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Supplementary Figure S1. Photos (taken with Zeiss Axiovert 135TV microscope, 10x / 0.30, 

magnification / numerical aperture) of controls at the blastula (A, 5 hpf), gastrula (B, 21 hpf) and 

pluteus (C, 48 hpf) stage (embryos in sea water without PUA/HEPE mixtures), D) apoptotic 

blastulae, E) apoptotic gastrulae, F) early plutei, G-H) shortened plutei. Scale Bar: 50 µm.  
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Supplementary Figure S2. Photos (taken with Zeiss Axiovert 135TV microscope, 10x / 0.30, 

magnification / numerical aperture) of A-B) controls (embryos in sea water without PUA/HEPE 

mixtures) at 1 wpf, C-E) abnormal embryos after incubation with PUA/HEPE mixtures. Scale Bar: 

50 µm. 
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Supplementary Figure S3. Percentage of normal, malformed, early plutei, delayed and shortened 

plutei and gastrulae in controls (embryos grown in absence of PUA/HEPE mixtures) and treated 

samples after fertilization. Three experiments with different concentrations (see Materials and 

Methods and Supplementary Table S2) were numbered on the top of the histogram. The statistical 

significance between different groups was performed by GraphPad Prism version 7 (GraphPad 

Software, La Jolla, California, USA, www.graphpad.com). Student’s t-tests (* p<0.05, ** p<0.01, 

*** p<0.001, **** p<0.0001). 
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Supplementary Table S1. Percentage of normal plutei, malformed plutei, blastulae, gastrulae, 

early plutei, shortened plutei in controls (embryos grown in absence of PUA/HEPE mixtures) and 

from sea urchin P. lividus exposed before fertilization to different concentrations of mixtures of 

PUA+HEPE in the five experiments.  

Experiment 
  

Normal 
plutei 

Malformed 
plutei 

Unfertilized 
eggs 

Blastulae Gastrulae 
Early 
plutei 

Shortened 
plutei 

Control 91.4 8.6           

1     27.0 3.8 69.2     

2 5.1       8.4 3.3 83.2 

3 11.1       24.0 9.6 55.3 

4 34.1       5.6   60.3 
5 66.8         33.2   
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 Supplementary Table S2. Percentage of normal, malformed, early plutei, delayed and shortened 

plutei and gastrulae in controls (embryos grown in absence of PUA/HEPE mixtures) and treated 

samples after fertilization in the three experiments with different concentrations.  

Experiment 
  

Normal plutei Malformed plutei Blastulae Gastrulae Early plutei Shortened plutei 

Control 92.6 7.8         

1     6.8 45.8 35.0 12.4 

2 32.4         67.6 

3 53.5     8.5 3.2 34.8 
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Supplementary Table S3. Fold changes reported for each gene analysed by Real Time qPCR at 

5, 21 and 48 hpf. Up-regulated genes= red, down-regulated genes= blue. 
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Supplementary Table S4. Names, acronym, functions and references of the twelve new genes 

isolated in the present work. 

 

 

 

 

 

 

 

 

 

 

Gene name Acronym Function References

Antidorsalizing morphogenetic protein 2 ADMP2

This gene encodes for a protein positively regulated by the 

BMP signal. Moreover, it is expressed in dorsal‐ventral 

ectoderm and it is required for doral‐lateral ectoderm 

specification.

[1]

ADP‐ribosylation factor 1 ARF1
An enzyme that catalyzes the trasfer of ADP‐rybose from 

NAD+ to proteins causing their inactivation.
[2‐4]

Brachyury Bra
Trascription factor that plays a kay role in the differentiation 

of mesoderm and endoderm.
[5‐7]

Delta Delta

This protein, binding to the Nocht  receptor on the cell 

surface, causes the splitting of intracellular domain (Nic), 

which enters the nucleus and activates the trascription of 

target genes involved in mesoderm formation.

[8‐11]

Goosecoid Goosecoid

Trascription factor able to induce the expression of two 

genes, FOXA and Bra , involved in stomodeal formation. It 

also inhibits the ciliary band formation and the dorsal genes 

expression.

[12]

Glyoxylate reductase hydroxypyruvate reductase GRHPR

Member of oxidoreductase family that plays a kay role in 

the reaction of hydroxypiruvate formation starting from D‐

glycerate. 

[13]

Histone H3.3  H3.3
Basic protein involved in the chromatin structure and in the 

gene expression regulation.
[14,15]

Kinesin‐19  KIF19
Transporter protein of organelle and protein complex to 

specific destinations depending to ATP and microtubules.
[16‐22]

Notch Notch
Protein involved in endomesoderm segregation and in the 

specific mesoderm genes activation.
[9,23]

Poly(ADP‐ribose) polymerase 2 PARP1
Activation of PARP1  causes the release of AIF , 

mitochondrial oxidoreductase that induces apoptosis.
[24]

Succinate dehydrogenase assembly factor mitochondrial SDH
Enzyme involved in the Krebs cycle and in the electron 

transport chain.
[25]

Smad6 Smad6

This trascription factor, firstly expressed in mesenchymal 

blastula, is essential for the specification of embryo dorsal 

side.

[12,26]
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