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Abstract of Thesis

Among the different types of long noncoding RNAs (IncRNAs), those that overlap with protein—coding genes
in the sense direction are poorly studied due to the difficulties in distinguishing them from their overlapping
coding genes despite the projection that they are the most abundant type of IncRNA. Recently, DAPALR or
Doublesexl-alpha-promoter-associated—long noncoding—RNA was found overlapping the 5 UTR of the
male-determining gene, Doublesex! (DsxI),in Daphnia magna. DAPALR was identified as a potential regulator
of Dsx/ but its mechanism remains unknown. In this study, the goal is to perform functional analysis on the
1IncRNA DAPALR and its associating protein/s. This study aims to give light on the function and significant
role of 1ncRNAs in gene regulation for various biological processes like sex determination, and also to pave
a deeper understanding of the biogenesis and function of the poorly studied group of sense—overlapping IncRNAs.

To investigate the role of DAPALR in DsxI regulation, I expressed the full sequence of DAPALR in female
and male eggs of the Dsx/ reporter strain which codes for the mCherry gene in one of the alleles of DsxI/;
hence the mCherry fluorescence recapitulates Dsx1 expression. Phenotypic observation showed ubiquitous mCherry
signals and qRT-PCR results revealed a significant increase in Dsx/ expression. Furthermore, the same
ubiquitous mCherry signal was also observed when the partial region of DAPALR that overlaps with Dsx/ a 5  UTR
was overexpressed in females. Hence, this region was regarded as the transactivation element of DAPALR.

The proteins associating with this transactivation element were identified as Alan shepard (Shep) and
CGUBP1. I focused on Shep and found an ortholog in 0. magna with two RNA Recognition Motifs (RRMs) that are
highly conserved among species and throughout evolution. The temporal expression profile of Shep showed that
its expression is not sex—specific; indicating its role in both male and female. To characterize its function,
T induced loss—of-function by RNAi and mutagenesis by CRISPR/Cas9. Shep-silenced male and female embryos showed
increased mCherry signals. But, based on qRT-PCR results, the expression level of Dsx/ did not increase as
the Dsx1 protein. Shep mutants also displayed high mCherry signals in the whole body even in non—sex—specific
tissues, while the Dsx/ expression levels remained the same between mutant and control. Moreover,
overexpression of the Shep mRNA in males reduced the mcherry signals but the Dsx/ expression level remained
unaffected. These results established that Shep represses Dsx/ at the post—transcriptional level.

The Shep ortholog in C. elegans, Sup—26, is a translational repressor that binds to the tra—-2 and G/1
element (TGE) of its target gene. The same consensus sequence is conserved in Dsx/ « 5 UTR and DAPALR 1
used a GFP reporter mRNA driven by Dsx/a 5 UTR either with and without the intact potential Shep binding
site (TGE) to test its role. Translation efficiency is lower when the TGE element is intact and translation
further decreased upon co—injection of the Shep mRNA. To confirm this, I experimented 7m vitro and results
showed that only the reporter mRNA with intact TGE was repressed by Shep. FLAG pulldown also showed that Shep
exclusively binds to the TGE. Lastly, I added the DAPALK full region and its core element with the TGE in
the suppression experiment and results showed that both can enhance the translation activity in a dose—dependent
manner even in the presence of Shep. DAPALK can cancel the suppression of Shep to Dsx/ translation

I propose the noise—canceling mechanism as the function of the sense—overlapping 1ncRNA DAPALR and its
RBP, Shep. Dsx/ is transcriptionally silenced in female and non—sexually dimorphic tissues in males but
stochasticity in gene expression may result in noisy transcription. Hence, Shep represses Dsx/ translation
and ensures no unintentional expression of DsxI. DAPALR then acts as a decoy and titrates Shep away to unlock
its suppression and activate Dsx/ translation in sex—specific tissues inmales. This Shep—dependent suppression

and by IncRNA-activation of Dsxs/ exhibits one mechanism of how sexual dimorphic expression is accomplished.
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%6 2 B TIL, DAPALR &4 LTz / v a—F ¢ 7 RNA OAEERNIZE T A EEZH O MNICT B0, 43IV v =
IZ3 T DAPALR ZBRIRBL SE TN D, FOMBEASACEBNTH A ACBWTHHREICRBIT 5~ A ¥ —#iEzTTh
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53 FETIL, Dsxl BAGFDOREIIFHFEIC LB A2 DAPALR O =2 72 AW T, A4 IV any 7 GiEn» s,
DAPALR #5& % L /X7 B ZHFAE L T\ 5D, TDOFEH:. Shep & CGUBP1 @ 2 Flid> RNA F5A& & o 73 7 B A3 FLAIZ DAPALR (2
FEELTVWDZEERLTND, SHIZZO Shep Efn 1% CRISPR/Cas9 JEIC X W HES 5 Z &2 LV Dsxl EfnT7E
MEPHEINT 2 Z & E2RLTWD, —JF Dsxl BIEF% 22— N9 25 mRNA RITIFEN 2D >72Z & )25, DAPALR (351
RV TRETHRAZEHE L TNDE Z EERLTWA,

%A TETIE, invitro DFIFR%R % T, Shep ODHEREZ B BN LT3, 97245 DAPALR o =2 7 ik & & - mRNA
I% Shep DFFTE T Tk, FIRRZIEMNMET T 22 &, ZOFIFIKTIL DAPALR O = 7 HEIRAMIES 5 Z LI KV [EIET S
Z &7 85, Shep IEmRNA @ DAPALR @ = 7 fEIICAE S L C. YaZmRNA OFRRZMHI 5 2 L 2R L TW5, £
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WHEETIE, ThoEoncMmAEZREL, SBOEZIZOVTRIEL T\ 5,

UED LIz, BRBSUIEENR AR TH-Ten /) va—7 47 RNA IZ2WT, ZOREX RV EDRE%R
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