbIBOAHNTH B IISITH BAPpHUALIUAX .
« Hide
* Dense
* Squish
e Pack
e Full

JI1s1 n”3BMEeHEHMs TUIIa IIPEACTABICHUS IECJIKHUTE 110 TPEKY
paBOM KHOIKOMW MBIIIIM U BEIOEpUTE HEOOXOIUMOE
pEJICTaBIICHUE



YnparkHeHune

* Bo3pmurte ID rena (MOXHO U3 aHHOTAMHU VCi
(paiisia ¢ nomoipo VEP)

* Haiigure 3T0T reH no 1D B reHoMHOM Opay3epe



Genome Browser

multiregion | chr2:21,001,429-21,044,073 42645 bp. |gene. chromosome range, search terms, help pages, see examples‘ go | examples

chzpean) [ W T T I Mo I BN KET | gpn2pu 2l TSN SOE DN ENT I ZEqc .l Xl k0 |

OMIM Alleles

OMIM Genes

APOB

ENCODE cCREs

Layered H3K27Ac

Cons 100 Verts

Multiz Alignments of 100 Vertebrates
Bhesus _
Mouse I | T T TR T T AT T TN TR T 4l
Ebchrou . NAMENTONMNNNN T ONF OO NN MUY UNTTR/MMANIY 0 D (1NN (OMTI OTMNNOMIY OO T my W
sk NS00 SN N O MmN ] | —MW— === ——ll= - M—llH————
e e e —— i1 N
- Zeorafish |Illl [HIl—— (VN R T =M1 —- = _I‘II_III—I_III—III_II
Sho Genetic Vanan[s lmrrl cI) NP release 155
Common doSNP(158) | | [II| [ 11 | I i (A [ RINTNN e (TR T Y A 1 IO EEEe e i e
Repeating Elements by RepeathMasker
Repeatasker 1 AT Bl | T B0 1 i 11 | INIE 111 |

10 kb | hg3e
21,005,000/ 21,010,000] 21,015,000| 21,020,000] 21,025,000| 21,030,000] 21,035,000| 21,040,000|

Rbforence Assembly Fix Pateh Sequence Alignmen
I

Reference Assembly Alternate Haplotype Sequence Alignments
GENCODE V44 (2 iterns filtered out)

ENSGO00000280390 -
RﬁfSaq ganes flnm NCBI

¥
OMIM Allelic Varlant F‘heﬂclyoes
A A R I I 1 R | [

OMIM Gene Phenotypes - Dark Green Can Be Disease-causin

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

ACO10872.1 ___
ENCODE Candidate Cis-Regulatory Elements (cCREs) combined from all cell types

H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

100 vertebrates Basew rvation by Ph yln-‘

R T "™

MoKHO

B CTPOKE ITIOMCKa BBECTH JIOKYC B (hopmare

chrN:start-end
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YnpaxkHeHune

* Havaure a4 CBOEro rena TpeKu:
* RefSeq Curated
* OMIM Alleles
* GTEx RNA-seq
* Cons 100 Verts (u13BMEHUTE TUIT IPEACTABICHUS TPEKA)
* Common dbSNP
* Repeat Masker
* CpG Islands



Genome Browser

* BHH3Y cTpaHMIIBI €11€ €CTh OTPOMHBIN CIIHUCOK
CIIpSITAHHBIX TPEKOB (B IIpeacTaBIcHUH hide)

ﬂ Mapping and Sequencing
Base Position P14 Fix Patches P14 Alt Haplotypes Assembly. Centromeres Chromosome Band B Clone Ends W Exome Probesets
® FISH Clones Gap GC Percent GRC Contigs GRC Incident Hg19 Diff INSDC B | ifiOver & ReMap

hide v

LRG Regions B Mappability New Bm Problematic Region ™ Recomb Rate RefSeq Acc Restr Enzymes Scaffolds Short Match

s

STS Markers

hide  ~

[ - | Genes and Gene Predictions
Updated GENCODE V4 ™ NCBI RefSeq CCDsS CRISPR Targets Updated 8 GENCODE Version HGNC @ IKMC Genes Mappe LRG Transcripts

4 hide v s d

ul v

E MGC Genes &= Non-coding RNA Old UCSC Genes  ORFeome Clones Other RefSeq Pfam in GENCODE M Prediction Archive
RetroGenes V9 B8 TransMap V5 UCSC Alt Events B8 UniProt

hoe v

- | Phenotype and Literature
OMIM Alleles B CADD B8 Cancer Gene Expr B ClinGen % B ClinGen CNVs B ClinVar Variants B8 Constraint scores @ Coriell CNVs

New COSMIC % COSMIC Regions DECIPHER CNVs DECIPHER SNVs B Development Delay GenCC Gene Interactions GeneReviews

GWAS Catalog HGMD public W | OVD Variants OMIM Cyto Loci OMIM Genes Orphanet W PanelApp ) W REVEL Scores

hde v

B SNPedia I TCGA Pan-Cancer UniProt Variants B Variants in Papers

Jlanee BHU3Y e11e MHOTO 53



Genome Browser

* Jls1s1 oTOOpak€HHs HOBOTO TPEKa
* BbI6€pI/ITC €ro U3 CIIMCKA BHU3Y
* IOMEHSMTE IPEACTABIICHUE TPEKAa HA HEOOXOIMMOE
* 00HOBUTE cTpaHully (KHOIKHU refresh)

o Jlns ymaneHus Tpeka u3 opaysepa
* IOMEHSINTE NpecTaBlICHUE Tpeka Ha hide



GeneCards _

* 9HHI/IKHOH€I[I/IH AHHOTHUPOBAHHBLIX I'CHOB YCJIOBCKA

* Arperupyetr MHOXXECTBO HH(popMalinuy, 0a3 JaHHBIX
Y JIOTOJIHUTEIBHBIX PECYPCOB

e ~200 ucrtounukon!!!

* MOXHO I10/1aBaTh UMs T'€Ha B JFOOOH HOMEHKJIATypE

60


https://www.genecards.org/
https://www.genecards.org/
https://www.genecards.org/Guide/Sources

CTaTUCTUKA

GeneCards Version 5.18 (Updated: Oct 5, 2023)

Total genes
HGNC approved
Disease genes

Hot genes

466,332
43,718
20,000
500

Category ©
Protein-coding
ncRMNA genes
IncRNAs
piRMNAs
miRNAs
rRNAs
tRNAs
snoRMNAs
SRP_RMNAs
circRNAs
Other ncRNAs
Functional elements
Pseudogenes
Genetic loci
Gene clusters

Uncategorized

# of Genes
21,652
291,346
130,005
111,811
6,903
1,250
1,158
1,904
9,022
120
29,173
128,259
21,979
1,287
10
1,799

Example Genes

MTOR FGFRZ2 RET RAF1T MET MAP2KZ MAPZK1

SFTAS OFCC1 SPATAS SLC22AT8AS HCPS LINCO03040 DLEU1

piR-52356 piR-30791-073 piR-62069 piR-62060 piR-62024 piR-61955 piR-61945-518
MIR2T MIR143 MIR140 MIR27A MIR145 MIRLET7D MIRLETVC

MT-RNRZ2 MT-RNR1 RNAS5517 RMAS5516 RNA5515 RNA5513 RNA5S512

MT-TLT MT-TV MT-TT MT-T51 MT-TF MT-TW MT-TN

SMORDES SNORD3A SNORD118 SMORA73B SNORAG4 SNORAGZ SCARNAS
RN75L2 RN75L1 RMN75L3 RFO0017-7992 RFO0017-7752 RFO0017-6963 RFO0017-6018
OP794511 OP794616 OP794610 OP794600 OP794560 OPT794534 OP794524
ADGRF2ZP TERC ARRDCT-AS1 HCG22 SCARNAY SCARMNAGE RNU4ATAC

FRAXA HEBB-LCR FRAXE H19-ICR LOC111365204 FRA16B FRA11B

BIRC8 SLC26A10P GUCY1B2 GNRHR2 ZNF781 TRIM16L OR10J3

ERVE-1 5T2 VIST IGKDEL IFNR ERDA1 AZF1

PCDHG@ PCDHB@ IGLV@ IGKV@ HOXD@ HOXA@ HOXB@

C200rf181 UGT1A ERVKS-11 ERVH-1 KHDRBS2-OT1 ERVK-28 CCDST
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Pasnensl _

MalaCards

THE HUMAM DISEASE DATABASE

GeneCards Sections

Aliases .

:Ll:w-wwri:-s GeneSLIkeMe
- o RELATED GEMES

Genomics

GeneHancer

GeneHancer Regulatory Elements
9 ’ ENHAMCERS & TARGET GEMES

Proteins G C RNA
Domains _Ene a ABASE
Function

Localization

Pathways & Interactions

Drugs & Chemical Compounds

Transcripts GenEAna
Expression GENECARDS GENE SET"ANALYSIS
Orthologs

Paralogs

Variants

Disorders / Diseases
Publications

Products
62



The human protein atlas

 Ha Bxona: ID rena wiu Oejka

e 12 cekIuiu:

BRAIN

TISSUE

TISSUE CELL TYPE PATHOLOGY

b
: p I ® & -é
\ o 3 - M » \
Protein and RNA profiles in Protein and RNA profiles in brain Single cell RNA profiles in tissues Cell type profiles in tissues based Protein and RNA profiles in Protein levels in blood in patients
tissues based on antibodies and based on microdissected regions based on single cell RNA on deconvolution of bulk human cancers based on with diseases
transcriptomics analysis transcriptomics antibodies and transcriptomics
BLOOD PROTEIN SUBCELLULAR CELL LINE STRUCTURE ' RA

> N
- &u
W =

RNA profiles in human immune Blood protein levels in healthy Spatial, subcellular protein RNA profiles in human cell lines 3D-structures of human proteins Human protein-protein

cells individuals and the human profiles in human cells based on with best models for human with antibody-binding sites and interactions and metabolic
secretome antibodies cancers genetic varianis enzyme profiles



The human protein atlas

Gene

_ Gene'

LI Gene synonym'

[} Ensembl gene id'
Gene description’

L) Uniprot accession

_ chromosome

L | chromosome pOSitiUni
__ Protein class'

_ Biological process'
_| Molecular function!
__J Disease involvement!

Evidence

Evidence {surnnﬂan,f]i
L | HPA evidence
|| UniProt evidence

[ NeXtProt evidence

Atlas

Tissue!

Brain'

single cell type!
Tissue cell type!
Pathology'
Diseasel
Immune cell
Blood'
subcellular
cell ling'
Structure!
Interaction’

RNA category human

| RNA tissue specificity

| RNA tissue distribution’

| RNA tissue specificity score

| RNA tissue specific nTPM

| RNA tissue nTPM max in non-specific
| RNA single cell type speciﬂcityi

| RNA single cell type distribution’

| RNA single cell type specificity score
| RNA single cell type specific nTPM
| RNA cancer specificity’

] RNA cancer distribution’

| RNA cancer specificity score

| RNA cancer specific FPKM

| RNA brain regional spec:iﬁcity.ri

| RNA brain regional distribution’
RNA brain regional specificity score
I RNA brain regional specific nTPM

| RNA blood cell specificity’

' RNA blood cell distribution’

) RNA blood cell specificity score

| RNA blood cell specific nTPM

| RNA blood lineage s.peciﬁc:itj,ri

| RNA blood lineage distribution’

| RNA blood lineage specificity score
| RNA blood lineage specific nTPM

| RNA cell line specificity’

| RNA cell line distribution’

| RNA cell line specificity score

| RNA cell line specific nTPM

| RNA tissue cell type enrichment

RNA category pig/mouse

|._: RNA mouse brain regional specificity’

|._ RNA mouse brain regional distribution!

_| RNA mouse brain regional specificity score
|.__ RMNA mouse brain regional specific nTPM
|._ RNA pig brain regional specificity’

__| RNA pig brain regional distribution’

|.__ RMNA pig brain regional specificity score

[ IRNA pig brain regional specific nTPM

Annotation

|| Antibody D'

|| Reliability (IH)'

L_.| Reliability (Mouse E!rair‘n)i

L Reliability (IF)'

|.__ IH abundance (Normal Tissue)'
| Subcellular location’

| secretome location’

.| secretome function'

_| Cell Cycle Dependent Protein’
|.__ Cell Cycle Dependent Transcript!
| cancer prognostic p-valug'

_| Blood expression cluster

|.__ Tissue expression cluster

|._ Brain expression cluster

_| Cell line expression cluster

|._ Single cell expression cluster
| Num protein interactions



The human protein atlas

Pa3/IMYHbIX TKAHIX, TUIIAX KIICTOK N KJICTOYHBIX

* Jlerexnust MPHK 1 cooTBeTcTBYyromero 0enka B
JTUHUSIX

RNA AND PROTEIN EXPRESSION SUMMARY?

Protein expression (score)

RNA expression (nTPM)’

Q
O

Brain

Eye

Alphabetical

Organ

GTEX dataset'

nTPM

500 -

400 -

300

200
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The human protein atlas

* CyOKieTouHas JoKajlIu3auus OeliKa

[ Allnon detected compartments
. RHOA detected in Plasma membrane and Cytosol
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The human protein atlas

* CtpykTypa O€jIKa ¢ MOMYISIHOHHBIMU 1
KJIMHAYECCKUMM BaprallusIMHU

Description:
Structure prediction of P61586 from Alphafold project, version 2

Color scheme:

Residue index Your selection

Variants:
off Clinical (#=2) Population (#=17)
Populztion ons: Autorotate:

Ala-=Gly On

SIFT. tolerated 0.1000
PolyPhen: benign 0.0000 Confidence for predicted structure:

B verv hinh inl DDT = 904

Description:
Structure prediction of P61586 from Alphafold project, version 2

. . Color scheme:
Clinical variations:
EreEsT Confidence Your selection
SIFT: deleterious 0.0400 Variants:
PolyPhen: possibly_damaging 0.7470 Off Population (#=17)
Pathology: pathogenic Autorotate:
on

N mHoroe apyroe!
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UniProtKB

Retrieve/ID mapping

CepBHC TTO3BOJISIET TIEPEBECTHU

criucok ID u3 0qHOM HOMEHKIIATYPBI

B APYI'YIO

Retrieve/ID mapping

Enter one of more IDs (100,000 max). You may alsc load from a text file. Separate I1Ds

From database To database

Mame your ID Mapping job

68


https://www.uniprot.org/id-mapping

[na paboTbl Ha CEMUHAPE

e OcramoBuMmcd Ha reae APOB

* BapuaHT B 3TOM I'eHe:
 ENST00000233242.5:¢.2786del
* ENSP00000233242.1:p.Pro929GInfsTer24
* 151553385404
¢ 2:21022861-21022862
 frameshift variant
* Impact - HIGH
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YnparkHeHune

* Ha mpeapiayiem ciiaiae OQuH BaApUAHT
OXapakTepHu30BaH 6 criocodaMu

* Pacmpyite\0OBSICHUTE KaXKIBIM U3 HUX



3a/a4a CeMMHapPa

* OnuvcaHHbI| BhllIe BapuaHT B reHe APOB Mbl
HAIJIM Y KOHKPETHOTO YEJIOBEKA

* HeoOxonumo onucarh 3TOT BapHMaHT CPEACTBAMMU
0a3 JaHHBIX

* gnomad
e ClinVar



gnomAD
N YT

Genome Aggregation Database

gnomAD

* https://gnomad.broadinstitute.org/

Korean Other

East Asian

Japanese Bulgarian

African/
African
American

Latino

Ashkenazi
Jewish

Finnish il
. Southern western
Swedish European European

72
https://www.nature.com/articles/s41586-020-2308-7


https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/

gnoOmAD
gnomAD N VYY)

Genome Aggregation Database

* Hoas Bepcus v4.1.0
* 1 HOs10ps 2023 (v4.0.0)
* https://gnomad.broadinstitute.org/stats

gnomAD v4. 1.0

GRCh38
gnomAD v4.1.0
gnomAD v3.1.2
gnomAD 5Ve v4.1.0
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Genome Aggregation Database

gnomAD v4 includes 807,162 individuals
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gnomAD

Short variants
* 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
/ﬂﬂ dverage we see 2\
SHVs every 3 basepairs
C6T
T A C
\_ -~/

gnomAD
A

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
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Genome Aggregation Database

Age Sex
s 406,265 XX individuals
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gnomAD
gnomAD N VYT

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 4,327 9977 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% 19.2%
Remaining Individuals* 454 3,614 1,503 31,172 3.93% 8.8x
South Asian 8,256 15,308 2419 45,546 5.64% 3x

141,456
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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
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YnparkHeHune

* B Opay3epe gnomAD HalguTe UCCiaeayeMbli
BApHUAHT MO JTFOOOM MOAXOAAIICH XapaKTEPUCTUKE

* YOoenuTech, YTO IPH MOKUCKE BBl UCIIOJIB3YETE
HOBYIO Bepcuro v4.1.0

* Jlanee oOCynuM BbIgayy NOHWCKA OT BapHaHTAa



gnoOmAD
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 -
------ = yanant [Nl rs 1553385404
Allele Count 1 1 s UCSC
Allele Number 628768 * 628768 * e ClinVar (440527)
Allele Frequency 0.000001520 0.000001590 s All of Us
Grpmax Filtering AF @ 0 _
(95% confidence) Feedback
Number of homozygotes 0 0
Eraction of individuals with >20x o Report an issue with this variant
coverage '
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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 33096 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

XX 1 286240 0 0.000003494
XY 0 342528 0 0.000

Total 1 628768 0 0.000001590
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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;‘EQD 59%5':%;5
2-21022841-G-A (G| APOB p.Leu936Phe @ 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 APCB p.Val933Ala © missenss

2-21022852-G-C APOB p.Pro932Arg @ missense

2-21022852-G-A APCB p.Pro932Leu @ missense

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

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

2-21022856-T-C APOR RArg931Gly Q miszense

2-21022860-TG-T APCB p.Pro929GInfsTer24 @ frameshift Pathogenic
2-21022862-G-C APOB p.Pro9294la @ missense

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

2-21022865-A-G APOCB p.Ser928Pro © missense

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

2-21022868-G-T G| APOB p.Pro927Thr © missense

2-21022869-A-T APCB p.lleg26lle @ synonymaous

2-21022871-T-A APCB p.lle@26Phe © missense

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

2-21022878-C-G APOB p-Lys923Asn @ missense 83
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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 cn gene pages.

frameshift 3' UTR
1. APOB 1. APOB
1. ENSTO0D000233242.5 1. ENSTO0000673739.1
MANE Select transcript for APOB HGVSc: c.*2092del
HGVSp: p.Pro929GInfsTer24 2. ENSTO0000673882.1
Domains: PF09172 (Pfam), and 4 more HGVSC c.*2092del

pLoF: @ High-confidence
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YnparkHeHune

e Ha cnaiine BEIlIIE
* BAPUAHT HAWJECH B TPEX TPAHCKPHUIITAX

* BapUaHT OTHECEH K JIByM pPa3HbIM KaTE€rOpUsIM 3aMEH
(frameshift, 3’UTR)

* y OJIHOTO U3 TPAHCKPHUNTOB yKa3zaHo “MANE”

OO0cyauTe, 4YTO ATO 3HAYUT 1 MOYEMY TaK IIPOU3OIILIO0



YnparkHeHune

* C crpanunsl gnomAD ¢ onMcanuemM BapraHTa
MIEPEUUTE T10 CCHIJIKE HA CTPAHUILY 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 2:21001423-21044073

External resources Ensembl, UCSC Browser, and more

gnomAD
A

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).

]
ofe =047 (041 -(054) ° ——
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YnparkHeHune

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



gnomAD
gnomAD N VYT

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 | @

ensTooofpzazzazs: NN B B T I I B . .
L

I EEEEIE L] i
ENSTOOO399256. ] H N = EENENIE L] i
ENSTODOEE?}BQJ
ENSTOOO@ET3882.1

I[J'IH KaKA0ro recHa €CTb BO3MOKHOCTD ITOKa3aThb BCC TPAHCKPHUIITBI
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Genome Aggregation Database

gnomAD variants

gnomAD v4.0.0
variants (11733)

Viewing in table .o Ot B

21 001 658 21004 247 21006 306 21008 112 21009917 21011 723 21014650 21022953 21025 362 21035 571 21044020
Y = Exomes SNVs [ Filtered variants @ S
& F onl V) Missense / Inframe indel onl nonym onl V] her onl all M : : : Search variant table
(& plo Y. ssense / Inframe inde Y j Synonymous Y Othe y J(al) @ Genomes Indels Display neighboring variants i

BapuaHTbl MOXHO OT(UIBTPOBATH T10 PAAY KPUTEPHUEB
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YnparkHeHune

* JIng BapuanToB gnOMAD 0CTaBBTE TOJBKO
OQHOHYKJIeOTUIHBbIE pLOF B 3K30Max

* OTCOPTUPYHUTE MO KIIMHUYECKOW 3HAYUMOCTH

* OXapakTepru3ynTe NOJTYYCHHBIC BAPUAHTHI 110
yactore u au"Horanuu VEP



gnomAD v4.0.0
variants (186)

Viewing in table

YnpaxkHeHune

* [l[pumepHoOe pelleHuUe

gnomAD variants

B e [ |02 -——— — = — @O - - —_——— e - Q@ -— - - ——-— e - - —_—— - — — - - - e @ e == - - - & -_— e of == -
e - Qe = e = [ - [ —_— - Y]
21001 658 21004 247 21006305 21008 112 21009917 21011723 21014650 21022953 21 028 382 21035571 21024020
i i | &) O Fi i )
‘ ploF only |[J Missense / Inframe indel only [ Synonymous only |0 Other only | [al | @ — Exomes SNVs ) Filtered variants @ 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 transcript view.

Variant 1D 3ource HGYS Consequence VEP Annotation  LoF Curation Clinical Significance  ~ Flags Allele Count N'?,lrl;fllfer
2-21001846-G-A p.GIn4526Ter @ stop gained Uncertain significance L8 . L3l ploF flag 4 1461750
2-21002363-G-T p.Cys4353Ter @ stop gained Uncertain significance 3 1454022
2-21002393-A-T p.Tyr4343Ter @ stop gained Uncertain significance 1 1449406
2-21002683-G-A p.GIn4247Ter @ stop gained Uncertain significance 26 1461488
2-21002881-C-A pGlu4181Ter @ stop gained Uncertain significance L8 . L3l ploF flag 11 1461320
2-21010615-G-A p.Arg2085Ter @ stop gained ogenic/Likely [ 24 1461792
2-21037957-C-A €537+1G=>T @ splice donor jenic/Likely 2 628774
2-21038086-C-A p.Glu137Ter @ stop gained jenic/Likely patho... 24 1461840
2-21005538-G-T p.Ser3777Ter @ stop gained jenic 3 1461770
2-21006235-C-A p.Glu3545Ter @ stop gained ogenic 2 628662
A mammer e (=] ~maam - . - - . i s

92

Homozygotes

0

o o o o o o o o O
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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

semg—) - = — =@ -fo- = -—— i - @ =— - - ——=fH o - -— _—— e = & == - = =@ o === —=2 == § -— e Off =0 -
® - Qo = & = () - [ — - ']
21001 658 21004 247 21 006 306 21008112 21009917 21011 723 21014 650 21022 853 21028 382 21035 571 21044020
" . A= Exomes SNVs [ Filtered variants @ < i
LoF onl Missense / Inframe indel  onl Synonymous  onl Other onl all — : 2 Uil ! v . Search variant table
‘ o p y |0 / y {8 Synony y 18 i ‘ U L) Genomes 0 Indels [ 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 Source HGV3 Consequence VEP Annetation  LeF Curation El_iniga_l_‘-i_igutc_a_n_c_e. ~ Elags Allele Count M_-:ll_lél’_ge_[ _r;i;_ilﬁ_cg Hg::_;'sfugf;:fe_s_
2-21001846-G-A (E] p.GIn4526Ter ® stop gained Uncertain sigffificance 4 1461750 2.74e-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

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

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

94
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https://www.ncbi.nlm.nih.gov/clinvar/

ClinVar

Worldwide Participation in ClinVar

95



YnparkHeHune

 Hanaute B 6a3e ClinVar BapmnaHnT rs1553385404



ClinVar

e 11A Ka*KA0ro BapmaHTa NoJIy4aemM XapaKTEPUCTUKY

Interpretation: Pathogenic

Review status: ¥ Y ¥ Y¥ 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
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ClinVar

* Review status

Number of gold
stars

four
three

two

one

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

ClinVar

About ClinVar

Sequence
Ontology

-

S

-—

Variation

Interpretation

MedGen
(HPO, OMIM)

Evidence PubMed

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
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
Unigue 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 more 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 9

Advanced search

About Access Submit Stats FTP Help Were new search queries using location, c-dot, and p-dot helpful? «f @
BZTEe & Print & Download
NM_000314.8(PTEN):c.139A>G (p.Arg47Gly) Cite this record
Interpretation: Pathogenic
Review status: v¢ reviewed by expert panel [N Eee el N[V{=pRo) Ny -7 %S
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 classificalions
« Classfication on ClinVar submitied records (SCV)
e Standards for classification ferms
& QOptions for germline classification
« Asserlion score
« Clinical significance and mode of inheritance
e Options for somatic classification
¢ Source of clagsifications
« Classificalions on ClinVar aggreqale records (VCV and RCV)
o Overview
¢ Aggregate germline clazsification
& Aggregate somatic classification of clinical impact
& Aggregate somatic classification of oncogenicity
« Terminology
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YnparkHeHune

e [Toumure B 0a3ze ClinVar rea APOB

* OTOEpUTE TOIBKO ITaTOICHHBIC BAPUAHTHI,
IIOIIABIIIHUE B CAUTHI CIIAUCHUHTA

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

* N3yunte Boigauy 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)

5ingle nucleotide (75)

* Pe3ynbTaTbl Noucka reHa APOB

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

Structural vaniant (== 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

105
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ClinVar

Interpretation: Pathogenic

Review status: ¢ Y criteria provided, multiple submitters, no conflicts
Submissions: 3

First in ClinVar: Dec 26, 2017

Most recent Submission: Feb /7, 2023

Last evaluated: Aug 31, 2021

Accession: VCV000477783.10

Variation ID: 477783

Description: single nucleotide variant
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ClinVar

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

Allele ID:

Variant type:

Variant length:
Cytogenetic location:
Genomic location:

HGVS:

Protein change:
Other names:
Canonical SPDI: @

450492

single nucleotide variant

1bp

2p24.1

2:21028066 (GRCh38) GRCh38 UCSC
2:21250938 (GRCh37) GRCh37 UCSC

Nucleotide

Protein

Molecular
consequence

NM_000384.3:c.1830-1G>A (=436

splice acceptor

NC_000002.12:9.21028066C>T

NC_000002.11:9.21250938C>T

NG_011793.1:9g.21008G>A

NG_011793.2:g.21007G>A

... less HGVS

NC_000002.12:21028065:C:T

Functional consequence: -

Global minor allele
frequency (GMAF):

Allele frequency:
Links:

ClinGen: CA346013946
dbSNP: rs1399892057
VarSome
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ClinVar

* MHbopmauma o daKTax perncTpaumm BapmaHTa

Review status

Condition

Submitter

More information

Interpretation ‘j‘
(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 APOB
Method: clinical testing gene. It is expected to disrupt
RNA splicing and likely
results ... (more)
Pathogenic criteria provided, single - Hypobetalipoproteinemia, familial, 1 Knight Diagnostic Labhoratories, ‘7‘
(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)
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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 Gene via GTR
MedGen APC (MIM 611731)
MedGen MYH11 (MIM 160745)
MedGen ACTAZ2 (MIM 102620)
MedGen TMEMA43 (MIM 612048)
MedGen DSP (MIM 125647)
MedGen PKP2 (MIM 602861)
MedGen DSG2 (MIM 125671)
MedGen DSC2 (MIM 125645)
MedGen BTD (MIM 609019)
MedGen BRCA1 (MIM 113705)

Variations that may
be pathogenic

ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
ClinVar
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-
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ClinGen ClinGer

Clinical Genome Resource

Patients Clinicians Laboratories Researchers

(oo.o.)(ooooo)ﬂ{ooooo} doovces,

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"

Gmprove Patient Care Through Genomic Medicina C,mCtel

PEEERERRS 2
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ClinGen

* https://clinicalgenome.org/

I

’ o L3

- [ ] L]
- SR

ClinGen

Clinical Genome Rasource

&

Gene-Disease Validity

Can variation in this 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

Samatic 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

Learn More nterface &'

ClinGen

Ciinical Genome Resource

Variant Pathogenicity

Which changes in the gene cause disease?

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
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ClinGen

Clinical Genome Rasource

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

G

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 CImGe

Clinical Genome Rasource

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

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

About ClinVar & ClinGen
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ClinGe

Clinical Genome Resource

ClinGen

APOB - hypercholesterolemia, autosomal dominant, type B
(MONDO:0007751)

Activity MOI / Report Expert Panel / Working Group Classification Report & Date

(@ Gene-Disease Validity (2] Autosomal Dominant @ General Gene Curation GCEP Definitive
% &~ “

A) Clinical Actionability @ Pediatric Actionability WG [ Pediatric

Strong Actionability @

Heterozygous Familial

Hypercholesterolemia

Pediatric Actionability WG [ Pediatric

Homozygous Familial

Hypercholesterolemia Strong Actionability @
Homozygous Familial Adult Actionability WG [ Adult & 08/03/2020
Hypercholesterolemia Strong Actionability @

Adult Actionability WG [ Adult I 08/03/2020

Definitive Actionability @
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ClinGen

(%) APOB

2] View Gene Facts

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

Genomik Coordinates

MANE Sefect Transcript

Function

C‘“DHII:i'hGem

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 plLl score)

046 (Read more about gnomAD LOEUF score)

2p24.1

GRCh37/hg19: chr2:21224301-21266945 {Eallle: B QLS T30 @Eafl[ee
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

 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. Select list and list
type to analyze

» 2. Select Organism
= 3. Select operation
Using enhancer data

PANTHER

Classification System

separate IDs by a space or comma

1. Enter ids and or select file for batch upload. Else enter ids or select file or list
from workspace for comparing to a reference list.
Enter IDs:
Supported
IDs 4
Upload Brifepute chaiin | ®aitn He ebiBpax
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

1D's from Reference Proteome Genome

Organism for id list |Abrus precatorius (ABRPR)

VCF File  Flanking region |20 Kb w

2. Select organism.

Homo 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 Bar chart
O statistical overrepresentation test
O Statistical enrichment test

submit

() search Enhancer Data

O Pie chart
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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 000O0O0O0O0OO0

* 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

00 0O0O0O0

* 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
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PANTHER

Classification System

PANTHER

PANTHER CLASSIFICATION DETAILS

Molecular Function Biological Process Cellular Component Protein Class PANTHER Pathways
NN RN’
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)
Ldamaged DNA-binding_protein (17 genes)

Lendodeoxyribonuclease (14 genes)

Laxodeoxyribonuclease (6 genes)

Lprimase (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

Il DNA metabolism protein (PC00009)
. 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)

B calcium-binding_protein (PCO0060)
s000 cell adhesion molecule (PCO0069)
5500 M cell junction protein (PC00070)
5000 B chaperone (PC00072)
4500 chromatin/chromatin-binding, or -regulatory protein (PCO0077)
cytoskeletal protein (PCOD085),
4000 M defense/immunity_protein (PC00090)
o 3500 B extracellular matrix protein (PC00102)
% 2000 B gene-specific transcriptional regulator (PC00264)
© B intercellular signal molecule (PC00207)
2500 membrane traffic protein (PC00150)
2000 M 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 M m _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)
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YnpaxkHeHune

e C moMoIIbp0 BO3MOXKHOCTeN 0a3bl Panther.db
oxapakrepusyure cBon oesnok (APOB)

* OOparuTe BHUMAHHUE, YTO IIPHU IMMOUCKE HEOOXOIUMO
yKa3aTb HYKHbIM OpTaHU3M



YnpaxkHeHune

* Bocnonp3yliTech TCHOMHBIM Opay3epoM
 Haiture Tam rea APOB

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



YnpaxkHeHune

* [IpumepHoOE pelieHue IS reHa

GENCODE V44 (2 items filtered out) |

APOB| 4H i | AR | L | i et
ENSG00000280330 |
APOB m l—&#—H | i | AR | L | i feeeed
RefSeq genes from NCBI
RefSeq 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 | L | (I I I R |

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 U | in 1 1 I n nia I 11 1

ClinVar Copy Number Variants = 50bp (Merged 9 items

Merged 9 items
a.
ClinVar SNVs submitted interpretations and evidence

F o ®
ClinVar interp Vus
B

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| 21,022,050|
‘ Reference Assembly Fix Patch Seguence Alignments
chrz_MU273344v1_fix
| Reference Assembly Alternate Haplotype Sequence Alignments
GENCODE V44 (2 items filtered out
‘ APOB <k} GS LILKWNPRKI PSP I I FKLKGAKLAMHATEILGSEHTFIFENITNRENMOQWGS Rk

RefSeq genes from NCBI

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

ClinGen Gene-Disease Validity Classification
‘pobetalipoproteinemia 1 gL
somal dominant, type B KX

ClinVar Short Variants < 50bp

T-Al =G A=G 1 dup [l o¥e] | T-G1 cC:Th GCTH G=TI caTl =Gl
del c-Tl G=All T=Gl
G=Cl c-Tl
A-Gl
G=Cll
G=All
=Tl

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

ClinVar SNVs submitted interpretations and evidence

. L
I vUs ® ® ® @ L & ® ® e
ClinVar interp LB @ @ @ @ @ @O @ ‘ @
B
OTH
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YnpaxkHeHune

* B gnomAD ecTb BO3MOXXHOCTb YBUAETh BAPHUAHTHI
n3 0a3bl ClinVar

* BeiBequTe TOJILKO naroreHubie pLoF BapuaHThI

* CKOJILKO TAKMX BapPUAHTOB YIAJIOCh HAUTH?



YnparkHeHune

* Bocnonw3yiTech 110001 0a301 JaHHBIX UM Web-
CEPBHCOM

* Hanaure 1 KaXX10ro0 BapuaHTa U3 TUIIOB:
* Stop-gain
* Synonymous
e 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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YEARS

OMIM MIM

Human Cenetics Knowledge
for the World

Online Mendelian Inheritance in Man (OMIM)

https://www.omim.org/

OMIM"

An Online Catalog of Human Genes and Genetic Disorders
Updated November 21, 2023

Q

Advanced Search : OMIM, Clinical Synopses, Gene Map
Need help? : Example Searches, OMIM Search Help, [ OMIM Video Tutorials

Mirror site : https://mirror.omim.org
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Roabl MIM

[Wana3oH koda 3a00NeBadua 3aBMCHT OT TUNA HAacNedoBaHMA:

o 100000—2999989 — ayTOCOMHBIE 3al0nNeBadnA (Co3daHo oo 15 man 1994 rona);

300000—399999 — X-CUENMNEHHbIE 3300NEBaHNA;

400000—499999 — Y-CUENNeHHble 3a00NEBAHNA;

500000—599999 — MUTOXOHAPWANbHBIE 3300NEBAHWUA;

wiki

600000 W Bblle — aYTOCOMHBIE 3a00NeBaAHWA (CO34aH0 Nocne 15 Maa 1994 rona).
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D1%83_%D1%87%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%B0

OMIM

OMIM Entry Statistics

Number of Entries in OMIM (Updated November 21st, 2023) :

MIM Number Prefix

Gene description *

Gene and phenotype, combined +

Phenotype description, molecular basis known #
Phenotype description or locus, molecular basis unknown
Other, mainly phenotypes with suspected mendelian basis

Totals

Autosomal

16,285

21

6,330

% 1,391
1,640

25,667

X Linked

769

381
112
100

1,362

Y Linked

51

63

YEARS

MIM

Human Cenetics Knowledge

for the World

Mitochondrial

37

34

71

132

Totals
17,142
21
6,750
1,507
1,743

27,163



YEARS

OMIM MIM

Human Cenetics Knowledge

for the World
OMIM Morbid Map Scorecard (Updated November 21st, 2023) :
Total number of phenotypes* for which the molecular basis is known 7,450
Total number of genes with phenotype-causing mutation 4,859

* Phenotypes include (1) single-gene mendelian disorders and traits; (2) susceptibilities to cancer and complex disease (e.g.,
BRCAT1 and familial breast-ovarian cancer susceptibility, 113705.0001, and CFH and macular degeneration, 134370.0008); (3)
variations that lead to abnormal but benign laboratory test values ("nondiseases”) and blood groups (e.qg., lactate
dehydrogenase B deficiency, 150100.0001 and ABO blood group system, 110300.0001); and (4) select somatic cell genetic
disease (e.g., GNAS and McCune-Albright syndrome, 139320.0008 and IDH1 and glioblastoma multiforme, 147700.0001.)

133



YEARS

OMIM MIM

Human Cenetics Knowledge
for the World

Distribution of Phenotypes across Genes (Updated November 21st, 2023) :

Number of genes with 1 phenotype 3,410
Number of genes with 2 phenotypes 880
Number of genes with 3 phenotypes 316
Number of genes with 4+ phenotypes 253
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YEARS

OMIM MIM

Human Cenetics Knowledge
for the World

Dissected OMIM Morbid Map Scorecard (Updated November 21st, 2023) :

Class of phenotype Phenotype Gene *
Single gene disorders and traits 6,392 4,495
Susceptibility to complex disease or infection 677 500
“Nondiseases” 151 118
Somatic cell genetic disease 237 131

*Some genes may be counted more than once because mutations in a gene may cause more than one phenotype and the
phenotypes may be of different classes (e.g., activating somatic BRAF mutation underlying cancer, 164757.0001. and
germline BRAF mutation in Noonan syndrome, 164757.0022.)
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YEARS

OMIM MIM

Human Cenetics Knowledge

for the World
OMIM Update List
Updates since the database was placed on the webllin December 1995
2023 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
New 54 38 41 53 48 39 20 42 32 37 37
Updated 422 257 531 415 310 380 415 449 316 411 240
2022 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
New 50 42 49 51 44 41 45 44 42 44 40 35
Updated 434 484 634 641 461 447 383 359 479 383 450 339
2021 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
New 30 44 44 50 53 52 52 53 39 50 41 46
Updated 443 469 642 508 372 433 403 593 371 359 355 411
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YEARS

O I\/I | I\/I Human Genetics Knowledge
for the World

OMIM Update List for November 2023

November 21st, 2023

New Entries:
1620610 OOCYTE/ZYGOTE/EMBRYO MATURATION ARREST 21; OZEMA21
1620629 OPTIC ATROPHY 16; OPA16
*620630 TRANSMEMERANE PROTEIN 170A; TMEM170A

New Clinical Synopses:
1620603 IMMUNODEFICIENCY 114, FOLATE-RESPONSIVE; IMD114
1620609 LONG-OLSEN SYNDROME; LNGOS

Updated Entries:
7145001 HYPERPARATHYTROIDISM 2 WITH JAW TUMORS; HRPT2
7146255 HYPOPARATHYROIDISM, SENSORINEURAL DEAFNESS, AND RENAL DYSPLASIA SYNDROME; HDRS
7165500 OPTIC ATROPHY 1; OPAlL
7165510 OPTIC ATROPHY 13 WITH RETINAL AND FOVEAL ABNORMALITIES; OPA13
*600424 SOLUTE CARRIER FAMILY 19 (FOLATE TRANSPORTER), MEMBER 1; SLC19A1
*603078 CHECKPOINT KINASE 1; CHEK1
1606159 NEURODEGENERATION WITH BRAIN IRON ACCUMULATION 3; NBIA3
1606593 LIG4 SYNDROME
1606612 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH OR WITHOUT IMPAIRED
INTELLECTUAL DEVELOPMENT), TYPE B, 5: MDDGB5
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O I\/I | I\/I Human Cenetics Knowledge
for the World

* [IoncKk MOXXHO HAYMHATH C
* [ena
* 3a00JIeBaHUS
* BapI/IaHTa (1‘8121918383) (MOTYT OBITh HE BCE BApPUAHTHI)
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YEARS

O I\/I I I\/I Human Genetics Knowledge

for the World

hypercholesterolemia Q Options ~ View Results as: [eCUCHYETEEL]E] Clinical Synopsis 2]

Display: Highlights

Search: hypercholesterolemia '
Results: 137 entries. Show 100 | Download As~ | «First | <Previous | Next» | Last»

11 #603813. HYPERCHOLESTEROLEMIA, FAMILIAL, 4; FHCL4
Cytogenetic location: 1p36.11
Matching terms: (hypercholesterolaemia | hypercholesterolemia)
» Phenotype-Cene Relationships » Phenotypic Series » ICD+ M Links

21 #144010. HYPERCHOLESTEROLEMIA, FAMILIAL, 2; FHCL2
Cytogenetic location: 2p24.1
Matching terms: (hypercholesterolaemia | hypercholesterolemia)
» Phenotype-Cene Relationships » Phenotypic Series » ICD+ » Links

31 #603776. HYPERCHOLESTEROLEMIA, FAMILIAL, 3; FHCL3
LOW DENSITY LIPOPROTEIN CHOLESTEROL LEVEL QUANTITATIVE TRAIT LOCUS 1, INCLUDED; LDLCQ1, INCLUDED
Cytogenetic locations: 1p32.3,
Matching terms: (hypercholesterolaemia | hypercholesterolemia)
» Phenotype-Cene Relationships » Phenotypic Series » Links
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OMIM

* st peHoTHna TekctoBoe (1) onucanue

#603813
Table of Contents
Title

Phenotype-Gene
Relationships

Clinical Synopsis
Phenotypic Series
Text
Description
Clinical Features
Mapping
Molecular Genetics
Animal Model
References
Contributors
Creation Date

Edit History

# 603813

HYPERCHOLESTEROLEMIA, FAMILIAL, 4; FHCL4

Alternative titles; symbols

HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE; ARH
HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 1, FORMERLY; ARHI,
FORMERLY

FHCB1, FORMERLY

HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 2, FORMERLY; ARH2,
FORMERLY

FHCB2, FORMERLY

Phenotype-Gene Relationships

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key Gene/Locus
1p36.11 Hypercholesterolemia, familial, 4 603813 AR 3 LDLRAF1

| Phenotypic Series ~ | PheneGene Graphics ~ [3]

v TEXT

ICD+

Gene/Locus
MIM number

YEARS

MIM

Human Genetics Knowledge
for the World

» Protein

¥ Clinical Resources

Clinical Trials
EuroGentest

Gene Reviews
Genetic Alliance
MedlinePlus Genetics
GTR

GARD

OrphaNet

» Animal Models

» Cell Lines
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https://www.omim.org/entry/603813?search=hypercholesterolemia&highlight=hypercholesterolaemia%20hypercholesterolemia

YEARS

OMIM MIM

Human Genetics Knowledge
for the World

Key: x
@ Phenotype
@ Cene
Phenotypic series (PS)

- Click circles to show/hide
downstream relationships.

O 262500: Laron dwarfism(GHR)
- Click MIM number or PS
number to recenter map. 1438%0: Hypercholeste...(APOAZ) o 600946: GHRO

- Click phenotype name or gene
symbol to go to the MIM entry

Q 604271: Increased respo...(GHR)

P5143890: Hypercholesterolem...
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144010: Hy holester....APOE. 107730: APOB
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OMIM graphical views of phenotype-gene relationships

608874: OROFACIAL CLEFT 5; OFC5

Graphical rep ion of phenotype/gene rek d with this entry. Phenotypic Series (when available) are displayed with the relevant genes and subsequent phenotypes to a depth of 4 nodes. No hierarchy is implied.
/ Click to open/close key

Click filled circles to reveal

downstream GP
Key: » © 150400: Tooth agerses. /WNTI0A
@ Phenotype
. 8 Ectodermal dys....5X1) PS0S100: Ectodermal dysplas... © 616724 Tooth agenesis_iLi?
@ Cene Mouse over title to see fulf fife" ! &= o crodermel dyspias
Phenotypic series (PS) 142953 MSX] o \ O 602639: Tooth agenesis, se.
+ Click dircies to show/hide 106600: Tooth agencsis..{MSX1) PS106600: Tooth agenesis, se... O 610926: Tooth agenesis, se.
downstream relationships. ° O 61727%: Tooth L (GREM2)
. Click MIM number o PS Tooth agenesis, selective, 1, with or without T et
aumber 10 necenter map. orofacial cleft (MSX1) © 313500; Tooth agenesis,..(EDA
- Click phenotype name or gene Click open circles to hide O e625: Tooth agenesis_rraxs)
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600625: Orofacial clet. (R114) 112262 BMP4
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Table of Contents # 603813
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Title

Phenotype-Gene HYPERCHOLESTEROLEMIA, FAMILIAL, 4; FHCL4

¥ Clinical Resources
Relationships

Clinical Synopsis Clinical Trials
ynop Alternative titles; symbols EuroGentest

Phenotypic Series

o HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE; ARH e
Description HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 1, FORMERLY; ARHI, MedlinePlus Genetics
FORMERLY GTR
Clinical Features FHCB1, FORMERLY GARD
Mapping HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 2, FORMERLY; ARH2, orphaner
Molecular Genetics FORMERLY » Animal Models
Animal Model FHCB2, FORMERLY
References » Cell Lines
Contributors
Creation Date Phenotype-Gene Relationships
Edit History Phenotype Phenotype Gene/Locus
Location Phenotype MIM number Inheritance mapping key Gene/Locus  MIM number
1p3e.11 Hypercholesterolemia, familial, 4 603813 AR 3 LDLRAF1 605747
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Relationships
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Text HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE; ARH
Description HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 1, FORMERLY; ARHI,
FORMERLY
Clinical Features FHCB1, FORMERLY
Mapping HYPERCHOLESTEROLEMIA, AUTOSOMAL RECESSIVE, 2, FORMERLY; ARH2,
Molecular Genetics FORMERLY
Animal Model FHCB2, FORMERLY
References
Contributors
Creation Date Phenotype-Gene Relationships
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Phenotype Mapping Key

1 - The disorder is placed on the map due to its association with a gene, but the underlying defect is not known.
2 - The disorder was placed on the map by statistical methods.

3 - The molecular basis of the disorder is known.

4 - A contiguous gene duplication or deletion syndrome in which multiple genes are involved.
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v TEXT

A number sign (#) is used with this entry because autosomal recessive familial
hypercholesterolemia-4 (FHCL4) is caused by homozygous or compound heterozygous mutation in

the ARH gene (LDLRAPI; 605747) on chromosome 1p36.

v Description

Autosomal recessive familial hypercholesterolemia-4 (FCHL4) is a rare monogenic disease
characterized by very high levels of low-density lipoprotein (LDL) cholesterol (usually above 400
mg/dl) and increased risk of premature atherosclerotic cardiovascular disease (summary by Sanchez-

Hernandez et al., 2018). ©

147



YEARS

O I\/I | I\/I Human Genetics Knowledge
for the World

* [Iocmorpurte, kak ycTpoeH pazaen Clinical Features

e OnucaHus KIMHUYECKUX CJIy4dCB C CCbIJIKAMH Ha
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v Clinical Features

Zuliani et al. (1995) described a consanguineous Sardinian family in which a brother and sister had a
severe form of hypercholesterolemia with the clinical features of familial hypercholesterolemia (FH;
143890) homozygotes, including severely elevated plasma low density lipoprotein (LDL) cholesterol,
tuberous and tendon xanthomata, and premature atherosclerosis. However, LDL receptor (LDLR;
606945) activity measured in skin fibroblasts was normal, as was LDL binding ability. Haplotype
segregation analysis excluded involvement ot the LDLR and apolipoprotein B (APOB; 107730) genes
in the pathogenesis of the disorder. Consanguinity, absence of vertical transmission, and bimodal
distribution of plasma cholesterol levels in the kindred were consistent with autosomal recessive

inheritance. Sitosterolemia (see 210250) and pseudohomozygous hyperlipidemia (see 144250) were

ruled out. @
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v Mapping

Eden et al. (2001) performed a genomewide scan with polymorphic genetic markers in the 2 families
reported by Norman et al. (1999). In both pedigrees, a single region of approximately 12 cM on 1p36-
p35, designated FHCB2, fulfilled the criteria for homozygous inheritance ot alleles in the atfected

fospri_ng but not their unaffected sibs. The combined lod score was 5.3 in these unrelated families. @

Using 4 ARH families, including 2 previously studied by Zuliani et al. (1995, 1999), Garcia et al.
(2001) mapped the ARH locus to a 1-cM interval on chromosome 1p35 extending from D151152 to
D152885. Garcia et al. (2001) identified 6 mutations in a gene encoding a putative adaptor protein
(LDLRAPI; 605747) mapping to this region. They found no linkage to 15q25-q26, the locus that
Ciccarese et al. (2000) had found to be associated with ARH using one of the same families. 4+
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v Molecular Genetics

In aftected individuals from 6 families with autosomal recessive hypercholesterolemia, including the
2 Sardinian tamilies originally reported by Zuliani et al. (1995) and Zuliani et al. (1999) and a
Lebanese family previously described by Khachadurian and Uthman (1973), as well as another
Lebanese family, an Iranian family, and an American family, Garcia et al. (2001) identitied
homozygous mutations in the ARH gene (LDLRAP1; see 605747.0001-605747.0006). The nonsense
mutation (W22X; 605747.0001) and 1-bp insertion (605747.0002) that were detected in the 2 original
Sardinian families were also identified in homozygosity or compound heterozygosity in 10
additional unrelated Sardinian ARH probands, and neither mutation was found in 50
normolipidemic Sardinians. The authors suggested that the finding of 2 mutations accounting tor
ARH in 12 Sardinian families represented genetic drift on the island of Sardinia. (4]

Arca et al. (2002) screened the entire coding sequence of LDLRAPI in 40 unrelated individuals from
around the world who had hypercholesterolemia and at least 1 normocholesterolemic parent. They
identitied 4 [talian probands who were homozygous for the same 1-bp insertion (605747.0002) that

had previously been identified in Sardinian patients. No mutations were identified in the other 36

probands. [+
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2p241 Hypercholesterolemia familial, 2 144010 AD 3 SRR
Hypobetalipoproteinemia 615558 AR a3
0
TEXT

153



YEARS

OMIM MIM

Human Genetics Knowledge
for the World

107730:

Graphical representation of phenotype/gene relationship(s) associated with this entry. Phenotypic Series (when available) are displayed with the relevant genes and subsequent phenotypes to a depth of 4 nodes. A quick reference overview and guide (FDF). No hierarchy is implied.

Feadback
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Phenotypic series (PS}

+ Click circles to show/hide
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downstream relationships.

o]
- Click MIM number or PS
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symbal 1o go to the MIM entry.
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Kaxkgast 3anuch — TEKCTOBOE ONMCAHWE BapUaHTa C CChUJIKOM HA MyOJIUKAIUIO U
MEPEKPECTHBIMU CChUIKaMM Ha 3anvcu B OMIM (nanpumep, 11 peHoTHUIA)

APOLIPOPROTEIN B; APOB

Allelic Variants (22 Selected Examples) -

Number *

0001
0002

.0003
0004

0003

0005

Phenotype

HYPOBETALIPOPRCTEINEMIA, FAMIIIAL
HYPOBETALIPOPROTEINEMLA, FAMILIAL,
ASSOCIATED WITH APOB3?
HYPOBETALIPOPROTEINEMLA, FAMILIAL
HYPOBETALIPOPROTEINEMLA, FAMILIAL,
ASSOCIATED WITHAPOBLO
HYPOBETALIPOPROTEINEMILA, FAMILIAL,
ASSOCIATED WITH APOB20 OR APOB33
HYPOBETALIPOPROTEINEMIA, FAMILIAL,
AZSOCIATED WITHAPOE4S
HYPOBETALIPOPROTEINEMLA, FAMILIAL,
ASSOCIATED WITH APOBS?
HYPOBETALIPOPROTEINEMILA, FAMILIAL,
ASSOCIATED WITH APOB3L
HYPERCHOLESTEROLEMLA, FAMILIAL, 2
HYPOBETALIPOPROTEINEMILA, FAMILIAL
APOB POLYMORPHISM IN SIGNAL FEFTIDE
HYPOBETALIPOPROTEINEMLA, FAMILIAL
HYPOBETALIPOPROTEINEMILA,
NORMOTRIGLY CERIDEMIC
HYPOBETALIPOPROTEINEMIA, FAMILIAL,
ASSOCIATED WITH APOB3Z
HYPOBETALIPOPROTEINEMILA, FAMILIAL
HYPOBETALIPOPROTEINEMLA, FAMILIAL

HYPERCHOLESTEROLEMLA, FAMILIAL, 2
HYPOBETALIPOPROTEINEMIA, FAMILIAL
HYPOBETALIPOPROTEINEMLA, FAMILIAL
HYPOBETALIPOPROTEINEMILA,
NOEMOTRIGLY CERIDEMIC
HYPOBETALIPOPROTEINEMILA,
NORMOTRIGLY CERIDEMIC
HYPOBETALIPOPRCTEINEMIA, FAMILIAL

Mutation

APCE, 4 BPDEL, NTZ221
APCOE, 1-BP DEL,
FS17%9TER

APOB, ARGI306TER
APOB, VALIEZCYS

APOB, GLU4034ARG

APCB, ARG20Z5TER

APOB, 1-BP DEL, 12032G

APOB, 1-BPDEL, 14255

APOB, ARG3B00GLMN
APOB, EX2IDEL
APOB, IN5S AND DEL
APOB, LEUSMITER
APOB, GLN223ITER

APCE, GLN1430TER

APOB, ARG2495TER
APOE, 1-BP DEL,
NT11840

APOE, ARG3331CYS
APOB, [VSTAS, A-G, -2
APOE, 1-BP DEL, 4432T
APOE, 4-BP DEL,
NT36451

APOB, TYR1173TER

APCE, 2-BP INS, 825GG

SNP
rz2B1265425 -

1397514255~

1219168385~
rs121918384 ~

1s121916335~

r=121918336 -

1s387906569 ~

1387514256 -

204~

rs121918387 ~
1s121916335~

r=121918330 -

15121918350~

76852~

15587

3580

500245~

rs12191635] =

606231236~

gnomAD
rs387514255

rs121915583
15121915584

15121915386
15387906569
rs387514256
3742504

rs121915583
5121915389

rs1219183%0

=287 776852

1512713559

All ClinVar Variants

ClinVar

RCV000015470...
RCV000015471

RCV000019472
RCVD00015947

RCV000015474

RCVO00015476...

RCVD00019477

RCVD00015478

RCV000015475...

RCV001837438

RCVO00015483

RCV000015454.
RCV000015485...

RCV000015486...
RCVD00D15457 ...
RCV000015458
RCV001837441
RCV001837442

RCVD00032601 156
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Search: hypercholesterolemia (Search in: Entries with: Clinical synopsis; Retrieve: clinical synopsis)’
Results: 60 clinical synopses. Show 100 | Download As~ | «First | < Previous | Next: | Last»

11 #603813. HYPERCHOLESTEROLEMIA, FAMILIAL, 4; FHCL4

Inheritance , Skin, nails, & hair , Laboratory abnormalities , Molecular basis ,
Matching terms: (hypercholesterolaemia | hypercholesterolemia)
View full synopsis below View full synopsis on new page » Links
2:

#144010. HYPERCHOLESTEROLEMIA, FAMILIAL, 2; FHCL.2
Inheritance , Head & Neck , Cardiovascular , Skin, nails, & hair , Laboratory abnormalities , Molecular basis ,
Matching terms: (hypercholesterolaemia | hypercholesterolemia)

View full synopsis below View full synopsis on new page » Links

3t #603776. HYPERCHOLESTEROLEMIA, FAMILIAL, 3; FHCL3

Inheritance , Head & Neck , Cardiovascular , 5kin, nails, & hair , Laboratory abnormalities , Miscellaneous , Molecular basis ,
Matching terms: (hypercholesterolaemia | hypercholesterolemia)
View full synopsis below View full synopsis on new page » Links

YEARS

MIM

Human Genetics Knowledge
for the World

157



OMIM

* Pesynbrar cpaBHEHUA

YEARS

MIM

Human Genetics Knowledge
for the World

NUMEER #603813 # 144010 ¥ #603776

TITLE HYPERCHOLESTEROLEMIA, FAMILIAL, 4; FHCL4 HYPERCHOLESTEROLEMIA, FAMILIAL, 2; HYPERCHOLESTEROLEMIA, FAMILIAL, 3; FHCL3
FHCL2

GENE LDLRAPIT - 605747 AFOB - 107730 PCSK3 - 607786

INHERITANCE (in 2/3) - Autosomal recessive - Autosomal dominant - Autosomal dominant

Ln £y v

CARDIOVASCULAR (in 2/3) v

SKIN, NAILS, & HAIR (in 3/3) v

LABORATORY ABNORMALITIES (in 3/3) v

MISCELLANEOQOUS (in 1/3) v
MOLECULAR BASIS (in 3/3) v

Eves Eyes
- Corneal arcus - Arcus corneae
- Xanthelasma
Heart Heart
- Coronary arterv disease - Coronary artery disease
Skin Skin Skin
- Xanthomas - Tendinous xanthomas - Xanthelasmas
- Planar xanthomas (in homozygotes) - Tendinous xanthomata
- Hypertriglvceridemia - Hypercholesterolemia - High total cholesterol High LD cholesterol
- Very high low-density lipoprotein (LDL) cholesterol (>400 - Abnormal LDL

mg/dL)
- High total cholesterol (=600 mg/dL)

- Caused by mutation in the low density lipoprotein

receptor adaptor protein 1 gene (LDLRAF1, 605747.0001)

- Caused by mutation in the apolipoprotein
B gene (APOB, 107730.0001)

- Elevated cholesterol levels evident before age 20
- Caused by mutation in the proprotein convertase,
subtilisin/kexin-type, 9 gene (PCSK9, 607756.0001)
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1. HP-0002650 Phenomizer

2. HP-0001164

3. HP-0001083 Rank disease differential diagnosis by >
clinical features.

Exomiser
Evaluate variants based on the predicted >
pathaogenicity.

Profile Search

Discover diseases with a phenotype
profile.

Genomiser

Analyze genome sequence data for non-
coding variants.
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human

HPO btolog)

Hypercholesterolemia, autosomal recessive omimeozs13 @ monD0:0011374 B

An autosomal recessive condition caused by mutation(s) in the LDLRAP1 gene, encoding low density lipoprotein receptor adaptor protein 1. The phenotype is similar to that of familial hypercholesterolemia,
but generally considered to be a milder form of hypercholesterolemia.

¥ Export Associations ﬁ Report Entry Issue

HPO Associations Gene Associatior

Inheritance [ 1 annotation ]

Term Identifier Term Name Frequency Source(s)

HP:0000007 Autosomal recessive inheritance PubMed (S]

Cardiovascular [ 1 annotation ]

Term Identifier Term Name Frequency Source(s)

HP:0002621 Atherosclerosis oMIM [
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HPO Bhtolog)

Hypercholesterolemia, autosomal recessive ovivisossi3 @ Monpo0011374 &2

An autosomal recessive condition caused by mutationis) in the LDLRAP1 gene, encoding low density lipoprotein receptor adaptor protein 1. The phenotype is similar to that of familial hypercholesterolemia, but
generally considered to be a milder form of hypercholesterolemia.

S o | @ i

HPO Associations Gene Associations

Gene Identifier Gene Symbol

26715 LDLRAP1

Iterns per page: 50 v 1—10f1
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Summary

Gene Location: 1p36.11

Definition

The protein encoded by this gene is a cytosolic protein which
contains a phosphotyrosine binding (PTD) domain. The PTD
domain has been found to interact with the cytoplasmic tall
of the LDL receptor. Mutations in this gene lead to LDL
receptor malfunction and cause the disorder autosomal
recessive hypercholesterolaemia. [provided by RefSeq, jul
20081

LDLRAP1 26118

Synonyms: ARH, ARH T, ARHZ, FHCB1, FHCB2, FHCLA

Export Associations

human

pheno ype
010gy

HPO Associations Disease Associations

Filter

Term Identifier

HP:0012638

HP:00007359

HP:0000991

HP-0010874

Term Name

Abnarmal nervous system physiology

Renal steatosis

Xanthomatosis

Tendon xanthomatosis

Definition

A functional anomaly of the nervous system.

Abnormal fat accumulation in the kidneys.

The presence of multiple xanthomas (xanthomata) in the skin.
Xanthomas are yellowish, firm, lipid-laden nodules in the skin.
The presence of xanthomas (intra-and extra-cellular
accumulations of cholesterol) extensor tendons (typically over
knuckles, Achilles tendon, knee, and elbows).
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* https://phencards.org/

* PhenCards 1s a web server for linking human
phenotype information to biomedical knowledge
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Mondo

* https://www.ebi.ac.uk/ols4/ontologies/mondo

e cranaobl

Mondo Disease Ontology
Version 2024-02-06

A semi-automatically constructed ontology that merges in multiple disease resources to yield a coherent merged ontology.

Disease term feature Count

Total number of terms 22,157 Disease type Count (Concepts)
Database cross references 104,479 Rare diseases 10,443

Term definitions 15,443 Infectious diseases 1,240

Exact synonyms 66,247 Cancers (including neoplasms) 4,298

Related synonyms 30,661 Mendelian diseases 11,380

Marrow (more specific) synonyms 2,214

Broad (more general) synonyms 847
( g ) synony 167
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familial hypercholesterolemia
&' http:ffpurl.obolibrary.org/obo/MONDO_000543% M Copy
An inheritable form of hyperlipidemia, in which there are excess lipids in the blood. @

Editor note: TODO check xrefs

Also appears in [£2zel0

Synonym = familial hyperbetalipoproteinaemia @ familial hypercholesteremia 6 Fredrickson type I1a hyperlipoproteinemia @

hyperlipoproteinemia type II1€) type II hyperlipidemia @

Fredrickson type ITa lipidaemia 8 hyperbetalipoproteinemis @

[ Search MONDO...

[ Exactmatch [] Include obsolete terms Include imported terms

)

4 disease (23522)
4-hurman disease (22 276)
1 hereditary disease (11 122)
- i inborn errors of metabolism {2 068)
A inherited lipid metabolism disorder (285)
4-familial hyperlipidernia (15)
! - familial hypercholesterolemia (5
4 metabolic disease (2 220)
1 hyperlipidemia (18]
4-familial hyperlipidernia (15)
»familial hyperchalesterolemia (5)
4-hyperlipoprateinermia (11)
b familial hypercholesterolemia (5)
4 inborn errors of metabolism (2 068)
4-inherited lipid metabolism disorder (285)
A-familial hyperlipidernia (15)
» familial hypercholesterolemia (5)

® Preferred roots

() Allclasses

Show counts
(] show obsolete terms

[[] show all siblings

h -

¥ Class Information

has exact match

* httpffidentifiers.org/snomedctf190773008

* C0020445

* Hyperlipoproteinemia, Type IT

* familial hypercholesterolemia

e https:ffomim.org/phenotypicSeries/P5143890

has_dbxref

s familial hypercholesterolemia Li ]
* familial hypercholesterolemia Li]
« ICD9VIS.C@

* Hyperlipoproteinemia, Type IT 0
+ OMIMPS:1438%0@

* Orphanet:d77811 @

* SCTID:190773006 @

s UMLS:C0020445 @

in_subset
* rare
* inferred_rare

168
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Mondo uses the following ontologies as sources or for cross-references (xrefs)/alignments.

Source ID Space/URI Prefix Role Website

OMIM Phenotypes OMIM Source WWW.0mim.org

OMIM Phenotypic Series OMIMPS Source WWW.0mim.org

Orphanet Orpha Source https://www.orpha.net/consor/cgi-bin/index.php
SNOMED (disorder subset) SCTID xref/Alignments  www.snomed.org

National Cancer Institute Thesaurus (disease/disorder subset) NCIT Source https://ncit.nci.nih.gov/ncitbrowser/

Genetic and Rare Diseases Information Center GARD Source https://rarediseases.info.nih.gov/

Medical Subject Headings MESH xref/Alignments  https:/id.nim.nih.gov/mesh/

Unified Medical Language System UMLS xref/Alignments  hitps://www.nlm.nih.gov/research/umls/index.html
ICD - ICD-9 - International Classification of Diseases ICD9 xref/Alignments  https://www.cde.gov/nchs/icd/icd9.htm

ICD - ICD-10 - International Classification of Diseases ICD10 xref/Alignments  hitps://www.cdc.gov/nchs/icd/icd10cm.htm
Experimental Factor Ontology EFO xref/Alignments*  hitps://www.ebi.ac.uk/efo/

Disease Ontology Do Source http://www.obofoundry.org/ontology/doid.htm|
Mental Functioning Ontology MF Source http://www.obofoundry.org/ontology/mf.html
MedGen MEDGEN xref/Alignments  https://www.ncbi.nlm.nih.gov/medgen/
Ontology for General Medical Science 0GMS xref/Alignments  hitps:/github.com/0GMS/ogms

Medical Dictionary for Regulatory Activities MeDRA xref/Alignments  https://www.meddra.org/

OncoTree ONCOTREE xref/Alignments  http://oncotree.mskcc.org/#/home
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