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1. Introduction 

1.1. Introduction to cilia and flagella 

   Cilia and flagella are long membrane-bound projections found on the 

surface of many eukaryotic cells (Bisgrove & Yost, 2006). Often characterized as whip-

like appendages (Rossetti, 2009), these are complex organelles that are vital for multiple 

cellular functions. Though cilia and flagella have differing names to distinguish between 

the organelles’ length and beating patterns (see figure 1.1), cilia and flagella have the 

exact same structures (Raven et al., 2008; Rossetti 2009).  

 
 Figure 1.1. Diagram of beating flagellum and cilium. The power stroke of the cilium is 

shown by the solid arrows, while the recovery stroke is represented by the broken arrows 

(Image from “How Cilia Move,” P. Satir, Sci. American, 1974.)  
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  Arguably, the most prominent function of cilia is its role in locomotion, with one 

prominent example being navigating a cell through extracellular fluids (Pan et al., 2005). 

However, cilia are involved in a wide breadth of motor and sensory functions. 

Furthermore, cilia can be found on organisms ranging from adult humans, to sea urchin 

embryos, to single celled algae (Whitman, 1990; Keyes, 2010). As a result of cilia’s 

connection to a variety of biological functions, deficiencies in cilia have been correlated 

with diseases like polycystic primary ciliary dyskinesia (PCD), kidney disease (PKD), 

deafness, retinal disease, and growth syndromes in a set of diseases known as ciliopathies 

(Brody, 2004; Bisgrove et al., 2006, Rossetti, 2009). To combat these ciliopathies, 

several bioinformatics tools were used to in order to explore how the ciliary genes 

function and are regulated in order to better treat these ciliopathies. 

 

1.2. Structure and Function of cilia 

   Structurally, there are two types of cilia—motile and non-motile 

(sometimes called primary) cilia (Bisgrove & Yost, 2006). The distinguishing feature of a 

motile cilium is that it has 9 mictrobule doublets that surround a single microtubule 

doublet. This internal arrangement of motile cilia is called the 9+2 configuration. For 

non-motile cilia, which is often used for sensory purposes, there are 9 microtubule 

doublets that circulate the diameter of the cilium, but unlike motile cilia, the sensory 

cilium does not have a central microtubule doublet. This structural arrangement for 

sensory cilia is called the 9+0 configuration as seen in figure 1.2 (Pan, et al., 2005) 
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 Figure 1.2: Cross section of cilia. The left depiction represents a motile cilium that has 

outer microtubule doublets around a central pair (9+2 configuration). The right depiction 

represents a sensory cilium, which has outer microtubule doublets but no central pair 

(9+0). These microtubule structural arrangements are referred to as the axoneme. 

Microtubules are structure proteins made up of dimers of alpha and beta tubulin. Radial 

spokes are proteins that connect the central microtubule doublets to the outer 9 doublets. 

Dynein arms are motor proteins  (Image from Bisgrove and Yost, 2006). 

 

    Regulation of cilia growth and maintenance is done through a process 

known as intra flagellar transport (IFT) (Rosenbaum & Witman, 2002). IFT is vital to 

cilia function because it triggers advanced proteins to transport packages up and down the 

length of the cilia that are critical to its signaling and motor abilities. Cilia exist in various 

tissues throughout the human body, have a wide range of functions, are connected to 

regeneration of tissue in certain animals (Rosenbaum & Witman, 2002).  

   When there are genetic mutations in the genes involved with creating cilia, 

ciliopathies can form. Ciliopathies are genetic disorders that disrupts cilia’s normal 

biological functions. One common ciliopathy is Polycystic Kidney Disease (PKD) 

(Yoder, 2007). Polycystic kidney disease is a condition where a cyst forms on the kidneys 

and eventually inflames the kidneys to an abnormal size. With time, the cyst will 
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overtake the kidneys and cause kidney failure which can result in death (Wilson, 2004). It 

has been observed that organisms with a defect in the ciliary gene of intraflagellar 

transport 88 (IFT88) die of polycstic kidney disease shortly after birth (Pazour et al., 

2000). By learning more about how cilia genes function and are regulated, we will be 

better able to treat ciliopathies like PKD. To explore these functions and regulations, the 

predicted sea urchin ciliary proteome created by Blair Rossetti in 2009 and updated by 

Madeline Keyes in 2010 was chosen as a starting point. 

  

1.3. Predicted sea urchin ciliary proteome 

   Sea urchins are a model organism for studying cilia because of the 

species’ short development span and ease of creation. In 2009, Blaire Rossetti conducted 

an honors thesis (Rossetti, 2009) where he was able to propose which cilia genes were 

likely being expressed in Strongylocentrotus purparatus (purple sea urchin) at various 

developmental stages.  The primary stages of development for sea urchins are depicted in 

figure 1.3.  

 

 Figure 1.3: Diagram of the different stages of sea urchin development. From left to right, 

zygote, blastula, gastrula, and larva stage (Image from Robert Morris). 

 

  This proposition from Rossetti resulted from experiments that involved taking the 

known cilia genes from the single cell algae, chlamydomonas, and human to search the 
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genome of the purple sea urchin (Rosetti, 2009). At the time, Rossetti had access to the 

entire DNA sequence of the purple sea urchin, but because of the novelty of the urchin’s 

genome, the exact ciliary genes of the purple urchin were unknown. By searching for the 

sequences associated with the cilia genes known in C. reinhardtii and H. sapiens, 

Rossetti was able to find homolog sequences—sequences that are similar to the 

original—for some of the known cilia genes. This search was done by using the 

bioinformatics tool known as basic local alignment search tool (BLAST)(Rossetti, 2009). 

A Venn diagram depicting these findings can be seen in figure 1.4.  

 

 
 Figure 1.4. Venn diagram of ciliary genes orthologous to S. purpuratus (Sp), C. 

reinhardtii (Cr), and H. sapiens (Hs). The numbers beside the organism’s image refer to 

the number of known ciliary genes in the organism, while the numbers corresponding an 

organism’s circle represent its unique ciliary genes (Keyes, 2010) 
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  Following this BLAST analysis, Rossetti was able to locate a public resource of 

expression data for genes at different developmental stages in sea urchin development 

(Rossetti, 2009). The expression data showed what sets of genes were being expressed at 

what time periods. In 2010, Madeline Keyes updated these data to reflect new changes in 

the genome annotation of the purple urchin. In figure 1.5, each graph represents a 

particular stage of development in the sea urchin. For example, the graph titled Zygote 

cluster is giving a snapshot of the expression levels of genes expressed at the zygote stage 

of development. It is called the Zygote cluster because genes expressed during the zygote 

stage of development are primarily expressed at this time point. The graph titled Zygote-

Blastula cluster depicts genes that are expressed during the blastula stage of development. 

It is called the Zygote-Blastula cluster because genes that are primarily expressed during 

this time point are genes that are found in both the zygote and blastula stage of 

development. The graph titled Early-Blastula cluster shows genes that are expressed at a 

time point after the Zygote-Blastula cluster. At this point, the genes primarily expressed 

in the zygote stage have decreased in expression, and genes found during the early 

blastula stage are primarily expressed. Finally, the last graph is called the Larva cluster 

because at this stage in development, the larva stage, the larva genes are being primarily 

expressed (Rossetti, 2009; Keyes, 2010). 
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 Figure 1.5. Average level of gene expression for different stages of sea urchin 

development. The x-coordinates represent stages of development in the sea urchin.  The 

y-axis represents the average percent of total expression of all the genes at a particular 

stage in sea urchin development. Clusters were named based off the set of genes that had 

the highest average expression.  (Figure from Keyes, 2010).
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  With these data, we wanted to see how the different gene products were 

interacting with others, as well as explore some theories as to whether or not genes are 

co-regulated. In terms of interactions, are these gene products coming together to form a 

complex to perform a specific function? Are there gene products that chemically modify 

other gene products so that they can perform some function vital to cilia? Additionally, 

the larva cluster presented an interesting result. All of the genes in the dataset generated 

by Rossetti and Keyes are cilia genes. We know that ciliogenesis in sea urchins begins 

during the blastula stage (Wolpert, 2002). With this, we would expect that all genes 

related to cilia would be expressed before or during the blastula stage. The reasoning 

behind this expectation is that all the gene products needed to build cilia should be 

expressed at or before the start of the creation of cilia. By the end of the blastula stage, 

the creation of cilia should be completed (Wolpert, 2002). The larva cluster, however, has 

genes that are expressed at low levels until the larva stage at which point they experience 

an increase in total expression (figure 1.5.). The question now becomes why are genes 

involved in creating cilia not expressed before or during the creation of cilia, but 

expressed after during the larva stage? 

  One hypothesis for why this may be is that the genes in the larva set code for 

specialized cilia whose function(s) are not yet known.  Analyzing the function of the 

genes in this dataset can lead to clues as to what these specialized cilia may be doing. 

Therefore, to analyze the functions of the ciliary genes, we took two approaches: doing 

an Ingenuity Pathway Analysis (IPA)  on our entire predicted sea urchin proteome, and a 

gene ontology (GO) analysis on the larva cluster. An IPA allows a user to submit to 
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Ingenuity a set of genes in order to create a network that displays the relationship the 

gene products have with other gene products in the dataset, as well as molecules in 

Ingenuity’s database that also interact with the genes in the network (QIAGEN’s 

Ingenuity). This is useful because knowing how different gene products interact can 

allow for conclusions to be drawn about what kind of functions they are performing 

together. A gene ontology is a list of biological terms that a gene of interest is involved 

with. The database of GO terms was created by the Gene Ontology Consortium, and the 

organization usually has hundreds of GO terms per known gene in their database 

(Ashburner et al., 2000). These biological terms reveal the different types of functions a 

gene product is involved with, which is useful when trying to figure out what role the 

genes in the larva set may play in specialized cilia.   

 

1.4. Cis-Regulatory Modules 

  In deoxyribonucleic acid (DNA)—the code for all genetic instructions—there are 

units of heredity passed on from parent to offspring called genes (Cox et al., 2012). 

Genes consist of exons and introns, which are are sequences of nucleotides (basic-

structural units of nucleic acid). Exons are referred to as the coding region of the gene 

and contain the information necessary for creating the protein product. Introns, however, 

are interrupting sequences between exons that do not code for protein products. 

Additionally, genes are flanked by regions before the start of the gene and after the gene 

ends known as the upstream and downstream regions, respectively. These regions are 

also comprised of nucleotides and are essential to genes because that is where the 

regulation of genes occur.  
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          Transcription is the process by which the exon region(s) of genes are converted 

into messenger RNA (mRNA), the molecule that carries DNA information to the 

ribosomes for protein synthesis in the cytoplasm (Cox et al., 2012). Transcription of 

genes is carried out by a complex known as the transcription initiation machinery that 

assembles on a promoter in the upstream region of a gene. A promoter is a sequence of 

DNA near the transcription start site that initiates transcription. In eukaryotic cells, 

transcription factor proteins first bind to this promoter in order to recruit RNA 

polymerase II to the complex. RNA polymerase II is an enzyme that catalyzes 

transcription. Also upstream of genes are transcription factor binding sites. One way in 

which transcription is regulated is by having proteins that interact with DNA to help 

transcription proceed, or impede transcription (Cox et al., 2012). These proteins are 

respectively called activator and repressor factors. These factors interact with sequences 

of DNA by binding non-specifically to DNA and searching for sequences that it 

recognizes. This recognizable sequence is known as a transcription factor binding site, 

and binding sites can vary from factor to factor. Additionally, sites that bind activators 

are known as enhancers or enhancer elements, and sites that bind repressors are known as 

silencers or silencer elements. Once a binding site is found by a transcription factor 

protein, the protein undergoes a conformational change where the shape of the protein 

changes so it can better manipulate the DNA. Depending on whether or not the factor is 

an activator or repressor, it can promote transcription by promoting the binding of RNA 

polymerase II to the transcription initiation machinery, or repress transcription by 

impeding the binding of RNA polymerase II to the transcription initiation machinery 

(Cox et al., 2012). A depiction of this process can be seen in figure 1.6. 
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 Figure 1.6. Upstream regulatory region of a gene. The black lines represent the DNA 

sequence upstream of the gene. Chromatin is the name given to DNA coiled around 

histones (represented by yellow cylinders) which can compact together to form 

chromosomes. The non-coding upstream region of genes have transcription factor 

binding site (TFBS), which is represented by the light red rectangles. The blue circles 

represent transcription factors. Transcription factors can bind to TFBSs site to form 

complexes that are distal (situated far away) or proximal (situated close) from the 

transcription start site. These complexes can enhance or inhibit the transcription of 

initiation machinery depending on whether or not the factor is an activator or repressor. 

Transcription factors also comprise the transcription initiation machinery. Sets of 

adjacent transcription factor binding proteins can work together to regulate transcription. 

This regulatory complex is known as a cis-regulatory module (CRM). A combination of 

these CRMs, proximal, and distal TFBS complexes are in effect to regulate the 

transcription initiation machinery (as depicted by the arrows) (Image from Wasserman, 

2004). 
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  It is possible for multiple transcription factor proteins to work in tandem to 

perform a specific function that enhances or represses transcription. When this 

collaboration occurs, transcription factor proteins form what is known as a cis-regulatory 

module (CRM) as seen in figure 1.6 (Wasserman, 2004). Recently, we have learned that 

cis-regulatory modules are not only present in the upstream regions of genes—they are 

located in all non-coding regions of the gene which also includes introns and the 

downstream region of genes (Camp, 2012). 

  By discovering these cis-regulatory modules and experimenting on their 

sequences, we will be better able to understand how a particular gene is regulated.  For 

example, Craig Lessard of the Congdon lab used a laboratory technique called real time 

polymerase chain reaction (qRT-PCR) to observe when CRMs for the FOXJ1 gene were 

active in the purple sea urchin’s development stages. From this experiment, he had strong 

evidence suggesting that the CRMs he located for FOXJ1 are active during the pre-

blastula stage of development (Lessard, 2015). Using Lessard’s technique, or a similar 

technique, we can study CRM expression activity of other genes in the purple sea urchin.   

 

1.5. Importance of IFT88 and Sorcin 

   Intraflagellar Transport 88 and Sorcin were both identified in the predicted 

sea urchin proteome generated by Rossetti and Keyes. These genes were expressed as 

part of the blastula cluster. IFT88 is a very significant gene in relation to its role in cilia 

formation (Rossetti, 2009; Keyes, 2010). Intraflegellar transport, a significant process for 

ciliogenesis (cilia formation), is carried out by cilia proteins that form two sub-

complexes—complex A and B (Delaval, 2011, Boehike, 2015). IFT88 is an essential 
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component to complex B; research has observed that the loss of the IFT88 gene product 

causes the absence of cilia. Furthermore, disappearance of IFT88 results in deficiencies in 

the left-right asymmetry of organs, malfunction in hedgehog signaling pathways 

(hedgehog signaling is how information is communicated to embryonic cells to ensure 

appropriate development), and polycystic kidney disease. The aforementioned ailments 

are all also related to abnormal cilia function, which further highlights the importance of 

IFT88 to the development of cilia. In addition to its role in cilia formation, IFT88 is also 

involved with mitosis where the gene product is a component of a dynein1-driven 

complex that transports microtubules to the spindle fibers before cell division (Delaval, 

2011, Boehike, 2015).  

  Sorcin (SRI) codes for a gene product that is a calcium-binding protein. SRI 

regulates intracellular calcium homeostasis by relocating its E-F hand domains to the 

sarcoplasmic reticulum (a specialized smooth endoplasmic reticulum) from the cytoplasm 

when there are elevated calcium levels (Chen, 2014). E-F hand domains are protein helix 

loops that bind to calcium. In addition to this calcium regulation, SRI gene products also 

moderate excitation-contraction coupling in cardiac cells. Cardiac excitation-contraction 

coupling is the contraction of the heart through electrical excitation of the cardiac cells 

where calcium is vital for electrical activity in heart cells. Sorcin is associated with apical 

myocardial infraction, which is commonly known as a heart attack, though the specifics 

of why are not detailed in literature (Chen, 2014; Correa, 2015).  

 The importance of IFT88 and Sorcin cannot be understated, and learning more about how 

these genes are regulated through discovering their cis-regulatory modules can potentially 

provide better options for dealing with the ailments they are associated with.  
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2. Materials and Methods 

2.1. Ingenuity IPA analysis of biochemically derived ciliome 

  Using the sea urchin accession number from the predicted sea urchin ciliome 

generated by Blaire Rosetti, the human orthologues for each gene was obtained through 

<http://urchin.nidcr.nih.go>. After finding Hs orthologues of ciliome genes that had 

only Cr and Sp orthologues, we created individual Excel spreadsheets to upload to IPA 

for an interactome analysis. The procedure used to complete this process can be found in 

the appendix 6.1. 

 

2.2. Gene ontology analysis of predicted ciliome 

  A gene ontology was conducted on the larva set from the predicted sea urchin 

ciliome originally generated by Blaire Rossetti and later updated by Madeline Keyes. The 

human accession numbers for each gene in the larva set was run through the Enrichment 

analysis (beta) tool on <http://geneontology.org/>. The user screen for the tool appears on 

the gene ontology homepage and is depicted in figure 1. 
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 Figure 2.1. Online Interface for generating gene ontology terms from human accession 

numbers. The algorithm for the tool accepts the accession number of a gene(s) in order to 

locate their ontology terms in its database Ashburne et al. (2000) 

 

  The accession numbers of genes in the larva set were entered one at a time in the 

tool seen in figure 2.1. Of the 31 genes with human accession numbers in the larva 

dataset processed with the Enrichment analysis tool, only 16 yielded gene ontology terms 

because the program could not map those accession numbers in its database. For each 

gene processed, a table of gene ontology terms like the one seen in figure 2.2 were 

displayed.  
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 Figure 2.2. Partial output from the the Enrichment analysis tool. The column labeled Larva 

Gene ID is an example of the human accession number for a particular term. As seen here, there are 

multiple gene ontology terms (represented by GO IDs) that corresponds to just one accession number. The 

background frequency tis the ratio of genes with GO terms for a particular ID to the number of genes 

entered by the user (the sample frequency). In the first row, for example, GO ID 0007638 has 10 genes in 

the database assigned to its ID, but all genes in this data set were entered one at a time, so the sample 

frequency is 1. As a result, the background frequency is the ratio 10/1, which is 10. Columns 4 and 6 are p-

values that tell the probability of seeing all of the gene IDs appear for a particular GO term. The closer the 

number is to zero, the greater the probability. Finally, the +/- row indicates whether or not a GO term is 

overrepresented or underrepresented, respectively, in the data set. 
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   For each gene ontology ID, there is an associated term information page. 

By clicking the hyperlink generated through the enrichment analysis for a particular GO 

ID, a definition page like the one shown in figure 2.3 appears. By looking at the 

definitions shown on these screens, certain conclusions were made about the general 

function of a gene ontology term. 

 
 Figure 2.3. Term information page for gene ontology terms. This page describes the 

assignment of the gene product associated with the accession the given accession 

number. 

 

  GO terms were organized based on the genes they had in common. Some GO 

terms had as little as three genes in common, while others had as many as twelve. A trend 

was observed where gene ontology terms became broader with an increase in the number 

of common genes. To make the gene ontology more interpretable, we focused on gene 

ontology terms with three to four genes in common as these sets had a trend of producing 

GO terms with more significant definitions. The organization of this data can be seen in 

figure 4. 
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 Figure 2.4. Sample view of gene ontology terms by common genes and general functions. General gene functions (seen in the 

categories of functions column) were assigned for each GO ID that corresponded to three and four accession numbers. 

Definitions of columns are the same from figure 2.2. The larva genes per GO IDs are aligned with coloration to distinguish the 

genes that have GO terms in common. The larva Categories were named based on the GO definition in each gene ontology’s 

term information page
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  These findings were then categorized into four general biological functions: 

metabolism, motility, signaling, and regulation. While there were more than four general 

functions found, some terms were able to be combined. For example, instead of having 

two categories for transportation and motility, we classified transportation under motility. 

Furthermore, there were still categories containing broad terms like cell formation. These 

broad terms were removed from the dataset because they are likely insignificant.   

 

2.3. Preparing sequence data for GAMI analysis 

  In order to study the regulation of expression of ciliary genes, I collaborated with 

Dr. Clare Bates Congdon (Bowdoin College) and Mr. Craig Lessard (University of 

Southern Maine) to use a software program they had developed named Genetic 

Algorithm Approach to Motif Inference (GAMI)(Congdon et al.,2005) . GAMI allows 

the user to find cis-regulatory modules of genes by comparing the gene regions of a 

particular genes across divergent species. The IFT88 and Sorcin genes were subjected to 

this process in order to learn more about their regulation. Using GAMI involves the 

following steps (explained in detail below): curating genes from an online database 

(NCBI was used for both IFT88 and Sorcin), reconciling curation files, running the Unix 

programming language-based GAMI program on reconciled files, and visualizing the 

results on the University of California Santa Cruz (UCSC) genome browser. The entire 

process is depicted in figure 2.5. 
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 Figure 2.5. Workflow of experiment to find cis-regulatory modules. As seen here, GAMI 

accepts curated FASTA files from an annotation database like Ensemble (NCBI was used 

for this experiment) and produces files to be viewed on the UCSC Genome browser 

(Figure from Lessard et al., 2015). 

 

2.3.1 Acquiring list of species to curate for the gene of interest 

  The National Center for Biotechnology Information's (NCBI) has a database of 

annotated genomes for a wide range of species. When acquiring species for curation, all 

of the mammals in the database that had annotations for the gene of interest were 

selected.  To locate all of the mammals in NCBI’s database, we searched for the genes of 

interest at <http://www.ncbi.nlm.nih.gov/gene>.  NCBI has a drop-down feature that 

allowed mammals to be filtered out of the selection. The taxid list of the mammals that fit 

the initial target gene search was then downloaded. Through an advanced search at 

<http://www.ncbi.nlm.nih.gov/gene/advanced>, the taxid list was used to generate the 

gene browser links for all mammals in the database that had the target gene annotated at 

the time. A detailed explanation of this process can be found in appendix 6.2. The 
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procedure explained in that appendix was followed to generate species for both the IFT88 

and Sorcin genes. 

2.3.2 Precautions of the curation process 

  For this exercise, curation involves finding the intergenic DNA sequences that 

surround the target gene (IFT88 and Sorcin) and the intronic DNA sequence that falls 

within the target gene. The idea of this curation is to identify the genes that are upstream 

and downstream of your target gene, and download all the sequence of the DNA from 

your gene's upstream neighbor, through your gene's sequence itself, to your gene's 

downstream neighbor. 

  When a genome is first sequenced, and a putative gene is identified within that 

genome, the gene is described by its characteristics, and this description is called an 

"annotation."  For our analysis, all DNA sequence upstream and downstream of our gene 

of interest was collected from the National Centers for Biotechnology Information, and 

only genes with specific types of annotations were excluded from this upstream and 

downstream sequence. The full list of exceptions and how to identify them can be found 

in APPENDIX 6.3.  

 

2.3.3 Curation Procedure 

  This procedure directly follows the acquisition of the list of species described in 

section 1.3.1. The process described below was conducted on the IFT88 and Sorcin genes 

in order to generate the FASTA files needed for the GAMI algorithm. While cystic 

fibrosis transmembrane conductance regulator was not experimented on, it is being used 

to illustrate that this part in the GAMI process is not gene specific.  
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1. Clicked the gene name link in the left column (e.g., CFTR for Homo sapiens). 

 

 
 

2. From the page I link to, I copied the species’ name (latin and common name) enclosed 

in square brackets and paste it into the text editor as the first line in my Notes file. 

3. Saved the notes file to the desktop using with the following filename format:  

 GeneName.notes.txt.    e.g. CFTR.notes.txt 

4. Scrolled down the page to where the window looks like the figure below.  This portion 

of the webpage is called the "gene tracker" window. Hovered the mouse pointer over 

the target gene name (e.g. CFTR) [a], then clicked the pin icon [b] in the upper left 

corner of the pop-up box that appeared.  The pin icon held the pop-up window open. 

 

 



 27 

5. Typed the gene name under the species name.  It was indicated in the popup box after 

the word "Gene." 

6. Copied the GeneID after the words "View GeneID:" and pasted it into the notes file.  

(See popup window below) 

7. Wrote in the direction of the gene on its DNA. Genes run in both directions in DNA.  

One direction is arbitrarily called the "plus strand" and one is called the "minus strand."  

The minus strand is the complement strand to the plus strand.  You can determine 

whether the gene is on the plus strand or minus strand from the "Location" in the popup 

window.  If the gene is on the minus strand, its gene location numbers will include the 

word "complement." If its location does not say "complement," it is on the plus strand.   

For example, the CFTR gene is on the plus strand since the word "complement" is not 

included in the location in the popup window shown below. 

 

 

 
 

8. Copied the location numbers out of the popup window and pasted them into the notes 

file. 

 

9. My notes then looked like this: 
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10. More background on direction of genes on DNA: 

The upstream direction for a gene is opposite of the direction of the target gene arrow. 

The strand on which the gene is located is seen by looking at the 'Genomic Context' 

window above the gene tracker window. If, in the Genomic Context window, the thin 

arrow for your gene is pointing right (as in the CFTR example below), the gene is on 

the plus strand.  If the thin arrow is pointing left, it is on the minus strand. In this image 

of the Genomic Context window, two wide red arrows are added for illustration. 

 

11. The next step was to locate the next protein-coding gene upstream from your gene of 

interest. In the gene tracker window, I clicked and held the white space around my gene 

of interest and dragged it in the direction of the upstream gene. There, I found the gene 

upstream of the target gene. There is a zoom-control slider at the top of the Gene 

Tracker window that sometimes helps to find nearby genes easier.  I repeated steps 6-11 
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for this upstream gene, adding the label "upstream gene." My notes then looked like 

this:  

 

  
 

12. Next, I located the next protein-coding gene downstream from the gene of interest.   

In the gene tracker window, I clicked and held the white space around your gene of 

interest and dragged it in the direction of the downstream gene. There, I found the gene 

downstream of the target gene. There is a zoom-control slider at the top of the Gene 

Tracker window that can help to find nearby genes easier.  I repeated steps 6-11 for this 

downstream gene, adding the label "downstream gene." My notes then looked like this:  
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13. I then calculated the coordinates of the entire intergenic and genic region surrounding 

the target gene.  If the target gene was on the plus strand, I followed step 13a. If the 

target gene was on the minus strand, I followed step 13b. 

 

13a. (Did this if gene was on the plus strand) Coordinates =  

the larger index value of the upstream gene [a.] + 1  

(that is, I added 1 to the larger index value of the upstream gene), and  

the smaller index value of the downstream gene [b.] – 1  

(that is, I subtracted 1 from the smaller index value of the downstream gene).  

If there was no upstream gene for the target gene, the species was skipped all together. 

 

 

13b. (Did this if your gene was on the minus strand) Coordinates =  

the larger index value of the downstream gene [a.] + 1  

(that is, add 1 to the larger index value of the downstream gene), and  

the smaller index value of the upstream gene [b.] – 1  

(that is, subtract 1 from the smaller index value of the upstream gene).  

If there is no downstream gene for your gene of interest, then just use the end 

coordinate value for this piece of DNA (ask the instructor how to determine this). 
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14. I entered the coordinate values of my gene region in the notes file. 

 

15. My notes then looked like this:  

 

 

 
 

16. The next step was extracting the entire intergenic and genic region surrounding the 

target gene from the NCBI database by using the coordinates of the gene region I just 

calculated. To begin this process, I clicked on the 'FASTA' hyperlink located at the top 

right of the gene tracker graphic. 
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17. This brought me to a webpage that has the FASTA formatted gene sequence for just the 

target gene. I needed the gene sequence for the entire intergenic and genic region, and 

to get that I changed the default coordinates of the webpage. At the top right of the 

page, I clicked the drop down arrow next to 'Change region shown.’ 

 

   

 

18. I entered the smaller of the two indices in the 'from' box [a] (no commas). This allowed 

me to extract the sequence starting one nucleotide after the end of the upstream gene. 

19. I then entered the larger of the two indices in the 'to' box [b] (no commas). This allowed 

me to stop the extraction one nucleotide before the start of the downstream gene. 

20. Clicked 'Update View’[c]. The screen displayed the sequence of the entire intergenic 

and genic region surrounding the target gene. 
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21. I saved the sequence by clicking 'Send’ in the upper right of the page (next to the 

change region shown image from step 11). Then I made sure the following options 

were selected: 

   * Complete Record 

   * File 

   * FASTA Format 

   

 

22. Clicked 'Create File' [e.].  

 

23. Now I needed to adjust the file so that it is easier for computer programs to process 

after the curation process is complete. I did so by putting the common name of the 

species after the ‘>’ symbol in the FASTA file. To start this process, I opened the 

downloaded file into a text editor (Text Edit, Notepad, etc.) and change the first line.  

The line starts with the greater than symbol,  '>'. Just after that, I entered the common 

name of the species (with no spaces, e.g. '>human'), but did not change anything else on 

the line because it contained other useful information. If the common name of the 

species was longer than one word, I used the first letter of the scientific name and the 

last word of the scientific name to create a new common name. For example, Mus 
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musculus (house mouse) became Mmusculus. If the scientific name had more than two 

words, the same template still applies.  

 

 

24. The file was saved file as genename. speciesname.sequence.fasta 

(CFTR.Human.sequence.fasta) 

25. The next set of information to collect was annotation data for this gene. The 

annotation data allows us to locate the coding regions of our target genes (i.e. exons). I 

returned to the main page for the target gene (the page with the Gene Tracker window) 

by clicking the back button in your browser. 

26. Clicked on 'GenBank' at the top right of the gene tracks graphic 
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27. I scrolled down until the 'FEATURES' heading. I then looked for the first mRNA 

subheading, and copied the coordinates into a plain text file.  

  

   

28. I saved the text file in the following format: genename.speciesname.annotations.txt 

(e.g. CFTR. human.annotations..txt'). 
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29. Lastly, I needed to calculate the length of the upstream region. Having the length of the 

upstream region will allow us to locate the target gene in the FASTA formatted file 

downloaded in earlier steps. If the target gene was on the plus strand, I followed 

instructions from to step 29a. If the target gene was on the minus strand, I followed 

instructions from step 29b. 

29a. (+) The length of the upstream region is equal to  

the target gene's smaller index - the upstream gene's larger index - 1. 

 

 

29b. (-) The length of the upstream region is equal to  

the upstream gene's smaller index - the target gene's larger index - 1. 

 



 37 

My notes file then looked like this: 

 

 

30. The length found in step 29 was recorded on the first line of the annotations file, with 

the label 'upstream length.' The length was also recorded in my notes file.  

The final annotations file looked like this: 
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With this, I moved on to the next species. This curation process was repeated for all 

available mammal species for the target gene, creating a single notes file, a FASTA file, 

and an annotations file for each mammal species.  

 

2.3.4 Reconciliation of curations 

 Three different individuals curated a single species for a particular gene. This 

measure was taken for quality control as it is unlikely that three people will make the 

same mistake in the curation process. All of the files generated through curations were 

sent to the laboratory of our collaborator and author of the GAMI program, Clare Bates 

Congdon, where the reconciliation of the files occurred. "Reconciliation" involves 

comparing the FASTA and annotations files generated by each individual to see if there 

are any disagreements. This step in reconciliation is a quality control method, as it is 

unlikely three individuals would make the same mistake. In the past, reconciliation was 

done manually, but the Congdon lab recently developed a computer program that 

automatically performs the quality check phase of reconciliation. In addition to verifying 

that each curator was in agreement for each species, the program also calculates the 

percentage of N's in each FASTA file. FASTA files contain A T G C nucleotide 

sequences, however, there are times when some nucleotides cannot be determined when a 

species’ genome is sequenced. When an ambiguous nucleotide arises in the sequencing 

process, it is indicated with an "N." After calculating the percentage of N's in the FASTA 

file, the reconciliation program removes files above a pre-determined threshold for the 

experiment, which was 10% for the experiment with IFT88 and Sorcin. The remaining 
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files were then combined into a single FASTA file, but split into upstream, downstream, 

and intron regions for all remaining species with the IFT88 and Sorcin genes. 

 

 

2.4. Running the GAMI pipeline  
 

 GAMI, the unix-based gene regulatory region analysis software, accepts the 

reconciled FASTA files of divergent species and searches for conserved motifs that can 

be candidate cis-regulatory modules.  The pipeline consists of running GAMI, the post 

processor, and GAMI-CRM—each step produces new input files for the next. This three-

step process is simply called GAMI and the end result are files with “.bed” extensions 

containing candidate cis-regulatory modules that can be visualized on the UCSC genome 

browser. The files with these extensions are known as Browser Extensible Data (BED) 

files and allow data to be formatted in a way in which the UCSC Genome Browser can 

interpret it. The algorithmic process of GAMI is described in figure 2.6. 
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Figure 2.6. Algorithmic process of GAMI. The algorithm first randomly generates a list 

of 1000 motifs of a predetermined sized (10-nucleotides long were done in the IFT88 and 

Sorcin experiments). These random sequences are then referenced across the FASTA 

files of all the species that were curated. Sequences are given a fitness score based on 

how well and how frequent the sequence matched with the gene sequences of the curated 

FASTA files. Genes with the highest fitness scores are paired off into a parent 

population. Pairs of sequences in the parent population each undergo a mutation—a 

single nucleotide change to be specific—and then crossover occurs between the paired 

parent sequences. Crossover is the interchange between sections of the two parent 

sequences—two nucleotides from one parent are switched with two nucleotides from the 

other parent. The result of this process is two offspring populations that are re-entered 

into the current population for each paired sequences. At the end of one run, the 500 most 

fit sequences and 500 offspring are re-entered into the current population. At the end of 

20 runs, which is the default time allotment for GAMI, the 500 best motifs from each run 

are calculated for a total of 10,000 motifs (Figure from Lessard et al. 2012). 

2.4.1 Curation Files for IFT88 and Sorcin 

From 80 curated species of IFT88 genes, there were 29 species that made it into the 

GAMI pipeline. From 88 curated species of IFT88 genes, there were 39 species in total 

that made it into the GAMI pipeline after reconciliation. 
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2.4.2 Accessing GAMI pipeline 

 As of this writing, GAMI is not available for public use and can only be accessed 

through a collaboration with Dr. Clare Congdon and use of Bowdoin College servers.  

2.4.3 Running GAMI 

 When working with GAMI, there are five default files that exist in one location to 

process the tool in its entirety—“doit,” “pp,” “gami,” “in.pp,” and “GAMI-

CRM20140722.” The FASTA files containing the upstream, downstream, and intron 

regions for the curated species are added to this location separately in order to produce 

the BED files necessary for CRM visualization. The FASTA files for each region were 

formatted as genename.region.fasta (e.g. IFT88.down.fasta). The command to run the 

algorithm described in figure 6 was done by entering [doit  genename.region.fasta (e.g. 

ift88.down.fasta)]. The “doit” command called upon “gami” to run the algorithm 

described in figure 2.6. This step then produced a file in the format of 

shell.genename.region (e.g. shell.ift88.down). This shell file contained all of the best 

candidate motifs generated by the GAMI algorithm. 
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Figure 2.7. Output for shell file. The “doit” command generates a shell file that contain 

the 500 best motifs for 20 experiments. Each motif is listed in this file and ranked based 

on fitness. Each fitness score is accompanied by a percent score that represents the 

percentage of the total fitness a motif achieved.  
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 This shell file now had 10,000 motifs that were generated through finding the best 

matches of random sequences and offspring sequences. Though there were 10,000 motifs, 

it was expected that there would be some redundancy in the dataset based on how the 

sequences were derived. The post processor looks for these redundancies and eliminates 

them from the shell file. The parameters for the post processor can be seen in figure 2.8. 

To run the post-processor the following command was entered [pp –a in.pp].  
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   Figure 2.8. Parameters of GAMI post processor. Most these 

parameters are the default parameters of the program. For both IFT88 and Sorcin, the 

number of motifs to report were manually set to 100. 

 

    After running the post processor with the parameters seen in figure 

8, the shell file now only reports the best 100 motifs. This can be seen in figure 2.9. 
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Figure 2.9. 100 best motifs from GAMI. These 100 motifs are in html and txt format. The next step in GAMI allowed us to 

convert these files in BED files ready for viewing on UCSC genome browser.  

 

 The final step in the GAMI pipelines is running GAMI-CRM, which produces BED files that allow the candidate cis-

regulatory modules to be viewed on the UCSC genome browser. The command for running GAMI-CRM is [sh ../GAMI-

CRM20140722/gamicrm.bash -o ../Results/overlaps2.txt –p ../Results/ift88.fasta.down.pp.out -i ../ift88.down.fasta –j 50]. For 

each non-coding region of each gene, two BED files required for visualization are produced—a file containing the best 100 

motifs, and file that contains candidate CRMs by binding the closest motifs. At this stage in the pipeline, GAMI creates 

candidate CRMs by joining conserved motifs that are within 50 nucleotides of each other, as this is the approximate distance 

observed in previous research (figure 2.10).  
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Figure 2.10. BED file containing candidate cis-regulatory modules and their locations. The first 

line of the file allows the UCSC genome browser to locate the general chromosome position 

where the cis-regulatory modules are located. The second line describes the name of the file and a 

brief description of what it is. From the third line forward, the location of all the candidate CRMs 

described for interpretation by the UCSC genome browser. Though this file represents one BED 

file for candidate CRMs, the other BED file that contains the motifs that constitutes the CRM has 

the exact same format. In the BED file containing all the motifs, instead of candidate CRM 

locations, the location of each motif is described.  
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2.5. Visualization on UCSC Genome Browser  

 With the two BED files for each region for IFT88 and Sorcin, I could now see 

what the different candidate cis-regulatory modules looked like in the human genome 

(figure 3.7, for example.) 

2.5.1 Converting files to 2009 model  

 The UCSC genome browser uses genome data that was collected between 2003 

and 2012. The data collected during curation is based off of 2013 genome information. 

As a result, the BED files generated through GAMI need to be converted to the 2009 

annotations in order to be accurately visualized on the UCSC genome browser. 

Attempting to use the BED files in their 2013 state would result in candidate CRMs that 

are not located near the target gene regions. The BED files were converted by using a 

tool called LiftOver found on the UCSC Genome Bioinformatics page at 

<https://genome.ucsc.edu/cgi-

bin/hgLiftOver?hgsid=492730837_yIFyaKwnvDc6nrSnWyYwWNArIZNF>.   The 

interface for this tool can be seen in figure 2.11.
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Figure 2.11. Web browser view of LiftOver tool homepage. Here, Human was selected as the original genome and the 2013 

assembly chosen as the original assembly for the BED files that needed conversion. The candidate CRMs still needed to be 

viewed in the human genome, but the 2009 assembly was chosen as the new assembly in order for the candidate CRMs to 

be viewed on the genome browser. With these parameters set, the parts of the BED file that needed to be converted were 

entered into the white space, and the converted locations were returned. 

 

          The Liftover tool was used on the first line, and the third line onward of the BED files to convert the 2013 locations into 

the 2009 locations.  Figure 2.12 depicts the updated BED file after it has been converted to the 2009 assembly.
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Figure 2.12. 2009 Assembly Converted BED files containing candidate cis-regulatory 

modules and their locations. In comparison to figure 2.11 the locations depicted in line 

one, and line three onward have been changed to reflect their locations on the 2009 

assembly.  

 

These newly converted BED files were then ready to be visualized on the genome 

browser.  
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2.5.2 Visualization on UCSC Genome Browser 

 The visualization of the BED files that were converted to the 2009 assembly was 

done through the UCSC genome browser at < https://genome.ucsc.edu/cgi-

bin/hgGateway?hgsid=492730837_yIFyaKwnvDc6nrSnWyYwWNArIZNF&clade=mam

mal&org=Human&db=hg19> as seen in figure 2.13. 
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Figure 2.13. Home page of UCSC Genome Browser. On this page, the initial parameters for the browser were set. The human 

genome for the 2009 assembly was chosen based on the work done so far. The home page immediately defaults to the genome 

position number seen in the image, but this number that depicts the location shown on the genome changes based on the gene 

chosen. For the upstream, downstream, and intron region of IFT88, the IFT88 gene was entered into the search term text box. 

For the upstream, downstream, and intron region of Sorcin, the Sorcin gene was entered into the text box. For each region of 

each gene, the ‘manage custom tracks’ tab was selected so that the two BED files corresponding to each region could be 

entered. 

 

 
Figure 2.14.  Custom tracks of genome browser. By clicking add custom tracks, the BED files for each region of a particular 

gene could be entered resulting in the table seen in the image. After clicking go, the visualization of the candidate cis-

regulatory modules could be seen.     
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For the upstream, downstream, and intron regions for IFT88 and Sorcin respectively, 

custom tracks containing two BED files were processed in through the genome browser, 

as seen in figure 2.14. This produced six browsers in total for IFT88 and Sorcin.  

 

3. Results 

3.1. Network Map From Ingenuity IPA analysis  
 
 Running the predicted sea urchin proteome through Ingenuity’s IPA analysis 

resulted in four interactomes; an interactome is a network of interactions between any 

items, and it can be viewed as a diagram to illustrate how the genes in our dataset 

interact. As detailed in appendix 6.1, the genes in the zygote, zygote/blastula, and blastula 

clusters were processed together in order to create three interactomes that represent initial 

ciliogenesis (figure 3.1, figure 3.2, and figure 3.3). The genes in the larva set were 

processed separately to investigate the interactions between genes that could potentially 

be coding for specialized cilia (figure 3. 4). 
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Figure 3.1. First Ingenuity IPA Network diagram of genes in the initial ciliogenesis set of 

the predicted sea urchin proteome. This diagram shows the direct and indirect 

interactions of the different genes in the initial ciliogenesis set. IFT88 is pictured on the right 

side of the image interacting with tubulin and other IFT proteins as one would expect for IFT88.  Some 

interesting interactions that can be seen here is IFT88 interaction with alpha tubulin (a structure protein for 

microtubules) and other IFT proteins. As defined by Ingenuity; the diamond-shaped nodes represent gene 

products that are enzymes; the trapezoid-shaped nodes represent gene products that are transporters; the 

square-shaped nodes represent gene products that are cytokines, the triangular nodes represent gene 

products that are kinases; the circular nodes represent an “other” group; nodes with two circles represent a 

complex; the color red in a node represents a molecule in our data that is being upregulated at the timepoint 

of the interactome; the color green in a node represents a molecule that is downregulated; the color white 

represents molecules that were added to the interactome by Ingenuity because of that molecule's 

relationship with other molecules already in the submitted gene list; the intensity of the color shades in a 

node represents the degree to which a molecule in the dataset is upregulated or downregulated; the solid 

lines represent direct interactions; the broken lines represent indirect interactions; circular lines represent 

molecules that are interacting with themselves; lines with no arrows represent gene products that only bind 

to each other; lines with arrows represent gene products that act on other gene products; lines with straight 

horizontal ends represent gene products that inhibit other gene products; lines with straight horizontal ends 

and arrows represent gene products that inhibit and act on other gene products. The more lines a node has 

connecting it to other nodes means the more relationships it has with other gene products (Advanced 

Analytics for Scientists, 2014). 
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Figure 3.2. Second Ingenuity IPA Network diagram of genes in the initial ciliogenesis 

set of the predicted sea urchin proteome. This diagram shows the direct and indirect 

interactions of the different genes in the initial ciliogenesis set. It is interesting to note that 

none of the user entered gene products are directly interacting with each other in set of the initial 

ciliognesis data. As defined by Ingenuity; the diamond-shaped nodes represent gene products that are 

enzymes; the sideway diamond-shaped nodes represent gene products that are peptidases; the trapezoid-

shaped nodes represent gene products that are transporters; the square-shaped nodes represent gene 

products that are cytokines, the triangular nodes represent gene products that are kinases; the circular nodes 

represent an “other” group; nodes with two circles represent a complex the color red in a node represents a 

molecule in our data that is upregulated; the color green in a node represents a molecule that is 

downregulated; the color white represents molecules that were added to the interaction by Ingenuity 

because of its relationship with other molecules; the intensity of the color shades in a node represents the 

degree to which a molecule in the dataset is upregulated or downregulated; the solid lines represent direct 

interactions; the broken lines represent indirect interactions; circular lines represent molecules that are 

interacting with themselves; lines with no arrows represent gene products that only bind to each other; lines 

with arrows represent gene products that act on other gene products; lines with straight horizontal ends 

represent gene products that inhibit other gene products; lines with straight horizontal ends and arrows 

represent gene products that inhibit and act on other gene products. The more lines a node shows means the 

more relationships it has with other gene products (Advanced Analytics for Scientists, 2014). 
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Figure 3.3. Third Ingenuity IPA Network diagram of genes in the initial ciliogenesis set 

of the predicted sea urchin proteome. This diagram shows the direct and indirect 

interactions of the different genes in the initial ciliogenesis set. One interesting interaction here 

is UBC directly bounding almost every other gene product in the diagram. As defined by Ingenuity; the 

diamond-shaped nodes represent gene products that are enzymes; the trapezoid-shaped nodes represent 

gene products that are transporters; the square-shaped nodes represent gene products that are cytokines, the 

triangular nodes represent gene products that are kinases; the circular nodes represent an “other” group; 

nodes with two circles represent a complex the color red in a node represents a molecule in our data that is 

upregulated; the color green in a node represents a molecule that is downregulated; the color white 

represents molecules that were added to the interaction by Ingenuity because of its relationship with other 

molecules; the intensity of the color shades in a node represents the degree to which a molecule in the 

dataset is upregulated or downregulated; the solid lines represent direct interactions; the broken lines 

represent indirect interactions; circular lines represent molecules that are interacting with themselves; lines 

with no arrows represent gene products that only bind to each other; lines with arrows represent gene 

products that act on other gene products; lines with straight horizontal ends represent gene products that 

inhibit other gene products; lines with straight horizontal ends and arrows represent gene products that 

inhibit and act on other gene products. The more lines a node shows means the more relationships it has 

with other gene products (Advanced Analytics for Scientists, 2014). 
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Figure 3.4. Fourth Ingenuity IPA Network diagram of genes in the larva set of the 

predicted sea urchin proteome. This diagram shows the direct and indirect interactions of 

the different genes in the initial ciliogenesis set. One interesting interaction here is UBC directly 

bounding almost every other gene product in the diagram. As defined by Ingenuity; the diamond-shaped 

nodes represent gene products that are enzymes; the trapezoid-shaped nodes represent gene products that 

are transporters; the square-shaped nodes represent gene products that are cytokines, the triangular nodes 

represent gene products that are kinases; the circular nodes represent an “other” group; nodes with two 

circles represent a complex the color red in a node represents a molecule in our data that is upregulated; the 

color green in a node represents a molecule that is downregulated; the color white represents molecules that 

were added to the interaction by Ingenuity because of its relationship with other molecules; the intensity of 

the color shades in a node represents the degree to which a molecule in the dataset is upregulated or 

downregulated; the solid lines represent direct interactions; the broken lines represent indirect interactions; 

circular lines represent molecules that are interacting with themselves; lines with no arrows represent gene 

products that only bind to each other; lines with arrows represent gene products that act on other gene 

products; lines with straight horizontal ends represent gene products that inhibit other gene products; lines 

with straight horizontal ends and arrows represent gene products that inhibit and act on other gene products. 

The more lines a node shows means the more relationships it has with other gene products (Advanced 

Analytics for Scientists, 2014). 
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 These four interactomes produced some expected results, the biggest example 

observed being in figure 3.1 where there is a representation of three different 

intraflagellar transport gene products directly binding to each other. Figure 3.2 is 

particularly interesting because none of the genes from the initial ciliogenesis set depicted 

in that interactome directly interact with each other. The implication of the Ingenuity 

analysis here is that the individual gene products depicted in figure 3.2 do not interact 

with the gene products in the initial ciliogenesis set to perform their tasks. Other results 

proved less predictable with one of the primary examples being in figure 3.3, where the 

primary gene product of UBC directly binds to multiple other gene products. An analysis 

of this case will be presented later on in the discussion section. Figure 3.4 shows the 

different interactions between genes of the larva set, but Ingenuity’s dataset did not 

provide substantial information about genes’ roles in cilia. As a result, if the genes in the 

larva dataset are coding for specialized function of cilia, it is not possible to deduce what 

function may be with just the Ingenuity data set. Because of this conclusion with 

Ingenuity, a gene ontology of the genes in the larva set needed to be conducted. 

3.2. Results for Gene ontology of predicted ciliome 

 The gene ontology analysis of the genes in the larva set produced genes that were 

characterized based on four general functions: signaling, motility, regulation, and 

metabolism (figure 5). The reasoning behind these four characterizations is explained in 

the methods section. As seen in the Venn diagram of figure 3.5, there are genes that 

possess multiple functions, and these overlapping functions can provide hints as to what 

the role of specialized cilia in the larva stage could be. For example, when IFT88 was 

first characterized, it was determined that the protein for the gene was involved in cilia 
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formation. More recently, it is believed that IFT88 is involved with creating the spindle 

poles during mitosis suggesting that IFT88 could be involved in signaling for cell 

division (Deleval et al, 2011). 

 

 
Figure 3.5. Venn diagram of the number of larva genes involved in four general, 

important gene functions.  The three genes that overlap with motility and signaling are of 

great interest because of the connections that can be made to the IFT88 gene product. If 

the protein coded for by IFT88 can act as a transporter during cilia formation and also be 

involved in signaling for triggering mitosis, perhaps the three genes that overlap with 

signaling and motility have a similar story (Deleval et al). Moreover, there are two genes 

that overlap with all four characterizations, and exploring those two genes may lead to 

new hypotheses to the specialized function of cilia in the larva stage if they in fact exist.  

 

               As seen in figure 5, there are three genes that are characterized with similar 

general functions as IFT88 (motility and signaling). Furthermore, there are two genes that 
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have characterizations for all four general categories. In table 3.1, the exact 

characterizations for each gene in the larva set is displayed. From this, it can be seen that 

two of the genes that overlap with signaling and motility—ETV1 and HSP70—appear to 

participate in all four general categories. These two genes in particular will be discussed 

in greater detail in the discussion section. 

 
Table 3.1. Larva set genes by function characterization. The first column displays the 

name of the gene while the second column displays the accession ID (sometimes called 

accession number) of the gene. This ID is how information on the genes are accessed on 

public databases. Space below the general functions column is color-filled for each gene 

that matches that particular characterization.  

 

 Thus far, I have been able to investigate how cilia genes may be interacting with 

each other through Ingenuity’s IPA analysis, and the potential functions of cilia genes 

expressed in an unexpected stage of development in sea urchin. In both experiments, the 

conclusions that can be drawn allows for better understanding of how cilia works, and 

increases our ability to understand ciliopathies as a whole. However, in addition to 

knowing the functions of cilia genes and how they interact with each other, it is important 

to know how the genes themselves are regulated. Being able to identify how genes are 

regulated, coupled with information on their functions and inter-gene interactions (i.e. the 
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interactomes and gene ontology experiments), can be the gateway to better treating 

ciliopathies. 

3.3. Results of Running The GAMI Pipeline 

 The collaboration with Clare Congdon and her research lab allowed me to explore 

how two genes in the predicted sea urchin ciliome may be regulated—IFT88 and Sorcin. 

The approach used by Dr. Congdon’s lab is using an algorithm to search for cis-

regulatory modules in the non-coding regions of genes. As described in the methods 

section, the GAMI pipeline is a three-step process; one: do curation by collecting FASTA 

files and annotation information for the non-coding region of all mammalian genomes 

that have gene information in the NCBI database for IFT88 and Sorcin, respectively, and 

submit the files for reconciliation to the Congdon lab; two: run the GAMI algorithm on 

the reconciled curation files to ultimately generate BED files for visualization on the 

UCSC genome browser; three: use LiftOver on the BED files and view on the genome 

browser. These final visualizations will be presented here.  

3.3.1 Visualization of IFT88 Candidate Cis-Regulatory Modules 

 For the three non-coding regions of the IFT88 gene—upstream, intron, and 

downstream regions—the 100 best conserved motifs across 29 species of mammals were 

mapped to the human genome through the UCSC genome browser. In figure 3.7, 

candidate CRMs in the upstream region of IFT88 can be seen. Previous experiments 

conducted by the Congdon lab have found that candidate cis-regulatory modules have 

been in the 10-20 range with long sequences, but the data generated in that figure reveals 

candidate CRMs that are roughly three times as many. A similar situation can be found 

when looking at figure 3.8, which shows the candidate CRMs in the intro region of 
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IFT88. An interesting result not observed in aforementioned figures, however, is an 

observation in figure 3.9 that shows candidate cis-regulatory modules in the exon region, 

specifically the last exon, of IFT88. This is an unexpected result because this experiment 

was only conducted on the non-coding regions of IFT88, so receiving a report of a 

candidate CRM in the last exon of the target gene is cause for questioning. 
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Figure 3.7. Visualization of candidate cis-regulatory modules for the upstream region of IFT88. The scale row at the top 

provides an approximation of how much space on a computer the designated length takes up. The chr13 row is an extension 

of the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 13) and 

provides nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory modules 

(this information was stored in one of the two BED files created). The MotifTrack row represents the conserved sequences 

that were used to create the candidate cis-regulatory modules based on parameters specified in the methods section (motifs 

within 50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are the genes that 

surround our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. Each solid bar on a 

line represents the exons for the gene, and the thin lines in between exons represent introns. In this region of chr13 to the left 

of IFT88 is CRYL1, the gene upstream of IFT88, and on the right in this region is IFT88, the gene of interest. The layered 

H3K27Ac row displays chemical histone modifications of different locations along the chromosome. This row is 

accompanied with a scale that ranges from 0 to 100 that indicate levels of histone modification activities. The DNase cluster 

shows areas where DNase has more accessibility to chromatin presumably because fewer proteins are bound to the DNA 

there. The Txn Factor ChIP row shows the location on DNA where transcription factors are known to bind. The 

RepeatMasker row shows where there is low complexity DNA (Congdon, 2013). 
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Figure 3.8. Visualization of candidate cis-regulatory modules for the intron region of IFT88. The scale row at the top 

provides an approximation of how much space on a computer the designated length takes up. The chr13 row is an extension 

of the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 13) and 

provides nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory modules 

(this information was stored in one of the two BED files created). The MotifTrack row represents the conserved sequences 

that were used to create the candidate cis-regulatory modules based on parameters specified in the methods section (motifs 

within 50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are the genes that 

surround our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. Each solid bar on a 

line represents the exons for the gene, and the thin lines in between exons represent introns. The candidate CRMs are in the 

introns of IFT88, and to the right of IFT88 is IL17D, the gene downstream of IFT88. The layered H3K27Ac row displays 

chemical histone modifications of different locations along the chromosome. This row is accompanied with a scale that 

ranges from 0 to 100 that indicate levels of histone modification activities. The DNase cluster shows areas where DNase has 

more accessibility to chromatin presumably because fewer proteins are bound to the DNA there. The Txn Factor ChIP row 

shows the location on DNA where transcription factors are known to bind. The RepeatMasker row shows where there is low 

complexity DNA (Congdon, 2013). 
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Figure 3.9. Visualization of candidate cis-regulatory modules for the downstream region of IFT88. The scale row at the 

top provides an approximation of how much space on a computer the designated length takes up. The chr13 row is an 

extension of the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 

13) and provides nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory 

modules (this information was stored in one of the two BED files created). The MotifTrack row represents the conserved 

sequences that were used to create the candidate cis-regulatory modules based on parameters specified in the methods 

section (motifs within 50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are 

the genes that surround our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. 

Each solid bar on a line represents the exons for the gene, and the thin lines in between exons represent introns. In this 

region of chr13 to the left is IFT88, the gene of interest, and to the right of IFT88 is IL17D, the gene downstream stream of 

IFT8. The layered H3K27Ac row displays chemical histone modifications of different locations along the chromosome. 

This row is accompanied with a scale that ranges from 0 to 100 that indicate levels of histone modification activities. The 

DNase cluster shows areas where DNase has more accessibility to chromatin presumably because fewer proteins are bound 

to the DNA there. The Txn Factor ChIP row shows the location on DNA where transcription factors are known to bind. 

The RepeatMasker row shows where there is low complexity DNA (Congdon, 2013). 
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3.3.2 Visualization of Sorcin Candidate Cis-Regulatory Modules 

 For the three non-coding regions of the Sorcin gene—upstream, intron, and 

downstream regions—the 100 best conserved motifs across 39 species of mammals were 

mapped to the human genome through the UCSC genome browser. Similar to the IFT88 

visualizations, the candidate CRMs seem to be more plentiful and smaller than candidate 

CRMS found by the Congdon lab in the past with other genes. However, the upstream 

region of Sorcin (figure 3.10) appears to have candidate CRMs that are within the 

boundaries of the upstream region. The same can be said about the intron region (figure 

3.11) of Sorcin. As it relates to the downstream region of Sorcin (figure 3.12), the 

candidate cis-regulatory modules seem to be overlapping with the last exon of the Sorcin 

gene. Perhaps the explanation for why there is overlap with candidate CRMs and the last 

exon for the target gene is similar between the Sorcin and and IFFT88 gene. Figure 3.12 

also brings forward another interesting observation: the candidate CRMs observed in this 

figure align more with the trend of what the Congdon lab has been finding in their 

research than of the other browsers produced during this experiment.  
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Figure 3.10. Visualization of candidate cis-regulatory modules for the upstream region of Sorcin (SRI). The scale row at the 

top provides an approximation of how much space on a computer the designated length takes up. The chr7 row is an 

extension of the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 7) 

and provides nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory 

modules (this information was stored in one of the two BED files created). The MotifTrack row represents the conserved 

sequences that were used to create the candidate cis-regulatory modules based on parameters specified in the methods section 

(motifs within 50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are the genes 

that surround our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. Each solid bar 

on a line represents the exons for the gene, and the thin lines in between exons represent introns. In this region of chr13 to 

the right of Sorcin is STEAP4, the gene upstream of Sorcin, and on the left in this region is Sorcin, the gene of interest. The 

layered H3K27Ac row displays chemical histone modifications of different locations along the chromosome. This row is 

accompanied with a scale that ranges from 0 to 100 that indicate levels of histone modification activities. The DNase cluster 

shows areas where DNase has more accessibility to chromatin presumably because fewer proteins are bound to the DNA 

there. The Txn Factor ChIP row shows the location on DNA where transcription factors are known to bind. The 

RepeatMasker row shows where there is low complexity DNA (Congdon, 2013). 



 67 

 
Figure 3.11. Visualization of candidate cis-regulatory modules for the intron region of Sorcin (SRI). The scale row at the 

top provides an approximation of how much space on a computer the designated length takes up. The chr7 row is an 

extension of the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 7) 

and provides nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory 

modules (this information was stored in one of the two BED files created). The MotifTrack row represents the conserved 

sequences that were used to create the candidate cis-regulatory modules based on parameters specified in the methods 

section (motifs within 50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are 

the genes that surround our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. Each 

solid bar on a line represents the exons for the gene, and the thin lines in between exons represent introns. The candidate 

CRMs are in the introns of Sorcin, and to the left of Sorcin is ADAM22, the gene downstream of Sorcin. The layered 

H3K27Ac row displays chemical histone modifications of different locations along the chromosome. This row is 

accompanied with a scale that ranges from 0 to 100 that indicate levels of histone modification activities. The DNase cluster 

shows areas where DNase has more accessibility to chromatin presumably because fewer proteins are bound to the DNA 

there. The Txn Factor ChIP row shows the location on DNA where transcription factors are known to bind. The 

RepeatMasker row shows where there is low complexity DNA (Congdon, 2013). 
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Figure 3.12. Visualization of candidate cis-regulatory modules for the downstream region of Sorcin. The scale row at the top 

provides an approximation of how much space on a computer the designated length takes up. The chr7 row is an extension of 

the scale row which defines where on the chromosome the cis-regulatory modules are located (chromosome 7) and provides 

nucleotide coordinates on the chromosome. The Join.CRMTrack represents the candidate cis-regulatory modules (this 

information was stored in one of the two BED files created). The MotifTrack row represents the conserved sequences that 

were used to create the candidate cis-regulatory modules based on parameters specified in the methods section (motifs within 

50 nucleotides of each other were called a candidate cis-regulatory module). Below MotifTrack are the genes that surround 

our candidate CRMs. Below the MotifTrack are the genes surrounding cis-regulatory modules. Each solid bar on a line 

represents the exons for the gene, and the thin lines in between exons represent introns. In this region of chr7 to the right is 

Sorcin, the gene of interest, and to the left of Sorcin is ADAM22, the gene downstream stream of IFT8. The layered 

H3K27Ac row displays chemical histone modifications of different locations along the chromosome. This row is 

accompanied with a scale that ranges from 0 to 100 that indicate levels of histone modification activities. The DNase cluster 

shows areas where DNase has more accessibility to chromatin presumably because fewer proteins are bound to the DNA 

there. The Txn Factor ChIP row shows the location on DNA where transcription factors are known to bind. The 

RepeatMasker row shows where there is low complexity DNA (Congdon, 2013). 
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4. Discussion 

4.1. Consequence of Ingenuity Analysis 

 The IPA analysis from Ingenuity provided interesting data relating to how the 

genes from the predicted sea urchin proteome are associated with each other. 

Unfortunately, the Ingenuity database must not include very many papers on cilia and 

cilia functions because known interactions in cilia are not included as results in the IPA 

interactomes. As a consequence of this, it is difficult to make connections from the 

generated interactomes to cilia. Like many other databases, it is presumed that 

Ingenuity’s will grow to a point in the future where there will be more papers on cilia and 

cilia functions annotated. Until that point is reached, however, we will have to be able to 

identify ciliary genes of interest in interactomes and make connections to cilia ourselves 

using our own literature review. Additionally, IPA is not intuitive and difficult to us. If 

the lab is going to use it in the future, the protocol detailed in appendix 6.1 will be very 

useful for future students who want to run IPA analyses.  

 One data point that was of particular interest appeared in the third Ingenuity IPA 

Network diagram of genes in the initial ciliogenesis set of the predicted sea urchin 

proteome. In this interactome, it was observed that a majority of the genes were directly 

bounded to the gene product UBC – ubiquitin C. Additionally, a similar trend of binding 

to ubiquitin C was observed in the interactome for the genes in the larva set.  

 UBC, or ubiquitin C, encodes a protein that eventually forms into polyubiquitin 

(Kim et al, 2007). Ubiquitin monomers and polymers can have a variety of effects on the 

cell that include cell cycle regulation, protein degradation, DNA repair, and regulation of 

cell signaling pathways (Kim, 2007). According to Kim et al., (2007), the effects of 
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ubiquitin can vary depending on what it is bound to.  In short, ubuiquitin generally 

destroys proteins it is bound to. However, literature found suggests that it can also can 

regulate them (Kim et al, 2007). As seen in the IPA interactomes, Ubiquitin binds to a 

variety of gene products involved in creating cilia. This could suggest that ubiquitin could 

be responsible for regulating the expression patterns seen in the predicted sea urchin 

proteome. One possibility as to how UBC could be regulating the gene expression 

patterns seen in predicted sea urchin proteome is by binding to transcription factors. By 

binding to transcription factors, ubiquitin can regulate the activity of those factors by 

either assisting them in their function or inhibiting their function. By regulating these 

transcription factors—which regulate the transcription of genes—ubiquitin can indirectly 

cause differential expression of genes as seen in the predicted sea urchin proteome. If 

ubiquitin can act as a regulator and is bound to so many gene products, it is possible that 

the cilia genes being differentially expressed are doing so as a result of ubiquitin activity 

(Kim et al, 2007).  

 It is also important to note the UBC is one of the only genes with product in 

multiple interactomes that we studied. These results suggest that perhaps UBC plays a 

role in regulating the differential expression of ciliary genes. To test this theory, knockout 

experiments of UBC should be done in sea urchin in order to take a new measure of 

differential cilia gene expression patterns.  If a UBC knockdown were performed and a 

different expression pattern of genes in the predicted sea urchin proteome were observed, 

this would offer more evidence that UBC plays a direct role in regulating cilia gene 

expression. 

 



 71 

4.2. Determining Protein Functions Using Gene Ontology 

 There were two genes in the gene ontology dataset that overlapped with the four 

general functions used to characterize the genes—ETV1 and HSP70. The ETV1 gene 

codes for transcription factors in the E-twenty six family of transcription factors (Chi, 

2010). HSP70 codes for heat shock proteins (Asea, 2000). It is difficult to determine what 

kind of specialized cilia function would have genes where at least two of them have the 

function of motility, signaling, metabolic, and regulatory. It is possible that ETV1 and 

HSP70 only do perform two of those functions in regards to cilia, and the other two in 

regards to another cellular process (similar to IFT88 being involved in cilia and mitosis). 

In the future, if gene ontology is done on this dataset again, we should organize 

functional terms based on specific cilia GO annotations. Searching for cilia specific GO 

terms may lead to less GO annotations the ones produced on this experiment, there could 

potentially be greater hints as to what the genes are doing in tandem in the larva set that 

could be related to some specialized function of cilia.  

 

4.3. Experiments on candidate CRMS 

 The candidate cis-regulatory modules for IFT88 and Sorcin were smaller and 

more numerous than expected based on previous work done with the same procedure on 

other genes such as FoxJ1 (Lessard et al., 2015). One likely explanation for this 

observation is that the 100 best motifs parameter during the post processing of GAMI 

was too small. IFT88 and Sorcin are tens of thousands of base pairs long. GAMI 

produces candidate CRMs based on how close (within 50 nucleotides) motifs are 

clustered together. Relatively speaking, the 100 best motifs are appearing next to each 
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other outside of this 50 nucleotide range for IFT88 and Sorcin. If there were more motifs 

selected for reporting during the post processing stage, then perhaps the opportunity for 

longer candidate CRMs would be created. 

 The logic of the GAMI search algorithm is based on the theory of evolution—all 

organisms came from one common ancestor, but over generations organism began to 

diverge for from that common ancestry (Holland et al, 1992). Nevertheless, there are still 

genes that species alive today have in common. These common genes, which share 

similar DNA sequences, are presumed to behave closely to their homologues in other 

species. This presumption is made because it has been experimentally demonstrated with 

examples like the IFT88 gene coding for the same gene product in mouse as it does in sea 

urchin (Sea Urchin Genome Sequencing Consortium, 2006). But, even with that example, 

IFT88 is involved in left-right asymmetry in mouse (Satire et al, 2010), but that is not the 

case and in sea urchin (Coffman and Davidson, 2001).  But the conservation in evolution 

would dictate that if there are similar genes across organisms, and they have certain 

sequences in common, those sequences are conserved because a mutation in that 

sequence, unless it was a silent mutation, resulted in the loss of the mutation from the 

gene pool. If the 100 best (most conserved motifs) have such a wide range (we see that it 

spans the entire coding region for all non-coding regions of IFT88 and Sorcin except for 

the downstream region of Sorcin), perhaps this means that the gene’s non-coding gene 

region is highly conserved. There are very few explanations as to why only 100 motifs 

can span the entire non-coding are. Before moving on to in-vivo experimentations, the 

post processor will run again to report approximately 3000 of the best conserved motifs 

found. This is expected to lead to candidate CRMs that are less frequent and longer in 
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size, resembling candidate CRMs generated in previous experiments done by the 

Congdon lab (Lessard et al, 2015.  

 An outlier in the candidate CRMs visualized through the UCSC genome browser 

is the downstream region of Sorcin: there is a glaring difference in size between that non-

coding region and the non-coding regions of the other five genome browsers. With a 

smaller downstream region, there were more opportunities for the candidate CRMs that 

were found to be within 5o nucleotides of each other. As a result, there were larger and 

much fewer candidate CRMS (similar to results found by the Congdon lab in previous 

experiments).  

 Another point of interest is the candidate CRMs of the downstream region of 

Sorcin and IFT88 overlapping with their last exons. Possible explanations for this include 

inaccurate locations being assigned to the FASTA files due to some error in the 

reconciliation process. Another location where an error could occur is during the 

LiftOver of the BED files from 2013 genome information, to 2009 genome information. 

Of these two possibilities, the more likely explanation for this is a deficiency during the 

reconciliation process. The concept of doing curations involves getting gene information 

for multiple species for a single gene. These genes, even though they are homologues of 

each other, are represented quite differently across geneomes. Two of these differences 

includes the location and size of the gene. Because genomes are different sizes, a gene in 

one species can be a different size and have a different location in one organism than it 

does another. Reconciling this gene information from multiple species to generate 

candidate CRMs to be visualized on the human genome can lead inaccurate location of 

candidate CRMs. In particular, traversing the non-coding region obtained through the 
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curation process involves using coordinates generated from the curators. Conflicts in the 

coordinates from the three curators that go unchecked can lead to an inaccurate account 

of where GAMI should start searching for candidate CRMs.  

 These experiments have produced new theories as to how the genes in the 

predicted sea urchin proteome are being regulated. The identification of UBC as a 

potential regulator for ciliary gene expression during the development of sea may have 

implications for the battle with ciliopathies. Though the candidate cis-regulatory modules 

generated from these experiments are less than perfect, they were able to expose some 

possible areas for streamlining the GAMI pipeline that can be addressed as the GAMI 

tool becomes more widely used. In the meantime, the tool can be run on the IFT88 and 

Sorcin genes again to produce candidate CRMs that are less randomly distributed. Once 

those are produced, they can be directly tested for biological activity using real time 

polymerase chain reaction (PCR). This procedure allows Dr. Congdon and her research 

team to test for activity in candidate CRMs at multiple stages of development in the sea 

urchin genome (Lessard et al, 2015). With this, the scientific community one step closer 

to curing ciliopathies.  
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6. APPENDIX  

6.1. Preparations of ciliome spreadsheets for IPA analysis.  

This appendix section is a protocol on how to use IPA analysis. Ingenuity is not intuitive, 

and if someone wanted to use the program to recreate my results in the future, or conduct 

one of my future experiments, this guide will be valuable to them. 

1.Opened SpCiliome120409ver33 based on 18 4clusters modif for IPA (1)   

(version1).xlsx in excel.  This file was created by Javon Mullings, Robert Morris, and 

Angela Mirabella. 

2.Saved as SpCiliome120409ver40 based on 33 with more Hs gene IDs 

3.Sorted rows A4-A167 by col A (Index to keep cells in order) to get clusters back 

together. 

4.Sort EACH CLUSTER by column G (Hs Accn num from original ciliome or 

SpCiliomeSupplementForHsIDs Ver02) to sort out cells that have “None found for this 

gene” listed as the entry for the Hs Gene ID in col G. 

5.Added a little more text to the column headers to explain the contents of cols F, and H-

L. 

6.Inserted col H to identify the original scientist who identified these Hs genes (either 

Blair Rossetti who found them in the Hs ciliome or Javon Mullings who found Hs 

orthologues for Cr genes by one-way BLAST done automatically by Pazour’s Cr 

website. 

7.Placed the label “Blair” in col H for any entry that had an accession number in column 

H “Hs (or other) Gene ID (found by Blair)” 

8.Placed the label “Javon” in col H for any cell that has an entry in col G “Hs Accn num 

from original ciliome or SpCiliomeSupplementForHsIDs Ver02”. 

9.Sorted rows A4-A167 by Col G to get all Javon’s entries to top of that col so I could 

copy Blair’s accession nums from col F to same col G with Javon’s. 

10.  Copied Blair’s accession nums into same col as Javon’s so all are in one col - 

from col F to col G wherever they were missing. 

11.  Removed the 11 Cr Genes with no corresponding Hs genes (as determined by 

Javon’s search) down to bottom of spreadsheet.  They were at rows 48-58.  8 Zygotes 

and 3 Larvas.  Moved them to row 158-168. 

12. Resorted by cluster:  Rows 4 to 156 by col A index to get genes back in their 

clusters. 

13. Saved as SpCiliome120409ver40 based on 33 with more Hs gene IDs  

14. Saved as SpCiliome120409ver41 rearranging for IPA. 

15.  Calculate percent change for expression levels with the following steps: 

16. Insert 6 blank columns after column U (Larva raw expression value).  These are cols 

W to AA.   

17. Label cols W to AA with proper stage and with “Expression levels as ratio change.” 
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18. Calculate ratio change values by dividing each cell at 15 hours and later by the value 

preceding it. 

19. Saved as SpCiliome120409ver41a rearranging for IPA 

 

20.  Rearrange spreadsheet for IPA import using following steps. 

21.  Move Column G “Hs Accn num from original ciliome or 

SpCiliomeSupplementForHsIDs Ver02” with all accession numbers to column A. 

22. Copy the ratio change values to columns B,C,D,E,and F using /Paste Special to paste 

only the values. 

23. Saved as SpCiliome120409ver41b rearranging for IPA. 

24. Create IPA-Ready spreadsheets for upload to IPA using the following steps: 

25. Split up the top two rows and consolidated to one row. 

26. Saved as SpCiliome120409ver41c rearranging for IPA. 

27. Trim down the spreadsheet so there is less superfluous information, but still enough 

to track cells back to their source and to all the other info we have about them.  Do that 

with these steps: 

28. Delete columns J (Ref. sp.) to AT (Notes).  I can get back them with the Index 

number column (currently column H). 

29. Saved as SpCiliome120409ver42 trimming for IPA. 

The spreadsheet still includes  

col A - Hs Accesssion number,  

and cols B C D E F of ratio change of expression levels, 

col H “Index to keep cells in order” 
and col I “Cluster” 
and col J “Gene name for ref species” 

30. Trim down the header rows so there is only one row of header and IPA will accept 

data more smoothly. 

31. Trim out the data rows that are not 3x modulated and do not have known Hs gene 

IDs.   

To do this, delete rows from 156 downward. 

32. Deleted Sheet 1 “Notes” on the tabs at the bottom of the sheet so now there is only 

one sheet called “Table 1 Ciliome for Poster” 

33. Saved as SpCiliome120409ver43 trimmed for IPA. 

 

34. Create the Initial Ciliogenesis Interactome spreadsheet with these steps: 

35. I want to have all the genes that might be interacting at 15 hours present in this data 

set.  Therefore, I will include the  

 - Zygote cluster 

 - zygote/blastula cluster  

 - blastula cluster, and  

 - evens cluster. 

36. Saved as SpCiliome120409ver44a Initial Ciliogenesis gene set.xlsx.  

 

37. Create the Larval Interactome spreadsheet with these steps: 

38. I want to have all the genes that might be interacting at 72 hours present in this data 

set.  Therefore, I will include the  
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 - Larva cluster, and the 

 - evens cluster. 

39. Saved as SpCiliome120409ver44b Larva gene set.xlsx.  

 

Run IPA analysis of ciliome data! 

1.Launched IPA by opening Safari, then going to IPA at ingenuity.com, and click   Login. 

2.Uploaded SpCiliome120409ver44b Larva gene set.xlsx. 

 

RES: The dataset was accepted!! 

Of the 38 genes in the uploaded set, IPA says: 

Analysis Ready = 28;  Mapped ID’s = 36;   Unmapped IDs = 2;   All IDs = 38. 
“33 Analysis-ready molecules across observations.” 

 

3.Clicked the “Export Data” button, then chose “Tab delimited (txt)” option, and entered a 

filename. 
RES: IPA exported a datafile with the gene names and even drug interactions.  

Filename is Ver44b data reexported.txt.  

 

4.Clicked the “Export Data” button, then chose “Excel file” option, and entered a 

filename. 

RES: IPA exported a datafile with the gene names and even drug interactions.  

Filename is Ver44b data reexported.xls.  

CONC: Exporting as an excel file produces much more useful, clear data. 

 

5.Clicked “Run Analysis.”    
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6.2. Acquiring list of species to curate for the gene of interest 

In order to conduct the curation procedure, the species needed for curation must be 

obtained. This protocol describes how to obtain those species. This will be necessary if 

future work with GAMI needs to be done, or if the results from the experimented 

conducted in this thesis need to be recreated. 

1. Go to National Center for Biotechnology Information's gene page at         

http://www.ncbi.nlm.nih.gov/gene 

2. Enter gene name for the gene of interest into the search bar.       

3. On right hand side-bar, under “Find Related Data,” select ”Taxonomy" in the 

“Database” drop-down , then click "Find items” as shown here: 

 

 
 

4. Change to common tree display with these steps: In the left hand corner, Click the 

”Summary" drop-down menu, and select "Common Tree” as shown here: 

 

 
 

5. Click the check box next to "Mammals", then click "Choose” as shown here: 
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6. On the top menu, on the “Save as” pull-down bar, select “taxid list”. (the bar may 

default to “text tree”), then  click "Save as” as shown below.   This will save a file named 

taxidlist.txt to your computer. 

 

 
 

7. Open the saved file with a text editor such as TextEdit on a Mac or Notepad on a 

PC.  The taxidlist.txt file contains a long list of taxonomic IDs you will use soon. 

 

8. Go to:  http://www.ncbi.nlm.nih.gov/gene/advanced 

 

9. In the first "All Fields" drop-down menu, select "Gene Name” (a), then type the 

gene name in the adjacent box (b).  In the second "All Fields" drop-down menu, select  

"Taxonomy ID” (c), and copy paste the long list of taxonomic ID's acquired from NCBI 

taxonomy into  the adjacent field box (d).  Finally, click "Search.” (e) 

 

 

 

  The results of these steps is a list of all the mammals with sequenced 

genomes in the National Centers for Biotechnology Information (NCBI) database that 

have a gene annotation for the target gene. 

http://www.ncbi.nlm.nih.gov/gene/advanced
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6.3. Background on the curation process 

 There are some precautions that must be taken when doing curations. The 

following is description of what to look out for when extracting gene information from 

the NCBI data base as described in an email correspondence with collaborators Clare 

Congdon and Craig Lessard. 

 

"Curation" is the process of collecting information (be it books, or artworks, or DNA 

sequence) with very particular characteristics of interest.  For this exercise, curation 

involves finding the intergenic DNA sequences that surround your target gene and the 

intronic DNA sequence that falls within your target gene. The idea of this curation is to 

identify the genes that are upstream and downstream of your target gene, and download 

all the sequence of the DNA from your gene's upstream neighbor, through your gene's 

sequence itself, to your gene's downstream neighbor. 

For most genes, the curation process to find nearby DNA sequences is straightforward, 

but there are exceptions to the normal process.  One of the places with the most 

exceptions is the step where you define the boundaries of the intergenic DNA around 

your gene. For the purposes of our project, the "next gene" will always be the next 

protein-coding DNA sequence.  

 

When a possible gene is identified in a genome, it is described by its characteristics, and 

this description is called an "annotation."  Sequences with the following annotations 

should be ignored when you determine which genes are the closest ones to your target 

gene, but their existence should be recorded in your notes. You should also note any 
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annotations that are purple because, although these sequences appear to be genes at first, 

upon further investigation, they often fall into one of the categories below. All these types 

of annotations may include regulatory elements so we will include them in our intergenic 

DNA. 

 'pseudo' = pseudo-gene 

Genes that are marked as pseudo-genes no longer produce proteins, but they may still 

produce RNA transcripts. 

 

 'MIR' = Micro RNA 

In GenBank, genes that refer to micro-RNA begin with 'MIR'. They may be handled 

differently in other databases. 

 

 'orf' = "open reading frame" 

In GenBank, genes that end in 'orf<num>' are open reading frames. They are often short 

and are thought to have no function although they have a start and stop codon within the 

same frame. 

 

 'partial' = partial gene sequence 

The coding sequence for the gene is only partial. This means that more work needs to be 

done for this gene and the sequence may be questionable. 

 

 'partial stop'  

The coding sequence contains only a partial stop codon. The gene may still be functional, 

but it may be a result of a partial sequence. 
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As you curate your data, you will create one notes file to describe your whole annotation 

session.  and take notes as you work. It should have an entry for each species you curate.  

In the end, it will look something like the following: 

 

 

 

You will also create two files for each species you curate: a sequence data file and an 

annotations file. 

A file with sequence data called GeneName.SpeciesName.sequence.fasta      

e.g. CFTR.human.sequence.fasta  

A file with annotation data called GeneName.SpeciesName.annotations.txt,  

e.g.: CFTR.human.annotations.txt 

Save original files and notes from all curators, even after the files have been compared. 


