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MexpL poodata tTa cwpatia Lewy

otn vooo Parkinson

’
a-synuclein ™

.

Nevpwvag

Lees AJ. Lancet 2009



MexpL poodata tTa cwpatia Lewy

otn vooo Parkinson

Kinase @Mitmhondrial

dys- dysfunction Proteasomal
regulation dysfunction
LRRK2 Omi DJ-1 PINK1 Parkin o- Synuclein UCH-L1

Tau pathology Pure nigral degeneration alpha-Synuclein pathology

Schiesling C et al. Neuropathology and Applied Neurobiology (2008), 34, 255-271



MovoyoviaKkeC LopdEC

vooou Parkinson

Mutation in the «-Synuclein Gene Identified in
Families with Parkinson’s Disease

Mihael H. Polymeropoulos,” Christian Lavedant,
Elisabeth Leroyi, Susan E. Ide, Anindya Dehejia, Amalia Dutra,
Brian Pike, Holly Root, Jeffrey Rubenstein, Rebecca Boyer,
Edward S. Stenroos, Settara Chandrasekharappa,
Aglaia Athanassiadou, Theodore Papapetropoulos,
William G. Johnson, Alice M. Lazzarini, Roger C. Duvoisin,
Giuseppe Di lorio, Lawrence |. Golbe, Robert L. Nussbaum
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Fig. 2. Mutation analysis of the G209A
change is shown in a subpedigres of
the Iltalan kindred (A) and the three
(GR1, GR2, GR5) Greek PD kindreds
(B). Filled symbols represent affected individuals. Mumerical identifiers denote the individuals immedi-
ately above. Tspd5 | digestion of PCR products (5) is shown at the bottom of the figure, and fragment
sizes are indicated on the right in basa pairs.

SCIENCE » WOL 276 » 27 JUNE 1997



Movoyoviakec HOPPEC

vooou Parkinson
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Movoyoviakec HOPPEC
vooou Parkinson

Thessaloniki




MovoyoviaKkeC LopdEC

vooou Parkinson

PARK1 &4

foviélo
SNCA

KAnpovounon
‘ ETiikpartn Tk

MetaAAaerg
A30P, E46K, A53T & Suth/tputA

PARK 5 UCHL-1 ‘ Ermikpatntiky |1 onpelakn o€ pia olkoyEvela
PARK 8 LRRK2 ‘ Ermikpatntikny |> 7 moBoyevetikeg (G2019S)
PARK 11 GIGYF2 ‘ Erntikpatntiky |11 mmaBoyeveTikeg

PARK 2 Parkin Yrto)\smc')uevn > 100 maBoyeveTIKEC & eAN/OUTA
PARK 6 PINK-1 ’ YrioAeutopevn |> 40 maBoyeveTikeg & eAAsippota
PARK 7 DJ-1 ‘ YrtoAeutopevn |10 onuelakeg & eAAelpporta
PARK 9 ATP13A2 ’ YrtoAeutopevn |5 maBoyeVETIKEC

PARK 14 PLA2G6 ‘ YrtoAeutopevn |2 maBoyeVETIKEC

PARK 15 FBXO7 YrioAeutopevn |3 maOoyEVETIKEC

PARK 13 Omi/HTRA2 || ayvwoto 2 TIOOOYEVETIKEC

PARK 3 AYVWOoTo Emwkpoatntky | --—--—----

PARK 10 AyvVWOoTOo ayvwoto | -

PARK 12 AyvVwoTo ayvwoto | ----—---




MovoyoviaKkeC LopdEC
vooou Parkinson ( kaAn avtamnokpion otnv L-dopa)

KAnpovopnon

MetaAAagerg

PARK 1 & 4 |[SNCA Eniikpatntiky |A30P, E46K, A53T & SutA/TputA
PARK 5 UCHL-1 Erntikpatntiky |1 onpelakn o€ pia olkoyEvela
PARK 8 LRRK2 Enikpatntky |> 7 maBoyevetikeg (G2019S)
PARK 11 GIGYF2 Erntikpatntiky |11 maBoyeveTikeg

PARK 2 Parkin YrtoAewtopevn |> 100 maBoyeveTikeg & eAN/OUTA
PARK 6 PINK-1 YrioAeutopevn |> 40 maBoyeveTikeg & eAAsippota
PARK 7 DJ-1 YrioAeutopevn |10 onuelakeg & eAAelppata
PARK 9 ATP13A2 |YmoAeutopevn |5 nmoBoyeveTIKEC

PARK 14 PLA2G6 YrioAeuopevn |2 maBoyeVETIKEC

PARK 15 FBXO7 YrioAewmopevn |3 maBoyeVETIKEC

PARK 13 Omi/HTRA?2 |ayvwoto 2 TIOOOYEVETLKEC

PARK 3 AYVWOoTo Emwkpatntky | --—--—----

PARK 10 AYVWOoTo ayvwoto | ---—--—---

PARK 12 AYyvVWOoTOo ayvwoto | -




Movoyoviakec popdec vooou Parkinson
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[eveTikol Kol TtepLBaAAoVTIKOL TOPAYOVTEC OE

LLOVOYOVLOLOLKEC KOl TTOAUTIOPAYOVTIKEC popdec PD

MovoyoviIOLaKEC MoAunapayovTLKEC

— MetadAAagn o€ Eva yovidlo
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Manolio TA et al. JCI 2008



Mot va HEAETOUME VEVETIKA TA
TLIOAUTTAPOLYOVTLKA Voo pota?

e MaBoyevela
e BeAtiwon dtayvwoncg / npoyvwonc / Bepameiag

Mot va NV HEAETOUME YEVETIKA TA
TIOAUTTAPOLYOVTLKA Voo pota?

e [Tavakplfoc TpOmoc omataAng Tou XpOVou oG

e Tol YEVETLKA ATIOTEAECMATA OTIAVLAL 0ONYOUV OE VEEC
Oepareieg



Mumber of human Mendelian traits

for which molecular basis found
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Number of complex trail genes
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Genetic Dissection of Complex Traits

Eric S. Lander* and Nicholas J. Schork Science,1994;265:2037-2048

Association studies
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O MEAETEC YEVETLKNAC OUCGXETLONG EAEYXOUV KOTA TTOCO Eval
oAAAQALO (SNP, single nucleotide polymorphism) epdoviletal P

HEYAAUTEPN CUXVOTNTA OE MAOXOVTEC OE OXECN ME KN
naoxovtec (cuvnOwc apopouv yeviko MANOUOUG Kat o)L
OLKOYEVELEC)




Proc. Natl. Acad. Sci. USA
Vol. 75, No. 11, pp. 5631-5635, November 1978

Genetics

H TTpwTn YEVETIKN YEAETN OUOXETIONG

Polymorphism of DNA sequence adjacent to human 8-globin
structural gene: Relationship to sickle mutation
(sickle cell anemia/cDNA /restriction endonuclease/gene mapping)

- YUET WAI KAN*t AND ANDREE M. DOzZY*

* Hematology Service, and ' Howard Hughes Medical Institute Laboratory, San Francisco General Hospital, San Francisco, California 94110; and Departments
of * Medicine and * Laboratory Medicine, University of California, San Francisco, California 94143
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- t
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3 1.8+
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FiG. 5. Diagram of the three types of Hpa I fragments. Arrows,
Hpa 1 sites; A and S, normal and sickle g-globin genes, respective-
ly.
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Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtat ota SNPs

ALLEGNC CUCYXETLON ‘EMECN CUOYXETLON
e\
i ....................... ? ? i ........... ? .....
Yriopndroc SNP SNPs pe Baon tnv ouvdeon
OVLOOOPOTILOLG

(Linkage Disequilibrium)



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtat ota SNPs

I * I I
v
NoukAeotidikr) aAhayr (SNP), del/multiplication
—  Kataotpodn mpwteivng —> Zlﬁvﬁeon —  Noboog (okoyeving)
AvoAettoupyia
)Weu&bq Betikn (oxedlaopoc)
—>  XwpIiGg AELTOUPYLIKEC CUVETIELEC > o
MNpaypatikn Adyw LD (o€ kovtivo yovidio)

—>  Me AELTOUPYLKEG CUVETIELEG » 2UoXEotion pe PD (kupiwg omopadikeg)

MNpodiddeon Tpononoinon Weudwg Betikn
* KUPLWG YEVETIKNA e AltAvtnon aywyng LD

* enidpaon pe nepPaiAov * XOpOLKTNPLOTLIKA e Tuxaia
* JuotnUatiko Adbog




Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtat ota SNPs

30-35 K genes

2.91 billion bp

3 M amno to HapMap | & Il

10 M SNPs — (1 per 300 bp)

BLEDLEE ) — Eminpedouv TNV AELtoupyia MPpwTEVWY



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtat ota SNPs

lMpoorttikec ueAetec napatnpnonc (prospective cohort study)
Dopeic tou aAAnAiou A _> oUYKPLON TNG CUXVOTNTOC
Qopeig tou aAAnAiou B VOOOU OTLC 2 OHASEC

(oxetikoc kivéuvoc-RR)

MeAetec aodevwv-uaptupwyv (Case-Control Study)

AcBeveic pe €va voonua oUYKPLON TNC CUXVOTNTOC
> aAAnAilwv otic 2 opadec

AvtioToLyol HAPTUPEC

(Aoyoc avaloylwv-OR)



[TAcovekTAUATA

Candidate-gene
studies

Genome-wide studies

Association

Reseq/cing

Linkage

Admitxure

Missense
SNPs

Association

Reseq/cing

No prior known
function

Localized to small
genomic region

Expensive

Prohibitive

Families needed

Ability to detect rare
alleles (MAF<1%)

Ability to detect
common alleles
(MAF>5%)

Requirement for allele
variation among
populations

Modified from Hirschhorn&Daly, NatRevGenet 2005




Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtat ota SNPs

Candidate gene approach (Hypothesis driven)

Genome-wide approach (agnostic approach)



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven)

Nwc¢ emAéyoupe to unoPndro yovidio ?

BloAoyia
Doappokoloyia
Nelpapotolwa
MovoyovidLaka

['VWOTEC CUOXETLOELC

vV ¥ vV Vv v

AeLtoupyia

Mnxaviopoc

Fovidla tou epumAexkovtal
KANPOVOULKEC LOPDEC

ANUOCLEUEVEC



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

1. Fovidia — petafoAlopo vromapivng
2. lovidla — 6paon L-dopa
3. lovidla — amotoéivwonc armo veupotoivec
4. Tovidla tov npokadouv povoyovidlako PD
5. AA\a yovidia
AUTonPWTEIVWVY
O&eldWTLKO OTPEC
NeupotpodLKoL TToPAYOVTEC
MutoxovdpLaka yovidia, KAT



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

2. lovidla — 6paon L-dopa
MBava yovidia ormouv SNPs Ba emnpeadlav to petafoAlopo tne L-dopa

Pharmacogenomics 2004
Levodopa Levodopa
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Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven)

Nwc¢ emAéyoupe touc SNPs

1. A&ToUpPYLKOC
2. Tagging



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven)

Nwc¢ emAéyoupe touc SNPs

1. A&ToUpPYLKOC



H dpaon Tng Paraoxonase 1 (PON1) givai

YEVETIKA KOBOPIOHEVN

l

AVTI-0CEIOWTIKI)

AVTI-TOCIKN

l

Hydrolysis of paraoxon (%)
Antioxidant property (%)

LL LM MM



Table 1
The distributions of genotypes and allele frequencies of PON1 Leu—Met 54 polymorphism in patients with PD and healthy controls®

Groups Total Genotypes M allele vLPdf=2 Y. Pdr=1
N L M MM frequency genotypes alleles

Patients 117 36 61 20 0.43 10.49 8.63

with PD (30.8) (52.1) (17.1) =0.005 =0.003

Healthy 207 102 80 25 0.31 - -

controls (49.3) (38.6) (12.1)

*OR (MM and ML vs. LL)=2.10 [05% CI=1.52-3.14]; N=Number of subjects studied; N5, nonsignificant. Figures in parentheses are percentages.



Auvénpeva entineda putoPappAKWY GE

ocOeverg pe PD

Coneantration, ng/mL
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HIIRENENNNEEESSANNNNNNNNEN pl L kil A4 4 PSRN

Arch Neurol. 2009;66(7):870-875



H €kBeon o putodpappaka

avéavel to kivduvo yia PD

Table 3. QOdds Ratic for Parkinson's Disease According to
Residential Ambient Exposure to Maneb and/or Paraquat, by Time
Window of Exposure and Age Group, Central Valley of California,

1974—1999
Age Group Cases Controls Odds c 95%
. onfidence
and Exposure MNo. o Mo. oy, Ratio Interval
1974—1989 Time Window
<60 years
Missing data 16 20 20 23
Mo exposure 13 16 27 AN 1 Reference
Faraguat or 36 46 34 39 2.27 0.91, 5.70
maneb onky
Both paraguat 14 18 G 7 417 1.15, 15.16
and maneb
=60 years
Missing data 37 13 32 13
Mo exposure 80 28 86 34 1 RHeference
Faraguat or 112 39 103 41 1.18 0.75, 1.84
maneb onky
Both paraguat g0 21 33 13 2.15 1.15, 4.02
and maneb

Costello S, et al. Am J Epidem 2009



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven)

Nwc¢ emAéyoupe touc SNPs

1. A&ToUpPYLKOC
2. Tagging



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven)

Nwc¢ emAéyoupe touc SNPs

2. Tagging



Ta tagging SNPs Bacilovtat

otnv napouoia blocks kat LD

Chromosome

SN.LP 1 SNP2 SNJ.P 3

;

n engl j med 356;11 www.nejm.org march 15, 2007



Ta tagging SNPs Bacilovtat

otnv napouoia blocks kat LD

SNP 3t SNP 4 SNP5S
G C T
or or or
Genomic AACTGT CGTAA T A AGG
DNp —O—0—0—(—@—@m-=--- =D o = = -_—— = = -
G C T
— = i = == = = = = = = -_——— - -
Person 1 G C A
= = == = — el = = = -_——_—— - -
G C T
=== =f———===- === === === _ = = = = =
Person 2 T T A
## ----- ## ----- ##
T T T
— === === ——— === === -_—_—- - - -
Person 3 G c A
=== === === === === _—— = = = =

n engl j med 356;11 www.nejm.org march 15, 2007



Me tnv peBodoAoyia twv tagging SNPs
O&V KOAUTTTOUE TANPWC TO YOVLIOLWHOL

v SNPs xwpig LD



H xpnon twv anAotunwv divel mAnpEotepn

ELKOVQ YLA TNV CUMHUETOXN TNC TTEPLOXNG
Avixvevon amlotunwv |AKT 1

COHORT
HAPLOTYPES
AMERICAN FINNISH
CASES CASES
) . CASES  CONTROLS CONTROLS CONTROLS
8 2 ¢ ¢ 5 ¢ ¢ © N E P
T 8 g Eo& 8 & (=3 (=20 (n=231) (n=134)
., & 8 § g §& 3z § ¢ 71 7
= = - X ; s ' % ; -
B ¢ ¢ v ¢ ¢ ¢ ¢ g
T A G T T c C 0.431 0.500 004" 0468 (458 071 0450 0440 0.75
G c C A C 0.182 0.226 023 0183 01 02 0181 0.163 0.64
C A G C A 183 0153 0.7 0288 0264 05 020 0270 0.2
G G C A T C |4 0.042 073 0027 0Did 044
A G C A C 032 00 0.02 .03 ). 008 00

Xiromerisiou et al, Neurosc Lett 2007



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven method)

Eiva o mAnBuopog po¢ kataAAnAog ?

1. Maptupeg
2. Amoduyn emloync aoBsvwyv Kal pHaptupwv
3. 2uvBeon mAnBuouou



H akataAAnAn ocvvBeon tov mAnGucpou

glval Kpionun

YnoO¢oelc
Aladopetikni ocuxvotnta tou AA yovtumou otoug duo urtontAnBuaopuou;
AladopeTIKA ocuxvoTnTa TNE VOOOU 0TtouC U0 UTIOTTANBUGCHOUC

YronmAnBuouog 1 AcBeveic YrtormAnBuopog 2
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<
m AA -} ]
[0 AB MapTtupeg Nat Genet 2004
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Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

MNéoco katdaAAnAn givatl n avaAlvon Ko n epunveia?
1. AopBwaon yLa MOAAATIAEC OTATLOTIKEC AVAAUOELS
(10 SNPs —  p<0.05/10 = 0.005)

(103 SNPs —»  p<0.00005)
(105 SNPs _,  p<0.0000005)

2. EmBefaiwon twv amoteAeopATWV

3. Etepoyévela



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Candidate gene approach (Hypothesis driven method)

Eivau to ésiypa tov mAnBuopov snapkec (POWER)?

1. Zuyxvotnta tou minor aAAnAiou
2. Avapevopevo OR kat eminedo onpavIlkoTNTOC

Susceptibility allele frequency in controls

1% 5 10% 20% 30% 40%
rt [FSr——
0.05 I13599 | 2866 1533 886 64 623
0.01 l19258 | 4058 2171 1255 982 883
0001 V37055 1 5702 3051 1763 1380 1240
5% 10-5 36860 | 7770 4157 2403 1881 1690
5% 10-8 {58 678 : 12 366 6617 3825 2994 2690

Mumbers indicate sample size needed to detect significant association {power=90%) for different values of o, assuming allelic
odds ratic of 1.3, given differing allele frequencies for predisposing allele or haplotype. Assumptions are same as for table 3.

Table 4: Effect of differing statistical significance levels on sample size  Hgttersiey AT, et al Lancet 2005




Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

Eivau to ésiypa tov mAnBuopov snapkec (POWER)?

1. Zuyxvotnta tou minor aAAnAiou
2. Avapevopevo OR kat eminedo onpavIlkoTNTOC

T

__ BO0
E

= OR
S 5,000

=

—:f*,i 4,000 1.2
2 — 13
L oaoo

E 1.5
B =0 —_

£ 2.0

Frequency of disease-susceptibilty allels




O peletec ouoxEtionc ywa vtoyndla yovidia

ELYOV MLKPO aplOpo aoOevwv pEXPL Tpoodata

150 S

120 /
“n
|
T oo
=l
=)
=
S 60-
=
=

20 /
0 _|_|_|_|_|—|—
|:|—"||:'v 501—600 1001-1100 = 1500

Sample size loannidis JPA, Trends Mol Med 2003



H avapevopevn enidpaon twv vtopndpiwv

yovidiwv eivar pukpn (OR of 1.1-1.5)

i
a 3
2 \_\B\
e a
1 DISEASE/GENE
B nephropathy/ACE
gg ) alcoholism/DRDZ2
2 0.3 4 HTN/AGT
T 0.2 4
0 ' Parkinson/CYPZ2D6
=
'E 0.1 = Jung cancer/GSTM1
Q
= o schizophrenia/DRD3
m 0.05 1
S 0.04 s = Down dementialAPOE
= 0.03 1
S 0.02 _ _ i} I ; ; — o lung cancer/CYPZD6
40 100 200 500 2000 4000 10,000
50 200 400 1,000 3,000 5,000

total genetic information (subjects or alleles) loannidis JPA, et al Nat Genet 2001



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

Elvaw to deiypa tov mAnBuopov enapkec (POWER)?

1. Zuyxvotnta tou minor aAAnAiou
2. Avapevopevo OR kat eminedo onpavIlkoTNTOC

Nw¢ avtipetwniletal auto to NpofAnua?

1. Meta-avalloelC
2. Anuoupyia dteBvwv opadwv peAETncg (consortia)



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

Elvaw to deiypa tov mAnBuopov enapkec (POWER)?

1. Zuyxvotnta tou minor aAAnAiou
2. Avapevopevo OR kat eminedo onpavIlkoTNTOC

Nw¢ avtipetwniletal auto to NpofAnua?

1. Meta-avalloelC



Meta-avaAuon yia To poAo tTwv aAnAiwv

Year of Publication

tn¢ APOE otnv naBoyeveila tng PD

1994 {21)
184 (E2)
1954 §03) =
1624 (04
1995 [23)
1995 (34)
HOE {25) =
19948 {17)
100 18] =
1896 (08) -
1897 {28) -
19697 (2T} =
1907 {28) =
1090 (14)
1999 {10) -
1999 {15) -
2000 (79) -
ZOOT 30y =
2002 (31} ™
JO0E {32y -
2002 (20

£2

2003 (33) -

o
l
I-
o
*
o
FIEF—
 —
#*
T
[ ——
e ——
e —
——
—
st il
e

T ED i' I
05 081132

COdds Ratio
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0.5 08 112 Z 3

Odds Ratio
Neurology 2004



Meta-avaAuon yia To poAo tTwv aAnAiwv

tou UCHL-1 otnv naBoyéveila tnc PD

Odds Ratio Estimates with 95% confidence intervals

Cases Controls

Study N /N p-value
Elbaz Tv209 165/488 0.935
Gasser o192 G97/254 0.851
Levecnue 314 24/93 = 0.742
Maragancre 92/307 TEM90 — 0.011
Mellick 421142 411142 ' 0.896
Momose 158/230 187/248 — 0.125
Satoh 4674 114/155 i 0.078
Savetiier 51/169 504165 i 0.980
Wang 1200180 115/160 g 0827
Wintermeyer B/229 72/200 —_—l 0.028
Zhang 94/144 a7M129 i . 0.074
Pooled M-H Estimata < -::".::-: 0.84 (0.73,0.95)

I T T 1

0.2 06 1.0 20 a0
A Cdds Ratic

Odds Ratio Estimates with 95% confidence intervals

Ann Neurol 2004



Meta-avaAuon ylo To pOAO TwWV YOVOTUNTWV

Race

All

Caucasian

Asian

tn¢ PON-1 otnv naBoyeveila tnc PD

Contrast

Mvs L

MM vs LM+LL

MM vs LL

MM+LM vs LL

Mvs L

MM vs LM+LL

MM vs LL

MM+LM vs LL

Mvs L

MM vs LM+LL

MM vs LL

MM+LM vs LL

Fixed effects
OR (95%ci)

1.32(1.10-1.59)

1.34(0.92-1.94)

1.64(1.10-2.46)

1.45(1.13-1.86)

1.34(1.11-1.62)

1.34(0.92-1.95)

1.66(1.10-2.49)

1.50(1.16-1.95)

1.07(0.52-2.20)

1.00(0.06-15.99)

1.01(0.06-16.15)

1.08(0.51-2.30)

P-value
Q-test

0.20

0.46

0.29

0.20

0.12

0.28

0.16

0.14

n.a.

12(%)

35

35

53

45
49
n.a.
n.a.
n.a.

n.a.

P-value
U-test

<0.01

0.13

0.02

<0.01

<0.01

0.12

0.02

<0.01

n.a.

n.a.

n.a.

n.a.

Random effects
OR (95%ci)

n.a

n.a

n.a

n.a.

1.36(1.03-1.79)

n.a.

1.70(0.99-2.94)

n.a.

n.a.
n.a.
n.a.

n.a.

Zintzaras E and Hadjigeorgiou G, ) Hum Genet 2004
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P-value
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0.13
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O kpiolpnoc poAo¢ Twv consortia

OTLC LEAETEC GUOYXETLONG
Lotopla tou Repl noAvpopdlopol tou yovidiou SNCA

AWOUKAEOTLOLKOC TTOAULOPDLOUOC

Enhancers/

- SUpPPressors
Transcription PP

regulation

SNCA REP1

Regulation mRNA
Transcription of splicing

factor binding processing

Potential mechanisms of allele-specific gene regulation of the SNCA gene
Expert Reviews in Molecular Medicine © Cambridge University Press 2009




O kpiolpnoc poAo¢ Twv consortia

OTLC LEAETEC GUOYXETLONG
H wotopia tou Repl moAvpopdlopou tou yovidiou SNCA

536 G.M. HADJIGEORGIOU ET AL.

TABLE 1. Allele frequencies of e--svnuclein Repl polymorphism and genotvpes according to possession of allele 2

Repl genotype according to carriage

Repl allele (%) of Repl allele 2
-2 —1 0 1 2 3 - —/— OR (95% CI) P
Controls (n = 186) 000y  3(0.8) 117314y 231(62.1) 19(5.1) 2(0.5)  18(9.7) 168 (90.3) Reference
PD patients (n = 178) 1(0.3) 3(0.8) 76(21.3) 215(604) 39(16.6) 2(0.6) 46(258) 132(74.2) 3.25(1.80-5.87) |=<0.001
Men (n = 106) 0000y  1(0.5) 44(20.,7y 130(61.3) 3o0{17.0)0 1(0.5) 27(25.5) T9(74.5)  3.25(148-7.12) 0,003
Women (n = 72) 107y 2(1.4) 32(22.2) 85(59.0) 23(ley 10 19(264) 33(73.6)  3.27(1.33-8.04) 0.01
LOFD (n = 157) 1(0.3y 3009y 70(44.6) 192(29.3) 48(15.2y 000y 37(23.6) 120(76.4) 2.88 (1.57-5.30) 0.001

The ORs and 95% Cls for PD men and women were calculated with men and women controls respectively as the reference category.
2/—, carriers of at least one Repl allele 2. —/—. noncarriers of Repl allele 2.




O kpiolpnoc poAo¢ Twv consortia

OTLC LEAETEC GUOYXETLONG

H wotopia tou Repl moAvpopdlopou tou yovidiou SNCA

Survival Function for patterns 1 -3

1.0

0.8

0.6

Cum Survival

0.2

0.0

|
0

| | |
20 40 60

Age of Onset for PD or Age for Controls

|
80

Status of 269 allele
categorical
Noncarrier

______ Carrierof1
'269" allele
Carrier of 2
'269' alleles



O kpiolpnoc poAo¢ Twv consortia

OTLC LEAETEC GUOYXETLONG
H wotopia tou Repl moAvpopdlopou tou yovidiou SNCA

H - -
ERIBEBAIQSH — =
GEO-PD -
L
2692 patients - -
2652 controls
L
' O
O
——— 167 (1.35-1.98)
0.3 0.5 o 2.0 |

_ _ JAMA. 2006;296:661-670
Odds Ratio (95% Confidence Interval)



O kpiolpnoc poAo¢ Twv consortia

OTLC LEAETEC GUOYXETLONG
H wotopia tou Repl moAvpopdlopou tou yovidiou SNCA

MLt oLUTO TO EVPNUA ELVOLL ONILOAVTLKO ?




Ennpealovtog tnv EKkdppoon Tou yovidilou TNG

SNCA duvatov va odnynoel o€ vea pappako

S ¢ P=0.004—>
7] .
= - e
8 . e
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L 8|
g o g e
% g 1 ] *
-E e
o ® ¢ P=0.036 > -
— w
T o] .
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syn—-siRNA luc—siBNA PBS

Molecular Neurodegeneration




Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

Ertidoyn MApPTUPEC

— | AIATNQ2H
MpodlaBeoika
TpomomnotnTka

— | OEPAMEIA
NEa pappoka

| B, >

CUOXETLONG
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Mowa n cupBoAn twv SNPs

otnv npodiabson yia PD

Eva SNP > 1-8% kKwduvou vOoou

NMoAAa SNPs > 20-70% kwduvou vooou

Trends Mol Med 2003

2XETLKOC Kivouvoc

o,/ SNPs



Mowa n cupBoAn twv SNPs

otnv npodiabson yia PD

Eva SNP > 1-8% kKwduvou vOoou

NMoAAa SNPs > 20-70% kwduvou vooou

Trends Mol Med 2003

=TT [MepiBaAAov

2XETLKOC Kivouvoc

o,/ SNPs



[Moooug SNPs
WAXVOUUE ;

Number of Risk Alleles Needed to Produce a Sibling Relative Risk of 1.5, 2.0, or 3.0.*

Relative Risk Per Allele Sibling Relative Risk
1.5 2.0 3.0

no. of risk alleles

1.10 203-507 347-867 550-1374
@ 51-135 @ 138-367

* The number of risk alleles was calculated over a range of allele frequencies (10 to 90%); the
minimum and maximum numbers are presented. All alleles were assumed to have the same
frequency and relative risk and to be independent.




Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs
Candidate gene approach (Hypothesis driven method)

Genome-wide approach (agnostic approach)



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)
Mapayovteg mov ennpéaocav tnv e€anAwon twv GWAS
e Extevnc katadoyocg SNPs yia 0Ao to yovidiwpua (HapMap)

e Texvoloyia yla avixvevon yovotuTtwV SNPs (affimetrix, lllumina, Invader)
e Meilwon KOOTOUG
e Avarmtuén neBodwv oTaTloTIKAC avaAuong

e Meyaloc aplBuoc Selypatwy



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadlakn HEAETN Kat avaAuon



2todlakn avaAvon yia e€olkovopnon

XPOVOU KOl XPLOTOC

Number of SNPs

Genotype full set
Stage 1 ﬁ % % % ?f/@ % % of SNPs in relatively
small population at

liberal p value

Screen second,
larger population
at more stringent
p value

\/
Stage 3

Optional third stage
for increased
stringency

Hirschhorn & Daly, NatRevGenet, 2005



Asiyua (>1000 Microarray-based A . .
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Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadlakn HeAETN Kat avaAuon

To peyaAUtepo pelovEKTNHA TwV GWAS gival n aduvapia va

aviyveloouv ta ontavia aAAnAta (rare variant model)

Ta GWAS Bacilovtotl oto pOVTEAD




E¢EALEN KOwoU SNP

MéyeBoc¢ TTAnBuauou
ORe

: SNP aAARALa
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2 Uyxpovn 1epPiodog

Mullen SA, et al. Neurology 2009



E¢EALEN KOwoU SNP

MéyeBoc¢ TTAnBuauou
ORe

: SNP aAARALa

XPOVIKN €CEAIN
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E€EALEN KOowoU SNP kot mAnociov

naBoyova onavia aAAnALla
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E€EALEN KOowoU SNP kot mAnociov

naBoyova onavia aAAnALla

MéyeBoc¢ TTAnBuauou

4

A

4

O , :
‘ SNP GAAHALG "“
O

S

%

o SNP pe mAnciov “';
naBoyova P
o onavia aAARAla

v

XPOVIKN €CEAIN

Me tic GWAS aviyveUvoupe kowo SNP

.. ‘

. .

. ®

@

' o0

@ @0

0! AcBeveic

e __, | SNPmou dev
o aviyv. pe GWAS
o

0 O

.. ‘

‘ ® O

< @0

o ® O

: Mdptupeg

2 Uyxpovn 1epPiodog



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadiakn HEAETN KAl avaAvon

Emwtuxnuévn epappoyn
e Restless Legs Syndrome

Anotuxnmévn epappoyn
e Parkinson’s disease



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadiakn HEAETN KAl avaAvon

Emwtuxnuévn epappoyn
e Restless Legs Syndrome



Genome-wide association study of restless legs syndrome
identifies common variants in three genomic regions

Juliane Winkelmann!~3, Barbara Schormair!?, Peter Lichtner!3, Stephan Ri]:!].-(.L‘E, Lan Kiung‘l‘,
Shapour Jalilzadeh !, Stephany Fulda?, Benno Piitz?, Gertrud Eckstein®?, Stephanie Hauk!?,
Claudia Trenkwalder®, Alexander Zimprichf’, Karin Stiasny-Kolst er’, Wolfgang Oertel’,
Cornelius G Bachmann®, Walter Paulus®, Ines Pfglaug, llonka Eisensehr!?, Jacques Montplaisir

Gustavo Tureckil?, Guy Rouleau®, Christian Gifgfrm, Thomas [Hig“‘, H-Erich Wichmann!%12,

11,12
¥

Florian Holsboer?, Bertram E'»’liillcr—h’lyh:-;ukz’m & Thomas E"r”lf:itingt:rl’3’lﬁr genetics
: 500,568 SNPs
Stage 1. : 401/ 1,644
genome-wi
236,758 SNPs
Threshold P omins 107°
e b
:olage «: :
Falication 903/ 891 255 [ 287
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3 loci
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Ko apa givar m@avov to RLS va givat voonpa avantuéng



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadiakn HEAETN KAl avaAvon

Emwtuxnuévn epappoyn
e Restless Legs Syndrome

Anotuxnmévn epappoyn
e Parkinson’s disease



Ot HEAETEC YEVETIKINC GUOGXETLONG

Bacilovtal ota SNPs

Genome-wide approach (agnostic approach)

2tadiakn HEAETN KAl avaAvon

Anotuxnmévn epappoyn
e Parkinson’s disease



High-Resolution Whole-Genome Association Study of Parkinson Disease

Demetrius M. Maraganore,' Mariza de Andrade,” Timothy G. Lesnick,* Kari J. Strain,
Matthew ]. Farrer,” Walter A. Rocca,'” P. V. Krishna Pant,* Kelly A. Frazer,* David R. Cox,*

and Dennis G. Ballinger*

Am. |. Hum. Genet. 77:685-693, 2005

Tier 1: 200.000 SNPs, 443 sibling pairs
Tier 2: 2.000 SNPs, 332 sibling pairs

Genomic SNPs Associated with P in Two Samples (Tiers 1 and 2}

MCEI
dbSNP GENE  BulLD GENE ONTOLOGY*
MNUMEER MNaME 351 Bram® Function Process Component SUMMARY"* OR! (95% CI) P
ps7702187  |SEMASA 5pl5l  Yes  Receptor activity Cell adhesion; cell-cell Integral to membrane  Axonal guidance (neuwral  1.74 (1.36-2.24) |7.62 x 10°¢
signaling; neurogenesis development); initia-
tion of neuronal
apoptosis
rs 10200894 21q36 FARKI1 locus 1.84 (1.38-2.45) |1.70 = 1077
152313982 49311 2,01 {(1.44-2.79) [1.79 % 107F
rs17329669 Tpl4 171 (1.33-2.21) |2.30 = 1077
rs 7723608 pls.3 1.78 (1.35-2.35) |3.30 = 1077
ssdB 5488567 1.88 (1.38-2.57) |3.65 = 1077
rs1 6851009 |GALNT3 1924 Yes  Manganese, sugar binding; Carbohydrate metabolism Golgi apparatus; integral Marker of differentiation  1.84 {1.36-2.49) [4.17 « 107°
transferase activiry to membrane and agpressiveness
(several cancers)
152245218 |PRDM2  1p36.l2  Yes DMNA, metal, zinc binding; Transcription regulation  Nucleus Tumor suppression; neu-  1.67 (1.29-2.14) |4.61 x 107
transcription factor, ronal differentiation;
regulator activity estrogen receptor bind-
ing; estrogen effector
137875232 |PASDI Xg28  Yes  Signal transducer activicy  Signal transduction Xlinked 1.38 {1.17-1.62) |6.87 = 1077
rs1 509269 4g31.1 1.71(1.30-2.26) |9.21 = 1077
rel 1737074 4q27 1.50 (1.21-1.86) [1.55 = 107*




Lack of replication of thirteen single-nucleotide
polymorphisms implicated in Parkinson's disease:
a large-scale international study

Alexis Elbaz, Lorene M Nelson, Haydeh Payami, John P Aloannidis, Brian K Fiske, Grazia Annesi, Andrea Carmine Belin, Stewart A Factor, Carlo
Ferrarese, Georgios M Hadjigeorgiou, Donald S Higgins, Hideshi Kawakami, Rejko Kriiger, Karen S Marder, Richard P Mayeux, George D Mellick,
John G Nutt, Beate Ritz, Ali Samii, Caroline M Tanner, Christine Van Broeckhoven, Stephen K Van Den Eeden, Karin Wirdefeldt, Cyrus P Zabetian,
Marie Dehem, Jennifer 5 Montimurro, Audrey Southwick, Richard M Myers, Thomas A Trikalinos
httpdfnevrclogythelancet.com  Pulslished online September 27, 2006 DO1:10.1016/51474-4422(06)70579-8
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A Genomic Pathway Approach to a Complex

Disease: Axon Guidance and Parkinson Disease
(b)

Disconnected Reconnected

TRENDS in Neurosciences
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Neither Replication nor Simulation Supports a Role for

the Axon Guidance Pathway in the Genetics of

Parkinson’s Disease

Yonghong Li'*, Charles Rowland’, Georgia Xiromerisiou?, Robert J. Lagier’, Steven J. Schrodi’, Efthimios
Dradiotis®, David Ross', Nam Bui', Joseph Catanese’, Konstantinos Aggelakis®?, Andrew Grupe’,

Georgios Hadjigeorgiou?3

Table 2. Association results for the putative axon guidance
12.5- - pathway model with Parkinson’s risk.
10.0- ‘3.2 cel.e
- ...‘.
.3“":3 st s Sample set OR (95% Cl) P-value
7.5 ‘% ;.-’J-."": Celera 10 (0.94-1.06) 0.98
AN A
@ 5.0 ~ _ﬁ_ Thessaly 107 (1.0-1.14) 0.049
ey - - &, e
S =Y 4y
3 o
D ST i
s l-'-:-l‘ 200
. - m Observed
-2.5 .- . 3 150 B Permuted
C
J @
-5.0 S 100
. o
-7.5- o
w50
Case Control Case Control
l | | | 0
Celera Thessaly 25 30 35 40 45 50 55 60 65
Figure 1. Dot plot showing regression scores of individual -LOQ(P-VEIUE}
cases and controls in the Celera and Thessaly sample sets. A

score was calculated for each individual as the sum of the specified

main and interaction effects shown in Table 2.
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Table 1. Trends in Numbers of Published Articles on Human
Genome Epidemiology, Meta-Analyses, and Genome-Wide
Association Studies and Numbers of Genes Studied, by Year,

2001-2008%
Vear No. th !\lo. of No. of Articles Published
Genes Diseases  Total GWAS  Meta-Analyses®
2001 633 690 2,492 0 34
2002 794 855 3,196 0 45
2003 832 880 3,476 3 65
2004 1,124 1,021 4,280 0 86
2005 1,308 1,077 5,029 5 113
2006 1,502 1,109 5,364 12 155
2007 2,142 1,292 7,222 104 208
2008 3,336 1,203 7,659 134 206

Am J Epidemiol 2009;170:269-279
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100

60 =
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|
100 1.25 A.50 1.75 2.00 225 250 2.75 3.00
dds Ratio for Discovered Effect

Am J Epidemiol 2009;170:269-279

No. of Loci ldentified by GWAS
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