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Expression in Intestine

cortical culture

Supplementary Fig. 1. Mouse cortical neuron cultures exhibit expression of marker
genes from each of the major brain cell types. (a) Expression of brain cell type marker
genes in each of the single brain cells analyzed by Zeisel et al, as well as the expression
of those marker genes in our culture system and in whole embryonic mouse brain (e14.5,
ENCODE). (b) Vehicle-treated cortical cultures are enriched for brain cell-type marker

genes but are not enriched for intestine cell-type marker genes.
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Supplementary Fig. 2. Mouse cortical neuron cultures transcriptionally model the

human brain. (a) Cortical culture gene expression profiles correspond more closely to

human brain tissues than other tissue types. (b) Cortical culture gene expression profiles

correspond to human dorsolateral prefrontal cortex of many ages. (¢) CORTECON

hESC-derived neuron expression profiles correspond poorly to human brain regions

relative to other human tissues.



P

LIVE

b c Vehicle
0.1% DMSO (3.5 £ 0.5% dead)

O

(=]
<
w
(=]
°\020-
e E
HeEa

9 o= sl

0O 01 02 04 08 16 32 64
% DMSO

d e

Rotenone Rotenone
0.01 yM (2.6 + 0.3% dead) 0.1 uM (35.8 + 3.2% dead)

Supplementary Fig. 3. Live/dead cytotoxicity assay. (a) Cell permeable dye labeled all
cells (red) while dead cells were labeled with membrane impermeable dye (green) in
mouse cortical neuron cultures. (b,c) DMSO at 0.8% or lower caused little cell death.
(d) Non-cytotoxic concentration of rotenone identified with live/dead assay (0.01 pM)
and evaluated by RNA-seq. (e) Toxicity at higher rotenone concentration. Numbers
represent mean percentage dead cells (vehicle subtracted) + SEM across four replicates.
Scale bars, 50 pm. Mean vehicle-subtracted values for all chemicals tested are provided

in Supplementary Data 1.
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Supplementary Fig. 4. Effects and correction of cortical culture and sequencing
batches. (a—b) Batch correction by culture plate and (c—d) sequencing run removed non-
specific culture and plate variability and (e) demonstrated intact, post-normalization

cluster grouping.



l‘l"

Dicofol 10 uM
Dichlorprop 10 uM
Methylene bis(thiocyanate) 1 uM —
Tebupirimfos 10 pM ©
Pyriproxyfen 10 uM D
s\
L}
£ Cluster|#members|Avg. silhouettd
(%]
© 1 7 0.08
o
€ 2 8 0.34
2 3 5 0.02
o 4 4 0.08
5 3 0.44
6 7 0.12
M
25l 025 :
Median-centered %S’o lothedin 0.3 KM

" ; I T T T 1
Spearman correlation Irinotecan 10 u! 0.2 0.0 0.2 0.4 0.6
c Cluster robustness (silhouette width)
c
._E
= 1.04
'§ .Cluster1
< 08 [Heciuster2
; Mciuster3
o 0.6 .Cluster4
§ .Clusters
2 0.4+ M ciuster6
2 0.2
©
2 0.0
e ]
o
S -0.21
E
© -0.4-
2
(7]
c ¢ '
1.04
§ ICIusteH
B 084 [Hcuster2
e M ciuster3
§ 0.6 .CIusteM
H M ciusters
5 04+ [Hcusters
=
® 0.2
g 0.0
c
g-0.2-
®
2-04-
(7]

H £ 3
H §

Supplementary Fig. 5. Criteria used to establish cluster membership. (a) Expression
data of each chemical was compared pairwise by plotting the median-centered Spearman

correlation. A given cluster had to have at least three members with the minimum



pairwise Spearman correlation coefficient exceeding 0.2 and a positive silhouette width.
(b) Positive silhouette widths of chemicals falling within defined clusters illustrates
robust cluster membership. (c—d) Examples of transcriptional similarity within Cluster 2

(¢) and Cluster 5 (d).
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Supplemental Fig. 6. Analysis of existing in vitro assay data with ToxCast chemicals.
Hierarchical clustering of published assay data compared to cluster groups identified by

transcriptional profiling (color coded according to Fig. 2 in rectangle oriented below



cladogram). Heatmap coloring is set according to chemical-assay potency indicated in

small legend below heatmap.
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BIOCARTA GPCR_PAT

PID?TCRCALCIUMPATHWAY

GARGALOVIC_RESPONSE_TO_OXIDIZED_PHOSPHOLIPIDS_GREEN_UP

AMIT_SERUM._| RESPONSE 40_MCF10A

Immedla(eEarlyG

UZONYI_| RESPONSE _TO_LEUKOTRIENE_AND_THROMBIN

BIOCARTA_ARENRF2_PATHWAY

BIOCARTA | DREAM PATHWAY

PID_TCRRASPATH

REACTOME_, CTIVATION OF_THE_AP1_FAMILY_OF_TRANSCRIPTION_FACTORS

PID_IL12_STAT4PATHWAY

PID_AR_NONGENOMIC_PATHWAY

PICCALUGA_ANGIOIMMUNOBLASTIC_LYMPHOMA_DN

AMIT_EGF _| RESPONSE

uP
GARGALOVIC_RESPONSE _ TO OXIDIZED_PHOSPHOLIPIDS_BLUE_UP
MAHADEVAN_RESPONSE TO_MP470_DN
PODAR_RESPONSE TO ADAPHOSTIN upP
LEE_AGING_MUSCLE
PID_ATF2_PATHWAY _
ZHAN_MULTIPLE_MYELOMA_CD1_UP
ZHAN_MULTIPLE_MYELOMA_CD1_VS_CD2_UP
SWEET KRAS_TARGETS_DN

KEGG_CIRCADIAN_RHYTHM_MAMMAL
PID_CIRCADIANPATHWAY
MCMURRAY_TP53_HRAS_COOPERATION_RESPONSE_UP
BOYLAN_MULTIPLE_MYELOMA_C_( CLUSTER DN
HOEBEKE_LYMPHOID_STEM_CELL.
ACEVEDO_LIVER_CANCER WITH H3K27ME3 DN
JIANG_AGING_HYPOTHALAMU!
MIKKELSEN_PARTIALLY | REPROGRAMMED TO_PLURIPOTENCY
GAVIN_FOXP3_TARGETS_CLUSTER_T4
GUO_HEX_TARGETS_UP
HEIDENBLAD AMPLIFIED_IN_SOFT_TISSUE_CANCER
KEGG_AI IYTHMOGENIC_RIGHT_VENTRICULAR_CARDIOMYOPATHY_ARVC
KEGG: DILATED,CARDIOMYOPATHY
KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM
HASLINGER_B_CLL_WITH_MUTATED_VH_GENES
TAKADA _( GASTRIC CANCER COPY NUMBER_DN
DAIRKEE_CANCER ONE ESPONSE_E2
BIOCARTA_LYM_PATHWAY
BIOCARTA_MONOCYTE_PATHWAY
MOREIRA_RESPONSE_TO_TSA_DN
KEGG_HEDGEHOG_SIGNALING_PATHWAY
KEGG_WNT. SIGNALING PATHWAY
REACTOME_CLASS_B_2_SECRETIN_FAMILY_RECEPTORS
BROWNE _| HCMV INFECTION_30MIN_DN
LOPES_METHYLATED_IN_COLON_CANCER_DN
HATADA_METHYLATED_IN_LUNG_CANCER_UP
IWANAGA_CARCINOGENESIS_BY_| KRAS PTEN_DN
MATZUK _| IMPLANTATION AND UTER
BIOCARTA_HER2_PATHW,
KEGG_ADHERENS _, JUNCTION
KEGG_ENDOMETRIAL_CANCER
DAVICIONI MOLECULAR_ARMS_VS_ERMS_UP
S RADIOL RESPONSE GHR DN
CHANG CO SERUM_RES|

PEDERSEN _| METASTASIS BY ERBBZ ISOFORM _3
GOBERT_CORE _( OLIGODENDROCYTE DIFFERENTIATION
JOHNSTONE_PARVB_TARGETS_1
CHEMNITZ_RESPONSE_TO _| PROSTAGLANDIN E2_DN
IVANOVA_HEMATOPOIESIS_STEM_CELL
BEGUM_TARGETS_OF _PAX3_FOXO1_FUSION_UP
CHAHROUR_MECP2_NULL_UP*
HOELZEL_NF1_TARGETS._| UP

GABRIELY MIR21_TARGET!

ELL_ADHESION_| MOLECULES CAMS
KONDO EZH2_TARGETS
RIGGI_EWING_SARCOMA_PROGENITOR_UP
SABATES_COLORECTAL_ADENOMA_DN
SCHAEFFER_PROSTATE_DEVELOPMENT_48HR_DN
REACTOME_AXON_GUIDANCE
RODRIGUES_THYROID_CARCINOMA_DN
ZHOU_INFLAMMATORY_RESPONSE_FIMA_UP
SAMACO MECP2 NULL UpP*

HAMAI APOPTOSIS VIA TRAIL_DN
MARTENS_TRETINOIN_RESPONSE_UP
MEISSNER_NPC_HCP_WITH_H3K4ME2
BURTON_ADIPOGENESIS_12.
AMIT_SERUM_RESPONSE_60_MCF10A
FRASOR_RESPONSE_TO_ESTRADIOL_UP
ASSO_B_LYMPHOCYTE_NETWORK
EBAUER_MYOGENIC_TARGETS_OF_PAX3_FOXO1_FUSION
BIDUS_METASTASIS_DN
KYNG _ENVIRONMENTAL_STRESS_RESPONSE_NOT_BY_GAMMA_IN_OLD
MACLACHLAN_BRCA1_TARGETS_DN
CHIBA_RESPONSE_TO_TSA
JAEGER_METASTASIS_DN
CERVERA_SDHB_TARGETS_1_UP
DELPUECH_FOXO3_TARGETS_UP
ITO_PTTG1_TARGETS_UP
DAZARD_RESPONSE_TO_U'
CHIARETTI_T_ALL_| RELAPSE PROGNOSIS
MATZUK_POST-IMPLANTATION_AND_POST-PARTUM
LENAOUR_DENDRITIC_CELL_MATURATION_UP
KYNG_ENVIRONMENTAL_STRESS_RESPONSE_NOT_BY_UV_IN_OLD
LI_CISPLATIN_RESISTANCE_UP
OSADA_ASCL1_TARGETS_DN
DANG_MYC_TARGETS_DN
EHRLICH_ICF_SYNDROM_DN
KOBAYASHI EGFR SIGNALING_24HR_UP
LA_MEN1_TARGI
HELLER HDAC ARGETS_U|
KAN_RESPONSE_TO_ ARSENIC _TRIOXIDE
AFFAR_YY1_TARGETS_UP
SCHAEFFER_PROSTATE_DEVELOPMENT_12HR_UP
FONTAINE_PAPILLARY_ THYROID CARCINOMA V4
ONSE_TO_UV_SCC_D!

ARD_RES A
BIOCARTA_AMI_PATHWAY
BIOCARTA_PLATELETAPP_PATHWAY
HALMOS_CEBPA_TARGETS_UP
HOFFMANN_PRE_BI_TO_LARGE_PRE_BII_LYMPHOCYTE_DN
KENNY_CTNNB1_TARGETS_UP
CAIRO_LIVER_DEVELOPMENT UP
DACOSTA_UV_RESPONSE_VIA_ERCC3_TTD_UP
NUTT_GBM_VS_AO_GLIOMA_UP
AMIT_EGF_RESPONSE_20_MCF10A
PONSE TO TRABECTEDIN up

CROONQUIST_NRAS_VS_STROMAL_ STIMULATION DN
MCBRYAN_PUBERTAL_BREAST_6_7
BEGUM_TARGETS_OF_PAX3_| FOXO1 FUSION DN
DE_YY1_TARGETS_DN
GOUYER_TATI_TARGETS_DN
BECKER_TAMOXIFEN_RESISTANCE_UP
LIU_SMARCA4_TARGETS
Macruphage markers_Fig_2d_(HickmanPMID:24162652)"
DEZ_ABERRANT_MITOSIS_BY_DOCETACEL_2NM_UP
BASSO HAIRY_CELL_LEUKEMIA_DN
PEDERSEN_METASTASIS_BY_ERBB2_ISOFORM_4
CHANDRAN_METASTASIS_DN_
LEE_NEURAL_CREST_STEM_CELL_DN
DACOSTA_UV_RESPONSE_VIA _| ERCCG COMMON DN
DACOSTA_UV_RESPONSE_VIA_ERC!
GOBERT_OLIGODENDROCYTE _| DIFFERENTIATION DN
GEORGES_TARGETS_OF_MIR192_AND_MIR215
GOZGIT_ESR1_TARGETS_DN
DUTERTRE_ESTRADIOL_RESPONSE_24HR_DN
CUI_TCF21_TARGETS_2_DN
MASSARWEH_TAMOXIFEN_RESISTANCE_UP
HORIUCHI_WTAP_TARGETS_UP
SENESE_HDAC1_TARGETS_UP
SENESE_HDAC3_TARGETS_UP
BERENJENO_TRANSFORMED_BY_RHOA_REVERSIBLY_DN
KIM_WT1_TARGETS_12HR_UP
GROSS_HYPOXIA_VIA_ELK3_UP
LAIHO_COLORECTAL_CANCER_SERRATED_UP
LI_INDUCED_T_ TO NATURAL_KILLER_DN
EON_SM. TARGETS_UP

IADS. S_Ul
LIEN_BREAST_CARCINOMA_METAPLASTIC
NAKAMURA_ADIPOGENESIS_EARLY_DN
LABBE_WNT3A_TARGETS_UP
COLINA_TARGETS_OF _: 4EBP1 _AND_4EBP2
BASAKI_YBX1 TARGETS
LINDGREN_BLADDER_CAI CER CLUSTER 1_DN
POOLA_INVASIVE_| BREAST CANCER_U
SARRIO_EPITHELIAL_MESENCHYMAL TRANSITION UP
GUENTHER_( GROWTH SPHERICAL VS_ADHERENT_DN
PID_SYNDECAN_4_P.

BRUECKNER TARGETS OF MIRLET7A3 DN

LEIN_CHOROID_PLEXUS_MARKER:

LANDIS_BREAST_CANCER_| PROGRESSION DN

LANDIS_ERBB2_BREAST_TUMORS_324_DN_

COLIN PILOCYTIC_ASTROCYTOMA_VS_GLIOBLASTOMA_DN
RAESSMANN_APOPTOSIS_BY _ SERUM DEPRIVATION_UP

GRAESSMANN RESPONSE_TO_M D_SERUM_DEPRIVATION_UP

LINDGREN_BLADDER_CANCER_| HIGH RECURRENCE

JOHANSSON_GLIOMAGENESIS_BY_PDGFB_UP

LEE_LIVER CANCER DENA U

LEE_LIVER_CANC F1 UP
HUANG_I DASATINIB RESISTANCE
LI_WILMS_TU 'S_FETAL | KIDNEY 1_UP

GERHOLD_, ADIPOGENESIS DN
HINATA_NFKB_TARGETS_KERATINOCYTE_UP
FRIDMAN_SENESCENCE_UP
LEI_MYB_TARGETS
BROWNE_HCMV_INFECTION_24HR_DN
BERENJENO_ROCK_SIGNALING_NOT_VIA_RHOA_DN
BIOCARTA_STEM_PATHWAY
SEIKE_LUNG_CANCER_| POOR SURVIVAL
BORLAK_LIVER_CANCER_EGF_UP
KEEN_RESPONSE_TO_ROSIGLITAZONE_DN
DAVICIONI_TARGETS_OF_PAX_FOXO1_FUSIONS_UP
CHIARADONNA_NEOPLASTIC_TRANSFORMATION_CDC25_UP
CHIARADONNA_NEOPLASTIC_TRANSFORMATION_KRAS_CDC25_DN
SCHOEN_NFKB_SIGNALING
BERTUCCI_MEDULLARY_VS_DUCTAL_BREAST_CANCER_DN
KAAB_HEART_ATRIUM_VS_VENTRICLE_UP
BURTON_ADIPOGENESIS_9
BURTON_ADIPOGENESIS_PEAK_AT_OHR
GILDEA METASTASIS

ECAN_ SENSITIVITY

IS,

POT

BURTON _ADIPOGENES|
CHIARADONNA I NEOPLASTIC TRANSFORMATION_KRAS_DN
MILI_PSEUDOPODIA_HAPTOTAXIS_DN
BERENJENO_TRANSFORMED_BY_RHOA_DN
HOSHIDA_LIVER_CANCER_SUBCLASS_S1
PETROVA_ENDOTHELIUM_| LYMPHATIC VS_BLOOD_DN
DURRENBERGER_HUNTINGTONS_UP?
LU_AGING_BRAIN_UP.
BAELDE_DIABETIC_NEPHROPATHY_DN
KINSEY_TARGETS_OF_EWSR1_FLII_FUSION_DN
BOQUEST_STEM_CELL_CULTURED_VS_FRESH_UP
BOQUEST_STEM_CELL_UP
CHICAS_RB1_TARGETS_CONFLUENT

R_DN

|_CELL_UI

AST_CANCER_| LUMINAL VS_BASAL_DN

CHARAFE_BREAST_CANCER_LUMINAL_VS_MESENCHYMAL_DN

PASINI_SUZ12_TARGETS_DN

REN_ALVEOLAR_RHABDOMYOSARCOMA _| DN

LINDGREN_BLADDER_CANCER_CLUSTER_2

PICCALUGA ANGIOIMMUNOBLASTIC LYMPHOMA up
H1_TARGETS _:

SCHUETZ BREAST CANCER DUCTAL_INVASIVE_UP

DANG_REGULATED_BY_MYC_DN

WONG_ADULT_TISSUE _ STEM MODULE

SWEET_LUNG_CANCER KI

WANG_SMARCE1 TARGETS UP

KOINUMA_TARGETS_OF_SMAD2_OR_SMAD3

JOHNSTONE_PARVB_TARGETS_3_UP

Gupta_Type_2_microglial_markersPMID:25494366*

BLALOCK_/ ALZHEIMERS DISEASE_UP*

GUPTA_ASD_MODS

Rotenone_cortical_neurons_24h_UP_>1.4x_(PMID_23186747_)"

VOINEAGU_ASD_M16*

MCBRYAN_PUBERTAL_BREAST_3 4WK_UP

MCBRYAN_| PUBERTAL TGFB1_TARGETS_UP

Upregulated_in_mSOD1_mutant_microglia,_end_stage_(Table_S3,PMID:23850290,_P<0.005,_3_fold_difference)*

MEISSNER_BRAIN_| HCP _WITH_H3K4ME3_AND_H3K27ME3

SMID_BREAST_CANCER_BASAL_UP

WEST_ADRENOCORTICAL_TUMOR _| DN

SERVITJA_ISLET_HNF1A_TARGETS_U

MIYAGAWA TARGETS_OF EWSR1 ETS FUSIONS_DN

CROMER_TUMORIGENESIS_UP

GOTZMANN_EPITHELIAL_TO_MESENCHYMAL_TRANSITION_UP

IGLESIAS_E2F_TARGETS_UP

ZHU _CMV_: 24 HR DN

CMV.
SASAI RESISTANCE TO NEOPLASTIC _TRANSFROMATION
KEGG_FOCAL_ADHE:
KEGG_ECM_| RECEPTOR INTERACTION
PID_INTEGRIN1 PATHWAY
PID_INTEGRIN3_PATHW,

EACTOME _INTEGRIN CELL SURFACE INTERACTIONS
VERRECCHIA_RESPONSE_TO_TGFB1
ANASTASSIOU_CANCER_| MESENCHYMAL TRANSITION_SIGNATURE
TURASHVILI_BREAST_LOBULAR_CARCINOMA_VS_DUCTAL_NORMAL_UP
TURASHVILI_BREAST_LOBULAR_CARCINOMA_VS_LOBULAR_NORMAL_DN
VECCHI_GASTRIC_CANCER ADVANCED,VS,EARLY,UP
PID_AVB3_INTEGRIN_PATHW,
PID_SYNDECAN _1 PATHWAY
REACTOME_COLLAGEN_FORMATION
REACTOME _| EXTRACELLULAR MATRIX_ORGANIZATION
WU_CELL_MIGRATI
DASU_IL6_! SIGNALING SCAR_DN
WINTER_HYPOXIA_METAGENE
SMIRNOV_CIRCULATING_ENDOTHELIOCYTES_IN_CANCER_UP
VERHAAK_GLIOBLASTOMA_NEURAL
PETRETTO_( CARDIAC HYPERTROPHY
RUIZ_TNC_T, TS_U|
MCBRYAN_| PUBERTAL BREAST_4_5WK_UP
YAMAZAKI_TCEB3_TARGETS_UP
HUMMERICH_SKIN_CANCER_PROGRESSION_UP
ZHANG_TLX TARGETg 36HR_UP

JECHLINGER_EPITHELIAL_TO_MESENCHYMAL_TRANSITION_UP
VART_KSHV_INFECTION_ANGIOGENIC_MARKERS_DN
KHETCHOUMIAN_TRIM24_TARGETS_UP
LIU_VAV3_PROSTATE_CARCINOGENESIS_UP
RODWELL_AGING_KIDNEY_NO_BLOOD_UP
SHETH_LIVER_CANCER_VS_TXNIP_LOSS_PAM3
TONKS_TARGETS_OF_RUNX1_RUNX1T1_FUSION_HSC_UP
PID_INTEGRIN_A4B1_PATHWAY
PID_INTEGRIN5_PATHWAY
U_| F_TARGETS_UP
REACTOME_SIGNALING_BY_PDGF
SENESE_HDAC2_TARGETS_DN
ZHONG_SECRETOME. OF LUNG_CANCER_AND_ENDOTHELIUM
AZARE_STAT3_TARGETS
SIMBULAN_UV_RESPONSE _| IMMORTALIZED DN
SIMBULAN_UV_RESPONSE_NORMAL_DN
THUM_MIR21_TARGETS_HEART_DISEASE_UP
WILCOX_PRESPONSE_TO_ROGESTERONE_DN

FARMER_BREAST_CANCER_CLUSTER_5
SUNG_METASTASIS_STROMA_UP
LI_WILMS_TUI 'S_FETAL_KIDNEY_2_DN

STEGER_ADIPOGENESIS_DN
SCHRAETS_MLL_TARGETS_UP
VERRECCHIA_DELAYED_RESPONSE_TO_TGFB1
YAGUE_PRETUMOR_DRUG_RESISTANCE _| DN
MCBRYAN_PUBERTAL_BREAST_4_5Wi|
MCBRYAN_PUBERTAL_BREAST_6_7WK_| UP
NAKAMURA_ADIPOGENESIS_EARLY_UP
ROY_WOUND_BLOOD_VESSEL_UP
SIMBULAN_PARP1_TARGETS_UP
COWLING_MYCN_TARGETS

ONDER_CDH1 SIGNALING VIA CTNNB1
SWEET_KRAS_TARGETS_UI
RASHI_RESPONSE_TO_| IONIZING RADIATION_2
HERNANDEZ _MITOTIC_ARREST_BY _| DOCETAXEL 2_UP
SMID_BREAST_CANCER _| NORMAL LIKE_L
NAKAYAMA_FGF2_TARGETS
POTTI_ETOPOSIDE_SENSITIVITY
MODY_HIPPOCAMPUS_NEONATAL
VERRECCHIA_EARLY_RESPONSE_TO_TGFB1
GROSS_ELK3, TA(E{GETS UP

NIELSEN_LEIOMYOSARCOMA_CNN1_UP
REACTOME_SMOOTH_MUSCLE_CONTRACTION
SASSON RESPONSE - TO_FORSKOLIN_DN
SASSON_RESPONSE_TO_GONADOTROPHINS_DN
PID_INTEGRIN2_PATHWAY
HAN_JNK_SINGALING_UP
BUYTAERT PHOTODYNAMIC _THERAPY_STRESS_UP

M_WT1
ZWANG CLASS 3 TRANSIENTLY INDUCED BY_EGF
WANG_METHYLATED_IN_BREAST_CANI
TURASHVILI_BREAST_DUCTAL _ CARCINOMA _VS_DUCTAL_NORMAL_DN
TURASHVILI_BREAST_DUCTAL_CARCINOMA_VS_LOBULAR_NORMAL_DN
WATTEL_AUTONOMOUS_THYROID_ADENOMA_DN
YORDY_RECIPROCAL_REGULATION_BY_ETS1_AND_SP100_DN
RODRIGUES_NTN1_TARGETS_DN
NOUSHMEHR_GBM_SILENCED_BY_METHYLATION
SATO_SILENCED_BY_METHYLATION_IN_PANCREATIC_CANCER_1
XU_HGF_TARGETS_INDUCED _| BY AKT1 _6HR
TOMLINS_PROSTATE_CANCER!
SCHAEFFER_PROSTATE _| DEVELOPMENT 6HR_DN
SASAKI_TARGETS_OF_TP73_AND_TP63
SA_MMP_CYTOKINE_CONNECTION
BIOCARTA_FIBRINOLYSIS_PATHWAY

TSENG_ADIPOGENIC_POTENTIAL_UP
MIKKELSEN_NPC_ICP_WITH_| H3K4ME3
PID_A6B1_A6B4_INTEGRIN_PATHWAY
WIEDERSCHAIN TARGETS OF BM|1 _AND_PCGF2
Y _STEM_CELI
MCBRYAN TERMINAL END_| BUD UP
MANTOVANI_NFKB_TARGETS_Ul
MANTOVANI_VIRAL_GPCR_ SIGNALING up
ZHAN_MULTIPLE_MYELOMA DN
REACTOME_A_TETRASACCHARIDE_LINKER_SEQUENCE_IS_REQUIRED_FOR_GAG_SYNTHESIS
REACTOME_HEPARAN_SULFATE_HEPARIN_HS_GAG_METABOLISM
REACTOME_HS_GAG_DEGRADATION
RAY TUMORIGENESIS_BY_ERBB2_CDC25A_DN
GRAHAM_NORMAL_QUIESCENT_VS_NORMAL_DIVIDING_UP
PHONG_TNF_RESPONSE_VIA_P38_COMPLETE
VETTER_TARGETS_OF_PRKCA_AND_ETS1_UP
SANA_TNF_SIGNALING_UP
TAKEDA_TARGETS_OF _! NUP98 HOXAS FUSION_3D_UP
TSUNODA_CISPLATIN_RESISTA!
YAMASHITA_METHYLATED_IN_| PROSTATE CANCER
BUDHU_LIVER_CANCER_METASTASIS_UP
VALK_AML_CLUSTER_10_
IVANOVA_HEMATOPOIESIS_STEM_CELL_LONG_TERM
VERHAAK_GLIOBLASTOMA_CLASSICAL
MIKKELSEN_NPC_LCP. WITH H3K4ME3
OSMAN_BLADDER_CANCER
Upregulated_by Topotecan_1.. 6_| Io 2FC_or_more_King*
YAMASHITA_LIVER_CANCER_STEM_CELL_UP
SCHLESINGER_METHYLATED_DE_NOVO_IN_CANCER
ZHAN_LATE_DIFFERENTIATION_GENES_UP
MASSARWEH_TAMOXIFEN_RESISTANCE_DN
XU_GH1_AUTOCRINE_TARGETS_DN
VARELA_ZMPSTE24_TARGETS_DN
PID_PDGFRAPATHWAY
PID_TGFBRPATHWAY
NIELSEN_SCHWANNOMA_UP
LEE_DIFFERENTIATING_T_LYMPHOCYTE
ZHANG_INTERFERON_RESPONSE
VERNELL_RETINOBLASTOMA_PATHWAY_DN
KEGG_TIGHT_JUNCTION
KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION
REACTOME_NGF_SIGNALLING_VIA_TRKA_FROM_THE_PLASMA_MEMBRANE
REACTOME_SIGNALLING_BY_NGF
ROVERSI_GLIOMA_COPY_NUMBER_UP
ASTON_| MAJOR DEPRESSIVE_DISORDER_UP
SMITH_LIVER_CANCER
LIANG_| HEMATOPOIESIS STEM_CELL_NUMBER _| LARGE VS_TINY_DN
BHATI_G2M_ARREST_BY_2METHOXYESTRADIOL.
KEGG_AMINO_SUGAR_AND_NUCLEOTIDE _{ SUGAR METABOLISM
KEGG_FRUCTOSE_AND_MANNOSE | METABOLISM
KEEN_RESPONSE_TO_ROSIGLITAZONE _|
BLALOCK_ALZHEIMERS_DISEASE_DN
GINESTIER_BREAST_CANCER_ZNF217_AMPLIFIED_DN
GARY_CD5_TARGETS_UP
KAAB_HEART_ATRIUM_VS_VENTRICLE_DN
HOLLMANN_APOPTOSIS_VIA_CD40_DN
LOCKWOOD_AMPLIFIED_IN_LUNG_CANC
ACEVEDO_NORMAL_TISSUE_ADJACENT TO LIVER_TUMOR_DN
LU_EZH2 TARGETS_UP
AGUIRRE_PANCREATIC_CANCER_COPY_NUMBER_UP
CAIRO HEPATOBLASTOMA _( CLASSES up
K_U' ESPONSE_KERATINOCYTE_UP
ACEVEDO LIVER_TUMOR_VS_NORMAL_ADJACENT_TISSUE_UP
LOPEZ_MBD_TARGETS
WANG_TUMOR _| IN\/ASIVENESS up
DAIRKEE_TERT_TARGETS
MARTENS_TRETINOIN RES O ISE
KIM_ALL_DISORDERS _( OLIGODENDROCYTE NUMBER_CORR_UP
KIM_BIPOLAR_DISORDER_OLIGODENDROCYTE_DENSITY_CORR_UP
STARK_PREFRONTAL_CORTEX_22Q11_DELETION_DN
MOOTHA_VOXPHOS
REACTOME_RESPIRATORY_ELECTRON_TRANSPORT
REACTOME_RESPIRATORY_ELECTRON_TRANSPORT_ATP_SYNTHESIS_BY_CHEMIOSMOTIC_COUPLING_AND_HEAT_PRODUCTION_BY_UNCOUPLING_PROTEINS__
HSIAO_HOUSEKEEPING_GENES
GRADE_COLON_CANCER_UP
MOOTHA_HUMAN._| MITOD _6_2002
MOOTHA_MITOCHONDR
WONG_MITOCH ONDRIA GENE MODULE
STEIN_ESRRA_TARGETS_UP
YAO_TEMPORAL_RESPONSE_TO_PROGESTERONE_CLUSTER_13
SPIELMAN_LYMPHOBLAST_EUROPEAN_VS_ASIAN_UP
YAO_TEMPORAL_RESPONSE_TO_PROGESTERONE_CLUSTER_17
PENG_RAPAMYCIN_RESP
WAMUNYOKOLI_OVARIAN_CANCER_LMP_U
YAO_TEMPORAL_RESPONSE_TO _| PROGESTERONE CLUSTER_14
SESTO_RESPONSE_TO_UV_C6
NIKOLSKY_BREAST_CANCER_16P13_AMPLICON
HOU_TNF_SIGNALING_4HR
NIKOLSKY_BREAST_CANCER_16Q24_AMPLICON
DOANE_BREAST_CANCER_ESR1_UP
SMID_BREAST_CANCER_BASAL_DN
SMID_BREAST_CANCER_LUMINAL_B_UP
SMID_BREAST_CANCER_| RELAPSE IN_BONE_UP
YANG_BREAST_CANCER_ESR
YANAGIHARA_ESX1_TAR GETS
TCGA_GLIOBLASTOMA _( COPV NUMBER UpP
SHEN_SMARCA2_TARGETS_DI
WEST_ ADRENOCORTICAL TUMOR MARKERS_DN
GUILLAUMOND_KLF10_TARGETS _I
MIKKELSEN_ES_LCP_WITH_H3K4ME3
MIKKELSEN_MEF_LCP_WITH_H3K27ME3
CHEOK_RESPONSE_TO_HD_MTX_DN
PEDERSEN_METASTASIS_BY_ERBB2_ISOFORM_6
MEISSNER_NPC_ICP_WITH_H3_UNMETHYLATED
ZEMBUTSU_SENSITIVITY_TO_FLUOROURACIL
WATANABE_ULCERATIVE_COLITIS_WITH_CANCER_DN
CHOW_RASSF1_TARGETS_DN
PURBEY_TARGETS_OF_CTBP1_AND_SATB1_DN
KEGG_CARDIAC_MUSCLE_CONTRACTION
VERHAAK_GLIOBLASTOMA _| MESENCHYMAL
BIOCARTA_CELL2CELL_PATH
GAZIN_EPIGENETIC ! SILENCING BY KRAS
XU_HGF_SIGNALING_NOT_VIA_AKT1 6HR
CLIMENT_BREAST_CANCER_COPY_NUMBI
KEGG_AMYOTROPHIC_LATERAL SCLEROSIS ALS
BARNES_SCHIZOPHRENIA_BA22_UP*
ASGHARZADEH NEUROBLASTOMA POOR_SURVIVAL_DN
HATADA_METHYLATED_IN_LUNG_CANCER_DN
STARK_HYPPOCAMPUS_22Q11_| DELETION UP
ACEVEDO_LIVER_CANCER_WITH_H3K9MI
KEGG_TAURINE_AND_HYPOTAURINE_| METABOLISM
CAMPS_COLON_CANCER_COPY_NUMBER_UP
RODRIGUES NTN1_TARGETS_UP
TYPE_|_DIABETES_MELLITUS
BRIDEAU IMPRINTED_GENES
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Supplementary Fig. 7. Differential gene set enrichment across the six clusters.
Expression data of chemicals within each of the six clusters were separately compared to
all other chemicals using GSA. A given pathway (size between 10 and 1,500 genes) was
considered significant if the false discovery rate (FDR) was less than 0.1 for at least one
cluster compared to all other chemicals (500 permutations). Expression of a single
pathway was summarized by taking the median expression value across all genes in that
pathway for a given chemical. Pathway expression values were then median-centered
and hierarchically clustered, while keeping chemical ordering consistent with Fig. 2.

Differentially enriched gene sets per cluster are included in Supplementary Data 3.
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Supplementary Fig. 8. Cluster 2 chemicals produce dose-dependent superoxide. (a)
Chemical hierarchy, ordered identically to Fig. 2, with the indicated chemicals (1-17)

tested for (b) superoxide production (2 h chemical treatment followed by MitoSOX live



cell imaging). RNA-seq doses are indicated with red circles. (¢) O, production after
treating with the indicated chemicals for 24 h at the sequencing dose followed by

MitoSOX imaging.
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Supplementary Fig. 9. Effects of Cluster 2 chemicals can be phenocopied with
additional mitochondrial poisons. (a) Kresoxim methyl and (b) myxothiazol induce

O, production in a dose-dependent manner. When added to cortical cultures for 24



hours, kresoxim methyl (1 uM) and myxothiazol (5 uM) elicited corresponding gene

expression (RNA-seq) effects with Cluster 2 chemicals. Gene order is identical to Fig. 2.
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Supplementary Fig. 10. A microtubule destabilizer (vincristine) promotes O,
production and aberrant cell morphology. (a) Vincristine, but not fenamidone,
inhibited purified tubulin polymerization in a cell-free biochemical assay. Paclitaxel
(positive control) promoted tubulin polymerization. (b-¢) Vincristine (500 uM, 2 h)
induced mitochondrial superoxide (O;"; MitoSOX fluorescent indicator) generation and
altered cell morphology in cortical neurons. Scale bars, 100 um. (d) O," production and
(e) aberrant cell morphology were dose-dependent. n=60-119 cells/coverslip, across two

coverslips per concentration.
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Supplementary Fig. 11. Cluster 2 chemicals not linked to altered cellular composition
or RNA quality. (a) The number of NeuN, Gfap, or Ibal positive cells did not
significantly change after treatment with 10 uM fenamidone for 24 hours, relative to
vehicle. n=4 cultures/condition. (b) RNA integrity numbers (RIN) for all chemicals in
each of the six clusters as well as all vehicle replicates. Bars are mean = SEM. Statistical
significance was assessed using a one-way t-test comparing the chemicals in a given

cluster to vehicle control.
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Supplementary Fig. 12. Overlap of brain disease gene sets. (a) Pairwise degree of

overlap (red intensity) between brain disease datasets (from Fig. 3) shows

correspondence in up- and down-regulated genes across diseases of diverse pathology.

(b—e) Degree of overlap and directionality of overlapping transcripts included from



pyraclostrobin treated neurons, ASD, Huntington's (HD) and aging post-mortem brain.
(f) Comparison of the change in gene expression (fold-change) elicited by pyraclostrobin
treatment in neurons to changes (fold-change) seen in ASD brain compared to control

brain demonstrates consistent direction and magnitude of gene expression changes.



