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Summary: A minimum of 10,000 transcript features and 5
biological replicates in fathead minnow high throughput assays
are needed to generate reliable transcriptomic-based points of
departure for regulatory hazard characterization. Quantifying

additional criteria is anticipated, pending more chemical da%.,
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* Traditional animal toxicity testing is time and

resource intensive

* High-throughput transcriptomics as an alternative

= Uses gene expression profiling as an endpoint for

rapidly assessing the effects of chemicals

= Can provide potency estimates for the concentrations

of chemicals that produce perturbations

Harrill et al. 2019; Image credit: pearsonecological.com (top); epa.gov (bottom)




<EPA

United States
Environmental Protection
Agency

* |dentify high-throughput transcriptomic assay parameters that can

produce reliable points of departure estimates while minimizing time

and resource use
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ma-w Methods — Assay Design

Age at Start | Temp | Timeto Load | Control 24-hr | RNA Qty per
Plate Survival Well

Pimephales 24-hour 25°C  ~30 minutes 24-hour ~1500 ng
promelas

Exposure Design

~ 1 mldeep 96-well plates
12 concentrations — 8 replicates per concentration
* Half-log dilution series
 1individual per well
e 24-hour static exposures
* Phenotypic endpoints assessed
e Survival and behavior
* After homogenization, RNA extracted for transcriptomics

Replicates
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Image credit: Dan Villeneuve




Chemicals
Neonicotinoids Pharmaceuticals
CuS0O4 Clothianidin Fluoxetine
NiSO4 Flupyradifurone* Paroxetine
/nSO4 Imidacloprid Sertraline
Thiacloprid

*Belongs to butenolide class of insecticides, but has similar mode of action to neonicotinoid
insecticides
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1.L I /

. Larva

fish l’

sample
2. RNA .
extraction =

Differential expression

e.g. heatmap

6. Differential expression
s and functional analyses

Modified from Richard et al. 2018.

3. Library
preparation

- |solated RNA
R |

‘Fragmented RNA

|
~= cDNA library

4. High-throughput
sequencing

Reference

Unknown gene fragments

5. Align to reference genome
and quantify features
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Transcript ID

Methods — /n silico Subsampling

A

C

D

E

F

Dose

| FMt000003
EMt000004
FARtO00005

| FMt000006

G\I-.ﬂ-h-w“—lh

Cu_P1_Al
]
6.396698281
2. 727597133
2.666574282
4.67/5333003

5.816765605

8 FMt000009
9 FMt000010
10  FMt000011
11 .FMtﬂ'ﬂﬂ'ﬂla
12 | FRATOO0014
13 FMTOD0016
14 FMt000017
15 FMt000019
16 |FMTO0D020

tOQ0D022
18 |FMt000026
19 .FMtﬂ'ﬂﬂ'ﬂ31
20 FMt000032

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

Cu_P1_Al0

0.2
7.165080955
2.819530386
2.757823089
4. /68559009
5.550398239
1.237509659

1.02468777
1.237509659
4.231422779
1.497088068
4.677055189
1.392687117
1.092914161
3.729709358
0.427434191
2.839249401
2.036875017
3.872414951

L1 ERIO00024 2 641040659 3 975408278

BMD

L L L L RN
[ X X X B
( I L X Rl
I X

uEXPress2.2

200831699
025579454
220389325

lcu_P1_az

0.00002
6.139417185
2.476866196
2.957500498
4.858302489
5.372006159
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
0.470050181

Cu_P1_A3

0. 00006
5.625463693
2.260722943
3.294229757
5.139450164
5.467031575
1.364723466
1.428654949
1.762168511
4.158758634
1.227677204
4.988545119
2.575114318
3.270966231
3.978274305
0.608894253
3.031435449
2. 709867426
3.934904526
3.425369888
4.267645049
3.409614619
0.081807702

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
4435879765
2.5591869
0.59096160

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

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
0.997442031
2.963326436
2.808278404
3.631612409
4.285372312
4.3542219E1
3.505201762
0.796197253

10t percentile(BMD) = tPOD

Sample ID

Dose used in
that sample



Environmental Protection
Agency

SEPA  Methods — /n sifico Subsampling

LEGEND

Transition to next
replicate set

|:| Sampled data

0 15E-05 0.00005 0.00015 0.0005 0.0015 0005 0.015 0.05 0.15 0.5 0 1.5€-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 S.49| 6.01 6.01 5.69 5.48 5.53 5.54 5.15 5.61 5.48 5.45 Transcrlpt('“)' m_1 00 = 303000 at random lntervals
185 193 197 201 2.10 133 212 183 147 171 2.03 223 213 158 137 215 181 2.09 151 105 1.50

2.78 222 2.22 2.36 2,91 i 19 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 aas 440 a4s  a1s 430 ass 421 425 435 as2l 300 a0s 420 ass 409 420 a1 412 401 a3 “Transcﬂpt( 100) example”

521 5.40 541 5.15 5.49 548 5.37 543 5.49 5.37 ELZEI 5.41 5.38 5.40 5.43 5.40 5.44 5.62 5.61 5.38 5.27

7 e aefQE e e L de m g G| 19 LM 10 1w 1% 20 im 1% 1% 1%
Original expression matrix. -
bt g

114 123 105 1. | 163 135 144 133 1.47 139 118 1.8 164 133 0 1.56-05 0.00005 0.00015 0.0005 00015 0.005 0015 005 015 o.5| 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 5.49 601  6.01 5.69 5.48
8 : 197 201 210 133 212 183 1.47 171 2.03 223 213 158 137
2.78 2.22 2.22 2.36 2.91 3.21 1.92 2.48 228 3.24 2.83 3.20 230 262 1.93 |
4.63 4.45 349 4.45 4.16 4.39 4.88 4.21 4.25 4.35 4.52 3.90 4.06 4.20 453
5.21 5.40 5.41 5.15 5.49 5.48 5.37 5.43 5.49 5.37 5.28 541 5.38 5.40 5.43
1.72 149 163 1.65 1.96 154 130 1.69 121 132 1.07' 191 144 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 1.89 172 230 1.95 1.73 1.66 1.56] 211 226 194 202
137 1563 160 539 173 183 5.06 280 159 X R LT 5 G 5 5
0.97 1.04 1.49 1.65 1.02 1.33 118 1.07 116 137 151 140 074 084 157
5.14 538 5.13 5.42 499 482 509 463 450 503 49«:' 4.96 5.02 4.98 5.04
251 2.57 2.56 2.61 2.65 2.16 2.40 1.73 2.08 2.26 Z‘HI 244 2.10 2.49 231
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
329 358 3.42 364 332 3.79 386 330 367 350 3.76, 348 382 368  3.65

175 167 154 ™30 P : ™ T7s po- T 211 2.26 194 2.02 178 191 212 158 178 1.46
4.32 4.63 4.69 5.39 4.74 4.83 5.06 4.80 4.89 4.69 4.46' 4.90 4.77 4.97 4.71 5.05 4.99 4.74 4.84 5.01 4.61
097 1.04 149 1865 1.02 133 118 1.07 116 137 1.51 I 140 0.74 0.84 137 0.70 129 133 0.98 1.00 1.29
5.14 5.38 5.13 5.42 4.99 4.82 5.09 4.63 4.90 5.03 4.94 4.96 5.02 4.98 5.04 4.96 4.86 4.80 5.13 5.11 5.27
251 257 2.56 2.61 265 216 2.40 173 2.08 2.26 2.3l| 2.44 2.10 249 231 1.98 218 2,09 244 239 2.61
160 1.28 1.87 201 2.26 1.59 3.13 173 3.39 114 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

* 12 doses, 8 reps per dose
* 96 samples total

Transcript 100 dataset:
* 100 transcripts

12 doses, 8 reps per dose

* 96 samples total ‘
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Replicate(n,12x), n=3 -7

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

* 12 doses, 3 reps per dose

* 36 samples total

* 12 iterations of each dataset

Iterations 6 - 12

A0 A1l BOl )
| _oas] _ ols] . lo 1zcasioooons

2 0 I.5E
ANl ADZ A0 ADT ADS AN Al'} Al B B2

AI'.IT

n{,ji‘- 4. 0 156-05 amos umozs .o.mos mrn nms 14805 :;o 21:0.5] 20 o] 1.5€:05]

W"""MM A02 Avh Ao B
y m L4

IMFM"- iail

yDose ' o
""F'“"j”“mn 02
s b Dose im_
FN PN envod cog qmmmmeriwmgl 207 | AGa. A03L AU
FMLO ¢ rmrod epogvevy “0/60015/ 0.0005 ' 0.0015- ' 0.005' -0.015 | 005 8 0.15 0° 0.5]
FM“"”"*‘;FMHFMM 566|767 598 1563 1588 546 " 556° °543 1569 " 5.49] 1601 “601] " 569] ' s.a8
196 1,93 9f1.970.95 2017 15 2,304 79 1,334 49 21124 1 1834 75 1,474 75 1A SPbiesy 9023 thpaaf 20 1ssf 7 137

2.22 12.22 2.36 291 3.21 192 2.48 2.28 3.24 2.83 3.20 2.30 2.62 193
“a.a5]|53la49! 5 4as] 41611839 Wassl 9421071 425) 7435 (72| “1l001 4fa0s.cr ad0) i as3
sa40] 410 9515 5491 95480 1537 543 1549 5 53711528 ~1541 -5.38] 5.40] - 5.43
149| hea deés 19 154 130 16 121 132 h.a?l o1 has| 167] 187
1.23 1.05 0.53 1.59 139 0.51 1.22 142 1.57 1.41I 1.63 1.35 1.44] 133
L]

Iteration 2

LEGEND

Transition to next
replicate set

|:| Sampled data

0 15E-05 0.00005 0.00015 0.0005 0.0015 0005 0.015 0.05 0.15 0.5 0 1.5€-05 0.00005 0.00015 0.0015 0.005 0.015 0.05 0.15 0.5 Tl'al‘lscript(m), m=1 00 - 30’000 at random intervals

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
185 193 197 201 2.10 133 212 183 147 171 2.03 223 213 158 137 215 181 2.09 151 105 1.50
2.78 222 2.22 2.36 2,91 i 19 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 aas 440 a4s  a1s 430 ass 421 425 435 as2l 300 a0s 420 ass 409 420 a1 412 401 a3 “Transcﬂpt( 1 00) e xampfe "

521 5.40 5.41 5.15 5.49 548 5.37 543 5.49 5.37 5. ZEI 5.41 5.38 5.40 5.43 5.40 5.44 5.62 5.61 5.38 5.27

172 149 163 196 : Top] 191 144 167 187 175 210 172 158 135 136 [ rMlA0L  AD2  AO3  AD4  AOS  ADG  AO7  AOB  AD9 AI0  All B0l BOZ  BO3  BO4

114 123 105 chjgl axpr QSSigonl majitf X | 163 135 144 13 147 13 118 18 164 133 Dose 0 15605 0.00005 0.00015 00005 00015 0005 0015 005 015  05) 0 15E-05 0.00005 0.00015
175 167 158—rs—rse—rrr 7 T 211 226 184 202 178 191 212 158 178 146 567 598 563 588 546 556 543 569 549 601 601 569 548

5.69

5.66
4.32 4.63 4.69 5.39 4‘74 4.83 5‘06 4.30 4.89 4.6'3 4.415' 4.90 4.77 4.97 4.71 5.05 4.99 4.74 4.84 5.01 4.61 9
097 1.04 149 1865 1.02 133 118 1.07 116 137 1.51' 140 0.74 0.84 137 0.70 129 133 0.98 1.00 1.29
5.14 5.38 5.13 5.42 4.99 4.82 5.09 4.63 4.90 5.03 4.94 4.96 5.02 4.98 5.04 4.96 4.86 4.80 5.13 5.11 5.27
251 257 2.56 2.61 2.65 216 2.40 173 2.08 2.26 2.3l| 2.44 2.10 249 231 1.98 218 2,09 244 239 2.61
160 1.28 1.87 201 2.26 1.59 3.13 1.73 3.39 114 2.03 0.30 0.74 1.67 2.53 2.74 2.69 2.54 2,98 148 170
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 =

8 197 201 210 133 212 183 147 171 203 223 213 158 137
2.78 2.22 2.22 2.36 2.91 3.21 1.92 2.48 228 3.24 2.83 3.20 230 262 1.93 |
363 445 449 445 416 433 488 421 425 435 45| 380 406 420 453
5.21 5.40 5.41 5.15 5.49 5.48 5.37 5.43 5.49 5.37 5.28 541 5.38 5.40 5.43
1.72 149 163 1.65 1.96 154 130 1.69 121 132 1.07' 191 144 1.67 187
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
175 167 1.54 1.50 1.89 172 230 1.95 1.73 1.66 1.56] 211 226 194 202
137 1563 160 539 173 183 5.06 280 T89 469 445 5 G 5 5
0.97 1.04 1.49 1.65 1.02 1.33 118 1.07 116 137 151 140 074 084 157
5.14 538 513 5.42 499 482 509 463 490 503 4 9AI 4.96 5.02 4.98 5.04
2.51 2.57 2.56 2.61 2.65 2.16 2.40 1.73 2.08 2.26 2‘3l| 244 2.10 2.49 231
1.60 1.28 1.87 2.01 2.26 1.59 3.13 1.73 3.39 1.14 203] 030 074 1.67 2.53
3.42 3.79  3.86 3.67 350 382 368  3.65

Full dataset:

* 31,158 transcripts

* 12 doses, 8 reps per dose
* 96 samples total

Transcript 100 dataset:
* 100 transcripts

12 doses, 8 reps per dose

* 96 samples total ‘
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Variable Transcript

Set Sizes: tPOD

Metals
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SE... tPOD Variability

Agency

Copper sulfate (100-150 DEGs) Zinc sulfate (20-60 DEGs)
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SE... tPOD Variability

Agency

Fluoxetine (25-60 DEGs)
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Minimum Assay Acceptance Criteria

* 10,000 transcript features
* 5 biological replicates
* Minimum number of differentially expressed genes [TBD]

 BMD distribution constraint [TBD]

tPODs that have reasonable, and quantifiable, levels of uncertainty is
expected to aid the adoption of high-throughput transcriptomics in

regulatory hazard characterization
=

Conclusions are preliminary and subject to change as additional data are obtained.
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