
Transcriptomics-based 
points of departure for 
ecotoxicology – an update 



APCRA Case study: Transcriptomics-based 
PODs for Ecotoxicology 

1. Generate transcriptomic PODs for ≈ 20 chemicals
• Initial focus on fathead minnow

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

3. Compare tPODs with in vitro-derived PODs 

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

Approach: 
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Test Chemical Assay 
Completed

Library 
Prep

tPOD

1 CuSO4 X X X

2 ZnSO4 X X X

3 NiSO4 X X X

4 Clothinidin X X X

5 Flupyradifurone X X X

6 Imidacloprid X X X

7 Thiacloprid X X X

8 Sertraline X X X

9 Fluoxetine X X X

10 Paroxetine X X X

11 Dibutyl phthalate X

12 DEHP X

13 Benzyl butyl pthalate X

14 Parathion X X

15 Fenthion X X

16 Methidathion X X

17 Bisphenol A X X

18 4-nonyl phenol X

19 Estrone X X

20 Methoxyfenozide X X

21 Tebufenozide X

22 Halofenozide X
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Case study Progress
Analytical exposure verification

N
om

inal concentrations only

• Exposures have been 
completed for 22 chemicals.
• 7 mode of action groupings
• 3-4 chemicals per MoA group

• Sequencing complete and 
tPOD generated for 10 
chemicals to date
• 3 metals
• 3 SSRIs
• 4 neonicotinoid / related

• Contracts and funds in place 
to generate data for next 12.



Preliminary Results: 
First 10 chemicals



tPODs (10th centile BMD) were 
generally more sensitive than 
apical adverse effect 
concentrations.

tPOD based on median BMD 
were less protective

Up to 4 orders of magnitude 
more protective

Comparison with In vivo, Adverse Effect Concentrations (Fish)



Comparison with In vivo, Biological Effect Concentrations (Fish)

tPODs still generally more 
sensitive in vivo biological 
effect concentrations.

Up to 2 order of magnitude 
lower to overlapping lower 
quartile



https://www.epa.gov/wqc/national-recommended-
water-quality-criteria-aquatic-life-criteria-table
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Optimization 
and Assay 
Acceptance



Pilot experimental design
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11 concentrations + control (½ log spacing)
Concentration range based on in vivo LC50 as upper bound
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• 700 µl per well
• 24 h static exposure

• 1-2 day post-hatch 
juveniles
• Organogenesis mostly 

complete
• Prior to indep. Feeding
• Sufficient RNA

Phenotypic observations:  Survival, swimming behavior, deformities/abnormalities

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?



In silico Subsampling Sample ID

Dose
Transcript ID

10th percentile(BMD) = tPOD



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

In silico Subsampling

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



Variable Transcript 
Set Sizes: tPOD
Metals Pharms Neonics

• tPOD could always be 
estimated when ≥ 10,000 
transcripts were analyzed

• ≥ 1,000 was sufficient for 
6/10 chemicals

No tPOD could be estimated



Full dataset:
• 31,158 transcripts
• 12 doses, 8 reps per dose
• 96 samples total

Methods – In silico Subsampling
Replicate 3, 12x dataset:
• 31,158 transcripts
• 12 doses, 3 reps per dose
• 96 samples total
• 12 iterations of each dataset

3

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

Can we estimate biological 
uncertainty in tPOD estimate?



Variable Replicate 
(12x) Sizes: tPOD
Metals Pharms Neonics

• In silico sub-sampling approach provided a 
means to estimate the biological 
variability/uncertainty in the tPOD
determination.

• tPODs based on n=4 individuals were, on 
average, no more variable than those based 
on >4.

• Uncertainty around tPOD ranged from just 
2-3 fold (paroxetine) to up to 6 orders of 
magnitude (flupyradifone)  



Fluoxetine (25-60 DEGs)

Log 10 scale, 
1-1.5 log 
variability

Paroxetine (500-600 DEGs)

Linear scale, 
2-3 fold 
variability

tPOD Variability



tPOD Variability
Copper sulfate (100-150 DEGs)

Linear 
scale, 3-4 
fold 
variability

Zinc sulfate (20-60 DEGs)

Log 10 scale, 
≈ 1 log 
variability

tfairley
Cross-Out



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

REF

Conceptual illustration – actual layout will be randomized

Revised Design:
• n= 5 biological replicates
• n= 8 concentrations
• Reference samples included on each plate

• Currently testing with 3 other species



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)



 % of sites detected0 10 20 30 40 50 60 70 80 90 100

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

Tramadol
Bupropion

Dechlorometolachlor
O-Desmethyl Venlafaxine

Fexofenadine
N-(2-Ethyl-6-methylphenyl)-2-hydroxy-N-(1-methoxypropan-2-yl)acetamide

Acesulfame
Fluoranthene, 2-methyl-

trans-10,11-Dihydroxy-10,11-dihydrocarbazepine
Desacetyl diltiazem

Hydroxy Bupropion
3,6-Dimethylphenanthrene

Benzo[b]naphtho[2,1-d]thiophene
Guanidine carboxamide
10-hydroxycarbazepine

Coprosterol
2,2',3,4,4',5',6-Heptabromodiphenyl ether

2,4,4'-Tribromodiphenyl ether
2,2',4,4',6-Pentabromodiphenyl ether

Acetochlor OA
Sitagliptin

Lamotrigine 2-N-glucuronide
N,O-Didesmethylvenlafaxine

Clindamycin
Hydroxysimazine

1,3,4-Thiadiazol-2-amine, 5-(1,1-dimethylethyl)-
2-[2-(4-Nonylphenoxy)ethoxy]ethanol

Stigmastan-3beta-ol
Oxycodone

1-Methylfluorene
Alachlor OA

Triton X-100.2
Clopidogrel

Acetamide, N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl)-2-hydroxy-
N-Desmethyldiltiazem
Dextromethorphan

2,2',3,4,4'-Pentabromodiphenyl ether
Bupropion

2-(4-Nonylphenoxy) ethanol
cis-Nonachlordane

Methadone
2,3',4,4'-Tetrabromodiphenyl ether

RPA 202248
Acetamide, 2-chloro-N-(2-ethyl-6-methylphenyl)-

Lisinopril
Oseltamivir acid

1,2-Dimethylnapthalene
Iminostilbene

Acetochlor sulfynilacetic acid
Metribuzin-DADK

2-Methylsulfonyl-4-trifluoromethylbenzoic acid
Hexazinone (Metab B)

1,3,5-Triazine-2,4-diamine, N-(1-methylethyl)-6-(methylthio)-
Dimethyl 2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyridinedicarboxylate

2-[4-(2,4,4-Trimethyl-2-pentanyl)phenoxy]ethanol
Hydrocodone

Morphine
2,2',4,4',5,6'-Hexabromodiphenyl ether

3-Hydroxycarbofuran
Hydroxyalachlor

Oseltamivir
desmethylcitalopram

Butalbital
2-Phenyl-2-ethylmalondiamide

Chirald
(2-Ethyl-6-methylanilino)(oxo)acetic acid

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

Fipronil amide
O,O-diethyl S-[2-(ethylsulfinyl)-ethyl]phosphorothioate

Chlorpheniramine
Tolmetin

Norquetiapine
Sildenafil

Norverapamil
10-Hydroxyamitriptyline

Meperidine
Amphetamine

Equilenin
Desmethylsertraline  % of sites detected0 10 20 30 40 50 60 70 80 90

Gabapentin

Sucralose

Chlorothiazide

Metribuzin-DA

2-Isopropyl-6-methyl-4-pyrimidone

Lidocaine

Valsartan

Cotinine

Iohexol

Saccharin

N-Acetyl sulfamethoxazole

Lamotrigine

Escitalopram oxalate

Meprobamate

Cimetidine

Carisoprodol

Metaxalone

Tolbutamide

Codeine

Diketometribuzin

Etodolac

Creatinine

1,7-Dimethylxanthine

Mirtazapine

Indapamide

Bumetanide

Sumatriptan

Chlorpropamide

Lamivudine

Pentobarbital

3,7-Dihydro-3,7-dimethyl-1-(5-oxohexyl)-1H-Purine-2,6-dione

Clonidine

Nizatidine

Phenazone

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

86 chemicals 
never tested 
in Toxcast

34 chemicals 
tested but 
inactive in Toxcast

Prioritize for tPOD
derivation based on 
detection frequencies

Pilot for n≈12 
chemicals

10 years monitoring emerging contaminants 
in the Great Lakes
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