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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 

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 

factors, proteins that help turn genes on or off. We scanned the B. violaceus genome for motifs linked to 

known regeneration-related genes and pathways, including the Wnt signaling pathway, and mapped their 

locations relative to the annotated genome. This approach allowed us to identify candidate genes near 

these regulatory sequences that may play a role during regeneration. The second subproject looks for very 

small genes that may have been missed in earlier analyses, some as short as a few dozen amino acids. 

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 

produce real, functional proteins. Together, these two approaches help us investigate the genome of an 

understudied animal.
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Project #1

Workflow and Goals

Figure 4. A summary of our workflow for projects 1 and 2 for the genomic analysis of the non-model organism B. 
violaceus.

Project #2

Figure 1. A B. violaceus colony fragment collected 
from Morro Bay, CA, and imaged under a 
dissecting microscope. An individual body, called a 
zooid, is circled in black.

Figure 2. A diagram of a hybrid genome assembly. Image 
obtained from Jack Sumner. 

Table 1.  Moti finding softwares with advantages and disadvantages.

Figure 6.  IGV visualization showing found TF motif upstream of the transcription start site (TSS) of WNT target genes.

Table 2: Analysis of LEF1 and FOXK1 TF consensus motifs 
sequences (sourced from the JASPAR database) and the 
number of occurrences identified in the genome using FIMO 
(p = 1e-07).

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

Figure 3. A 
diagram of a 
transcription 
factor binding 
to a TF binding 
site on a gene. 
Image 
screenshotted 
from NIH 
Division of 
Intramural 
Research. 

Figure 5. WNT signaling can lead to activation of both LEF and 
FOXK1 TFs (green arrow). Image taken from Developmental 
Cell13. Figure 8.  Distribution of confidence scores generated by 

ESMFold on annotated B. Violaceous genes under 100 amino 
acids and random segments selected from the genome. The 
p-value indicates that the real proteins have higher 
confidence scores than random sequences.

Current Issues:
● This is resulting in distances between in frame start/stop codon regions being far too short

○ This is a draft genome, we expect random sequence errors
○ This likely results in misidentified start and stop codons which would cause short start/stop regions

Work in Progress/Next Steps:
● Complete distribution of ESMFold scores for all real genes up to 400 amino acids (as in Fig. 8)
● Switch to analysis with the Drosophila genome as a proof of concept
● Develop machine learning model to predict candidate genes for micro-proteins
● Run ESMFold on predicted candidate genes and compare to baseline distribution

Figure 9.  Distribution of in frame start/stop codon region 
lengths in assembled B. Violaceous genome. These lengths 
are much shorter than expected

Pipeline to Find Potential Small Genes

Validation of Methods

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

Finding TF Binding Site Motifs and Candidate Target Genes

Current Work:

● Visualization of TF binding site motifs found in the genome using IGV to identify nearby (within 10kb) 
genes. 

● Identification of genes found within 10kb of TF binding site motifs in IGV. 
● Associate TF binding sites to closest genes using bedtools.

Next Steps:

● Functional annotation of candidate target genes using KEGG. 
● Aligning motif sites found in B. violaceous to related ascidian species to compare differences in candidate 

target genes. 
● Identification of other TF motifs outside of the WNT signaling pathway.

Approach to Visualizing TF Binding Site Motifs in IGV 

Use of ESMFold to predict protein folding based on amino acid sequence
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