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High-Throughput Transcriptomic Screening
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* Whole transcriptome « Performance controls

* Low cost on each plate
* 384-well * Replicate correlation
* Lysate ~0.75
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Collaboration with Unilever

* Replicate CVs ~20%
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Four ongoing Project to Systematically Address
Limitations in Alternative Test Systems
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Initial test library of
~70 chemicals
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ST rotecior Biological Space Coverage of ToxCast

Agency

Gene Coverage

 ToxCast assays cover
e about 320 genes
B ToxCast
g Notin « Pathway coverage is higher
ToxCast — but still leaves large gaps

Pathway Coverage*

e Recent technological
advances in genomics are
very promising for rapid and
cost-effective whole genome
screening

*At least one gene from
pathway represented

- National Center for
Computational Toxicology



SEPA Progress on Development of High-

on“n ntal Protection
Ag

Throughput Transcriptomics (HTTr)

2016
« Compared three HTTr platforms
o Selected TempO-Seq (BioSpyder, Inc)
 Developed 384 well format for MCF7 cells
« Designed and tested custom attenuated whole transcriptome assay

2017
e Studies to determine Performance Metrics
« Workflow Pilot to determine optimal experimental conditions
 Develop data analysis pipeline
* Finalized chemical list & protocols for screening of 2200 chemicals
 Began large-scale screening




HTTr MCF7 Workflow Pilot 2017

Pilot study to validate workflow Large-scale screen (Summer

and refine experimental design 2017):
e Cell type: MCF7 e Cell type: MCF7
e 44 chemicals, 8 conc e Compounds: 1,000 (ToxCast Phase
e Three time points: 6, 12,24 h /1)
e Two types of media: e Time Point: Single

e PRF-/ PRF+ (DMEM +10% HI-FBS) e Concentration Response: 8

e Data: 6,804 samples x 21,111 e HTTr ~25,000 x 21,111 transcript

transcripts

e Goal: Determine “optimal” time point
and media
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Assay Design for Rigorous QC and Performance Validation
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Screen Design
» Large bank of cytogenetically and functionally
characterized cells

* Multiple controls £ = ¢
« MAQCs, lysate, DMSO, trichostatin, genistein, — @ Randomized
sirolimus | treatment
» 8 point concentration response g
» Plate randomization technology
» Parallel HCI screen

National Center for . .
- Josh Harrill, Unpublished

Computational Toxicology



SEPE. ... Workflow Pilot Performance Metrics

Agency
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- National Center for
Computational Toxicology

Example Workflow Pilot Chemicals with known MIE/MoA
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Chem.Name

I

Workflow Pilot - Preliminary Concentration-Response Modeling
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HTTr Analysis Pipeline Development

Raw data Differential Dose-response Connectivity
Normalisation
processing expression analysis analysis mapping

e Begin with one e Normalize profiles e FC based on e Filter transcripts e Use perturbed
fastq file per to sample read- treatment vs by ANOVA p<0.05 genes (p<0.05)
sample depth time-matched & |LFC2|once>1 and Z=1,2,3 to

e Align reads to e Set 0 counts to 1 control count e Fit filtered query 3,334
gene probes e Exclude probes e FC estimate and transcripts using profiles from
(hisat2) with median normalization BMD Express 2.0 CMap

e Generate probe value<5 based on e Report BMD for * Use JG score &
level read counts Negative Binomial each transcript, p<0.05 to report
(HTSeq package) distribution model, params, top hits

(DESeq2) etc. * Report targets

e Aggregate
transcripts by

pathways
: : MoA
Normalized counts LFC2 profiles BMD output o
Predictions

Todd/Derik Woody Woody Josh Imran
LFC2 = log2(fold change)



Analyzing count data presents some issues ..

e Dueto ...

e Variance in total # of transcripts between
samples

 Heterogeneous transcript distributions

e Simple normalization schemes may call
transcripts expressed the same level
differentially expressed (DE)

* Use raw data to estimate significant
differences in read counts

e E.g. Negative Binomial (NB) distribution which
is implemented in DESeq2 R package

Differential
expression analysis

e FC based on
treatment vs
time-matched
control count

e FC estimate and
normalization
based on
Negative Binomial
distribution
(DESeq2)

LFC2 profiles



Connectivity Mapping

Connectivity
: CMap2.0 . " mapping
DE LFC2 profiles Query tMap2.0 or Find best positive matches
LINCS e Use perturbed
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Musa el al (2017)




Preliminary Analyses - Data Visualization — Spider Plots
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s S reretor Ongoing HTTr Activities.

Agency

e Large Scale Chemical Screening
e Block 1 (of 4) chemical testing blocks complete.
* Anticipated completion date of Blocks 2 through 4 by Dec 17.

e Data analyses

e HTTr data analysis pipeline refinement
e Collaboration with NTP on a command line version of BMDExpress 2.0
e tclp also being considered for concentration-response modeling

e Refinement / development of MIE prediction methodologies.

e CMAP work ongoing
e Development of unsupervised machine learning

e IT Infrastructure
e Investing in expanded storage (lots of terabytes of data)

- National Center for
Computational Toxicology

14



HT Tr Summary

 HTTr will provide an unprecedented amount of
bioactivity data on chemicals

* We have a pipeline to process, analyze, store and
interpret this information

e QA/QC is being built into the system
 Just beginning to address MoA prediction
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Chemical Coverage and
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EPA Developing Methods to Address Metabolic

United States

gg\éirﬁgsmemal Protection CO m p eten C e . TWO A p p ro aC h eS

“Extracellular” “Intracellular”
Approach Approach

| |

Capable of metabolizing chemicals

Chemicals metabolism in the media or
inside the cell in cell-based assays

buffer of cell-based and cell-free assays

W Bgal

® CYP1A2
A CYPIA4
# Liver.mix

- CYP1A2 -¥ CYP2C9
-4~ CYPIB6 -4 CYP3A4

g 8

Percent Activity
o
<

)
-
o
[
N

Concentration (log uM)

More closely models effects of target

More closely models effects of hepatic
tissue metabolism

metabolism and generation of circulating
metabolites

v

Integrated approach to model in vivo

metabolic bioactivation and detoxification
Collaboration with Unilever

National Center for
Computational Toxicology
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= EPA Extracellular Metabolism

Scalable to 96- and 384-well microplates

30000+ Analytical
25000'i |
= i | |
£.200004
©
c 15000\
= \
o N
; 4004
= o
O 200- °
° (
0 Toa— T T 1
0 50 100 150
Minutes
® Dextrorphan (metabolite) B Dextromethorphan (parent)

AIME forms predicted metabolites from

cytochrome P450 probe substrates
- National Center for
Computational Toxicology

Fold Induction

109 UM7LucdEs ER Bloactivity
Transaction assay
8-
o
6-
4-
2-
0 T T T T 1
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—®— Active S9

Log Methoxychlor (M)

=& Empty Microsphere - Inactive S9

AIME produces the expected increase in methoxychlor ER activity

with induced rat hepatic S9 (384-well format)

18
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Mean CYP Activity (RLU) +/- SD

50,0004
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- National Center for
Computational Toxicology
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Extracellular AIME
« Established 96 and 384 well plate systems
 Works well with rat S9
e Metabolite formation
e Increased bioactivity in ER assay
e Large scale screening project to begin soon

Intracellular

« Established 384 well plate system

o Using HEK293T cells transfected with human CYP mRNAs
* Increased metabolism
« Bioactivation and detoxification

e DeGroot et al (submitted)
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Testing and Assessment Strategy

-

High-Throughput Muttiple Q| *|erammagonst
Transcriptomic +/- Metabolic| | :
\ Assay
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No Defined Biological | Defined Biolor S ofspt g
| Target or Pathway ‘ Target or Pat' | ' o 8
\_ | 4. EC50=15-25uM
( * T u.us ‘ I’ I 08
Select In Vitro 0.1 ‘ I
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- | repro dysfunction
| E— AOP:25 Aromgtase inhib leading to
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| _ _BMR_ I In Vitro | . . - .
PR — ‘ impaired fertility in adult female
—— . and Systems Modeling \ : Systel b ) | [ 4 l ]
\ — ‘ l l Antagonist | Agonist
v
Estimate Point-of-Departure Estimate Point-of- Estimate Point-of-Departure
Based on Pathway Departure Based on AOP Based on Likely Tissue- or
Transcriptional Perturbation Organ-level Effect without

- National Center for AOP
Computational Toxicology



Machine Learning to Predict MoA

Categorical, ordinal

Or interval/cont.

Input descriptors

Chemical
PhysProp
Bioactivity

K-fold
LOOCV

Output

PhysProp
Molecular
Toxicity

Training

Descriptor
Selection

Classification/
Regression

Subset selection

Define balanced
Or unbalanced
Subsets of data

Testing

External Valid.

Testing

Classification

Accuracy (u,0)
F1-score (u,0)
Sensitivity (u,0)
Specificity (u,0)
ROC AUC (u,0)

Regression

Explained variance
Mean Abs error
Mean Sqr error

RZ

Domain of
applicability (DA)

Performance
based on cross-
validation

Other measures of
confidence




Transparency/QA/QC
02

01

Working with QA/QC
team to document the
complete HTTr
workflow

The entire HTTr
sequence of chemical
- results is being
documented:

e chemical -> biological sample:

NCCT internal lab workflow
steps (Josh)

* biological sample -> raw fastq
(transcriptomics): sequencing
steps (BSP)

e raw fastqg -> analysis results:
NCCT internal computational
workflow steps (Imran)

03

The workflow will

be stored in
database. Currently
in spreadsheets and
Jupyter notebook

04

Generate complete
“traceback” of all
lab/comp steps for
any result




< EPA Developing a Portfolio of TGX

United States
Environmental Protectior

Experimental and Analytical Tools

High-Throughput Toxicogenomics Screen
Multiple cell types

Thousands of chemicals

Whole transcriptome (EPA)

S1500+ (NTP)

Mode of Action/MIE
e « Refined CMAP tool
@ » Curating CMAP database for MIE and directional response
Karmaus, e >60 MIEs and growing
Unpublished

Dose Response Analysis
« BMDExpress
 Tcpl

~

e Large scale screen of 2,200 chemicals (ToxCast I/11)
in single cell type this summer

« Additional screens across multiple cell types/lines

« Additional reference chemicals and genetic
perturbations (RNAI/CRISPR/cDNA)

- National Center for
Computational Toxicology



BMD Analysis

e Filter transcripts
by ANOVA p<0.05
& |LFC2|once>1

e BMDS is standard approach for concentration-

. e Fit filtered
response analySIS transcripts using
. . BMD Express 2.0
* BMD 2.0 Java GUI-based interactive wrapper for  Report BMD for
BMDS, currently maintained by Scott each transcript,
Auerbach@NIH LISl [T
 Scott facilitating the implementation of BMD 2.0 y f\rgifcff;tes "
command-line version (currently alpha) B —.

e BMD2 —input data —config bmd2.json —out bmd.json

e All model fits and BMD values will be exported for
storage into httrdb

e Available Nov 2017 and expect integration into
pipeline ~ Dec 2017
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