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Kowa (moAunapayovtikad vooipata)
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FIGURE 7.127 Recurrence risks of common medical conditions. Diagonal lines are the theoretical risks for threshold traits with the
indicated values of the narrow-sense heritability of liability. Horizontal lines are the theoretical risks for simple dominant or recessive
traits.
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Kowa (moAunapayovtikad voonuata)

TABLE 7.1 Distribution of height among British women

Interval Height Interval Midpoint Number of
Number (i) {inches) ;) Women {f;)

1 53-55 54 5

2 55-57 56 33

57-59 5B 254

4 E0-61 G0 813

. iy B o2 1340

& 63-65 B4 1454

7 G567 G JED

il 67-00 Ga 7L,

0 Go-71 70 (2]

10 71-73 72 11

1 73-75 74 4

Total N = 4005
ZUVEXN Kot N ouvexn yvweiocpata —Ygoc!
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Kowa (moAumapayovtika voorporto)
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FIGURE 7.4 Distribution of height among 4949& British women

and the smooth normal distribution that approximates the data.

ZUVEXN Kot N ouvexn yvweiocpata —Ygoc!
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Kowa (moAumapayovtika voorporto)

MEon tiun

2 SD kdtw anod
Th JEON TIKA

2 SD ndvw anod
TN JEON TIMN

Avaotnua (ivtoeg)

80

Elkéva 8-2 m Katavoun tou avaoTtnua-
ToC o0& O&iyua 91.163 veapwv AyyAwy
avopwv To 1963 (ualpn ypauun). H
MAAE YPAMMUA €ival JIO KAVOVIKA KATaO-
VOPN JE TNV iG10 MEON TIMN Kal Tnv idIa
TunIkA anodkaion (SD) nou gPgpavicouy
Kal Ta napatnpouueva dsdouéva. Ol
OKIQOUEVEC MEPIOXEC UNOBEIKVUOUV
dtoua €ite nonu uPnfou avactNUatoc
€ite NoAU xaunAol avaotApaTtog (>2
SD ndvw N KATw and th gean TIUA).
(Toonmonoinugvo ano: Harrison GA, Wei-
ner JS, Tanner JM, et al: Human Biology,
2nd ed. Oxford, England, Oxford
University Press, 1977).
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Here, we report 83 height-associated coding variants with lower minor-allele frequencies
(in the range of 0.1-4.8%) and effects of up to 2 centimetres per allele (such as those in
IHH, STC2, AR and CRISPLD?2), greater than ten times the average effect of common
variants.

Average Heritability/SNP in UKBB

|

Heritability estimated for all known height variants in the first release of the UK Biobank dataset. (A) We observed a weak but significant positive trend between minor allele frequency (MAF) and heritability explained (P=0.012). (B) Average heritability
explained per variant when stratifying the analyses by allele frequency or genomic annotation. For heritability estimations in UKBB. variants were pruned to »< 0.2 in the 1000 Genomes Project data set, and the heritability figures are based on 12=809% for
height.

Marouli E, 2017 Feb 9;542(7640):186-190 | 11320210 | 7


https://www.ncbi.nlm.nih.gov/pubmed/28146470

Kowa (moAumapayovtikad voorporto)
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FIGURE 7.9 The combined effects of genotypic and environmental variance. (4) A population affected only by genotypic vanance. o
(B} Populations of each genotype affected only by environmental variance, £ (C) A population affected by both genotypic and envirg

mental variance. in which the phenotypic variance, & equals the sum of of and 2.
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KAnpovounowuotnta (heritability)
ZupuBoAlopoc: H?

‘Evvolra: Tt T0600oTo TNC pOVOTUTILKNG TTOLKLAGTNTOLG, TTOU IoLPATNPELTAL OF
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H2= VB (0-100%)
Vp ' \
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To M0000TO TNG KANnpovopnoLlpuotntag piac acbeveiag (n
XOPOAKTNPELOTIKOU) UIopEeil va EKTLUNOEL pe peAETEC SLOU WYV

* Eva YOpOKTNPLOTLKO QLULYWE YEVETLKO, Bal TIPETEL val UTTAPXEL / val LNV UTIAPXEL
(cupmtwpatikotnta) oto 100% twv MZ 516U UWV Kat 6to 50% twv AZ L6V UWV.
* Ta AZ 6idupa potpalovtatl to 50% Twv yovidiwv Toug.

Type of study

Twin

Adoption

Objective

Differences

in genetic
relatedness,

same environment

Same genetic
relatedness,
different
environments

Key comparisons

Identical twins
together

Fraternal twins
together

Identical twins
together

Identical twins
apart

(N\

e

!

~

-

S o
t‘ 'Aﬁ—...’ ﬂ

Trait

Blood types

Eye color

Mental retardation
Measles

Hair color
Handedness
Idiopathic epilepsy
Schizophrenia
Diabetes

Identical allergy
Cleft lip

Club foot

Mammary cancer

MZ %
100
99
97
95
89
79
72
69
65
59
42
32
6

DZ %
66
28
37
87
22
77
15
10
18

L W Ln



Ektipnon KAnpovopnootntog ano HEAETEC ALOUMWV
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Kowa (moAunapayovtikad vooipata)
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FIGURE 7.127 Recurrence risks of common medical conditions. Diagonal lines are the theoretical risks for threshold traits with the
indicated values of the narrow-sense heritability of liability. Horizontal lines are the theoretical risks for simple dominant or recessive
traits.
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Nwc¢ kataAaBaivoupe OtL Eva voonuo Kabopilletal Kot YEVETIKA;
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http://www.public.iastate.edu/~jhale/Soc134/Crowd.jpg
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ATTAOTUTIOC
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E¢epeuvwvtag To yovidiwpa tov avlpwrnou

1000 Genomes

A Deep Catalog of Human Genetic Variation
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H unoBeon tnc kownc acOEveLag = Kowng HETAAAAENC

Common disease-common variant hypothesis

What is the allelic spectrum of disease-cansing mutations?

f'l.-'lLiI.'l}' rare Few comimon (>5%)

(1'5%) alleles 7 alleles ?

OL peAETeC oUOYXETIONG
paAAov Ba amotuXouv oe MBavn entuyia
Science 1996, 274:536-9. QUTIV TNV MEPIMTWON | wwezoz | s



H unoBeon tn¢g kownc acBeveilag = onaviag LeTaAAagng
(common disease-rare variant hypothesis)

Effect size /

Low-frequency
variants with
intarmediate affect

1.5 / \
Modest Rare varlants of
[:' small effect

\ very hard to identify |

1.1 by genetic ny
[N
0 001
[Veryrae

0 005 0.05
[Lowroquency} [

Allele frequency

“Rare variants could be the primary drivers of common diseases.”
- Nat Rev Genet. 2010

Am J Hum Genet 2001, 69:124-37. | asz0zn ] 1



Where are we today...

Common disease - Rare variant hypothesis

* 63 genetic susceptibility
loci for psoriasis (p<5e-8)

—> corresponds to ~22% of
Inheritance

- 2/3 unknown genetic
component

Am J Hum Genet 2001, 69:124-37.

{l'
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50.0
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causing high-effect
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20 diseasa influencing
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; : v Low-frequency
M‘ vanants with
~ intermediate effect
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small effoct \
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Low |
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“Rare variants could be the primary drivers of common diseases.”

Nat Rev Genet. 2010
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Where are we today...

www.1000genomes.org

e 63 genetic SUSCGptibility The goal of the 1000 Genomes Project is to find most

: S genetic variants that have frequencies of at least 1% in
loci for vl (p<56_8) the populations studied

LSS N

1000 Genomes . of

A Deep Catalog of Human Genetic Variatio?;‘;\f ¢ 5 ot ‘“g Y,
. ° <

-y’ o°
O 4
N

—> corresponds to ~22% of
Inheritance

- 2/3 unknown genetic
component

M Lek et al. Nature 536, 285-291 (2016)
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MNpoo Oxﬁ: Ot HeAETNG YEVETIKNG cUOXETLONG eV Aéve mavta tnv aAnOewa!
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I'Iapdﬁswp.a: Frizzled-related protein gene (FRZB) kai OoteoapBpitida

‘ Quaoioloyikn OctsoapBpitikn
Normal Narrow ¥ 1 Eéva 4 apBpwon apBpwon
knce AKTIVOAOYIKY] EIKOVE QUGIOAOYIKOD
a) yovatog - f) woyiov (apiotepd) kat
00TEOUPOPITIKOD (8ec1t) omov Muc
Swkpivoviat Tt emyeila ooTeEdPUTA
(bone spur) kat 1 oTEVOGY TOVL = N
uecapbpiov  dwotipatog  (narrow Tévoviag ~
joint space). \ y
J P /\ y -~ 4 _—=_ | KareocTpuppévog
Xovdpog | g/‘ ‘}:. . . : xovdpoc
: — o - N\
N e g P 1 - % OocredpuTa
ApBpiko uypo %\ i
Y-
Buiakacg >
<A /77 Naguvon
Bukaka

OcTo

Ewova 1: ANay£g nmou napatnpouvrat o€ pia ooteoapBprukr dpBpwon



I'Iapd&ewp.a: Frizzled-related protein gene (FRZB) kai OoteoapBpitida

To yovidlo FRZB (2g32.1) Tou xovdpoyevikou

PUBULOTH TNG EKKPLVOUEVNG Kol OXETILOMEVNC [County _ Locus Gene Strata
v 3 g | UK 224 3-q3 RZ8 Female hip
He BnAwad mpwteivng 3 (chondrogenic regulator 4q13.1-q13 Female hip
q q op123-9° Female hip
secreted frizzled-related protein 3). P (P hestiord i
16p123-p12 IL4R Female hip
o ] ‘ ’ ’ 0Q22.1-q23 Fermales
H nmpwrteivn autr cuvtiBetal anod tov apBpiko Finland  2q12-q21 L1 el Hand (DIP*)
XOVEPpOo EVAALKOU OTOHOU Kol §pa WG ity oy
’ ' ) 15-p21 fand (DIP*)
QVTOYWVLOTHG 0TOUG TIPOOCOETEG yLa TO Hingy G
’ lcoland 2p24 MATNG Hand (CMC*
povoratt Wnt. and DIP*)
3p13-p123 Hand (DIP")
. ‘ It I I 4Q32.1-q32.2 Hand (DIP*)
To povomaTtt auto mailel oNUAVIIKO POAO OTN USA 1092 1022 g
o Ty H _ 2024 2p20 Hand
xovdpoyéveon kal n mpwteivn frizzled-related 3 Py b
EXEL BpeOel OTL EAEyXEL TNV Wplpavon Twv R i gl
] Qdl 3 1and
XOVOPOKUTTAPWV. ‘“ . :""j
3Q14.11-q143 P;v d
Ta novtikia FRZB KO €xouv ¢puctoAoyikn 5q22.31-4 o
Sdokdbwtn ootikn pala aAAd avénon katd 7% 9q912-13.33 Hand

OTO TAX0C TWV GAOLWSOUC 00TOU Kal UENUEVN
anwAela apBplkol xovopou Katad tnv
apBpitida mou mpokAnBnke amnod aotdbela,
evlupatikn BAaBn i dAsyuovn.

Ewcova 7.

['evetikoi tOmol mov oyetilovron pe my
OA. Amnotehéopata 4 peydiov
noAvkevtpikdv peietov [Loughlin J,
Curr Opin Rheumatol 13, 2001].



I'Iapétﬁslvp.a: Frizzled-related protein gene (FRZB) kai OoteoapBpitida

* To yovidlo FRZB mA€ov amoteAel KAAO OTOXO AVATTTUENGC PAPUAKEUTLKNG
Bepareiac yia tnv OA!
Osteoarthritis

t Wnt/Mechanical stress/Metabolic/Trauma
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a4 Z'-'_
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Synovial
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Wnt gene expression '

expression
fibroblasts
Altered
pretein
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Elvoil OpWE MPAYUATIKA £V CNUAVTIKO Yovidio yia tn vooo ¢ OA?

Cylokines
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Meta-avaAvon oe 5,789 and 7,850 for hip OA, 5,085 and 8,135 for knee OA, and

4,040 and 4,792 for hand OA.

HHS Public Access Page 16

{@ Author manuscript

Arthritis Rheum. Author manuscript; available in PMC 2015 Apnl 29.

Published in final edited form as: =
Arthritis Rhenm. 2009 Fune ; 60(6): 1710-1721. dea-10.1002/art 24524

Large-Scale Analysis of Association Between GDF5 and FRZB | S
Variants and Osteoarthritis of the Hip, Knee, and Hand =
©

Evangelos Evangelou, PhD', Kay Chapman, MSc, PhD2, Ingrid Meulenbelt, PhD?, Fotini B.
Karassa, MD!, John Loughlin, PhD*, Andrew Carr, MDZ, Michael Doherty, MD, FRCP?, Sally
Doherty, RGNS, Juan J. Gémez-Reino, MD, PhD?, Antonic Gonzalez, MD, PhD?, Bjarni V.
Halldorsson, PhD?, Valdimar B. Hauksson, BScZ, Albert Hofman, MD, PhD?, Debarah .
Hart, PhD™2, Shiro Ikegawa, MD, PhD11, Thorvaldur Ingvarsson, MD, PhD2, Qing Jiang,
MD, PhD '3, Ingileif Jonsdottir, PhD¥, Helgi Jonsson, MD, PhD '3, Hanneke J. M. Kerkhof,
Msc?, Margreet Kloppenburg, MD, PhD?, Nancy E. Lane, MD'%, Jia Li, PhD'7, Rik J. Lories,
MD, PhD '8, Joyce B. J. van Meurs, PhD?, Annu Nikki, BSc'?, Michael C. Nevitt, PhDZ0,
Julio Rodriguez-Lopez, PhDE, Dongquan Shi, MD12, P, Eline Slagboom, PhD2, Kari
Stefansson, MD, PhD™, Aspasia Tsezou, PhD21, Gillian A. Wallis, PhD22, Christopher M.
Watson, BSc (Hons)22, Tim D. Spector, MD'0, Andre G. Uitterlinden, PhD®, Ana M. Valdes,
PhD'?, and John P. A. loannidis, MD22

Figure 2.

Forest plot of study-specific estimates and random-effects summary OR estimates and 95%
CIs for the association between the 157775 polymorphism of the FRZB gene and hip OA
(A). knee OA (B). and hand OA (C). Diamonds represent the point estimate (center of each
diamond) and the 95% CIs (horizontal tips of each diamond). Dashed lines represent the
summary OR estimate. Sizes of the shaded boxes represent the weight of each study.
Asterisks indicate that the data are entirely new or expanded compared with what was
included in a previous meta-analysis (18). SOF = Study of Osteoporotic Fractures (see
Figure 1 for other definitions).



Meta-avaAvon oe 5,789 and 7,850 for hip OA, 5,085 and 8,135 for knee OA, and

4,040 and 4,792 for hand OA.

Fixed-eiTeds and mndom-efMTects summary odds ratios and 95% confidence mtervals for osteoarthnitis risk with FRZR rs7775 and rs2 883126
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Anokpunitoypadnon YEVETIKAC SOMNE KOWVWV (TTOAUTTOLPOLYOVTLKWYV) atcOeveLwv

Genetic architecture of complex traits

Population sequencing,
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E¢atopikeupévn Mevetikn latpikn — eVpoc epappoywv

ALY Y

Clinical Genome Sequencing Targeted Therapeutics

« Identify disease-causing mutations « Tackle molecular underpinnings
in patients and family members of specific disease subtypes
(e.g. cascade screening in FH) (e.g. PCSK9 inhibition via

antibodies in FH)

« Sequencing can aid placement
of patients into appropriate
clinical trials

« Direct disease treatment (e.g. LQTS
subtype-informed drug selecti 7

« Clarify disease diagnoses

-

Genetic Risk Scores

< RISk of complex isease cAloulate Induced Plurllrinotent
from influence of many variants Stem Cells
(e.g. in coronary artery disease, « Model disease and test new
risk score discussion can affect therapies in vitro (e.g. testing
statin usage) calmodulin knockdown in LQTS)
» Association of genetic risk with « Potential source of autologous
disease outcomes can be as cells for transplantation (e.g.
strong as lifestyle risk iPSC-erythroblasts to treat
beta thalassemia)
CRISPR Genome Editing

» Potential to stop disease before
it starts (e.g. editing in HCM
embryos)

* Target disease at the DNA level
(e.g. editing of DMD in mice
can alleviate disease
symptoms)

q w

State-of-the-art genetic technologies are

revolutionizing cardiovascular precision medicine.
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