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I. Introduction

Daphnia magna Straus (D. magna), a species of Crustacea: Cladocera native to North
America, is commonly used as a model primary consumer for ecotoxicity testing to assess
ecological effects of chemicals. The standardized ecotoxicity test methods using D. magna
such as OECD Test Guideline No. 202 do not specify recommended strains, which could cause
the different results of ecological effect assessment for the same chemical depending on the
strain used for the test. In the case of Daphnia sp., strain differences in genetic alteration and
DNA methylation were found to change gene expression levels, which cause changes in
sensitivities to chemicals. For example, previous studies indicated that strain difference in
sensitivity to a certain chemical could be caused by differences in gene expression levels
related to the chemical’s mode of action (Lyu et al., 2018, Limnol. Oceanogr., 64(1), 272-
283). I hypothesized that I could specify chemicals which cause sensitivity difference among
strains by specifying differentially expressed genes among strains.

Based on comparison of gene expression profiles of D. magna strains, I verified two
hypotheses. (1) Possibility of DNA methylation to cause strain differences in gene expression;
(2) Possibility of specification of environmental contaminants to cause sensitivity difference
among strains.

II. Material and Methods

Three strains (NIES, England, and Clone 5) of D.f magna were selected. There were
sensitivity differences among these three strains to juvenile hormone analogs or metals (Oda
et al., 2007, Ecotoxicol. Environ. Safe, 67(3), 399-405). First, RNA-sequencing (RNA-seq),
which measures comprehensive gene expression, was performed on the three strains, and
differentially expressed genes (DEGs) of which expression levels differ among the strains
were identified. Next, we selected two strains that showed greatest differences in expression
levels by hierarchical cluster analysis for the two experiments as follows (1) To evaluate the
effect of DNA methylation, the up-regulation of DEGs containing CpG regions (200 base pair
sequences with more than 50% of CG content) was verified by the exposure to a DNA
methylation inhibitor. (2) To specify chemicals that cause strain differences in sensitivity, the
characteristics of biological functions of the DEGs was estimated by Gene Ontology

enrichment analysis (GO analysis). Then, the result of GO analysis was verified by



determining activities related to the estimated functions in the two strains. Finally, acute
immobilization test was performed with chemicals that inhibit the function, and the sensitivity
was compared by 48 h-50% effect concentration (48 h-EC50).

III' Results and Discussion

1. Comparison of gene expression profiles of three strains: selection of two strains

Hierarchical cluster analysis of DEGs obtained from RNA-seq among three strains showed
that the greatest difference in expression levels was observed between the NIES and England
strains. Thus, subsequent focus was on comparisons between the NIES and England strains.

2. DNA methylation effect on strain difference in gene expression

Ten genes with CpG regions were selected from DEGs between the two strains. Quantitative
PCR was performed to verify up-regulation of these genes caused by exposing daphnids to a
DNA methyltransferase inhibitor, 5-azacytizine. Since no significant up-regulation of selected
ten genes were observed, these genes expression may not be affected by DNA methylation.

3. Comparison of sensitivities to the chitin synthesis inhibitor among three strains

The NIES strain showed significantly higher gene expression levels of chitin synthase
(chitin synthase CHS-2-like transcript variant X2) and higher function related to chitin
synthesis and metabolism was suggested by the GO analysis. Also, consistent with the result
of GO analysis, chitin content in the NIES strain was significantly higher than that in England
strain. I hypothesized that the NIES strain is probably less sensitive to chitin synthesis
inhibitors, which decrease chitin content to induce molting inhibition, due to the relatively
high chitin content. Thus, two chitin synthesis inhibitors (diflubenzuron and teflubenzuron)
were examined by acute immobilization test. There was a significant difference in 48 h-EC50
for diflubenzuron with 14-fold, and a 2-fold difference was also observed for teflubenzuron
between the NIES and England strains (Figure). As the NIES strain was less sensitive to both
chemicals, these strain differences could be attributed to the difference in chitin content.

Our results indicated that the possibility of predicting sensitivity difference in strains, based
on the gene expression profiles of D. magna strains, if the pathway from the inhibition of
gene’s function to immobilization is revealed and the detailed mechanism of action of the
chemical substance are known, as in the case of chitin synthesis inhibitors (Kato et al., 2022,
Aquatic Toxicol. 243106071).
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Figure. The results of acute immobilization test of two chitin synthesis inhibitors



