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HT(Health Technology), IT(Information Technology) %!
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2 &3S WhEo] Wi qler, Saloll A& HSKBio-
informatics) ¥} A] A~EAYE3SHSystems Biology)©] AT}

2000t =, 27HA|sE 24 E(Human Genome Pro-
ject)S =) <l7te] Zx-GAA|(reference genome)7}t
2= dj5% o|F mpo]a 2 of|o|(microarray) 7]
= o] &sllA Xt FAA A7 A AAA 2 244
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SEEEERIE

71&9] At FAAREE Y/ (gene expression pro-
file) glolEy T F7]Hol(Single Nucleotide Poly-

e
N

o
=
R

Statistical
methods

Population

L

Function
annotation data

[
|
| Pathway data
|

‘ Diagnosis/Treatment ]_‘

Gene/Network

function
prediction

Biomarker/
Drug target

0 1 0ROl 10| 2U0IE{9| AIARE SBHEAO| )L

A =71 e g7 LY A
FUH 74N O] A3k 2 42851918 (10040174, AHA T A8
PR FHEAE o83 thF Hhol LubA .

—
o rhr
re
-
rr
N
>
2
offt
0%
B
o
-z
b

2013.8 | RIS 61



morphism; SNP) B|O|E]E ©]-8-5Fo] Aba| ol A H(case-
control study)t 134 ¢1-(association study)S Z35}
of fHxte} Aate) HAE F stk 1y o
<3 vagto 2 E2A|(complex system)Ql AYTH S A}
o Awaly] oleiglon], 9% Ramuto] ope} up
0] Z ZRNA(microRNA)L |2l SIDNA(methylated DNA)
o} e FARAH K53 gl 24T o
A E  IDNA(Gunk DNA)ZHA| &= @4 =4
of Tofgttt= AFAITL S5 AAHHA EA0f A
83 vlojele] Bitao] Hs AFHUT, olE 2
s7] 915k WS el Bash) Hoi

B TolME 2 10)4] ®i vhe} ol o] Hel
(heterogeneous) H}o] 2 Hlg|o]E|(bio big-data)o] &

& 275ka, o] AAHH O R A ]

g
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N
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54 BRCABAT U FEURS ) St Lot
ket fHA 2T 7he] AR B 54 @
AolA AEsHe gAY EYAE FetT 4
ol g AFHE S 2Aeka, vhAute 2 B
AL B e dol WAUZS 285 WY
o) Rgk 9 ARo| A 5 i vpolonirlF W
st Wl 2/ekit ghi1]

2. Hro[ @ HlH|o[H

NNAFZRAEL} FHA e Hsto] ehAys]
T AEstolA thRe AR 2 A
A9} oA A=E FAH 4 KBS d7]
Aol ey 309 H7|AFol Eh= ¢
CERE ER R REL R e F
o2 {5 4|(Genomics) A7} AJZFETHA
J|EA o7 & MBR 2715191, NGS A2
WA Ul GBE F7ksb Elgich

dlolele] ko] Zhmgrol ohujet dolele] £7 &
3 O ol @ Mol w tokabA Hiet, S 7]
Xl E o] El(sequence data)@} & o] o] E](expression da-
ta), SNPE|O| €] 2 Eakeh charat 5704 wlo] o] (ge-
netic variation data)E B]Ea|A TR 9 AR o
olf], SAFHA HolE & thfstal A= Ao
At e Vs dHeA Az WHsHA wrlE o]
U THA el AlaglA oz fr]Aos Fotol 7hs
o theFeh dlolE 7t AatE Al Qo
2.1 7| dolE{t 2 EFEIA o|olE

FAA QRO AlZto] Hi= DNA @74 dHlolE=
u]=9] GenBank, 532 EMBL, ¥£ 9] DDBJoJA]
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A= JQrH2]. E3] v]=+2] NCBI(National Center
for Biotechnology Information)®} -8 2] EBI(European
Bioinformatics Institute)+= Q17FH#ETFo] o} T}oFst AY
=39 DNA A Qo8& Alsstal 3lom, I
Bk ozl A SRR, Gulde) AdAR U
FrAuel 45 A, ser2d uet 447
of Het AR 5 i ARE AEsn otk Ea
1=

et SAARAA dlolE 7t thestA AlgEar ok
u]=t2] UCSC Genome Browser2} 5-2 2] Ensembl
Genome BrowserE F3ll4 A} TAF-AA o]
gof A HL7Fssh, AleE= Tools o]-&-5te] &
[3t glolEE HeshHA 24kstaL o8& 4= QlTi3, 4].

2.2 O0t0|32042i[0| H|0|E{2t XIMICH7EIA| C|O]E
e Oto|3 20{2{|0] HIO|E

DNA wjo]3 2 ojg|o]l= 1995 AT E
Brown 14>} Davis .50 9]38] 7lldt=
St AFoA A 7 2ol TlmEHA T A
A HEEE F GRS g "ol
<ol

nfo]la 2ol olol= thEA o= F F77F =, ¢
oA 7|3t kel Zo] fAke) s S45k= vt
o|m 2 oldo|E §-AHAE(GE) % (Gene Expression Chip)
olz} ki, 414 DBRHFE dofzl FHAe] AL
ofElol fRIA R mRE] UolA|i §aAe] Tl
HE 539t FAA9 7]-5E4(functional genomics
analysis) & ChyatA| g 4 oA H|9i) o2 e
of mjozzoldlol i aAo] waa Ao Thale)
7|¥olo] -5 AESH] 1% SNPH 24, o] & 9]
&oto] FAAF Fo 54 71489 Hol7t ojugl
A Y| Zpo|(7]R17ES] Zfol, Hrgol Thet A}t FHE
Fo=AIE A+ 5 A5

A e] uto] A g2 ojg o] Hlo|E= u]=e] GEO(Gene
Expression Omnibus)?} 53 2] ArrayExpressE Z3f A
A= HejEar glow, AdolEet AR W
A ZAPHZ thefRl wpoj a2 ojgo] FHEo| ot
AR AlFEIL leHe6,7].
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* NGS ©|0|E]
2000t FHto] SolA A AR A o] 1A g
Sanger A Al(sequencer; ¢7]A GaE7]) Tt 81
S 2gAFko] B7|H o2 Fol 24 NGS AlHA
7F NEEEA QAIZE A g A skt 322
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14|l 2M|CH 3M|CH 3.5M(CH 4M|cy
i =capillary®} laserE | =slide glass £ | *DNA ZZ0] » Y5t B egls “E A, Alef, ZEhE|
Key 0|83 ALSst i bead 2/0ll DNA | Z28210| single A AIRM, BF JtZeels st
Concept ! © =22 FAXSE ¢ DNA #stEHlE L 2 Ee M| M AR
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_____________________________________________________________________________________________________________________________
| =Sanger sequencing | =High-throughput | *DNA ZZ 222 | =53 222 aote| stEtEA
i (termination $A)S | «HPCYH H 2 ZEEA 20Y [ «DNAZSE TR E4 A 2ER
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1) High Performance Computing

H| 802 [3d0] Azdl 11-2]
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NGS dHlo]¥= o= FopHti:= Hlt|o]E(big data)
ot} QIXt gHgolA HofA]= X A|(whole geno-
me) H|o]E]l&= 250GB(30X coverage 7|&)of Eoh=4,
&7 52| BGI(Beijing Genome Institute)of| 4] o Al
APl dolElago] 6TBYIS AZtshel ofw udjoly
Hohe ¥(big)sith= A& o 4= ok T Yolrk NGS
Hgrofe] S o R <1a| A, oldiexome), 1
AHA|(transcriptome), $-3--AA 5 TS B9
o[g] Aito] 7hsailon, olmH 7t HEsH JHS
S(DNA—RNA—Protein) & THAo A Hojx]= HlH|o]
HE ALgA oz Fasto] dA Aedds Al2d
How FAS 4= 9l 7|yto] ulAESIch

&2+ NNGS(Next Next Generation Sequencing)c}

o

Eol= 3, 4Md] 7ol YA NGS 7|=olA= E8
A 71 L9 PCR(Polymerase Chain Reaction; 5
FEAAHNS) BAZ GlBO2H T Thee) G714
e HhE AR 5T ¢ Qe vS A&
7|o] JiHE|aL ¢lem, DNA x5 AH t77] 9
A 7|3} vho] @ 7)ol RtE|aL Qlth A4
7o) AT 549 % 1o] s8]

2.3 C}2¥Fst =M (Annotation) H|0|E{2} 2X} EEF O

Ol
Q170 A=Y A7IA g olE et A F4A
9 FAFAA O et BE SRR dM4
Al 1], 715, HE2AR 9 5)7F UCSC Genome
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AZHIL 9o, o)F Fa st Fus wHo
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3. O Ylo[E|S| FURNS St
YHUAO AL 2y

floll Al 7]s3t viel o] BT7 9] W os A4
ol EA5t= thfet £AHS(DNA, RNA, Tz,
AEE FEFE thFet ArEA ] WA theFsial o]
22 Ql vlo] @ H|o]g o] AYAko] 7H53l Aty 3t vt
o| 2o 7} th-&(high-throughput) > 2 *g4te] 7}
o2 HolE e i FhHo g Frtst
Al =Tt o] F A theFgt vio] 2 HlHo]Elof o5 7|
L9 ShHA QI Aqfr Y] Tlojg FAlo|A AxtAo]ql
d s T FEovh HFeiA AAE 2R &
asto] Hi= F(reductionism)o] opd Z} FLZ50] o] F
= A HEHAE AR AlLFH o2 kst
(holism)o] 7F53HA] = 3AaL, o]FAA QI Hlo|EE o|%E
Al st anAor AT Z7te] s ohef
gk WHES] e Stk

Hfol 2 Hlol = to|¥ 9] Ao upet v} o)
Al FR2 7T 5 Atk Ak, T(ER), G(=-oF
), CHIEAD, Yl T7 EA4 Yd= o]Fo|xl 7]
AadolE, AR AA WA =N drgles
ol5ol2l §71%} WEdlolE, §R0) 7)o that
H7h BAGR ojFojzl FHdlolHR W 4 vk

o|2fat o442 Hlole. UHlolEE AARIHOR B
gotel AN BAHE Abole] AEAZ o Zsto]
ANl RS o3 gt fAEAYE
(Gene Regulatory Network; GRN)E of| &3} 2|4
(reconstruction) 3= W Eof s AR} i)

fr
N,

d

4 QHX XY YEYD X2 W

FAARAYESDE 2ESH W)
3} ol 2A) Al HE s 4 ek R AAE 94
boardsolElehe ol g3k Wileln, £ WAL %
A% Aol ElRS ol g3t E
99] % 7bx] Heje] dlolel W 11 9] T} ujol ool

BE SEstel BASH WL Astu eI

NN

4.1 SFX} s H[0|E] 0|&(Expression-based app-
roach)

gz o2 EHY EY I (Boolean Network) W,
O] A] Q| E ] F(Bayesian Network) W, w217 4]
d(Differential Equation Model) ®5o] Qlc}. o] W+
5o 248 A0l WEF Hole B ol8eled o]
Aole] QlafpAE B4 TS olgstel a4t
He= A=k ZF v £S5 (Boolean function),

HZE

Z o) - =FH4=(Maximum Likelihood), 1] E§H4=5 o]
5lo] A% Z|(deterministic) & 2 o =3} 31, o] 5 W
= robuststA| EHEetr] A AATE SET
42 3HA5to] 3HE A(stochastic) O & o] Z3H= HhH ¢l
IEEHY E YT (Probabilistic Boolean Network) ¥,
=2 o] 2| ¢+ E ] F(Dynamic Bayesian Network) =
W, 8+5-¢% 2 dl(Stochastic Kinetics Model) HH 0. &2
A=A E3F AF}E o] 85 AP 2 d(Linear
Model), HIAR@TE o]-&3F 215417 H(Artificial Neu-
ral Net), W75 HIA A U EHIE A4t
ulj 7| =] 5 @l(Parameter Perturbation Model) 2]

S0 A= A1

4.2 QFX} HI7|ME H|0|E| 0|2(Sequence-based
approach)

of RS fAAE] WAF Abole] HTTAZ o

St 4ol F--A ol EA 5= A71A4 =

(sequence motin < o] &-ato] ZATAS ol Zal 1

=13 .

ol Ak Foll=

g
1o
A
ox
£

Tl

1AM Ak o~ d=s 54 d7IAEs 7
it o] AS AAFIAA T E] L (Transcription
Factor Binding Motif; TFBM)z}tal 3}=d)|, o] EX &
7IMEs ASHe2ZN FHAAZHYEAALE A=
Ei=g

& 7] o= MEME(Multiple EM for Motif Elicitation)
', AlignACE =9, Gibbs Motif Sampler % 7} 2+
ab initio EFA1HH 1} Position Weight Matrices (PWMs)
7|&Eol gojEo] Sl HEIZE o]§5fe] HEZL
srohli W] olrh12)

4.3 O|&XQI O[0|E{Q] A|AEIM E§HEA(Integration-

based approach)

A3 k2 A9 HlolE gl Wt ol et AEdo]

XN x0
koo
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i w2 rlo

of gol, qLdolElE o]&3t] 54 HARIAZL 914
k= AYEEZE FE5kaL, HHHIHE °]85l9
bo| A} E]= f- XH(Differentially Ex-
pressed Gene; DEG)E ol &3lo] = 79| HolEE
Eotobal, FAREQ] 2 341% ¥ (log-linear model)
= Ngste] HFHor 54 At 54 fadAE3
IS 288ks AAIAEY AdE FEske WY
|

of /WL ATH12]. o]} go] A dojE e} A dh|o]
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Sequence data

Expression data
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l By permutation test

Null disfribution of test statistics

Bonferroni adjusted p-value < 0.05
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New data
NGS data (Short read sequence)
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Phenomics data
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HlolE S8 %
Preprocessing

W

 Microarray

Gene Expression Omnibus

| ARRAYEXPRESS

The Cancer Genome Atlasé

Hiole =3 HlolE] 7t& e E HE Hto| 20t E=2/HF
S

J2 4 Hio| 2N YBE AR SEES BA

SEEM 202 Y Hio|20tH =2 U HF

@ é Luminal A Luminal B

1,265
miRNA data

516 SNP data
(select)

HER2-type "%
327 GE data Basal-type

(select)
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GE &4
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NV 7| mANa S miRNA
Analysis expression S expression
Result profiles S profiles
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Visualization

analysis

Subnetworks maxh\izing S(My)
for each starting n\de in PPI
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=
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5.2 YEIo =5t B2 = Stk 9 62 Al 574 Al RS
o]0l Hlol o go|ElE Ealste] SARZAYE sh= HAYS Al ZAFE(Apoptosis) S -2t
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