HFTR(Whole genome) M M1t 7IAISE RATH AZTHK| JHL 387

A-5AA (Whole genome) A2 43 7IA8& ¢%t
H 7= A

T g 299 Aw Z2HdE Fy03 W AEA H44 AA Ade] W] wetA A-f-dX(whole genome)E 712 G R
st A AR 24 #-8E 7% O WS 293 ojFojxam ok AR dﬂl—/] 471 *‘]% -’FJ‘—E“?} bp(base pairs)ellAl ol
bp(base pairs) FE9] dj&%F H2E HolEo]7] W&o wdk 28k F2 YA (on-line string matching) ¢ FLE BH3= AL &
HEgHoth B =RoAe heF F3A NEE 2Mster] AEY A8 T2 2EY B-EfE A3l fAAl A4 45 71
32 9% AAAAE ALY BHL AN B ATAAN AL A2 24 AE RED AAS REo2 el Mg, AIE BE
de FHA Al 5 MLe] detde B89 fXs AFE Lot AY k¥l Yehbe AEE A A 2& 72 HY P B
3} k-mer £4& 9@ Aoyt bgstAl EHlFe] gtk 7HA S FE-E ARAA MY F4(annotation)& BAFAY, fAA £4S &
ol 2 ofe] 7}A13} W, CGR(Chaos Game Representation), k—mer graph, RWP(Random Walk Plot) S22 AJEdatso] 44 A4 72
o} B4 uold £ QxE xoEch B =] Al B4 A2we 4E8AY 134 fAAE welm, G4 uld obd dHAA %L Al
Z2& FAAY 715 E¥AA] & junk DNAEY 7% §& d7éled A3 5 ok

Development of Workbench for Analysis and Visualization
of Whole Genome Sequence

Jeong-Hyeon Choi' - Hee-Jeong Jin''- CheoI-Minb 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 B-tree 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.
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ce), Mgel el E S (occurrence), A go] YelE 9%
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search(sbt, s) : 2E¥ B-Ez& o]&% Mg HN dag:E

43 1 sht- 2E B-Eg7
s- A4

9. count- M€l YeEhtE 3
pos- A ge] UehtE X WYy

count = 0 ;
(node, j) = SB-Search-Up-Down ( s, sbt.root, 0) ;

SAI(Whole genome) ME EM1F JIAISHE 218 {ITHIK 712 389

while node is not NULL
for i from j to Nies~1
s = =29 ¥4 Mua;
lep = LCP (pat, s) ;
if lep < |'s| then
return ( count, pos ) ;

end if
count = count + 1;
posel s #7};
end for
node = next (node) ;
i=0;
nodeE W2 2=t}
end while
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2.2 k-occurrence

k-occurrence #AIE dAENA kH Uehls JEHE 3
T EAolth o] #AE Eg&HOR FAste WHe ~E
4 B-Eg9 g x=tEo] Aua wdy gue Abd
sliding window® ©] &3t} & k-1719 7S /A= 9

Mo

koce (s, pos, Iep, k) 1 2E8 B-Eg& ]88 k¥ JeluEs Ag
A dugFE

49 : s- A4
pos— A wd
lep- 1@ MP259 LCP Wi
K- 8%

29 count- k¥ el Ad9 A4
seq- k¥ YehtE AMde wid

k—;

let sw be slide window ;

fori=0tok-1

sw.put(, lep[iD);
end for

fori=kto [posi~1
int minlep = sw.getMin () ;
if minLcp > previcp and minlep > lepli] then
for j = max { prevLep, lepli]) to minLep
seqol s[pos[i-11] - [pos{i-11+j] &7},
end if
prevlcp = sw.get(i-k);
swput (i, lep[i]);

end for
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3, 499 A gl e LCPY ZelE strte} 8ha,
Ax 99 £ Hd gl LCPY ZolE end®t 3Hd, d=F
e ke veldE dEe) & 2742 min> starto] L min
>endolth k¥ Ve E Y starts} end F 2 79
OgRE dug Ud e min7tAle HEoz o] FoiA
Al Eojt}, BE k-occurrenced T37] Yl e A
Hd e oe} YE¢E o|F3EA 9 Mo ge AE
AAtsor stk (gn2)E 2% A9 duFe dFd A
Feolth k¥ Jehde AE AYE kA JdedE AEE
I} AFE FE o] nFY AL EJEE 0(m) ot
A71oA me A Age Zelt

}L > rlr

2.3 k-mer &4 .

k-mere #4zke 971 AE W9 Zolrt k<l 959 E
7] Adolth k-mer 4L G714 Eol 7HA k-mers¢l #
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ez g Bz gAY 5& FAsE Aok k-mer
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Do r-lm

fiu

kmer (sbt, k) : 2E¥ B-E#& 0)£% k-merg T3+ &18F

o4 : sbt- 2E% B-E#

k- B4
&9 freq- k-mer9] ¥IE=E AAsts W
count = 0;

pat = 3 A k-mer;
node = A AA SGHxE;
while node is not NULL
nodeE wl&zlo] 2=t
for i from 0 to Niear— 1
s = node?] i 9A MFx;
lcp = node?) i WA lcp;
if lecp > k then
count = count + 1;
else
if length (s) k then
freqel (pat, count) &7},
pat = s[0] - s{k-1];

count = 1;
end if
end for
node = next (node) ;

end while

end if
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] WOW> fileD, show()
WOW> fileD, PutPosition{1,100)
4 WOW> fils0, PutPosition{771.600)
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F v 288 CGR ®wol Hale W5e 2 Aol ¥
Aolufol WekH FaAAT 7 NS CGR 9A7 A
P A27te A Ed te AP, wep B A4de w)
A% @77k AU whAE F Qe ADE 058 WA
g Zolth £ N9 vixw T @77t 2rhe whx v
He) gAA—E 025
g3, Aol fAE ZHo| 7

Aol o} CGRY) ABE weby

£ UA e Rl old@ AL of
%6}14[1]. 279 fx
& sl

1] drad - Deinococeus radio’
3 dra3- Deinococeus radio-
{#) dra2 - Deinococeus radic:
130 pabyssi - Pyrococcus aby:
T drat - Deinococcus radio:
hinf- Haemophilus influe:
% pyro - Pyrococcus hori
] mjan_s - Methanococe
M sceri6 - Saccharomyce:
M ster15- Saccharomyc
W seertd - Saecharomyee:
W) mjan_ - Methanococcu
& scert3- Saccharomyce

GAAAACCGCCAAAGAGCGTGGAATTTCGGTGCTGATTTCCAATCACGACACCAL
CCATACTCGCCGTTTGTATCGCGGTGCGCAGCTCAATGTGG TCAAAGCTAACC
GTACCATCAGTCGTAATGGTGCCGGACGCAATAAAGTGGATGAGCTTTTAGCAC
TCTICACGCCTCATCTTTCATCGCAAGCGTGA” "dam)

{ dra4 - Deinococcus radio
{E dra3- Deinococeus radio
& dra2- Deinocoteus radio
(I dra1 - Deinacoccus rad
hin{- Haemophilus infl
i pyro- Pyrococcus horikos
[ mjan_s - Methanscoce
ster16 - Saccharomyc
(M scen15 - Saccharomyte:
{6 scer14 - SBaccharomyce:
mjan_t- Methanococeus
(% scer13- Saccharomyte:
1% scer12- Saccharomyte:
sceri1 - Saccharomyte:
cer10 - Saccharomyce:

1GGGCH T 1ACTUAGATCATCGIGELGGEECGUETGUIGARATUIATAA
AAAGACGTCATTACGAAGGTUWGAA&CGMGGTGTTGAGGGCGTATCCTGC
AGCGGATACTCACGTAGACGTATTCTGGGAAAGTCCCGGATACGACACTGAAG
GCCGACAATGGCGCGTAACGTCCAGAGGCCACATTATCGAAAACGGCAGTTTC
ACTATCGCGACGACGTATGAGCGATAG" dir18)
Wow>

(b) dfr18 44

(32 5) Vibrio cholerae2| = F&AI2| CGR

34 k-mer RO{{k-mer Viewer)

k-mer ¥4 AAE 7 s8tE Zlo] k-mer Frololtt
o] AAEE 4583 ZA7E A CGTY d9e=
g3t 2t AHAEE A 45859 AA AC AG, -, TT
o Jdo2 st oA kW AL 45ES WA k

At Z+ k-merd] ¥HlE= MZAR
AGCY 9AE el Aolti(Ao] 3

AA AC

AGA |AGC
AT

AGT [AGG

(28! 6) k-mer graphOllM AGCS! {IXI(Ao] HalH A= F&)

W drad - Deinococeus radio
B dra3 - Deingcoccus radio
dra’

dra1 - Deinococcus radio
hint- Haemophilus influer
3 pyro- Pyrococeus harlkos|
B mjan_s - Methanococcus

3K scer1 6 - Saccharomyces

T scert5 - Saccharomyces

K scerl4 - Sactharomyces

B mjan_{- Methanocaceus |
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(b) Rhizobium sp. NGR234 plasmid pNGR234a
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2036bp), (b)¥= Vibrio cholerae 944 1(9471036bp), (0)&
Mycoplasma genitalium G37(580074bp), (d)&= NGR234 pla-
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oA & Jehr] &= AEE A9 HD(Avoided Seq-
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for (k =1;k <20;k++)
{

temp = genomekmer (k) ;

for (i = 0;i < tempsize () ;i++)

{
if (temp.freq (i) / genomelength () < threshold )
kmer.add ( temp.seq (1)) ;
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<E 2E <E 1>Y fHAd Ui 29 Ad T 2o
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ce). 7lolA F WA & SASY Zojolxm A HA €&
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FA|(whole genome)

Genome Abb. |Base Pair Taxonomy
Archaeoglobus fulgidus | Aful | 2178400
Halobacterium sp.
NRC-1 Hbsp | 2014239
Methanobacterium Mthe | 1751377
thermoautotrophicum
Meth Archaea | Euryarchaeota
_ et :fl.nococcuslv[jaln 1664970
jannaschii
Pyrococcus abyssi Paby | 1765118
Thermoplasma Tacid| 1564906
acidophilum
Mycobacterium leprae | Mlep | 3268203
Mycobacterium
tuberculosis H37Rv Mub | - 4411529
Bacillus subtilis Bsub | 4214814
Clostridium
acetobutylicum Cace | 3940880
ATCCB24 Bacteria | Firmicutes
Mycoplasma
genitalium Mgen| 580074
Lactococcu§ lactis Liac | 2365589
subsp. lactis
StreD,tOCOCCUSSpneu 2160837
pneumomnae
Caulobacter crescentus | Ccre | 4016347
Sinorhizobium
meliloti 1021 Smel | 3654135
Neisseria meningitidis
MOS8 Nmen| 2272351
Campylobacter jejuni Ciej 1641481 . .
Helicobach o Bacteria | Proteobacteria
elicobacter pylori
96695 Hpyl | 1667867
Escherichia coli Ecoli | 4639221
Haemophilus .
influenzae Rd Hinf | 1830138
Vibrio cholerae chr. I | Vcho | 2961149
Plasmodium
falci chr. T Pfal3 | 1060106 Alveolata
Saccharomyces .
cerevisiae chr. [ Scerl| 230203 Fungi
Homo sapiens
chromosome XXI Hs21 | 34004148 | Eukaryote
c nabdit Metazoa
acnorhabditis Cell | 16183833
elegans chr. I
Arabidopsis o
thaliana chr. T Ath2 | 19647091 Viridiplantae
<E > <EA 2o NIEY MNE WMELE BoF
=), A3 gAML 005%0l3tolxz, BE 3L (.1%0]3} 0]
1, % H4e 02%0]3k8 vehdth A¥e) A8
A % 24U CTAGTH 2ot 429 faAE iz
71 23, CGCG= 177, GTAC, GCGC, CCGGE 1571,

GGCC=
Foz B¥Yh

1470, ACGT+ 1171, TCGA= 97, GATCE 77

o

STM(Whole genome) MZ 243 7INRHE IS AWK WL

395

(E 2> F8A ME0IM 0.1% Olst2 UEiLlE MY = ZOol7t
JHE &2 MY
Abb. | Length | Number Sequence
Aful | 4 2 | caca cTac
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
Mjan | 4 54 | AGCG ATCG CACG CCCG CCGA
CCGC CCGG COGT CGAA CGAC -
Paby | 4 2 | CGCG GOGC
Tacid| 4 1 |craG
AAAAA AAAAC AAAAG AAAAT
ML 5 ez | AAACA AAACC AAACG AAACT
€D AAAGA AAAGC AAAGG AAAGT
AAATA AAATC AAATG -
AAAA AATA ACTA AGTA ATAA
Mtub | 4 29 | ATAT ATTA CTAA CTAG CTTA
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 52 | AGGC ATCG CACG CCCG CCGA
CCGC CCGG COGT CCTC CGAA -
. 4 g | CCCC COCG CCGG CGCG CGGG
ac GATC GCGC GGCC GGGG
Spreu| 4 5 | 0CCG 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 | CCCC CCCG COGA CCGC CCGG
OCGT CCTC CGAC CGAG CGCC -~
ACGT ACTG CCGA CGAC CGGA
Hoyl | 4 17 | CGTC GACC GACG GGAC GGCC
GGTC GTAC GTCC GTCG TCCG -
Ecoli | 4 3 | CCTA CTAG TAGG
. CCGG CGGG GGAC GGAG GGCC
Hinf | 4 6 | aroe
AACCC AACCT AACGA AACGG
Veh 5 sg4 | AACGT AACTA AAGAC AAGGA
cho AAGGG AAGTA AAGTC AATAG
AATCT AATGT AATTA -
54 B
2 =dAle A/FAA A <E(whole genome sequence)
o BN 7N EE A% AdAUAE ALeigdct JuA
< dEHe FA1A HE8e Ayl A R vy

AgFz 7 L B-Efd M2 wjde B4 =



396 FEML|E=FX A MO-AT H3z(2002.9)

(E 3) YT ZHof M| Hix HEE

Abb. ctag acgt gatc gtac tcga gege cgeg ggce cegg
Aful 0.269% 0113% | o0184% | 0419% | o011% | 00A% | 02%6% 0.249%
Hbsp 0.586% 0.548% 0.364% 1.006% 1.204% 1.774% 0.831% 1133%
Mthe 0.183% 0.368% 0263% 0.224% 0115% | o 0.499% 0415%
Mjan k

Paby 0.325% 0.322% 0.234% 0.257% 0.359% v | 0360% 0.151%
Tacid 0.269% 0.831% 0.295% 0.398% 0.214% 0.139% 0.433% 0.352%
Miep 0.220% 0.366% 0623% 0.282% 0.674% 0.699% 0.676% 0.661% 0.792%
Mitub 0.346% 0.713% 0.205% 0.726% 1211% 1197% 1.142% 1341%
Bsub 0.215% 0427% | 0185% 0.260% 0.293% 0.201% 0.225% 0.345%
Cace 018% | 0214% 7

Mgen 0.278%

Llact 0.204%6

sprneu 0192% 61‘75% 0.237%

Coe [0 DOB% o 0222% 0.958% 0.820% 17919 1.504% 1.560% 0.985%
Smel 0221% | 0.983% 1.356% 1.207% 0.874% 1.116%
Nmen 02109 0227% 0.395% 0.723% 0712% | HIgse 0426%
Ciej 0.204% 0216% | BODE .

Hpy! 0.259% 0.325% 0.376% 0156% | OB9%m | 0104%
Ecoli 0.314% 0.412% 0.259% 0.333% 0.756% 0.608% 0.271% 0.524%
Hinf 0.107% 0.300% 0266% | = 0194% | v

Vehol 0.137% 0.269% 0.480% 0.269% 0.597% 0.251%

Pfal3 0.127% 0130% | O0186%

Scerl 0.202% 0.259% 0.280% 0.308% 0.293% 0.113%

Hs21 0251% | 068% | o0:w% |

Cell 0.170% 0.197% 0.254% 0.406%

Ath2 0.234% 0.191% 0.359% 0.288% at
Total e 1 7 9 15 17 15
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FAA AR JARNINE o] &3l i

’\1% v‘i’"‘i A9 8 ¢ de =
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