I.  Overview Session 3 S11

II. Sequence Search 

A. Dot plot or related methods (e.g. contact maps) are ubiquitous in Bioinformatics including in seq. search
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1. Next step in seq. search is to score each cell (beyond 0 or 1)

B. Smith-Waterman is an exhaustive search algorithm (see link http://bioinformatics.albany.edu/scoring.htm); also a type of recursive algorithm



1. It can be modified to use the most up-to-date scoring matrices



2. Key is the Alignment Table defined below by cell expression

SWi,j = max{ SWi-1,j-1 +  s(ai,bj); SWi-k,j + gapj; SWi,j-k  + gapi; 0 }; using simple 

 “Unitary Scoring Matrix”: Match = 5, Mismatch =  -4; 

 Open Gap = 0, Extend Gap = -7 

            i   1   2   3   4   5   6   7   8   9  10  11  12


   -   g   c   t   g   g   a   a   g   g   c   a   t
       j-   0   0   0   0   0   0   0   0   0   0   0   0   0

       1g   0   5   0   0   5   5   0   0   5   5   0   0   0

       2c   0   0  10   3   0   1   1   0   0   1  10   3   0

       3a   0   0   3   6   0   0   6   6   0   0   3  15   8

       4g   0   5   0   0  11   5   0   2  11   5   0   8  11

       5a   0   0   1   0   4   7  10   5  <4>  7   1   5   4

       6g   0   5   0   0   5   9   3   6  10   9   3   0   1

       7c   0   0  10   3   0   2   5   0   3   6  14   7   0

       8a   0   0   3   6   0   0   7  10   3   0   7  19  12

       9c   0   0   5   0   2   0   0   3   6   0   5  12  15

      10t   0   0   0  10   3   0   0   0   0   2   0   5  17

                                g   a   a   g - g   c   a
                     g   c   a   g a g   c   a




a. Assume k=l=1, so only gap term easy to evaluate for SW8 5 (i.e. pick maximum of the following)

SW8-1 5-1 + s(a8,b5 )= 2 + (-4)= -2

SW8-1 5 + gap5         =  5 + (-7)= -2

SW8 5-1 + gap8         =11 + (-7)= <4>

0





= 0



b. After all cells calculated (this can be time prohibitive if one has a large subject database) can do a “traceback”



B. BLAST is the most widely used heuristic (which we will define as a method that “learns by doing”)




1. Requires a reasonable balance between sensitivity (recovering related sequences) vs. selectivity (avoiding false positives), while maintaining speed

2. Note key steps for BLASTP, see generally informative more recent link (focus on first half)

http://wapedia.mobi/en/BLAST
and Pubmed Altschul et al., 1997 link http://www.ncbi.nlm.nih.gov/pubmed/9254694





a. Seek matches from word fragments





b. Word hits (can require pairs of non-overlapping ones) meeting a certain threshold are extended, assuming they meet a minimum S (score value) criteria 





c. Evaluate significance of score 

C. Scoring matrices (typically substitution matrices for proteins) 



1. BLOSUM is a very standard class of substitution matrices




a. Hennikoff & Hennikoff, 1992 ( see link http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=1438297
 “For example, if the percentage is set at 80%, and sequence segment A is identical to sequence segment B at 80%o of their aligned positions, then A and B are clustered and their contributions are averaged in calculating pair frequencies. If C is identical to either A or B at 80%o of aligned positions, it is also clustered with them and the contributions of A, B, and C are averaged, even though C might not be identical to both A and B at 80% of aligned positions. …  The matrix derived from a data base of blocks in which sequence segments that are identical at 80% of aligned residues {that} are clustered is referred to as BLOSUM 80, and so forth.”






b. BLOSUM 62 is is an intermediate alternative





i. Most likely, higher this cutoff the more likely matrix is effective w/ “similar” sequences





ii. The lower the cutoff the more likely the matrix is effective w/ more divergent sequences



2. PAM matrices derived very explicitly from evolutionary data




a. Low PAM eq. High BLOSUM and vice-versa



3. Others e.g. PSSM for PSI-BLAST

III. Some BLAST statistics


A. Original BLAST uses generalized parameterized function(s) (Altschul,  et al., 1990); one of most cited papers ever not easily obtainable in e-databases (before 1995 and in J. Mol. Biol.); note a full ref. listing Altscul, S. f., Gish, W., Miller, W., Myers, E. W. & Lipman, D. 1990. Basic Local Alignment Tool. J. Mol. Biol. 215, 403-410. 



1. Remember score S is calculated in modified Smith-Waterman for "best" HSPs (High-scoring Segment Pairs)



2. Probability that 2 random sequences of m and n residues having align. score greater than or equal to S


P=1-exp-y where y=Kmn exp-lS (where K and l
are given as parameters, typically 0.134 and 0.324, respectively)  

If multiple HSPs


P=1-(exp-y) (Si yi/i!)

  




i=0 to C-1 segment pairs



3. Simplest approximation E~ P X D   where D is the number of database sequences

B. Gapped BLAST: Normalized score (S’) calculated in bits (Altschul et al. [1997]) 



1. Note a normalized bit score  

S’=(S - lnK)/ln2



2. Number (E) of distinct HSPs for two random sequences of m and n residues having bit score greater than S’


E=mn/2S’











(1)


3. Altschul suggests number (E) of distinct HSPs for two random sequences of m and n residues having bit score >S’ OR related to a typical protein (~250residues) compared to a whole database, n database length (>50million res.)

IV. Example of application of sequence alignment methods: Introduction to sequence homology modeling


A. Something like SWISS-MODEL is an example of a hierarchical approach that includes sequence homology



1. Find subject sequence(s) of sufficient homology in the 3D-structure database 



2. Generation (i.e. Gen. of alignment(s) with host sequence



3. Gen. of consensus 3D framework (backbone and some allowed side-chains)



4. Rebuild loops and other features (from libraries of allowed angles and other structural features)



5. Refine structure by Molecular Dynamics and/or Energy Minimization

V. RNA 3D structure prediction as a paradigm

A. RNA secondary structure prediction is comparable to proteins (but of more utility)



1. Typically about 70-80% accuracy


2. But RNA secondary and tertiary structure are somewhat decoupled (as opposed to proteins)



a. This allows characterization of important “stand-alone” structural features 



b. One comparable possible exception is the problematic pseudo-knot in RNA



2. Sequence homology implicit in secondary structure for RNA and to a lesser extent in proteins




a. Possible to predict double-helical stem structures for RNA) over 90% in accuracy by phylogenetic methods (conserved regions include stems) i.e. sequence homology




b. But tertiary structure prediction is difficult for both RNA and proteins

B. Some basic concepts in RNA secondary structure prediction, see generally informative link http://arjournals.annualreviews.org.libaccess.sjlibrary.org/toc/biophys.2/17/1)


1. Note the key is understanding the energy rules 




a. Base-pairing includes for canonical pairs G-C, A-U (and also for RNA G-U) components of hydrogen bonding and base-stacking





i.  Symmetry in RNA “doublets” (e.g. Table 2)

    5’----> 3’

     5’----> 3’
     C  U
  Equal  to  G  G

     G  G

            U  C

      3’ <---- 5’

   3’ <---- 5’




b. Three types of loops, internal, hairpin and bulge (see Table 5) are treated as energy penalties (i.e G is positive); not unfolded structure            

           10        20
5’ CUUGGAUGGGUGACCACCUGGG 3’

Note structure “A” in part b of Fig. 2







  a


     g

5’ c    u     u     g     g           u    g    g          u 

 
-1.5  -0.5   -0.6   -1.5     0.8       -1.8  -2.9      5.9
3’ g     g    g     u     c          a     c    c          g 
 c


      a
Note the “B” structure
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One can calculate by hand a folding energy for struct. “B”

-1.3 kcal/mol Table3
row3
col9     3.3 kcal/mol  Table5 row1  col2  
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total = -2.5 kcal/mol



c. Computationally an exhaustive search is initially prohibitive, so break search into parts consistent w/ certain assumptions; this may involve the integration of recursive and/or dynamic “programming” methods

C. Interestingly, Zuker and coworkers have further algorithm (MFOLD) to calculate hybridization for specific DNA and RNA targets

http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
VI. If we have time a bit more on BLOSUM(BLOcks SUbstitution Matrix: Henikoff & Henikoff, 1992) 

A. Set-up derivation 



1. Block represents a conserved region of a protein family



2. Each column is an aligned residue


B. Ex. combinatorics for a column that has 9A’s and 1S



1. 36AA’s and 9 AS’s



2. Calculating the observed probability of occurrence for each pair


qAA =36/45=0.8; qAS =9/45=0.2; qSS =0


3. In this specific example note expected probability of containing an A or S in a pair




pA =36/45 + 1/2 X 9/45 = 0.9




pS =0/45    + 1/2 X 9/45 = 0.1

So generalized expression is 




pi =qii +  i.ne.j qij/2

The expected probability for AA is 0.9X0.9(=0.81) and AS+SA is 2X0.9X0.1(=0.18) as well as for SS 0.1X0.1(=0.01).

4. But the whole game is to derive the Log-Odds ratio

Sij= log2(qij/pi X pj)

Where after scaling by 2 and then converting to an integer can be used in BLOSUM matrix.
But typically assume pipj term is a term derived from calculations of the probability that i and j replace each other in the whole database (i.e. estimate of random mutation)!!! 

Homework III-PartA

1. Re-calculate by hand the DGo total for Structure “A”, identifying for each individual value its energy, corresponding table, row & column (see table above done for “B”).  One can follow that by the next value and so forth, so you can then sum all the energies.


2. Calculate w/ MFOLD (see link above) the corresponding 

DGo’s for Structures “A” and “B” (Note: You may have to use the constraint option). Which structure is more stable according to MFOLD (explain your answer in at least two sentences)?

3. Begin prepping to apply  SwissModel (see link below). First need to create a Workspace. Then find in Genbank VP40 Bundibugyo ebolavirus. Subsequently do Automated Mode modeling of that ebolavirus.

http://swissmodel.expasy.org/ 

