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Objective: 
derive a ‘toxicity signature’ for vascular 

disruption in developmental toxicity

309 chemical 
pesticides

467 in vitro
assays

Animal studies in vivo (76 
aggregated endpoints)

ToxMiner: Statistical 
Analysis via Univariate 

and Multivariate 
Correlations

ToxCastTM ToxRefDB

DEV: Rat & 
Rabbit

CHR: Rat & 
Mouse

MGR: Rat 
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Knudsen et al. (2009)

Judson et al. (2010)

http://www.epa.gov/ncct/toxcast/
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Literature mining:
blood vessel development
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Virtual Embryo knowledgebase (VT-
KB),
A Singh, Lockheed Martin
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Key formative processes:
vasculogenesis / angiogenesis 

• endothelial proliferation, cell migration & chemotaxis
– RTK signaling: VEGF, VEGF-r, TIE2

– chemokine signaling: CCL2, CXCL10

• neovascular stabilization:
– endothelial cell (EC) adhesion

– vascular smooth muscle cell (VSMC) recruitment

• extracellular matrix (ECM) degradation
– plasminogen activating system (PAS)

– matrix metalloproteinases (MMPs)
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1. VEGF signaling

SOURCE: Drake et al. (2007) The Genetics of 
Vasculogenesis. Vascular Development: 61-76
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2. Chemokine signaling

Angiogenic Receptor Angiostatic Receptor
CXCL1   (Gro-a) CXCR2 CXCL4    (PF-4) CXCR3B
CXCL2   (Gro-b) CXCR2 CXCL9    (Mig) CXCR3B
CXCL3   (Gro-g) CXCR2 CXCL10  (IP-10) CXCR3B
CXCL5   (ENA-78) CXCR2 CXCL11  (I-TAC) CXCR3B
CXCL6   (GCP-2) CXCR2
CXCL7   (NAP-2) CXCR2
CXCL8   (IL-8) CXCR2
CCL2     (MCP-1) CCR2
CCL11   (Eotaxin) CCR3
CCL16   (HCC-4) CCR1

Adapted from Keeley et al. (2008) Chemokines as 
Mediators of Neovascularization. Arterioscler Thromb 
Vasc Biol 28:1928-1936
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SOURCE: Ha et al. (2009) The role of plasminogen activator inhibitor-1 in 
renal and cardiovascular diseases Nat. Rev. Nephrol. 5, 203–211

3. ECM remodeling
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Assay inclusion criteria

I. Select ToxCast™ assay targets by literature co-
occurrence with ‘vasculogenesis’ &‘angiogenesis’:

•• downregulationdownregulation of VEGFR2 receptor (KDR/FLK1) 
• biochemical Tie2 assay
•• upregulationupregulation of CXCL10 (pro-inflammatory, anti-angiogenic)
•• downregulationdownregulation of CCL2 (pro-angiogenic chemokine)
•• upup-- or downdown--regulation of PAS via uPAR or PAI1/SERPINE1 

II. Log transform AC50s, multiply by weighted 
coefficients (ki), prioritize  ToxCast™ chemicals:

• assay Score = [-log10(AC50(M)/100000)] = ASi

• signature Score = Σ ki*ASi
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ST BSK_3C_MBSK_4H_MBSK_KF3CTBSK_LPS_MBSK_SAg_ BSK_SM3CBSK_BE3C_BSK_hDFCBSK_KF3CTBSK_3C_u BSK_4H_u BSK_BE3C_BSK_SM3CBSK_3C_u BSK_4H_u BSK_BE3C_BSK_SM3CBSK_BE3C_BSK_hDFCBSK_BE3C_BSK_hDFCBSK_4H_VNVS_ENZ_Weighted_
Pyridaben 5.829304 5.829304 5.829304 4.875061 5.829304 5.829304 0 0 0 5.829304 0 5.829304 0 0 0 0 0 4.875061 4.39794 0 0 4.39794 0 77.42001
Pyraclostr 5.829304 5.829304 5.829304 5.829304 5.829304 4.39794 0 0 0 4.875061 4.39794 4.39794 0 0 0 0 0 4.875061 5.352183 0 0 0 0 67.66989
Methylene 0 4.875061 5.352183 0 0 4.875061 0 0 0 5.352183 4.875061 0 0 0 0 5.829304 0 4.875061 5.829304 0 0 4.875061 0 67.19277
Flumetrali 4.875061 4.39794 0 0 0 0 0 4.39794 5.352183 4.875061 0 0 0 0 0 5.829304 4.39794 4.39794 0 0 5.829304 0 0 64.33004
Propargite 5.829304 5.829304 5.352183 5.352183 5.829304 4.39794 0 0 0 5.829304 5.352183 5.829304 4.39794 0 0 0 0 4.875061 0 0 0 0 0 63.74907
Trifloxystr 5.352183 5.352183 5.352183 5.352183 5.829304 4.875061 0 0 0 4.39794 0 5.352183 0 0 0 0 0 5.352183 5.352183 0 0 0 0 63.27195
Zoxamide 5.352183 4.875061 4.875061 4.875061 4.875061 5.352183 0 0 0 5.352183 0 0 4.875061 0 0 0 0 4.875061 5.352183 0 0 0 0 60.88634
(Z,E)‐Fenp 5.352183 5.352183 4.39794 5.352183 5.829304 5.352183 0 0 0 5.829304 0 0 0 0 0 0 0 4.875061 4.875061 0 0 0 0 56.96552
Abamectin 5.829304 5.352183 0 0 5.352183 4.875061 0 0 0 5.829304 0 0 4.875061 0 0 0 0 0 5.352183 0 0 0 4.411168 56.05097
Fenoxycar 4.39794 4.39794 4.39794 4.39794 4.39794 4.39794 0 0 0 4.39794 0 0 0 0 0 5.829304 0 4.39794 4.39794 0 0 0 0 54.20664
Etoxazole 4.875061 4.875061 4.39794 0 4.875061 4.39794 0 0 0 0 0 4.875061 0 0 0 0 4.875061 4.875061 5.352183 0 0 0 0 53.62567
Chlorotha 0 5.829304 5.829304 5.829304 5.829304 5.829304 0 0 0 0 5.829304 0 5.352183 0 0 0 0 5.829304 0 0 0 0 0 51.98661
Lactofen 4.875061 4.875061 0 4.39794 4.39794 5.829304 0 0 0 4.875061 4.39794 0 0 0 0 5.829304 0 0 0 0 5.829304 0 0 51.13622
Dimethom 4.875061 4.39794 0 5.352183 5.352183 4.875061 0 0 0 4.39794 0 0 4.875061 0 0 5.829304 0 0 4.875061 0 0 0 0 49.70486
Difenzoqu 4.875061 4.875061 5.352183 4.875061 4.875061 0 0 0 0 5.352183 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 0 48.75061
Butafenac 4.39794 0 5.352183 0 0 5.829304 0 0 0 5.829304 4.875061 0 5.829304 0 0 4.39794 0 0 5.829304 0 0 0 0 48.16964
Thiram 4.39794 0 4.875061 4.39794 4.39794 4.39794 0 0 0 4.39794 0 0 4.39794 0 0 5.829304 0 0 5.352183 0 0 0 0 47.79637
Cyazofami 4.875061 4.875061 0 0 4.875061 0 0 0 0 4.875061 0 5.352183 0 0 0 0 0 5.352183 0 0 5.829304 0 0 47.2154
Imazalil 0 4.39794 0 0 4.39794 0 0 0 5.352183 4.39794 0 4.39794 0 0 0 0 0 4.39794 4.875061 0 0 0 0 46.84213
Indoxacarb 4.875061 4.875061 0 4.875061 4.875061 0 0 0 0 0 0 5.829304 0 0 0 0 0 5.829304 4.875061 0 0 0 0 46.73828
S‐Bioalleth 0 4.39794 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.39794 0 0 4.875061 4.39794 0 46.36501
Tetrameth 5.352183 4.39794 0 5.352183 4.875061 4.39794 0 0 0 4.39794 4.39794 0 0 0 0 4.39794 0 0 4.39794 0 0 0 0 46.36501
Emamecti 5.829304 5.352183 0 5.829304 5.829304 0 0 0 0 5.829304 5.352183 0 0 0 0 0 0 0 5.829304 0 0 0 0 45.68019
Azamethip 4.39794 0 4.39794 4.39794 0 4.39794 0 0 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 4.875061 0 0 0 0 44.93364
Maneb 0 0 0 0 4.39794 0 4.875061 0 0 0 0 0 0 0 0 5.352183 0 0 4.875061 0 0 0 5.092589 44.52813
Spirodiclo 4.875061 0 0 0 5.352183 0 0 5.829304 0 0 0 0 0 0 0 0 0 5.352183 5.829304 0 0 0 0 44.24882
Butralin 4.39794 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 4.39794 0 0 5.829304 0 0 43.87555
Fluoxastro 4.875061 4.875061 4.39794 4.875061 4.875061 4.39794 0 0 0 5.352183 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 43.39843
Rimsulfuro 0 0 0 0 0 0 4.875061 0 5.829304 0 0 0 0 0 0 4.875061 5.352183 0 0 0 5.829304 0 0 43.29458
Thiodicarb 0 0 4.875061 4.875061 0 4.39794 0 0 0 0 0 0 4.39794 0 0 5.829304 0 4.39794 4.875061 0 0 0 0 42.92131
3‐Iodo‐2‐p 0 4.875061 0 4.875061 4.875061 4.875061 0 0 0 5.352183 0 4.39794 4.875061 0 0 0 0 4.39794 0 0 0 0 0 42.92131
Alachlor 4.39794 4.39794 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.39794 0 0 4.875061 0 0 41.96707
Diniconazo 0 4.39794 4.39794 0 0 0 0 0 0 0 4.39794 5.829304 0 0 0 0 0 0 4.875061 0 0 4.39794 0 41.96707
Bisphenol 4.39794 4.39794 0 5.352183 5.352183 0 0 0 0 0 0 4.875061 0 0 0 0 0 4.39794 4.39794 0 0 0 0 41.96707
Quinoxyfe 0 4.875061 0 0 4.875061 4.39794 0 0 0 0 0 0 0 0 0 5.829304 0 5.829304 4.875061 0 0 0 0 41.3861
Naled 0 4.39794 0 4.39794 4.39794 4.875061 0 0 0 0 4.39794 0 0 0 0 5.352183 0 0 0 0 0 4.39794 0 41.01282
Tebufenpy 4.875061 4.875061 0 5.829304 5.829304 0 0 0 0 4.875061 4.39794 0 0 0 0 0 0 0 4.875061 0 0 0 0 40.43185
Niclosami 0 5.829304 5.829304 0 0 5.352183 0 0 0 0 5.829304 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 40.32801
Diazoxon 0 0 4.39794 0 0 4.39794 0 0 5.829304 0 0 0 0 0 0 0 0 4.39794 5.352183 0 0 0 0 39.95473
Rotenone 0 4.39794 0 5.829304 5.829304 0 0 0 0 5.829304 4.39794 0 0 0 0 0 0 0 0 0 0 4.39794 0 39.47761
Triclosan 0 0 0 0 4.875061 0 0 0 5.829304 0 0 4.875061 0 0 0 0 5.352183 0 0 0 5.829304 0 0 38.41952
Metiram‐z 0 0 4.875061 0 0 4.39794 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 4.875061 0 0 4.823909 38.36991
Triflumizo 0 4.875061 0 0 4.875061 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 4.39794 5.352183 0 0 0 0 38.04625
Hexythiaz 0 4.875061 0 4.39794 4.39794 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.875061 4.875061 0 0 0 0 38.04625
Spiroxami 0 0 0 0 0 0 0 5.352183 0 4.875061 0 0 0 0 0 5.352183 5.352183 0 0 0 5.829304 0 0 37.9424
Paclobutra 0 0 0 0 4.39794 0 0 0 5.352183 4.875061 0 0 0 0 0 5.829304 0 0 0 0 5.829304 0 0 37.46528
Methoxyc 0 4.875061 0 4.39794 4.875061 4.39794 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 0 37.09201
Resmethri 4.875061 4.875061 0 0 4.875061 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.39794 4.39794 0 0 0 0 37.09201
Myclobuta 0 0 0 0 0 5.829304 0 0 5.829304 4.39794 0 0 5.352183 0 0 0 0 0 4.875061 0 0 0 0 36.98816
Dazomet 4.39794 0 0 4.875061 4.875061 0 0 0 0 0 0 0 0 0 0 4.39794 0 4.39794 4.39794 0 0 0 0 36.13776
Dichlorvos 4.39794 4.39794 0 4.875061 4.39794 4.39794 0 0 0 0 0 0 0 0 0 4.875061 0 4.39794 0 0 0 0 0 36.13776
Prochloraz 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 4.39794 0 0 0 0 0 4.39794 4.875061 0 0 0 0 36.13776
Fenitrothi 4.39794 4.39794 4.39794 4.39794 4.39794 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 35.66064
Benomyl 4.875061 0 0 0 4.39794 0 0 0 5.829304 4.875061 4.875061 0 0 0 0 4.875061 0 0 0 0 0 0 0 35.55679
Propetam 0 0 0 0 0 0 4.875061 0 5.829304 0 0 0 0 0 0 4.39794 0 0 0 0 4.875061 0 0 35.55679
MGK 4.39794 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794 4.39794 0 0 0 0 35.18352
Tetracona 4.39794 4.39794 0 4.39794 4.39794 0 0 0 0 4.39794 4.39794 0 0 0 0 0 0 0 4.39794 0 0 0 0 35.18352
Cyanazine 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.875061 0 5.829304 0 0 5.352183 4.39794 0 0 0 34.60255
2,2‐Bis(4‐h 5.829304 4.875061 4.39794 0 5.352183 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 4.875061 0 0 0 0 34.60255
Difenocon 0 5.352183 0 4.875061 4.875061 4.875061 0 0 0 4.875061 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 34.60255
Metribuzin 0 0 0 0 0 5.829304 0 0 5.829304 0 0 0 5.352183 0 0 0 0 0 5.829304 0 0 0 0 34.4987
Chlorpyrif 0 4.39794 4.39794 0 0 0 0 0 0 0 4.39794 4.875061 4.39794 0 0 0 0 0 5.829304 0 0 0 0 34.12543
Forchlorfe 4.875061 4.39794 0 4.39794 4.39794 5.829304 0 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 34.12543
Fludioxon 4.875061 4.39794 0 4.875061 4.875061 0 0 0 0 5.352183 4.875061 0 0 0 0 4.875061 0 0 0 0 0 0 0 34.12543
Phosalone 0 4.39794 0 4.39794 4.39794 0 0 0 0 0 0 0 0 5.352183 0 5.829304 0 0 4.39794 0 0 0 0 33.17119
Diquat dib 0 0 0 0 0 5.829304 0 4.875061 0 0 0 0 0 0 0 5.829304 0 0 0 0 5.829304 0 0 33.06734
Tebupirim 0 4.39794 4.39794 0 4.39794 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 32.21694
Tribufos 0 4.39794 0 4.39794 4.39794 4.39794 0 0 0 0 0 0 0 0 0 5.829304 0 0 4.39794 0 0 0 0 32.21694
Bromoxyn 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 4.39794 0 5.352183 0 0 0 0 4.39794 0 0 0 0 0 31.73982
Acetochlo 4.39794 4.39794 0 4.39794 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 31.73982
Pendimet 0 4.39794 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 31.73982
Prallethrin 0 4.39794 0 4.39794 4.39794 4.39794 0 0 0 0 0 0 0 0 0 4.39794 0 0 4.875061 0 0 0 0 31.73982
Captafol 0 4.875061 5.829304 4.875061 0 0 0 0 0 0 4.875061 0 0 5.352183 0 5.829304 0 0 0 0 0 0 0 31.63597
Thiazopyr 4.39794 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 4.875061 0 4.39794 0 0 0 0 0 31.2627
Flumiclora 4.39794 0 5.829304 4.39794 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 30.68173
Bentazone 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 30.20461
Oxytetracy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.875061 0 0 0 0 4.823909 30.05115
Coumapho 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.39794 4.875061 0 0 0 0 29.25037
Butachlor 0 4.875061 0 0 4.875061 4.39794 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.352183 0 0 0 0 29.25037
Prodiamin 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.39794 4.875061 0 0 0 0 28.77325
Dithiopyr 0 4.39794 0 0 4.875061 0 0 0 0 0 4.39794 0 0 0 0 5.829304 0 0 4.39794 0 0 0 0 28.29613
Tebufenoz 4.875061 0 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 4.39794 0 0 0 0 0 28.29613
Bensulide 0 4.875061 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 4.39794 0 0 4.875061 0 0 28.29613
Famoxado 0 4.875061 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 4.875061 4.875061 4.39794 0 0 0 0 0 28.29613
Folpet 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 5.352183 0 4.39794 4.39794 0 0 0 0 27.819
Oxyfluorfe 0 4.39794 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 4.875061 4.39794 0 4.875061 0 0 0 0 27.819
Cyfluthrin 4.875061 4.875061 0 0 4.875061 0 0 4.39794 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 27.819
Dicofol 4.875061 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 5.829304 0 0 27.71516
Aldicarb 0 0 0 0 0 5.829304 0 0 0 0 0 0 5.829304 0 0 5.352183 0 0 5.352183 0 0 0 0 27.71516
Fenpropat 0 4.39794 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 0 27.34188
Methyl iso 4.39794 4.39794 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 4.875061 0 0 27.34188
Flufenpyr‐ 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 5.352183 0 0 27.23803
Diclofop‐m 4.39794 4.39794 4.39794 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 26.38764
Diclosulam 4.39794 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.39794 0 0 0 0 26.38764
Flusilazole 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 4.39794 0 0 0 0 0 0 4.39794 0 0 0 0 26.38764
Profenofo 0 4.39794 0 0 4.39794 0 0 0 0 0 0 4.39794 0 0 0 0 4.39794 4.39794 0 0 0 0 0 26.38764
Trifluralin 0 4.39794 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 4.39794 0 0 0 0 26.38764
Perfluoroo 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 0 0 5.353596 26.28803
Fosthiazat 0 0 0 0 0 5.352183 0 0 5.829304 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 25.80667
Tri‐allate 0 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 5.829304 0 0 0 0 0 25.80667
Fluroxypy 0 0 0 0 0 4.39794 0 0 5.829304 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 25.80667
Simazine 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 5.352183 0 0 4.875061 0 0 0 0 25.80667
Atrazine 0 0 0 0 0 0 0 0 5.829304 0 0 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 24.85243
Clofentezi 0 4.39794 0 0 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 0 4.39794 0 0 0 0 0 24.85243
Pyrimetha 0 4.39794 0 0 0 0 0 5.829304 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 24.85243
Esfenvaler 0 0 0 0 0 0 4.875061 0 0 4.875061 0 0 0 0 0 5.829304 4.39794 0 0 0 0 0 0 24.85243
Methyl hy 4.875061 4.39794 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 24.85243
Perfluoroo 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 5.829304 0 0 0 0 0 0 4.496209 24.67011
Fluazinam 0 0 4.875061 0 0 0 0 0 0 0 0 4.875061 4.875061 0 0 0 0 4.875061 0 0 0 0 0 24.37531
Permethri 4.875061 4.875061 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 24.37531
Parathion‐ 0 4.39794 4.39794 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 23.89819
d‐cis,trans 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 4.39794 4.39794 0 0 0 0 0 23.42106
Clodinafop 5.352183 4.39794 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 23.42106
Dicrotoph 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 23.31722
Fenarimol 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 22.94394
Oxadiazon 0 4.39794 4.39794 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 22.94394
Diethylhe 4.875061 4.39794 0 4.39794 4.39794 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 22.46682
Fenamido 4.39794 4.39794 0 4.39794 4.39794 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 22.46682
Hexaconaz 0 4.39794 0 0 0 4.875061 0 0 0 4.39794 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 22.46682
Fipronil 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 5.352183 0 5.829304 0 0 0 0 0 22.36297
Fenthion 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 5.829304 0 0 21.88585
Carboxin 0 0 0 0 0 5.352183 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 5.829304 0 0 21.40873
Fluroxypy 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 5.352183 0 0 20.93161
Milbemec 0 0 4.875061 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 20.93161
Propazine 5.829304 0 0 0 5.829304 0 0 0 0 0 0 0 4.39794 0 0 4.39794 0 0 0 0 0 0 0 20.45449
Cyprodinil 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 5.352183 0 5.829304 0 0 0 0 0 0 0 19.97737
Isoxaben 4.39794 0 0 0 0 5.829304 0 0 0 4.39794 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 19.50025
Mancozeb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 4.982967 19.34684
Acephate 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 4.39794 0 5.829304 0 0 0 0 0 0 0 19.02312
Acifluorfe 0 0 0 0 0 0 4.39794 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 19.02312
Azoxystro 4.39794 0 0 4.39794 0 4.39794 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 19.02312
Cypermet 4.39794 4.39794 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 19.02312
Dichloran 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.352183 0 0 4.39794 0 0 0 0 18.546
Benflurali 0 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 17.59176
Bifenthrin 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 17.59176
Buprofezin 0 0 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 17.59176
Phthalic ac 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.39794 0 0 0 0 17.59176
Iprodione 0 0 0 0 0 0 0 0 0 4.39794 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 17.59176
Metolachl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.39794 0 0 0 0 17.59176
Parathion 0 4.39794 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 17.59176
Boscalid 0 0 0 0 0 5.829304 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17.48791
Thiobenca 5.829304 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 17.48791
Clopyralid 0 0 0 0 0 5.829304 0 0 0 0 0 0 4.875061 0 0 5.829304 0 0 0 0 0 0 0 16.53367
Captan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 4.875061 0 0 0 0 0 15.57943
Diazinon 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 15.57943
Ethoprop 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 15.57943
Pirimipho 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 4.875061 0 0 0 0 15.57943
Propamoc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 4.875061 0 0 15.57943
TCMTB 0 0 0 5.352183 0 4.875061 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 15.57943
Fluthiacet 0 0 0 0 0 4.39794 0 0 0 0 0 0 4.875061 0 0 5.829304 0 0 0 0 0 0 0 15.10231
Tefluthrin 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 15.10231
Ametryn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 4.875061 0 0 0 0 15.10231
Anilazine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 4.39794 0 0 0 0 14.62518
Dibutyl ph 0 4.39794 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 4.39794 0 0 0 0 0 0 0 14.62518
Piperonyl  0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.829304 4.39794 0 0 0 0 0 0 14.62518
Pyriproxyf 4.39794 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 14.62518
Thiophana 0 4.875061 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 14.62518
Endosulfa 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 14.62518
Ethalflural 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 4.39794 0 0 0 0 14.14806
Propanil 0 0 0 4.39794 0 0 0 0 0 4.39794 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 14.14806
Propyzam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 4.39794 0 0 0 0 0 14.14806
Disulfoton 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 14.14806
Fenoxapro 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 14.14806
Icaridin 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 14.14806
Fenamiph 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 4.39794 0 0 0 13.67094
Propicona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 4.39794 0 0 0 0 13.67094
Azinphos‐ 0 4.39794 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 13.19382
Chlorpyrif 0 0 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 13.19382
Ethofume 4.39794 0 0 4.39794 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13.19382
Flufenace 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 13.19382
Flutolanil 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 13.19382
Novaluron 0 0 0 0 4.39794 4.39794 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 13.19382
Pirimicarb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 4.39794 0 0 13.19382
Quintozen 4.39794 0 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 13.19382
Triadimen 0 4.39794 0 0 4.39794 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 13.19382
Triclopyr 0 4.39794 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 13.19382
Bromacil 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11.65861
Butylate 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11.65861
Cloprop 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 11.65861
Daminozid 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 11.65861
Halosulfur 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 11.65861
Imazethap 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 11.65861
Methyl ce 0 0 0 0 0 5.829304 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 11.65861
Propoxyca 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 11.65861
Triflusulfu 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 11.65861
Propoxur 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 10.70437
Clothianid 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 10.70437
Ethametsu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 10.70437
Isoxafluto 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.70437
Methoxyfe 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.70437
Primisulfu 0 0 0 0 0 5.352183 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 10.70437
Amitraz 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 10.22724
Fenbucon 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 10.22724
Malaoxon 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 5.829304 0 0 0 0 0 0 0 10.22724
Pyraflufen 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 10.22724
Carbaryl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 9.750123
Diphenyla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 9.750123
Oryzalin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 9.750123
Prohexadi 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.750123
Tribenuro 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 9.750123
2‐Phenylp 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 9.273001
Clorophen 0 4.875061 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.273001
Flumetsul 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 4.875061 0 0 0 0 0 0 0 9.273001
Formetana 0 0 0 4.39794 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.273001
Isazofos 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 9.273001
Lindane 0 4.39794 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.273001
Metam‐so 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 9.273001
Mevinpho 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 4.875061 0 0 0 0 0 0 9.273001
Terbacil 0 0 0 0 4.875061 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 9.273001
6‐Deisopro 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 8.79588
Cinmethyl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 8.79588
Cyanamid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 8.79588
Dichloben 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 8.79588
Diethyltol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 8.79588
Linuron 0 0 0 0 0 4.39794 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 8.79588
Methidath 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 8.79588
Norflurazo 0 0 0 0 0 0 0 0 0 4.39794 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 8.79588
Penoxsula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 8.79588
Picloram 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 8.79588
Quizalofop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 8.79588
2,4‐Dichlo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Acetamipr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Bifenazate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Chloridazo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Chlorsulfu 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 5.829304
Cycloate 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Cyhalofop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Cymoxani 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Cyromazin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Dicamba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Ethyleneth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Fenhexam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Fluometur 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Imazaquin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Iodosulfur 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Methamid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Methomyl 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 5.829304
Metsulfur 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Molinate 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Monobuty 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Prometon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Quinclorac 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Sulfentraz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Symclosen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Tepraloxy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Thiabenda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Thiametho 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Triadimefo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Triasulfuro 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304
Trichlorfon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.829304 0 0 0 0 0 0 0 5.829304
Bendiocar 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183
Chlorprop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 5.352183
Clopyralid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 5.352183
Dimethen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 5.352183
Napropam 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 0 0 0 5.352183
Oxasulfuro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.352183 0 0 0 0 0 0 0 5.352183
Cacodylic  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.875061
Chloretho 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061
Malathion 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061
Maleic hyd 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.875061
Monocroto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 4.875061
Triticonazo 0 0 0 0 0 0 0 0 0 0 0 0 0 4.875061 0 0 0 0 0 0 0 0 0 4.875061
Clomazon 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Cyclanilide 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Dimethoa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794
Fluazifop‐ 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Foramsulf 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794
MCPA 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 4.39794
Mepiquat  0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Mesosulfu 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Nitrapyrin 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Prometryn 0 0 0 0 4.39794 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794
Thiaclopri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794
Thidiazuro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.39794 0 0 0 0 0 0 0 4.39794
2,4‐DB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2,5‐Pyridin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acibenzol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Asulam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bensulfuro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Boric acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carfentraz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chloroneb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cyprocona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dichlorpro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dimethyl p 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Diuron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EPTC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ethephon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Etridiazole 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fentin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fluazifop‐ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Flumioxaz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hexazinon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Imazamox 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Imazapic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Imazapyr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Imidaclop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mesotrion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metalaxyl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oxamyl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Phenoxye 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Prosulfuro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pymetrozi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyrithioba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sethoxydi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tebuthiur 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tralkoxydi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trifloxysu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Vinclozoli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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ToxRefDB developmental defects for 
putative ‘Vascular Disruptor Chemicals’:

•15% of VDCs had no prenatal study in 
ToxRefDB

•81% VDCs with data had developmental 
endpoints of skeletal malformationskeletal malformation or fetal fetal 
lossloss (69% overall)

•7.5% VDCs showed no prenatal effect in rat or 
rabbit; ~ 4% had no effect in one species, 
different developmental effectdifferent developmental effect in other
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Pyraclostrobin ;DEV_Rat_Skeletal_Axial;DEV_Rat_Ur;DEV_Rabbit_PregnancyRelated
Spiroxamine ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Paclobutrazol ;DEV_Rat_Skeletal_Axial;DEV_Rat_Ur;DEV_Rabbit_Skeletal_Axial
Butralin ;DEV_Rat_PregnancyRelated_Matern;DEV_Rabbit_General_FetalWei
Metribuzin ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_Skeletal_Axial
Diquat dibromide ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_GeneralF
Triflumizole ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Resmethrin ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Trifluralin ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_Cardiovascular_He
Simazine ;DEV_Rat_General_GeneralFetalPath;DEV_Rabbit_General_FetalWei
Oxadiazon ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Hexaconazole ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Cyprodinil ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_Skeletal_Axial
Flumetralin No Developmental Rat Study in ToxR;DEV_Rabbit_PregnancyRelated
Propargite No recorded effect ;DEV_Rabbit_Skeletal_Axial
Trifloxystrobin No recorded effect ;DEV_Rabbit_Skeletal_Axial
Fenoxycarb No recorded effect ;DEV_Rabbit_Skeletal_Axial
Etoxazole No recorded effect ;DEV_Rabbit_Skeletal_Axial
Indoxacarb ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Dazomet No recorded effect ;DEV_Rabbit_General_GeneralF
Pyrimethanil ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Fenthion ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_General_FetalWei
Folpet No Developmental Rat Study in ToxR;DEV_Rabbit_Neurosensory_Bra
Pyridaben ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Lactofen ;DEV_Rat_General_FetalWeightReduNo recorded effect
Thiram ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
(Z,E)‐Fenpyroximate ;DEV_Rat_Skeletal_Axial No recorded effect
Emamectin benzoate ;DEV_Rat_General_FetalWeightReduNo recorded effect
Maneb ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Fluoxastrobin ;DEV_Rat_Skeletal_Appendicular No recorded effect
Diniconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Tebufenpyrad ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
S‐Bioallethrin ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_PregnancyRelated
Myclobutanil ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
Cyazofamid ;DEV_Rat_Skeletal_Axial No recorded effect
Benomyl ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_Urogenital_Renal
Tetraconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Difenoconazole ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Thiodicarb ;DEV_Rat_General_FetalWeightReduNo recorded effect
3‐Iodo‐2‐propynylbutylcarbamat ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Acetochlor ;DEV_Rat_General_FetalWeightReduNo recorded effect
Hexythiazox ;DEV_Rat_Skeletal_Appendicular No recorded effect
Cyfluthrin ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Aldicarb ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Methyl isothiocyanate ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Fenitrothion ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
Flusilazole ;DEV_Rat_General_GeneralFetalPath;DEV_Rabbit_General_FetalWei
Atrazine ;DEV_Rat_Orofacial_JawHyoid;DEV_R;DEV_Rabbit_General_GeneralF
Permethrin ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWei
Parathion‐methyl ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Clodinafop‐propargyl ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Fenamidone ;DEV_Rat_General_FetalWeightReduNo recorded effect
Thiazopyr ;DEV_Rat_Skeletal_Axial No recorded effect
Propazine ;DEV_Rat_General_FetalWeightReduNo recorded effect
Mancozeb ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Acephate ;DEV_Rat_Skeletal_Appendicular;DEV;DEV_Rabbit_PregnancyRelated
Dichloran ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Buprofezin ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_PregnancyRelated
Methylene bis(thiocyanate) No recorded effect ;DEV_Rabbit_PregnancyRelated
Abamectin No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Zoxamide No recorded effect No recorded effect
Dimethomorph ;DEV_Rat_PregnancyRelated_EmbryoNo Developmental Rabbit Study
Butafenacil No recorded effect ;DEV_Rabbit_PregnancyRelated
Tetramethrin No recorded effect No Developmental Rabbit Study
Rimsulfuron No recorded effect ;DEV_Rabbit_PregnancyRelated
Naled ;DEV_Rat_PregnancyRelated_EmbryoNo recorded effect
Chlorothalonil ;DEV_Rat_PregnancyRelated_EmbryoNo recorded effect
Niclosamide No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Difenzoquat metilsulfate No recorded effect No Developmental Rabbit Study
Rotenone ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Triclosan No recorded effect No recorded effect
Metiram‐zinc ;DEV_Rat_PregnancyRelated_EmbryoNo Developmental Rabbit Study
Imazalil No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Azamethiphos No recorded effect ;DEV_Rabbit_PregnancyRelated
Propetamphos No recorded effect ;DEV_Rabbit_PregnancyRelated
Cyanazine No recorded effect No Developmental Rabbit Study
2,2‐Bis(4‐hydroxyphenyl)‐1,1,1‐t No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Chlorpyrifos oxon No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Forchlorfenuron No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Fludioxonil ;DEV_Rat_Urogenital_Renal;DEV_RatNo recorded effect
Spirodiclofen ;DEV_Rat_Urogenital_Renal No recorded effect
Phosalone ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_PregnancyRelated
Alachlor ;DEV_Rat_General_FetalWeightReduNo recorded effect
Bisphenol A No recorded effect No Developmental Rabbit Study
Tebupirimfos ;DEV_Rat_PregnancyRelated_Matern;DEV_Rabbit_PregnancyRelated
Tribufos No recorded effect No recorded effect
Pendimethalin No recorded effect No Developmental Rabbit Study
Prallethrin ;DEV_Rat_PregnancyRelated_MaternNo recorded effect
Captafol No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Diazoxon No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Flumiclorac‐pentyl No recorded effect ;DEV_Rabbit_PregnancyRelated
Bentazone No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Quinoxyfen No recorded effect ;DEV_Rabbit_PregnancyRelated
Butachlor No recorded effect ;DEV_Rabbit_General_FetalWei
Dithiopyr No recorded effect No recorded effect
Methoxychlor No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Oxyfluorfen No recorded effect ;DEV_Rabbit_PregnancyRelated
Dicofol No recorded effect ;DEV_Rabbit_PregnancyRelated
Dichlorvos No recorded effect ;DEV_Rabbit_PregnancyRelated
Prochloraz No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Flufenpyr‐ethyl No recorded effect ;DEV_Rabbit_PregnancyRelated
MGK No recorded effect No recorded effect
Perfluorooctane sulfonic acid No Developmental Rat Study in ToxR;DEV_Rabbit_General_FetalWei
Fosthiazate No recorded effect No recorded effect
Fluroxypyr‐meptyl No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Esfenvalerate No recorded effect No recorded effect
Methyl hydrogen phthalate No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Perfluorooctanoic acid No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Dicrotophos No recorded effect ;DEV_Rabbit_General_FetalWei
Bromoxynil No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Fenarimol No Developmental Rat Study in ToxR;DEV_Rabbit_PregnancyRelated
Diethylhexyl phthalate ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Carboxin No recorded effect ;DEV_Rabbit_PregnancyRelated
Fluroxypyr ;DEV_Rat_PregnancyRelated_Matern;DEV_Rabbit_PregnancyRelated
Milbemectin (mix of >70 percent No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Coumaphos No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Oxytetracycline dihydrate No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Prodiamine ;DEV_Rat_Neurosensory_Eye No recorded effect
Isoxaben ;DEV_Rat_General_GeneralFetalPath;DEV_Rabbit_PregnancyRelated
Tebufenozide No recorded effect No recorded effect
Bensulide No recorded effect ;DEV_Rabbit_PregnancyRelated
Famoxadone No recorded effect ;DEV_Rabbit_PregnancyRelated
Acifluorfen No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Azoxystrobin ;DEV_Rat_PregnancyRelated_MaternNo Developmental Rabbit Study
Cypermethrin No recorded effect No recorded effect
Fenpropathrin ;DEV_Rat_PregnancyRelated_MaternNo recorded effect
Benfluralin No recorded effect No recorded effect
Bifenthrin ;DEV_Rat_Orofacial_JawHyoid No recorded effect
Diclofop‐methyl No Developmental Rat Study in ToxRNo recorded effect
Diclosulam No recorded effect ;DEV_Rabbit_PregnancyRelated
Parathion No Developmental Rat Study in ToxRNo Developmental Rabbit Study
Profenofos ;DEV_Rat_PregnancyRelated_MaternNo recorded effect

Developmental VDCs

Thiram ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
(Z,E)‐Fenpyroximate ;DEV_Rat_Skeletal_Axial No recorded effect
Emamectin benzoate ;DEV_Rat_General_FetalWeightReduNo recorded effect
Maneb ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Fluoxastrobin ;DEV_Rat_Skeletal_Appendicular No recorded effect
Diniconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Tebufenpyrad ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
S‐Bioallethrin ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_PregnancyRelated
Myclobutanil ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
Cyazofamid ;DEV_Rat_Skeletal_Axial No recorded effect
Benomyl ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_Urogenital_Renal
Tetraconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Difenoconazole ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWe
Thiodicarb ;DEV_Rat_General_FetalWeightReduNo recorded effect

Thiram ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
(Z,E)‐Fenpyroximate ;DEV_Rat_Skeletal_Axial No recorded effect
Emamectin benzoate ;DEV_Rat_General_FetalWeightReduNo recorded effect
Maneb ;DEV_Rat_General_FetalWeightReduNo Developmental Rabbit Study
Fluoxastrobin ;DEV_Rat_Skeletal_Appendicular No recorded effect
Diniconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Tebufenpyrad ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
S‐Bioallethrin ;DEV_Rat_PregnancyRelated_Embryo;DEV_Rabbit_PregnancyRelated
Myclobutanil ;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated
Cyazofamid ;DEV_Rat_Skeletal_Axial No recorded effect
Benomyl ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_Urogenital_Renal
Tetraconazole ;DEV_Rat_General_GeneralFetalPathNo recorded effect
Difenoconazole ;DEV_Rat_General_FetalWeightRedu;DEV_Rabbit_General_FetalWe
Thiodicarb ;DEV_Rat_General_FetalWeightReduNo recorded effect
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Hypothesis

Multiple components in the VEGF, PAS and chemokine 
pathways are targets for ToxCast™ chemicals 

corollary 1:
in vitro bioactivity profiles can be used to mine a ‘toxicity 

signature’ for in vivo vascular development 

corollary 2:
in vitro signature can inform mechanistic models during 
chemical disruption of embryonic vascular development
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Multivariate Machine 
Learning Analysis
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Pathway-level signature:
VDC toxicity class predictor
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Predicted Positives     
(MLR Pathway Signature)

True Positives    
(Weighted Assay Score)

(Z,E)‐Fenpyroximate 1 1
2,2‐Bis(4‐hydroxyphenyl)‐1,1,1‐trichloroethane 1 1
Abamectin 1 1
Acetochlor 1 1
Alachlor 1 1
Aldicarb 1 1
Azamethiphos 1 1
Azoxystrobin 1 1
Benfluralin 1 1
Benomyl 1 1
Bensulide 1 1
Bifenthrin 1 1
Bisphenol A 1 1
Bromoxynil 1 1
Buprofezin 1 1
Butachlor 1 1
Butafenacil 1 1
Butralin 1 1
Captafol 1 1
Chlorothalonil 1 1
Chlorpyrifos oxon 1 1
Coumaphos 1 1
Cyazofamid 1 1
Cyfluthrin 1 1
Cyprodinil 1 1
Dazomet 1 1
Diazoxon 1 1
Dichloran 1 1
Dichlorvos 1 1
Diclofop‐methyl 1 1
Dicofol 1 1
Diethylhexyl phthalate 1 1
Difenoconazole 1 1
Difenzoquat metilsulfate 1 1
Dimethomorph 1 1
Diniconazole 1 1
Diquat dibromide 1 1
Dithiopyr 1 1
Emamectin benzoate 1 1
Esfenvalerate 1 1
Etoxazole 1 1
Famoxadone 1 1
Fenamidone 1 1
Fenarimol 1 1
Fenitrothion 1 1
Fenoxycarb 1 1
Fenpropathrin 1 1
Fenthion 1 1
Fludioxonil 1 1
Flumetralin 1 1
Flumiclorac‐pentyl 1 1
Fluoxastrobin 1 1
Fluroxypyr‐meptyl 1 1
Flusilazole 1 1
Folpet 1 1
Forchlorfenuron 1 1
Hexaconazole 1 1
Hexythiazox 1 1
Imazalil 1 1
Indoxacarb 1 1
Lactofen 1 1
Mancozeb 1 1
Maneb 1 1
Methoxychlor 1 1
Methyl hydrogen phthalate 1 1
Methyl isothiocyanate 1 1
Methylene bis(thiocyanate) 1 1
Metiram‐zinc 1 1
Metribuzin 1 1
MGK 1 1
Naled 1 1
Niclosamide 1 1
Oxadiazon 1 1
Oxyfluorfen 1 1
Oxytetracycline dihydrate 1 1
Paclobutrazol 1 1
Parathion 1 1
Parathion‐methyl 1 1
Pendimethalin 1 1
Perfluorooctane sulfonic acid 1 1
Permethrin 1 1
Phosalone 1 1
Prallethrin 1 1
Prochloraz 1 1
Prodiamine 1 1
Profenofos 1 1
Propargite 1 1
Propetamphos 1 1
Pyraclostrobin 1 1
Pyridaben 1 1
Pyrimethanil 1 1
Quinoxyfen 1 1
Resmethrin 1 1
Rimsulfuron 1 1
Rotenone 1 1
S‐Bioallethrin 1 1
Spirodiclofen 1 1
Spiroxamine 1 1
Tebufenpyrad 1 1
Tebupirimfos 1 1
Tetraconazole 1 1
Tetramethrin 1 1
Thiazopyr 1 1
Thiodicarb 1 1
Thiram 1 1
Tribufos 1 1
Triclosan 1 1
Trifloxystrobin 1 1
Triflumizole 1 1
Trifluralin 1 1
Zoxamide 1 1
Acephate 0 1
Acifluorfen 0 1
Atrazine 0 1
Bentazone 0 1
Carboxin 0 1
Clodinafop‐propargyl 0 1
Cyanazine 0 1
Cypermethrin 0 1
Diclosulam 0 1
Dicrotophos 0 1
Flufenpyr‐ethyl 0 1
Fluroxypyr 0 1
Fosthiazate 0 1
Isoxaben 0 1
Myclobutanil 0 1
Perfluorooctanoic acid 0 1
Propazine 0 1
Simazine 0 1
Tebufenozide 0 1
3‐Iodo‐2‐propynylbutylcarbamate 1 0
Amitraz 1 0
Bendiocarb 1 0
Captan 1 0
Chlorpyrifos‐methyl 1 0
Clofentezine 1 0
Clorophene 1 0
d‐cis,trans‐Allethrin 1 0
Dibutyl phthalate 1 0
Fipronil 1 0
Fluazinam 1 0
Formetanate hydrochloride 1 0
Metam‐sodium hydrate 1 0
Milbemectin (mix of >70 percent Milbemycin A 1 0
Pirimiphos‐methyl 1 0
Quintozene 1 0
TCMTB 1 0
Tefluthrin 1 0
Thiophanate‐methyl 1 0
Triadimenol 1 0
Tri‐allate 1 0
2,4‐DB 0 0
2,4‐Dichlorophenoxyacetic acid (2,4‐D) 0 0
2,5‐Pyridinedicarboxylic acid, dipropyl ester 0 0
2‐Phenylphenol 0 0
6‐Deisopropylatrazine 0 0
Acetamiprid 0 0
Acibenzolar‐S‐Methyl 0 0
Ametryn 0 0
Anilazine 0 0
Asulam 0 0
Azinphos‐methyl 0 0
Bensulfuron‐methyl 0 0
Bifenazate 0 0
Boric acid 0 0
Boscalid 0 0
Bromacil 0 0
Butylate 0 0
Cacodylic acid 0 0
Carbaryl 0 0
Carfentrazone‐ethyl 0 0
Chlorethoxyfos 0 0
Chloridazon 0 0
Chloroneb 0 0
Chlorpropham 0 0
Chlorsulfuron 0 0
Cinmethylin 0 0
Clomazone 0 0
Cloprop 0 0
Clopyralid 0 0
Clopyralid‐olamine 0 0
Clothianidin 0 0
Cyanamide 0 0
Cyclanilide 0 0
Cycloate 0 0
Cyhalofop‐butyl 0 0
Cymoxanil 0 0
Cyproconazole 0 0
Cyromazine 0 0
Daminozide 0 0
Diazinon 0 0
Dicamba 0 0
Dichlobenil 0 0
Dichlorprop 0 0
Diethyltoluamide 0 0
Dimethenamid 0 0
Dimethoate 0 0
Dimethyl phthalate 0 0
Diphenylamine 0 0
Disulfoton 0 0
Diuron 0 0
Endosulfan 0 0
EPTC 0 0
Ethalfluralin 0 0
Ethametsulfuron methyl 0 0
Ethephon 0 0
Ethofumesate 0 0
Ethoprop 0 0
Ethylenethiourea 0 0
Etridiazole 0 0
Fenamiphos 0 0
Fenbuconazole 0 0
Fenhexamid 0 0
Fenoxaprop‐ethyl 0 0
Fentin 0 0
Fluazifop‐butyl 0 0
Fluazifop‐P‐butyl 0 0
Flufenacet 0 0
Flumetsulam 0 0
Flumioxazin 0 0
Fluometuron 0 0
Fluthiacet‐methyl 0 0
Flutolanil 0 0
Foramsulfuron 0 0
Halosulfuron‐methyl 0 0
Hexazinone 0 0
Icaridin 0 0
Imazamox 0 0
Imazapic 0 0
Imazapyr 0 0
Imazaquin 0 0
Imazethapyr 0 0
Imidacloprid 0 0
Iodosulfuron‐methyl‐sodium 0 0
Iprodione 0 0
Isazofos 0 0
Isoxaflutole 0 0
Lindane 0 0
Linuron 0 0
Malaoxon 0 0
Malathion 0 0
Maleic hydrazide 0 0
MCPA 0 0
Mepiquat chloride 0 0
Mesosulfuron‐methyl 0 0
Mesotrione 0 0
Metalaxyl 0 0
Methamidophos 0 0
Methidathion 0 0
Methomyl 0 0
Methoxyfenozide 0 0
Methyl cellusolve 0 0
Metolachlor 0 0
Metsulfuron‐methyl 0 0
Mevinphos 0 0
Molinate 0 0
Monobutyl phthalate 0 0
Monocrotophos 0 0
Napropamide 0 0
Nitrapyrin 0 0
Norflurazon 0 0
Novaluron 0 0
Oryzalin 0 0
Oxamyl 0 0
Oxasulfuron 0 0
Penoxsulam 0 0
Phenoxyethanol 0 0
Phthalic acid, mono‐2‐ethylhexyl ester 0 0
Picloram 0 0
Piperonyl butoxide 0 0
Pirimicarb 0 0
Primisulfuron‐methyl 0 0
Prohexadione‐calcium 0 0
Prometon 0 0
Prometryn 0 0
Propamocarb hydrochloride 0 0
Propanil 0 0
Propiconazole 0 0
Propoxur 0 0
Propoxycarbazone‐sodium 0 0
Propyzamide 0 0
Prosulfuron 0 0
Pymetrozine 0 0
Pyraflufen‐ethyl 0 0
Pyriproxyfen 0 0
Pyrithiobac‐sodium 0 0
Quinclorac 0 0
Quizalofop‐ethyl 0 0
Sethoxydim 0 0
Sulfentrazone 0 0
Symclosene 0 0
Tebuthiuron 0 0
Tepraloxydim 0 0
Terbacil 0 0
Thiabendazole 0 0
Thiacloprid 0 0
Thiamethoxam 0 0
Thidiazuron 0 0
Thiobencarb 0 0
Tralkoxydim 0 0
Triadimefon 0 0
Triasulfuron 0 0
Tribenuron‐methyl 0 0
Trichlorfon 0 0
Triclopyr 0 0
Trifloxysulfuron‐sodium 0 0
Triflusulfuron‐methyl 0 0
Triticonazole 0 0
Vinclozolin 0 0

True PositivesTrue Positives: defined as chemicals with 
weighted assay score > mean for 6 targets 
(VEGFR2, Tie2, CCL2, CXCL10, uPAR, PAI-1) 

Predicted PositivesPredicted Positives: chemicals belonging to 
the toxicity class defined by pathway disruption.

•GO: processes = regulation of angiogenesis, 
chemotaxis; component = extracellular region; 
molecular function = chemokine activity

•Mouse Phenotype: cardiovascular, hematopoietic, 
immune system

•PathwayCommons: Hemostasis 
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“False Negatives”
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Chemical Name
Predicted Positives     
(MLR Pathway Signature)

Training Set       
(Weighted Assay Score) RAT_DEV_Phentoype RABBIT_DEV_Phentoype

Acephate 0 1
;DEV_Rat_Skeletal_Appendicular;DEV_Rat_Skeletal
_Axial ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Acifluorfen 0 1 No Developmental Rat Study in ToxRefDB No Developmental Rabbit Study in ToxRefDB

Atrazine 0 1
;DEV_Rat_Orofacial_JawHyoid;DEV_Rat_PregnancyR
elated_MaternalPregLoss;DEV_Rat_Skeletal_Cranial

;DEV_Rabbit_General_GeneralFetalPathology;DEV_Ra
bbit_PregnancyRelated_EmbryoFetalLoss

Bentazone 0 1 No Developmental Rat Study in ToxRefDB No Developmental Rabbit Study in ToxRefDB
Carboxin 0 1 No recorded effect ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Clodinafop‐propargyl 0 1

;DEV_Rat_General_FetalWeightReduction;DEV_Rat
_General_GeneralFetalPathology;DEV_Rat_Skeletal
_Appendicular;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Cyanazine 0 1 No recorded effect No Developmental Rabbit Study in ToxRefDB
Cypermethrin 0 1 No recorded effect No recorded effect
Diclosulam 0 1 No recorded effect ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Dicrotophos 0 1 No recorded effect
;DEV_Rabbit_General_FetalWeightReduction;DEV_Ra
bbit_PregnancyRelated_MaternalPregLoss

Flufenpyr‐ethyl 0 1 No recorded effect ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss
Fluroxypyr 0 1 ;DEV_Rat_PregnancyRelated_MaternalPregLoss ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss
Fosthiazate 0 1 No recorded effect No recorded effect

Isoxaben 0 1
;DEV_Rat_General_GeneralFetalPathology;DEV_Rat
_PregnancyRelated_EmbryoFetalLoss ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Myclobutanil 0 1 ;DEV_Rat_Skeletal_Axial
;DEV_Rabbit_PregnancyRelated_EmbryoFetalLoss;DE
V_Rabbit_PregnancyRelated_MaternalPregLoss

Perfluorooctanoic acid 0 1 No Developmental Rat Study in ToxRefDB No Developmental Rabbit Study in ToxRefDB

Propazine 0 1

;DEV_Rat_General_FetalWeightReduction;DEV_Rat
_General_GeneralFetalPathology;DEV_Rat_Orofacia
l_JawHyoid;DEV_Rat_Skeletal_Axial;DEV_Rat_Skele
tal_Cranial No recorded effect

Simazine 0 1
;DEV_Rat_General_GeneralFetalPathology;DEV_Rat
_Skeletal_Axial;DEV_Rat_Skeletal_Cranial

;DEV_Rabbit_General_FetalWeightReduction;DEV_Ra
bbit_General_GeneralFetalPathology;DEV_Rabbit_Sk
eletal_Axial

Tebufenozide 0 1 No recorded effect No recorded effect
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“False Positives”
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Chemical Name
Predicted Positives     
(MLR Pathway Signature)

Training Set     
(Weighted Assay Score) RAT_DEV_Phentoype RABBIT_DEV_Phentoype

3‐Iodo‐2‐propynylbutylcarbamate 1 0
;DEV_Rat_General_FetalWeightReduction;DEV_Rat_
Skeletal_Axial

;DEV_Rabbit_PregnancyRelated_EmbryoFetalLoss;D
EV_Rabbit_PregnancyRelated_MaternalPregLoss

Amitraz 1 0 ;DEV_Rat_PregnancyRelated_EmbryoFetalLoss No Developmental Rabbit Study in ToxRefDB

Bendiocarb 1 0 ;DEV_Rat_PregnancyRelated_EmbryoFetalLoss ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Captan 1 0 No Developmental Rat Study in ToxRefDB

;DEV_Rabbit_General_FetalWeightReduction;DEV_
Rabbit_General_GeneralFetalPathology;DEV_Rabbit
_Neurosensory_Brain;DEV_Rabbit_Neurosensory_E
ye;DEV_Rabbit_Orofacial_JawHyoid;DEV_Rabbit_Pr
egnancyRelated_EmbryoFetalLoss;DEV_Rabbit_Skel
etal_Appendicular;DEV_Rabbit_Skeletal_Axial;DEV_
Rabbit_Skeletal_Cranial;DEV_Rabbit_Trunk_BodyW
all;DEV_Rabbit_Trunk_SplanchnicViscera

Chlorpyrifos‐methyl 1 0 No recorded effect No Developmental Rabbit Study in ToxRefDB
Clofentezine 1 0 No recorded effect No Developmental Rabbit Study in ToxRefDB

Clorophene 1 0 No recorded effect ;DEV_Rabbit_PregnancyRelated_EmbryoFetalLoss
d‐cis,trans‐Allethrin 1 0 ;DEV_Rat_PregnancyRelated_MaternalPregLoss No Developmental Rabbit Study in ToxRefDB

Dibutyl phthalate 1 0

;DEV_Rat_General_FetalWeightReduction;DEV_Rat_
Orofacial_CleftLipPalate;DEV_Rat_PregnancyRelate
d_EmbryoFetalLoss;DEV_Rat_PregnancyRelated_Ma
ternalPregLoss No Developmental Rabbit Study in ToxRefDB

Fipronil 1 0 No recorded effect No recorded effect

Fluazinam 1 0

;DEV_Rat_General_FetalWeightReduction;DEV_Rat_
General_GeneralFetalPathology;DEV_Rat_Orofacial_
CleftLipPalate;DEV_Rat_Orofacial_JawHyoid;DEV_Ra
t_PregnancyRelated_EmbryoFetalLoss;DEV_Rat_Skel
etal_Appendicular;DEV_Rat_Skeletal_Axial;DEV_Rat
_Skeletal_Cranial;DEV_Rat_Trunk_BodyWall;DEV_Ra
t_Urogenital_Renal;DEV_Rat_Urogenital_Ureteric

;DEV_Rabbit_General_GeneralFetalPathology;DEV_
Rabbit_PregnancyRelated_EmbryoFetalLoss;DEV_Ra
bbit_PregnancyRelated_MaternalPregLoss;DEV_Rab
bit_Skeletal_Axial;DEV_Rabbit_Skeletal_Cranial

Formetanate hydrochloride 1 0 No recorded effect No recorded effect
Metam‐sodium hydrate 1 0 No Developmental Rat Study in ToxRefDB No Developmental Rabbit Study in ToxRefDB
Milbemectin (mix of >70 percent Milbemycin 1 0 No Developmental Rat Study in ToxRefDB No Developmental Rabbit Study in ToxRefDB
Pirimiphos‐methyl 1 0 No Developmental Rat Study in ToxRefDB No recorded effect

Quintozene 1 0 ;DEV_Rat_Skeletal_Axial
;DEV_Rabbit_General_FetalWeightReduction;DEV_
Rabbit_PregnancyRelated_MaternalPregLoss

TCMTB 1 0
;DEV_Rat_PregnancyRelated_EmbryoFetalLoss;DEV_
Rat_Skeletal_Appendicular;DEV_Rat_Skeletal_Axial ;DEV_Rabbit_PregnancyRelated_MaternalPregLoss

Tefluthrin 1 0
;DEV_Rat_General_GeneralFetalPathology;DEV_Rat_
Skeletal_Appendicular ;DEV_Rabbit_Skeletal_Axial

Thiophanate‐methyl 1 0 No Developmental Rat Study in ToxRefDB

;DEV_Rabbit_PregnancyRelated_MaternalPregLoss;
DEV_Rabbit_Skeletal_Appendicular;DEV_Rabbit_Sk
eletal_Axial

Triadimenol 1 0
;DEV_Rat_Skeletal_Axial;DEV_Rat_Urogenital_Renal
;DEV_Rat_Urogenital_Ureteric No recorded effect

Tri‐allate 1 0

;DEV_Rat_General_FetalWeightReduction;DEV_Rat_
Orofacial_CleftLipPalate;DEV_Rat_Skeletal_Axial;DE
V_Rat_Skeletal_Cranial No Developmental Rabbit Study in ToxRefDB
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No Developmental Effect 
Recorded in ToxRefDB
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Chemical Name Predicted Positives     (MLR Pathway Signature) True Positives    (Weighted Assay Score) RAT_DEV_Phentoype RABBIT_DEV_Phentoype
Benfluralin 1 1 No recorded effect No recorded effect
Dithiopyr 1 1 No recorded effect No recorded effect
Esfenvalerate 1 1 No recorded effect No recorded effect
MGK 1 1 No recorded effect No recorded effect
Tribufos 1 1 No recorded effect No recorded effect
Triclosan 1 1 No recorded effect No recorded effect
Zoxamide 1 1 No recorded effect No recorded effect
Cypermethrin 0 1 No recorded effect No recorded effect
Fosthiazate 0 1 No recorded effect No recorded effect
Tebufenozide 0 1 No recorded effect No recorded effect
Fipronil 1 0 No recorded effect No recorded effect
Formetanate hydroch 1 0 No recorded effect No recorded effect
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Potential VDCs Lacking 
Developmental Data
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Chemical Name
Predicted Positives            
(MLR Pathway Signature)

True Positives    
(Weighted Assay Score) RAT_DEV_Phentoype RABBIT_DEV_Phentoype

2,2‐Bis(4‐hydroxyphenyl)‐1,1,1‐trichloroethan 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Abamectin 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Bromoxynil 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Captafol 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Chlorpyrifos oxon 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Coumaphos 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Diazoxon 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Fluroxypyr‐meptyl 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Forchlorfenuron 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Imazalil 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Methoxychlor 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Methyl hydrogen phthalate 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Niclosamide 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Oxytetracycline dihydrate 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Parathion 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Prochloraz 1 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Acifluorfen 0 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Bentazone 0 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Perfluorooctanoic acid 0 1 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Metam‐sodium hydrate 1 0 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
Milbemectin (mix of >70 percent Milbemycin A 1 0 No Dev Rat Study in ToxRefDB No Dev Rabbit Study in ToxRefDB
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Summary

• HTS data is used to develop an in vitro toxicity 
signature for “Vascular Disruptor Chemicals” (VDCs)

• Broad pre-natal developmental activity correlated in 
ToxRefDB with putative VDCs

• in vitro signature will inform mechanistic models 
(computational and experimental) during chemical 
disruption of embryonic vascular development
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Computational (in silico): 
vasculogenesis model

Merks, Perryn, Shirinifard, and Glazier 
(2008) Contact-Inhibited Chemotaxis in 
De Novo and Sprouting Blood-Vessel 
Growth. PLoS Comput Biol 4(9): 
e1000163
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Bates, Taylor, and Newgreen (2002) The 
Pattern of Neurovascular Development in 
the Forelimb of the Quail Embryo. Dev Bio 
249:300-320
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Zebrafish Vascular System 
(Fli1 marker) 
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72 h wild type (20x) 72 h treated 1 mg/ml (20x)

Intersomitic vessel disruption is apparent in treated group

Unpublished Images Courtesy of Maria 
Bondesson, TIVS & Catherine 
McCollum, UH
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