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Table S1: Description of exposure levels for microarray hybridizations 
 

Exposure level Description 

1/20 EC50 1/20th of the concentration that causes a 50% reduction in 
reproduction during a 21-d, chronic exposure 

1/10 EC50
1/10th of the concentration that causes a 50% reduction in 
reproduction during a 21-d, chronic exposure 

1/10 LC50
1/10th of the concentration that causes a 50% reduction in 
survival during a 24-h, acute exposure 

NOEC The highest concentration that does not cause a significant 
(p>0.05) reduction in survival after a 24-h acute exposure 

Exposure levels were chosen based on acute (24-h) and chronic (21-d) toxicity endpoints.  These 

levels were chosen to represent a tolerated concentration (1/20 EC50 or 1/10 EC50), a sublethal 

concentration (1/10 LC50), and a nearly acutely toxic concentration (NOEC). 
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Table S2: Primer sequences used for Real-time qPCR confirmation of microarray data 

Accession Number Predicted Function Primer Sequences 

DV437798 Monooxygenase CCATGTCGACGTCTTTCTGA 
AGGCCTGATGACAACGTCTT 
 

DV437830 Glutathione-S-transferase 
(GST) 

TCAGGCTGGTGTTGAGTTTG 
GAGCAAGCATTTGTCCATCA 
 

DV437806 Inositol monophosphatase 
(IMPase) 

CATGCAGGCAACATAATTCG 
CTGTTGAGCTCTGCGATCAG 
 

DV437797 Cellulase TTCCAGTTTCCAGGTTGACA 
GGACGTAGAAACGACGGAAT 
 

ES408209 Preamylase CGACATTATCTCGGGCAACT 
AGGCCTTTCCATCAGATCCT 
 

DV437805 Slit homolog GTCGATTTTTCGGTCCTCAA 
AGGTCAGGCAGTGTTTCGAT 
 

DV437826 Metallothionien (MT a)  TTGCCAAAACAATTGCTCAT 
CACCTCCAGTGGCACAAAT 
 

DV437799 Metallothionien (MT b) GTGGAACCGAATGCAAATG 
TGCATGGACAACTGGAACTG 
 

DV437813 Lectin TTTCGTGCTACTGCGCTACT 
GCTCCTTCTCGTACGTTTCC 
 

DV437823 β-1,3-glucan binding protein 
(BGBP) 

ATCGCTACCAACTGGAATGG 
GACGTACCGAGTTCCCAGAA 
 

DV437858 Chitinase CGAAACCACGTTCAAGATCA 
CAAGCCGGTGAATTTACGAT 
 

AF070104 18S rRNA TGTATCCCAACGCCTGAATA 
CCGAGGTCCTATTCCATCAT 
 

Primer pairs for real time PCR were designed using Primers3 software (1) according to the 

recommendations of Applied Biosystems for the SYBR GREEN PCR based assay. (Source code 

available for Primers3 at http://fokker.wi.mit.edu/primer3/) 

http://fokker.wi.mit.edu/primer3/
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Table S3: Candidate Differentially Expressed Genes 
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Six independent microarray hybridizations were carried out for each of exposure concentration.  

Candidate differentially expressed genes were determined using the method of Loginov et al. (2). 

Clones which were differentially expressed in at least 4 of the 6 microarray hybridizations were 

chosen as candidate differentially expressed genes. Green represents down-regulated 

differentially expressed genes, and red represents up-regulated differentially expressed genes. 

Shown here is the average log2 ratio for the six microarray hybridizations.  
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Table S4: Quantitative Reverse Transcription PCR (q-RT-PCR) confirmation of microarray gene 

expression ratios 

 

D. magna were exposed to each exposure concentration for 24-h.  Following the exposure, RNA 

was isolated and reverse transcribed.  qPCR was carried out on the cDNA using SYBR Green as 

described in the methods section.  Log2 ratios from the q-RT-PCR analysis are compared to the 

averaged log2 ratios for the microarray experiments.  Genes significantly differentially expressed 

for a given condition are shown in red for upregulated genes or green for downregulated genes.     
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Table S5: Estimation of the NOTEL  

 
Probability Concentration 

(µg/L) 
Concentration 

lower (µg/L) 
Concentration 
upper (µg/L) 

Response 
lower 

Response 
upper  

0.0005 0.20 0.07 0.58 1.25 5.00 
0.0010 0.58 0.26 1.30 2.93 8.52 
0.0015 1.07 0.55 2.09 4.82 11.66 

Estimation of the NOTEL is a maximum concentration which gives a response whose 95% CIs 

are still overlapping with 95% CIs for the estimate of noise (in unexposed versus unexposed 

controls).  For Cu, the estimation for noise was found to be 1.64 [0.000, 3.19] differentially 

expressed genes at average; therefore, the NOTEL was estimated using the table above to be 

0.58 µg/L because it was the highest concentration whose 95% CIs for differentially expressed 

genes [2.93, 8.52] overlapped with the 95% CI for noise. 

Probability - predicted probability to be differentially expressed at a given concentration 

(response), 

Concentration - Concentration on original scale, 

Concentration lower - lower 95% confidence limits for concentration, 

Concentration upper - upper 95% confidence limits for concentration, 

Response lower - lower 95% confidence limits for the response shown as the number of 

differentially expressed genes, 

Response upper - upper 95% confidence limits for the response shown as the number of 

differentially expressed genes. 
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Figure Legends 

 

Figure S1: Exposure and microarray hybridization experimental design.  Three replicate 

exposures (exp) were performed for each metal concentration on separate dates.  A zero 

concentration control (ctrl) was performed alongside each metal exposure, so that each exposure 

had a complimentary unexposed control for microarray hybridization.  Following each 24-hour 

exposure, D. magna were collected and RNA was extracted for microarray hybridizations.  Before 

proceeding to reverse transcription, RNA from both the unexposed and exposed D. magna was 

split into two pools, to provide two dye-swapped technical replicates for each metal exposure. 

Because three exposures were performed for each metal, and RNA from each exposure was 

hybridized to two different microarrays, there were six hybridizations for each exposure condition.  

 

Figure S2: Acute and chronic toxicity of metals to Daphnia magna. D. magna were exposed to 

varying concentrations of copper (A), cadmium (B), or zinc (C) for 24 hours (acute) or 21 days 

(chronic).  Survival after acute exposure (�) and reproduction after chronic exposure (�) are 

shown as percent of the control exposures.  � denotes concentrations that cause a significant 

decrease (p< 0.05) in survival or reproduction from the control.   

 

Figure S3: Quantitative Reverse Transcription PCR investigation of metallothionein genes 

following metal exposure.  In each experiment, the expression level of each gene was normalized 

to 18S rRNA and is shown as the fold induction compared to an unexposed control. 

Metallothionein gene expression determined by q-RT-PCR is shown for two MT transcripts at 

different metal concentrations to illustrate the specificity of MT (a) (DV437826) and MT (b) 

(DV437799) and to confirm the gene expression patterns seen by microarray analysis.  Error bars 

represent the standard deviation across three technical replicates.   
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