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Jluneiinbie mogenu

Jlnnelinas MOoA€ENb C aAANTUBHBIMW TEHETUHECKNMMN 3(beeKTaMVI

Y = G +E +e€
®eHoTun [eHoTun Okpyxatowiasi cpega  ciydaliHas BeJiMYmHa
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Tuneiinsie Moaenu

JInHeiinas MoAeNb C aAANTUBHBIMWN TEHETNYHECKNMN 3CbeeKTaMI/I

Y = G +E +e€
DeHoTun leHoTun Okpyxatowas cpega  caydaliHas BeMYMHA
Yi =p+ PG +22 X +éi

® Y; — dbeHoTUN i-rO MHAUBMAYYMA
® [, — HaYanbHbIN ypoBeHb dheHoTUNA
G; — reHotun, 4ncno scdektopHbix anneneii a: G(AA) =0, G(Aa) =1, G(aa) =2

® 3 — 3chchekT: N3MEHEHNE 3HAYEHNS HA KaXKayHo KOMuio 3pdheKTOpHOro annens
(konmyecTBeHHbIN Npn3HaK) nan norapucm OTHOLIEHNS LWAHCOB (BuHapHbIA
npu3Hak)

® ;X — kOBapuaTbl: NOJI, BO3PACT, CTAaTYC KYPEHWUsl, NPUEM NIEKAPCTB, 3THOC, Apyrue
BapuaHTbl
Morris and Cardon (2019) Handbook of Stat Genomics
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Jluneiinbie mogenu

Jlnnelinas MOoA€ENb C aAANTUBHBIMW TEHETUHECKNMMN 3CbeEKTaMVI

Phenotype

0(CC) 1(CT) 2 (TT)
Number of T alleles

https://en.wikipedia.org/wiki/Genome-wide_association_study
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https://en.wikipedia.org/wiki/Genome-wide_association_study

Bonee peannctuynbiii npumep // Sabatti (2009) Nat Genet
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[MpocTasi MofeNb NNHelHOW perpeccun
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OueHka CBSI3V HE3ABUCUMON W 3aBUCUMON NepeMeHHO
® P — BeposiTHOCTb HyneBoii runotessl Hy (HeT B3aumocessu)

® 3 — koacbbumumeHT perpeccun (oueHka addekTa)
® R? — koadpdpuLMeHT AeTepMuHaLMU: nponopuusi BapuabensHocTn B Y, koTopast

MOXeT bbITb 0bbsacHeHa X
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MoHoreHHEIe 1 KoMNeKcHble 3abonesaHus

HOpOF BOCI'IpI/II/IM‘-II/IBOCTI/I/y5|3BI/IMOCTI/I

distribution of liability in
the general population

——— distribution of liability of sibs

of affected people

threshold

FREQUENCY

il

B R RRRTIES ++es LIABILITY -«

average liability
in general
population

average liability
among sibs of
affected people

Figure 5.23 A polygenic threshold

model for dich Mendeli
characters. Liability to the condition is
polygenic and Normally distributed (green
curve). People whose liability is above a
certain threshold value (the balance point in
Figure 5.22) are affected. The distribution
of liability among sibs of an affected person
(purple curve) is shifted toward higher
liability because they share genes with their
affected sib. A greater proportion of them
have liability exceeding the fixed threshold.
As a result, the condition tends to run in
families.

ObbsicHSIET HeMeHfeNneBCcKoe HakoneHne (oboralyeHmne) GrHapHbIX MPU3HAKOB
(Hanpumep, KomrnekcHbix 3aboneBanuii) B NOTOMCTBE.

B otmnmumne ot meHgenesckux 3abosieBaHNii, PUCK MOBTOPEHUS YBEIMHMBAETCS C
KOJIMHECTBOM Y>Ke BOJbHBIX feTel.

Strachan, Read — Human Molecular Genetics

Jlekums 10. KomnnekcHsie (Mynbrml:ax'ropnble) 3abonesaHns 2024

8 /20



MoHoreHHEIe 1 KoMNeKcHble 3abonesaHus

Menpenesckne

KomnnekcHble

MHuaveugyanbHo peskun B nonynsiuum

YacTbl B nonynsiuun

[MaTTepHbl HacnepoBaHus B cembe: AD,
AR, n T.1.

HEMeH,D,e.HeBCKOG HaKoMnJeHne B CeMbAX

O,EI,VIH NN HECKOJIbKO FEHOB C CUJIbHbIM

adpcpbekToM

Heckonbko nokycos, HeT ofHOro Heobxo-
AVMOro 1 JOCTAaTOYHOrO JIOKyca

BbisbiBaeTcs kogupyrowMm annenem ¢
6ONbLIOK NN NOAHONR NEHETPAHTHOCTLIO

CnoxHast  annenbHasi  apxuTekTypa,
HekoAUPpYoLLIMEe BapUaHTbI

B ocHoBHOM reneTnyeckme chakTopsbl

KombuHaunsa reHetnyecknx akTopos,
chakTopoB OKpy>Katoweli cpeasl u obpa-
3a XKU3HU

Mpumepbl:  MykoBUCLMAO3, CceMeiiHas
rMNepxosINCTEPEHEMUS,  HACNEACTBEH-
Hble  KapguMomuonaTuun,  HapyLlleHus

puTMma cepaua

Jekums 10. Komnnekchbie (mynsTudhakTopHeie) 3abonesanus

Mpumepsi: UBC, aprtepuanbHas dnb-
PUNNALMS, FUNEPTEH3US, WN30hpeHns,
cepieqHasl HeJOCTaTOHHOCTb
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AnnencHas apxXuTeKTypa reHeTuueckux saboneeanmii

AnnenbHas APXUTEKTYPA FEHETUHECKNX 3abonesaHwuii

Pepkue (Mengenesckue) 3abonesanus
® Ouenb pegkue (AF<1%) u cnibHO BpeAHble BapuaHTbI

® [logBepxkeHbl HanaHcy MyTupoBaHus 1 oTbopa

Komnnekchbie 3abonesanus, vactoie Bapnantbl //Reich, Lander (2001)

® OTHocuTenbHO HebobLIOE KONMYECTBO cTapbix, 4acTbix (AF>1%) sapnanTos
® He nogsepxeHbl otbopy?

® HaunHaeTcs nocne neprofa pasMHOXEHS, He MOABEPXKEHbBI OHMLLAIOLLEMY OTEOPY
(Awnabet 2 Tuna)

® BanaHcupytowme ot6op (3abonesaHue novek/cToiikocTb K napasutam B Adpuke)

® [vnotesa «BepexxnmsocTn» (oxmpetune, graber)

Komnnekchbie 3abonesanus, pegkue sapuantel // Pritchard (2001) AJHG
® Muoxectso pegkux (AF<1%) BapuaHToB co cpeaHum acbekTom

® HepaBHee yBennyeHne pa3smepa HeNOBEHECKONR NONYASLMM = MHOXECTBO cnabo
NOBPEXAAoLNX BapraHTOB

_ Jekums 10. Komnnekchbie (mynsTudhakTopHeie) 3abonesanus 2024 10 / 29



AnneneHas apxuTeKTypa reHeTmueckux 3abonesanmii

AnnenbHasi apxMTEKTypa reHeTM4eckux 3abonesaHuii

Low-frequency

variants with
intermediate effect
Modest Rare variants of s )
small effect L
very hard to identify
1.1 by genetic means
Low
0.001

Allele frequency

Manolio (2009) Nature
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AnnenbHas apxuTekTypa reHeTuueckux 3abonesannii

AnnenbHas APXUTEKTYPA FEHETUHECKNX 3abonesaHuli

Large

Moderate

Small

5.0

15

1.2

1.0

Small Effects

() CFTRAF508 Cystic Fibrosis)
Highly Penetrant S
Mendelian
Mutations
Q
CFH EAV;AAD)(,‘y
| Less Common
| S Variants with
| -
| Moderate Effects
| ()NOD2 (Crohn's Disease)
|
|
| ~
| S () TNFRSFLA (Multiple Sclerosis)
} () TCF7L2 (Type 2 Disbetes)
| ~
| Rare Variants with N wi
| ~a
|
|
|
|
|
|
|

0.001 0.005 0.05

“Mutations” Rare Low Frequency

Common Variants
with Large Effects

APOEA (Alzheimers)

Common Variants

th Small Effects
Identified by
GWAS

LMTK? (Prostate Cancer) ()

Common

Bush and Moore (2012) PloS Comp Bio
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OcHoBBI NonHoreHoMHoro nomcka accounauuii (GWAS)

Jackson (2018) Essays Biochem
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OcHoBBI NonHoreHoMHoro nomcka accounauuii (GWAS)

SNP1 SNP2 SNP...
Cases Cases Repeat for all
Count of G ‘ Count of G: SNPs

2104 of 4000 1648 of 4000

Frequency of G:| Frequency of G:
52.6% 41.2%

Controls ‘ Controls ‘
Count of G: Count of G:

2676 of 6000 | 2532 of 6000 ‘

Frequency of G: | Frequency of G:

44.6% ‘ 42.2% ‘
P-value: ‘ P-value: ‘
5.0-10% 0.33

2007 study of coronary artery disease (CAD) that showed that the individuals with the G-allele of
SNP1 (rs1333049) were overrepresented amongst CAD — patients. // doi:10.1038/nature05911
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OcHoBEI NoNHOreHoMHOro noncka accouyumauunin (GWAS)

Mpumep ceogHom cratuctukn GWAS // Selvaraj (2022) Nat Commun

A | B ) E F | & | H 1 J K |
'TOPMed Freeze 8 variants summary. Variants which passed the significance criteria were clumped (window 250 kb, r2 0.5) and compared again
summary statistic and GWAS catalog. Variants were binned to three categories, Known-Position (variant previously associated), Known-Loci (vari:

1 |previously significantly associated with the corresponding lipid phenotype but within 500 kb of a known locus) and Novel. The list of variants is tabu
each lipid phenotype and each category of is ordered based on chromosome position. Summary statistics reported were obtained from two-sided g
association testing preformed using SAIGE-QT model, where the model was adjusted for all the covariates.

__|TOPMed — Trans-Omics for Precision Medicine; MVP — Million Veteran Program; GWAS — Genome Wide Association Study

2

3 |HDL

A VEP pr VEP

CHR POS A1 A2 rs_ dbSNP151 BETA SE p.value MAF conseguence precedent gene Ca
5| 2 21008652G A rs676210 0.978 0.111 1.08E-18 0.246 missense_variant APOB Known
6 | 7 17872129G T rs1917368 -0.595 0.093 1.91E-10  0.468intron_variant SNX13 Known
7 7 806711337 G rs3211938 2.823 0.290 1.93E-22 0.026 stop_gained CD36 Known
8 8 9326086 A G rs4841132 1.782 0.149 9.17E-33  0.101non_coding_transcript @ AC022784.1 Known
9 9 104827463C T rs4149307 1.240 0.104 1.61E-32 0.388intron_variant ABCA1 Known
10 11 116830638G A  rs138326449 12.784 1.142 4.21E-29 0.002splice_donor_variant APOC3 Known
4 | 11 61785208G T rs174537 -0.859 0.105 2.98E-16  0.301intron_variant TMEM258 Known
12 | 12 124853983C T rs10773112 0.923 0.094 1.49E-22 0.394intron_variant SCARB1 Known
13 | 17 43848758C T  rs72836561 -3.641 0.345 4.87E-26 0.017 missense_variant CD300LG Known
14 | 18 49583585A G rs77960347 4.739 0.494 8.39E-22 0.008 missense_variant LIPG Known
15 | 19 54295230G A rs380267 -0.987 0.119 8.87E-17 0.202 downstream_gene_vari AC245884.12 Known
16 | 19 8364439G A rs116843064 4.256 0.375 7.11E-30 0.014 missense_variant ANGPTL4 Known
17 19 44908684T C rs429358 -1.649 0.125 8.06E-40 0.153 downstream_gene_varias TOMM40 Known
18 20 44413724C T  rs1800961 -2.561 0.290 1.06E-18 0.024 missense variant HNF4A Known
19 | 1 109274623C T  rs11102967 -0.642 0.100 1.49E-10 0.4353_prime_UTR_variant CELSR2 Known
20 | 1/ 109274968G T rs12740374 0.900 0.109 1.56E-16 0.2143_prime_UTR _variant CELSR2 Known
21 1 230144512C G rs11122400 0.585 0.092 1.91E-10 0.417 intron_variant GALNT2 Known
22 1/230148510C A  rs4846906 0.767 0.129 2.75E-09 0.143intron_variant GALNT2 Known
1/ 230158438 A T reQ1NAN2 1118 N1RR 7 44F-12 N NARlintran variant GAINT? Knawn
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OcHosgHble sTansl GWAS // Uffelmann (2021) Nat Rev Methods

a Data collection b Genotyping € Quality control
~
O | o Afican - ourdata
2 o
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= . o2
(3 S cé
° < American—+ European—"¢
< Principal component 1
d Imputation e Association testing
100
SNP1 |SNP2| SNP3 |SNP4 SNP5 SNP6
Person1 | G T G A A T
Person2 | G i C C T € .
Person3 | C A G € A €
Person4 | C A € © T €
1 35 7 9 11 13151719 23
Chromosome
f Meta-analysis g Replication h Post-GWAS analyses
Cohort A ~— Cohort B — (Cohort C > > el EEaEaEE
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OcHoBBI NonHoreHoMHoro nomcka accounauuii (GWAS)

Busyanusauus pesynstatos GWAS

5 : H i ! "
H
0 $ . i i
il el i b
pes kool A s I 'H
T PO R AR 1 P PRT R TR T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819202122
Chromosome

—logqo p-value

Manhattan plot Kaxgas touka cootsercteyer SNP, nomelueHHomy Ha rpacuk B Touke
CBOell reHOMHOI NO3MLMK MO OCK X, OCb Y: cuna accounaunu (—logiop — value) no ocm y.
SNP, oTMe4eHHble 3eN1eHbIM COOTBETCTBYIOT JIOKYCaM, AJisl KOTOPbIX paHee bbina
NoKasaHa accoumaunsi C NPU3HaKoOM.

Ipaduk kBaHTUNb-KBaHTUNL. Kaxkaas Touka
cooteetcTByeT SNP, ocb y: paH>XunpoBaHHblE 3HAYEHNS
—logiop, OCb x: oXupaemslie 3HadeHus —logiop B Caydae
HYNIEBOI rMNoTe3bl OTCYTCTBMSI accoumaumnn. Haxoxaerune
—logiop BbIWE AVHAN Y = X YKa3blBAET HA HEYUTEHHYIO B
aHasm3e NonyasiunoHHyto cTpykTypy. // Morris and
Cardon (2019) Handbook of Stat Genomics

Observed -Iog10 pvalue

1 ] G
Expoctod -log10 p-value
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Busyanusauns pesynstatos GWAS

5]
38

rs10401969

—logyo(p-value)
(QIN/INO) 1Bl UOBUIGUI0SY

UPFL> ~ SERST4 ~MEF28 «HAPLN4 GATAD2A—, ~ <.PBX¢ ~ZNF14
<~ GDF1 ARMCE—>  «-L0C729991 <-SF4 «TSSK6  «LPAR2  <-ZNF506
«LASST SLC25Ad2>  NCAN—> KIAAOS92—> NDUFA13—>  <-GMIP
«~COPE ~TMEM161A  <TMoSF2 VIEFNG—>  <-ATPI3AT
DDXg9-> <-L0C729991-MEF28 ClLP2->  ZNF101—>
«HOMER3 RFXANK-> «L0C284440
«NR2C2AP
. : : 8 :
18.8 19 19.2 19.4 19.6

Position on chr19 (Mb)

Ipacuk curnana. Jingupytowme SNP: cbronetosbiii. LigeTa: cuennenune c angupyowmm
BapnaHTOM B ranjotunax e.ponelickoro npoucxoxgernus 8 1000 enomos. Popma:
TPeyrofibHUK BBEPX AJ1si YKOpa4dmMBatowero 6enok BapumaHTa, TpeyronbHUK BHU3 As
HECMHOHUMMYHBIX BapUaHTOB, KBagpaT ans cuHoHummuydrbix unn UTR, kpyr gns
MHTPOHHbIX UK Hekoaupytowmx. Yactota pekombunauus oueHena no HapMap.

Morris and Cardon (2019) Handbook of Stat Genomics
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Nccneposanus nocne GWAS // Uffelmann (2021) Nat Rev Methods

© What are the epigenomic effects of variants?

a What are the associated loci? Gene A SNPs GeneB  GeneC
100 I
'

i ATAC-seq

H3K27ac

d What are the target genes in the locus?

o—rs12345
& -
2 € -
s
g 2
2 L
i : i g
: ] § 2
! ' ©
: o |rs12345 :
= AA AG GG Chromosome position
-2 rs12345 genotype
T |
1”§’ : Gene A 1512345 GeneB  GeneC
1 O :

Chromosome position
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omHoro nomcka accoumauuii (GWAS)

Pecypcbl ¢ pesynstatamu GWAS

B open Targets Genetics
|

Q

PCSK9 1154453788 C_T rs4129267 LDL cholesterol (Willer CJ et al. 2013)

Note: genomic coordinates are based on GRCh38

Last updated:
October 2022 (22:10)

About Open Targets Genetics

Open Targets Genetics is a comprehensive tool highlighting variant-centric statistical evidence to allow both
prioritisation of candidate causal variants at trait-associated loci and identification of potential drug targets.

It aggregates and integrates genetic associations curated from both literature and newly-derived loci from UK
Biobank and FinnGen and also contains functional genomics data (e.g. chromatin conformation, chromatin
interactions) and quantitative trait loci (eQTLs, pQTLs and sQTLs). Large-scale pipelines apply statistical fine-
mapping across thousands of trait-associated loci to resolve association signals and link each variant to its
proximal and distal target gene(s) using a Locus2Gene assessment. Integrated cross-trait colocalisation analyses
and linking to detailed pharmaceutical compounds extend the capacity of Open Targets Genetics to explore drug

repositioning opportunities and shared genetic architecture.
Jlekums 10. KomnnekcHeie (Mynh‘rvld:ax'ropnble) 3abonesaHns 2024
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Mpumenenne GWAS, wKankl reHeTUHeCKOro pncka

Muwenn nekapcts // Visscher (2017) Am J Hum Genet

GWAS hits

| b
i 10 F fi ?t
Trait Gene with GWAS hits Known or candidate drug
Type 2 Diabetes SLC30A8/KCNJ11 ZnT-8 antagonists/Glyburide
Rheumatoid Arthritis PADI4/IL6R BB-Cl-amidine/Tocilizumab
Spﬁ:?;ll‘i,tsilsr('f\s) TNFRI/PTGER4/TYI2 inhibitors/NSXI’\lDFs-/fostamatinib
Psoriasis(Ps) IL23A Risankizumab
Osteoporosis RANKL/ESR1 Denosumab/Raloxifene and HRT
Schizophrenia DRD2 Anti-psychotics
LDL cholesterol HMGCR Pravastatin
AS, Ps, Psoriatic Arthritis IL12B Ustekinumab
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Mpumenenne GWAS, wKankl reHeTUHeCKOro pncka

LLikanbi renetuyeckoro pucka // Uffelmann (2021) Nat Rev Methods

(1) GWAS summary statistics

Allele
Effect

A
+1.5

(2) Genotype data

Individual 1
Individual 2
Individual 3
Individual 4

AT
TA

T
T

C
-0.5

CcG
GG
cC
CC

+2.0

SNP3

SNP3

a1
a1
GG

(3) Polygenic risk score

Individuall 1.5 - 05
-1.5 Individual2 1.5 - 0.0
Individual 3 0.0 - 1.0
Individual4 0.0 - 1.0

(4) PRS distribution
Individual4  Individual 3

cC
CA
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Mpumenenne GWAS, wkasnbl reHETUHECKOro pucka

LLIkanbl reneTnyeckoro pucCKa

® |llkansl reHetuyeckoro pucka (LLIFP): cymma konmyectsa anneneii, B3BeLLEHHbIX MO
cBoeli oueHke adhdhekTa

® OueHnku acpcpekTa annenein nonyders nus GWAS,
S=3YVBiG, rae G =0,1,2u N =10* - 10°

® |llkana reHeTnyeckoro pucka arperupyer 3pdeKkTbl MHOTUX FEHETUHECKNX
BapUaHTOB B OAHO-€ANHCTBEHHOE YMCIIO, KOTOPOE MPEACKa3bIBAET CKAOHHOCTb K
pasBuTuto eHoTnna.

® |III'P MOXHO paccyuTaTb NMpu poXAeHUM

® Hocutenn Bbicokux 3Hadenmii LLITP He moryT 6biTe ngeHtudnymposansl no
Knaccuyecknm hakTopaM pucka unu buomapkepam

® Nuguengyymer ns Ton-5% ebicoknx 3Hadennii LLUTP gns koponapHoli 6onesHn
cepaua nogsepxeHbl B 3.7 pa3 bosiee BbICOKOMY LuaHCy nHdapkTa

® [lonureHHbili d)OH MOXXET N3MEHATb NEHETPAHTHOCTb MOHOIMEHHbIX MyTaLI,VIﬁ
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PGS catalog

I PGS Catalog | voms

Polygenic Scores

g 806

Biological process

Body measurement
0 cancer
Traits 0 cardiovascular disease

1\ 209 ‘ll 1 cardiovascular measurement

) Digestive system disorder

Hematological measurement PGS
Immune system disorder 44 PGS
Inflammatory measurement
Lipid or lipoprotein measurement
0 Liver enzyme measurement
Metabolic disorder
Neurological disorder 44 PGS

§ other disease
# other measurement
0 otrer trait

Response to drug

0 sex-specific PGS
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LLII'P pns ypoBHeli nunugos B ViBaHoBCKOI monynsiuuu

WBaHnoso: 1,675 yuactHukos, 37,372 sapuantoB. HDL — nunonpoTeutbl Bbicokoii
nnotHoctn, TC — obwmii xonectepuH. KosapuaTel: non, sospact, IMT, npuem

CTaTMHOB, KypeHue, ypoBeHb T TT. dMnupryeckne 3HauyeHus p-value paccumTatsbl
PRSice-2 4yepes nepectaHoBKU hEHOTUMOB.

r?, Var. 12,

R . Clumping B 3
Phen  Cov only Var+Cov Var. P-val R? PRS P-val Vars
HDL No 5.59% 0.0007901 0.8 0.00039996 38
TC No 2.46% 0.0319501 0.8 0.0484952 934
HDL  Yes 6.22% 26.13% 0.0000551 0.9 0.00029997 19
TC Yes 2.96% 11.94% 0.0008551 0.7 0.0280972 28

LUTP pns NeaHoBo c ouenkamu S pans 132 sapuantos // Selvaraj et al (2022) Nat
Comm. LDL: nunonpotenHsl Hu3koii nnotHoctu; HDL: nunonpoTtenHs! BbicoKoi
nnotHoctu; TG:tpuranuepugbl; TC:0bwmii xonectepuH.

Phenotype r2, Var. only Vars
LDL 4.9% 48
HDL 4.6% 63
TG 3.0% 38
TC 4.1% 51
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nature
O eﬂethS
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https://doi.org/10.1038/541588-018-0183-z

Genome-wide polygenic scores for common
diseases identify individuals with risk equivalent
to monogenic mutations

Amit V. Khera'?**5, Mark Chaffin®**, Krishna G. Aragam'?*#, Mary E. Haas*, Carolina Roselli®*

'

Seung Hoan Choi4, Pradeep Natarajan®234, Eric S. Lander?, Steven A. Lubitz®234,
Patrick T. Ellinor ®?*# and Sekar Kathiresan ®"234*

0.4 — Odds ratioversus
Here, we develop and validate genome-wide 'emi'”"ff;e‘:'ul‘:’(g“;';‘:"
palygenic scores for five common diseases. Hmmmeam
The approach identifies 8.0, 6.1, 3.5, 3.2, and 0.5 | Il > fefold (05%)
1.5% of the population at greater than
threefold increased risk for coronary artery
disease, atrial fibrillation, type 2 diabetes,
inflammatory bowel disease, and breast
cancer, respectively. For coronary artery
disease, this prevalence is 20-fold higher than |
the carrier frequency of rare monqgenic
mutations conferring comparable risk. We o H.
propose that it is time to contemplate the . A ! N
inclusion of_gglyggmg risk predlctlon in clinical Ganoma-wida palyganic scora for CAD
care, and discuss relevant issues.

0.2+

Density
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Clinical Trial
doi: 10.1161/CIRCULATIONAHA.118.035658.

> Circulation. 2019 Mar 26;139(13):1593-1602.

Whole-Genome Sequencing to Characterize
Monogenic and Polygenic Contributions in Patients
Hospitalized With Early-Onset Myocardial Infarction

3

Amit V Khera 12 3

4, Mark Chaffin %, Seyedeh M Zekavat 3 5, Ryan L Collins 1 4,

Carnlina Racelli 3 Pradean Nataraian 2 3 4 lidith H Lichtman € Gail D'Onafrin 7

What Is New?

What Are the Clinical Implications?

« Whole-genome sequencing was performed and ® A polygenic score comprising 6.6 million common

analyzed in 2081 patients presenting to a US hos-
pital with early-onset (age <55 years) myocardial
infarction.

A monogenic mutation, a single mutation that
significantly increases risk, related to familial hy-
percholesterolemia was identified in 1.7% of
the patients and was associated with a 3.8-fold
increased odds of myocardial infarction.

High polygenic score, reflective of the cumulative
impact of many common variants and defined as
the top 5% of the control population distribu-
tion, was identified in 10 times as many patients
(17%) and was associated with a similar 3.7-fold
increased odds of myocardial infarction.

Jekums 10. Komnnekchbie (mynsTudhakTopHeie) 3abonesanus

.

.

DNA variants can identify 5% of the population
who inherit risk equivalent to that of a familial hy-
percholesterolemia mutation.

Unlike familial hypercholesterolemia mutation
carriers, who typically have high low-density lipo-
protein cholesterol levels, “carriers” of a high poly-
genic score cannot be identified with conventional
risk factors or biomarkers.

These findings lay the scientific foundation for the
systematic identification of individuals born with a
substantially increased risk of myocardial infarction
resulting from either a familial hypercholesteral-
emia mutation or high polygenic score and delivery
of a lifestyle or pharmacological intervention to at-
tenuate inherited risk.
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Polygenic background modifies penetrance of
monogenic variants for tier 1genomic conditions

Akl C. Fahed, Minxian Wang, Julian R. Homburger, Aniruddh P. Patel, Alexander G. Bick, Cynthia L. Neben,
Carmen Lai, Deanna Brockman, Anthony Philippakis, Patrick T. Ellinor, Christopher A. Cassa, Matthew Lebo,
Kenney Ng, Eric S. Lander, Alicia Y. Zhou, Sekar Kathiresan & Amit V. Khera

Nature Communications 11, Article number: 3635 (2020) | Cite this article
Abstract

Genetic variation can predispose to disease both through (i) monogenic risk variants that
disrupta physiologic pathway with large effect on disease and (ii) polygenic risk that
involves many variants of small effect in different pathways. Few studies have explored the
interplay between monogenic and polygenic risk. Here, we study 80,928 individuals to
examine whether polygenic background can modify penetrance of disease in tier 1 genomic
conditions — familial hypercholesterolemia, hereditary breast and ovarian cancer, and
Lynch syndrome. Among carriers of a monogenic risk variant, we estimate substantial
gradients in disease risk based on polygenic background — the probability of disease by age
75 years ranged from 17% to 78% for coronary artery disease, 13% to 76% for breast cancer,
and 11% to 80% for colon cancer. We propose that accounting for polygenic background is
likely to increase accuracy of risk estimation for individuals who inherit a monogenic risk

variant.
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