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Since the whole human genome sequence has become available, the methods to search for genes of diseases or drugs
responses (traits) have changed dramatically. The former approach designated as ‘‘candidate gene approach’’ is now
dominated by ‘‘genome-wide approach’’. In the former approach, researchers search for the genes based on the func-
tions using biochemistry and molecular biology; however, in the latter approach, the genes are searched for by the genet-
ic and statistical methods. Initially, monogenic diseases were the targets of the researches; however, polygenic diseases
and drug responses have become the targets. Parametric linkage analysis was quite useful for identifying responsible
genes for monogenic diseases. Genome-wide association study (GWAS) has been introduced for the identification of the
genes for polygenic diseases and drug responses. GWAS was first introduced from 2002 to 2004 in Center for Genomic
Medicine, RIKEN but has expanded rapidly to other countries including US, Europe and Asian countries from 2005. In
Nature Genetics journal, about half of the articles published recently include the data from GWAS studies. Both
qualitative and quantitative traits have been analyzed by GWAS. Qualitative traits include diseases and drug responses
and quantitative traits include physical measures and clinical laboratory test values. Recent reports about the association
between drug responses and genes have clarified many important pharmacogenomic associations. For these data to be
analyzed efficiently and used appropriately; however, guidelines for researches and clinical tests concerning phar-
macogenomics (PGx) are necessary. ‘‘Guideline for pharmacogenomic test’” was issued in 2009 and, in addition, an ex-
tended guideline covering various fields is now being discussed.

Key words——genome-wide association study (GWAS); linkage analysis; pharmacogenomics; guideline; statistical
genetics
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Fig. 1. Effects of Genetic and Environmental Factors on Diseases

There are both genetic and environmental factors for diseases, and the proportions of the factors vary between both diseases and individuals. An example of a
disease with only genetic factors is a genetic disease, and that with only environmental factors is an injury. The strength of the effect of each gene on the disease is ex-
pressed as an effect size. Except for genetic diseases that are located at the right end, the effects of genes on diseases should be studied quantitatively rather than
qualitatively.
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4. ZRFHELY / LT1 RBERENT (GWAS)

BB rEictul, ZRTBEOERKZKR
KD ERFREZMNES, LHOBERNEEL T
7%, 1 DOERDOEEGDOREIZEY (Fig. 1).
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1720, EWD KD B 5 — kR E T 5
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WD HENFES TWRNWXDREIZRD B, &nD
KO REM AL ETRD.
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RWE I, BHEEOILAIICHD (K10 cM

ETHD, 1Mbp lFEDOKIITHY). /2 NNTA
KU 7 EEER AT I A4 © T K75 HR oD B AR oL
DRZIEE L THERLUZONT /) LT KRBT
(GWAS: genome-wide association study) T&H 5.
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. ACTINOELDOFEANTELERO T T, FED
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STWHIETTHS. LEN>T, GWAS b X
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2.
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5. RWREET K kb-$ 10kb (B EICK > Tl
100kb LA ) O#iFH THEHF L THD, INzEH
AT Oy 7 (HHNINTOYAL T Ty 7)
S, HEART#T O 7 NO SNP 13 g
¥DOSNPIzkDfRESIN, TNEH 7 SNP (tag-
ging SNP) &IER, = Af (Y 7UHhR, I—0O
vINR, HPER) OEEATE T Oy ViE LY T
SNP |3 HapMap 7O = 7 b (B{LERZEATE &
TERGE > — M 24% D5 —F IZEHE) TH
shizannEzBINTWVWS (http © //www.hap-
map.org/) CRIFENIZHARNEEPE AN X).
o702zl MZE->THELNZY 7 SNP Ine
7 LBAEfRAT D 726 D 30 757-100 /7 SNP & v b
ICHWSNTWS (llumina, Affymetrix) .

2002-2004 FFIT VT, PRAFCHSRAICHGS 1
72 GWAS I, 2Y J# DD BIZFIEITEH L Tt
HE2ZTZHOD, 2007 EXD, KEBEY1E >
T AT LADERLICE D HRMIZEN o729 5
%> Nature Genetics 78 D i 3L D 45% 7 GWAS % H
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Fig. 2. Schematic Drawing of the Procedures for GWAS (Genome-wide Association Study)
DNA is collected from many cases and controls, and the genotypes at about 500000 SNPs are obtained. Subsequently, the data are analyzed by algorithms
based on statistical genetics, and the SNPs significantly associated with a disease are searched for. The distinction between cases and controls does not exist for quan-

titative traits.
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Fig. 3. Change in the Proportion of GWAS-related Papers in
Nature Genetics
The number of papers using the data from GWAS is rapidly increasing.
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EONDOLNIZZEDL D BRI ET HEENRL, £
Di=DxZW = ER, BNICKHT 2 ESENHIEL
BN ONE LR, HANSKE AR
DIZ, IEHBF DB THEBENTHVWO S, 20K

BEFRNDDZONH LN,

VAVANOE 253 A - AR I NOE 25 SiN0F-$i-k o
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Fisher |3, 1918 fED B2/ T, BB EMN
EHOBERDOELHETEINSET)L HMWET
V) ZRBLE. ZO0LS5RBREFIVEMMBARY
D=CEFIVERRR. ZLT, BMBENEE DM
EBEEASE (BEIWETHEIVEKSZS L) FE
DEBREZED (BERT D) EWOIEFIERET
HZEICkD, BREEENPEERAE TS &
IR U7z, 9212, Fisher DEBREI M E TV
ZEIC, H#oN, 2EKER, S2ABOD AT+
v 7 BlR7R E DR & IRIEHERTFIENREEL TSk
DThH5B. LEN->T, TOXDBHKEENETIV
N, BERBR > THELND LD IR EREER
BMF =050 S TIEEDDIEIDLAUARD T
EIRDTH 5.

LEBEN/ET )N ZHAVWEZEBEOMIE, EEEH
b, BEREEERWEAY BT EDFEZH W
T, GERBEOHEKFR, MiRFECEMFEREDE
R 2R RICL ZENEE O GWAS N5
REINDHEIITKE SO

Bl 21X, Fig. 4 IZbnbNOWTIcL D, =M
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Fig. 4. Part of Manhattan Plots Indicating the Results of GWAS Targeted at Clinical Laboratory Data as Phenotypes

Clinical laboratory data are interpreted as phenotypes and GWAS was performed using the data from about 14700 Japan Biobank samples. Only the results
about urate, BUN and creatinine are shown. These plots are called Manhattan plots that indicate —log P values for the associations between SNP genotypes and
phenotypes for about 500000 SNPs arranged in order from chr 1 to 22 (or X chromosome) from left to right. In the analysis, various covariates were used for the
adjustment and meta-analysis was performed using the inverse variance method. The red horizontal line shows the genome-wide significance level of 5X10~8, and

the plots higher than this level are considered to be significant (From Ref. 6).

BHEWNRITLZ GWAS DR ZRT.9 Db
W3EE, HANA AN 7D 14700 ALK D &5 072
AR EOMZBNRBEEE LT, 2HROEKRRE
EICBET 2B TZEZRAELL. O 2D 55, 46
DHHROBEZRTHOTH o /2. HIAIE, HIMmER
213 MHC, CSF3 12 E73, RiuEkESNEZ/ 0O
E 2 ITiX ABO 72 £, I /MR #1213 MHC,
THPO, GPIBA I3 EDQ L RINEET % Z &b »
o7z,

X 512, BUN ITIX SLCI4A2 O %k MED B E T
% (Fig. 4). SLCI4AI1 3 RMERFEZRH DR FEZH
K, SLCI4A2 3B RME/ENDIRFZEMEKZ I —
RLTWADT, ZiUIMmD THYREHTH 5.
JV7FZWBEET5DIE WDR72 TH D (Fig.
4), i3, ¥ AEMES % Hypomaturation
amelogenesis imperfecta DREEE T TH 5. Fi-,
HbAlc OREICBH T 5 e GWAS TRE N
TWa, BFIMSIE, EimxEICEET S, JOoX
THREZFF DR EDRBINTWVWS, Lal, =t
COBITNMEI LT FZ 2 EHE#ET 00, £
SABHTH 3.

6. 7/ LEBR2CETEIHARTA

GWAS 37/ LEBREO I TOR I Z 5L
DOHBH. AYFUICKDEEMHEEICEKRT S
SLCOIBI B5T.,? VA IWAKKLDA > 5 —T
T O EEICEEET S IL28B EIn TV ETh 5.
72, GWASDA THEYKINEICET 5B ET
DFEENEDODNTNG,

Bz, AN EE>, vo7) =)k ER
Stevens-Johnson JEEFEDHEENH W & THI S 1
TWaA, PEEANCBWTIE HLA-B¥1502,2
HLA-B*5801'0 7 L)V OB ERMD TRKENWT &
Nohol=. £/-, 7)NHEICK S EERIERIC
1& HLA-B*5701'Y OB GMNKEWN., D, XK
ES AR TZNS OIEYOIRMNCEIE LT L RIME
HOBEEDERMNEEH I NS K DI o 7.

ZDXDITT 7 LEEBZNH BT E M I
BWTEELKREZRZLBEDD E, TNEHED
FEIRICINHT 2720 D0HA RIA 2N EIZ/R> T
iz, HANEEGEYS, HABRKRREERER,
KR BRAEEUERHS (JCCLS) 133FT 77—
AT I AREOHEMES) 2K L (2009
£ 11 HtkzT, http © //jshg.jp/news/data/pgx.pdf).



268

Vol. 131 (2011)

LML, ZOHA RIA NIHEZRIIBT 5 4E0H
MIERHN D7 7y —< 35 ) 27 AMEBIZB > 72441
RIA4 > ThHs, BE, ISIJRWEHEZ IN—T
B70DHA RIA HIEICHT, HANEERY
2=, HABKBAEEYS, HARBKREEYS HA
TDM %23, HABKMEREERES (7 F—
IN—) ThiigEHhTH 5.

1. &HYIC

SFEYY, MEYELIINETEREZ SO
BEEATY 7 0—FIC K D PEBEEE LG T 2RER
THEDITHRDBEERMWASTTH THo 2. THICl
N, REMB LT L7414 R7 70— F 135 E
BTFEEDT, BRFN, HtICBEEERLR T2 M
RKIDFETHD. BHEICIDAEE, H#RE &
FHER EQHFCHMMNBETH D, HFAMITID
SEHOWAEE L ERT D ENEFEYFTH
TIZRDDDHD. TORMNOEZ, HAF, BK
WEESICKITT, 77 DOEXDEEEFELTNWDS
EVSONBRTH D, BEITNERITH 5.
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