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Development of a Program for Fragment Assembly from DNA Sequence Data. Byung-Uk Lee'?,
Kie-Jung Park', Wan Park’ and Yong-Ha Park'*. 'Korea Research Institute of Bioscience and
Biotechnology., KIST, Taejon 305-600, Korea, ‘Department of Microbiology, Kyungpook Na-
tional University, Taegu 702-701., Korea - DNA fragment assembly is a major concern in shot-gun
DNA sequencing project. It is to reconstruct a consensus DNA sequence from a collection of random
oritented fragments. We developed a computer program that is useful for DNA fragment assembly. In-
puts to the program are DNA fragment sequences including IUB-IUPAC bases. The program produces
the most probable reconstruction of the original DNA sequence as a text format or a PostScript format.
The program consists of four phases: the first phase quickly eliminates fragment pairs that can not pos-
sibly overlap. In the second phase, the quality of overlap between each pair is calculated to a score.
In the third phase, overlap pairs are sorted by their scores and consistency of the overlaps is checked.
The last phase determines consensus sequences and displays them. The performance of fragment assem-
bly program was tested on a set of DNA fragment sequences which were generated from long DNA

sequences of GenBank by a fragmentation program.
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Fig. 1. Total process to select fragment pairs, which can pos-
sibly overlap.

(A) stage 1:A hash table of fragment { is constructed from hash
values for windowed sequences of 6 bases, which are from frag-
ment {. Each hash value is produced by the hash function. The
window advances one base from 5'end to 3'end of fragment i.
(B) Stage 2:The windowed sequences of fragment j are con-
verted to their hash values by the hash function and while the
hash values of contiguous windowed sequences form fragment j
are matched with those from fragment i, 6 is added to the over-
lap length of fragment pair (i,)). The bash functions in stage 1
and stage 2 are the same.
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Fig. 2. Four types of overlaps between two fragments A, B.
(1), (2) partial overlaps.
(3), (4) containment of a sequence by another.
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Table 1. Perfﬁrmance analysis made wlth four sample sequences from Genbank datahase

Sequence name (ACCESSION NO)

Chimpanzee cytochrome Retinoid-binding Cat.thlops gene UV-damaged DNA-bind-

coxidasse (M34599)  protein (U18602) (g176503) ing protein (1.20216)
Sequence size 956 1811 2304 4181
Number of fragments 13 26 31 59
Number of total comparison pairs 312 1300 1860 6844
Total time" 26 sec. 83 sec. 113 sec. 447 sec,
Time only for obtaining maximum scores” 15 sec. 81 sec. 109 sec. 442 sec.

"Total execution time is linear proportional to the number of comparison pairs, that is, it is a quadratic function of the number of frag
ments. "The time of dynamic programming for alignments between all fragments is a major term in the total execution time.
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2) A paximm gize fragment = { G_Z~vgtr <300>]

3) A minimm size fragment = { {aull) <2503)

4) Mverage depth = [ 2. 48 ]

%) The number of contigs » [ 1)

6) The length of JONSENSUS sequence = [ 423 ]

7) Base coppomition of CONSENSUS gequence

A=1L1 116 ) C=182) [ %5 ] T=10 1521 M=1 4]
R=01] ¥=[{861] §=[11 Y={1] K=[0]
V={0] H=[{01] D=(0Q1] B=(1] N=[0]
bbb b b bbb bbb bbb bbb bk bbb bbb b b
+ DETATLED DISPLAY OF CONTIGS +
ot bt b bl de e g e o g - b e
‘+ meaps given segaent: '~' meang reverse complesent
223332232303 CONTIG [ 1] €€L<CC€L€LK
{+)G_1 : TATYIY TAGAS ACCCA AGTTT TTGAC CTTIT OCATO TTTAS ATCAA ‘TUCIG TAGYY
[CONSENSUS] @ TATIT TAGAG ACCCA AGTIT TTGAC CTITT CCAIG TTTAC ATCAA TOCIG TAGST
(+)G_1 : GATTG GGCAG CCATT TAAGT ATTAT TATAG ACATT TTICAC TATOC CATTA AAACT
(+)G_4hus : AATA MATAC
LOORSENSUSY | GATTG GGCAG CCATT TAMGT ATTAT TATAG ACATT TTCAC TATCOC CAWTA AANMMS

{+)G_4bua  CAARR AMATA GTATA TCTAC ATAGA ATTTC ACATA AMATA AACT- GTTIT -CYAT
(+)G_1 : CTTIA TBCQCC ATACA TCATA ACACT ACTTC -CTAC CCATA ASCTC CTTKT AACTT

(+)G_ 2-vygt ATACA TCATA ACACT ACTIC -CTAC CCATA AGCIC CTITIT MACTT
{+)6. 3345 CATA AQCTC CTTTT AACTT
[CONSENSUS] : CWWWA WRMYM ATACA TCATA ACACT ACTTC ACTAC CCATA AGCTC CTTTT AACTT
(+)G_4bua  GTGAA AATKA ACCTA AAAAT --ATG CTTIG CTTAT GTTI~ ANSAT @TCAT GCTIT
{+)G.1 t GTTAA AGTCT TGCTT GAATT A-AAG ACTIG TTTAA ACAC- AAMAT -TTAG ACTTT
(+)6.3345  BTTAA AGTCT TGCTT GAATT A-AAG ACTTG TTTAA ACAC--AARAT ~TTAG ACTIN

(#)6_2~vyt  : GTTAA AGTCT TGCTT GAATT ATAAG ACTTG TITAA ACACA AAKAT -TTAG AGTIT
(CONSENSUS] : GTTAA AGTCT TGCTT GAATT ATAAG ACTTG TTTAA ACACA ARMAT BTTAG ACTIT
{+)G_4bua : TTRIC AGTTG AGGAG TTCAG CTTAA TAATC CTCTA CGATC TTAAA CARAT AGGAA

{+)}3_1 * TACIC AACAA AMGTG ATTGA TTGVT TGATT GATT

{+)5_3345 : TACTC AACAA AMGTG ATTGA TTGAT TGATT GATIG ATTGA TGSTT TACAS TAGGA
{(+)8.2-vgt  : TA-TC AACAA AAGTIG ATTGA TTGAT TGATT GATIG MTTGA TOGIT TACAS TAGGA
[CONSENSUS) : TACTC AACAA AAGTG ATTGA TTGAT TGATT GATTG MTTIGA TGGTT TACAR TAGGA
-~ omitted -~

bbb b b R bbb b b b

+ CONSERSUS SEQUENCE +

bbbttt b bbb b b b b bbb b b b

=> CONTIG I 1)

TATTTTAGAGACCCAAGTTTTTGACCTTTTOCATGTTTACATCAATCC TG TAGSTGATTORACAGCCATT TAAG TATTAT
TATAGACATTTTCACTATCCCAWT AAANNCCWRWANRMYMATAC ATCAT AACACT ACT ICACTACCCATAASCTOCTITT
AACTTGTTAAAGTCT TGCTTGARTTATAAGACTTGTT TAAACACAAAAATGTTAGACTTTTACTCAACAAAAGTGATTGA
TIGAT TG AT TGAT TGMT TGATEGTI TACABT AQGACT TCATTCTAGTCATTATACC TOCTGOCAC TATAACTOGOCASCE
TTTAATACATIGCTGCTTAGAG TCAAAGCATG TACTTAGAGTTGG T ATGATTTATCT T TTTGGTCTTCTATAGCCTCCTT
CCCCATOCCCATCASTCTTARTC

Fig. 3. An output of the fragment assembly program as a
text format.

An output consists of three parts: genenal information on fragments
and contigs, detailed structure of contigs, and contig sequences.
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DETAILED DISPLAY OF CONTIGS
means given segment:

-’ means reverse complement.
> A gray-box has consensus sequence.

CONTIG-(1)

(+1G_1 TATTT TAGAG ACCCA AGTTT TTGAC CTTTT CCATG TTTAC ATCAA TCCTG TAGST GATTG
\TATTT TAGAG ACCCA AGTTT TTGAC CTTTT CCATG TTTAC ATCAA TCCTG TAGST GATTG]
{+1G_1 EGCAG CCATT TAAGT ATTAT TATAG ACATT TTCAC TATCC CATTA AAACC CTTTA TGCCC
(+1G_4bua AATA AATAC CAAAA AAATA
IGGCAG CCATT TAAGT ATTAT TATAG ACATT TTCAC TATCC CAWTA AAWMC CWWWA WRMYM |
{+1G_4bua GTATA TOTAC ATAGA ATTTC ACATA AAATA AACT- GTTTT -CTAT GTGAA AATKA ACCTA
(+1G_1 ATACA TCATA ACACT ACTTC -CTAC CCATA AGCTC CTTKT AACTT GTTAA AGTCT TGCTT
(+)G_2-vgt ATACA TCATA ACACT ACTTC -CTAC CCATA AGCTC CTTTT MACTT GTTAA AGTCT TGCTT
{+)}G_3345 CATA AGCTC CTTTT AACTT GTTAA AGTCT TGCTT
[ATACA TCATA ACACT ACTTC ACTAC CCATA AGCTC CTTTT AACTT GTTAA AGTCT TGCTT|
(+)C_4bua AAAAT --ATG CTTTG CTTAT GTTT- AAGAT GTCAT GCTTT TTATC AGTTG AGGAG TTCAG
{+1G_1 GAATT A-AAG ACTTG TTTAA ACAC- AAAAT -TTAG ACTTT TACTC AACAA AAGTG ATIGA
{+)G_3345 GRATT A-AAG ACTTG TTTAA ACAC- AAAAT -TTAG ACTTN TACTC AACAA AAGTG ATTGA
{+)G_2-vgt GARATT ATAAG ACTTG TTTAA ACACA AAAAT -TTAG AGTTT TA-TC AACAA AAGTG ATTGA
[GAATT ATAAG ACTTG TTTAA ACACA AAAAT GTTAG ACTTT TACTC AACAA AAGTG ATTGA]
{+)G_4bua CFTAA TAATC CTCTA CGATC TTAAA CAAAT AGGAA AMAAA CTAAA AGTAG AAAAT GGAAA
(+)G_1 TEGVT TGATT GATT
(+1G_3345 TTGAT TGATT GATTG ATTGA TGGTT TACAS TAGGA CTTCA TTCTA GTCAT TATAG CTGCT
{(+}G_2-vgt TTGAT TGATT GATTG MTTGA TGGTT TACAG TAGGA CTTCA TTCTA GTCAT TATAG CTGCT
[TTGAT TGATT GATTG MTTGA TGGTT TACAB TAGGA CTTCA TTCTA GTCAT TATAG CTGCT]
(+1G_4bua TAAAA TGTCA AAGCA TTTCT ACCAC TCAGA ATTGA TCTTA TAACA TGAAA TGCTT T
(+1G_3345 GGCAG TATAA CTGGC CAGCC TTTAA TACAT TGCTG CTTAG AGTCA AAGCA TGTAC TTAGA
(+)G_2~vgt GGCAG TATAA CTGGC CAGCC TTTAA TACAT TGCTG CTTAG AGTSA AAGCA TGTAC TTAGA
[GGCAG TATAA CTGGEC CAGCC TTTAER TACAT TGCTG CTTAG AGTCA AAGCA TGTAC TTAGA|
(+1G_3345 GTTGG TATGA TTTAT CTTTT TGGTC TTCTA TAGCC TCCT
(+1G_2-vgt GTTGG TATGA TTTAT CTTTT TCGTC TTCTA TAGCC TCCTT CCCCA TCCCC ATCAG TCTTA
|GTTGG TATGA TTTAT CTTTT TGGTC TTCTA TAGCC TCCTT CCCCA TECCC ATCAG TCTTA]
421
(+)G_2-vgt ATC
[ATC |

3. LINED DISPALY OF CONTIG SEQUENCES

> a Gray-line is fragment seguence.

> a Black-line 15 consensus sequence.

CONTIG 1

1

2454

(+16_ 1

152

156

{+1G_4dhua EmeanrE—
(+1G_2-vgt 121 e———- 423
ll I}_Ol i201 i}ﬂl Iﬁﬂl
{424]

Fig. 4. An output of fragment assembly program as a PostScript format.
In detailed display of contigs, consensus bases are in gray rectangle, and in linear display of contig sequences, line means fragment sequence.
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