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BISC/CS303




  Milestone 1

Due: February 6, 2008 by the start of class
(E-mail solutions to instructors)

Student Name:

The goals of this laboratory exercise are for you to:

1) Review how information is stored in DNA and translated into proteins

2) Explore the concepts of homology, orthology, and functional similarity 

3) Familiarize yourself with the yeast genome database and expand your bioinformatics vocabulary

4) Perform a comparative genomic analysis of your gene and its orthologs

For this exercise you should divide into groups of 2-3 students. Each student with a CS background should be in a group with at least one student with a BISC background.

Task 1: Information flow from DNA to protein

1) You have determined the DNA sequence of one strand of your favorite gene (see below). Using your knowledge of DNA structure, write in the DNA sequence of the other strand (called the complementary sequence), below the first, using the letters A, T, G, and C to represent the four DNA nucleotide bases.

TTAAATGCCCTCTGAGGGGGATCGAAGGTTAAACATATTTTGACCAAA

((((((((((((((((((((((((((((((((((((((((((((((((
2) You are curious to know what protein in encoded by the DNA you have sequenced. From your previous experiments, you know that your gene reads from left to right on the top strand (the coding strand for your gene) and that the bottom strand serves as a template (called the template strand) for producing RNA from your gene. Using the sequence of the bottom strand as a template, write the sequence of the RNA molecule produced by the DNA above. Use the letters A, U, G, and C to represent the four RNA nucleotide bases.

3) Now that you have the RNA sequence of the transcript produced by your gene, you can translate the nucleic acid information into protein sequence. Use the genetic code table provided below to determine the amino acid sequence of the protein. Write the amino acid abbreviations below the corresponding codons in the RNA molecule you have transcribed above.
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4) If the bottom strand of your DNA molecule were the coding strand for another gene, which direction would that gene read?

Task 2: Evolutionary relationships: Homologs, paralogs, orthologs, and functional similarity

Proteins are linear chains of amino acid residues that fold into complex 3D structures that carry out cellular functions. Proteins that have similar linear sequences of amino acid residues often fold into similar 3D shapes and have similar functions.

In lecture, we discussed the term “homology” in the context of comparative genomic analysis. Since homology plats an important role in many bioinformatics analyses, let’s explore what it means for genes to be homologous.
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Genes are said to be homologs if they are derived from a common ancestral gene. Because of this common ancestry, homologous genes often encode structurally similar proteins. Two genes are either homologous or they are not; homology is a Boolean property.

Homologous genes in different species are called orthologs. Because they share a common ancestry, orthologs often, but not always, have conserved functions. Functional conservation is a consequence of orthology, not part of its definition.
Homologous genes in the same species that arose via gene duplication are called paralogs. Paralogous genes usually diverge functionally, or only one copy of the gene retains function.

1) Orthologous proteins don’t always have completely overlapping functions. In fact, orthologs may no longer share the same functions. Why is this?

2) Generally speaking, would you expect the nucleotide sequences of orthologous genes to be more or less similar than the amino acid sequences of the orthologous proteins they encode? Why?

3) When trying to determine whether two genes are orthologous, one must consider the possibility that two different genes are similar because, over time, their sequences converged towards one another instead of sharing similarity because they diverged from a common ancestral gene. If two genes have evolved convergently, would you expect them to be more or less similar to each other than their ancestral sequences are to one another? What if the two genes have evolved divergently? Why?

4) Paralogous genes (homologs in the same species that arose as the result of a gene duplication event) often diverge functionally. It is common for only one copy to remain active, while the other copy becomes inactive (called a pseudogene). Why might paralogs diverge functionally?

Task 3: Online genomic resources: the Yeast Genome Database (www.yeastgenome.org).

Please fill in the table below as you work you way through the questions in tasks 3 and 4.

	Organism
	Number of chromo-somes
	Gene name
	Gene location (chromo-some #)
	# of amino acids in protein
	Upstream gene (left)
	Downstream gene (right)
	# of introns in gene

	Yeast
	
	
	
	
	
	
	

	Fruit fly
	
	
	
	
	
	
	

	Human
	
	
	
	
	
	
	


1) Sign up for a yeast gene on the yeast gene list. Be sure to note the name of the fruit fly ortholog of your gene, as you will need it later. What is the biological name of your yeast gene and its protein product? Find your yeast gene in the yeast genome database. Does your gene have synonymous names? Why might a gene have multiple names?

2) What is the purported function of your gene product?

3) What is the cellular location of your gene product?

4) Where is the gene located in the yeast genome (chromosome number, nucleotide position)? How many amino acids does your gene product have? How many chromosomes does yeast have?

5) GBrowse is a customizable tool that displays the linear arrangement of genes on a chromosome. Find and click on the GBrowse link for your gene (located on the right side of the gene page). What are the genes adjacent to your gene on the chromosome? Do they have functions related to your gene’s function? Why do some genes point left and some point right?

6) Some of the genes that you see in the yeast GBrowse schematic are red, and some are pink. What is the difference between these two types of genes? Why do some genes have systematic names while others have a specific name? 

7) What is the phenotype (if any) of yeast cells that have a deletion of your gene?

8) What genes or proteins interact with your gene? List up to 5 of these genes. What are the functions of these genes or proteins?

i)

ii)

iii)

iv)

v)

Task 4: Comparative genomics: yeast, fruit fly, and human orthologs

Access the fruit fly genome database (www.flybase.org). Search for the fruit fly ortholog of your yeast gene in the Drosophila melanogaster genome database using the “Jump to gene” search box in the top right of the FlyBase home page (the name of the Drosophila ortholog of your gene is in the gene list). In a new window or tab, open the GBrowse link for your gene.

1) Closely related organisms often have a similar linear arrangement of genes on their chromosomes. Regions of the genome that are highly similar between two organisms are commonly said to be syntenic or share synteny. Which two genes are directly adjacent to the fly ortholog of your yeast gene? Are they similar to the genes that surround your yeast gene? What can you conclude about the degree of synteny between the yeast genome and fly genome immediately adjacent to your gene? Is this a surprise? Why?

2) Scroll over the “Species” tab on the main menu bar of the FlyBase home page and click on “Synteny Table” which displays the syntenic relationships between the 12 Drosophila species genomes that have been sequenced. How many chromosomes does Drosophila melanogaster have? Which chromosome and which arm of that chromosome is your gene located on?

3) Scroll down the page for your fruit fly ortholog and click the “+” sign in the blue tab labeled “Orthologs”. Under the heading “Linkouts” scroll over the links until the URL that appears in the status bar has “Homo_sapiens” in it. Open this link in a new tab or window to find the human ortholog of your gene. What chromosome and which arm of that chromosome is the human ortholog of your yeast and fly genes located on? How many chromosomes do humans have?

4) You may have noticed in the “mRNA” schematic in GBrowse that some of the fruit fly genes have multiple blocks interrupted by thin lines. This indicates that some sequences in the initial RNA transcript are removed (spliced out) before the protein is translated. The pieces of RNA that are removed from the original transcript are called introns, while the pieces of the original transcript that remain in the final mRNA are called exons. Many of the genes in fruit flies have introns, while only a small proportion of yeast genes have introns (for example, the yeast gene EFB1 has one intron).

Examine the schematics of both your yeast gene and your fruit fly gene and five genes on either side of them using GBrowse (you may have to adjust the zoom setting to see five surrounding genes). Including your gene, how many of the 11 yeast genes have introns? How many of the 11 fruit fly genes have introns? Does your yeast gene have any introns?

5) The number of introns and exons in genes is generally correlated with genome size and complexity. How do the numbers of introns in the fly ortholog of your gene qualitatively compare to the number of introns in the human ortholog? What does this suggest about the relative genome complexity of fruit flies and humans? Is this a surprise, considering that fruit flies have ~14000 genes and humans have ~22000 genes?

6) mRNAs are not always spliced in one way, and sometimes a gene has multiple possible translational start codons. By using alternative splicing and alternative start codons a cell can produce multiple related versions of a protein called isoforms. Different isoforms of the same protein can have distinct functions.

How many distinct isoforms can your fruit fly gene encode (known isoforms are listed under “Gene products and expression > Polypeptide data”)? How many distinct isoforms can your human ortholog encode (known isoforms are listed above the gene schematic under “Transcripts” on the gene front page)? Using the first protein isoform listed, record the number of amino acids and the number of introns for both your fruit fly and human ortholog.

7) Is it surprising that your yeast gene is conserved in both fruit flies and humans? Based on what you have learned about your gene’s function, explain why.

