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From Genome to Phenome
(Dynamic)

. ymﬁme
%e
?B{riptome

Genome (Gene set)

(Static)

Progressing genome projects, many kinds of “—~omics” works have been progressed such as transcriptome, ...
These are dynamic information reflecting to Phenome.
Of them, metabolites are fundamentally important as molecular phenotype

Regulation of Gene Expression
(E{E% 0) %Eﬁ,)‘ﬁ :X.Lx) Comprehensive Analysis

. . . o s -
(1) epigenetic regulation: AT F & EDE1L -
(2) Binding of regulatory proteins to DNA seq. :
Repressor proteins, Activator proteins, RNA, etc. ~ GeneChip

(splicing) cDNA microarray

mRNA
: Premature termination of transcription

DNA

(3) Termination-Antitermination

(4) Protein Interaction

Protein Post-translation modification 2D Electrophoresis

Modification, Interaction

Yeast 2-hybrid System
l Pull-down assay

| Activation-inactivation |

| Metabolic pathway | | FT-MS, GC/MS, LCIMS |

Mathematical Modeling P1
Preplfocessing ) Feature Selection Unsupervised Learning Super_vlsfed Learning
Matrix Repre ] Assessment of Data Structure Description by
Scaling Visualization of mulitvariate mathematical model

data for selected chemical data

Chemometrics
(i) Analytical Chemistry

Spectral data Selection for sample- Classification of mixture samples by Spectral-experiment
specific signal relation

(ii) QSAR and QSPR

Selection of chemical data

Chemical Structure Data iaiﬁ:i;?ix;he:ggﬁtw —D{ Compound-property, Compound-activity relationships l

biological activity

Post-Genome Analysis
(iii) Transcriptome

l Expression profile Data }—b{ Significant Expression Level H Classification of genes

(iv) Metabolome Data

l Quantity of Metabolites }—P{ Sample-specific Metabolites H Classification of samples or metabolites
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[2] Transcriptome

(1) Methods
1A GeneChip
1B cDNA microarray

(2) Informatics for cONA microarray
2A Signal processing
2B Data mining

DNA as information-transfer molecules: (DNA hybridization )

3’-ATATTATATCGAACGCGATATCGAT-5’

3-ATATTATATATTACGCGATATCGAT-5’

| 5-TATAATATATAATGCGCTATAGCTA-3’

—— 5 -TATAATATAGCTTGCGCTATAGCTA-3’




DNA as information-transfer molecules: (DNA hybridization )

[ 5-TATAATATATAATGCGCTATAGCTA-3’
3-ATATTATATATTACGCGATATCGAT-5’

—— 5 -TATAATATAGCTTGCGCTATAGCTA-3’
3-ATATTATATCGAACGCGATATCGAT-5’

1A GeneChip

_— ——— — - ==
— — R - -
¢ - -
— 3 R — -
cDNA& R EAFUiZH g ae
mMRNA 5"...ATGCCTTAACCCAGTCTTCCCTGACACCGAA...3’
ONA 3'..TACGGAATTGGGTCAGAAGGACTGTGGCTT.. 5’

EAFvigEE 5. ATGCCTTAACCCAGTCTTCCCTGACACCGAA..3’
3" GGAATTGGGTCAGAAGGACTGTGGC 5’

3’ GGAATTGGGTCACAAGGACTGTGGC &’

5" mRNA 3
Perfect match (PM) probe — — — | —— — — — — —
Mismatch (PM) probe — — ——— — — — — —
[ I
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1B cDNA microarray (p.22)
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Quackenbush J., Nature genetics supplement, 32, 496-501, 2001
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signal processing

RERENGEY (1) bias-reduction by partial Av.
(2) quality of signals: significant ratio
SORTM0225_84Cy350 data_db.txt
49 Before positotal = 5668i8190=0.692
sigitotal = 4827/8190=0.569
av.(sd.) = 0.0123(0.1436)
ot d=a
0.0
40

0.0 Cont=2.01

In many case intensity-specific bias is observed.

5 5.
Target=2.186 [log(Target) + log{Control) {2

Av=2.016 M




signal processing
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P_pj’n\yb 10 (a) ArabidopsisTA2A7LAT—4% (b) Arabidopsis 2A7LA p'25
/ 3428 HRBIAHOTLAT—EORBRRELICHETIEHARY D HE
(p.26)
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HESY = EnL
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0.0[£
0.0 1.0 0.0 1.0
(i-1/2)/n (i-1/2)/n
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1 2
F(z)= |mz' ———exp M GIDN dz
] —0 ’2 2 2
p 27 #£1 2HD DNA VA 707 L 4 HlEiaE 0L AIEEHTER
(a) L (b) L (C) let 2nd Ay 5D p
[1] At2g39270  0.32832 0.32851 0.32832 0.00001 0.00001
(9] At2g34620  0.35022 0.35028 0.35025 0.00003 0.00003
= - (5] At3g18710  0.26919 0.26927 0.26923 0.00004 0.00004
59 00 50 50 00 50 50 o0 50 (4] At2622500  0.42080 0.42043 0.42052 0.00008 0.00005
(5] Ab4g37970  -0.68499 -0.68533 -0.58516 0.00017 0.00008
5 _— (6] Ab1gBO080  -1.29664 -1.29767 -1.29716 0.00052 0.00013
2y - A=
L4 FAEET ERRAM - 2y e T T aEET S, [7] AtSg05990  -0.44634 -0.445%8 -0.44616 0.00018 0.00013
=1 S

" (8] At2g40940  -0.21412 -0.21395 -0.21404 0.00009 0.00013
2 At 1 =Lp) b aic o =1 =Lp) e g p ks, wop ik BRfEOREY (9] AtFg13740  0.03155 -0,08124 0.00015 0.03140 0.49843
EET S [10] Atdg32620  -0.09013 0.08935 -0.00043 0.08968 0.49845
[11] At4g09510  0.13364 -0.13245 0.00060 0.13304 0.49857
[12] AtSed5620  -0.12305 0.12198 -0.00053 0.12252 0.49861
1-pOEHLEH BHER): FENEMM BN DT [15] Atdg01560  -0.19833 0.19982 0.00075 0.18507 0.49880
ZEMHDOMRE (14 AtEeBEET0  -0.07307 0.07351 0.00022 0.07329 0.49905
[15] Ab2g47710  -0.05808 0.05785 -0.00011 0.05795 049840
[16] At2e27450  -0.08773 0.06795 0.00011 0.06785 0.49947
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Multivariate Analysis

1. B > 2 FE e (a) Similarity (b) Multivariate Vectors
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M . ALl
jzz:l(xij _Xi)(xi'j =X ) gerg)e3 1 O 1 O genel 1 O genel
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\/z O =%)2 X (6~ %) T T X T o T % T 5 T X
j=1 j=1 gene,
., © o | © o
1 gene, gene, gene,
b 3
() X1 X2 (b) X1 X2 (3) Xl X2
gene;| 1,-1 gene;| 1,1 gene;| 1,1
gene,| 0, O gene,| 1,-1 gene,| 0, O
geneg| -1, 1 gene;| -1,-1 gene;| -1,-1
gene,| -1, 1
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(Ex. 3. Calc.)

X X FE1 B2 SRt 1-4ooW T ZRENE 1 07 L BEE B 20O EEMR L FFERORC
X, =( - 1 1) W MBI, EEFROYTY L RRIREE KU1 LRRERD &,
X2 X _(0 0) BEFID | TR | T2 | TS Bk 4
2 ! gl 030 [o010 |-010 -0.30
o 1 X3=(1,-1) g2 060 [030 | -030 -0.60
X3 g3 030 | 050 | 070 -0.90
X
-1 ?O X
SO
Xy
812 = '10
M —
> (5 ~%0; - su= 1.0
fij = MJ_ ~ Sy = 1.0 r= 1.0
\/Z(Xijii)zz () = %)? r,,=-1.0
j=1 j=1
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gl 22 g3 gl 22 3 E
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fij = ——— i Xi o o
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o 1] . '
» . X, X X, X X,
S Hierarchical Clustering Principal Component Analysis
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RRE13: Step 2
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ANALYSIS OF A COMPLEX OF STATISTICAL
VARIABLES INTO PRINCIPAL COMPONENTS:

HAROLD HOTELLING
Columbis University
L. INTRODUCTION

Consider n variables attaching to each individual of a population.
These statistical variables =, .y 2o might for example be
scores made by school children in tests of speed and skill in solving
arithmetical problems or in reading; or they might be various physical
properties of telephone poles, or the rates of exchange among various
currencies. The z's will ordinarily be correlated. It is natural to
ask whether some more fundamental set of independent variables

exists, perhaps fewer in number than the #'s, which determine the
lues the z's will take. If 71, %3, . . . are such variables, we shall
then have m set of relations of the form

i = filvu v - - ) F=1l2. ..,n) (1)
Quantities such as the y's have been called mental factors in
recent psychological literature, However in view of the prospect of
spplication of these ideas outside of psychology, and the conflieting
usage attaching to the word " factor” in mathematies, it will be better
simply to eall the 's components of the eomplex depicted by the
testa
We shall consider only normally distributed systems of com-
ponents having zero correlations and unit variances. If we use
the symbol E to denote the expectation, or mean value in the popu-
lation, of the quantity following it, the condition that the means
shall be zero is expressed by

The assumptions of unit verianees and zero corrclations may be
combined in the statement

v made in part under the auspices of the Unitary Traits Comanittee
ie Corporation

The authar is indehted to Professor Trumsan L. Kelley, who was respensible

{14

"f-?‘:

Hotelling (1933)
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EFENES (p.40)

‘ B 154 oOBEFIIoV T 3B 20T LT AEE [T~k D AT 0L Y EEE . BETE
FHHATT SRS B LU 2 W Ty | L. EPAREDEUFSSEROT I OF & BRI £,
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,,,, 1 2 3
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Tyl
=1
EFA & (Factor Loadings)
MY, Zy) B BEOEBELE R THACET SERRR
RBELS: WA FRE15: (p.40)
cov[Xy, X4] cov[Xl,Xj] cov[Xy, Xm1 | & a
Zl = all Xl +..+ alj X j +...+ alM X M cov[Xj, Xa] cov[Xj, X] cov[Xj, Xm] || agj |= 4| a;j (3.18)
"""" cov[Xpy, X1] ... cov[Xy,X;] ... cov[Xy,Xm] | am
ZM ZaM1X1+...+anXJ‘+...+aMM XM TSR ey preys
#EEF 1 -1.0 -1.0 2.0
ChERHD ! HET2 1.0 -1.0 0.0
#HET3 -1.0 1.0 0.0
cov[Xy, X4] cov[Xy, X ] cov[Xy, X1 ay a; BT 4 L0 L0 a0
#ETS5 0.0 0.0 0.0
cov[Xj, Xq] ... cov[X, X;] .. cov[Xj, Xm] | a; |=4 a; \
,,,J J : l J J (3.18) %((71)2+12+(71)2+12+02) %((71)2 +1-(71)+(71)»1+12+02) %((71).2+1.0+(71).0+1-(72)+02)
e %((—1)2+1~(—1)+(—1)~1+12+02) %((—1)2+(—1)2+12+12+02) %((—1)'2+(—1).0+1-0+1.(_2)+02)
3((71).2+1»0+(71)»0+1-(72)+02) 3((71).2+(71)-0+1»0+1-(72)+02) 3(22+02+02+(72)2+02)
1 4 4 4

N
cov[Xs, X¢]= N _1_21(Xis *Ys)(xit *yt)
=

1 0 -1
=0 1 -1
-1 -1 2
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PCA analysis of microarray data

Microarray Data for 6 mutants (stationary-phase)
LRP, HNS, Hu, IHF, FIS, CRP

Scatter plot for genes between 1stand 2" PCs
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Microarray Data for 6 mutants
(stationary-phase)

The first two component

ZZ
05
05 (n=1235) LRP ¢
’ Var[Z] LRPe
%Variance .
0.0 Z,
LRP H
S
HNS Factor loadings hu*
HU * Fis
IHF -10 ® Ihf
—05 0.0 1.0 -05 0.0 1.0
FIS (a) Log phase (b) Stationary phase
CRP
00 0.5
Var[X] ' % % Zs % %
1
-10 00 10
.. . p.47 Parameters in learning process
4.7 Self-Organizing Mapping (Concept) BLSOM ot
x x (Batch-Learning SOM) wwm[NwJ

2-dim. array of lattice points

(1) Initilizaiton of
lattice points

(2) Learning Process | | (3) Classification of
genes to lattice points

Visualization of gene distribution in multidimentional expression profile.

Learning process of lattice points
by input vectors
(Iteration (t=1, 2,...,T))

Sy={Wij | i-B()<i’<i+B(1), -BO<I"<j+B(1)

a(t) = max {0,01,%, [1- Ti]}
B(t) = max {L, Binie —t}

Initializing Weight l: - . .
Vectors (PCA) Classification of UpdatingWeight Vectors

:reflecting data distribution

Input Vectors corresponding to lattice points

-

» Mapping of Genes

Wi Batch-Learning:independent of order of input vectors
00
Xk = (Xi1, Xi2, ..., XiT) N1o o0 Feature Map
. ~Wio i
Xt —
X2 Wi-10 Comparison of stages
1 Lattice points corresponding to
X3 gene expression levels in
. m individual experimental points
]
Xi \oj‘ Kanaya, S. et al. Gene (1999)
Wi X T
. e 2B(t) Abe, T. et a. Genome Res. (2003)
e S H e SR * .
Wl—lj "\ ,S'mllar vectors Hirai et al, Proc. Natl. Acad. Sci. USA,
Xp 2B( / (2004).
PCA Wo s A
i-1/2 j-J/2
W,° =X, +5O'1{b1(¥)+ bz( =l ]} #
| J Wi In algorithm, we revised original SOM by two points
(1) Applying PCA : reflecting data distribution

(2) independent of order of input vectors
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Growth curve

0 . . .. . *
. i T
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001 N

. . Time
Expressmri prn{flles l l
Genep | X1 X2 .. Xj .. XT X1
Geney | Xp1 Xz .o Xpj .. XoT X2
) Expression similarity
Gengj | Xig Xz .. Xjj o XiT Xj
Genep |xp1 Xp2 - Npj - Xpr XD
Stage 1 2 ] T

T, # of time-series microarray experiments

\/\ /\ / D, # of genes in a microarray

Stage similarity

STATES SOM : expression similarity

. of genes and stage
- State-Transition — ee————)- | Similarity simultaneously.

When we measure time-series mi  gene ion profile is by a matrix
SOM makes it possible to examine gene similarity and stage similarity simultaneously.

Self-organizing Mapping (Summary)

Arrangement of lattice points
in multi-dimensional

expression space
Lattice points are optimized for reflecting data
distribution

Gene Classification
Genes with similar expression profiles are
clusterized to identical or near lattice points

Feature Mapping
In the i-th condition,

lattice points containing
highly (low) expressed genes
X are colored by red (blue).
Gene i (X|1YX|2’ B |M) / z
(ex.)
- = X> Th.(k)
= X.<-Th.(K)

Visually comparing among
each stage of time-series data

Non-linear projection of multi-dimensional expression profiles of genes.
Original dimension is conserved in individual lattice points.

Several types of information is stored in SOM

Time series analysis of expression profile of A. thaliana by SOM

(Sulfur starvation conditions after 3 w cultivation)
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Expression profiles of genes encoding sulfate transporters

@829 w815)
Correlation coefficients N
4
Leaf Root
| 1 ¢ .
Sos [\ ™ Sosl 3 enzzam gy 622y 3 6122048103 61220481y
© 061pp © 06 | 48h @12h Leaf Root Leaf Root
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Time-series Expression Profile in Bacillus subtilis (cultivated in LB medium)
(Data: Kazuo Kobayashi, Naotake Ogasawara (NAIST))
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SOM for time-series expression profile

Validation:
“How do we estimate state-transition points based on statistics?”




Statistical estimation of state transitions (proposed by Ryoko Morioka
Med.Eng.(in press) (Minato Lab.)

P(yll Yl:'[-l)

Time-series Data Y1 Y2 Yir Vi Y Y7
measured ( Y;.r) e & e o - e o
: a expression profile vector measured at time t.

Model Structure for Statistical estimation of state transitions

Idea: P(y,| Y;...): Prob. of y, on condition of Y1:t-1

- Transition occurs between t-1 and t.

If P(y,| Y1:t-1) is very small, y,is independent of Y1:t-1.

Latent State transition model
: assessment of the Prob.

=] P(yt|><t) POxt|Yee-1)dxe

Y1 Y2 Yir Vi Yie1
Time-series Data ® Pyl x,)
measured (Y,.;) V= Vex+m,
N~ Np(n/ 05, GZY]ID)
Residues of exps. to latent state vegtors
Latent states X,.r | e
- X1 X3 Xp1 Xy P(X I X ) Xt+1
1 t+1l At
1st state: —
X, ~ NN(Xll M GzllN) X1 = w Xt+ &

&~ Ny(g| Oy, o2.1)

Residues between latent states

Parameter estimation by EM-algorithm |

92{/11,61,W,65,V,O'77}

Model Structure for statistical estimation of state transitions
Time-series data. Individual time-series measurements
are linked linearly via state vectors x in latent model.

Yt

Xg

Parameters estimated by EM-algorithm |

9:{;11,0'1,W,0'5,V,0',7}

Flax(Xy1),01= [ax (X )1og p(XgT ., Yor |f‘)dX1:T
Here, dx(X11)= p(xl'T|Yl'Tv9)

Expectation occuring latent states
in condition of experimental data

(in k-loop)

0™ (Xer) = p(Xer a7 64D
E-step: Maximization of F in the fixation of 6®
Flac™ (Xe7),01= Jax™ (Xyr)log p(Xa Vit [0)dXer  (update of log p()

M-step: Maximization of log-likelihood by 6®)

o) = mgx{qu(k)(xm)log P(X17 Yi[0)dX 1T} (update of parameter set)

\

| Expectation of latent states in condition of experimental data is maximized by EM algorithm. E step, M-step, iteration

Time series microarray data for 13 conditions (B. subtilis): state-transition points

Abb. Growth Condition # of experiments

LB LB medium 8
HS Heat shock 5
SS NaCl shock 5
CS cold shock 6
SO0S SOS stress 6
AG anaerobic growth 6
MGM MGM medium 8
GS Glucose starvation 5
PS Phosphate starvation 6
CM competence medium 5
CSM  CS medium (Sporulation) 13
DSM DSM medium (Sporulation) 8

DGG  DSM plus 2% Glucose, 0.1% Glutamine 6
(inhibiting Sporulation)

Total 98
Data: Kobayashi, K. and Ogasawara, N (NAIST)




Expression Profile in Bacillus subtilis (LB medium)
(Data: Kazuo Kobayashi, Naotake Ogasawara (NAIST))
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SOM for time-series expression profile

State transition point is observed between stages 3 and 4

Expression Profile in Bacillus subtilis (Minimal Glucose Medium)
(Data: Kazuo Kobayashi, Takeshi Ogasawara (NAIST))
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SOM for time-series expression profile

Expression Profile in Bacillus subtilis (DSM Sporulation Medium)
(Data: Kazuo Kobayashi, Takeshi Ogasawara (NAIST))
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Relations of state transition point to growth curve and to expression profile

Expression Profile in Bacillus subtilis (Competence Sporulation Medium)
(Data: K. Kobayashi, N. Ogasawara (NAIST))
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Summary of relations of transition points to growth curve. One significant transition point is obtained for LB, MGM, GS, CM. Two Transition points is
obtained for DSM and CSM.
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[2] Integerated analysis of gene expression profile and metabolite quantity data of
Arabidopsis thaliana (sulfur def./cont.)
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Accurate molecular weights and their quantities are measured by FT-MS!
-> Candidate metabolites corresponding to accurate molecular weights
>Metabolite Informatics
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Progressing genome projects, many kinds of “~omics” works have been progressed such as transcriptome, ...

These are dynamic information reflecting to Phenome.
Of them, metabolites are fundamentally important as molecular phenotype
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