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Abstract: Recently, with the rapid development of imaging and genomic techniques, the brain imaging genetics has received extensive
attention. In the brain imaging genetic studies, it is a challenging task to examine the influence of genetic variants, i.e., single nucleotide
polymorphisms (SNPs), on structures or functions of human brains. In addition, multimodal brain imaging phenotypes extracted from
different perspectives and imaging markers from the same region consistently showing up in multimodalities gives more ways to
understand the diseases mechanism, such as Alzheimer’s disease (AD). Accordingly, This work exploits multi-modal brain imaging
phenotypes as intermediate traits to bridge genetic risk factors and disease status. Consistent phenotype between genetic risk factors and
disease status is discovered via the designed label-aligned multi-modality regression method in AD. Specifically, standard multi-modality
method is first applied to explore the relationship between the well-known AD risk SNP APOEe4 rs429358 and multimodal brain imaging
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phenotypes. Secondly, to utilize the label information among labeled subjects, a new label-aligned regularization is included into the
standard multi-modality method. In such way, all multimodality subjects with the same class labels should be closer in the new embedding
space. Finally, the experiments are conducted on three baseline brain imaging modalities, i.e., voxel-based measures extracted from
structural magnetic resonance imaging, fluorodeoxyglucose positron emission tomography and F-18 florbetapir PET scans amyloid
imaging, from the Alzheimer’s disease neuroimaging initiative (ADNI) database. Related experimental results validate that the proposed
method can identify robust and consistent regions of interests over multi-modality imaging data to guide the disease-induced
interpretation. Furthermore, the values of correlation coefficient have been increased by 8 %, 9%, and 5% in comparison with the best
results of the existing algorithms on three modalities.

Key words: brain imaging genetics; multimodal brain imaging phenotypes; single nucleotide polymorphisms; label-aligned;

Alzheimer’s disease
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traits, QT)Z [ [ Gk, T 25 0 1 25 56 15 RN 5 IR A0l 155 06 22 ) 1) G I OG R S AL AT . k5 AD 25 i e
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993 AR RIS, 356 TR ST (1 S 26 fii X QT's 4 iE. ik 5 | N T LAEA T 28 B ARDLYE JE 29 3, BIV Laplacian 1465, $2
T T2 WS B 515 0 £ 814 J7 3% (diagnosis-guided multi-modality, DGMM). {HJ2&, X875 1AV ¢ vE AH [7] FE
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Kt 2 10 1) E M SR SR v i 3 5 AT 0 B PR AE (R R 7. 1 2 S AN TR A W 114 P9 £ T 2R il e A PR g A
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P, AR TR P RR 0F 55 15 A I, B % B HHE B8 LA 500 g PR I R AR R AE, AR D SE DR 5 5 IR 2
Z AL, HeAh, A SO A ARZE R 55 I AL I5UE Laplacian 1E WAL IR g — N4, DRI 5
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(3) # Alzheimer’s Disease Neuroimaging Initiative (ADNI)ECHE 2 -0 1 3 Fh i s 4%, BRI KX ) 45 K 41 2305
B (voxel-based measures extracted from structural magnetic resonance imaging, VBM-MRI). i 436 %
B IF o7 & 5 7 2 3338 (Fluorodeoxyglucose positron emission tomography, FDG-PET) 1 1E Ht 1+ & 5 i
EFREE R AR 1 BU1% (F-18 florbetapir PET scans amyloid imaging, AV45-PET), LA A 5E % E4E E
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(a) MR 4 3 (b) HEILEELE 4
Bl5  AFJ7 R aERREIEAE PR R Re 45 R
3.3 ADNIHIEE LK ERE SR
331 EPURGHIE%

AR 3 ol 554% 2 T 50 (B VBM, FDG H1 AVAS (2[4 /1N £ 90 /il X)) A1 = PR 44 (APOE £ 4]
PIIF) 85 /> SNP 47 45, f4% 15 AD HH IR KUK FE R 47 25 APOEe4 SNP rs429358)#5 K [1-F ADNI %45 5. ADNI
s 2 R AR A A 44 AT LU 5% adni.loni.usc.edu #4T & F.

A U 911 ANFEAS, ALHE 160 4~ Alzheimer’s disease (AD)J A 187 4> late mild cognitive impairment
(LMC#i A« 272 4~ early mild cognitive impairment (EMCI)#5 A . 82 /™ significant memory concern (SMC)#ii A
PL& 210 4~ Normal Control (NC)IEH A, £ 1 44 H T XEHE WLIE E.
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EER F ATHRES TS A —BHAR XIKT & 4553
F 1 WakEEEghR
Subjects NC SMC EMCI LMCI AD
FEAHL 210 82 272 187 160
PR (1) 109/101 33/49 153/119 108/79 95/65
RS (LT 72) 76.13+6.54 72.454567 71.51+7.11 73.86+8.44 75.18+7.88
HH BMELTT %) 16.44+2.62 16.78+2.67 16.07+2.62 16.38+2.81 15.86+2.75
MMSE ()1t )5 %) 29.00+1.22 29.004#1.22 28.37+1.54 27.71+1.73 24.00+2.62
CDR(¥ 1+ /7 %) 0.01+0.06  0.00+0.00  0.48+0.08  0.49+0.07  0.72+0.27

ADNI-MEM41{l+77 %) 1.01+0.57 1.12+0.57 0.59+0.60 0.07+0.67 -0.76+0.61
ADNI-EF(331H+ 75 %) 0.84+0.69 0.73+0.81 0.50+0.74 0.18+0.81 -0.53+0.91
APOE4 Bt H+77 26)  1.0240.01  2.15+0.01  3.81£0.02  4.93+0.05  7.82+0.24
ABt-tau(¥ {77 %) 2.54+0.08 2.63+0.05 2.45+0.07 2.38+0.06 2.31+0.08
3.3.2 R HETRA i Y 2 A v 28 DG IBC I e 1) st

ESESEEG o, IRAT ARG IR AR TR 7 (B F5 LASM AT LAMM)., -T2 Wi {5 875 S 1 DGMM F1
FE SR I AEARZE ST 5 I (B HG SM A MM)EAT LhAss. 28 7 HEBR W 22, 5 IRAS A K1 40 4 o0 i 1 5 ks g, JF HL
16 IR B 7 i A AR R R 2. FeAl14E VBM, FDG, AV45 X 3 P A1 )4 APOE rs429358 i#ii4: bk
HEAT 5 H778 RIESE S, FRR ALV R REE S I e R 2 .

W 2 fion, 6 3FBA b, LA SM 51k, LASM [fAHC R 4{i 4 0.168 6 (VBM), 0.172 1 (FDG), 0.167 2
(AV45), SEIL T HEARIIPERESE . B2 4h, LT DGMM, LAMM J7iE7E 3 Rl E#ERAT T B 4F (A
#%1(0.332 1 (VBM), 0.320 1 (FDG), 0.311 4 (AV45)). X2 Ky LASM fif F A5 %6F 5 1E AL 004 24 501 45 4 15 2
NS HER R BT, 9 W B AR RREAE, WA T SM J7ik, LASM B T TRt AE. 10 MM 757
T I N 2 A5 A B 2 ) 09 EAME R B 1 B R 5 LA DG IR AR AE, JUIAE X T SMRT LASM J5 ik, MM B A5
AP GE. MM 7575 DGMM J7 7235 A5 ST i 4k N 22 A58 A4 Bl 2 1) 09 T M SR O 4 1 JE 88 L AT SR TG 1Y )
SRHAE, AN RS Z [ 2 A1 A5 SRR A1 2058 40 R . a0, MM J5 A0 2% 18 A — BUSTE R T 25 H 11
A, 2 T R[4 25 2 18] AT BEAEAE RO I FEBX 22, 110 DGMM 7 ¥ 8 3k 440 78 1) XA A A0 A AL B8 0 e Aok 4 — A
FAZS N R AL AE B 5 IR AE 2 (B R T RE DR RF R T &5 1, it L21 Yo Ok (R E B AR IEAE A RIBLES B3y
BB 1A PR, RS SRS Z M 4 M5 B A 20, AR SCEH 1 LAMM J7 2206 A8 RIS 1 RE4E
SMME—AMES, A L21 TS R FE D UL RS A R A N AR S R . TR, RS
F 1 DA T 5z K R 5t A RIS 2 ) 1 288 3 5 4 4 IS N 3 H A ek B, AT R A8 175 5 HE g XSS 56 DRI A
LA 5 8 I 10 A 5 X

R 2 AT RS 3 R A5 L 2 B R I ORI 1) 1 e PR

S AR R B IEETT %)
Tran Test

VBM 0.0939+0.0096 0.0805+0.0425

SM FDG 0.0749+0.0130 0.0596+0.0716
AV45 0.0536+0.0973 0.0651+0.0908

VBM 0.2205+0.0164 0.1686+0.0499

LASM FDG 0.2239+0.0193 0.1721+0.0675
AV45 0.2564+0.0127 0.1672+0.0422

VBM 0.4407+0.0165 0.2098+0.0497

MM FDG 0.4243+0.0197 0.1671+0.0692
AV45 0.4562+0.0128 0.2276+0.0444

VBM 0.3902+0.0222 0.2462+0.0279

DGMM FDG 0.3630+0.0179 0.2301+0.0171
AV45 0.3990+0.0189 0.2534+0.0269

VBM 0.4530+0.0081 0.3321+0.0082

LAMM FDG 0.4451+0.0054 0.3201+0.0094
AV45 0.4642+0.0100 0.3114+0.0062

Ak, FATHLT HH T VBM, FDG, AVA5 X 3 Flrfals [l U -l b 3 DA 67 rd et A 1 1) 5 4T A0 XUBR IR 45 28, -1
BIMIRABUE AR 3. 7EARSCH, AL T —E AD AR EEEI A7 A1 rs111789331 SR I UEAL A (¥ 45 21k,
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RIFUUE H, BEATVEPTPAT HMIOC R EOARAN GE St N 55 il S AR ) QBT gl B, QIR 3= 2 i
1) T35 B AR — B KR B, ) 0 22 RS S AR Qs R AR AR R A 45355 i bR 28 W 1) 1A
TURFAE, AT 5 725 ok DR 280 K 153 21 599 PO AL B

R 3 AFTHEAR RS ZE AL 5 2 B3 R AR 0 T fE L AL

Fk KRB (IMEETT )
Tran Test

VBM -0.0483+0.0550 0.0113+0.0880
SM FDG 0.07071+0.0221 0.02021+0.0543
AV45 0.0640+0.0435 0.0089+0.0840

VBM 0.0691+0.0130 0.0502+0.0763

LASM FDG 0.0271+0.0065 0.0012+0.0508
AV45 0.0780+0.0021 0.0401+0.0805

VBM 0.3858+0.0148 0.0296+0.0516

MM FDG 0.3796+0.0259 0.0977+0.0877
AV45 0.4021+0.0090 0.0550+0.0498

VBM 0.1230+0.0246 0.0636+0.0796

DGMM FDG 0.1619+0.0111 0.0123+0.0410
AV45 0.1514+0.0517 0.0229+0.0727

VBM 0.1618+0.0879 0.0626+0.0826

LAMM FDG 0.2050+0.0635 0.0105+0.0422
AV45 0.1862+0.0861 0.0401+0.0904

3.3.3 —EWMZEEMNX ROI HIHE

BT 3R KR SE R AT 5 2B IR Y () DS IR e, TR TR Tk 3 7] I S IB X6 66 DR A7, A R 7 TR A 1)
W DX, AEAS/NT A, T — 30 2 A A X RO R 9 5 S 36 ke 3t — 20 B0 E 32 H Sy i A ek X L, AR
AN J5 ik KA 2 5 APOEe4 rs429358 AHCIK I iTH ROIs A EE, 2K i 6 fix.

LAMM DEMM MM LasM M s
o
Crm i 2
o
Fromusl
Tkl Med
n . 2
Fi
t o
et e
3
o
os
Agnt
—
) VBM DG AME VM DG AVMD  NOM  F30  Avab .

Vil FOO A4S WOM  FDO  Aved

K6 A7 APOE rs429358 A 5e Bt i 22 M &S ik 5% 15 ROIs FRAE % £
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MAZ T 40, 33 31 LAMM 77356808 1 % 5 APOEe4 rs429358 A ¢ TBE i # i 1 2505 ROIs, X 5 #i i 1
QLS'MH . B ARAN [R5 0 5 15 3 B0 A0 X6 i PR SNIP A7 a5 (R SR IBCRE 2 A BT 22 5, (HL2 LAMM ] DL 5 1L 326 R

— 5 B 5 LIRS AR A AR DS i X ROIs (L35 left amygdala, right amygdala, left hippocampus, right
parahlppocampal gyrus, left calcarine cortex, right calcarine cortex, left superior occipital gyrus L right
precuneus) 538401 b gk BLE B IOIE T B ATTHT IR BT VA A bk, OF SR T A AR KT A .
3.3.4  HAHKNKX ROI AIHE

KT KGRI N A% ROL, 3R 4 FE 7 45 T LAMM Frik HH (078 5 3728 SR figi 52 14 T34 (815 R 5
i 10 fJ ROIs LLEO B i el A4 . dn U RO IR AE, A SCHE ) LAMM J53% CUORLIN 21 17 b5 UG 35k PRI R AT 5K
fRIHT 10 4> ROIs. (AR R, LR E I X 5 AT AiToE — 2. B 7EMKS2 4% 10 ROIs 7, left amygdala,
right amygdala, left hippocampus, right parahippocampal gyrus, right precuneus, left superior occipital gyrus, right
middle occipital gyrus, left calcarine cortex, right calcarine cortex #! left orbitofrontal cortex (medial)iE# £ & AD
T A0S T 1) R 52 A A PSS HLfA Sk i3, hippocampus 1 parahippocampal gyrus [X 45 [f1 45145 7] LA S B 12
(1) 2 LA B S 1) 2 Sy i 1A i 3 90490, amygdala X 3SR 45 005 A7 O () 5 47 5%, I i B A7 45 8 R 5 8 4661
#2181 right precuneus, left superior occipital gyrus, right middle occipital gyrus, left calcarine cortex, right
calcarine cortex Al left orbitofrontal cortex (medial)J4)-15 ki (K118 M 25048 LA K2 3 4 B 8 (i B GBS BT 1
— BT A R EIRPR L, AD AL BE S 7 A M A AR DL R B TR IR ) ety
Y24 AD T A0S W bR 4.

%4 LAMM Jsik 5 4 8 RE A BT 10 AT B X

ID ROI FH K SCHRAIT 5T
49 left superior occipital gyrus [35]
37 left hippocampus [39]
44 right calcarine cortex [35]
41 left amygdala [38]
40 right parahippocampal gyrus [40]
43 left calcarine cortex [35]
68 right precuneus [35]
25 left orbitofrontal cortex (medial) [41]
42 right amygdala [38]
52 right middle occipital gyrus [35]

a,,us
\Q

P

7 LAMM I BT 7 B a6 H R 20 4~ ROIs T #R AL &

4 B 5

BT CAT ¥ 2 B DR AR ORI T 12 L OQTE AN AR AR 1) 22 B4R JE 0 AU 17 AN [ B2 AN [ AR 18] 11 9 AE
WA, ASCHEHY T P 20 A58 28 M 0 TR AR S e XIS, i DAL sl AR o IR 2 (1 v TR A, 5T ANAR RN 55 1E WAL 0T,
E%E%%Uﬂ%lld*’f%*wnﬁﬁ’lku SRR, N EBARBEZMINER, gDk TRERIE G, 2

117 RE 8 5 A Ay b AL U0 3 03 A DXL e DR o7 e BT SR TR PR X AL, AEFLSE K ADNI ol g |, SEI6 25 R W
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L AT I 2 RS BB AG ORI T VE, AT 5 :AE AD o R I T PR e R st 5 o TR 25 2 ) 1 45 A ) —
BVERI, AEARRI A, BT A5 5 2 (1 o S VP4 5 i i A 24t
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