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Supplementary Figure S1: PAH profile. PAH profile at end of exposure in (A) water and (B) 
tissue in embryonic exposure, and (C) water and (D) tissue in larval exposure.  

 

 



 
 

Supplementary Figure S2: Accumulation of oil droplets on eggshells. Control (left panels) vs 

oil-exposed embryos (right panels) after 24 (A) and 72 (B) hours of exposure. Areas with 

higher concentrations of dispersed oil droplets are indicated by arrows. 

 

 



 
 

 
Supplementary Figure S3: Reduced toxicity and ∑PAH levels in outlier tanks. Log2 

normalized cyp1a mRNA levels in all low dose tanks (A) and pulse dose tanks (B) during and 

after exposure. (C) Dose relationship between ∑PAH and cyp1a mRNA levels X-axis shows 

log10 normalized ∑PAH data with corresponding log2 normalized cyp1a mRNA levels on the 

y-axis. Individual tank identities are indicated for each point; P1 and L3 tanks cluster as a 

separate dose. 

 



 
 

Supplementary Figure S4: Relative expression of cyp1a in embryonic (A) and larval (B) 

exposures. Expression is normalized to the expression at exposure start (2 dpf and 0 dph in 

embryo and larval exposure, respectively). Asterisks indicate statistical significance 

difference from control larvae, p < 0.01 = **. 

 



 
 

Supplementary Figure S5: Tissue distribution of Cyp1a in embryonic exposure. Whole mount 

immunofluorescence detection of Cyp1a protein in newly hatched larvae one day post 

exposure in (A) control, (B) low dose, (C) high dose. (D) Higher magnification of the heart in 

a high dose animal. (A-C) Filled arrows indicate the liver bud. (D) Open arrowheads and 

unfilled arrow in mark the myocardium and chamber lumen, respectively; arrow indicates 

epidermis. (A’-D’) Corresponding light microscopic images.  Scale bar: 200 µm. Anterior 

left, dorsal top. 

 



 
 

Supplementary Figure S6. In situ hybridisation of cyp1a in larval exposure. Location of cyp1a 

after one day of exposure (1 dph) in (A) control (saggital plane), low dose (saggital plane) and 

high dose larvae (frontal plane). (B) Location of cyp1a after 18 days of exposure (18 dph) in 

control (saggital plane), low dose (saggital plane) and high dose larvae (saggital plane). 

Expression of cyp1a was observed in cardiac endothelium (h), cardiac myocardium (m), 

epidermis (e), kidney, in the liver or the cells surrounding the blood vessels in the liver (l), 

intestine (i), gall bladder (b), brain (n) and gills (g) and sinusoid lining cells (s). Scale bars: 

0.1 mm. 

 



 
 

 

Supplementary Figure S7: Correlation between coloboma and hypotelorism. Several oil 

exposed individuals suffered from coloboma (filled arrow head) and the same individuals also 

showed a higher grade of hypotelorism (shortening of length between the eyes) (open arrow 

head). 

 

 

Supplementary Figure S8: Shortening of ethmoid plate. (A) Shortening of ethmoid plate 

(filled arrow head) and increased amount of edema (asterisk) after 9 days of exposure during 

early larval period in control, low dose, pulse dose and high dose. (B) Growth of the ethmoid 

plate in control and exposed animals from 1 dph to 21 dph. Significant difference (p = < 0.05) 

between groups is indicated by letters (i.e., groups with same letters are not significantly 

different from each other). Scale bar = 1 mm. 

 



 
 

Supplementary Figure S9: Severity of edema in phenotypes. (A) The severity of edema in the 

four distinct phenotypes (BD = bulldog, JB = Jaw breaker, DV = Darth Vader and HB = 

hunchback) and in animals with no distinct phenotype. Severity of edema was graded from 0 

(no edema) to 3 (severe edema) (B) Examples of phenotypes with various amount of edema.  

 

 

 



 
 

 
Supplementary Figure S10: Measurement of cardiac function. Measurements were performed 

on 2 dph larvae exposed for 24 and 48 hours in early embryo phase (pink rectangle), 0 dph 

and 3 dph larvae exposed throughout organogenesis and 2 and 9 dph exposed during larval 

phase. For means, standard deviation and significance for (A) see Table 1. (A) Fractional 

shortening (FS) of ventricle for embryonically exposed larvae with and without silent 

ventricles (SV) included, atrial FS for 0 dph and 3 dph (embryonic exposure) and ventricular 

FS for animals exposed in larval stages, no silent ventricles were observed here. (B) Ratio of 

atrial beats per minute vs ventricular beats per minute for 9 dph larvae exposed during larval 

stages, revealing individuals bypassing ventricular beats in red rectangle. 

 



 
 

 
Supplementary Figure S11: Expression of (A) wnt11, (B) cacna1c and (C) serca2 in pools 

during and after embryonic exposure. Significant difference (p =< 0.05) from control is 

indicated by 

*.  

 



 
 

Supplementary Figure S12: Expression of A) kcnh2, (B) ncx1, (C) cacna1c, (D) serca2 in 

pools during larval exposure. Significant difference from control is indicated by *(p =< 0.05) 

and **(p =<0.01). 

 



 
 

Supplementary Figure S13: Exposure of zebrafish to Heidrun oil. Control and exposed larva 

after 48 hours (A) and (B) and 72 hours (C) and (D), respectively. Pericardial edema, 

intracranial haemorrhage poor looping is indicated by black arrow, white arrow and asterisk, 

respectively. Percentage of edema and intracranial hemorrhage, respectively, in control (E) 

and exposed (F) animals.  

 

 

 



 
 

 
Supplementary Figure S14: Experimental design for the embryonic and larval exposures with 

sampling points indicated by images of embryos or larvae. (A) Exposure regime for 

embryonic exposure. Exposure started at 2 dpf and ended at 10 dpf. Video imaging was 

performed at 9 dpf, 0 dph and 3 dph. Additionally, aliquots of embryos were transferred to 

tanks with clean seawater after 24 and 48 hours of exposure. These were only sampled and 

video-imaged at 2 dph. (B) Exposure regime for larval exposure. Exposure started at 0 dph 

and ended at 18 dph. Larvae were video imaged at 2 dph and 9 dph.  
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Supplementary Video S1: Silent ventricle following embryonic oil exposure. Movie shows a 

control 2 dph larva with normal heart function, followed by a 2 dph larva with non-

contracting ventricle. Representative larva is from the high dose for 24-hr transient embryonic 

exposure.  

 

Supplementary Video S2: Atrioventricular conduction block during larval exposure. Movie 

shows a control 9 dph larva with normal heart function, followed by a 9 dph larva exposed for 

the high dose with skipping of ventricular contractions.  

 

Supplementary Video S3: Reduced contractility and poor looping in zebrafish exposed to 50 

ppm dispersed crude Heidrun oil. Movie shows a control zebrafish embryo (48 hpf) with 

normal heart shape and function, followed by an exposed embryo with a poorly looped heart 

showing normal heart rhythm but reduced contractility.  
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