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Bangkok
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Abstract

DNA fragment assembly is an important step in genome sequencing projects. The assembly
problem generally arises during the sequencing of large strands of DNA where the strands are
needed to be shotgun-replicated and broken into fragments that are small enough for sequencing.
The assembly problem can thus be classified as a combinatorial optimization problem where the
aim is to find the right order and orientation of each fragment in the ordering layout that leads to
the formation of a consensus sequence that truly reflects the original DNA strands. This thesis
presents a metaheuristic procedure for the task where the procedure contains three main steps:
fragment overlap score calculation, fragment layout determination and contiguous sequence
(contig) construction. The overlap score is obtained from a Smith-Waterman algorithm while the
score-based fragment layout including the order and orientation of each fragment is generated by
a nearest neighbor heuristic rule and an ant colony system algorithm. With the availability of the
fragment layout, contigs can be constructed where each contig can also be viewed as a new DNA
fragment. As a result, the metaheuristic procedure can be recursively applied to the resulting
contig sets. The experimental results indicate that the performance of the metaheuristic procedure
is comparable to that of a CAP3 assembly program.

(Total 38 pages)

Keywords : Metaheuristics, Sequence Alignment, DNA Fragment Assembly
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[ Y Y Y
(Allex et al., 1996) WotudvowaazFudIu ladaiowd Fuarumariisggnimiianadn
Y o A Y o w y & = a g ) A aa o a o
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TTAGCACAGGAACTCTA
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AGCAC TTTGC-C TTAGCACAGGAACTCTA
ATCAAGGAAC AGCAC
GACTC ATCA-AGGAAC
ATCTT GA-CTC
TTTGCC TTCTA
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Y Y [
(Dorigo and Gambardella, 1997) TuaousHmnziumsudilammsmaununz Ngadans
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uaz AT, 5) = 7, AulamesmsdSuil s Tuu Fedmualas 7, = (n-L ) 1ilo n Ansruau

A 3 dy I Y A A . A
mmmwmiuﬂtymu uas L, L‘]JuﬂfﬂﬂJfﬂ’JﬁUi’NLﬁuVlN‘VIL‘HMW‘V]f]"ﬂ (Optimal Tour Length) 91
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[* uasisady (Initialisation)*/
For yaidunisszrninadies ruag s do
Ar, ) = 1 Tawit 7= (N-Lyy)™
End For
Mrualn T Lﬂmf’f'uﬂNﬁ"c?yuﬁqmm:G'uc?fuﬁ'lé’%wﬂﬂgﬁﬁaﬁmﬁauﬁ'mGlﬂé'ﬁqmmx L* Aoammenveudumaiy
/* seuwan (Main Loop)™*/
Fort=1 sty do
Fork=1 s mdo

1awa K Tuiiesiguiaenin
End For
Fork=1 & mdo

. e 2
aadums T Taemauduaeude lUfidusmam n-1 ash
If fifies s odradooniluiios e yBguas then

woniiiess dali, s € Ji(r), TudyFguisdaismau cliiiosdsil
arg max {z(r,u)]ln(r,w)? | if a<a;
ueJ, (r)
S if q>q,
Tao S € Ji(r) wwgnidenninanuitnzidiu:

[=(r, S)ln(r, S))
D e, u)lin(r,u)Y’

uedy(r)

pk (r! S) =

waz rifhudesilagiuiiaule
Else
idoniiies s Nlndniga € J(r)
End If
wasmsilasuaniuzua K azldngmsusuilTs Tuummzi:
7(r,s) <« (L- p)z(r,s) + pry
End For /* 2a5ou k */
Fork=1dimdo
manwen LX) veaduma T() fiua k14
End For
If fidunidniudn then
dfus (update) T naz L*
End If
For nidumaszvdnailos ruaz s e T do
Ysudsuaills Tuudaeng:
7(r,s) « (1—a)z(r,s) + aAz(r,s) Tav Az(r,s)=1/L"
End For
End For /* ya5eu t */
Print dumaiiduiian T* uazanmenveaiy L
Stop
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DNA Fragment Assembly Problem

Fragment r Fragment s

W

W

LR sequence of base calling in the left-to-right format

RI  sequence of base calling in the right-to-left format

Travelling Salesman Problem

City r City s

W

1 v Y Y
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3.1 Tuseumsnisunaziliuilysdeya

[

9 9 a Jd o Y Y J
Yoyan 151U NATIEHINNININYATDYAVBIFIUTDYAIIULDIA (Genbank Database)

U

Ay v 79 A ' a . .
nlannguddoyamnTulad®in 1w aana (The National Center for Biotechnology

Information) H3® NCBI (http:/www.ncbi.nlm.nih.gov) Iaganealduedunuylunssiuan

~ A A o a . . A = o =
HUANLTY VIFAA Y LOUNIIHE (Bacillus Anthracis) NUIYALIDIAAINITINN 3-1

~ = Y
M13149%0 3-1 Jngaziognynula

Contig ID Accession no. Size (bp)
(MUNBVABUNN) (aunziioudoya) (AW - QUuId)
842 AAEP01000012 9,936
873 AAEP01000043 19,679
836 AAEP01000006 29,178
851 AAEP01000021 43,268
838 AAEP01000008 51,179

Y
Tugagrudoyadiozilliavhae (FASTA), YoyaiFananin (Quality score), uay s
1 Y
TasuTaunsy (Chromatogram File) Atiuwana sef Taglildvhaedivzlsynoulidroge
1 1 = £ g ~ ] Y v 1 a3 1
A G C T 1az%099 (Gap) ttaz WifiaN Fuihuuai liensaszy ldsanuinduudla og

Tudeya lWavhee
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a s a Qy 1 1 o w 09/' . . ' 4
AUIB (Order)  UAZNANNYOIFUAIULAATAIADUY (Orientation) HazAIFoUIMABUVO

4 1

4
1 o v a o J 1 a 1 o
UAAEIAUUY (Score) TagMINIITANHAANT lUaIU azNTaN gadaoulaniinason

"y A A . < Y o o & 1A v A g
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d' o 1 a d o v a a a A 9 A P
M1319%N 3-3 ﬂﬁﬂﬂ’iuﬂﬂw\l151“&@]65ﬁ1ﬂi‘ﬂﬂ§]EI’JiﬁG]ﬂLWE]H’U'IH“V]GlﬂﬁTI?I@]

a o 1
N300 (Parameter) A1 (Value)

nndrsaanoutuIndNge (Nearest Neighbour Heuristic Rule)

v ]
= ~

A { 4 § { o ) o o 9y 1 o w
maulasuvesngeumaoundngadms v lduisddums 95

v A [~ =
Fesandurnalenounn

(Minimum Overlap Score Threshold for Grouping an Ordering Sequence

into Contigs)

v
9 o/ o

FmsuTuasuIToaniaung a2 1HNeN10UAL(Order) AN (Orientation)tha
9 A . o w o o Ay Y 3 g
FOUINADUVDI UADZA19 (Score) 1AIMTIHINAANTN 19910 15051 BUD WY UM
A 4 @ 4 < A ) 1
Suduvealsunsuedioa o ldwadnsain Tusunsuodea fazisuiiunldluTdsunsun
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FIHUYUUN
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v A S ~
%ﬂliﬂﬂ@@ﬂlﬂuﬁﬁﬁ]ﬂ@uﬂﬂ

a 4 1
NI UINDT (Parameter) A1 (Value)
0-91’ Aad )
VYUNDUITISUUDIUIUANNA (Ant Colony System Algorithm)
ﬂamsgﬂﬁﬂuﬁmuz (State Transition Rule)
UIUNA (Number of Ants), m 10
FA
511&’31!“?511@1’314114‘13@}%@1!"113 (Number of Fragments in a Candidate List), cl 15
] I a
anuinazilulumsidonldanudiiu (Exploitation Probability), q0 0.9
o Y o [ o 1 = [ Y
rvgniasdmsumsaaragu sz Is luunuanulng 2
(Exponent Coefficient for the Calculation of a Pheromone-closeness Product),
o A =~ .
NfNIT 150 T5 Tuwmmien (Local Pheromone-Updating Rule)
o031mM3U5UN 15 Tuu (Pheromone-updating Rate Parameter), P 0.1
4 o
unamosmMsUsu s Tuu (Pheromone-updating Factor) , A’E(r, s) %30 TO (n*ISnn)-1
3150 T3 Tw123n319 (Global Pheromone-Updating Rule)
oa31mMsUsunTs Tuu (Pheromone-updating Rate Parameter), O 0.1
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Similarity Score : 83

Match Percentage : 97%
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