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Table 2. Association Analysis of Intracranial Aneurysm With 9p21 Single Nucleotide Polymorphisms
Cases Control
Hardy-Weinberg Trend Test Nonadditive
SNP Position*  Allelet 1/1  1/2 2/2 Frequencyt 171 1/2 2/2 Freq* Equilibrium P§ OR (95% Cl) P A
rs1333040 22073404 T 517 379 85 72,0 287 322 90 64.1 1.00 1.43(1.24-1.66) 1.5%x107° 0.36
rs2891168 22088619 G 267 451 226 52.2 140 302 207 448 0.13 1.32(1.15-1.52) 7.4x10~% 0.74
rs2383207 22105959 G 459 390 89 69.7 272 288 101 629 0.10 1.34(1.16-1.55) 8.3x10™% 0.35
rs10757278 22114477 G 300 457 220 54.1 160 329 206 46.7 0.20 1.33(1.16-1.52) 4.1x107° 0.85

*The position in National Center for Biotechnology Information Genome Build 36.

1The putative susceptibility allele is listed. Genotype counts are expressed relative to the putative susceptibility allele, where allele 1 is the putative susceptibility

allele and allele 2 is the nonsusceptible allele.
FFrequency of the putative susceptibility allele.

§The exact test of departure from Hardy-Weinberg equilibrium in control samples.

9Nonadditive effects were modeled in the context of logistic regression analysis.

SNP indicates single nucleotide polymorphism.

gender and age (<50, 50-59, 60—69, =70 years) to address possible
confounding. We investigated whether the magnitude of the associ-
ation between the 9p21 SNP and IA was modified by the risk factors.
The joint association of the 9p21 genotype and each risk factor with
IA was evaluated. Six categories were formed by combining the
9p21 genotype (AA, Aa, aa) and either smoking habit (ever, never) or
history of hypertension (yes, no). Furthermore, interactions between
9p21 and risk factor were investigated by adding a product term into
the multivariate logistic regression model to assess whether devia-
tions from multiplicative joint effects were statistically significant
(or to examine whether the joint effects were significantly greater or
smaller than expected).

To evaluate whether the association between the 9p21 SNP and
risk of harboring IA varied according to subphenotypes, we exam-
ined the association between the 9p21 SNP and IA according to
subgroups stratified by history of SAH (ruptured or unruptured),
multiplicity of IA (multiple or single), and location of the IA. When
analyzing the history of SAH and location of IA, we excluded patients
with multiple IAs because some patients with multiple IAs simulta-
neously had different types of aneurysms according to the SAH status or
aneurysm location (eg, patients with ruptured and unruptured IAs).
Thus, 713 patients harboring a single IA were analyzed.

For the subgroup analysis regarding location of 1A, the definition
of 2 sets of case-subgroups was as follows: (1) patients harboring IA
at 3 common sites (anterior communicating artery [AcomA], middle
cerebral artery [MCA], and posterior communicating artery
[PcomAl]), which we defined as the site where the number of patients
was >100; and (2) patients grouped according to the International
Study of Unruptured Intracranial Aneurysm?: (i) AC/MC/IC, which
signify aneurysms in the AcomA, the anterior cerebral artery (ACA),
the MCA, or the internal carotid artery (ICA) (not the cavernous
portion) and (ii) Post-Pcomm, meaning the vertebrobasilar, the
posterior cerebral arterial system, or the PcomA. Distribution of the
IA subphenotypes is seen in Table 1.

To estimate subphenotype-specific ORs, the frequency of the 9p21
variant in each case-subgroup (eg, patients with ruptured or unrup-
tured TA) was compared with the frequency in controls using a
polytomous logistic regression. To assess whether the estimated
subphenotype-specific ORs were significantly different, the frequen-
cies of the 9p21 variant were compared between case-subgroups by
dichotomous logistic regression (the case-subgroup heterogeneity
test).!6 For these subgroup analyses, the effects of gender and age
were adjusted. When assessing the subgroup-specific effects strati-
fied by SAH status, the case subgroup heterogeneity test with
adjustment for IA site (6 categories: AcomA, ACA, MCA, ICA,
PcomA, the posterior cerebral arterial system) was also implemented
to keep out possible confounding effects attributable to complex
relationships among IA subphenotypes. Similarly, when assessing
the subgroup-specific effects stratified by IA sites, the effects of
SAH status were adjusted (2 categories: ruptured, unruptured). All
the logistic regression analyses were performed by SAS (SAS
Institute).

Results

The results of genotyping and association analysis for 4 SNPs on
9p21 are shown in Table 2. For the SNPs, the missing genotype
rates were small (at most, 5.2% for rs2891168) and the geno-
types for all SNPs were in the Hardy-Weinberg equilibrium in
controls (P>0.05). All the SNPs showed highly significant
associations with IA by means of the trend test (P=1.5X10"°
for rs1333040; P=7.4X10"> for rs2891168; P=8.3X1073 for
152383207; P=4.1X10"% for rs10757278). The effect of non-
additivity was not significant for any SNP (P>0.05); therefore,
the multiplicative model was selected as an appropriate genetic
model and applied in subsequent logistic regression analyses.

For the stepwise logistic regression analysis, the missing
genotype imputation was implemented. The estimated R®
values were >0.98 for all the SNPs, indicating that accuracy
of the imputation was considerably high. The stepwise
logistic regression analysis identified rs1333040 as an inde-
pendent predictor of IA among the 4 SNPs. The observed
associations of the other 3 SNPs could be a result of linkage
disequilibrium with rs1333040. Haplotype analysis reinforces
this inference. All but 1 of 4 common haplotypes bearing T
allele of rs1333040 (ie, H3, HS5, and H6) was significantly
associated with IA, whereas haplotype H2 bearing the C
allele of rs1333040 and the risk alleles of the other 3 SNPs
did not show significant association (Table 3). Thus, only
181333040 was considered in further analyses.

The ORs obtained from both univariate and multivariate
logistic regression analyses are shown in Table 4. The
univariate OR for rs1333040 was 1.43 (95% CI, 1.24-1.66),
which was similar to the OR of 1.44 (95% CI, 1.22-1.72)
after the adjustment in the multivariate model that included
gender, age, smoking, and hypertension. This result indicates
that the association of this SNP is independent of the risk
factors. However, the ORs for smoking habit and history of
hypertension in the univariate model (1.33 [95% CI, 1.08—
1.64] for smoking and 1.67 [95% CI, 1.36-2.06] for hyper-
tension) were largely different from those in the multivariate
model (2.32 [95% CI, 1.75-3.08] for smoking and 2.25 [95%
CI, 1.78-2.86] for hypertension). This may be attributable to
the correlations among the factors; smoking correlated neg-
atively with age and female gender, and hypertension corre-
lated positively with age (trend test P<<0.0001).
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Table 3. Haplotype Analysis of 9p21 Single Nucleotide Polymorphisms*

SNP

Haplotypet rs1333040 152891168 152383207 1510757278 Frequency (%) OR (95% Cht P

H1 C A A A 25.7 Reference N

H2 C G G G 42 1.13(0.79-1.61) 0.52

H3 T A A A 6.8 1.43(1.07-1.93) 0.018
H4 T A G A 14.6 1.23 (0.98-1.53) 0.073
H5 T A G G 2.4 1.62 (1.01-2.59) 0.044
H6 T G G G 43.8 1.56 (1.32-1.85) 2.9%10~7

*The haplotype phasing was performed using Beagle software.'s

1Six common haplotypes whose frequencies exceeded 1% were analyzed.

$OR and 95% Cl for each haplotype was estimated by setting haplotype H1, bearing no putative susceptibility allele at every SNP
site, as the reference category.

The omnibus haplotype test with the degree of freedom of 5 was also performed. The likelihood ratio x? statistic was 29.017 and

the resulting P value was 2.2X1075,

The result of the joint association of rs1333040 and each risk
factor is displayed in Supplemental Figure II available online at
http://stroke.ahajournals.org, which shows that the effect of
environmental exposure (smoking or hypertension) did not differ
among subjects stratified by genotypes on a multiplicative
(log-odds) scale and vice versa. Furthermore, the tests for
deviations from multiplicative joint effects were not significant;
the ORs for the genotype—smoking and genotype-hypertension
interactions were 1.08 (95% CI, 0.76-1.53; P=0.67) and 1.22
(95% ClI, 0.86-1.72; P=0.27), respectively.

The associations between rs1333040 and IA subdivided by
aneurysmal subphenotypes were examined in the context of the
polytomous logistic regression analyses. The subphenotype-

specific ORs are shown in the Figure. The rs1333040 association

was stronger for multiple IAs (OR, 1.57; 95% CI, 1.21-2.03)
than for single IA (OR, 1.36; 95% CI, 1.15-1.61). However, the
case-subgroup heterogeneity test did not show significant differ-
ence in OR between multiple and single IAs (P=0.29).

The subgroup analysis stratified by SAH status showed that
rs1333040 was associated with ruptured IA (OR, 1.42; 95% CI,
1.18-1.71) and unruptured IA (OR, 1.27; 95% CI, 1.00-1.62).
The difference in OR between ruptured and unruptured IAs was
not significant in terms of the case-subgroup heterogeneity test
(P=0.42). This was confirmed by the case-subgroup heteroge-
neity test with adjustment for IA site (P=0.69).

When stratifying patients with a single IA by 3 common
sites, the association was strongest for PcomA (OR, 1.69;
95% CI, 1.26-2.26), secondly for MCA (OR, 1.36; 95% CI,

Table 4. 0dds Ratios for rs1333040 and Clinical Risk Factors
With Intracranial Aneurysm

OR (95% Cl)
Characteristics, Contrast Univariate Multivariate*
51333040, Tvs C 1.43(1.24-1.66)  1.44 (1.22-1.72)
Smoking habit, ever vs never 1.33 (1.08-1.64) 2.32 (1.75-3.08)

History of hypertension, yes vs no  1.67 (1.36-2.06) 2,25 (1.78-2.86)

*Multivariate logistic regression model that included all these predictors with
adjustment for gender and age (<50, 50-59, 60—69, =70). In the multivariate
logistic regression analysis, we used data from 768 cases and 626 controls
with complete information for all the variables.

1.07-1.72), and not significant for AcomA (OR, 1.22; 95%
CI, 0.96-1.57). Then, the difference in OR between PcomA
and AcomA was suggestive by the case-subgroup heteroge-
neity test (P=0.067). However, the case-subgroup heteroge-
neity tests were not significant (P=0.50 for AcomA vs MCA
and P=0.23 for MCA vs PcomA). When dichotomizing IA
sites according to the grouping in the International Study of
Unruptured Intracranial Aneurysm, the association was stron-
ger for Post-Pcomm (OR, 1.73; 95% CI, 1.32-2.26) than for
AC/MC/IC (OR, 1.28; 95% CI, 1.07-1.53). We found the
difference between these ORs was statistically significant in
the case-subgroup heterogeneity test (P=0.032). To consider
a possible relationship between location of IA and SAH
status, the difference among the site-specific ORs was also
assessed with adjustment for SAH status. The resulting P
values for the case-subgroup heterogeneity tests were
P=0.055 for AcomA vs PcomA and P=0.031 for Post-
Pcomm vs AC/MC/IC. These results indicate that the 9p21
SNP is more strongly associated with IA in the posterior
circulation or PcomA than that in the anterior circulation.

Discussion

We selected 4 9p21 SNPs to capture SNPs showing strong
association with several arterial diseases in previous studies
and then confirmed that the SNPs were associated with IA in
Japanese. Among the 4 SNPs, rs1333040 showed the stron-
gest evidence of association. The stepwise logistic regression
analysis and the haplotype analysis reveal that the sequence
variant tagged by the T allele of rs1333040 can explain the
observed association with IA. Recently, the association be-
tween the 9p2l1 locus and IA was confirmed in a white
population that was independent from populations analyzed
in the original genome-wide association study.!?

We found that the association was independent of estab-
lished risk factors (gender, age, smoking, and hypertension).
The presence of missing data on smoking and hypertension
was a limitation of our study. However, similar findings were
observed in case-control studies of IA and coronary artery
disease; the effect of the 9p21 locus on risk of IA and
coronary artery disease was not altered by adjustment for the
risk factors.1217.18 This may support the validity of our result.
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The most important findings of this study are that rs1333040
was more strongly associated with IA of the PcomA and the
posterior circulation than with IA in the anterior circulation. In
terms of common sites, we found that the T allele of rs1333040
was associated with a 1.69-fold increased risk of IA in PcomA
relative to the low-risk allele C, whereas the increased risk of IA
in AcomA was only 1.22-fold.

To our knowledge, this is the first study showing that a
common genetic variant with widely replicated evidence is
associated with site distribution of IA. Epidemiological studies
reinforce the hypothesis that genetic components influence site
distribution of IA. There were considerably high concordance
rates of IAs at identical or mirror-image sites in twins (70%)!°
and in sibling pairs (69%),2° whereas the concordance rate in
randomly selected pairs of patients was only 21%.1° These
findings suggest that the 9p21 variant is one of the genetic
factors predisposing to IAs in specific locations. Recently,
Lindner et al?! demonstrated that the effects of established risk
factors (gender, age, and alcohol intake) were different accord-
ing to the site of aneurysms. This finding suggests that there is
a possibility that the effects of genetic risk factors may also differ
according to the site of aneurysms. The natural history of IAs in
the anterior circulation and the posterior circulation and the
PcomA are different. The posterior group of aneurysms is
associated with a higher risk of rupture and poorer surgical and
endovascular outcomes compared to the anterior circulation
aneurysms.>¢ In the future, functional analyses focusing on
differential gene expressions of aneurysm dome tissue subdi-
vided by arterial sites may identify susceptibility genes and
polymorphisms responsible for the formation of each subpheno-
type of IA and may help further understand the pathogenesis of
this complex disease.

The effect of 9p21 SNP was not different when stratifying
IA patients by SAH status. This finding suggests that the
9p21 risk locus may be involved in the formation of IA rather
than in the precipitation of the aneurysm rupture.

It is known that subphenotypes of IAs show common
characteristics, eg, the risk of aneurysm rupture is associated
with aneurysm size and location.5$ It is important to rule out
possible confounding effects within the groups of IA subphe-
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Figure. Forest plots displaying ORs and
95% Cls for the association between
rs1333040 and intracranial aneurysm (lA)
stratified by subphenotypes. See defini-
tions of abbreviations for the location of
IA and the grouping of IA sites in Table 1.
The vertical dotted line shows OR for sin-
gle IA patients because we restricted
analyses to patients with single |A for
subgroup analyses regarding history of
subarachnoid hemorrhage and location of
IA. All the ORs were estimated with
adjustment for gender and age.

notypes. The analytical methods used in this study worked
well for subgroup analyses regarding history of SAH and
location of IA. The analysis for multiplicity of IA is more
complex because of the presence of several subphenotypes in
1 patient eg, aneurysm at the AcomA and the MCA. Further
sophisticated and large-scale analyses are needed to identify
susceptibility genes of multiplicity of IA.

Some limitations of our study should be noted. All the
current analyses are based on statistical analyses; therefore,
functional analysis of rs1333040 or other SNP that is in
linkage disequilibrium with rs1333040 is necessary. Al-
though the diagnostic performance of the noninvasive imag-
ing methods for the evaluation of IAs has been significantly
improved, the use of magnetic resonance angiography and
computed tomography angiography may be subject to mis-
classification of IA subphenotypes as compared to digital
subtraction angiography and surgical findings. Subgroup
analyses are subject to inflated false-positive rates attribut-
able to multiple testing.?223 The main conclusion of this study
is based on 6 case-subgroup heterogeneity tests to assess
whether the estimated subphenotype-specific ORs were sig-
nificantly different. For simplicity, when we assume the tests
are unrelated, 6 tests may produce a 26% chance of observing
at least 1 significant result at the significance level of 0.05.
Therefore, independent replication studies and meta-analyses
integrating results from original and subsequent replication
studies are indispensable to establish the credibility of the
findings.222> We dichotomized aneurysm sites according to
the grouping in the International Study of Unruptured Intra-
cranial Aneurysm,® but there may be controversy regarding
the grouping of the PcomA aneurysms because the PcomA
derives from the ICA.?* Therefore, both of the findings when
IA patients are stratified according to the International Study
of Unruptured Intracranial Aneurysm grouping and according
to the common site will be corroborated.

Conclusion
One of the difficulties in genetic dissection of IA may be
attributable to possible phenotypic heterogeneity.:” In most
association studies, patients with different aneurysmal pheno-
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types were grouped together.” If different predisposition under-
lies different subphenotypes of IA, then reducing phenotypic
heterogeneity by restricting to specific subphenotype would be
effective. We assessed whether the magnitude of the 9p21
association varied by aneurysmal subphenotypes. Our results of
the 9p21 variation being associated with location of IA suggest
that a genetic dissection of subphenotypes of IA is important and
feasible. One of the most important aspects of IAs is whether
they will rupture. The analytical methods implemented in this
study may be useful to identify a genetic factor that allows
prediction of aneurysmal rupture.
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KR EDEZRFEREBOBRZEEEREFIRAIC
FZE SN TWAEY. 2007 F12idE < DRZHEE
{=F DR Nature, Science &% & THE &
., Science #® breakthrough of the year {Z hu-
man genetic variation A5 iENh 2 2 EiEB 2 4%
Bz ThbORREE, ZERTFEREORBERX S
XAV BHEREGRAROBAICMIT T
AzEH®EL2ETHAH. LirL, GWASTH
EENSNPREBRIHNTIRENESOT
TR LPHBALTW RN RS AT
w32 BEDSNPYAEY IS5y b 74—
ATIRE L Z ENBWEHEEDSEE (rare vari-
ant, £ OEES %)X #1E S & (struc-
tural variant) ##H L, & MERICBIT2EE
MS R % EEMICINE L, REARL OELE

ETHLENHHES). T/, H—DREL
L T ? phenotype & genome ? f:& % §Hifi 3~ %
2217 Tix4 {, transcriptome, proteome, me-
tabolome, diseasome(EEDV 7747, KA
BIUEBE)»POLRL2EZBNLRETHS
phenome & genome & DEEEIZEHT 5 Z LA
EBCRZ3LEIONS SRTEREOHHEY
BEL, REOFRETHLEMEY AT LORE
PRESTAIBRENRBABZBET LI LD
EROZHPREFUOBER LIZORIBH T
BEtEAH 5.

FRTE, GWAS THLNZZAMRICOWTHE
FHT5EEHIT, genome-phenome relation-
ships I E~NDEZIZDOWTEH L\,

1. SEFEERD GWAS DEIRESED
BB

common disease—common variant {RFLi%, %
N SN REDREEARER IFLBOEEL
2LV HDTHA ZOREDT, €7/ A
% #BFE 3 5 30 51005 SNPs ZFlFH L 7=dERIT
BEEMIT 21T S & T, ERBEEMNZEE
TE2MEEENH S, Zhid, RBICEERE
THEREY—H—EBATOT VIVHEOEER
FEEZFATAIOTHAS. BALE, Affymetrix
% lumina AR T 25 ) 22 HN—F

Hirofumi Nakaoka, Ituro Inoue: Division of Molecular Life Science, School of Medicine, Tokai University H#EX

FEEH ERELR FTEMRE

0047-1852/10/¥40/KH/JCOPY
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120

number of associations
[2]
o
T

20

0 IHI 1 1

1 12 14

22 24 >25

. odds ratio

X1 ZRATFEBOGWAS TRESh/SNP DO v XLICEAT 3BESH
NHGRI GWA Catalog (http: //www.genome.gov/26525384) ® 7 — ¥ 12 %0 & FE K.

B854 TTFTy b7+ —L%FHALT,
W NEHRFEEBLIUVHEHEEEICBNT,
¥ H I ] 4 genotype-phenotype @ B # ASH
5 M 27 o T 3 (hitp: //www.genome.gov/
26525384). B 11, FEFHEREAD GWAS THR
HEN7-SNPOF v AHOBEESHERLE
LDTH5 EEDVA7 R 25l M &
ASNPIxARL, IZEAEDSNPIX12626
14EDY A7 BMEVIBAHRLPS - T
WERWI ERDPE. TODH, FEDRAI
OWTRZEENATRTHORERZMESNP DRFIRE
ZRLADETH, FRERUIPOHEESIND
BEHEFSOTL —BLIrHBATE LRV, iz
iE, “EERFBICET S 18 DERFHBEETE
THEI NI BIENFSOEEIE6% T ER
W ZOZ e, YFEENOBREBEHFSH
BREESRTWATEEZZRLTH, BX
BRIEZFEALOKBAIVPRAEBTHS L &R
BLTWw2,
BIOSNPFA Y TTSy b7+ —AiF,
&5 )L ED5% U EDEERXE T SHSNPD
ABGEAN—TH IR EINTHEID
O, LVEEERZEEICOVWTIRTFICAIN—

L T\, rare variant {& common variant X

DLBENTHAUBENEVEZEILNTS
Do AYFNVEBERE GWAS TRHRES T
ESNPOHREEKZFHROKE S & HDEHE
BEOERISERERSELBE L T2 S
BRIhTwa (@2)™ R, <4 F—-7VL
VHEE1%THy X3 DEE % 30 EBALFE
ETAZENTENT, “HERRORIRER
HxT+SICHEATE 2 REBMEERTICBY
AV —HER L TUCRESHOERME L IBH
EhTw3? a¥—-BERERBBZMELD
MEZFADEIE, ZOHRE(de novodH D\
XEGEE)BIUVEECEBETHAILEND 5.
Stefansson & 13, 4&EDEIBIZERET 5 de novo
TR ENHALTIE L B THVWEEZRTZ
LEHRELTWSY. —F, EARIKCBVTH
D Ah7za¥—#H%5 R8I SNP & EERFH
KhdrtvbhTsh), REBZEICHET
23 —HEBERET HSNPIGWAST
BEENTWITe%EdLDH 5. £, Crohni
@D GWAS G &7z SNP & #asx # 84 R Ff
(P=D12H 5 20kb DREDFEHH L HIT S
nTwa”,

KR —r 4 —%FEL, v RIS
WT1%ULEDEELZET 5 —HEERBIV
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effect size
(odds ratio)

500

rare variants of
small effect

hard to identify
genetically

11

A ld\%};ﬁgqﬁehcy

with .

common variants
implicated in

common disease

by GWAS

BESH L BRNOIRM - #yo /Ll LH L
W) RABTH 5 1000 Genomes Project A5 2008
FRABLETON ZhoOENEHRICL-
TH7:H6SNhBBREERICEY, M7/ A
CHETAEROSHBGELELR, VALK
BOBEZMET A LATWRRELB755.

2. Genome-phenome relationships

phenotype & \» 9 HEEIX, EWORREER,
EALZER, £HFEND L VIITEFEEZETD
DTH5B. 7/ AENETIIREN2ZIICE
SWIRBARAMELTELZ TV, R
BBEZTLIIEHTH Y, HOorOKREICHE
N DHRBOBEBEEBITTI, ChomBEE
% OFBA (sub—phenotype) L LTEH X, B
HEEH 24T 2 & T, FED sub—phenotype &
BBEY A REMRETFERETE 5K
2HD. GWAS DEIRMICB T2 HET Lk
DB TdH % e E A AE (age—related macu-
lar degeneration: AMD) ® GWAS Ti3, BRE

allele frequency
2 TLIVRE EBEBRIZIROY 1 X (F v XEE) Grik™ & ) &%)

FRBOERITED EH - HBOBERZITV,
KA TEFRKTH S FIV—¥ U BENERTHR
FEREHT A M A7 VEMEID dry AMD & i
hamEl & CFHBEFICHEET 5 HRIRER
ZEZTSNPAHELY, 7PV7TATHEDE
VIR BT & i % 4 9 BHIYED wet AMD @
WREIZIX HTRAI BIZFD 70 E— ¥ —HBO
SNP2SBAET B Z L22BLPIC LTV A,
ZRTHRBD GWAS TRZE Eh7zSNPDZ
QR U7 ERFICHBEDLLTERTIX
BV lhs, ThbHSNPISEBICHEET S
BEFOREHIMEIICEESE L TWADTIE A
LHEBEND, T/ GWASZHEICXVEAEES
N BEERBIEROKRBT—HTIHE
I —EDRBITRENCHE SN HFAE
WENAY b2 RETHEEZLNA.
Z0—PlE LT, EHLHFEES kLR
812 & 2 REVIRE GWASPIC L o TREL %
Ip21 M E BT 5 (R 3). 9p21 FHRITHER
DEBD GWAS THEIHFE ShTw 5 Hig

=
af
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ANRIL ——» INK4/ARF

LI .
% cis—regulation

] transcriptome =
9p2l variant *
genome
b.
genome:
9p21
transcriptome:
ANRIL
INK4/ARF
proteome or metabolome: ! other genes | environments
oot (e.g. smoking)
unmeasured intermediate
biomarkers [ 9p21 l

disease status: l

TEHE e TG IR 08 0 R A
/ - \
F— 7 X
: " i| environments
Other genes (e.g. smoking)

a: 9p2l DS HMEED ) X 7 BT ThH I EBOBHRER (BHIRER, FHBIIRESR, B ABREZ L T
BIRE) ICB W THA S NI FFEWEN A Y b7 —2 OHE.

b: BAEhARIE O sub—phenotype BEHT DR 2 SR S5 9p21 1D SNP L RSIRELEICET 24y by —2,
9p21 $I8 D SNP (IREBIIRETLR BT 24t ZOBE - RBEOFRF LI 252V, BEIRELECKEIKO
BROV A7 CERBEROBRETRPRECERFEHEL TV 5,
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sub-phenotypes OR (95%CI) p-value
P21
%% " 157(121-203) 28x10™*
B I — 1.36(1.15-161) 7.0x10™
 bET o EAEE '
mE A 142(118-171) L7X10™
RAEE - 1.27(1.00-162) 0049
TR AL
1) SFRERAL
RIS EE AR — 1.22(096-157) 0.11
chR R EIR " 1.36(1.07-172) 0012
#AEEAR o 1.69(1.26-226) 44x10™
2)ISUIA I & %598
AR —— 1.28(1.07-153) 74X107
BHER = 1.73(1.32-226) 69X10™°
08 10 12 14 16 18 20 22 24

odds ratio

4 9p21 %@ D SNP rs1333040 O fEEIIRE sub—phenotypes ICH 9 % F v X'tk
RESAL OS5 (B 5B & U H7185R) 1X International Study of Unruptured Intracranial Aneurysms

(ISUIA) ®ic#5<.

TdHY, Ip2l BRI ETAHSNP TS ¥ Sh
HEAINZEIFEROGRER(SHIRER, X
WERES, MEAEIREZ L CARBIIRE) 1
HETAHIEFHELNICEoTWBY, Zhb
BREBOBEFEROEEICFEETZ2a—-F#
{=F1X CDKN2A & CDKN2BC% %. INK4/ARF
(CDKN2A/B) #iu3, 3> 0MRBAMEERT
(p16™*% p15™“ 33 X IFARF) # 21— KL, 2%A
NHBREFELTEHYTWA. L2L, TEIR
RERLRBIIRE & %\ BIE 7z /R L72SNP
INK4/ARF 8387~ 5 #) 100kb BfL TV 72, 9p21
BEHRERICIEHDOFEI—FRNATH S
ANRIL(NCBI @ Entrez Gene 7 — ¥ X— XA Tl
CDKN2BAS[CDKN2B antisense]) B#E#E LT
W5, ANRIL ZIEANEME, EXRER<I O
77— VB RERFEHHERTRATLI L
DHEB SN TV 5. 9p2l HBSNP O REF
B L ANRILORBEEFHETH T &, K
ANRIL DEBRED INK4/ARFORBHEL LB
HELTWRILFALPIZEINEES, 0z
i, 2l DEEZSHEREGFALSvFLL

THE &, ANRILDEERZHAHTHI LT, M

FARRERETFORBEEIELT S LV,
MBMEICETA20FA Y V7 — 27 ICEBIH A
L, MEVEFV Y 7REDBEZHNLT, &
NOBRREBORECESL DO TRV LH#
#HEh T3 (E3-a)

PREDIRES (3L - RBEE, S5M, REHN

P DK E &% L4 72 sub—phenotype & b b,

Z 15 sub—phenotype 2B E Dzl L BIE L T
Wb, 2T, EELHIRBRERZERETF
EE & L TR L7z 9p21 $HIBD SNP(rs1333040)
7%, ¥ E D sub—phenotype IR LRIR Z R
TR OWCERHMli L. B4y 77—
TRENG v AROERKERERT. BEIIRE
DHEZ - FBEOY T 7V —7HB X OISR
BNER - BREOMICRAERLRL v ALOER
RRDONLEholz. REIMICE BT TNV
— 7B OMRE, FREMOHFT, BIBHIR
CREBREZ o TSV — 7 TROBEVEE
MHEDH LN —F, RZEBROKE)IRE &
rs1333040 DEE R FE TR 2 dh o7 EIT

RERMEMFREREBFERICGELEYT
TN—TBEiTolz & T 5, rs1333040 LAY

A
#

%g
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FREBOBEIRIE & OBEIXFHL, BHERD
BRE AR IS L TRV BE R R T Z & Atbd o
7o AR BHEROBMEIRE I T 54
v AHDZERIEFER LD TH 72 (p=0.03).
CNODERENS, 9p21 FHiE D SNP ZANEIAR
BOREHBMICEHEL TWA I ENRES N,
BIBRHRROBMERELR I CESLTwAZ
& BB ST % o 72 (Nakaoka b, H&ia). M
BREORE - RERDOY 7NV TEICER
NREDONLEhro/Z L b, 9p21 DEZH
EIRIIBIRBORES & UBZICREE RIZ
THEFTIREL, BOBREEICES LTS
LEEESNA. R3-b TEF ML NS
RBOFRFE /XA =4 DFT, proteome B X
U metabolome D BB IZHE T 28 HE I HED
LIAREENT VRV, ZOLBHEERE
2ORCHBLEMEHINL Y- —2RR
TENE FELARAZEBREOTFHFLZ
57559, 72, INBIIRE P sub-phenotype T
BLEELZREOBHED) A7 LAET % &=
HFHFORZESRKDONS.

ZZETR FEORIAB (KRB IEELT,

GWASIZ X h BZMEEZTFRREL, £0H#E
FERICIVHRETHARABPBELSL A D=
A LEBAT D LV, HREFHFIEICOV
THALTER EETH, BETFREEZPHK
HEWRIZOVTNL AN—Tv MIEHERA
R SNTE200, BEERFRAECREED
ENLEHICHE T2 EENSHERFEL, HIC
FOBEHSENFEDL ) RRBB(FER) LM
ELTVBARPIOVWTEMETA2Z LT, KEAD
BEEBETRLECOERLLLAN=XLER
BICEHELL ) L), BEREZNL2RAALDIT
bhd X5 kol Gieger b¥iX, MEHD
AZEFTA M (RBEY) BREZBENICTT T
74V T7L, EhoDEEICHET S SNP
ZGWASIZEIVBELR KRWT, A7KI4

MBEELBIE S S SNPAS, HDLI VA7 O —
Vi EORKBER ECIEBREE 2 LD
BRMTY FRS Vb ELHETHILERL
2. Thbld, AR5 A PERBOTEER
# (intermediate phenotype) £ LTHWAZ &
T, RBOYT 7V — 7L EBOHRBTHE
TARIEA = X ADOBEENT CTH2Hh
EHEZEHTEAILERBLTYWAS. 7
AFXRT A P OWEBOEENIN TS SNPD
EERIFFEECEVILEIALIPIILTWVS
(1 SNP ORBREFEADEFEERI;12% DR
R). &% BAFRESHTVAREILIC
AZRO—L - 777 ANVERBIET, K
BRIEZBITAHI=X2CBIEELEE
DREEROBADTEEE Y, BOERDE
Blzohdis LFTE 5.

phenome % RMMNIHET 5D, KE
ADEVHIE, phenotype DIBRAIINERE
BT5799 v 74+—L0H%, BICEZHERFE
BOGWAS T b @I Pk &L LT
phenome PEZBHIBEE ZRICAN-KHEE
FVICELABIABLECLHEEZZONSG. [
— D 5% 5 N7z88D 5@ phenotype B,
BEBE, OCHERSN AL b€, BHE
EFNEBETLREL LTI BEHFERT
FNRHOCTRNAERD L 5 2FENEHE L
A72HHY,

phenomics IZ1XE%, &IEZE, STFEWE,
MladmE, ¥ R7AEWE, HErE, FRE
THEREOMEIZLZBERNL VAT AR
FLWISBERARTILENH LS.
F/, BHMOBEMBIAINE T & % phenome
BRENZDIDOTHAZ LHh b, HEBKICL
U CUNE T % phenotype DR, 3 5 \»id phe-
nome 7 — ¥ X— AM DO ERLEH D RFICAN
TR EDLLENHH7125).
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The future of information processing in medical genomics
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Hirofumi NAkaoka and lturo INOUE

ol

./ E%EA

E R EFFIRATR AR EMAR ARG R M

ORE, 4/ LLBBERNTIC &V SRFRADBSERETOREFTHhh TV Y, BRICHEHE TS
ATEELLDZDREROEMTH ALKV ATLAOREEBE O 2HEANARADOFMLEBMET
BY), FORIMETH S, ARBERENRROT ¥ 2 EICHE S HEREME TV, B2 A0T /7 LEREWVD
FURIMEBEREET S, BE BERILBUBI T2 ENRY A IO X/ANZTTOERI KD S, T
DT ECENRBIA F7—h—DORR, BNAREORE, EOEROER, 7/ AERICLSEIFE V-
Fo, MHE R LEENMREL AT -MSED L EL S, AIBTIR, SHROEFICE T S EHMAHTO
HEAMB L VEBADZXLDY R T LFFICH T 38 LWERICOWVWTERL 5.

Qkev, | v LS BBGERRR, )<y I LB, F— SRR A TYR/AIVRT T, Ry T~ IR

R, 77 b 2B EARNT (genome-wide asso-
ciation study : GWAS) iz & O, HERIA* EEIITE
BREOERTFEEDBRZERETFHOEOEIC
AEINTWwBY, 2007 FiTiz % DRZEEE
FORED TNatures, "Sciencey #7% & THREX
., TSciences # D breakthrough of the year IZ
“Human Genetic Variation” »9&IEN 2% EEE%
BT, THhODBRRE, FERFERBORIERA A
ZALE )L EGEROBHICER TS L
HEINEDOD, DEDVLEODEBETEHD
BEADEEBEFINAZII LS, KEL
DEENLEBENEEITHTH 5. MAWER
ERIC I EFRNVENFEORREIEEN S,

7 ) LEREE, EFOLORBEDSRRMEL
DNA EiFISHE L DBERZBRT 5 LV ) AT
8226, 22 Thotis DNA EFID b DK%
EHRBICEENEE o, EWIFRIZIE 1 A
% 1,000 FLTDOLY ) LAEFIRENERT S &
FHEEN, ZfEEoE b A8 60 EEEMNICE
\7 {4 AD DNA ZRBERBB/ONS Z LTk
3, BRICAZOITIZATERELRBDIE, K
BORBUETH2EBS AT LOEERREIT S

BANLRRMOFMLERIEGETHY, TV
WETH 3, poE4DORERL T ) LOBEER
TR, BBRRy b 7—27 L L TOEBENRD
S5, %2 TlEDTRER (transcriptome, pro-
teome, metabolome) ¥ X U diseasome (JRED ¥ 7
¥4, REB ICKRESH, HFEREEOER L
Vo 7= REEI D 4K (phenome) & /S—Y F N7/
LEREOBEICERTA I LVERILRSLE
Zons,

@ F— SR A TYR/AIVRT T
20034 4 B, £ MY ARLMBHOBEIR X
hre, ThREMRREEY TP I VEREZDN
LB LD TFITwh, EaRiFICEESE
CohtELLTERIERINDIILLEA
J. LRI OEE, BADY 7 LAERICER
DEFED, F7 /0P —DESHITHWELE - TR
CEADEY ) MEREBD I EPHEERST
Ei-, 5~10 FE#ICIE, BROFFTEAY /L
BRIZW - WEHHORECHAZINETHS
9. 2009 £, 7 AV AERETIEZA ST RBEHEIC
I3 BEMNED—RTHH SIS, BFAILVTOD
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FAF - MRICHEM 2 Kk, SFEROIDXET S
ZEDRELN, BRVEFINTILEXET S
Trick WAL DEREROZE LOFIEED 7
DTIERL, TAVAFOMBRICBHTTI I N
fLEn - EREROER - £198 L UHFIWEE
L%, §TIT Medicare BRI LT3 1,300
FABREOBKERZ AV ZEERRE XY b
7 — JBE R INT Y, Wk o, ERE
MR LD ER B I ENTFEEN, £ FEE
DFCINER(T /L) EEETBILICKD,
XFEXELPHBHEESUREDTY ¥ VE
f#, L CEFRARERREAL 2R3, &,
FD1-HDOFHE BT FEAR LA RE &
5. E¥ - ERICBWLT “HR DSEHRITE
BEogLLy, EENZRATRBERIEKEV
b BRI E bR D ) B8, “ER ZEREL M
# % B (information driven knowledge) 2SEE TH
%9,

<24 270y 7 FFEBT® Jim Gray i 4th para-
digm £ WHEEZRBEL T3, BREYA LV
ATIELEY, BRYA VR, avEa—9%¥y
ALVALERBLTEEDY, B4BEHDNRTTA
LELTTF—2EH/RTA v ABNEBEI T 6N
BZLIBIBLTWS, ¥/ L9 A4V ADERD H
D, ¥4 Ao s F— 7 OFEIZSE
EHIHERLTWTHA). 2T TTF—F%2LE
DEIFCERLFMREBI0VEETHD,
data curation & % X AT (REREIC L 5488
EHEFORE) & o - NBESFEORAEY
BLirn, B BEECIBLT, fiotailek
DEALTCTF—ENBE~VATT7ELTELD
NG F A LDBERI NSNS 5. 2T
R kI BT HABRECORKRERD T & v
Licg) EHREBO AL ST, HAADY /) L1E
MEV) FCINMEBFLDEANARTH L2005
ThH5 HEDEFLARTZIGBOER L, »OY
) LERBEA LTV ENE~LVR T 73,
SRIEAZRRIZLTVRAE I LHEFHTARET
H5 INCIVEEAM T 2—A—DER, &
Pk, BEOEROER, 7/ LERHIC
kRBIFEE oz, YFE M AFENRE L
FeT—NIDES 2B S, UTTRY /4
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BREERBREEAT 22y Py —7@iFIcER
2EE BEAHNXLDY AT ABIICEBIT S
FLOEREB X USBOEZICB I 31EHRETD
HakEEZ 3,

o RERRRORMSIRIC £ 3 H RS

77 LWERFETIE, BENLZZHICE I WIER
BERBRMLLTLLAT VS, RESBEIL
WWEHBTHD, WL OPDFEEICHEEN) B
BOBEBRFTRINSFEZBEL ORRE
(sub-phenotype) & L T & & Z BE@BITZTH Z
& T, BED sub-phenotype & 5 { BhE§ 3 K32
RETF2ZRAETE 2 8D 5. GWAS DAl
BIACBII 20 F L WRIIEITH 2 MEENRE
4 JiE (age-related macular degeneration : AMD) ®
GWAS T3, BELRREDERICED CREH -
R OESRE TV, BEATERTHS FL—+
> TR A3 3 ¢ IRAG B HT 4 1 A3 7 W EIE R
dry AMD & X iEN 3B L CFH BIEFICHEET
BHEFBEBEBERL T SNP BEHELY, 7YVTA
THEE DR\ IR IEET & ME % fE 5 B HED wet
AMD D¥REEIC 13 HTRAI BEFH 7 ut—4% —
$EIR D SNP 2SBET 2 Z L92BHEIC L Tw
3. EE o IEBSERILER GWASY TSN IRE
BEEEGTEL L THE L 7 9p21 FHif D SNP
(rs1333040) %, RMBHARIE O ¥ 7REM (KH - K
W, 5%, REBMLCEORE X)) ICRENZ
SR %R AR O WTEHE L, 9p21 DR
SEEDKEIEORES L UHRIc 8L RIFT
HAF T, L RBABEROBOBICHE
BEL T3 I L EESIC LY.

—%, EROEBVBA—DBEFLEEL TV
BIEDBHLSNTED, HEDA A=A
LEREVEROEERZIERBITEEIONSD,
2% h, BRIV IHRERTIERL,
MNZA—=N=F» TT2H3BHELEEZSHZ
EHTER, 22T, BH—EER ‘RER b
LTHI ZITidnl, BEOREDL I I, “I
ATEHINZRER »oBohrEEOEEF
BH{% (comorbidity) 2 FEE T 5 Z L TEREDRED
BREZPEDLIEVIRARABREINTW S,
Hidalgo & %, 7 * U 7 BUF O EFREE (Medicare)



(A) Stable status

(B) Diseased status
% © Mutation

Y umrresomea—x

(:D{ ''''' RPN

ﬂ/ 4»  GEERFMRETFICER

B1 &Y 2FLAOREELTOERR

A ZEREE, B:RAVREE.

BAGIGRET, BRIy v 7 HERT. KRORANZBEF™Y
VARAIERaA—FLTW3 I L%, flwRHNZEERTFSEETFICE
T3 L2737 RRECRBEF (G OEENSIEREZ TES
EF(TF) OHEEIC L Y BEFRAXY LV -7 RERZ &
L, BRI LTEEROREANEDRNBIERZRLTWS,

BRI N7 1,300 AA, 3,200 FHDORBEREE

ERICETE, A—BEOHEERRDEHREEE
L, RERBAMORY PV —72BEL T3,
ZEDFy b7 — 7 HERBTICL Y, BEORE
DHEBIZT Ry bV — I NTEET 2EENLBT
TAAEBEESE NI E, Xy b7 —JATHDE
CDTRBEEDRDI) & b DERBITEE DOWRE
BT BRHAOERETH 2 ABENSE L, »OH
LB DD THZZ EE2HESDICLTWE,
& 51T Park 51, Hidalgo 5> 2SHEEE L KB ERER
By b9 —2Z BT 2HFRBOERICD 2
FAH=RA L%, KREELRT—IR—2ABRICE
TOTEEL T3P,

- Y ZT LOREE LTORE
B, RERERSATLORY P77 DR
BELTLOR, YMEBORY L 7—7 b

b2 OFOEBEPHEICOWTEF T3 Z & T,
EMREBR2 IOVBHBCERL I v EEN
RV ENTL B EHEEBRBICSH 54
fhe 25 s, INX7ZEE (BB ; perturbation),
7= & Z I SBENLERPIRREN 2 BB
Ezohl-t E, £&SRATLIIEENRIRED
L3 LETENTZEEZD L, REBREL X
A SDDBENC X > TEBY AT AICKEREN
BECRETHE EEIONS, EFECRT A
RERBRRERICH L CERERZ DO LTZORK
BEHERL T 32, FEOES N L TdEdb
DTHBTCHIBEVBHBLEZOSNTNS, &
Lz, EbNY ) AEFEETIERORSHRIID
PREORER Mo EELRITI 20, FE
DBEFOEENERL Y EEFEZIIEBIT
Z &350 5 Ty B (Huntington 7%, BEFEMERRMERE
78), M1 B ETF 1(GL)DERMFIEREIT
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BEERF 1(TF1) 0BEEIc & H&EF 3(G3)
~DfESBEZbN, BRELGEEFRERERY
P WEECHEEL R BB ETREDH
EIC2%5 eI EARTH S, —iRic, 1
KART X ) BEERY P7— 7 BZERATIR RV
&, WEN 2 o FREB (transcriptome, proteome,
metabolome) DFTE % 1T\>, WHIIREE % 5 FRIA
ICE2EANERNLE LTRSS 2 LEND
5, 1 DB, BEFS3, 4(G3, )DEEL R
WMIEHSTYRTFLDOERER LS Z o 5 AR
Db 5,
BEREORBICE>TELT 2EHER2y 7 —7
RAET 30, T—FX—RMLIhigF
FRERMOBEEERRy F7— 27 0EHREFIAT
5T LMEETHS. Taylor Sz FDF Y
BREEEERRY P —2cBWT, $HDY v
NIBLHEEERBRICOBINTIVNIE
(hub protein) WEET B LIRFH L. Ho X
EREgcoes ) LREFREBITICL T,
TE R A-FT2RIETFD I B 256 BIZTF
T, AEOFRIISL CHEERAA—FF—¢tD
HABFEEPEZICEMLL TWB I ERZRLTL
5m.

& BEFHERY NI—IEAVE
GWASOERIL

IR D & 5 IKHETFEE T GWAS 2Thbt, %
BOBZERETFRAEIREZINLTWS, ZIT
EEBNBELDIRE L OBE, KELOBENR
XN’ DNA 2B OAEHICHFET 3 BEF2EER
iz “BEEEET” LXATVRETTHD,
ZOBEFHEBICEREDREESL T3 L
VLI HIBBENTLURLWEABSHTHE L
S3HETH3. GWAS CREIN/KEEB LEERT
§ SNPs D% b, 80% M LANRIZTFREERSA ~
e ICEET S SNPs THD, 73 /BRI
2R TIHRAKEERD SNPs & 10% 17
w2 oz ki GWAS TREE N7 DNA %
BD% ik, BFFEET 2 BEFOEERMEIC
5 L TwWAABENE I ERRLTWEYD,
ZZ2C, KB LEET % DNA $BICE L TEL
T 2549F% vy b7 —7 (causal network) & BfE ¥
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(A)

(8)

2 BEFHREEMESLUVQILIFHROKSICL3H

BFREZ Y M7 -7 Dk

A BETFOLREFEE ZRTOLMN> TV IRETH
KRERBOHMEBBNEET A L2RT,

B: BEFHEER LEET 2 RETFH(eQTL) DEHR. &
BIEFE A~C KB 2 REFRSER ORI
TORREFORRBLEEL TWB I L2TRT.

C: BEFHSHC > THREINIBEFRRARXY
7—2. ABXUBOEREMKAL, BEFRERAD
FEBEREZHEIC LT3, §l: BETFE A H8E
F1oRBRBICELREL 2€, 2hIEL GEE
F3, 2VOREF 5 0RBRESENT 3.



5ZLT, GWAS DEIRZFRNANA A v—H—D
BIHREIBANL BT EBAREIC 25 EEZS
ns,

BB D causal network DIBARIC 1T, WKEBRL
BIfR D b % M I 81 3 9 F R B A (transcrip-
tome, proteome, metabolome) DIFKE D EFH L
FHRER L DNA R L OB EZBEEL, EEL
DNA ZR L DEIEDIBER L HFET 2 Z L BB E
L3 (H2). HprREOHEBCHEBNESTR
REORAIZTH 2 LT, HKREMH\IHES
THREFHOBER, - W BEFOAKERE
BHS»ICE B (B 2-A). ¥oic, BETFREER
LB ¥ %2 DNA % #l(expression quantitative
trait loci : eQTL) Z EE L (X 2-B), MHZ DIEHR=
HEHICHIT S 52 &, DNA BFIS Ik > T
REINZBEFHERFy b7 —22BHohicT
pIibcE5(M2-C). ZdkHic DNA HH
VHRET 5 BREFHRBER Y b7 -2 DER
THILICE>TERREL DNA £8 L OESE DA
EINGA, Y% DNA SR L->TEHT 3
BEFREBRAZY V727 OHEHISEREL Y, #
D&y b7 —7 LFET 2BEFRREORZ
HBETOBRME LTRET 2 Z Lo HEBICk 3,

DNA FEFI%E Iz &k > THE T 3 whole-gene
expression % v bV — 7 2REET 57D IT I,
gene expression traits EIOKEBEFEZHET 28
HETNZIERT 5 7D O ERENFIEID
Biib,

BETIR, APTYRy b7 —RAVEE
WFEEBMLIZD, RAST Ry b7 —21,
2-CDEIRHZELESTHTUIRES £\
FAIEKE S 7 7L XidNB T 57 4 ANBERE
wEOR, HR#EREERETLVE LR HE
FETHE, AP T7VEY PV —7ORHRIZE
bOTEBELRICHLTY, / —FHEOEEMNE
R AV TREFHEREZEEOE TV L L THE
HBBICHR) ZENTEZIRTHS, _APTPY
3y I =0 REZLDI)ZATEELEEDOED
TH3 “ea7i” Lo TH3 THHAT 5.

EBEIC whole-gene expression traits 7> & #ER X
NB57 7720 TEZRHE, JITEHICEE
T 35777 Db 6 gene expression traits fD

KEREFRE LD L CHATIRBE T NVEERT
BINEDH B, Schadt & IF—EDHFFEZEL T,
ZNEND gene expression trait DEE)ICBHE L
Tv»% DNA %8 (eQTL) DIEHEM DAL & &
T, REELHEBERC D 3 EHROBEFHOA
REAR (& DBIEF 22 causal driver 2°) % H#HI S 3
FHREERRALTVBYY  2hiz “bLEED 2
DOBREFOREABNEIMEBELTEY, 2ho
BEFHERBSDNA ZBICL>Tarybe—&
NTW2HE, WMED eQTL DH L 134 —/5—
797 TB5THEI" LI RBIEITWE,

Bl4-AD kS, BEFERF—7XEFE2AW
7254, BEF X L Y OXRRE I CHEEBERSHEE
THELWIZLIZbrBH, b 5D causal
driver >, 2E D ELSWH/ — Fhr kv ) ER
BRonhzw, 22T, HRELEBEERICH S
BB OBEFEOERER (L DBETF S causal
driver 7°) % eQTL DERICE T THAIT 2 /-
DDRFAZNL—N L LT, BEFRIDOKERER
WY 3 “EEREREMNER” PEALTL
ZW6I) - o, “EERER LIIREHER(OED
BITZITIARN)D, H2ERBERTEZ LICH
L T g & DREE E (degree of belief) # b - T
WEPEERBINICRET2400H&THS, &
EFEOKFRRICET 3 EBHBEEO—HI2X
4-B,C o RT.

“whole gene-expression array CTEHl X /-8
BFREBOTF—5" £ “eQTL OiEWIcE T
/ — FHEDOKRERKRICN T 3 FEEEK 2HU->
TR ERIHERI 2 17 9 12 DT, R4 AR LS
BERATH S, [4-D i34 AFEroHmBRL
HIZERLbDTH2, 7, FoOBER(Ry
F 7 =2 B FNITHT BEEEFR O EBA R HER)
B, TIERBEHTILWIRBREELTE
HOBEHRIEF EN, Ry P77 ETFVIIHT
2EBRBEENEONS,

EED X ST eQTL DfEFHIcE S /7 — FHED
REBRICN T 2 EBHEEERA 72y b
T—7IKBhRALrZ Lid, EBETRERy FT7—
7 DHIHIRZMAFEAFEMA B LT
2, BEOEYH¥NAMRICES LADET b
EHH LW LEZOSNBZ—EDHRAMITZ
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(A)
)b 73878 | BREHXOBEN DEKEFRERS

EHOAANDEKIF
1 2 e i J k e n B (t)
3 XDEROHF, BHOXEARE>TWAE, (EELEY
@@ -0 -Q . ims
@.,@—» e »@ P (Xl X/,X},"',X1)=P(Xk| X)) @

(B

XsD185%

P(X5 | X1,X2,X3,X4)=p(Xs5 | X3,X4)

XsD$|/ — K
F/— ROEROEH IR/ — FOBKICEEL,
ZhLEnR% /- FICREETFELEY

X={X1,Xg,"*, Xn} 2 © & ZDAGORIFHER

@‘/@ P(X1. X2, Xp)= ﬂ; p(Xi | pa(i)) @

pa(i): X DRNES

B3 NXMJPrxyb7—71C873v0a7#

A: e 7R THERERE BRERX, X, XyH51, 2, 3 ORMOMEICIEA TWT, k>j>i> 2w
<, BEREE X OBEAOEKEFBRENENOAICEKET S, 2Fh X,0EBOEHIR, EDXIARELT
whiF i EELEIMBES ThoehRZEBGETH I L (a2 7)) 2L TRSBR2 vV 7BR LY
5, BERRIFFOQORER S,

B: MR/ 7B sw a7 BEFERAY IV V—J0L)EHELFI TRy b7—JREDD 2D
b, £ —-FPREEOF/—Fidbb, FARCEROE/ —F2bb, TR/ —FROE/ — FBFET
3. FOEE, BRAEKES I 7icBIseLa7HR, F/ - FoERBOAFR(EEL Y P TORMBo>TY
3)8 ) — FORIKEL, ZhbEiof%k/ — FitiEELLVWI L LEEINS. /- F XOBDEEZ pa
DeFsrE, —ED/—FX={X, Xo, -, X,} »5u2EAIHEKES T 7 xHFQORARFEETH 2.

ILTw3, ZOOBELLRY PV —713, DIEROBBIERZ DERDY I B, 1L ZIE,
DNA Bz k> CTEL 2 BEFRADV AT HBEED GWAS TRE X N7z DNA £RIC X
FAY IRELERBLELDIZIRZ LEZILI n, POBEFORERENENML, Z20LEG
3. 202y b7 =7 6B 6N BEHIT, GWAS CTEHHREBVENT 2 —EDBETFHOE
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A

oo

()

_ NX)
P(Y: X)_r(X‘Y)XN(XHN(Y)

(8

p(X=Y)=1

(D)

MOEFI 3%

BAF—-%, D '

L[4

4 BEFEHRR Y PT—7BFCHT ZBETRIORRBHFEMRET 5 f 0 O HREE (FHHHH) OMUA

A BETF X & Y OREBIMEEIEME.

RA—D QTL 2 b OBEFRBEORRBRICN T 2 TEERE X 28 L OBEFIHFLET S cis—acting

eQTL ThHhH, YL L YEBKNICENTHFET 5 trans-acting eQTL TH 35, causal network & LT
eQTL, L BAFAA v F L LTHT X DERREZHHAL, 20BHMKELCT Y DREESENLT S
EWIEFADBEATH S LEZ NS D, Zhu 5 (2004) 1, T DBADBEETF X, Y OKEFERIC
w5 EEERE HX—Y)=1, p(Y—=X)=0} LEDT3, '

' A—? eQTL 2 b OB/EFRREOERBRICH T 2 EHMER. BETF X, ¥ 5358 L T cis-actinig eQTL

(B 5\ trans-acting eQTL) 2 b > TV B F[AI, BEF VIZeQTL ELTLDAREDLL, BEFX
BeQTLELTLE LZBOoTWBRLRETRE, DLAXBY 2L T30 THNUL, X D eQTL
THB LD YD eQTL &2 LH#EfIINZ®, YHXKNTIH/ — FLh3ugEErEwEEL

5N3, Zhu 5(2004) %, ZOBADEET X, Y DEREBFKRICHT 5 EHELS

o N()
XN =1 V)X Gy TN

¥y = N(X)
=X =X VX5 T

EEDHTWS, riX, ViZX & Y OEBERE N)RERETD QTL 02 RT. ERIB, LXhAK
D eQTL Z b OBEFMBHR/ —FitZbPFwiv) EHEMH AN T3,

D : R4 et DHEERERE, Whole gene expression array CLIEEENDORRBOREME D 2B/ L 2, 20D
FER:Z>TOEBEFRERY P7 -0 M LI AAFRCES 7 7 Th REROHR,

wWHBoN, ZOREFHIEZ(ROoNBDF
BEDEYEN T AL B F— 9 R— A TR
BT 5 ET, HEED causal pathway ZH#EHI T 5
DIBIUDEEZOND,

ERRIZ Schadt 513 LEOFEEZAWT, & MF
AHMIC &7 2 DNA BCFISBIC k> THRES N B
BEFRERERY b7 — 7 2HEL, ATHREICE
WTHEEL e AFEBTORy b7 -0
e LT, EERES I U ERFECEEIRE
BITBIT 2 GWAS DREROEBE 2 BERBLT 3 =

2HA, GWAS DFEFEL0 ¢ “BEMEET
ELTHREINTWIEBEF L RBDOBREFIY
SEBOFERICECEEL Wi L) ERTE
EHLTW3ES,

@ BDDI

2010 % 10 HIZ 1,000 genomes project @ pilot
phase DIERMBAFHE N, EBEELZE* LEE
T3t MERIC BT 2 BEENSRED R VHIF]
AW 2272, It FEREOERIC &
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