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Supplementary material - Tables:


Table S1:  Summary of the exposure time periods for each gene and time point for the WISH measurements carried out for each gene studied.
	Time Point
	Gene
	Exposure Time
	Exposure Materials

	24 hpf
	Mt2
	24hrs
	AgNPCi, AgBulkCi, AgNO3

	4 dpf
	Mt2
	24hrs
	AgNPCi

	24 hpf
	GSTp
	24hrs
	AgNPCi, AgBulkCi, AgNO3

	48 hpf
	GSTp
	48hrs
	AgNPCi, AgBulkCi, AgNO3

	4 dpf
	GSTp
	24hrs
	AgNPCi

	24 hpf
	GSTm1
	24hrs
	AgNPCi, AgBulkCi, AgNO3

	4 dpf
	GSTm1
	4 days
	AgNPCi, AgBulkCi, AgNO3

	5 dpf
	GSTm1
	6hrs
	AgNPCi

	24hpf
	Hmox1
	24hrs
	AgNPCi, AgBulkCi, AgNO3

	5 dpf
	Hmox1
	6hrs
	AgNPCi

	24 hpf
	Fth1
	24hrs
	AgNPCi, AgBulkCi, AgNO3

	5 dpf
	Fth1
	6hrs
	AgNPCi






Table S2 : Summary characteristics of citrate-covered Ag 10-nm particles (AgNPCi) and citrate coated bulk particles (AgBCi).
	
	AgNPCi
	AgNPCi (in embryo culture medium)

	AgBCi
	AgBCi  (in embryo culture medium)


	Zeta Potential
(mV)
	
-47.78±4.3
	
-18.38 ± 1.6

	
-35.97±6.2
	
-21.54 ± 3.9


	Z average diameter (DLS)

	
20

	
92.25 ± 1.8
	
160

	
2456.2 ± 1287.5

	TEM (nm)

	
9.9 ± 3.1

	52 9322
Median value
Upper quartileLower quartile
	-
	145 509114
Median value
Upper quartileLower quartile




Table S3 - Zeta potential of citrate-covered Ag 10-nm particles (AgNPCi) and citrate coated bulk particles (AgBCi) over time when dispersed in zebrafish embryo culture medium.

	Time (Hours)
	Zeta potential (mV) AgNPCi 
	Zeta potential (mV) AgBCi

	
	5 µg/L
	50 µg/L
	500 µg/L
	5000 µg/L
	5 µg/L
	50 µg/L
	500 µg/L
	5000 µg/L

	0
	-9.95± 2.84
	-2.58± 0.76
	-7.89 ±2.46
	-23.7 ±0.78
	-3.46± 1.91
	-2.58± 0.65
	-5.11 ±0.31
	-6.00 ± 2.40

	1
	-6.19± 4.09
	-6.06± 2.73
	-9.83 ±3.50
	-27.5 ±1.30
	-5.9 ± 0.25
	-2.65 ±0.42
	-8.11 ± 4.05
	-8.57 ±3.06

	4
	-3.24± 0.73
	-3.86± 0.78
	-10.7 ±4.63
	-28.6 ±1.77
	-6.40± 2.19
	2.70 ± 0.53
	-25.9 ±2.57
	-9.01 ±0.81

	24
	-3.24± 1.97
	-5.90± 3.11
	-11.2 ±2.37
	-29.4 ±3.15
	-3.24± 1.97
	-3.10 ±0.99
	-16.9 ±1.30
	-16.8 ±1.96

	48
	-5.86± 2.16
	-7.33± 0.74
	-8.84 ±4.62
	-26.8 ±2.09
	-5.86± 2.16
	-8.00 ±1.23
	-14.81±0.83
	-16.01 ±0.82

	72
	-10.2± 1.21
	-9.63± 1.56
	-8.99 ±0.72
	-17.3 ±0.75
	-11.9± 0.21
	-13.2 ±0.55
	-15.9 ±1.69
	-10.1 ±2.31

	96
	-11.6± 1.03
	-11.1± 0.22
	-13.0 ±0.76
	-14.0 ±2.73
	-11.8 ±0.20
	-13.1 ±1.16
	-16.1±1.79
	-11.8 ±0.91

	120
	-11.1± 1.21
	-12.3±0.492
	-13.4 ± 0.69
	-15.6 ±0.31
	-11.2 ± 0.18
	-13.3 ±0.48
	-15.9 ±0.99
	-12.3 ±1.81
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Table S4: Measured Concentration of Ag+ released for both citrate-covered Ag 10-nm particles (AgNPCi) and citrate coated bulk particles (AgBCi) over time when dispersed in zebrafish embryo culture medium for four test concentrations as determined by GFAAS measurements. RSD= Relative Standard Deviation

	Zebrafish Culture Medium 

	Working Concentrations

	
	
	5ppb
	50ppb
	500ppb
	5000ppb

	Time (Hour)
	Mean Conc.
(ppb)
	SD
	RSD (%)
	Mean
	SD
	RSD (%)
	Mean
	SD
	RSD (%)
	Mean
	SD
	RSD (%)

	1
	AgNPCi
	2.035
	0.114
	5.601
	5.546
	0.094
	1.688
	13.39
	0.72
	5.375
	13.65
	0.584
	4.279

	
	AgBCi
	0.965
	0.117
	12.12
	1.35
	0.118
	8.756
	6.43
	0.034
	0.525
	16.67
	0.251
	1.508

	4
	AgNPCi
	3.319
	0.193
	5.812
	13.27
	0.086
	0.65
	17.97
	0.105
	0.583
	19.79
	0.827
	4.189

	
	AgBCi
	0.798
	0.135
	16.95
	1.503
	0.092
	6.112
	5.569
	0.11
	1.971
	15.31
	0.226
	1.477

	24
	AgNPCi
	2.262
	0.069
	3.043
	20.06
	1.831
	9.13
	18.086
	0.994
	5.496
	18.206
	0.23
	1.264

	
	AgBCi
	0.439
	0.03
	6.869
	0.665
	0.096
	14.46
	5.905
	0.234
	3.956
	31.3
	2.372
	7.58

	48
	AgNPCi
	1.3
	0.074
	5.685
	21.6
	0.43
	1.994
	19.168
	0.384
	2.006
	22.38
	0.424
	1.893

	
	AgBCi
	0.128
	0.099
	77.35
	0.197
	0.06
	30.4
	2.643
	0.101
	3.808
	15.604
	0.546
	3.496

	72
	AgNPCi
	0.053
	0.101
	191.8
	16.208
	0.57
	3.515
	14.97
	0.134
	0.893
	15.32
	1.662
	10.85

	
	AgBCi
	0.014
	0.045
	330.3
	-0.042
	0.036
	85.83
	0.821
	0.142
	17.29
	25.94
	0.562
	2.166

	96
	AgNPCi
	0.032
	0.032
	98.4
	1.18
	0.058
	4.98
	4.466
	0.04
	0.887
	17.17
	0.44
	2.562

	
	AgBCi
	-0.001
	0.04
	999.9
	0.32
	0.041
	12.7
	0.628
	0.046
	7.347
	16.366
	0.374
	2.283

	120
	AgNPCi
	0.31
	0.038
	12.13
	0.934
	0.052
	5.584
	3.37
	0.388
	11.52
	30.9
	6.3
	20.39

	
	AgBCi
	-0.011
	0.052
	476.4
	0.055
	0.027
	49.06
	0.307
	0.013
	4.175
	9.458
	0.124
	2.622








Table S5. Dissolution of 50 µg/L AgNPs in embryo culture medium assessed via GFAAS for three separate runs. ICP-MS analysis was also undertaken for Run 1. There was a very good comparison between the absolute values obtained for the GFAAS analysis compared with that for ICP-MS throughout.


Table S6 : Recovery of silver ions by after Amicon centrifugal ultrafiltration, as measured using GFAAS.
	Loaded  sample Concentration (µg/L)
	Measured Concentration of Loaded sample (µg/L)
	Concentration of Filtrate (µg/L)
	Recovery (%)

	5
	5.132
	4.935
	96.1%

	10
	11.851
	11.321
	95.5%

	25
	24.671
	24.114
	97.7%




Supplementary Figures

Figure S1: Characterization of the citrate-covered Ag 10-nm particles (AgNPCi) and citrate coated bulk particles (AgBCi). TEM of AgNPCi at 0.1 mg/l embryo culture medium x35 magnification (A), and x300 magnification (B);  DLS separation of AgNPCi in embryo exposure medium at 0.1 mg/l showing  circular particle size distribution (C);  Circular particle size distribution determined  via TEM analysis (D); TEM of AgBCi at 1 mg/l embryo culture medium, x35 magnification (E) , and x300 magnification (F);   DLS separation of AgBCi in embryo exposure medium at 1 mg/l showing  circular particle size distribution (G).










Figure S2: Representative in situ hybridisation images showing ontogeny of expression of Mt2, GSTp, GSTm1, Fth1 and Hmox1 for up to 12 dpf in zebrafish: Mt2 in 3-4hpf (Ai) and 24hpf (Aii) embryos; GSTm1 in 3-4hpf (Bi) and 24hpf (Bii) embryos; GSTp in a 24hpf (Ci), 48hp, (Cii), 72hpf (Ciii) 96hpf (Civ) 144hpf (Cv), 192hpf (Cvi, and CVii with head close up, showing neuromasts, and 240hpf (Cviii, showing extended yolk sac) embryos/larvae ; Hmox1 in 3-4hpf (Di), 24hpf (Dii),  48hpf (Diii) 96hpf (Div),  144hpf (Dv) 168hpf (Dvi), and 240hpf (Dvii) embryos/larvae; Fth1 in 3-4hpf (Ei), 24hpf (Eii),   48hpf (Eiii),  144hpf (Eiv), 168hpf (Ev), 216hpf (Evi), 240hpf (Evii) and 264hpf (Eviii) embryos/larvae. Arrows indicate focal areas of expression for the target genes studied. 


















Figure S3: Agglomeration of the citrate-covered Ag 10-nm particles (AgNPCi) in the zebrafish embryo culture medium over time plotted as size by Intensity at each of the 4 concentrations tested (A-D). Note the presence of more than 1 peak in most cases.  The lower particle concentrations were close to the limit of detection of the instrument. 
 (
A
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Figure S4: Agglomeration of the citrate coated bulk particles (AgBCi) in zebrafish culture embryo medium over time plotted as size by Intensity at each of the 4 concentrations tested (A-D). Note that the particles remain highly polydispersed over the duration of the study as indicated by the presence of more than 1 peak in most cases. The lower particle concentrations were close to the limit of detection of the instrument.



Figure S5: Trends in dissolution of particles in zebrafish embryo culture medium at different particle concentrations over 120 hours for (A) citrate-covered Ag 10-nm  particles (AgNPCi) and (B) and citrate coated bulk particles (AgBCi).



Figure S6: Repeatability of the AgNP dissolution study (for 50 µg/L AgNPs ) as determined by GFAAS. Excellent overlap was seen between the dissolution as determined by GFAAS and ICP-MS data on the same set of samples.




Figure S7: Stylised cartoon of the zebrafish embryo/larvae illustrating the different target tissues for each gene at different life stages.



Figure S8. Representative in situ hybridisation images showing sense probes for Fth1, Hmox1, Mt2 and GSTp. (A1) Control embryo -Fth1 sense probe at 24hpf, (A2) AgNP exposed embryo -Fth1 sense probe at 24hpf, (B1) Control embryo –Hmox1 sense probe at 24hpf, (B2) AgNP exposed embryo –Hmox1 sense probe at 24hpf, (C1) Control embryo –Mt2 sense probe at 24hpf, (C2) AgNP exposed embryo –Mt2 sense probe at 24hpf  (D1) Control embryo –GSTp sense probe at 48phf, (D2) AgNP exposed embryo –GSTp sense probe at 48hpf  





Supplementary Text: 

S1. Nanoparticle characterization 
For TEM, 0.1 mg L-1 suspensions of AgNPCi (0.1mg/L and AgBCi were prepared in Milli Q-water and embryo culture medium (0.60 mg marine salts [Tropic marin] per 1 litre of deionised water, with 10 µl of methylene blue). 10 mL of each suspension were deposited on Formvar/Carbon coated TEM-grids using ultracentrifugation (Beckman L-75) at 30,000 rpm for 60 min. Thereafter, the grids were rinsed by gentle immersion in Milli Q-water, and then dried overnight. Micrographs were acquired at 30 k, 75 k, 300 k and 500 k magnification (5-10 micrographs at each magnification from each sample) at 80 keV accelerating voltage using a JEOL 1200EX TEM-instrument. AgNPCi and AgBCi were furthermore characterised in terms of their fate and behaviour in the zebrafish embryo medium (diluted 1:5, as applied in the embryo cultures, at 28˚C) at a range of exposure concentrations (5, 50, 500, and 5,000μg/L) at time intervals over the exposure period including 24, 48, 72, 96h and 120 hours. The size of these silver materials over the culture period was determined using Dynamic Light Scattering (DLS) with a Malvern Zetasizer 5000 instrument (Malvern, UK).  Aggregation studies were conducted immediately upon sample dispersion into the zebrafish culture medium (time 0) and at 1 hour, 4 hours, and thereafter every 24 hours up to 120 hours. The surface charge (zeta potential) of the particles was also determined over the same time-period (DTS1235, Malvern Instrument Limited). Dissolution experiments for AgNPCi and AgBCi (at pH 7.5) in the embryo culture medium were carried out in 100ml clear glass bottles with a separate sample set up for each time-point for each concentration. Sample bottle caps were pierced to allow for airflow and carefully monitored for evaporation. Samples were incubated at 28oC with a 12h light/dark cycle in order to mimic the conditions under which zebrafish were cultured. Dissolved Ag+ and particles were separated using Amicon Ultra-4 centrifugal units with a nominal pore size of 1 – 2 nm (3Kda), having first assessed the recovery of the Ag+ from the filters (see supplementary Table S5). 

 At each study time point, 10ml of sample was withdrawn from the incubation vials and centrifuged immediately at 5,000 rpm for 50 minutes (maintaining a consistent temperature of 28oC). A few microlitres of concentrated (70%) HNO3 was added to the filtered samples which were then digested for 48 hours and analysed for Ag+ using a graphite furnace atomic absorption spectrometer (GFAAS, Perkin-Elmer Model AA600) with Zeeman background correction. Samples from time point 24h for concentrations 50 µg/L, 500 µg/L and 5000 µg/L were diluted by 50% after digestion using 0.2% HNO3 and the concentration subsequently corrected as appropriate for the resulting GFAAS data. The limit of detection for this technique is 0.005 ppb (0.005 µg/L) and the range of detection between 0.2 and 25 ppb (0.2-25 µg/L). The wavelength adopted for Ag+ was 328.1 nm. The energy range for the lamp read between 45 and 52. Appropriate blanks (0.2% HNO3 in deionised water) and standards (5ppb and 10ppb of laboratory standard AgNO3) were prepared and loaded every 10 runs to ensure quality control and result consistency. Three sample readings were taken and a mean calculated to give the final concentration.  Measurements were deemed consistent where the % RSD of the 3 sample measurements was less than 10%. Three separate runs were performed and the GFAAS method applied to the dissolution study was compared with an analysis conducted using ICP-MS.

S2. Fish source, culture and husbandry
Wild-type WIK strain zebrafish embryos were obtained from the Max Planck Institute, Tubingen, Germany and maintained at University of Exeter.  Fry from approximately 2dpf were fed on a microencapsulated diet (ZM Advanced Fry feed; ZM Ltd., Hampshire, U.K.). This was supplemented from approximately 7dpf with freshly hatched Artemia nauplii (ZM Premium Grade Artemia; ZM Ltd.). From 21dpf onwards to adulthood fish were fed with freshly hatched Artemia nauplii to satiation twice daily. As adults, fish were fed daily on both freshly hatched Artemia nauplii and TetraMin tropical flake food (TetraMin, Tetra Werke, Melle, Germany). Embryos for use in the toxicity assessments were collected from naturally spawning colonies. 

S3. Synthesis of gene probes: mt2, gstm1, gstp, hmox1 and fth1

The mt2 in situ probe was prepared as described previously (Osborne et al., 2013). For gstm1, a clone (IRBOp991A0110D) was obtained from Source Bioscience. To prepare the RNA probe for this gene, gstm1 cDNA was amplified by PCR using two primers, Sugano_F1: CTGCTCCTCAGTGGTGTTGCCTTTAC and T3_ Sugano_R1: GGA TCC ATT AAC CCT CAC TAA AGG CAG GTT CAG GGG GAG GTG TGG. Gstp, hmox1 and fth1 were acquired from University of Tsukuba (Mukaigasa et al., 2012). To make antisense probes for WISH, plasmids encoding gstp, hmox1 and fth1 were digested and transcribed with the following sets of restriction enzymes and RNA polymerases: gstp with BamH1/T3, fth1 with BamH1/T3, hmox1 with Xho1/ T3. Using a G50 column (GE Healthcare) the RNA was purified and precipitated using Lithium Chloride. The probes were then diluted 1/200 with hybridisation buffer (Osborne et al., 2013).

Sense probe information: For GSTp sense probe, digestion was done with with XhoI, transcription with T7 polymerase. For Fth1 sense probe, digestion was with XhoI, transcription with T7 polymerase. For Hmox1 sense probe, digestion was done with NotI, transcription with T7 polymerase. For Mt2 sense probe, PCR was performed with T7_Mt2_Forward: 5'-TAATACGACTCACTATAGGGATCAACTCATTCACAAGCTGA-3' and BamHI_T3_Mt2_Reverse: 5' GGATCCATTAACCCTCACTAAAGGAAATACCACCATTTATTTTAG-3’, transcription with T7 polymerase.

S4. Whole mount in-situ hybridization
For the hybridizations, embryos were fixed using 4% PFA in PBS at 4ºC overnight. They were then dechorionated and placed in methanol for 2 hours. Embryos/larvae were incubated in proteinase K (5 μg/ml) to increase probe penetration, as it is known that the skin of zebrafish becomes less permeable with age of larval development. Proteinase K treatments were carried out for either 30 minutes (for embryos between 24 hpf to 5 dpf) or 40 minutes (for larvae between 6 dpf and 12 dpf). They were then washed two times with PBS+0.1% Tween 20 (PBSTw), placed in hybridisation buffer for 1 hour and incubated with the desired probe overnight at 65ºC. Embryos were then washed in 50% formamide 2XSSC, 0.1% Tween 20 wash for 30 minutes at 65ºC, followed by a 2X SSC 0.1% Tween 20 wash at 65ºC and received 2x 30 minutes washes at 65ºC with 0.2X SSC 0.1% Tween 20. Blocking solution (2% Blocking reagent (Roche) containing 2.5 ml of calf serum in MAB (Osborne et al., 2013)) was added and the embryos were incubated for 1 hour. Anti-DIG antibody (5000x diluted with Blocking solution) (Roche) was then added and the embryos incubated for 2 hours. Embryos subsequently received a series of 4 x 30 minutes washes in PBTw before a 10-minute wash with AP buffer (Tris 0.1 M pH 9.5, NaCl 0.1 M, MgCl2 50 mM, Tween 20 0.1%). Embryos were transferred to a 24 well plate and placed in staining solution (BM-Purple AP Substrate, Roche) to reveal the probe, and photographed using a Nikon SMZ1500 stereo microscope equipped with a digital camera.  For the studies on gene ontogeny, the levels of gene expression were assessed on a qualitative basis. For the silver materials exposure work the levels of expression of the different genes studied were quantified using Image-J 1.44 P. Here, the expression intensity for a target gene was determined for a specific tissue area for 15-20 embryos/larvae, subtracting any background. The intensity value obtained was then converted to a fold change (FC) compared with controls to give an approximate quantification of effect for the different silver material treatments for that gene and tissue. Given the variation in the background expression of the target genes, only measured expressions differing from controls by more than 20% (i.e. fold changes above 1.2 or below 0.8) were considered as significant.
S5. Antibody staining of skin cells: vHATPase and NaKATPase
Double immunohistochemistry was used to characterise skin ionophores, specifically vHATPase and NaKATPase.  Ionophores are involved with ion transport and the exchange of other molecules in the zebrafish larvae (Esaki et al., 2007). Larvae were fixed with 4% PFA in PBS at 4ºC overnight and then dehydrated in 100% methanol. After rehydration in PBT (PBS+0.2% Triton X-100) and incubation in PBT containing 10% sheep serum (Sigma) for 1 h, the larvae were incubated overnight at 4°C with rat anti-dace vHATPAse and rabbit anti-eel NaKATPase (diluted 1:1000 with PBT containing 10% sheep serum). Following washing with PBT, the larvae were further incubated at room temperature for 2 hours with anti-rabbit IgG, Alexa Flour 543-conjugated anti-rabbit IgG, Alexa Fluor 488-conjugated anti-rat IgG (diluted 1:1000, Invitrogen) and then washed with PBT, embedded in 2% methylcellulose and photographed under a Zeiss Microscope Observer Z.1.
S6. Fate and behaviour of AgNPCi and AgBCi at different exposure concentrations over the period of embryo cultures
Agglomeration in embryo culture medium
As there was more than one peak present, data are presented as the number average or % particle (rather than the z-average). A known limitation of DLS is that larger particles scatter more light than smaller ones, such that the scattering from a few larger agglomerates can “mask” the scattering from smaller particles, and multiple peaks always need to be interpreted with caution. The DLS data indicate that the lower particle concentrations (5 and 50 µg/L) were less stable/more agglomerated in the embryo culture media than higher ones. From the size by intensity data, at the two higher particle concentrations (500 and 5000 µg/L) there are particle agglomerates of < 200 nm present for at least 72 hours, while for the 50 µg/L there are <200nm agglomerates present for at least 72 hours, while for the 5 µg/L in 1:5 diluted zebrafish embryo medium the minimum size particle agglomerates at any time point is at least 350nm.

In the case of the AgBCi particles (supplementary material Figures S3/S4), DLS size measurements confirm the larger size of these particles, and show significant agglomeration of the particles at all time points and at all particle concentrations. There was variability over time, but generally the particles can be considered to be agglomerated and have sizes > 500nm.

Dissolution studies
The 5 µg/L particle preparations in both cases seemed to dissolve completely as shown by the concentration data over time. This trend, however, could also be attributed to losses during the experimentation phase due to the very low concentration, and there is some evidence from the DLS size values (zeta average and size by intensity) of agglomerates even at 120 hours at this lowest particle concentration.  For the intermediate exposure concentrations, the amount of dissolution is higher for the AgNPCi than for the larger AgBCi, as expected. Figure S6 and Table S4 show the repeatability of the exposure study and include a comparison of results where the silver was measured via both GFAAS and ICP-MS for one of the concentrations studied (50 µg/L), and data over collected over 300 hours to assess whether the higher concentrations undergo complete dissolution over this timescale. Recovery of silver ions by Amicon centrifugal ultrafiltration using GFAAS was between 96.1 and 97.7% for loaded sample concentrations spanning 5 µg/L and 25µg/L (see supplementary material Table S5). The three higher concentrations of AgNPCi showed a constant release of Ag+ over a major part of the exposure time (5-80 hours); which appears to be relatively similar at all concentrations (and similar to the Ag+ release from the AgBCi at the highest concentration). The apparent rate of dissolution was calculated from the best fit of the slope of the linear time points in Figure S4 in the supplementary material. 
Considering possible speciation of silver in the exposure medium, significant differences in soluble Ag species concentration have been observed between low ionic strength media (e.g., DI water, zebrafish embryo medium) and higher ionic strength media (e.g. K+ medium used for C. elegans, Levard et al., 2013). Among the salts present in the exposure media, chloride is known to strongly react with Ag+ ions potentially forming quite insoluble AgCl(s) (Ksp=1.77 ×10−10) or soluble silver chloride species (AgClaq, AgCl2−, AgCl32− and AgCl43−), depending on the amount of chloride in solution.  Given Cl’s role as a driver of AgNP dissolution via formation of insoluble AgCl(s) precipitates, the exposure medium used was a 1:5 dilution of the standard zebra fish embryo medium, with total ionic strength of < 5mM, such that it can be assumed that the majority of Ag+ was present in the form of soluble Ag species, which are bioavailable. Table S5 confirms that the recovery of soluble silver was >96% following ultracentrifugation suggesting essentially no insoluble silver fraction (limited AgCl (s) and no Ag2O (black precipitate)).   

S7. Normal expression of target genes in zebrafish during early life (0-12 dpf):
Extensive in situ hybridization studies were carried out to determine the normal ontogeny of expression of the target genes selected more than 1000 reactions (~2 700 zebrafish embryos and early life stages (15 to 20 individuals x 12 stages x 5 markers x triplicate analyses)

mt2 (metallothionein 2) was expressed at 3-4 hpf in cells of the blastoderm, and then at a relatively low level at 24 hpf in the extended yolk sac region of the embryo. No expression was seen after 2 dpf up to 12 dpf (Supplementary material Figure S2, Ai-Aii; see also Osborne et al. 2013).
 gstm1 (glutathionine S-transferase mu) 
There was low-level expression at 3-4 hpf in cells of the blastoderm which was more intense at 8-10 hpf. Low detectable expression of this gene occurred at 24 hpf in the extended yolk sac region. No detectable expression occurred during the subsequent development up to 12 dpf (Supplementary material Figure S2 Bi-Bii). 

gstp (glutathionine S-transferase pi) 
Expression was detected throughout the ontogeny period studied and occurred in olfactory bulbs, ventricles in the brain, neuromasts, jaw fins and gut. The patterns of expression and intensity of expression differed over the life stages studied. At 24 hpf gstp expression occurred in the extended yolk sac region and at 48 hpf in the olfactory bulbs and brain ventricles. At 3 dpf expression occurred in neuromasts expressed along the lateral line and at 96 hpf also in the jaw. At 3 dpf some weak expression also occurred in the region of the olfactory bulb. Gstp expression occurred in the pectoral fins at 120 hpf, and at 144 hpf was also associated with the region of the gut. At 168 hpf, 192 hpf and 240 hpf there was relatively weak gstp expression and this occurred predominantly in neuromasts (Supplementary material Figure S2, Ci-Cviii).

hmox 1 (heme oxygenase 1) 
There was little detectable expression of hmox1 in embryos until 24 hpf, when a relatively high level of expression was observed in the retina and at the tip of extended yolk sac. At 48 hpf expression also occurred in the retina, in the yolk sac and in some neuromasts.  At 72 hpf onwards some (18%) of the embryos studied showed a low level, or no observable expression of hmox1, until 7 dpf when there was a relatively high level expression in the liver (Sadler et al., 2007) which was continued subsequently to 12 dpf (Supplementary material Figure S2, Di-Dvii).

fth1 (ferritin heavy chain 1) 
Expression of fth1 occurred 3-4 hpf in the entire blastoderm. At 7-9 hpf low level expression was detected in the germ ring and at 24 hpf there was a pronounced expression in the forebrain, which persisted in the brain at 48 hpf with additional expression in the extended yolk sac. No expression of fth1 was detected at 72 hpf or at 96 hpf, but from day 6 to 11 variable and relatively low level expression occurred in the yolk sac and/or gills. Fth1 expression occurred in the liver from 144 hpf to 216 hpf, was absent in this tissue at 240 hpf, but detected again at 264 hpf (Supplementary material Figure S2 Ei-Eviii).
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