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BEEEX: Smith-Waterman

y TELEX YIRS, M2 LFET,
Needleman-Wunsch& xH &

F(0,0)=0 AR5 L& EL R A
! AAG
Fli-1,j-1)+s(x.y,) AGC

F(i, j) = max1 ng'—l,ngrd
Fli,j—-1)+d A A |G
0




BEEEX: Smith-Waterman
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(Jonathan Pevsner, Bioinformatics and Functional Genomics)
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Smith-WatermanE & F R M
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ctmidn operations needed in total, for one %%;ﬁ%gﬁg;ﬁ%;@imﬁi%ﬁk
eg.
142*192206270*1us=7.5hrs
e N

HBA_HUMAN SwissProt& £ 5%

pair-wise alignment.




B%&R (heuristic)®%: BLAST

» FASTA (PearsonfiLipman,1988)
» Basic Local Alignment Search Tool

(AltschulZ,1990 )

ABEREE: DR EE (sensitivity) AN, EBHAITEERE
A5Smith-Waterman& A G, eEfRIEkEI&1EICHT
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BLAST#%il»: seeding and extending
BLAST Review

1. Break Query in overlapping words

CEVEDT TGS S LAALLNRCET QG ORLYIN QU T ROP LD N IEER LN LVE AFVE PAELROTLOELL

2. Find neighborhood for each word

»FQG 18
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PKG 14 : : :
3. Find Locations of each neighbor
> G 13
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l MG 13
s —_ Hashed Databasze
TSR AP E LT o
it
HEfHILAC 4. Extend alignment foryeach location
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High-scoring Segment Sair (HSP)




Seeding : X9 &EiaF7
 BERFIRIRkmer, % 5T B 25 R T F)

k-mer wordstEw, 5558 n-w+11F&E

Query sequence: PQGEFG

Word 1: PQG
Word 2: QGE
Word 3: GEF

Word 4: EEG
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Seeding: fIZFIIHEIFTIFE

1 IRIEEIGFFIXI S HEF &
23X Lt B a1 #=Fneighborhood word score threshold (T) A94R

=R s
(XN BIRFET 2 FEMRESE], FA1XELIBLOSUMG 2E R4 J9 i)

iy ZILNKCKTPQGQR

CSTPAGNDEQHRKMTILVYVFYW
e :

P31ty 4 PQG 7+5+6=18 F&

€ 3023206 P PEG 7+2+6=15
N-310-2-206 N —
e e PRG 7+1+6=14 E
TR " PKG 7+1+6=14 =7
R3-1-154-2020108 R
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Extending: MhitZE]HSP

One of candidate sequence

2 S hit
- “a . °
P hit cluster <, " R'\..
E - w— e
® S\

\{..

“a
hit map

» FIRFT 3B G A AR EIEEhit clusterE
2T R TR E, SRINGRMASTH
Egxt (high-scoring segment pair, HSP) .




Extending: hitiE gy &4

» FENhits ;g Boverlap
» A hitsB[E]#RYdiagonal
Diagonal :
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Extending:

) ﬁﬂ}%
BIhit clusterfy

NSRS EIHSP

ZREIWSmith-Waterman& %, Fzaiig3l

ILACIHITIE R, B2 51

EFFRRIR

PMEERMFIE. AMEEIASTREXT (HSP)

1Y% HSP

XIS

574

Querysequence:R P P Q G L F

Database sequence:D P P E G V V

» B — 1T BEEREFSF
— AN E KL TR
F(0,0)=0

F(i—l_,j—l)JrS(x,._,yj)
Al vl

L’Exact match is scanned.

Score:-2 7 7 2 6 1 -1

|_'HE:P'

Optimal accomulated score = 7T+7+2+6+1 = 23




Extending: &3 HSPRiICEE*T
b SG‘ZJFE SRR BEBSEIAERYHSP, ATLEE1E&H

FEERXEES X BT ESKE, BUTHE
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1. PoissoniEN| (Poisson method) (old)
> B493EN (sum-of scores method)

Eg. (65, 40) 1 (52, 45)
Poisson;EMl): (52, 45) —45>40
293N (65, 40)

— 65+40 (105) >52+45 (97)




Speedup: BRI E 7+ E X 13

y BiFFIP—LRERE XIS REFAM, Flan:
M IEEFS

- CACACACACACACACA
- AAAAAAAAAAAA
- KLKLKLKLKLKLKL

Alphabet size (4 or
20)
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{ Windowleng}h 7" I Frequency of the ith letter




Evalue: EEX4ERNG T EEH
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Evalue: EEX4ERNG T EEH

» EEXFFFImAIn, MER—DRTFTXRIEEXS 78
SHYMLZ .

p(S>x)=1-exp(—e ") |

ZFERIZA, PIFENFIY,
U = [log(Kmn)]/A = P(S=x) = 1- exp(- Kmne-x)
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n: ?&J FER 7)s
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Evalue: tLEXERNSGITEEM
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» Bit score S” (Eb45F9 %0

S S| = In2
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» Pvalue: SMEXTHFTEXRSENEESHIREN 4
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EESPERIXFE

=01
N/
WE<O0.1: E~P
-0.08
(BLASTHYE R A5+ TEME) -
=004 :
: P (0.05) = E (0.0513)
=002 E ,//
oy 0? 0@ Ow aﬁglop oy 0? 0@ °ﬂ

L) i, 49UH5460 rrE P —
3 0. 99326205 0. 03 T —_m.
2 . 561668472 0. 001 0. BBUIBIEY
! 0. 63212056 0. 0001 0. 0001000

(Jonathan Pevsner, Bioinformatics and Functional Genomics)



PSI-BLAST: (L $iR1ER &L
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PSI-BLAST: (L sa%5H¥T 9264

» (R BLAST X 11 43 FE P (i #ids K
HSPRY s (B #5T & 2 BVt 7 2B fE BV 1B
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PSI-BLAST: L4579 FEF

,mfﬁﬁfr %68 (PSSM)

;=
17: 20 MNEHEES @ ®

ARNDCQEGHILKMTEP?PSTWYY ARNDCQEGHTILKMEFPSTWYYV
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4K 2044 5325443643522532 4K SOB320BN%S50 934808578341

=\ 546 54454443314 443141352 54 SHB2NL59NB B 6A17 0 4467448

7 1‘L"“E,J|9(Q/P) 6Y R 4230134313 242301 4832 6y LDABIB IV TH5 8016 3 6102159

M RSS536425554456834665 70 1UH63AD 850 84 34625 9FI548
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Qe FEImAhLAl - T L T T

s 2 D 1 : : 0D 062 78 5 32 %- ]
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