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BonesHn, cuHapoMEl M Apyrue onpepeneHns

leHeTnyeckme ocHOBbLI 3aboneBaHuli

Moutn pns Bcex 3abonesanuii YenoBeka VHANBUAYANbHAS NPEAPACTONOKEHHOCTD, B
HEKOTOPOIA CTereHU, ONPefesieTCst FEHETUHECKON N3MEHHNBOCTbIO.
—Claussnitzer (2020) Nature

(1) ngusupyansHeie pasznuyns 8 AHK, nianengyansio unn 8 kombuHaumsx, MoryTt
chenatb nHaMBMAYyyma Gonee npegpacnonoxeHHbIM K ofHOMY 3aboneBaHunio
(Hanpumep, TuRy paka), HO N MOFYT CAENaThb TOro X CaMoro WHAMBMAYYMa MeHee
NPeapacnonoXeHHbIM K pa3sBuTuio apyroro 3abonesanus (Hanpumep, guabera).
(2) Oxkpy»etne (B ToM Hncie u 0bpas XKM3HM) UrPaET 3HAYUMYIO POJib BO MHOMUX
HapyLeHusix (Hanpumep, B3aMMOCBS3b ANeTbl U hM3MHecKol akTMBHOCTY 1 fuaberta), Ho
HaLlM KNETOYHbIE OTBETbI U PEaKLM OPraHN3Ma Ha OKPYXXEHWe MOryT pasnuyaTtbcs B
3aBUCUMOCTMN OT HALIEro reHoma.
(3) MeHeTka MMMYHHOI CUCTEMBI, C OFPOMHOI N3MEHYMBOCTBIO B MOMYASLNAN,
onpeaensieT Hal OTBET Ha MHMULMPOBAHME NaTOreHamu.
(4) BonblunMHCTBO Cly4aeB paka pa3BMBAETCS U3-33 aKKYMYSILUKA FTEHETUYECKNX
U3MEHEHWA, NPONCXOAALLMX HA NPOTSHKEHUN XKU3HN UHANBUAYYMA, NPU 3TOM Ha HUX
MOryT BANSITb (PaKTOPbI OKPY>KatoLLeli Cpeabl.

— Jackson (2018) Essays in Biochemistry
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BonesHn, cuHapoMEl M Apyrue onpepeneHns

HekoTopble onpeaenexuns

3aboneBaHne: MeaNLNHCKOE COCTOSIHUE Tesa, KOTOPOe HapyLlaeT HOpMalsibHble
dyHKLMOHaNbHbIe U dr3unonornyeckue npoueccol. leHeTuyeckoe 3abonesaHune Boi3BaHO
O,qHOI7I NN HECKOJIbBKUMWN aHOMannsMm B reHome.

HacnepcreenHbie: nepegaetcs oT poanTeneli K NOTOMKaM.

FeHeTnuyeckoe: yHacnegosaHHoe uan de novo.

Cnopaguyeckume: HapyLueHue, NPOU3OLIEALLEE CYHaAHO (FTEHETNYECKOE NN XKE HET).
Bpoxpentoe (vs. npuobpeTeHHoe): HapyLueHne, NPUCYTCTBYIOLLEE MPU POXKAEHUN.
DeHokonus: heHOTUNNYECKAs U3MEHYNBOCTb, KOTOPast HANOMUHAET MPOSBEHNE
reHoTuna, Ho Bbi3BaHa hakTOpPaMM OKpy»Xatoweli cpegbl.

CuHAPOMOM Ha3sbiBaeTCA Habop CUMNTOMOB, KOTOPbIE 3a4aCTYO acCOLMMNPOBaHbI C
OﬂpeﬂeﬂeHHblM 3a60ﬂeBaHV|eM. B reHeTNn4eCKunx Cﬂy‘-laﬂX CI/IHAPOM =~ 3a60ﬂeBaHV|e.
Mpumep: cungpom CHARGE (ren CHD?), cungpom ayHa (Tpucomus no 21

xpomocome), cuHgpom TypeTTa (npudnHa HeussecTHa). CTOKronbMCKUl CUHAPOM.
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BonesHn, cuHapoMEl M Apyrue onpepeneHns

3abonesaHusi, CUHAPOMbI U ApPYrue OnpeaesieHuns

1. Mengenesckue (MoHoreHHbie) 3ab0neBaHNs 3aBUCAT OT rEHOTUNA B OAHOM JIOKYCE,
HacnefoBaHne nogumHsietcst 3akoHam Mengensi (MykoBucunaos, remocpunmns A).

2. Komnnekctbie (MynbTuhakTOpHbIE) HAPYLLIEHUS: PESYILTAT KOMIIEKCHBIX
B3aVMOZAENCTBUN HECKONbKNX (UM MHOTUX) FreHeTUHecknx hakTopoB U (hakTOpoB
okpy>xatoLeii cpeabl (anaber 2 Tuna, uwemnyeckas bonesHb cepgua, WN3odperns).

HacnenyemocTb: 0THOCUTENbHBINA BKIAA reHETUHECKUX (haKTOPOB B
3abonesaHue/deHoTur.
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BonesHn, cuHapoMEl M Apyrue onpepeneHns

3abonesaHusi, CUHAPOMbI U ApPYrue OnpeaesieHuns

1. Mengenesckue (MoHoreHHbie) 3ab0neBaHNs 3aBUCAT OT rEHOTUNA B OAHOM JIOKYCE,
HacnefoBaHne nogumHsietcst 3akoHam Mengensi (MykoBucunaos, remocpunmns A).

2. Komnnekctbie (MynbTuhakTOpHbIE) HAPYLLIEHUS: PESYILTAT KOMIIEKCHBIX
B3aVMOZAENCTBUN HECKONbKNX (UM MHOTUX) FreHeTUHecknx hakTopoB U (hakTOpoB
okpy>xatoLeii cpeabl (anaber 2 Tuna, uwemnyeckas bonesHb cepgua, WN3odperns).

HacnenyemocTb: 0THOCUTENbHBINA BKIAA reHETUHECKUX (haKTOPOB B
3abonesaHue/deHoTur.

3. MuroxongpuansHbie 3abonesanus npoucxogsT n3s-3a myTtaumii 8 mTAHK.

4. XpomocomHblie 3ab0n1eBaHNsA NPONCXOAAT, KOTFAA Lesble XpOMOCOMbI UM NX 4acTu
OTCYTCTBYIOT WU 3aMEHSIOTCS.

5. dnureneTnyeckme 3abonesanus — 3a601€BaHNs, CBS3aHHbIE C HAPYLUEHUAMU B
aKTUBHOCTM FEHOB, HeXeNn 4eM ¢ MyTauueii B cTpykType JHK.
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BonesHn, cuHapoMEl M Apyrue onpepeneHns

I\/Iep,eneBCKme VS KOMTMJIEKCHbIe 3aboneBaHus

MeHnpenesckue

KomnnekcHbie

WNHpmnBnayansHo peaku B nonynsauuu

Yactel B nonynauun

[MaTTepHbl HacnemoBaHusi B cembe: AD,
AR, n T.4.

Het 4yeTkux naTTepHOB B CEMbE; Cylle-
CTBYHOT B nonynayumn

O,EI,VIH NN HECKOJIbKO FEHOB C CUJIbHbIM

adhdbekTOM

Heckonbko nokycos, HeT ofHOro Heobxo-
AVMOro 1 JOCTAaTOYHOrO JIOKyca

Bbi3biBaeTcs annenem c BbICOKOU wuan
noJiHo NEHETPAHTHOCTbIO

Kombunauuns reHeTnyecknx chakTopos u
chakTOpOB OKpy><atoLLeii cpeabl

AnnenbHas reTeporeHHOCTb

CrnoxHas annenbHasi apxuTekTypa

lMpumepbr:  mykoBucunaos, cemeinnas | lMpumepsi: WBC, aptepnansHas ¢hub-
rMnepxosinCTepeHeMusl,  HaCNeACTBEH- | PUINAULUS, TUNEPTeH3us, wusodpeHuns,
Hble  KapAuOMMOMaTWW,  HApYLUEHUS | cepheyHasl HeAOCTaTOYHOCTb
puTma cepaua
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BonesHu, CUHAPOMBI M APyrie onpeaeneHUs

[Mpumep: ankanToHypus

Dietary
protein

!
THE INCIDENCE OF AUKAFTONURIA: \ CH27(‘37COOH

A STUDY IN CHEMICAL INDIVIDUALITY

N

2
S Phenylalanine
TPemm— | Phenylalanine
Mhydroxylase
H
|
HOO CH,—C— COOH
|
NH,

Tyrosine

Tyrosine
aminotransferase

AHomanbHble YPOBHN rOMOreHTN3UHOBOW KUCNIOTbI

(ankanToHa), KOTOpbIE BLIAENSIOTCS B MOYY, Bbl3biBasi ee prhydroxyphenyipyruvic

MOYepHEHNE NPU KOHTAKTE C BO34YXOM. Hydophenyipyute
AnkantoHypusa (AKU) siensieTcs HacneacTBeHHON 1 Homogentisic
NOAYNHSAETCA PeLeCCUBHOMY MaTTEPHY HACIeA0BaHUS. Hamogentsc
Cap Apunbansg Mappog (1902): myTtaums — noteps Maleylacetoacetic

SH3MMa — BPOXAEHHOE HapylueHne meTabonnsma
Brooker — Genetics, Analysis
and Principles
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WCK reHeTMYeckux ocHoB 3abonesanuii
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Mounck reHeTuyeckux ocHoe 3abonesannii

Monck reHeTUYeckux oCHOB 3abonesBaHuii: 6J1I/I3H€Ll,bl

MoHo3surotHbie 6nu3Hep (MZ) pa3BuBaloTCst U3 OLHOI 3UTOTbI, KOTOPasi Pa3AENSEeTCs

n chopmupyet gea smMbpuoHa.
Ousurothbie 6ansneub (DZ) paseuBatoTcst U3 pasHbiX SNLEKNETOK, KaXKAAS 13

KOTOPbIX ONNOA40TBOPSAETCA CBOUM CMEPMATO30MA0M.

Concordance (Mclﬁﬁé‘f,ig‘i{ic)
Disease type MZ Dz s:r:—_
Monogenic 100%  50% o
Complex 70%  25% W
Non-genetic X% X% (Shai placﬁta)

Jlekums 7. MoHoreHHble 3abonesanns, 4.1

Fraternal
(Dizygotic)

® o
o
o
J J

(Separate placentas)
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Mounck reHeTuyeckux ocHoe 3abonesannii

Monck reHeTn4eckmnx ocHOB 3aboneBaHuii: ANnAEMMonNorna

CemeiiHas arperauus: nossnsercs nn 3abonesaHne B CemMbe Yalle, YEM OXKUAANOCH Obl
npw cnyvaiiHom nosisnenun? YV poacTBEHHNKOB obLiMe HE TONBKO FeHeTUYecKmne
BapuMaHTbl, HO 1 haKTOpPbl OKPY>KatoLleil cpeabl: aneTa, BOCANTaHME, SKOMOTUS.

® MaTTepHbl cerperayun (Tunbl HacnefoBaHMS)

® lccnegosanns 6amnsteyos (Hanp., pasgeneHHbIX MOHO3UrOTHbIX 613HeLoB)

L4 Vlccnep,OBava nocne yCblHOBIEHUA! 60J'IbeIe/3AOpOBbIe poanTenn nam NOTOMKMN

OnucartenbHas [reHeTuyeckas] anMAEMNMONOrus: N3MEHYMBOCTb B PUCKE Pa3BUTUS
3aboneBaHunii MeXay CTpaHaMu; NCcaefoBaHUs MUrpaHTos; admixture

Case types

i Schizophrenia cases among Schizophrenia cases among adoptive

| biological relatives relatives |
Index cases (47 chronic schizophrenic adoptees) 44/279 (15.8%) 2/111 (1.8%) E
Control adoptees (matched for age, sex, social status of adoptive 5/234 (2.1%) 2/117 (1.7%) |

family, and number of years in institutional care before adoption)

The study involved 14,427 adopted persons aged 20-40 years in Denmark; 47 of them were diagnosed as chronic schizophrenic. The 47 were

matched with 47 non-schizophrenic control subjects from the same set of adoptees. [Data from Kety SS, Wender PH, Jacobsen B et al. (1994)
Arch. Gen. Psychiatry 51, 442-455.]

Strachan, Read — Human Molecular Genetics
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

CumBonbl B cxemax pOAOCJ’IOBHOVI

|:| Male

(O Female Unaffected
Sex unspecified

..’ Diseased 1 & Deceased
3 Multiple progeny [ ==) Consanguineous

mating

= Mating line
Generation |
Sibship line——L==2— Line of descent

Generation Il - o _
1 2= |ndividual number within generation

Hartwell — Genetics. From genes to genomes
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

AyTocomHo-gomuHaHTHoe Hacneposatue (AD): 0b3op

® BosnbHoii (npobaHa) obbivHo nmeeT xoTsi 6bl ogHOro 6onbHOrO poanTens
® [lopaxaet oba nona

® PebeHoK ¢ ogHUM BOAbHLIM 1 OAHMM 340poBbIM pogutenem nmeet 50%
BEPOSATHOCTb PoAnTbCa BoNbHBIM; YacTo, de novo

® KaysanbHblii BapuaHT sIBNSIETCS BapUaHTOM NpuobpeTeHust unm notepu pyHKLmuu,
€CJIN TeH ranJioHefOoCTaTOYHbINA

n e

1 2
]
1 2 3 4 5 6 7 8 9 10 11 12
1]
1 2 3 4 5 6 7 8 9 10 14 12 13

Strachan, Read — Human Molecular Genetics
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

AyTocomHo-peueccusHoe Hacnegosatune (AR): 0b3op

® BonbHble Yalle BCEro poxxaaroTcs y
~ @
300POBbIX POAUTENEl, KOTOPbIE YacTO ' = 4@
ABNAOTCA HOocuTenamu 6es cuMNToMOB 1 2

® [lopaxaeT oba nona

® V peberka 25% BepOSTHOCTL POANTLCS

60AbHBIM

® Kaysa/ibHbIM BaprvaHTOM SIBASIETCS
BapuaHT notepun byHKLMM

® YacTbl cilyHan poacTBEHHONR CBA3W

popuTenen

<

miel X

a 2 3 4

Strachan, Read — Human Molecular
Genetics
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

AR: POACTBEHHOCTb N TOMO3UTOTHOCTb

ab

&)

{ac, ad, bc, bd}

{ac, ad, bc, bd}

{....ba, bd, da, dd, ... }

VYnpaxkHeHune

VKa)kuTe BCE BO3MOXHbIE FeHOTUMbI BAN3KOPOACTBEHHOrO NOTOMKA 1 paccunTaiTe
BEPOATHOCTb FOMO3UIOTHOCTU, T.€. Ko3cbpnumneHT nHbpugntra F
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

AR: POACTBEHHOCTb N TOMO3UTOTHOCTb

O6nactu romosurotHoctu (ROH): cermenTbl reHoma, B KoTOpbIx Habntogaercs
NPOTSXKEHHAst FOMO3NIOTHOCTL (6e3 nepemerxaloLLeiics reTepo3nMroTHOCTH)

(W
(i

-
§
L
(=== Roe]ns]

it

Ao

g SEIEIEE TR

Fig. 1.ROH detected by SNP microarray analysis (Affymetrix Cytoscan HD) in a male child who was the offspring
of a brother-sister mating. Each block on the right of the chromosome represents a genomic region at least 3 Mb
in size. The laboratory-reported autosomal Froh was >21%.

Sund & Rehder (2014) Hum Hered

_ Jlekums 7. MoHoreHHble 3abonesanns, 4.1
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

DbheKkT BapMaHTOB: PELECCUBHOCTD 1 JOMUHAHTHOCTb

JdomMmuHaHTHbIE
® JcbchekT HabnoAaeTCA Kak y rOMO3NIOT, Tak U y reTepo3nroT
® YacroTa BapmaHTa & BCTpe4YaeMoCTb 3abonesaHusi
® [lepegaeTcs OT OLHOro poauTenst uan xe de novo
TMpumepsi
® CHD7:p.Trp2332Ter, cungpom CHARGE
o KMT2D:p.Argh5179His, cungpom Kabyku

PeueccusHble
® DbcpekT HabOAAETCA TONLKO Y FOMO3UrOT
® YacToTa BapuaHTa >> BCTpedaemMocTb 3abosieBaHus
® [lepegaetcs oT obonx poguteneii
lMpumepsbi
® CFTR:p.F508del, mykoeucumpos
® GJB2:c.35delG, noteps cayxa

_ Nekums 7. MoHoreHHbie 3aboneeanus, 4.1 2024 18 / 53



Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

X—CLJ,eI'IJ'IeHHOG [peLl,eCCI/IBHOG] HacnenoBaHUe

Kak

npaBsuno:
Mopa>kaeT My>4uH

| 010
MeHwWwumHbl MoryT 6bITb 6ONbHBIMK 1 2

Tonbko ecnm (a) otew, bbin BonbHbLIM, a
MaTb — Hocutenem; (6) npousowna
Hecy4aiiHast NHaKTUBaL st
X-XpoMocoMmbl

BonbHble NOTOMKN My>XCKOro nosa
POXKAAIOTCA Y 3[0POBbIX
MaTepei-HocuTenei

HeT nepepaun oT My>4uHbI K My>X4lnHe
B POAOCOBHOIA v

Strachan, Read — Human Molecular Genetics
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Mpumep X-cuenneHHoro Hacneposanus: remodpunus A (OMIM:306700)

L4 HapyLueHVIe CBEPTbIBAHUNA KPOBU (KOBFyﬂOI‘laTI/IFI)Z ANNTENbHbIE KPOBOTEYEHUA NMOCne
obbIx I'IOBpe)K,D,eHI/IVI KOXXW, CaMOMNMpPOnN3BOJIbHOE BO3SHUKHOBEHNE MOLAKOXHbIX
remaTom

® l3eectHa bonee 1,500 net: pekomeHgaumu B Tanmyge no oTmeHe obpesaHus npm
Hanu4um 3abonesarus y bpatees // Rosner (1969) Ann Int Med

® 50% BepoATHOCTb Nepegayn OT MaTepu CbiHy
® YacToTa BCTPEYAaEMOCTU Y HOBOPOXKAEHHBbIX Manbinkos: ~1/4,000-1/5,000

® Temodunus A: caktop ceeptbiBatusi kpoeu VIII (F8A) Ha X-xpomocome //
CoBpemeHHas Tepanus: nHbekuun dakTopa

® QakTop cBepThiBaHUA Kpoeu IX Ha X-xpomocome: remodunusi B

® [emocpunus A, NpUMEpPHO B MOJIOBUHE Cly4aeB: MHBEPCUS MOBUIBHOMO 31EMEHTa
LINEL, van L1

Scae oo — e T hes
cheX: 154,850,000 154,900,000 154,950,000] 155,000,000|

SMiM [USrI
Fo
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Mpumep X-cuennennoro Hacnegosarus: remocpunus A (OMIM:306700)

10

—
v drd <
ater i ./ cen
F8A3 F8A2 F8A1
(_
//— cen
qter
€€
gter I I/ cen
 E— L |
100 kb inversion
exons 22-1 exons 23-26

Figure 16.1 Hemophilia A can be caused
by an inversion that disrupts the F8A
gene. (A) There is a repetitive sequence in
intron 22 of the F8A gene (F8AT, red bar);

(B) two additional copies are located 360 kb
and 435 kb upstream of the F8A gene.
Arrows indicate the relative orientations

of the three copies. (C) During male
meiosis, this part of the X chromosome

has no homologous pairing partner. The
F8A repeats may pair, forming a loop.

(D) A crossover between paired F8A repeats
causes inversion of a 500 kb segment.
Although the F8A gene is disrupted and
nonfunctional, each individual exon and its
flanking intronic sequence is still intact.

Strachan, Read — Human Molecular Genetics
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

Mpumep X-cuennennoro Hacnegosarus: remocpunus A (OMIM:306700)

Family'of Tsar Nicholas Romanov II of Russia. The boy in front is the
tsar’s son Alexei, who suffered from hemophilia.
[Mondadori Portfolio/Getty Images.]

A Royal Disease

n August 12, 1904, Tsar Nicholas Romanov II of Russia wrote in his

diary: “A great never-to-be forgotten day when the mercy of God has
visited us so clearly.” That day, Alexei, Nicholas’s first son and heir to the
Russian throne, had been born.

Pierce — Genetics Essentials. Concepts and Connections
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Menaenesckne sabonesanus: obsop n BuaLl HacnesoBaHN=

Mpumep X-cuennentoro Hacnegosanus: remocpunus A (OMIM:306700)
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Pierce — Genetics Essentials. Concepts and Connections
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Llapckas cembsi: remocpunust A unu B? // Rogaev et al. (2009) Science

A Normal base

Exon 3 Intron Exon 4
Gene: ... AAG CAG TAT GTT g gtaagca ... ctatctcafag [AT GGA GAT CAG TGT GAG TCC AAT CCA TGT TTA ...|
Messenger RNA: | ... AAG CAG UAU GUU GAU GGA GAU CAG UGU GAG UCC AAU CCA UGU UUA ... ]
Protein: [ ... K Q Y V. D G D Q C E S N P C L ... |
B Muta(ioné

Exon 3 Intron Exon 4
Gene: gtaagca ... ctatctcaGAG ATG GAG ATC AGT GTG AGT CCA ATC CAT GTT TAA ...|
Messenger RNA: | ... AAG CAG UAU GUU GAG AUG GAG AUC AGU GUG AGU CCA AUC CAU GUU UAA ... |
Protein: [ ... K Q Y V E M E I s V s P 1 H VvV sTor|

Figure 3. The mutation that caused hemophilia in Queen Victoria and her descendants. Figure 3A shows the sequence of
DNA in the normal Factor IX gene at the end of exon 3 and the beginning of exon 4, with the ends of the intron between
them. The next lines show the messenger RNA coded for by the normal gene, followed by the sequence of amino acids
coded for by this part of the normal gene. Figure 3B shows the sequence of DNA in the mutated Factor IX gene, with the
point mutation (A to G) highlighted. This mutation alters the splicing, so that the last two bases of the intron (AG) are now
included in the mRNA, as shown. The next lines show the messenger RNA and the order of amino acids in the mutated
protein. Notice that every amino acid after the faulty splice is different, and that after 11 altered amino acids there is a stop
codon, so the last part of the protein is not produced. The changed amino acids are shown in bold. The point mutation, A to

Offner (2013) doi:10.1525/abt.2013.75.9.5
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

Llapckas cembsi: remocpunust A unu B? // Rogaev et al. (2009) Science

RN T

out before the final mRNA is
Factor IX that £40% of the DNA in th
whereas only ~1.5% of the D
exons and actually codes for |
not highly conserved, because
the order of amino acids ina |
folding or properties of protei
usually not selected against by
otide sequences at the ends of
that splice out the introns. 1

Factor VIII

Figure 1. Partial map of the human X chromosome (idiogram
copyright 1994 by David Adler, http//www.pathology.
washington.edu/research/cytopages/idiograms/human; used
with permission).

because

[J = Normal male e

D— a mutatio
B - Hemophiliac male faulty spl

Nicholas Il Alexandra O = Normal female and a ver;
In st

(P = carrier female philia, yo

in an exo
would ex}
amino aci
ever, occt

Olga Tatiana Maria  Anastasia  Alexei the splice

two-base
Figure 2. The Russian royal family. Alexandra was a granddaughter of Queen to the tnn
Victoria. Alexei had hemophilia, so it was assumed that his mother, Alexandra, mutation
was a carrier. The work of Rogaev et al. (2009) confirmed that Alexandra was a nature of
carrier and showed that Olga, Tatiana, and Maria were normal, while Anastasia why the ]
was a carrier. are critica

Offner (2013) doi:10.1525/abt.2013.75.9.5
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

X—cu,enneHHoe AOMWHAHTHOE HaCcNneaoBaHNE

® [lopaxaet oba nona i B—O
- 2
® KeHLnHbI nopaxeHbl crabee
n bonee BapuabensHo, Yem i |J_-, ‘ m ﬁ
MY>X4YUHbI 1 2 3 4 5 6

~HlH

® [lopaxkeH xoTs bbl oguH
poguTens * &[] *TO o 0

=

® PebeHok 6ONLHON XKEHLUHBI, d t] 6 ﬁ ‘ ‘ t} 6
BHE 3aBMCUMOCTMN OT Mona, W LU eLIeeLle é

9 10

e

nmeeT BeposATHOCTL 50%

poANTECs 60NbHEIM Strachan, Read — Human Molecular Genetics
® V 60NLHOrO MY>)K4YUHbI 4OYb

byneT 60bHOI, a BCE CbIHOBbSI

— 340pOBbIMM

Bonpoc

Movemy?

1 12: 13
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

Y—CLJ,eI'IJ'IeHHOG HacnenoBaHUe

L4 I'Iopa)KaeT TONIbKO MY>XX4YUH
® V 6oNbHbIX MY>X4YUH OTey Bceraa 6OJ1€H, TONLKO €CAn 3TO He de novo MyTauunsa

® Bce cblHOBbs 6ONBHOrO My>XUuHbI ByayT 6osbHbI

' O
: O ®O W oL
«OTE N N8O O OO
T :

Strachan, Read — Human Molecular Genetics
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

MoHoreHHbIXx 3abonesaHus: O6LLI,I/I€ cBeAeHnA

Mengenesckue (MoHoreHHbie) 3ab6onesaHNs 3aBNCAT OT FEHOTUNA B OAHOM JIOKyCe
(reHe); HacnepoBaHne nogumHsietcst 3akoHam Mengens.

PacnpocTtpaHeHHOCTb MOHOTreHHOrO HacnenoBaHust 3abonesanuii Ha 1,000
HoBopoxaeHHbix: // Blencowe (2018) J Community Genet:

® AyTocoMHO-AoMUHaHTHoe: 1.40

® AytocomHo-peueccueHoe: 1.84 + F x 650 (cBSi3aHO C KPOBHBIM POLACTBOM)
® X-cuenneHHoe peueccusHoe: 0.05

® X-cuenneHHoe AOMUHAHTHOe: 7

® Y-cuenneHHoe: ?

® HeuseectHo: 1.16

Obwasn sctpevaemocTs: ~ 0,4% >KNBbIX HOBOPOXKAEHHbBIX
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Menpeneeckue 3abonesanns: obsop u Buasl HacnegosaHus

MpuMepbl MOHOreHHbIX 3aboneBaHuii

Inheritance pattern

Disease

Gene/region

Nature of variants

Estimated frequency

Autosomal dominant

Autosomal recessive

X-linked recessive

X-linked dominant

Y-linked

Glut1 deficiency (De Vivo
disease)

Osteogenesis imperfecta (brittle
bone disease)

Achondroplasia

Phenylketonuria

Cystic fibrosis

Sickle-cell anaemia
Haemophilia A

Duchenne muscular dystrophy

Fragile X syndrome
Rett syndrome

X-linked hypophosphatemic
rickets

Nonobstructive spermatogenic
failure

SLC2A1

COL1AT or COL1A2 (90%) (also
CRTAP or P3H1)

FGFR3
PAH

CFIR

HBB

F8

DMD

FMR1

MECP2

PHEX

USPYY

Mutations reduce or eliminate
function

COL1A1/COL1A2 ~ usually
missense mutations that lead to
protein (collagen) of altered
structure

Activating point mutations
Many different mutations,
including missense, non-sense,
splicing mutations

Over 2000 different variants
known

Various missense variants, gene
deletions

Missense and nonsense
mutations

Usually deletions or duplications

CGG trinucleotide repeat
expansion

Missense mutations, abnormal
epigenetic regulation

Deletions, insertions, missense,
nonsense, splicing mutations

Most commonly delstions

Rare, approximately 1/90000

6-7/100000

1/15000 to 1/40000
1/10000 to 1/15000

1/2500 to 1/3500 in Caucasians,
less common in other ethnic
groups

1/70000 to 1/80000 inthe US.A.,
more commen in other countries
1/4000 to 1/5000 males

1/3500 to 1/5000 (Duchenne and
Becker muscular dystrophy
together)

1/4000 (males), 1/8000 (females)
1/8500 females

1/20000

1/2000 to 1/3000

Jackson (2018) Essays in Biochemistry
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

MMprMepbl MOHOreHHbIX 3abosieBaHmni @

Huntington disease (HD) is one of the trinucleotide repeat expansion disorders where the CAG
repeat encodes a polyglutamine tract within the coding region of the huntingtin gene HTT on
chromosome 4p16. It is a progressive neurodegenerative disorder with patients suffering from
progressive neural cell loss and atrophy. Symptoms start with personality and mood changes,
followed by a steady deterioration of physical and mental abilities. The function of the huntingtin
protein is unclear, but it is essential for development.
Inheritance follows an autosomal dominant pattern, caused by a gain-of-function associated with
the repeat expansion. Unaffected individuals carry between 9 and 35 CAG repeats, incomplete
penetrance occurs in carriers of 36—39 repeats, while the disease is fully penetrant when 40 or
more repeats are present. Alleles containing 250 and more repeats have been reported. While
repeat alleles of 9—30 are almost always transmitted without change to the next generation,
larger alleles show instability, both in somatic tissues and in the germline, with a tendency
towards expansion from one generation to the next. There is a correlation between the number of
repeats and the severity of disease and also an inverse correlation between the number of repeats
and the age of disease onset. The degree of repeat instability is also largely proportional to the
number of repeats, and is also affected by the sex of the transmitting parent, with larger
expansions occurring in male transmission. This leads to ‘anticipation’ where an apparently
healthy individual might have a child with late onset HD and a grandchild with more severe
symptoms and an earlier onset, and so on.

Jackson (2018) Essays in Biochemistry
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

MMprMepbl MOHOreHHbIX 3abosieBaHmni @

Achondroplasia (ACH) is the most common form of dwarfism in humans and is inherited
in an autosomal dominant fashion with 100% penetrance. Individuals with ACH have
shortened limbs, a large head, and a trunk of relatively normal size. ACH is caused by
specific variants in FGFR3, the gene for fibroblast growth factor (FGF) receptor 3
(FGFR3), on chromosome 4p16.
Almost all individuals with ACH are heterozygous for a variant p.Gly380Arg in the
mature protein. 80% of ACH cases are due to spontaneous, de novo mutations, often
occurring during spermatogenesis. FGFR3 is a transmembrane receptor protein which
binds to FGF ligands and triggers intracellular signalling processes. One of these
processes is the inhibition of chondrocyte proliferation in the growth plate of long bones.
The p.Gly380Arg variant in FGFR3 generates a constitutively active version of the
receptor which can be further activated by binding of FGF. Therefore, this variant acts as
a gain-of-function mutation. Consequently, chondrocyte proliferation in growth plates is
constitutively inhibited. While one such variant allele (in the heterozygous state) leads to
ACH, homozygosity is lethal before birth or perinatally.
Interestingly, loss-of-function variants in FGFR3 have also been described which cause a
different condition, camptodactyly, tall stature and hearing loss (CATSHL) syndrome.
This is an example where different variants of the same gene result in different
phenotypes, so-called ‘allelic disorders'.

Jackson (2018) Essays in Biochemistry
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

MMprMepbl MOHOreHHbIX 3abosieBaHmni @

Cystic fibrosis (CF) mostly affects the lungs (resulting in breathing difficulty and frequent
lung infections) and the pancreas, but the liver, kidney, intestines and male reproductive
system are also frequently affected. It is the most common lethal genetic disease among
Caucasians, and is inherited in an autosomal recessive pattern.
CF is caused by pathogenic variants in the CFTR gene, which encodes the CF
transmembrane conductance regulator, a transmembrane protein which functions as a
selective chloride channel. If the CFTR protein does not function properly, the chloride
balance between the inside and outside of cells becomes disrupted, leading to the
build-up of mucus in narrow passages in affected organs such as the lungs. The CFTR
gene is located on chromosome 7q31 and encodes a protein of 1480 amino acids with
>2000 pathogenic variants have been identified in its sequence. These variants fall into
different classes (e.g. those where protein synthesis is defective, those where reduced
amounts of normal protein is made, and others). As long as an individual carries one
functional allele of CFTR, they may show no or only very mild symptoms, but an
individual carrying two pathogenic variants will display symptoms that depend on the
amount of functional protein generated.
The most common pathogenic variant, representing approximately 70% of Caucasian CF
alleles, is a deletion p.Phe508del. This particular variant leads to the synthesis of a
protein which does not fold properly into its 3D shape, and is degraded by the cell before
it can reach the membrane, therefore representing a loss of function.

Jackson (2018)’Essavs in B/ochem/strv
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

OTKNOHEHMA OT MOHOMEHHOro HacnenoBaHUA

® [eTeporeHHOCTb I0KYCa: HEKOTOpble KMHUYeCKNe (PEHOTUMbI MOTYT NPOSIBUTLCS OT
MyTauuu B JIl0BOM U3 HECKONBKNX JIOKYCOB

® AnnenbHas reTeporeHHOCTb: MHOFO pa3HbiX MyTauuii B O4HOM reHe Bbi3blBaloT
OfHO 1 TO e 3abonesaHne

® KnuHuyeckas reteporeHHOCTb: MyTaLuy B OAHOM reHe BbI3bIBAOT ABa wn bonee
3abosieBanuii y pasHbix ntogeii. // He To xe camoe, 4To nneitotponus. [lpumep:
myTauun B rene HPRT moryT BbisbiBaTh unu copmy nogarpsi [OMIM:300323], uan
cungpom Jlewa-Huxena, nposiBisitoLerocst B 3ajep>kke passnuTus ¢
nosegeHyeckumu npobnemamu [OMIM:300322]

® HenonHas NEHETPaAHTHOCH: Y Ye/I0BEKA, KOTOPbI SBASIETCS HOCUTENEM
BbI3blBatowero bonesHb reHoTuna, 3abonesaHune He Bcerga nposieasietcs. B
YaCTHOCTM, NEHETPAHTHOCTb, 3aBNCSILLAst OT BO3pacTa y 3abonesaHnii C NO3gHUM
pa3BuTUEM.

Strachan, Read — Human Molecular Genetics
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MeHpenesckne 3abonesanns: obsop u Buael HacnepoeaHus

OTKNOHEHMA OT MOHOMEHHOro HacnenoBaHUA (npop,omKeHme)

® BapuabenbHas 3KCNpeccusi: y pasHbIX YJE€HOB CEMbU NPOSIBNAIOTCA pasHble
npusHakn 3abonesaHuns

® /IMNpUHTUHT: y MyTaumn ecTb 3pPeKT, TONIbKO eC/IN OHa yHAC/e0BaHa OT
poanTens onpegenenHoro nona. [Ipumep: ayTOCOMHO-LOMUHAHTHOE HAaCleAOBaHME
naparanrnvnom [OMIM:168000], HacneayeTcsi TONBKO OT OTUA; CUHAPOM
Bekeuta-Bugemana [OM1M:130650], HacnepyeTcst ToabKO OT MaTepu

® MdeHokonus: ciy4vau, Korga 3abonesaHne HabnogaeTcs 6e3 BbI3bIBAOLWEro €ro
deHoTuna. Mpumep: rnyxora

® De novo myTauum yCnoxHsIIOT MEHAENEBCKOe Hac/eAoBaHmne
® Mo3anumsm B IMHUN COMATNYECKNX KIETOK

Strachan, Read — Human Molecular Genetics

_ Nekums 7. MoHoreHHbie 3aboneeanus, 4.1 2024 34 / 53



ScbchekT BapnaHToB: npmobpeTeHme nan norepsi chyHKuMN

DbchekT BapuaHTOB: NpuobpeteHne nanm noteps dyHKLUN

Movepsa dyHkuun (loss of function): y npogykTa reHa orpanuyeHa nam ytepsiHa
byHKLMSA.

[Npumepnbi: akTopbl TPaHCKPUNLMM, HapyLlleHne PyHKLUM KaTanusa y hepMeHToB
® Vkopauumsatowue 6enoK, MucceHco!?

® PeLieccnBHOE HaC/IeAOBaHNE, HO B HEKOTOPbIX CNy4asix (ranjoHefoCTaTOHHOCTL) 1
OOMUHaHTHOE

Mpuobperenne dynkumn (gain of function): npogykT reHa genaer «4To-TO
NOJNIOXKUTENILHO aHOMaNbHOE»

[Mpumepsbi: TpaHckpunuuHHble dakTopbl, MyTauun npuobpeterus dyrHkumn 8 GPCR
® B OCHOBHOM MWUCCEHCHI, HO Takxe feseunn 6e3 cABMra paMKy CHUTBLIBAHUS.

® Hann4ne HOPMaJIbHOIrO anafieNns He MOXET OCTAaHOBUTb aHOMaAJIbHOE noBefeHNe
MYTaHTHOIro annnensa = ,D,OMI/IHaHTHI:II‘/'I?

Bonpoc

MpnobpeteHne hyHKLUMM M3-3a CABMIA PAMKIN CHUTbIBaHNS? J
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_ Jlekums 7. MoHoreHHble 3abonesanns, 4.1

ScbchekT BapnaHToB: npmobpeTeHme nan norepsi chyHKuMN
Mpumep npuobpetenuns dynkumun: GPCR

® G-protein coupled receptors siBnsitoTcss ceHcopamu BHYTPEHHUX CTUMYJIOB:
rOPMOHOB, MOHOB 1 XEMOKWHOB; CBeTa, 3anaxa u Bkyca. G-benok-cesasaHHble
peLenTopbl UrpatoT BaXkKHYIO Posib B SHAOKPUHHOI cucteme.

® Yenoseyecknii revom: >700 pasnnynbix GPCR.

® AccouumpoBaHbl C PasANyHbLIMK 3a60NeBaHNSIMU, B T.4. SHAOKPUHHLIMU.

(A) Wild-type GPCRs

Basal condition Ligand binding I:> Desensitization
membrane
G-protein

| No signal | | Signal transduction | | No signal |

(B) Known gain-of-function mutant

Increased Broadened Increased Delayed
constitutive activity ligand specificity ligand sensitivity and sensmvw desensmzanon

Enhanced signal transduction

Fukami (2018) Clin Endocrinol
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SdbchekT BapnanTos: npmobperenue unn noteps chyHkymn

Mpumep notepu unu npuobpererns dpyHkuun: PCSK9

CepuHosasi npoteasa PCSK9 (nponpoTenHoBasi koHBepTasa CybTUINZMH-KEKCMHOBOIO
Tuna 9) perysmpyeT XosecTepUH ANMONPOTENHOB HU3KOI naoTHocTu (XC JIMHIM).

Boicokne yposru XC JIHI = aTepockiepo3 = MHQapKT uam nHcynbT
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Kotowski (2006) Am J Hum Genet
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Mpumep npuobpeterunsi dpyHkumm: TP53 @&

TP53 mutational spectrum in human cancers

Gain-of-function

A 10
] R248 R273
8 Mutation 'm ":m m cpG Class
= i R175 RI7SH 6% cGC cAC Yes | Conformation
! o R248Q as% cGG CAG/CAA Yes DNA Contact
E g R273H 3% cGT CAT Yes | DNA Contact
4 G243 p2ug i R248W 28% c66 TGG | Yes | DNA Contact
3 G245 28% 6GC AGC | Yes | Conformaton
2 R273C 2% ceT TGT Yes | DNA Contact
1 R2g2W 24% cee 166 Yes | DNA Contact
0 s et R248S 1.8% AGG AGT No | Conformation
e D -ty - - 1B 0.68% GG GAC No | Conformation
1 A 2 "2 0 % 08 4 8 o W
\ ‘\ \ N
~
B Cc \

William A. Freed — Pastor (2012) Genes & Development
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SdbchekT BapnanTos: npmobperenue unn noteps chyHkymn

Mpumep npuobpetenns dyHKLMM: BpoxxaeHHbI runepuncynutunam (BI'N)

Clinically normal Wwild type

wild type

Wild type x’
Homotetramer

p.Arg1353Pro LoF missense variant x

hyper

wild type
Tetramer
combinations

p.Arg1353His missense variant

Kare channel-related congenital hyperinsulinism: blood sugar regulation by pancreatic §-cells depends on the normal
function of an octameric KATP channel (4xKir6.2 proteins + 4xSUR1 proteins), respectively encoded by the KCNJ11 and
ABCC8 genes (top; Kir6.2 not depicted for simplicity). ATP-mediated closure of the K4» channel causes insulin release.
p.Argl353Pro: a non-functional recessive loss of function (LoF) (haplosufficiency; middle). p.Arg1353His results in a stable
abnormal SUR1 protein that interferes with the wild type (WT) protein and has a dominant negative effect (bottom)

Zschocke (2023) Nat Rev Genet
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SdbchekT BapnanTos: npmobperenue unn noteps chyHkymn

MonbiTkn CNCTEMATU3aUNN np|/|06peTeH|/|;| beHKLI'I/II/I

Table 1| Examples of different gain of

function effects

Principle Disease/trait Gene(s) Refs.
Protein activation Ligand- C activation by i il [o! onic dysplasia, FGFR1 2z
and/or loss of signalling increase cross-linking or loss of negative regulation encephalocutaneous lipomatosis
rotein control A
& Ligand-dependent Increased binding affinity for physiologicalor  Pfeiffer syndrome FGFRI s
signalling increase non-physiological ligands
L enzyme of the normally Periodontal Ehlers-Danlos syndrome IR, C1S 2
function blocked serine protease domain
Uncontrolled ion channel  Loss of gating Paramyotonia congenita, hypokalaemic ~ SCN4A
function and hyperkalaemic periodic paralysis
Long QT syndrome type 3 SCNSA g
Transcription factor Mixed gain and loss of transcription factor Congenital dyserythropoietic anaemia ~ KLF1 o
binding promiscuity binding specificity type IV
Activation of other protein  Decrease in the activation threshold of the Familial Mediterranean fever MEFV o
functions pyrin inflammasome
Loss of expression  Ectopic gene expression  Promoter activation Exercise-induced hyperinsulinism SLCI6AT =
control =
Enhancer activation Pre-axial polydactyly SHH il
Alteration of splicing Disruption of alternative splicing Apert and Pfeiffer syndromes FGFR2 a
Frasier syndrome wrt ®
Alteration of topologically Novel regulatory landscape, enhancer Acropectoral syndrome SHH 5
associating domains adoption
Non-specific Abnormal mRNA effects  Detrimental interaction with repeat RNA- Myotonic dystrophy DMPK, CNBP i
effects of abnormal binding proteins, aberrant repeat-associated

gene product

non-ATG translation

Toxic protein effect Coding triplet repeat expansion Huntington disease HTT -
(polyglutamine disorders)
Protein disorders Hereditary lated TR
amyloidosis
Other functional Novel protein function Different substrate binding based on size of /ABO blood groups ABO n

effects

active centre

Note that this table is not exhaustive, and additional gain of function (GoF) mechanisms are well recognized, for example in tumour development.

Zschocke (2023) Nat Rev Genet
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MeHeTPaHTHOCTL, OTHOCUTENBH

PUCK, COOTHOLUEHMNE LA

[leHeTpaHTHOCTL: onpefeneHuns

Incomplete penetrance (phenotype is 60% penetrant)

H EE

Variable expressivity (phenotype is 100% penetrant)

EEECC
Il T[]

HOe¢ O

FIGURE 1 | Conceptual ion of penetrance, ity, and
pleiotropy. Squares represent individuals with the same genotype, with
shaded squares indicating the individual displays the related phenotype and
non-shaded squares indicating the individual does not display the

related dissase phenotype. Line one shows incomplete penetrance, where
0% of the individuals display the related phenotype. Line two shows that all
individual il from re to milder
presentations. Line three shows incomplete penetrance and variable
expressivity, where the genotype varies both in the severity of presentation
and in penetrance across the papulation. Line four shows pleiotropy, whereby
different phenotypes are caused by variants (represented by different shapes)
in one gene.

GENE
EXPRESSION
o) S
<

{ e
A b o [T
CAUSAL

GLOBAL Enhancar
MODIFIERS A

B
GLOBAL MODIFIERS

* Threshold model
Polygenic risk

* Genetic compensation

« NMD efficiency

‘GENE EXPRESSION
CAUSAL VARIANTS

* Family history
« Age

« Sex
- Environment

FIGURE 2| Factors affecting penetrance and expressivity. (A) Examples
of different biological mechanisms that can affect the overall penetrance and

of monogenic di g genetic variants. Figure created
using BicRender,com. (B) Summary of factors affecting penetrance and
expressivity across the genome, from global modifiers that can have wide-
ranging overall effects to expression of the gene containing causal variants
and to specific causal variants that have more distinctive effects.

Kingdom and Wright (2022) Frontiers Genet
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PUCK, COOTHOLLUEHMNE LLIAHCOB

neHETpaHTHOCTbZ onpeneneHns

Incomplete penetrance (phenotype is 60% penetrant)

B EE

Variable expressivity (phenotype is 100% penetrant)

——

e and variabl ivity

Il [

Pleiotropy

HOe6 O

FIGURE 1 | Conceptual representation of penetrance, expressivity, and
pleiotropy. Squares represent individuals with the same genotype, with
shaded squares indicating the individual displays the related phenotype and
non-shaded squares indicating the individual does not display the

related disease phenotype. Line ane shows incomplete penetrance, where
60% of the individuals display the related phenotype. Line twa shows that al
individuals display from severe ns to milder
presentations. Line three shows incomplete penetrance and variable
expressivity, where the genotype varies both in the severity of presentation
and in penetrance across the population. Line four shows pleiotropy, whereby
different phenotypes are caused by variants (represented by different shapes)
in one gene.

Il causal monogenic variant
I Level of causal gene expression
[ Genetic and non-genetic modifiers

B
]
Threshold for
clinical
presentation
100% Incompletely penetrant
penetrant causal variant, with
causal contributions from gene
variant expression and modifiers

FIGURE 4 Threshold model of disease, Seme deleterious monogenic
variants are sufficient to cause the disease alone and do not need any genetic
modifiers to cause the disease phenatype. Other monogenic variants may be
incompletely penetrant and only display a disease phenotyps when
accompanied by other gentic or non-genelic factors that raise them above
the clinical threshold for disease presentation. Inthe iatter scenario, individuals
may have the same undertying causal variant but have very different
phenotypic presentations depending upon their madiifying factors

Kingdom and Wright (2022) Frontiers Genet
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MeHeTPaHTHOCTEL, OTHOCUTENBHBIVI PUCK, COOTHOLUEHUE LUAHCOB

[NeHeTpaHTHOCTL: NpuUMepbI

1.00

0.75
1

—UK Biobank
——p.Arg114Trp UK Biobank

——p.Arg114Trp MODY probands
———p.Arg114Trp MODY family members

Proportion of individuals without diabetes
0.25 0.50
1 1

0.00
1

T T T -l T T T
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Age in years

Comparison of Penetrance Estimate for HNF4A p.Argll4Trp in UK Biobank versus Previously
Published Estimates from MODY Cohort Studies // Wright (2019) AJHG
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MeHeTPaHTHOCTEL, OTHOCUTENBHBIVI PUCK, COOTHOLUEHUE LUAHCOB

MeneTpaHTHOCTL: npuMepbl 3 ClinVar

Gene, variant, ClinVar ID Disease

Penetrance

BRCA1 DNA Repair
Associated BRCA1
P.ArZ1699GIn
SCV000210198.11

Homeostatic Iron
Regulator HFE
p.Cys282Tyr
SCV000221190.3

Leucine Rich Repeat
Kinase 2 LRRK?
p.Gly2019Ser
SCV000640135.3

Breast cancer,
ovarian cancer

Hemochromatosis

Parkinson's disease

A study of 4,024 individuals from 129 families
(Moghadasi 2017): a 20% risk of breast cancer and a
6% risk of ovarian cancer by age 70. Lifetime risks
associated with typical BRCA1 variants are estimated
to be 57 to 87% for female breast cancer and 24 to
54% for ovarian cancer (Claus 1996, Antoniou 2003,
King 2003. Risch 2006, Chen 2007)

Biochemically, 82% of p.Cys282Tyr homozygotes were
shown to have elevated transferrin saturation (Pederson
2009); however, <5% of individuals with biallelic
pathogenic HFE variants exhibit clinical symptoms of
HH (Beutler 2002 , Gurrin 2009)

This variant is clearly defined as a Parkinson's disease
(PD) causative allele and is the most common known
genetic cause of PD. having been observed in ~5% of
familial and ~1-2% of sporadic PD cases (PMID:
18986508, 15726496, 22575234, 15680455). This
variant exhibits age-dependent penetrance, with the
probability of becoming affected increasing from 20%
at age 50 years to 80% at age 70 years (PMID:
18986508, 15726496).
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JAMA | Original Investigation
Population-Based Penetrance of Deleterious Clinical Variants

lain S. Forrest, BS; Kumardeep Chaudhary, PhD; Ha My T. Vy, PhD; Ben O. Petrazzini, BS; Shantanu Bafna, MS; Daniel M. Jordan, PhD;
Ghislain Rocheleau, PhD: Ruth J. F. Loos, PhD; Girish N. Nadkarni, MD; Judy H. Cho, MD; Ron Do, PhD

Key Points

Question What is the population-based penetrance of pathogenic
and loss-of-function clinical variants?

Findings This cohort study included 72 434 participants from

2 biobanks who had alleles for pathogenic or loss-of-function
variants reported for 157 diseases. Among the 5360
pathogenic/loss-of-function variants, 4795 (89%) were associated
with less than or equal to 5% risk difference for disease in
individuals with the variant allele; pathogenic variants were
associated with 6.9% mean penetrance and benign variants

were associated with 0.85% mean penetrance.

Meaning In these biobanks, the estimated penetrance of
pathogenic/loss-of-function variants varied, but was generally
associated with a small increase in the risk of disease.
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HeHeTpaHTHOCTb, OTHOCUTENbHbIA PUCK, OTHOLUEHNE LLIQHCOB

BonbHble  3goposble

Ectb mytauuss  Dp, Hn

Het myTtauun Do Ho

Puck 3aboneBaHusi, n1M NEHETPAHTHOCTb: BEPOSITHOCTb 3ab0neBaHNS NPU HaM4YNM
MyTaLuu: % // He yuutbiBaet puck 3abonesanus B oTCyTCTBME MyTaLuu.
m m

. _ Dm(Do+Ho)
CoortHowenue puckos: RR = BBt

. _ Dm/Hm __ DmHo . P
CootHowenue wancos: OR = 72w = prgo // cooTHowenue wakcos: 12

VYnparkeHune
1. Korga OR = RR?
2. Pacumnatiite OR, RR pna D, = 60, Hy, = 40, Do = 2, Ho = 48
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MAF nnan OR: npumep UK Biobank

MAF
White Significantly Linked Disease
Position British Associated Trait(s) Odds Ratio or (Mode of
Gene UKB ID (GRCh37) HGVS (%) in UKB (Units) Beta [95% CI] p value Inheritance)
ACSF3 dbSNP: chrlé6: GenBank: 0.632 ease of sunburn 0.31[0.20,0.42] 4 x 107" combined malonic
rs141090143 89220556  NM _174917: (number of episodes) and methylmalonic
C>T c.C1672T:p.R558W aciduria (AR)
AR dbSNP: chrX: GenBank: 0.129 skeletal mass (SD) —-0.16 [-0.21, 1 x 107" partial androgen
rs137852591 66941751 NM_000044: -0.11] insensitivity
C>G €.C2395G:p.Q799E syndrome (XLR)
height (cm) ~0.85[-1.27, 1x107®
—0.43]
dbSNP: chrX: GenBank: 0.269 balding pattern -0.13 [-0.17, 1% 10™®  partial androgen
rs1800053 66931295  NM_000044: (males only) —-0.08] insens
C>A ¢.C1937A:p.A646D syndrome (XLR)
ERCC4 dbSNP: chrlé6: GenBank: 0.060 ease of sunburn 0.980.64,1.33] 2 x 107  xeroderma
rs121913049 14041848  NM_005236: (number of pigmentosum (AR)
C>T €.C2395T:p.R799W episodes)
FLG dbSNP: chrl: GenBank: 0.369 eczema 1.66[1.40,1.98] 9 x 107® ichthyosis vulgaris
rs150597413 152277622 NM_00201 (AD)
G>T €.C9740A:p.S3247X
dbSNP: chrl: GenBank: 0.446 eczema 1.96[1.69,2.27] 5x 107'® ichthyosis vulgaris
rs138726443 152280023 NM_002016: (AD)
G>A ¢.C7339T:p.R2447X
GCK dbSNP: chr7: GenBank: 0.001 maturity-onset 68 [14, 325] 2% 107®  diabetes mellitus
rs104894006 44189591 NM_000162: diabetes of the (AD)
G>A €.C556T:p.R186X young
Wright (2019) AJHG
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Mouck reHos, eeisbiBaowmx 3abonesanus

prp,HOCTI/I npuy NONCKE r€eHOB MOHOI€HHbIX 3aboneBaHwuii

® Pepkne knuHuyeckne HabiopeHns: CNoXHbIE B HablofAeHNN NOBTOPEHUS
HeobxoaMMbI A1t MEHAENEBCKMX NaTTEPHOB

® De novo mMyTauuu: HET cerperauum B cembsix // [OMUHAHTHbIE UAN COCTaBHble
reTepo3nroThbl B Clyyae peLecCuBHbIX

® Hy>XHbl Kay3ajibHble MyTaLuu, a He reHbl: HeobxoanMbl hyHKLMOHAbHBIE
NCCNeaoBaHNsA; CABUT B CTOPOHY OYeBUAHbLIX BapraHTOB

® Bce BbiEYNOMSHYTbIE YCIOKHEHNS MEHAENIEBCKOTrO HAC/NEAO0BaHNS: JIOKYCHas,
annenbHas N KANHUYECKast FreTePOreHHOCTb; HEMOJIHAsl NEHETPAHTHOCTb U
BapuabesibHasi 3KCNPECCUsi; UMMNPUHTUHE; PEHOKONUN 1 MO3anLU3M
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HOMCKFeHOB,XpOHOﬂOFMﬂ

Rare (monogenic) disease
Genes harbouring variants causal for monogenic disease

0 1,000 2000 3,000 4,000 Type of discovery

1994
: 2008
1996 i i “—® 1996
i H 2009: Clinical exome sequencing’’
2010
1998 :
<-—=@® 2011: Exome-based diagnosis in trios'
2012 :
2000 <—® 2000: Draft human genome' 2013; Launch of ClinVar, GlinGen and
B : ¢ Matchmaker Exchange’
. 2014: Genotype-driven
2014 <—® isease discovery's'¢
2002
«—e 2015:
2003: Clinical microarray testing'® . : 2016: Population frequency
2018 . variant database (EXAC)®
2004 i : -
<«—® 2004: Open data sharing (DECIPHER) 2017:
2005: Next-generation sequencing'? E 2018: @'
H : 2018 - 2018: Poly
2006 g «—@ 2006:

Claussnitzer (2020) Nature
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Mouck reHos, BeisbiBatownx 3abonesanus

[Mownck reHos ¢ NOMOLLBbIO CUENNEHNA

® Heckonbko nokoseHnit ¢ 60bHBIMU 1 340POBLIMY NOTOMKaMM

® Kapra noaumopdHbix mapkepos JHK, nnsi KoTopbix M3BECTHbI reHeTUYECKNE
paccTosiHus

1. Haiitn mapkepbl JHK, koTopble kocerperupytoT (B cuenieHnmn) ¢ npusHakom
60s1€3HM B NOTOMCTBE, UAEHTUDULMPOBATL BOBMOXKHbI PErMOH reHa, CBSA3aHHOMO C
3abonesaHnem

2. CekBeHMPOBATL reHbl B CLEMNJEHHOM JIOKYCE A1t MONCKA DONE3HETBOPHBIX asneneil,
NPOBEpUTbL aeNnn B 340POBbIX UHANBULYYMAX

3. MNpoeecTu noaTeepaatone OyHKLNOHANbHbIE NCCIEA0BAHNS B KIETOYHbIX 1
>KNBOTHbIX MOAENSIX

£ %%Z e

AR AB AC AC BC AC BCCC AC CCACAC CCCCCC CC AAACACACAC ACAC|  AC CD AC AC | AB AC ACAC AA AC

AC AB BC BC
Hartwell — Genetics. From genes to genomes
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Mouck reHos ¢ NOMOLLBKO CUenJIEHNA

(@) cM 0 50 100 150
Original markers —— M1I I M2 M3 M4

to obtain rough | e — ]
position ] : 1 |

Extent of map position of y Y
disease locus found to be
linked to M1 and M2

I
Extent of genomic
coverage associated
with each marker

Two closest

H+HH A

(®) ] markers that
New markers used for higher- delineate disease
resolution linkage analysis locus

FORN

Identify candidate genes

(c)

Hartwell — Genetics. From genes to genomes
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Mouck reHos, BeisbiBatownx 3abonesanus

Hauyano: ren bonesun MeHTUHrToHa

® HelipogereHepaTueHoe 3abonesaHm, HadMHaeTcs Bo B3pocsiom BospacTe (30-45 ner)

n nporpeccupyet 3a 15-20 net

L4 rlCI/IXVIanI/I‘-IeCKI/Ie HapyLweHns, HapylweHuns p,BI/IFaTeﬂbHOVI beHKLWII/I n yxyaiieHue

KOTHUTMBHBIX (DYHKLNT

® JlomuHaHTHOE Hac/iefoBaHme, HET Cnopagnyecknx hopm

® [lepBbiii NOKYC, aCCOLMNPOBaHHbLIV C HONE3HLIO, KOTOPLIV KapTUPOBaAM Ha
xpomocomy (1983)

® [lo cux nop (2018) HeT nederusi, kpome cumntomaTuyeckoro // 7 2024 7

Timeline | By ks in disease r

1983 1987 1989 1991 1993 1994 1996 1997 1998 2000

WRNAHA, Workd Huntingior o

Bates (2005) Nat Rev Genet
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Hauano: ren bonesuu eHTuHrTOHA

® Bebicokasi BcTpedaemocTb B Benecyane, ognH ocHoBaTenb

® 1983, nabopatopus dxeiimca [Nyzennbi: usydenme 8 NOKyCoB, KOTOpbIE CBSi3anu C
6onesHblo MeHTUHITOHA, B ~4 cM OT TesomMepHOro y4actka 4 XpomMoCOMbl

® He 6bino TexHonoruii gns «nporysku» no xpomocome gansie 100-200 T.n.o.

® 1993: ren HTT (reHTUHITUH) BblN KJIOHNPOBAH COBMECTHBIMI yCunusimu 9
nabopatopuii; TpaHckpunt gavdoit 10,366 n.o. c nostopeinem CAG tpunnera
(GIn) B nepsom 3k30He, KOTOPBLIN bl NOAUMOPHBIM B HOPMaJIbHBIX XPOMOCOMaX,
n yBenn4usancs npu 6onesHn MeHTUHrTOHA

® 1993-1996: Konunyectso (CAG),: 6-35 be3spegHbl; 6onee 40 noaHOCTbIO
MEHETPaHTHbI 1 BbI3bIBatOT bonesHb [eHTUHITOHA B TedeHne )usHu; bonee 70:
paHHee Ha4ano bonesHu

® PopnTenbckasi aHTUCMNALMSA: KOIMHECTBO MOBTOPOB YBENMYNBAETCSA NpY nepepadqe
U3 MOKOJIEHUS B MOKOJIEHNE

® onn-Gln noeTopbl B 60/1€3HETBOPHOM KONMHECTBE CMIOHTAHHO arperupyroT B
amuiongHble hrbpunibl = HelipoHHas fereHepaLus

® TecTupoBaHue B AETCTBE HA HAYMHAIOLLNECS BO B3POC/IIOM BO3PAcTe Heusseqnmble
3aboneBaHNsi MOXET NMPUHECTU Bosnblue Bpefa, Yem nosib3bl

Bates, (2005) Nat Rev.Genet
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