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Chapter 1: General Introduction

Sex determination can be broadly categorized into two groups according to the primary causal agent of sex
determination. One is the most researched genotypic sex determination (GSD), in which sex chromosomes determine
the sex of the individual. In contrast, environmental sex determination (ESD) uses environmental factors to
determine sex. In the recent report, sex determination in ESD species Daphnia magna has been brought closer
to light. The male—determining gene, Doublesexl (DsxI), was reported to be regulated in trans with a 1ncRNA
DAPALK and an RNA-binding protein Shep. The model proposed in this intricate mechanism was a noise—canceling
for Dsxl expression to avoid sex bias. However, the current model is insufficient and needs more supporting
data from other Dsx/-interacting elements, such as CUGBP Elav-like Family Protein 1 (CELF1). This study aims
to elucidate the Dsx/-interacting RNA-binding protein (RBP), CELF1 function in regulating Jsx/ expression
for understanding the complex and elegant mechanism of sex determination in 0. magna

Chapter 2: CELF1 conserved in J. magna and repressed DsxI post—transcriptionally

The previous study has identified two RBPs that bind to the Dsx/a 5 UTR. One of the RBPs, CELF1, become
the focus of this study. I annotated the CELF1 ortholog in D. magnha with three RNA-recognition motifs (RRMs)
that conserved in diverse species. The expression pattern of CELFI was similar in males and females, indicating
its importance in both sexes. Following injection of CELFI RNAi in the Dsx/ reporter strain, mCherry
fluorescence intensity was increased in both sexes, mirroring the upregulation of Dsx/ activity. On the other
hand, the DJsx/ transcript level measurements showed no significant change between the CELFI downregulated
embryos and the control. To validate this result, I overexpressed CELF1 by injecting ectopic CELF1 mRNA in
male embryos. The result showed a conspicuous reduction of Dsx/ activity suggested by the low mCherry signal
Consistent with the knockdown experiment, the Dsx/ transcript level also did not change after overexpression
Altogether, these results showed that CELF1 suppressed Dsx/ expression at the post—transcriptional level.
Chapter 3: CELF1 repressed Dsxl expression via the GU-rich element of the DsxI/a 5 UTR in embryos

Based on the previous chapter’ s result, CELF1 was suggested as a post—transcriptional regulator of Dsx/. CELF1
has been known to regulate gene expression by binding to the GU-rich element (GRE) in target mRNA. I found
a CELF1 putative binding site in Jsx/a 5 UTR that implements the GRE characteristic. To test whether CELF1
utilizes this GRE to suppress Dsx/ expression, I designed Dsx/a 5 UTR-GFP reporter mRNAs with or without
the GRE. The GFP fluorescence showed in vivo translation efficiency of the reporter mRNA under the presence
or absence of the GRE. In the absence of GRE, embryos have significantly higher GFP translation than those
injected with intact GRE. On the other hand, coinjection with CELFI mRNA further lowers the GFP intensity
This result indicates that the presence of GRE is essential for Dsx/ expression suppression by CELFI.
Chapter 4: General discussion and conclusion

CELF1 repressed Dsx1 expression at the post—transcriptional level via utilization of GRE in the Dsx/a 5
UTR. This study gives more insight into Dsx/ expression regulation involving the CELF1 that may function as
a sink or threshold to control Dsx/ expression so it can avoid sex ambiguity. Furthermore, looking at the
nature of CELF1 as the suppressor of Dsx/ and the GRE near the Shep binding site, it is attractive to relate
the same titration pathway with DAPALK. This hypothesis is consistent with the fact that DAPALR also shares
the same GRE within DJsx/a 5 UTR and a potential synergy between Shep and CELF1 might be involved. Even though
this hypothesis needs to be further investigated in the future, the unique role of CELF1 in regulating Dsx/

expression brings clarity to the complex yet the elegant mechanism of sex determination in /. magna
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2R Tl MIRERAR Fdsx1D5 ™ IR UK BT DRNARE & & /37 B D 1 > & L CIAE S#U7=CELF 1 @
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AL TR MHENG THIEL TN ZE2HLMNIC L, S HITRNALTAIZ X 0 E{K L~V TCELF LA 7 DR B 440
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DOPEN oz Z Ens, BEHED EFIImRNADIEZL TH LR L~V TRETWDH I EE2RLT,
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FSEIRR OIHNCE 5 LT D Z & &R LT\ 2, F2CELFLEG % 23— R9 2 mRNAZ RIFRFIZEAT 5 & GFPD
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TFAET HGREZ L 2 > D &AEH) & LCHREE LmRNAOBIRR 2 81l L T\ D Z & &R LT,
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