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based on principal component analysis
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Abstract: In this paper, I propose an alternative method for extracting synchronously fluctuated genes
(SFGs) from gene expression data, which is different from the methods I proposed at the previous seminar.
Two methods were proposed last time, and one of them was based on principal component analysis. By
modifying its pre- and post-processing steps, a new method is developed. At the pre-processing step, original
data is transformed using median absolute deviations and ranks. At the post-processing step, outliers are
detected using a chi-squared distribution. The performance of the proposed method was evaluated using
artificial and real data, and its advantages as well as disadvantages against the two methods proposed last
time were identified. The newly proposed method would be regarded as an optional method for extracting

SFGs.

Keywords: gene expression data, synchronously fluctuated gene, principal component analysis, outlier de-
tection

Vo0l.2019-BIO-57 No.2

2019/3/8

LI —DDEMDAMICED < AHIER O T B FHEE

An alternative method for extracting synchronously fluctuated genes
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Fig. 1 An example of an expression pattern of DEGs
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Fig. 2 An example of an expression pattern of SFGs
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Fig. 3 Comparison of the reproducibility of means, standard
deviations, and correlation coefficients under the same
conditions. The first 8 samples and the next 8 samples
of the data of epileptic mice administered with vehicle
only (N = 17) in GSE77578 were used. The bottom

plot used a reduced-size data.
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Fig. 4 Reproducibility of correlation coefficients between genes

with large fluctuations under the same conditions. Top
1000 genes with the largest MADs calculated using the

first 8 samples were used.
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Z 2 Tdx(i) FEBRBEDELET ¢ DR RMFEE, dy (i)
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FO IR ZED 1 % DiEE Uiz, 72, rx(i,k) &
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% [6]. AFIETIIEELFHE LT, dRfEZE2ELEIN
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3. MEsEFTMIE

AR L 72 2 DO FIE L S EE 72 IZIRE L - FEOM
BERHEE I DWW CRIBUC AT 5. N IRTE & IEIE R —
DIz, ISR [1] BLO 7] 2B .

9, EBOr->TWAALTF—X2HEL, &FE
OMEREEZTMLUZ. AT —RXIEFERBTFT -2 X &
MIEMET — XY 257 h, ZNEFN 10000 1T N Fl& T 5.
727U NRAZEET S, X OEDS 500 7% RGMHERE S
EFEETOIEH], 5D 9500 {72 EAHIE U, EHITITmETE
{22 D HARFEAS 5, F\ OFHBIFREL D FAFHEAY 0.96, £l
KORERET — 2 CIIEHER 2 O IAFMEA 1, BV OiEE
BEOWHES 0 LB XD AT T — &2 ER L. M
BERMIIZIX F1 237, EAR, HEHEEZHV.

R, ET—RXE2HAWTEFIEOFEIMEZ P L 72, =
T —RIX GSETT578 [8] D 4 kD 5B, BED AL X
N7FEHE TV YA (N =17) & PLX3397 % 3 mg/kg
BEINFEBHETLVITA (N=18) DTF—X%2ZH
T aEE, FEBBET -2 U THWE., Bl eT—&
ZHWCTHIER S S-ET 2B L, T AR
FT=Z0 5 18V TIVTONEIZELD & 72 h3 S ARk [
MRS ERET R U2, WMORST Y IV, BHD



BERLEBF SR RIRE
IPSJ SIG Technical Report

FEREDEEVPRE DR BRI EIIBEET—ADEDL
U, BEHEEIL Jaccard 58 TREAM L 7=.

BRIZ, BT — 2 ol TR S SEETOT
YUY FAY MENEITo 2. f#FTIZ1E DAVID (Database
for Annotation, Visualization and Integrated Discovery)

T—RR=Z 9] N—=Ya v 68 2. GO (Gene On-

1.0 A
0.8 A
v 0.6
[=]
[u]
wn
T 04
0.2 ® Two-step
©® PCA-based1
0.0 1 @® PCA-based?2
3 4 5 6 7 8 9 10 15 20 25 30
Number of samples
1.0 A
0.8 -
S 0.6 A
&
o
u
s 04 4
0.2 ® Two-step
@ PCA-based 1
0.0 1 @® PCA-based 2
3 4 5 6 7 8 9 10 15 20 25 30
Number of samples
1.0 A
0.8 -
_ 06 1
™
[
(9]
= 0.4 A
0.2 A ® Two-step
@ PCA-based 1
0.0 1 @® PCA-based 2

3 4 5 © 7 8 9 10 15 20 25 30
Number of samples
5 ALT—2IZNT 25 3 20FEDFL 237, #lE%, HEE
(100 [EERAT, TF— =1 95 WAZHEX )
Fig. 5 F1 score, precision, and recall of the three methods for
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£1 EF—XH»5 PCAEFD2IZL B IhEMERES @z (h=42) DGO T
VU FAY MEFTOFER (g ff <0.05 ; EEHBDZL WIE ; 26 fEd EAL 10 2 FR%R).

% E U 446, BEEFEBUL 17911,

Table 1 Enriched GO annotations in the SFGs (n = 42) extracted from the real data
by the PCA-based method 2 (g-value < 0.05; sorted by the overlap size; top

10 annotations among 26 are shown). The number of multiple comparisons

was 446, and the total gene number was 17911.

GO 7ER BHEH 2 OHRERFOEEFK p fif q i
cellular component biogenesis 15 2654 6.5E-04 2.6E-02
macromolecular complex subunit organization 14 2229 3.6E-04 2.6E-02
cellular component assembly 14 2418 8.3E-04 2.7E-02
macromolecular complex assembly 13 1544 3.3E-05 1.4E-02
protein complex subunit organization 12 1414  6.6E-05 1.4E-02
protein complex assembly 11 1277 1.3E-04 1.4E-02
protein complex biogenesis 11 1278 1.3E-04 1.4E-02
cellular macromolecular complex assembly 887 1.8E-04 1.6E-02
cellular macromolecule catabolic process 828 2.9E-03 4.9E-02
protein oligomerization 524 1.3E-03 3.4E-02
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Fig. 8 Distributions of the average expressions of the top 10 %

genes scored by the three methods
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MBI SBOMEL T2, &b, AT XA—X c DHHE
EARBRWZRENTIERWEEZ oS, ZOHEIX, PCA
HBED2 T ENEIFNSILKULUTE, ZOMIZ B
HFIZc2BALTENLITREREIZHRELTH, 2200
FHOHREZ I —BIRB3 BP0 T
»H5.

M7DOe—b3y FIZOVWTERE2BRS. ZOKODIT
DIEFIZERPTWE S ICEBEH 2 5 AK Y v 72 HWTIH
REZTHED, FIDOEFECT—XELFALTHS. TH
WKHEL ST, EBRBEOAMD 8V TV ZTDBDK 6
B INE, FRNFND TN —THNTEL PR R —
VERLUTWS, 5617, MBRHEOHMDOHN 6 P> 7LD
HKENX—VHEEWVIIHEIEEMLTVWSE., ZOL54KT
Oy ZROFENRZ -V BERFETEILEFEROND
N, RMEEREVHEL-TREELBETRETHS.
Bl ZIE, HEREOT T, T DKM, EBRER M5
POBERIPEZTFB X —rv DT vy 7 DEHTEL
7= Liview., Bk 7ay Z{eBHR MO FT—2+2
b S U - MR S SEETICEL T BN T
W5, 5%, RRRZEOHENEONIZIGEIZ T NHMER
WKEB2EDONRESPORWVHEEVPRODNE Z & 28t
T5.

BT S AZDDBGEDOHIGIZDOVWTHRARS, PCA
BEZ01Z02B30WINEE-ERTOAZHNTE
0, FMHDGEEZBRWTIZ2 DM ED 2 5 A X & FEFHIZ
B g Z e aHsky. ZoMEL 2 FEHUBD 285
EEMETNEMRTE B TEEERH S, LA, ALT—
RINZEBD I T ARBEAL TN Z S, BEYEIC
D FERA % NG A IR O B & DS KIFIZ 3 2
5otz HEoT, MEHETOERTEHAVS
PEEHCABELAZEHPEETHL. 5%, FAERS
FHEETHHIE L 72 ERSBREEV RO 5 Z L &M
9 5.
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