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DNA Computing Adopting DNA Coding Method
to solve Maximal Clique Problem

Eun-kyoung Kim'- Sang-yong Lee'!

ABSTRACT

DNA computing has used to solve MCP (Maximal Clique Problem). However, when current DNA computing is applied to MCP, it can't
efficiently express vertices and edges and it has a problem that can't look for solutions, by misusing wrong restriction enzyme. In this paper
we proposed ACO (Algorithm for Code Optimization) that applies DNA coding method to DNA computing to solve MCP’s problem. We applied
ACO to MCP and as a result ACO could express DNA codes of variable lengths and generate codes without unnecessary vertices than
Adleman’'s DNA computing algorithm could. In addition, compared to Adleman’'s DNA computing algorithm, ACO could get about four times
as many as Adleman'’s final solutions by reducing search time and biological error rate by 15%. ’
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Initialize (E = Edges,
DNA_seq = (DNA sequence),
S_codon = Start codon(“ATG") )

Begin
If Middle(DNA_seq, 1, 3) = S_codon Then
i=0
Call Edge_Make(E, DNA_seq, i)
Else

i=1
Call Edge_Make(E, DNA_seq, i)
End if
End

Sub Edge_Make(Edge_t_No, DNA, Temp_Start_No)
For L = 1 to Length (DNA) Step 3
codon = Middle(DNA, i, 3)
If codon = S_codon Then i =i +1
If i > Edge_t_No Then Exit for
E@{) = EQ) + codon
Next
End Sub
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Initialize( N = Nodes,
DNA_seq = (DNA sequence),
S_codon = Start codon(“AT*, Not ATG")
E_codon = End codon(“TAA, TGA, TAG") )

Begin
Fori=1to N
Sn = InString(E(i), S_codon)
E(i) = Middle(EG), Sn)
En = InString(E(i+1), E_codon)

If E = 0 Then
V@) = Vi) + _
Middle(E(i+1), 1, Integer(Length(E(i+1))/2))
Else
V(@) = V(i) + Middle(E(i+1), 1, En)
End If

V(@) = CEG) + V(@) + CEG)

Call Com_Model(V(i))

If i mod 2 then
V@) = EG) + V@) + EG+1)
Else
Vi) = EG+D+V(D+EG)
Next
End
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<E > AA Age AHEF ACOY T+ 97 A
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GCTTGGGTAAGGGATCCTAACCTT
-> ATCCTCAATAA
-> AAGATGTAGCCCTCATAGGGTGCCAAG
-> ATTAAGTGA
-> CTTATGGCATTTTAGATCCCCGGGACT
-> AGTATGTTTAACGATTCCAGTAACGCA
-> TGCATGTAGCGTTTCCCCGATAGGATCGAGG
> CCTATGCTAGCTTCTAAATAGTCTC
-> GAGATGCTAACGGATCTCCC

CE T MEo| AR2EH ACOS| ZHMT Jtx| H7| ME

& A | ACO9Y A 97 MY == 743 471 ME 2=
0 ECAEETG?GTAAGGGATCCT ATCCTCAATAA
1 AG‘égéggg:AGgCCTCATA ATTAAGTGA
2 gggég&cféfw AGAT | A TAAGCTGGAATAA
3 ;écc;zgﬁgé\:c&ﬂ ATCGTGGCATAG
) pe—
5 %TG‘?‘FE(;%TAGCTTCTAAA ATAACGTAG
6 GT%%‘C‘EGCTAACGGATC ATCATGTGTGA

(® 8 A

ol ARZ$H Adlemane| ZHME J1X| SV MY

7+A] 47

g 7=

Adleman®} 7+ 97 M€ 2=

GTACCAATGGCTT AGCGCG

GTCCTAATTGAGTCCCGCCTCTT AGCGCG

10bp

AAGATGCCGGCCTAAG GCCTGG

20bp

AAGAATCCTATCGCCTTGAACTCAAG | GCCTGG

10bp

CCTTATTATCGTAACT CCGGGC

20bp

CCTCCTAGTCCTATCTGTAACCCACT | CCGGGC

10bp

AGTGGTTCCGGTTGCA TTCCAA

20bp

AGTCGCGAATCCAGCATACTGGTGCA | TTCCAA

10bp

TGCATATGCAAGTAGG GTTCTG

20bp

TGCTCCTAATTGTCCCCTGGTACAGG | GTTCTG

10bp

CCTTCCGGAATATCTC TGTGTG

20bp

CCTCAACTTTACCTTGTGATCTCCTC | TGTGTG

10bp

GAGAGTCAGTCCT AATTCC

20bp

GAGGATACTAGCCTCTCTAACCC AATTCC

(E

9 AEoll ARZEH ACOS| BE 7| ME

DNA 74

ACO9 BA 971 HE ==

Eo V) Ex

GCTTGGGTAAGGGATCCTAACCTTATCCTC
AATAAAAGATGTAGCCCTCATAGGGTGCCA
AG

E V) E

GCTTGGGTAAGGGATCCTAACCTTAAGATG
TAGCCCTCATAGGGTGCCAAG

E, VIE,

AGTCCCGGGGATCTAAAATGCCATAAGTCA
CTTAATCTTGGCACCCTATGAGGGCTACAT
CTT

E, ViE,

AGTCCCGGGGATCTAAAATGCCATAAGCTT
GGCACCCTATGAGGGCTACATCTT

E: V) Es

CTTATGGCATTTTAGATCCCCGGGACTATA
AGCTGGAATAAAGTATGTTTAACGATTCC
AGTAACGCA

Es V% Es

CTTATGGCATTTTAGATCCCCGGGACTAGT
ATGTTTAACGATTCCAGTAACGCA

E, V§{E;

CCTCGATCCTATCGGGGAAACGCTACATGCA
CTATGCCACGATTGCGTTACTGGAATCGTT
AAACATACT

E, V3IE,

CCTCGATCCTATCGGGGAAACGCTACATGC
ATGCGTTACTGGAATCGTTAAACATACT

Es VY Es

TGCATGTAGCGTTTCCCCGATAGGATCGAG
GATTTGGTCTGACCTATGCTAGCTTCTAA
ATAGTCTC

E« V1 Es

TGCATGTAGCGTTTCCCCGATAGGATCGAG
GCCTATGCTAGCTTCTAAATAGTCTC

Eg V§Es

CGGGGAGATCCGTTAGCATCTCCTACGTTA
TGAGACTATTTAGAAGCTAGCATAGG

Es V¢ éi:

CGGGGAGATCCGTTAGCATCTCGAGACTAT
TTAGAAGCTAGCATAGG
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DNA 74 | J, ol Adleman®] A ¥7] M€ 2=
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1oby | GTACCAATGGCTTAGCGCGAAGATGCC
P | GGCCTAAG
E Vi E GTCCTAATTGAGTCCCGCCTCTTAGCG
20bp | CGAAGVAATCCTATCGCCTTGAACTCA
AG
GTACCAATGGCTTAAGATGCCGGCCTA
10bp | 4
Ey Vi Er
"7 | by | GTCCTAATTGAGTCCCGCCTCTTAAGY
P | AATCCTATCGCCTTGAACTCAAG
1obp | AGTTACGATAATAAGGCCAGGCCTTA
P | GGCCGGCATCTT
E; VIE, AGTGGGTTACAGATAGGACTAGGAGGC
20bp | CAGGCCTTGAGTTCAAGGCGATAGGAT
TCTT
AGTTACGATAATAAGGCTTAGGCCGG
| caterT
E, VIE
A sobp | AGTCGGTTACAGATAGGACTAGGAGGC
P | PTGAGTTCAAGGCGATAGGATTCTT
1ob | CCTTATTATCGTAACTCCGGGCAGTGG
P | TTCCGGTTGCA
E» V§ Es CCTCCTAGTCCTATCTGTAACCCACTC
Wop | CGGGCAGTCGCGAATCCAGCATACTGG
TGCA
CCTTATTATCGTAACTAGTGGTTCCGG
1000 | Trcca
Es V3 Es
’ sobo | CCTCCTAGTCCTATCTGTAACCCACTA
P | GTCGCGAATCCAGCATACTGGTGCA
\obo | CCTACTTGCATATGCATTGGAATGCA
P | AGGCCAACCACT
E; V3E, CCTGTACCAGGGGACAATTAGGAGCAT
20bp | TCCAACCTGTACCAGGGGACAATTAGG
AGCA
1obp | CCTACTTGCATATGCATGCAAGGCCAA
— CCACT
E, V3E
e sppp | CCTGTACCAGGGGACAATTAGGAGCAC
P | CTGTACCAGGGGACAATTAGGAGCA
1obp | TGCATATGCAAGTAGGGTTCTGCCTTC
P | CGGAATATCTC
Es Vi Es TGCTCCTAATTGTCCCCTGGTACAGGG
W0bp | TTCTGCCTCAACTTTACCTTGTGATCT
CCTC
1obp | TGCATATGCAAGTAGGCCTTCCGGAAT
S P | aTCTC
4 5 .
’ 20np | TOGCTCCTAATTGTCCCCTGGTACAGGE
P | CTCAACTTTACCTTGTGATCTCCTC
Lob | AGGAGGACTGACTCTCCACACAGAGAT
P 1 ATTCCGGA
E; V§Es GGGTTAGAGAGGCTAGTATCCTCCACA
0bp | CAGAGGAGATCACAAGGTAAAGTTGA
GG
. AGGAGGACTGACTCTCGAGATATTCCG
Obp GA
E; VIE
s reEs 20pp | GGCTTAGAGAGGCTAGTATCCTCGAGG

AGATCACAAGGTAAAGTTGAGG

54 £

B Ao ME MCPY g 7]# DNA #
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we 223 ACOE Agrsigth
ACOE 7PZole] DNA ZES 44T ¢ ey, 27
28 APE AT AAE AES 7 AlddA AR
i, #& 3= /MALE HE HHe Z=E 23 ¢
Aotk E=F Ad g Azt A&
an® DNA ZF8 Hu} 15%E8 2Y2
48] A= F7hetgTh

FF BAZE ¢ B F3HE 25 MCPY Hig 483
NCBI9l $=2% DNA ¥7] AE8& A& 4+7F 2.
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