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The overall purpose of this work is to characterize which individuals may be susceptible to specific toxic
insults, and the underlying mechanisms. We have three Aims: 1) use iPSC-derived neuronal cell lines to
validate and extend our prior work that found an 11-fold increased risk of Parkinson’s disease (PD) in
persons exposed to the herbicide paraquat who lacked functional glutathione-S-transferase T1 (GSTT1), a
key metabolic enzyme with anti-oxidant function; 2) perform whole genome sequencing of existing DNA
specimens from a PD study with highly characterized pesticide exposures, using bioinformatic tools to
identify likely functional gene-environment interactions; and 3) test our predictions using iPSC-derived
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Candidate Genes RANGE NumVar Pvalue

TKT 3:53259652-53290130;3:53258722-53290130 11 0.0074

POR 7:75544419-75616173 14 0.0150

GPX2 14:65405871-65409531 7 0.0552

All Genes RANGE NumVar Pvalue

MIR548N 2:179246804-179541009 228 3.52 E-09

TTN
2:179610046-179672150;2:179390717-
179672150;2:179390717-179672150;2:179390717-
179672150;2:179390717-179672150

364 1.42 E-08

LAMA5 20:60884120-60942368 87 4.36 E-08

HSPG2 1:22148736-22263750 78 2.67 E-06

OBSCN 1:228395860-228548951;1:228395860-228566575 95 7.85 E-06

MUC16 19:8959519-9092018 150 8.44 E-06

MACF1 1:39796809-39952810;1:39547088-39952810 85 8.19 E-05

Candiate Genes Pesticide Exposed n NumVar P-value

ABCC3 Rotenone 35 29 0.041
AHRR Pyrethroid 54 5 0.005

Permethrin 52 5 0.011
Benzimidazole 36 5 0.034

RDH5 Benzimidazole 36 6 3.36 E-07
Dieldrin 38 6 0.004

CAT Paraquat 72 9 0.043
CPA6 Paraquat 72 5 0.044
CYP1B1 Pyrethroid 54 11 0.010

Permethrin 52 11 0.012
CYP2C18 Permethrin 52 5 0.002

Pyrethroid 54 5 0.007
CYP2E1 Paraquat 72 11 0.043

Dieldrinlike 120 11 0.062
DHRS9 Paraquat 72 8 0.011

Paraquatlike 75 8 0.015
GSR Dieldrinlike 120 9 0.028

Pyrethroid 54 9 0.042
Permethrin 52 9 0.046

GSTM4 Benzimidazole 36 4 0.030
Dieldrinlike 120 4 0.036
Paraquat 72 4 0.041
Paraquatlike 75 4 0.042

POR Dieldrinlike 120 14 0.002
Paraquat 72 14 0.012



SLC1A1 Permethrin 52 4 0.003
SLC1A2 Rotenone 35 15 0.019
SLC1A3 Paraquat 72 5 0.015

Paraquatlike 75 5 0.031
SLC25A22 Dieldrin 38 6 0.004

Paraquatlike 75 6 0.049
SLC7A11 Benomyl 22 9 -8.88E-16

Dieldrin 38 9 0.004
SLC7A9 Rotenone 35 7 0.017
NT5C1B-RDH14 Dieldrinlike 120 11 0.004
UGT1A7 Dieldrinlike 120 29 0.013

All Genes Pesticide Exposed 
n

NumVar P-value Name Function

IPO5 Benomyl 22 11 7.78 E-150 Importin 5 Functions in nuclear protein import as nuclear 
transport receptor. Serves as receptor for nuclear 
localization signals (NLS) in cargo substrates. 
Mediates nuclear accumulation of synuclein

WNK1 Benomyl 22 27 8.95 E-11 WNK Lysine 
Deficient 
Protein Kinase 
1

Serine/threonine kinase which plays an important 
role in the regulation of electrolyte homeostasis, cell 
signaling, survival, and proliferation. Autophagy 
inhibitor, regulates NLRP3 inflammasome activation

PLXNB2 Benomyl 22 36 1.45 E-09 Plexin B2 transmembrane receptors that participate in axon 
guidance and cell migration in response to 
semaphorins. 

PRICKLE1 Benzimidizole 36 10 3.36 E-07 Rs148294058 (LINC02451) associated with PD
GTF2B pyrethroid 54 1 1.91 E-05 General 

Transcription 
Factor IIB

required for transcription initiation by RNA 
polymerase II.




















