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cisregulatory modules in C.elegans embryogenesis
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Adequate regulations of transcription are required for production of a wide array
of cell types in development. These regulations are often triggered by binding of
proteins (transcription factor or TF) to specific regions (cis'regulatory modules or
CRM) of genes. Thus, it is important to reveal combinations of TF-CRM for
understanding gene regulatory network, and I considered a crucial factor for
understanding the network is the temporal/stage-specific transcriptional mechanisms
regulated by CRMs. To this end, I developed a computer algorithm to predict CRMs
candidates. Then, I verified them experimentally and extended the analysis to reveal
gene regulatory mechanisms in C.elegans intestine cell lineage. C. elegansis one of the
best animals to investigate gene regulatory network because of abundant information
of gene expressions for prediction and availability of experimental methods for
verification. Taking with the advantages, I address to elucidate that there exist
independent mechanisms for stage-specific initiation of gene expression besides
cell-specific transcriptional regulation. I think the combinatory regulations of the two
regulatory mechanisms are essential for proper gene expressions.

First, I describe the development of a two-step computer algorithm named
FEsystem (Filtering-Esteeming system) to identify CRMs. This system extracts
short-sequence motifs specific to positive dataset (PD) (in this case, upstream region of
genes that show the same expression patterns) by comparing with negative datasets
(ND) (upstream regions of other genes). Previous in silico methods for CRM predictions
often faced two problems known as scalability and generality problems. The scalability
problem is that it becomes much harder to extract short sequence motifs when the
search region becomes 1000bp or longer. The generality problem is that most of CRM
discovery programs require parameter optimization such as window size of target
CRMs for each CRM. Thus, those CRM discovery programs do not work efficiently on
other datasets with a set of fixed paremeters, and both of those obstacles caused
difficulty to identify ab initio / de novo CRMs. I developed FEsystem to overcome these
problems. I confirmed the performance of FEsystem prediction by the benchmark tests
using the datasets of six known CRMs in C elegans which had been verified
experimentally. FEsystem identified all the CRMs from the datasets successfully. Then,
I applied FEsystem to the sets of genes which show the same in sifu hybridization
patterns in NEXTDB (Nematode Expression Pattern Database). As a result, I
identified many CRM candidates for tissue-/stage-specific transcriptional regulation in
C. elegans embryogenesis.

Next, I show that I verified the functionality of the CRMs candidates by the GFP
reporter assay. Here, I focused on three consecutive stages of the intestine E-lineage;
E2, E4, and E8 (two, four, and eight E-cells) stages, to verify the CRM candidates iz
vivo. E-lineage forms only intestine and intestine is formed only by E-lineage, and it

have been shown that many genes were activated by multiple GATA factors
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stage-specifically in the E-lineage. I examined various deletion/substitution/insertion
constructs for both the CRM candidates and GATA sites. These results showed that (i)
~ there exist distinct CRMs at each stage, (ii) the candidate CRMs that are located near
GATA sites may be required for regulating the initiation timing of proper gene
expressions, and (iii) the initiation timing can be controlled by replacing the
stage-specific CRMs. As a temporal transcriptional regulation, the affinity model is
known in pharynx development of C. elegans embryogenesis. In the model, the
initiation timing of gene expressions is determined by the binding affinity of TF and
the numbers of transcriptional factor binding sites (TFBS). However, many lines of
evidence have shown that the affinity model may be conflict with the transcriptional
regulatory system in the intestinal lineage. For example, even though 5-upstream
region of genes contain multiple GATA sites, those genes are not activated at any
stages in the lineage. Thus, I think my results support a temporal/stage-specific
transcriptional regulation mechanism other than the affinity model.

Furthermore, I investigated TFs for the identified E-lineage CRMs to elucidate a
mechanism of temporal transcriptional regulation. For TFBS prediction, I again
applied FEsystem to datasets of yeast-one hybrid, which contained more than 230 TFs
expressed in digest trucks such as pharynx and intestine (Deplancke et al., 2006). I
confirmed approximately 70% of known TFBSs were predicted by this approach. As a
result of comparing predicted TFBS with the E-lineage CRMs, I found DAF-12 is a good
candidate as a temporal regulator at E8 stage. I evaluated the GFP expression
patterns of E8-stage genes in daf12 (m20) null mutant and found that the patterns
were similar to those of the deletion/substitution constructs of E8-stage CRMs.
Consistently with the results of previous studies, RNAi assay on GATA factors in the
lineage showed that ELT-2 GATA factor also required for E8-gene expressions. These
results strongly suggest that DAF-12 directly regulates the initiation timing of gene
expressions with the GATA factor at E8 stage in intestinal lineage.

In this doctoral thesis, I demonstrated a strategy for elucidating a transcriptional
mechanism of tissue-/stage-specific TF-CRM combination, which will lead to designing

promoter regions of genes in the future.
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