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PARK1/4: (D, susceptibility), 4q21: SNCA
PARK2: (R, susceptibility?), 6q25.2-q27: PRKN
PARK6: (R) 1p35-p36: PINK1
PARK7: (R) 1p36: DJ-1
PARK8: (D, susceptibility) 12q12: LRRK2
PARK17: (D) 16q12: VPS35
PARK18: (D) 3q27: EIF4G1
PARK19: (R) 1p31: DNAJC6
PARK20: (R) 21q22: SYNJ1

(D) 3q22: DNAJC13
(X-linked) Xq28: RAB39B

Parkinson’s disease/parkinsonism causative  genes/loci

PARK3: (D?, reduced penetrance) 2p13
PARK5: (D?, susceptibility), 4p14: UCHL1
PARK9: (R) 1p36 (Kufor-Rakeb syndrome) 
ATP13A2
PARK10: (susceptibility?) 1p32
PARK11: (D?) 2q36-37 GIGYF2?
PARK12: (X-linked?) Xq
PARK13: (D?) 2p13 HTRA2
PARK14: (R?) 22q13.1 PLA2G6
PARK15: (R?) 22q12-13 FBXO7
FTDP17: (D, susceptibility) 17q21: MAPT
Rapid-Onset Dystonia Parkinsonism: ATP1A3
SpinoCerebelar Ataxia: SCA2

Sporadic Familial Mendelian <0.1%

PARKINSON’S DISEASE: INHERITANCE



Research participants were restricted to those of mainly (>97%) European ancestry

Chang et al.  Nature Genetics 2017

LARGEST META ANALYSIS PUBLISHED



Torkamani et al. 2018 Nature Review Genetics

POLYGENIC RISK SCORES (PRS)



PRS with 1,805 variants (P < 1.35E-03 ) explained 26-36% heritability

These 90 variants explained 16 % of the heritable risk of PD

3.74 (95% CI = 3.35 - 4.18)

6.25 (95% CI = 4.26 - 9.28)

LARGEST META ANALYSIS

NeuroX (5,851 cases and 
5,866 controls)

Harvard Biomarker Study 
(HBS, 527 cases and 472 
controls)



GWAS IN NON-EUROPEANS

779 PD cases, 13,227 controls from Singapore, Hong Kong, Malaysia, Korea, 

mainland China and Taiwan. Strong associations at SNCA, LRRK2 and MCCC1

2,011 cases and 18,381 controls from Japan. Associations with 

PARK16, BST1 both new and SNCA and LRRK2



GENETICS OF PD IN LATIN AMERICA

PD= 319

PD= 127, Control=120

PD= 173, Control= 208

PD= 154

PD= 72, Control= 81

PD= 575

PD= 60

PD= 141

PD= 166, Control=153

PD= 106, Control=135

PD= 102



DIVERSITY IN GENETICS



PRS ACROSS POPULATIONS



LATINOS IN THE US



LARGE-PD



LARGE-PD IN 2006



New sites:
- 8 new sites in 

Brazil (CBPD 
consortium)

- Honduras
- Costa Rica
- Puerto Rico
- Mexico

LARGE-PD



Questionnaire

 11 Pages (aprox 20 min)

 Self administered or research coordinator

 3 languages (English, Spanish and Portuguese)

 Environmental exposure questionnaire (Tobbaco, Caffeine, NSAIDs,….)

 Cognitive function (Montreal Cognitive Assessment, MoCA)

Country No. of samples recruited

Peru 788

Peru 49

Brazil 430

Brazil 429

Chile 13

Colombia 1,233

Colombia 33

Colombia 23

Argentina 192

Uruguay 559

Honduras 23

Ecuador 85

Total 3,857

LARGE-PD RECRUITMENT & DATA COLLECTION



Africa Amerindian Asia Europe 

RS id ChromosomePosition (Build 36.3)

rs7541084 1 51762179

rs1834619 2 17764966

rs9308872 2 104101223

rs1348587 2 154440039

rs17627058 2 177478841

rs9840466 3 72175958

rs842223 3 196968747

rs1010574 5 10847152

rs149138 5 55562970

rs10434525 5 59592218

rs10079352 5 117522539

rs1366220 5 153477973

rs3997520 6 44659465

rs10763013 10 55283129

rs2716454 11 24710115

rs590616 11 100353685

rs932055** 12 22591655

rs739787** 12 111465954

rs1924373 13 49843707

rs10483393 14 31530235

rs3211166 14 68772911

rs2676765 15 54636697

rs17675813 16 64367041

rs4924980 17 19145456

rs9960403 18 13427993

rs6094461* 20 44823556

rs433632 21 42893492

rs131026 22 47561914

rs10008281 4 100361325

rs9568431 13 49953648

Josh Akey & Timothy O’Connor

ANCESTRY INFORMATIVE MARKERS (AIMS) 

GLOBAL ANCESTRY

Mexicans 

(HAPMAP)

AR PA PP UR CO BR

Samples from HAPMAP phase3 and HGDP



PD 1.8% (0.8-2.6%) 

(N=870)

PD 0.7%

(N=271) 

PD 1.6% (2.1%) 

(N=790)

PD 0.36% (0-0.83%) 

(N=277)
USA

PD  2% (3.5-11.1%)

(N=246)

Brazil

Portugal

PD 0% (N=543)

England

North Africa

Spain Italy

Japan

Korea

Poland

Ireland NorwayLrrk2 G2019S
PD 0.26% (0.3-0%) 

(N=390)

Germany

European ancestry

PD 1.6% (0.7-3%) 

(N=4056)

Control 0.06%

(N=1647)

PD 0.34% (0.36-0%) 

(N=586)

PD 2% (1.1-

4.6%) (N=2969)

Taiwan

PD 0% (N=1488)

PD 4.1% (3.6-5.6%) 

(N=629)

PD 7.1% (5.8-13%) 

(N=126)

PD 1.4% (0.6-3.9%) 

(N=208)

Russia

Sweden
PD 1.4% (1.8-0%) 

(N=284)

Control 0.3%

(N=305)

France
PD 2% (2%) 

(N=403)

India

PD 0.1% (0.1-0%)

(N=778)

PD 42.7% (48.8-40.7%) 

(N=159)

Control 1.3%   

(N=151)

PD  4.8%  

(N=125)

Uruguay

PD  0.4%  

(N=240)

Peru

PD  3.2%  

(N=95)

Argentina

sporadics

Families+sporadics

Families and/or Early onset

Israel

Non-Ashkenazi Jews

PD 2.7% 

(N=778)

Control 0.4%

(N=957)

Ashkenazi Jews

PD 14.8% (10.6-26%) 

(N=344)

Control 2.4%

(N=841)

Colombia
PD 1.5%

(N=197)

Chile

PD  3.0%

(N=166)

LRRK2



r2 = 0.84

LRRK2



Q1111H GG GT TT T

Perú Cases 

“mestizos”(n=420)
350 (83.3%) 62 (14.8%) 8 (1.9%) 9.3%

Perú Controls

“mestizos”  (n=146)
127 (87%) 17 (11.6%) 2 *(1.4%) 7.2%

Perú  Controls

Amerindians (n=49)
34 (69.4%) 12 (24.5%) 3 (6.1%) 18.4%

Chile Cases (n=358) 326 (91%) 31 (8.7%) 1 (0.3%) 4.6%

Chile Controls (n=162) 151 (93%) 11 (7%) 0 3.4%

Uruguay controls

(n=149)
147 (98%) 3 (2%) 0 1%

Argentina Controls

(n=95)
93 (97.9%) 2 (2.1%) 0 1%

Spain Controls (n=59) 59 (100%) 0 0 0%

* 1  with Family History

Nichols et al. Neurology 
2007
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r2 = 0.99

LRRK2
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SPECIFIC AIMS

Aim 1: Identify PD-susceptibility variants in Latinos. 

We will genotype almost 2 million variants across the entire genome in 1,500 LARGE-PD participants using the newly 

designed MEGA chip. 

Aim1a: Admixture mapping approach

Aim1b: Conventional GWAs and GWAs combination using a newly developed cross-population empirical Bayes (XPEB) 

approach. 

Aim 2: Sequence known PD causal genes in Latino families.  

Aim2a: We will select 20 individuals with a strong family history of PD and sequence all known PD-causal genes using a next-

generation sequencing (NGS) panel to identify the variant causing PD in those families.

Aim2b: We will enroll and obtain DNA from additional family members (affected and non-affected) for those families that were 

identified as not carrying a causal variant in Aim 2a.

This proposal will provide the first large-scale PD genetic study conducted in a Latino population. Completing 

these aims will improve our understanding of the role of known PD genes in Latinos, as well as identify novel 

susceptibility variants/genes. 

June 2016- May 2019

$300,000

NEW PROJECTS



Local Ancestry

A good set of reference panels 
for each of the ancestral 
populations is necessary

AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS 

IN LATINOS



1,536 individuals
1,779,819 variants

QC

1,498 individuals
1,294,079 variants

Genotyping rate=0.998493

AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS 

IN LATINOS



AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS 

IN LATINOS



Goal: 300 individuals with family history

To date: We have done 164 PD patients with family 
history
(~25% have mutations in known PD genes)

NEXT-GENERATION SEQUENCING OF PARKINSON'S GENES IN 
UNDERSTUDIED LATIN AMERICAN POPULATIONS

Sept 2017- Aug 2018

$50,000



NEXT-GENERATION SEQUENCING OF PARKINSON'S GENES IN 
UNDERSTUDIED LATIN AMERICAN POPULATIONS

Sept 2017- August 2018

$50,000



INCIDENCE OF PD IN LATINAMERICA



INCIDENCE OF PD IN LATIN AMERICA



MENTORING AND TRAINING FELLOWS 



Genetic epidemiology in 
neurodegenerative disorders 

International workshop

MENTORING AND TRAINING SCIENTIST IN 

THEIR OWN COUNTRIES



1/10 (vs 1/10,000)

SUPPORT THE COMMUNITIES



 Instituto Nacional de Ciencias Neurológicas (Perú)
• Pilar Mazzetti
• Mario Cornejo
• Carlos Cosentino
• Luis Torres

 Universidad del Altiplano, Puno (Perú)
• Angel Medina

 Hospital de Clínicas, Montevideo (Uruguay)
• Elena Dieguez
• Victor Raggio

 Facultade de Medicina, Ribeirão Preto (Brazil)
• Vitor Tumas
• Wilson Marques

 Hospital Ophir Loyola (Brazil)
• Bruno Lopes dos Santos  Lobato

 Facultade de Medicina, São Paulo (Brazil)
• Vanderci Borges
• Henrique Ballalai

 Universidade Federal de Ciencias da Saude, Porto Alegre (Brazil)
• Carlos Rieder
• Artur Schumacher-Schuh

 Hospital Luis Vernaza/Universidad de Guayaquil (Ecuador)
• Jorge Chang-Castello
• Brennie Andree-Munoz

 Hospital del IESS.Dr. Teodoro Maldonado Carbo (Ecuador)
• Edison Vasquez Gonzalez

 Hospital San Felipe (Honduras)
• Alex Medina

 CETRAM
• Pedro Chana

 CCF:
• Miguel Inca-Martinez

 VA & UW:

• Cyrus Zabetian

• Dora Yearout

• Tim Thornton

• Andrea R. V. Russo Horimoto  

• Joe Zunt

• Josh Akey
 University of Maryland

• Timothy O´Connor

• Doug Loesch
 Universidad de Antioquia, Medellín (Colombia)

• Francisco Lopera
• Carlos Velez-Pardo
• Marlene Jimenez del Rio

 Universidad Nacional de Colombia, Bogota (Colombia)
• Gonzalo H. Arboleda Bustos

 Fundacion Valle de Lilli, Cali (Colombia)
• Jorge Luis Orozco Velez
• Beatriz Muñoz 

 Centro de Parkinson y trastornos de Movimiento (Argentina)
• Federico Micheli

 Instituto de Neurociencias de Buenos Aires (Argentina)
• Emilia Gatto
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