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-Principal Component Analysis (PCA)-

-vmcm%®@5%<@ BMNSEWI(C
HEAH RS 7 \’J";'-Fﬂl'fﬁ@ayﬂ (FERLT) (CF—
9%’:%‘?’] (= —5DIRTZHE)\
dimensionality reduction) 9 DF%

e Introduced by Pearson (1901) and Hotelling
(1933)
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id Species Sepal Sepal Petal Petal
(Y, length(x,)  Width(x,) length(x,) Width(x,)
1 Setosa 50 33 14 2
2 64 28 56 22
150 Versicolor 67 30 50 17
Versicolor(n=50)

Setosa(n=50) Virinca(n=50)
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-Variance and Covariance-

HANE
4384 HOEN
m Cov (X;,X,)= cxx) ==Y [ -% o —%) =9.92
Var(X,)=v(X)) i} o
=2(X;-p )N
| =124
n51015'202530354'0'4550555055\ = 551
=)
=
5
o 507
- HBH ”
Var(X,)= v(X,)
=2(Xjp-Hp)*N 45 -
=14.4
II'I'I'I'I'I'I'I'I-!I'I'I'I'I'I'I'I!-I'I'I'I'I'I'I'II b ! I . ! I I I ! I !
0 51015202530354045505560 63 25 30 25 40
SepalWidth

HDE = ZDDZEE DRI I2EED =72 B DIetE



Versicolor
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"1 CoviX, X)) Cov(X,.X,
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gg: _ AN _ . PetalWidth
20Cov (X;;X3) | Cov (X5,X,) Cov (X3,X,)
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B : 22HMDIHE - - EHIEDETE

o ZDDEEHDHIDEL c>0
. c=(l¢C C-AI= -4 ¢
c 1 c 1-4
det(C-AI)=(1- 1)2-c?

e fiE< & A, =1+cC
22 =1'C < 21
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o FLLIESI=EBRER (EB7) DOeRTE
BHEIZ—ET 5,
Var(Prin)= A, for all 1=1...p
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R L= VAT AR
Iﬁlﬁﬂﬁ_l_l AN/SJ | —] ]

Eigenvalues

Number Eigenvalue Percent 20 40 60 30 Cum Percent ChiSquare DF Prob=Chi% 1.07 T T
1 28579 73948 . 73.948 285328 4 057 =000 X
2 05551 13878 ) B7.826 a30.531 4 364 =000 1 . S |‘-"02f1ﬂ'
3 0.4057  10.143 \ 97.969 56.545  1.754 =000 ; epaivil
4 0.0a1z2 2%1 - 100.000 0.000 . 0.5- :
Eigenvectors IEI /\7 I\“/ 2 ' :
Prin1 Prinz PrinJ Prind =] (
SepalLength 050713 -022061 069307 046238 E |
SepalWidth 043475 0.88845 o | : X';
PetalLength  0.54370 -0.37959 -0.74829 E 00 AN BatalWidth
Fetal'Width 0.50814 -0.71846 045575 = | SEp allenath
= PetalLeng_thI
S X4
-0.5

* Prin;= 0.51X,+0.43X,+0.54X;+0.51X, 5
o Pl’/n2= '022X + X -037X -037X A0 ————— - T

-1.0 -0.5 0.0 0.5 1.0

° )gg 75‘*%‘-2 - E‘Z \ (Pr1n2)‘ t? Component 1 (73.9%)
TEELGEH

» AJ$R{k—circle of orrelation
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Component? (13.9%)

Versicolor

| ! | ! II ! | ! |
-4 2 0 2 4

Component 1 (73.8%)
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e Kaiser criterion:

* Scree plot:
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N—>3>) ORKKBTOY ~

ZEEN (ATH—

Scatterplot 3D
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o 5 : Triple negative breast cancer(TNBC)E
(DVEGF ETY T AU EESLEFEDRE
IREENT  (

— TNBC 265619 >>7 )L, Normal 421> )L
— Normal tissue EFIR(CEHN B DDOH
—~ TNBCOUISATTHRIRICENGDDIOMN



TNBCF—5 D&M

Ligand Expression Differences Receptor Expression Differences
i (e % b
ERRAL |8 secmmasana oo e | ol
VEGER {* # Membmane Sema [ LR A
WEGFC [ .- -] 1
POF . R HAFP1 1 = ' -
P | = MREL . oo —a—
EEWUA 7 AP 1* i}
EEMAE [ e HAPZ i
WA LS AP 1t -
RERAE L L e, HAPZ |* bed
EEMAIL | —— FLXMAT Ha
SEMAN 1 PLAMAI | —n—
et It FLXNAZ bod
EEMUAIF | a4 1
SEMAYF o PLANAZ 1* o
SEMAIF - PLnAY 1° Fed
EEMAZG |* —e— PLANE 1* Fed
SEMAAA rol @ PLAMET | o=
SERAAL PLANIZ
EERMAL [* - PLANBZ el
e b L PLXNESS | ¥
SEwazs [+ - —a—} FLANGT 17 | | w YEGE T 3

wais (¢ | f—a— |'-‘1 NH¢1 [ B Msuropiina '_b.-:.i'
SEWAcE | Pt PLANG! b [
SEWATA I* Fed FLXNOT 1 [
T T T T T T
2 -1 Q 1 2 -1 0 1
C log2{ Twmor Expressiononmal Expression) 5 log 2 Tumor Exprassionormal Exprassion|
PCA Scores PCA Loadings
L= o A T
= pela g™ ! ci C

0.2

PC 4
0
|mi
|
I-__
|
|
#i
%
.

-0
5
£

PG 1 PC1

Differences in expression patterns of VEGF- and semaphorin-related genes between normal breast tissue (n=42) and breast tumors (n=2656).
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All Tumors

TNBC Only

Triple negative breast cancers and the mesenchymal stem-like (MSL) subtype of triple negative breast cancers are
assogiated yyith increased pro-angiogenic gene expression and decreased anti-angiogenic gene expression.
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o ZEM/XUDEE (Unsupervised learning)
= 077\9 waL il

- EEZ (N) Z2DFEID
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coronary artery 2a
coronary artery 2b
pulmonary artery 1
pulmonary artery 2
coronary artery 1
coronary artery 3
coronary artery 4
Aorta #3

Aorta #1

Aorta #2

Umbilical artery #4
Umbilical artery #3
Umbilical artery #5
Umbilical artery #2
Umbilical artery #7
lliac artery #3

lliac artery #2

lliac artery #5

lliac artery #6

lliac artery #1
Nasal, Micro #2
Nasal, Micro#1
Nasal, Micro#3
Bladder, Micro #1
Bladder, Micro #2
Myocardium #1
Myocardium #2
Umbilical Vein #1
Umbilical Vein #5
Umbilical Vein #2
Umbilical Vein #6
Umbilical Vein #3
Umbilical Vein #4
Saohenous Vein#2
Saphenous Vein #1
Uterus, Micro #2
Uterus, Micro #3
Uterus, Micro #1
Skin, Micro #2 (Abdomen)
Skin, Micro #3 (Breast)
Skin, Micro #8 (Abdomen)

= Intestinal, Micro #1
= Intestinal, Micro #2

Skin, Micro #5 (Abdomen)
Skin, Micro #6 (Abdomen)
Lung, Micro, #4

Skin, Micro #3 (Abdomen)
Skin, Micro #1 (Breast)
Skin, Micro #7 (Abdomen)
Skin, Neontal (Foreskin)
Lung, Micro #3

Lung, Micro #2

Lung, Micro #1

Artery

Tissue (l1)

Vein

Tissue (1)

-
o
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w
@
=
0
o}
Q
<
)
7]
0
c
)
=
2
B
0.500 1.000 2.000 4.000

Chi et al., PNAS | September 16,
2003 | vol. 100 | no. 19 | 10623-
10628

“Endothelial cell diversity

revealed by global expression
profiling”
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75 A —D I EZDOMBE:

e Distance measure:
A () [EiEEEz Al DisE.
e Cluster algorithm:
AN (BE) &mFEEDETIL-TDIEDA




distance measures

ZDDEHX, yONADDFT—4
X:(Xla P n)ay_(yla REE yn)

» 1—7Uw FiEsE: dE(X’y):\/;(Xi—yi)

. T2 \w o> Eag v (Y =§‘Xi-yi\-
Z(Xi _i)(Yi _y)

. mi,  d.(X,y)=1-—= .
THE EE \/Z(Xi _K)zz(yi _y)?



c‘fd)distance measure ={E>5?

END_CL\ZDi SHBhd.

FHEEERE (L. MEXTRV/RERREE:
d.(x, y)=d,(ax+b, y) ifa>0. /
//
Xx=(1,1, 1.5, 1.5) d.(X,y) =0, d.(X, 2) = 2.

y=1(2.5,25,3.5,3.5)=2x+0.5 de(x, 2) = 1, de(X, y) ~ 3.54.




L dist B1ES?

—

!D

nce measur

1 o WA wd A1 1

('D

e 11— w REpEEE~NY> /W 9 Eﬁ@&bab
eI IREE. <> ) WA IREE D NEDEIN
B (CnEfZ.

. L X—X
o Al (standardization) : XM

o

X

ZiTD> & HH B%EE%E -7V FiEEEEE U:
de (X, X,)" =2ndc (%, X, ).



F72 Clustering 7)Y XA

o SE)3X (Partitioning approach) :
- HBDIBANCEDNT, T—HZRELTVKIFE  Hl. 2R Z&/NTT
DR,
— k-means, k-medoids, CLARANS
« [PEERE (Hierarchical approach) :
- HDBANCEDNT, T—INSKHEEBEZF> T HBE
— Diana, Agnes, BIRCH, ROCK, CAMELEON
« BE(CEDLJFE (Density-based approach) :
— T—ADEEVPEERMCEDVNTHIEI DHE
— DBSACN, OPTICS, DenClue

B

i

41
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F72Clustering 77)LJYU X L—8HE

- BFZRBVDFE (Grid-based approach) :
— T2\ DN DEILU T, BIUHDEIRNDT —FZIE(CIRD S
i
— STING, WaveCluster, CLIQUE
« EFILICEDIE (Model-based) :
— RERICEDWEESTILZEEL. B2ICTawv bIT DTSRI —ZRKKE
JES!
- EM, SOM, COBWEB
« T—HAD)\F-(CEDL<HZE (Frequent pattern-based) :
— pCluster

42
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K-meansy%

«  PEIE
o JTRA—DELE (Z>~OA F:centroid) =&7D
FGRAI—DRERETD

. INTNOHE (F—4) [FHEo EBENEY ROA RDBH
B3OS AH—(CHKEENS

o  PHTDHIIC. DT RI—DE. KIELROEIFUIUNFRUN

UTF7ZILTUX

Select K points as the initial centroids.

: repeat

1:
2
3:  Form K clusters by assigning all points to the closest centroid.
4:  Recompute the centroid of each cluster.

5

: until The centroids don’t change




K-means2 =X~k ERH

lteration 6
3- ¢ ¢
®»
¢ ¢
25- . ‘0 o ,0. hd
. ’0‘
o 8
. /X4
2 ¢ ¢ ‘ L 34 ‘0 “ '
*e Q“’*
1.5- ,00 'S ’ ‘
1- .
'y
0.5-
[ ]
0- ‘#-
[ |
H n
2 15 -1 -05 0 0.5 1 1.5 2
X
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HOBHDFT — S N\DiE

K Means NCluster=3
Columns Scaled Individually
Cluster Summary

Cluster Count Step Criterion
1 h2 g 0 4
2 50
3 48 Sgtosa
Cluster Means
Cluster SepalLength SepalWidth PetalLength PetalWidth
1 501346154 273846154 429615385 13.25 7
2 50.06 34.28 14.62 2.46 — ; =
3 663958333 301666667 556666667 205625 B VEI‘SI(_OIOI‘
: b :
Biplot a :
3 +
[t
E EI_ ..............................................
L4k}
|
4 =
2 S 4
[=]
O
- =, -2
1 TN 2T o ay
7 /- -\
| 2 : \ : 3 a2
= G_ ~ TR . /;
DI: " . /’ Jr/-' ; %\\\\‘ e -~
o= [ 1-‘| -4 T T T T T T T
. \ -~ 4 3 2 41 0 1 2 3
N S Component 1 (73 %)
_2—
-3 T T T T T T
-3 -2 -1 0 1 2 3 4
Frin 1
Eigenvalues

29124978 09140305 01467569 00207148
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D5 RS —IEiER RO TS

FALLE?

i 55 BE B (single linkage)
< iB gt (complete linkage)
#4315 (average linkage)
O R R

ZTDEMN, BR=FEIHELGE
— DA —REGE
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B %2 B B (single linkage)

i IE® (complete linkage)
21 (average linkage)

g Nm B Nt

ZTDEFEM EREESIFEGE
— DF—REGE

51
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D5 A5 —[aliEEtDRD TS

& 55 BB & (single linkage)

& IEE# (complete linkage)
2 1Y (average linkage)
o hOAFRE R

ZTDIEFEI EREESIFEGE
- DF—REGE
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B 55 BB & (single linkage)

i I6E# (complete linkage)
2 1Y (average linkage)
o hOAFRE R

ZTDEFEMN BREEIFEGE
— VA —REGE



i 55 BE B (single linkage)

xR BB (complete linkage)
#3145 (average linkage)
o rOAFEEERE

ZTDEFEMN BRAEEIFEGE
— DF—REGE
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DS RS —[EiERt RO TS

i 55 BE B (single linkage)

xR BB (complete linkage)
#3145 (average linkage)
o rOAFEEERE

ZTDEFEMN BRAEEIFEGE
- VF—kRERE
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05 A5 —[EltEREDENTE [C K DFERDLIEE
DD D T —F N\DEFE
el 5 55 Y —Kik

Hierarchical Clustering Hierarchical Clustering Hierarchical Clustering
Method =Single Method = Complete Method = Ward
Dendrogram Dendrogram Dendrogram
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Meta-classification (Alexe, 2005)

Bootstrap’&I(C KD ISR Y —DplEDETE
(Shimodaira, 2002)
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Heatmap of the 7 VEGF/Sema-based tumor
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