MepnumnHckast reHoMmnka

Bacunuii Esrenbesny PameHncknii
Anactacus AnekcangposHa MXapunkosa n Mapus Vnbunudna 3aiivenoka

ramensky@gmail.com, azharikova89@gmail.com
HMWL, Tepanuu n npodunakTuyeckoli MeanLMHbI

DakynbTeT 6uonH>keHepun n bnonHdgopmatukn MY
WNHcTnTyT nckyccreenHoro untennekta My

2024

Jlekums 8. MoHoreHHble 3abonesanns, 4.2 2024 1/ 44



MeHpeneBckne (MOHOreHHble)

3ab001eBaHnA: NMONCK FeHOB 1"
amarHoctmka. Hacrtb 2

Jlekums 8. MoHoreHHble 3abonesanns, 4.2 2024 2/ 44



Mnan nekuun

(1) MNowck reHoe mengenesckux 3abonesanuii ¢ nomouwbio NGS
(2) TeHeTMKa MOHOTeHHbIX 3aboNeBaHNii B NOCT-FEHOMHYIO 3py
(3) KnuHnueckas 3Ha4MMOCTb BapuaHTOB reHoMa

(4) WES-amnarsocTuka mMengenesckux 3abonesaHunii
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Xpononorusi // Rabbani (2012) J Hum Genet

Table 1 Landmark events from DNA structure identification to new NGS reports

Year Event Reference
1953 Watson and Crick infer DNA's structure Watson and Crick®®
1964 The first nucleotide sequence of the gene encoding yeast alanine tRNA was reported Holley et al.?
1977 Initial DNA sequencing methods were introduced by Sanger, Maxam and Gilbert Sanger et al.1®
Maxam and Gilbert!!

1980 First human linkage map based on restriction fragment length polymorphism Botstein et al.t6
1983 First dominant disease locus on the basis of linkage Gusella et al.l5
1985 Mullis discovered PCR technique Mullis et al.6”
1986 The idea of human genome sequencing was proposed Smith et a8

The first human disease gene was cloned Royer—Pokoraet al.5%
1987 The first homozygosity mapping was done Lander and Botstein!®
1989 First positional cloning of a recessive disease gene on the basis of linkage Riordan ef all4
1993 A first-generation physical map of the human genome Cohen et al.70
1995 First-genome sequence of an organism (Hemophilus influenza) was reported Fleischmann et al”!
1999 First human chromosome was sequenced Dunham et al.”2
2000 Fruit fly genome was sequenced Adams et al.”3

First assembly of the human genome was completed Myers et al.7*
2001 The first draft of human genome sequence was published Venter et al.7®

Lander et al7®

2003 The human genome sequence was completed Jasny and Roberts 2003
2004 Massively parallel sequencing platforms giving rise to the ‘next-generation sequencing’ were introduced http:/Awww.genome.gov/12513210
2005 The first NGS instrument was on market Margulies et al.””
2008 First individual genome based on NGS was published Wheeler et al’8
2009 Proof of principle: disease-gene identification by WES Ng et al.”®
2010 The first successful application of WES to identify the gene for a rare Mendelian disorder Ng et al12
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Mouck reHor meHpenesckux 3abonesannii ¢ nomowsio NGS

Hanomunanka: NGS
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Casals (2012) J Neuroimmunology
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Monck reHoe menaenesckux sabonesanuii ¢ nomowero NGS

[NepBbiii ycnex: cuHgpom Munnepa

Exome sequencing identifies the cause of a mendelian
disorder

Sarah B Ng"'%, Kati ] Buckingham®'’, Choli Lee, Abigail W Bigham?, Holly K Tabor??, Karin M Dent*,
Chad D Huff®, Paul T Shannon®, Ethylin Wang Jabs”#, Deborah A Nickerson', Jay Shendure! &
Michael ] Bamshad">?

We demonstrate the first successful application of exome sequencing to discover the gene for a rare mendelian disorder of
unknown cause, Miller syndmme (MIM®263750). For four affected individuals in three independent kindreds, we captured

and sequenced coding regions to a mean coverage of 40x and sufficient depth to call variants at ~97% of each targeted exome.
Filtering agamsl publlc SNP databases and eight HapMap exomes for genes with two previously unknown variants in each of the
four individ 1 asingle didate gene, DHODH, which encodes a key enzyme in the pyrimidine de novo biosynthesis
pathway. Sanger sequencing confirmed the presence of DHODH mutations in three additional families with Miller syndrome.
Exome sequencing of a small number of unrelated affected individuals is a powerful, efficient strategy for identifying the genes
underlying rare mendelian disorders and will likely transform the genetic analysis of monogenic traits.

30 VOLUME 42 | NUMBER 1 | JANUARY 2010 | NATURE GENETICS
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Figure 1. Clinical characteristics of an individual with Miller
syndrome and an individual with methotrexate embryopathy,
Figure 2. Genomic structure of the exons encoding the open
reading frame of DHODH. Arrows indicate the locations of 11
different mutations found in 6 families with Miller syndrome.
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Monck reHoe menaenesckux sabonesanuii ¢ nomowero NGS

Mo cnegamM nepBoro ycnexa

Table 2 di gene identifi by exome sequencing Number exome
Year  Disorder Mi Location Gene sequenced
2010

1 Miller syndrome AR 16q22 DHODH 4

2 Autoimmune lymphoproliferative syndrome AR 11q13.3 FADD 1

3 Nonsyndromic hearing loss AR 1p13.3 GPSM2 1

4 Combined hypolipidemia AR 1p31.1-p22.3 ANGPTL3 2

5 Perrault syndrome AR 5g21 HSD17B4 1

6 Complex | deficiency AR 3q21.3 ACADS 1

7 Hyperphosphatasia mental retardation AR 1p36.11 PIGV 3

syndrome

8 Sensenbrenner syndrome AR 2p24.1 WDR35 2

9 Cerebral cortical malformations AR 19q13.12 WDR62 3

10 3MC syndrome AR 3q27-q28 MASFP1 2

11  Kabuki syndrome AD 12q13.12 MLL2 10

12 Schinzel-Giedion syndrome AD 18g21.1 SETBPI 4

13 Spinocerebellar ataxia AD 20p13 TGM6 4

14  Terminal osseous dysplasia XLD Xq28 FLNA 2
2011

15 Nonsyndromic mental retardation AR 19p13.12 TECR 6

16 Retinitis pigmentosa AR 1p36.11 DHDDS 4

Rabbani (2012) J Hum Genet
_ Nekuyms 8. MoHoreHHble 3abonesanus, 4.2 2024
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Mouck reHor meHpenesckux 3abonesannii ¢ nomowsio NGS

HpVIOpVITVIBaLI,VIﬂ BapnaHTOB! npo6nema LKUTOJIKN B CTOre CEHa»

Heobxopgumo onpepennTs, Kakoil N3 BbISIBNIEHHbIX BapUaHTOB Haubosee BEPOSTHO
[HapywaeT dyHkumto rena u] sensieTcs npuyduHoli GonesHu.
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le/lOpI/ITI/IBQLI,VIﬂ BapnaHTOB! npo6nema LKNTOJIKN B CTOre CeHa»

Heobxopgumo onpepennTs, Kakoil N3 BbISIBNIEHHbIX BapUaHTOB Haubosee BEPOSTHO
[HapywaeT dyHkumto rena u] sensieTcs npuyduHoli GonesHu.

SNVs Average Deviation SNVs Average Deviation
PTV HIGH 97 6 Singleton 18 13
Missense <0.01% 177 30
MODERATE 6291 139

0.01-1% 273 23
Synonymous 7192 88

Low 1-10% 1308 72
M%TSER 561 13 >10% 12365 109

Indels Indels
Frameshift 69 3 <=5% 15 5

Other 41 3 >504 151 6

Variants in an individual ExAC exome (Lek (2016)-Nature).
_ Nekuyms 8. MoHoreHHbie 3abonesanus, 4.2
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Crparerun noucka // Alkuraya (2016) Hum Genet

Genomic Variants

MAF (consider disease frequency, penetrance, possibility of compound
heterozygosity for a low frequency allele and a loss of function allele)

Zygosity (consider recessive mutations in a known dominant disease
gene

——— ——————  ——— — —

Linkage locus when applicable (consider pitfalls of positional mapping)

Causal Variant(s)

DA
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Monck reHoe menaeneeckux sabonesann

< nomoweio NGS

Crparerun noucka // Boycott (2013) Nat Rev Genet

a Inherited mutations

Autosomal recessive Consanguineous autosomal recessive X-linked recessive Autosomal dominant

o zyg
WAL variants in WL variants in

unaffected
parents

unaffected L
arrier females

b De novo dominant mutations € Mozaic mutations

L Unaffected tissue Affected tissue
variants

Patient 3

Variants in unaffected tissue Variants in affected tissue
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Xporonorusi noncka reqos // Bamshad (2019) Am J Hum Genet
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Xporonorusi noncka reqos // Bamshad (2019) Am J Hum Genet
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TeHeTMKa MOHOreHHbIX 3aboneBaHmii B NOCT-reHOMHYIO 3py

[aHHble n buonHdopmaTuka

Reference datasets: increasing availability of population genetic variation catalogs
(ExAC, gnomAD)

® The confident exclusion of common genetic variants too common
® Addressing the overestimation of disease penetrance arising from multiplex pedigrees
e Efforts to identify the genetic and environmental modifiers responsible

Data sharing

® A more systematic approach to information sharing (Matchmaker Exchange,
DECIPHER and GeneMatcher, MyGene2)

® Databases of genes associated with rare disorders (for example, OMIM and
ORPHANET)

® Databases of clinically interpreted variants (ClinVar and ClinGen)
Bioinformatics

® |n silico analysis and prioritization of the discovered genetic variants

Claussnitzer (2020) Nature
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TeHeTMKa MOHOreHHbIX 3aboneBaHmii B NOCT-reHOMHYIO 3py

CnoxxHocTtu un OrpaHN4YeHn-

OcHOBHbIE CNOXXHOCTHU:

Penkune 3abonesaHunsi: Manoe KOAMYECTBO Ciy4aeB u/nam cemeii
BapunabenbHas neHeTpaHTHOCTb
HenssecTHblli TN HacnegosaHus

[eTeporeHHOCTb NOKYCOB U (hEHOTUMNOB

De novo nnu yHacnefoBaHHble BapnaHTbl (CNOpajnYeckmne vs cemeiiHble cyyan)

YacToTa anneneli MoXeT bbITb 0bMaH4nBOl

OFpaHVI‘-IeHHOCTb npeackasaTesibHbIX aAropuTMoB in silico

Orpanunuenus nonHoak3omHoro ceksennposatus (WES)

MHo>eCcTBO HEKOAUPYIOLLMX BapNaHTOB HE AETeKTUpyeTCcs
CnoxxHocTu B getekummn CTpykTypHbix BapuanTos n CNV

JNoxHooTpuuatensHble (MOKPLITUE) 1 NOXHONONOKUTENbHbIE (Napanorn?)
BapuaHTbI

Bonbluoe KonM4ecTBO BapuaHTOB-KaHANAATOB, HeobxoauMa unbTpaLms

Orpatunyenuns nonHoreHomHoro ceksenmposanus (WGS)

CAMWKOM MHOFO AaHHbIX, Heobxoaumo ewie bonble dunbTpayun

CrommocTb cekBeHUPOBaHMS 1 0OPaboOTKM JaHHBIX

_ Nekuyms 8. MoHoreHHble 3abonesanus, 4.2 2024
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Cranpaptbl u pekomengauum // Richards (2015) Genetics in Medicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Knunuyeckas 3HaummocTb noboro BapnaHTa NOCNEA0BATENLHOCTI MONAZAET HA TOYKY
CMeKTpa, KOTOpbIi NPOCTNPAETC OT CKopee BCero HoMe3HETBOPHOrO A0 Tex, KoTopble
ckopee Bcero besspegHbl.

Cuctema knaccudmkauum ns 5 yposHeli Ans MmeHgenesckux 3abonesaHus:

® Pathogenic (P)

® Likely pathogenic (LP)
Benign (B)

Likely benign (LB)

® Variant of unknown significance (VUS)

Mei npegnaraem tepmunbl Likely pathogenic v Likely benign pns obosnadeHus Tex
cnydaes, Korga ¢ bonee yem 90% yBEpeHHOCTbIO MOXHO CKa3aTb, HYTO BapuaHT win
60/1€3HETBOPHBINA, UM be3BpeaHbIi, 4TObLI NpesocTaBuTL Nabopatopusim obuiee, nycTb
n cybbekTUBHOE, onpepenexue.

] TNekuns 8. MoHoreHHbie 3abonesanns, 4.2 2024 15 / 44



KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

CTaHp,aprl N peKOMEHOaUNN: OTEHECTBEHHAA BEPCUA

MEAVWUMHCKASA FTEHETMKA, — 2017, — No7

PyKoBOACTBO N0 MHTEPNPETALUMN AAHHbIX,
NOJIy4EHHbIX METO4AMMN MACCOBOIO
napannenbHoro cekseHnposaHus (MPS)

Puixkoea 0.MN.", Kapasimon 0.J1.2, Mpoxopuyk E.B.%, Kowoeanos ®.A.%, Macnexkukos A.B.'
CrenavoB B.A.%, Apanacker A.A.7, 3aknassmuHckas E.B.%, Koctapesa A.A.°,
MNasnoe A.E."°, Fony6erko M.B.%, Monakos A.B.!, Kyues C.WN."

" OrEHY «Meanko-reneTiiecknii HayuHeii uenTp», Mockea; e-mail ryzhkova@dnalab.ru

Tepmunoaorus

l'[pmuaraercsl 3aMEHUTDH LL[B[]J()KD l{Cl[O.lb’JyCMble 'l'Cp*
MUHBI «MyTalUMsi» W <«[IOJUMOPHU3M» HA TEPMUH «BapUaHT
HYKJIEOTUIHOM IOC/IEA0BATENLHOCT» CO CIICAYIOLIMMH Xa-
p'dKTﬁpl/lCTl[Kﬂ,\ll‘lf

e naroreHHblit (pathogenic);

e geposiTHO natoreHHbiit (likely pathogenic);

® HeOolpele/eHHOTO 3HaueHHs (uncertain significance);

® geposiTHO ao0pokadecrBeHHbI (likely benign);

® jjoOpokayecTBeHHblil (benign).

_ Nekuyms 8. MoHoreHHble 3abonesanus, 4.2 2024
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Crangaptel u pekomengauuu // Richards (2015) Genetics in Medicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the

Evidence of pathogenicity

Association for Molecular Pathology

Category

Verystrong

strong

Moderate

Jlekums 8. MoHoreHHble 3abonesanns, 4.2

PVS1 null variant (nonsense, frameshift, canonical £1 or 2 splice sites, initiation codon, single or multiexon
deletion) in a gene where LOF is a known mechanism of disease

Caveats:
+ Beware of genes where LOF is not a known disease mechanism (e.q., GFAP, MYH7)
* Use caution interpreting LOF variants at the extreme 3’ end of a gene

« Use caution with splice variants that are predicted to lead to exon skipping but leave the remainder of the
protein intact

* Use caution in the presence of multiple transcripts

PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change
Example:  Val-Leu caused by either G>C or G>T in the same codon
Caveat: Beware of changes that impact splicing rather than at the amino acid/protein level

PS2 De novo (both maternity and paternity confirmed) in a patient with the disease and no family history

Note: Confirmation of paternity only is insufficient. Egg donation, surrogate motherhood, errors in embryo
transfer, and so on, can contribute to nonmaternity.

PS3 Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or gene
product

Note: Functional studies that have been validated and shown to be reproducible and robust in a clinical
diagnostic laboratory setting are considered the most well established.

PS4 The prevalence of the variant in affected individuals is significantly increased compared with the prevalence
in controls
Note 1: Relative risk or OR, as obtained from case—control studies, is >5.0, and the confidence interval around
the estimate of relative risk or OR does not include 1.0. See the article for detailed guidance.
Note 2: I instances of very rare variants where case—control studies may not reach statistical significance, the
prior observation of the variant in multiple unrelated patients with the same phenotype, and its absence in
controls, may be used as moderate level of evidence.

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g., active site of
an enzvme) without benian variation

2024
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Crangaptel u pekomengauuu // Richards (2015) Genetics in Medicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Evidence of pathogenicity Category
Very strong PVS1 null variant (nonsense, frameshift, canonical +1 or 2 splice sites, initiation codon, single or multiexon
deletion) in a gene where LOF is a known mechanism of disease

Caveats:
« Beware of genes where LOF is not a known disease mechanism (e.g., GFAP, MYH7)
= Use caution interpreting LOF variants at the extreme 3’ end of a gene

= Use caution with splice variants that are prediicted to lead to exon skipping but leave the remainder of the
protein intact

= Use caution in the presence of multiple transcripts
Strong PS1 Same amino acid change as a previously established pathogenic variant regardless of nudeotide change
Example:  Val—sLeu caused by either G>C or G>T in the same codon
Caveat Beware of changes that impact splicing rather than at the amino acid/protein level
PS2 De novo (both maternity and paternity confirmed) in a patient with the disease and no family history

Note: Confirmation of paternity anly is insufficient. Egg donation, surrogate motherhood, errors in embryo
transfer, and sa on, can contribute to nanmaternity.

PS3 Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or gene

product
Nate: Functional studies that have been validated and shown to be reproducible and robust in a dlinical
oo+« diagnastic laharatary setting.areconsideced thamostwel established.e s cvcevevniecnnneniecniannannes

PS4 The prevalence of the variant in affected individuals is significantly increased compared with the prevalence
* incontrols

Note 1: Relative risk or OR, as obtained from case—control studies, is >5.0, and the confidence interval around
:  theestimate of relative risk or OR does no See the article for detailed g

controls, may be used as moderate level of evidence.

Moderate PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.qg., active site of
an enzyme) without benign variation

_ Jlekums 8. MoHoreHHble 3abonesanns, 4.2 2024 18 / 44



Crangaptel u pekomengauuu // Richards (2015) Genetics in Medicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Evidence of benign
impact

E

Stand-alone

BA1 Allele frequency is >5% in Exome Sequencing Project, 1000 Genomes Project, or Exome Aggregation Consortium §
strong B Wil Fretpieney S arestar than expacted for aesssssitastssastatasnatastssrisattrratnans

order (s Table (3]

BS2 Observed in a healthy adult individual for a recessive (homozygous), dominant (heterozygous), or X-linked
(hemizygous) disorder, with full penetrance expected at an early age

BS3 Well-established in vitro or in vivo functional studies show no damaging effect on protein function or splicing
BS4 Lack of segregation in affected members of a family

Caveat: The presence of phenocopies for common phenotypes (i.e., cancer, epilepsy) can mimic lack of segregation
among affected individuals. Also, families may have more than one pathogenic variant contributing to an autosomal
o+ =+ (dominantdisorder, furtber contaunding.an appatent.lack of segregatian.
Supporting « BP1 Mlssensev

a genE for which pnmanly lrun(ating variants are known to cause

""BP2 Observed in trans with a Dalhogemc Variant for a fullv Denelram dominant gene!dlsorder or obsewed in ciswitha
pathogenic variant in any inheritance pattern

BP3 In-frame deletions/insertions in a repetitive region without a known function

BP4 Multiple lines of computational evidence suggest no impact on gene or gene product (conservation, evolutionary,
splicing impact, etc.)

Caveat: Because many in silico algorithms use the same or very similar input for their predictions, each algorithm
cannot be counted as an independent criterion. BP4 can be used only once in any evaluation of a variant.

BP5 Variant found in a case with an alternate molecular basis for disease

BP6 Reputable source recently reports variant as benign, but the evidence is not available to the laboratory to perform an
independent evaluation

BP7 A synnnymous (silent) vanam for which splicing prediction algorithms predict no |mpact to the splice consensus
e e i oy ARI $hom oot et bafbs e
_ ﬂeKuvm 8. MDHOI’EHHI:IC 3abonesanns, 4.2 2024 19 / 44



Crangaptel u pekomengauuu // Richards (2015) Genetics in Medicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Table 5 Rules for combining criteria to classify sequence

variants
Pathogenic (i} 1 Verystrong (PVS1) AND Benign i) 1Stand-alone (BA1) OR

(@) 21 Strong (PS1-PS4) OR (i) =2 Strong (BS1-854)

1) =l s TR Likely benign (i) 1 Strong (BS1-BS4) and 1 supporting (BP1-

(© 1 Moderate (PM1-PM6) and 1 supporting BF7) OR

(PP1-PPS) OR
(i) =2 Supporting (BP1-BP7)
(d) 22 Supporting (FP1-PP5) N
(i) 22 Strong (PS1-PS4) OR Uncertain (i) Other criteria shown above are not met OR
significance

(i) the criteria for benign and pathogenic are

(iii) 1 Strong (PS1-PS4) AND et
contradicto
(@)=3 Moderate (PM1-PMB) OR i

(b2 Moderate (PM1-PME) AND =2
Supporting (PP1-PPS) OR

(€)1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

) 1 Very strong (PVS1) AND 1 moderate (PM1—

Likely pathogenic

(ii) 1 Strong (PS1-PS4) AND 1-2 moderate
(PMI1-PM8) OR

(iij) 1 Strong (PS1-PS4) A
(PP1-PP5) OR

(i) 23 Moderate (PM1-PM6) OR

() 2 Moderate (PM1-PM6) AND 22 supporting
(PP1-PP5) OR

() 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

_ Nekuyms 8. MoHoreHHble 3abonesanus, 4.2 2024

20/ 44



KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Crangaptel u pekomengauuu // Richards (2015) Genetics in Medicine

Benign

Pathogenic

strong Supporting

Supporting

Moderate

strong

Very strong

Population MAF s too high for Apsent in population Prevalencs in
data disorder BA1/BS1 OR atanases PM2 aftecteds statistically
observation in controls increased over
incansistent with controls PS4
diseass penetrance BS2
Computational Multple lines of Mutiple fines of ‘same amino acid Predicted nul
and predictive nal evidence computational changs as an vasiant in a gene
data e | evidence supporta establs! where LOF isa.
deleterious efiect pathogenic variant known
on the gene /gene Pst mechanism of
Missense in gene where product PP3 dissase
Iy truncating cause Pust
Sient variant with non
predicted spice impact BP7
In-frame indels n repeat
tknown function BP3
Functional Wellestabisned Missense in gene with | Mutationl hot spot Welkestabished
data functional studies show low rate of benign or welstudied functional studies
o deleterious effec missense variants and | functional show a deleterious
path. missenses without benign effect PS3
common PP ation PH1
Nonsegregation Cosegregation with
Segregation | Wih disease BS4 dseaseinmuliple || on deta)
data affected family 9= >
members PP1
Denovo De novo (paternity and
data paternity & maternity confirmed)
niirmed) PM§ P2
Alllic data Oserved in trans with
a dominant variant BP2
Opserved in ciswith a
pathogenic variant BP2
Other Reputable source wiout Reputable source
database shared data = benign 8P6 | = pathogenic PP5
Found n case with Patient’s phenotype or
Other data an altemate cause FH highly specfic for
BP5 jene PP4

Jlekums 8. MoHoreHHble 3abonesanns, 4.2
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Varsome

‘ varsome

The human genetics search engine
Supp:

by the global community

ENST00000317578.6:¢c.886G>
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ons, diseases

Verdict

canonical. protein length 740. gene SIX5. missense variant

a

[ ©)
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Moderate v

e @©
sy @©
Supporting

Kopanos (2019) Bioinformatics
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Knunnueckas MMOCTE BapMaHTOB reHoma

Varsome

ENST00000317578.6:.886G> o discases

A

’varsome

The human genetics search engine
Supported by the global community of geneticists

Verdict

cely Benign

ENST00000317578.6. canonical. protein length 740. gene SIX5, missense variant

s @©

Moderate v

Explanation Show failed criteria

ClinVar classifies this variant as Pathogenic, rated O stars, no assertion criteria provided, with 2 submissions, 1 publication
(17357085).

UniProt classifies this variant as Pathogenic, associated with Branchiootorenal Syndrome 2Branchiootorenal Syndrome:
2, related publications: 17357085,

Using strength Moderate because of the evidence presented by ClinVar and UniProt.

The gnomAD missense Z-Score= -0.563 s less than 0.647.

Benign computational verdict based on 10 benign predictions from BayesDel_addAF, DANN, DEOGEN2, EIGEN,
FATHMM-MKL, LIST-52, MVP, MutationAssessor, PrimateAl and SIFT vs 2 pathogenic predictions from M-CAP and
MutationTaster and the position is not strongly conserved (CSH phyloP100way = -0.054 is less than 5).

Kopanos (2019) Bioinformatics
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Knunnueckas MMOCTE BapMaHTOB reHoma

Varsome

W varsome

The human genetics search engme
Supported by 1

bal community of g

seases.

ENST00000271348.2:¢.124G>  ions.c

T
Vi t
Pathogenic
canonical. protein length 359, gene GJAS, nonsense variant
A Us: - 4t from ack i ud a classificat
Automated criteria Show summary view
Rule Explanation Show failed criteria

Null variant (nonsense),in gene GJA5, for which loss-of-function is a known mechanism of disease (gnomAD
LA O o:-ci-runction Observec/Expected = 0.387 i ess than 0.763), associated with Atrial fbrilation, familial 1

Very Strong v
and Atrial standstill, digenic.

Mz @ Variant not found in gnomAD exomes (good gnomAD exomes coverage = 66.4).
L IR  Variant not found in gnomAD genomes (good gnomAD genomes coverage = 32.5)

T2 @)  Pathogenic computational verdict based on 5 pathogenic predictions from BayesDel_addAF, DANN, EIGEN,
S i aY  FATHMM-MKL and MutationTaster vs no benign predictions.

Kopanos (2019) Bioinformatics
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

The ACMG-AMP criteria were not capturing certain qualitative considerations.
Therefore, we first posed a normative question: “What kind of evidence, and how much,
should be required for a pathogenic classification?” We first recognized that there are
two general types of evidence: clinical and functional.

1. Clinical evidence describes the correlation of the variant with disease (or absence of
disease) in human populations, and includes observations in affected and unaffected
individuals and families.

2. Functional evidence describes the molecular consequence of a variant on various
gene products and includes the results of molecular and cellular experiments, and
predictions about functional effects based on variant type or complex computational
algorithms.

Clearly, clinical and functional evidence are both important: a variant is pathogenic if it
disrupts a gene product in a way that leads to human disease, and is benign if it has an
effect that does not lead to disease in humans.

Nykamp (2017) Genetics in Medicine
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Although both clinical and functional evidence are relevant, they have a hierarchical
relationship. Clinical data describe human disease directly, whereas functional data are
relevant to disease only to the extent to which the measured property correlates with
disease physiology. Therefore, when a discrepancy or conflict arises between clinical and
functional observations, the clinical observations should be considered more persuasive.
Broadly speaking, a variant should not be considered pathogenic if it is present in a large
percentage of healthy individuals (clinical data), even if a measurable effect on protein
function has been observed in an experimental assay (functional data). Conversely, a
variant should be considered pathogenic if it is present in many affected individuals and
has not been observed in healthy individuals (clinical data), even if it is predicted to be
nondeleterious and has been demonstrated to have no effect on a measured protein
property (functional data).

Nykamp (2017) Genetics in Medicine
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

[s8 3B ap |sp
Variants of uncertain significance

Nykamp (2017) Genetics in Medicine

_ Jlekums 8. MoHoreHHble 3abonesanns, 4.2 2024 27 [/ 44



KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Variants of uncertain significance

@ [

Clinical:population data.

)
Very high High Absent from EXAC

Nykamp (2017) Genetics in Medicine
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHue KpuTepues KAMH. Knaccudnkauum BapuaHTos

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Very high (>0.5%) 5B (EV0096)
e —

X-linked ‘Somewhat high (>8 total alleles) 1B (EV0161)
High-quality [(Pathogenic range (<8 total alleles) }— 0.5 P (EV0161)
and abundant (Absent (Oalleles) )~ 1P (EV0i35)
data
(15,000 alleles. Very high (>1%) )58 (EV00o3)
inEXAC)

High (>0.3%) }-3B  (EV00os)
‘Somewhat high (>8 total alleles) 1B (EV0160)
05P (EVO101)

Pathogenic range (<8 total alleles) }—
Absent (0 alleles) J—1P (EV0135)

AR

Population
database: Very high (>1.5%) 5B (EV0165)
frequenc A T —
e High-quality X-linked Hih (-0.5%) 2B (Evotes)
but less inhert [{(Somewnat high (0.1%) J-1B (EVo167)
abundant Tow (<0.1%) )00 Evoize)
data

(<15,000 alleles 3 Very high (>3%) 5B (EV0162)

in EXAC default AR (on e ) -(@eevoies)

to 1 KG data set) =

Somewhat high (>0.3%) 1B (EVO164)

J Low (<0.1%) o
o

-
Qualty-fitered EXAG position (EVO177)
L°“g:"f"'y Al ‘Absent, but mediocre coverage 05P (EVO179)
‘Absent, but poor coverage o (evoiso)

Population data: Sherloc criteria and decision tree

Nykamp (2017) Genetics in Medicine
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KAuHMYecKas 3HaYMMOCTL BapUaHTOB reHOMa

Sherloc: yTouHeHue KpuTepues KAuH. Knaccudrkauuy BapuaHTos

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria
T s3] [sr]
B Variants of uncertain significance H

a [ B

b
Clinical:population data )
5 .
Very high High Absent from EXAC
( Functional:variant type
\ — - S
Synonymous Missense AG/GT  Nonsense
non-conserved intron dinucleotide - frameshift
1 Glinicatcinical bsenvtions ]
Dominant: c-ocurtence  Dominant: co-occurtenco Zoteos S  dcoses Suiamiles
intrans phase unknown Y ecsne: 2™
in rans
( Functional:experimental studies
‘ ) )
Noiral Netiral Disripled Disrupied
STRONG  WEAK WEAK sTRONG
\
( Indiree and compuiational
All Al

neutral  deleterious

Classification scorina thresholds and evidence cateaories

Nykamp (2017) Genetics in Medicine
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Mpumep 1: TTC8 c.459G>A (p.Thr153=)
® Ouenb pegkasi Tuxas 3amera (0.02% B ExAC) B reHe, KOTOpbIi MOXET BbI3BaThb
cunapom Bapae-Bugnsa
® [lpeacka3zaHo, 4TO HapyLllaeT HOPMasbHbI craalicuHr
® Habntogaercs B roMO3UIOTHOM COCTOSIHUM Y Tpex BonbHbix BpaTbes/cecTep B 0fHOIA
cembe
® B Haweli nabopatopun HabnogaeTcs B roMO3UroTHOM COCTOSIHUM Y HEPOACTBEHHbIX
naymeHTax 1 Tenepb KAaccuuunpyeTcsi Kak naToreHHas
Mpumep 2: CDH1 ¢.1118C>T (p.Pro373Leu) BapuaHT B rexe, accoLMMpoBaHHbIM C
HacneacTBeHHbIM AMdY3HBIM PaKOM XKeNyaKa U 4OJbHLIM PakoM rpyaun
® Ortcytcrayer B EXAC
® MopaepxunBaeTcs pyHKLMOHANBHBIMU UCCNEA0BAHMSIMU: HApyLIAeT
KNETOYHO-KNETOHHYIO afre3nto N NPUBOAUT K MOBbLILLIEHHO KJETOYHO
noasuKHocTW 1 akTusaunu EGFR, MUTOreH-akTUBMPYEMOIi NPOTENHOBONR KMHa3bI 1
Src-knHasbl
KomnbioTepHble npefckasaHns NogTBEPKAAIOT 3TOT BbIBOJ,
® OpgHako KAMHUYeCKne HabnofeHnss HEOAHO3HAYHbI: STOT BapuaHT bbin HaliaeH n y
6OsIbHBIX, N Y 340POBbIX B OA4HON CEMbe.
Bes I'IoflﬂeD)Kl/lBa}OLLlVIX KAWHUYeCKNX HabnoaeHnii, knaccudukalums BapmaHTa Kak
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KnuHnyeckas 3HauMMocThk BapuaHTOB reHoma

Sherloc: yTouHeHne kKpuTepues KvH. Knaccudmkaumum BapuaHToB

Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Mpumep 3: CDKN2A c.9 32dup24
Odynnvnkauyns 6e3 cagura pamMmku cHUTbIBaHNSA
MpenckasaHo, 4To He UMeeT BAUAHUA Ha dyHKLMIO benka
MokasaHo, 4To He BauseT Ha ceasbiBaHne CDK4 nnn CDK6
HaiifneHa y HECKOJIBKMX MaLUEHTOB C MEIaHOMOL
CerperupyeT 6onesHb (HenosnHasi NEHETPAHTHOCTL) B HEMKOJIbKUX CEMbSIX C
MeslaHOMOIA
N306unme nonoxuTenbHbiX KIMHUYECKUX [0Ka3aTeNbCTB NPeBoCXoguT oTpuuaTesbHble
yHKuMOHanbHbIE fokasaTenscTBa (adpdbekTnBHOCTL cBsizbiBaHNs CDK4/6 He siBnsieTcs
peneBaHTHbIM MonekynsipHbiM nocnegctenem) Mpumep 4: SCN5A ¢.3578G>A
(p.Argl193GlIn)
® MucceHc-3ameHa B MOTEHLMAN3aBNCUMOM HaTPUEBOM KaHane
® [loka3aHo, 4TO AecTabunusmpyeT NOpPOr MHAKTUBALUM U NPUBOAUT K NOCTOSIHHOMY
TOKY in vitro
® [IMLUMH NPUCYTCTBYET B aHAJIOrMYHO NO3MLMU B OPTOJIOre JIowWaam
® Yacrora bonee 7% B Boctouno-Asnatckoii nonynsauum, ¢ 17 romosurotamu,
HageHHbiMu B EXAC
N306bunne oTpuuaTenbHbiX KAMHUYECKMX [0KA3aTeNbCTB NPEBOCXOAUT NOJIOXKMUTENbHbIE

HKLIMOHA/IbHbl€ NOKa3aTe/bCTBa
Jlekums 8. MoHoreHHble 3abonesanns, 4.2 2024 32 / 44



WES-aunarHocTnka meHpeneecknx saboneesanuii

WES-pgmnarHocTuka: nocTaHOBKa 3a4aqu

an/IMeHVIMOCTbZ ATUNN4HHOE NposBAEHNE; CUMNTOMBbI,
CXOXKWNE Yy HECKONBbKUNX HapymeHmﬁ; CJIOXKHOCTb

NOATBEPXKAECHUA KNMHNYECKUMUN nan nabopaTopHbiMM o —
KpUTEPUAMM g o
= o010
e
Bxop: Knunnyeckne cumntombl (HPO), meguumtckne 3 om
3anucm
2 oo 0005501 0005127 00003715 00001950 000 000
000 ——
Aunnortauus: VEP; gnomAD; ClinVar, OMIM « 9 I

gnomAD population

DunbTpauus BapuaHToB U NPUOPUTM3ALNS: YacToTa BapManTa B pasnnuHbIx
20,000-100,000 — 50 - 1,000 nonynsunsix // Bamshad (2011)
M3BeCTHbIE naToreHHble BapuaHTsl; pegkne (MAF < Nat Rev Gene

0.5%) wnu Hoeble PTV; apyrue BapmaHTbl, reHbl €

accouunposatHbiMu perotunamu (ClinVar, OMIM, HPO)

BbIXOAZ KNNHNYECKUIA OTHET C p,I/IaFHOCTI/IKOVI,
KaHONA4aTHbIMN FEHBMVI/BapVIaHTaMVI; HanpaBaeHNA;
3anpoC CEKBEHNMPOBAHNA MO CeHrepy
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WES-anarHocTuka: cxema // Retterer (2016) Genet Me

~100,000 variants called by pipeline

Xome Analyzer ~5,000 variants WES target with MAF <1% in 1000G

-

Secondary finding genes ~8 variants

(variants in 56 ACMG incidental findings genes )

~

Phenotype ~40 variants

(variants in genes linked to individual's diinical features)

~

GeneDx classified ~20 variants

(variants previously classified and reported by GeneDx)

-

HGMD ~20 variants
(variants present in the HGMD database)

]

De nove ~10 variants

(filter was used when parents were also provided)

X-linked recessive ~5 variants

Homozygous recessive ~10 variants

Compound heterozygous ~40 variants

Category 1
Positive case

Mutations or variant likely

mutations in disease genes

associated with the reported
phenotype.

Loss of function ~40 variants
(deleterious variants)

Missense ~70 variants
(coding variants)

CNVs ~5 variants
(large deletions and duplications)

Mendelian errors ~0 variants

(erroneous segregation pattern blocks due to UPD or CNVs)

Reduced penetrance ~10 variants
(variants in genes with known

or reduced

Cryptic splicing ~8 variants

(variants predicted by in silico splicing algorithms to affect splicing)

I I

Jlekums 8. MoHoreHHble 3abonesanns, 4.2

Category 2
VUS case

Variants in genes possibly associated
with the reported phenotype or
variants of unknown significance in
disease genes assodiated with the
phenotype.

Category 3
Candidate gene case
Candidate genes with a potential

relationship to a disease
phenotype.

Category 4
Negative case

No variants in genes associated
with the reported phenotype
were found.
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WES-guarHocTuka: npumepsl // Bamshad (2011) Nat Rev Genet

1. Hosblli romosurotHeiii BapuaHT (Asp652Asn) B TpaHCNOpTepe pacTBOPEHHbIX
BewecTs 26, unen 3 SLC26A3 — reH, Bbi3blBaOWNT BPOXKAEHHYIO XJIOPULAHYIO
Amnapeto — bbin HaligeH y peberka, y KOTOPOro n3HavafibHO MOLO3PEBasCs APYroi
AnarHos — cuHgpom BapTTepa

2. Hossbili Bapuant Cys203Tyr B X-cuenneHHom nnrubutope anontosa (XIAP) y
MaJleHbKOrO MaJjlbiMKa C OCTPbIM BOCMaUTENbHbIM 3aboneBaHNeM KMLEYHMKa,
TOYHbIV AnarHos 66110 cnoxHo noctasute. MyTauun B rere X/AP Bbi3biBatoT
X-cuennenubiii immconponudepatushbin cuigpom 2 tuna (XLP2), Ho ocTpeiii
KONUT sABAsieTCA HeTunu4HbiM cumntomMom XLP2. Ouarvos XLP2 npegocrasun
creunanbHblii NyTe NIEHYEHUs.
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WES-aunarHocTuka meHgenesckux sabonesannii

MpomexxyTouHblii 0630p addpekTusHocTn WES-guarHoctuku

Clinical exome sequencing: results from 2819 samples
reflecting 1000 families

Daniel Trujillano®"!%, Aida M Bertoli-Avella"'’, Krishna Kumar Kandaswamy'!", Maximilian ER Weiss',
Julia Késter!, Anctt Marais', Omid Paknia', Rolf Schréder!, Jose Maria Garcia-Aznar!, Martin Werber!,
Oliver Reandan! Maria Calen dal Cactilla] Catarina Raldil Karan Waceal! Shivandea Kicharal

We report our results of 1000 diagnostic WES cases based on 2819 sequenced samples from 54 countries with a wide

phenotypic spectrum. Clinical i given by the was translated to HPO terms. WES processes were
performed according to standardized settings. We identified the underlying pathogenic or likely pathogenic variants in 307
families (30.7%). In further 253 families (25.3%) a variant of unknown signit possibly ining the clinical to

of the index patient was ide d. WES enabled timely diagnosing of genetic diseases, validation of causality of specific genetic
disorders of PTPN23, KCTD3, SCN3A, PPOX, FRMPD4, and SCN1B, and setting dual diagnoses by detecting two causative
variants in distinct genes in the same patient. We observed a better diagnostic yield in consanguineous families, in severe and in
syndromic phenotypes. Our results suggest that WES has a better yield in patients that present with several symptoms, rather
than an isolated abnormality. We also validate the clinical benefit of WES as an effective diagnostic tool, particularly in

or We WES as a first-line diagnostic in all cases without a clear ditferential
diagnesis, to facilitate personal medical care.
European Journal of Human Genetics (2017) 25, 176-182; doi:10.1038/ejhg.2016.146; published online 16 November 2016

Clinical application of whole-exome sequencing
across clinical indications

Kyle Retterer, MS', Jane Juusola, PhD', Megan T. Cho, ScM’, Patrik Vitazka, MD, PhD",
Francisca Millan MD' Federica Gihellini PhD! Annatte Vertinn-Rell MS! Nizar Smaoui MD'2
Purpose: We report the diagnostic yield of whole-exome sequenc-  (31%, N = 1,082), and the cardiovascular system (28%, N = 54).
ing (WES) in 3,040 consecutive cases at a single clinical laboratory. Of 2,091 cases in which a:sund.\n findings were analyzed for 56

Methods: WES was performed for many different clinical indi
and included the proband plus two or more family members in 76%
of cases.

ons

mended genes, 6.2% (N= 119) had reportable pmﬂmgemc variants.
In addition to cases with a definitive diagnosis, in 24.2% of cases a
candidate gene was reported that may later be reclassi
Results: ‘The overall diagnostic yield of WES was 28.8%. The  associated with a definitive diagnasis.

diagnestic yield was 23.6% in proband-only cases and 31.0%
when three family members were analyzed. The highest yield was
for patients who had disorders involving hearing (55%, N = 11),
vision (47%, N = 60), the skeletal muscle system (40%, N = 43),
the skeletal system (39%, N = 54), multiple congenital anomalies
(36%, N = 729), skin (32%, 31), the central nervous system  Genet Med advance online publication 3 December 2015
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Conclusion: Our experience with our first 3,040 WES cases suggests
that an ificantly improves the diagnostic yield com-
pared with proband-only resung for genetically heterogeneous disor-
ders and facilitates identification of novel candidate genes.

is of trios




WES-aunarHocTuka meHgenesckux sabonesannii

MpomexxyTouHblii 0630p addpekTusHocTn WES-guarHoctuku

® Obwwii gnarHoctuueckuii Boixoq WES coctasun 28.8% & 3,040 cnyyasx; 23.6% B
cnyvasx aHanmsa Tonbko npobavga u 31.0% B cnyvasx aHannsa Tpuo

® B 24.2% cnyyaes bbinn yKkasaHbl reHbl-KaHAUAATbI, KOTOPbIE MOTYT BbITb
peknaccuuLMpoBaHHbl KaK aCCOLMMPOBAHHbIE C ONPEAEIEHHbIM LMarHO30M

® 13 2,091 cnyyasi, B KOTOpbIX BblAM NpoaHann3upoBaHbl BTOPMUYHbIE Haxoakn B 56

pekomeHgosaHHbix ACMG renax, 6.2% (129) cnyyasx bbin HalifeH naToreHHbil

BapunaHT, BbIHOCUMbI B 3aKJItOYeHNe

Test yield based on primary indication
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ACMG-56 2.0: renbl BTopuyHbix Haxopok // Kalia (2017) Genet Med

® ACMG-56: cnucok reHoB, ciiydaiiHble U1 BTOPUHHbIE HAXOLKN B KOTOPbIX
HEODXOANMO BLIHOCUTb B 3aKJIIOHEHUE, BHE 3aBUCHMOCTN OT MPUYUHBI MPOXOXKAEHUS
reHETUHECKOro TECTUPOBAHUS

® Llenb: ngeHTndnumpoBaTh 1 YyNpaBasiTb PUCKOM A5t OTOBPaHHbIX
BbICOKOMEHETPAHTHbIX reHeTUYecknx 3abonesaHnii [C OMUHAHTHBIM TUMNOM
HacnefoBaHUsI| 3a CYET OCHOBaHHLIMU BMELLATENLCTB, HANPaB/IEHHbIX Ha
NpeaynpeXKaeHne Nan 3Ha4nTeNbHOE yMeHbLueHe 3ab0NeBaEMOCTN N CMEPTHOCTY

® Q6HoBnenus: nosisuscs B 2013, 8 2017 ybpanu oguH rex, gobasunu 4

® Mpumep: ATP7B accoumupoBaH C ayTOCOMHO-peLeccuBHbIM 3abonesaHuem Buncona
(OMIM 277900). 3aboneBaeMoCTb Cpeay roMO3NTOT HAMPSIMYIO KOPPENUPYET C
OTNIOXKEHMSIMU MeAW B nedeHun, Mo3re u rnasax. bonesHb nporpeccupyert, n, ecau
ocTaetcsi 6e3 neveHusi, ¢ BObLION BEPOSITHOCTBLIO BbI3bIBAET PaHHIOW cMepTb. B
HEKOTOPbIX C/ly4asix, OTKa3 Ne4veHn MOXeT ObiTb 3HakoM nposieneHus. <...>
JNleuvenne pns Gonesnu BuncoHa Bkntovaer B cebsi Ha3zHaueHNe XenaTUpyoLWMX Meab
areHToB u/uanm umHkKa anst 61okMpPoBKM abcopbunn Meamn B KNLLEHHUKE; NeYeHne
kpaiiHe 3h(heKTMBHO, €CIM Ha3HAYEeHO A0 NPOSIBIEHUSI CUMTOMOB
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ACMG-56 2.0: reHbl BTopuuHbIx Haxopok // Kalia (2017) Genet Med

Table 1 ACMG SF v2.0 genes and associated phenotypes recommended for return of secondary findings in clinical sequencing

PMID Gene
MM Reviews Typical age MIM Variants
Phenotype disorder entry of onset Gene gene Inheritance®  to report®
Hereditary breast and ovarian cancer 604370 20301425 Adult BRCAT 113705 AD KP and EP
612555 BRCA2 600185
Li-Fraumeni syndrome 151623 20301488 Child/adult TP53 191170 AD KPand EP
Peutz-Jeghers syndrome 175200 20301443 Child/adult STK11 602216 AD KPand EP
Lynch syndrome 120435 20301390 Adult MLH1 120436 AD KPand EP
MSH2 609309
MSH6 600678
PM52 600259
Familial adenomatous polyposis 175100 20301519 Child/adult APC 611731 AD KPand EP
MYH-associated polyposis; adenomas, 608456 23035301 Adult MUTYH 604933 AR® KPand EP
multiple colorectal, FAP type 2; colorectal 132600
adenomatous polyposis, autosomal
recessive, with pilomatricomas
Juvenile polyposis 174900 20301642 Child/adult ~ BMPR1A 601299 AD KP and EP
SMAD4 600993
Von Hippel-Lindau syndrome 193300 20301636 Child/adult VHL 608537 AD KPand EP
Multiple endocrine neoplasia type 1 131100 20301710 Child/adult MENT 613733 AD KP and EP
Multiple endocrine neoplasia type 2 171400 20301434 Child/adult RET 164761 AD KP
162300
Familial medullary thyroid cancer® 1552401 20301434 Child/adult RET 164761 AD KP
PTEN hamartoma tumor syndrome 153480 20301661 Child/adult PTEN 601728 AD KPand EP
Retinoblastoma 180200 20301625 Child RB1 614041 AD KPand EP
Hereditary paraganglioma- 168000 (PGL1) 20301715 Child/adult SDHD 602690 AD KPand EP
pheochromocytoma syndrome 601650 (PGL2) SDHAF2 613019 KP
605373 (PGL3) SDHC 602413 KPand EP
115310 (PGL4) SDHB 185470
Tuberous sclerosis complex 191100 20301399 Child T5C1 605284 AD KP and EP
613254 TsQ2 191092
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Mepeknaccudpmkaunsi svaqumoctu // Shah (2018) Am J Hum Genet

Identification of Misclassified ClinVar Variants
via Disease Population Prevalence

Naisha Shah,! Ying-Chen Claire Hou,! Hung-Chun Yu,! Rachana Sainger,! C. Thomas Caskey,?
J. Craig Venter,’.3" and Amalio Telenti®*

The American Journal of Human Genetics 102, 609-619, April 5, 2018 609

* Whole-genome sequence data from 10,495 unrelated individuals to
contrast population frequency of pathogenic variants to the expected
population prevalence of the disease

* 2.6% at risk for disease for 16 of the 26 ACMG-59 conditions,
* 4.9% were carriers for 17 of the 26 ACMG-59 conditions.

* 1.5%—6.5%, the estimated range of screened individuals that would
have an incidental finding for the ACMG-56

* Allele frequency x disease prevalence for 25,505 variants:
many pathogenic variants have low penetrance
or incorrect pathogenicity
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Diagnosis of genetic diseases in seriously ill children by
rapid whole-genome sequencing and automated
phenotyping and interpretation
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5

Use type Retrospective patients Prospective patients
Subject ID 263 6124 3003 6194 290 352 362 374 7052 412
Age 8days 14 years 1 year 5 days dweeks 2days 17 months 3days
Sex I 3 ?
Abbreviated Neonatal Rhabdo-  Dystonia,  Hypoglycemia, h'::'::::“i Diabetic Neonatal WE anemia | Pocudomonal Neonatal
presentation seizures myolysis  dev.delay seizures o ketoacidosis seizures 2 septic shack sefzures
Method Auto. Auto.  Auto. Auto.  Auto. Std. Auto. Std. Auto. Std. Auto. Std.  Auto. Std. Auto. Std.  Auto.  Std.
Number of
phenotypic 51 115 148 14 2 257 4 103 4 65 1 12 6 124 3 33 1
features
Eayinertle o ogen  Dops (e X-linked Benign familial
Molecular eplleptic . neonatal
< stoage  responsve  Nome  None Nome  None Mone MNone None MNone  agamma- neonatal
diagnosis  encephalopathy diabetes
diseaseV dystonia ° globulinernia 1 seizures 1
7 mellitus
Geneand PYGM ™
causative (.ﬁ;‘?)’h c2262delA  <785C>G  na. na na  na INSC.26C>G na na na. na. BTK:T:” . "é?“‘fi(;
variant(s) - THCT  eSHICT -
Tatal (hours) 20:25 1956 19:20 19:14 20:42°  56:03 19:29 48:46 1911 42:04 19:10 5721 31:02° 34:38  22:04  38:37 20:53 48:23
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BeiBoabi

® Mengenesckune (MoHoreHHble) 3aboneBaHNS 3aBUCST OT rEHOTMNA B OfHOM
e[lHCTBEHHOM JIOKYCe, Hac/lefoBaHNe NogyuHsEeTCs 3akoHam MeHgens

® OpHaKO CyLLeCTBYeT MHOIO OTKJIOHEHW OT NPOCTOro NaTTepHa Hac/ienoBaHuUs

® CewmeliHasi arperayusi U onucaTesbHast AMUAEMUOIONNSI MOMOraloT YCTaHOBUTb
reHeTn4eckne oCHoBbI 3abonesaHnii

® Ba)kHble NaTTepHbl HaC/ef0BaHNSA MEHAENEeBCKUX 3ab01eBaHMii:

ayTOCOMHO-AOMUHAHTHbIE, ayTOCOMHO-PeLleCCBHbIE, X-CLEnJIeHHOe PEeLLECCUBHOE,
X-cuenseHHoe AOMUHaHTHOe, Y-cuensieHHoe

® [leHeTPaHTHOCTb, OTHOCUTENbHBIV PUCK N OTHOLUEHME LIAHCOB ABAAIOTCA
pasnnyHbIMU, HO 6a1n3kMN Mepamu. MMeHeTpaHTHOCTL BapuaHTOB 3a4acTyio
HEW3BECTHa MU 3aBbilweHa!

® [lonck reHoB, acCOLMMNPOBAHHLIX C 3abONEBAHNAMY, 3HAYNTENBLHO USMEHNCS 1
yckopuncst 3a cdet NGS

® [losBnsOTCA CTaHAAPTHI N PYKOBOACTBA B 0bnacTu: OT MHTepnpeTaLun BapnaHToB
[0 OTHETOB MO BTOPUYHBIM HaX0g4KaM
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