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Virus Infection Prediction with Feature Selection Based on Sub-sampling
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To prevent pandemics of respiratory viruses, early detection of individuals infected with viruses is an important
task. Against this task, molecular measurements in a cell such as gene expression measurements are useful to detect
minor changes caused by a virus infection. There exist several machine learning methods for this task but it is
essentially difficult because of the small-N-large-P setting. We developed a new stability feature selection method
with auxiliary group information based on a group sparse norm and random ensemble model. Our developed
method is evaluated using both synthetic and real datasets.

1. FL&®IC L%, 7L, YIUEA FEB o(a) = 71“)(;(_&)
INT A =R w IFEKEE LB O B O

AV T IVT PR EDIFRERR Y A IV ZISERBE T DY &N Tz
DIZ, BEORPHKANEETHS. ZTH LT, UL N
AN THIED S, YT & B RNIEBIOZ L% R L(w) = =Y " log q(yn|@n, w) (3)
FHRT 2R ANDH 5 [Zaas2009, Woods2013]. Lo LA s, =
RPERDRNETROZLIEMNTH D, X512, BAHORE
BHEBRDIBETVERTHDEDODLHOWEE I T 55
BB IUBHZTATHRETH 5. BRI N-FRHE GRE
F) BFEBRSEICT 0 — RNy 7 UCHIRT 52 Z e s 2 7
BN, EIRTGIZ BT D RHE0EI A D WA 547 5 R
BVTIE, 1 DOBMIEEARIEINE iz D BIE A BUNES) ¢
57217 CH, BIRSNDIREENPKESLD>TLEY, 55'20
Ak B RS E E 5. RIFFETIE, A/S— AT
1) BREGEIR O L E bk [Nicolai 2010] ZHE5R L, ﬁﬁ@%ﬁ
YT 7B LRIV — TR E & R E0ERIR O %
EAEZIRET 5. A LT — KB X OMRERY 1 )L AT

DR/MEIZEDERTEEI NG,

& AT, £BEFOREER COBERE VUL, FEEE
IN—TITES. BEETIIEROBERET NV — T IET 572
b, Bxond N — 7°£i§%§b'€a‘o‘b HEOHDLIN—T
B CREOEIR S 272012, EEDOH BTV —T 7 )V LIk
O<XA—ZEﬁ&ﬁ%$éMTV [Jacob2009]. Z')L—7F

KEAENDRHE dE Gy ITRIET 2N TA—R vy LT 5.
vy & DIRTERT MV TH BN, 70— TITEEFNHRVRHEE
ST 2 ERMAE LD LEET S, BV AT 4y JERET
NORTA=Rw=C v, L&, EEHOIN—T

g=1

BT — & & N BB BRI & 0 IR A RIS 5. PN AIE
2. EOY VT ITELUTIV— THRBIEER Qovertap (W; ) mf o Z ag - [|vg|l2 (4)

A B 2R A EGRIR B

KERED P EORET (SR OREE e RS cig  SonStl, RIKOIX I

%%%W4»1@@%%%?2@@%§ﬁyeﬂﬂ}%Rf, oo (1) = L) 4 A - Quvertap (W) )
N NOWEE OBRIER (21, yn), n=1...,N 5251

et B RTA—R w EACNIE, BEIZRE HNERD Y5, 2L, A RREOEAEEATH D, ap 70—
B e oy MRS THEOEANLEAL S,

KIFETIX, EROESY Y 7Y v 7E L R RO ER

f@) = log W =112) _ (1) BB v XA & HEER O REE DL T

q(y = Olz) B, BAROWAY YTV v SN E A 5N B BADME

EBVTHIPEF LV CIRES NG, 0L E, HNZNZ ERABLDAT>TEY, L, MEROENLRADT >~

X LI EORNFHEDAZEY BT 72017 T W5,

T

Gn = qly = 1|zn) = o(xLw) (2) BT, ITO@EY THS.

1. N DA S r % ORFAZ EE/TERT 5.

HR S EEIA, IRRKY T EXET - MlRLER, 2. A [0, 1] O—FkELB n, VT ag =ng L7 N—TZ
shiga_m@gifu-u.ac.jp L DEAMLEAZRET 5.



3. FlEH1 2 2 CRONMEEANT w 2HEILL, wg >0
XS B RE d 2 EIRT 5.

4. FIE1-3 2 KHEL, BRI NALEE pg 2FHE dDE
BEET5.

27U, A, 0 IEA— Y —PRETRENSN=NF A =&
TH5. MBEBBDET NSNS A=K w OEEALIZIHAE
D EEHAIE [Back 2009] % A\ 7z,

3. BEERER

3.1 AIF—%

HZEHE BRD 2 e (BailsE) % 6 M, MR
RiiE G iiR) % 30 M@ & L7248 36 [ ORMSE D & 42
BATTF—REHER U, AR OHNER y, 2 L1 L &,
AR % Y v, B XD o? OIEMD G SERL, HE
FRHE X ANAR & BRI 0 B KOO8 1 DIEHR S
MHER LU, BRI N T — X 2 R8RS I EEL L 7215,
RBOEIIES L OFREIC AT E N, BEED IV — Tk
TNENADORBEZEC LS ITESh, DF D, i KH
DIN—T% Gi = {dji26-1)lj =1,2,3,4}, i=1,2,-- 17
U7z EflBLTEFZELWEE LT, 30 HOFIHET—
B LG 1000 HOTF AN TF—XEEK LT, ATOED 25
HEOVEREMGE D 720D DEERZ 17 - 7=

FHHEEADRZ I U BRI N A REE 2 N5 7
DIZ, 62 =0758L V0% =18 ULEALF—XDEANL/ SR
EHEL, TNTNX1 X 21TR U, %% (RGLR) @
iz, D721z L1 ERa Y A5 ¢v ZE)E (LR), Group
LR (GLR), Randomized LR (RLR) %517 L 7. RLR &2
FHEIZBWT, NAR=NF XA =K% (r,0) = (90,0.1) £ #&
E U7z, MOMHNIIEREEMA X ONEMTH 0, Mz
BEOBEEE (BB OMXE E 72 ILEIRE W2 fER) TH
5. £, BYREMELONESOERTRL, HERUEL2 R
DR TR U=,

K1&2i280WT, HELR & GLR DS L5 RLR
¢ RGLR O L Y, JV—THEHREAVS I LICLk>TIE
HLE AR K EWGEEIZ, AREEOETE PSR
DEHEEIDBMLTREVEEZZRLTWS., £, fik
LR & RLR Ot#gs L U5 GLR £ RGLR OLt#k L b, ¥
THYy T I BECEMEEAD T v X LT & - THEER
WEL O AYRBEOEEENREL BRI LR005. Zh
SOFER LD, TV —THMBERB LRI VX LR ADE A
£ oT, BEHRIZENFEEREEBTE S Z 2 WRINT
W5, 72, RLR TIEEREE & S REE E OEIVNE
W7z, BMEREHLEE L W, FBEE RGLR O ERE SRz E
WTHEE RO EEE DY 027 5 EADMHEIME S F I
BIIAEEHMEZXA LX<, BYREAZHELP TV
LN D.

Wiz, EHI{EEMA log, (\) = —1.053 L [EE L TRERED
HEE T VXU T ERFEMCHANE. ZOMElE, £ TORBER
HEIZBWT, 2 TOEEED 02745 T —EOREE IR X
NBEIZPRE LT, BREEE 6, MERsaEzaflie L
T, BEEILLZ T VXU IR S AUC (Area Under the
ROC curve) 2358 U, REGEIROERVEDOFTMEELE L U,
B NLTF—XEAWEFER%Z 50 BTV, AUC OFH{H
CHEERFEEEZE LICHERTS. IS0 ELYD, BEED
AUC IHMLOFER X D REWEIZRE Z 3000, BEED
KON MEN D Z L RS Nz

(b) GLR

Feature Importance
Feature Importance

Feature Importance
Feature Importance

M 1: ATF—2% (0% =0.75) DAL A

(a) LR (b) GLR

Feature Importance
Feature Importance

logy

(d) RGLR (2%%)

g

Feature Importance
Feature Importance

s
1o 05
logyo(A)

=t ETy o
logio(A)

X 2: ATF—% (02 = 1.0) DIEAIE/ SR

W2, TANTF—=RIZB 5 FHIMREZR IR L 7. AR OFF
HOEIRE (ERMEEM log,, () = —1.053) TEIEN-FiH%
HAWwT, L2 FAMER Y AT v Z[GEZEHNTEFRIL 2. Fr
BOERIZAWA-EEEORMEE, LR & GLR OFfE0 & L,
RLR & RGLR (#8%ik) TIXBME 0, % 0.25 £7213 0.5 D 2
WO ERFE L. BUEFEERD 50 MR DR L TEHE S iz AUC
DVEYIH R E 2 R 2 IR L. £2 &0, D802 MY
H5DEDBEIZENTH, EE RGLR © AUC 2MMttoF
FEHBRUTHETREREEZRLTVS, I 5 OFEEEER
o, BEETIHENRBEEL2 ZENIEIRTETWSEZD
HNABO PRGN ELZ2EX 505,

3.2 =74

JeATHISE [Zaas2009, Woods2013] T H & 17z 2 Fi%EHD
YIZNVIZ VY HINL BLOHIN2 LT T —& &2 2MHL
2. FNFNOTF =Xty MZEENIWEHRERZ, HINL A
24 ANTHY, HIN2 B 17 ATH 5. {HERE O HINEEILIE
B HAMOBYSEIRZ 27 X 0 & 2 HEKE L. %
7o, BIRRZEHMKNE T5720, T4 NVADBREER (FFZ]
DOME 6, <0) BLUIEE 1 HE (0, < 24) OEMFHD 2 ff
HDTF—XZty hORYHEL, FNFh, HE s L OEET
BITEH LT — X 2 a7, RIS R R



RN TR 02 =0.75 02=1.0
LR 0.91+0.07 | 0.86+0.08
GLR 0.99+0.03 | 0.96 +0.08
RLR 0.9840.02 | 0.95+0.04
RGLR 0.99 +0.02 | 0.98 + 0.04

# 1. BHED S v F v /MR AUC

FEELEIE 02 =0.75 0?2 =1.0
LR 0.94+0.03 | 0.85=+0.06
GLR 0.95+0.03 | 0.86+0.06
RLR (6, = 0.25) 0.95+0.03 | 0.87 +0.06
RLR (6, = 0.50) 0.95+0.03 | 0.85=+0.06
RGLR (6, = 0.25) || 0.96 £0.03 | 0.87 £ 0.06
RGLR (6, = 0.50) || 0.96 £0.03 | 0.87 +0.06

# 2 ATTF—RIZHIT 5 FHIMERE AUC

= SO REGEREAE FHIT AME e LTERLE
3. £, BETFOISIV—FIZiFe NEEERT - X R—2
OMIM [OMIM2017] %\ 7z. 2V — TR oA %
MIET2EBRTH 5720, WTNhDIIL—TI2H B2Vl
EFEIWMOBRNZ. £72, BEEODBIKE WVEBIZTOA%
fRFTNSIZ L7z, fERE LT, T—2%y MIEEhLEET
B 100, 72, JV—78IT 40 o7, RERTIE, £
F, 2@ 4 DBIRERTEFHNTETOWBREDHMEA DT %
FHEL, TOHK, ETOWREDAITIZL>T AUC 2EE
U7z, REBRTHOWZREENES L OFRIFERIEIAT T — X
FHERE R UFETH .

ERE S ZD—HlE LT, HIN1 ZIBZEERTD T — XIZR3
LREREM I IIRT. EF—XOEWHHERIRNTH S
b, ETRADFEMTRLUZ. X3 OEAML SADMEMIX, A
TF—&ZDER(LAZ (M1 & 2) LHEUTBBRERL, F
HUEEA A DR E WEZ BT L, N OEPZDELLT
HFEBRINIHHEENPELL BN DD 5.

Wiz, EHIEEAZ log, () = —1.966 (Z[EE U TREOE
2T, BRENFEEDOAZ VT FHEIL 2B o M
BEAUC 2% 3R L7, HIN1 OBBHEHOT— Xt v b2
BVTIE, BEEO PRI HEGED FHIMEE L b ENR TV
LN nb. LBUEMRS, oF—X&y b Cldfekik
DFHMERENBNTE D, BEEIC L 2 REOEIROE R % T
RTEhh o7z, BENIZ, BRENS X ORE 1 HEETO
TR ERWEZTHMRER LR L& 25, BFEERTO TR
BOHBENTWEZ EBnn5. Zhid, T—X 2 FEil
52 L TlEE 1 HEDORRFIZ(LDOBE RO BRA 1T
UEo7-mEElED»H 5. ZOMEEMIRT 272017, RRHIE
EDFENERZ D7D DRHEORENPBEL IND.

4. FEO

AT, TV—THPHERE L OT7 v XA LR ADEA
IZEED K RN R R EEINE 2 IRE L, ZOVRE% BUESEERIC
K OMGEL 72, BEEROBIZ, FANLEAZ =27 L TH
ELZH00, ERHTIIEFRELRD SNE. EARKD A
BWGE, REMGEIZ X > CHYAREAZBERTE ARWVWD
ZOMEMROMHBSHOEE LTEIF o5,

(b) GLR

Feature Importance
Feature Importance
—

(d) RGLR (#2Zik)

N
S
=

230 —25 -2.0 -15 10 05 0.0 = 5 20 15 =

logio(A)

=~

Feature Importance
Feature Importance

3: 5 —4& (Influenza HINI, 6, < 0) OIEHI{L/ S 2

HIN1 H3N2
FEOETGE 0, <0 | 6:<24|6,<0 ] 0, <24
LR 0.77 0.69 0.82 0.76
GLR 0.80 0.53 0.92 0.72
RLR (6, = 0.25) 0.76 0.82 0.72 0.57
RLR (6, = 0.50) 0.74 0.84 0.64 0.42
RGLR (6, =0.25) || 0.88 0.69 0.81 0.49
RGLR (6, = 0.50) || 0.91 0.56 0.79 0.43

* 3 ET—RITBIT 5 FRIMERE AUC

S XXk

[Nicolai 2010] Nicolai, M. and Biithlmann, P., “Stability Se-
lection,” Journal of the Royal Statistical Society B, 72
(4), 417-473, (2010).

[Jacob2009] Jacob, L., Obozinski, G. and Vert, J.P.
“Group lasso with overlap and graph lasso,” Proc. of
the 26th ICML, 433-440, 2009.

[Back 2009] Beck, A., and Teboulle, M., “A fast itera-
tive shrinkage-thresholding algorithm for linear inverse
problems,” SIAM Journal on Imaging Sciences, 2(1),
183-202, 20009.

[Zaas2009] Zaas, A.K. and et al., “Gene Expression Signa-
tures Diagnose Influenza and Other Symptomatic Res-
piratory Viral Infections in Humans,” Cell Host and
Microbe, 6(3), 207217, 20009.

[Woods2013] Woods, C.W. and et al., “A Host Transcrip-
tional Signature for Presymptomatic Detection of In-
fection in Humans Exposed to Influenza HIN1 or
H3N2,” PLOS ONE, 8(1), 52198, 2013.

[OMIM2017] Online Mendelian Inheritance in Man,
OMIM®. McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University (Baltimore, MD),
March 7, 2017. (https://omim.org/)



