LAB2: Sequence alignments and database searching.

1. [20 pts]

a) [5pts] Draw the dot plot for the following two proteins. Each sequence is represented as a serie of domains, each domain represents many amino acids. Sufficiently Identical domains are represented by identical symbols, while more distantly related domains are divided into families. for example F is related to F1 and to F2, 
but A is NOT related to B.
Put the first sequence on the Horizontal Axis. Draw Black Diagonal lines for identical domains alignment, and dotted lines for distantly related domains.
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1b) [5pts] What generic type of alignment method could you use to find the alignments of  the various domains.(hint: there are only two types of generic methods)

1c) [5pts] List all the local alignments(and theirscore) that you can read off the dot plot going only along diagonals. Assume that aligning identical domains has the same score (A with A has the same score as E with E, etc..) of +10, while aligning non-identicals has score of 5 (F with F1 or F with F2), while non-related domains have score of -10. For this problem, DO NOT allow gaps in the alignment. (Hint: List the diagonals in the dot-plot)

1d) [5pts] If the ancestral sequence was A B F E, for each of sequence 1 and 2 (of part 1a) ),  draw one possible chain of evolutionary events that would have led to that sequence, using ONLY duplications,deletions or mutations: insertions out of thin air are not allowed!!!(that's called magic!) (duplications of a domain or a pair of domains,mutations of F into F1 or F into F2,deletion of a domain). 

Hint: Insertion of an entire domain is not allowed (this would be akin to making an entire domain appear out of thin air), only duplications of one or more domains together.

For example to mutate B-A-F into B-F1 A, can be accomplished by 

1) Duplicating the A-F domain (BAF-> BAFAF) 

2) deleting 1st A (BAFAF->BFAF), deleting last F (BFAF-> BFA) 

3) then mutating F into F1. (BAF->BAF1). There may be other possibilities.


Start           A B F E                                              A B F E
Finish   A B  A  F E  F1 E                                           A B  F  F2 E

2) [25 pts]

a) [5pts] Align sequence D23662 and D10918 (use the version of  blast for two sequences, taking care to choose the appropriate program (blastp for proteins, or blastn for nucleotides)).

TURN FILTERING OFF before running blast2sequences. 

- Edit the preferences in Netscape to change to a font-size of 8 before printing.. or change the View->text-size option to ‘smallest’ in explorer.

- Print the alignment.

( by the way: Filtering is used when aligning large sequence to prevent the matching of low-complexity sequences like AAAAAAAA (e.g. polyA tail))

b) [10 pts] 

- Reading the annotations in the Genbank records, highlight (using the HTML editor of your web browser) the coding region portion of the alignment on the PRINTOUT (The portion of the sequences that code for a gene.) 
     - Identify the start codon on the alignment using a marker, pen or  pencil.

     - Identify the stop codon on the alignment, using a marker, pen or pencil.

     - Does the start codon code for an amino acid? (Yes/No)

     - Does the stop codon code for an amino acid?(Yes/No)

c) [5pts] How many mismatches are there in the CODING region.

d) [5pts] How many amino acid changes are there as the result of those mismatches. You could use the a codon table to decide whether a change is synonymous (no amino acid change) or non-synonymous (the mutated codon codes for a different amino acid). There is a way to do this without  using the codon table, but you will need to redo an alignment using the translated proteins with filtering off(hint: look in the Genbank records to find the protein gi that you need to align)

PART II:

3) [10 pts ] You have performed a BLAST search and found two matches. One has an expect value of 0.01 (1e-2) and the other one has an expect of 2. Which match is more significant from a statistical point of view.

4) An EST (Expressed Sequence Tag) is a small piece of a mRNA sequenced using an inexpensive single-pass sequencing run of the DNA complementary to that mRNA (cDNA). Often without sequencing the whole mRNA, one can still infer the function of a gene, or at least uniquely identify that gene, based on a short EST (typically 200 nucleotides). Sometimes the EST is sequenced in the CODING region of the mRNA, and in that case, you can find homology to proteins.

You are given the human EST with genbank identifier (gi) 1844184 (accession number AA223599), and are asked to find some hints to it's function.

a) [10pts] Compare this nucleotide sequence to the nr protein database using blast. 

· Which blast program should you use?(blastn or blastp or blastx or tblastn or tblastx at http://www.ncbi.nlm.nih.gov/BLAST)

· What is the Accession number of best matching protein hit?

· What is the Accession number of best matching HUMAN protein hit?

b) [10pts] Take the first HUMAN protein sequence from the previous search.

-  Run the PSI-Blast program once against the nr database.

· then select (click on the check-box) only the "hits" with E-value statistically better than 1E-10,

· run the first iteration of PSI-Blast with these hits.  

· What are the Accession Numbers of the first five matching proteins below the 1E-10 cutoff BUT worst than 1E-100.

c) [10 pts] (Can be done after 1st lecture if time allows)

· Use the clustalw program to create a multiple alignment of proteins with accession. (CAB56623,AAC53567,CAA92594,NP_015432,CAB61457)

·  (http://dot.imgen.bcm.tmc.edu:9331/multi-align/Options/clustalw.html ) 

d) [10 pts] highlight the conserved residues, conserved in at least four of the five sequences.

· Use the editor in a web browser to highlight the residues.

e) [Bonus question: 10pts] In a separate Window, run the same human query protein from b) against the protein database nr, using the "other advanced options" to restrict to hits with an e-value of 1e-10 or better. 

· Display the alignment in the flat master-slave with identities mode and restricting hits to hits with an e-value better than 1e-10. Edit the alignment using the edit function of the browser.

To help identify the function of the EST, one must assign a function to the conserved residues. This is often done using searches to databases of patterns (such as Prosite). DNA-binding proteins often contain a specific motif that codes for a protein structure that binds to DNA, one such domain is the zinc-finger domain. This binding domain gets it's name from 4 Cysteine residues (or 3 Cysteine residues and one Histidine residue) conserved as (C,2-5 aa,C,10-15 aa,C or H, 2-5 aa, C or H)  that fold in three dimensional space and coordinate to bind a Zinc ion (like a 4 finger grab). The Zinc Ion coordination confers rigidity to the structure allowing it to stably bind to DNA. A related motif is the Zinc knuckle whose motif is C,5-10 aa,C,3-5 aa,C,2-4 aa, H.

How many zinc finger/knuckles motifs can you count in the blastp alignment. Underline these motifs in the alignment. (advice: Use a pencil at first.).
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