Exercise 3. Multiple Sequence Alignment of our protein of interest


-In this exercise, we will generate a multiple sequence alignment where sequences of similar proteins/enzymes are compared to see which regions/sequences are most similar to our protein of interest. 
-Multiple Sequence Alignment (MSA) is generally the alignment or similarity of three or more biological sequences (protein or nucleic acid) of similar length and order. 
-From the output, homology can be inferred and the evolutionary relationships between the sequences is studied. 
-We will also create a phylogenetic tree, using either a parsimony or distance-based approach. Bootstrapping and tree rooting are optional. -
*Please use your own protein sequence from exercise 1. 

Question
What is the possible evolutionary relationship between a set of sequences and your protein sequence, and what is the predicted protein structure?

STEP 1: Multiple Sequence Alignment using UniProtKB’s BLAST function.
1-Go to UniProt database (https://www.uniprot.org) 
2-Paste your amino acid sequence
3-hit Run BLAST
4-Click on ‘completed’, once the Blast search is completed
Note percent identity, bit-score and e-value on the result page or under ‘Hit Distribution’ for the range of hits

-What is your amino acid sequence?
MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG
-What are the ranges of your identity, bit-score, and e-values? Are these the same as Ex1/2?
Range of identity-   54-100, bit score-   160-270, and e- value- 2.6e-30- 3.5e-14
-How many proteins you found with 3D structure?
2

STEP 2: UniProtKB’s BLAST Results (Matched Proteins Names)
After the job is done,
1-Click on ‘input parameters’ for more info
2-Alignment section will show matched sequences based on E-values & %identity
3-Check the top 5 hits ONLY 
4-Click Align 
- 
-Write down your input parameters.
Program-blasp
Matrix- BLOSUM80
Alignments – 250
Scores- 250
Exp- 10
filter – F
Align- 0
Stype- protein
Sequence- >EMBOSS_001  
MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG  
Database- uniprotkb_refprotswissprot.

-Write down the “entry names” of 5 hits that you picked. Are these the same as Ex1/2?
Q9ZMZ4, Q1CV81, B6JPH6, P14916, B2UW71. Got 3 hits for Ex-1 which match the ones listed here. Those 3 are Q1CV81, P14916, and B6JPH6.
STEP 3: MSA using UniProtKB’s Align function
The result page will show the FASTA sequence of 5 selected proteins. 
1-Copy not > 5 FASTA sequences (separated by descriptor ”>” by using CTRL+A & CTRL+C keyboard functions.
2-Hit ‘Align 5 sequences’ on the resulting page
3-“Results for job” with multiple tabs will appear
-A symbol underneath each amino acid in the Alignments tab after every 60 amino acids conveys some information: 
-asterisk (*) shows a single, fully conserved residue. 
-colon (:) shows conservation b/w amino acid gps of similar properties. 
-period (-) shows conservation b/w amino acid gps of weakly similar properties.

-Write down the position number of first white amino acid in the first row of each set of sequences. 
Seq1 – 20, Seq 2- None, Seq 3 – 103, Seq 4- 191, Seq 5- None

STEP 4: Clustal-Omega Program/Algorithm 
1-Go to Multiple Sequence Alignment tool (https://www.ebi.ac.uk/Tools/msa/clustalo/) 
2-Paste the FASTA formatted input sequence of just 5 hits that you copied in the last step 
3-hit Submit. 
-Clustal-Omega program will compare the proteins from different organisms & match the regions of high similarity.

-What is the position of first amino acid without a single, fully non-conserved residue? 
Answer: As we can see from the beginning of the alignment, the first amino acid that doesn’t have an asterisk (*) underneath is at position 21 (eg, at R).

STEP 5: Phylogenetic Tree (Clustal-Omega tool) 
1-Click Phylogenetic Tree tab 
-It will depict the Cladogram of the phylogenetic tree of the 5 protein hits that you picked.

-Draw or take the screenshot of the  Cladogram or Phylogenetic tree output in your report corresponding to the 5 proteins hits you picked

STEP 6: Phylogenetic Tree (Simple-Phylogeny tool)
1-Go to EMBL-EBI’s simple phylogeny tool (https://www.ebi.ac.uk/Tools/phylogeny/simple_phylogeny/).
2-Paste all the FASTA formatted input sequence of just 5 hits that you copied in the ‘align’ step 0
-If you decide to create a phylogenetic tree with a large multiple sequence alignment, it is more efficient to select UPGMA under “clustering method”. 
-However, since we only have 5 entries, the neighbour-joining method will be sufficient. In general, neighbour-joining method is slower but more comprehensive
3-Hit submit

Gather following information from the “Submission Details” tab; Program, Version, Number of Sequences, Tree Format
Answer: Program CLUSTAL, version 2.1, Number of Sequences 250, Tree Format- Phylip

STEP 7: Phylogenetic Analysis Using Molecular Evolutionary Genetic Analysis (MEGA)
1-Install the Molecular evolutionary Genetic Analysis (MEGA) 5.0 licensed as proprietary freeware software program for Windows (https://mega.software.informer.com/5.0), and for Mac https://macdownload.informer.com/mega-5/
2-Open the software perform and write down the steps as mentioned in the following video:
 https://youtu.be/hlgB3aRyE_8

-What is the difference you found in doing MSA using Clustal Omega or MDGA programs?
Using Clustal Omega was simpler as compared to MDGA program. MDGA Program requires the FASTA sequence to be uploaded in a certain format, however, in Clustal Omega we can just paste the FASTA sequences that we copied earlier during the Lab. The alignment results for MDGA is a lot more colorful and visually stimulating which makes it hard to comprehend. On the other hand, Clustal Omega alignment results are easy to comprehend because of the simple presentation used by the tool.
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