
Bioinformatics, Yutaka Akiyama (Tokyo Tech)
今期から始まった遠隔授業の受講者の方々にも対応するため、早めにファイルを
置いていますが、授業直前に内容を修正する可能性があります。2010年4月19日

#6
Fast Algorithms for

Topics: Homology Search
・FASTA
- Lookup Table,  k-tuple

WDG (W i ht d Di t d G h)- WDG (Weighted Directed Graph)

・BLAST
neighborhood words table- neighborhood words table

- finite automaton

・PSI-BLAST
- BLAST using “profile”
- Iterative refinement of profile
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ff
Review

Homology search from databases Homology search from databases 
Dynamic programming method (Smith-Waterman algorithm) is too slowDynamic programming method (Smith-Waterman algorithm) is too slow
for database search, because of rapid increase of database entries.

Approximated search methods are requiredApproximated search methods are required.

SSEARCH (Smith-Waterman)

nr-nt (DNA) database

FASTA 105,901,840 entries
(Release 09-05-17, May 09)

BLAST nr-aa (Protein) database
8,243,496  entries
(R l 07 05 17 M 09)

faster
(Release 07-05-17, May 09)



FASTAFASTA
D. Lipman and W. Pearson: “Improved tools for biological sequence 
comparison”, Proc. Natl. Acad. Sci. USA, 85:2444-2448 (1988)

Fast heuristic method to compare query sequence (DNA, 
or Protein) against  a sequence (in a database).

Step1:  Find substring matches.  
Speed-up by  “lookup table” technique.p p y p q

Step2:  Find 10 best diagonal runs.
Get “init 1” score, as the best diagonal score.

init 1

Get init 1  score, as the best diagonal score.

Step3:  Attempt to join several good diagonal runs. 
Get “init n” score as the best path score from “WDG” approachGet init n  score, as the best path score from WDG  approach.

Step4:  Also perform dynamic programming with only narrow band around 
th “i it 1” di l G t “ t” th DP li tthe “init 1” diagonal.  Get “opt” score, as the DP alignment score.

(when used for DB search, database sequences are ranked by “init n” or “opt” scores.



FASTAFASTA
Step1:  Find substring matches.  

k tuple = 1
average length
is L / 4

1       2        3        4        5        6       7       8   ...1       2        3        4        5        6       7       8   ... query

A               *                    *A               *                    *
A               *                    *A               *                    *

k-tuple = 1
Lookup Table

A: 3 7

is  L / 4G  CG  C A   C   G   T   A  C A   C   G   T   A  C 

C         *          *                    *C         *          *                    *
C         *          *                    *C         *          *                    *
G    *                     *G    *                     *
T *T *

A:  3, 7, …
C:  2, 4, 8, …
G:  1, 5, …
T: 6T                                *     T                                *     

A               *                    *A               *                    *
T:   6

k-tuple = 2
average length
is L / 42

A               A               
A * *A * *

p
Lookup Table
AA:  …                GA:   …
AC: 3,  7, …        GC:  1, …

is  L / 4
1       2        3        4        5        6       7       8   ...1       2        3        4        5        6       7       8   ...

G  CG  C A   C   G   T   A  C A   C   G   T   A  C 
query

A                                                       A                                                       
C         C         
C                     *C                     *
G *G *

AG:  …                GG:  …
AT:  …                 GT:  5, …
CA: 2                   TA:  6, …defaultG                          G                          

T                                *     T                                *     
A                                   A                                   

CC: …                 TC:  …
CG: 4, …             TG:  …
CT:  …                 TT:  …

default
k=2 (protein)
k=6 (DNA)



FASTAFASTA
Step2:  Find 10 best diagonal runs.

1       2        3        4        5        6       7       8   ...1       2        3        4        5        6       7       8   ... query

A               A               
A               *                    *                    A               *                    *                    

G  CG  C A   C   G   T   A  C A   C   G   T   A  C 
que y

C         C         
C                     *C                     *
G                          *G                          *
T *T * (# f k t l t h)* * * * *

for DNA
Scoring

T                                *     T                                *     
A                                   A                                   

=   a x (# of k-tuple match)
- b x (# of gap)

* * * - * - *

for Protein

=   Σ Matrix-score (match)
- b x (# of gap)

* * * - * - *

10 best “diagonal” regions are recorded.
The best score = “init 1” score.



FASTAFASTA
Step3:  Attempt to join several good diagonal runs. 
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Best alignment score = “init n” score.



FASTAFASTA
Step4:  Perform usual DP with a limited band area

“init 1” diagonal narrow band around init 1 diagonal

Smith-waterman method
only within narrow band use

“init n” score
Alignment score = “opt” score. or 

“opt” score



BLASTBLASTBLASTBLAST
BLAST = (Basic Local Alignment Search Tool)BLAST = (Basic Local Alignment Search Tool) 
Stephen Altschul, Warren Gish, Webb  Miller,  Eugene Myers, 
David Lipman:
“B i l l li t h t l” J M l Bi l 215 403 410 (1990)“Basic local alignment search tool”, J. Mol. Biol., 215:403-410 (1990).

Step1:  Prepare “neighborhood words” table with word length “W”.
default:  W=3 (protein),  W=11 (DNA)

Step2:  Search database sequences with neighborhood words. 
Speed-up by  “finite automaton” technique.

Step3:  Extend hits and find “HSP” (High-scoring Segment Pair)
which has at least Score “S”.
Report the “MSP” (Maximal Segment Pair) which hasReport the MSP  (Maximal Segment Pair) which has
the maximum score.



BLASTBLAST



BLASTBLAST
Substring search by finite automaton

Finding  {ABA, BAA, BAB} Q1=..A Q2=..AB

Q2->Q3 = ABA
Q3->Q1 = BAA
Q3->Q2 = BABQ3->Q2 = BAB

Q4=..B
Q3=..BA



BLASTBLAST
Threshold Score

MSP score “S” follows “Extreme distribution”.MSP score S  follows Extreme distribution .
P (S ≧ x )  =  1  - exp (  - exp( - λ ( x - μ))    )

Characteristic value μ is obtained as 
μ ＝ log (K MN) / λ, λ is a constant, and 
M N are length of query and databaseM, N  are length of query and database.

P (S ≧ x )  =  1  - exp (  - K MN exp ( - λ x )  )(S ≧ ) e p ( e p ( ) )
≒ K MN exp ( - λ x )  .. Poisson distribution

Therefore, for any probability P (e.g. P=0.05), 
P =  K MN  exp ( -λ x )

Threshold score x can be calculated asThreshold score x  can be calculated as
x  = 1/λ{ log (K / P)  +  log (MN) }



BLAST programsBLAST programs

program target DB query (input) sequence
blastn DNA DNA
blastp amino acid amino acidblastp amino acid amino acid
blastx amino acid DNA (translated to a.a.)

tblastn DNA (translated to a.a.) amino acidtblastn DNA (translated to a.a.) amino acid
tblastp （obsolete）
tblastx DNA (translated to a.a.) DNA (translated to a.a.)



BLAST search exampleBLAST search examplepp
Query =  human ALDH2 gene DNA sequence (first 50 bases)

ExpectationScore Match%

human
chimpangee

Macaca

ExpectationScore Match%

Macaca monkeyhorse
cow

dog

mousemouse
rat

African frog

worm

hen

NCBI    blastn： http://www.ncbi.nlm.nih.gov/BLAST/



BLAST search example BLAST search example (cont’d)(cont’d)pp
human

41 bp  perfect match
Expectation： 2×10 -14

chimpangee

41 bp  perfect match
Expectation ： 2×10 -14

thale cress （シロイヌナズナ）

16 bp  perfect match
Expectation ： 13

jackfruit
not
significant



PSIPSI--BLASTBLAST
PSI (Position Specific Iterated) -BLAST
Al h l SF M dd TL S h ff AA Zh J Zh Z Mill WAltschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, 
Lipman DJ.  “Gapped BLAST and PSI-BLAST: a new generation of 
protein database search programs”, 
N l i A id R 25(17) 3389 3402 (1997)Nucleic Acids Res., 25(17), 3389-3402 (1997).

Position specific iterative BLAST (PSI-BLAST) refers to a feature of 
BLAST 2.0 in which a profile (or position specific scoring matrix, 
PSSM) is constructed (automatically) from a multiple alignment 
of the highest scoring hits in an initial BLAST search.g g
The PSSM is generated by calculating position-specific scores for 

each position in the alignment. Highly conserved positions receive high 
scores and weakly conserved positions receive scores near zeroscores and weakly conserved positions receive scores near zero.     
The profile is used to perform a second (etc.) BLAST search and the 

results of each "iteration" used to refine the profile. This iterative 
searching strategy results in increased sensitivitysearching strategy results in increased sensitivity. 
(from “PSI-BLAST tutorial”, NCBI)



PSIPSI--BLASTBLAST
query query

Seq1

sequence first (usual)
BLAST search q1

Seq2
Seq3. .

DB

SeqN
. .

.

Seq
profile

multiple alignment

profile 
(Position-Specific
Score Matrix: PSSM)

BLAST search
with Profile

Seqa
Seqb
Seqc )

Seqx

.

.
.
.
.

DB

new alignment
iteration
(maximum: 20 times)


