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Development of Workbench for Analysis and Visualization
of Whole Genome Seguence

Jeong-Hyeon Choi' - Hee-Jeong Jin'! - Cheol-Min Kim''*
Chul-Hun L. Chang''*- Hwan-Gue Cho''"*!

ABSTRACT

As whole genome sequences of many organisms have been revealed by small-scale genome projects, the intensive research on individual
genes and their functions has been performed. However on-memory algorithms are inefficient to analysis of whole genome sequences, since the
size of individual whole genome is from several million base pairs to hundreds billion base pairs. In order to effectively manipulate the huge
sequence data, it is necessary to use the indexed data structure for external memory, In this paper, we introduce a workbench system for analysis
and visualization of whole genome sequence using string Btree that is suitable for analysis of huge data. This system consists of two parts © analysis
query part and visualization part. Query system supports various transactions such as sequence search, k-occurrence, and k-mer analysis.
Visualization system helps biological scientist to easily understand whole structure and specificity by many kinds of visualization such as whole
genome sequence, annotation, CGR (Chaos Game Representation), k-mer, and RWP (Random Walk Plot). One can find the relations among
organisms, predict the genes in a genome, and research on the function of junk DNA using our workbench.

IINE : BXG YA (string matching), AER B-E2|(string B-tree), MY BM(sequence analysis), k-mer B4 (k-mer anlysis),
chaos game representation. k-mer graph, random walk plot
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ZF5oA ol F BolA<d HEg vehls &L o9
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des?] Z, cyanobacteria®i A 2] highly iterated palindrome
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= FAE #2881 1 298 BoP

2 Fedof AN2H™

Aol Nxge H{dA NdE BHr] A% o
A EE AZHFE FEOIT. ATE AY2E F
AAM & NEE FAsE Fo, k¥ dehte A
A& A Aol k-mer FHE AT Pz YA
o1& Tt

21 M HAY
AN A 249 A4 71EAHA Hdo] "*'ﬂ"’ﬂﬂ A
doA B HEE FE Aotk MY FAL FHAAA
EQ Aol EAFX], EAHTTE 2 Ade] F ¥ g
‘4"‘7}9} e AE otk ME FAE & HEME
EZ B-EY FE :ENH AL N9 d¥
57/}11 A gdiesd v AR2E gE AL
AAE T Uf 9% 22§ gepbds dAsE Ae
& Ad 8d(6). A AEsd (¢xEF DI 2o A
g A 232 g F Ut AL MDY EA f-Flexisten-
ce), o] vehlE 314 (occurrence), A€ol e} A
{position) o]t}

search(sbt, s) : 2E8 B-EZE ol&¥ Ad F4 ¢4na&

A8 sht- 2EZ B-EF
s- X4

29 : count- MEo| YeuE AT
pos~ Mol e $A uid

count = 0;
(node, j) = SB-Search-Up-Down (s, sbtroot, 0) ;

HMRTAI(Whole genome) ME B4 It JIMSHE 21T FIZWK] % 368

while node is not NULL
for i from j t0 Niesr— 1
s = 2B (WA AMYx
lep = LCP (pat, s) ;
if lep < is| then
return { count, pos ) ;
end if
count = count + 1
posel s F71;
end for
node = next (node) ;
i=0;
noded W seld) 2ot
end while
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sliding window& ¢]8%th & k-1718) 208 7IXe 9

koce (s, pos, lop, k) : 2E@ B-ESE ol 8% k¥ LEhte 4d
A4 guas

o4 s- M
pos- A1 82 wid
lep- AFE NFY2EL] LCP WY
k- 85

&9 count~ k¥ Qe A D9 Jlie
seq- k¥ UEhE Ade) wiE

k-
let sw be slide window ;
fori =0tok-1
sw.puti, lep[iD;
end for
fori=ktolpos|-1
int minlep = sw.getMin () ;
if minLcp > prevliep and minLep > lepli] then
for j = max { previcp, lep[il) to minlcp
seq®) s{pos[i-111 = [pos[i-11+j] &7,
end if
previcp = swget (i-k);
swput (1, lep[i]

end for
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44 . sht- 2E§ B-E#

k- 8
&9 freq- k-merd] HSE AR vid
count = (0,

pat = A 9 k-mer;
node = X WA Gid=E
while node is not NULL
node® R 2=,
for i from 0 t0 Nigas - 1
s = noded} i WA MY ;
lcp = node®} i A Icp;
if kcp > k then
count = count + 1;
else
if length (s ) k then
freq?l (pat, count) 37}
pat = s{0] - s[k-1];
end if

count = 1
end if
end for
nade = next (node) ;
end while
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Wi tmer - Thermetoge el
o 7

(b) Vibrio cholerae % 44# 1(9471036bp)

TR AERSIT3- Arabicd
B misn - MaBanosos
D AE00S1 12 - Arabiddy

() NGR234 plasmid pNGR234a(5361656b)
(712! 8) RWP(Random Walk Plot)
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AEth AEe 54 F gl GC 4& RWPE ol 8319
& 4 ok weF ATV Bobd ol $3Y dvja A% T
07 Yol FAol7] Wi 4% I8P 1ge| 14
A Aot} wid GCrl Bud 28%F olgFd 1ge] 1
g4 Aoith.

(2% '8)9) (a)= Saccharomyces cerevisiae g4 (230
2036bp), (b)¥ Vibrio cholerae G4 1(9471036bp), ()&
Mycoplasma genitalium G37(580074bp), (d)& NGR234 pla-
smid pNGR234a(5361606b)2] RWPoltt, 194 (a), (b),
(o BAAY Bgol HME FAFEE & = vk ¥bE,
@e e Zge 3t Jd&e 4 F Utk E=F (a), b),
©9 Mol ATY %¥°] &€ ¢ F Ux, (e GC
o] %ol BEE ¢ & Utk 2¥dX AE ulsg AaE
B, Saccharomyces cerevisiae A I8} Vibrio cho-
lerac 944 I, Mycoplasma genitalium G379 238 &)
o] AHEW 2% Mg AT Hl&ol CGR} Hel A
2 H&dA age]l a3 YA, RWPY] #ojurts 1
Yol 42 HZE UEE ¢ 7 A% (@ % ©d H
ol A agd YA Pk ol AL (a)9 APl AT #
ol g7 XU (bt (o) Bot CGY %ol #7) i
of Aol A A YA & Aot} o|xFP RWPE 3
T fAA MEe 5AE wgsiy, fAAd gt g
Yehte 2 FHAE 719 Hlad o8 ¢ Yk

36 ¥ Roi(Map Viewer)

A9 MR Bl wht oldsl HAATAN oW MY
& AMsE, 2 Ngo] o AN e A§ Ha
# 2 o A Holoth oA FHM o FAM
N 54 AEEo] %A REFEAE JolE 5 U of

27 A9 MEEE M AAFE ALEE AEAR

. (38 9) M¥ BlW ®ol: o] JHe| REHO| s &Y M
OIRES= g v|IfE + AT HYoU MY =2
o2 g = Utk

stojE WEES] A2 U@ G2ER RAFE ARUY
A JNE £ A AED RS AN AT o)
© 4 Rolele Abgate] a7 wal ARAA HNEE
Zelojt 4802 ¥R m & ¢ 28 ¢ U (2
d 0v A R FAMAN MEE AL W, 2 FH
& BaFE Aotk

4 YA B8

fage A HAE BHE 98 78 498
AFai, o] AYEE ol &8l ZEIHPYY F Ye &
AYEE AFHEE AEAEL Y AFo] wHio] 2
SJEE S84 F gth o] 2AYEE AEY FF 2ol
At 2AYPEYG FASEE w9 4 PEHo|r) o
2AYPEEF ALRE kg BAE #AY & e 2
Holl M do Hdel s 2k,

Agst #o FAA Mdols CGr F veEhdR @,
Archeglobus fulgidus 53 2 vlAE #FAA NgdE
CTAG M4ge] % vehbA @ethg 221 o184 84 A
doll A Z JehtA] oe Nde Ao M d(Avoided Seg-
uence)°l gt @ri14], Al MEE &= AL kmer B4 S
8ty RIx7} 9 Algk(threshold) ©181¢! k-merE #ow #
o Ao JdARE 00028 it (dnYF 9L
4o Mdg Fie dagFolt

AvoidedKmer(genome, “threshold) * 384 Mo} & Jehhx] ¢
= Ad A
i I genome ! {43 Mg
threshold : 4] XY &9 7183k
&Y kmer: Ao} Mg 27}

for (k= 1:k <2;kt+)

{
temp = genomekmer (k) ;
for (i=0,i < tempsize () ;it+)
{

if (temp.freq (i) / genomelength () < threshold )
kmer.add ( temp.seq (1)) ;

(¢2|E 4) 80 M8 T8 Y2

<E 1> A8 AHEE $HAE0l NCBilftp : //nchi.
nim.nih.gov/genbank/genomes)ofl A tf2= wg £ 9]
o} Zk HAMEL BFH Y (taxonomy)ol ©a} 4708 2F o
2 e

<E & <E >8] FHAA WE Ao ME F Ho|
7t 74 A& HAEE B9 FE(Shortest Avoided Sequen-
ce). 9710l A = WA 9L SASY Helolm A HA de
Aol



CE 1) Afo ALRE 2152 MRXil(whole genome)

Genome Abb. |Base Pair Taxonomy
Archaeoglobus fulgidus | Aful | 2178400 ‘
Halobacterium sp.

NRC-1 Hbsp | 2014239

Methancbacterium

th totrophicam Mthe | 1751377

Meth Archaea | Buryarchaeota
ethanococcus,,.

jannaschii Mjan | 1664970

Pyrococcus abyssi Paby | 1765118

Thermoplasma .

acidophilum Tacid| 1564906

Mycobacterium leprae | Mlep | 3268003
Mycobacterium)

Mtub} 4411529

tuberculosis H37Rv
Bacillus subtilis Bsub | 4214814
Clostridium :
acetobutylicum Cace | 3940880
ATCC824 , Bacteria | Firmicutes
Mycoplasma
genitalium Mgen| 580074
Lactncoccqs lactis Llac | 2365589
subsp. lactis
Streptococcus|

ine Spneu| 2160837
Caulobacter crescentus | Ccre | 4016947
Sinorhizobium
meliloti 1021 Smel | 3664135
Neisseria meningitidis
MC58 Nmen| 2272351

Campylobacter jejuni Cied | 1641481
Helicobacter pylori

Bacteria | Proteobacteria

%65 Hpyl | 1667867

Escherichia coli Ecoli | 4639221

Haemophilus .

influ Rd Hinf | 1830138

Vibrio cholerae chr. I | Vcho | 2961149

Plasmodium

falci chr. T Pfal3 | 1060106 Alveolata
SalccharomycesScerl 230003 Fungi

cerevisiae chr. |

Homo sapiens

ot XXI Hs21 | 34004148 | Eukaryote

Caenorhabditi: M
orhabdits Cell | 16183833

elegans chr. 1

Arabidopsis L

thaliana chr. T Ath2 | 19647091 Viridiplantae

<E D> 48F 29 AEEY s YEEE HAF
=, AF 4L 0.06%0]stol 3, BE 3 AL 0.1%°]3}0]
3, B M2 02%°]5HE YEdch Agdl AHEE 73
Ae & 267004 CTAGZE 2o HE fAAE 8342
7b¢ ®1, CGCGE 1774, GTAC, GCGC, CCGG 1571,
GGCCe 1471, ACGTE 1174, TCGAE 9l, GATC: 770
Fo g BRI

MR XA(Whole genome) M AT THAISHE QI8 213X JHY 395

(B 2) 70N MEOIM 0.1% Ol8l2 UElH= MY F Zolt
718 A2 M

Abb, | Length | Number Sequence
Aful 4 2 CGCG CTAG

AAAA AAAG AAAT AATA AATG
Hbsp | 4 50 | AATT ACTA ATAA ATAC ATAG
ATAT ATTA ATTC ATTG ATTT -

Mthe 4 4 | CGCG CTAA CTAG TTAG
ACCG ACGA ACGC ACGG ACGT
Mijan 4 54 | AGCG ATCG CACG CCCG CCGA
CCGC CCGG CCGT GGAA CGAC -
Paby 4 2 | CGCG GCGC
Tacid 4 1 CTAG

AAAAA AAAAC AAAAG AAAAT
AAACA AAACC AAACG AAACT
AAAGA AAAGC AAAGG AAAGT
AAATA AAATC AAATG -

: AAAA AATA ACTA AGTA ATAA
Mtub 4 2 | ATAT ATTA CTAA CTAG CTTA

Miep 5 627

GTAA GTTA TAAA TAAC TAAG ..
Bsub 4 1 CTAG

ACCG ACGA ACGC ACGG ACGT
Cace 4 48 | AGCG ATCG CACG CCCC CCCG

CCGA CCGC CCGG CCGT CGAC -+

ACCG ACGA ACGC ACGG ACGT
Mgen 4 82 | AGGC ATCG CACG OCCG CCGA
CCGC CCGG CCGT CCTC CGAA -+

CCOC CCCG CLGG CGCG CGGG

Vlac | 4 | GATC GCGC GGCC GGGG
Spneu| 4 5 1 CCCG CCGG CGCG CGGC CGGG
| AAAA AAAT AATA AATG AATT
Cere | 4 43 ACTA AGTA AGTG ATAA ATAC
ATAT ATTA ATTC ATTT CACT -
ACTA AGTA ATAA ATTA CTAA
Smel | 4 24 | CTAG CTTA GTAA GTAC GTTA
TAAA TAAC TAAG TAAT TACA -
Nmen| 4 2 | CTAG GATC
ACCG ACGG ACGT CACG CCAG
Ciej | 4 4 | 0CCC CCOG CCGA CCGC CCGG
CCGT CCTC CGAC CGAG CGCC -
ACGT ACTG CCGA CGAC CGGA
Hpyl | 4 17 | CGTC GACC GACG GGAC GGCC
| GGTC GTAC GTCC GTCG TCCG -
Ecoli | 4 3 | CCTA CTAG TAGG
CCGG CGGG GGAC GGAG GGCC
Hnf | 4 | 6| dl
AACCC AACCT AACGA AACGG
Vao | 5 sy | AACGT AACTA AAGAC AAGGA
; AAGGG AAGTA AAGTC AATAG
AATCT AATGT AATTA -

5% &

¥ =@M E A58 Ad(whole genome sequence)
o] BN A8 E A8 AANAE Austdrt. 4anx
v WEHFY FHA HEE AHEs) A8M R vry
JETEd 7P $& B-EY MY wjde) B4e =
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(B D 2ol 80 Mo tx WeEg

L gege ggoc ccgg
0.419% 0.256% 0.249%

0.234%

0548% 364% 1.096% 1.774% 0831% 1.133%
0368% | 0263% | 0224% | 0.499% 0415%

0360%

0.831%

0.398% 0.214%

0.623%

0.674% 063996

0.713%
421%

0.227%

'

0.325%
0.314% 0.412%
0.309% 0.266%
0.269%

0.726% 1.211%

0.260% 0.293%

0.237% 2%
0.820%6 1.791% 1.504% 1.560%

0396% 0.723% 0.712%

07

0.983% 1.356% 1.207% 0.874%

0.376% 0.156%

0608%6

15 17 14

TE A" dAE 9% A8 72U 2EY B-EfE 29
o] Alxge] dyeg ARRET o] ALY ME #4&
A AAE A2 FEFH 7S FELZ v A2, 4
agae gy g&H 2o,

o FHA ANE H£4& 98 2EY B-EE A3
R tha Ao ARTFRERT HEAE A AHE
ghot,

o FHA AE 24& HF 7123 AE AdFeE
A E@sn g 4% 88 & F Uk

o 2 A 2¥e u} Qdojr AdEo} B HYFH e
3, 718 HelE swtew Yy £ e A3
HEE AT

o ThRE MM Wyg AFEte FAA ME 4 2
#g ABHE AAY F AEF HEr)

B A7l s HAaXE ol g3t tigd A
Mg A AY9e ¥ 5 Jed, B =EdME 39 HY
(Avoided Sequence)g #4383t FHE ¥¥W ek
oligo-nucleotide”t T8 + jermz o|AL oligo-chip®

%Y W probeE2A AMEE ¢ Slth oligo-—chip2 4 A
BZoht Awg Agd 4 Uk @NE JehiA g
oligo-nucleotide’™ GHAE WEOIA| A ¢ ofp|iAtoln
2, o] ol At g 7hR= o] BA Fo| EAEA &
& ¢4+ A, WA A B o Ay # o
o vb= oligo-nucleotide® 58 4 Qlth =3 F& ol
9] oligo-nucleotide® =71 2t FEFAA U] F &
olHel Helg YEEE k-mer ¥4o] wW¢ Fadch
Aol HE BN k-mer B4L 48N B F Sl%e] 9
ARG A AFse doolst 2AYEE ol &3l i
24 + itk
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