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TempO-seq Technology - High-Throughput Targeted Sequencing
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Yeakley et al. PLoS ONE 12(5): 0178302, 2017

http://biorxiv.org/content/early/2016/01/07/036061

Assay advantages:
= Works in 384-wells
= No cDNA library prep
= 1000’s genes/sample

= High Specificity (probe
seq + ligation)

Assay considerations:

= Sequencing depth (per
gene per sample)

= Gene selection
(targeted set vs whole
genome)

= New technology (no
large database for
comparisons)
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http://biorxiv.org/content/early/2016/01/07/036061

Cat-App Transcriptomics Data - 6 Human Cell Types
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iCell Neurons

= 11,000+ samples from 6 cell types

= 4-point concentration response data
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5 ~

= Differential gene expression for
~3,000 transcripts (targeted analysis)

iCell Cardiomyocytes

= Over 35,000,000 data points

= Novel data processing pipeline

iCell Hepatocytes

= Concentration-response modeling
pipeline

= Transcriptomics data can be
combined with other data streams :
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TempO|Seq Transcriptional Profiling




Transcriptomic Data Analysis - Pipeline
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House et al. Front Genet 8:168, 2017

Processes

IV. Concentration
Response
Modeling and Point
of Departure
Calculation
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Transcriptomic Data Analysis - Quality Control

e Raw reads are de-
multiplexed and

mapped

* Minimum read
count is set per gene

e Examination of
controls (DMSO,

Method blank,
media)

e Examination of
sequencing library

quality

PCs - All Controls - Endo PCs - All Controls - Cardiomyocyte

By Type

DMSO
Media
MethodBlank

e “method blank” is not different from DMSO
* Vehicle is a proper comparator control for
gene expression analysis




Transcriptomic Data Analysis - Effect of Petroleum Substances
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Transcriptomic Data Analysis - Effect of Petroleum Substances

Transcriptional “Activity “ [all 6 Cell Types]
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Cell-specific Gene Expression Signature Across all Substances

iCell Hepatocytes MCF7

“Common” Response of 4 HFOs

NQO1: NAD(P)H quinone dehydrogenase A
CYP3AS5: cytochrome P450 family 3 subfa 1
CYP3A4: cytochrome P450 family 3 subfa 4
CASP1: caspase 11

CYP1A1: cytochrome P450 family 1 subfa 4
BMF: Bcl2 modifying factor 4

AKR1C3: aldo-keto reductase family 1 m 4
IGFBP1: insulin like growth factor bin
ABCC2: ATP binding cassette subfamily 1
UGT1A10: UDP glucuronosyltransferase fa4
CYP1B1: cytochrome P450 family 1 subfa 1
CDH2: cadherin 2 4

TIPARP: TCDD inducible poly(ADP-ribose 1
IGFBP4: insulin like growth factor bin 1
MBL2: mannose binding lectin 2 4

HAVCR1: hepatitis A virus cellular rec
UGT1A8: UDP glucuronosyltransferase fa+
NFE2L2: nuclear factor, erythroid 2 li 4
TMEMS7: transmembrane protein 97 1
S0S1: SOS Ras/Rac guanine nucleotide 4
SAT1: spermidine/spermine N1-acetylt 1
DM2: MDM2 proto—oncogene 4

LDHA: lactate dehydrogenase A4

TIMP3: TIMP metallopeptidase inhibito
TAGLN: transgelin 1

4ERPUD1: homocysteine inducible ER prot 4
TSKU: tsukushi, small leucine rich p
FSTL1: follistatin like 11
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KHDRBS3: KH RNA binding domain con

CYP1B1: cytochrome P450 family 1 subfa
TIPARP: TCDD inducible poly[lADP—ribose-
SLCTAS: solute carrier family 7 member -
CYP1A1: cytochrome P450 family 1 subfa 4
G6PD: glucose-6-phosphate dehydrogen
PGR: progesterone receptor 1

NQO1: NAD(P)H quincne dehydrogenase A
AGR3: anterior gradient 3, protein d
KRT15: keratin 154

CXCR4: C-X-C motif chemokine receptor 1
GCLM: glutamate-cysteine ligase modi
KATEB: lysine acetyliransferase 6B -

DDC: dopa decarboxylase

ISOC1: isochorismatase domain contain 4
ESR2: estrogen receptor 2 4

FN1: fibronectin 14

LOC100510495: NA 4

UBB: ubiquitin B -

GBPA5: guanylate binding protein 51
CYPTA1: cytochrome P450 family 7 subfa 1
ADCY4: adenylate cyclase 4 1

HLA-DQB1: major histocompatibilify compl 5
CYP26B1: cytochrome P450 family 26 subf
LCK: LCK proto—oncogene, Src family 1
MLIP: muscular LMNA interacting Fr_ﬂl_ :

aini 4

BMF: Bcl2 modifying factor 1
TXNRD1: thioredoxin reductase 14

MYLK: myosin light chain kinase 4 GSTAZ: glutathione S—transferase alph 4 MBL2 HERPUD1 IGFBP1
GCLM: glutamate—-cysteine ligase modi 1 EVI2B: ecotropic viral integration si+
SLC13A5: solute carrier family 13 membe { USH1C: USH1 protein network component - CYP1A1 BMF
| p . po
A ORI orosomucoid 3 VP matr metalopepiiase 2-
M2 oroso 1 - matrix metallopeptidase 2 -
GDF15thr&EfErzldrljf§’r%mEﬁ[g[& tact;r 1 SLCO1B1: solute carrier organic anion t CYP1B1 CYP3A4
BIZ: inhibitor zeta SLC6A14: solute carrier family 6 member 4
GNMT: glycine N-methyitransferase 1 PXMP2: peroxisomal membrane protein 2 1 UGT1A10 ACSL5
NR1I3: nuclear receptor subfamily 1 g PTPN1: protein fyrosine phosphatase, TIPARP MYLK
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Hepatocyte Gene Expression: Group-Specific “Signatures™?
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Hepatocyte Gene Expression: Group-Specific “Pathways’?

Enrichments (FDR <0 1)

VHGO CGO and OGO  Aromatic Exracts HFO & FO UATO

Steroid hormone biosynthesis- [ FoR=25=8
CY P450 OXid ation Metabolism of xenobiotics by cytochrome P450+
Retinol metabolism-|
Biological oxidations
PERK regulated gene expression-|
Drug metabolism - other enzymes
Diabetes pathways
Cytochrome P450 - arranged by substrate type
Unfolded Protein Response-
Fatty acid, triacylghycerol, and ketone body metabolism-
Phase 1 - Functionalization of compounds-
Drug metabolism - cytochrome P450+
Ensemble of genes encoding extracellular matrix and extracellular matrix—associated proteins
Metabolism of lipids and lipoproteins
Genes encoding structural ECM glycoproteins
Ensemble of genes encoding core extracellular matrix including ECM glycoproteins, collagens and proteoglycans-
Xenobiotics
Phase || conjugation-|
HIF-1-alpha transcription factor network
Integrin Signaling Pathway |
Jak-STAT signaling pathway
Insulin signaling pathway 4
Focal adhesion-|
Cell surface interactions at the vascular wallq
Porphyrin and chlorophyll metabolism-
PPARA Activates Gene Expression-|
semble of genes encoding ECM-associated proteins including ECM-affilaited proteins, ECM regulators and secreted factors
Genes encoding secreted soluble factors
Activation of Genes by ATF4+
Glucocorticoid receptor regulatory network -
Betal integrin cell surface interactions-|
Integrin cell surface interactions-|
Tryptophan metabolism-
ECM-receptor interaction-|
FGF signaling pathway-|
Genes related to PIP3 signaling in cardiac myocytes
Pentose and glucuronate interconversions-
Ascorbate and aldarate metabolism-
Starch and sucrose metabolism-
E2F transcription factor network -
Metabolism of amino acids and derivatives-| r

Other xenobiotic metabolism

Metabolism, kinase signaling

Cell surface receptors, PPARa

AN

Regulation of actin cytoskeleton-

Cytokine-cytokine receptor interaction

Beta2 integrin cell surface interactions

Cholesterol biosynthesis-|

Integrin alphallb beta3 signaling-

Platelet Aggregation (Plug Formation)

Complement and coagulation cascades

Urokinase—type plasminogen activator (uPA) and uPAR-mediated signaling-{
Beta3 integrin cell surface interactions

FOXA2 and FOXA3 transcription factor networks

Glutathicne metabolism-

The citric acid (TCA) cycle and respiratory electron transport -
Cytokine Signaling in Immune system-+

Response fo elevated platelet cytosolic Ca2+-

Integrins in angiogenesis

Chemokine signaling palhway-['

Developmental Biology

0 2 4 [ 0 2 4 6 2 4 6 1] 2 4 [ o 2 4 6
Enrichment significance: —log:o(FDR)
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3-7 ring PAH hypothesis for Petroleum Substances

The percentage weight of 3-7 ring PAHs in the UVCB is
the most active contributor to the bioactivity observed

S



Correlation of gene

expression with PAH
content
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Relationship between Hepatocyte gene expression and PAH(3-7)

Almost all of gene expression signal in

Hepatocytes correlates with PAH (3-7 ring) content

iHep Gene Expression Principal Component 1
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WP4b: Gene expression connectivity mapping based work flow

Work
carried
out at
WP4a

WP4b
started
from here

........

.......
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Heatmap of C-map scores for each UVCB,
pairwise ordered by PAH weight

Best correlation between gene-expression
profiles of the UVCBs occur with those that
have the highest PAH weight

PAH weight

WY3S1am Hvd

Heatmap of the correlation
scores ordered by the log 10
PAH[(Wt% * (Ring 3-7 PAHs)+1]




Connectivity score example for HFO

Example for 034 _HFO, which is the one
with the highest 3-7 ring PAH content
amongst the UVCBs (top right in the
heatmap, previous slide)

This sample induces the highest number
of differentially expressed genes

Cscore with 034 HFO
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-0.2

UVCB Connectivity score vs PAH content
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Overall conclusions on transcriptomics data

Gene expression data are useful for elucidating mechanisms behind biological responses

High throughput gene expression profiling methods are needed to handle the large number of
samples and experimental conditions that are needed for grouping

In this instance, the gene expression data provide support that 3-7 ring PAH content is driving
most of the bioactivity

* Hepatocytes were most responsive (highest differential gene expression)

* Highest expressed genes were involved in PAH metabolism related pathways

» Other cell-types did not provide additional mechanistic information
This was confirmed by the correlation between 3-7 ring PAH content with gene expression
Connectivity mapping are a useful tool for comparing multiple gene expression profiles from
multiple UVCBs

» Gene expression profiles between substances with high PAH level are similar
Gene expression data were overall not as informative as cell-based endpoint measurement

» Generated transcriptomics data are still informative to add further support to the PAH hypothesis and
adding a mechanistic component in combination with other data
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Thank you for
your attention

Shu-Dong Zhang

sd.zhang@ulster.ac.uk

www.concawe.eu/cat-app
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