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Glossary

Genome-wide association
studies

(GWASSs). Studies in which hundreds of thousands (or millions) of genetic
markers are tested for association with a phenotypic trait; they are an
unbiased approach to survey the entire genome for disease-associated
regions using common variation.

Genome-wide-significant

A term describing the statistical significance threshold that accounts for
multiple testing in GWAS:s.

Complex traits

Traits controlled by a combination of many genes and environmental factors.

Pleiotropy A gene or genetic variant that affects more than one phenotypic trait.

Heritability The proportion of phenotypic variance attributed to genetic differences
among individuals in a population.

Colocalizing Different genetic variants in high linkage disequilibrium located in the same

gene that affect different phenotypes.

Single-nucleotide
polymorphisms

(SNPs) Single-nucleotides in the genome that vary across individuals in the
population.

Linkage disequilibrium

(LD). The correlation between genetic markers owing to limited
recombination.

Copy number variants

Regions of the genome in which the copy number is polymorphic (for
example, deletions and duplications) across individuals.

Polygenic

Controlled by many genes.

Population stratification

A source of bias in genome-wide association studies that occurs when a
phenotype and the allele frequency of a single-nucleotide polymorphism vary
owing to ancestral differences.

Batch effect

Systematic biases in the data that arise from differences in sample handling.

Genotype imputation

Inference of missing genotypes or untyped single-nucleotide polymorphisms
using statistical techniques.

Ascertainment bias

A consequence of collecting a nonrandom subsample with a systematic bias
so that results based on the subsample are not representative of the entire
sample.

Tag SNPs

(tagSNP) Single-nucleotide polymorphisms (SNPs) chosen to represent a
region of the genome owing to strong linkage disequilibrium.

Multivariate analyses

The simultaneous inclusion of two or more phenotypes in one analysis when
testing the association with a genetic variant.

Univariate analyses

Tests of association between one phenotype and a genetic variant.

Polygenic scoring

(PRS) A score that aggregates the number of risk alleles a subject carries
weighted by the effect size of the allele for a particular trait. The risk allele
and effect size for each single-nucleotide polymorphism is generally taken
from a genome-wide association study of an independent study.

Linear mixed-effect model

A linear model that contains both fixed and random effects. This type of
model can be used to estimate genetic correlation between traits using a
genome-wide set of single-nucleotide polymorphisms.

Cohort studies

Observational studies in which defined groups of people (the cohorts) are




followed over time and outcomes are compared in subsets of the cohort who
were exposed to different levels of factors of interest. These studies can
either be prospectively or retrospectively carried out from historical records.

Cross-sectional studies Studies in which data are collected on subjects at one specific point in time

and subjects are not selected for a particular trait or exposure.

Case-control study Compares cases (that is, a selected group of individuals: for example, those

diagnosed with a disorder) with controls (that is, a comparison group of
individuals: for example, those who are not diagnosed with the disorder).
Genome-wide association case—control studies test whether genetic marker
allele frequencies differ between cases and controls.

Non-parametric approach A statistical analysis method that does not rely on specific distributional

assumptions (for example, normality) for the variables being analysed.

Principal components (PCA) A statistical method used to simplify data sets by transforming a series

analysis of correlated variables into a smaller number of uncorrelated factors. It is also
commonly used to infer continuous axes of variation in genetic data, often
representing genetic ancestry.

Summary statistics A statistic that summarizes a set of observations. In the context of genome-
wide association studies, meta-analyses can be carried out solely by using
summary statistics and typically include estimates of the effect size (for
example, odds ratio) and standard error.

Effect heterogeneity Different effect sizes across phenotypes.

Expression quantitative (eQTLs) Loci at which genetic allelic variation is associated with variation in

trait loci gene expression.

Fine mapping Extensively genotyping or sequencing a region of the genome that was
identified in genome-wide association studies to identify the causal variant.

Confounding factor A variable (for example, batch effects or population structure) that is
associated with both the genotype and the phenotype of interest and can
give rise to a spurious association.

Genetic architecture A genetic model (that is, the number of single-nucleotide polymorphisms,

effect sizes, allele frequency, and so on) underlying a phenotypic trait.
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Eav n moikiAia Tipwy 1Tou TTapouaiadel 1o yvwpioua kabopileTal kupiwg amoé 1o mepiBaAAov, TOTE N
dlakUuavaon ota DZ avapéveral va givai repitou idia e T diakupavon ota MZ, dpa apiBunmig=0. Av n
TroIKIAia TIMWV kaBopileTal aTmod 1o yovoTuTro, TOTE N diakupavan ata MZ=0, apa 10 KAGoua =1.
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Narrow-sense heritability (h?) is an important genetic parameter that quantifies the proportion of phenotypic
variance in a trait attributable to the additive genetic variation generated by all causal variants. Estimation of
h? previously relied on closely related individuals, but recent developments allow estimation of the variance
explained by all SNPs used in a genome-wide association study (GWAS) in conventionally unrelated
individuals, that is, the SNP-based heritability (h%snp), which is part of the narrow-sense heritability.
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The heritability gap in six major psychiatric disorders. Heritability (the proportion of causation attributable to
genetic factors) estimated from family and twin studies (family/twin estimates, black bars) and from GWAS
of SNPs and CNVs across the human genome (molecular estimates, red bars). The large difference
between the family/twin and molecular estimates is indicated as the “heritability gap” (gray bars).

18

Genome-wide association studies help identify candidate genes for complex disorders, using existing tools
and also novel methodology, which allow us to correlate: a) genetic variation to disease susceptibility, b)
genetic variation to disease subphenotypes/subcategories, or ¢) environmental to genetic factors, as well as
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clusters of genes to specific phenotypes.

Quantitative versus Categorical phenotypes: Quantitative traits offer improved statistical power to detect a
genetic effect (eg variants that influence the levels of a quantitative trait can have a clear interpretation —
HDL/LDL levels for instance in an allele- or genotype-specific manner).
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QC: percentage of genotype calls per individual (>90% accepted), SNP call rates (% of missing SNP data,
>95% accepted), Hardy-Weinberg Equilibrium, cryptic relatedness, ancestry, MAFs, population
stratification, concordance rates if using duplicate samples.

The causal variant will only occasionally be among those directly typed by GWAS scans and the interval
within which the aetiological variant(s) are expected to lie may contain several genes. In the case of
regulatory elements, susceptibility genes could lie well beyond the interval of association.
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Limitations of GWAS:
- Low to moderate risk (10-40%)
- Markers not directly associated with trait/disease (tagSNPs — not necessarily pathogenic)
- Markers lying outside gene regions (indirect or unclear association)
- Missing heritability
- Varying risk contribution across populations (most GWAS on Caucasians)
- Sex chromosomes omitted from analysis (until recently)
- Genes x Environment interactions (unclear)
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The solid X indicates a permanent limitation. The dotted Xs represent limitations that have the potential to
be overcome, at least to some extent, in the future (for example, with larger sample sizes, technological and
methodological advancements, and a shift from the use of single-nucleotide polymorphism (SNP) arrays to
whole-genome sequencing).
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Polygenic Risk scores (PRSs) = is a number based on variation in multiple genomic loci and their
associated weights. It serves as the best prediction for the trait that can be made when taking into account
variation in multiple genetic variants.

PRSs are essentially a count of the number of the risk variants present in the person’s DNA, weighted so
that the presence of some risk variants is considered more important than others. The identities of the
specific risk variants, and the basic information about how to weigh them, comes from the allele frequency
differences between cases and controls identified in genome-wide association studies (GWAS). The optimal
selection of variants and the weights associated with them is an active area of research. Notably, risk
prediction does not need knowledge of causal variants and can tolerate inclusion of some false-positive
variants. PRSs are validated by application in cohorts with already known case/control status. If the PRS
are found to be predictive of the disease, then the PRS can be applied to an individual with unknown
disease status. Ideally, at this stage, the PRS should be further validated for utility through formal clinical
trials (Wray et al., JAMA Psychiatry, 2020).
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The orange dashed line in the graph represents the threshold for genome-wide significance in a GWAS
study. The filled red dots in the rsPS and gePS sections represent genetic variants reaching genome-wide
significance, and the filled blue dots variants that have not reached genome-wide significance. In the pPS
section, open dots reflect variants that have been assigned to one of the four groups of partitioned loci
(Udler et al., Endocr Rev, 2019).
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A polygenic risk score can only explain the relative risk for a disease. Why relative? The data used for
generating a polygenic risk score comes from large scale genomic studies. These studies find genomic
variants by comparing groups with a certain disease to a group without the disease.

A polygenic risk score tells you how a person’s risk compares to others with a different genetic constitution.
However, polygenic scores do not provide a baseline or timeframe for the progression of a disease. For
example, consider two people with high polygenic risk scores for having coronary heart disease. The first
person is 22 years old, while the latter is 98. Although they have the same polygenic risk score, they will
have different lifetime risks of the disease. Polygenic risk scores only show correlations, not causations.




Absolute risk is different. Absolute risk shows the likelihood of a disease occurring. Women who carry a
BRCA1 mutation have a 60-80% absolute risk of breast cancer. This would be true even without any
comparison to any groups of people. (https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-
risk-scoresi#four)
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Receiver Operating Characteristic (ROC) curve/AUC area under the curve. The AUC provides an estimate
of the probability a randomly selected subject with the condition has a test result indicating greater than that
of a randomly chosen individual without the cancer. The solid line represents a receiver operator curve
based on polygenic risk score from known risk SNPs based on reference. An AUC of 0.5 (dashed line)
indicates that the classifier does not provide any useful information in discriminating cases from controls.
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There were 218.754 individuals with 55.917 cases of hypertension.
DBP: diastolic blood pressure; SBP: systolic blood pressure. Vaura et al, Hypertension, 2021
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Contrasting and combining clinical risk factors and polygenic risk. The relative risk conveyed to individuals
via commonly measured clinical risk factors (left panel) and polygenic risk estimation (middle panel) for
coronary artery disease (CAD) is comparable and, when combined, can lead to different action
recommendations (right panel). Relative risks for commonly measured clinical risk factors (left panel) can
vary across populations and are approximated here. For polygenic risk (middle panel), the black sigmoidal
curve represents the estimated CAD risk relative to average polygenic risk (at population incidence) based
on 74 genome-wide association study (GWAS)-significant single nucleotide polymorphisms (SNPs). The
bars represent the percentile thresholds typically used to define low (<20th percentile), medium (20th—80th
percentile) and high (>80th percentile) polygenic risk. The combination of clinical and polygenic risk
estimates (right panel) can lead to combined risk estimates that exceed the appropriate thresholds of risk
versus benefit that justify certain medical interventions (action threshold). In this example, an individual with
estimated clinical risk near the action threshold in the absence of polygenic risk information (bottom bar)
could clarify their total risk with the addition of a polygenic risk estimate to decide against (low polygenic
risk) or for (high polygenic risk) taking clinical action. PRS, polygenic risk score (Torkamani et al., Nat Rev
Genet, 2018).
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CRC: Colorectal cancer, BrCA: Breast Cancer, CKD: Chronic Kidney Disease, D-t-C: Direct-to-Consumer
(testing), WGS: Whole-Genome Sequencing

Polygenic risk scores can only explain part of the genetic aspect of a condition. Because nongenetic factors
also contribute to risk, the maximum accuracy of genetic predictor (PRS) is limited by the heritability of the
disorder, where heritability is the proportion of the variance between people in their liability to a disease that
is attributed to genetic factors. However, construction of PRS is, to date, limited to DNA risk variants that
have frequency of at least 1% in the population (and in some applications, variants are only included if they
have a frequency of more than 10%, owing to greater instability in PRS using low-frequency variants
[currently]). Hence, PRS are not designed to capture all genetic variation only tagged by common single
nucleotide variants (SNVs or SNPs). Therefore, the so-called SNP-based heritability (h%swe) gives the upper
limit of the variance between people in their liability to a disease that can be explained by PRS and
represents the variance explained by common DNA variants. As GWAS sample sizes increase, the
variance explained by PRS will also increase and approach the SNP-based heritability. The h2sye estimates
vary across diseases, but an approximate upper limit is approximately 30% (Wray et al., JAMA Psychiatry,
2020).
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The heritability gap in six major psychiatric disorders. Heritability (the proportion of causation attributable to
genetic factors) estimated from family and twin studies (family/twin estimates, black bars) and from GWAS
of SNPs and CNVs across the human genome (molecular estimates, red bars). The large difference
between the family/twin and molecular estimates is indicated as the “heritability gap” (gray bars).
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Ta yovidia auta emAEXBNKAV WG UTTOYAPIO TIPOG PEAETN EiTE:

a) egaitiag Tou Trpo@avr} BloAoyikou Toug pdAou aTnV opoI6aTAC TNG YAUKOLNG, OTNV (NTTATIKA 1
TIEPIPEPIKN) avTioTaon aTn 6paan TG IVOOUAIVNG, 0T QUCIOAOYIKY TOUG AIToupyia oTa B-TraykpeaTikd
kOTTOPA, i} 0TO POAO TOUG TN dnuioupyia Aimwdoug 1oTou (adioyévean) (functional candidates), i

B) e€aitiag TNG BEONG TOUG KOVTA O€ OAATA CUOXETIONG TTOU TIPOEKUWAV O€ TIPOYEVEDTEPES HEAETES
avaAuong olvdeang (positional candidates).




BéBaia, n ouykekpipévn TTPOGEYYION EXEN TO UEIOVEKTAUATA OTI, AQeVAS, OVO £va R Evag HIKPOS apIBuGG
yovidiwv duvaral va ueAeTnBei kaBe Popd Kal ageTépou, eVOEXETAI va ayvooUvTal até Ty avaiuan
yovidia, Twv otroiwv o BIoAoyIKeg pdAog dev sival Tdoo TTpogavig. TeAKA, TTapd To PeydAo apiBuod
peAETWY, TToU BaaicBnkav aTtnv emAoyR UTTOYRQIWV yovIdiwy, HOvo yia PepIka amd autd emiBefainwbnkay
O€ WETETTEITA PEAETEC TUOXETIONG TO APXIKG eupruaTa, o€ €TTiTTEG0 OAIKOU yoVIBIWUATOS KaI G€ JeyaAUTeEpa
TAnBuouIoKa deiyuara.

To yovidio KCNJ11 kwdikotrolgi Tnv utropovada KIR6.2 Tou ATP-eaptwpevou dialAou kahiou Twy B-
TTOYKPEATIKWY KUTTAPWY, TTou dladpapatifel KaBopiaTiko pAA0 GTNV EEWKUTTAPWAOT Twv KUOTISIwV
IVGOUAIVNG JETW TNG EKTTOAWONG TNG HEMPPAVNG TWV TTAYKPEATIKWY KUTTAPWY, EVW OTIAVIES JETAANAEEIC
0T0 Yyovidio auTé TTpokaAolv veoyviko aakyapwdn diapATtn kai diapAt 10Tou MODY. To yovidio PPARG
kwdIkoTTolei Tov avtioTolxo TTupnviko utrodoxéa PPARY, o otroiog Traidel onuavTikoTato pdAo aTn
dlagopotroinan kal Asitoupyia Tou AITTwdoug 10ToU, puBIdovTag TNV EKPPacn TTOAWY yovIdiwv, Evi
HETAMGEEIC aTo yovidio autd TTpokalolv aofapr| avtiaTaon aTnv IvoouAivn We AimoduaTpogia Kal
nTarikr véoo, ou e¢ghioaetal Tpoodeutikd e AT2 ot veapn nAikia. Ta yovidia PPARG kai KCNJ11
EMAEXTNKAV WG UTTOWRGIa yovidia, Kal yia évav akdun Adyo. Ta TTpoiévTa Toug aTroTEAOUV OTOXO0UG
QAPHAKWY, TTOU XPNCIUOTIOIOUVTAl YIO TNV AVTIMETWTTION Tou ZAT2, éTiwg o TTapdyovTag
euaioBnrotoinang Ivaouivng BeiadoMidivedidvn, Tou dpa aTov TTupnvikG utrodoxEa PPARY kai ol
O0UAQOVUAOUpIES, TTOU avayvwpilouv Kal auvdEovTal Pe Toug diauAoug KaAiou e Tnv utropovdada KIR6.2.
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Simplified schematic of the processes involved in genetic predisposition to type 2 diabetes. Assignments of
loci to particular processes are based on current knowledge of the presumed function of the best
candidates within each signal and human physiological studies. These assignments should be considered
provisional until the causal variants have been identified and the molecular mechanisms through which they
act are established. Current evidence shows, however, that the majority of genes implicated in diabetes
susceptibility act through effects on B-cell function and/or mass (McCarthy & Hattersley, Diabetes, 2008).

During the past decade, T2D-associated variants have been shown to modulate T2D risk through diverse
mechanisms: some increase T2D risk through an impact on obesity (e.g., FTO), others reduce insulin
sensitivity (e.g., PPARG, IRS1), whereas others compromise insulin secretion, either through direct effects
on islet function (e.g., KCNJ11) or development (e.g., HNF1A) or indirectly through impact on incretin
signaling (e.g., GLP1R). The various classes of T2D therapeutics operate through the same range of
mechanisms to reverse the diabetic phenotype or control its glycemic consequences. The weight of
evidence indicating that the genetic contribution to T2D predisposition mostly arises from common variants
of limited individual effect emphasizes the need to think in terms of a gradation of polygenic risk across
individuals, rather than a classification based around rigid, discrete subtypes (Udler et al., Endocr Rev,
2019)
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>130 loci associate, >400 genetic signals have been associated with T2D in adults (>50 for T1D). The
biggest effects for T2D modulate risk by no more than 40% per allele (TCF7L2), and most have much
smaller effects.
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Venn diagrams. The variants are represented by gene names here, which could indicate that the location is
present either in the gene, or in the vicinity of the gene. The black circle represents T2D, and the gene
names in black in this represent variants only associated with T2D. The overlapping circles indicate
additional reporting associations for that variant for instance, TCF7L2, KCNQ1, MTNR1B etc., are
associated with T2D and also with beta-cell dysfunction. An ADCY$ variant is associated with 2 h insulin
adjusted for 2 h glucose; 2 h glucose/T2D (in brown) *** variants in TMEM163 are also associated with
fasting insulin, TCF7L2—associated with fasting and 2 h glucose and MADD variants associated with
fasting proinsulin, fasting glucose and HOMA-B (Prasad & Groop, Genes, 2015).
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rs = restricted to significant SNPs only PRS
ge = global extended PRS
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