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BETFPFEETHCTEORRZ O~ T AMEREZEA L, WENICT7 =/ — LTS L7
J LHERER R L TV, FTIEFD—3kE LT, ER 100 BZTFIC 1 EEBER*RIERLTE
5 ETIIREFIIE 720 TTICT — 2B LERIBEIC LT 200 D RZeRA R % & F &% 2#(n
FIFEEFRRLTEY, WIwvIEIRL VI BT 2 EEREfRT & ORI OB 2005,

¥ v 8RBT A e MERETIVEEMZIEMIZB VT,

77 & DNA EFIERIZ, #boBRrRETelsns:
DT T T LTHb, THERERDIS, Haidlo 7
77 L BRI B W THRE S, NE%D Y 7
WRBEREN S ORI EZRL, IWEWHEL, BSOS 28I
B X TWL, 207875 LIFHIEST [l T
HoHEEbio, BEoHEL, T2, wEmEED
BWEEFEMIIT BB RSB L T L L
EhbETnE, 7/ LRGSR ZIEME S NI4H, 7
J LEEREREB A HYR L C, EAMIBHICHI AR TN TV B
RETEHR & W% BRI 2Rk 4 9 7 770 — F SRR &
NTWb, ZOHT, 1 DOER: TEDS [=RER] &
W) INPUT 2 VT, ERETH AT/ L7077 0%
Db DAL EE OUTPUT & L TR % 8§ 5 &5
ZHTETH L, Bl2E, YTRAEFEFLLRELT, F0
77 LR 30 EIRFEOW N Emn s 1 o9 OB E7
30 BOERBMETET. L, TNENOMEETIR % M
R CE UL, —HHIETE 0r ) LRI DT ik
E Do MIREHS, BRI B W THERAYIC 30 - Rk0HE
SAZELY) BB DIIARUEETH S, £ T, BHFFEF — L4
132000 4F 4 ASSRLDSE, © MR REMIICER R EE
Ho TV B EETH R EITKRDIAAT, TTRIDOF /L4
TRAEMEIE & A 7 A O W REM DR D IR 72, WEEE
T, KREREIIN DBHETIAA Z 7 )V DB 244k &
LT 20,000 % 2 % 258w~ 7 AR E 200 JTIEE 12
EOFRFIMIEHRAE LR Lo —F, KRBEGBETH DB 12
D\ Tld gene-driven mutagenesis % % f\V> T ENU Z2/R%
FA P OENBIZTIC 100 @I EHRARET 5 ICES 72,
(1) KEUERIM DB %A% (g, Ik, rzm, B
BE, Wi, TE, A, GH, &I, G, H R, K
A, #MH, HiE (GSCEBWYT /) LABEEBRIIE S V—7))
< AMEEREBBRATIZ N TR GSCEW S/
LSRETEHZE 7 Vv — 7 L ORFEIFEE L C DB %
DTE, WEEF v VS AOE 7/ 2 EFEIE IR TR
EHEEE L ) R b BV BRI ZBG L E0 ) 0oL

BRI 724 4

77 NVDBY =NV TF LW/ TV TF A
7% UNAMIFETTEDL Ay M7 — 7 REER”S, DB
EFHRE L1007 M7, I PV 7 OB FEE
FILED, 5121, TAZIR-PLETAMRN—
FY =27 FTEBL, 2O NY AEEIZL N 2TFENT
Eloo & ATARMEREL, ATEIFNT %2 H.0:C DB BEB% %
W7z, FHBIET 7 r—3 3 v & LT, Light Dark 7
A b B L Observation Y AT LA ZFEEL -, fTEIT—%
FE AT AIIOWTIRBESSIZED TS, /2, &
BRI =T A Y VY AT DL AEEMET A MDD
LNy AfEF L LT Open Field 7 A k% Light Dark 7
A MG R RR I R RE 22 LB L 72, TN
HHl7a 75 AUSORSEE LT, T2, HAHF Y 284
TOME DB LI EZE % FREICD IEF v /S A ITRAT &
HEHZeeHulb& LTHBEIT S AT AL N AB T 5
72 BT LAEERETEENIGE 7V — TIIAREER T T
%) OGO IBATPET L, EIIIHL o TEATIC
PE % DB ORI 2N A% &0 1 G HRER I B 5 i
Dz, BB, O<IE, HER, 3WEEOT L sk
VAT ALIRBIEBILTE D, BITHICHIoTwaH W
5L FRENTHEEINL 2D, BT/ L BERENS T
Fe I — T OMGEEE 7217 Th <, ST — 2 & O
MEEb EOT M T TV aR/RICHIZ, EEEMHERFTE 2
THRBRERG 22 720 (HYY 7 82720271
TSR IR, svRK, HER, lattAKrky s &2
HIK, ZHIK, BER, AARK, REHK, sttt —
T v 7 EORK, AEKEOLFENE)

EHICHRY v /XA T RCAL ¥ 7 A LR 52k
LEEILCD, 2O—MOMHPIKEENSTTEEL 2o
7eDT, LIRS — L b MAD YT AEBRREE L ER v
YONATIRO 120 BT/ AREBETEEITZEMUE phenotype-
driven mutagenesis TE T IV~ 7 AR e L & (& L
THRREEM T EDOTEL, —F, R RCAI vV A%E
Bafaa% 12 B\ Cld, gene-driven mutagenesis THR L T X
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TR B LTI B GRE R 2 o~ ) A O FIRIFHT > A
T LD L HOICE . FD7201Z, TS, B
J DAERETEIRIIE 7V — 7 & SRS -0 B IR 2 & B Al
& o TREICERER T ARKERRET LV AT L%
FTEML, TTIC3 RO~ T RAEBAIC &L - THA

L, 50 PELL EZekgs i~ 2R RO MRS R+ v
YIRATEINTVE, ZNIfE->T, 2T TICHSEE
fii L C&72 DB %ifiH L %245 gene-driven mutagenesis |
L7 E IR 2 D TV D,

BENERFBIREH I B\ TIE, (TSRt b 72
LEGBWHITVRERDY A LY B R 2R R IZH3I L
TRITRD S B L T 2 28, FBBAENT RO 5 8L
D E—DR L b, FZTHRZBIELLZITIE
AP TR VWERKIZOWTIE, =7 AERNOFEH
SO E B OMRIICIERTE 5 2 ¥ U — L
WiRDWBHL S EERPEEE 2D, 22 TH V80
R AR B 058 & B AR T & Z2 AR AL C a4
720D AT LEMICOEF L, TR ERLR
L7y R EDPREENTWEDT, FDF V87K
ERFOBIETAY VT =2 B LTWDE Y oy g
EIENTT B 720 PR D LEICE U CTER A RO T\ b,
FIEDITGIGE T — LA DSEHITHIZED 1 DIZHIF T B
F U Y EBRERERTER THIITANS T VT4
> (AD) Tl3 MAB2166 E/ 7 0 —F Viifk% AFLE
BUCEPERI Y AN OB TEDL 2 E 2R L 72 512,
FREEZAL DA% 3R RS % ik & L CRE sl R
TOFRBHBBN S BMAEL TWD, O HD b4
OUIEF —LDFRELTVWET ) LFTAF I 7 A
W B HET ORI E CICER R D, 77 254 F
SZATIEHD DL HIZ MY Ty ) E— b+ OHEE TRl
MR EE R T oMz, MRz /BEREETO X
INIIHENARZILE Wb o TV ARBETENIS , ks
HEIOBIT I EHOBBEILEE 2 D, 22T, BRI
WM O MARBEER AR L, SF SF 7% DNA 15
R ERITEAARLHEE 52 5%, BHMA~OZE/LD
FiEZBIICEET S 2 LR TERRET 5, 29
Vo Zo, A YR — AR R B MR R ERRE, R
N—= D L UFFe T — 4 TIE, UWERDSHEEE Ebh
TWwWizb oo, FE 16 £ 1 H £ 0 B A sE AT BT R 3%
AR ANBEE LR AP RRO S NRE L 2 5 72,
< EHEWFTE >

(i) NMR A & R0 — L AT L OB (MERE ; “F1U
(TEWSREY 3 THEW SRR %) 491 (GSC % > 737 B -
FRRERFZE 7 Vv — 7)) 5 AR, HLE, W (GSCE#WT 7 4
A HEIMITIE 7V — 7))

RO LI ITHEL S TR TE R WEHBM O E B
B 3 5 BT, YEHERTFZE % BidG L 720 NMR
AT VD L ERERER L SIBICHEITE 5, 2512, 3C
R N % EOFRNMICHETET 5 & 2 OB 2SRIEN
[ S RS B QI Nl S 1 T 3 o e 7 e A U = o3 e
GSC NMR &l m BEA LT 28 7 — & 52k W] CREM I BT
5 NMR A% RO — AEFIZEF LTV, 22T, 2R
<7 AN FAEOENT & FMAICHEE L 72 BT L5
BETHINZE 7V — 7H5F T L T A BRI E TV <
AN BORERR NV O — RS L CREFICERIR L, %
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5 0BET RN A 7 K5 4 b O ERE % @i LK
BRI D ) HICHHTE A 2 L 2R L 72,

(i) R~ 2N ERLOME (Herk, ML, 32 ;
&H (GSC &7/ AREREIERITZE 7V — 7)) B, &
N1, #2H (RCAI SIEER BBz 7V — 7))

BB TFICERE2 R L2~y A R/kE, F2oMEko
FHIM A BRI CE R EERN RET VT 2 &
LCOFMMEIIFEES N RV, BRLAERZFEOT YA
BHRERETE LTRESRTWDEDT, ZORNZHEDS
FRHEENT E TP L CTERBBNT AT L T 500
BELD, T ARBIERTE A T ICENHi %
O RCAISWERERR /N — T L LT, Zoihz
EEALT AR 2 MhD 720 RIIZIX, Sy 2T b
TIUNGREEDT LI Y FAT OEARE EEICEH L
EOIRITEE EREEEOLTFETH L, BE, $TTIC
IVF B X OB %R 3 BT EBGE L, 3T 50 A
RIZ EEF R TN D,

(2) KHBEZTT DB M5 (M, BE, =6, N
, =45, A, GH, &I, I, G

T ) LAEREIEIRIIZE 7 L — 7 Cld ENU T L7228
RERAFOHE—I (G1) ~ 7 A% 21 F T 10,000
TCofAs R T & LCTIAE T — B A 7AL L 720 ST — 213 2
D 10,000 lCD< 7 AN S5 ) L DNA T —H A TEEEL,
g BA T ICER 2 % ¥ 5 gene-driven mutagenesis Bl %
R I2FEE OB Lz, SFR 13 EEIZIEZ S AL b
V= YTl o TOR3OMb ZAZ ) — > L 1Mb
WP EERZFER L TVWAIEZHLNII L, =
A 5DS3,000Mb ThAHZ L5, 18D G121 3,000
fll, 7—7h4 74&HIZ1E 30,000,000 O HIERE L )THRE
BT e LTEREINTVD, T 14 FREICE, SHICEM
AR 7 TTRE & 3 4 Temperature Gradient Capillary
Electrophoresis (TGCE) Y AT L% EA L, REFII~
VT TV 7 AHHER L, FEM 100 O EIHRER LR
IMTEB L AT LNMEL L72e BFERE TIZ, DX 200Mb
ZEDAZ ) =25 2003 K D EZEIRIER % K& W)
BIZTICHERFEL TWh,

ZZT, TOVATLENEDPS S —EICHIATE S
il z @b L7z AREETREE 135 L2, 2095,
MERD S DFADO b DIFFE xR 5 T8 BIZT- L o7,
FIHHSHIZE 5 & 35 IS PCR 794 v — %G L
FIHZH LAt BMZEF — 2 ICBWTERERA YY) —
YEITH o R L AR ARSI EN T A% & LT
FRHMEN % £S5 —ZOELMTHHZ & T 0
DEAINNTT RTOERRTEINAF )YV — AL v ¥ —
(BRC) # @B L C— ML AT A E V) REIRIBLT
W5,

EMIZ 100 DERBR OB HRE G- L 13T, 7/
LERRE & MR IR 5 13 7 S AL ETH
o M Ed 1045, TEMIL 100 L ICERFERL)
i FIFLHMABPLETH S, €I TH LWERER
REREEGD, TVIFRIIBIFADNA V=4 3070
REW 2 Emd bz R L7254 Ly b= v 2 7D
JoH, E51CE, YA XFRAFRET T T4y vahl
TR 2T T 5 TILLING #74 & & o liEtic A
EEETF L,
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(3) JIFMA DB HESERZE (WERE, K, =18, W,
HiE)

INFT, KA DB BIFEEM L phenotype-driven mu-
tagenesis % H.0MZ, BT DB RS %A 1E gene-driven
mutagenesis ¥ #iE & L THED T X7z, 3 TIZ, gene-driven
mutagenesis 7> 5 #5200 SRFED HMFERE T~ 7 2 &SR
LTWBDT, Wk, gene-driven mutagenesis 7* 51
bNTev Y AREOEARLEIR OMREFNT 2 HE D, Fh
ENORAER %Y, BL TR L RBABCHERT 2 A5 S
DB OS2 IET 5, £ELI2ERT— 2206, 1E
FWFL L, B B MEEER 2 AT, REIZ
BIETHEREB LT A2 M T 5,

(i) BB TICERER O~ 7 ZDOR%EME (H
W, HE, W, TAE, A, G, I, BH &H, b
R, BEE, FEL, FIH, Tk (GSC 87/ L BRI T
T IV—T) s wAR, & (GSCEInTHEE - et
V—7) 5 B (BRC Bh & REREMATHAMTHE T — &) ;
PR, PHH (RCALY A b7 A Al 7V —7) 5t
(RCAT SRIERRETHTE 7 v — 7) 5 F1 (BSL 43Kt
BHEFZEF — 4))

LRFERE D b DO EIEIEN 24T o THEWIZ & s R
ETYyy —MICAZ ) — T HONRENTH L0,
REROMEAITIZNENOBIZTIZEAOWNFEE % ) B
BAbT A2 L3 LV, 22C, ZFOBEIEF 2 HEMIHT
L CWABIEED, B CEMmik, Hm, 7—2%, /
INTEWEDP LT, ZOBETORRKRERT T ALBITL,
B THERERHICH 72 2 DR TH ) vy, ZOBGE,
RTAI =Y VAV ARRETE, v AL Vo
TeBMEANA R & S REICER~Y Y A AFTE, T,
WHEORELEI T~ T AERPTE L Z EP—HEMIZIL <
HH SN2 9 2 CEHBBNTH L, ZO—MIHBITEE 12
FHTTRE R 2 AT &5 %2 BRIV ICREEERASE 3 5 720, 2R8ENT
72 (A) (1) & LTPH 15 4 X D F7EHE 2 MLA TRIZEL T
W, I IR, ITENEE), MRERAE, Bk, iE,
BRAGEFTNENEEHM & T HU5EEDE L 7 5 EET
ZIRBL, TOBEFORERERELRT —LIZBVTHE
RURMT 2, 2L T, BRLIEYY AR E EWRELS
B EZEL LTINS 4, W NEZEY.T5D0H
WTHb, TOMIEILZ T, RERE T HIZE WL
&% MRS AT ACI R IC B W TR L 72, IR 2 &
ONAL 14 ORFFERR, 27 BFZE2E 55 51 72720 L CHE
WREHRET 5 L L HITEBOFHITOVTHET L7z, (db
KIeum Bt I maFse £ > 7 — JbHEK, Bk RFEBEE
R ERIG, RGIESEA Y EpiseEr BRI, REARKE)Y
BRFEME L v ¥ — IHHK, il RRFRESR K
K, MARKFBEEETE 25K, RS FHa4smrst
BT RIS, BN ERSRRT MBI, 7 Y P AR
K& Roder I & O H:[AHF7E)

(ii) Long conserved non-coding sequences (LCNS) %
WOESRERIT (Mg, HE  #HE (GSC &8s/ 4%
RETHEAIZE 7V — 7)) 5 &, B, LE (GSC 7/ Lt
HEAEHIE 7V — 7))

WEAEEE [FEBIZT-HIB LIS 7 LELHI O Y h¥E
] LB CEF LA TH L, 22T [z

i ki, ¥R - N ARG ZF OB EZ R

BRI 724 4

i LT3 cis BoH 2 R L 7255 T30 7 & 0 % 5k L
Tk, ENUIZZ o [E{nTHEE] [FREETHE] 2 Mb
T LIREREREFHELTVLOT, §XTOT
/ 2 DNA FCH| O AW REREA 2 47 9 2 & 8 BRAY I T g
Thb, bbAHA v T 7 b3y AL CTIRIETHIEE
KT BT AERM LTS 52 LA TRETH LA 1D
12 ESHIROBMiTHEE s —7r v 74 v 7L TY T AL L
THHT L T K D3R 5 B BR & 3 5 R 2 45 o T
POBENTIE RV A IIEERE, 2 OIRRE IR D
LA 2 FE O RO RV EREEE LT, b Ev
7 AT LEE &SR L 500 bp LA EIZIE 5 T 90% L E O
FME % N9 IR % £ 853l L Long Conserved Non-coding
sequences (LCNS) EIFATWS, ZDORNPTESIIMD
T & = WA M 2 /R ISR 2 BRSO D 7/ 24
% ERNIR L TS HITEMEZ KD AAR, HZERAR
MMM ®D PCR 774 v —%&ikat Lico A7) — Y ORER,
5 DDA S 10 2R 5 MERER RN T L 2 &
I L7z SHICAZ ) —vhEDLLE LB, HEh
e RBERBFRIZ OV TIIHHF 2537 AL Tw
HEZATH A,

(iii) 7/ LA L DR~ T 2 DZRIRERIEH
BIZFFEERA OBIFE (HeRE, BUE ;&1 (GSC 7/ AfHH
FHbise 7 v —7) s Bz, #3% (GSCE S/ L haels
Wge7 Vv —7) ;4 (GSC BIAF RGN TE 7 )V — 7))

ME—, phenotype-driven mutagenesis 2°5 7/ A D%
IREERGE P 2 T 5 TOHEME DB L 1T) #
W CTH Do BRERE R~y E TRETNERY
vatnru—=rrLEEThE, RLZMICL TR
FIED~ T A& FHTT B LB H ) EEL RS 5, BT/
LAERETEHIITE 7V — 713, KEBUR e~ AfH sk 2 ¥ L
TW5 L3S 2, 9T phenotype-driven 1 CTHEH DZEMK
FRIAKEZHTLLTBY, 20121 DICHE LMK~y
VY72 FET 52 E3ARTRETHL, 22T, BHEE
THE# (candidate gene approach) %D TE 72, Lif
78 F — L TIEARLEE £ TIZ positional candidate approach
BIZE T, BT/ ARG 7V — T HHESL L 72288k
ZERJZFED D B, $TI 20 Rfgbh LIZo W TRKFEET
M58 & FEBIZ ENU THRE SN TWERB b2 R L 72,
SO IEmEEARE IR KB AR 2 I TE 5 Y
AT LBAZEMTEE LT, EFAAEH A Y M T — 7 ERRPA
BISCEAERTE A E L bt L7za 47 ¥ 3 » DB LI
FHO L FERBIET OB IAA & FIENO B & HE4E
L REEDTE, RKEEL, #4) 7TV —kIlE
%L 2 BB A LEBL 722 25, RNA 27 N)L
L TR T IUSEE IS Z O b D & 2D 7 T AZEAL D
AL TWLHEBERET S 7T AT TIEL N, B
16, ZOHBMERLHILIRE 2 E2BET LT 5,

Our research objective is to directly connect the geno-
type and phenotype to understand the function of gene
and genome. This kind of studies has been conducted in
genetics ; however, we apply this genetic approach to whole
genome by developing high throughput research infrastruc-
tures with the robust ORACLE database system. In the
mouse model system, ENU induces many point mutations.
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Phenotype-driven as well as gene-driven approaches iden-
tify ENU-induced mutant mice in genome-wide manner. In
particular, we have discovered ~200 mutations in various
target genes. Now, we have started to analyze extensive
phenotype analyses for the mutant mouse strains.

1. Population and quantitative genomics re-
search

The program of the life is coded by four letters of base
pairs. At present, it is a completed program that encom-
passes all the information from the fertilization to whole
life cycle. At the same time, the program of the life is
variable and flexible to adapt various environment and
survive the natural selection. To elucidate the functional
information of the program, we utilize mutations that al-
ter codes or sequences of genomic DNA. The phenotype
of mutants directly reflect the biological function of the
altered genomic DNA sequences. One of the most effec-
tive mutagens, ENU, mostly induces point mutations in
the mouse. Thus, ENU is useful to alter single letters of
genomic DNA. We have so far succeeded in discovering ~
200 mutant mouse strains in various target genes.

(1) Development of a large-scale phenotype database

The phenotype DB for the mouse mutagenesis project
has been constructed in collaboration with the GSC Mouse
Functional Genomics Research Gr. since year 2000. This
year, several new applications were developed and intro-
duced to the Totsuka and Tsukuba facilities particularly
to the phenotype screening for the behavioral analyses e.g.,
Light Dark test, Observation system, and so forth. Several
enhancements were also conducted to the Mutant Manage-
ment system, Open Field test, 2D Image File Management
system, etc. In addition, we have started to develop our
own phenotype database system for the Tsurumi Campus,
since a part of RCAI mouse facilities has become avail-
able for us by RCATI’s courtesy. This new database sys-
tem is focusing on the phenotype assessments for the 200
mutant mouse strains established by the ENU-based gene-
driven mutagenesis. The cell culture system as well as
metabolome/proteome platforms have been introduced to
the temporary allocated experimental room C204 by the
Director of the RIKEN Yokohama Institute.

(2) Development of a large-scale genotype database

The Mouse Functional Genomics Research Gr. has so
far developed a frozen sperm archive of ~10, 000 G1 mice
by the ENU mutagenesis. We have been isolating genomic
DNA from the G1 mice to construct the mutagenized ge-
nomic DNA archive. Our preliminary studies revealed that
the frozen sperm archive consisted of 30,000,000 point mu-
tations in the mouse genome. It implies that it is possi-
ble to retrieve point mutations in every 100 bp on average
from any regions of the mouse genome. To discover ENU-
induced mutations in a particular sequence or gene in the
mouse genome, we have introduced Temperature Gradient
Capillary System (TGCE). This year, we have succeeded in
the multiplex analysis of quadruple samples together from
the PCR to heteroduplex detection for the TGCE system.
In total, we have discovered ~200 novel ENU-induced mu-
tations by screening ~200 Mb of the mutagenized genomic
DNA archive. We have also made the ENU-based gene-
driven mutagenesis available to any researchers who have
engaged in the studies on a particular gene (s). A user may
design the PCR primers for the target gene (s), we then
screen the mutagenized genomic DNA archive by using the
primers, and the user conducts the functional analysis of
the gene by using the discovered mutant strains. We have
been developing the throughput of the mutation discovery
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system. This year, we introduced another detection sys-
tem, TILLING method, to compare the reproducibility,
detectability and throughput with TGCE.

(3) Development of integrated knowledge-database

The phenotype database and genotype database for
the ENU mouse mutagenesis had been rather indepen-
dently developed for phenotype-driven and gene-driven ap-
proaches, respectively, until last fiscal year. This year, the
phenotype assessment facilities have become available for
us at the Tsurumi Campus as described above; thus, we
initiated the integration between the phenotype-and geno-
type database to construct knowledge-database. It directly
connects the discovered genotypes by the gene-driven mu-
tagenesis to the corresponding phenotypes. To accelerate
this integrated database, the elevation of the throughput
of phenotype assessment is the most critical key. The user
consortium described in the previous section should en-
hance the whole mouse phenotype analyses. A part of the
feasibility studies organizing the user consortium has been
supported by Grants-in-Aids for Scientific Research (A)
from the Ministry of Education, Culture, Sports, Science
and Technology in Japan since 2003. Nine laboratories
have joined this program.. The first conference for the
use of RIKEN ENU-based gene-driven mutagenesis was
held at the Koryuto Hall of the RIKEN Yokohama Insti-
tute in July gathering a total of 51 researchers from 27
laboratories in 14 research institutions including the mem-
ber of the program above. The objective target genes are
from various fields, neurology, embryology, immunology,
senescence, oncology, psychology and so on. Currently,
135 target genes are listed in http://gsc.riken.jp/Mouse/,
of which 78 genes were from requested by other labora-
tories. In addition to the functional analyses of various
gene function, we have also started the functional elucida-
tion of long conserved non-coding sequences (LCNS). Last
year, candidate sequences were chosen by the multispecies
comparison. This year we screened 5 candidate regions
and found more than 10 point mutations in LCNS. For
the phenotype-driven approach, we continue the collab-
orative development of positional cloning and candidate
approaches. This year, we examined the feasibility of a
tiling array method to detect point mutations in the can-
didate region. By using some positive controls, preliminary
results suggested detection of the mutations. The repro-
ducibility and resolution of the detection are now under
investigation.

Research Subjects
1. Development of a large-scale phenotype database

2. Development of a large-scale genotype database
3. Development of integrated knowledge-database
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