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• New Approach Methodologies (NAMs) aim to replace vertebrate animal testing for chemical safety screening 
and assessment [1] .

• U.S. EPA has proposed a tiered testing strategy using NAMs to broadly identify hazards from chemical 
exposure and characterize their dose-response relationships [2].

• There is a need for NAMs that are both high-throughput and broad coverage for the first tier of testing.
• Targeted RNA-seq of cultured human cells provides a platform for high-throughput transcriptomics (HTTr) that 

covers >20,000 genes and a wide array of biological responses and pathways [3].
• HTTr is intended to predict the overall benchmark dose (BMD) for preliminary risk assessment, as well as 

specific hazards and molecular initiating events (MIEs) to aid in selection of orthogonal testing at later tiers.
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Figure 1. (Left) Study design for plating cells 
and chemicals in high-throughput screens. 
Dose plates are prepared with a set of test 
chemicals and standard reference 
chemicals. Test plates are first seeded with 
cells, then chemicals are transferred from 
dose plates to test plates in random 
arrangements by an automated liquid 
handler. Additional QC standards are added 
to each plate. UHRR and HBRR are pre-
made reference RNA mixes. All subsets of 
test chemicals are plated in triplicate using 
independent cell culture batches.

Figure 2. (Below) Workflow for processing, 
databasing, and performing critical analysis 
steps for each study and chemical.

Figure 3. (Above) Distributions of QC metrics across 1,134 targeted RNA-seq profiles from MCF-7 pilot study of high-throughput 
screening methods, with corresponding thresholds for sample rejection (dashed lines). (A) Read depth = total # of reads uniquely
aligned to probe manifest. (B) % Mapped = % of all sequenced reads uniquely aligned to probe manifest. (C) Ncov5 = # of probes 
with minimum coverage of 5 reads. (D) Nsig80 = # of probes capturing top 80% of signal. (E) Gini Coefficient is a generalizable 
metric of overall inequality in any distribution, applied here to read counts across all probes in a sample (lower values indicate 
more even distribution of reads across probes). (F) % of samples passing all QC thresholds by category. 13 samples 
corresponding to test chemical treatment conditions were flagged and removed. 

Figure 4. Biological reproducibility and accuracy of reference chemical treatments based on signature scoring method. Three 
distinct reference chemicals were run at a single bioactive concentration in triplicate on each test plate: GEN = Genistein (red), 
which targets estrogen receptor (ESR); SIRO = Sirolimus (green), which targets mTOR/PI3K/AKT pathway; TSA = Trichostatin A 
(blue), which inhibits Histone Deacetylase (HDAC). DESeq2 fold-changes for each chemical treatment vs DMSO were scored for 
overall signature activity against a broad gene set collection using ssGSEA method, and gene sets were further aggregated based 
on relevant molecular targets. (Left) Distributions of absolute signature scores for relevant molecular target signatures across
each reference chemical treatment group; Null (purple) = 1,000 simulated chemical treatments derived from re-sampling real Log2
fold-change data; Random = Randomly generated gene sets with similar size and gene frequency as real gene sets. (Right) Table 
of the top 5 highest ranked signatures by absolute signature score for each reference chemical in the pilot study.

Figure 5. Transcriptomic responses of MCF-7 cells to test chemicals. (Left) Accumulation of total differentially expressed genes 
(DEGs) at increasing concentrations (low to high) for 42 test chemicals. DEGs are based on DESeq2 analysis with 10% FDR 
(black = cytotoxic dose level). (Right) Overall transcriptional point of departure (POD) for each chemical, determined by two
parallel methods: i) signature aggregation of DESeq2 fold-changes, followed by concentration-response modeling of the signature 
scores, with minimum (blue triangles) or 5th lowest (black triangles) signature BMD used as overall POD; ii) probe-level 
concentration-response modeling followed by signature-level aggregation of BMDs as proposed by the National Toxicology 
Program [4] (yellow diamonds). PODs determined from the 5th percentile of all ToxCast High-Throughput Screening (red 
diamonds) and results from an integrative model for ER agonists/antagonists [5] (green triangles) are shown for comparison. 
Chemical names are color-coded based on the comparison between 5th lowest signature POD (black triangle) and ToxCast POD 
(red diamonds): Names in black indicate ToxCast POD < transcriptional POD; red indicates ToxCast POD within the confidence 
interval for transcriptional POD; blue indicates transcriptional POD < ToxCast POD.
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