E%mrﬂhﬁ*ﬁT—’)"’\—Z
EERBETILIVX L

e 9

RRAF ERFEREM




EZIKEIO)EEFE

s EYPRET—AAR—XEBRETILTUX L
o BRRIGT—AR—X
o BN BEIIARBEET—EIRN—ABERT7ILIOYX LA

s SBROBEFH7ZILIYX LERESEICMIT
T




= EMRICHBITAT—EAN—AEERE

» BT —ER—X B
+ DNA'RNA:Z /NI EBRE|T—AR—X BREBETZILIAYVAXLOTFEELE
* :Ea'——j(/\og“/)i—“_g,{_z liéb&)_cgﬁﬁéh'tb‘éo

RS L AL kiR —Aro—
¢ RERL—=7Y=F 3T D47 DB & BB T —H

» BAF/ L NTREATT—S KB~ DR A BT
. BREET—4R—2Z - (CHLLIREEL)

o IRTL-ERITT—HDB
o ANYEIKEEDB
o BENHT—EIN—X
o YAHOATVLA-T—ER—X

EHIDBIEE TIFALMLTHY
[FY I BRAM A KIEIEL TS
> U, BRERTLITIALOEEHEA

o KTSTVHEET—HR—X BxYUo2HB,
o RNA2RIEET —HR—X FILTYXLERBROBENRER
o REPBHT—A~A—X SHOEODERIXSD)

o AVNIBMEERT—3IR—X _/
o BEE-EWYETH

e
PR } HRASELESS



=

FEHERED=HD T I)LT) X LEHE

HASHE/INITYFUY
o BERBEDLLRZTHTINTIALARAE
o ZLDILANE
o ERHIRETILIYLOESE
o EEIFECS. REFAR. BWEHE, E#EZE5|. PatternHunter, etc

Phylogenetics

E% Structural
AQ Graphs

Biology

Trees

cw@

el

Strings (Texts) | Numerical strings 3—-D Molecular Structures

1.312, 12.153, 321.14, -142.14, ...

L Today’s main topic
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Analysis
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= PDB (Protein Data Bank)
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It's similar!

Query: Protin structure Protein Structure Database
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Exact matching

Inexact matching

Comparison

(Trivial)

Hamming distance
Alignment

Knuth—Morris—Pratt
Boyer—Moore

FFT-based searching

Text searching without | Karp—Rabin Smith—Waterman
preprocessing texts | Shif—Or
Aho—Corasick etc.
etc.
e
Text indexing y . FASTA
. Compressed suffix arrays
(Rreprocessing the Burrows—Wheeler transform BLAT
texts before searching) . PatternHunter
Hashing eto

etc.
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Karp—Rabin (1981)

0100101...

(16+8+1) mod 5=0
((0-1-16)-2+1) mod 5=4
((4-1-16)-2+0) mod 5 = 1
((1-0-16)-2+1) mod 5 =3 > check — NO
((3-0-16)-2+1) mod 5 =2
((2-1-16)-2+1) mod 5 =3 > check — YES!
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(16+4+2+1) mod 5 =3
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s RMSD: Root Mean Square Deviation

o ORISR E
+ SVDZHLYT O(n) BRI CEHE A #E
e N: chain length

e Correspondence of atoms is given

[Kabsch '76]
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m Database

o Protein 3-D structures in a database

= Query

¢ A (sub)structure

| Output

+ All the similar substructures in the database

a protein (sub)structure
e /e, RMSD < some given bound C P (Sub)

e No insertions/deletions
Search!

Protein Structure Database

It's similar! ©O0O0

(i.,e. RMSD<c)
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o A O(Nm) D7 ILTYX L

¢ Compute RMSDs for all the N-m+1 substructures of length
M in the database

e N: sum of lengths of all the structures in the database

e M: query size

« EERAYIZIE O(N logm) D7 ILTY X LHTFETEE

¢ Convolution technique based on FFT [Schwartz et al. '87]

¢ An interesting algorithm, but it's practically not so faster
than the naive algorithm

... That's all!
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s Freely—jointed chain (FJC) model
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[Shibuya, RECOMB '09]

(Best Paper Award)

o N A HYIZRMSDDlower boundZETEH (¥R F2FFE)

+ Lower boundMWBEELL T OHDEEIFIZXLTEBL AERMSDE
HET

A Structure T in the Database

Comput-
able in
0(1)
time

for each

[A lowerbound of RMSD(T[O..|P|-1], P)]
[A lowerbound of RMSD(TI[0..|P|-1], P)] <c
[A lowerbound of RMSD(T[O..|P|-1], P)]

Candidate!

Pattern Structure P

Compute the RMSD only when the lower bound is <cC
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o N: database size M: query size
s Assumption
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EO(N-m-W) #2379 Hlower bound

= D,(P[1..m],Q[1..m]) (m: even number)
o |[H(P[1..m]) - H(Q[1..m])| /2
o where H(P) = |G(P[1..m/2]) - G(P[m/2+1..m])|
o G(S) is the centroid (center of mass) of structure S

e Consider n as an even number (to simplify the discussion)

¢ It is always smaller than or equal to RMSD(P, Q)

Half of the difference of the two distances
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= Query
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m Target database: The whole PDB (September 5th, 2008)
o 52821 entries / 244,719 chains / 38,267,694 a.a.

+ 100 random substructures of each specified length, taken from PDB

¢ Threshold:
= Computation Time (sec)

+ Average computation time of 100 random queries

1A

¢ on 1 CPU of 1200MHz UltraSPARC III on SunFire 15K

Query Length 40 80 120 160 200
#Substructures 33,722,208 21,692,707 16,134,096 12,362,509 9,559,056

#Hits 38.1 32.9 27.3 16.0 23.2

D, 98.9 92.4 75.6 59.4 60.0

D, 58.9 36.4 32.8 27.3 25.7

D, 74.5 25.5 173 14.2 12.9

Naive 447.0 442.0 415.2 378.9 342.5

FFT 931.9 463.1 399.8 330.6 293.0

(sec)
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o cf Boyer—Moore averagely runs in O(m+N/m) time
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Geometric Suffix Array Shibuya, RECOMB '09)]

=

= D,~based candidates can be
searched with binary search!

+ on a sorted array of centroid— 1
centroid distances H(T[I..I+m-1])

+ for fixed—length queries H(P)

H(Q)

Text Structure

Q

Query Pattern Structure
D, =[H(P) - H(Q) |/ 2
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Exact matching

Inexact matching

Comparison

(Trivial)

Hamming distance
Alignment

Knuth—Morris—Pratt
Boyer—Moore

FFT-based searching

Text searching without | Karp—Rabin Smith—Waterman
preprocessing texts | Shif—Or
Aho—Corasick etc.
etc.
e
Text indexing y . FASTA
. Compressed suffix arrays
(Rreprocessing the Burrows—Wheeler transform BLAT
texts before searching) . PatternHunter
Hashing eto

etc.
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