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Figure S1: Computational data integration and bioactivity profiling in ToxPi.

Curve-fitting of quantitative outputs from HCS applications (data acquisition, concentration-
response assessment) in R yielded point-of-departure (POD) benchmark values, which were
utilized as relative measures of toxicity. Following normalization of POD values on a 0-1 scale,
values derived from sixteen distinct assays or assay parameters were integrated for quantitative
bioactivity profiling in ToxPi (data visualization). In the resulting ToxPi charts, each slice is
representative of an individual assay and the area of the slice is proportional to the relative
bioactivity of the chemical within the dataset. ToxPi also provides a cumulative ToxPi score, a
relative measure of bioactivity that can be utilized to globally rank chemicals for potential
clustering. Ranking chemicals according to their overall ToxPi score can be utilized to reveal
clusters of similar compounds or substances.
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Figure S2: Inter-plate replicability parameters.

Assay performance between assay plates was evaluated using comparisons of normalized controls
and coefficients of variation (%CV), an assay quality indicator herein defined as a single standard
deviation across the mean of vehicle controls (A). Pearson (r) and Spearman (p) correlation
analysis was used as an additional quality control to assess the assay reproducibility between
plates. [CM=cardiomyocytes; HEP=hepatocytes].
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Figure S3: Intra-plate replicability parameters.

Replicate 1

Replicate 1

The consistency of replicates in high-content screening assays was determined using linear
correlation analysis (r=Pearson; p=Spearman) for each assay parameter. Plots depict correlations
for original, non-normalized duplicate (n=2) measurements in concentration-response (n=6

concentrations for cardiomyocytes, n=5 for hepatocytes) for all 21 Concawe extracts and sixteen
assay parameters.
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Figure S4: Calcium-flux traces for control chemicals and two petroleum substances.
Representative calcium flux-traces for cultured iPSC cardiomyocytes in the presence and absence
of vehicle (1% DMSO in media), reference chemicals (tetraoctyl ammonium bromide —
cytotoxicity; cisapride — QT interval elongation; isoproterenol — positive chronotrope;
propranolol — negative chronotrope) and two petroleum substances, CON-07 (OGO) and CON-
1611 (VHGO), in concentration-response are shown.



0.3 % 1% 3%
Concawe-02
No. up DEGs: 28 No. up DEGs: 42 No up DEGs 124

log2 fold change
o

-2 4
_No. down DEGs: 55 ) No. down DEGs: 86 _No. down DEGs: 167
Concawe-04
) [ No. up DEGs: 59 | ] No. up DEGs 50 | No. up DEGs: 101

log2 fold change
o

iz | )
) No. down DEGs: 91 No. down DEGs: 75 rNc. down DEGs: 147
Concawe-12
No. up DEGs: 21 ‘No. up DEGs: 34 No. up DEGs: 76

log2 fold change
o

) i |
No. down DEGs: 54 No. down DEGs: 61 No. down DEGs: 119
Concawe-15 1601 1e+01 1e+03 1e+05
No. up DEGs: 96 No. up DEGs: 106 mean expression

log2 fold change
o

-2 !
No. down DEGs: 139 No. down DEGs: 159
A087/13 .
5 [ No. up DEGs: 219 “No. up DEGs™ 241 NS

4

log2 fold change
o

-2

_No. down DEGs: 296 No. do.wn DEGs: 314
1e-01  1e+01 1e+03 1e+051e-01 1e+01 1e+03 1e+05

mean expression mean expression

Figure S5: MA plots, which demonstrate the gene expression data transformed onto the M (log
ratios) and the A (mean average) scale, show the change in the average level of each transcript in
the S1500+ gene set for all chemicals at all concentrations relative to the averages determined for
DMSO controls. Differentially expressed genes (¢<0.1), determined as described in the Materials
and Methods section, are indicated by red points.
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Figure S6: Correlation plots of log2(fold change) for combinations of all chemicals at the highest
dose used. Colors indicate significantly differentially expressed genes for either (aqua and black)
or both (pink) chemicals in each comparison. r>=coefficient of determination (squared Pearson
correlation).



Table S1: Common differentially expressed genes*

Con-02 Con-04 Con-12 Con-15 A087/13
Gene Mean count| log2FC | g-value | 1og2FC | g-value | log2FC | q-value | log2FC | gq-value | log2FC | q-value
TIPARP 61.95 1.43 2.55E-18y 1.37 5.10E-16y 142 ;3.68E-17y 133 [4.15E-15; 1.70 1.53E-26
UGTI1A1 424.06 1.11 2.22E-12y 1.03 ;5.70E-10y 1.06 ;1.32E-10y 1.02 [6.48E-10y 1.05 2.23E-11
UGT1A6 1027.24 1.03 j4.84E-11} 098 [2.84E-09; 1.01 ;4.69E-10y 099 [1.72E-09; 0.99 |1.54E-10
CD44 317.20 0.81 j4.90E-10y 0.61 [1.87E-05; 0.48 j1.61E-03; 0.57 8.81E-05; 0.31 3.34E-02
AKRICI 5518.76 0.67 4.73E-14; 049 [4.44E-07; 047 1.23E-06; 0.39 8.81E-05; 0.71 |3.56E-16
SQSTM1 11720.95 0.61 |820E-15; 046 [9.43E-08; 038 |1.21E-05; 0.51 6.48E-10; 0.71 1.91E-20
ATF3 60.12 0.57 16.16E-04; 0.65 |1.49E-04; 0.44 ;2.01E-02; 0.60 5.57E-04; 0.51 |1.56E-03
CDKNIA 279.08 0.44 4.22E-04; 029 ;4.12E-02y 041 ;2.03E-03; 0.57 3.34E-06; 0.80 [6.95E-13
ASAHI1 448.02 0.43 |2.05E-05; 030 7.67E-03; 0.43 |3.04E-05; 0.55 6.58E-08; 0.84 |2.84E-20
AQP3 159.39 0.42 1.23E-03; 040 [4.43E-03; 035 j1.65E-02; 0.60 3.23E-06; 1.04 |3.04E-20
LOXL1 105.84 0.40 6.97E-03; 037 |2.25E-02y 0.44 ;5.10E-03; 0.55 1.70E-04; 0.46 1.23E-03
VMP1 740.70 0.40 9.61E-06) 0.46 |5.59E-07; 0.29 [4.29E-03; 0.30 3.04E-03; 0.68 2.47E-16
TSKU 413.15 036 8.00E-03; 031 3.67E-02; 0.42 [2.89E-03; 0.41 3.80E-03; 0.92 9.21E-16
CTSA 7129.24 0.31 3.74E-061 030 3.05E-05; 0.25 8.01E-04; 0.34 6.37E-07; 0.48 6.48E-15
CCDC92 834.83 0.27 5.23E-04; 032 (9.06E-05; 0.24 |5.72E-03; 0.32 7.91E-05; -0.19 1.97E-02
HLA-A 6206.69 0.24 |5.21E-03; 022 2.12E-02; 0.18 8.83E-02; 0.26 4.17E-03; -0.28 [4.89E-04
NFE2L2 2389.85 0.23 2.44E-02y 022 5.13E-02y 0.21 6.05E-02; 0.37 1.33E-04; 0.27 [4.29E-03
CHCHD!1 536.12 0.23 |5.67E-02y 033 3.79E-03; 0.23 |7.50E-02; 0.23 6.99E-02; 0.47 |1.64E-06
ARPC4 684.54 0.20 1.55E-02y 0.19 3.60E-02; 0.21 j1.99E-02; 0.21 2.36E-02; 0.29 |1.48E-04
RPL27 5539.64 -0.17 19.61E-02; -0.35 [7.78E-05; -0.20 5.04E-02; -0.31 |5.57E-04; -0.33 |5.68E-05
CIR 2956.12 -0.31 7.57E-03; -0.32 7.01E-03; -0.26 3.68E-02; -0.25 |5.03E-02; -0.56 |1.49E-08
YIF1A 541.26 -0.32 |5.77E-04; -0.27 7.67E-03; -0.25 1.35E-02; -0.31 1.43E-03; -0.32 4.16E-04
HAXI1 1031.13 -0.32 1 1.10E-04; -0.39 2.50E-06; -0.25 |5.72E-03; -0.24 1.12E-02; -0.49 2.74E-10
ITPR2 112.26 -0.32 13.63E-02; -0.41 8.16E-03; -0.39 1.31E-02; -0.32 |5.77E-02; -0.62 |3.88E-06
HSPA4 115.12 -0.34 19.25E-03; -0.44 1.18E-03; -0.33 1.83E-02; -0.31 3.78E-02; -0.28 |3.17E-02
TRIB3 1353.78 -0.36 13.24E-02; -0.41 1.40E-02; -0.39 2.20E-02; -0.38 |3.01E-02; -0.66 |3.76E-06
NRP1 116.82 -0.37 1 1.81E-02y -0.33 4.62E-02; -0.32 [6.86E-02; -0.33 |5.52E-02; -0.51 |3.31E-04
FAIM 495.86 -0.39 1 1.42E-03; -0.29 2.92E-02; -0.29 3.42E-02; -0.37 4.04E-03; -0.48 |3.05E-05
GGH 810.03 -0.40 13.99E-05; -0.23 4.56E-02; -0.31 3.68E-03; -0.21 8.02E-02; -0.80 |7.50E-19
GNG5 958.66 -0.43 |2.24E-05; -0.36 1.10E-03; -0.39 3.28E-04; -0.35 |1.64E-03; -0.28 |8.24E-03
KPNA2 1101.99 -0.44 2.40E-09; -0.20 1.96E-02; -0.27 9.65E-04; -0.31 1.28E-04; -0.72 |1.42E-23
CKS1B 113.29 -0.44 6.59E-03; -0.31 8.38E-02; -042 1.55E-02; -0.39 3.00E-02; -0.53 4.13E-04
ICT1 630.07 -0.45 1.81E-04; -0.24 9.19E-02; -0.28 5.04E-02; -0.26 6.38E-02; -0.35 |3.08E-03
PACSIN3 51.61 -047 1.19E-02; -0.49 1.16E-02; -0.54 |5.72E-03; -0.58 |2.19E-03; -0.50 4.51E-03
COL4A2 112.60 -0.47 19.90E-04; -0.46 2.44E-03; -0.70 5.55E-07; -0.49 |1.20E-03; -0.86 |1.47E-10
COLA4AL 200.77 -047 2.24E-05; -0.74 4.44E-11; -0.53 |2.95E-06; -0.49 |3.24E-05; -1.20 4.55E-28
PSIPI 562.54 -0.51 1.13E-06; -0.41 3.64E-04; -0.28 2.13E-02; -0.26 |3.86E-02; -0.83 |1.61E-16
CENPW 57.55 -0.52 1 1.42E-03; -0.42 [1.96E-02; -0.44 [1.35E-02; -042 |2.26E-02; -0.81 |7.01E-08
PHGDH 157.88 -0.53 1.46E-03; -0.34 [7.43E-02; -0.54 2.04E-03; -0.65 |8.76E-05; -0.83 |3.19E-08
TPX2 67.02 -0.54 19.90E-04; -0.35 6.76E-02; -0.43 |1.89E-02; -0.55 1.43E-03; -1.00 2.55E-11
EIF4EBP1 2486.05 -0.54 1.03E-05; -0.45 [7.99E-04; -0.58 |3.29E-06; -0.51 8.46E-05; -091 |1.12E-15
SMC4 41.74 -0.58 |7.19E-04; -0.46 1.32E-02; -0.53 4.39E-03; -0.53 3.77E-03; -0.69 |2.01E-05




CDHI1 107.46 -0.60 2.76E-05; -0.55 3.45E-04; -0.40 ;1.47E-02; -0.82 2.13E-08; -0.79 1.29E-08
ORMI1 160.07 -0.61 1.64E-04; -0.66 9.06E-05; -0.55 j1.63E-03; -0.60 ;4.14E-04; -0.71 ;3.33E-06
HPR 110.13 -0.68 2.06E-04; -0.60 2.42E-03; -0.51 j1.39E-02; -0.53 9.21E-03; 0.36 ;6.50E-02
CA2 75.10 -0.69 19.51E-06; -0.44 1.13E-02; -0.45 ;1.03E-02; -0.40 ;2.96E-02} -0.81 ;5.14E-08
IGFBP4 297.00 -0.70 1.18E-06; -0.75 |5.59E-07; -0.67 ;6.53E-06; -0.68 |7.00E-06; -0.74 ;1.27E-07
SLC27A2 72.13 -0.71 5.05E-06; -0.40 2.61E-02} -0.49 ;5.65E-03; -0.32 ;9.87E-02} -0.60 ;1.37E-04
MYLK 49.32 -0.72 1.53E-05; -0.71 4.73E-05; -0.54 ;4.15E-03; -0.79 2.89E-06; -1.24 ;3.83E-16
FGFR2 108.58 -0.72 4.19E-07; -0.45 4.88E-03} -0.45 ;5.77E-03; -0.63 j4.16E-05; -0.70 ;7.33E-07
ATF5 1231.10 -0.73 16.44E-06; -0.69 |5.79E-05; -0.62 3.72E-04; -0.68 |5.49E-05; -0.86 1.53E-08
TK1 83.16 -0.76 12.85E-07; -0.47 4.89E-03; -0.55 ;891E-04; -0.67 |2.56E-05} -1.56 ;3.69E-28
HISTIH2BM 58.87 -0.79 11.00E-06; -0.57 1.24E-03; -0.35 8.62E-02; -0.50 7.29E-03; -1.74 ;1.61E-31
SHCBPI 36.59 -0.81 12.94E-06; -0.46 2.25E-02; -0.45 ;2.79E-02; -0.37 823E-02} -1.09 ;IL.11E-11
C5 463.25 -0.85 12.10E-08; -0.70 1.87E-05; -0.77 ;9.00E-07; -0.48 |6.86E-03} -0.53 ;5.92E-04
ASPM 79.40 -0.90 2.47E-09; -0.41 2.25E-02y -0.55 j1.61E-03; -0.85 j1.24E-07; -1.43 ;2.24E-22
DEPDCIB 253.48 -091 8.20E-15; -0.42 2.52E-03} -0.53 j4.05E-05; -0.61 j2.30E-06; -147 ;1.19E-34
CCNBI 321.54 -0.95 3.01E-17; -0.64 |1.96E-07y -0.76 ;1.74E-10y -0.53 2.73E-05; -1.40 ;1.50E-34
CDK1 422.06 -1.06 2.29E-16; -0.36 2.37E-02; -0.51 ;6.85E-04; -0.52 j4.25E-04} -2.05 1.52E-57
CENPF 51.91 -1.11 4.35E-12; -0.58 2.21E-03; -0.82 1.73E-06; -0.92 8.79E-08; -1.30 ;6.55E-17
AURKB 102.44 -1.11 4.80E-17; -0.47 2.57E-03} -0.73 {2.40E-07; -0.69 |2.20E-06; -2.33 1.28E-63
KIF2C 109.94 -1.13 j1.18E-17; -0.32 5.53E-02; -0.76 ;831E-08; -0.70 j1.44E-06} -1.62 ;2.51E-33
CCNA2 371.01 -1.17 2.55E-18; -0.52 7.99E-04; -0.74 {2.63E-07; -0.81 2.13E-08} -2.07 ;1.01E-55
TOP2A 499.52 -1.20 2.03E-19; -0.46 4.10E-03; -0.72 5.19E-07; -0.64 |1.55E-05; -1.96 ;1.10E-50
CCNB2 117.69 -1.53 1.80E-27; -0.77 5.81E-07; -0.85 j1.87E-08; -0.96 3.73E-10y -1.51 ;1.50E-26
UBE2C 194.33 -1.74 5.86E-44; -0.72 1.55E-07} -1.02 ;3.34E-15; -1.03 j4.15E-15} -2.09 1.44E-58

*QGenes that were commonly significantly differentially expressed among the cells treated with
one of the five petroleum substances at the highest concentration used are shown. A total of 66
genes were significantly differentially expressed across all chemicals at the highest concentration

used.



Table S2: Top-most common, differentially expressed genes™

Con-02 Con-04 Con-12 Con-15 A087/13

Gene [Mean count log2FC  |g-value [log2FC |g-value |log2FC |g-value |log2FC |q-value [log2FC |q-value

TIPARP 61.95 1.43 2.55E-18 11.37 5.10E-16 11.42 3.68E-17 11.33 4.15E-15 11.70 1.53E-26
UGT1Al 424.06 1.11 2.22E-12 11.03 5.70E-10 11.06 1.32E-10 11.02 6.48E-10 11.05 2.23E-11
UGT1A6 11027.24 1.03 4.84E-11 10.98 2.84E-09 11.01 4.69E-10 10.99 1.72E-09 10.99 1.54E-10
CD44 317.20 0.81 4.90E-10 0.61 1.87E-05 10.48 1.61E-03 10.57 8.81E-05 10.31 3.34E-02
[AKRIC1  [5518.76 0.67 4.73E-14  10.49 4.44E-07 10.47 1.23E-06 10.39 8.81E-05 10.71 3.56E-16
SQSTMI1  11720.95 0.61 8.20E-15 10.46 9.43E-08 10.38 1.21E-05 10.51 6.48E-10 10.71 1.91E-20
ATF3 60.12 0.57 6.16E-04 10.65 1.49E-04 10.44 2.01E-02 10.60 5.57E-04 10.51 1.56E-03
CDKNIA 1279.08 0.44 4.22E-04 10.29 4.12E-02 10.41 2.03E-03 10.57 3.34E-06 10.80 6.95E-13
ASAH1 448.02 0.43 2.05E-05 0.30 7.67E-03 10.43 3.04E-05 10.55 6.58E-08 10.84 2.84E-20
(AQP3 159.39 0.42 1.23E-03 10.40 4.43E-03 10.35 1.65E-02 10.60 3.23E-06 11.04 3.04E-20
DEPDCIB 253.48 -0.91 8.20E-15 1-0.42 2.52E-03 1-0.53 4.05E-05 1-0.61 2.30E-06 |-1.47 1.19E-34
CCNB1 321.54 -0.95 3.01E-17 1-0.64 1.96E-07 -0.76 1.74E-10 -0.53 2.73E-05 |-1.40 1.50E-34
CDK1 422.06 -1.06 2.29E-16 -0.36 2.37E-02 1-0.51 6.85E-04 1-0.52 4.25E-04 -2.05 1.52E-57
CENPF 51.91 -1.11 4.35E-12 -0.58 2.21E-03 1-0.82 1.73E-06 1-0.92 8.79E-08 -1.30 6.55E-17
AURKB 102.44 -1.11 4.80E-17 -0.47 2.57E-03 1-0.73 2.40E-07 1-0.69 2.20E-06 -2.33 1.28E-63
KIF2C 109.94 -1.13 1.18E-17 1-0.32 5.53E-02 -0.76 8.31E-08 1-0.70 1.44E-06 |-1.62 2.51E-33
CCNA2 371.01 -1.17 2.55E-18 -0.52 7.99E-04 1-0.74 2.63E-07 1-0.81 2.13E-08 -2.07 1.01E-55
TOP2A 499.52 -1.20 2.03E-19 |-0.46 4.10E-03 -0.72 5.19E-07 1-0.64 1.55E-05 -1.96 1.10E-50
CCNB2 117.69 -1.53 1.80E-27 -0.77 5.81E-07 1-0.85 1.87E-08 1-0.96 3.73E-10 -1.51 1.50E-26
UBE2C 194.33 -1.74 5.86E-44 1-0.72 1.55E-07 -1.02 3.34E-15 -1.03 4.15E-15 -2.09 1.44E-58

*Genes that were commonly significantly differentially expressed among the cells treated with
one of the five petroleum substances at the highest concentration used are shown. The top-most

differentially expressed (based on log2 fold change) are shown.
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Table S3: Top-most common, differentially expressed genes across different concentrations*

on-02 low “on-04 low on-12 low “on-15 low 1408713 low [Con-02 mid “on-04 mid on-12 mid “on-15 mid A087/13 mid [Con-02 high on-04 high “on-12 high

ene [Mean countflog2FC  fq-value flog2FC f-value  Jlog2FC fq-value  Jlog2FC fgvalue  flog2FC fg-value  flog2FC fqvalue  Jlog2FC fg-value  flog2FC f-value  fJlog2FC fgvalue Jlog2FC fa-value flog2FC fg-value  Jlog2FC fg-value  Jlog2FC fo-value
UGTIA6]1027.24 0.9  R29E-09J1.01  R.5SE-09 0.89  R4SE07[LOI  [I27E-09 091  [L.59E-09]1.06  JI28E-10L.05  JI38E-10J1.00  JLSIE-09J0.99  JI.72E-09J0.99  [ILS4E-10]1.03  KS4E-110.98  RS4E-09[LOI  J4.69E-10
UGTIAT 2406 090  R39E-07098  [L.OIE-090.93  [L.I9B-08[1.05  K.ISE-10J0.96  JR.00E-09]1.00  PSSE-09 102  J6.34E-10[1.05  9SE-10]1.02  Je4SE-10J1.05  R23E-11JL11  R.22E-12]1.03 T0E-10]1.06  [1.32E-10
AKRICI[5518.76  J0.45  J1.24E-05 J0.39 000234 J0.39 000437 J0.25 032703 J0.69  [S.34E-15J0.56  .58E-090.33  0.003092 J0.33 005168 J0.39 SIE-050.71  PS6E-16J0.67  KT3E-14J049  HA4E-07 047 [1.23E-06,
ASAHI p48.02 25 058266 10.29 026679 J0.27 061746 J0.41 0002520.78  .65E-170.26 042478 034 [0.003505 .37 00197 J0.55  J6.SSE-08 084 .84E-20[043  .0SE-05 030 1007667 043 [3.04E-05
TSA 12924 .18 04167 0.26 000914 0.19 10380941036 [L4SE-07 044 J1.79E-120.19 027853 J0.25  [0.001645 J0.18 047653034 J3TE-07 048 J6.48E-15 [0.31 74E-06 0.30 L0SE-05J0.25  [0.000801
CCNBI B21.54 F042  [0.004858 F0.51 000217042 [0.004526 028 J0.062509 }1.56  [.46E-42 041  [0.005406 0.50  [0.00034 F0.36  J0.017778 053  R.73E-05 140 [LSOE-34}0.95  POIE-17F0.64  [1.96E-07 F0.76  [I74E-10
OL4A2 11260 F0.44  [0.00987 F0.45  [0.007973 0.5  [0.000782|0.43  J0.00779 F0.79  .ISE-09 048  [0.003568 F0.45  [0.007059 F0.67  [S91E-06 049  [0.001202F0.86  [L4TE-10}0.47  [0.00099 J0.46  [0.002443 F0.70  [5.55E-07
s 6325 F0.54  J0.004858 043  [0.035134 039  [0.083004}0.36  [0.063893 0.5  J0.000483 055 J0.003568 F0.42  J0.029957 F046  [0.026178 F0.48  J0.006855 }0.53  J0.000592J-0.85  [.10E-08 .70  JL.87E-05 0.7 [9.00E-07,
IGFBP4 97.00  F0.56  [0.001073 050 [0.004336 F0.51  [0.004761 |0.66  .A2E-05 F0.72  .96E-07}0.61  J0.000284 F0.54  J0.001565 F0.41  [0.035019}0.68  [1.00E-06 F0.74  [1.27E-07 F0.70  JLISE-06 F0.75  [S.59E-07 F0.67  J6.53E-06
COL4AT 0077 F0.78  JLS3E-120.63  S.90E-08 F0.90  P.O7E-16 F0.65  [46E-08 1.3 [I.90E33}057  [L30E-07 F0.76  [LO9E-12}0.79  J69IE-13 049  P24E-05 F120  MSSE28}047  P24E-0SF0.74  HA4E-11 053 [2.95E-06

*Genes that were commonly significantly differentially expressed among the

cells treated with

one of the five petroleum substances, at all concentrations, are shown. A total of 10 genes were

significantly differentially expressed across all chemicals and concentrations.
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