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Estimation of genes that showing differences between

whole cell pertussis vaccines and acellular pertussis vaccines

by tensor degradation.
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Fig. 1 Singular value matrix satisfying the requirements.

£ 1 HEINEZ G14,1,2,2) D—FB
Table 1 Part of the computed G (I1,1,2,2) .

L| GU,1,2,2) | L | G(1,1,2,2)
1 | 61.721381 8.654405
2 | 32.344485 7.146653
3 | 14.301662 3.577691
4 | 45.188808 13.080684
5 | 13.108894 10 | 2.017871

L (R, K125 G(1,1,2,2) DidiEELK
WAootz ZHUCTKD, BRI =1,
I3=2, 4y =2 1CROBHET ZDD uy; 22530 -72DT,
(2) XZEHWTPE%{I5 L, Benjamini-Hochberg {5 T
WIE P EERD . Hmfric, WIE P E2 0.01 KiiDER
FERMT 2, 27 MOBETINERIN: (R 2).

3.2 I XU yF X ER

BIRS N7z 227 OB TIE Enrichr 127 v 7R— R &
L, MUTRIORT &5 AV HREN RIS 1.

3.2.1 Kyoto Encyclopedia of Genes and Genomes
(KEGG)

BRI N 27T HOBIRFHED XS RIERICH T I
V—EN2D0#ANS/D, KEGG) Z#HE LK. 20D
TR, AR TH->TVWIEHHKIZS B AA, ZDOMEL
DGR ICBE T 2RO ARICRE S AT\ (R 3).
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Table 2 Two hundred and twenty-seven genes selected .

ACTB ACTG1 ADAMTSL4-AS1 AHNAK ANXA1 APLP2
ARHGDIB ARHGEF1 ARL4C ARPC2 ATM B2M BCLAF1
BTG1 BTG2 CCNL1 CD14 CD44 CD74 CDC42SE1 CELF2
CFL1 CHD2 CLK1 CORO1A CSDE1 CSF3R CTSS CXCL8
CXCR4 CYLD CYTH1 DAZAP2 DDX17 DDX3X DDX5
DUSP1 EEF1A1 EEF2 EIF1 EIF4A2 EIF4G2 ENO1 ETS1
EVL FAU FCN1 FLNA FOS FOSL2 FTL FUS GAPDH
GLUL GNLY GRK2 H3-3B HBB HCLS1 HIF1A HLA-A
HLA-B HLA-C HLA-DPA1 HLA-DRA HLA-E HNRNPA1
HNRNPA2B1 HNRNPDL HNRNPH1 HNRNPK HSP90AA1
HSP90AB1 HSPAS IL10RA IL1B IL7R ITGB2 ITM2B JAK1

JUNB LAPTM5 LCP1 LENGS8 LYZ MACF1 MALAT1 MBNL1

MCL1 MPEG1 MSN MT-ATP6 MTATP6P1 MT-CO1
MTCO1P12 MT-CO2 MT-CO3 MT-CYB MT-ND1 MT-ND2
MT-ND3 MT-ND4 MT-ND4L MT-ND5 MT-ND6 MT-RNR1
MT-RNR2 MYH9 NACA NAMPT NAP1L1 NCL NEAT1
NFKBIA NFKBIZ NKTR NLRC5 NLRP1 OAZ1 OGT
PABPC1 PER1 PFN1 PIK3IP1 PLEK PNISR PRRC2C
PSAP PTMA PTPRC RACK1 RBM39 RGS2 RHOA
RIPOR2 RNF213 RPL10 RPL10A RPL11 RPL12 RPL13
RPL13A RPL14 RPL15 RPL18 RPL19 RPL23 RPL24
RPL27 RPL27A RPL28 RPL3 RPL31 RPL32 RPL34
RPL35A RPL37 RPL37A RPL4 RPL5 RPL6 RPL7A RPL8
RPLPO RPLP1 RPLP2 RPS11 RPS12 RPS13 RPS14 RPS16
RPS18 RPS19 RPS2 RPS20 RPS24 RPS25 RPS27A RPS29
RPS3 RPS4X RPS5 RPS6 RPS8 RPS9 S100A4 S100A8
S100A9 SARAF SAT1 SELL SF1 SF3B1 SFPQ SLC2A3

SMAP2 SMCHD1 SOD2 SON SORL1 SPOCK2 SRGN SRRM2

SRSF5 STK17B TAGLN2 TGOLN2 THBS1 TMBIM6 TMC8
TMEM123 TMSB10 TMSB4X TNFAIP2 TNFAIP3 TPM3
TPT1 TRIM22 TSC22D3 UBA52 UBC UBE2D3 VCAN VIM
YWHAZ ZFP36 ZFP36L2

ZDZ e HBEIRINIEETIE, HHRESOREYER
RALGDDOEBELDZ2HDES FLFAETETNELEX
5B, /2, UVARY =4 Thi7 B ICHEEL ZHED
HRIZEBXATW: (R7, R5).

3.2.2 Gene Ontology (GO)

RITER XNz 227 HOBETFHED X 5 IBIETHEE
WKHEHE L TW2D0i#R3 720, GO[7] Z#ELE. 20
FEE, Thl ¥4 MHA > THBIFN-y = IL-12 [EE
ZHENERICEfINA TV (R 4). Th1 ¥4 MHA4
WP THEINZYA P ALV THBEI DD [8], V
7F VO EERTEEDBLTFE ) ELHETETWVS
EEZBLND. Fie, IFPERICEEET 2 HEER NF-k6 12
B3 2R AERICEMINL (£5, K 6).
3.2.3 Reactome

X 512, Reactome[9] BFEL L 25, KEGG % GO
TS ATV HRELSMNC D Toll-like 224K 4 (TLR4)
B 2 FRESERICEM I T\ (£ 6). Toll-like
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ZHA 4 (TLRA) WX AT 2 RGO HEHIE Thl ¥ Thi7
FETHRBE L LTSN TED, £/ TLR4 IS K %3 —H
DRESINE wP IZBWTHEEIN S Z e psliE S hTw
%728 [10], aP & wP OEZRTEIZTFZ 5 FHFINTE
TVWTstEZILNS.
3.2.4 Jensen COMPARTMENTS

%12, Jensen COMPARTMENTS[11] ZFF&E Lz Z
%, KEGG % GO, Reactome TEfMEZ N TW-HFEMS
12 PGS SR B S 2 FHEE AR ATz
(& 8).

4. EE

AIFFETIE, BB aP & wP OEEEZIF=AD, 7—
AR =7 F ERIINT 2BETFHIE e 7 7 4 LT,
T2 VIR O T AT U AR K B A BOEIRE R H
W3 YT, MECEELEY ZFVOREISC TRR
ZRBERTELETORELHNE L.

BIRXNEBEZTFZ Enrichr 7y 7a—FL2 2
5, MTICRT B0V O00HENERICEMIN
72. %3, Th1 %4 FH A > TH 5 IFN-y R IL-12 1D
WT, ZRHEDHA FHA VI wP TiFEXNE Iy
MoTED, T E->THERI XN 2 Thl & DR
NGB RIS, BT o E H R GR#Hc B 2 5 E %
HoTW (8], [12]. F7i@/17% Thl JBEZFET L L
BRI 7 F V OREGHIBWTEHEHERBERZTH D L EZ
LNTEY, MIEMEREIEA TS [13]. AFFKICEWT
X, aP & wP TELZZHEHERT IFN-y BHEELE T2 L
T HLA-A, HLA-B, HLA-C, HLA-E, B2M, HLA-DRA,
HLA-DPA1, JAK1, HSPAS, HSP90AA1l, HSP90ABI,
TRIM22, CD44, GAPDH, RPL13A 72 EANEIRXNTH
D, IL-12 B#i#E s T ¥ L CTid HNRNPDL, CFL1, RPLPO,
HNRNPA2B1, MSN, LCP1, SOD2, JAKI 7 ¥ »3i%ER
ENTW .

iz, Thi17 5L e iFERIEE(LIcOWT, Zhdd wP
THEINB 0o THY, ThiT ik o TiHHE(k
BRI HEE XN B R, RETOHHX%E
Dan=——EEHIEST 27D ICEERKEZR-L T
W3 [8]. BEETOan =—EN SR, XERY
JFVTHEBINDZHMBL LTHEHIATWEHDT
by, BEHERPORE®RS5Y 75> BPZEL %, Thl7
BERNLTCEETOan = —EEER < LR
TW5 [14], [15]. AFFRICBWTIE, aP & wP THEHD
72HPH % Thl7 BEGEG T LT NFKBIA, HSP90AAL,
CXCLS8, HSP90ABI, IL1B, TNFAIP3, FOS, S100A9,
S100A8 2 ¥ IR NTE Y, fFHERIEE(LEEEE T &
L TiZ FCN1, DDX3X, ITGB2, HBB, SLC2A3, LYZ,
EEF2, CTSS, RHOA, EEF1A1, PTPRC, SELL, PSAP,
CD14, S100A9, CD44, S100A8, FTL, HLA-B, HLA-C,
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B2M, HSPAS, HSP90AA1, HSP90ABI 7z ¥ 25N&ER X
TW-.

%12, Toll-like 2844 4 (TLR4) & NF-xS8IZDWT,
N5k wP T 7% Thl B X Thi7 %%’%—?ét&)&;%
BTH5 SN TWS [10]. TLR4 1Z MyDS88 &2
VIR & TRIF & 7 F VRS O A 2 IE L L, NF-k3 %
T 3. ML E 7z NF-k8 1% Thl ¥ Thl7 OFEEIZ
%Etﬁ& %415 TWwW3 [16]. TLR4C &% Thl & Thl7

FEX, XY 7 F L OREHIBLTHRHIN TV S
%) DTHDYH, TLR4 IZKEE T % Lipopolysaccharide (LPS)
FHERE GOV 7 F O HBEMRHETTH 5 [17). A
FUTBWTIE, aP ¥ wP THIEENEL 2 TLR4 H A7 —
FREEEE T ¥ LT NFKBIA, UBE2D3, UBC, ITGB2,
CD14, FOS, RPS27A, UBA52 R ¥ EIRENTED,
NF-x43 B#EE T £ L Tld NFKBIA, CYLD, DDX3X,
TMSB4X, CXCLS8, IL1B, UBC, RPS3, LAPTM5, TN-
FAIP3, ATM, CD14, RHOA, RPS27A, S100A9, UBA52,
TRIM22, S100AS8 72 ¥ 25SER XN Tz,

CIZTIDMEOTFERRE LT, TV vF XY MEW
DFERIC Th2 O HER L v F LTWVWARWI L BE T
5. Th2 ik aP XEFENE 7T a2 b (2 2 mw) 1z
Yo THLFEINZ AL TE D, WIEHEE
N3 Th2 1T X B - 7RISR EIE aP 2 H H IR ”"EKB(
CEDNTERVERRER L RoTVWE I ERT->TW

% [13]. AWZETH, ZhETORETREINS LI aP
DR LT Th iCHEST 2 8RTFrEaFhTnwsd e
MR N0, BRXNEET O Th2 1T 2 3
DEIEEFNTORNVWESTHo72. ZHIZOVWTIE, 7—
7(5? voF e UTHOWSR Tdap DEENEZ LN

WEDHIEE D Tdap FFLIHICHERE L v o7 F 003
ﬁnWPK%b%fj—xb%@%®%Eﬁ%%%%ﬁ@
THIEREENTED (18], Zh& Tdap & aP 77
FrO—ETHIEENTVE I a UNYOMET Th2
HEIND I EREEZDE, T—AR—UIF VLo
T, ARHICEE L2V 7 F VicBRz aP TS wP T
b Th2 JEEDD R b THEINTWAAREEDNH D, H
HIZIZ 3 2 B HEEOFLELFIR L T2 00D
LAV, 23wz aP ¥ wP @z LT Th2
RWHEIZHAS 2 TIERVWDT, BIRXNZBEFO Th
WCEE L RIS TR T 2 0ERD 5.

T/, KR THREINZERTDS B, BEDOWET
BFEREINTES T, BHRY ZF L ICL > THEIND
BT & LTEAREE R D ODONRHRBLT b RECE
EhTwiz, 205 DBEETFHI VL O FITRT.

TV FRYIMBWTORBRIDIUERY — 4
CHEETZHEIEBRDODIA 77 VICBWVWTEH
BlIREBMahtuwz (£ 7. BN, RPLY,
RPL5, RPL3, RPL32, RPL31, RPL34, RPLP1, RPLPO,
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RPL10A, RPL8, RPL6, RPS4X, RPS14, RPL7A, RPS16,
RPS19, RPS18, RPLP2, RPL37, RPS11, RPS13, RPS12,
RPS9, RPS8, RPL23, RPS5, RPS6, RPL13A, RPL37A,
RPL24, RPL27, RPL28, RPL10, RPL12, RPL11, RPL14,
RPS3, RPL13, RPL15, RPS2, RPL18, RPS27A, RPL19,
RPL35A, RPS25, RPS29, RPL27A, RPS20, RPS24, FAU,
UBASR2 R EMVARY — ABEEE T L GERIN TV

F IS E AR CBEE ST 2 HEE D AR ICEMI M
7= (3% 8). EARRYICIZ MT-ND6, MT-ND4L, MT-ND4,
MT-ND5, MT-CO1, MT-CO2, MT-CO3, MT-ND2, MT-
CYB, MT-ND3, MT-NDI 7% ¥ 2RI $EE &K 12 B 5
BT LOERIA TV Ll s DEEFH
aP ¥ wP DEY LTRICERKM L2 DRD2IE, FHH
DI DB THADBETD 5.

5. f&im

KT 7> DFFHTBWT, B HEAPEICES
T REBLETFRA N =X LNDFEMERL, X OREMT
BRI IF >V OERED-DICEERDDTHS. AT
W& D BRI BE TR, REMEHERROHRY &
FUTHEMRZIN TV R REFER H =X L5328
ETFEEBEATED, XOBENTX D BN R RER
JOICBE S 2 BT DR 2 2 REMN D 5.
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Table 5 Results of enrichment analysis for Th17 and neutrophil activation.
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source Term Overlap  P-value Adjusted P-value

GO:BP  neutrophil degranulation (GO:0043312) 24/481 1.40 x 10790 1.22 x 10797

GO:BP  neutrophil activation involved in immune response (GO:0002283) 24/485 1.64 x 10799 1.37 x 10797

GO:BP  neutrophil mediated immunity (GO:0002446) 24/488 1.86 x 10799 1.49 x 10797

KEGG  IL-17 signaling pathway 9/94 1.23 x 1079 1.67 x 10795

KEGG Th17 cell differentiation 9/107 3.65 x 1079 3.85 x 107

KEGG  Leukocyte transendothelial migration 6/114 1.93 x 1079 7.96 x 1072

R 6 TLR4 & NF-kB8 IZOWTDI Y v F X MMEtrkEER
Table 6 Results of enrichment analysis for TLR4 and NF-k8.
source Term Overlap  P-value Adjusted P-value
GO:BP regulation of NIK/NF-kappaB signaling (GO:1901222) 9/80 3.07 x 107°7  1.53 x 1079
GO:BP positive regulation of NIK/NF-kappaB signaling (GO:1901224) 6/53 2.94 x 107%  7.15 x 107%
GO:BP positive regulation of NF-kappaB transcription factor activity (GO:0051092) 9/155 7.14 x 1079 1.52 x 10793
GO:BP TRIF-dependent toll-like receptor signaling pathway (GO:0035666) 5/30 2.04 x 1079 5.39 x 10794
GO:BP MyD88-independent toll-like receptor signaling pathway (GO:0002756) 5/31 2.41x107%  6.13 x 10794
GO:BP response to lipopolysaccharide (GO:0032496) 9/159 8.69 x 1079  1.78 x 10793
KEGG NF-kappa B signaling pathway 7/104 1.85 x 107%4  1.04 x 10793
Reactome  Toll Like Receptor 4 (TLR4) Cascade Homo sapiens R-HSA-166016 8/122 7.72 x 1079 6.91 x 10794
Reactome MyD88-independent TLR3/TLR4 cascade Homo sapiens R-HSA-166166 7/97 1.20 x 10794 9.02 x 10704
Reactome TRIF-mediated TLR3/TLR4 signaling Homo sapiens R-HSA-937061 7/97 1.20 x 1079 9.02 x 10794
Reactome  Activated TLR4 signalling Homo sapiens R-HSA-166054 7/112 2.92 x 1079  1.83 x 10793
Jensen:C NF-kappaB complex 30/864 5.14 x 107%%  1.21 x 10796
Jensen:C Lipopolysaccharide receptor complex 5/57 4.67 x 1079 3.80 x 10793
RT VRY—LRZOVTDIVY v F X ¥ MR
Table 7 Results of enrichment analysis for ribosome.

source Term Overlap  P-value Adjusted P-value

GO:BP cytoplasmic translation (GO:0002181) 50/93 7.43 x 107 7.76 x 1077

GO:BP peptide biosynthetic process (GO:0043043) 50/162  1.33 x 107°%  3.96 x 1076

GO:BP ribosome biogenesis (GO:0042254) 40/192 347 x 1073° 518 x 10737

KEGG Ribosome 51/158  5.87 x 10761 1.12 x 10758

Reactome  Peptide chain elongation Homo sapiens R-HSA-156902 53/84 8.49 x 1078 5.22 x 10~8!

Reactome Eukaryotic Translation Elongation Homo sapiens R-HSA-156842  53/89 8.96 x 10782 2.75 x 1077

Reactome  Translation Homo sapiens R-HSA-72766 55/151 2.70 x 107%%  9.78 x 10768

Jensen:C Cytosolic ribosome 50/107 1.04 x 10799 1.23 x 10796

Jensen:C Cytosolic part 54/205 3.86 x 107°9  2.28 x 1076

Jensen:C  Ribosomal subunit 50/161  9.25 x 107%°  3.64 x 10756

& 8 MILSHE AT 2 Jensen COMPARTMENTS TOI YU v F X ¥ MMEiifER
Table 8 Results of enrichment analysis in Jensen COMPARTMENTS for respiratory

chain complex.

Term Overlap  P-value Adjusted P-value
Respiratory chain 11/92 7.58 x 10799 2.03 x 10797
Mitochondrial respiratory chain 9/84 4.69 x 10797 9.39 x 1079
Mitochondrial respiratory chain complex I ~ 6/47 1.46 x 10795 1.93 x 1079
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