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MREEN SRR E (N AVTARTAORABAET —ARN—RE{F) 1I7APx
IMIFERI12EENCSERDFTETEDON, FRI6FEEEZLE>THRTLIZ, C
OHERBE. HBAEANAMFEEZFRILD YV —2 7 L (JBIC: Japan
Biological Informatics Consortium) &EERMTREMBEMOHBME L 2—
THA EMBEHRBEHHAE 22— (JBIRC: Japan Biological Information
Research Center) Di & T —3AN—REHFF—LH L EL>TEBESINT=,
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F-REICRYAA . ENT/ LICBET SERGNAFT AV TAI T4 REET —ER
—REREBTADOYVIN I I 7EHEMICHATES VAT LEZERTHZEEB
BMELTWS, £l . ENT /LDT7/T—av A EEZERL. EMEIEFEFIV/INIE
(B9 2 EMFRIEHBE OO EYDOBEEFERE T —FIRN—RLT HI L, EBIT,
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EERFEANATRROBELGFRAREZIREILZEICIY. BBVEDNIFE
EIZBITARMAROREIZEMTHIEEFDHELT-,

ClIZARTOP DS ERDBRBEETELHDHIENTE I LIL, BREE
BDIXBLECRADEBE Y THS, CTITECREFBRLLETFZU BRERDARIFDOO
RHVERZETTHAID . ISLTHREROBEREEHRE TSI LE. FELWL
RBYUTHD, SEL. EWEROBITET —IN—X IR T LD EHE BZICHER
REEDODTKEFIETHS, MET—IN—AVRTLDOERIZEWLWTH, FIFEEIC
EOTEIZERLBT —HIR—RVRATLEGDILEHEL T, BiFEEDLY,
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2.1. HAEFAFERR

(1) & F2E DNA#HET—4 A—X : H-Invitational Database D{EE
1.1 T—2R—XAHEHEOFEE

A7ODIH FTEFEER DNA DT/ T—L 3 UAT—E3R—RADHE
FETHoEERICE., E MEGTFOFEMMNDIERLGT/ T—2 3 VRIS
BEEBIUVEERILCORELEFNH Tz, EFEER DNADY O—2
ERBEMCIEERIEHRICEALTEY .. KREL cDNA Y O—2 R TR Y
9 FBERZEHIFI-ZELIZKY, BATHEESN-E FEE2RK cDNA 70—
VORBFERTHRIZVKRRICH- Tz, TDH, SO/ B—FFIALZE
MERFOREERITAED TR M/ L) BAEOHEFTIE. BRIFHEALSHIC
BLRGIMIGICHTze COT FNT—UFERERH2EDIZT 51612, cDNA
20—V FEHALEEY Y FOERICKD SO EHIMBEMFBIL(TTHL, NA
AV ITART AV REEFERALEZT7/ T—2avHREITVWEORRET—4
R—RIEET B LICIEFKRZLEENHDIEEZADNTZ, CH5LEEENL. £
FEER DNA ICRT BT/ T—L 3 UvMiEaT— 3 R—RABED-ODOEEL
BRI EDEENEENTET -,

ERIZTO Y FERBT HICH-Y. BRAOTEER cDNA y O— U4
BETHEIN) I AR, RRRXZEREZHAER. HhT SDNAHERD 3
HEEICHBAEERZ LIz, £, PSRV T F—LDHOBNDOETELHE
HEICERAZEESEL, TERDNADT7/ T—3a Yy - T—AR—IBEA
DHHEFUN T, FOHEE,. F4 YD DKFZ. XE® Mammalian Gene
Collection, FEDEIIE b7/ LWHERD 3 DOHAEHEIL I ERBAL -,
Z5LT. &5t 6 DOMEHELARTOD Y MZBAWELEFEI EELS
fzo &BIZ, 3—B Y/ EBI B SIB, KED NCBIGEDNAF A2 T+ <
TAVAMBIZETIEELGHARMEICHLIEFIEFLRTIHAZEEL. &Y
BHBITARE A —Z2hDETHIERERARI V- T LK EINT,
Frz. SOAVVY—CTFLTOEBRHREMAEE. stEEA NS A EXFERIED
o= F L (JBIC) £YIEHREMAR L2 — (JBIRC). EERFMLEH
AT (AIST) &£YEHREBHFAR L2 — (BIRC). £ L CEHILEGRFEMERR
(NIG)DEBADNAT—%/N>% (DDBJ) D 3 #EANEET 22 &I o 1=,

ATOD Y MEIFERK 14 FICEBSIATz, . FR 14 ED 3 BICEHE -
PRIGTHEIN-HIEEE T, %I(C H-Invitational E&ffF5hi-E L
RDNAT7/T—2ar-7adzy CrOBELERINTz, 51, FRL 14
F£ 6 ADERBERBICBWVTC, 7/ T7—2 a3 OFIBET—IR—IBEDH



DEXRFELER SNz, TLT. FR 14 ES AN K 9 BITHIFT 10 AREIC
=3 Oy R —%F| #ELE. COPry R —EBOH T, FHI
[CEMERBIARE 2 —ICTHER TRV TEITINI-EET 42,000 KD 5E
LR DNAIZHT BEEDT/ T—a UERICH LT HEASEFE 512120
ZOMEELNEEZMA. EEMHOEVNT/ T—YaVviEREERLE, 20
ZIZ. BEIOT—2OEHEELLBARAT —IR—IABEBEEEXZITL. FHK 16
4 4 AIZ H-Invitational Database & L T—f2IZAR L 1=,



1.2 T—3R—ZXDRAE

ENBEFT/T—avOMET—4R—X

bbb EErERFT7/T—2avDEREEBHBE LEHET —2N—X
[H-Invitational Database (B&¥5 H-InvDB) ; http://www.h-invitational.jpl D 1>
A—2 b ABEEFER164F 4 AIZHIELTz, HInvDB (£ Human Full-length
¢cDNA Annotation Invitational(H-Invitationa)&WSEERERMZE IO IR
DHERTHY . HED 118 AOMREBASMLTER14FEIfTTHONI-ErNESR
cDNA 7/7— a3V DEBESECTEELH—REICE OCEIBHOERB L
VEMRICKDT/T—avDFERERMET S, BRZHILETS 6 DOELR
cDNA EF|EHETOo M IREENT- 41,118 KDERE LR cDNA %45/ L
£® 21,037 OEMEEFEIZTYTL, 7/ LR, EEFHEE. ORF Fll. &z
FRRAIRKEELTOREELHMBNBE. E-FRE/NI— . ERFD SHME.
EREEDBEE. N FEILGEDT /T—aVvEREREL. HRIDERNTURY
YTh—L T—ER—R"EFIHLI=, HInvDB [FEN/LEZMEIZHELNTELE
BIEEREIRM T HT—IR—X([ZGEHEEHELTLNS,

[XC®HIZ
2003CERX15)F 4 A 14 B. N/ LBIIZEEMBHEDERNLEENTHhN T,

7/ LERSIDBERICKVENIBEI AEYMFELT /LR FIIRENICKET HIEN
HEFShLD . ErEEEFOBECKEZHERT 5=OICIE. 7/ LEBSIZMA T
J LD BEREINTEEFEITHATEE cDNARIIDEZENLETHD, A
TIXEYRBRABRAR 22— (JBIRC) EHAR DNA T—42/\>% (DDBJ)AHE
THRELERI16F4AICAV 23—y ARERAKBLI-. EMNEGFORIEMNT /T
—avERBEE T —F N — X [H-Invitational Database (B&F; H-InvDB) ;
http://www.h-invitational.jp/[ZD W\ TEENT 5,

H-InvDB &(3

H-InvDB [£ Human Full-length cDNA Annotation Invitational
(H-Invitationa) EVWVSE RSN D 44 #ENSML-EREREHE IO IMD L
RTHD, HAD 118 AOHRENSMLTER145E8A258NH9A3BFETD
10BfEIZh YRR -ERERIZDICHE L TITHh itz H-Invitational 7 /7—33> -
xR —EWSEREE R cDNA 7/7—avOEBRE VThivhbilder
cDNA D7 /T7—2a BRELEHEILLI-, ZLTAKR-TA)h-F1Y-hEDE6DD5E
2R cDNA EIEHRITOD I LIRESNI-EFNEE R cDNA 0 41,118 MiE
EHBLS (& 2-1-2-D ISR L — S =B ETERIIBTZITL. SOICEMARIZEKDT



JT—ar (BEEERMA TN EMAT=2, ELT. & TOT—2%& T —3~—R1EL.
FR165F 4 Ao A 23— ybEBLTHAFRICH T TEETARZMABL-.

Ty BSIRET-T/T—ay

BAR-7A)H-FA4Y-FED6DONTEER cDNA BRIIFEFZ IO ISR MHE
Ntz 41,118 DEFEL R cDNA (K 2-1-2-1) DIEREFIZEME DNA T—4~R—2X
(DDBJ/EMBL/GenBank) oA > 54 TRB LA EHIC LD KIREMT 91T
ofz. COBFTOBMEZLUTITHRDS,

R ABRS|ORYIRLEEEEZ T A LT- 41,118 MIEREH|EENT / LB & ELE]
L.cDNA 1EEERIDENS /LEDMEZRELIZ, CholEEEZRRCE 21,037
DEEFISRI—IZHFEINLIELN DO, COEBBFITRI—%
H-Invitational cluster (HIX) EERLBEGRFEHEAMIZID 245071, COHKBER
N4/ LR, TV A PAVIEE DBEFEES. RTSAV VT ERKRD
INA—2%F T H5-OITLERRFRINFLNT=,

RIZBEEDO O > TWSBEHDI-AIXET—IR—X (XL CTEHIHE R TR
RITAJ 5L (FASTY»-BlastX?) #=4TL . A DFELMES KU GeneMark [Z&3
BIZFFAKREDHEAEDLEIZLY cDNA DOEFFTAIX(EFI—FLTL
%581 (CDS) D F flE1To1= FRISNI=TI/BEIIIHLEF—7FRTOIS
L (InterProScan®) #ETLI-AIXKE DEEEF RZITo-&. EFfRLST/T—2
A CERGT) DRAEZETo1=,

Ff-. MBERNBEFETOSS5L(PSORT II, SOSUI, TMHMM, TargetP)
[Z&YHBRNBIE®D F % . GTOP (http:/spock.genes.nig.ac.jp/~H-Cent/) TD
BIICKYEAIRKEDIRBED FRZEToz, 28 T—2~X—X (dbSNP;
http!//www.ncbi.nlm.nih.gov/SNP/) IZEFHIN TVSELFZHRMEDKREETITL.
2R DNA LOZRDOBEELREICTDODNVTHENTEIT oI, B FDORET—2%I
& DT LHIELICKYERFRTA/NNFI—VICHAT 5T —IRN—RZEHEELT-,

EHIT EEBET—H4R—X, OMIM
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=0MIM) & GenAtlas
(http//www.citi2.fr/GENATLAS/) . Mo UREL =B DER R EBIZEET S
BIZFOER. BEVEMEGEFITRAI—DI365 /LA LDMEDHFEESNTLVG
WVEEBEEGFICOVTOERERME L=,

REIZ. B RDELERE cDNABHCHLTCINLD T /T—aviEHhET—EN
—X{tL. H-Invitational transcripts (HIT) 7> /3\—&0LVS ID 5L 1=,

H-InvDB Dk
H-InvDB (IEEXERHLEMABFTOEMBFERENAER > 27— Biological



Information Research Center), #tHEANAFEXRFHRIELIDV—2T LA
(Japan Biological Informatics Consortium), EIEEFEMEMDEADNA T
—%/\2J(DNA Data Bank of Japan)®D3DDIZ—H AR TAKRINTEY.
H-InvDB AR by FR— (http://www.h-invitational jp; & 2-1-2-1A) [ZIEZ5—
YAADIIDNHEIN TS, S5—A:ADY %Dy HE H- InvDB
by TR—2 (K 2-1-2-1B) BAFRREIN D,

Fr. B EGREMREFRDIS—YALTIET—24H00—FA FTP YAk
(ftp//hinv.ddbj.nig.ac.jp/) bR SN TLVS,

H-InvDB #RE L AT L
H-InvDB TII4FEDREVATLEZRAEL TS,

fyTR—T EIZEMNIE=DSimple search (X 2-1-2-1B) Tl&, FILFA I AZa1—
TEIRLIEZVEDDERIZRIETHF—T—FEIE ID ICXERREETTES,
QryTR—=D (A 2-1-220) ELDRBEROEBRDREVIVITHIEIZEY, EF
TILEDREDMEIZRYTINEGFONEMRESETIENTES,
@Advanced search(E 2-1-2-2A) TIIBRENR T —2EVrEERL., 2BAKES
PEHRES (EC number) . HUGO B FAGESEFIFHRREFHEHAEDLE
TRERITDHIENTEETH D, DH-InvDB [CEFSINTWSIEREINNZEIZTI/
FRECHICxt 9 SRR FEZITLMV-LMEE(E. Blast search (& 2-1-2-2B) EE A
SRETDHIENTED, ARNVERIEZELGERYIRICAAL. AT I3V %EER
LTETTHE AALIEESICHERIMEDHS H-InvDB RADEEFIJRAMRRS
nd,

H-InvDB D& &

H-InvDB Tl&. £T® cDNA B LVEEBEFIFRAFI—ITHLTEDT /T—3Y
T—R%ENHEL TS, BIEFITREI—IZRTBHT7/T7—3avId Locus view [,
cDNA (239 %7 /T— 3V (& cDNA view [CHiEMICR TSN TEY., SBI25/
Ly HBR/NF—2 HEREREOBE, MIBRNBE. V3R FEIZALTIE
HMET /T a v ERASRTEIEEAAEIN TS,

(DLocus view (E2-1-2-3A) . EFEE2 R DNADY /L EDEIZKYEEL
Shtz Locus ITXRLT, 2BEAES. 2AEKNVE 2EBALDOMELED Locus
information 933>, /L EDEICAEIZY YT ENT= Locus member £33
V. RISAVVTERERGEDT—IMNRTRINTULVS Locus feature £33,
iAFLP IZ&2BEFHRBEHFERICEOVTHRROMBIBEMLEERTTS Gene
expression profile 733y BRAVEEBEDEHELKEE T —IR—IAND) U UER
~ 9 % Disease information 923> D EEFH5 2D I avhLEBREINTINS,
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(2)cDNA view (B 2-1-2-3B) [&. &= FH#8E (Definition) | & {5 F 4 (Gene
name) . EC number. R#TYT~ADY2I%KRT S Function £93> . &
cDNA D47/ L EDGIEIZEET 51EEE TR~ % Mapping information #9332
F RSN ORF % ORF HD#EEEF—7. GO R EITEHTHT—2F KR RL TS
Predicted ORF 233> 8 NIR - ¥ 58 %E T Ortholog gene X7 & D 73 Fi
bR HTEE R A R "9 D Evolutionary Feature 33>, GTOP (&AL {4
EDF R RERTT S Prediction of Secondary & Tertiary Structure £33
V. HBRABRED FAKREEZR RS S Prediction of Subcellular Localization t
ooay BEBICSATI)—HXLGEEDIO—2IZETHIERE, ZRAOKRYIR
LE2SIAE DIFHMAR RSN TLVS cDNA information 933> D EEH72DEY
avhoiEBEEN TS,

(3)G-integra (B 2-1-2-4A) (4 / LITEHRT —FRN—XTHY . PEMMEERTT
bviewer EID [CKDIMBDREBEV AT LERA TS, 7/ L LD EDHEEIZT
yTENT=E2 R cDNA, DNAT—4/\U(2& kS = mRNA, NCBI @ RefSeq.
EBI® EnsembliEGFDRUELELFREZLLERTESIEZH . EST, SNP, 414
AYTSA MBS LVERFFRTATSLDERS, FoNID—PIDRGEME
MIBOEERIDEN/ LETOIYTHNEDT—2E2SRTEHIENTES,

(4) Diseaselnfo viewer(& 2-1-2-4B) [FEMEIEFITAZ—EBDEEFED
BET—2EWNELI-T—IR—RATHD. EMNEGRFITREI—DT /L LDEEL
2 DDHEEFHRT —F2X—X(OMIM & GenAtlas) LD EEAZEINSEMEEF L
DEEDEGEHERELDEEERRLTND, F-. 28K LOMENSKELD
BEED AT REMEMTRIEEN S, co-localized orphan FREDIEHRLSHBTHIENTE
%,

(5) Clustering viewer(® 2-1-2-4C) [V ZRF) T HHEEY—ILTHY. EFESR
£ cDNA DERINEELLIAETIZRI) T LI-EREZLRETHIENTESD,
H-Invitational S M0#R8 (Ensembl. Hitachi, SANBI. TIGR. UniGene &
U JBIRC) oSNz vEL Y (/L LDAE) B LUES EEERS]) IZE
DOZRBYV TR DR EITIZENTES, Tf=. FHTEEDEFIZEIRL.
EHY(Z ClustalW Z2RITLTYIFITILT SA A MEERT A EL A BETH D,

(6) H-ANGEL(H 2-1-2-4D) [FEMEEFDRIR/N\I—FNELI=T—FR—X
T#Hd.IAFLP, v49870L 1. SAGE EOERBRFEATHONT-HABREADERE
FRET—AIFERELERLTNS, RE/\2—2I1E 10 LU 40 DS %ET
DHBPBEELLTRIRIEIND, FHEBHRRN\I—TOBRREHKEDLRA TS,

(7) TOPO viewer(X 2-1-2-4E) X PSORT II [C& AR F— v T FILF
A&, SOSUL & TMHMM (2 & 5HBEEERL T FILFROHERESR TS HER
Y—ILTHB, TABLE. MAP. FILE H&U GFP D4FEDHITEEM,SEHS
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NTWT. TABLE JE@EIZIZ4BOMENBETRTOTSLERYT)—N,
MAP Y JBE@EIZIZBEIL T FILFRDERNT S T714hILIZRTEINDS,

1.2.8 H-InvDB &> A—FI774(I)L

H-InvDB TIE3EDSA YU A—RI7/ILBRTT—4ZRHLTLS, A0
—R274ILDH T ILE(R 2-1-2-5)IZ5RTF . JBIRC BHKXDITSVEIT7AIL (K
2-1-2-5A) . JBIRC 2k D XML X T774JL (& 2-1-2-5B) . £&U'. DDBJ =X
DIZIRT7AIL (A 2-1-2-5C) TH D, Fl=. # FEL-ELFHRER/N\2—>-KE
BET—2-HBERNBE  LAREEFRT—2I2DLTIEL, cDNA BLVEEFIZ
A= 5SSz T =32 ECIT7M L TIIEKEN DBITABTDHF DI 3
VITAILDERTODA I O—REAHEIZH-2TNVS, SEED S HoO—KR 77/l
LT 7—HATLI=2T—32D—EF 00—k & ¢cDNA view, Locus view &
FUBREFZERE@ASDERI7AILE D O—RIZEL TS, 8. DDBJ @
ST—HAMIBWTIE FTP YA MERTOA Yo A—REA[RETH D,

1.2.9 H-InvDB O;iE Al

H-InvDB (. 7/ LEHRECALZEZ-£EMZOM RO IETIEHBETER
FTEHEENTED, 2ERIE. S5 BBRMICHIFHRIEREBINERELIZETE, 2D
IEEFEFZEEHEIZ H-InvDB 23 L T Blast #%& (K 2-1-2-2B) 2E£179 52 &2 &Y.
LLERMEDHSEFTEL R cDNA T—4ABRIZ& SN TUONIEL, ZOE SR
T—32T/T—arT—ANETEFRALTHBREGCFOMEEZHEMICT YA
UEBIENTES,

F1=. H-InvDB OBRRVRATLERAWT, HEITEE4EFH-TEGFD AL
FHETEHIENTED, HlAIL. BKIZEAT SR EFEMIRFETFEAFLEZL
ET5, FDBE . FTHMBEE(F 2-1-2-2A) DB FH#AEE (Definition) 12K
(brain) ELV3F—T—RZEZAALRREETTHE. 137HDEFEE R cDNADE
kT %, CHIZEIZES—SYRELTD2DODEH. DEELEMERDURIENZS
= TEOMRE () CHRENICERBLTWAIE, QFRBEREITIENRSL
EEREY (IVX-TYR) THREATNRIESN TSI L, ZRERFHITNA TEST
THENRHEIEITRYRADZENTES, INLDIEFHELFO-AIXCEELT
DHEE. MIADOBELILABE. LUFER. RNOKEBELOBELGEDT /T—
23V T—HEEIC ERETOICELCEROEMEFELTOREAEIZOLTOE
MEBDHENTES,

E5(2, H-InvDB Tl B8N TS 2 THOEREE R cDNA 2L TEERA
[2HOO0—2DREZEVIIRMNTBIENTE, ZOBVEHLEE~ADIVINE
cDNA view BE[EMN RN TS,
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1.2.10 BhHYIc

HRHEE-AHLz H-InvDB [FHEHRFDEMNTURI)Th—L-T—ER—
REERE L=, FRHR14FED H-Invitational 7/T—3>-Or R —ITfiE, F
155 11 AICIXEEMEREMRTSAL T ERIKERTE LMAERTIRZ (N
HZEHBHEELT H-Invitational 2 ¥EE7/T—ar-Orvrhl)—ZF#ELT=,
ZTOERELIER H-InvDB [ZEFINDFETHD, §% H-InvDB [CEHESILL
B -BEHINIBREAENT /T—avT—40 ENT/ LEZMBEIZENTE
BREGT—RELRDIEEHFLTLS,
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5% 2-1-2-1 H-InvDB [Z& SN TLVS5E 2 K cDNA I =

cDNA 2tk * TRt F72 cDNA 9475

- ) URL 2 3k
(1) cDNA %t U —® HRAHA%
CHGC B - BURTER -
758 . http://www.chgc.sh.cn/ 7)
(FED B s e
DKFZ/MIPS N i ...  http://mips.gsf.de/projects/c
. 5,555 FEERL - 6 - U N 8)
(F1w) dna
FLJ/HRI
15,809 e - W% - B2 http:/www.hri.co.jp/HUNT/ 9)
(B%)
FLJ/AIMSUT i . http://cdna.ims.u-tokyo.ac.jp
4,842 B - - R 9)
(BX) /
FLJ/KDRI " http://www.kazusa.or.jp/NE
348 o ik 9)
(B%) DO/
KDRI ) http://www.kazusa.or.jp/hug
2,000 Ji 10)
(B%) e/
MGC/NIH .
11,806 e - fili  BZRE http://mgc.nci.nih.gov/ 11)
(7 A1YA)

* H-Invitational 7’12 ¥ = 7 MIEIT % 5% K cDNA HHEAS1X NEDO (URL:
http://www.nedo.go.jp/bio-e/)?»“Full-Length cDNA Japan” (FLJ) 7’1 = 7 K TR
6 DDO5SERRERSIFFGE 7 2 =7 I ; Chinese National Human Genome Center
(CHGC), the Deutsches Krebsforschungszentrum (DKFZ/MIPS), Helix Research
Institute, Inc. (HRI), the Institute of Medical Science in the University of Tokyo
(IMSUT). the Kazusa DNA Research Institute (KDRI) 3 & T the Mammalian
Gene Collection (MGC/NIH) 2> & 2l X 47z,
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(A)

S JBIRC

1JBIRC 1JBIC 1DDBJ DTN

Jopan Biological Information Reseorch Center

H-Invitational Database

H-Invitational Database (H-InvDE) is & human gene
datevase, with integrative annotation of 41,118 full-length
CONA clones currently available from six high throughput
€DNA sequencing projects. This database represents 21,037
CONA clusters describing their gene structures, functions,
novel alternative splicing isoforms, non-coding functional
RNAs, functional domains, sub-cellular localizations,
metabolic pathways, predictions of protein 3D structure,
mapping of SNPs and microsatellite repeat motifs in relation
with orphan diseases, gene expression profiling, and
comparative results with mouse full-length cONAS in the
context of molecular evolution

H

[veoRmRTION]

JBIRC H-Invitational Database

(by Japan Biological Informatic
JBIC mirror site

(by Japan Biological Informatic
DDBJ mirror site

(by DNA Dots B

k of Japan)

it jumps atter 15 seconds.

FTP site for downloading H-Invitational Database
(by DNA Dots B

Japan)

elcome to H-Invitatione] database.
Copyright®2004 JBIC, AIST, and NIG. Al Rights

Reserved

- Reyword
H-invDB
Human gene database,
with ive A i i

g
by Full-Length cDNA Clones.

What's New !!

= HInYDB(version_1.0) s opened to the public

= Heinvitational 2 functional annotation was held on 10-15th Nov. 2003, The annotation
results will be opened in 2004

‘Geneticists lay foundations for human ranscriptome database” NATURE, Vol 419,

5 September 2002

H-Invitational Database [Osample view |
Himitational Database (HImDE) is a human gene database, with integrative
annotation of 41,118 full-length cONA clones currently available from six high
throughput cDNA sequencing projects. This database represents 21 037 cDNA
clusters describing their gene structures, functions, novel ahtermative splicing isoforms,
non-coding functional RNAs, functional domains, sub-cellular localizations, metabolic.
‘pathways, predictions of protein 3D structure, mapping of SNPs and
epeat motifs in relation vith orphan diseases, gene expression profilng, and
comparative results with mouse fulllength cDNAS in the cantext of molecular evolution

4 entry points to H-InvDB
1. Select ‘search’ and enter a keyword in the text hox, then ‘GO'to find any specific data in H-
ImDB.

2. cickon [ and poceed advanced search.Clck on any i e search resutsfead you
othe view ofthe data n HHmDE.

3.cickon [l and proceed BLAST search. ik on any D nthe BLAST search results

+H-Invitational Dataset

lead you o the view of the dafa n HInvDE. ORI 2000

and ; genome integrated genome FLI"IKDRI 348
mapping view of each cONA FLIIMSUT 12585
FLIHRI 8,066

H-Inv DB views #Release information DKFZMIPS 5,555
| CDNA view : CONA information view  «H-invDB_1.0[14/02/2004 | MGCMNIH 11,808

cHoC 758

LTI Lacus view : Locus information View oy

HivDE_HX 1.0 [1410212008] Total: 418

T nteuwa: genome manoing vew im0 10 1402104]

B anceL - gene expression view HLInvDB_HIX_Annotation_1 0 [14/0202004]
piseaseinfo Viewer - cisease information view
lustering Viewer : clustering information view

[ET0PO Viewer : sub-catutarfocanzationview ;}1v00-20,Sruerel B HAUAA0ON

o Atotal of 41,118 CONAS were collected.

#H-nvDB_HIT_Annctation 10 [1410212004] 2" Y |

« *FullLength Long Jepan (FLY) Project

Six DNA Research Certers and DDBJ conducted a data freeze
15,2002.

has supplie thei latest genome assembly (buld 34)

EBl proviled a non-redundant SWISSPROT/TIEMBL pratein set.

Welcome to H.Ivitational database. Que
Copyright © 2004 JBi

ns and suggestions

T,

and NIG. All Rights Reserved

10 hinvab@ibire aist oo.ip

UUY] & JBIRC :Links

E 2-1-2-1 H-InvDB pyTR—

(A)3 DDIS—H AL FTP H—NADYU I ERBETEINARK Y TR
(http://www.h-invitational.jp) &. (B)H-InvDB D#IE, FERAE. FXaARO
T—AFOUA—FEEADI) . TAAVDHRBECEZRRHETIRET S
H-InvDB by T R—,

Huinvitational Datab;

Similarity cateqory ?|
[0 Hypothetical protein(Category V)

1 identical to known human protein(Category )L Similar to known protein(Category I1)
O 1PR domain containing protein(Category 111) [ Conserved hypothetical protein(Category 1V)

simple search

[

-invDB | ]

vitational Database

H

Choose program to use and database

Enter sequence below in FASTA format

Brogram Database

2 Help 2~ Contact us

o Home.

to search:

Data provider 2|0 croc O okrz/mips DI FLI/HRI LI FLI/

?
Chromosome NO ‘D v EoN CI0M,

msuT DI FLa/kor1 O korl DI MGC/NIH

Do1 Ooz003 004005 Oos 0oz Oos o Do 011 0201301401501 017 018 019020 O21 O22 0%

Or load it from disk

O neural
O stomsch/colond 1iver

Tissue-specific
expression ?!
Ortholog
Curation status

O Human curated O Auto-annotated

lung

O blood/spleen/LND 0] dermal_connectivel placenta/testis/ovaryl muscle/heart
O endocrine_exocrine

Kidney/bladder

D an trogiosytes O riacaca rascicutarss Ul racaca mutatéa U rus muscatus L Rattus norvegicus

‘The query sequence is filtered for low complexity regions by default

Feature 2|0 sne Oviicrosatellite O spiicing isofo

rms CI Representative transcripts LI ncRNA

0 Non-protein-coding transcripts (J Protein-coding transcripts

Coding potential ?!
Definiti

Filter & Low complexity LJ Mask for lookup table only
Expect Matrix O Perform ungapped alignment
Query Genetic Codes (blastx only) [Femtar 1y 3

Frame shift penalty for blastx N0 OOF ¢

Other advanced options:

—

]

HUGO Gene symbol *e.g VANP3 Datasource ID[  “cq rooass
InterPro ID[— <o iPro01I02 InterPronamel  ~cq Protein-glutamine gemma-glutamyltransferase|
GOUD[ *eq 600007 GOname[ “cq cell schesion
EC NOJ - EC description][ *e.q. Protein-glutamine gamma-glutemyltransferssel
OMIM 1D OMIM title| deficienc
Chromosome band] SCOP 1D[
Nucleotide(bp) | — ORF(aa))| =

E 2-1-2-2 H-InvDB & AT L
(A)Advanced search BEIE TIERERNE T —F Ve EIROIEFIEFLRRSEH
DA EHE THREZEITTES, (B)Blast search TIXERINZAALTREREZE
T3 5L4RMEDHS H-InvDB ADEEF) AR TREIND,
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7 Help i-Q# Hom 7 Help i-g# Hom

H-InvDB cONA)|
in DDBJ format|

Contact u
{,‘,};‘;‘;}f"““ MrrLocus view
Clustering M Diseaselnfo . H-ANGEL

H-Inv cluster ID:

D““'ig-m s oo (8023249 (s msghtmins
0015800 “HIT00003 1589 S A AR R D e
‘Locus information Mapping Info ! # ORF ! i Evolution  #* 2D & 3D- smwmre/ Suhcel.l\l].sxl lizati DNA Info

e HIXI [H-Triv cluster ID{version) Similarity Search Tool
heomosomet s 2 3 | [H-Inw 1D JHITO00031589 _ |H-Tnv ID(version) _ [HITD00031589
Mepped on wnoxdered G I | DN darabank accession No [BCO03551.1

Strand 2 1 <DNA featwre (2] | M Representative tanscript
[Loestion on Chromosome[Z] [37442295-37479113 ] (Curation status
D

o 63741868 Dsene  colored £ exon ¢ 1 protein coding: glnt
chronosone 20 - e non-protein-coding > non-coloned  intron ra (TGaseCHTGCHTGH(C,
5 7475000 57470000 57465000 SM40000 57455000 G7450000 37445000 3 Similarity category [Z] Mt On Om Chiv Ov
T . r—— [dentical to known huwnan pmmm n (PZ1980-01)([dentityicoverage=1
T T i |to Homo sapiens (Human). protes
X —rx ——" o

Pubmmed ID for publication

|
|DNA databank sccession No. |BCO03SSL.1 EC Nurmber |
|Definiton Protein-ghuarnire gamuma-ghutary fwarsferase (EC 23.213) (Tissus tansslutaminase) Metabolic pathivay iformation

| | TEase &) (TCE) () (Timng aarmanase 3 ([Gase. H. SPLICE 1SOEORM 2. Raovt it o tn v e Kgiow) 3D - T} |
|cDNA feature transcript HNows ]
|Curation status E3Human curated CJaut-annotsted

ocation i s bocws 958696815 e ‘Mapping information & DNA-genome aligment

ome (3649493736522 — T v

[H-Iny cluster ID(version) |

Locus feature

20
[Pattern of splicing isoform(s) [[J5' terminal &8 [33* terminat &8 DOlinternal &8 | 20911.23
|Position of splicing isoform(s) |[Jcassete intermal acceptor sits Olinternal donor site (JMutually exclusive(JRetsined intron| QNO,DxES
[Multiple aligrument of members |8 cDNA multiple aligrunent §5 ORF multiple sligrunent 9584-36819

otes (2] 73
Gene expression profile #7]

[Tissue-specific expression  [Cneural Clblood/spleenL.ND [Cldermal_connective Dplacenmeswomy DOmuscletheart
0 iver Cone ocrine_exocrine

37451878-37479113

(External links

" = = [Disease iaformation | [Disease relation D3 naimeNA
Disease mformanon vm [Relation o knovwn disease [OMIM ID:N& Tite NA ]
Duwe TRion [Co-localised orphan disesses __|OMIM ID:224100, 121700, 605387 |
ted information in OMIM OMlM ID NA 'mu N&,
OMIM ID:

Co localized orphan diseases
|Disease related mutation

MutationView 851731

\Amm aci lnm [amino acids] (548

“Predicted ORF
frame [

start codon | stop codon |

+1 73 1‘ [Prote ein fodlng
+ 1 11 11 Tl ]l Cadl.m Maymwn Tndex{CAL.  [0.860
22—+ g o ane 1 [MAEELVLERCDLELETNGRDHHTAD]
- WWRRGQPFWLTLHFEGRNYEASVDS)
i o L T T T |GPAPSQEAGTKARFPLRDAVEEGD
T T T T T T |QQDCTLSLQLTTPANAPIGLYRLSLE
2= T T T T L o |GSSFVLGHFILLFNAWCPADAVYLDS
3 T U e o T T WLTQQGFIYQGSAKFIKNIPWNF GG
a.a.length InterPro Name GO
53 m— 456 123 IPR001102 Protein-glutamine gamma-glutamyltransferase (Family] GO:101001
559 m—) 1167 93 IPR002931 Transglutaminase-like protein [Faumily] Na
898 m=—) 1164 89 [PRO02931 Transglutaiminase-like protein [Family] Na
. NA - Norayudebie
‘Evolutionary Feature

Orthology to AK052912 (mouse)
Hold

‘Prediction of Secondary & Tertiary Structure(s) (GTOP)

Unusual split of tertiary structure(s): NA

‘Prediction of Subcellular Localization

®sort T | aetens Deyeopiom Dmiroctontris Deyeosketeron Ter Dlgorgi Mprasma memy Dlse eet marise Cperessomar Clowser]
Target B npochontris [rignat peprite Eorner Dot presicted IRELAQ orlueris mavind
8O8UL |[Tmembruas provein[Msoludte protein [Tumterined posglond JRE at Suuls web she.

TMEMM [Tnenbrne protein. Msoruste protein [Tunterined 2] 2fp_picture
-cDNA Information
BC003551 golu-n Curated cDNA Information
HIT000031589 Leagth of cDNA [1781[bp) (10 exons)[A:384 T:322 G:544 C:531]
[l Revised status Dremsining invton reviseal Jrsmestint enor revisedlbuo sequence revision
" F o
i [ \0SZTSaICRaS T, ZEECTaT EsuaTAST
SPoly-h | Poly-h Signal Mmool -
CTCCGCCTCGGCAGTGCC Folya Sigual HA
GTCGCACTTGGAGGGTCTC Repl A
AAGGAGCCACCGCCCCCG 0 iginal cDNA I ln(ormannn
CCGAGGAGCTGGTCTTAGA 53 [ESTOESS1L = . |
GOAGCTOOAGACCAATOO) [1781(b3) (lllsem:s’]'[A LIk K i =
CACGOCCGACCTOTGCCE B e 03 A S o o
(GGTGCGACGGGGCCAGCC IMGCINCI
CCCTGCACTTTGAGGGCCH ozt ) G 7¢NGC 1198 4
CCAGTGTAGACAGTCTCAC mmv Tissus e iy, e el semsreimoms
GACCGGCCCAGCCCCTAG f

N4 - Noraruibi

K 2-1-2-3 H-InvDB O 7 /T—Y3>T—4RRE T
QABIEFITRE—IZETRT7 /T3>0 T —3% BRI S Locus view
EB)cDNA [ZB8T BT /T—arT—3%HEa IR T T 5 cDNA view,
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& Top Page -7 He e 27 Contact us

!.!.\-.!".1!.’ IRDE = & Keyword: | search
12 13 14 19 20 21 22 X ¥

sequence viewer: 10 kb around |37460702 sequence viewer
Otene  Mexon B Ascauence match ==ESTs JISQquem:e match EEPromoter WEPoluR
OMOU COMTN
-0 SN ) - WD = L T e S R

20 37440703—37480702 5 kb

37445000 37450000 37455000 37460000 37465000 37470000 37475000 37480000

ESTs

Human FLcONA

RefSeq

RefSeq NH_004613 = = N ! g 8 '

Hunan FLCONA LPW_ — — — T ¥ i |
K TS 1277

ESTs

0 63741868
chromosone 20 UL BRG]

: HIX0011630

Numbe
S W Description
for kst

Ul’.:mﬂ SuscopUBIRY oy

(E)

TEMMName ot J

Target® prodicion
Tourne [ j
™ ] Nuevos | T — £ .|

I precicinn
s i - T e i

& 2-1-2-4 H-InvDB §#l7/7T—avT—4SRET

(A) G-integra(B)DiseaseIlnfo Viewer(C) Clustering viewer (D)H-ANGEL
(E)TOPO viewer TIXZENEFNT /LRy T EKEBEFR. V5R2)VT  EiE
FRENI— HENBEICETIERLET/T—av T 325 RITHIEN
TZ%,
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(A) <2xnl version="1.8" standalone="yes" 7>
<H-1nu>

<cONRRNL>
<CLUSTER-ID>H1X8815888</CLUSTER-1D>
<H-IHUITATIONAL-ID>H1TBBAB31589</H-INUITATIONAL-ID>
<ACCESS | ON-NO-VERS |ON>BCAB3SS1 . 1< /ACCESS | ON-NO-UERS | ON>
N

UNBER>26< NUNBER>
( BAND>28q1 1. 23</1 BAND>
<FUNCTION>

<DEFINITION>

<DATA-SOURCE_DB-REFERENCE_PROTE IN-MOTIF-10>P21988-81</DATA-SOURCE_DB-REFERENCE_PROTE IN-HOTIF-10>
<DATA-SOURCE_CURRT ION-STATUS>Human curated</DATA-SOURCE_CURATION-STATUS>
<DATA-SOURCE_DEF INITION>Protein-glutamine gamma-glutamyltransferase (EC 2.3.2.13). SPLICE |SOFORM 2.</DATA-SOURCE_DEFINITION>
<DATA-SOURCE_SIMILARITY-CATEGORY>Identidal to known human protein{Category |).</DATA-SOURCE_SIMILARITY-CATEGORY>
<GENENAME-SYMBOL_SW1SS-PROT>TGN2. </GENENAME-SYMBOL_SW1SS-PROT>
<EC-NO_H-INU>EC 2.3.2.13</EC-NO_H-INU>
<NOTES_POSS | BLE-GENOM I C-FRAGMENT >NO< /NOTES_POSS | BLE-GENOM | C-FRAGHMENT >

</DEFINITION>

<GENE-ONTOLOGY>
<DOMAIN_DB-REFERENCE_INTERPRO> I PR@B1182</D0NA IN_DB-REFERENCE_INTERPRO>
<DOMAIN>
<DOMAIN_NOT IF_STRRT>88</DOMAIN_NOT IF_STRRT>
<DOMATN_MOT IF_END>456</D0NMAIN_NOTIF_END>
<DOMAIN-NOTIF_NAME>Protein-glutanine gamma-glutamyltransferase</DOMAIN_MOTIF_NRME>
<DOMAIN_MOT IF_TYPE>Fami1y</DOMAIN_MOT IF_TYPE>
</DOMAIN>

</GENE-ONTOLOGY>

<CELLULRR-LOCATION>
<LOCATION_PSORT!I>plasma memb</LOCRTION_PSORTII>
<TARGET-P>0ther</TARGET-P>
<50SUI >membrane protein</SOSUI>
<THHNMM>menbrane protein</THHIM>

</CELLULAR-LOCATION>

</FUNCTION>

</CONARNL>
</H-1nu>
(B) CONA_CLUSTER-1D: H1%0815888 Locus AKBO5960 2685 bp  mANA  linear  HUM 15-JUL- (C)

CONA_H- IHUITRT [ONAL-1D: HIT@8031589 2602

CONA_ACCESS | ON-HO-UERS |0N: BCAB3SS! .1 DEFINITION Homo sapiens cONA FLJ38641 fis, clone HHOPC2893963.

CONA_H- INU-DB-RELEASE: 1.8 ACCESSION  AKAIS96D

CONA_CHROMOSOME-HUNBER : 28 UERSION  AK89S968. 1

CONA_BAND_CHRONOSONE-BAND: 28q11.23 KEVUORDS  oligo capping; fis (full insert sequence)

HRNA- | NSPECT | ON_CLONE-NUMBER_ORIGINAL: MGC:1193 IMAGE:3544757 SOURCE Homo sapiens dermal papilla cells (HOPC) cONA to mRHA,

1IRNA- INSPECT ION_T I SSUE-TYPE-ORIGIN_ORIGINAL: kidney, renal cell adenocarcinoma clone_1ib:HHOPC2 clone:HHOPC2083983.

1RNA- | NSPECT | ON_DATA-PROVIDER: NGC/NC! ORGANISH Homo sapiens

HRA- | NSPECT | ON_ | NCOMPLETE-SPL I CING_RENAINING~ INTRON: MO Eukaryota; Metazoa; Chordata; Craniata; Uertebrata;

PRTHOLOGY_ORPHAN-0 | SERSE_0B-REFERENCE_LOCUS-ONIT1: 224188 Euteleostoni;

EUOLUT | ONARY-FERTURE _HOUSE_ACCESSON-NO: AKB52912 fMamnalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.

EUOLUT | ONARY~FERTURE_HOUSE_SPECES: mouse REFERENCE 1 (bases | to 2685)

FUNCT | OH_DEF I 1T |0N_DRTA-SOURCE_OB-REFERENCE_PROTE IN-HOTIF-1D: P21988-81 AUTHORS  Isogai, . and Yamamoto, .

FUNCT | ON_DEF IN | T|ON_DATA-SOURCE_HOMOLOGOUS_SPECIES: Homo sapiens (Hunan). TITLE  Direct Submission

FUNCT | ON_DEF IN|T1ON_DATA-SOURCE_CURAT [ON-STATUS: Hunan curated JOURNAL ~ Subnitted (84-JUL-2062) to the DOBJ/EMBL/GenBank databases.

FUNCT | ON_DEF IN1TION_DATA-SOURCE_OEF INITION: Protein-glutanine ganma- Takao

glutanyltransferase. SPLICE ISOFORN 2. Isogai, FLJ Project (HRI Tean); 2-6-7 Kazusa-Kamatari, Kisarazu,

FUNCT | ON_DEF INITION_DATA-SOURCE_SI1ILARITY~CATEGORY: Ident idal to knoun hunan Chiba 292-8812, Japan (E-mail:genonicsehri.co. jp,

protein(Category 1). Tel:81-436-52-3075, Fax:81-438-52-3986)

FUKCT |ORLDEF N1 71 OALGENENRIE-SVIBOL_PROTE N_5U1S5-PROT: Tan2. FEATURES Locat ion/Qual i fiers

FUNCT | ON_DEF IN | TION_EC-NO_DB-REFERENCE_H- INU: EC 2.3.2 source 1..2685

PROYEI N STRUCTURE SECONDARYTLAT ARy STRICTURE STRICHIRE START, 1 /cel1_type="dermal papilla cells (HOPC)"

PROTE | N-STRUCTURE _SECONDARY-TERT | ARY-STRUCTURE_STRUCTURE_END: 144 /c1one="HHDPC2003983"

PROTE | N-STRUCTURE _SECNDARY-TERT | ARY~STRUCTURE_STRUCTURE_DB-REFERENCE_PDB: 1euuRl /¢one_1ib="HHOPC2"

PROTE | N-STRUCTURE_SECONDARY-TERT | ARY~STRUCTURE_STRUCTURE_EVALUE : 1e-51 /note="cloning vector: pHEIBSFL3"

PROTE | N-STRUCTURE _SECONDARY-TERT | ARY-STRUCTURE_STRUCTURE_DONA |H_DB- /note="prinary culture, dernal papilla cells”

REFERENCE_SCOP: b.1.1.5 /erganisn="Hono sapiens”

SEQUENCE_TRANSLAT 10N: /sequenced_nol="cONA to nANA"

HAEEL ULERCOL ELETHGROHHTADL CREKLUURRGOPF L TLHFEGRNVEASUDSLTFSUUTGPA BASE COUNT 826a 412c S513g 874t 8 others

PSUERG TKARFPLADAUEEGOTRTUUIGOOC TLSLOLTTPANAP |BLYRLSLERSTGYRSSFULH? ILLFNAUCPADR ORIGIN | qoyigaattt tatatggagt tittatttge taaaaaccag gotgtigaat cacatttggg
61 aagggtactt atcttaatga ctaatgactt aattgggaaa gttgaattct tgtaaaatac

EEEE;EETOOEF'VQESRKF'K"'P”"FEQFEDE'LD'DL'LLDU"PKF"( :g: anantccaag gacttcttag atttaatctg attgtcactt cttageagat cacttttttg

ataatgaaag ttaagcatac tgaatgetac ttttgattga caaactgget atgatagtct

gg;gnﬁusmsu|ﬁsumLnnuknusconuwsutuumﬂuncTULRCLu|Pmuunwnsnuuunsm|EVFRNEFGE| 241 agaganaana toceiaaac gotacegatt cotoaagtas {9gtegosee tgatgtitea

llj::grliﬁ:UESHHTHPDLOPG‘(EGHORLDPTPOEKSEETVCCEPUPURR|KEEDLSTKVDRPFUFREUNRDUUDLIIOODDGS gg: g:ffffm; ::f;:gf:gz g;:;:ff;gg ;:E;f‘g’;?ff Z?ffg:?:gz :;:::f;ggz
421 cctgtggagt taagcaagac ttttaaamat tggcaccata cacatctogt tagticettt

:éégﬁt;“’" ITHTYK TRANHLHKLAEKEETGNANR | RUGQSHHNGSDFDUF AHI THNT 481 aoteriattt tittoaatan aagtagtaca eatoatttos ugggt!gtga utgtulngg
541 ggcttgtttt tggtatggat ttaaaaggag gatattaagt attcattcta attttgttat

';5"'3“”“5”’"0'LGPECGTKVLL"L"LEPFSGK"LCS”S'C' 681 ttttctagtt gecagagatq gttgeactga aatagancag ggagttgeat acaaagecta

"

B 2-1-2-5 H-InvDB#H>aO—K2774)L
H-InvDB Tl& (A)75vk774)L. (B) XML#X 774/, (C) DDBI 275
FI7AILD 3 DDOBKTE I O—KRT—277/LEIRHL TS,
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213 T—ER—RZRAV:EYEHRR
H-InvDB #E£700 1/ TCOEHEMFHRER

ErELE cDNA OMET—IN—RBEZEDLIHT. bhbnlE#HZDE
MERICHEKRENERETOICENTE . COETIE. ZOELGHERIC DOV TER
TH.LGEHE.INhoONAEIE. EMimXEL T PLOS Biology &ICHEFRLT:
(Imanishi, et al., 2004),

EMBEEFEYE

H-InvDB # (AL 41,118 ADTLE K cDNA(H-Inv cDNA) [£. 21,037 {&
DEFMEEFNCDEYIZHE T HIEMNALM L=, ENEEFOREIEIEE
BELTWVELA, RICBAETHLHET HELIE. EFDETOELRFDH7EIZX
RICT/T—av%& D=2 &I2155, £f=. NCBI [Z&ABEADEMEEFLE YO
T I LD FAEEFEYNELEELI-ECA, H-Inv (2(X 5,155 D FHREMEE
FIEHNEENDIENALMILG - (TRESER) , T EIIHEEERETE DR
BRIV NIETHY . EOBEEBEF THINEIDNXIE>ETYLELAA, Digde
LFRDEMERFORENZHEEN TSI LITHENTH D,

H-Invitational

7/ LD BOFREGT
RefSeq model mBNA

RAERF
RefSeq curated mRNA

K 2-1-3-1 H-InvDB OEMEEFLEYrE RefSeq ED HLE
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e/ LDSERE

847 {®M H-Inv cDNA ¥5RA—AER16EHFEATRIFTOER/ LERF]
(NCBI build 34) EIZRYEL S T BEMTEL M STz, LIS T, BEFLEN
SERITREINTNAAEINENSEETHMT S, ENS/ LEEFID#I4%(EFK
ERTHY., BEERIINKRRETHEINTEUTILOMEBENAESTLRMEELSH
2bDEEZLNG(TRHESR),

Chromosome 15 Chromosome 5

Human Genome (%ID > 95)

AK000119 NN I IR N 711 bps

531 556 1695

Mouse Genome (%ID > 60)

Chromosome 5

B 2-1-3-2 £/ LERSIDFTELEETRTIVELTHREDOH

HREME RNA 2%

AN EZI—FLTULVEWL HInv BEEFEIE. HInv EEFEED 6.5%
(L,L37TT B FE)EL55HD, D55 296 EDELFEEIL. SESFLEMA SHERE
HRNABEGTFDE NGIEFETHALEEZEZADNTZ(TRESHR),
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Grade C sequences Category of grade Number of
J4 11377 C locus grade C loci

Manual Annotation :
putative ncRNA 296 (21.5%)
L 296

Mapping onto

(
Uncharacterized transcript | 675 (49.0%)
(

mouse genome unclassifiable 329 (23.9%)
— 9% hold 77 (5.6%)
RNA structure test
Tz Total 1,377 (100.0%)

Experimental evidence

28 selected ncRNAs were found expressed in up to eight human tissues
R 2-1-3-3 #AEtE RNA {20

RTSALVTERK

H-Inv cDNA [ZEDWTEEBRMNICHRIISNzR T4 E R (alternative
splicing; AS)AY, 3,181 Bz FELIZEFt 8,553 ARHEINTZ, ASTIV D5
55% (%, BRI AMEER AN EFDIEMNBALMZE T,

ERFUNOEDOBEET /T—ay
ENMEGEFT7/T—a D=0 DIZEMLEHEEZHIL. TRTDIV/INIEES
DODATI)—IZH$ELIz, 19,574 BNV /INYEE . BEEHDOHEREIEEEEDER
[TEDNT, 9,178 EDBEEN T RIESNT=F /N IE 2,531 EDHEEF A ZFHED
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Numbers of SNPs on representative cDNAs

Number Synonymous Non Termination
synonymous
SUTR 10715  [1/569bp]
Coding 94670 B33y 11,042 13215 358

3’ UTR 31,852  [1/536bp]
K 2-1-3-5 Er5E2E cDNA LIzwv7aht= SNP

-23 -



(PLoS Biology §6&YERE)) PLOS sioLoay

Integrative Annotation of 21,037 Human Genes
Validated by Full-Length cDNA Clones

3,68

Tadashi Imanishi1, Takeshi Itohm, Yutaka Suzuki™ ", Claire O’Donovan4, Satoshi Fukuchis, Kanako O. Koyanagis,

Roberto A. Barreros, Takuro Tamura7’8, Yumi Yamaguchi-Kabata', Motohiko Tanino”, Kei Yurag, Satoru Miyazakis,

10'", Mika Hirakawa12, Jean Thierry-MiegB'”,

, Jennifer Ashurst15, Libin Jia16, Mitsuteru Nakaoz, Michael A. Thomas", Nicola Mulder4,

Youla Karavidopoulou", Lihua Jins, Sangsoo Kim18, Tomohiro Yasuda", Boris Lenhard19, Eric Eveno2%?’

Kazuho Ikeos, Keiichi Hommas, Arek Kasprzyk4, Tetsuo Nishikawa
Danielle Thierry-Mieg13’14
, Yoshiyuki
Suzukis, Chisato Yamasaki’, Jun-ichi Takeda‘, Craig Gough1’7, Phillip Hilton1'7, Yasuyuki Fujii"7, Hiroaki Sakai1'7'22,

Susumu Tanaka1’7, Clara Amidzs, Matthew Bellgard“, Maria de Fatima Bonaldozs, Hidemasa Bonozs, Susan K.

Bromberg”, Anthony J. Brookes'g, Elspeth Brufordzs, Piero Carnincizg, Claude Chelalazo, Christine Couillault2°'21,

k32, Toshinori End033, Anne

20,21

Sandro J. de Souza3°, Marie-Anne Debilyzo, Marie-Dominique Devignes31, Inna Dubcha
h36, , Yoonsoo Hahnm,

Estreicher®*, Eduardo Eyras15, Kaoru Fukami-Kobayashizs, Gopal R. Gopinat Esther Graudens

21'37, Kousuke Hanadas, Hideki Hanaoka1, Erimi Harada1’7, Katsuyuki Hashimoto38, Ursula
i4°, lan Hopkinson41’42, Sandrine Imbeaudzo’z', Hidetoshi Inoko1'7'43,

Alexander Kanapin4, Yayoi Kaneko1'7, Takeya Kasukawazs, Janet KeIsoM, Paul Kersey4, Reiko Kikuno45, Kouichi

Michael Han23, Ze-Guang Han

Hinz>*, Momoki Hirai®, Teruyoshi His|

Kimura", Bernhard Korn46, Vladimir Kuryshev47, Izabela Makalowska“, Takashi Makinos, Shuhei Mano43, Regine

50,52

Mariage—Samsonzo, Jun Mashimas, Hideo Matsuda49, Hans-Werner Mewe523, Shinsei Minoshima , Keiichi Nagai",

Hideki Nagasaki51, Naoki Nagata', Rajni Nigam27, Osamu Ogasawara3, Osamu Ohara“s, Masafumi Ohtsubosz, Norihiro

0kada53, Toshihisa Okidos, Satoshi Oota35, Motonori Ota‘“, Toshio Otazz, Tetsuji Otsukiss, Dominique Piatier-

21,37

Tonneauzo, Annemarie Poustka47, Shuang-Xi Ren , Naruya Saitouss, Katsunaga Sakais, Shigetaka Sakamotos,

Ryuichi Sakate®®, Ingo Schupp“, Florence Servant®, Stephen SherryB, Rie Shiba"”, Nobuyoshi Shimizu®?, Mary

Shimoyama27, Andrew J. Simpson3°, Bento Soareszs, Charles Steward15, Makiko Suwa51, Mami Suzukis, Aiko

1,7,43

Takahashi"7, Gen Tamiya , Hiroshi Tanaka33, Todd Ta lor57, Joseph D. Terwilli er58, Per Unneber 59, Vamsi
y: y P! g )

Veeramachaneni"s, Shinya Watanabes, Laurens Wilming15, Norikazu Yasuda1'7, Hyang-Sook Yoow, Marvin Stodolskyso,
Wojciech Makalowski“, Mitiko Go61, Kenta Nakai3, Toshihisa Takagi3, Minoru Kanehisau, Yoshiyuki Sakaki3'57, John

Quackenbushsz, Yasushi Okazakizs, Yoshihide Hayashizaki26, Winston Hide“, Ranajit Chakraborty“, Ken Nishikawas,

Hideaki Sugawaras, Yoshio Tatenos, Zhu Chen21’37'64, Michio Oishi45, Peter Tonellatoss, Rolf preiler“, Kousaku

Okubos'qo, Lukas Wagner1 3, Stefan Wiemann", Robert L. Strausberg's, Takao Isogaim'“, Charles Auffralyzo’21

3,40,68

, Nobuo
Nomura‘o, Takashi Gojobori"s's”, Sumio Sugano

1 Integrated Database Group, Biological Information Research Center, National Institute of Advanced Industrial Science and Technology, Tokyo, Japan, 2 Bioinformatics
Laboratory, Genome Research Department, National Institute of Agrobiological Sciences, Ibaraki, Japan, 3 Human Genome Center, The Institute of Medical Science, The
University of Tokyo, Tokyo, Japan, 4 EMBL Outstation—European Bioinformatics Institute, Wellcome Trust Genome Campus, Cambridge, United Kingdom, 5 Center for
Information Biology and DNA Data Bank of Japan, National Institute of Genetics, Shizuoka, Japan, 6 Nara Institute of Science and Technology, Nara, Japan, 7 Integrated
Database Group, Japan Biological Information Research Center, Japan Biological Informatics Consortium, Tokyo, Japan, 8 BITS Company, Shizuoka, Japan, 9 Quantum
Bioinformatics Group, Center for Promotion of Computational Science and Engineering, Japan Atomic Energy Research Institute, Kyoto, Japan, 10 Reverse Proteomics
Research Institute, Chiba, Japan, 11 Central Research Laboratory, Hitachi, Tokyo, Japan, 12 Bioinformatics Center, Institute for Chemical Research, Kyoto University, Kyoto,
Japan, 13 National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health, Bethesda, Maryland, United States of America, 14 Centre
National de la Recherche Scientifique (CNRS), Laboratoire de Physique Mathematique, Montpellier, France, 15 The Wellcome Trust Sanger Institute, Wellcome Trust Genome
Campus, Cambridge, United Kingdom, 16 National Cancer Institute, National Institutes of Health, Bethesda, Maryland, United States of America, 17 Department of Biological
Sciences, Idaho State University, Pocatello, Idaho, United States of America, 18 Korea Research Institute of Bioscience and Biotechnology, Taejeon, Korea, 19 Center for
Genomics and Bioinformatics, Karolinska Institutet, Stockholm, Sweden, 20 Genexpress—CNRS—Functional Genomics and Systemic Biology for Health, Villejuif Cedex,
France, 21 Sino-French Laboratory in Life Sciences and Genomics, Shanghai, China, 22 Tokyo Research Laboratories, Kyowa Hakko Kogyo Company, Tokyo, Japan,
23 MIPS—Institute for Bioinformatics, GSF—National Research Center for Environment and Health, Neuherberg, Germany, 24 Centre for Bioinformatics and Biological
Computing, School of Information Technology, Murdoch University, Murdoch, Western Australia, Australia, 25 Medical Education and Biomedical Research Facility, University
of lowa, lowa City, lowa, United States of America, 26 Genome Exploration Research Group, RIKEN Genomic Sciences Center, RIKEN Yokohama Institute, Kanagawa, Japan,
27 Medical College of Wisconsin, Milwaukee, Wisconsin, United States of America, 28 HUGO Gene Nomenclature Committee, University College London, London, United
Kingdom, 29 Genome Science Laboratory, RIKEN, Saitama, Japan, 30 Ludwig Institute of Cancer Research, Sao Paulo, Brazil, 31 CNRS, Vandoeuvre les Nancy, France,
32 Lawrence Berkeley National Laboratory, Berkeley, California, United States of America, 33 Department of Bioinformatics, Medical Research Institute, Tokyo Medical and
Dental University, Tokyo, Japan, 34 Swiss Institute of Bioinformatics, Geneva, Switzerland, 35 Bioresource Information Division, RIKEN BioResource Center, RIKEN Tsukuba
Institute, Ibaraki, Japan, 36 Genome Knowledgebase, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, United States of America, 37 Chinese National Human
Genome Center at Shanghai, Shanghai, China, 38 Division of Genetic Resources, National Institute of Infectious Diseases, Tokyo, Japan, 39 Graduate School of Frontier
Sciences, Department of Integrated Biosciences, University of Tokyo, Chiba, Japan, 40 Functional Genomics Group, Biological Information Research Center, National Institute

PLoS Biology | http://biology.plosjournals.org June 2004 | Volume 2 | Issue 6 | Page 0856

-4 -



Integrative Annotation of Human Genes

of Advanced Industrial Science and Technology, Tokyo, Japan, 41 Department of Primary Care and Population Sciences, Royal Free University College Medical School,
University College London, London, United Kingdom, 42 Clinical and Molecular Genetics Unit, The Institute of Child Health, London, United Kingdom, 43 Department of
Genetic Information, Division of Molecular Life Science, School of Medicine, Tokai University, Kanagawa, Japan, 44 South African National Bioinformatics Institute, University
of the Western Cape, Bellville, South Africa, 45 Kazusa DNA Research Institute, Chiba, Japan, 46 RZPD Resource Center for Genome Research, Heidelberg, Germany,
47 Molecular Genome Analysis, German Cancer Research Center-DKFZ, Heidelberg, Germany, 48 Pennsylvania State University, University Park, Pennsylvania, United States
of America, 49 Department of Bioinformatic Engineering, Graduate School of Information Science and Technology, Osaka University, Osaka, Japan, 50 Medical Photobiology
Department, Photon Medical Research Center, Hamamatsu University School of Medicine, Shizuoka, Japan, 51 Computational Biology Research Center, National Institute of
Advanced Industrial Science and Technology, Tokyo, Japan, 52 Department of Molecular Biology, Keio University School of Medicine, Tokyo, Japan, 53 Department of
Biological Sciences, Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology, Kanagawa, Japan, 54 Global Scientific Information and Computing
Center, Tokyo Institute of Technology, Tokyo, Japan, 55 Molecular Biology Laboratory, Medicinal Research Laboratories, Taisho Pharmaceutical Company, Saitama, Japan,
56 Department of Population Genetics, National Institute of Genetics, Shizuoka, Japan, 57 Human Genome Research Group, Genomic Sciences Center, RIKEN Yokohama
Institute, Kanagawa, Japan, 58 Columbia University and Columbia Genome Center, New York, New York, United States of America, 59 Department of Biotechnology, Royal
Institute of Technology, Stockholm, Sweden, 60 Biology Division and Genome Task Group, Office of Biological and Environmental Research, United States Department of
Energy, Washington, D.C., United States of America, 61 Faculty of Bio-Science, Nagahama Institute of Bio-Science and Technology, Shiga, Japan, 62 Institute for Genomic
Research, Rockville, Maryland, United States of Ametica, 63 Center for Genome Information, Department of Environmental Health, University of Cincinnati, Cincinnati, Ohio,
United States of America, 64 State Key Laboratory of Medical Genomics, Shanghai Institute of Hematology, Rui-Jin Hospital, Shanghai Second Medical University, Shanghai,
China, 65 PointOne Systems, Wauwatosa, Wisconsin, United States of America, 66 Graduate School of Life and Environmental Sciences, University of Tsukuba, Ibaraki, Japan,
67 Department of Genetics, Graduate University for Advanced Studies, Shizuoka, Japan, 68 Department of Medical Genome Sciences, Graduate School of Frontier Sciences,
University of Tokyo, Tokyo, Japan

The human genome sequence defines our inherent biological potential; the realization of the biology encoded therein
requires knowledge of the function of each gene. Currently, our knowledge in this area is still limited. Several lines of
investigation have been used to elucidate the structure and function of the genes in the human genome. Even so, gene
prediction remains a difficult task, as the varieties of transcripts of a gene may vary to a great extent. We thus
performed an exhaustive integrative characterization of 41,118 full-length cDNAs that capture the gene transcripts as
complete functional cassettes, providing an unequivocal report of structural and functional diversity at the gene level.
Our international collaboration has validated 21,037 human gene candidates by analysis of high-quality full-length
cDNA clones through curation using unified criteria. This led to the identification of 5,155 new gene candidates. It also
manifested the most reliable way to control the quality of the cDNA clones. We have developed a human gene
database, called the H-Invitational Database (H-InvDB; http://www.h-invitational.jp/). It provides the following:
integrative annotation of human genes, description of gene structures, details of novel alternative splicing isoforms,
non-protein-coding RNAs, functional domains, subcellular localizations, metabolic pathways, predictions of protein
three-dimensional structure, mapping of known single nucleotide polymorphisms (SNPs), identification of polymorphic
microsatellite repeats within human genes, and comparative results with mouse full-length ¢cDNAs. The H-InvDB
analysis has shown that up to 4% of the human genome sequence (National Center for Biotechnology Information
build 34 assembly) may contain misassembled or missing regions. We found that 6.5% of the human gene candidates
(1,377 loci) did not have a good protein-coding open reading frame, of which 296 loci are strong candidates for non-
protein-coding RNA genes. In addition, among 72,027 uniquely mapped SNPs and insertions/deletions localized within
human genes, 13,215 nonsynonymous SNPs, 315 nonsense SNPs, and 452 indels occurred in coding regions. Together
with 25 polymorphic microsatellite repeats present in coding regions, they may alter protein structure, causing
phenotypic effects or resulting in disease. The H-InvDB platform represents a substantial contribution to resources
needed for the exploration of human biology and pathology.

Received December 19, 2003; Accepted April 1, 2004; Published April 20,
2004
DOTI: 10.1371fjournal.pbio.0020162

Introduction

The draft sequences of the human, mouse, and rat genomes
are already available (Lander et al. 2001; Marshall 2001;
Venter et al. 2001; Waterston et al. 2002). The next challenge
comes in the understanding of basic human molecular

Copyright: © 2004 Imanishi et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

biology through interpretation of the human genome. To
display biological data optimally we must first characterize
the genome in terms of not only its structure but also
function and diversity. It is of immediate interest to identify
factors involved in the developmental process of organisms,
non-protein-coding functional RNAs, the regulatory network
of gene expression within tissues and its governance over
states of health, and protein-gene and protein-protein
interactions. In doing so, we must integrate this information
in an easily accessible and intuitive format. The human
genome may encode only 30,000 to 40,000 genes (Lander et al.
2001; Venter et al. 2001), suggesting that complex interde-
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pendent gene regulation mechanisms exist to account for the
complex gene networks that differentiate humans from
lower-order organisms. In organisms with small genomes, it
is relatively straightforward to use direct computational
prediction based upon genomic sequence to identify most
genes by their long open reading frames (ORFs). However,
computational gene prediction from the genomic sequence
of organisms with short exons and long introns can be
somewhat error-prone (Ashburner 2000; Reese et al. 2000;
Lander et al. 2001).

Previous efforts to catalogue the human transcriptome
were based on expressed sequence tags (ESTs) used for the
identification of new genes (Adams et al. 1991; Auffray et al.
1995; Houlgatte et al. 1995), chromosomal assignment of
genes (Gieser and Swaroop 1992; Khan et al. 1992; Camargo
et al. 2001), prediction of genes (Nomura et al. 1994), and
assessment of gene expression (Okubo et al. 1992). Recently,
Camargo et al. (2001) generated a large collection of ORF
ESTs, and Saha et al. (2002) conducted a large-scale serial
analysis of gene expression patterns to identify novel human
genes. The availability of human full-length transcripts from
many large-scale sequencing projects (Nomura et al. 1994;
Nagase et al. 2001; Wiemann et al. 2001; Yudate 2001; Kikuno
et al. 2002; Strausberg et al. 2002) has provided a unique
opportunity for the comprehensive evaluation of the human
transcriptome through the annotation of a variety of RNA
transcripts. Protein-coding and non-protein-coding sequen-
ces, alternative splicing (AS) variants, and sense-antisense
RNA pairs could all be functionally identified. We thus
designed an international collaborative project to establish
an integrative annotation database of 41,118 human full-
length ¢cDNAs (FLcDNAs). These cDNAs were collected from
six high-throughput sequencing projects and evaluated at the
first international jamboree, entitled the Human Full-length
cDNA Annotation Invitational (H-Invitational or H-Inv)
(Cyranoski 2002). This event was held in Tokyo, Japan, and
took place from August 25 to September 3, 2002.

Efforts which have been made in the same area as the H-Inv
annotation work include the Functional Annotation of Mouse
(FANTOM) project (Kawai et al. 2001; Bono et al. 2002;
Okazaki et al. 2002), Flybase (GOC 2001), and the RIKEN
Arabidopsis full-length cDNA project (Seki et al. 2002). In our
own project, great effort has been taken at all levels, not only
in the annotation of the cDNAs but also in the way the data
can be viewed and queried. These aspects, along with the
applications of our research to disease research, distinguish
our project from other similar projects.

This manuscript provides the first report by the H-Inv
consortium, showing some of the discoveries made so far and
introducing our new database of the human transcriptome. It
is hoped that this will be the first in a long line of publications
announcing discoveries made by the H-Inv consortium. Here
we describe results from our integrative annotation in four
major areas: mapping the transcriptome onto the human
genome, functional annotation, polymorphism in the tran-
scriptome, and evolution of the human transcriptome. We
then introduce our new database of the human transcrip-
tome, the H-Invitational Database (H-InvDB; http:/fwww.h-
invitational.jp), which stores all annotation results by the
consortium. Free and unrestricted access to the H-Inv
annotation work is available through the database. Finally,
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we sumimarize our most important findings thus far in the H-
Inv project in Concluding Remarks.

Results/Discussion

Mapping the Transcriptome onto the Human Genome

Construction of the nonredundant human FLcDNA data-
base. We present the first experimentally validated non-
redundant transcriptome of human FLcDNAs produced by
six high-throughput ¢cDNA sequencing projects (Ota et al.
1997, 2004; Strausberg et al. 1999; Hu et al. 2000; Wiemann et
al. 2001; Yudate 2001; Kikuno et al. 2002) as of July 15, 2002.
The dataset consists of 41,118 ¢cDNAs (H-Inv cDNAs) that
were derived from 184 diverse cell types and tissues (see
Dataset S1). The number of clones, the number of libraries,
major tissue origins, methods, and URLs of cDNA clones for
each cDNA project are summarized in Table 1. H-Inv cDNAs
include 8,324 cDNAs recently identified by the Full-Length
Long Japan (FLJ]) project. The FLJ clones represent about half
of the H-Inv c¢cDNAs (Table 1). The policies for library
selection and the results of initial analysis of the constituent
projects were reported by the participants themselves: the
Chinese National Human Genome Center (CHGC) (Hu et al.
2000), the Deutsches Krebsforschungszentrum (DKFZ/MIPS)
(Wiemann et al. 2001), the Institute of Medical Science at the
University of Tokyo (IMSUT) (Suzuki et al. 1997; Ota et al.
2004), the Kazusa cDNA sequence project of the Kazusa DNA
Research Institute (KDRI) (Hirosawa et al. 1999; Nagase et al.
1999; Suyama et al. 1999; Kikuno et al. 2002), the Helix
Research Institute (HRI) (Yudate et al. 2001), and the
Mammalian Gene Collection (MGC) (Strausberg et al. 1999;
Moonen et al. 2002), as well as FL] mentioned earlier (Ota et
al. 2004). The variation in tissue origins for library con-
struction among these six groups resulted in rare occurrences
of sequence redundancy among the collections. In a recent
study, the FL] project has described the complete sequencing
and characterization of 21,243 human cDNAs (Ota et al.
2004). On the other hand, the H-Inv project characterized
cDNAs from this project and six high-throughput cDNA
producers by using a different suite of computational analysis
techniques and an alternative system of functional annota-
tion.

The 41,118 H-Inv ¢cDNAs were mapped on to the human
genome, and 40,140 were considered successfully aligned. The
alignment criterion was that a cDNA was only aligned if it had
both 95% identity and 90% length coverage against the
genome (Figure 1). The mean identity of all the alignments
between 40,140 mapped cDNAs and genomic sequences was
99.6 %, and the mean coverage against the genomic sequence
was 99.6%. In some cases, terminal exons were aligned with
low identity or low coverage. For example, 89% of internal
exons have identity of 99.8% or higher, while only 78% and
50% of the first and last exons do, respectively. These
alignments with low identity or low coverage seemed to be
caused by the unsuccessful alignments of the repetitive
sequences found in UTR regions and the misalignments of
3’ terminal poly-A sequences. Although better alignments
could be obtained for these sequences by improving the
mapping procedure, we concluded that the quality of the
FLcDNAs was high overall.

Due to redundancy and AS within the human tran-
scriptome, these 40,140 cDNAs were clustered to 20,190 loci
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Table 1. Summary of cDNA Resources

cDNA Number of Number Major Method URL Reference

Sequence cDNAs of Tissue

Provider* (Without Library Library

Redundancy)  Origins  Origins

CHGC 758 (754) Adrenal gland, Selecting FLcDNA http://www.chgc. Hu et al. 2000
hypothalamus, clones from EST sh.cn/
CD34+ libraries
stem cell

DKFZ/MIPS 5,555 (5,521) Testis, brain, Selecting FLcDNA http://mips.gsf.de/ Wiemann et al. 2001
lymph node clones from 5'- and projects/cdna

FLJ/HRI 8,066 (8,057) Teratocarcinoma,
placenta,
whole embryo
FLJ/IMSUT 12,585 (12,560) 81 Brain, testis,
bone marrow
FLJ/KDRI 348(342) Spleen
KDRI 2,000 (2,000) Brain
MGC/NIH 11,806(11,414) Placenta,
lung,
skin

3'- EST libraries
Oligo-capping method
and selection by
one-pass sequences
Oligo-capping method
and selection by
one-pass sequences
Selection by

one-pass sequences

In vitro protein
synthesis and
selection by

one-pass sequences
Selecting gene
candidates from
5'-EST libraries

http://www.hri.co.
jp/HUNT/

http://cdna.ims.u-tokyo.

acjp/

http://www.kazusa.or.
jp/NEDO/
http://www.kazusa.or.
jp/huge/

http://mgc.nci.nih.gov/

Ota et al. 1997, 2004;
Yudate et al. 2001

Suzuki et al. 1997;
Ota et al. 2004

Ota et al. 2004

Hirosawa et al. 1997;
Nagase et al. 1999;
Suyama et al. 1999;
Kikuno et al. 2002
Strausberg et al. 1999

*FLcDNA data were provided for H-Inv project by the FLJ project of NEDO (URL: http://www.nedo.go.jp/bio-e/) and six high-throughput cDNA clone producers Chinese
National Human Genome Center (CHGC), the Deutsches Krebsforschungszentrum (DKFZ/MIPS), Helix Research Institute (HRI), the Institute of Medical Science in the

University of Tokyo (IMSUT), the Kazusa DNA Research Institute (KDRI), and the Mammalian Gene Collection (MGC/NIH).

DOI: 10.1371/journal.pbio.0020162.t001

(H-Inv loci). For the remaining 978 unmapped c¢DNAs, we
conducted cDNA-based clustering, which yielded 847 clusters.
The clusters created had an average of 2.0 cDNAs per locus
(Table 2). The average was only 1.2 for unmapped clusters,
probably because many of these genes are encoded by
heterochromatic regions of the human genome and show
limited levels of gene expression. The gene density for each
chromosome varied from 0.6 to 19.0 genes/Mb, with an
average of 6.5 genes/Mb. This distribution of genes over the
genome is far from random. This biased gene localization
concurs with the gene density on chromosomes found in
similar previous reports (Lander et al. 2001; Venter et al.
2001). This indicates that the sampled cDNAs are unbiased
with respect to chromosomal location. Most cDNAs were
mapped only at a single position on the human genome.
However, 1,682 cDNAs could be mapped at multiple positions
(with mean values of 98.2% identity and 98.1% coverage).
The multiple matching may be caused by either recent gene
duplication events or artificial duplication of the human
genome caused by misassembled contigs. In our study we have
selected only the “best” loci for the cDNAs (see Materials and
Methods for details).

In total, 21,037 clusters (20,190 mapped and 847
unmapped) were identified and entered into the H-InvDB.
We assigned H-Inv cluster IDs (e.g., HIX0000001) to the
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clusters and H-Inv ¢DNA IDs (e.g, HIT000000001) to all
curated cDNAs. A representative sequence was selected from
each cluster and used for further analyses and annotation.

Comparison of the mapped H-Inv cDNAs with other
annotated datasets. In order to evaluate the H-Inv dataset,
we compared all of the mapped H-Inv ¢cDNAs with the
Reference Sequence Collection (RefSeq) mRNA database
(Pruitt and Maglott 2001) (Figure 2). The RefSeq mRNA
database consists of two types of datasets. These are the
curated mRNAs (accession prefix NM and NR) and the model
mRNAs that are provided through automated processing of
the genome annotation (accession prefix XM and XR).

From the comparison, we found that 5,155 (26%) of the H-
Inv loci had no counterparts and were unique to the H-Inv.
All of these 5,155 loci are candidates for new human genes,
although non-protein-coding RNAs (ncRNAs) (25%), hypo-
thetical proteins with ORFs less than 150 amino acids (55%),
and singletons (91%) were enriched in this category. In fact,
1,340 of these H-Inv-unique loci were questionable and
require validation by further experiments because they
consist of only single exons, and the 3’ termini of these loci
align with genomic poly-A sequences. This feature suggests
internal poly-A priming although some occurrences might be
bona fide genes. The most reliable set of newly identified
human genes in our dataset is composed of 1,054 protein-
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Figure 1. Procedure for Mapping and Clustering the H-Inv <cDNAs

The ¢cDNAs were mapped to the genome and clustered into loci. The
remaining unmapped cDNAs were clustered based upon the group-
ing of significantly similar cDNAs.

DOL 10.1371/journal.pbio.0020162.g001

Integrative Annotation of Human Genes

coding and 179 non-protein-coding genes that have multiple
exons. Therefore, at least 6.1% (1,233/20,190) of the H-Inv
loci could be used to newly validate loci that the RefSeq
datasets do not presently cover. These genes are possibly less
expressed since the proportion of singletons (H-Inv loci
consisting of a single H-Inv cDNA) was high (84%).

On the other hand, 78% (11,974/15,439) of the curated
RefSeq mRNAs were covered by the H-Inv cDNAs. These
figures suggest that further extensive sequencing of FLcDNA
clones will be required in order to cover the entire human
gene set. Nonetheless, this effort provides a systematic
approach using the H-Inv cDNAs, even though a portion of
the cDNAs have already been utilized in the RefSeq datasets.

It is noteworthy that H-Inv cDNAs overlapped 3,061 (17%)
of RefSeq model mRNAs, supporting this proportion of the
hypothetical RefSeq sequences. These newly confirmed 3,061
loci have a mean number of exons greater than RefSeq model
mRNAs that were not confirmed, but smaller than RefSeq
curated mRNAs. The overlap between H-Inv ¢cDNAs and
RefSeq model mRNAs was smaller than that between H-Inv
cDNAs and RefSeq curated mRNAs. This suggests that the
genes predicted from genome annotation may tend to be less
expressed than RefSeq curated genes, or that some may be
artifacts. All these results highlight the great importance of
comprehensive collections of analyzed FLcDNAs for validat-

Table 2. The Clustering Results of Human FLcDNAs onto the Human Genome

Chromosome Number of Loci Number of ¢cDNAs Number of cDNAs/Locus Number of Loci/Mb
1 1,998 4,057 2.0 8.1
2 1,408 2,791 2.0 58
3 1,224 2,455 2.0 6.1
4 809 1,527 1.9 4.2
5 920 1,851 2.0 5.1
6 1,027 1,912 1.9 6.0
7 1,008 1,994 2.0 6.4
8 761 1,448 1.9 52
9 817 1,630 2.0 6.0
10 863 1,705 2.0 6.4
11 1,116 2,245 2.0 8.3
12 1,014 2,071 2.0 77
13 394 743 1.9 35
14 626 1,363 2.2 5.9
15 693 1,415 2.0 6.9
16 865 1,851 2.1 9.6
17 1,110 2,245 2.0 136
18 334 593 1.8 44
19 1,210 2,378 2.0 19.0
20 536 1,124 2.1 84
21 197 379 1.9 42
22 480 985 2.1 9.7
X 646 1,173 1.8 42
Y 29 32 1.1 0.6
UN? 105 173 1.6 -
Unmapped 847 978 1.2 -
Total 21,037 41,118 2.0 -

“UN represents contigs that were not mapped onto any chromosome.
DOI: 10.1371/journal.pbio.0020162.t002
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Figure 2. A Comparison of the Mapped H-Inv FLcDNAs and the RefSeq
mRNAs

The mapped H-Inv ¢cDNAs, the RefSeq curated mRNAs (accession
prefixes NM and NR), and the RefSeq model mRNAs (accession
prefixes XM and XR) provided by the genome annotation process
were clustered based on the genome position. The numbers of loci
that were identified by clustering are shown.

DOL: 10.1871fjournal.pbio.0020162.g002

ing gene prediction from genome sequences. This may be
especially true for higher organisms such as humans.

Incomplete parts of the human genome sequences. The
existence of 978 unmapped cDNAs (847 clusters) suggests that
the human genome sequence (National Center for Biotech-
nolgy Information [NCBI] build 34 assembly) is not yet
complete. The evidence supporting this statement is twofold.
First, most of those unmapped cDNAs could be partially
mapped to the human genome. Using BLAST, 906 of the
unmapped cDNAs (corresponding to 786 clusters) showed at
least one sequence match to the human genome with a bit
score higher than 100. Second, most of the cDNAs could be
mapped unambiguously to the mouse genome sequences. A
total of 907 unmapped cDNAs (779 clusters; 92%) could be
mapped to the mouse genome with coverage of 90% or
higher. If we adopted less stringent requirements, more
cDNAs could be mapped to the mouse genome. The rest
might be less conserved genes, genes in unfinished sections of
the mouse genome, or genes that were lost in the mouse
genome. Based on these observations, we conclude that the
human genome sequence is not yet complete, leaving some
portions to be sequenced or reassembled.

The proportion of the genome that is incomplete is
estimated to be 3.7%-4.0%. The figure of 4.0% is based
upon the proportion of H-Inv cDNA clusters that could not
be mapped to the genome (847/21,037), while the 3.7%
estimate is based on both H-Inv cDNAs and RefSeq sequences
(only NMs). This statistic indicates that a minimum of one out
of every 25-27 clusters appears to be unrepresented in the
current human genome dataset, in its full form. Possible
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reasons for this include unsequenced regions on the human
genome and regions where an error may have occurred
during sequence assembly. If this is the case, this lends
support to the use of c¢cDNA mapping to facilitate the
completion of whole genome sequences (Kent and Haussler
2001). For example, we can predict the arrangement of
contigs based on the order of mapped exons. In addition we
can use the sequences of unmapped exons to search for those
clones that contain unsequenced parts of the genome. The
mapping results of partially mapped cDNAs are thus quite
useful.

Primary structure of genes on the human genome. Using
the H-Inv cDNAs, the precise structures of many human
genes could be identified based on the results of our cDNA
mapping (Table S1). The median length of last exons (786 bp)
was found to be longer than that of other exons, and the
median length of first introns (3,152 bp) longer than that of
other introns. These observed characteristics of human gene
structures concur with the previous work using much smaller
datasets (Hawkins 1988; Maroni 1996; Kriventseva and
Gelfand 1999).

In the human genome, 50% of the sequence is occupied by
repetitive elements (Lander et al. 2001). Repetitive elements
were previously regarded by many as simply “junk” DNA.
However, the contribution of these repetitive stretches to
genome evolution has been suggested in recent works
(Makalowski 2000; Deininger and Batzer 2002; Sorek et al.
2002; Lorenc and Makalowski 2003). The 21,037 loci of
representative cDNAs were searched for repetitive elements
using the RepeatMasker program. RepeatMasker indicated
that 9,818 (47%) of the H-Inv ¢cDNAs, including 5,442 coding
hypothetical proteins, contained repetitive sequences. The
existence of Alu repeats in 5% of human cDNAs was reported
previously (Yulug et al. 1995). Our results revealed a
significant number of repetitive sequences including Alu in
the human transcriptome. Among them, 1,866 cDNAs over-
lapped repetitive sequences in their ORFs. Moreover, 554 of
1,866 cDNAs had repetitive sequences contained completely
within their ORFs, including 81 cDNAs that were identical or
similar to known proteins. This may indicate the involvement
of repetitive elements in human transcriptome evolution, as
suggested by the presence of Alu repeats in AS exons (Sorek
et al. 2002) and the contribution to protein variability by
repetitive elements in protein-coding regions (Makalowski
2000). We detected 2,254 and 5,427 ¢DNAs containing
repetitive sequences in their 5" UTR and 3" UTR, respectively.
The positioning of the repetitive elements suggests they play
a regulatory role in the control of gene expression (Deininger
and Batzer 2002) (see Table S1 or the H-InvDB for details).

AS transcripts. We wished to investigate the extent to
which the functional diversity of the human proteome is
affected by AS. In order to do this, we searched for potential
AS isoforms in 7,874 loci that were supported by at least two
H-Inv ¢cDNAs. We examined whether or not these cDNAs
represented mutually exclusive AS isoforms, using a combi-
nation of computational methods and human curation (see
Materials and Methods). All AS isoforms that were supported
independently by both methods were defined as the H-Inv AS
dataset. Our analysis showed that 3,181 loci (40 % of the 7,874
loci) encoded 8,553 AS isoforms expressing a total of 18,612
AS exons. On average, 2.7 AS isoforms per locus were
identified in these AS-containing loci. This figure represents
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half of the AS isoforms predicted by another group (Lander
et al. 2001). Our result highlights the degree to which full-
length sequencing of redundant clones is necessary when
characterizing the complete human transcriptome. The
relative positions of AS exons on the loci varied: 4,383
isoforms comprising 1,538 loci were 5’ terminal AS variants;
5,678 isoforms comprising 1,979 loci were internal AS
variants; and 2,524 isoforms comprising 921 loci were 3’
terminal AS variants.

The AS isoforms found in the H-Inv AS dataset have
strikingly diverse functions. Motifs are found over a wide
range of protein sequences. For certain types of subcellular
targeting signals, such as signal peptides, position within the
entire protein sequence appears crucial. A total of 3,020 (35
%) AS isoforms contained AS exons that overlapped protein-
coding sequences. 1,660 out of 3,020 AS isoforms (556%)
harbored AS exons that encoded functional motifs. Addi-
tionally, 1,475 loci encoded AS isoforms that had different
subcellular localization signals, and 680 loci had AS isoforms
that had different transmembrane domains. These results
suggest marked functional differentiation between the vary-
ing isoforms. If this is the case, it would appear that AS
contributes significantly to the functional diversity of the
human proteome.

As the coverage of the human transcriptome by H-Inv
cDNAs is incomplete, it would be misleading to conjecture
that our dataset comprehensively includes all AS transcripts
from every human gene. However, the current collection is a
robust characterization of the existing functional diversity of
the human proteome, and it represents a valuable resource of
full-length clones for the characterization of experimentally
determined AS isoforms.

In the cases where three-dimensional (3D) structures could
be assigned to H-Inv ¢cDNA protein products, we have
examined the possible impact of AS rearrangements on the
3D structure. Our analysis was performed using the Genomes
TO Protein structures and functions database (GTOP)
(Kawabata et al. 2002). We found that some of the sequence
regions in which internal exons vary between different
isoforms contained regions encoding SCOP domains (Lo
Conte et al. 2000). This discovery allowed us to perform a
simple analysis of the structural effects of AS. Our analysis of
the SCOP domain assignments revealed that the loci
displaying AS are much more likely to contain class ¢ (B-o-
B units, a/f) SCOP domains than class d (segregated o and B
regions, a+P) or class g (small) domains.

An example of exon differences between AS isoforms is
presented in Figure 3. The structures shown are those of
proteins in the Brookhaven Protein Data Bank (PDB) (Ber-
man et al. 2000) to which the amino acid sequences of the
corresponding AS isoforms are aligned. Segments of the AS
isoform sequences that are not aligned with the correspond-
ing 3D structure are shown in purple. Figure 3 demonstrates
that exon differences resulting from AS sometimes give rise
to significant alternations in 3D structure.

Functional Annotation

We predicted the ORFs of 41,118 H-Inv ¢cDNA sequences
using a computational approach (see Figure S1), of which
39,091 (95.1%) were protein coding and the remaining 2,027
(4.9%) were non-protein-coding. Since the structures and
functions of protein products from AS isoforms are expected
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AKO095301

L I

BC007828

100 nucleotides

Figure 3. An Example of Different Structures Encoded by AS Variants

Exons are presented from the 5" end, with those shared by AS variants
aligned vertically. The AS variants, with accession numbers AK095301
and BC007828, are aligned to the SCOP domain d.136.1.1 and
corresponding PDB structure 1byr. Helices and beta sheets are red
and yellow, respectively. Green bars indicate regions aligned to the
PDB structure, while open rectangles represent gaps in the align-
ments. AK095301 is aligned to the entire PDB structure shown, while
BC007828 is lacking the alignment to the purple segment of the
structure.

DOI: 10.1371/journal.pbio.0020162.g003

to be basically similar, we selected a “representative tran-
script” from each of the loci (see Figure S2). Then we
identified 19,660 protein-coding and 1,377 non-protein-
coding loci (Table 3). Human curation suggested that a total
of 86 protein-coding transcripts should be deemed ques-
tionable transcripts. Once identified as dubious these
sequences were excluded from further analysis. The remain-
ing representatives from the 19,574 protein—coding loci were
used to define a set of human proteins (H-Inv proteins). The
tentative functions of the H-Inv proteins were predicted by
computational methods. Following computational predic-
tions was human curation.

After determination of the H-Inv proteins, we performed a
standardized functional annotation as illustrated in Figure 4,
during which we assigned the most suitable data source ID to
each H-Inv protein based on the results of similarity search
and InterProScan. We classified the 19,574 H-Inv proteins
according to the levels of the sequence similarity. Using a
system developed for the human ¢DNA annotation (see
Figure S2), we classified the H-Inv proteins into five
categories (Table 3). Three categories contain translated
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Table 3. Statistics Obtained from the Functional Annotation Results

Category Number of Loci
H-Inv proteins I. Identical to a known human protein 5,074
II. Similar to a known protein 4,104
Ill. InterPro domain containing protein 2,531
IV. Conserved hypothetical protein 1,706
V. Hypothetical protein 6,159
Total number of H-Inv proteins 19,574
Non-protein-coding transcripts Putative ncRNA 296
Uncharacterized transcript 675
Unclassifiable 329
Hold 77
Total number of non-protein-coding transcripts 1,377
Questionable transcripts 86
Total number of H-Inv loci 21,037

DOI: 10.1371/journal pbio.0020162.t003

gene products that are related to known proteins: 5,074
(25.9%) were defined as identical to a known human protein
(Category I proteins); 4,104 (21.0%) were defined as similar to
a known protein (Category Il proteins); and 2,531 (12.9%) as
domain-containing proteins (Category III proteins). In total,
we were able to assign biological function to 59.9% of H-Inv
proteins by similarity or motif searches. The remaining
proteins, for which no biological functional was inferred,
were annotated as conserved hypothetical proteins (Category
IV proteins; 1,706, 8.7%) if they had a high level of similarity
to other hypothetical proteins in other species, or as
hypothetical proteins (Category V proteins; 6,159, 31.5%) if
they did not.

To predict the functions of hypothetical proteins (Category
IV and V proteins), we used 196 sequence patterns of
functional importance derived from tertiary structures of
protein modules, termed 3D keynotes (Go 1983; Noguti et al.
1993). Application of the 3D keynotes to the H-Inv proteins

[ Predicted ORF
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Nen-protein coding transcript

categories

Identity 2 98%, H |dentical to a known hi tei I
Coverage = 100% to Homo sapiens protein | Cricalio & known umean protein
:
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H
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| InterPro motif hit }—}| InterPro domain containing protein I “
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...... )

Figure 4. Schematic Diagram of Human Curation for H-Inv Proteins
The diagram illustrates the human curation pipeline to classify H-Inv
proteins into five similarity categories; Category I, I, III, IV, and V
proteins.

DOL: 10.1371/journal.pbio.0020162.g004
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resulted in the prediction of functions in 350 hypothetical
proteins (see Protocol S1).

Features of ORFs deduced from human FLcDNAs. The
mean and median lengths of predicted ORFs were calculated
for the 19,574 H-Inv proteins. These were 1,095 bp and 806
bp, respectively (Table 4). The values obtained were smaller
than those from other eukaryotes, and are inconsistent with
estimates reported previously (Shoemaker et al. 2001).
However, as has been seen in the earlier annotation of the
fission yeast genome (Das et al. 1997), our dataset might
contain stretches which mimic short ORFs. This would lead to
a bias in our ORF prediction and result in an erroneous
estimate of the average ORF length. We examined the size
distributions of ORFs from the five categories, and found that
the distribution pattern was quite similar across categories.
The exception was Category V, in which short ORFs were
unusually abundant (Figure S3). Judging from the length
distribution of ORFs in the five categories of H-Inv proteins,
the majority of ORFs shorter than 600 bps in Category V
seemed questionable. In order to have a protein dataset that
contains as many sequences to be further analyzed as
possible, we have taken the longest ORFs over 80 amino
acids if no significant candidates were detected by the
sequence similarity and gene prediction (see Figure S1). The
consequence of this is that Category V appears to contain
short questionable ORFs, a certain fraction of which may be
prediction errors. Nevertheless, these ORFs could be true. It
is also possible that those ORFs were in fact translated in vivo
when we curated the cDNAs manually. The existence of many
functional short proteins in the human proteome is already
confirmed, and there are 199 known human proteins that are
80 amino acids or shorter in the current Swiss-Prot database.
We think that the H-Inv hypothetical proteins require
experimentally verification in the future. Excluding the
hypothetical proteins from the analysis, we obtained mean
and median lengths for the ORFs of 1,368 bp and 1,130 bp,
respectively, which are reasonably close to those for other
cukaryotes (Table 4).

Of the 4,104 Category II proteins, 3,948 proteins (96.2%)
were similar to the functionally identified proteins of
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Table 4. The Features of Predicted ORFs

Number of ORFs Mean (bp) Median (bp) Percent GC of
Third Codon Position
Human—H-Inv datasets (categories 1-1V) 13,415 1,368 1,130 523
Human—all of the H-Inv datasets 19,574 1,095 806 52.4
Fly 17,878 1,580 1,212 539
Worm 21,118 1,327 1,038 429
Budding yeast 6,408 1,403 1,128 40.3
Fission yeast 4,968 1,426 1,161 39.7
Plant 27,228 1,269 1,074 442
Bacteria 4,289 951 834 51.9

Nonredundant proteome datasets of nonhuman species were obtained from the following URLs: fly (Drosophila melanogaster; http://flybase bio.indiana.edu/), worm
(Caenorhabditis elegans; http://www.wormbase.org/), budding yeast (Saccharomyces cerevisiae; http://www.pasteur fr/externe), fission yeast (Schizosaccharomyces pombe;
http://www.sanger.ac.uk/), plant (Arabidopsis thaliana; http://mips.gsf.de/proj/thal/index.html), and bacteria (Escherichia coli K12; http://www.ncbi.nlm.nih.gov/).

DOI: 10.1371/journal.pbio.0020162.t004

mammals (Figure S4). This implies that the predicted
functions in this study were based on the comparative study
with closely related species, so that the functional assignment
retains a high level of accuracy if we suppose that protein
function is more highly conserved in more closely related
species. Moreover, the patterns of codon usage and the codon
adaptation index (CAI http://biobase.dk/embossdocs/cai.html)
of H-Inv proteins were investigated (Table S2). The results
indicated that the ORF prediction scheme worked equally
well in the five similarity categories of H-Inv proteins.

Each H-Inv protein in the five categories was investigated
in relation to the tissue library of origin (Table S3). We found
that at least 30% of the clones mainly isolated from dermal
connective, muscle, heart, lung, kidney, or bladder tissues
could be classified as Category I proteins. Hypothetical
proteins (Category V), on the other hand, were abundant in
both endocrine and exocrine tissues. This bias may indicate
that expression in some tissues may not have been studied in
enough detail. If this is the case, then there is likely a
significant gap between our current knowledge of the human
proteome and its true dimensions.

Non-protein-coding genes. Over recent years, ncRNAs have
been found to play key roles in a variety of biological
processes in addition to their well-known function in protein
synthesis (Moore and Steitz 2002; Storz 2002). Analysis of the
H-Inv cDNA dataset revealed that 6.5% of the transcripts are
possibly non-protein-coding, although the number is much
smaller than that estimated in mice (Okazaki et al. 2002). We
believe that this difference between the two species is mainly
due to the larger number of mouse libraries that were used
and to a rare-transcript enrichment step that was applied to
these collections.

To identify ncRNAs, we manually annotated 1,377 repre-
sentative non-protein-coding transcripts, which were classi-
fied into four categories (see Table 3; Figure b5): putative
ncRNAs, uncharacterized transcripts (possible 3" UTR frag-
ments supported by ESTs), unclassifiable transcripts (possible
genomic fragments), and hold transcripts (not stringently
mapped onto the human genome). Of these, 296 (19.5%) were
putative ncRNAs with no neighboring transcripts in the close
vicinity (> 5 kb) and supported by ESTs with a poly-A signal
or a poly-A tail, indicating that these may represent genuine
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ncRNA genes. On the other hand, a large fraction of the non-
protein-coding transcripts (675; 44.5%) were classified as
possible 3" UTRs of genes that were mapped less than 5 kb
upstream. The b-kb range is an arbitrary distance that we
defined as one of our selection criteria for identifying
ncRNAs. However, authentic non-protein-coding genes
might be located adjacent to other protein-coding genes (as
described earlier). Thus, some of the transcripts initially
annotated as uncharacterized ESTs may correspond to
ncRNAs when these sequences satisfy the other selection
criteria.

We defined a manual annotation strategy (Figure 5) that
allowed us to select convincing putative ncRNAs with various
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Figure 5. The Manual Annotation Flow Chart of ncRNAs

Candidate non-protein-coding genes were compared with the human
genome, ESTs, ¢cDNA 3’-end features and the locus genomic
environment. The candidates were then classified into four catego-
ries: hold (cDNAs improperly mapped onto the human genome);
uncharacterized transcripts (transcripts overlapping a sense gene or
located within 5 kb of a neighboring gene with EST support); putative
ncRNAs (multiexon or single exon transcripts supported by ESTs or
3’-end features); and unclassifiable (possible genomic fragments).
DOI: 10.1371fjournal.pbio.0020162.g005

Single-exon transcript gene
with 3'-end features
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lines of supporting evidence. These are the following: absence
of a neighboring gene in the close vicinity, overlap with
human or mouse ESTs, occurrence in the 3’ end of cDNA
sequences, as well as overlap with mouse cDNAs. Out of 296
annotated putative ncRNAs, we identified 47 ncRNAs with
conserved RNA secondary structure motifs (Rivas and Eddy
2001), and nearly 60% of these were found expressed in up to
eight human tissues (data not shown), indicating that the
manual curation strategy employed in this study may
facilitate the identification of novel non-protein-coding
genes in other species.

The functions of human proteins identified through an
analysis of domains. Proteins in many cases are composed of
distinct domains each of which corresponds to a specific
function. The identification and classification of functional
domains are necessary to obtain an overview of the whole
human proteome. In particular, the analysis of functional
domains allows us to elucidate the evolution of the novel
domain architectures of genes that life forms have acquired
in conjunction with environmental changes. The human
proteome deduced from the H-Inv ¢cDNAs was subjected to
InterProScan, which assigned functional motifs from the
PROSITE, PRINTS, SMART, Pfam, and ProDom databases
(Mulder et al. 2003). A total of 19,574 H-Inv proteins were
examined, and 9,802 of them (50.1%) were assigned at least
one InterPro code that was classified into either repeats (a
region that is not expected to fold into a globular domain on
its own), domains (an independent structural unit that can be
found alone or in conjunction with other domains or
repeats), and/or families (a group of evolutionarily related
proteins that share one or more domains/repeats in common)
when compared with those of fly, worm, budding and fission
yeasts, Arabidopsis thaliana, and Escherichia coli (Table S4).
Moreover, the proteins were classified according to the Gene
Ontology (GO) codes that were assigned to InterPro entries
(Table Sb5).

Identification of human enzymes and metabolic pathways.
One of the most important goals of the functional annotation
of human cDNAs is to predict and discover new, previously
uncharacterized enzymes. In addition, revealing their posi-
tions in the metabolic pathways helps us understand the
underlying biochemical and physiological roles of these
enzymes in the cells. We thus searched for potential enzymes
among the H-Inv proteins, and mapped them to a database of
known metabolic pathways.

We could assign 656 kinds of potential Enzyme Commis-
sion (EC) numbers to 1,892 of the 19,574 H-Inv proteins based
on matches to the InterPro entries and GO assignments and
on the similarity to well-characterized Swiss-Prot proteins
(see Dataset S2). The number of characterized human
enzymes significantly increased through this analysis. The
most abundant enzymes in the H-Inv proteins were protein-
tyrosine kinases (EC 2.7.1.112), which is consistent with the
large number of kinases found in the InterPro assignments.
The other major enzymes were small monomeric GTPase (EC
3.6.1.47), adenosinetriphosphatase (EC 3.6.1.3), phosphopro-
tein phosphatase (EC 3.1.3.16), ubiquitin thiolesterase (EC
3.1.2.15), and ubiquitin-protein ligase (EC 6.3.2.19). These
enzymes are members of large multigene families that are
important for the functions of higher organisms. Further-
more, we could assign 726 EC numbers to mouse representa-
tive transcripts and proteins (Okazaki et al. 2002), and most of
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them appeared to be shared between human and mouse (data
not shown). The high similarity of the enzyme repertoire
between these two species is not surprising if we consider the
close evolutionary relatedness between them. It does, how-
ever, indicate the usefulness of the mouse as a model
organism for studies concerning metabolism.

We then mapped all H-Inv proteins on the metabolic
pathways of the KEGG database, a large collection of
information on enzyme reactions (Kanehisa et al. 2002). In
total, we mapped 963 H-Inv proteins on a total of 1,613
KEGG pathways, of which 641 were based on their EC
number assignments (Figure S5). Those based on EC number
assignments do not necessarily function as they are assigned
because they have yet to be verified experimentally. However,
if all other enzymes along the same pathway exist in humans,
the functional assignment has a high probability of being
correct. Using this method, we discovered a total of 32 newly
assigned human enzymes from the H-Inv proteins with the
support of KEGG pathways (Table S6). For example, we
identified (1) pyridoxamine-phosphate oxidase (EC 1.4.3.5;
AK001397), an enzyme in the “salvage pathway,” the function
of which is the reutilization of the coenzyme pyridoxal-5'-
phosphate (its role in epileptogenesis was recently reported
[Bahn et al. 2002]), (2) ATP-hydrolysing 5-oxoprolinase (EC
3.5.2.9; AL096750) that cleaves 5-oxo-L-proline to form L-
glutamate (whose deficiency is described in the Online
Mendelian Inheritance in Man [OMIM] database
[ID =260005]), and (3) N-acetylglucosamine-6-phosphate de-
acetylase (EC 3.5.1.25; BC018734), which catalyzes N-acetyl-
glucosamine at the second step of its catabolism, the activity
of which in human erythrocytes was detected by a biochem-
ical study (Weidanz et al. 1996). Many of the newly identified
enzymes were supported by currently available experimental
and genomic data. An example is a putative urocanase (EC
4.2.1.49; AK055862) that mapped onto the “histidine metab-
olism” that urocanic acid catabolises. A **C Histidine tracer
study unexpectedly revealed that NEUT2 mice deficient in
10-formyltetrahydrofolate dehydrogenase (FTHFD) excrete
urocanic acid in the urine and lack urocanase activity in their
hepatic cytosol (Cook 2001). We then found that both the
FTHFD and AK055862 genes were located within the same
NCBI human contig (NT005588) on Chromosome 3. More-
over, the distance between the two genes was consistent with
the genetic deletion of NEUT2 (> 30 kb). We thus assumed
that FTHFD and urocanase might be coincidentally defective
in mice. This analysis could confirm that the AK055862
protein is a true urocanase. This example demonstrates that
this kind of in silico analysis is a powerful method in defining
the functions of proteins.

Polymorphism in the Transcriptome

Sites of potential polymorphism in ¢cDNAs. Due to the
rapidly increasing accumulation of genetic polymorphism
data, it is necessary to classify the polymorphism data with
respect to gene structure in order to elucidate potential
biological effects (Gaudieri et al. 2000; Sachidanandam et al.
2001; Akey et al. 2002; Bamshad and Wooding 2003). For this
purpose, we examined the relationship between publicly
available polymorphism data and the structure of our H-Inv
cDNA sequences. A total of 4 million single nucleotide
polymorphisms (SNPs) and insertion/deletion length varia-
tions (indels) with mapping information from the Single
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Table 5. The Numbers of SNPs and indels Occurring in the Representative cDNAs

5" UTR

Coding Region 3" UTR

SNPs® Synonymous

Nonsynonymous

Truncation®

Extension®

Synonymous SNP at stop codon
Total

Indels

10,715(1/569 bp)
381(1/15,999 bp)

11,014(1/325 bp)
13,215(1/1,206 bp)
315
43
28
24,679%1/833 bp)
452(1/45,490 bp)

31,852(1/536 bp)
1,364(1/12,553 bp)

“The numbers of SNPs and indels are summarized for representative cDNA sequences which were mapped on the genome. The numbers in parentheses represent the

densities of SNPs and indels.

°SNPs that cause nonsense mutation or extension of polypeptides were classified assuming that the cDNAs represent original alleles.

“This figure includes 64 unclassifiable SNPs.
DOIl: 10.1371/journal.pbio.0020162.t005

Nucleotide Polymorphism Database (dbSNP; http://
www.ncbinlm.nih.goviSNP/, build 117) (Sherry et al. 1999)
were used for the search. We could identify 72,027 uniquely
mapped SNPs and indels in the representative H-Inv ¢cDNAs
and observed an average SNP density of 1/689 bp. To classify
SNPs and indels with respect to gene structure, the genomic
coordinates of SNPs were converted into the corresponding
nucleotide positions within the mapped ¢cDNAs. The SNPs
and indels were classified into three categories according to
their positions: 5" UTR, ORF, and 3’ UTR (Table 5). The
density of indels was higher in 5" UTRs (1/15,999 bp) and 3’
UTRs (1/12,553 bp) than in ORFs (1/45,490 bp). This is
possibly due to different levels of functional constraints. We
also examined the length of indels and found a higher
frequency of indels in those ORFs that had a length divisible
by three and that did not change their reading frames. We
observed that the density of SNPs was higher in both the 5
and 3" UTRs (1/569 bp and 1/536 bp, respectively) than in
OREFs (1/833 bp).

SNPs located in ORFs were classified as either synonymous,
nonsynonymous, or nonsense substitutions (Table 5). We
identified 13,215 nonsynonymous SNPs that affect the amino
acid sequence of a gene product. At least 4,998 of these
nonsynonymous SNPs are “validated” SNPs (as defined by
dbSNP). This data can be used to predict SNPs that affect
gene function. SNPs that create stop codons can cause
polymorphisms that may critically alter gene function. We

identified 358 SNPs that caused either a nonsense mutation
or an extension of the polypeptide. We classified these 358
SNPs into these two types based on the alleles of the cDNA.
Most of these SNPs (315/358) were predicted to cause
truncation of the gene products and produce a shorter
polypeptide compared with the alleles of H-Inv cDNAs. For
example, Reissner’s fiber glycoprotein I (AK093431) contains
a nonsense SNP that results in the loss of the last 277 amino
acids of the protein, and consequently the loss of a
thrombospondin type I domain located in its C-terminal
end. This SNP is highly polymorphic in the Japanese
population, the frequencies of G (normal) and T (termina-
tion) being 0.43 and 0.57, respectively. As seen in this
example, the identification of SNPs within ¢cDNAs provides
important insights into the potential diversity of the human
transcriptome. Thus, polymorphism data crossreferenced to a
comprehensively annotated human transcriptome might
prove to be a valuable tool in the hands of researchers
investigating genetic diseases.

Sites of microsatellite repeats. Among the 19,442 repre-
sentative protein-coding cDNAs, we identified a total of 2,934
di-, tri-, tetra-, and penta-nucleotide microsatellite repeat
motifs (Table 6). Interestingly, 1,090 (37.2%) of these were
found in coding regions, the majority of which (86.9%) were
tri-nucleotide repeats. Di-, tetra-, and penta-nucleotide
repeats made up the greatest proportion of repeats in 5’
UTRs and 3’ UTRs. Coding regions contained mostly tri-

Table 6. The Numbers of Microsatellite Repeat Motifs That Occurred in the Representative cDNAs

Microsatellite Repeats

Di- Tri- Tetra- Penta- Total
5" UTR 162 (50) 394 (3) 117 (4) 21 (1) 694 (58)
Coding region 70 (13) 947 (10) 63 (2) 10 (0) 1,090 (25)
3’ UTR 482 (121) 340 (3) 281 (8) 47 (1) 1,150 (133)
Total 714 (184) 1,681 (16) 461 (14) 78 (2) 2,934 (216)

Microsatellites were defined as those sequences having at least ten repeats for di-nucleotide repeats and at least five repeats for tri-, tetra-, and penta-nucleotide repeats.
Numbers of polymorphic microsatellites inferred by comparisons of cDNA and genomic sequences are shown in parenthesis. See Table S2 for a list of accession numbers for

these cDNAs.
DOIl: 10.1371/journal.pbio.0020162.t006
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nucleotide repeats. This result is consistent with the idea that
microsatellites are prone to mutations that cause changes in
numbers of repeats. Only tri-nucleotide repeats can conserve
original reading frames when extended or shortened by
mutations. A previous study showed that many of the
microsatellite motifs identified in human genomic sequences,
including those in coding regions, are highly polymorphic in
human populations (Matsuzaka et al. 2001). We found this to
be the case in our study: 36 of the microsatellite repeats we
detected were found to be polymorphic in human popula-
tions according to dbSNP records (data not shown). We
identified 216 microsatellite repeats in 213 genes that showed
contradictory numbers of repeats between cDNA and
genome sequences (see Dataset $3). This figure includes 25
microsatellites in ORFs that have the potential to alter the
protein sequences. Individual cases need to be verified by
further experimental studies, but many of these micro-
satellites may really be polymorphic in human populations
and have marked phenotypic effects.

There were 382 c¢DNAs that possessed two or more
microsatellites in their nucleotide sequences. This is illus-
trated in RBMS1 (BC018951), a cDNA which encodes an RNA-
binding motif. This cDNA has four microsatellites, (GGA),
(GAG)g, (GAG)g, and (GCC)g, in its 5" UTR. These micro-
satellites are all located at least 98 bp upstream of the start
codon, but they could still have pronounced regulatory
effects on gene expression. Another example is the cDNA
that encodes CAGH3 (AB058719). This ¢DNA has four
microsatellites, (CAG)s, (CAG)g (CAG)g, and (CAG)g all of
which are located within the ORF. These microsatellites all
encode stretches of poly-glutamine, which are known to have
transcription factor activity (Gerber et al. 1994) and often
cause neurodegenerative diseases when the number of
repeats exceeds a certain limit. A typical example of a
disorder caused by these repeats is Huntington’s disease
(Andrew et al. 1993; Duyao et al. 1993; Snell et al. 1993).

We also searched for repeat motifs containing the same
amino acid residue in the encoded protein sequences. We
located a total of 3,869 separate positions where the same
amino acid was repeated at least five times. The most
frequent repetitive amino acids are glutamic acid, proline,
serine, alanine, leucine, and glycine. The glutamine repeats of
this nature were found in 160 different locations.

Evolution of the Human Transcriptome

Beyond the study of individual genes, the comparison of
numerous complete genome sequences facilitates the eluci-
dation of evolutionary processes of whole gene sets. More-
over, the FLcDNA datasets of humans and mice give us an
opportunity to investigate the genome-wide evolution of
these two mammals by using the sequences supported by
physical clones. Here we compared our human cDNA
sequences with all proteins available in the public databases.
Focusing on our results, we discuss when and how the human
proteome may have been established during evolution.
Furthermore, the evolution of UTRs is examined through
comparisons with cDNAs from both primates and rodents.

Conserved and derived protein-coding genes in humans.
An advantage of large-scale cDNA sequencing is that it can
generate a nearly complete gene set with good evidence for
transcription. The human proteome deduced from the
FLcDNA sequences gives us an opportunity to decipher the
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Figure 6. The Functional Classification of H-Inv Proteins That Are
Homologous to Proteins in Each Taxonomic Group

The numbers of representative H-Inv c¢DNAs with sequence
homology to other species’ proteins (E < 107°) were calculated. The
c¢DNAs for which we could not assign any functions were discarded.
Mammalian species were excluded from the “animal” group.
“Eukaryote” represents eukaryotic species other than those included
in the mammal, animal, fungi, and plant groups. See also Table S7.
DOI: 10.1371/journal.pbio.0020162.g006

evolution of the entire proteome. Here we compare the
representative H-Inv cDNAs with the Swiss-Prot and TrEMBL
protein databases using FASTY (Pearson 2000), and we
describe the distributions of the homologs among taxonomic
groups at two different similarity levels. The number of
representative H-Inv ¢cDNAs that have homolog(s) in a given
taxon was counted (Figure S6), and the cDNAs were classified
into functional categories (Figure 6). These results indicated
that homologs of the human proteins were probably
conserved much more in the animal kingdom than in the
others at both moderate (E <107'%) and weak E < 1075)
similarity levels (see Figure S6). Moreover, human sequences
had as many nonmammalian animal homologs as mammalian
homologs, with seemingly little bias to any one function (see
Figure 6). This suggests that the genetic background of
humans may have already been established in an early stage of
animal evolution and that many parts of the whole genetic
system have probably been stable throughout animal evolu-
tion despite the seemingly drastic morphological differences
between various animal species. This result is consistent with
our previous observation that the distribution of the func-
tional domains is highly conserved among animal species (see
Table S4). The number of homologs may have been inflated
by recent gene duplication events within the human lineage.
Hence we counted the number of paralog clusters instead of
cDNAs that had homologs in the databases, and obtained
essentially the same results (Figure S7).

This analysis also revealed a number of potential human-
specific proteins, which did not have any homologs in the
current sequence databases. In this case the creation of
lineage-specific genes through speciation is not completely
excluded. However, most ORFs with no similarity to known
proteins would not be genuine for the reasons discussed
above. Therefore, the number of “true” human-specific
proteins is expected to be relatively small.

We conducted further BLASTP searches matching entries
from the Swiss-Prot database against the H-Inv dataset itself.
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As a result, 12,813 (45.3%) of 28,263 vertebrate proteins had
homologs in nonvertebrates at £ < 1079, Taking into account
that the dataset is relatively small (approximately 12,000
sequences) and as a result may be biased, animal species may
conceivably share a similar protein-coding gene set.

Ohno (1996) proposed that the emergence of a large
number of animal phyla in a short period of time would
endow them with almost identical genomes. These were
collectively referred to as the pananimalia genome. Our data
support Ohno’s hypothesis from the perspective that the
basic gene repertoires of animals are essentially highly similar
among diverse species that have evolved separately since the
Cambrian explosion. Subsequently, morphological evolution
seems to have been brought about mainly by changes in gene
regulation. The number of transcription regulator homologs
is different between animals and other phyla (Table S7). In
this analysis it was not possible to examine the genes recently
deleted from the human lineage. However, the similarity of
the proteome sets between distantly related mammals such as
human and mouse (Waterston et al. 2002) suggests that not
many genes have been deleted specifically from humans since
humans and mice diverged.

A unique feature of the Animalia proteome is, for example,
the presence of apoptosis regulator homologs, which are
found widely in the animal kingdom, whilst they are rare in
the other phyla (Table S7). Since apoptosis plays an
important role during the development of multicellular
animals, this observation indicates that apoptosis was
established independently of both plants and fungi during
the early evolution of multicellularization in the kingdom
Animalia. Likewise, signal transducers and cell-adhesion
proteins are distinctive. In contrast, enzymes, translation
regulators, molecular chaperones, etc. were highly conserved
among all taxonomic groups. These proteins may have played
such essential roles that any alterations were eliminated by
strong purifying selection. It is assumed some functions were
presumably derived from ancient endocellular symbionts
(mitochondria and chloroplasts) (Martin 2002).

Evolution of untranslated regions. The UTRs of mRNA are
known to be involved in the regulation of gene expression at
the posttranscriptional level through control of translation
efficiency (Kozak 1989; Geballe and Morris 1994; Sonenberg
1994), mRNA stability (Zaidi and Malter 1994; McCarthy and
Kollmus 1995), and mRNA localization (Curtis et al. 1995;
Lithgow et al. 1997). Only a few studies on very limited
datasets have been carried out so far to describe quantita-
tively either the evolutionary dynamics of mRNA UTRs
(Larizza et al. 2002), or their general structural and composi-
tional features (Pesole et al. 1997). The human transcriptome
presented here along with the murid data obtained mainly
from the FANTOM2 project enables us to stabilize a
mammalian genome perspective on the subject (Table S8).
A sliding window analysis of UTR sequence identities
between humans and mice revealed a positive correlation
between the number of indels in an untranslated region and
the distance from the coding sequence (Figure 7). Unlike
indels, mismatches are distributed equally along whole
untranslated regions. In other words, indels seem to be less
tolerated in close proximity to a coding sequence, while
substitutions are evenly distributed along the untranslated
regions of the mRNAs. This seems to be a general pattern
observed similarly in other species (data not shown). Indels in
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Figure 7. Window Analysis of Similarity between Human and Mouse
UTRs

Results for 5" UTRs presented above and for 3" UTRs below. The
whole mRNA sequences were aligned using a semiglobal algorithm as
implemented in the map program (Huang 1994) with the following
parameters: match 10, mismatch —3, gap opening penalty —50, gap
extension penalty —5, and longest penalized gap 10; the terminal gaps
are not penalized at all. A window size of 20 bp was used with a step of
10 bp. The analysis window was moved upstream and downstream of
start and stop codons, respectively. The normalized score for a given
window is calculated as a fraction of an average score for all UTRs in
a given window over the maximum score observed in all 5’ or 3’
UTRs, respectively.

DOI: 10.1371/journal.pbio.0020162.g007

UTRs may have been avoided so that the distance between the
coding region and a signal sequence for regulation in the
UTR could be conserved throughout evolution, while purify-
ing selection against substitutions appeared to be relatively
weak.

Untranslated region replacement. A replacement of the
entire UTR may lead to drastic changes in gene cxpression.
especially if a UTR having a posttranscriptional signal is
replaced by another. We compared the evolutionary distances
of UTRs between primate and rodent orthologous sequences.
We based our analysis on the UTR sequence distances that
contradicted the expected phylogenetic tree of relatedness.
We could detect 149 UTR replacements distributed among
different species. Some of the observed replacements may
result from selection of different AS isoforms of a single locus
in different species. This is particularly likely if an AS event
involves an alternative first or last exon. It seems that UTR
replacements are more frequent in rodents than in primates,
but the difference is not statistically significant at the 5%
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significance level (Table S9). We detected a UTR replacement
in less than 2% of the analyzed sequences. The evolutionary
consequences could be significant because the UTR replace-
ment might result in changes in expression level or the loss of
an mRNA localization signal.

The H-Invitational Database

All the results of the mapping of the FLcDNA sequences
onto the human genome, the clustering of FLcDNA sequen-
ces, sequence alignments, detection of AS transcripts,
sequence similarity searches, functional annotation, protein
structure prediction, subcellular localization prediction, SNP
mapping, and evolutionary analysis, as well as the basic
features of FLcDNA sequences, are stored in the H-InvDB
(Figure S8). The H-InvDB is a unique database that integrates
annotation of sequences, structure, function, expression, and
diversity of human genes into a single entity. It is useful as a
platform for conducting in silico data mining. The database
has functions such as a keyword search, a sequence similarity
search, a cDNA search, and a searchable genome browser. It is
hoped that the H-InvDB will become a vital resource in the
support of both basic and applied studies in the fields of
biology and medicine.

We constructed two kinds of specialized subdatabases
within the H-InvDB. The first is the Human Anatomic Gene
Expression Library (H-Angel), a database of expression
patterns that we constructed to obtain a broad outline of
the expression patterns of human genes. We collected gene
expression data from normal and diseased adult human
tissues. The results were generated using three methods on
seven different platforms. These included iAFLP (Kawamoto
et al. 1999; Sese et al. 2001), DNA arrays (long oligomers, short
oligomers [Haverty et al. 2002], cDNA nylon microarrays
[Pietu et al. 1999], and cDNA glass slide microarrays [Arrays/
IMAGE-Genexpress]), and cDNA sequence tags (SAGE [Vel-
culescu et al. 1995; Boon et al. 2002], EST data [Boguski et al.
1993; Kawamoto et al. 2000], and MPSS [Brenner et al. 2000]).
By normalizing levels of gene expression in experiments
conducted with different methods, we determined the gene
expression patterns of 19,276 H-Inv loci in ten major
categories of tissues. This analysis allowed us to clearly
distinguish broadly and evenly expressed housekeeping genes
from those expressed in a more restricted set of tissues
(details will be published elsewhere). The H-Angel database
comprises the largest and most comprehensive collection of
gene expression patterns currently available. Also provided is
a classification of human genes by expression pattern.

The second subdatabase of the H-InvDB is Diseaselnfo
Viewer. This is a database of known and orphan genetic
diseases. We tried to relate H-Inv loci with disease informa-
tion in two ways. Firstly, 613 H-Inv loci that correspond with
known, characterized disease-related genes were identified by
creating links to entries in both LocusLink (http://
www.ncbi.nlm.nih.gov/LocusLink/) and OMIM (Hamosh et al.
2002). To explore the possibility that cDNAs encoding
unknown proteins may be related to “orphan pathologies”
(diseases that have been mapped to chromosomal regions, but
for which associated genes have not yet been described), we
generated a list of H-Inv loci that co-localized with these
cytogenetic regions. The nonredundant orphan disease data-
set we created consists of 586 diseases identified through
OMIM (http://[www.ncbi.nlm.nih.gov/Omim/, ver. Jan. 2003),
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with an additional 108 identified from GenAtlas (http://
www.dsi.univ-parisb.frigenatlas/, ver. Jan. 2003). Using the
OMIM and GenAtlas databases in conjunction with the
annotation results from the H-InvDB may accelerate the
process of identifying candidate genes for human genetic
diseases.

Concluding Remarks

There are a number of established collections of nonhu-
man cDNAs, such as those of Drosophila melanogaster (Stapleton
et al. 2002), Danio rerio (Clark et al. 2001), Arabidopsis thaliana
(Seki et al. 2002), Plasmodium falciparum (Watanabe et al. 2002),
and Trypansoma cruzi (Urmenyi et al. 1999). The most extensive
collection of mammalian cDNAs so far has been that of the
RIKEN/FANTOM mouse cDNA project (Kawai et al. 2001;
Okazaki et al. 2002). This wealth of information has spurred a
wide variety of research in the areas of both gene expression
profiling (Miki et al. 2001) and protein-protein interactions
(Suzuki et al. 2001). The H-InvDB provides an integrative
means of performing many more such analyses based on
human ¢cDNAs.

The most important findings that have resulted from the
¢DNA annotation are summarized here.

(1) The 41,118 H-Inv ¢cDNAs were found to cluster into
21,037 human gene candidates. Comparison with known and
previously predicted human gene sets revealed that these
21,037 hypothesized gene clusters contain 5,155 new gene
candidates.

(2) The primary structure of 21,037 human gene candidates
was precisely described. For the majority of them we observed
that both first introns and last exons tended to be longer than
the other introns and exons, respectively, implying the
possible existence of intriguing mechanisms of transcrip-
tional control in first introns.

(3) We discovered the existence of 847 human gene
candidates that could not be convincingly mapped to the
human genome. This result suggested that up to 3.7%-4.0%
of the human genome sequences (NCBI build 34 assembly)
may be incomplete, containing either unsequenced regions
or regions where sequence assembly has been performed in
error.

(4) Based on H-Inv cDNAs, we were able to define an
experimentally validated AS dataset. The dataset was com-
posed of 3,181 loci that encoded a total of 8,553 AS isoforms.
In the 55% of ORFs containing AS isoforms, the pattern of
alternative exon usage was found to encode different func-
tional domains at the same loci.

(6) A standardized method of human curation for the H-Inv
c¢DNAs was created under the tacit consensus of international
collaborations. Using this method, we classified 19,574 H-Inv
proteins into five categories based on sequence similarity and
structural information. We were able to assign functional
definitions to 9,139 proteins, to locate function- or family-
defining InterPro domains in 2,503 further proteins, and to
identify 7,800 transcripts as good candidates for hypothetical
proteins.

(6) A total of 1,892 H-Inv proteins were assigned identities
as one of 656 different EC-numbered enzymes. This enzyme
library includes 32 newly identified human enzymes on
known metabolic pathway maps and comprises the largest
collection of computationally validated human enzymes.

(7) Based on a variety of supporting evidence, 6.5% of H-
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Inv loci (1,377 loci) do not have a good protein-coding ORF,
of which 296 loci are strong candidates for ncRNA genes.

(8) We identified and mapped 72,027 SNPs and indels to
unique positions on 16,861 loci. Of these, 13,215 non-
synonymous SNPs, 358 nonsense SNPs, and 452 indels were
found in coding regions and may alter protein sequences,
cause phenotypic effects, or be associated with disease. In
addition, we identified 216 polymorphic microsatellite
repeats on 213 loci, 25 of which were located in coding
regions.

(9) During human proteome analysis, it was suggested that
the basic gene set of humans might have been established in
the early stage of animal evolution. Our analysis of UTRs
revealed that insertions or deletions near coding regions were
rare when compared with substitutions, though in some cases
drastic changes such as UTR replacements occurred.

(10) A consequence of the annotation process and our
related research was the development of the H-InvDB to
contain our annotation work. H-InvDB is a comprehensive
database of human FLcDNA annotations that stores all
information produced in this project. As a subdivision of
H-InvDB, we developed two other specialized subdatabases:
H-Angel and Diseaselnfo Viewer. H-Angel is a database of
gene expression patterns for 19,276 loci. Diseaselnfo Viewer
is a database of known disease-related genes and loci co-
localized with 694 orphan pathologies. These pathologies
were mapped onto the genome but were not identified
experimentally.

In the H-Inv project, we collected as many FLcDNAs as
possible and conducted extensive analyses concerning the
quality of ¢cDNAs, such as detection of frameshift errors,
retained introns, and internal poly-A priming, under a
unified criterion. Although these analyses are still in an
elementary state, we store these results in H-InvDB to share
this information with the biological community. We believe
that this is an important contribution of our project, because
it will provide a reliable way to control the quality of the
c¢DNA clones. In the future, this information will be useful for
improving the methods of clone library construction.

It has been suggested that the human genome encodes
30,000 to 40,000 genes. In this study we comprehensively
evaluated more than 21,000 human gene candidates (up to
70% of the total). Thus, efforts should be continued by the H-
Inv consortium and others to “fully” characterize the human
transcriptome. For this purpose new technologies should be
implemented that are more scnsitive in detecting rarcly
expressed genes and AS transcripts. Nevertheless, there are
unavoidable limitations for human ¢DNA collections, such
the identification of embryo-specific genes, for which other
approaches should be employed. One alternative is the use of
ab initio predictions from genomic sequences, in conjunction
with expression profiling studies, to identify rarely expressed
genes that share structural similarity to known genes. Addi-
tionally, a better characterization of cis-regulatory element
units may help to define the boundary of other genes that are
undetected by current gene prediction programs. Another
area that remains to be explored is the identification of
potential hidden RNA gene families that may play vital roles,
such as the recently uncovered family of microRNA genes,
which is involved in the regulation of expression of other
genes (for review see Ambros 2001; Moss 2002).

The proteome determination aspects of this project,
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including the identification of new enzymes and hypothetical
proteins, should stimulate more focused biochemical studies.
The functional classifications may allow definition of sub-
proteomes that are related to different physiological pro-
cesses. The H-Inv transcriptome based on the definition of a
consensus proteome (the H-Inv proteins) links both the
analysis of genomic DNA and direct proteome analysis with
the study of expressed mRNA analysis from different tissues,
cells, and disease states. It creates a standard for the
comparison of disease-related alterations of the human
proteome. Moreover, comparison with pathogen proteomes
may yield many possible drug target proteins. Also, the
annotation of ncRNAs raises the possibility of novel “smart”
therapeutics that could either inhibit or mimic the mecha-
nisms of these RNAs.

The H-Inv project is the first ever comprehensive compi-
lation of curated and annotated human FLcDNAs. The
project may lead to a more complete understanding of the
human transcriptome and, as a result, of the human
proteome. The preceding examples of the importance of
the H-Inv data in understanding human physiology and
evolution represent just a small fraction of the research
potential of the H-InvDB.

In conclusion, the H-InvDB platform constructed to hold
the results of the comprehensive annotations performed by
our international team of collaborators represents a sub-
stantial contribution to resources that are needed for further
exploration of both human biology and pathology.

Materials and Methods

cDNA resources. 41,118 H-Inv ¢cDNAs were sequenced by the
Human Full-Length ¢cDNA Sequencing Project (Ota et al. 1997;
Yudate et al. 2001; Ota et al. 2004) at the Helix Research Institute, the
Institute of Medical Science at the University of Tokyo, and the
Kazusa DNA Research Institute (20,999 sequences in total); the
Kazusa cDNA Sequencing Project (Kikuno et al. 2002) at the Kazusa
DNA Research Institute (2,000 sequences); the Mammalian Gene
Collection (Strausberg et al. 1999) at the National Institutes of Health
in the United States (11,806 sequences); the German Human cDNA
Project (Wiemann et al. 2001) coordinated by the Deutsches
Krebsforschungszentrum in Heidelberg (5,555 sequences);, and the
Chinese National Human Genome Center at Shanghai (Hu et al.
2000) (758 sequences).

Mapping human cDNAs to the human genome and the comparison
of the mapped H-Inv cDNAs with other annotated datasets. We have
mapped human cDNA sequences to the human genome sequence
corresponding to the NCBI build 34 assembly. The datasets we used
were a set of 41,118 H-Inv ¢cDNAs and a set of 37,488 human RefSeq
sequences available on 15 July 2002 and on the 1 September 2003,
respectively. All the revisions for H-Inv cDNA sequences until August
2003 were applied in the datasets. Before performing the mapping
procedure, all the repetitive and low-complexity sequences in all the
cDNA sequences were masked using RepeatMasker (http:/ftp.
genome.washington.edu/RM/RepeatMasker.html) and Repbase 7.5.
Then we used the cross__match program to mask the remaining
vector sequences in each cDNA sequence. Any poly-A tails were also
masked by using a custom-made Perl script. In the first step of the
mapping procedure, we conducted BLASTN (ver.2.2.6) searches of all
the sequences against the human genome sequence and extracted the
corresponding genomic regions for each query sequence. Then we
used est2genome (EMBOSS package ver.2.7.1) to align each sequence
to the genomic region with a threshold of 95% identity and 90%
coverage. Coverage of each cDNA sequence was calculated excluding
those from the vector and poly-A tails that were masked in the
previous step. If the sequences were mapped to multiple positions on
the human genome, then we selected their best locus based on the
identity, length coverage, and number of exons of those sequences. As
a result, 77,315 sequences (including 40,140 ¢cDNAs from the H-Inv
project) were successfully mapped onto the human genome and were
clustered into 38,587 clusters based on sharing at least 1 bp of an
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exon on the same chromosome strand. We used all the mapped
sequences, including human RefSeq sequences, to compare the
clusters that included H-Inv ¢cDNAs with those that consisted of only
human RefSeq sequences. 20,190 clusters out of 38,587 consisted of
only H-Inv ¢cDNAs or both H-Inv c¢cDNAs and human RefSeq
sequences. The rest of the clusters consisted of RefSeq sequences
only. All of the mapped cDNAs and the overlap with the RefSeq
sequences can be viewed using G-integra in the H-InvDB (http://
www jbirc.aist.go.jp/hinvig-integrafhtml/). The mapping procedure for
all the unmapped cDNAs against the mouse genome was also
performed, using a threshold of 60% identity and 90% coverage.

Clustering of unmapped sequences. The sequences that were not
mapped onto the human genome were clustered by a single linkage
clustering method. The similarity search was performed among all
the unmapped sequences. The program used was MegaBLAST
version 2.2.6 (Zhang et al. 2000). As with to the mapping strategy,
some distinctive sequences (repetitive regions, contaminations from
cloning vectors and poly-A tails) were excluded from the queries of
the similarity search. The similarity was evaluated using the expected
value (E-value) between two sequences. Only when the E-value of the
two sequences was calculated to be 0, did we assume that a significant
level of similarity was detected between the two sequences.

Identification of gene structure. In order to identify gene structure,
we used only the representative H-Inv cDNAs. When detecting
repetitive elements in cDNAs, RepeatMasker was conducted in a
similar manner to the previous phase. We used curated cDNAs in
which frameshift errors and remaining introns were removed.

Prediction of ORFs. We predicted ORFs in all 41,118 H-Inv cDNAs,
as illustrated in Figure S1, based on the alignment of similarity
searches by FASTY (Pearson 2000; Mackey et al. 2002) (ver. 3.4t11)
and BLASTX (Altschul et al. 1990) (ver. 2.0.11), and gene prediction
by GeneMark (McIninch et al. 1996) (http:/fopal.biology.gatech.edu/
GeneMark/) (Table S10). Prior to the prediction of ORFs, we judged if
the sequence had any frameshift errors or remaining introns (see
Figure S1). During ORF prediction, we corrected the aforementioned
sequence irregularities computationally.

Procedure of computational and human annotation. Prior to the
human curation, we performed two computational automated
annotation processes to select the representative clone for each
locus and to predict function of H-Inv proteins (see Figure S2). We
then assigned the most suitable data source ID to each H-Inv protein
following a scheme illustrated in Figure $2 and referring to the
information using newly developed annotation viewers, named SOUP
location viewer, SOUP annotation viewer, and Similarity Motif ORF
(SMO) Viewer (Figure S9). Questionable transcripts were determined
by human curation based upon evidence such as the following:
sequences with no similarity to a known protein or domain,
sequences with a very short ORF, cDNAs with only a single exon,
and sequences with no EST support. Only 959 (4.9%) of the
computationally selected 19,574 representative H-Inv proteins had
to be manually corrected. Another 3,142 (16.1%) of the H-Inv
proteins had their functional assignment altered by manual curation.

Assignment of functional motifs. Nonredundant proteome data-
sets were obtained for fly (http:/fflybase.bio.indiana.edu/), worm
(http://www.wormbase.org/), budding yeast (http:/lwww.pasteur.fr/
externe), fission yeast (http://www.sanger.ac.uk/), plant (http://
mips.gsf.de/proj/thal/index.html), and a bacteria (ftp://ftp.ncbi.nih.
gov/genbank/genomes/Bacteria/Escherichia__coli__K12/). The H-Inv
proteins and other nonredundant proteome datasets were assigned
InterPro codes by InterProScan ver. 3.1 (Mulder et al. 2003). The
codes corresponded to families, domains, and repeats. GO terms were
also assigned (see Table S5).

Evolutionary relationship of proteomes. The top 40 InterPro
entries for the human proteome were compared with their
equivalents from the fly, worm, yeasts, plant, and bacteria proteomes
(see Table S4).

Protein domains and low-complexity inserted sequences. Folds
were assigned by reverse PSI-BLAST (Altschul et al. 1997) searches of
the amino acid sequences derived from the H-Inv cDNA against the
SCOP database (Lo Conte et al. 2000). Information on protein and
gene structures, with the exception of mouse and puffer fish, was
obtained from the individual genome projects (Blattner et al. 1997;
Kunst et al. 1997; CESC 1998; Adams et al. 2000; AGI 2000; Wood et
al. 2002). The data for mouse and puffer fish were obtained from the
Ensembl database (Hubbard et al. 2002).

Subcellular localization. Subcellular localization targeting signals
and transmembrane helices of 40,352 H-Inv proteins were predicted
using the PSORT II (Nakai and Horton 1999), TargetP (Emanuelsson
et al. 2000), TMHMM, and SOSUI (Hirokawa et al. 1998) computer
programs.
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UTR sequences. We obtained the UTR sequences from three
primates (Pan troglodytes, chimpanzee; Macaca fascicularis, crab-eating
macaque; and Macaca mulatta, thesus monkey) and two rodents (Mus
musculus, house mouse; and Rattus norvegicus, Norwegian rat) that
corresponded to UTRs from Homo sapiens. In order to do this, we
mapped the c¢cDNAs to the human or mouse genome. The
corresponding rodent cDNAs were determined by using a human-
mouse genome alignment provided by Ensembl. cDNAs of the
primates and rodents were retrieved from the DDBJ/EMBL/GenBank
databases using the cut off date of 15 July 2002. Additionally, we used
the FANTOMZ2 mouse sequences released on 5 December 2002, and
4,063 5" ESTs of chimpanzees (Sakate et al. 2003). Corresponding
UTRs between human and other species were identified by aligning 5
and 3’ ends of the human ORFs. To compare evolutionary distances,
we analyzed 3,061 and 5,277 orthologous groups that consisted of at
least three species’ information for the 5’ and 3’ UTR sequences,
respectively.

Supporting Information

Dataset S1. List of Library Origins of H-Inv cDNAs (182 Libraries)

The dataset consists of 41,118 H-Inv cDNAs that were cloned from
cDNA libraries derived from 182 varieties of cell and tissue.

Found at DOI: 10,1371/journal,pbio,0020162,sd001 (33 KB XLS).

Dataset S2. List of H-Inv Proteins with Potential EC Numbers (1,892
H-Inv Proteins)

The allotted EC numbers are based on the corresponding DNA
databank records, UniProt/Swiss-Prot and TrEMBL records that show
sequence similarity to the proteins, and InterPro records that the
proteins hit.

Found at DOT: 10.1371/journal. pbio.0020162.sd002 (247 KB XLS).

Dataset S3. List of Polymorphic Microsatellites Inferred by Compar-
isons between the H-Inv cDNAs and Genomic Sequences

Found at DOT: 10.1371/journal. pbio.0020162.5d003 (56 KB XLS).

Figure S1. Prediction of ORFs

(A) Schematic diagram for the prediction of ORFs. This diagram
illustrates the ORF prediction method used on all H-Inv cDNAs. The
method was based upon the alignment of similarity searches using
FASTY and BLASTX. Gene prediction was carried out using
GeneMark. Prior to the prediction of ORFs, we judged if a sequence
had any frameshift errors or remaining introns. During ORF
prediction, we corrected those sequence irregularities computation-
ally. Details of how sequence irregularities were predicted are
described in (B) and (C).

(B) Schematic diagram for prediction of unspliced introns. This
schematic diagram illustrates the prediction method used for
unspliced introns.

(C) Schematic diagram for prediction of frameshift errors. Frameshift
errors were inferred from cDNA-genome pairwise alignment gaps
due to insertion or deletion, exception of multiple of 3 bp, or over 10
bp in either the query cDNA or genome.

(D) The statistics for the predicted frameshifts and unspliced introns.

Found at DOT: 10.1371/journal. pbio.0020162.5g001 (49 KB PDF).

Figure S2. Scheme of Prediction for Functional Annotation

(A) Schematic diagram for determining a representative transcript
for each locus. The procedure of computational autoannotation is
illustrated. Prior to the human curation of the representative
transcript of each H-Inv cluster, we performed computational
autoannotation.

(B) Schematic diagram for functional prediction of H-Inv proteins.
This schematic diagram illustrates the H-Inv autofunctional annota-
tion pipeline that can determine the most appropriate data source
ID, avoiding the following keywords that suggest proteins without
experimental verification in the description; (1) hypothetical, (2)
similar to, (3) names of cDNA clones (Rik, KIAA, FL], DKFZ, HSPC,
MGC, CHGC, and IMAGE) and (4) names of InterPro domain
frequent hitters.

Found at DOL 10.1371/journal.pbio.0020162.5g002 (34 KB PDF).
Figure S3. Size Distribution of Predicted ORFs

The size distribution of all H-Inv proteins among the five similarity
categories.

Found at DOI: 10.1371/journal.pbio.0020162.5g003 (24 KB PDF).
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Figure $4. Features of Category II Proteins

A total of 4,104 H-Inv proteins were classified as Category II based on
sequence similarity to functionally validated proteins. The table and
figure show source species of proteins in public databases to which
the Category II proteins were similar.

Found at DOIL: 10.1371/journal.pbio.0020162.5g004 (9 KB PDF).

Figure S5. H-Inv KEGG Analysis Results (Images of KEGG Pathways)

The images illustrate the metabolic pathways of KEGG database
based on the EC number assignments to H-Inv proteins.

Found at DOIL: 10.1371/journal pbio.0020162.sg005 (47 KB PDF).

Figure S6. Numbers of Representative H-Inv c¢cDNAs That Are
Homologous to Proteins in Each Taxonomic Group

Two thresholds (E < 1075, white bars, and E < 10710, black bars) were
employed. The “animal” group does not include mammalian species.
The “eukaryote” group represents eukaryotic species other than
animals, fungi, and plants.

Found at DOL: 10.1371/journal.pbio.0020162.5g006 (9 KB PDF).

Figure 87. A Functional Classification of H-Inv Protein Families That
Have Homologs in Each Taxonomic Group

H-Inv protein families were identified by clustering H-Inv proteins
using the single-linkage clustering method. Then, the number of
homologs for each H-Inv protein family was calculated. Mammalian
species are excluded from the “animal” group. “eukaryote” repre-
sents eukaryotic species other than animals, fungi, and plants.

Single-linkage clustering. All of the H-Inv proteins were compared
with themselves by BLASTP and clustered with the thresholds of E-
values of 107°° and 10™°°. The numbers of singleton families detected
were 11,890 and 13,938 at the E-value of 107" and 1()750, respectively.

Found at DOI: 10.1371/journal.pbio.0020162.sg007 (49 KB PDF).

Figure $8. A Sample View of the H-Invitational Database (H-InvDB;
http:/lwww.h-invitational.jp/)

A FLcDNA (BC003551) is shown with its detailed annotations, e.g.,
gene structure, functional annotation, ORF predictions, protein
structure prediction by GTOP, etc. The H-InvDB has links to other
internal databases (red boxes) such as a genome map viewer (G-
integra) and gene expression library (H-Angel). Green boxes show
internal viewers for the results of clustering (Clustering Viewer
showing results by H-Inv, STACK, TIGR, UniGene, etc.), the
prediction of subcellular localization (TOPOViewer showing results
of TMHMM, SOSUI, TargetP, and PsortIl), and the disease-related
information (Diseaselnfo Viewer linking to OMIM and GenAtlas).
The H-InvDB also has links to many external public databases (black
boxes), including DDBJ/JEMBL/GenBank, RefSeq, UniProt/Swiss-Prot
and TrEMBL, Genew, InterPro, 3D Keynote, Ensembl, GeneLynx,
LocusLink, PubMed, LIFEdb, dbSNP, GO, and GTOP, and to
homepages by original data producers of FLcDNA clones and
sequences (blue boxes), including the Chinese National Human
Genome Center (CHGC), the Deutsches Krebsforschungszentrum
(DKFZ/MIPS), Helix Research Institute (HRI), the Institute of Medical
Science at the University of Tokyo (IMSUT), the Kazusa DNA
Research Institute (KDRI), the Mammalian Gene Collection (MGC/
NIH), and the FL]J project.

Found at DOI: 10.1371/journal.pbio.0020162.sg008 (2,650 KB PDF).

Figure 9. H-Inv Annotation Viewers

(A) G-integra: A genome mapping viewer.

(B) SOUP Locus annotation viewer.

(C) SOUP ¢DNA annotation viewer.

(D) SMO Viewer: The similarity, motif, and ORF information viewer.

Found at DOI: 10.1371/journal.pbio.0020162.sg009 (2,022 KB PDF).

Table S1. Gene Structure

(A) Gene structure of the cDNAs.

(B) The frequencies and varieties of repetitive sequences found in the
cDNAs. A list of the 20,899 loci representing cDNAs that Repeat-
Masker showed contained repetitive elements.

(C) The positions (5" UTR, ORF, and 3’ UTR) of repetitive sequences
in the protein-coding ¢cDNAs. A total of 1,863 ¢cDNAs contained
repetitive sequences in their ORF, of which 549 had repetitive
sequences within their most probable ORF. Repetitive sequences
appeared in 2,240 and 5,401 ¢cDNAs in their 5 UTRs and 3" UTRs,
respectively.
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Found at DOI: 10.1371/journal.pbio.0020162.5t001 (20 KB PDF).

Table 52. CAI and Codon Usage

(A) CATI was measured for all H-Inv proteins. CAI is a measure of
biased patterns for synonymous codon usage (http:/biobase.dk/
embossdocs/cai.html).

(B) Codon usage in predicted ORFs of H-Inv proteins. Total tri-
nucleotide frequencies (forward strand) for the sequences of each
species are shown. Nonredundant proteome datasets for nonhuman
species were obtained from the following sites: fly (Drosophila
melanogaster; http:/fflybase.bio.indiana.eduf), worm (Caenorhabditis ele-
gans; http:/lwww.wormbase.orgl), budding yeast (Saccharomyces cerevisiae;
http:/lwww.pasteur.frlexterne), fission yeast (Schizosaccharomyces pombe;
http:/lwww.sanger.ac.uk/), plant (Arabidopsis thaliana; http:/fmips.gsf.de/
proj/thalfindex.html), and bacteria (Escherichia coli K12; ftp://ftp.ncbi.
nih.govigenbank/genomes/Bacteria/Escherichia__coli__K12/).

Found at DOI: 10.1371/journal.pbio.0020162.5t002 (20 KB PDF).

Table 83. Tissue Library Origins of H-Inv Proteins

The results of classification into five similarity categories for each of
ten tissue classes.

(A) Numbers of H-Inv proteins.

(B) Histogram.

Found at DOI: 10.1371/journal.pbio.0020162.5t003 (10 KB PDF).

Table S4. The InterPro IDs Identified in H-Inv Proteins

The top 40 InterPro IDs identified in H-Inv proteins and proteins
from other species are listed for all types (A) and for each type of
family, domain, and repeat (B-D). Analyses were conducted by
InterPro ver. 3.1. Nonredundant proteome datasets of other species
were obtained from the following sites: fly (Drosophila melanogaster;
http:/fflybase.bio.indiana.eduf), worm (Caenorhabditis elegans; http:/f
www.wormbase.orgf), budding yeast (Saccharomyces cerevisiae; http:/l
www.pasteur.fr/externe), fission yeast (Schizosaccharomyces pombe; http://
www.sanger.ac.uk/), plant (Arabidopsis thaliana; http:/lmips.gsf.de/proj/
thalfindex.html), and bacteria (Escherichia coli K12; ftp://fftp.ncbi.nih.
govigenbank/genomes/Bacteria/Escherichia__coli__K12/).

Found at DOI: 10.1371/journal.pbio.0020162.5t004 (36 KB PDF).
Table S5. GO Term Assignment to H-Inv Proteins

(A) Molecular function.
(B) Cellular component.
(C) Biological process.

Found at DOT: 10.1371/journal. pbio.0020162.5t005 (74 KB PDF).
Table $6. List of Newly Assigned Human Enzymes (32 H-Inv Proteins)

All these 32 H-Inv proteins were newly assigned enzyme numbers
with the support of the KEGG pathway. These enzyme assignments
were previously unrepresented in Homo sapiens.

Found at DOIL: 10.1371/journal.pbio.0020162.5t006 (33 KB PDF).
Table S7. A Functional Classification of Representative H-Inv cDNAs
That Have Homologs in Other Species

(See also Figure 6.)

Found at DOL: 10.1371/journal.pbio.0020162.5t007 (9 KB PDF).
Table $8. Basic Statistics for UTR Sequences Analyzed

Found at DOI: 10.1371/journal.pbio.0020162.5t008 (8 KB PDF).

Table $9. UTR Replacements in Primates and Rodents

One hundred and forty-seven UTR replacements distributed among
different species were detected.

Found at DOL 10.1371/journal.pbio.0020162.5st009 (9 KB PDF).

Table S10. List of the Databases and Software Used in the H-Inv
Project

Found at DOI: 10.1371/journal.pbio.0020162.5t010 (31 KB PDF).

Protocol S1. A Detailed Functional Annotation Based on Protein
Modules

Found at DOI: 10.1371/journal.pbio.0020162.sd004 (25 KB PDF).

Acknowledgments

This paper is dedicated to the late Dr. Yoshimasa Kyogoku, the
Director of the Biological Information Research Center, National

June 2004 | Volume 2 | Issue 6 | Page 0872

~40 -



Institute of Advanced Industrial Science and Technology, who passed
away on February 27, 2003.

The authors express their most sincere gratitude to Drs. David
Lipman, Graham Cameron, Joakim Lundeberg, and Francis Collins
for their support, the Research Association for Biotechnology of
Japan, the International Human Genome Sequencing Consortium,
and the Chromosome 22 Group at the Sanger Institute for providing
sequence and annotation data. We are grateful to T. Hasui, T.
Habara, K. Yamaguchi, H. Kawashima, F. Todokoro, N. Yamamoto, Y.
Makita, R. Aono, Y. Tanada, H. Kubooka, H. Maekawa, Y. Sasayama, T.
Yamamoto, S. Okiyama, K. Nakamura, A. Matsuya, Y. Mimiura, R.
Matsumoto, K. Takabayashi, Y. Hayakawa, H. Zhang, S. Nurimoto, T.
Sugisaki, T. Kawamura, O. Nakano, S. Hosoda, N. Yoshimura, and T.
Endo for their technical support. This research is financially
supported by the Ministry of Economy, Trade, and Industry of Japan
(METT), the Ministry of Education, Culture, Sports, Science, and
Technology of Japan (MEXT), the Japan Biological Informatics
Consortium (JBIC), the New Energy and Industrial Technology
Development Organization (NEDO), the United States Department
of Energy, the National Institutes of Health of the United States, the
Bundesministerium fiir Bildung und Forschung (BMBF) of Germany,
the European Union through the EURO-IMAGE Consortium (grant
BMH4-CT97-2284 coordinated by Charles Auffray), the 863 and 973
Program of the Ministry of Science and Technology of China, and
CNRS of France. The work on Module 3D-keynote is supported by
Grants-in-Aid for Scientific Research on Priority Areas (C) “Genome
Information Science” to Mitiko Go and Kei Yura, and for Scientific
Research (B) to MG, from MEXT. KY is also supported by a Grant-in-
Aid for Encouragement of Young Scientists from MEXT. The work on
subcellular localization is supported by a Grant-in-Aid for Scientific
Research on Priority Areas (C) “Genome Information Science” from
MEXT and the National Project on Protein Structural and Functional
Analyses from the same Ministry.

Conflicts of interest. The authors have declared that no conflicts of
interest exist.

Author contributions. The project was conceived and designed by
T. Imanishi, T. Itoh, Y. Suzuki, C. O’Donovan, S. Fukuchi, Y.
Yamaguchi-Kabata, S. Miyazaki, K. Ikeo, A. Kasprzyk, T. Nishikawa,
M. Stodolsky, W. Makalowski, M. Go, K. Nakai, T. Takagi, M. Kanehisa,
Y. Sakaki, J. Quackenbush, Y. Okazaki, Y. Hayashizaki, W. Hide, R.

References

Adams MD, Kelley JM, Gocayne JD, Dubnick M, Polymeropoulos MH, et al.
(1991) Complementary DNA sequencing: Expressed sequence tags and
human genome project. Science 252: 1651-1656.

Adams MD, Celniker SE, Holt RA, Evans CA, Gocayne JD, et al. (2000) The
genome sequence of Drosophila melanogaster. Science 287: 2185-2195.

[AGI] Arabidopsis Genome Initiative (2000) Analysis of the genome sequence of
the flowering plant Arabidopsis thaliana. Nature 408: 796-815.

Akey JM, Zhang G, Zhang K, Jin L, Shriver MD (2002) Interrogating a high-
density SNP map for signatures of natural selection. Genome Res 12: 1805-
1814.

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local
alignment search tool. ] Mol Biol 215: 403-410.

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, et al. (1997) Gapped
BLAST and PSI-BLAST: A new generation of protein database search
programs. Nucleic Acids Res 30: 3389-3402.

Ambros V (2001) microRNAs: Tiny regulators with great potential. Cell 107:
823-826.

Andrew S, Goldberg Y, Kremer B, Telenius H, Theilmann J, et al. (1993) The
relationship between trinucleotide (CAG) repeat length and clinical features
of Huntington’s disease. Nat Genet 4: 398-403.

Ashburner M (2000) A biologist’s view of the Drosophila genome annotation.
Genome Res 10: 391-393.

Auffray C, Behar G, Bois F, Bouchier C, DaSilva C, et al. (1995) IMAGE:
Integrated molecular analysis of the human genome and its expression. CR
Acad Sci IIT, Sci Vie 318: 263-272.

Bahn JH, Kwon OS, Joo HM, Ho Jang S, Park J, et al. (2002) Immunohis-
tochemical studies of brain pyridoxine-5'-phosphate oxidase. Brain Res 925:
159-168.

Bamshad M, Wooding S (2003) Signatures of natural selection in the human
genome. Nat Rev Genet 4: 99-111.

Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, et al. (2000) The
protein data bank. Nucleic Acids Res 28: 235-242.

Blattner FR, Plunkett Gr, Bloch CA, Perna NT, Burland V, et al. (1997) The
complete genome sequence of Escherichia coli K-12. Science 277: 1453-1474.

Boguski MS, Lowe TM], Tolstoshev CM (1993) dbEST: Database for expressed
sequence tags. Nat Genet 4: 332-333.

Bono H, Kasukawa T, Furuno M, Hayashizaki Y, Okazaki Y (2002) FANTOM
DB: Database of functional annotation of RIKEN mouse ¢DNA clones.
Nucleic Acids Res 30: 116-118.

PLoS Biology | http://biology.plosjournals.org

Integrative Annotation of Human Genes

Chakraborty, K. Nishikawa, H. Sugawara, Y. Tateno, Z. Chen, M.
Oishi, P. Tonellato, R. Apweiler, K. Okubo, L. Wagner, S. Wiemann, R.
L. Strausberg, T. Isogai, C. Auffray, N. Nomura, T. Gojobori, and S.
Sugano.

The data were analyzed by T. Imanishi, T. Itoh, Y. Suzuki, C.
O’Donovan, S. Fukuchi, K. O. Koyanagi, R. A. Barrero, T. Tamura, Y.
Yamaguchi-Kabata, M. Tanino, K. Yura, S. Miyazaki, K. Ikeo, K.
Homma, A. Kasprzyk, T. Nishikawa, M. Hirakawa, J. Thierry-Mieg, D.
Thierry-Mieg, J. Ashurst, L. Jia, M. Nakao, M. A. Thomas, N. Mulder, Y.
Karavidopoulou, L. Jin, S. Kim, T. Yasuda, B. Lenhard, E. Eveno, Y.
Suzuki, C. Yamasaki, J.-I. Takeda, C. Gough, P. Hilton, Y. Fujii, H.
Sakai, S. Tanaka, C. Amid, M. Bellgard, M. de Fatima Bonaldo, H.
Bono, S. K. Bromberg, A. Brookes, E. Bruford, P. Carninci, C. Chelala,
C. Couillault, S. J. De Souza, M.-A. Debily, M.-D. Devignes, I. Dubchak,
T. Endo, A. Estreicher, E. Eyras, K. Fukami-Kobayashi, G. Gopina-
thrao, E. Graudens, Y. Hahn, M. Han, Z.-G. Han, K. Hanada, H.
Hanaoka, E. Harada, K. Hashimoto, U. Hinz, M. Hirai, T. Hishiki, L.
Hopkinson, S. Imbeaud, H. Inoko, A. Kanapin, Y. Kaneko, T.
Kasukawa, J. F. Kelso, P. Kersey, R. Kikuno, K. Kimura, B. Korn, V.
Kuryshev, I. Makalowska, T. Makino, S. Mano, R. Mariage-Samson, J.
Mashima, H. Matsuda, H.-W. Mewes, S. Minoshima, K. Nagai, H.
Nagasaki, N. Nagata, R. Nigam, Q. Ogasawara, O. Ohara, M. Ohtsubo,
N. Okada, T. Okido, S. Oota, M. Ota, T. Ota, T. Otsuki, D. Piatier-
Tonneau, A. Poustka, S.-X. Ren, N. Saitou, K. Sakai, S. Sakamoto, R.
Sakate, I. Schupp, F. Servant, S. Sherry, R. Shiba, N. Shimizu, M.
Shimoyama, A. J. Simpson, B. Soares, C. Steward, M. Suwa, M. Suzuki,
A. Takahashi, G. Tamiya, H. Tanaka, T. Taylor, J. D. Terwilliger, P.
Unneberg, V. Veeramachanen, S. Watanabe, L. Wilming, N. Yasuda,
H.-S. Yoo, W. Makalowski, M. Go, K. Nakai, Y. Okazaki, W. Hide, R.
Chakraborty, Z. Chen, P. Tonellato, K. Okubo, L. Wagner, S.
Wiemann, T. Isogai, C. Auffray, N. Nomura, T. Gojobori, and S.
Sugano.

The paper was written by T. Imanishi, T. Itoh, Y. Suzuki, S.
Fukuchi, K. O. Koyanagi, R. A. Barrero, T. Tamura, Y. Yamaguchi-
Kabata, M. Tanino, K. Yura, K. Homma, M. Hirakawa, L. Jia, M.
Nakao, B. Lenhard, C. Yamasaki, C. Gough, P. Hilton, Y. Fujii, S.
Tanaka, C. Chelala, M.-D. Devignes, T. Hishiki, I. Hopkinson, W.
Makalowski, K. Nakai, W. Hide, P. Tonellato, C. Auffray, N. Nomura,
T. Gojobori, and S. Sugano. n

Boon K, Osorio EC, Greenhut SF, Schaefer CF, Shoemaker J, et al. (2002) An
anatomy of normal and malignant gene expression. Proc Natl Acad Sci U §
A 99: 11287-11292.

Brenner S, Johnson M, Bridgham ], Golda G, Lloyd D, et al. (2000) Gene
expression analysis by massively parallel signature sequencing (MPSS) on
microbead arrays. Nat Biotechnol 18: 630-634.

Camargo A, Samaia H, Dias-Neto E, Simao D, Migotto I, et al. (2001) The
contribution of 700,000 ORF sequence tags to the definition of the human
transcriptome. Proc Natl Acad Sci U S A 98: 12103-12108.

[CESC] C. elegans Sequencing Consortium (1998) Genome sequence of the
nematode C. elegans: A platform for investigation biology. Science 282: 2012~
2018.

Clark M, Hennig S, Herwig R, Clifton S, Marra M, et al. (2001) An
oligonucleotide fingerprint normalized and expressed sequence tag char-
acterized zebrafish cDNA library. Genome Res 11: 1594-1602.

Cook RJ (2001) Disruption of histidine catabolism in NEUT2 mice. Arch
Biochem Biophys 392: 226-232.

Curtis D, Lehmann R, Zamore PD (1995) Translational regulation in develop-
ment. Cell 81: 171-178.

Cyranoski D (2002) Geneticists lay foundations for human transcriptome
database. Nature 419: 3-4.

Das S, Yu L, Gaitatzes C, Rogers R, Freeman J, et al. (1997) Biology's new Rosetta
Stone. Nature 385: 29-30.

Deininger PL, Batzer MA (2002) Mammalian retroelements. Genome Res 12:
1455-1465.

Duyao M, Ambrose C, Myers R, Novelletto A, Persichetti F, et al. (1993)
Trinucleotide repeat length instability and age of onset in Huntington’s
disease. Nat Genet 4: 387-392.

Emanuelsson O, Nielsen H, Brunak S, von Heijne G (2000) Predicting
subcellular localization of proteins based on their N-terminal amino acid
sequence. J Mol Biol 300: 1005-1016.

Gaudieri S, Dawkins RL, Habara K, Kulski JK, Gojobori T (2000) SNP profile
within the human major histocompatibility complex reveals an extreme and
interrupted level of nucleotide diversity. Genome Res 10: 1579-1586.

Geballe AP, Morris DR (1994) Initiation codons within 5'-leaders of mRNAs as
regulators of translation. Trends Biochem Sci 19: 159-164.

Gerber H, Seipel K, Georgiev O, Hofferer M, Hug M, et al. (1994) Transcrip-
tional activation modulated by homopolymeric glutamine and proline
stretches. Science 263: 808-811.

June 2004 | Volume 2 | Issue 6 | Page 0873

_41 -



Gieser L, Swaroop A (1992) Expressed sequence tags and chromosomal
localization of ¢cDNA clones from a subtracted retinal pigment epithelium
library. Genomics 13: 873-876.

Go M (1983) Modular structural units, exons, and function in chicken lysozyme.
Proc Natl Acad Sci U S A 80: 1964-1968.

[GOC] Gene Ontology Consortium (2001) Creating the gene ontology resource:
Design and implementation. Genome Res 11: 1425-1433.

Hamosh A, Scott A, Amberger J, Bocchini C, Valle D, et al. (2002) Online
Mendelian inheritance in man (OMIM): A knowledgebase of human genes
and genetic disorders. Nucleic Acids Res 30: 52-55.

Haverty PM, Weng Z, Best NL, Auerbach KR, Hsaio LL, et al. (2002) HugeIndex:
A database with visualization tools for high-density oligonucleotide array
data from normal human tissues. Nucleic Acids Res 30: 214-217.

Hawkins JD (1988) A survey on intron and exon lengths. Nucleic Acids Res 16:
9393-9908.

Hirokawa T, Boon-Chieng S, Mitaku S (1998) SOSUL Classification and
secondary structure prediction system for membrane proteins. Bioinfor-
matics 14: 378-379.

Hirosawa M, Nagase T, Ishikawa K, Kikuno R, Nomura N, et al. (1999)
Characterization of ¢cDNA clones selected by the GeneMark analysis from
size-fractionated cDNA libraries from human brain. DNA Res 6: 329-336.

Houlgatte R, Mariage-Samson R, Duprat S, Tessier E, Bentolila S, et al. (1995)
The genexpress index: A resource for gene discovery and the genic map of
the human genome. Genome Res 5: 272-304.

Hu RM, Han ZG, Song HD, Peng YD, Huang QH, et al. (2000) Gene expression
profiling in the human hypothalamus-pituitary-adrenal axis and full-length
cDNA cloning. Proc Natl Acad Sci U S A 97: 9543-9548.

Hubbard T, Barker D, Birney E, Cameron G, Chen Y, et al. (2002) The Ensembl
genome database project. Nucleic Acids Res 30: 38-41.

Kanehisa M, Goto S, Kawashima S, Nakaya A (2002) The KEGG databases at
GenomeNet. Nucleic Acids Res 30: 42-46.

Kawabata T, Fukuchi S, Homma K, Ota M, Araki J, et al. (2002) GTOP: A
database of protein structures predicted from genome sequences. Nucleic
Acids Res 30: 294-298.

Kawai J, Shinagawa A, Shibata K, Yoshino M, Itoh M, et al. (2001) Functional
annotation of a full-length mouse ¢cDNA collection. Nature 409: 685-690.
Kawamoto S, Ohnishi T, Kita H, Chisaka O, Okubo K (1999) Expression
profiling by iAFLP: A PCR-based method for genome-wide gene expression

profiling. Genome Res 9: 1305-1312.

Kawamoto S, Yoshii ], Mizuno K, Ito K, Miyamoto Y, et al. (2000) BodyMap: A
collection of 8’ ESTs for analysis of human gene expression information.
Genome Res 10: 1817-1827.

Kent WJ, Haussler D (2001) Assembly of the working draft of the human
genome with GigAssembler. Genome Res 11: 1541-1548.

Khan AS, Wilcox AS, Polymeropoulos MH, Hopkins JA, Stevens TJ, et al. (1992)
Single pass sequencing and physical and genetic mapping of human brain
¢DNAs. Nat Genet 2: 180-185.

Kikuno R, Nagase T, Waki M, Ohara O (2002) HUGE: A database for human
large proteins identified in the Kazusa cDNA sequencing project. Nucleic
Acids Res 30: 166-168.

Kozak M (1989) The scanning model for translation: An update. J Cell Biol 108:
229-241.

Kriventseva EV, Gelfand MS (1999) Statistical analysis of the exon-intron
structure of higher and lower eukaryote genes. ] Biomol Struct Dyn 17: 281—
288.

Kunst F, Ogasawara N, Moszer I, Albertini AM, Alloni G, et al. (1997) The
complete genome sequence of the gram-positive bacterium Bacillus subtilis.
Nature 390: 249-256.

Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, et al. (2001) Initial
sequencing and analysis of the human genome. Nature 409: 860-921.

Larizza A, Makalowski W, Pesole G (2002) Structural and evolutionary analysis
of eukaryotic mRNA untranslated regions. Comput Chem 26: 479-490.

Lithgow T, Cuezva JM, Silver PA (1997) Highways for protein delivery to the
mitochondria. Trends Biochem Sci 22: 110-113.

Lo Conte L, Ailey B, Hubbard TJ, Brenner SE, Murzin AG, et al. (2000) SCOP: A
structural classification of proteins database. Nucleic Acids Res 28: 257-259.

Lorenc A, Makalowski W (2003) Transposable elements and vertebrate protein
diversity. Genetica. In press

Mackey AJ, Haystead TA, Pearson WR (2002) Getting more from less:
Algorithms for rapid protein identification with multiple short peptide
sequences. Mol Cell Proteomics 1: 139-147.

Makalowski W (2000) Genomic scrap yard: How genomes utilize all that junk.
Gene 259: 61-67.

Maroni G (1996) The organization of eukaryotic genes. Evol Biol 29: 1-19.

Marshall E (2001) Rat genome spurs an unusual partnership. Science 291: 1872.

Martin W (2002) Evolutionary analysis of Arabidopsis, cyanobacterial, and
chloroplast genomes reveals plastid phylogeny and thousands of cyanobac-
terial genes in the nucleus. Proc Natl Acad Sci U S A 99: 12246-12251.

Matsuzaka Y MS, Makino S, Nakajima K, Tomizawa M, Oka A, et al. (2001) New
polymorphic microsatellite markers in the human MHC class III region.
Tissue Antigens 57: 397-404.

McCarthy JEG, Kollmus H (1995) Cytoplasmic mRNA-protein interaction gene
expression. Trends Biochem Sci 20: 191-197.

McIninch JD, Hayes WS, Borodovsky M (1996) Applications of GeneMark in
multispecies environments. Proc Int Conf Intell Syst Mol Biol 4: 165-175.

PLoS Biology | http://biology.plosjournals.org

Integrative Annotation of Human Genes

Miki R, Kadota K, Bono H, Mizuno Y, Tomaru Y, et al. (2001) Delineating
developmental and metabolic pathways in vivo by expression profiling using
the RIKEN set of 18,816 full-length enriched mouse cDNA arrays. Proc Natl
Acad Sci U S A 98: 2199-2204.

Moonen HJ, Briede JJ, van Maanen JM, Kleinjans JC, de Kok TM (2002)
Generation of free radicals and induction of DNA adducts by activation of
heterocyclic aromatic amines via different metabolic pathways in vitro. Mol
Carcinogen 35: 196-203.

Moore PB, Steitz TA (2002) The involvement of RNA in ribosome function.
Nature 418: 229-235.

Moss EG (2002) MicroRNAs: Hidden in the genome. Curr Biol 12: R138-R140.

Mulder NJ, Apweiler R, Attwood TK, Bairoch A, Barrell D, et al. (2003) The
InterPro Database, 2003 brings increased coverage and new features.
Nucleic Acids Res 31: 315-318.

Nagase T, Ishikawa K, Kikuno R, Hirosawa M, Nomura N, et al. (1999)
Prediction of the coding sequences of unidentified human genes. XV. The
complete sequences of 100 new cDNA clones from brain which code for
large proteins in vitro. DNA Res 6: 337-345.

Nagase T, Kikuno R, Ohara O (2001) Prediction of the coding sequences of
unidentified human genes. XXI. The complete sequences of 60 new cDNA
clones from brain which code for large proteins. DNA Res 8: 179-187.

Nakai K, Horton P (1999) PSORT: A program for detecting sorting signals in
proteins and predicting their subcellular localization. Trends Biochem Sci
24: 34-35.

Noguti T, Sakakibara H, Go M (1993) Localization of hydrogen bonds within
modules in barnase. Proteins 16: 357-363.

Nomura N, Miyajima N, Sazuka T, Tanaka A, Kawarabayasi Y, et al. (1994)
Prediction of the coding sequences of unidentified human genes. I. The
coding sequences of 40 new genes (KIAA0001-KIAA0040) deduced by
analysis of randomly sampled cDNA clones from human immature myeloid
cell line KG-1. DNA Res 1: 27-35.

Ohno S (1996) The notion of the Cambrian pananimalia genome. Proc Natl
Acad Sci U S A 93: 8475-8478.

Okazaki Y, Furuno M, Kasukawa T, Adachi J, Bono H, et al. (2002) Analysis of
the mouse transcriptome based on functional annotation of 60,770 full-
length cDNAs. Nature 420: 563-573.

Okubo K, Hori N, Matoba R, Niiyama T, Fukushima A, et al. (1992) Large scale
cDNA sequencing for analysis of quantitative and qualitative aspects of gene
expression. Nat Genet 2: 173-179.

Ota T, Nishikawa T, Suzuki Y, Maruyama K, Sugano S, et al. (1997} Full-length
cDNA project toward a high throughput functional analysis. Microb Comp
Genomics 2: 204-205.

Ota T, Suzuki Y, Nishikawa T, Otsuki T, Sugiyama T, et al. (2004) Complete
sequencing and characterization of 21,243 full-length human cDNAs. Nat
Genet 36: 40-45.

Pearson WR (2000) Flexible sequence similarity searching with the FASTA3
program package. Methods Mol Biol 132: 185-219.

Pesole G, Liuni S, Grillo G, Saccone C (1997) Structural and compositional
features of untranslated regions of eukaryotic mRNAs. Gene 205: 95-102.
Pietu G, Mariage-Samon R, Fayein NA, Matingou C, Eveno E, et al. (1999) The
Genexpress IMAGE knowledge base of the human brain transcriptome: A
prototype integrated resource for functional and computational genomics.

Genome Res 9: 195-209.

Pruitt KD, Maglott DR (2001) RefSeq and LocusLink: NCBI gene-centered
resources. Nucleic Acids Res 29: 137-140.

Reese M, Hartzell G, Harris N, Ohler U, Abril J, et al. (2000) Genome
annotation assessment in Drosophila melanogaster. Genome Res 10: 483-501.

Rivas E, Eddy SR (2001) Noncoding RNA gene detection using comparative
sequence analysis. BMC Bioinformatics 2: 8-27.

Sachidanandam R, Weissman D, Schmidt SC, Kakol JM, Stein LD, et al. (2001) A
map of human genome sequence variation containing 1.42 million single
nucleotide polymorphisms. Nature 409: 928-933.

Saha S, Spark A, Rago C, Akmaev V, Wang C, et al. (2002) Using the
transcriptome to annotate the genome. Nat Biotechnol 20: 508-512.

Sakate R, Osada N, Hida M, Sugano S, Hayasaka I, et al. (2003) Analysis of 5'-
end sequences of chimpanzee cDNAs. Genome Res 13: 1022-1026.

Seki M, Narusaka M, Kamiya A, Ishida J, Satou M, et al. (2002) Functional
annotation of a full-length Arabidopsis cDNA collection. Science 296: 141-
145.

Sese J, Nikaidou H, Kawamoto S, Minesaki Y, Morishita S, et al. (2001) BodyMap
incorporated PCR-based expression profiling data and a gene ranking
system. Nucleic Acids Res 29: 156-158.

Sherry ST, Ward M, Sirotkin K (1999) dbSNP-database for single nucleotide
polymorphisms and other classes of minor genetic variation. Genome Res 9:
677-679.

Shoemaker DD, Schadt EE, Armour CD, He YD, Garrett-Engele P, et al. (2001)
Experimental annotation of the human genome using microarray technol-
ogy. Nature 409: 922-927.

Snell R, MacMillan J, Cheadle J, Fenton I, Lazarou L, et al. (1993) Relationship
between trinucleotide repeat expansion and phenotypic variation in
Huntington’s disease. Nat Genet 4: 393-397.

Sonenberg N (1994) mRNA translation: Influence of the 5" and 3’ untranslated
regions. Curr Opin Genet Dev 4: 310-315.

Sorek R, Ast G, Graur D (2002) Alu-containing exons are alternatively spliced.
Genome Res 12: 1060-1067.

June 2004 | Volume 2 | Issue 6 | Page 0874

_42 -



Stapleton M, Liao G, Brokstein P, Hong L, Carninci P, et al. (2002) The
Drosophila gene collection: Identification of putative full-length cDNAs for
70% of D. melanogaster genes. Genome Res 12: 1294-1300.

Storz G (2002) An expanding universe of noncoding RNAs. Science 296: 1260
1263.

Strausberg RL, Feingold EA, Klausner RD, Collins FS (1999) The mammalian
gene collection. Science 286: 455-457.

Strausberg RL, Feingold E, Grouse L, Derge ], Klausner R, et al. (2002)
Generation and initial analysis of more than 15,000 full-length human and
mouse cDNA sequences. Proc Natl Acad Sci U S A 99: 16899-16903.

Suyama M, Nagase T, Ohara O (1999) HUGE: A database for human large
proteins identified by Kazusa cDNA sequencing project. Nucleic Acids Res
27: 338-339.

Suzuki H, Fukunishi Y, Kagawa I, Saito R, Oda H, et al. (2001) Protein-protein
interaction panel using mouse full-length cDNAs. Genome Res 11: 1758-1765.

Suzuki Y, Yoshitomo-Nakagawa K, Maruyama K, Suyama A, Sugano S (1997)
Construction and characterization of a full length-enriched and a 5'-end-
enriched cDNA library. Gene 200: 149-156.

Urmenyi T, Bonaldo M, Soares M, Rondinelli E (1999) Construction of a
normalized ¢cDNA library for the Trypanosoma cruzi genome project. J
Eukaryot Microbiol 46: 542-544.

Velculescu VE, Zhang L, Vogelstein B, Kinzler KW (1995) Serial analysis of gene
expression. Science 270: 484-487.

Venter JC, Adams MD, Myers EW, Li PW, Mural R], et al. (2001) The sequence
of the human genome. Science 291: 1304-1351.

Watanabe J, Sasaki M, Suzuki ], Sugano S (2002) Analysis of transcriptomes of

PLoS Biology | http://biology.plosjournals.org

Integrative Annotation of Human Genes

human malaria parasite Plasmodium falciparum using full-length enriched
library: identification of novel genes and diverse transcription start sites of
messenger RNAs. Gene 291: 105-113.

Waterston R, Lindblad-Toh K, Birney E, Rogers J, Abril J, et al. (2002) Initial
sequencing and comparative analysis of the mouse genome. Nature 420:
520-562.

Weidanz JA, Campbell P, Moore D, DeLucas LJ, Roden L, et al. (1996) N-
acetylglucosamine kinase and N-acetylglucosamine 6-phosphate deacetylase
in normal human erythrocytes and Plasmodium falciparum. Br ] Haematol 95:
645-653.

Wiemann S, Weil B, Wellenreuther R, Gassenhuber J, Glassl S, et al. (2001)
Toward a catalog of human genes and proteins: Sequencing and analysis of
500 novel complete protein coding human cDNAs. Genome Res 11: 422-435.

Wood V, Gwilliam R, Rajandream MA, Lyne M, Lyne R, et al. (2002) The
genome sequence of Schizosaccharomyces pombe. Nature 415: 871-880.

Yudate HT, Suwa M, Irie R, Matsui H, Nishikawa T, et al. (2001) HUNT: Launch
of a full-length ¢cDNA database from the Helix Research Institute. Nucleic
Acids Res 29: 185-188.

Yulug IG, Yulug A, Fisher EM (1995) The frequency and position of Alu repeats
in cDNAs, as determined by database searching. Genomics 27: 544-548.
Zaidi SHE, Malter JS (1994) Amyloid precursor protein mRNA stability is
controlled by a 29-base element in the 3’-untranslated region. J Biol Chem

269: 24007-24013.

Zhang Z, Schwartz S, Wagner L, Miller W (2000} A greedy algorithm for aligning

DNA sequences. ] Comput Biol 7: 203-214.

June 2004 | Volume 2 | Issue 6 | Page 0875

_43 -



214 T—ER—XDFIARR (Frk16FE4 8 16 B~FER 17452 H 28 A)
3 : JBIRC 44 FDH, (DDBJ. JBIC DI S5—H4 MIKE<, )
108248 :8E 2A8198 : —/\8¥i

—— £} 5]
H-InvDB(JBIRC) 7Vt X ¥t _._323;{&_9ﬁ

5000
4500
3500
&/ 3000
£ 22 I
4 1500
1000
500

4/16 5/16 6/15 7/15 8/14 9/13 10/13 11/12 12/12 1/11 2/10 2 /928

DATE

K 2-1-4-1 T—ER—XDOF AKR

W ARR AR (HEEHE)

A FREY SBA—DH8

R 16%E 4 A 81,310 1,184,756
5H 42,792 397,457

6 A 28,348 430,298

7R 10,294 229,776

8 A 9,227 237,774

9A 8,792 243,612

10 A 10,077 159,916

118 10,548 214,324

12 B 11,260 399,897

TR 17418 12,686 498,647
2 A 20,598 418,079

RAit 245,932 4,414,526

B 2-1-4-2 T—RR—ADHRAEHESEBR—IH

_44 -



215 T—AR—ZDEHFKRN (FER16FE 48 16 B~FERK 17452 A 28 AH)

EHE

BIaLToY

BHAR

20042 A 14H

H-InvDB_1.0

H-InvDB 27—Xk-J1)—X

4 B 16 H|"Interesting dataset of H-InvDB" |"Newly identified human enzymes." ;&0
5 A 1 B/H-InvDB_1.3 BIEFHEET /T avEH
HERNBE TR T —2EH
5 A 31 B|"'Interesting dataset of H-InvDB" |'List of Polymorphic Microsatellites"i&0
7 A 1 B|H-InvDB_1.7 BIEFHEET /T—avEH
MAEETRT—2EH
RN BE T BT —2EH
7 A 27 B|"Interesting dataset of H-InvDB" ["Human genes unique to H-InvDB";:& /0
10 A 27 B{H-Angel H-Angel 1—H A 4—Jx1—RAHER
"H-InvDB: presentations" & |H-InvDB OEXFER7EHEEN
"Interesting dataset of H-InvDB" |'SNPs and indels in cDNA":&71
12 A 1 BH-InvDB_1.8 BIEFRETSEH
12 A 14 B|"H-InvDB: presentations" E# |5 13 AXBARBIREFFAEGRES VRO L

B 2-1-5-1 H-InvDB GEDT—ER—ZXDEH KR

H-InvDB_2.0GE{=F% 25,585 . £ F22 & cDNA $1 56,419) % Rl 17 F 3

A 31 BIZEESRT., 17T E£EIZAKRTE.

- 45 -




2.2 H-Inv Bl (Disease Edition) IZHIFTBT—2R—XIEFE
2.2.1 T—AR—AEHFEDOEE

LF—LDERELER cDNA 7/7—33>7AY Y MH-Invitational) TlEEk
DECFREROBELTHN. BEET /T—ay . BaFRE. LB /L 20
NIEDINHABEE. ECFEEGEICOVTCHEBERNEBRBSIAT,
H-Invitational TESNTf-EF ¢cDNA 7/7—33>T—3R—X(H-InvDB)&#i1-
R EEGFOIEFRIZHRITAELSIZ, H-Invitational Disease Edition &LV570
Db EIToT=,

H-Invitational Disease Edition Tl&, A FIZHARD K%L, INAF (T4 T4
DRIZKBDEBELEIC. FETHEREBICTOVTDEHEEFIEREITI.

1) T—%34=2%: H-InvDB PHDERLGNAAT—ER—REEFALI-T—4
RAZUTIZEY) BB EGEFOBRMORATFHETI. MHOEBELFOLEY
FHER (KRB R4, N\SOTEEFEE) ZRV@ITIZE DL,

2) TXAMIAZUY: XHDTFRAND DTN G BIEFEREOEFREMLET
51=8% . PubMed 2D 7T A5V M2 AW -BREMGHETEIT,

3) BIGFRI|T 28 BEGEFRBET —I0OHBINIZES. FHELGTFOER,
BIZFRRT—2FAD=HDA 75,

4) BIEFERT—LEIT: BREEGFICEDIIGEUNFET HM. EETFH
REEBRESIISILLDNHINEINEREN. 7/T—3>F 5. FIZ.ORF LDE
BIIIAKBEEDRGEHEET 5. BADBEZTLRALEIRTMED T ICHET,

EFISENSFERI16FEDEHIZMNITT, SRIDEIEEELABDEFREEHE
L. &%, EETAHERE. DBEET—AIRN—XEBFHEIZDONTERLI-, 16
F D 9 A IZ. "Prostate Cancer & Rheumatoid Arthritis edition of
H-Invitational . SR 174 1 BIZ"Prostate Cancer & Rheumatoid Arthritis
edition of H-Invitational 2"%4B#EL T, 42DT—F 5T IW—TF(2H1+5T—4
R—RERRERTIILARA 2 LV FICE T 5B EREIT o1z, UEDKSGA2T5
LERMERICEDE  RREDEMREED TR EMLGBINEITIRODT—IR—
ABFEITo1=,

- 46 -



H-Inv Disease Edition®{& i

5&/ g m&% —
Disease 1 Disease 2 Disease N

EHxREH(C

BEeWREN
9 It £ F—IRA=2Y
EBRETEROLHO (TS %7;7% ";ﬁf =%

| -
H-nv DB (&{F(DB) BIZFRR

B 2-2-1-1 H-Invitational Disease Edition D&EFIEBEFT—ER—XEDE
£

Meetings of H-Inv Disease Edition (2003)

Disease-specific working
groups were set up.

Strategic

Strategic

_ Preparatory H-Invitational 2
meeting -3

meeting-1 functional annotation

l 200>

meeting-1

2003/ Feb 3-4 May 19-20

March 17-18 IJune 18-21
Strategic H-Inv meeting in Preparatory
meeting -2 Paris (CNRS) meeting-2

About ten diseases were
selected for annotation in depth.

® 2-2-1-2 T/ 155D H-Inv Disease Edition D&%

-47 -



Meetings of H-Inv Disease Edition (2004)

EI—XTITN—TDiES

TEXRNRA=2T
TF—RIL=YT
BEFRET—5FA
BEFEET—4FA

Preparatory
meeting 4

s on=

2005

>

2004 June 29-30

Jan 22-24
Prepﬁratory Prostate Cancer &
meeting 3 Rheumatoid Arthritis

FBTL=H  FEANTA=Y Edition of H-Invitational

7 ORTEOHER HISTBRA LU TFERIZ, 400

EERBGFBRRONATAVTHIT14Y D—X T T N—FI=HBNT. F—4

ADADDT—X 55 N—F DHIL DEE. BITEDOESR
BERHBEORE

® 2-2-1-3 F/ 164D H-Inv Disease Edition D&H

Meetings of H-Inv Disease Edition
(2005 and future plan)

S
T—ER—Z2D A

KBEOEMREDARTHAR
hDEBA DI

2005 - >

THXRNRA=2T
T—ERA(=VY
EBEFRET—4FIH
EBEFSET—4FIH
42DIT—FT T IN—TDHEDOTED

Prostate Cancer &
Rheumatoid Arthritis
Edition of H-Invitational 2

PN

B 2-2-1-4 FERK1745E D H-Inv Disease Edition DEEELSH DA ME

- 48 -



Specific disease

in H-Inv Disease Edition
-
Literature
(PubMed)
.— of interest (GROI)

Select
s?:ific disease Known disease gene
Dictionary . -mini
itﬁext-mmmg gata_mlnlngt& ————
coring system (| H-InvDB
\_/ Other DB

Possible ways of synthetic analysis
Genomic region
Genes with high score

Synthetic
SNPs analysis
1) Public =~ —— | HUmMan ' Gene expression
2) Private curation 1) Public

l 2) Private

Final Result

H 2-2-1-5 &7—%x2 55 I —TDBEFZREBENTERN

NERBOT—32RX—X

» Disease-Gene Association (DGA)IZDLVT
DT—EN—R

« REEGRFREDRIATHITOLRT L

« REEGCTFERDI-ODELFRIRBEITS

AT Ls
« BInFHRERICHEEEZSZHSNPOT—4
~N—R

& 2-2-1-6 H-Inv Disease Edition Mo FEDT—ER—X

- 49 -



2.2.2 RE-BEFEEDT—HSR—X:LEGENDA

2.22.1 IR EH

E EREMERARIFTIETFRAMEROEFIEI EA. EELEEER
NEBINTLWS.GMATELERLERFLEDEEZR ( DGA: Disease-Gene
Association) IZE R LTWAX#kIE. PubMed £ D556, EBEATELNWEEE S
HTLD, f>T.DGA [ZDOVWTIERELINET I LT EET —IRN—REE
DEBLELTERICEETHDS,

DGA [IXEAHINIXERMICSESFLEHR THELBIN., KUSHEEDER
FRHIEEHELT. XELVLHEAWVRIETORROMEERAT-, T4hbt
UTUARTHDREREEBGEFLEDAELANILT, KEEMNOERELEERERD
HHEEH G0z, RICSETHEFEHREHEIZ. DGA T—E2RXR—X“LEGENDA”
(Literature-Extracted GENe-Disease Associations)Z#ZEL=(K 2-2-2-1 &
iR)

/o

.. - GETA
E-3 :: K J—K
Web#—/% REBR | e GETAFL/—F F/—F
(Apache Tomcat) | ..coemsserss™™ (Apache HTTP Server : falcon
p e +GETA) : 140*
mercury :': preE——" GETA
T ™ cm— F/—F
:: /o] ng
XERIR TR :
o )
HERR file—0% .
XERT—2ER
BHET MR
AVT RT3 (Ao THIY)
—— 2T —1ER (GHELE)
/dat ing GETAR#ET—4%#
DBH—/X 1Ry FH—1
(PostgreSQL) E T — 8 (Java)
hayabusa BET—SEE falcon
AVTHAT—RE5H <
> = di40*
KT HBR /Ong

& 2-2-2-1 LEGENDA Y X T L@

2.2.2.2 XBAETO DGA ADF7TO—F A%

AMETIEET.DGA ODUVEDDHEKXTHIR—XNTHDRELEETFRE
DRAEO&#EE MEDLINE 2802 A MLET T ARSI ENSERYH LT, XRIZ,
HEFLEVWA L BOAEERERFICI ORBREBEGFREORTEIERLT=,
ERICIEHENZDEE DGA ZEKRT HHITTIELELD T, BFERLDI=HDLL
TOAZEEERLI-. £ . ABHEOREEELHRAEDEMES IG5z, R
2. XAREREF AL TXE~NORAEBEOIYFINAELREDEKRELTEIMNES
MNEHIELTz, SoIZ, BEREFBNELEBFET DEANIZLY. DGA XA ET H51EX
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DERZEHAF 1=,

2.2.2.3 LEGENDA BEn /- DT—4270—
AOTXTT—ADERIZHKIILE . DGA Lexicon ELTLULTO 4 &850 AHEE
HEXHEL-.

BEREFELVEGTFEMALTFE 227,811 5
REBSIWEKRBEFE 454,085 55

B FHEELETE 36,688 F&
IRBHBERIRII7I3—5E:9,367 58

L s

EB{EF 4% HUGO, LocusLink, SwissProt, Refseq, DDBJ MSERELI-EE
FERMEEGCTFERMIZEFEO T IL—TIbE{THEoT= . TDMDAEX. UMLS
(Unified Medical Language System)7T—2~_—XK® TUI(Unique Identifier
of Semantic Type) [CHEEINT=HAFEZEF L. CUI (Unique Identifier of
Concept) BICRIZELGEDEBREF LT,

LLEDFHEEELHEUVT Refseq DLI7LUAXHEEBEDH 8 I LTAT
XSG LIZECA EVMEEAELERTEHLOMIZENWEBEEERHONLAEN
BmEINntz, oM £<[E, PubMed #& % T Stop word list [TEENSED ., £LL<
X2 XFUTOT7IA=ILOHFTHo-=H. EBDAVTFL U THERALE
WI&&lt=,

ULDEHTRESEXL-#E%H T, MEDLINE F/ 16 £ERR—ZXS
AV2HHE 1 F 200 BHICHLTAOTHFOUTEHEHE-1=(1 2-2-2-2 BH),

EWMIRAVTXIVTYTVRTA

REF
Indexing#& &R

EMXMEETRT L

-
Mediine ||| =
J
 —— BiETHE I Indexing
ez I nE

LocusLink | | |

Indexing
BRI7IL

\_/_:_‘ +
HUGO BRaR index_word
R EPREEEYLORTA
I_:
ENRE SRS THE RSB AR -
SwissProt EO EHMRLE AR | 550270
J—
I
= i .
ETR =
BEEVAT L o
2t (=B - KARRARS 274855

H 2-2-2-2 LEGENDA TOTF—470—
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2.2.2.4 #HEFHEDERLE

AT ORAT—R(HEFORBEN P ICHIR TS E D) H o HEFR
FERICMBTLHEH.IFILY7ELT GETA (Generic Engine for
Transposable Association, http:/geta.ex.nii.ac.jp)ZiRAL=(H 2-2-2-3 B),
BEF1/—RIZA L TOvRESFTTOEREERITLTNSA, T—2DREIZE
LT (FE. 2L0EFIEDEHID)HITTOERZMD /—K EIZHEBLTEITT S
CEMNTAEETH Do
IR TOFHEIRME, MEDLINE £/&K(ZxT B4 TIRT—4% 1,200 FHEIZ
ML TREREEARLEGTFRESADEREKEZFTEL. 1,000 HH TS5,
# 11 ¥ THo1=,

GETARID T —4Z s GETAIZX Y AR FME

KBANED T LERS
i (HEBERABRRYIVATL)
#RI7ZFIL I

httplZ kD7 7R

GETAH#EEQ??()L&&ZU u7k

Apache WebH—/%

RERRCGI
freqfile ttifile
ry

GETART—4#MRIUTH

|
v A 2
| mkdwawoF | | mkauiaTor |

v _,—» GETAY—/%

B 2-2-2-3 GETA [Z&3E &t

2.2.2.5 ERLER

DGA E#iE D= MEDLINE 24" REL-BEIIE XREBMEL -
T=o

HEHEICGETAVRTLFIERAT A ETERIEZERL-, §on-HEXFL
EIZDGA R D Textual clues FHEDT-FER . LT EGFEEEDOREFRIZDOL
T.UTIZRY SIEEDEIUTAVIRICHFETELEXREL-,

1. Pathophysiology, or the mechanisms of diseases, containing etiology or
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the causes of diseases

2. Therapeutic significance of the genes or the gene products, more
specifically classified to their therapeutic use and their potential as
therapeutic targets

3. The use of the genes and the gene products as markers for the disease

risk, diagnosis, and prognosis

BEIZ OMIM Tl 1 FH%EIZPENMRBEEFELEYHON>TWSH, ZZTlE
F &L T Etiology DE mASDERITHFIEL TS, CORMSEHE L DBELTL
BT —HBR—RATlE. BEDT—ER—XIZIZRESNiL, 18EL DCGA BEFEHRD
MBEEXBHELTNSEERLS,

LlE . Zfis(E H-Invitational Disease Edition D—IRELTIThN., TDORE
(¥ LEGENDA F—AR—X[Z#HBSINh TS, &I, 7/T7—ar ., BARSEL
B OLUITEHEEDOILAICKY ., EFESh-XMERENSER - EMFEFERE
MEIKEYHL, KYFRELI=T—ER—RELDESBHBEEZERT-LY,
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2.2.3 RERBRZIUBEFERVATLA:
Priority ANalysis for Disease Association (PANDA) System

2.23.1 EF

ENERBEZHECTFORRE LV ZDELCFHREEDMBITIE. KA/ LA
DEZEGHRFEDVEDTH S, bibild. RO EREEE T FHENSIFL
hi-1E#HE H-InvDB (http://www.h-invitational.jp/) Z BN =T —2XA=5 D
FEEZFRAL. FRERBRZEERTORRET . EFEDOMRETIE. REDIE
FHEEICHFETSIITARTOEGFICEALT. BE B EETFEEMUDRKEEE
BTHIER ERFRE/NI—OFELUMFICEDUBRLATIFIZXRY ., FEEIEHE
BEFOERENHALONTND, T T HREEBEEEGF IR D ERFEEE
TFEFAUL-BEEE AL TLSraEEENELNELSRIZEBL. 7/ LA L DIRFEE
EBMSHBERBREZEEGEFERYALD S AT L, Priority ANalysis for Disease
Association (PANDA) system ZBAFLT-, AixELTIX, BRI D EFREEEEF
DIFHR [ERECF. KBBR.BET/T—2av BEEFRERRNNI—,
InterPro . Gene Ontology (Molecular Function, Biological Process,
Subcellular Localization)]% H-InvDB &YHE#E., £FEL. TNICEDOVTEEM
RENTWELERFICRATESZ D, TNITHEVLT, TORATIZEDIHH S
WEITVD IZFEESANTOHREBRZEELCFOBAAEITI KRVATLODIG
FHELT, BIALEDS A BRI FERRICLIz, TOHE. BILENAT
(X 5879 DIRFEEET. BMHREET) I <F TIL 5,560 DIFFFEELFINELHESIN
f=o £ BHEEH)OTFICENT. EBRABICEAE T HERFHIFRAKEERE
RECFELTHELON -, BBERMICIEERERFIOR S (XEBERE)VTFICE
RIGEETEHEIMN. BLFARABEDI—TIRERYSHEMEAMRICKOTIR
N =

2.2.32 Hx

AFELNGEINF-HEFMERIE. ZERICEDVWTHEEN RSN ZEMNEREFIZD
WTHEMICERMSGILET 3R ERSNT=2&TH S (H-InvDB;
http!//www.h-invitational.jp/) . CNEDFERESHITHILITLH>TIHFEDEE
[CEARLTWAEMEGEFHENETHIHEE I ODVLWTNREETOENMEGFIE
THEBIELEB L TR CENTEDLSITH oz, T FIZETHOEMEEFE
B IMBALWIGof=C&ckY, MFEDKREICEFRLTVDEGFHIEBEFENT
SNTHWNEEFEHIEWSETIL—TEEETED LS,
AMRTIE., BFELGFITHLT GO 28T OBBDOELLFRETICTENTNDXR
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A7 EFREL HA TR EDFEZEEATHEITEY, TERN RSN THLVEE
FREIOFNG, BRAMOKREREEEFEBUDKEZRDEGFEMEL. 51
DA R REG DR EEEERMECFHERTIDILITHILE=.

Inputl Input2
Known susceptible genes All human genes
n— T H-1IrvDB
R KEGG

InterPro GO
KEGG Protein structure
GO0 Expression
Protein stnlchye Para & orth
Expression L ]

Para & urtJu
¥ Calculator
"

Check, Scoring &
accumulation

Achievement &
accumulation

Display
Discrimination

B 2-2-3-1 YRATFLBE

bbbl BREEROELEL T T ERBIZE T 5T OHEM . hDZLDE
EFHERE R EREEFAIE. InterPro Identifier, GO, BERES. K BEK
(Kanehisa et al. 2004) . 22 /N7 3L {FHE:E&E F 8 Identifier (SCOP) R B FF
ITOT774ILTH5 iAFLP T—%(Sese et al. 2001; Kawamoto et al. 1999)]%
FERTHIEIZKY., FIREFEITUL., BRI +E1T52 AT L. Priority ANalysis
for Disease Association (PANDA)Y AT LEEBELT- (K 2-2-3-1 &),

2.2.3.3 Hik

biubniE, HInvDB [Z#HEN TOBEET OREETRESRELLIC, TAT
DENBETICHT RASABRRIEN . AEMENEHHLE, COT0t
ZTHFSNAT LT X LORMIERD LY ThD.

- EPHE
BEDEERIZEETLHEMETFEIX. OMIM KU LocusLink [Z&FENSIHE
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BRIZHL T RKELEHETTS-0OD MeSH term (BRI IYFDIHE:
Rheumatoid Arthritis, juvenile rheumatoid arthritis. Rl RE D &H & :
Prostatic Neoplasms, Intraepithelial Prostatic Neoplasia) #{#&%& 352 &IZ&Y
HHEIToT-, TOEIZHE SN S Major Topics(FREYRY)DEIEDIE, BHEIM
[CRBZEEVIRST=. TDER. EFDEE~ADEEZRLTLAINEINEADEBIC
KO THER LTz, ERICIELUT D LSGREEITOTUL D, FlEZE (T (L., BIILARE
BEEGTFEHMET . STDFEDE 1EREB LLTOMIM T—2R—X &Y,
297 OMIM ID #1832 EMNTET=, OMIM T—H~A—X (&, K& cDNA S/4735)
— Mo DEGFI/O—U T ERCEERZIMBEBICRETSEGCFIERE. &
BADEENGEGRA RSN TOVEODXEEREEFENTLS, ChoDIFRIE.
BBMHERTEDOTHY., HBRD=OICIIADBICKIEENLETHD, T
[Fh(X. KANGAI 1 (OMIM ID: 600623);:& 1 FILRIILIRE~NDEE NG TITR
SINTLSAY. 1991 EB KLUV 1992 FDORFRTOMHIILDH;E (Ichikawa et al.
1991; Ichikawa et al. 1992) TI&. ZDEEME T RENTLVEL, COKIEIHE.
EFFDOTIARSIMIFLT 0 ORATFE|YHTTLWS, SHiThhbhl,
TOEGFEERELEOEEEZTSZTYEBREL TV S XEIERICERET S, TORE
[ZIEYAFRDRIATZEEIVIRS> TS, EHITEMEL T, D MeSH term H9g R
TOTITARZUMIFLTHEEL TS (F TIEGZEL 26, A OREEET TR
E%#1T>7=, lprost* | &= IZBA#E ¢ % B & (carcinoma . tumour . cancer .
adenocarcinoma. neoplasm %) ZHWTERD OMIM R—UIZHLTREZE
(+. TR LI=LITEADBICLAHERZIT o1 |REBIIZ. b N ILRTILERE
(CBEL T, B EE S %R LTz PubMed ID Ra7 Xi 24D, 137 DHIILIRFERDE

EEFO OMIM ID QYRREERBLI=, ZRODRITERNT., HREE X (X

HBEFIEDTRTO PubMed ID RaA7DEHIZE>TEHEINS, COK. 7
TRARSIMZH LT, RO7HN 0 DSEICITFHOFHEICIFFERLAL:

Xa = % ZXZ (e1)

CHDARIAT Xa [IBMNEEBEECFNAEDERE. HEDKREBICEELTLS
MNERLTWS, CORATMN 0 DIGFEE., BAEENGEWNERHIESNTLES,
SEEFES DOHEHEICEI<RaT

FERELFIIRCERNICHLEGEF T LBLAENCERELTDRRELCKE
BICEHTELLDTH S, EDEWVHERMEN G, ERICI S TELEI A ADE
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EFEDE NIV N\IEEEDFEUMEZFEDEEZ LN TS, hivbhhlL, 5kIZBE%0
R EFEEEGEFICHT AEREIEFZE BLAST D e-value 100 ZF{EELTRITEL
f=o COBEFEINDHBEMEIZEDICRIT Sp . xlE. EEFX(KREBEEEINTS
NTUWVELERF) TR T S e-value EZDEEF X IS T HEEEE B ETTFD
HIEEDEICK->TEETHINS:

Sy, x= — X7 (1-logie-value) (e2)

CHDARA7[FFRDEZREGFHABRMAREBREEEFISHLT, ENLZFEMEDN
HEMNERLTND,

SRR FOHEEERBIRICEI(Xa7
B0 0 N OBRIENEF DL BEREFE ORI — DR BRI TOREIE. £

NODEEEDRITFES LVEILBEIRIZHITD 2 EEDREFEEZ(F-EYELER

TRLTWLWS. PN DONIF T . EEANDEEENTEINTOLEVNERFD

InterPro ID. BBHR&E S (EC) . KHREE (KEGG pathway) DAO7ELT. T &

DICERAEEEEEGTFER— DN DB TRBHROFEERELIZER. F

ENHERINIGEIC. TNoBEIREROEEREETFEATOHRBE

LI RTDELGFTOHBEEZLEARNSIEIZKY, ROF7ELEZ, 2OROT Seald.
HAHVEDDHEETIRFRICEAL T, TNEEL DT R TOBRIMEGFOEREBEDF

XN L2 O RIEROHHERTOHBEE My, | M, 153 TOEE
FCOHBIEE Ny o/ No n TEIoF-2 DO EoTHODEDND:

= Xn Maw Nonl Niw M (e3)

CHDRIATF HFEDERETOREEEIRBFR TN T NOFEZRLTL D, FEHE
NElthE,. ZORE~NDEELGHRBEZHFOILAHALNTH S, F=. COREICT:
FEMICEERENDATDEEZFE-EZITTIE. HEHDEVSHETERE
TAOBETIMERIHLT. BVWRIATEEZTLES . &BBIC. HEHELEFTD
BESERBEROROTIE. TOELRFHEDT R TIHEETRIFEHRD AT Se D
BEHIZE>TERE %(ed), InterPro ID IZBIL TIL, H-InvDB TlL. GO [CFERTE
BSELDIEFFREN TS, T T, HEEFHRDEEZHCEK T, GO IZFERRS T
InterPro ID [FCDFHEKIYERYEMNM N TLNS,

GO Df=HbDRa7
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GO [, molecular function, biological process. subcellular component 3
DITKANEND, GO [FEBEELTHSL. FEIRITHLTELITELWMEREEF ST
W, ETHARICENE . FBREEGCFHRELOEBNRTEIATLS
(Jimenez-Sanchez et al. 2001) , CC T, b nIL GO [T L TRAF7ZEDIT SIS
LY. TDEERRBEZEEITDDELHD. FYUFELLANILD GO term DA MK
VEE LKEELGRBREF >TVWAIENHALHTHY.. EILRNILDBEEBIZHFET D
GO term ZR—QRE[CTRATILTHIEIEBRMNTHAS, fz&Z X, subcellular
component ZHT5—BFLDEEBIZHFET S cell (GO: 0005623)E5 3 FEED
nucleus (GO: 0005634)EWVNVSEEEXEZA THNITHALMITHD, CNHFRLLA
IW(RI—OERETHORITIL) ELTIRSIZEIIATAEETH S, £ZT. GO IZBEALTIZL.
FITRARF-RATILDEE(e3)IZ GO DEEBELZEET H51DELTZ, GO1~3 D
AA7IE AR D(e)RIAT7 LERBIBENTOME Py DHEELT:

Sg013 . n=PFPn nX S n (@5
REMISEGFISHLTHMEINSRAT7IE. ZOEGFHEITNENADOKIIS
NF=ISZATDTRTD GO term DFITHS(e6),

AN BDIMFBEICRTDHRIT

FEFTRTDIVNVEIIMD IV I VBEEGALHDELEEF >TSS, F—
DEAVNGEI7I)—RNIZHEETHELMICBLREEIN, EELGHEZRFLTO
B, BHEICAVINIED 2 RIEEERE-FTTIE. Z0OBEDHELMENRZH{TH,
FU==FEN-R0D 3 RTEBEERDIZEICKY . TOELIE, DWLTIFE /%
BEDBEEMNRZ TLBIENH D, BlZIE, ZLD globin B /NI T7I)—(ZEF
NBHZINIE =212 15%DREI—EL M B F%0 (Murzin et al. 1995), £ZT.
InterPro &EIFESEELL T, ALAEED TR ID THS SCOP ID (Andreeva et al.
2004) [T LTHRATEE RS2 EITLIZ, SCOP T—AR—X([ETRTDEU /Y
BRI TOIREEDELME., TnERI EICKDELBETOREEZBHALMNIZT
HEEBIELTWS, =L, RAa7 DD IFAIZELTIE., B DE# (e ER—T
H5,

SEGEFHRBNF—UICHTHRAT

LDDDIFRE—HHTIZEST, GO IR DGEEFRITOHEEDEULEEF
FIW/NE—2 DL EDBBEMNRENTLVS (Eisen et al. 1998; Lagreid et al.
2003) . TNITFELOMEEEFE T HECFIIRBZDECFREHFHHEZ(TTINSE
EZoNd, CORERICEDE BELFRENI—VOFELUMEERH I LS LI,
E—DEEFRIRFEEZ (T TOSIENATERIN, TOEEFRETELUDKEEE
HETHAEEENH D,
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REBEDEBRDP RSN TOVEWNEGFOEGFRERENI—2IZETEHROT7 S, «
(F. BEHEEFICH I HMEERE Cc DI —FGSIMEEZRLIZLD RyamupsE
BREDEICL>TEMDS, CINLELRFHRE/NNFI—DFEHRIE H-InvDB OHT
T—RAR—XTH5H H-ANGEL(Tanino et al. 2005) [IZ#&#L TLV5 IAFLP 7—4
(Kawamoto et al. 1999; Sese et al. 2001) M 40 Bk FEEHLTND, Byomux
(X, RIzk-THEDHONS:

Ry = Cov(X, V)1 6 - 5,

but

1< Ry<1

And 1 .

Cov(X, Y) = EZ (X7 - o) (Y7 - 1)

Se, x = )?l ,a Rxyuax) (e7)
BE4NEIEFD Ce DIEIX 1124 5,

R B BEEEEEETOH B

AIEEL- 9 AN RERHENELDIRIATEB/IENTE . TNETNDRIATEEDIRE
HEFEDEDELTIHRSZEMN A EETH L AIBEHZE AT, BRAE B E R Fi
1. TOMDEGFEH 2LELT FHROEEREERFOHMEEE 2 KY1To
t=o TR, DEIEEETEEY/NS/ERDRIER (Mardia 1979) L =, </\
S/IEADNEEIE. FEGEFDRATEZ2RTLICREL. FREFNE 1.BE 2 0
bR ADEHEANSCLICLY . TN ENDERFHNEDFEICKYELLIEER
EIZLTHRANETI . Flz. TRENDEAN d) DEFXROXTERES,

-1
d> =x-w 2 (X-u) @9
o LEHUTLOFRTHY . X 25 EETFISE TRESN =207 T

-1
. REOSHESHTI O, BLUZOBFH 2, EALT.
INSIERDFIEEERD . DEDDEADESE>THRILTN S,

2.2.3.4 KARDEKFHR

AORATLDEABIELT, BIZIRA A, EHEREE)OIFERRIZLI-, ZTDHE
R. BIALERMNATIE 5,879 DIEFEEREF. 12HREET) DY F TIX 5,560 DIEWHER
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FOE RSNz, £ BHEASIDIFICEWNT. ERABICES I 5EE
FHOFREBEERBEGFELTHEON -, BBERMICIEIERIERFOH®R S (X2
MR VR FICERGERETEH SN, EGFABRDI—ybERGY S5 8EH
FAAERICK->TIRRTES -,

Fr RO RTLOAREBELTEY., 28R Web R—JERZTZERBLT
W5 (X 2-2-3-2, 2-2-3-3 BH8) ,

Candidate genes list

‘ans () Candidare Genes - FANLR Sy stem (=]
R e e o pamia e e kbt

o, [PANDA System Home] / Disease: Rheumatoid Arthritis

back to "Salect Gone or GROK® pags

Candidate Genes for Rheumat oid Arthritis

Check
Status
| maneose-birding kctn (proten & I
HOOVEZDT | MM_000242 453398 | 411052142 || OK
- £) 2, soluble (opsonic defect) | S j B =
| HIICOLESQS AKD9E436 370614 11.45647 || OK
cel avision cycle £, G to Sand |
HXOO1E 77503 47 || 5
(| 2 rom G S l Gene region of interest I MD2 - MD1 " | eesm=on
| | Ghytancyl-CoA hydra cne ylnbﬂ‘ e i
iriberaciing protei. 8l D01 T AL H34339 10g21 . F.22415 3 10890935 || Suspension
"; ':‘wr;' “:' eycloand apoptoss | ooy HEO018097 | ENSTOODDOZES872 | 1021 3.27245 | 3.24929 652174 || Suspension
requ st |
(HEOD19339 | ENSTOOO00340563 | 10621 | 206312 | 3.24234 5.30546 || Suspension
protocadnenn 15 PCON1 5 || o1 E27Y | MM_03IID5EE 10921 1.78833 121697 50053 || Suspension
| ?MEMiE;m o R ANKY MIXOOIASRT | BXEABST4 1021 066360 | 3.TI062 438431 || Suspension
ankyrin G
leucing rich repaat ” | | |
T 1 1 A 1 1 A 1]
| b v i5 LERTM3 1 HXOO1BS3] | ENSTOOG00330034 | 1042 044858 | 3.87059 431917 || Suspension
| | a disintegrin like and 1 I 1 |
rmietalloproteass (reproby sn , . i -
LAMT HECO0Z 1 §a L DAQAD | 12q1 EESS 51 1.84637 || 0K
type) with thrombogpangn type | ARAMISZ0 || HI0021843 | ENSTO0000308040 | 12412 29.32812 | 251825 | 31.84637 | o
1 matif, 20
| MEL-ike 2 (chicken) MNELLZ HImOOZS 1995 | AKCOSEET 12q1e | 1783729 | 3.6a821 21,9835 || Ok
contactin 1 CNTMI || HEd 022364 | NM_O01843 120172 1563471 | 388323 1931706 || 0K
| Il HIXOOZ 1 960 | ALB32453 12q12 154172 | 3.69693 1211413 || 0K
| interlaukin-1 receptor- i ] | | I
| hdriniitrlas BAKA | HEOOET 727 | ENSTOODOOZZHEIZS | 12912 . 341457 | 371436 1212893 - Suspensinn <
l || HKOOZZ440 | ENSTOOOCOI0BEEE | 12912 ||  5.71013 | 304057 8.7507 || Suspension :

X 2-2-3-2 SARRAEHEETFIRANM—D
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Detailed Information

8nn £ Candidate Genes Detail - PANDW System =
R T e

mannase-hinding fectn (protein C) 2, selulibe (opsonic defecr) NBLZ
I Al Mams 1 Alias Symbel |
T T, COECT 1
I, Home siplans manran-birding ctin MBL pracursor (MBL) mARA, complets cos. 2. mHL
2, Homme sEpiens manran-bisding eoin MBL prerurson (MBL | AN, complews Cos; 3. weLz
AFSE0E9]. 4. MEP
3. Home sapiens mannose-tinding lecte (protein C) 2. souble (ppsonic defect) (MBL2), 5. MR

o eT——
| Search in Pubiec DTk e ki
[ il LT L —

. — BIR U= BETF OIFE (PubMed) =

lorenan hin
- R - il

] LT w . DOD G
2 PROCE TG0 Callager wrple bl | o w 200000 « D006ES |
-RBi1E4 rapoat HEOOTR207 | -2.00000 0ODRED? 7 000257
T THA) T ] RS [ O 0G R w 0. 00000 7 —
A 0.00000 | 000000 00000 «0.00000 /
982 GOH00055 29 rugar binding | 0021637 HXCO18207 || 050000 0.00823 000515 :hfj"ﬂ"sﬂl‘;‘"""""
(oY) I [, b0 B Bata « i 60660 /- 1 0.0
Koindac | e Pie e

TN 8207 [ HNOTEIET
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2.2.4 BIEFEET—4HR—X

ErDY /LICIZEABCTEENLZEZEAHY . ENT /LD ZEERIL. KX

ERELODOHD, TNTNDZR([COVWTEYMFENLBIRET SICIE. E-FEE
EDOXIGEEY . B FHECKREHBICEEEZSEZOINEOINETFTATIENER
Thd, F-. BHDEEEGCTFORARLEERRFRGELORNEEELELSIELREFHA
Thd. =Bl . EFEER cDNA O7/T—a>7APzIEERLT ERD
ELFEZEBEROBRBLEENET oI FT .7/ LLOHMON TV ELFZE
& cDNA Oy TEIntf-ME. El-FRELOIEEHBITLIZ. TLT. 7 /LLD
ZRDMERFHRZ cDNA LD ECEHL., FRISNhT= ORF LDOEZREBEITLI=,
BIZFLEDZEINELEFD ORF ITEEEEZHNEINIEBL. ZEDHFEHE
WMZEITW., PI/BEZEILSEDED. ORF ORPIRIEARVEFELSEDLD. I
EF#RIELI=, (2. ORF D@L IEaRVEFE LS E21DIE. B FHEEEE
BhELABEENS. BEETHHUREELHD. E-FE2EHDOFERE. KERER
FIRRICERIATAEDIC. BRFERT /T30 ET—3R—RBEETo1=,
112, ORF Z2ZILESELHZHRIZODVT. AV VEDIAKBE~DMREZANT.
T/T—2a T2tz T . AV N\ VBEDTI/BEIIIFEEEZA52RE . 2
NIBEDIKBEEANDRTETOE(ELEGEMER AEAEE LD HEH
).
H-Inv Disease Edition OthD;EFENEERL T, BREEEREERF. $TRKEEE
EEEFIREDOFERERYIAH . CNoDEGFHITOVWT. EFMIZT/T—3
ETOZ COBEFEET/T—a T, SNV NVBEDIIAREEDE
EICKESEETRENHEINEINTEBL. BEFAMVEDOMEMAE. ILIKEE
ELEOMEBELGRELXZZEELTIToz. 8RN T —EAR—X T, EEFERIERIC
DT, FITEGEFHEICEELZEZLARMEDHHLDIT OV TR NERLAH
%,

-62 -



SNP analysis with cDNA

SNP Data Download BT MBI L SCSNP =
dbSNP (NCBI) AFMEIEISNPOE
SNP Selection of SNPs

&u]]mﬁm@mmﬁ]m&]m 10kb upstream / \
On cDNA || Intron ‘ Other genomic region ‘

genomic coordinate

SNPs at the splice site

SNPD 7'/ L\ FE1E% cDNABEEZE 2
__CDNA mapping Nucleotide position in cDNA W
[ Classification of SNPs |1 2" ©PNA

genome SNPG)ﬁ%ﬁ@*ﬁ'l

* 0

5UTR, ORF, 3'UTR
Synonymous/nonsynonymous, Termination

X 2-2-4-1 fETOHME

Classification of SNPs on cDNA

Synonymous
Single nucleotide
polymorphism

(" and two allele T Nonsynonymous
SNP is located ... _
. Get codon Truncation
( Inside < from cDNA
of ORF sequence
< \- Other types (more than 3 allele, etc) —— |j;1c|assified

- 5’UTR

“Outside <

of ORF | 3uTR

& 2-2-4-2 ORF LM—1EELE (SNP)DH$E
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H-Inv cDNA £ 3XRE25 ED R fEIh-ECF2E

SNP Data: dbSNP build 117 with Human genome assembly build 34

5°’UTR ORF 3’UTR Total
24, &
SNP 10,715 [1/833 bp] [%1§%5§p] 67,246
[density] | [1/569 bp]|SyNONymous [;I/gz,sol;lp
Nonsynonymous 13,21&
[1/1,216 bp]
Truncation 315
Extension 43
Synonymous at termination codon 28
Indel 381 452 1,364 2,196
[density] | [1/15,999 bp] [1/45,490 bp] | [1/12,553 bp]
Total 11,096 25,131 33,216 69,442

** This includes 64 unclassifiable SNPs.

K 2-2-4-3 H-Inv cDNA KREHN LD FFSNI-EEFZE

cDNAESNPRIRY T RT L

cDNA A G5 BB S
- B 1) YD T
(ORF) s S
Accession ID : AB007923 [
Definition : Myormegalin
H-InvDB GTOP ORF AA Changer G-Integra
SNPIE#R

ABO07923

2SRy
BC I,
AR

[ [[web = mzav - | [ B T | Web BBEE. | 21| Q) http/hayabusaB0T0/ ETF AL SNSRI TR E A

@

[ [ EEisaor

[ 2-2-4-4 ¢cDNA Lt SNP &RRYITLRT LA
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BUNIBDOILFEELEICEITESNPORIE

Page 1 of 2
(B4 EiLEEFHER KEHER)
rpGIOPKﬂHLLPKHORGANISMSO{wDSUMMARYK)COMMENT/QULSHON top-admin@spock.genes.nig.ac. ||

RPS:PDB alignment for “hinvl:e=" vs “1e32A”
[I] HIT000001771

[ACCESSION] AF070656
[ 1)1 [MODEL SHelp of St Viewers)

«Polymorphism»

(cyan) :Indel cau:

(pink) :Indel not ca

(orange) :Unclear allele about SNP or Indel

«Region»

(blue) : Not aligned

«In

struction»

otton : tation’

’ : to 'enlarge’ and

seLecT :Xa11 Matigned Brdencical Eonly' o’ chn X
Beyan Eyiv Bern Hrser) X,r-[:k] E:glhj K[ chain] SET DISP :
Bhackbone cartoon Mstrands Bwire Bspri1l Mbiigsck Eelear
1aBEL :Xsse oN Xsse ofF

B 2-2-4-5 2 INOBEDIKEELIZHITS SNP DALE

B FERT7/T—2aV AT L

771, ZA
L= D[ | Qur Gsnchn o BB SE-EE

YD E]Windows FT4F  &]UADHAETA

TELAD [&) hrip, o 18name= = oBE

AB082521

pyruvate dehydmgenase phosphatase regulatory subunit [Homo sapisns]

Link to H-InVDB "ot known @ Diseass Related
Link to GTOP Q Candidaie prostate cancer or rheumaloid arthritiz from - b

R " PANDA (Sertenber 2004). Mot in OMIM--but anmotated anyway
Link to SNP ViewerT]

Nat in OMIM REFNEBICEELTLEHNES

Link to G-Integra | |[ssbmit | [refresh | MIrDT/)T—3ay
SNPID  [aminotype amino_start [amino.end codon  [cDNApos_start [cDNApos_end [snptype [SNP/indel Nonsyronyomous/ Termine
2540532 ][/ H [114 [114 [Tat/Cat 1285 1288 [/e [enp Nonsynonymous
ota Jpermuter other information
Eported L
© Possibly | © Possioly | © Hold
to be .
harmful ot harmful (ambiguous)
harmful
[P D Bminotypeamine start @mme_erd [codon  eDhApos start (eDNApos end [snptype [SNP/indel [Nonsynonyomous / Termir
[ 10852462]1/v p1o 210 [ate/Gte 1573 1573 [a/G [snP Nonsynonymous =
4 | 3
& | EE st %

B 2-2-4-6 BEEFEHT7/ T3V ATLA
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2.2.5 BEIEFHEOESE

2.2.5.1 IRBEM

E ER2EYMERESHTIETFAMERDOEFILNEAS. D FENZOHE
DB TCHEGCFICEITIAERRICODVTHEELEEERNER I TS R
. BRIFITEANTA=ZUS F%IZ&Y MEDLINE Mo KRELEEFIZET
HEHROMBICIRMYIEATNSG, ST HER—RADIVYFUTIZEYXERNMND
BERFRUZOFIREDICHIDIEREDRYET-HICIE. ERELGEL T4
HREOBEINDEBETHD, XITHENIELFEHIL. LIELIE2<E—DEEF
THOTLERAEE. ARESRE ARILNYTFUMNIEDHEEMI DA LRI TR
INBDEENFEN, COLSHREBEMRRT H-HI12H BEFICHT 5]
ZLDRE/INEI—VENREDRENH D, COLSHREBELEREZ . AL TIX. 55
DEBEEFT—IN—RESHBLENSEEIRLELDERFEMIETHIEHRENE
B.EINOOESHERMYDDONFELT —IR—RILTHILTEGFLABEDE
FEx5HA=(F 2-2-5-1 B8, £, Bon-HETEREBEEELFIERET TR
AT KM T 50 DEFEELLTHALT -,

Put into RDB (SQL)

Manual Curation
by LEGENDA team

Current LEGENDA
Gene Name Dictionary

® 2-2-5-1 BEEFREBEO-HOT—470—
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2.2.5.2 BinFLDINEE

HRELGDELFHET —IN—XE. EEFHLUVEBEICDOLTHR>TLSHR
KB EDELRDIRB AR L=, Tf-. COE. BRICHK AN HEEL TS H-inv
EDVIRIREBEBLEDDERL-, BB AR T —IRN—XBLUVEFLIZIEB
[2DULVTIEER 2-2-5-1 [TRLT=,

AR RELTERALEE T —IR—RIEETNENNBEMET S 2THIB-T
T—AR—RAANDELEFERFELTNS, D=0, HIRAIXEEEGTFPRTI4Y
DON)TUORDBEEGBEDG, BEFEEORRENMEEZABEE. LT LE—R
—JRADEFRESLEVD, LI=A-T HHELEERICEEHEEZ LA FELTH
BT BICIET—EDREEZHRTILENH T, COMBERERT 5=, HRIE
B FEICEB LN EER o1z, BELLLHT—IRN—XELT NCBI DRt
LTLV3 LocusLink # &A1=, XIZ LocusLink DIRELTWNEET—ER—XANDT
Vh)—,D ID HIEREFLLEVWTEIVMN) —ORIGEFHRERALMNELIZ, TO5LTH
ISERDEN-BEFEMIEIBR—TIL—TELTEEDT =, LLEIZKY, ZBEFIC
T HLYELDRE/NI— DR FEERENGEINT=,

FeatLres Bxtracted from Each Detabase

Databx Ukilized in te Humen Gene Dictionary
HIGO  Loaslik SwissProt - oof  pooi) Esentl  UiGre  DDBJ o ﬂdﬂaM%
Entry o o o o o o o o o Chromosorme Approved

T o band Symboal
Approved o Alias Approved

X 2-2-5-1 @RI RT—2R—XELHWIGIEE

2.2.5.3 ERLER

AHRIZEWNT. M 22 AR OELRFEMENRETE(F 2-2-5-2), BE. b
(& RDB ZHWTT—49R—R{EL, THEFARAMNIAZU T D= DEEFEHECAL
TW5, . COESIERDT —EIR—RERENICEBFTLTEGFRAEINE
LE=AMEIZLY, 5% . H-inv ZHi0ELIMBDT—EIR—REDLDEEZBH L
TEBMGEREFOIENTE,
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& 2-2-5-2 BELERTFHEYIAOHE

Original LocusLin]SwissPro RefSeq/| RefSea/ . GenBank 'Ge.ne

data HUGO K t mRNA | Protein | Ensembl] UniGene (Exncgpt H-InvDB|Dictionar
oo Yy

z:::Ls 19815 38582 19681 37547 27175 35575] 108350] 57831 56760] 54730

Approve

Gene 19815 19799 19815

Symbol

Approve

Gene 19814 19799 19814

[Name

Product 0] 21519 9005 29469

Alias

Gene 21400 36238 16543 37547 27274 8457 20062 19531 5672 88792

Symbols

Alias

Gene 0 0 33763 29790 56139

Names

Alias

Product 0] 20113 19686 45504 59879

names

Chromos

ome 16053 30408 18481 20411 20062 37423

band

Terms 770821 1478761 45234l 89791 93189 8457 69914 19531 56721 227811
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226 T—AR—AFHEDEBLSHRDOERE

H-Invitational Disease Edition DN ETHFEIC LY. B EEDERE
EFOFHBFERD=OD, T—EIA=0T  TXANAZVT BT EEE
. EEFRERRBERICOVTOT—AEARN—R BV ATLIEETE -, 5. &
V=X T IWN—THRBELET—EIR—RENHTRELEDIT, ThTN DB
REEEM T TRYELC. RRDEMREEICTAOREB LR EMNGRERZEST
Do

LF—LIZBWT EMERFOAZAT ET7/T—a0T—ER—X [TMAT,
T—RAXAZVY  THXRNAZVT B FEEBT. B TFRERR. 0OT—42
R—R BT RTLNEERCEE, EX-EYEOERBRRERM S, AREA
DIEADTE=-HIZEETH S, HInv Disease Edition Tlk. BREER BT FDIE
BIEKEBEODFANZALDFEREFALTVWAD T, DRATLNAAOD— EIE
FORFrINT—Y ., 2R IChH=>THRATELEREIRET S,
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2.3 BY /) LB T —AR—ADEE
2.3.1 FRDEE

ErDTEER DNA Y O—2ZFFMTERT 5-HIZIE, HInvDB TEEL
FEEFEI VNV EDEELHEE. M. BRI -G EDRRICMA
T. YOREFILELI-ZEOEREY - ETILEYMOXIGT DEEFEDE
BREBELT, SBEABELT—IR—XXEZAETEHIIENEEFND, TITK
JOSH FTIH EMERDRDEY /) LRI EKRBELHEIZK YRS (7
SAVAV RN L. FORBELRS /) LT—32 A—X G-compass & L TE{i.
NELF=, £-. E FOELKDEBEEFIZDULTIE, H-InvDB O F(Z5H FH{LES
EIEREZEELfz Evola T—2RX—XEBEL. BFROREFHEDT-,
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2.3.2 L&Y/ LEHr o £ 7Y —JL : G-compass

STERT/LDTIAVAVMNE ELEYMESIVHRERT /SOXDHEREIZEERE
[CEETHD, LOLELRS, EROIDRDISHEMEDY / LY A X(XIEFEIZK
ELEIEDBIETY /LB IEEHICBRHESNTWS, SO, LIFIZESY
LB T ANE—EITRTRL, ELITBETIA VAV IO FEMIZ DN TERR T HIEM
TELERAY—ILDAFRARTH>T-. TTHE T —EAN—RABF— LTI, LLE
57 LEIFTADDTT J—IL G-compass ZHFEL. TDTILI7REER16FE12
BIZ2ABALT-, URL [X. http://www.jbirc.aist.go.jp/g-compass/ T#Hd. EH. <
DY AMIZLLT)—TIEATHS.

IH1TD G-compass [TUNER. DEINTWBY /LTSA AV ME, ERNCBI
Build34) &Y R(UCSC mm3)M oA LTz, PC 9S5RRZT /LT SAAURE
W@T’&)O)ﬁﬁ*ﬁ&n‘fﬁ/ZTA’é% £9HZEITKY ., TRAERITEERKERIC
MBILTDIENTE . T—REBITEOAF—LZER 2-3-2-1 [TRY . CORE
IEEREKYT /LT SA AV MNERICWHELGETERHEZ 3.5 BIZEMET S EITHIIL
fzo T—RERBITREOMIEER 2-3-2-1 IZRT,

Human genome
(NCBI build34) o

H-Invitational E Z I
full length cDNA Mapping
—— Genome alignment

— by blastz Make genome alignment map
& Examine orthology
Mouse mRNA

Mouse genome

(UCSC Feb.2003)
2-3-2-1 Schematic representation for generation of human-mouse genome

alignments

AEEICKYBONT=T /LT SA AT —EOWEER 2-3-2-1 ITRT . KT —
ADEFEEFZERYIZT 5=, UCSC(University of California Santa Cruz)h’
ARALTWBEN YIRS /LT SAVAV LR Lz, TDHER. KT —2D5 / L
To53A AV EDFEHER(629bp)IE UCSC DZFN(430bp) kYE 1.5 FIFERNIEN
Dotz . TIAVAVMRD R HER 2-3-2-2 ITRLTz, E6I2, K T—2E4Y
JLEROBERIZEVTERECERSTL=(RT—%:17% UCSC: 5.4%), AT
—SDEBEALEDWHERER 2-3-2-3 ITFRT . CORMNDFAE DLEEBIKT 15%81
BOBHEBREFERLTNDIEN SIS,
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CDEITRRGT AV AVMTHAICD OO T ENT I RE DR —EES
T1%EBMEZERLTz. FOTART—RIEY / LBOL T —5BE O F Al ELE
BICBI322EAKBREATOY /LD ROMETHERATHDIEEALND,
G-compass Tl&, KT —42% cgi ICKYREIEL. window BT E B RGHEHTY—
WERELI—Y—ITBERHELTLS,

3 2-3-2-1 Summary of genome alignment data on G-compass

Notes
Number of genome alignments 830,699 |blastz option was default.
Average segment block length (bp) 629.34|Human Chr13 has highest ave.(688.6bp)
Maximum segment block length (kb) 25,783|The block is located on Human Chr2
Minimum segment block length (bp) 32|suspected to be false positive
Total segment block length (Mb) 523.03|Human Chr2 has largest mount of block(47.2Mb)
Total segment block length (% of genome) 17.04{9.02% of Human Chr2 was cpnserved.
%ID of whole genome alighment 71.19]Human Chr18 has highest ave.(72.7%)
%Gap of whole genome alignemnt 6.46[Human Chr19 has lowest ave.(5.44%)
%GC content of whole genome alignment 40.54|Human Chr19 has highest ave.(54.09%)
Deletion length in human genome 36,192,068 [Number of deletion is 4,936,023
Deletion length in mouse genome 51,822,809 [Number of deletion is 8,184,506
Mouse loci on genome alignement 28,445[Number of representative loci is 34,998
Human loci on genome alignement 18,053 |cDNA supported loci only. (20,085 loci)
Number of ortholog candidates 15,620]77.8% of human gene have ortholog of mouse

6000
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5000 _‘—Q—JBlRC —m—UCSC i
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Number of alignment

1500

1000
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2800
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2000
1800
1600
1400
1200
1000

800

600

400

200

Length of alignemnt (bp)

2-3-2-2 Distribution of the alignment length up to 2800. 99.9% of genome
alignments are involved in this graph.
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20%

18%

16% =

14% |- !
-

12% +
10%
all
6% I
4% — —

2% I

0% = = | = wg\.\iwg

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y

Human chromosome

Mouse chromosome

B2 4 ES N6 S EONIOEIl P2 WS W4 M5 M6 W17 m1S W19 X

2-3-2-3 Proportion of the human chromosomes that are aligned with
mouse segments.

G-compass DEEHHDY LT IILEEER 2-3-2-4 IZ7RF, (@)l G-compass
M top page THB., EFZEEAED) FZAVERECOANDAYATHD, COEREER
EXETDVIREBAZLIZES TSN TS, A—F—(XEEDMEEHE)
VT BT THRUTIEEAERTTHENTES, AMVEERDRLERIZIK., X
REFEDHRECHEMEEZIEET IO O—IL-SRILEHB(), ZThD
AR—=LAV - TIORBSIUOBRBELEWVEEOERTFZITIENTES, DIZIXEN/
LB ETOT A AV MEEE FUTE R DNADTYELTIZLESFRERFD
IV AMOVEEEZRTLTVND BIEFEEVT /LT A AV DRI,
@EFIUVMIZRLERYT 7T - AZa—IZKRTREh B, (g TlE. H-Invitational
cluster ID (HIX), ¥it9 2EEE¥MD DDBJ/EMBL/GenBank 7oty 3> -
FoN— T/ LEDEUERER. TOVUOB EBEEYET /LOEBE-—HE 1Y
CEOEE—BE GEEYOEERICHTES/LOBRIIBERERTT S,
5(Z. H-InvDB(cDNA view)~ND/N\A/IN— VO MNERBIN TS, BEFDT/T
—LaUERERBLEWMEA X, 20 cDNA view NEEIZIREMTHS, (W TIE.
EN—DRT/LBEIDEE—BE TIAAVMMEEOMERR. DIZRL
f=”alignment viewer’ ~DWERJ> Y H-InvDB D5/ LIFHRFEET —2N—
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R”G-integra’ ~DHNEBI I E LUV T IAVAV L LD RKIDEERSNR RTINS,
G)TIHER —HELRK/FEAED window BITDHREERRLTLS, £, KT
[ GCEER LU CpG BEMDELL window EHERERRLTL VS, Window D
REOAUE—N\LIEEDIAVO—IL- /SR ILTREETEETH D,

(a)

‘NN GEEIy D T
03 BO.274. 5100, 280, 750 -

L - T woovars (g ,:9_

[ (R N L T -
. Eﬂmﬁjﬂﬂﬁﬁ?
o
( I , II ------
10:01110 'II]EU 0520
coveragedl 407
1) rose pome e EFFwDE cINA vis
CTATCLCTATCATCEOE AAETCETTOETBEET BARGE
™ Lnl.l. s AR TECCATATCCEMMTCT UM xmannrmsmmaes ACHAHUEAR
. G SO28521 701130
e G9GQTIGALCCACCACTARCIANATCACTCSCIGECCCTSEAGHCICERTANCHEE S ) (") wm | ﬁw
U CTURTTUCFCCH-—=oneceeo-d T~ CAECHCECCTTAACACCATATTALEA M' i MU
oo o o
Hy ATGATECCCAGCCAGAEORGCAGREEECCATTEACCCCCAM CACATGLATRARETATEL ;"' —
U ATAC A==~ CETARECACET N prom
L T g e o s g k
M5 CTGCACCABGTAGAGTCCATCAGCEACETACAT AET BHAGET BRETAEA- - o= - e
M CTGC A CEAGTIGRGT O TCAGT SAC L TACAS RECRAGGT SAGGURGET EAGAC GG L 1 E i
T T a—— S R

M AETGGETBEATGATGIGLTG0GAGNEEGGACSARNGEATET GCACGEACCALCCTECCA

un ﬂ&TﬁlﬁlI’hﬂﬂTﬂC[ll’ﬁ =0T - ﬂttl[[lTlﬁEEﬁ
e meedrs >

Mg ATATCCCA=TECACCCRGEAGHE ACATTGEREECCTATCTARE MGARGAGGEACGALEGT
™ nmalc aa rcrccrraunaac r(n( ncalcc( a cmaraant.anaacltnmcnr

2-3-2-4 Sample views of G-compass. (a) Top page. (b) “Clickable
chromosome map” provides the entrance of the main view. (c) The main view
that is referred to “Comparative map viewer”. (d) The color assignments for
mouse chromosomes. (e) The control panel. (f) The main panel. The top panel
is prepared for human genome and the bottom is for mouse genome. (g) The
pop-up for information of a gene. (h) The pop-up for genome alignments. (i)
“Genome alignment viewer” provides sequences of the genome alignments.
(G) The results of window analysis on nucleotide diversity and content of
deletions in the alignment. (k) The result of the window analysis on G + C

content and CpG density of each genome sequence.

G-compass DHFAMZEIAT 562, B 2-3-2-5 IZRLIT /LT SA A RD
— 2 DWTHEER T D, CDBITIZIEREBEIED 50,274,571 H 15 50,290,750bp
#RRLTWA(E 2-3-2-5 D¥EMARA), 20 16kb DFEEIZIZ2ERGDEMEEFH
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BEIN TS, ENMEIZFD1D(X positive strand (D, CHDEBEIZFIIERES
£ cDNA O BC028000 [Z&YFBIENT=, —ADEMEIEFIL negative strand I
F#EL. T2 K ¢cDNA BC007437 IZ&YF RIS =, Positive strand EDEMEIR
FIF4D2DTHIMSEREINTHY. negative strand DEIEFIE 12 BOTHY
VIZKYBREND, CO2DDELEFORKRIIVI(VE Nt UTR &7 /7—23
VENTWA)IE. T/ LLETEELTWSE=H, TV R-TUOFEVART THDAIHE
HENHB. CORIREMEZBERT BIZ(F H-InvDB EDEEEFFRTHENTES,
H-InvDB @ G-integra [2&5&. KED EST N2 D FBIZIVEL T EINTLY
foo SNITKY ., CO2BEMIFEHEICRELTNAIEN Moz, £f=. H-InvDB
M cDNA view [2&b &, WA ES poly-A tail 23D cDNA [ZXYFRISH TL V=,
“nlzkY ., IYEU T LIz strand ITERYIEHBNZEN S D oT=, S5I2, BELL cDNA
view [2& A&, positive strand I DEEF(BC028000) DHEREIXBAS M TN &
Motz #€>T positive strand BIDIERF & negative strand D FKIRE>
A= BT UoFEVRELFTHARREEN B ERHERTED, GH. H-InvDB
M Locus view & & Disease Info viewer [Z& 5 & negative strand BIDEEF
(FAMES BRI &SNS [FRD2 THo1=o £2T. DT F LUV RELGF LM
BEICEAE5THEEZOND, —ADYIRY /LTIE, IFRD2 DEREIEF
(AK007687) [FERBINT- DX ET BT F U RBEEFIEROMSEM>f, Th
[CKY. [FRD2 DT F U REGFLIERAHIE ELLFERPHENT
HAHFREMERE T HENTE

03 50.274,751-50,290,750 —_— 2 kb

— xwmm—_Anfisense gene of IFRD2 (BC028000)

bk M ST S ks Se.E0EkL Sddiod

5 Sl S sk Bk
[ R I |

BERTHIT

Human IFRD2 (BCOD7437) wee wwm—wm i ]

ACRBE 0,
|

Mouse IFRD2 [AKOD7667) v st rmrm— s

Mouse genane _ Mouse chr. 9

hisras goname — mauge coreespondent seament gona
L

Ruman corracrondsnt cagrant s SOPE T

[yl
g
3 =
~h

srbhalen —_ Ehl‘\ﬁ

& 2-3-2-5 G-compass [Z&DLLES / LEFTOIEAH, H-InvDB O EENLT
JT—aViEREFALCEN RN T U F O REGEFETFRITHIENTE
Tz
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233 EFEEGEFOLFELT —IR—RERBEREFTEMTT7/ T—a0y—
JL:Evola

2331 EF

Er5TEL R cDNA O#ET/T—aviEREHELEET—4N—2X
H-Invitational Database (H-InvDB)DHT54 T —2R—XEL T, ENMEIRF
DHFHEILT—3R—X H-InvDB Evolution Edition Z#&£L1=, CZIZIE. EFD
FEEFEZOREOTEZEL N FRHBO. SO FRMBEEITERGITEST
21zEREENIERLSEDELRFROAIILYOTH NI/ SATERISEMRSN
TW3, Ayas - 505 FRICDONTIFET . cDNA EBHOH / LERHID LB
Mo BEFETEICKY 9,000 U EDAILYOTIEHEHTEL, TDHR. 9 FHELH
TOEMRNE THRELT. BREMEAIILYOY 505 DR FETo1=. =
O KBBIERMT I, DFILEABHNIREZERTHEMT, HIEICLELRF
MERGICHETEDT7/T—avy—ILEHEL. KERFEZRIEEEL-, EMR
DEEERE=-AILVOT T2ty hbE, BBHETHESA-REDSE., [
HEBRBEHAERICKREUSOT EHBESNDILONENBFEHLANTHEY. LD
T—AR—ZAMMEEHEDEVErEEZGRERMOA LRI T—2ybEFREFLTY
HIENTREEINTZ, COKIILT  AREBDBICLSBEEE T oA IILVOTRER
ST EMEGRTFOMBHLS FHEILT —IN—RELTIE, KT —AR—2H'H
RTHHTDILDTHS,

2.3.3.2 BW

SEHEZAVHBZITFRICKSETME S, AITEKD curation ZHEAED
. RBREOEVAI/ILYOJIEREEL cDNA [T L THRZEMIZMF MLz T—4—X
THEET 5,

FREOAILVATERICNZ, P FREERUVBRABREHBERZHEE. RE
TE5 web-base Ea—7 %IRRT 3,

2.3.3.3 ALET—2

mRNA sequences of human, chimpanzee, rhesus macaque, crab-eating
macaque, mouse, and rat (DDBJ release 54)

human genome sequence (NCBI build 34)

mouse genome sequence (NCBI build 30)

2.3.3.4 T—AR—ADBEER*
FEEFIE
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Genome IZx1 3 5 cDNATYEL T ER—RELIZ4DDTT—XTTF—2EERL

7"—
Zo

phase

Primates cDNA-Mapping to
the Human Genome

Rodents cDNA-Mapping to
the Mouse Genome

\ |
I

Automatic detection of ortholog candidates
based on the chromosomal position

|

I ‘ Selection by similarity search

|

v ‘ Human curation

K 2-3-3-1 Evola T—4R—XBEDO-HNDH7O—

*1:bootstrap fEAY 0.9 LT

*2:0perational Taxonomical Unit (3&%k)

-HESE
curation Tl ortholog {R#EZFFMICR 7213 5=DIZT7T DN FEEERITT=,
HE | J5RA Fil b
1 Ortholog ortholog# i
2 | Ambiguous | ortholog# € [Z[bootstrap{EAMELY
3 30TU OTUZAZ DL ALY
4 No3rd OUTY IL—Th¥ 7Ly
5 | Insufficient | OrthologZ 4 R—kg 245 DALY
6 Paralog Paralogh&E
7 Hold T—EF+7 D EEIETEE

[ 2-3-3-2 ortholog M ¥|EEEE

- IRELIEHR

H-InvDB Evolution Edition TIl& curation fERZ(+TIXEL D FRiftt.
ortholog Z#HE D TILFTILT 54 A, BIHREHIEFR & E #2158 H T 1H R

(dN,dS) izt

LTL%,

(Dcuration F58:9,084 4
ortholog {&##%(Z curation Shf-#EH

Q9 FRifftt:
@TILFIILT

5 1848
SAAUE

SwissProt/TrEMBL F—4%HHR—rEH|IZF|FL . ClastalW B THER

@dN,dS
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ortholog {&##E®M ORF BERHIDRT ITAXTZA4 A MDA ) DFILY—)LE AL
THERK

2.8.3.5 T—AR—RD#REHEHR
B &81#7E L1= ortholog &% M55 ortholog A\ 2,699 44 (30%) paralog H¥ 1,715
#(19%) THo1=,

The destribution of curated ortholog candidate

B 2-3-3-3 human curation #® ortholog ¥IE#EE

2.3.3.6 T—AR—RDHHE
*Human curation DR

HEIHEICKSTIILVATERHEDO—BNNSOT EHESN-HER. A vnsd
BOBIHICKELGRIREMBRIERZ L DRI LT-,

|House mouse®d fEZ1t |

curation% & (House mouse)

45.00%
40.00%
35.00%
30.00%

% 25.00%

2 20.00%
15.00%

10.00%

soot |

o Norway rat®d fEZ 1L

0 01 02 03 04 05 06 0.7 08
dsfE curation®l 8 (Norway rat)

50.00%

40.00%
Ey 30.00% curationfl
¥ 20004 |

10.00%

0.00%

01 02 03 04 05 06 07 08
dsfE

k

‘BoR=E

B 2-3-3-4 human curation

ERBOEL
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2.3.3.7 KBE7/7—>30Y—IL

EIET/T—aV VAT LA
BEHIERR. RFEB. QILFTILT I A0 FERBRREBERZEEL,

A5 curation Z{THOEMTES,

ey Ortholog B Eh#IE &R

 T—=IL

RILFTILTSA Ak

2 BN

Curation A 717

A—L

aaaaaa

e I
sy om .

—

o

B 2-3-3-5 7/T—av P RTLOY VT VEE

g
[ etran 4

“dN,dSEa1—7
BABRBREBERRTOEOUTOERE—T7HARHSh TS,

BHIZEBW=EI DT TA4 ke Fisher’s exact test T window f#iTLTI=iE R %
TS5 TCHEETES,
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7 i \E/
CED - S - @lm@m @]3‘:?‘.7\0 @xw @ Baog-E
TELAD [E] httpe/ /s S

-Invitational Database
-------------------------------

BCO0D705(mouse) Alignment

cccccccc

'mn ----------------

|§| 2- 3 3-6 H% 3F|_J§ ?ﬁﬁ@i'ﬁ
 EvolutionAnnotationSystem Z L = human curation {E3

BEHIEINT-F ortholog {FMHIZ DT, ZDHIENIELLINEIIE, EFHD
MEEMN. RFEBFDOERICE DE curation #1To71=,

HHEOCERAE R
EvolutionAnnotationSystem Z#fAWL\SETHREDEIE R Y human-error Z#%
BHED

HHE2 EEDERL
9,084 M curation RUF TILFxyIE%% 2 v AMTRET L=,

2.3.3.8 F¥&&H

BMRICEBHEEEICKY., BBHEICKYRESNI=FILYOTEFEDILIE
IS KETREEMRBERZEL DAL,

NODFERMS. BADT—E2EVMEEEOT L. EFEEZER DALY
A7 T—%tvbairft 3 5 EnREn s,
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24 BIEFT/T—2aV AT LDIESE
2.4.1 EAROER

42,000 HDE FDEER DNA Y O—VITH LCHMAET/ T—2a Vi
HREERBT HOICF. KEBEHED-OD LR TLIEBED, XKEOT—4E
BUORTLZBETDIVLEND o=, HIZ. PubMed L EDXMMT —2
SwissProt B ED R VNI BT —ER—X#HEICSBLENL T/ T—2 3
VIEHREADLTWL OO TEEFT7/T—2a VvV RTLL F 7/ T7—
VIAVERDBIMEERILERRICTHEZEZ DN, TO-HDOFATE
BUVARTLIEGEMN T,

ZITARTAS Y T E FEGBFOT/ T—2 3V EXETHVRT
LTHA TSOUP & U ISOUP2)., #EEHE RNADHSE -7/ T—3a 2D
=6 ® TANFAL. 41 FEEFDT7/ T—> 3 VIZIEA LTz TSCARGOT. #FE
F L1z, £f-. ORF FRINSHEET / T—2a VETORBMEZBEBMICEREL
THERZHNTEY—LTHS ITACT] ZRFELT-.
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2.4.2 HEWEMEIEFT /T—3V Y AT L:SOUP/SOUP2

ATGCO 4 BOEETI—KREN3 cDNA EEEERFINSFDELFDT7I/BEE
OB FHEE L EZEREICTR T 2E0I121F, SESELBNEETLTEDOHE
ENoREMIZH T HIENBETHS, TS Thinbhnld, cDNA BEEF(Z
T AIFESFLMBINBREZSBLAENSEMRVFHI T /T—3> CGERIFT)
TV ERET—AR—R(ZEBFETEHENTES HENEMEEFT/T—3
VAT L(SOUP-SOUP2) %%t ELT-,

2421 7/T7—23V AT LIBE

T/T—av AT AL, T—EAR—RETF—AR—RIZHEMHSN =T —4%T5
DY TRERTDIVATLNGERIN TS, 7/T7—avET5KICIX,. TS50
BIEDATFET /T30 T —IN—R([ZEEFETHIENTES,

P Web Server
. (Apache 1.2.27)

SOUP ?g SOUP Program (CGl) [ 1—
database SMO Viewer (GGl | =
(PostgreSQL7.0.3) adial ?’

- G-Integra (CGlI) =

TS99 REIZKYFEEHTOT7 /T T3
R—R|Z&F T DHVATL(SOUP) ZHEELT-,
B. 2-4-2-1 SOUP L RTFLIERE
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Sequence

DNA databank info.

Mapping on genome

Gene expression profiles

SNP mapping

— EST support

Gene prediction

Gene function

SOUP

database

ORF prediction

Prediction of Motif

GO

Subcellular localization

2D-structure

3D-structure

Homolog genes

mRNA inspection

Evolutionary features

B 2-4-2-2 7/T7—3 0T —R3R—ADEE

SOUP/SOUP2 7 /T—av P AT AIF, EFEE R cDNA 1EEESIIZEL. EF
7/ LEDME. HEMREZERFERFASTY, BlastX, BlastN), RIS =73/ BLEC
5|, #EeEF— 7 FRFE R (nterPro) . MIRABETFARR. ZRTHETH
(GTOP), B FHRBE/NF—2 . D FELEN. REBEFRGEDRETHERZ
T—AR—R[EMLTHEE, EDERT 4TS5V L THREMICRTIT DAL

=+,

2422 7/ T7—>a vEEBE

&7 /T—RF I LTI="Annotator ID"FRAWTU AT AIZAT A LT /T—3

DVETI.BBOT /TANRBIIT /T—2avEERTTHIENTES,
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 3|Login - BOUP - Misropnft Intorneti Bxplorer. H=83
THME RER FRW ERONE VD AT

Incogratad Ooce

| H-Invitational Annotation System

Annotator ID

8] -UhETEnaLL 8| @ {uh—tok I

B 2-4-2-3 7/57—3a I RT L, SOUP OS5 (4 EE

BEEFE. & cDNA 7/7— 3 VBEREICEWTEERINT=T7 /T—3 %1752
LATES,

G-integra

D e rrprive L = FONE = Mirrmed otirnet il
e a) Genome map

Locati on Ol 1D{HosaC 10} {3 New HHIT/HEX)

Luch. Fekease

Logus 1 Che Che Band Start End Strand AMernative Splice H-Angel  CWIRF)  CWleDNA)

HEDDO004 Ll 13633 592 512 0 isodorn
Trace <= Aleady Finished by ftakeds o

Mapped cDNA
H-Tnitatianal 10 Accussion Mo | Starl | Ead Girads Wi Gireup || Elalus | Clusterimg | G-intesra
WIT0007722 k24880 2220 | 226513 W D G Ll
[a! MITI07755. ARIZA401 603 | 220045 L] i D G
@ HIT001 2046 AKOSG202 H6m2 | 21512 L] ] HEED Gmw { 84 B
ARI2503 209 | 226513 W i D Gmm EEw *
0 HITO0I20038 215072 | 226513 W W HEED [-T59 4
0 MO0 2 ARISIZEY i HEEED Gmwm EEke
Cayurr O surh emar
Comments for Rupensaatativats) || Yrequbs nacping &1 Fused beustFesd throueh) [ Genomic Cantamination [Fare]

Fumd heus

. b) Locus®)
K RACHIDFER

B 2-4-2-4 7/7—3V AT L, SOUPEIGFET /T—avEl
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nnotation Viewer [a=ro]
Locws 1D Acceszion Dafinition of DMA Datatanks Clona Ho Cadll Typs Tismua Tt
L T rovider
Lt

Jro— o sapens cOMA FLETGI fa.cbre |, 0o .
HIOOODIZE4T  MIVEOOIOS | AKOSAERE petinnin NT2RIEE8S taratscareiona

R -EF—
7P ARRESR

SMO viewer

eg ORF prediction
Motif prediction
Similarity search
Alignment

R 2-4-2-5 7/T7—32Y AT L, SOUP cDNA 7 /57— aVEH

FERRVAT LI, HRIMER - HEEMHEF—JBE@E (SMOViewer) . 7/ Lith
(G-integra) ED YTV RATLAN) T HEIICLTz, SoIC, BITHERESEL
TIIONEIFEITOT/T—2av [ E TSV FIRIED AL >TT—IR—XIZEE
TEHLENTED,

SMO viewer

MR RS -EF—7
FRERSE

EBHDBDI7S5vbk |
I71ILSH

EEIE)

Align mentd
BREm

HAEEREEIRL

“Transfer”
[Z&YRDBI- &%}

B 2-4-2-6 #EE7/T—a P I XTF L, SMOViewer
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G-integra: genome mapping view

: Locus{X A HID1ER

Center position

trand:
Forward .
Genome Line

Reverse

Position in the chromosome

B 2-4-2-7 4/ LEBRY TP X T L, G-integra

cDNA BRI T E5IFIFLEMBEREZSRBLAASEMRNFEITT/
T—2av GERMFD #1700 HERET —IR—X(ZE{FTEHENTES, HAEME
FMEGEFT/T—av P AT LBOUP-SOUP2)EEREH B ELT-,

AOZATLIL, ERERHE THS H-Invitational AP UM LBEEEE
cDNA 7/T7—23v8BD7/T—av AT LELTEESIN, SOUP (&
21,037 MEEFEIZTYTENT= 41,118 KDOEMEIEF (H-Invl 7/T7—3vs
%) .SOUP2 [ 25,585 MEEFEIZTY TSNt 56,419 KDEMEEF
(H-Inv2_FA 7/7—23 %358 O#EEFRIZETI5M-OICFERSINT, SOUP (It
EMIED cDNA DT /T—2a0 05 /) LDT /T—avICbEREY—ILERDT
HA5,

- 86 -



243 #HEYE RNA BEI7/T—3> Y X T L : ANFA (Automatic
Non-protein-coding gene Finder and Annotation system)

2431 BExREEW

FEBEME RNA L&, AUV BEI—FETI2H#EET 5 RNA B FORMTHY. i5
EPFIRGEEYZLEELRRENAHIIENHMONTEY ., ZRB LN TLNVS
HDI(Z tRNA % rRNA BNE(FoNd, LHALEMNS, WEERIESN THEUMEEEE
RNA DEM /L EICEZHEET DML H D, £, 7/ LEFIERD A1
HOHEETE RNA FRIIXHRETHS=6. BICREBINDIIENHERIN TS
cDNA B5|ZERT20ONEHNTHIEEZOND, ZZT. ATODIIMIENT
X.EFEEE cDNA BEHICHLTT/T—2avFT528I2&Y ., R OMEEN
RNA EHOBEERADIEIZLEz, Z2TlE. 522K cDNA EHIEXNRET S
& . tRNA 45 rRNA &0Lvof= RNA 7RYAS—E 1T LUSL D RNA RYAS—H (2L
TEHEEINDILDIEEFENLGNIEITLHS,

2.4.3.2 HiLEEER
BERETE RNA IR DR EAEZLUTITRY,

HEEMERNABFID B 5 %

AT TN 3B EO—F LA L veDNAZ I T4,
MDORFFHMDHER. 07z /BREL L ORESOORFD R o w7y,
@) HHRIMHER OFEER. BE /788 mE L HRIME R TORFD R OMGiiLy,

AT TN EHEO—F LI LV eDNAZE T J LTI T T3,
1) 2 dEhi- A coOF EnTFOR AR AE,
(2) SkbLEAN OIS A Z 7 A 7EE O—F § 3BT OREA BB,

AT TN I EH I —FLEL cDNAZANFATCHBI 98T 5.

Automatic Non—protein coding gene Finder and Annotation system

(1) putative nor—coding RNAs (ncRNA) - - - #EEEHRNAD
(2) uncharacterized transcripts - - -3 UTRAS Cdh A0l HE
(3) unclassifiable - - -7/ LB TS 0lEE

ATUT4) EREERNAR I E AFICEYRET Do
B 2-4-3-1 #EEtE RNA (DR A&

FITE 1 BRELLT. 80 7S/EFEELIED ORF ##H1=9. BEIDA /DB L
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SR ERELL cDNA BEHZEL22 /O BEEI—RLEVEGEEYELTHET 5,
RIZE 2 BREELT, 2o\ VEEI—FLGWEGEEYMEENS / LIZIYEL T4
EIZ&Y, TYEL T SN EEICE T 5 FAERFOEEL 5kb LIADEEEEE
[ZBETEBRMDEV NV EZI—RTHELCTFDOEEEZRAND, TLTE 3 BREEL
T AVNYBEEI—RLAGVGEEYICHLT. RILFIIVY ST LTI EN
=IOV REERR)A DT FILRY AT—ILELT=- SKRIGDFHEDEE. £
2. RYEV TSN BICHITHEHD EST DFEEEVS-RENLHEEITOIC
ETLANFA ITKYARAV NI BEZI—RLGWNEGEEYE TEED 3 DICBEIDEET S,
1) #EEETE RNA Diz#EEE 2 5N 5D putative non-protein-coding RNAs (ncRNA)
2)3UTR ©BIRIR TS5 DETHEME M & B uncharacterized transcripts
3) 7/ LA THAAREME M $H S unclassifiable transcripts
ZLTRBIZE 4 ERMEEL T, ANFA [2&Y putative ncRNA E#IE S F=EE 5 (25t
LT.IVEVIT SN EBIZHITHY / LD E M5 internal priming D AIRETED
BEZRARDLGEAFICEOIREZITL . XBMICHEEE RNADIREZERE T 5,
BN BHEI—RLGEWEEEY DR EHEEHERELUTIZTRT,

B OBEFLEWVEEMD S ES

B2, 13 B H3—F LA eDNA |Z3 9 AANFATC O HE1 55
() IO E RILFIDI T INTI)
(2) 3 FKIROFEE GRYA 5L, RYA 7))
(B) TuE TN EICHBITHESTOH &
BEREMERNARBICH THAAFICLLEE
4) 2o TEn- BB EHT / LOBE

r A8 Ea—FKLEWLWEET 1
5kb 5kb 5kb LA

(_H

cDNA —— .
I;!/A| #; ' )

B NIBEI—FTHEETF
1) 2 IFXTIT 2 TN )T
FEEIEFELDES TEEHEFHYDIES
B 2-4-3-2 2 /\HBZIA—FLEWEEY DS EH &
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TILFIH CHEERNAGH S HES L=

[ EEERNAD B 4|
Skl IS A EETREL l Skb LRI EE L
A A
g ™ 'd ™

cDNA T

1
VN - .
ESTs {

RUA S5+

K 2-4-3-3 RILFIHVDOREETE RNA &4

T ILT 3 UTRO SN BD E
HEShT-M

|3 UTRD A EEREBY |
Skl RICHESEEFHY l

-—I—I—ﬂq

/ EsTs |{ -E—-\

YA T FIIIEL RYA T FILHY

]
gEnomeE ATAA&'DGAATGGCACTTTG&GTGTI‘AAT&&AGCTAATATITATTIOCACT
AKD93893 ATAAATGAATGGCACTTTGAGTGT TEERENMIGCTAATATTTATTTCCACT

'l'DGGT'TTTTOC‘.A\AATCTATTCTTGSACAC;\TTTT&TTTACAGTT&T

1
genome
AK093893 GT"‘

B 2-4-3-4 251 H> 0 3UTR EHIE S T4
Fr=. AN BEEI—FLEBWEGEEYMD T /T—aDmhE U TORIZRLT=,

ZZTHold &IFENT/ LADTYEDTIZEWNT, BHI—EBEH 95% K. B4
BEMN 0% R THo=1DTHD,
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‘ Nomproteimcoding transcript ‘

—+Yes
s No
unresohved
{ ! ! 4
Multi-exon Single—exon Overlap Near <5 kb) to a
transcript gene transcript gene sense gene neigboring gene
1 1 1
I I I
| ncrma | [ncRNA || | Uncaractericed | ! Uncharacterized | |
transcript transcript
I I I
Uncharacterized | | Uncharacterized I Uncharacterized I
transcript : transcript : transcript :
i i i
¥ ¥ ¥
Unclassifiable Unclassifiable Unclassifiable
transcript transcript transcrpt

B 2-4-3-5 ANFA [Z&5HHHETE RNA #IFED 70—

ERAEICKY LI 296 HDHAENE RNAIRHENFONT=, = FV/\VE
ZO—FLGWEGEEND R ERREUTORICEED T,

B2 OBEFLEVEEDD S FER

Hhrdy— B TFEOH
(1) putative ncRNAs (BtRETERNAD{BRAH) 296 (19.5%)
(2) uncharacterized transcripts 675 (44 5%)
(3) unclassifiable 329 (21.7%)
(4) hold 217 (14.3%)
=111 1,517 (100.0%)

(1) putative non—coding RNAs (nhcRNA) - - - B HEE RNAD &SR
(2) uncharacterized transcripts == -3 UTRA®ASO nl gETE

(3) unclassifiable ---%"/ LB F CHhH A HETE

(4) Hold (45" / L~ D 9E 247 Hlidentity <95% coverage <90%)

X 2-4-3-6 #EEME RNA RO HIERZR
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F1-. BB RNA (RE DB E LD EL TIE., BRHROEEE 450bp M
6,453bp TEHEFIER 1,491 bp. TIVUEBEIXTILFITIVYUM 134 4(45.3%)
T2HB 12OV SUT LTI H 162 #(54.7%). LT, SKRIHDIFHILAR
JA STF I RYAT—ILOEAELFEDEDA 110 4(37.2%). FRUA ST F L.
RY)AT—ILDOHRFDHEHEDLDH 132 #4(44.6%). KU A T FIL KUY AT
—ILEBITHENE DA 54 #4(18.2%) TH>T=,

2.4.3.3 £&

CNOHEREE RNAEMICEEL TIE. BEAI D#EEETE RNA DT —3AR—X Ppith A )
D mRNA LDHEBEMREEIT oI, Tl thEMEY / L~ADIVEL T H#H A
R, LEERMEWVERIMEZRL-ESIIZEAL T, QRNA fZHTIZ&kD = RiEEF A
© RT-PCR 2K B ERIBEBNEIT o=, TLT. ThETDEZS 29 A RT-PCR I
FYURBEIFERIN TS, IOLTHREIISNTIRE DN, EDHEETE RNA A
BFHETIIENHHIND,
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2.44 HEWNARBIEFT/T—a>v AT, :SCARGOT

EEERSICHT A EL EHRNBRESBLANSEMRAFHTT /T— 3
VGERMDETOD HERET —IRN—X([ZEFTHIENTES. HEHWA RER
F7/7—2av P AT ASCARGODEHE - LT, SCARGOT Y RT Al A
R s BETFEET /T—av EL T EMERBEF 7/ T—2aV VAT AT
$% SOUP-SOUP2 LR T L& KBS THEETo1=,

2441 P/T—23V AT LIBE

SCARGOT 7/7—2av AT ALK AT EER cDNA RUART/LLEDF
BECFOEHEEMNICEAL. MRS /LLOME. HEMERERKRE BlastX,
BlastN). FRISN-7I/BRERS. #EEETF— 7 FAIFER (InterPro) s & DTS
RET—AIR—XIIEMLTHE. TOEHR T TV L THREMIZRTT D
BEEZED,

SCARGOT 7/T7—2av i RT LI, T—AR—RET—AR=X SN 1=
T—R3%T IO TRIRTDIVATLOGERIN TS, 7/T—3 & T5BIC
X, IS HIBEDHTFHT/T—avET —EIN—RIZEIFZTHENTES,

2.4.4.2 7/7— 3 EIRBIE

&7 /T—RF I LTI="Annotator ID"ZFRAWTU AT AIZAT A LT /T—3
VETSBROT/TANERICHITLTHENICT /T3 ERTTHIL
MTES, SCARGOT TlE. AJ A D A= aEEKY . 7/ T—38BDT7/T—3
VYANRBAZATT/T—2aV ) RANERBVANADEGFEICDOWTT /T
—2a ERTT S,
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Q@]

#]Scareot Top. - Microsoft Internet Explorer
YLD AL

ZrLE REER FTW ARCADE

SCARGOT

Please enter [ Annotator 1D ] and

= Annotator ID ::

= Password ::

Enter your
Annotation ID

&
Password

" Submit

K 2-4-4-1 7/57—>3a> AT L, SCARGOT O4F /> EE

2 Logout

E]@

B

] Menu - SCARGOT. - Microsoft Internet Explorer
ME REE RJTW HRCANG -LD APE

9)SCARGOT Menu

b assignment

=)

@ Progress report
=Current progress
=Personal annotation history

© Data search

=SCARGOT Search
© Data lists
=Listof Rlce annotation clusters (RIXs;
=List of Rlce annotation franscrints (R(Ts:
=Listofunannatated RITs
=Codon usage of representative RITs

@ Management
=Unlock RIXs

=Change passward

@ Help
=The tice genome annotation manual. (PDF;

* Last data fixed on 1st Qctober, 2004,
* Lastmapping data updated on 1st December, 2004

» Last ORF data updated on 15t December, 2004,

Click on to
login
annotation

B 2-4-4-2 SCARGOT A= a[EH
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&) Aanotation job assignment - SCARGOT. - Microsoft Internet Explorer u[;l_] |
OMME REE RTW BRCADE UMD ANTH

7)SCARGOT Annotation job assignment > Moo > ey

(158 ORF predicted by identical praieome DB enry

'8 orf predicted by identical nan-hypothetical Sudss-ProbRefSe (reviewed) entry.
O & oRp predicted by similar non-typathetical Swiss-ProfTEMBLIRefSeg antry.

O B ORF predicted by ypothetical entry, GeneMark or longesi frame.

D1 02 Oa 04 Os 06 My Ma Ma Mo M1 42 Cuw Mes T
@m O?[I OSU oz £] Job sssienment list - SCARGOT. - Microsoft Internet Explorer g@ﬁ

ORF grade

FrME REE RTW HRCANE U-D ARTH >
)
SCARGOT Job assignment list >Mem > Helo

o] 0 [no.or A fgrasalcnnfsuana] stan [ end [ moootaonprioy | siaws |
1 BKI001TO

3 B 1 + 1015065 1012402 11 cDMNAS of similaity catego il and ORF grads

2REIT41EE 1 5 7 - 1B4TEIEG 194B1501 1 cDNAS of similaity category= | or M and ORF grade = 55 @EETID

3 BMODESET 3 5 11 - G500 B6O23B 1 : eDNAS of similaity calegory= 1 or i and ORF grade = 55 @XETER

4 REOO1B14T B 5 3 +  T1615331 JIBT1030 1 : cOMAS of similansy category= | or B and ORF prade = S5

5 RI0OODESE 3 8 1+ 39204566 39209963 1 : cDMAS of similansy categary= | or il and ORF grade = S8

6 RIOO0ESTY 2 8 5+ 26421392 26424667 1 ; cDNAS of similaéy category= | or Bl and ORF grade = S8

7 REZ0000580 3 s 1 10097426 10101024 1 : cDMAS of similangy category= | or il and ORF grade = 55 (XTI

8 R0011995 3 - T + 30426287 30432275 1 : cDMAS of similanity categary = | or l and ORF grade = 5 @ETTIR

9 RE0011341 1 s 5 +  J8251476 23252724 1 : cDMAs of similaity category = | or l and ORF prade = 59 (ETTIR
10 RK001%485 3 $ 12+ 23475814 23480837 1 : cDMAs of similaity categary = | or il and ORF prade = 55 ETTID

® 2-4-4-3 7/T7—3 V) ANRE T /T7—a YA NEE

FBEFETY/T—2avEEICEVT, FRETERAREMNICRTINTS
YRELGHERT —EN—ZADUIBNBHEINTWNS, BRIN-BINT —5%5
BLENST /T—2a &7 ENTES,

[ETtocus sunatation vie
>0

T SOARGOT. RIX0U20525 - Mierosol Inernet Explrer BEX]
N ® N

*2 Click on “complete”

7)SEARGOT Locus annotation viewer > Assianment bt > Meny 2 Hel

> Ginteira > utipie
RGP > 1GR > GRAMENE > Orvzabase

Locu formation =
ST S 7 T T T T
264100 - 3

swacem| Check DE & RX line and PubMed

NE REE
| ExPASy Home pase [Site Map | Search ExPASy | Contact us | Swiss-Prot |
st 1556 U e she: sl Bl [B51 1 o oo e St
N 2 simizny Dl matt Clomers [ 70517 wapanese) (Enaliza =
e Soc S P ToEWEL Bl T
[[epresentate ranscrt [CeLTYIoEY 2 1
[Fused iocusiread throughy (] oenomic 7@ BiastX bataite - Miovasd] ove rvi e a Ii n ent
TEMBLZZ? [ 7o w0 wru W gnm

&1 Locus annotation viewer ~ SGARGOT. RIX0020523 - Microzoft Internet Explarer

[ 710 #5© #rw smo0E A0 AI® Q37753 Alignment
[ Camplre ] [ Gompiie & ciose ] [ Ciose £.0ur = 7153

v 19%

Locus member A o' f »237753 (237753) ATP synthase € chain (EC 3.6.1.34] (Lipid-binding

L o protein) (Subunit C)
= e Length = 91
oy ion

ATP 2Ginterra o Score = 146 b pect = 8e-34

BECTRD cTade: Taentivies Moo (974), WMgitives = 78/80 (374

Frame = +1
2 aw2r2e

| B s o wwo s
B Ceicns TR Query: 408fRLDNLEGAKSIGAGRATTAL A AVGIGNVLSSS THSV ARNPS LAKQLFGTATLGFALTE 586
N — L MLEGAKSIGAGRATIALEANVGIGNVLSSS IRSVARNPSLAKQ. FGYAILGFALTE
=Ml st . il soices s TG AGANTTAL A KVGIGNVLSSS IHSV ARNPS LAKQSF GTALLGFALTE 62
oM senome
Query: sas ANgr L 1sevradl ses
i3t yenoms
e a1 ggutar =g
SCuera Sbjct: 63 ATALFA VFRSE 62 &
<l m ] B
e aoar
DaibfConago-180./50 a1 Zea mavs
anzrzs o Ecia
2o M T msws g g £

&z *1 Check auto-annotation of
SRR - representative RIT

(o

] 2-4-4-4 SCARGOT E=FET /T—avEE
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RERVATLIE, HRMERE -#EeEEF— 7B @ (SMOViewer) . 7/ L[
(G-integra) EDY TV AT LAY ILTINDS, SHIZ, BITIERESEBLTIThN
BFHTOT/T—2avE T IV FIBEOAHITL>TT—ER—RIZEHTHL
MTED, o, 2 TOEEASEEIEIZAT LADYL LTS,

—SM@ Vlewer—

*2 Click on “Transfer”
or
Click on “Auto InterPro”
or
Click on “Hypothetical”

|

*]1 Select radio baton

B 2-4-4-5 7 /T—ar P IO XTF L, SMOViewer

SCARGOT [ZI&. T—28BADT—37 7t REEHAEL-. FTTHRERTIX
BEDRBREN -F—7—FICRRATEIT—IERETIHIENTES,
Frz. TAVRMIFETOELGF. EGEFEDOT /T— 3V EREERAD) D
NABEIN TS, aRFEFAMEET—4(Codon usage) ICBAL TIXH A= S ARHT
BRERRTED,
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B
V=D AT "

BSOARGOT Search - SCARGOT. - Microsoft Internet Explorer
REE FTW BRCANE

DI E
7)SCARGOT SCARGOT Search
| m |

>Menu > Help.

&%) RIX0000001
s Enter ID/keyword
ex) RITO00000001
o) Q9FJ27

RIT definition

DWDZDSD4D5DED7DBDED1DD‘HDWZDUMDC

[ 1dentical to known rice protein (Categary 1)
[ irnilar to known protein (Category I
Category (1 InterPro domain-containing protein (Category ).
[ Canserved hynothetical protein (Category IV
[ Hypothetical protein (Category ),
[ 58 ORF predicted by identical proteorme DB entry
Grade

or check items

[ S ORF predicted by identical non-hyathetical Swiss-ProtRefSen (reviewed) enty.
[ ' GRF predicted by similar non-hypothetical Swiss-ProtTrEMBLIRefSeq entry.
[ 18 GRF predicted by hypothetical entry, GeneMark o longest rame
[ B RiTs with no meaningiul blast nor InterPro hits
[ € Rits with no ORF predicted
Join search terns by 6

ayn O oR
L

Click on “Submit”

for search

K 2-4-4-6 T—ARRFKEM

[a odon s eroirepreseniativE RIS S ZA RGO S Microsnitinternet Explorers Ljda‘
D BED FrW BRANE VLD AN up > o
‘DSGARGQT Codon usage of representative RITs Menu > Help
[~]
codon_usage_ou_100 - Last Modified: Now 14, 2001
Mono-, Di-, and Tri-nuclectide Frequemcies for fasts file: rep_all.fa
Total Tri-nuclectide Frequencies (Formard Strand) for 62l11 sequences
- Wt i B e
t 14198858 218 t. tit 804441 1.21863% tct 925486 1.40184% tat 611174 0.826783 tgt 831135 1.25887% t
t. tic 1022988 1.54865% too 1104848 1.67368% tac 634587 0.9B126% tge 1188081 1.74866% ©
t. tia 468297 0.70936% tea 1078048 1.634508 taa 441447 0.BE8ESY tea 1142776 1.73108% a
t. tiz 1070104 1.B2085% tez 1026868 1.55646% taz 415878 0.B3011% tez 1430885 2.18761% B 4
o 17423891 28X o. ctit 929203 1.40752% | cot 1038574 1.57319% | cat 1007718 1.52845% | ozt B04537 1.21877% ot
e. cic 1243074 1.88296% | cec 872052 1.32095% | cac 98901F 1.49812% | oze 1402083 2.12379% e
e. cta BLOFTE 0.92506% | cea 1175205 1.780158 | cas 1331183 2.01842%8 | oga 1070805 1.62201% a
e. ctg 1131239 1.71365% | cog 1320451 2000148 | cag 1148480 1.73967% | ozz 1348372 2.04337% B 4
a 15643781 z4f a. att 7910E5 1.19827% act 722572 1.094528 aat 790850 1.13735% agt 717036 1.08614% Lt 1
A atc 353830 1.44483% | acc 337927 1.42073% | aac BI2026 1.245173 | aze 1147389 1.73802% °
a ata 62134 0951608 | aca 991882 1.487328 | asa 1016023 1.539033 | aza 1279120 1.93757% &
a atz 1202180 1.94216% | acz 955045 1.29510% | asz 1404644 2.127703 | azs 1309685 1.98387% g
¢ 188BA7R7 288 ¢ gtt 840885 1.27376% | get 1227473 1.85833% | zat 1120878 1.69786% | g¢t 876241 1.47726% ot
N sic S1E148 1.38774% | goc 1481247 2.26888% | cac 1051608 1.59298% | sec 1844343 2.48170% ©
N sia 481888 0.B8386% | cca 1240063 1.87838% | caa 1258938 1.90898% | sca 1469714 2.22826% a
€. gig 1109810 1.B8034% | zce 1428865 2.16686% | cac 1508285 2.27712% | zes 1082288 1.63841% B 4
Total Di-nucleotide Frequencies (Forward Strand) for B2111 sequences
- . . a =
t. ti 3385871 5.093R5% te 4136301 6.25361% ta 2103206 3.18288% te 4533051 B.350&3Y
e. ot 8314408 5.92381% | co 4406331 E.GRE2ER | ca 4478435 B.F74351 | oz 4BIR480 7.00143%
a. at 8683230 5.43171% ac 8497465 5.29284% as 4047926 6.125837% ag 4472665 6.76864%
N st 3328294 5.03683% | sc G38LBO0 §.14598% | sa 4962760 7.610323 | sz 6172285 7.82740% r
Total Nucleotides: 6141304 non-ACGT bazes: 3182 GG percentaze: 54.8%
Total Mi-nucleotides: BE079183 Invalid Di-nucleotides: 3676
Total Tri-nucleotides! BB0L70828 Invalid Tri-nucleotides:? 4110
Number of sequences! B2111 8

B 2-4-4-7 Codon usage T—4EH

ErcDNABEERIDHEN T /T—2aVv o AT LEIGA-FEESE. 1 cDNA
RUS/ bbb OF AR 2SEL ERBTERESBLALLEFRNT
BT7/TF—2av CERI N 1T BRET—IR—RITBRTHILNTED,
GAMAREETT/T—2av Y T ASCARGOT) £ 5t - LT,
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2.45 #HMEWBEEH7/T—3ar XTI :TACT

2.4.5.1 MEMWBEEFFATOTSLORESR

BLSIEHMA DIBEFDHEEZEHICF AT H=0IZIF. T2RD cDNA 1HEE
FZEBFRRELT. BREDNAF A TFI TR MERELEREITL. £
DIERZHMENICHEIRT 2LTHL, HRIMRFE. ORF FRl. EF—TREDMHF
WMEHMEL. EREYMEGCFOREZF BT RATESLIMEMER T /T—3aY
L AT L(TACT: Transcriptome Auto-annotation Conducting Tool) DEAFE ., B
FRICEDFHTOFAFER (Human-curation) ED LLERIZ K S REEEMIZ DU
THE-FHEZ 1T 7=,

-SE2 K cDNA 1§ &K E 5| 7—4
41,118 KO EFEL R cDNA EFIEH R ELT=,
IERAESIETE DDBJ KYUA S/ THREFELT =,
(http://getentry.ddbj.nig.ac.jp/getstart-j.html)

- T—AfEH (BRI -ORF F8l-EF—T78& %K)
R TOJSLIETREFERALE:,
BlastX
FASTY

InterProScan

BN ERELET —IN—XIETiEEEAL .
SwissProt/TrEMBL (protein)
RefSeq (protein)
InterPro (motif)

BT EE T RIS T - 5]
LErEBALD 19,574 BDTELE cDNAEERFHIZDOLT. RO LSEEE
FHBEFRI RV ZDEHEE1ToT=,
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‘ Assign most suitable non-hypothetical Data source ID{SW/Tr. RefSeq. InterPro)

|

Data source = No
....................................
SwissProt or RefSeq ID

l Yes

Data source =
%identity >= 93 No :
Data source :
9 = bl 5 No
" coverage =100 ‘ddentity >= 50 Data source ID
i Toanyspecies | | = pusmsmssmm n
To human protein VA =InterPro ID ;
Yes Yes Conserved by No
Yes Hypothetical f======= .
protein E
l Yes E
¥

ERREERF
(BEAEHEE ATHE)

K 2-4-5-1 TACT BE#eE7 /7 —3>70—Fv—h

EEERLEEF ERRILEIEF

2.4.5.2 Bz FHEETARRDOZ IO
B FHRETADHRERERDISICFHMEL . #ERERK 2-4-5-1 ITRT,

(1) Human-curation 1T

% cDNA 2L, ZDEEFMNI—FTIE0DHEEICXTIETHELE DB
(Swiss-Prot/TrEMBL X (& RefSeq) X (& InterPro T > k1 —®
ID=DatasourcelD #{t 5957 /T— 3> GERfFT) E1To7=,

T/ T—av EMEMENMEIEFT7/T—av PV AT ALASOUP)Z AL TITo1=,

(2) Human-curation £ R &ED L
TERDIBYDHAEHETERITLLEBEFHRET AIFERS Human-curation M
DatasourcelD O —EEZELLELT-,

1. [BlastX|i&{=FH#EEF Al

2. [BlastX + InterProScan]i& & F#HE % 8

3. [BlastX + InterProScan + FASTY ;&5 Fi4RE T ;A

F9 . cDNABREEIDEAE T —IN—XRIZxT S BLASTX DETHEDZEH
WTHEBEFRIZ 1T o=, BENMEEET /T —2ar EIIIZTH = Human-curation
ED—HELRARECH, BEIFRADFERE Human-curation DFER (L 54.1%H
—¥L71z, (D&(2InterProScan OETHREEMEL THEEFTRAZTL. HBREZL

-0OR -



BLIzECA, —BUEIL 66.1%IHELTz, 3512, (1)&(2)IZ(3)SwissProt [ZxF 5
FASTY D#EREMAEL THRET RIZE1Tof=E2h, —BUEIXESIC 84.1%IhES
Nz EFE2ZBRICBEVTEEBEOHBRMRRBROEF—TREREREHET
HZ&I2&KY . &Y Human-curation [ZIELMEIR FHERE T RIZITOCEMTESIEN
BAS Mo T=,

& 2-4-5-1. BEFHEETFRIFER L Human-curation M L

22 FEEA BinFH 234/418 281/418 335/418
[cDNA #4]
—EE
56.0 67.2 80.1
[%]
—EiL7=
. - 11,647 14,226 18,117
2EEK B FH
/21,534 /21,534 /21,534
[cDNA #41]
— B
541 66.1 84.1
[%]
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7/ T—a 45
HITO00012743:HIX0016456 : AKO56129

- . TACT annotation Human
/ /3
TIT AR BLASTX + InterProScant FASTY —curation
DatasourcelD Q91YE4 IPR001206
Descrioti 67 kDa polymerase—associated factor TPR repeat contaning
seription PAFG7. protein.
s s ErRELEEF
Hin s | I:iﬁiﬂmﬁ (AT )
Q91YE4I TR T RkIESRATESR T
Human— ‘ ey
. I +F— Al
curation nterlProEF—20OF AlHY

QO YE4I TE{EFiREIZRE T 5
HIEFEH | ssaxcaismozasl H

E 2-4-5-2 7/T—a 40

2.4.5.3 ARRTACTDRS

TACT AT LlE. EFEEE DNA BEI 7 /T—23 P AT LELTHESNT,
759 ETcDNADEMBEDNAT AN O EREBTEANTHEICLY. HEM
BRFR-ORF PH-EF—TBRZR-HEETAZBEBMICETLBRERTT 5L
D, http://www.jbirc.aist.go.jp/tact/ KYEET—RIZARFHINS,
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TACT: Transcriptome Auto-annotation Conducting Tool
J50Y L TOEEGFIHEET RIS AT L
m ANEm

&1 Tuy ) = TAGT = insusuit Giispint Zalurss e
= : “up

IfME REE F

TA C T - Transcriptome Auto-annotation

Conducting Tool

DNA databank accession No.

|

8] N-TNRTENELE

DDBJ/GenBank/EMBL accession number
#ANLT “Search” B EI)9D

B 2-4-5-3 ASEMm

BETIERBEEmY I

BRI T M TR _—

K 2-4-5-4 EITHEREEmY TN
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2.5 NAF AV ITAITAOARERH
2.5.1 BEAFEDOERE

ATODzH FTHEESIN-EFDODEER DNADT/ T— 3 UHiedT—
AR—RESEFIELHAERARICIEAL TR L =OIZIE, TEMBRNAA 1
TAI T4 ABMOEENDETH D, T TATOD Y T, TESE
F—27FB). HRRHFHERFFAI. A4 ORNAFTEH ] OD3DDHLAT
LZERFELz. INBIEZNEFNITHLONAT A T4 T4 AETTEL
THEIN, HFLOWIFS VR Y T F—LHEOEHED ST E=OHICHELH
BTHD

- 102 -



2.5.2 BHIEF—I7FBTOS5 5 L : OSMO-finder

2.52.1 H=x

BEREMYT /LICIE. AN EHEI— R T 5 EEFOMICEH, B FREDHREE
RFLGEDEELGKEEEZHF DEINEENTULDSA ., TNoDEFIXBEELTHFEE
RLTWEW LI, RELTHAT. ZEZFH O TVAIENZLV=HIC, —MRBIICH
ROEALL, bk, 8EEE N ZEYS /LSRR T H=6HIZ1F. BEHEEER S
FECLEFRINIEHOEIZAELTEYN L. ZZOFICEHEETHETET S
RINEF—IDRREAA#DTIO—FEHRELT. EF—TERDIFHI7ILT
VDALZHIL.,. ERBICEF—T7HE T 5V — /L. OSMO-finder
(Over-represented Sequence MOLtif finder)ZBAFE L 1=,

2.5.2.2 OSMO-finder ®ATw%
2.5.2.2.1 a7 AVt YRADRE

OSMO-finder [E&#IZ. Sliding Window &—#&IZFEEN TLNDFEZE1THD,
Z® Sliding Window &1, ST R DEIIEYMIHL T, —EDE(WEFHF DR
BDOI1RD%FLERMD 1bp DDORSARIEHLEN S, TNV RO DHDEFIZE
BEXEHBAL TV AETH D, AR OSMO-finder (&, ZESNI=RED 1>
RO (BIEATLavITBETZ)DHD— 2 RE 10%(TIA4ILME, A T3>
[CK->TIRETRE) DHEEIMHEF DOV — U RAEMITDIZENETDHIHEE. CNHDE
BT IA AV MFICHE SN SR HEREHORKEZFTHROTHEL ZLT
FRMERIEEND 0 DIEENORAREBHEEEMELLGEEEFTOLETNS
BERIZHLT,. TDHEEREHNHFSNIGETHRIMEZ R T O —7 O RE M
HEDERIIDENMSRDITHLTED D, COEDETNEFNDL U REE. C
CCIFERFIEREFATLNS, COERFIKERZERT &I, 1bp RIDREIsF
DTERFLTHEON-ERIEHL. ALHREEEEHOEHAR LT THERL, AE
NEE>TWBEDLAHBNIEREI,VRFIDL— U REHBIMELBWNAEZEEL.
hAEEEMNT L, HLIAEOHRMKLRCTHNIE. LRTHLIAZEETLT D, 25
LTIKSADEFIERIMERSNTE. COLTHDERIIERFEE KITXLT P-value
ZEHL. ZOEIARNELGZIEAZRDITH T HREEAS VLD ERREM
ETBDTHD, (P-value DFFEICEALTIXRIZEHEME RS, )" T, P-value A
BHOEFTRILEZE > TRINGSEGEIE. TNOHEDEFAICHLTE R
D-valueZEHL. xRKDEEZLELERERDFHET, (D-value DFFEIZELTHE
[ZEEMZEBRARD,)DFY.BEBIDOALUMNSHRLIKWERDHONLIELDEEAT.
NERREFALTIDTHDS, RESNE=HKKREAXERLI-ZBOHFFHERELY
T SNLIBEOERTOFRORKEFRMEIEEKELTRRATLHILIILD,
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25222 avtE HIADBE

CORREARNDS—T U REEIH L, FHSLITEITIER aget ThEh
DHEBREZHELTELSNZTOI7MILEERL. ZDRNSLTRKRIEEZTTIE
EERFTHBONDRBRIZEL>TEF—T7DIAT7IAV VY REIIERET B,
ZTD#k. EITREL-RREFSHEEEEROHET. COI VY RERFIEHERE
HELDEHNEZBITAROEINSRDOITHLTED S, COE., ROITHLEE A
DELS| D ER R 10bp DEFIBREFIZESD., LBERCAETTIOTI7MIVEER
L.EBRZRRDAVEUHRAEBERLTE RIZ. COEEmMHEDTAT7A(ILEF
RALT.a7avt Y REHRT B/ —2FEVET . EOHDBER. EDOHD
BR.ZEDBEROZTNETNICHL. BRI IRSELEET LD T, LG/ 2—
NRETDIEICHE ERADINEI—VBIC. RREFADELL - U RELBLTER
REFBHEREMOHE THRIMEL DTV REEDH D,

2.5.2.2.3 EF—TDRE

BRDINZ—IZDNWTEDEL— 2 AMS Pvalue ZEHL. R/INDIEE
WMAERZERDOTHET, CONF—2DE. £l BEAODHEEATOI7/ILDOR
SEELWMEA X, £ ERUAETEIZ 10bp DEEBAITOI7/IILEERL. Btk
[CEEN\A—2FERLTEHEi T 5, SOLTHREMICHBONIERICHL., RREF
[CRALEY— U REFEF—T7AVEVHRERE. TOEADER L —T U REE
F—DERET B, i, OSMO-finder [FBEHDEF—TEMBTHEMNTES, 1
BEODEF—TREUREIL, BHANROEINDEF—ITEHRELETIRILT. %
OB ITIEDETEH=ICEITT S,

(K 2-5-2-1 &)
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AVEUHREBVVERIEE

LR R DERERDITHLT, Fhid
2 (mﬁj’u:ytwﬁ)b EEF—TERET B,
RkICEAmIHDLRL -3k
EILavtE Y REER

v
UTOESBTLarto 9 AR DETHD/NEZ—2%1E
BL. T2ty o abEWEREEE OV VR

windowZRX S/ RSEHMNS, 2D Y

=l AEBVERINEER DO —
TURET YRR LED Ve GACT N
6°P lue®—FHENLDER ceh T
-value(D—
290000,
AC GACT
AC G A CTG
AC G A CTGG
G A CTG
\_ G A CTG G/
l P-valueA* — &L \EE DIk
(FravtryiR) zfzz;%?/#x{—:/t/
TaI7hs, HERBEOSMEESE
ATEIF. TLavesYRET 5, ERC NN (Consensus)

& 2-5-2-1 OSMO-finder A7 IJILITYX L

2.5.2.2.4 P-value
P-value [&. &RIE— iR ICAFRIN TS TOOL & THRMEROFHELZE 12fE
HONTWBEENZL, HEAEEBZLDEFEHEESEFIALIZBDIZHE TSN,
Z3ZELDEKIE. SEDOLSICEF—T7DOHBRICEALTTHNIX., EHLI=EFI &
BILRESDITUA LGEIMNEITRELTHEZoNIZIGE . DEKELERLTE
BNF-EF—TERUHIEITHIRT 2HREEERTED,

S RKEDPnbpDO—T U RADBM(R)BEETIBTAROEIIOFIZERE W
(bp) DEF—IH L(K)BHENTIZEETEZ D, CORIFMRDOEIMI L. EF
—JERYRBV TR DFEYREBEINF-EF—TLERLREID O —T U A (K)
BnbdEddHE.

t=(h—w + 1)x m ==+ (1)
LB, COEF—DTDHEBHEERE P ELIGEE. 2T 32V LK) U LD
EF—TIHRHE SNSRI ZIESMITHEL. P-value [E.

P-value = ,C,{ P* x(1—-P)*"} ---(2)
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DX THELND,
CCTEF—ITDHBHERPIZDONTERS,
HNEDEF—TD—OR%E BENTUF LICHALBIZBRAIZHEONLTE
DERET HE EF—TDOHBRERL, ZOEINIZHK T a,gctBHERXDHRHEER

DETHD, O T. EF—TS %

{ S = (8,,8,,8,, " Si)
Si = {agect }
-+ (3)
ERBIL. ¢(SHET—REybhD Si DHIRFHESR ) & HE.
P = J]q(S) s (4)
ERTENTED,

—2A.O0SMO-finder [FFEITHRRI-EY ., —EDEBEDHEEEZHT . KA
BIEEHEZ VERL.ZEEEVETEDEF—DOHEBREZI(v)ET DE.
L = [0)+I10)+1Q2)+-+I1)

= Y
THHEM D, HIRFERS,
Py, = pO)+p0)+p@2)+---+pl)
= ip(v) ...(5)

THDH. BERIZRTUE, p0) FHEENFSENRE—BOESA O HBREEL
DT, (M REBEWET
p© = ]a(si ++(6)

THdH. RIZNIEEDEENEFEETHISEDOHIFHEE p(1) 1L,
T | 1-q(Si)
) = I | Si) X E il A el
PO i=1 7(3) i—1|: q(Si) }

= o0 * Z{—l;(qg)} e (7)

i=1

EREDMITT 2IEEDHEENFETDHEDOHIRHEE p(2) X,

=3 1-g(S 1—g(S
{p(z) - ZZ{ ‘1((]~SS)C)X)>< q(qbgy)y)}

x=1 y=x+1

x <y

- 106 -



-+ (8)
Thp. Bl FIEL TIEEDIENFET HIHE D HBEHE p(3) . HERDIEE
P BB E O HBHE p(4) EE T THL,

{ P = p0) x >3 Y {I—Q(Sx) REOON l;giz)}

x=1 y=x+lz=y+l Q(Sx) Q(Sy)

-+ (9)

- | 1=q(Sx)  1-g(Sy) 1-¢(Sz) 1-q(Sa)
0) x X X X
7O 222 { a8 aSy) | a8 q(Sa) }

-+ (10)

EEY CNERERNRAFBHEEER VOEICEYTHFETIVEL—FTEHE
LTWFIE —EDHEEZHBLE-EF—TOOHIEEE P, AROLN., HELN. (2)

RZE ALz P-value QEtE I A[HEEE D,

2.5.2.2.5 D-value
D-value [FHFIUFAOE—LFEIENDED T, BRELLIHERLEBR SN T-TE

EDRBEDEEZHRASC-HERIZEIHIZLT. HIFEEZRDHT-LDTH S,
OSMO-finder Tl&. SALNI-BIMRDEINT—ILAKDIEREDHEBETEEL
HAERE. EF—702 Y REI DMK ESRASN-HERLLTHY IV A
E—%&K&HTLVS,

BIHEDEF—T SEHMALTHBEAT S, COEF—TDFDIEE a,g,c,t DHIRIE
EZnETn%qa),q(g),q(c),q@t) . BRTXHROEINT—2L2ADIEEDHEME
O(a), 0(g), 0(c), O) &FdHE XTIV FAE—R L,

_ g(2) ..
Ro= 2 a@log, s )
TROBND,
2.5.2.3 @

A8—2yb ETABENTILNS MEME EVVSEF—JRETOSTSLAHY.
OSMO-finder EDETHERD L TR ZE A A1, B 2-5-2-2 (X Z DMERELE
BD56.

IEEE 200bp DEF| x 10 OTF—%tvk
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FIAHEAVTHERL. ZOHFDEF—I7FRELIERTH S, CCTIE. &S 8bp
EVSEBIZENV-OIZREIAHLNVEF—TF2T — 2 VNI BEFE-ERTH S,
EIEFEF—T7% 104 EBFEE T2y rOBTERT. R QICEEZEHOLTL
A DMHREDHBERLTLNS, FHMEICIXCplE(E2-5-2-1 G TSR %F A
$5IEIZL. RALEHDT—2tyhE 100 By MERL THRFTLEHRED Cp [EZEET
fifEELTLVS, MEME &HR2E, OSMO-finder [FEULEEEEZRLTLNS,
ENE<BI2D2n T, MEME & OSMO-finder M FHE{EDEMNKELLE->TLVDS
DD, TnlE. OSMO-finder MNELEMBULVHERMHEZFEOEF—JTDHEHEEL
EELILTEF—TJERETHILICHESHL, SDHICBEFEIEF—TD
BHESHEFICLIZBEDTS7REDT 57THSH, OSMO-finder [EZHIFIEE
NDEVWEF—I7%RETEHENSa T THL=6H. SEFALE-T—2EYED
FIZRE 8bp DEF—INSHLEFTEBATNDENSEEFIBELLEDTHD, 2D
£ TMEME &HERTRTE. OSMO-finder D ANEETHEHZENA LMD,

—4—0SM0 w8
——0SMO -w 6
MEME -minw 8
MEME -minw 6
(EF-75 Bbp, TF-78H 108) (EF-75 Bbp, 17-78H 54)
0.6000 um
LU
0500 o
(e

04000 \M 00 Y —w

01

\Q ooo
=000 031 ) \
< L E— T

uuuuu

0.2000
\Qﬂﬁﬁ\ 00800
0.1000 M 00400 L
L, g

0.0000 L O H—— B84

00000

H-I02 £ HREOEE ) HI0I L FALORR )

2-5-2-2 fRHTHR

2.5.2.4 #EH

OSMO-finder (XEREFERF|DT—2EILDHFINSEF—TERET S, HEHEN
BOWEF—IZLRELTEEL-LTEHREICHRTSEF—TJZRD2HHT . X
DT/ Lo—r ORI EENFETLHLEIHMONTEY. FETHEF—T%
BWZHRENBNIENEZONEZEND, EF—TRHIC OSMO-finder %7
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AT HERERERNTHAIEEOLND,
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2.5.3 EBHEHEF TR XTL:N'Tiss

2.5.3.1 #§

EREYLKIZZHBBEYDOEESRMEBIEHRTHY . RALBEFIRAE
S2TW5, ERESIICHFET HEEFHEHBEZICEALTH, EREERF(TATAA
BESIRE)ERNZELTH B—TEZDEGFHIMIEELIIEBRNOETZH
HLTWBEIEROEL, SHITTSWN - E ML HELEL THES L OEE M
BEEHLTWSEEZOND, TCT HAIFEMIEALT. HIELEFDO LIS
BETDIVAILAVDORT—LEBEHENEREOBRE RS LU= RIER
SFFHWTHEANT,

2.5.32 &=

ZHBREZEYICHE TG EEEOBBA LRI/ LBERIZENTE
S2ELEBRDHIRED—DOTHD, BLFRBREATET S=HDELDAHEIH
EINTETWBID, KYFRWEBBEBL=OI1Z1F. BHE>1=214 T DEMENT—
REDHENBETH D, SBETIC, ELOMBEINEGEZHIHTSIEa—FEE
DMBEIZHE TSN, WO DREMELLIZaVE 2—42Z ALV -EIIEFICKY
BIEFOELIZHIEENOVRAILAVMDERETOTE =, ZOBEILFDIEL
[CHEETEIVRILAVNZDEGFORBEOEGREBRIT TS EIEIEEETH
BEEZOND, SBHIZ, ZHOVRIL AV EEFREOBERIEE L IZLHEK
ERREYDOESHLGESHHEEDORBESZADITEMN VG, Tz, EEHlH
MBI T HRVNVERISETS-OICIE. BLEHIEL T TEHIT 5EEFD
RET AT TE EBT7AIILMABZEHIFL TV DEENITEEIELTULSE
BEFOIELLEBZLGITNIEGELEND, SEIOMBICEVT, ZRIE. ZEBR. RV
SEZOHEEBREZAVC. ABBENICTHERBR LTV ERFEHELTL
BURILAVEDRT—DRIEICEBL=,

2.5.3.3 HEDHE

H-Inv DFBZRELT. BRIT. BELZFA4FHEDTEE cDNA 2R/ LIZTY
EVJ L. BEFOAEE (H-Inv loci) &R DBELRFEEEZRELZ(D, ZhIZk
Y, R IFEEEFHIEIZBEH> TS EEZFERICHEL. TRANSFAC T—4~—
RICEREFINTWS, BEFTIZHAMON TSV RILAVREE|Y L THIENTE
1=(2), E5I2, R IFE LD cDNA 70— LLIEO—HRICEET ZHRBT—4
O DTSYRITH—LhEDHT=(3), FNH5DHF D IAFLP OT—43%HK~<
(ZAWL=.IAFLP O%#I(E. COTS5YRTr—LhbE, BHETERFDRHEH
B LITN—EU P THLNEILETHY W, CNITKY . KR IFEETHILME
BBV TRERICHENICERBELTWSEELRFERDITAIENTIRETH S,
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NoOT—4ZRA., HHBEBHLLIIMABICHE O THEHFEMIZRIBL TV EREF
ZObA— LY BEEHIHEFOHEAEHLEEZRIET 5=-HOIC. ZFRIZMA.
# 2 IE=F K (higher-order) DA FH=ZXAL. ZHOEH(CAILAVLD
HAEHELABBENKR) OB ET oz, EHROENICITFERTONOE
—DEHBNLCAVLLNTNSG), I ZREEFEREIZZ2OZRDMHEERRIC
BALT—RRMNAZBIEEESEZTNEG), SETIZTELEL O DEMEDOHEIZE
WT. ZRHEEFEREN ZEREZH/SIOAVE—2BFTICTHLNGA TS, LHLE
Mo EREHIEO L IGEHERERYVIRSIRICIE. L ETSAN—2avHiE
ZRLEITNIELZESHENNG), FIZIE, RIZ. Z20OESHIHRFNELRILTHSE
EFDRIBEEEELI-ETDE. BFLREZDDEERFDS6DELLNA—DD
RGBS ENGRTENN Y —OBICHERRZRHEGULLNELALGL, BI%
EVWAZETEHE ZEAZDDI 2 DODRMMIULLGEFZTHL. =ZDDERDMAIC
RSO DEFRLHLARESIEH S G RMEEFR=EF. 7R —av R E
ZYIFHET5EDTHL6). ZXREAEFEREFEICATLRVMEZRL,S. B8R
HAERBREFEALELELLRYET. TOREN=ZZEROBOBAEERDIEIES
15%(7),

2.5.34 8

SE. BRI ZRBLV=ZRBMELZLLE T HILITIOT, LD DAL
EMLEERREZFHLTVWAEFAINERILA DR T —%/=, —fHl&l
THE 2-5-3-1 IZR9, VSNHF1_01 & V$NHF4 DR1.Q4 &DARF7—TIL,
corpus/callosum/gllia & Liver/hepato [C$FEHENF WL ENHMS, NHF1 &
U NHF4 LGEIIFEBIFENREFELTHONTVS®), LA D@BITTIEINALN
T—%#R-ETIT. ZOHERIEIRONGEN >IN (ZRBAEBHREINELDT).
HEFEMOEWERETIC. HIFEOEEIHEDEVL RGNS, EIFIC
V$NHF1_01& V$SNHF4_DR1_Q4 AFBIEt ., Liver/hepato T 30% L EDFKIF
DEAESNTBEFETRT (R 2-5-3-1), FICHEBTRRL WS LR LN SR
MNRZIT515H(HIX0005053, HIX0008607, HIX0011002) . — A THEEED R
MOELEDELEEENTLVS (HIX0002199, HIX0010892) , XIZ, V§NHF1 01 &
VSTEF_Q6 IZBAL TIX. BAoMZEHRAICHFESENH D,
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B 2-5-3-1 VSNHF1_01 & V$NHF4_DR1_Q4 EDR7—, fitshlI T FHIT=(%).
BB EERLTWS . EVY(SUF LDORFE) ICHERT, 2ORT7—%
B> TULVAEILF(E Liver/hepato TEHEIRLTWLAIEA DM S,

% 2-5-3-1 Liver specific genes possibly controlled by HNF1 and HNF4

H-Inv ID____Expression level (%) Definition of H-Inv

HIX0002199 34 Conserved hypothetical protein.
HIX0005053 93 Similar to Aminopeptidase.
Aldo—keto reductase family 1
HIX0008607 82 member C4 (EC 1.1.1.-)
HIX0010892 82 Hypothetical protein.
Aldehyde dehydrogenase,
HIX0011002 36 mitochondrial precursor
(EC 1.2.1.3)
HIX0014668 71 Leucine—rif:h alpha—2-
glycoprotein precursor.
Similar to 40S ribosomal
HIX0019386 57 protein S17.

2.5.3.5 VAT L
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a Mtiz=firS e - Microsoft Internet Explorer = IDIEI
FrWE REE FTW BRCANG U-D ALTHH)

K 2-5-3-2 Z R, ZRIEMEBIC L DB HIES AT L- Ntiss —

2.5.3.6 %

EMEGEFOEEVNEZTDOIVEL T ERBERNTEONANIE. —DDERLHE
REMEEBECS. EDGHEHEETROOND, T-. 5HR. ERDT—ED
BEALANE, FNICHLTERIZETOEROERAESZETES, ChICL
BIEERAMADEBLEEEZAVEHEEEERICLEZBTE.CAET
bioinformatics MDHNEFFTHEAIZHANSONTLSA, CNLIFBERAESLTYVS
LE=ERDO &SI, BIFELLEET 2D THS. LHL, STV T#-A+HKE
EWERENKRE YU TI T HDOFEEEEETHENHLL, SEIEHLT:
ERDVRAILAVIRT—OT—REF AT EGLD, SEIOHAEIETS RN
HEREDGRAZRLZENTEL BHROERFHIEELTWSEHEERDER
EHEHEBORBRITEERLIEIEICEEZENHDEEZLOND, SBIZ, ZOTI/ILTY

- 113 -



ALFBTORELFERENDEDTEILEVDT, EYEHMRRDHAH TLHLH LW
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RIZBLWTIE. ZEN o T—AR—XREZEXERUHEOFAICHT 5 EHARE
Tho=BRENAATY /O —ICHET ZERNEHSNEGEITSS5BEIC
HOTHELENAA AV FRA M) —DOEMARNODETEBCBEBENH -1,
ZFDEH NAATH /O —ICHET IR LET—2DMARREOESELLE
M-8, HDEGRE - HEEHESEZHAMET IN—XIXZHAHX - RET
A &I oT=,

MEDBLARI AT LR EAEICHE T HEEMTFREMEEAT S LT,
RETAINAAERZ—FELTRR-BE - LR - BT TELSLS3G1N\144
DIFITAVABEET—IR—REFL, LEERE~ANSMTRBROEE
FAREFREM TSI LZBENE LTHBINT,
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FR12FE NAABRET—IR—X - Y—)LDEBERE
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DSNP s T—ER—XDfEEI
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(Pre-H-1)
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R 15 % 11 A 20 B-21 H H-Invitational 2 Leaders Meeting
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JBIRC IZTEA# L= H-Invitational Disease Edition &
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FErk1445 3 BEYKISEDMIZE{ELT- H-Invitational & H-Invitational
Disease Edition REEIZIZF—L4 . AXANNSZLDSMELHYFELT=, (KL

TSmEYRK,)

Ft-. BN TIXELEEEHZERT (NIG-DDBJ) . B4 TIZ DOE (Department of

Energy, USA), NIH (National Institutes of Health, USA), CNRS(France).
DKFZ(Germany) . KRIBBEE)Z IO LT HE MO HEBEICHREEZEDIEEZL
f=t=FF L=, CHA. TRERBICHL. CSITRCERBBLLETET .
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