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Diversity Outbred ES Cell Lines 

• Immortalizes heterozygous genome of DO 
• Renewable, permanent screening resource 
• ES cells provide access to many cell types 
• Mature genome engineering tools 
• Mixed cell models- 2D, 3D, organoid 
• Gene x Environment studies 

• Timing and duration of exposure (windows of 
susceptibility) 

• Compound series and combinations 
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Challenges of In Vitro Genetics 

• Cell type hard to define 
• Cell model too simplistic 
• Cell line drift 
• Relevance of phenotype (assay measure) 
• Robustness of assay (Z’ score) 
• Percent variability due to genetics 
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DO ES Cell Lines 

7 

euploid 

SSEA1 CTRL 

NANOG 
DIFF 

Nanog Oct4 CTRL Sox2 CTRL CTRL 

Differentiation Growth 

• 115 DO ES Lines (G9) 

• 1,002 DO ES Lines (G15/16) 

• Cryopreserved at Passages 1, 2 and 3 

• Genotyped at 77K SNPs on MegaMUGA 

G15: 500 
breakpoints 

F2: 28 
breakpoints 



Predictive Biology, Inc. 

DO ES Lines are Mostly Euploid and Stable 

8 

euploid 

Percent  
Euploid 



Predictive Biology, Inc. 

Pilot Expt: Cytotoxicity 

•  93 DO ES cell lines x 16 compounds 

•  12 pt dose response 

•  Alamar Blue assay 

•  IC50 as phenotype score 

•  4 technical replicates 

•  2 biological replicates,10 passages apart 

•  DOQTL2 for mapping and analysis 

9 



Predictive Biology, Inc. 

Compound 
Rank Order 

Correlation of 93 
Cell Lines 

QTL Detected QTL LOD Threshold  LOD 

6-Thioguanine 0.410 1 8.16 7.63 

Malachite Green 0.394 1 7.91 7.82 

Benzethonium Cl 0.368 3 10.29,  9.57,  7.95 7.70 

Ethidium Bromide 0.348 1 8.25 7.54 

Tamoxifen Citrate 0.324 0 - 7.62 

Curcumin 0.263 1 8.45 7.65 

Doxorubicin 0.260 0 - 7.75 

5-Fluorouracil 0.174 0 - 7.61 

6-Mercaptopurine 0.100 0 - 7.64 

Verapamil 0.079 0 - 7.61 

• QTL detected for compounds with higher correlation 
• Replicable phenotype over 10 passages 
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ES Cell Cytotoxicity Screen 

• 320 cell line screening panel  

• 80 compounds from 1000 
Genomes HTS study 

• How many QTL genes and variants 
found? 

• How many will translate to hIPSC? 

• Will similar compounds share 
QTL? 
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Visual Beating Assay 

• Non-invasive, label free visual assay in 384w plates 
• Automated, highly scalable, low cost 
• Uses cardiomyocytes from EB, monolayer, or purified 
• Mouse ESC or hIPSC derived CMs 



Predictive Biology, Inc. 

uM 
beat 
cycle 
(sec) 

cv 

0 0.595 0.040 

0.03 0.605 0.036 

0.09 0.637 0.018 

0.20 0.709 0.032 

0.40 1.004 0.057 

0.80 0.888 1.110 

1.60 0.764 1.109 

3.00 0.797 1.063 

0.8 uM 

1.6 uM 

3.0 uM 

Baseline 

30 nM 

90nM 

200 nM 

400 nM 

Cisapride Affects Rhythmicity, Not Contractility  

1.6 uM 
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Blebbistatin Affects Contractility, Not Rhythmicity 
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Variable Drug Response In DO Lines 

Isradipine 
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High Speed Beating Imager 
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Gen 1  Gen 2 

Platform Microscope  
with Camera 

Machine Vision 
Camera 

Scan Specs 60 fps, 20sec capture 58 fps, 20sec capture 

Wells Per Capture 1 12 

Analysis Offline Software Onboard FPGA 

Time to Scan  
384 Well Plate 150 minutes 16 minutes 

Time to Analyze Videos 18 hours 4 minutes 
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Cardiotoxicity Screen 
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Compound Class Compound Class 
Doxorubicin Anthracycline Azimilide CIPA High Risk 

Geldenamycin Antibiotic Bepridil CIPA High Risk 

Gefitinib Tyr. Kin. Inhibitor Ibutilide CIPA High Risk 

Alisertib Tyr. Kin. Inhibitor Quinidine CIPA High Risk 

Paclitaxel Tyr. Kin. Inhibitor Sotalol CIPA High Risk 

Sunitinib Tyr. Kin. Inhibitor Pimozide CIPA Medium Risk 

Sorafenib Tyr. Kin. Inhibitor Chlorpromazine CIPA Medium Risk 

Crizotinib Tyr. Kin. Inhibitor Clarithromycin CIPA Medium Risk 

 Dasatinib Tyr. Kin. Inhibitor Clozapine CIPA Medium Risk 

 Lapatinib Tyr. Kin. Inhibitor Droperidol CIPA Medium Risk 

 Erlotinib Tyr. Kin. Inhibitor Risperidone CIPA Medium Risk 

1,2 bis (2-
Chloroethoxy) 

Methane  
NTP Diltiazem CIPA Low Risk 

chloroacetaldehyde NTP Flecainide CIPA Low Risk 

Thioglycolic acid NTP Cisapride Reference Arrythmic 

2,2 Thiodiacetic 
Acid NTP Isradipine Reference 

Contractile 

• 30 compound screen 
 

• TKI anticancer drugs 
• CIPA arrhythmia set 

 
• Use IC10 or IC50 as 

phenotype 
 

• Map, test candidate genes 
 

• Test hIPSC derived CMs 
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Summary 

• Developing an in vitro genetics platform with DO ES cell lines 

• Scalable, automatable genetics of compound response 

• Initial screening projects in cytotoxicity, cardiotoxicity and 
neurotoxicity, with results in late 2015 thru 2016.  

• Goal to make mapping of toxicity modifier genes ‘routine’ 

• Identify mechanisms, genes and pathways underlying 
compound toxicity 
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