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Kernel tensor decomposition based unsupervised feature extraction
— Applications to bioinformatics —

Abstract: A lot of research has been done on the so-called large p small n problem, where the number of
samples is small compared to the number of variables. In the so-called field of genome science, however, this
ratio is extreme, with the number of genes (= number of variables = p) being tens of thousands while the
number of subjects (= number of samples = n) is even a few, and p/n ~ 10® is not uncommon. In such
extreme cases, many of the methods proposed for the so-called large p small nproblem are often ineffective.
We have proposed “Principal component analysis and tensor decomposition based unsupervised feature ex-
traction” to deal with this problem. In the past decade, we have applied this method to many researches in
the field of bioinformatics. However, this method is purely within the scope of linear algebra, and since it
is unsupervised learning, there is no tuning parameter, and if the method does not work, there is no choice
but to give up on the analysis itself. In order to solve this problem, we have developed a kernel version of
the method. In this paper, we report on how we succeeded in kernelizing the method to solve this problem,
which enables the method to take nonlinear relationships into account and greatly expands its application
range.
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1 AL AT—). #F7—=FFF—Yavidi(ltoN) DMEERT. (A) z451, (B)
wei, 1 < €< 38VD, (C) ugi,1 < €< 3HOSVD, (D) ugi,1 < €< 3RBF A—3)b
(a =0.01) {2 HOSVD %L 7254,
Fig. 1 Swiss roll. The colors represent the direction of ¢ (1 to N) in gradation. (A) zj1,
(B) ugi, 1 < €< 3 by SVD, (C) w1 < £ <3 by HOSVD, (D) ug,;,1 < €< 3
by kernel (RBF,ac = 0.01) based HOSVD.

K1 BETE, LI -FNVEEDDHZHCTHES NZRRENZ bVIC t BREZ
BHUTHESNB/ND P EORMEEEZFHE L. PERNIVHPEENR V.
N = 1000, Ny = 10, M = 6,0 = 2,0 = 1.
Table 1 Geometric mean P-values computed through the ¢ tests performed on singular-
value vectors determined using the KTD and KPCA. Smaller P-values are
better. N = 1000, Ny =10, M =6, =2,0 = 1.

Kernel RBF (o =107%) RBF (o =1073) linear

P-values raw corrected raw corrected raw corrected
KTD 819 x 1073 431 x1072 1.95x1072 9.22x1072 7.18x10"% 3.87x 1072
KPCA  945x107% 259 x 107! 145x 1072 3.89x10~' 7.30x 1073 2.01 x 107!
Kernel polynomial (d = 2) polynomial (d = 3)

P-values raw corrected raw corrected
KTD 1.36 x 1071 4.38x 107! 3.03x 107! 3.61x 107!
KPCA 743 x 1072 6.43x 107! 228 x 107! 3.81 x 10!
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LRI E L, ERTHREENIEHD S &0 D Rt
B, a0 FORBREDOENY 2 MR 2 Z e #L <
o TWb, —HTEMEMAT ZEEIXBEED T AR
(ﬁﬂ—t/bUT)fﬁéf 2, EELZIZ 5HEE 2
FRINNE, 230 FORBEDIEND 2MX 5720125
Yy MUY UTRIBNRE A=V %S 20D [HE
% HHREMITE B0, BEEOENEARNTY
5. @, A1 0 FU LR 22SE Tk A TH
ZRCOVID—1 9DHHIIRBEADXA—=IHNRKEN
72, JOBHOAENEINATWS., TS, Yab
SEAERT L EE DA TIIEMEA L2 TES 2D
BEHIOEEDH N S HFLERIE L2 BT VDY ERI Y TV RY
vaZ v INEERTWS

Tz, 15y Y VafRe An8s UFEEIZ &
LERGERE] 2HWT, COVID—19DA>v¥Ya
RS ZVRIY a=v T %f7>T 05 3. FHEOFEM
IZOWTIZEIET 55, COVID—19DFEKY ¢ LA
TdH % SARS-CoV-2 % ¥ b D Jffilli H 3k o> 48 # o B i g
RSB 2BOEEBEFRE T 7 7AWz [5VVIvh
R % PN 8T 72 U K A B08ENE) 2#EAL, &
Yl & LG oD Lhi A &, JEGUIZER L TR E S BB
MRS BDEEDEET2RET 2 Z LWV THE. Z
DWFETIHREINZERTICL D RELEEL 5251k
EET—AR—ANoBERTSHZT, COVID-1
9 D/RPIZEN b EY EHE L. HEINZ/IEMD
HFIZIESE, COVID—19DFHREAE(MIEIZER)
THBEZEWHIALZARVATZFUNREETNTED, Z
OHEoBEMMENRE N (202141 H30HTBS
—a— A oo FHREEIZA RVAZF Y ET 70
PRERHHE] 202 141 H 2 6 HHEARFHE
R AZF v, FNIEBETHE oo THEAMRG).
A CTIEREFEEZRLT—XICHWAZETLD JW
FERNMEFOND 0 EMETT 5 GEIZEER S [2) 21).
ZITMELD SWVEERE T E0EH L WA, ARk
#25%. SARS-CoV-2 137 A NVATH S0, BKTITH
FECES, BT POMIIZEALRLS TERsRWy, 2
NEFEPLIER, LU, T4 IVADT ) MIPNEL, K
BUTRBEIR R VR T EE2THA TS DI TIERL, e b
DRUNT AT S, BTHETHIIEDL SR bD
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RUNRTDITAINADR VN LHEERT NI S0
TWSDTREFETRERRU B EED [TV VIV R%
W7 B2 UF I K 22 B0EIE] TREALBIET X

DE, TANVALHEEHATAZ MO NTVWSE bD
RNl RELHB>TWEEES N, & RA
TIEIZT 5.

RIS R D T — 2T ¥ VIV 2yjpm € RVXOX23
WZEEINTED, ZhiXi FHOEETD j HHOE
BMNIOESLE (k=1) /FFEE (k=2) TBIF5320
BIIARBEEZRIILTWD
ZNIZHOSVDAEHT 5T

5 2 m N
Tijkm = Y D DY Glalalsla)ug, jue,ktiymue,i(34)

b=10=1l3=104=1

w137z, Gl lalsly) € RO>ZXN 3 a7 50V )b, wy, ;€
R5X5 S Ul eR2><2 Upsm ER?)XS Up,i ERNXN cilﬁ)«?fﬁu
ThHREMEITFITH D, HWICH - 72 #m T 28I
BB D 2 < (DF D, up,j 1 jIT XK SN —EMH
L), BPEIERETIIENDD (DFY, up = —upe
T»%), =L T Biological Replicate DI T\ (D F
D, gy Em AT E SO IR L B) £ 57801, ly, 6 D
MEBTBEND D, HERTIE L =l3=1 KTl =2

ZDEMETETZTZ B0z, IRITEETEIICH
W5 ug, ERETHRENRD D, TN |G(1,2,1,4,)] K
12725 0y ZENEE W ZNIE L =5 Tho7z. £ZT

e HWT
Us; 2
> (U5> } (35)

DX TEIZF T PIEZMNES 5. Thz BHAEYE [1]
THEILBHIEL T, 0.01 LFOMIEP 2N Iz
163 BIZFONRIEN . ZNHRATIIE [3) DFERTH 5.
£ 20 THITHIE] OFNZ, 163 EEFE V1 IVALHE
EHT2ZeDHOoNTVWEELETLEDO—HEEZRLZ.
ETOY A NVABIETLHEERT 5 MEETEIHEFIC
HWER->TVWS.
CIZITHREFEVLZIORITHED IFEFHIZE ]
MRAEBMZZZLNTEE0%2EZ LS. 3FED o
(1x1072,1x107%,1x107%) ®RBF 7 —3 )V %ffi->T

xmmywm'=€mp{-%1§:($MMn—*mfwm02} (36)

Biological replicate M 1 21T

P, =P

ZEEL, ZHIZHOSVDAZ@EHALT
5 2 3 5 2 3
Tikmjkm = D D D DD > Glalalslh lylh)
1=14=143=1 ’17 ’2: %:
X Upy jUps kUl 1m Wt 7 Uty ket Ulym! (37)

’%??Efé a@fﬁ ’i‘ﬁ]?b%“d‘ £1 2632 1 &U‘ez 227175\%%
PRG-I WS FIREDL S Rh o7z, FI T #HEZIC
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£ 2 EIRINz 163 EETF L SARS-CoV-2 DX VX2 LHEFEMT L Z RN T WS
LhRUNRZED—HE (T4 vy —DOIEHEREIZE S PIEE Ay X, FElIEdetT
SR [3].
Table 2 Coincidence between 163 genes and human proteins that are known to interact
with SARS-CoV-2 proteins during infection. The P-values were computed by
applying Fisher’s exact tests to the confusion matrix. For details, refer to [3].
SARS-CoV-2 P values Odds Ratio
proteins
RBF kernel RBF kernel
FATIREE (3] a=1072 1074 1076 fF#%E 3] o=10"2 10=* 107¢
SARS-CoV2 E 6.55 x 10727 1.08 x 10~%4*  4.90 x 10722  6.58 x 10726 10.16 16.18 863  9.84
SARS-CoV2 M 1.37 x 10726 1.66 x 10737  4.14 x 1022 4.14 x 10~22 8.41 11.40 7.26 7.26
SARS-CoV2 N 461 x1072*% 7.22x10738 3.51 x 10°'5  1.46 x 10~2° 11.42 17.11 7.93  13.63
SARS-CoV?2 nspl 1.05 x 10720 3.98 x 1072%  4.26 x 10~'* 5.51 x 10~13 10.00 12,92 743  7.78
SARS-CoV2 nspl0  3.40 x 1072 9.04 x 10726 444 x 10~17 3.88 x 10~1° 11.51 14.13 10.06  11.02
SARS-CoV2 nspll  1.13 x 1072 2,62 x 10738  4.00 x 10~2° 1.2 x 10727 10.66 13.43  7.74 10.03
SARS-CoV2 nspl2 4.87 x 10720 164 x1072° 1.85x 10~ 241 x101° 9.48 13.09 7.38 7.72
SARS-CoV2 nspl3  6.04 x 10733 3.08 x 10737 219 x 10720 7.41x 1028 11.17 12.49 7.51 9.65
SARS-CoV2 nspl4d  1.75x 10722 1.08 x 10731 272 x 10716 278 x 10718 12.05 16.26  9.30 10.18
SARS-CoV2 nspl5  1.85x 1072 426 x 1072  1.71 x 10~'7  1.08 x 10~ 4 10.23 13.75  9.03  7.90
SARS-CoV2 nsp2 4.81x 1073 516 x 10742  3.31 x 1072° 6.34 x 10731 11.79 14.76  7.83 11.11
SARS-CoV?2 nsp4 5.79 x 1072°  5.25 x 107%2  4.09 x 10716 5.53 x 1026 10.26 14.41 647  9.36
SARS-CoV2 nspb 378 x 1072 418 x 10738 697 x107'® 463 x 10~ 12.36 17.97  9.36 11.91
SARS-CoV2 nsp5t  3.75 x 10717 142 x1072' 374 x 1077 4.65 x 10~ 4 11.39 13.78  11.39 9.72
SARS-CoV?2 nsp6 9.47 x 10726 7.15x 1073%  3.91 x 10721 4.97 x 1022 9.00 11.71 7.68  7.94
SARS-CoV?2 nsp7 1.93 x 1072°  1.09 x 10733 2.70 x 1016 1.61 x 10—22 10.81 12.18  6.76  8.65
SARS-CoV?2 nsp8 1.11 x 1072 1.68 x 10~%'  1.57x 10~ 1.11 x 10~28 10.14 13.80 695  9.84
SARS-CoV?2 nsp9 5.36 x 10729 1.46 x 107%° 817 x 10719 6.71 x 1028 12.24 16.67 859 11.85
SARS-CoV2 orfl0  5.29 x 1073% 244 x 10~** 557 x 10720  1.16 x 10~26 12.37 15.95  7.94 10.01
SARS-CoV2 orf3a  2.06 x 1072%  1.31x 10743 3.17x1071® 1.62 x 10~2* 9.95 14.76  6.99  8.80
SARS-CoV2 orf3b  1.89 x 1072 758 x 10~%!  1.35 x 10717  2.50 x 1027 11.80 1594 778 11.06
SARS-CoV?2 orf6 8.81 x 10726 567 x 1073 5.22x 10713 8.03 x 10-22 10.37 14.99  6.14  9.05
SARS-CoV2 orfra  1.69 x 10728 9.79 x 1073 8.26 x 10722 1.18 x 1023 10.00 11.90 8.04 857
SARS-CoV?2 orf8 5.94 x 10728 248 x 10739  4.32x 107'®  1.27 x 10=2° 9.25 12,57  6.57  7.25
SARS-CoV2 orf9b  6.54 x 10739 7.07 x 10~%* 512 x 10~ 9.11 x 10~28 12.12 17.34  7.68 11.36
SARS-CoV2 orfdc 1.11 x 10728 1.03 x 107%%  1.15x 1072}  5.76 x 1026 8.35 12.07  6.66  7.69
SARS-CoV2 Spike  8.22 x 10726 348 x 10741 8.46 x 10~  6.07 x 1022 10.08 15.34  6.55  8.81

+ with mutation, C145A

(© 2021 Information Processing Society of Japan 8
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BROT wpjuopurm (DFED b =03=1,0,=2) ZFHL
Tk OfEE OMBARBOZLIZFHE L. K& <HHH
B DM EN BT BNEIZ [5 >V ViR % 7= BT
R UFEIZ LB EHOERE TEENZOLHEL ] 6 3#
BF2ERT L THRIZFEREZIT 72, ZTORRNE 22
FPNTWD. ZOFHE a = 0.01 DEEITIREFIER [k
TIsE) $7bs [7 2V IVafiE % A= 8075 LEEIic
L BEHGENGE) 2R DMREE T DI LN o7z,
X% 0 large p small n FIETREFEIMERD T7 VL
SR TR U X B EBGEIRE] 282562
EMTEDZNE D PIZEEIRIEZ > TARLS TES
MOERVWDTH 5.

3.4 BREMNADEEERT

TTIZHMENRE TV DD TEHEMIZER S hanD, Z
DAz [HEFFRS [2) Tl B ADZWIEL T OHER
T 2 Vi T2 30T 7 USRI & B B BCEIE)
WA (4] LREFEOEET 72, [TV
fift % PN 72 300 72 U 28T & B B BOEINTE) % W7 ise
TIENXxKOKERFTFINZSVDEZBEHALRL TIEAES
B0 2h, BETFETHNUUE M x M D/NSWH A1 XD
TP S VD Z#EA T XA, BRRAEVPSEEFILIT
[ >V IVor g% R\ 72380 70 U & B A R0ERIGE %
AW EZBZ 5 Z 2R TERD o708, JERINIZNX
BATH BN S FAEREOMREE R TEZZ L E
I TH <.

4. #bHYI(C

AR E TIREEZERS 2] TRA L Th—3 VTV
VOV R TR U F 3 X D ZHORIRE ) 0bH 5
FLIZDOWTHRAT, ZOREFRFISHIDOX—7 Y b T
% large p small n FIEIZBWTH, BITFIETHS 7
VNG R E FIN T2 B 7S U E I K 2 A BGEIRE] &
ZABMREEHET I ENTE S Z AR IN:Z. S&MH
FTEH—FNETIRTEIEREIZLD, Kb KRERMERE
mENESNDEZ AR ING.
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