Biol244 Genomics

 BIOINFORMATICS and GENE ANNOTATION
The goal for the first part of lab today is get a sense of what it is like to work as a bioinformatician annotating sequences from a transcriptome dataset.  You will focus on annotating one cDNA sequence, but keep in mind that genome annotation involves annotating thousands of genes at once.

Today you will use bioinformatics tools to learn about a cDNA sequence by predicting the protein sequence, and then gathering information about that protein sequence.  For example, are there homologous genes/proteins in other species?  How similar are these homologs?  Does this protein contain a functional domain that will inform you about the job it performs in the cell?  

1. TOOLS FOR PREDICTING THE PROTEIN SEQUENCES FROM A GENE SEQUENCE
a. ORF Finder (NCBI) to translate a DNA sequence into a protein sequence
2. TOOLS FOR IDENTIFYING AND COMPARING HOMOLOGS 

a. BLAST against SwissProt to identify potential homologs
b.  Blast against Genome or Transcriptome Browsers to identify potential homologs
c. ClustalW alignment of homologs
3. TOOLS FOR PREDICTING PROTEIN FUNCTION
a. Pfam: collection of protein domains and protein families
DNA Sequence to Annotate:
>Mystery Sequence

GGAAAACGGCCAGCCTGAGGAGCTGCTGCGAGGGTCCGCTTCGTCTTTCGAGAGTGACTCCCGCGGTCCCAAGGCTTTCCAGAGCGAACCTGTGCGGCTGCAGGCACCGGCGTGTTGAGTTTCCGGCGTTCCGAAGGACTGAGCTCTTGTCGCGGATCCCGTCCGCCGTTTCCAGCCCCCAGTCTCAGAGCGGAGCCCACAGAGCAGGGCACCGGCATGGCCAAAGCCGCGGCGATCGGCATCGACCTGGGCACCACCTACTCCTGCGTGGGGGTGTTCCAACACGGCAAGGTGGAGATCATCGCCAACGACCAGGGCAACCGCACCACCCCCAGCTACGTGGCCTTCACGGACACCGAGCGGCTCATCGGGGATGCGGCCAAGAACCAGGTGGCGCTGAACCCGCAGAACACCGTGTTTGACGCGAAGCGGCTGATCGGCCGCAAGTTCGGCGACCCGGTGGTGCAGTCGGACATGAAGCACTGGCCTTTCCAGGTGATCAACGACGGAGACAAGCCCAAGGTGCAGGTGAGCTACAAGGGGGAGACCAAGGCATTCTA

CCCCGAGGAGATCTCGTCCATGGTGCTGACCAAGATGAAGGAGATCGCCGAGGCGTACCTGGGCTACCCGGTGACCAACGCGGTGATCACCGTGCCGGCCTACTTCAACGACTCGCAGCGCCAGGCCACCAAGGATGCGGGTGTGATCGCGGGGCTCAACGTGCTGCGGATCATCAACGAGCCCACGGCCGCCGCCATCGCCTACGGCCTGGACAGAACGGGCAAGGGGGAGCGCAACGTGCTCATCTTTGACCTGGGCGGGGGCACCTTCGACGTGTCCATCCTGACGATCGACGACGGCATCTTCGAGGTGAAGGCCACGGCCGGGGACACCCACCTGGGTGGGGAGGACTTTGACAACAGGCTGGTGAACCACTTCGTGGAGGAGTTCAAGAGAAAACACAAGAAGGACATCAGCCAGAACAAGCGAGCCGTGAGGCGGCTGCGCACCGCCTGCGAGAGGGCCAAGAGGACCCTGTCGTCCAGCACCCAGGCCAGCCTGGAGATCGACTCCCTGTTTGAGGGCATCGACTTCTACACGTCCATCACCAGGGCGAGGT

TCGAGGAGCTGTGCTCCGACCTGTTCCGAAGCACCCTGGAGCCCGTGGAGAAGGCTCTGCGCGACGCCAAGCTGGACAAGGCCCAGATTCACGACCTGGTCCTGGTCGGGGGCTCCACCCGCATCCCCAAGGTGCAGAAGCTGCTGCAGGACTTCTTCAACGGGCGCGACCTGAACAAGAGCATCAACCCCGACGAGGCTGTGGCCTACGGGGCGGCGGTGCAGGCGGCCATCCTGATGGGGGACAAGTCCGAGAACGTGCAGGACCTGCTGCTGCTGGACGTGGCTCCCCTGTCGCTGGGGCTGGAGACGGCCGGAGGCGTGATGACTGCCCTGATCAAGCGCAACTCCACCATCCCCACCAAGCAGACGCAGATCTTCACCACCTACTCCGACAACCAACCCGGGGTGCTGATCCAGGTGTACGAGGGCGAGAGGGCCATGACGAAAGACAACAATCTGTTGGGGCGCTTCGAGCTGAGCGGCATCCCTCCGGCCCCCAGGGGCGTGCCCCAGATCGAGGTGACCTTCGACATCGATGCCAACGGCATCCTGAACGTC

ACGGCCACGGACAAGAGCACCGGCAAGGCCAACAAGATCACCATCACCAACGACAAGGGCCGCCTGAGCAAGGAGGAGATCGAGCGCATGGTGCAGGAGGCGGAGAAGTACAAAGCGGAGGACGAGGTGCAGCGCGAGAGGGTGTCAGCCAAGAACGCCCTGGAGTCCTACGCCTTCAACATGAAGAGCGCCGTGGAGGATGAGGGGCTCAAGGGCAAGATCAGCGAGGCGGACAAGAAGAAGGTTCTGGACAAGTGTCAAGAGGTCATCTCGTGGCTGGACGCCAACACCTTGGCCGAGAAGGACGAGTTTGAGCACAAGAGGAAGGAGCTGGAGCAGGTGTGTAACCCCATCATCAGCGGACTGTACCAGGGTGCCGGTGGTCCCGGGCCTGGCGGCTTCGGGGCTCAGGGTCCCAAGGGAGGGTCTGGGTCAGGCCCTACCATTGAGGAGGTGGATTAGGGGCCTTTGTTCTTTAGTATGTTTGTCTTTGAGGTGGACTGTTGGGACTCAAGGACTTTGCTGCTGTTTTCCTATGTCATTTCTGCTTCAGCTCTTTG

CTGCTTCACTTCTTTGTAAAGTTGTAACCTGATGGTAATTAGCTGGCTTCATTATTTTTGTAGTACAACCGATATGTTCATTAGAATTCTTTGCATTTAATGTTGATACTGTAAGGGTGTTTCGTTCCCTTTAAATGAATCAACACTGCCACCTTCTGTACGAGTTTGTTTGTTTTTTTTTTTTTTTTTTTTTTTTGCTTGGCGAAAACACTACAAAGGCTGGGAATGTATGTTTTTATAATTTGTTTATTTAAATATGAAAAATAAAATGTTAAACTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

IMPORTANT:
1) Start a Word file called “Homologs”.  You will be pasting sequences into it
2) Make sure you save all sequences in “fasta” format.  
Annotation 1:  Predicting the amino acid sequence of a gene 
     Method:  Bioinformatic translation tool
ORF Finder (http://www.ncbi.nlm.nih.gov/projects/gorf/) is a tool that translates a DNA sequence into a protein sequence.  It does this in a series of steps:
1. Converts the DNA sequence into the 6 possible “reading frames” (+1, +2, +3, -1, -2, -3)
2. Starts at nt position 1 in each of the 6 reading frames and begins translating the codons into amino acids 
3. Marks the locations of all start codons and all stop codons
4. Provides the results in TWO different visualizations of the translations of nt into AA

a. SixFrames view shows the translation AND positions of all start and stop codons

b. ORFFind view shows only the open reading frames that begin with a start codon and end with a stop codon
1) Determine the amino acid sequence encoded by the mystery DNA sequence: 

· ORF Finder: paste the DNA sequence into the ORF Finder sequence window, and click on “ORFFIND”

· SixFrames: Click on the button called “Six Frames”
· What do the pink and blue hatch marks represent?  
· To find out, click on one of the bars and look at the translation that is shown.  What are the pink codons?  What are the blue codons?
· What is the very first nucleotide of each reading frame?  What does this mean about where ORFFinder started translating?



ORF +1:



ORF +2:



ORF +3:



ORF -1:



ORF -2:


ORF -3:
[image: image1.wmf]

0

[image: image2.wmf]

1

[image: image3.wmf]

1

[image: image4.wmf]

874

[image: image5.wmf]

GGGACCNCTCCT


· Click on the “OrfFind” button again, and observe the transformation back into the bars with blue segments. 

· What do each of the six bars represent?

· What do the blue segments represent?  What is at the beginning and end of each blue bar?

· Which of all the possibilities might be the actual protein sequence?

· What do the numbers along the right side mean?
· Copy the predicted amino acid sequence of the largest open reading frame:
· Click on longest open reading frame

· Click on the “Accept” button

· Select the “Fasta protein” option from the dropdown menu, 
· Click on “View” and copy the protein sequence.  Paste it into your file “Homologs” 
Annotation 2: Identify potential homologs from other species

Method: Blast search
BLAST to identify potential homologs
Given an unknown sequence, we would like to be able to identify homologs.  BLAST (Basic Local Alignment Sequence Tool) will help you in your quest.  Blast works by examining the sequence of a “query” sequence (for example, our Mystery Sequence) and identifying whether it is similar to any that are present in the database that you specify.    

blastp to identify similar protein sequences:
· Go to the NCBI Website and select the link to the BLAST page
· Select blastp (protein blast) and search against Swiss-Prot database
· what is the top blastp hit that corresponds to a protein from a real species (in other words, not a synthetic construct)?  
· Examine the “defline” of the top hit
· Accession number (what is an accession number)?

· Definition information: sometimes hard to interpret! 
· Click on the hyperlink (the defline) to take you to the accession record for that sequence

· What is the species? What kind of organism is it?

· What is the range of e-values?  What do they suggest about homology?
· How similar is your query sequence with the top two hits?  (Look at the alignments for the percent identity)

· Copy the protein sequence of the top hit, and paste it into your Homologs file, right after the MysteryProteinSequence
Species Genome Websites:  Blast to identify homologs from species of  interest 
Now we will find related proteins from species of interest.  NCBI can often be a terrible way to do this, because there is so much to wade through to find the specific genes of interest.  For organisms that have had their entire genome sequenced, we can go directly to the Genome Website to find genes and proteins.  Your goal is to determine whether, the sea anemone Nematostella vectensis, also possesses this protein, and to create a fasta file containing the protein sequence of this gene in Nematostella.
The website you will be using contains the entire genome sequence of this species.  It is designed to help researchers study the sequences and features of either “landscape” level questions, such as whole chromosome questions, but also “gene” level questions, such as the structure of a gene of interest.  You will be using this website today to look at gene level questions.  

Navigate to the Nematostella Genome Browser
1. Go to the Nematostella vectensis Genome Browser website at the Joint Genome Institute
2. Read about Nematostella on the JGI Genome Browser main Nematostella page.   Also check out the Wikipedia page “Sea anemone” to learn more about this class of animals
Identify homologs from Nematostella:
1. Perform a BLASTP search against the genome (protein database) 
2. Examine the top hit from the blast search: 
· E-value: Do the e-values suggest that the top hit might be a homolog of MysterySequence? Why or why not?

· Alignment: Does the alignment suggest that they might be homologs? Why or why not?
· From the alignment, select the “more info” link and examine the information on the page. Take some time to read all of the information on this page.  Can you figure out what everything means?  

· The black/red illustration represents the structure of the gene within its genomic context.  Click on one of the red regions.  This will take you to a page showing the gene sequence. What does red indicate?  What does black indicate?

· The gold illustrations represent features of the protein specifically, the output of a variety of bioinformatic analyses, such as Pfam. From the naming of each bar, can you figure out what each analysis identified?
· What does the green bar represent?  

· What do the grey bars represent?

· Collect the protein sequence from the top hit (try selecting the green bar) and paste it (in FASTA format) into your “Mystery Sequence ” file.  Paste it so that it comes right after the Mystery Sequence.
Identify homologs from Aiptasia
1. Navigate to version 2 AiptasiaBase http://aiptasia-dev.cs.vassar.edu/
2. Select the Blast Search function from the grey menu bar

3. Input the Query sequence into the blast search window
4. Select the correct blast search to perform (i.e., blastp) 

5. Click on “Create Blast”
6. The results page will show you the alignment of your query sequence to all of the matches in the Aiptasia transcriptome

7. To get to the Aiptasia protein sequence, click on the Accession Number of the Top Hit to go to the sequence ID page

8. Select “View Amino Acid Sequence”

9. Copy and paste the protein sequence into your Word document
IMPORTANT: AT THE END OF THIS SEGMENT, YOUR FILE “MYSTERY SEQUENCE HOMOLOGS” SHOULD CONTAIN :
1) THE PREDICTED PROTEIN SEQUENCE OF MYSTERY NUCLEOTIDE SEQUENCE (from ORF Finder) 
2) THE PROTEIN SEQUENCE OF THE TOP BLASTX HIT  FROM A SEARCH OF THE NCBI SEQUENCE DATABASE
3) THE PROTEIN SEQUENCE OF THE TOP NEMATOSTELLA HIT (From Blast search of Nematostella genome)
4) THE PROTEIN SEQUENCE OF THE TOP  AIPTASIA (From Blast search of AiptasiaBase)
BEFORE YOU GO ON: make sure the Homologs file is in fasta format for each sequence!!!

>information line for sequence1

MGCILLAVLIGCWP….etc…….

>information line for sequence2

MLPGYTILLAVLIGCWP….etc…….

Annotation 3: Characterizing Homology 
 


Method: Clustal Global Alignment
Now that you have collected 4 different protein sequences, you want to compare the similarities and differences among them.  We will use a very common global alignment program called Clustal.

1. Perform a Google search for ClustalW and select the top hit 

2. Input the 4 sequences in multiple fasta format into the window (or upload your file containing these 4 sequences in fasta format)

3. Click on the “run” button to start the clustal algorithm

4. Examine the alignment (select the .aln file)
a. Are the 4 sequences all roughly the same length?

b. What do the asterisks and colons represent?

c. For the regions that do align, do you think this region is highly conserved across metazoan (animal lineage) or poorly conserved?  Is there a pattern to the conserved regions (are the conserved amino acids randomly located, or clustered into strings of conserved regions)
*** What does the level of  “conservation” suggest about homology? ***

5. Copy the .aln file into a Notepad or Wordpad document and save it as a text file.  You can then access these files later if you need to.
6. Alignments such as these are used to identify protein domains.  An alignment of homologs is constructed, and then assessed for the probabilities of particular amino acids occurring in each of the positions of the sequence.  This is what we will look at next.

Annotation 4:  Locations and functions of protein domains

Method: Blast against Pfam
There are many different resources for analyzing sequences for functional protein domains.  We will explore Pfam, a database that stores a collection of known protein domains and protein families.  The definitions of the protein families in Pfam are  produced by first aligning proteins that are known to contain a particular domain, and then analysis of the domain to identify particular amino acids that occur in specific positions of the domain.  Then, unknown protein sequences can be compared to these domains to see whether they contain a similar protein sequence.
1. Go to the Pfam website (http://pfam.sanger.ac.uk/)

2. Click on “search” at the top of the page
3. Enter the protein sequence 

4. Examine the output

a. What is the Pfam Id number of the domain that was identified?
b. How likely is it that MysteryProtein contains this domain?  How can you assess this?

c. What features are depicted on the cartoon illustration?

d. What features are described in the table?

5. Follow the links on the cartoon to learn more about what functional domains this protein contains

6. Can you make some conclusions about the role of this protein to the biology of the organism?
