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e Natural system produces hydrogen but in small amounts.

e Artificially adding c¢6 and psaF proteins produces more amounts quickly.

e Previous senior project group predicted the candidates for the interaction.

In order to make the prediction more preceise, we want to find
more common signals from these candidates !l!




Problem Statement

O

Find common signal (motif) from the candidates of interaction sites in
psaF and c¢6 protein families.

GGGCTIATe CAgCT |GGGICGTCACATTCCCCTTTCGA
TGAGGGTGCCCAATAA np GCAAC T CCARAGLGGACA

ATGgA tCT BATGCCGTTTGACGACCTAAATCAACGE
GEAaGCAAC c|CCAGGAGCGCCTITGCTGGTTCTACC
TITTCTAAAAAGATTATAATGTCGGTCC [t TG pAACT]
GCTGTACACACTGGATCATGCTGC |ATGCcA t T|TTCA
CATGATCTTTIG ATG geAC TITGGATGAGGGAATGAT

Challenge — Then same motif in different proteins can be different after
have had mutation. Finding motif is computationally very expensive.

It is NP(No-deterministic Polynormial(-hard)!l!




Goal and Objectives

@,
Goal:

Find further information (motif) from the identified
candidates of interaction sites in ¢6 and psaF protein
families.

Research Objectives:

1)Design new algorithm for finding motif effectively
and efficiently.

2)Implement and evaluate the algorithm and analyze
the results with existing algorithms.




Approach

O

e Investigate known algorithms.

e Design new algorithm.

e Compare the proposed algorithm with existing
algorithms.




Functional Requirements

O

1. Protein pairs of c6 and psaF family from the same organism need to
be provided.

2. The candidates of interaction sites of the given protein pairs need to
be provided.

3. Identify and compare the existing software/tools/databases for
motif/signal search of proteins for c6 and psaF.

4. Efficient algorithms and software that fits motifs/signals search from
the candidates of interaction sites of ¢c6 and psaF family are required.




Non-functional Requirements

O

1. Utilize standard database to find signals from the
candidates of the interaction sites.

2. Compare the results from standard database and
propose algorithm.

3. Algorithm implementation will utilize C# in Visual
Studios.




System Design

O

e Dataset preparation to find signal from candidates of
interaction sites.

e Utilize existing database/tools/software.

e Algorithm design.




System Design: Dataset preparation

O

e Example 1: one pair of psaF and c6 proteins.

e psak:

DIAGLTPCSESKAYAKLEKKELKTLEKRLKQYEADSAPAVALKAT
MERTKARFANYAKAGLLCGNDGLPHLIADPGLALKYGHAGEVFI
PTFGFLYVAGYIGYVGRQYLIAVKGEAKPTDKEIIIDVPLATKLAW
QGAGWPLAAVQELQRGTLLEKEENITVSPR

o Cc6:

ADLALGAQVFNGNCAACHMGGRNSVMPEKTLDKAALEQYLDGG
FKVESITYQVENGKGAMPAWADRLSEEEIQAVAEYVFKQATDAA
WKY




Algorithm Design




Calculate the score of a motif  GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA
(All algorithms will use this method) TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA
ATGgAtCTGATGCCGTTTGACGACCTAAATCAACGG

Example: Seven 36- nucleotide
DNA sequences with a hid pattern

GGAaGCAACCcCCAGGAGCGCCTTTGCTGGTTCTACC

TGCAACT mutated in two TTTTCTAAAAAGATTATAATGTCGGTCCITGgAACT
positions. GCTGTACACACTGGATCATGCTGCATGCCALTTTCA

ATCTTTTGATGATCACTTGCGATGAGGGAATGAT

GGGCTIATcCAgCT|GGGTCGTCACATTCCCCTTTCGA

TGAGGGTGCCCAATAAIg g G CAA C TICCAAAGCGGACA

ATGgA tCTGATGCCGTTTGACGACCTAAATCAACGG
GGAaGCAACC|CCAGGAGCGCCTTTGCTGGTTCTACC
TTTTCTAAAAAGATTATAATGTCGGTCAGtL TG gAACT

GCTGTACACACTGGATCATGCTGC ATGCCcA t T TTCA

CATGATCTTTTG|AT G g cAC TITGGATGAGGGAATGAT
A 51005500

T 15000116 ition = (6,17,1,3,29,25,13)
G 11630100 = o
C 00142061 core = -

consensus ATGCAACT




Existing Algorithms for Finding Motifs
BruteForce

O

BruteForce(DNA, t, n, I)

bestScore := 0; Example: t=7, n=36, =8,
for 11 :=1ton-1+1
for i2:=1ton-1+1 GGECTIATe CAgCT |BGETCETCACATICCCCTTTCGA
------ TGAGGGTGCCCAATAA lg GC A ACT LCAAAGCGGACA
for it:=1ton-1+1
S = (i1, i2 it) ATG A tCT BATGCCGTTTRACGACCTAMATCAACGE
if (Score(S DNA) > bestScore) GE{A 2 G CAAC cloCABGARCBICTTTALTRRTTC TACE
bestScore = Score(S, DNA TITTCTAAAAAGATTATAATGTCGBTCC |t TG g AACT
bestMotifPosition = S GCTGTACACACTGGATCATGCTGE [ATG C A ¢ T{TTCA
return bestScore & bestMotifPosition: CATGATCTTTTE ATG pcAC T[TERATGAGRRAATGAT
DNA: DNA sequences A 51005300
t: number of DNA sequences Profile T 19000116 5= (6171320251
n: length of DNA sequences 5 TN030100 geores)= 5e5164+5+5+646= 42
- 1eng g C 00142061

I length of the motif

Running Time: 7 hours

Time Complexity : O(n'lt)




Existing Algorithms for Finding Motifs
Greedy Algorithm

Greedy-MotifFinding(DNA, t, n, I) DNA[0] = “GCTGTACACACTGGATCATGCTGCATGCCATTTTCA”
bestMotif == (1,1,....1); DNA[1] = "CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT"
T\t DNA[2] = "A TGGA TCTGATGCCGTTTGACGACCTAAATCAACGG"
s:=(L1L,...,1) DNA[3] = "GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC"
for sl :=1ton-1+1 DNA[4] = "T TT TCTAAAAAGATTATAATGTCGGTCCTTGGAACT"

Local = Azl R
optimal fors2:=1ton-+1 DNA[13] ="TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA
P S:=(sl,s2,1,...,1)

solution for .
first 2 strings IT (Score(S, Seq) > bestScore) DNA[0] = “GCTGTACACACTGGATCATGCTGCATGCCATTTTCA”
bestScore := Score(S, DNA); DNA[1] = "CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT"
bestMotif Position:= S DNA[2] = "ATGGATCTGATGCCGTTTGACGACCTAAATCAACGG"
fori =31tot DNA[3] = "GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC"
- DNA[4] = "T TT TCTAAAAAGATTATAATGTCGGTCCTTGGAACT"
forsi:=1ton-1+2.  p.... ..
Local S:=(s1,82,...,80,1,..., 1) DNA[13] ="TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA'
Opl“”?a' f if (Score(S, DNA) > bestScore)
zfdut_u??h or bestScore := Score(S, Seq): gm[o] = “GCTGTACACA TGCTGCATGCCATTTTCA”
- — [1] = "CATGATCTTTTGATGGCACTTGGATGA T
strings bestMotif Pos:= S; DNA[2] = "ATGGATCTGATGCCGTTTGACGACCTAAATCAACGG"
return bestScore & bestMotifPosition DNA[3] = "GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC"

DNA[4] ="T TT TCTAAAAAGATTATAATGTCGGTCCTTGGAACT"

DNAJ[13] ="TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA'
Time Complexity : O(n“tl +nt?) i |
Running Time: instant




Proposed Algorithms for Finding Motifs

Improved Greedy Algorithm (using Divide-and-Conquer)

ImprovedMotifFinding(DNA[I..j], t, n, I)
if (J-1) < 4 If score of the motifs in first part is larger
return Greedy(DNA[i..j], t, n, )
else
k =(i+j-1)/2

CTGTACACACTGATCATGCTGCATGCCATTTTCA
CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT
ATGGATCTGATGCCGTTTGACGACCTAAATCAACGG
GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC
x = ImprovedMotifFinding(DNA[i..k], t, n, 1) TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT
y = ImprovedMotifFinding(DNA[K+1..j], t, n, I) TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT
if x.score > y.score GCTGTACACACTGGATCATGCTGCATGCCATTTTCA

. . L . CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT
Improve DNA[k+1..J] by the motifs in DNAII. K] | cccrarccaceTaseTCaTCACATTCCCCTTTCOA

else o - _ TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA
improve DNATI..J] by the motifs in DNA[K_1..j] TGGATCTGATGCCGTTTGACGACCTAAATCAACGG
return bestScore and bestMotifPosition GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC

GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA

Time COfﬂplEXlty ' TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA

T(n)=2T(/2)+nt’l/2 if t>4 If score of the motifs in second part is larger
=n“tl (usegreedy) ift<4
T(n)=0(n’tl)




Test results and algorithm comparison

Dataset 1. Number of DNA sequences =7,
Length of DNA sequen(©32, length of motif =8

GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA
TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA

SVTENALTIIRGISS T 4 R S
GAGCG TCT AACC AGCGCCTTTGCTGGTTCTACC
TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT

GCTGTACACACTGGATCATGCTGCATGCCATTTTCA GCTGTACACACTGGATCATGCTGCATGCCATTTTCA
CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT

Algorithm Score of Position of Run Time
Motif Motif
Brute Force 42 5,15, 0, 2,27, 7hours
19, 12
Greedy 37 14, 4, 2,13, 23, 4.2816 ms
0,0
Improved 37 14, 4, 2,13, 23, 7.9553 ms
Greedy 0,0




GCTGTACACACTGGATCATGCTGCATGCCATTTTCA
CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT
ATGGATCTGATGCCGTTTGACGACCTAAATCAACGG
GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC
TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT
TTTTCTAAAAAGATTATAATGTCGGTCCTTGGAACT
GCTGTACACACTGGATCATGCTGCATGCCATTTTCA
CATGATCTTTTGATGGCACTTGGATGAGGGAATGAT
GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA
TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA
ATGGATCTGATGCCGTTTGACGACCTAAATCAACGG
GGAAGCAACCCCAGGAGCGCCTTTGCTGGTTCTACC
GGGCTATCCAGCTGGGTCGTCACATTCCCCTTTCGA
TGAGGGTGCCCAATAAGGGCAACTCCAAAGCGGACA

*

InGresaebd -
greedy

Test results and algorithm comparlson

Dataset 2: Number of DNA sequences = 14,
Length of DNA sequer%e\ 32, length of motif =

Brute
Force

Greedy 68

Improved 76
Greedy

Algorithm | Score of | Position Run Time
Motif of Motif

Years

10, 27, O,
11, 8, 8,
10, 26, 0O,
2,0,2,1,2

7.0717 MS

10, 26,0, 21.0426
11, 28, 28, ms
10, 26, 11,

2,0, 11,

11,2




Future Work

O

e Continue to find better algorithms.

e Apply proposed algorithm to the candidates of the
Interaction sites in c6 and psaF protein families.
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