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, APCRA APCRA Case study: Transcriptomics-based
% ACCELERATING THE PACE OF PO DS for ECOtOXlCOlogy

ad ,' CHEMICAL RISK ASSESSMENT

Hypothesis: 24 h whole body transcriptomics can provide a protective, but not overly
protective, point of departure for ecological toxicity.

Approach:
1. Generate transcriptomic PODs for = 20 chemicals

e |nitial focus on fathead minnow

2. Compare tPODs with available acute and chronic toxic toxicity data

3. Compare tPODs with in vitro-derived PODs



Method Overview
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Test Chemical Assay Library
Completed | Prep
=

Case study Progress — T «oxox ]
2 ZnSO, X X X %
- 3 NiSO, X X X =
* Exposures have been 2 4 Clothinidin X X X s
. O .
completed for 22 chemicals. & __ X S g
« 7 mode of action groupings & ° ':_'daldop_;d X X X 5
e 3-4 chemicals per MoA group _ N Thiaclopr " " " o
— 8 Sertraline X X X 2
9 Fluoxetine X X X c:i
d SequenC|ng CompIEte and 10 Paroxetine X X X =
tPOD generated for 10 11 Dibutyl phthalate X B
. 12 DEHP X >
chemicals to date >
. = 13 Benzyl butyl pthalate X ,g
3 metals g 14 Parathion X X g'
* 3 SSRls o 15 Fenthion X X o
X
* 4 neonicotinoid / related 16 Methidathion X X §
17 Bisphenol A X X 5
* Contracts and funds in place 1B | Seylpiens ! ]
19 E X X =
to generate data for next 12. sone 2
20 Methoxyfenozide X X g
21 Tebufenozide X >
e 22 Halofenozide X ——




Caunt
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0.0 o005 010 015 020 0.2 030 .35 040 1.4 0,50 055 0680 063 070 07 Q80 1.B5 0,90 1.9 100 105 1.10 L15 1.20 125 L3I 1.3 140 145 130 155
Best BMD

Preliminary Results:

First 10 chemicals




Comparison with In vivo, Adverse Effect Concentrations (Fish)

FISH: Tier 1 - Mean Effect Concentrations for All 10 Chemicals

Zns04 (577)

Thiacloprid (0)

. [I:| ) | tPODs (10t centile BMD) were
generally more sensitive than
Paroxetine (0) +m apical adverse effect

concentrations.

NiSO4 (75) D —— — Fish — Tier 1: Legend
@ Mean Effect (EcoTox)

B Median BMD (Rep8) .
were less protective

I
O
£
[i}}
-
Q

Imidacioprid (19)1

Fluoxetine {13)

Up to 4 orders of magnitude
more protective

Flupyradifurone (0}

CuS04 (2498) 4

Clothianidin (0}

-2 0
Concentration (mg/L) [Log10-transformed]




Comparison with In vivo, Biological Effect Concentrations (Fish)

FISH: Tier 2 - Mean Effect Concentrations for All 10 Chemicals

ZnsS04 (279)

Thiacloprid (0}
Sertraline (0)
Paroxetine (0)

NiSO4 (19) D Fish — Tier 2: Legend
B8 Mean Effect (EcoTox)

B Median BMD (Rep8)
Imidacloprid (123} + tPOD (10th perc.; Rep8)

©
o
E
c
@]

Fluoxetine (43)

Flupyradifurone (0)

CuSO4 (1374)4

Clothianidin (2) {I}

-2 0
Concentration {mg/L) [Log10-transformed]

tPODs still generally more
sensitive in vivo biological
effect concentrations.

Up to 2 order of magnitude
lower to overlapping lower
guartile



ToxCast-ACC5 vs tPOD
Clothianidin °
Fluoxetine °
Imidacloprid—
Paroxetine o
Sertraline °
Thiacloprid o

N

' O & & O
§QQ9®9Q.°
Qo
o0 °

Concentration (mg/L)

H N (¢ T,
Zine e CCC-FW
m CMC-FW
Nickel_ ........................................ E ........ n ........ o - o CCC-Mar
o CMC-Mar
Copper_ .................................. | @ o Y TR tPOD (Ug/L)
tPOD (mg/L)
T T T T 1
ACC5 (mg/L) 0.01 01 1 10 100 1000
Hg/L https://www.epa.gov/wqc/national-recommended-
water-quality-criteria-aquatic-life-criteria-table
O CMax (ug/L)
tPOD (ug/L)
Sertraline O
Paroxetine a
Fluoxetine— =
T T T T T T
N N N N Q Q Q
Q" O . N
S o O NS

Conc (pg/L)



Optimization

and Assay
Acceptance




Pilot experimental design

8 biological replicates (1 fish/well)

11 concentrations + control (% log spacin
Concentration range based on in vivo LC50 as upper bound

| tl2/3 4 /516 718 9 llu

Phenotypic observations: Survival, swimming behavior, deformities/abnormalities

e 700 pl per well
e 24 h static exposure

e 1-2 day post-hatch

juveniles

* Organogenesis mostly
complete

* Prior to indep. Feeding

* Sufficient RNA

96 samples
Whole genome RNAseq

Approx. $8500 per chemical




Optimization

How much can we reduce gene set size,
but still determine tPOD?

How much can we reduce samples size per
treatment, maintain power?

Can we estimate biological uncertainty in
tPOD estimate?

Performance criteria for an acceptable
assay?
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Transcript ID

A

Dose

FMt000003
FrAt000004
FMt000005
FMtOO0006

In silico Subsampling

C

D

Cu_P1_Al
]
6.396698281
2. 727597133
2.666574282
4.67/5333003

5.816765605

8

2

10
11
12
13
14
15
16

18
19
20
21

BMD

| FMt000009
| FMIt000010
FMt000011
FMt000013
FMt000014
FMt0O00016
_ FMTO0001 7
| FMt000019
FMt0D00020

1000022

FMEtO00026
FMtO00031
FMItOO0032
ERAL000034 3641040659 3

1.921778265
0.400578876
1.036715489
4.339705191
0.753428738
4.685621982

1.15990699
2.982521854
4.326615646
0.753428738
2.536192677
1.886534004
4.210281411

L L 1 K O
000
([ T L X B
I X F X

Express2.2

[cu_P1_a10

lcu_P1_a2

0.2
7.165080955
2.819530386
2.757823089
4. /68559009
5.550398239
1.337509659

1.02468777
1.237509659
4.231422779
1.497088068
4.677055189
1.392687117
1.092914161
3.729709358
0.427434191
2.839249401
2.036875017
3.872414951
975408278
200831699
025579454
220389325

0.00002
6.139417185
2.476866196
2.957500498
4.858302489
5.373006159
1.842399017
0.580241063
1.179840042
4.457041355
1.179840942
4.791080697
1.548825352
1.969452091
4659064377
0.350624657
3.166436765
2.086216064
4.088442997
3.930816133
4.413005717
3.364405188
0470050181

E
Cu_Pl1_A3

0.00006
5.625463693
2.260722943
3.294229757
5.139450164
2.467031575
1.364723466
1.428654949
1.762168511
4.158758634
1.227677204
4.988545119
2.575114318
3.276966231
3.978274305
0.603894253
3.031435449
2.709867426
3.934904526
3.425369888
4.267645049
3.409614619
0.081807702

| F

Cu_P1_A4
0.0002
5.935491943
2.072535549
3.698358555
4.551132645
5.756057101
1.2820179855
1.048759955
2.033423043
4.390170142
0.694880669
4.631905782
1.623516583
2985273802
3.280771887
0.224966545
2.856737829
2.474112535
3.907492756
3.928963604
4.435879765
2.5591869
0.59096160

0.0006
5.984797836
2.408035192
3.209724111
4.819989912
2.692205772
2.227968209
1.133331622
1.207113212
4.287434091
1.737858491
4.902412506
2. 058579857

2.37954184
3.922966112
0.232838013

2.90442897
2.463387273
4.116679066
4.116679066
4.332726221
2.9822900608
0.072994421

10t percentile(BMD) = tPOD

H

Cu P1 A6

C0.002)

6.526667329
2.829599109
2.681578019
4.829061001
5.572099115%
1.720804988
0.796197253
1.682372652
4.254221981
1.117537912
5.063939077 .
2.227306515
2.472248844
3.7005420563
0.997448031
2.963326436
2.808278404
3.631612409
4.285372312
4.354221981
3.505201762
0.796197253

Sample ID

Dose



LEGEND

[ ]

Transition to next
replicate set

Sampled data

In silico Subsampling

How much can we reduce gene set

size, but still determine tPOD?

Fluoxetine

Dose 0 1.5E-05 0.00005 0.00015 0.0005 0.0015 0005 0.015 0.05 0.15 o5l 0 1.5E-05 0.00005 0.00015 0.0015 0.005 0.015 0.05 0.15 0.5
5.69 5.66 5.67 5.98 5.63 5.88 5.46 5.56 5.43 5.69 5 49i 6.01 6.01 5.69 5.48 5.53 5.54 5.15 5.61 5.48 5.45
185 193 197 2.01 2.10 133 212 1.83 147 171 2.03 223 213 158 1.37 2.15 181 2.09 151 105 1.50
2.78 2.22 2.22 2.36 291 3.21 1.52 2.48 2.28 3.24 E.RJI 3.20 2.30 2.62 193 2.62 2,34 3.16 2.90 2.16 2,79
463 4.45 4.48 4.45 4.16 4.3% 4.88 4.1 4.25 4.35 4.52 3.50 4.06 4.20 4.53 4.09 4.24 4.10 4.12 4.01 4.38
5.21 5.40 541 5.15 5.49 5.48 5.37 543 5.49 5.37 S?SI 5.41 5.38 5.40 5.43 5.40 5.44 5.62 5.61 5.38 5.27
172 149 163 166 »196 154 1.30 182 1.21 I32 - 1.0 I 191 1.44 1.67 1.87 1.75 2.10 LR 1.58 135 1.36
114 123 1.05 Ol-llg Inal &xpress‘on ma Ix].4 I 163 1.35 1.44 1.33 1.47 139 118 1.86 164 133
175 167 154 50 p= T o oS T7s O = 211 2.26 1.94 2.02 178 191 2.12 158 178
4.32 4.63 4.69 5.39 4.74 4,83 5.06 4,80 4.89 4.69 4 d(wl 4.90 4.77 4.97 4.71 5.05 4.99 4.74 4.84 5.01
0.97 1.04 1.4 1.65 1.02 133 118 1.07 116 1.37 151] 140 0.74 0.84 137 0.70 1.29 133 0.98 1.00
5.14 5.38 5.13 5.42 495 482 5.09 463 4.90 5.03 —1QJ|| 4.96 5.02 4,98 5.04 4.96 4.86 4.80 5.13 511
251 riLy 256 2.61 265 216 2.40 1.73 2.08 2.26 231l 2.44 2.10 2.49 2.31 1.98 2.18 2.09 2.44 2.39
160 1.28 187 2.01 2.26 159 313 173 339 1.14 2.03 0.30 0.74 1.67 2.53 2.74 2.69 2.54 2.98 148
3.29 3.58 342 3.64 3.32 3.79 3.86 3.30 3.67 3.50 3.7&' 3.48 3.82 3.68 3.65 3.81 3.43 3.26 3.85 3.34

Transcript(m), m=100 - 30,000 at random intervals

“Transcript(100) example”

Full dataset:
* 31,158 transcripts
* 12 doses, 8 reps per dose

* 96 samples total

Fluoxetine |

Dose 0 1.56-05 0.00005 0.00015 0.0005 0.0015 0.005 0.015 0.05 0.15 D,SI 0 1.5E-05 0.00005 0.00015
5.69 5.66 5.67 5.98 5.63 5.88 5.46 5.56 5.43 5.69 5.49 6.01 6.01 5.69 5.48
185 193 197 2.01 2.10 13 212 183 147 171 2.03 223 213 15 137
2.78 2.22 2.22 2.36 2.91 3.21 1.92 2.48 2.28 3.24 2.83 3.20 2.30 2.62 1.93
463 4.45 4.49 4,45 4,16 4.39 d.ﬁ 4.21 4.25 4.35 4.52 3.90 4.06 4.20 4.53
5.21 5.40 5.41 5.15 5.49 5.48 5.37 5.43 5.49 5.37 =JEBI 541 5.38 5.40 5.43
172 1.49 1.63 165 1.96 154 1.30 1.69 121 1.32 1.07 191 1.44 1.67 1.87
1.14 1.23 1.05 0.53 1.59 1.39 0.51 1.22 1.42 1.57 1.41 1.63 1.35 1.44 1.33
1.75 1.67 1.54 1.50 1.89 1.72 230 1.95 1.73 1.66 1.56 211 2.26 194 2.02
4.32 4.63 4.09 2.33 4,74 4 2.U06 4,80 4.89 4.09 4.4%5 4.50 4 4.9 4.71
0.97 1.04 1.49 1.65 1.02 33 118 1.07 1.16 1.37 1.51 1.40 0.74 0.84 1.37
5.14 5.38 5.13 5.42 499 4.82 5.09 4.63 4.90 5.03 4 ':hll 4.96 5.02 498 5.04
2.51 2.57 2.56 2.61 2.65 2.16 2.40 1.73 2.08 2.26 Z.Sll 2.44 2.10 2.49 2.31
1.60 1.28 1.87 2.01 2.26 1.59 3.13 1.73 3.39 1.14 2.03 0.30 0.74 1.67 2.53
3.29 3.58 3.42 3.64 3.32 3.79 3.86 3.30 3.67 3.50 3.76, 3.48 3.82 3.68 3.65

Transcript 100 dataset:
100 transcripts

12 doses, 8 reps per dose

96 samples total




Variable Transcript

Set Sizes: tPOD

Metals || Pharms [ Neonics

(

-

No tPOD could be estimated J

* tPOD could always be
estimated when > 10,000
transcripts were analyzed

e > 1,000 was sufficient for
6/10 chemicals
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Methods — In silico Subsampling

Replicate(n,12x), n=3 - 7

Replicate 3, 12x dataset: “Replicate(3,12x) example”
* 31,158 transcripts

Iterations 6 - 12

* 12 doses, 3 reps per dose b "“-'-m%a:hm'mm eration 5
m m- Aog A0S Al AN

* 96 samples total
* 12 iterations of each dataset

A03 .m- 05 ADG  AO7 ADB  ADS Al m uu
oonos 0.0015 ' 0.005
Age A7

Iteration 2

LEGEND

Transition to next
replicate set

0 1.56-05 0.00005 0.00015 0.0005 0.0015 0.05 0.15 . 0 1.5€-05 0.00005 0.00015 0.0015 X 8
5.69 5.66 5.67 5.98 5.63 5.88 5.46 5.56 5.43 5.69 5.49' 6.01 6.01 5.69 5.48 5.53 5.54 5.15 5.61 5.48 5.45
185 193 197 2.01 2.10 133 212 183 147 171 2.03 223 213 158 137 2.15 181 2.09 151 105 1.50
2.78 .22 2.22 2.36 2,91 i 1.92 2.48 2.28 3.24 2.83 3.20 2.30 2.62 193 2.62 2.34 3.16 2.90 2.16 2,79
463 4.45 4.48 4.45 4.16 4.3% 4.88 4. 4.25 4.35 4.52' 3.50 4.06 4.20 4.53 4.0% 4.24 4.10 4.12 4.01 4.38
521 5.40 541 5.15 5.49 548 5.37 543 5.49 5.37 S,ZEI 5.41 5.38 5.40 5.43 5.40 5.44 5.62 5.61 5.38 5.27

.+ .o o|Original expression matrix , i oo o e e » How much can we reduce Samples

I 163 1.35 1.44 133 1.47 139 118 1.86 164 133

175 167 154—Ts——rew TS Te—T 211 226 194 202 178 191 212 158 178 146 o o o
432 463 469 539 474 4 sa 5. 06 4.80 439 269 a4l 490 a7 asr  am 505 asy a7 4 s01 el S I Ze e r‘ t r‘e at m e nt m a I nta I n Owe r‘?
057 104 149 165 102 133 118 107 116 137 151] 140 o074 084 137 070 129 133 0% 100 129 p ) p .
514 538 513 542 49 48 509 463 4% 503 493] 496 502 498 504 49 48 480 513 511 527

P T T B G 00 B 0 S 7 S O 2 3 S 10 3 0 0 50 1 M. 2:00 e L 730 M

1.60 1.28 1.87 2.01 2.26 1.59 3.13 1.73 339 1.14 2.03 0.30 0.74 1.67 2,53 2.74 2.69 2.54 2.98 148 1.70

3.29 3.58 3.42 3.64 3.32 3.79 3.86 3.30 3.67 3.50 3.76' 3.48 3.82 3.68 3.65 3.81 3.43 3.26 3.85 3.34 3.21
I

Full dataset:
* 31,158 transcripts . Can we estimate biological

* 12 doses, 8 reps per dose - uncertainty in tPOD estimate?
* 96 samples total
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Variable Replicate

(12x) Sizes: tPOD 'zwi’# 1. = =

I (R $ N
: e Booooy [
Metals | Pharms |[Neonics 8.l 1 L 5 % 8| =

|
0.00 |. . e *u 0.0000 |-

M3 zZnsS04 53 Fluoxetine

* Insilico sub-sampling approach provided a
means to estimate the biological

for med)
LY

A

‘ o

1 | |
ES w [}

variability/uncertainty in the tPOD
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!
o

determination.

o
- L ]
.
5
1POD (mgiL) [log1 0-ranskor
i
al

tPOD {mgiL) [log1 0-ransd

Repd Repd Reps

M1 Clothianidin N2 Imidacloprid

 tPODs based on n=4 individuals were, on

=

average, no more variable than those based
on >4,

&

-
- |. [N
-

Rep3 Rep+ REpS Repd Rép7 RepS
Mumber of Replicates Mumber of Replicates.
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E
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)
2

* Uncertainty around tPOD ranged from just

= -

2-3 fold (paroxetine) to up to 6 orders of

magnitude (flupyradifone)

)
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&

1RPOD (mgfL) [log1 O-tran sfomsed)
tPOD (mgfL) [log1 0-tran sformed)]
1

Rep3 Repd Reps Repd Rep? Rep3 Fepd Reph
Mumber of Replicates Mumber of Replicates.




Paroxetine (500-600 DEGs) Fluoxetine (25-60 DEGs)

Fluoxetine
Paroxetine
D.E- [ ] + -J E‘ L ]
. . sl —l—i‘—.' = 8 ) 8
Linear scale, 044 I ﬁ X o4 Log 10 scale, & 1 ) L
— [ » _3|:. - - .
23fold g | | 115log & - ==
variability z ’ . o 1 o variability % . . - )
E 0.21 ‘ '§:_5' . . - |
0.11 E ole —— ; % T _.T._
0.0- ) . Rep3 Repd Rep5 Reph Rep?
Rep3 Rep4 Rep5 Rep6 Rep7?

- Best BMD Histogram
Best BMD Histogram




tPOD Variability

Copper sulfate (100-150 DEGSs) Zinc sulfate (20-60 DEGs)

CusD4 fnS04
]
. _1 =
0.015 ) _ »
| E
) - = -2
Linear f 2
| S 0.0104 - i Log 10 scale, |§
scale, 3-4 E . - o] J =1 |og z—a- .
fold 8 . R ; .t % | :
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. * . . 1 (] -
. al® " g -5
0.000- . .
Rep3 Rep4 Rep5 Rep6 RepT Rep3 Rep4 Rep5 Repf RepT
Best BMD Histogram . Best BMD Histogram
o - N l)_ I
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Assay optimization — tentative conclusions

Minimum gene set size = 10,000

Minimum biological replication n=4; include n=5 to allow in silico sub-sampling

Minimum number of DEGs [TBD]

BMD distribution [TBD]

Replicates

Control

X
m
M

ST o0 mmo o o >\

0.0/00000,
0000000,
@@@@@@@
9000000,
9.000000,
9.000000.
QOQOQOQ:
sle/elelelole]

SOC
O
O
O
O
O
@,

9000000,
9,9,9,9,900,

SOC
O
O
O
O
O
O

Revised Design:

00000000000

Conceptual illustration — actual layout will be randomized

* n=5 biological replicates
* n= 8 concentrations
* Reference samples included on each plate

e Currently testing with 3 other species



AQUATIC
VERTEBRATE

CRUSTACEAN

INSECT

Expand the tPOD to traditional Ecotox
benchmark comparisons:

50ish chemicals

Four species

Testing model prediction of free
chemical concentration in plate

Reduced cost (optimized design;
lower cost sequencing)



Great LLakes
RESTORATION

1,3,5-Triazin-2(1H)-one, 4-amino-6-((1-methylethyl)amino)-
Perylene

Dechlorometolachlor
0-Desmethyl Venlafaxine

Fexofenadine
N-(2-Ethyl-6. 2-hydroxy-N-(1 2. i
(2-Ethy ydroxy-N-(

10 years monitoring emerging contaminants
in the Great Lakes

Acesulfame
Fluoranthene, 2-methyl-
trans-10,11-Dihydroxy-10, 11—d|hydrocarbalepme
Desacetyl diltiazem
Hydroxy Bupropion
6-Dimethylphenanthrene
Benzo[b]naphtho[z 1-d]thiophene
Guanidine carboxamide
10-hydroxycarbazepme
Coprosterol
2,2',3,4,4'5',6-Heptabromodiphenyl ether
2, 4 A'-Tribromodiphenyl ether
2,2' 4y 4‘ S-Pemabromodlphenxl ether
Acetochlor OA
Sitagliptin
Lamotrigine 2-N-glucuronide
lesmethylvenlafaxine
lindamycin
H droxyslmazme

1,34

2 [2 (4-1 Nonylphenoxy)ethoxy]elhanol
Stigmastan-3beta-ol
Oxycodone
1-Methylfluorene
Alachlor OA
Triton X-100.2
Clopidogrel
2-hvd;

N N-(2-ethvI-6-
(

extromethorphan
2,2',3,4,4'-Penlabmmodiphenyl ether
ropion

2 (LNonyIphenoxy} ethanol
hlord lane

Methadone

2,344 Tetrabmmodlphenyl ether
A 202248

2-chloro-N-(2-ethyl-6-
Lisinopril
Oseltamivir acid
1,2:1 D|methylnapthalene
Iminostilbene
Acetochlor sulfynilacetic acid
Membuzm-DADK

2. 4

. Hexazmone (Melab B}
1,3,5- Trlazme-2 4-di , N-(1
(2-ni

N-Desmethyldil(i’azem i

3,5.

Dlme(hyl 2,6-di 14 phenyl)
2 [4 (2,4,4 Trlmelhyl-z-penlanyl)phenoxy]ethanol
Hydrocodone

Morphine
2,2',4,4'5,6'-Hexabromodiphenyl ether
3-Hydroxycarbofuran
Hydroxyalachlor

seltamivir

desmelhylcl(alopram

Butalbital

2-Phenyl-2-ethylma|ondiamide

(2-Ethy|~6-methylamlmo)(uxo)az:enc amd
Alachlor ESA
Hexazinone (Metab E)
Dimethenamide ESA
1,3,5-Triazin-2(1H)-one, 4-amino-6-(ethylamino)-
1-(2-amino-3-methylphenyl)ethan-1-ol

0,0-dethyl S Fipronil amide

Chlorpheniramine
Tolmetin
Norquetiapine
Sildenafi

Norverapamil
10-Hydroxyamitriptyline
Meperidine
Amphetamine

ilenin
Desmethylsertraline

86 chemicals
never tested
in Toxcast

NO EMPIRICAL BENCHMARKS for =30%
of Contaminants Detected in Water

Gabapentin
Sucralose
Chlorothiazide

Metribuzin-DA
2-Isopropyl-6-methyl-4-pyrimidone
Lidocaine

Valsartan
Cotinine
Tohexol
Saccharin

1 sulfamethoxazole
Lamotrigine
iscitalopram oxalate
Meprobamate
Cimetidine
Carisoprodol
Metaxalone
Tolbutamide

Codeine
Diketometribuzin
Etodolac

Creatinine
1,7-Dimethylxanthine
Mirtazapine
Indapamide
Bumetanide
‘Sumatriptan
Chlorpropamide
Lamivudine

Pentobarbital

,6-dione
Clonidine
Nizatidine

Phenazone

34 chemicals
tested but
inactive in Toxcast

_ Prioritize for tPOD
derivation based on
: detection frequencies

' Pilot for n=12
- chemicals
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