Genomic Exploration of the Regenerative Non-model Organism Botrylloides violaceus
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Abstract Project #1 Project #2

Advances in genome sequencing have made it possible to study the genetic landscape of a wide range of - : : : : - - : : : :
animals, including those with unique biological traits. In this project, we explore the genome of Finding TF Binding Site Motifs and Candidate Target Genes Pipeline to Find Potential Small Genes

Botrylloides violaceus, a marine colonial ascidian capable of whole-body regeneration. The first subproject — :
examines short conserved DNA sequences, known as motifs, that serve as binding sites for transcription Use of ESMFold to DFEdICt protein foldmg based on amino acid segquence

factors, proteins that help turn genes on or off. We scanned the B. violaceus genome for motifs linked to FIMO - Scans motifs within the genome - Needs more stringent parameters to

: : : i i _ - Output individual motifs combat false positives
known regeneration-related genes and pathways, including the Wnt signaling pathway, and mapped their ko B T or it
locations relative to the annotated genome. This approach allowed us to identify candidate genes near relationship with other motifs

these regulatory sequences that may play a role during regeneration. The second subproject looks for very XSTREME D b indRadt el okt [deriowo or knowr Sl

small genes that may have been missed in earlier analyses, some as short as a few dozen amino acids. - Perform motif discovery and enrichment - Not available on Galaxy
- Can handle unaligned DNA

While tiny proteins like these have recently been found in humans, they remain largely unexplored in
other animals. We used a simple gene-finding approach that looks for patterns indicating possible coding
regions, and applied machine learning and protein-folding tools to predict which sequences are likely to

: : : : MCAST - Output motif clusters - Not designed for scanning of
produce real, functional proteins. Together, these two approaches help us investigate the genome of an - Adjustable cluster size and scoring Lo
understudied animal. lllumina Short Reads (~150 bp) Nanopore Long Reads (~1000 bp) - Requires the usage of multiple motifs '
as input : L

- Not available on Galaxy

Figure 7b. ESMFold predicted protein structure for a small
gene encoding a 39- amino acid sequence:
KLYPVELMTRISLKKNPRSFYLIISPDICIESTLTTNR.

Validation of Methods

Mann-Whitney p-value: 1.79e-30

Figure 7a. ESMFold Predicted structure for amino acid
sequence of a large protein coding gene (~380 amino acids).

MOTIF Search - Uses P-fam database - Limited to protein motifs
Outputs an E-value for each motif

-

Sequence Errors

Table 1. Moti finding softwares with advantages and disadvantages.

Wnt signaling Distribution of Start/stop region Lengths
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Table 2: Analysis of LEF1 and FOXK1 TF consensus motifs Figure 5. WNT signaling can lead to activation of both LEF and Real Genes Random segments Start/stop region Length
sequences (sourced from the JASPAR database) and the FOXK1 TFs (green arrow). Image taken from Developmental
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e : . acids and random segments selected from the genome. The
g Project 1 Project 2 o ) , are much shorter than expected
transcription . i ] ] p-value indicates that the real proteins have higher
factor binding N - ~ Approach to Visualizing TF Binding Site Motifs in IGV confidence scores than random sequences.
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v v Figure 6. IGV visualization showing found TF motif upstream of the transcription start site (TSS) of WNT target genes.
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