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Humans have only about thrﬁe times as many genes as the
V!
50 human complexity seems unlikely to come from a sheer quantity of genes.
Rather, some scientists suggest, each human has a network with different parts
like genes, proteins and groups

OXELINHENESES

DROSOPHILA MELANDGASTER HOMO SAPIENS
= . — + = rult fly
D EJ\ zlj Iﬂllzﬁ: E%Egﬁﬁ*;iu Tl Nl Tl Tl ':;::nix:r:"";‘i;':":ﬂ;’

D&F L IERRIT E R

OB TR (B S TR SIRAIRR
BT

rF Y
i
o In the generic networks shown, the points
represent the elements of each organism’s
genetic network, and the dotted lines show the inter-
actions between them. Humans have many more ele-

il

Sources: Dr. Albert-Laszi Barabdsi, University of Notre Dame; Sclence; Celera Genomics

FEHAMENEERZNS=!

‘Steve Duenes/Tne New York Times



B RS .
Biomiormatics  PUSE AL 21015

OIS FRSEEHSSEIIENRS 5 FrolFank
v HPERANEARSF S FRXEEONER

ONRFNAERE, XEETFEZENEEXR, mikTHrs
v EENSFMER, XRTUBIRARFSSFZENEEER, EMMEFRM

Transcriptional translation protein
Regulation G
mRNA Ftl\:l AP

R regulation
binding /
transcription
—_—

+/-
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'! Q - - \._/J—-—I‘- .

promoter coding region  terminator regulatory region non-coding
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Conventional ; : !
Single omics Trans-omics Genome

molecular biology System biology

() O Q SV AN NGS . :
0 | ' Integrative physiology
0 R0 .
Ay e Transcriptome

System medicine

g\*" ( 0/ : :/é\k: — i Rsss  RNA-seq (NGS)
b » o) 20% » /& ' !35 : Wﬁ Microarray ? System pharmacology
| 7,
I

Measurement N

S Prqteome

-4

Regenerative medicine

Mass spectrometr
P y Integrated biomarkers

J
: etaboiome Human disease
6 Mass spectrometry Prediction
Diagnostics
NMR J Treatment efficacy
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MR RGEI T RCRIERES:
/:={G, A, B, C}

/1={G, A, D, C}

/5={G, F, A, B, C}

1={G,F, A, D, C}

M EGEI T SACHERT, L, MLAKEHRS3, L,F/,HKEAHL
M RGEIH RCRBEE A3
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K cc Citrate cycle (TCA cycle) - Reference pathway
(__Help
[ Pathway menu | Pathway entry | Hide description ]

The citrate cycle (TCA cycle, Krebs cycle) is an important aerobic pathway for the final steps of the oxidation of carbohydrates and
fatty acids. The cycle starts with acetyl-CoA, the activated form of acetate, derived from glycolysis and pyruvate oxidation for

carbohydrates and from beta oxidation of fatty acids. The two-carbon acetyl group in acetyl-CoA is transferred to the four-carbon

*_ Qg & compound of oxaloacetate to form the six-carbon compound of citrate. In a series of reactions two carbons in citrate are oxidized
m ‘ ‘ to CO2 and the reaction pathway supplies NADH for use in the oxidative phosphorylation and other metabolic processes. The
—n —n - pathway also supplies important precursor metabolites including 2-oxoglutarate. At the end of the cycle the remaining four-

carbon part is transformed back to oxaloacetate. According to the genome sequence data, many organisms seem to lack genes for
the full cycle [MD:M00009], but contain genes for specific segments [MD:M00010 M00011].

| Reference pathway 73) (Go &

| CITRATE CYCLE (TCA CYCLE) |

Glycolysis /
______ D[ Gl&on};sogemsis ]

Fatty acid biosynthesis }-————1,

Fatty aci elongation in mitochondria b — =2 — \_i
|

§

Val, Leu & Ile degradation e

Fatty acid s | S

Alanine, aspartate and i, g
glutarate P rbeiom 9 i

Glyoxylate and dicarboxylate Jq
m&o}dﬁzm il 1{

Oxaloacetate

Isocitrate
Od—

cis-Aconitate

(S)-Malate O

(O

Oxalosuccinate QO E1 4

NH,*

Orthophosphate

Succinyl-Cod

o »
pds
~ o \
o) (= L
?

90 @0 06

ee'gxq

[ Bscorbate and aldarate
| +1 metabolism
| “Alarine, sspartate and
:\‘ ——— | glutamate ngmr%a]jsm
&5 £>{ D-Gln & D-Glu retahol

00020 212209
(c) Kanehisa Laboratories
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Chemokines,
Hormones,
Survival Factors Transmitters Growth Factors
(e.g., IGF1) (e.g. interleukins, (e.g. TGFa, EGF) Ext{;:ter!;ular
l serotonin, etc.) l l
Intégrins
RTK | RTK _ cqca2 / Wnt
PLC G b2tSOS FyniShe \ Y
\ r + / -
PIfK <—l— G-Protein Rfs FAK Dishel/e"ed - %
I Src
Akt N il Raf GSK-3p
/ i P’ic Adenylate 1 } Hedaeh
5 cyclase edgehog
% Akko NF-xB MEK APC /
S PKA
Cytokines L JAKs IkB MEKK ~ MAPK  MKK p-catenin 3
(eg. EPC) s T sTAT35 [\ | TCF g
$ * :
&) Myc: —Mad: :
Bol-xL Mo Nax ERK JNKS B-catenin: TCF I
! 2
Cytochrome C CREB Gli<+— 1 O
Caspase 9 * =
N \ Gene Regulatlon \
: / CyclE — p27
C 8 3
aspTase —— ( Apoptosis ARE CDK2

1
dm2 i ;
FADD Bol-2 _|& { m m\(p53 /
t Bad Mt<— Bax

Abnormallty Bim
FasR  gensor —

Death factors

(e.g. FasL, Tnf) 1 7
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NI

IR R —T) RAYERE AHIHAFMER
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OS5 FMZEE
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O/EHREEZEFEEL (clustering coefficient, CC) ERAREEMNEZH=
KEHERET
VIIRTRVIERETIRVZ, TRVZERETHIRV3, IBATRVIREAEESVIE
., XMIISERAZAXER, el T30 RIEfF R EEER R,
OXS TR, TRVEIEREREENI:

cC. — n 2n
"2 k(k-1)
OXFBRk%g, RERIETEN:
n n
cC,

B p]f B kﬂut(kﬂut o 1)
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ORJZEEERFEL (clustering coefficient, CC) EFEEEM
B =X ARERIEIR
y | =1 T2 o] M £&

(8] ()
[ o °//“@\
(&) Ol ©
AN ERE A3 BREARAERT, HER2
_n o 2n o 27%1 _1 _n _ n CC = 1 =1
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O—4 |J,“\EI’J %Sl (betweenness) BEEXN T RHIEEL
O RAVEINTEUEN /I :

- _
EIﬁv’EPC:u:[O

1 O,

B, = :
(N-1)(N-2) ,Zv o High betweenness
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OZFEE (closeness)Ec— 1T REIM LK
FhEMPFET 2R ERISTR

D_I-I-jl_l\\\VE/J/ \LLIJ_‘_II_‘ESL% :

1

v Vj
N-1 j#veV

Ofa¥bEE(topology coefficient)2&IEE
{Fo RIBIEEEZELCHIRINE

OT5 RVAYHRFNRETEN /3

T, = Z Cyr/min {ky, Ky}

M, |
tEM,

o
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OFLIRE (scale free) f4E, Eigkz&H Random Network Scale-free Network
EEEND T REES M PEP~ k7 oot
@

HIRKES, EE2<y<3

v TR MR RERD T RENEEERIE, B
FELEHEEEIFESIXAT R (hub) Many nodes
(BRI P(k) = e d

v IRH T RAVFEES TIRE MBI EIMNIE
BERRENEHEYE. FHARGEDERATR
R, PR RGBS SRR B R T )

v ToiRE WS B E LI i R I E E NS, K log k
?ﬂ Iﬂ ﬁ_lt% /|:\| ﬁ=.=|'1;% g% ':F'IQ EE &éﬁ*@éﬂ'ﬁ,m ’ ?-}[_’ Poisson Distribution Power Law Distribution
BEE (R SRR

Few nodes
[~ Highly linked

D

P(k)
log P(k)
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LT M2 F 5 S 2 B BT BUE R X BUERD /~log(log())
VIRREMELL— R/ MERNEERE/), BKREER

27



EEY i = g
Biomformatice  FoHTEZMILE 00

& Sarah 1‘:[:%@2%

" 6/ 7
/r\\\
A\,
WWW:
16K Ao 5

28



EPERZF Rz

Bioinformatics

OBarabasi-Albert{zsY

O 55— 88

NEES4T7E
OfE, EE—MEHT
chEI— AN, FHROR
i TERE, BT S

ERASRMLSE
B
ORI, FEEEERSHT

FotT ENILEHZ R A E IR

MmN EFR, HEF  m, = 2
YIIEMBPEN T RENEBBENIZATE,

oA S M BER

£ AN, EEXER

REERT=SFN

AT RIER, NEXEESNEEE

29



EIERF FiE — = 1t
Bioinforﬁa:tics %*l]‘gngﬁzﬁﬁﬂgﬂi%*iﬂl wﬂt%ff

OBarabasi-Albertf&Esd -\ /'\
OF[KEEEMEPHINTRERFIENRRETE Proteins
FEEREF Before duplication
v RS ZHIEFREHFENER~ =518
RNERAKEHEBEIER.
] o N Genes — A
/ SRESHNERERNESTAsRES 000 v )\ v T
HOIEER Genes— ) A

v B, SEEENTRESU RS RESHIRY
HEFREEE, MMKEIIMNMIERE, &
2 R EB B EMERITTRERE After duplication

Proteins
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80F  (c) i .
o —_ —_
—+- —_ = - _
OHub™ R ESFEML | Al
=
E 40 - | 1 -
2 | I% LI -
5 2041 | .
{:] | | |
0 5 10 15 20

# of links

while proteins with five or less links
constitute~93% of the total number of proteins
we find that only ~21% of them are essential.
In contrast, only~0.7% of the yeast proteins
with known phenotypic profile have more than
red = lethal, green = non-lethal 15 links but single deletion of ~62% of these
orange = slow growth, yellow = unknown proves lethal.
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OTREtRLR, L_LEXEEE & — MRz, BERTIRERET
HABARERX 7 TR

OXFX 2k BT=EMIRNZ M (Spatial localization) (L& EAY

7 (Chemical specificity)

U’l‘iiﬁzfﬂjﬁf BE3E, XFZEEM (Connectivity) RIF—PAE I
BE Z [B)1H B 520

O7FAI M (Insulation) |, {ERF" the cell to carry out many
diverse reactions without cross-talk that would harm the cell.”
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Consider the following directed network of 16 nodes and 19 edges.
B

real network randomized networks

=
1~

MR FIRRTEE
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Full 1list of subgraphs size 3 ids:

{ Total num of different subgraphs size 3 is : 13 )

/44 o SN LY
T MOTIF NREAL NRAND NREAL NREAL CREAL UNIQ
\l ] B3 I ID STATS ZSCORE PVAL [MILI]

6 3 7.440.6 ~6.93 1.000 142.85 2
12 10 13.941.1 -3.44 1.000 476.18 2
Y 4
Q |)_( I Z LU TN Ve ——
E* Q I::IL-IE,l/Aé 0 0.040.0 838888 0.000 0.00 0
= L]
36 3 7.440.6 ~6.93 1.000 142.85 1
38 5 0.640.6 6.93 0.000 238.10 a
\ﬁ* MQ&E: LJ EI_I T7i’\]; &&* E%ﬂ .0+0.0 888888 0.000 0.00 0
Ll WMEIS R
-A L 0.040.0 838888 0.000 0.00 0
78 0 0.040.0 838888 0.000 0.00 0
98 0 0.240.4 ~0.43 0.160 0.00 0
é A B —1 102 0 0.0»888888 0.000 0.00 0
Z 19 E=ER
108 0 0.040.0 838838 0.000 0.00 0
.0+0.0 CELLEL 0.000 0.00 0

(Application total runtime was: 1.0 seconds.)
(Real network processing runtime was: 0.0 seconds.)
({Single Random network processing runtime was: 0.0 seconds.)

MR R EE 4
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O /= 818 13 T Fecliquesi A clique A 1RIR

A subgraph is the k-core

if all of its nodes have a degree > k

e Cores are nested

e Cores may be disconnected subgraphs

local global

I —

peripheral core ceniral core

e Layer £ is the intersection
of cores k and (k + 1)

1.2 and 3-core.
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00 A D

Two-node positive- Two-node double- Three-node negative- Four-node incoherent
feedback loop negative-feedback loop feedback loop feedforward motif

Two-node negative- Three-node positive-  Four-node bi-fan motif Four-node coherent
feedback loop feedback loop feedforward motif
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