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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 data.

Image credits: Duane Raver (fish); Dan Villeneuve (plate) This presentation neither constitutes nor necessarily reflects official US EPA policy.



Background
• 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)



Objective

• Identify high-throughput transcriptomic assay parameters that can 

produce reliable points of departure estimates while minimizing time 

and resource use



24 h exposure

Species Age at Start Temp Time to Load 
Plate

Control 24-hr 
Survival

RNA Qty per 
Well

Pimephales 
promelas

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

Replicates
Control

Exposure Design
• 1 ml deep 96-well plates
• 12 concentrations – 8 replicates per concentration
• Half-log dilution series
• 1 individual per well 
• 24-hour static exposures
• Phenotypic endpoints assessed 

• Survival and behavior
• After homogenization, RNA extracted for transcriptomics

Methods – Assay Design

*See Michelle Le’s poster for 
more details on assay design

Image credit: Dan Villeneuve



Chemicals
Metals Neonicotinoids Pharmaceuticals

CuSO4 Clothianidin Fluoxetine
NiSO4 Flupyradifurone* Paroxetine
ZnSO4 Imidacloprid Sertraline

Thiacloprid
*Belongs to butenolide class of insecticides, but has similar mode of action to neonicotinoid 
insecticides



Methods – Transcriptomic Analysis 

Modified from Richard et al. 2018.

5. Align to reference genome 
and quantify features

1. Larval 
fish 
sample



Methods – In silico Subsampling Sample ID

Dose used in 
that sampleTranscript 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

Methods – In silico Subsampling



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

Methods – In silico Subsampling
Replicate 3, 12x dataset:
• 31,158 transcripts
• 12 doses, 3 reps per dose
• 36 samples total
• 12 iterations of each dataset
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Variable Transcript 
Set Sizes: DEGs

Metals

Pharms

Neonics



Variable Replicate 
(12x) Sizes: DEGs

Metals

Pharms

Neonics



Variable Transcript 
Set Sizes: tPOD

Metals

Pharms

Neonics



Variable Replicate 
(12x) Sizes: tPOD

Metals

Pharms

Neonics



tPOD Variability
Copper sulfate (100-150 DEGs)

Linear 
scale, 3-4 
fold 
variability

Zinc sulfate (20-60 DEGs)

Log 10 scale, 
≈ 1 log 
variability



Fluoxetine (25-60 DEGs)

Log 10 scale, 
1-1.5 log 
variability

Paroxetine (500-600 DEGs)

Linear scale, 
2-3 fold 
variability

tPOD Variability



Conclusions
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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