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SUMMARY

1. Title

Genome annotation and finding noble genes using EST clustering

II. Background and Aim

Completion of the human genome map is a milestone for research in modern
biology and medical sciences. Proper genome annotation is an essential part to
accelerate research in related fields. The aim of current project is to develop a
pipeline for automatic genome annotation using EST database, which includes gene

prediction, functional annotation and gene expression analysis.
M. Contents

Major topics of current project are as follows:
(1) Gene prediction using genome-based EST clustering (2) Functional annotation of
the resulting clusters, (3) Genome-scale analysis of gene prediction result, (4)
Expression analysis of EST clusters using cDNA library information, (5) Construction
of database and web site for genome annotation of human, mouse and rat, (6) and
Development of profiling method to search for genes with specific function and

expression pattern.
IV. Results

We developed a genome portal site, ECgene (gene prediction by EST clustering),
that includes gene prediction, functional annotation, and expression analysis for
human, mouse, rat genomes. Its major strength is analysis of alternative splicing
using graph theory, and the website provides a suite of tools with many unique
feature in analyzing gene expression and function.

- Gene Prediction: ECgene algorithm clusters the genomically aligned mRNA and EST
sequences, and we analyze the exon connectivities using graph theory to create
assembled sequences. The resulting transcript models include detailed analysis of
alternative splicing events. The algorithm is implemented as a web server in
ASmodeler, which is published in the Web Server issue of Nucleic Acids Research
in 2004. A manuscript on detailed algorithm is in press in Genome Research



currently.

- Functional Annotation and Expression Analysis: Predicted transcriptomes are
analyzed in terms of function and expression. Functional annotation, ECfunction,
includes domains and motif changes due to alternative splicing. Expression
prediction, ECexpression, is based on analysis of ¢cDNA and SAGE libraries. The
resulting annotation database is available at http://genome.ewha.ac.kr/ ECgene/, and
was published in the Database issue of Nucleic Acids Research in 2005.

- ECprofiler searches the ECgene database to find noble genes with desired functions
and expression patterns. It can be wused to find tissue-specific genes or

disease-related genes which are useful for therapeutic drug development.

- The ECgene clusters are further analyzed to construct the databases of antisense
transcripts and chimeric sequences. These are just the initial examples of
"knowledge-based" secondary databases deduced from the ECgene.

V. Prospects and Future Plans

ECgene can be applied any organism whose genome map is available. Its clustering
algorithm is a state-of-the-art in terms of analyzing alternative splicing, and the
annotation procedure has many unique features. We plan to expand the number of
organisms and develop various tools and the secondary databases in cooperation with
the National Genome Information Center of Korea.

Tissue-specific and/or disease-related genes have tremendous values for developing
therapeutic drugs and diagnognostic markers. ECprofiler will be used to find various
disease-related genes.

Alternative splicing, the major strength of the ECgene database, is an important
mechanism of incresing transcriptome diversity in mammalians. We will continue to
annotate alternative splicing events, especially its connection to disease, SNP, and
pharmacogenomics. Furthermore, regulation by noncoding RNAs is a hot topic these
days. ECgene is an ideal system to study noncoding transcriptome, and we plan to

develop a database of noncoding RNAs based on the ECgene system.
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(1) Genomic Alignment

- data sources: dbEST, GenBank, RefSeq DB AEST, mRNA, RefSeq A E& 7}A-2}.
20033 8¢ 169 ¥A human sequence= EST7} 5401,5347], mRNA®} RefSeqe
141,95071 ¢ X1 <go] At}

- polyAd] AA: MLEEL genomed] AHHAIFIZ] Ao polyA tailS A7 98
EMBOSS (http://www.emboss.org) package?] trimest 2213 & AL§3lo] 7540
AE polyA FHE FZ3th PolyA dF WAL 1 FF=rh 50% FELE AF
genome alignmentE ©]&3}4] polyA SR E AFAT Hojr}.

- genomic mapping: PolyA7} AAE o] M &g UCSCY Jim Kent, Ph.D.o}} 9Jsf 7jd
H BLAT(Kent 2002)-2 A&3le] Als A %ol mapping 3t} AME-E AlEAEE human
hgl6, mouse mm3, rat m3¢]t}. 7} £ hitthE AL&3}r, UCSC Genome TrackZ
RepeatMasker track®] AHHE o]83}] repeatS AAZ th2 genomedmapping®d A
do] 100 bp o]4o] H& ATEST clusteringo] X3 A7t}

(2) Primary Clustering

- initial clustering: genome mapdlA 2zt M9 A&y £ o]fsted WA} HA=
XEE o} Bt} [initial cluster].

- splice site 73M: o] A X<l initial cluster® intron& X33 U= spliced
alignment®} 3}1}e] exon® @ o]F o} unspliced alignmentZ & TS, spliced
alignment”} canonical intron (GT-AG or GC-AG pair)o] o} 7Z$-ol= SIM4 (Florea
et al. 1998)Z & 18] dynamic programming W¥ o2 AFAL 3, RIstx, A=
7} dolxE ESTY 7%= ECgeneo] E331x el T3d o] #}A A EMBOSS
trimesto] 93} polyAZ FAE XN BE9 polyA oF-E genome alignmentE A}-§-3t
AgAscr 2 A}, trimest TEIHANA F2 polyA F o 50% FEREo] A
polyA tailg o] vz -

- primary clustering: Initial clusterS o4 spliced alignment TH& Al&3t] F5 %
splice site®] FA oj3}o] wat EE=o}primary cluster]. Unspliced ESTw o}
transcript assembly7} B4 %9 npxjgt @AlolA 71310, 1 A= NCBIY A=
UniGene <183 538t

Lo

(3) Graph ©o]2% o] &3 exon 929 42 5 transcript assembly

- search for possible exon paths: Z} primary clustero] th3led spliced alignmente] 3
3 exonel ¥4 HEE = P FASHE 29 37 22 DAG(directed acyclic
graph)7} ®t}. o] agZoA AlZE YEhE exon A £ BojA &dslte gue F
#o]l H & I exon7}A 938l 22 E DFS (depth-first search) WHH o2 T3t} ]
gA 2 4 A2 3 FAA N LolAE splice variantol] {Fshy o] F¢ ¥ 4
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1% 3. Exong] 4Fd WAS

C

Mapping alignments

Intermediate

adxzg XA

A
e

Intermediate

DFS solution onto DFS solution Gene Models seq, members
A-CDE-FH 1,2,3.4,7.42 ACDEFH
ACDE-GH 1.2,3;4,9,10, 11,13 ‘ACDEGH
ACDE 1.2.3,4,14 CACDEL
AC-D-G-H 1.2:3,6.15 Trim unsupported | AC-D-6H
A.C-D-H 1.2,3.16 ACDH
ACEF-H 1.8 exons and remove 2 e
A-C-E-G-H 1,8.13 redundant models ACEGH =
A-CE4 1.8,14 ACEd
B-CD-EF-H * 7.12 i .
B-C-D-E-G-H 5.9,10,11,13 CDEGCH"
B8-C-D-E 14 B'¢"°7E,'c H
B-CD6G-H 6,15 .

B:C-D-H 16

B-CE-F-H 8

B-C-E-G-H 8. 13

B-CE4 3.14

MinClones

4,7
{a.11)
{4.14)
(3,15)
{3.16)
{1.8,13)
{1, 8,14}
15, 13)

1% 4. DFS 2728 7} splicing variante] 729} clone $AE F3te ¢18F

_17_

Apply polyA criterion -&

® ACD' A} 1,2
@ ACDEFH 1,358,712

@ ACDEG-HPA] 1,3,4,9,90.11.13
@ ACDE] 1,3, 414

© ACD-0H [pA] 1,3.6.15

® ACBH AT 1,318

@ ACECH [pA] 1,843

@ACES 1.8,14

® BLCDEGH AL 5,9,10,11,13

Final Gene Models

Cluster Members




- FAA 2del gl Zt alignmentE FE-S §-E3HA exon 7 Zo| mappingdlad
Z} gene modeld} 233 A EE =t} Gene modeld] HSHE E71A A= A
d FA7 Yl exon AET FAA EdoA] A AL o]¥A DFSE Zolxl gene
model® &2 F 712 A& HF& AX

- fAx md o] = Splice variant7} obd F 7 o]Ate] mRNA/RefSeqol] 23 U&=
ESTe] 7ol ZAA J& exond AASFAY F& T ESTE AATLEZHN, Z7he
gene modelZ ®dch FEI 9 FHAHAM AFUE polyA site FRE ALEFH
alternative polyA7} exon®] F7td Sle ZA-$olv 3l% gene modelE& F 7§ ©]de]
gene model£ FZ ¥l I F polyA HH, sense/antisense, EST 5 & 3’ sequencing
BEE A&t DFSE 3tolzl gene modeld] WHaks AR gTh

- Unspliced EST9] 7} 2 clone-ID joining: H3o] ZA A gene modeldl] ¢ A A
7152 &2 unspliced alignmentE 39 genome alignment, polyA X, sequencing
direction®] gene modeli®} R FEHE= AEY F71gcr. AFHog PoJF alternative
spliced clusteroll €43l EST Fo o]23F genedt F 7§ ©]/d2Clone ID7} FUE A
dol &A% AL 1719 clusterz &=t}

1} ECgene ¥ 18&9 &34
ECgene &318]&8 ZE# 9] transcript A E718 FAHIES B3 o] clusteringslt+

Wl Wate] Them e FHE 2w 3k

1) AR 297 clusteringS A A5 F clustero] E3E MELS T A4 29
9 FA 9 31 AFEE B Hxrt @ Wak ohg, 23 v AW AAA 2
< fAA 2R A F23 FJRE AFTrh

(2) Alternative splicing®] <j]&: ECgene& splice site®] FH/3S ©]83} clusteringd}al
A2 WS JE o)lEo® EAlY alternative splicingS o3t} Alternative
splicing2 3219 71%, @do] & 4&E vAe TAT 8JY2Z olF A7F F+ AU
= 7]RFE AT

(3) polyA taile] A&s) 4. To A9 mRNA MET 23 Y3 polyA taile] 50%
AEe AsAxol mappinge] ¥HE 7R polyA tailo]ty. ECgeneo]Al= genomic
alignmentZ }A|3] A 5te] o]d 71 polyA tailo] EA|3HA] ¥l PolyA taile] &
AY 1 FEo] AA HA] EREolge ZEE AV dok

(4) Longer UTR: tj3-&2] ME HES {34 oS T2 ol Md HJEHI7T X
3= o] e CDS (coding sequence) #E2 FH o2 thETh ECgenedlAw ko] A
X8}= unspliced ESTE $3t] UTR (untranslated region)& dA3c} wlebd 23 59
Uetd bie o] UTRY Zol7} 21 4o ot A2 3" UIR FEo] mRNAS 34
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of Fa3 9L 31, miRNAS} antisense RNAS] ElA B-Eo] 5 Aoz uraa A
AHoz sl A7yt A3 Folt}h ECgened] UTRE o] st ofabz el mdlolt}.

AP
BEnsembl
" mECgene [
e
% 30
5 ,
5 20 '
B :
0-300 300-600 800~00 900~ 1200~ 100~ 1800~ 2100-  2400- 2700 3000-
1200 1500 1800 2100 2400 2700 3000
UTR length (bp)
B &
BUTRdb
i mECgene
3]
(=)}
815
3
z 10
a
5

=300 300600 600-900 €00~ 1200~ 1500- 1800~ 2100~ 2400- 2700~ 3000~
1200 B0 1800 2100 2400 20 3000

UTR length (bp)
19 5. ECgene, Ensembl, UTRdb ¢} 3° UTR Ze] Blu

(5) Neighboring fragments: mRNASH EST7} §7k¢] 55€ 3 Alo]9] BE exond ¥
kAl @ BoE 270 o) duster® 27 A3E 94 9 a8y o) AS
o= ECgene W& olZo] uiz ol S1A3) o] AA mgol td A YuE
A&t

t}t. ECgene Genome Browser¢] 7jd

AR & TEaYL FAAY FRE B £ e FUo] FFHot £ HA
o 4= ECgened] #AA+ o= A3}E UCSC genome browser?] custom track® E 37}
3= WY o2 F genome browserE TSI T. o] WYL UCSC genome browsere] X
g oSS FH EY ARE FGA B 5 sle olH] Uk

ECgene genome browser (hitp://genome.ewha.ac.kr/ECgene/gbr)e] Z23}H-2
a9 69 9R-E3 7l ECgene genome browserofA] genome assembly(hgl6, mm3,

mm4, m3)$} version(vl.0, v1.1)& A&}l positiond] Y3l FAA olES dF F
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show HES F2W I8 69 22 ZH Ak AL 9ol H@Mez e

#Ax 2d o] ECgeneg] A3olt}

s

5 it

HI13C1492, 1104
H13C1492,

Chromosome Band |

8T8 W;ers on:Genetic’ and R: iatlion Hybr id : (black) Maps
; i 3 Locat fon ;
Gap, ¢ : . N
Known Genes ‘Ba S T, T H N
1 Lk 13 Ay IO i sasidisabill
2 L s Tt S =
BRCARIe s P IPRPREN AR W
stz i
Enseni] Genes 4 + f ]
(AEeViey !
BRCAZ, 3Deco3 i o T e T T B S
BRLCAZ, alec + +
Fneteal 5 + > =4 S s Seaet s o =
BRCAZ ( bnecesn i . BRCA2, DR L i )
HI3C1492. 2 4 1 . > $Hplp
H1BC1492, 1 jebssdsr N e L St arie P
i H13C1495, 1Y
[ HIEC1495; L)
2enT.oan Predick iong H N
Gerscan Genes | L + d+ { i
Human: BRNAS: from Ban
PRk aveih TobosopnsatBos i " PR
s s sl -k .
: i ‘Human ESTS That Have BeeniSpliced:
BG77 143354 posarfrb Pasr] AF st | BGT72619 | -4
86773127 | [ 2386 |- BUIS4
ALG01592 : BF 32 [ A
| BEB6I6GS finrvs- H
3 L]
AAS33EIAT | | Pasaoapd
¢ bE2421,
ESSE211 a3
ATRARSKARD Losdl

1% 6. ECgene genome browser, http://genome.ewha.ac.kr/ECgene/gbr

ECgene?] 32 Rde 1 A2 EE high, medium, lowd] Al FTFZ w3t
28 69) 3 A reliabilityE low#3}3l show EST alignment B}2=& A= 19
79} o] cluster® F43l= mRNA/EST Mg AAL ¥ & Aot o] &4 FAA =
4 #A5E 9 F83tch

% 794 gene modelg FHE W Y2+ GenBank Accessionol< 3 7FA)
Bt 2850} k. @ Qo] B2 ‘#-2 Representative CloneE-& YePHT Accession
Heoll & B, '[5I's ESTY read directiond el B, [m]'& mRNA, '[R]'& RefSeq
2 Jehdth. 712 [Al'E S9 sequence’l polyAE 7FAx itk 9jw]e]t}. Track
nameo]] ‘[10 / 15 / 53] & 2 FAA F 53709 MEo] HY A3, tracke] T
3= gene modeldlE 157 A9 FAH on o]Fd 10747} spliced alignmentE
7R3 ks Eojt}. ‘[Forward], ‘[Reverse] & F3AHe] Wag Jehdth SREol=
reliability?} min. clone®] 4& XA|3la X, Accessiond] EAJE AxE ‘[RmA]'Z
RefSeq7t ZEAEA, mRNA7ZF ZA3EA], polyAS 7HAR JYEAE EATH
Custom track®] 3ol UniGened HIwE g tracke] ATt BRCA29 &
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UniGened] 4| ECgene®Rt} 3709 MEE o 7[X2 e AL £ F7F Ut

I show ﬂ Rese [

Base Position: | 7op00el a ooool 01600 30740006 s 367606006] 367760800 | ot
: i B gene, H1 49zt [1€ /. xS / SJ[Foruaru]m 5h odony | :

H13C1492.1

ALEB1SS2[5]) s i
1BCR26160{pT H-
BGTITS127(5]
BG773283(5])
BCR4 7S5 mAT H
BE245239:

£D705611 Had
AR33381BEST | (|

! : :
ECgene, H13 32,2/[28 /5
H A

H1BC1402_2 Hi— i
H13C1492_3 - ; ;
Hs 34012 Hi - I — I

t —+ +
H Chromosome Bands LocaliZzed by
Cheomosome Band

$TS Markers: |

+ —-
ECpene, 1482.3 (14 7 1

i Unigene HS. 34012,

3TS Har;ers on Genetic (blue) and R

| Gap Locat
Gap

BRCMW,V,.M’-“—“ a2 ffsp
H Gene Colieeri
Enhsemb ) Gene H
Ensenk ) Genﬂsﬂ——4—-—-§-— s o T
BROAZ . a0 € 0% i st oo 5 PERAT I 4
BRCA2.eD2cB3 PM—"")**“?' > > : R ey Fedr ¥
SRene {ias & SRS
H - Lo BRCAZ. gherss i
Pt L ng . i
H12C ‘492<*P*‘+*4““"P‘M‘,+—:'—}—-§- e 32 s Lt | s e &
HIEC1492 . 1 thore o] H13C1494, 1y S tr SN 1 e
HI3C14951§ ; N i § : {HI3C1495,1
i : H [PYEANPEI

198 7. ReliabilityE low® 3}3 Show EST alignmentE X233 & # Z#stA

rl

gh. ARER Mol tid f3x 2dY-& 93 ASmodelere] s

Awel Bdd 49 she d7AIME A 44¥ mRNA/EST N EE 7HAx

Qe A7 B 2L A HZo] AZe olF MU GenBanks) MPE o] &3}
o clusteringdte AO2 Algdth & gAAE o] clustering &S ECgened] Y
o2 A3t ASmodeler YXHE #3319t ASmodelerd] T ThE AL gyld
X837 gene predictiong 7 TFF & Udoke Heolth ol ©E AENM v @
WA ¥3sle] Ao ZH alternative splicing W Ho] REHEX], B & A7
Aol e FAxt Tz wmsted v §&3lth. ASmodeler: 20043 8¢Y
Nucleic Acids Research®] Web Server Issueo] A= 3l @A human, mouse, ratol
3}le]  http://genome.ewha.ackr/ASmodelero] /] Au]|A2E 3 Ud. Y 8
ASmodelere] Z7]13}HE& Jehly, §Hx mdyge A= 3DT E9 ECgened
genome browserE o]&3lo] Bo Fr} (3A A.
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ASmodeler : Gene Modeling of Alternative Splicing Events

4. User Options

[Jinclude All Overlapping mRNAs in the GenBank database

[Tinclude All Overlapping ESTs in the GenBank database

* Include Pre-calculated Gene Prediction Tracks

I RefSeq genes UCSC Known genes Elvega genes
[JEnsembl genes ElAcembly genes ElGenscan genes
[JFgenesh++ genes

Cepyright @ All Rights Reserved. Lab of Bisinformatics,
Division of Molecular Life Sciences, Ewha Womans University, Seoul, KOREA
Programmed and maintained by Namshin Kim
Last Update on March 8, 2004, ASmodeler ¥0.8.

1% 8. ASmodelere] %x7] 34

vl. ECgene ¢ 18]&% o] &% Human, Mouse, Rat Genome¢] #4|

o]ZA /s ECgene U1 &CZ human, mouse, rat genomes F2]3te]
alternative splicingS X 33 212} dlolEHo]2& TZ39c olgle] ¥ 12 ECgene
o] A Ag-3F Y& dHolg ot

Human genome®] 7% olgiel ¥ 29 & ZAAE IJT (moused} ratd] E=
A, 714 AFE7} 5L part AY A$ 37497709 spliced gened} 19,67571 &}
single-exon gene$ AUt} Transcriptd] F2+ 189719 transcript o4 155974 A
=7} multi-exono] Tl Single exon gened] Z-$ part Aol XFHeH mRNAZL 3
cluster?] W} N & 47} 87) ol]ifolojol Frh o]l ZHAME B transcriptEo] 2
+< s, 1 % 43SE noncoding RNAQ! Aoz vzt A7t ¥ part
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Table 1. Summary of Input sequences

Human Mouse Rat
RefSeq mMRNA EST RefSeq mMRNA EST RefSeq mMRNA EST
Raw data from GenBank 25,975 133271 5,428,081 40,568 113,526 3.918,650 21,937 11779 538,134

No. of aligned sequences onto the
genome after initial fikering

No. of sequences after removal of 24,895 112,933 4.408552 37,268 100,798 3,348,841 20,759 9,871 471043
bad alignments® (96%)  (84%) (81%) 92%)  {89%) (85%) (94%)  {84%)  (88%)
22,649 86,897 2,076,217 29,948 68912 1,9155M1 18,289 8,404 169604
{91%)  (TT%) @7%) 80%)  (68%) (39%) (88%}  (85%)  (36%)

3Sequences included in the final clustering of the ECgene. {percentage of alighed sequences)
binput sequences for transcript assembly procedure, {percentage of multi-exon sequences out of all sequences in the ECgene)

C7tA X3 319749 geneol VAR o] F AFSE 3t ESTHE EX3dte
cluster2 Waof & Aoz AzET} A9 4954670 2] spliced genedl| A part Coll &
3l geneo] 49,546-43,177=6,3697] 2 ©]5& FAIE 4 glth

25665 118,034 4,836.878 38,137 101545 3,467.068 20,867 9,99% 487771

No. of spliced sequences®

Table 2. Summary of ECgene for the human genome

PartA Part A+B Part A+B+C

No. of gehes 57172 82,179 311,252
No. of spliced genes (multi-exon genes) 37497 43,177 49,546
Neo. of unspliced genes (single-exon genes) 19,675 38,002 261,708

No. of transcripts 179810 333513 658,942
No. of spliced wranscripts 154.741 287,934 389,778
No. of protein-coding ranscripts 162,645 312,397 558,873

No. of protein-coding trans<ripts with a polyA tail 82,952 172,888 237819
No. of non-coding ranscripts 17,165 21,118 100,269
No. of non-coding transcripts with a polyA tail 5,082 5454 5,481

No. of alternatively spliced genes 9,482 14,994 21,266
Percentage of alternatively spliced genes among multi-exon genes 25% 35% 43%
No. of alternative spliced genes with at least one EST-only splice variants 7,524 12,563 18,793

Average number of isoforms for spliced genas? 4.1 6.7 79

2Average number ot isoforms per gene for spliced genes = No. of spliced transcripts / No. of spliced genes

Z+ §AA7} BHEE isoforme] & XH multi-exon gene?| 7§ 43%9] FAA
7} alternative splicingol] ¢]3} variant® W=v Ao 2 BQITh HZo A3 doly A
de& 70%-80%F Azbald o] e a8 X ¢G& Ao F BRIt 1|3 spliced
gene®] 7$ W isoforme] FE 4.1-792 ¥|mE A YETh ol IHYZ o &9
el EolM exon skippingg B Wl HATHE 7} cased] 2FHOZ 9 F3r] WEA R
2 2tk AAZE olit A& Aoz oFdth

$AA ZFo| A protein coding gene?} noncoding gened] F& Hlw 3t Part A
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o] A%E BWA F 187719 transcript oA 169 H X7} protein coding transcript
olx 2wt7Rute] noncoding®. 2 YElyitl wiAd RE ALE o X FEH I Hj&e
56%H:102+ 0 2 part Col noncoding RNAZF Bo] E3txo] e RE ¥ F 3} PolyA
taile] &A= A=z wet gEbd A28 7] o gk

Alternative splicingS type 2 FAIE Jd Zaes tF B8 2ok AAFHe=R
humani mousew ¥|<5:3F ZA¥S Bt} Rate] alternative splicinge] #2 olff& &
ol ¥ 13 o] ESTS 47} human 54097}, mouse 400%7j¢] W&} rat2 609l %=
A =HA F7] wEe] Aoz A HEHY. HAAFHOE exon skippingd splice site variation
o] Bton intron retentiont A RT AF dojile ACFE R

Alternative initiation2 30%9] A x}oJA] Boln], alternative terminatione <F
70%2] fFRAANAM dojue Aot} ol ALY AT #E& THIe T AT
yFo ot {fAAe #2271 gEie RS 9vlsty, o9k 22 L ARG A
E oA &3] dojds & F Atk

Table 5. Analysis of AS types in the ECgene

Genes Human Mouse Rat
Alternatively spliced genes 21,268 17.706 8,699
with §" donor splice site variation 10,471 (49%) 7.994 (45%) 2,570 {30%)
with 3’ acceptor splice site variation 10,813 (51%) 8,019 (45%) 2,851 (33%)
with exon-skipping event 13.175 {62%) 9,687 (55%) 3.333 44%)
with intron retention avent 2,895 (14%) 1,998 {11 %) 212 (2%)
with multiple trans cription start sites 8.473 {30%) 5486 (31%) 1.780 {20%)
with multiple trans cription termination sites 15,528 (73%) 12,805 {72%) 4,872 {56%)
with multiple polyadenylation sites 14,835 (70%) 9,123 (52%) 3,524 (41%)

_24_



32 442 715 9= Zz ¥ (ECfunction)

7h @il ME A E VlE 4S5 A"y g

ECgene& EST clusteringo] ©]-& transcript assemblyE %39 #21x 2d-g A
Azt 3 229 ¢ polyA, intron consensus, sequencing direction 53 Z-2
BARZHEE Bo] AAA Aok wEgr B AAdAE G {FHAY mRNA M ES
3-frame translation A]7] & 7}4 71 ORFE A€3dle] gz HEE 39tk

Z} 2429 715 £4L mRNA ME $33 did ME 89 248 ZF o
23819t} Zt ECgened] transcript ol exone] =92} M Q9] Zol7} 714 & transcript
£ dgste ¥ NEE AHslx ol BN AHAE FAXY Vv Fostgan 4
A BN 3L oo 19 99 #r

NM seq |—~—>n " YES
BLASTN s.UGSG knowngene [9g%i0, >=10oee |—JE

[ 98%i0, 100%cv -—]F)
BLASTX vs. UCSC knownpep

[ >=85%ID, >=00%CV |-»{ Match full length(100%CV) | a8

4 —,I,
[ >=70%ID, ><70%GV |-»{ Match full length(100%CV) |

| a

¥
| >=50%ID, >=50%CV |-+{ Match ful Iength(WO%%l-:E

:
[ Predicted DS]——»{ InterPro | —]

* 1
Hypothetical gene [*

a9y 9. oy

)
X
e
HE
=
w,
N,
off
2
e
>
[
i)

E7 ECgene cluster7} known genedl] 33&=Xx9] of¥ = RefSeq, UCSCH
Known Genes track®] ©|o]E]& o] 8314tk BA RefSeq 8L EFstn Jow 3T
FAAZ gt 123 Blastng o838t mRNA FF] FAMICE 9 S F+e
t}. o]@A 3k hito] gl A UCSCY Known Genes tracke] Widte] Blastx@ A}

AEe ZEth % identity9d) coveraged] 71ES RRWA 7)%E Fojsly, FHo=
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50% ©]3t9] % identity =¥ % coverageE 7} A ¥ iprscan(Mulder, et al. 2003) =
ZaPes B REZ F oRE I oFA Fe NI 7|5 (RefSeq
SwissProt, InterPro)& %3} GO(The Gene Ontology Consortium 2001) 4] 71%5<
yolg
o] ¢Jd|% transmembrane(Krogh, et al. 2001), signal peptide(Krogh, et al. 2001),
coiled coil Y £9] =1} B GdwWAY localization?} 7}5o YHI Aol Ut
olE AAL dZse INE TPy P AHE o83t AH ECgenecA]
QolAE TuAAel o AL FUE e 1 A3+ DB AT

1} Alternative splicingol] ¢]3F @ & ¢} domain/motif W3} 24

2 E ECgene transcript°ﬂ A dolz gwAo] thdte] Ensemblol A JiEE
InterProE o] 439 7|1%S AR 718 99 =9 REZE Asta 1 A
2 DB3 stgt. E3) 27}] o]4}o] splice variantZ TA¥ ECgeneo] 7ZAf-e
alternative splicing®]] 9]3}e] functional domaino] W& 7247} Bon ol 4Id F
g9 AW AHAHQ HUglo] Hri(Hastings, et al. 2001; Black 2000; Kan et al. 2001;
Xu and Lee. 2003; Zhining et al. 2003). @2}4 splice variantd] we} InterPro X v
Aol A7E WEE A motifr} $A3] AlEtz Hu), FEHOZ Al FH, ZE
Zo] Wzl AF fle AeE Ura ZE FAA Zdd g Ade sIskA 4
A B4 AL o039 19 108 2o

ECgene(=two variants)

1

Clustering variants by each motif

Motif A Completely lost

Motif C

No change or Partially lost

:

Clustering Variants by motif length

Motif Length of Var1 Motif Length of Vi

Motif C Partially lost

Motif Length of Vart

No change

1% 10. Alternative splicingel] 2|3 W3lHE v/ EZEHIZ 4 A&
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ol9} 2 FEXo o3 dold Axt £ dl A motif7} ¢33 AlebA splice variantEol] th3lA
2 AR1e BT 3ol ECgene Woll 4] variantE 7H9] alternative splicing W3S W3}
71 95t RE]= o] ¥y} Ul Z2A8HE variantE £oA] REZ7} 943 AFEA variant 9}

7 AR NEE 7HA isoformS Fete] Blmstgith o] A 73 similar variant($Hd3 R
ZE 71 variant)9} REIZ7} b3 QlojR variantE Bl 2 AFE of a¥ 113
o] 379 & FhelmalE Uyt Category 12 ZEJZE :she dlg] skippingo] dojuhs
73%, category 2= FE|ZE FY3IE exond] alternative splice site Wj%-o] RE|Z I3 &
ol oAy AE$ Ao Solrke 9ot category 3¢ EEXE IYshs A&
aE EA8Y frame shiftol] ¢} CDS¥-E-o] UTR (UnTranslated Region)& vl AY th& o}

oAt Mol H= Fgoltk

Category 1

SRR

S S N NS TR T ey

a. . BE——
b. ol - flllern

R o

Category 2

o

b.
c.
.
a. 5UTR
b. JUTR
C. 5" and 3'UTR
d. Other AA
°. Other AA
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=
3 duld wEjzel A g3l d&9 alternative splice site A&}

ECgeneo] gk AXS F333t 272 23 12¢] YeRA Q) Alternative splicingol] ¢}
A =
exon skippingo] F Q<2lo|m, A& o2 frame shifed] 2|3 AH= =EA et

//') ~ .
Category 1 PaS . Category 2 S
g N s, Aeaen Category 1 . N \\ Category 2
/ . . / 7 N
f % / i Y A
2152 814 X’ 2425 / 173 {1413 :’\ 397 4
oy - ]
\ \2‘34/ Y 108 L ;
AN // 168 NS o 7 N J N //
; x y . .
h ~ P o - N 27 e 19 \ -
P - o/ PN Y e
| e T
Y |
142 ;
. 5
“ > AN /s
N N
Category 3 T "
Category 3
ECgene Pfam =wj ¢l W3}

18 12. Alternative splicingol] ¢]3+ ECgened] w1/ ZE]Z ¥3}o] &4

t}. ECfunction browser 7}% (http://genome.ewha.ac.kr/ECgene/ECfunction/)

Alternative splicinge]] 93 72 Fx9 W3l= ECgenome browserE %3}
AE AR B 5 deu, dpie 484t 1 QERS TYsel By &
n NS BMEE By oas Zwo] gk o2 #Adsy] Y5l BE AEES FA A
23t FFANA AR T2E HFE ECfunction browserE 7234t o] mRNA
HFolmg @l Mde X Iz vty wet =dd/EEZ ] =4 W9
g g4 29F & Jon, gA ofd 19 137 o] Z} transcript B2 alternative
splicingsl] 2]3t 7+ exon®] z}o], motife] W3}, CDS2 W9 & & wo BAFEH.
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HXC108 ASMT CheX:1355929-1407429

Ms GRS S
hos wi-HEE
= Representative transcripl , = MRNA , 2= RefSeq . ABC x Reliability

19 13. ASMT (HXC108) §-Z =} ECfunction H.gt-$-A

Z}. ASviewer 7§t

ECgene?} Zo] alternative splicing R E ¥2i3} o524 713 2STHs Aol
NCBI®] AceView$} Ensembl geneo] 1t} ECfunction A= 7AW 7} ECgeneof gt
g5 121} AceView, Ensembl gene, RefSeq ©o]EjH] o]~ 2] alternative splicing X
2 I HYE FAstH ASviewer (http://genome.ewha.ackr/ASviewer) B &}$-AE 7}
) ol R AE FHIE VB ¢uElEe ECfunctiond} F U3t} ASviewere] A3
< 27 924 EX9 alternative splicing variantE5g 3 Fo B & glon, %3
RefSeq9} A +ZE wlad 4= Yo} motf/domain FRE AT gt} ol el
a9 14= SRC #-#A=Ape] dldle] ECgene, AceView, Ensembl, RefSeq ] o] €] sjjo}20

EA 3= EE splicing variant?] gene structureE K ojFEth
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H20C4190 : SRC : ENSG00000101371 : NM_005417,

ki 12 13 14 15 18 17

1 2 3 4 5 § 7 ] $ 10
> 21 » 3

BB

Z Dech3
dDect3

1% 14. SRC A=A}l ASviewer
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33 Az 2 o F 223 (ECexpression)

7F w32 FE o E2 93 <DNA 2 SAGE library2] 27

EST cluster ¢} 2} Ago] odojal 23-e)stael Jug BAsH 2

S % 9l UniGene® ol§dle) Be A7} olgold gout o
28 e B Ae +4 F9 27 e AW geid ERoe gz
EnsMartoll ] HZ 83 EST 23 profiling *'H2 SANBI(Winston 2003)¢
Hyde Z1§olA AEs AZFHd EFE AHE3H, o] cDNA libararyE 3 H &5/
2 O B9 H88 F e olFe] Aok B FAGME olF HE 2
organ-tissue-cell type, pathology, developmental stage, sex9] ] 7}x] B-EoA &7
AE THE3 dbEST A A} libraryE #4319 28 158 organ-tissue-cell typee] F&
o A liver7} &% RE & BAF 3 ¢t} Organ-tissue-cell typed= F 781709 =&
7 @AZ FHH ATk

lo
=
3

19 15. Organ-tissue-cell typed] EFA AL I

Pathology ®#FAA= 121702 =7} 4 9AZ FA4Ho] o CGAP (cancer
genome anatomy project)®] EFE #Hudle ¢+ EFol ZFo] Utk Moused]
e WAGAL ulolEs & AL 133l MGI (mouse genome informatics)9}
Edinburgh®] mouse atlas®] EFAAE o] &3t

olgA AT AFH EFAAEZ ol§3sle] NCBI, NCI, SAGE 5 AUl Ato]
Eo F/H A= ¢ 8,6007§ 2] human ¢DNA library, 3507]¢] SAGE library, ¢ 900

709 mouse cDNA library, 1007§2] SAGE libraryE £ 734t EE€ EFE F5L2
olFojx HUd FTAHY ==& G},
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G 524 38 JRE NAFE YAE TF

EST$} SAGE libraryE o438t} 3lgd #axel 28 HRE HoAFe fAlE
ECexpression (http:/ / genome.ewha.ac.kr/ECgene/ECexpression) & TE3AR o
ECexpression® ECgene®] clustering® assemblyol] 71¥+-& F371 wiiol 71&Ho2
splicing variants] Wa =@ HRE AFFh E=F ECgene clustering®] 33
transcript-based SAGE tag W& o] &3t A4 F/HE & Z2add vlgte ¢
g 2HRE AT

19 162 ECexpressiond] %7|3tdolth. fxdx 2d, 43 Wy, &8 299 F
g2 Adsiy 29E RUE 7 329 AAHA 2H (EST) R isoform ¥ ¥
AR (EST & SAGE)E R oFt}(Lash 2000;Riggins 2002). ESTe A9 AHZH HARE
A7) 938t normalized libraryE A2 4 o0, SAGES] A9 tagel] B o
&3 AYArES Adsta Uk

ECgens Ganome Browser ECHunction

P P2 T A R R s Y

Gene Expression Data Query Form

@ GRAPH. |stacked column Graph/

@ H21C1

{query examples: H21C1, Hs 2 , BRCA2 |, MRPS  NM_ 152774 , AFOE3811. AA205474 , POODOT , NP_116791)

Select Tool
@ FSAGE WEST

SAGE
@ Short SAGE - % or Long SAGE &

@ Tags Redundancy = [1({Unique tag only) [

@ Tags whose actual frequency !,N/A " S and = ‘lﬂl_&mmé

" T < -

9@ Tags whose normalized frequency WA~ | = and = N/A.

I —

@ Normabizati all

P Y TN E AT, g N, S N S I R A T T R T S I N T B B SR i O i e e

. Copyright © all ights reserved, .Ewha Lab of Bicinformatics
Division of Molecular Life Sciences, Ewha Woinans University, Seouf, KOREA

19 16. ECexpression?] 27| 34
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23 17 =38 39 F9 SAGE B2S BoFa k. RGS17 #3A= 3749
isoform& zZt3 9lom z} mRNA A oA 3 Zo] SAGE tags %o gz ol
A N NZ thE SAGE tag7t dolZth olE tagd] WEE F/18 SAGE libraryol A
ol aPo g Q. @izl == dA SAGE library dlo]E7F e 28709 =

HoX AFsd WeE Jehdg £ gl A% RS Y 23, ofdF FES

FzAqN L& libraryE oulsle], & ol 2 isoforme] ¢ ¥ L& = 7 3

th =3 tagd FE AL genome-scaleZ FANSIY, 2L tagE 7} T transcript7}

o ol Yehfgles, 7 tagel thd oS FAH FEE Eeld Tag Info’ 3

£ y=9 g 28z g AH-HE NCBI9| SAGEmap#e] HZ-HE ste] J=
T AFsa A

24

= b
w certbelll

no SAGE data available o cerebur

e
7 spinal co
\ " Ve
o heat

Tag Assignment, ECgene Variant
P 1 SACGEmap
3 3 variants in RGS17 gene Tagintc  SAGEMap
e 2 Tag Info SAGEmap
Tag Redundancy ECgene A ECgene' B ECgene C
s - Unique Unique Umque
Unique Unique
H15C9362 < other genes -« [H15C9362

1% 17. ECexpressionol] A} SAGE #£29| £3¥ 5

29 18L EF tagd #¥E TAHYU ARE RAFE otk T tagEs 7}
A3 YE ECgened} UniGene cluster, 18}3 3|3 tag7t ##H SAGE library JRE
T2 AYsY. A78E ¥ (TPM; tag per million counts), JA| tag®] <, library
o] 7, AW F¥ AXRE BAFE

SAGEmap, SAGE Genie %9 4@ <43d zZzIals 7P & Aolde
ECexpression?] tag ¥of wraojt}t, t}& Z 213 UniGeneg T#E assemblyS A}
23812 9=]9, ECexpressiono) 4] ECgeneol 4] o)&3 mRNA M E& ZAHE tage &
o &t} ECgened] polyA tail 74, 3 UTR &2 4% 59 AHE aFAFHeE olF
37] W2 713 AT} L tag Fo] ol ¥ & Utk dE EW 1™ 19
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£ TPTE AR shFste clusterE 7AMF A#HE, ECgene (H21C1)2 vl 749
isoformo] 2% TY3 tagE zFA| ¥ UniGene (Hs.122986)% o] &3t FR ¥ tagit &

o] ot

AAAAAAAAAG

ECgene - SAGEmMap
SAGE. Prostate niotinal_spithelium CS 347 25 71897 (R iprostate nommal child Cimate
SAGE _Fibroblasts. CL_precrisis 345 8681 (B |shin normal
SAGE_Prostate_nomnal_epithelium CS 2%4 19 177 MR prosiate nommal child male
SAGE_Brain_medulloblastoma B C609 254 19 74612 ;! brain Pl toddler male
SAGE _Breast_carci B DCIS-5 08 9 4008 | breast pl adult female
SAGE _Breast_adenocarcinoms CL_SKBR3 134 1 5426 I fvreast neoplasia adult female
SAGE_Fibroblests_CL_postesisis 18 s 2es (M |oke nommal
|SAGE: Brain_sstrocytome B’ H1126 174 3 17178 W [ceset plasi adult - female
SAGE,_Bone marrow normal. B_DO1 164 " J6 36577 IR normal
SAGE Prostate_cercinoma_B_pool2 151 16 66034 n plasi mele
SAGE Prostate_catcinoma CL_LNCaP-C 149 6 40029 ‘B neoplasis adult
SAGE Breast_cari B.DCIS 4 148 o 60603 plasi female
SAGE_Brain_medulloblastome. B 98-04P94 129 6 43068 neoplasia toddler miste
SAGE_Prostate:_carcinoma ‘CL_PC3” Mock 18 b 38319 J'- prostate neoplasia. male
SAGE Liver_cholangiocarci B KID 128 6 46853 | Bver lagi sdult male
SAGE_Stemach_carcinoma B G189 126 H 63075 - | stomach plasi
SAGE_Brain_meduficblastome_CL_mhh-1 125 |6 azsg [P [cerebetts pl
SAGE Retins_Periphersl_nomat B2 13 13 105312 | leye nommél adult female
SAGE_Brain’ glioblestoma_B. GBM1062 117 7. 59762 ,- b plasi fetus_16 weeks  imale
SAGE_Stomath_ carc B_X43 116 6 51620 . {J: |somach neaplasia adult female
SAGE Oviry_carcinoms B OC14 115 2 17298 ovary plasi female
SAGE Brein_medulloblastomd_CL_H341 113 3 2920 | [brein plasi
SAGE_Brain_medulioblastoms B_96.04-PDI9 13 6 52643 [ ] belh plasi todaler male
SAGE_Brain_medulioblasioms B_H1413 13 7 61853 Ml [brein plasi toddler male

719 18. SAGE tag 'AAAAAAAAAG S| BHY A FR

ith tensin homology X |

Cgene Result

T

e L iTag

| TTCATATATC
S UniGene Resule
Hs. 122986 TTCATATATC 27/64
Hs.122986 GGGGTTGGGG 6/64
H5.122986 TTCTTCAATA 5764
Hs.122986 ATAGTAGAAT 1164
Hs. 122986 ATTCTAACGA 1/64
Hs.122986 ATTGATGATC 4164
Hs.122986 CCCAGGAAGC 64
Hs.122986 GACTTTATAC 1/64
Hs.122986 GATGTTCTIC 8/64
Hs. 122986 GCACTGTCCT 1764
Hs.122986 GGTTTGAAAA 1764
Hs.122986 TATGTAAATC 1464
Hs 122986 TICTTCTICG 1i64

19 19. Gene-to-Tag Assignment for the TPTE gene
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ECexpression?] EST @& AFRT H|£3 U FIdY AFH EFAAES =
F Ued & glenz gxgel 57709 231 1419 AHE Jdste adez &
Halgoey 1 AxdE 19 199 Zth ESTE normalized libraryE X A7 A F3
J 2 FHE IL F e @Fo] Yoy, humand] tiste FHE librarys] 7}
35093 7)¢1 SAGE®] wale] ¢ 8,600/12 tx=zog Br] W&o thdd AE9 doly
E I3t Yot AR 98t A$oE normalized libraryE A YJAIZ F UEFH
&9t 19 202 7+ ECgene clusterd] AA 2 23 dES BoFa glon, 1 ot
BEo} Oy 219 Yehd nie} 2ol 7 isoform ¥ EST X E9 ¥ FRE Z2 Mo

2 E¥83 ago] Atk

Tissue type
19
Normal

Pathology

Total ¥ of ESTs 5 i ' l 3 3
Tissue type: Eye, Head and Neck, Muscle, Overy(l}
Patholoxy: neoplesiaCh) . |

aduli(s)

Total # of ESTs :122
Tiseue type: Lungl1D
Paihology: nommal6%)
Dev. stage: aduli(39)

2% 21. ESTE £33} 243 7} variant & 23 AW
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34 78 F32 A =233 (ECprofiler)

AR DIE 75T 9EH FAS AT JE AL AMEGE AL F8
SR B2 Aoz AWo] AeF g, AL So ¢4 & dE F2F
715 olth. B3] Ay 3 3te] Mg positional cloning, association study %9 Y2
2 ¥ §249 G ANE FH Fe A7 ) WEe, FIQ WA RN
Ashe 28¢ TEAIE AHA 24 Z2aPe B8 /BT A =Y
78R 2A- AN AFRAS Hele KAR A 2239 A

A ME FAAe] B EFG GO 4 EFHE tree I FFS}D ALE
o] Add wet fAxE g3t ECprofilerE Java Web Start® ]—95\1:]— a9

22 ECprofiler®] 943 A9 3ldolt).

& 0 e atieeh 39)5000(‘ W‘ 17641 E i
o cardivvasculal SRRSO T JEEES U]
B [ respuutory  $0T0000B T 439324 {7

Ex) Search term is “yifion”
b3 GON0UBIEY: Mologital process [ ]

2 (7] hae 15008 3 ahy [ o 7 GDOBITH B dehavier [

B [ iyrapnicid Srpan: BO0LO000 06T [T D GOA0H00E tivkgeal wotess wibnown %
e *ax T {R070::797280) [ o 1 o . ; 5 |
- ] arimar SOBEOOOIAS 488505 T & 2] GOUBNRITL: absulete binogiruiprovess 1 i
B £ gerts s SONINOCBE NI BISTE 1] £ GoDBB0AE: viral e ople. 11

& 1) andneinec ADODDRBREY 230080 [} @ {7 HO004E71 & eaguialion ofviral proseinfevels [

O 12 rousiipeReieta o BOLOOEMIG TSR 1T & 0 BUOBIIORY mlisnEeon B -

o [ dirmal sCONO000IT 2 2398705 [ P e -
&= 2 parous DINRGRR 0B 7RI 20 T ¥ (3 BONBINNSS. vilifectous eyce L]

- 7] conpiuive Usse’ EQIDCONE2 1155401 £1) L R EABO0THI0ET vies Essenbiy, mabinalion kpmeen, andrensve B4
@ [ sevstrveloay FOCBUONR RSN [T : [ Bmzm‘sm& vraisgrEss @A -
SRELT M . x ——

lncludmg the selected nodes’ subtiees

Gen

19 22, ECprofilere] 9.

Tree Aol A H3d= o= Bz Mg 4 9o, tissue-organ-cell type, pathology,
developmental stage®] A $-EolA 2@ 2A& VA 3 YUrhHide 2003). EF Bo]
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2

]
% 7

270 238 Ads] P9 A4 ERAAT. GOY treet 3
A

gol fole Tolg EUP =SB FES free YO RAF
abstracted tree 0.7 F &SP, o] FHH EO (expression ontology)v &
7 228 A 47] gEd ZE =28 BAET o] Yo% A Plam EHUE X
she #4749 24T 2e WE /5E AYaR Ak Tree W) 24 P A 2
X
B

ooy
n

L

AL 3 =28 AT
ko &35 cDNA library® Z43l%

olgA WAE AN X312 ECgene Aud ZAA #del 574 A4, ECgene
DB Ag Fstd 1Y 237 2ol AN Z3o 2= ECgene #37 EFS AAgoh
SAA e IDEG6 57 A4t packageE ol &3tgoun], 2uside 276 wed g
Ao FHA AN ARE B 5 U=E g oy fHA HF Alagozm o
e 2 o] EdEE fAAY AW Fo] dHHE {FAAEY EZo] JHEEA

a

Result

" ichemokine (C-%~C motit) ligand 9 )
similar to hypothetcal protein -

ZNF363_zinc finger protein 353
TTTALB aibumin

A

hypothetical protein MGC30052
[ASAHL """ N~acylsphing Bmid (acid cer }-iike
MAPET " mitachondrial ribosamal protein Li

hypothetical protein FLJ1 0458
TAFPTT sipha-tetoprotsin

‘MobaA protein
genethonin

i

CXCLE ™ "chemokine (C-X-€ moi) figand &

NUPB4 ™ Tnucieoporin 54kia

SUPHNE ™ iairophilin 3

GE group-speciiic Component (vitamin D binding protein)
iCENPCI1 centramere protein C 1

QNN R AG R STRIG S S 3 G =R
g N 158
CILHEIE B C IS R T EURS PN R
RS 3 s o s - i S O X TR S S [

?@*mSEQ“
! i

Fas-GTPase aciivatling protein SH3 domain-binding protein 2

Q

TTHEs

[P SRS IS U NP B A TR T

1% 23. ECprofilere] &834

U 53 23-A9dM 352dL Bols §3a DB A2

2 oM AdE profilerst 54 P2 SAGE libraryd] EA % AH8E + 3l
o). cDNA librarys] gl 5749 EHA 2Zo) thstd, sid )N A5 2dL
Holx= §A1x EEZ2 Fisher exact test 1} Audic-Claverie test®} 722 FA 2 o
2 FHTHRomualdi 2003). SAGE =& SAGE librarys] Q1 28709 BjE e zH o
B3 AS $PG 5 Qo 7R 5 Hd dpe thE FL ECgene?] alternative

splicing #2408 <135l variant-specificdt HdL B & o= Holth ol E(Su
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A JhdE =

kil

23S o] g3ta] Y& tissue-specific gene E- =2 dRZ, F7}

YolEol 2 FHala 9 Fohel FIANG Aol

Pancreas PLRP2 PNLIPRP2 H10C13112
pancreas PLRP1 PNLIPRP1 H10C13104
pancreas CTRC NM_007272 H1C2413
Ppancreas CPA2 NM_001869 H7C14318
pancreas FLJ10512 NM_018121 H10C11368
pancreas ABCD1 NM_000033 HXC8080
liver SLC22A1 NM_003057 H6C16240
liver F9 NM_000133 HXC7496
liver HFL3 NM_005666 H1C22331
liver SAA4 NM_006512 H11C2697
liver MASP2 NM_006610 H1C1810
liver C8A NM_000562 H1C9323
liver SERPINC1 NM_000488 H1C20410
liver CRP NM_000567 H1C18536
liver ARGI1 NM_000045 H6C12869
liver APOB NM_000384 H2(C1815
liver SAA4 NM_006512 H11C2697
liver APCS NM_001639 H1C18521
placenta PSG9 NM_002784 H19C7528
placenta ADAMI12 NM_003474 H10C14413
placenta CYP19 NM_000103 H15C3934
kidney AQP2 NM_000486 H12C5680
heart TNNI3 NM_000363 H19C10213
heart TNNT?2 NM_000364 H1C22767

ESTE $3lo] E4shd 19 24, 259 2}

it

859

859

220 ¥39E FARY x5 2FAL ECexpressiono| A a2 3
I o Z liverd] EolFo g Wiy HIC20410 (SERPINC1)S] wH¥ ¢

Normal

[e}

1T % Aok

<l

SAGE<}

tlo

2 24, b A ASWHE Kol SERPINCI #-H4 (SAGE)
H1C20410€ A £57 9] SAGE tagS 7IA™ 2 F &89 tagrt A4 3+ 2F0A ¢
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FrAx 2d9 A= x¢ Tag Info

o 19 259 ESTE S8l 2 %3 %

&

e
o

At Y& tag

agel I8

£ 5o AAR

TAH ARR

h=: ]
=

=
=
d

e

sAdoz W (spleen)sl) Al

by, %

[

¥E o5 9

&

K

s

9] library &

o

L
LI

ojp

Tissue type

Nornial

43

SERPINC1 -f-# 2z} (EST)

TEES Kol

A}

25. 7ol A

oy
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3.5 Genome Portal Sitee] = (ECgene)

QIZr (Modrek et al. 2001;
A2 ¥

(Nuno and

SHA}2] 70% o]Ato] alternative splicingg X.o]3l X
Kan et al. 2002; Johnson et al. 2003), B& 7§ alternative splicingol] 2}t
ol Zl%d AHHY 9FL v AW LFG B-¥e] U7l HEel
Thomas 2003), alternative splicingS 1123} genome annotation AL EE FE8=

o] Fg3slth o] 9late] A 2o A AWE ug} Zo| NCBI, EBIE ¥E A71F
So] %3 Fe)9 alternative splicing © o€ ¥ o]~ (Thanaraj et al. 2003)E 753}
JTh T giREo] §AA pxe mdHo] XM A riFoly LEe 49
W FRE v 2Pk B FAMe ECgened HAA EdS 7oz
ECfunction®] Tu|¢l/RE]Z B4, ECexpression?] &3 A& FH3t Ay BE X
e Alo]EE &3P E3) alternative splicings] #3839 ARe 2L FHL AU
ATH

O

fr

7}. ECgene Summary Viewer

13 262 ECgene §AIolE
/)8 Z7] el mgoltt 7 9] BEo| genome browser, ECfunction, ECexpress,
ECprofiler, ASmodeler 52| Alo]Eo] 337} 31 1 olzfo} AMFo] Q). FE AL

( http:/ /genome.ewha.ac.kr/ECgene

B ECgene

@ Home @ Genome Browser @ ECfunction @ RCexpression @ ECprofiler @ AS)

ion ® Download @ Aboutus

Genome - based

2 human, mouse, rat®] A

EST clustering
Transcript
asgembly each splice ar;ant :
ECfunction ECexpression News & Release Note

Functional analysis of ECgene

Gene structure is displayed in transcript view
mode, which is particularly useful to see the
difference of splice variants at a glance. Protein
function for each splice variant is analyzed in
terms of the GO terms, domains/motifs, BLAST
hits, tr b , signal peptides, etc.

¥ Cprofiley

Gene expression analysis of ECgene
Gene expression is predicted in two ways. First, we
extract the SAGE tag for each transcript model and
count tag frequencies in public SAGE libraries.
Secondly, qualitative expressicn pattern is inferred
by examining the cDNA library sources of EST
seguences camprising a gene cluster.

ASmodeler

Gene profiling for human ECgene
One can search genes with desired properties in
terms of function and expression, both of which

ad

TS A

Is a web-based utility that finds gene models
including altemative splicing event It applies the

ECgene algorith es with

to user-supp q

_40_

31, ECgenedl A EE

- ECgene Currept Statistics

Ch

ilable for b

64/08:2004

wouse, it

}

- ECgene inhitpi/genome,.ucsc.edy
{12:23/2003)

-ECqgene on

the news

Science news
Electronic Times intemet

- ECgeneversion 1.1 released for

1 tha16), i

4}, ratindy

{12419:2003)

Heste] AogE Bk
26. ECgene fAlolES] 27|39



AP = AW EFE ECgene ID, HUGO gene symbol, Z} A8 9] accession number,
UniGene ID S9¢] glow, o] 99 AMIE J&sd 19 277 22 gl WAIA% &
A A8 M7t Bt Yo UCSCY genome browser?d] A& of#f o] BoFE.

Mo result found for your query.
Your query type may not be supported for the Summary Page.

Query types and search scope are rather limited in the ECgene.
You may find the result of your interest in the UCSC genome browser in the lower window.

You have twe ways to proceed at this point.

i} Submit the official g gene symbol or mRNA accession number.

ii} Find the genomic region from the UCSC browser {e.g. chr2:242,448,664-242,484,710}.
Copy and paste the genomic region into the ECgene genome browser to find the ECgene ID.
Then, try theECgene with the ECyene 1D,

RefSeq Genes
RASE) L ac chrs:3143 6925-3156792 s‘ = (NM_013235) nuc lesr RNase III Drosha

Human‘ Allvned mRNA Search Results

BCDSQODS =" Homo sap1ens nuclear RNase
BCO41162 "~ Homo sapiens nuelear “RNase |
BC024261 = Homo sapiens.nuclear’ Riase

19 27. ECgene E#jo] Aol ‘drosha’Z A A

AEHQ AMe ALde 19 287 2L Summary PageE ¥ oS53 22

ARE TI3ch
Gene Summary: €% SwissProt ¥ do] e Aol SwissProt annotationg
parsing3}le] clustering AR ¢ 7] BojZE. 22l3 mRNA, protein A E, clustering
A7 W HIAE A F-

- mRNA Structure: ECfucntiono] 4] 18] mRNA FFEAM Y FAA FZE HAF.
A2 Zo] genome browser, motif/domain viewer, alignment viewer 59 4%
AR BN 23] F3E AFE

- Transcripts Table: 7} splice variant®] 42-& 71a3 H2 AP A= %E, cluster
2 o]FE MY %, exond %, polyA taile] £A o}, mRNASH T A<
Zo], UIR Zo] T4 #dEH AR} A5

- Functional Annotation: GO, domain/motif, cross-referenceZ %3 7|5&# 7/ 2H4E
a9

- Gene Expression: ECexpressiono]*] #4bgt A3} o] SAGE®} EST library £ o &



Aste] tissued, 1e]x FAWE B FFE 1HoE e

- LinkOuts: 7}7¢ 42 A1 8He AR AT Aloled dig Ja & ATE 2+ g3
7} A hsle Zeolel FFo) ulgl HUGO symbol, accession number 59 R E 3}
o A FE HYA BE HRE HAE

- mRNA & protein sequences: A4} o] A3} dojx]= AEE FASTA Eoiog ®
HEL, AEE Agste 3 BAT & Y= F MG 2= MuUlAE AFsa 9
o

- EST clustering result: ECgene clusterE o]F= A do] dojA ¢DNA library7} o®
Z3, 2%, TAGAJNAE st 2= A2

ECgene Gene Summary Page

@ Home @ Genome Browser @ ECfanction 9@ ECexpression @ ECprofiler @ ASmodeler @ Documentation ® Download @ Aboutus
| Summary |mRNA Structure i  Variants | Expression | Function | Onholog : Link Out quuences_j‘_wli_g[vvclusig_ri'llt_[_‘I

Gene Summary for H5C2095 T
- Alias';’ NM_013235 RN3 RNASE3L

-SWISS PROT
SwissprotID: RNC_HUMAN STANDARD; PRT, 1374 A&
Swissprot accession 1 QINRRY; QONW/ 3, QFY2VI Q9Y4YD;
Swissprot description : Ribonuclease I (EC 3:1.256.3) (RNass U} (p241).
FUNCTION :involved in pre-mna processing. cleaves double-strand ma and does not cleave single-strand'ma.
CATALYTIC ACTIVITY : endonuclaciytic cleavage to 5- phosphomonoestar.
SUBUNIT : interacts with spt.
SUBCELLULAR LOCATION : nuclear. & fraction is transiocated to the nucleolus during the ¢ phase of the call cycle:
ALTERNATIVE PRODUCTS : event=alternative splicing, named isoferms=2; name=1; iscid=q%nrrd-1, sequence=displayed; name=2,
isoid=g3nnd-2; sequence=vysp_005777, note=no experimental confirmation avaitable;
TISSUE SPECIFICITY : ubiquitous.
SIBILARITY : containg 1 drbiv {double-stranded ma-binding) domain.
SIMILARITY : contains 2 mase ii dornains.
CAUTION : ref.2 sequence differs from that shown due ta a frameshift in position 775,

1% 28. ECgene £#0]#x]9] ¢ & (Swiss-Prot Y& HF&)

1}, ECgene ¢ AlolE

Dore Ane &4A JER ¢ UES
2] Documentation pagec] A}g WH-& 47 3tgon, Download pagedlA=
} 2d, mRNA N4, @uwd Mg, clustering 27 59 ARE 34 download ¥
AS.

ECgene ¢ Alo]Ex= oA 7hitE DatabaseZ+ AngioDBo] ojo] & ®HA=Z
20053 1€ ¥ 5= Nucleic Acids Research®] Database issueo] AA=E o3 L.

Holx el we PaE Aol BRE.

1=}

il

e
=

LN

¥

_42_



3.6 ECgene 7]|9tke] x]2]7]dk o]3DB % (ChimerDB & Antisense)

Alternative splicinge ¥ 33}, UTRo] 21, polyA til®] A==rt & F34 2
© ECgenes] 442 47 0¥ 749 88 4 Aok @A dATA e F o
oJEjujoj 2%t ZheFdtAl AW EW oo 2

7}. ChimerDB - Database of fusion mRNA and EST sequences in the GenBank

oto] WAl A3 FHAo|A FMA A (chromosomal translocation)7} &3] Yol
U, o] A% = A9 AAA B9 SAA7 49X chimeric gened THE F U
t}. @a}x] chimeric sequenced] ¢]& fusion proteing® X &85 $I& A JLe] FFF
gAo]l 8 4 Utk B AFdAME GenBank?] X €& genome assemblyo]] mappings}
o T Fd AHBHE chimeric sequenceE FUTh 1 A} 2099879 chimeric
sequenceE WAL, 1 F 6887§7F mRNACIUTh 1 5 43T cDNA library A
Z #A A A7) cloning artefactz 3|k o]2 AHUH AXEA AEe FL
EAL A2 Aoz AP o]#A 4L chimer MEES ECgened AHE-3t T
clustering 3} 32 o) ElHj o] £~ & T34t ChimeDB YArlolE
(http:/ / genome.ewha.ac kr/ECgene /ChimerDB)d| A &3 ZFRE 42 F ey, UCSC
custom trackS A}£-3}od genomic alignment®™ & 4 Ut}

ol#] 18L& ChimerDBe] vj¢l 3}Holt;. z ChimerDB2] u]-£-&chromosome *3
Z UHo] gdon, 935= chromosomesS ZE3tH 18 299 & Z2¥ g 4
& ek

ChimerDB : Chimeric Sequence Database for chrY

Select chromosome
chrt [ chi2 [ chi3 | chd [ oS | chi | oh? | chB | chd | shii | chrit

hri2 | chri3 | chiis | chri5 | chit | chi7 | shri8 | chrld | chid

I

23

719 29. ChimerDBe] £33

g 290 E A 3ddle Zb chimeric sequenceE& ECgenes ARE-3iA
clustering®t Z#& R Zt} 8]Y chromosomed] $)X]3F chimer ¢ ZH 9 partner
of N FRT FoId v} Yk 1Y 289 3HdA EST 5712 74" RIS 2
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AL Abelel fusiono] Yolkt+=
GxA oA AFEAE
da gow Yol U@ YuE @ w &

(normal)AN =] ¢

fusion&

19 3094 ECgene ID&

198 30. ChimerDB2]

=93

AE 19 303} go] BnaFy. |3 chimeric EST7} A4
BojZn], z} EST/mRNA EE ojd § A= 99l
At

MiFRe g Festd 29 313 o] UCSC custom track-S

AFg&5te] s ECgened)] tdt FX 2 o 7]9 mapping® chimer o U3 FRE 7

Mol £ 4 Aok

1405600]

1375oao| 1ssaoeol weseoa! T60a68] 1395500

HYC1e5.1
HYC188.2
HYC188.3

HYC188.5

33LE, 295-385:484]
366[E,389-7441920]

1353LE, 1274541 454]

DXY8155€

HCO28151

Ensemhl Genes

A ChimerDBe] gad o=
o™ cloning artefacte]] 2]3le] dojzx ZAAAE #
T83ta, 1 ARE dolguolAE 35317 94'3}04 =

HYC103, 4 s
HYC128.5 |+

HYC1 88, 7 s

ﬁ Chromosome Banc il
STS Markers |

146600061

T1370000]

ECgehe Over‘lapwma thh Crimeri o Seguences

1350001

|

e ode
B

e ===

by
e

I ¥
P
rne

mc sewences |

Ly
95 345] l
: i

H

‘Chromosome Bants Localized By FISH Mapp

ng Clones

?-svs Markers on [Genet ic [(#1ue) and Radistion HUBrid:(8lack) “aps
j Gdp i Locatvons :

EKnadn_Ge nes ; Based on Sl

U e B
o Bal e s SR SRl Lo S

L
Ref ‘Genesi

¢

; j‘Y 5 ,!L ; i s 3

Hamingt ion. GerE Bone;.*mn FUTl DFF mRniAs
S0 poes it e

E"IS Emb\ CEI'UE Prea i Ct 10715

o

: ﬁce\hﬂu Gen? Moae!s Nﬂm ﬂlt‘-Spthng‘

29 31. ChimerDB9 &3
wlAog ALgA Ado]l A% A=) 23 chimerQl A

g ¢ Qe WEe Yoo
a9e Agsta ok
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. Antisense Database

¢# 3 KA antisense transcript7} A EU A @o] HAMETE AMdo] A
39 o HeY EFM BRu g1 JiChu and Dolnick 2002; Vu et al. 2003;
Tufarelli 2003; Shibata and Lee 2004). Human genome uWdle TY¢E e <
sense-antisense #A|7} EA8H & =% @o] ®»3uE vl dt}(Lehner et al. 2002;
Shendure et al. 2002; Yelin et al. 2003; Rosok and Sioud 2004; Chen et al. 2004) . 3}
A9k RNAid| A ol AR5+ A Zo] sense strandol] & Eo]7}& antisenser} T}
Hoojd o3 2F FLL U F HAeE dAETh ECgened A+ clustering 774 off A}
EST9] *3Fo] spliced sequenced) 93l] Az W3z XA Ev AL &
FRAE st webA genomic lociE FH3R #HAY W] & 5 cluster
E Bod AA2YA sense-antisense 2¥o] ©r}

B FA o] & sense-antisenser= TS 28I & F FFolv}

13 32. Sense-antisense A}o] <] #7

283 o]¢} L sense-antisense pair/t 23 ZA Y)5L sHAOE FHoz thE
FAM BEHO JE sHsAel =tk wEtA human, mouse, raté] Al FA
sense-antisense pairing #A7} BEEHE AL 4838l natural antisense transcript €
Aol E (http://genome.ewha.ac.kr/antisense)ol] A 23} ¢t}

sed satisense. pair - Mittosafl Intemet Sxplorer

e

BE BN BARND EXND. SBRE ¥ G W
194} hitp://genoms. swha. ac. kr/ECgens/antsanss/ = 8os

sense-antisense pairs

: RNA pairs that one transcript is transcribed from the opposite direction of the other at the same
genomic locus.

1. a sense sequence has multiple exons,
an antisense sequence has single exon,
and the antisenise sequence is complétely inctaded to the sense sequence

Q@r_

« Human. yaouse, rap homologs
+ Human, mousc homologs. 1234567891011121214151617 18192021 22X
« Human; rathomologs

« Human, miouse, rat homologs
« Humen, mouse homologs
» Humang, rat homologs

¥ 33. Human, mouse, ratoll 4] B &%= sense-antisense -7
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AzH oz REFHEXNE #Qsly] 93514, blastpyt blastn© £ human, mouse, rat A}
oo 4] homologE ZA}3}T}. Sense transcript, antisense transcript 25 homology
AZ 7}A3, overlap B R X1} A2 homology #A7 ARHEA &I}
AE blat progamoz  FAsgrh ojFA e de AFHHeT BIHE
sense-antisense pairE t-S-3 o] RAFTh

Jac kr/FGgens/antisense/hg, mmd.contain/aC himl - Microsoft internet Explarer

% http!//genome. ewha

RO BRO . DY FARNY EXD  SIIW
FA00 ) /e . ewha,ac ki/ECgene/anti /hg.mmd_contain/4C, himt
m’::: sense gene name gene symbol . entisense . ivar :_;:gn‘;fe position
1 H4C10880 transcriptional coécwator tubedown-300. _ H4C11002 1 7 FUTR 1
Lo Macned NMDA receptor-regulated gene 1 . Narg! M3C2184 - 22 13 IUTR -
2 H4C 10980 transcriptional coactivator tubedown- 100. H4C11002 1 7 JUTR 2
M3C2184 NMDA receptor-regulated gene 1 __ Nargt M3C2184 - 23 41 3UTR
. SWISNF related, matrix associated, actin dependent .
3 HaC1i610 regulator of chromatin, subfamily a, member 5. SMARCAS Hact1527 - 1 4 FUTR 3
SVWISNF related, matrix associated, actin dependent .
MECBIZS  "equiotor of chromati, subfamiy s, member 5 | OTC MECSI®S 248 3UTR
HAC12363  ADP-ribosylation factor interacting protein 1 (arfaptin 1). ARFIP1 H4C12373 - 1 8 3UTR
4 4
= ADP-ribosylation factor interacting protein 1 Arfipt ' -
fes " expressed sequence AW123087 Awizagr . Mecass 1 19 IUTR
5 HAC128 ring finger protein 3. RNF3 HAC 152 2 39 FUTR :
M5CE768 RIKEN cONA 2310035N15 gene 2310035N15Rik  M5CB788 11 10 IUTR =
5 H4C13002 HAC13085 1 § JUTR g
M8C3806 RIKEN cDNA 2900024024 gene 2900024D24Rik  MSC3806 8 40 3UTR =
7 HAC13083 hypothetical protein FLIZ0668. H4C13085 1 & SUTRIUTH 7
- MBC3806 RIKEN cONA 2800024D24 gene 2800024D24Rik: M8C3808 8 40 0 3UTR -
HAC13485 chiaride channel 3. CLCN3 H4C13504 1 5 IUTR
8 8
h chloride channel 3 Clen3 y =
MBC3565 RIKEN cDNA B230317F23 gene B230317F23Rik M8C3565 4 138 FUTR
3 HAC13795 hydroxyprostaglandin dehvdruuenase 15-(NAD). HPGD H4C13796 1 5 JUTR g
MBC3350 hydroxyprostaglandin dehydrogenase 15 (NAD) Hpgd M8C3350 3 23 3UTR =
~ hypathetical protein FL.J22648 similar to signal peptidase .
1 H4C 13985 SPC22/23. H4C13889 1 FUTR 10
- MBC3283 RIKEN cDNA 1810011E08 gene 1810011EDBRIK ~ MBC3284 1 9 IUTR
HAC14757 FAT tumor suppressor homolog 1 (Drosophila). FAT H4C14758 1 16 JUTR
1 E 1
- fat tumor suppressor homotog (Drosophita) Fath . "
MECIRES RIKEN CDNA 2310038E 12 gene _ JatooaeeioRk  MEC®T0 1 %6 IUTR
AC7258 wranscription factor MLR'1.
12 < similar to MLR1 protein. HAC2262 ! 4 SUTR 1z
M5C2994 Mblki-related protein-1 Miri-pending - M5C2885 1 9 . TR
13 142824 phosphatidvlinositol 4-kinase type-il beta. H4C2829 1 5 JUTR 13 i
. M5C3384 _phosphatidyfinasitof 4-kinase type 2 beta i Pidi2b-pending . M5C3384 1 .88 FUTR =l
@;‘ = T P T X ‘;ffﬁ‘l‘ﬂi‘ﬂ:: J

34. Human, mouse, rato] 4] R £¥ & sense-antisense X

&2 Eo], human, mouse, ratd]A] E5 HZEEE tight junction proteinlol]l ] tf3}X]
AEAge Boid, HojA HISC818, M7C4439, R1C4327 7} tight junction proteinl
(TJIP1) o2 homolog o]a, o]of tidiAl H15C820, H7C4438, R1C43297} TJP1¢] 3° UTR
o] ¥3=]& antisense transcript o] 4] Z homolog ©]t}.

gene . #seq of ..
sense gene name antisense . position
symbol antisense
tight junction protein 1 |
H15C818 (zona occludens 1) TJP1 H15C820 5 3' UTR
tight junction protein 1,
M7C4439 | similar to tight junction Tip1 M7C4438 20 3' UTR
protein 1
R1C4327 | tight junction protein 1 R1C4329 4 3" UTR
%, o] Al £9 sense transcript®} antisense transcript®] $X] LAV} REHEA 213}

7] 913 & blat program¢] ZA#}E TS 2@ o] UCSCe custom trackCo. 2 Fgelg
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% glon, antisense webpaged| A 1o T3t linkE AFTsm Aok 2PX 2E, 7
%9 antisense transcript 7} Z-& $x]o] 1o Zx}9] sense transcript o] X il
91.2.7, sense transcript 78] Bl%:3 S BRYS & 5 U

Base Positioni R S i 127750000 27899896[
: : : [ i X Aty B3
1 S A ax
L i
- :g%:‘ o S
S B & SR 2L N vl
L 2 St .
1560 et N e A ¥
Do : Human: antisen edvum, 1,']
HiBCERe.1_AS | : t
e : R { Mouse sanse, M out. "]{mﬁ]
HTC4439. 1] s a1 2| I : R
. : : C w3, ¢ ;
WEC4435.2) Wedib i e Y{Mezuse sense, 1 E o’,; Z![ﬁl
N ! : ﬁohsé sense, M7C%43\3 I I26 /134 7 Lsﬁ][R]ILow' alfmih]
MIC4429.5; hedetes e ) ; CiE e
; ¢ : Mou..e sen;e:, ™ 3 [39 £ LEF S 155)[R3(wa, 43I0AT
WTC4433. 4] fhedepee t kt $oeds i
: i mquse sEnge, .5 [36 / 124 7 isn,cRJ[Lox., BIAY
M7C4459.5) edepss - deed : H oo
R Mowise. sense) 5 [56 4 14« i 155][R][H19h, LIIRMAT
H7C4429.6; fhedebs 4 E L O e i et bl i : 4
KBk LR “ AR -
M7CA435 . 1_F " Mouse antisense, M7C4 ' - 3% 1 [no istop codonl
RS HE IS : i :
i Mo e 27.4 €27 S 987 543'51;:& h.
RIC4327.1 I NEHN 3 OIS WA AN
b :
R1C4329.1_AS! §
% chromosome Band
% STS Markers|§ I
g G : Gap Locations
R ] :
b S N R LA Bassa on SNISS—PROT, TrEMBL, L N
TPy e e i SDODEIUON:H MU0 HIDHOD H
¥ a0 ad DAS RIS | K 44 ¢
RefSeq Genesz 1+ i §4L n_x_ 1 i L: ' = . ‘ Reﬁ?eq'sene?l i H ] —3
H T r s T LR} W F LB LI} wr T T L4

718 35. Human, mouse, rato]x] B &5 £ sense-antisense®] Genomic alignment

7t

A3

o}2].& o] A 73 sense-antisense pair/t d AE WA FAld R, FE

4w 23 4L seAEe Bo| AR Fqrh AT £ FAA NN LI &

g 2 ZolA BE] HE antisenseE A2 I V)Fd i@ A77F I3 E
Aoz qddn.
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7}.
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(2

(1)

(2)
3)

(4)

2ofollel 7]0ix=

EST clustering &318]&9] ¢4

ECgene ¢i12]&-L genome-based EST clustering# = o]B& o]-83) assembly
2 alterative splicing®] ¥4o] Zgslo] 3l&. o] Yol Bde) Ao FAE o
&< 3t UTRo] 2T, polyA taile] A =7t £ FHo] o}, #4F F34 4=
Z2aye] FHS AT Helgn & F AS

i

ECgene ¥112]Z& 2 g human, mouse, ratg 4% A<=

1 UCSCo A Xéﬁ‘ FR2 42 Zragoz AAHY A AAE ddeE I/
IAE B fAA dF dndEs HEFRY B4 A3 A<l
Genome Researchol =13t A AA} Fo] UL, T3 ECgene GiFYFOR
ArEAle] NES BEMEeE g Avla =239 ASmodelerE 7)#3l] Nucleic
Acids Research®] Web Server Issueo] 3 3150

Alternative splicing& 233 §A4 28 n#3A 41Ee S SN
NCBI2] UniGeneXRt} 43t & 4 2. NCBIS AceViews} EBI®] ASD Z =
AE7} HEF FFd 4 gL wEA 3dz AL WEoEZE ERE 100% o
GRS

S

r-{m
2
it
Y

. Genome annotation #Hg 9] 7|

Functional annotation& AAHQ AT 1&dA 7gd HHE auz AHE34e
1}, ECgene?] 74 <l alternative splicingsl] 24-& 30| 7|5 g 4L 8tA
<. ol AWAY FAA HolE wFded 2A A e AT RY.

mMRNA HHE A §Ax Wolg R =132 ECfunctiono] AlAdME {4

wrE o] BALe EST clusteringo] 2z} variant M2 H o] $17] W& variant-specific
expressmn% B 2= 9le. E3I SAGE B4 WHE tagE transcriptoll A Fohjo] &
L JZ3te Wale F3 o wyRg A ert 8. cDNASF SAGE 11brary—a—
organ-tissue-cell type, pathology, developmental staged| w}e} AF 2oz EFE A
T EST 2d 4 & Al 8.

[o

FES RAFE aRZE JAR dxFE TR A% FEL T ol £ 5 3
A 93, o= e RANE B F 2E WY webr ESTSE SAGEE 3t

S AzLe] S in silicoZ o Z3E WPAAE AAFCEE FHojd B4 WS

N8 =

O
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.
8

)

3)

42 &

7}
1)

Genome ¢ AlolE 9 73t

ECgene ¢18]lZ, 7|5 2 239 24 WM ZHS A deje ¥Fe=z
alternative splicingel] &% £32< AR E AT PAIEE /MLde] 2005 1
2 9] Nucleic Acids Research®] Database Issueo] ¥ oA Y.
Alternative splicinge] 72l YA, dubzQl {2 2d E4E o
Histe] AT 7) 5

MHzo e gouxg 2] AL AXNE dAV B FF /A
ARAE G FEHHS Edly AS AMstn Iy B4 #E& MLt =
7HARl AR AllERZ SAAAYZ 484,

Wl

i

8 fAAY B

ESTe Wy AL E3 §AA proﬁlert HA3319S. Java web startZ THEO] F
FU 4A ALY 4 9on, 283 715 tree e EFAAE {A navigation
3 4 9+ interfaceE 7N &51H-S. EBIY EnsMartoﬂ nj3le £33 <1 profiling =9
& dolx|xu, Wy BN Wi ¥o]y. Variant-specific search 7]%5S F7}38}
W isoform7}x] A8 = 294 SE3 profiler7} @ A2 dAtg. T3 FA
A 9 SAGE 2de] 24 wyo] 4AEE o]E o]&g profiling 7|15 ® F71e
g4

EE} "337—‘?"] 7ﬂ?§;}Z—‘l°l ad JRE *ﬂ ?’J- B A AL AYde =
X] dgron} o] BEo FeAo] Am, U AFIEY FZ WA st T
RO g AggsE Azo] Yol dA FF MEstn S o] Lol
microarray Go|E1& £33 4d BAd 9% profilingo] 715 Ao 444 7
Z AYol] vimstd & FHAY BF A A=E 80% Y= oy WHUE
Mo ZHgE ERE X 234G 34A+.
ChimerDB, antisense DB9} Z+-& ECgened] 7|8t £ A2 7ld9 276t o]z}
DBE %39S 1 AFE 71xdFE B A e gAs w2 78T A
o2 o444,

T ol 9] 7=
ECgene #-3%} o5 A9 F74

ECgene ¢18&< =202 w¥ 33 human, mouse, ratd] g A A& AA|
YA E 9} UCSC genome centerE %3ty F/A3AS. Alternative splicingS
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genome-scaled] 4 A|E Rdygstn x&EFHog YU ES e FL AAFoER
2-3 2 FH EA3H A ¢S

(2) ECgene ¢ilg|ES o] &3t 218 A E9 E40] 753 s ¢ A¥ Z2a3d
ASmodelerE N3 FS. & ZUIFAHAE MHHAE oA Bt 2L AFAE
o] AT 4 Sl Wtoe g Ut gAY

t} . ECgene AlEARAZT XY Ao]E A2

(1) Alternative splicingS 32L& 3 F+AA Fx, &3, 7150 A T B4 AxE
AZete § AIEE FEIUS. ol ZIZAEY AFRY ofE} oF}-ofg Ro}
qxe Aol Fo3% FRVF H AR 49,

(2) FAA Fxo muy Wyl olJd} EST9 SAGEE £3 34 @ BAHGAE
o0& Aol E/‘ﬂ?éﬂroﬂﬁh B F fle 55 AEE Bl AFsn UL 53
XWZX—M FxFAAM Y FAA FHY AolE Y I1YHE B HA B F U
s $9e 39 Ad7AEdA & =8¢ 8 Aoz Jog.

(3) @Al Weizmann Instituteo] A} 7§23t GeneCardsol| 45X ECgene JAlo]Eo] digh
Fopx-g AFFIL 2, ECgenec] Ui £48 53 A2E 7IXE FE3I
e St gl FoE FUYHoF usd FH AFHY| o|FF A
2 79 %.

(4) ECgene *olEx U AEHEE Xste] FAFE Alad zgdo] o] Ha3to
ST AAREAHE £9E B 93Y. F5A7 FEL 53t Human,
mouse, rat 27 oz} thE vd Y ERZ YAE T3, A2S %%‘«] 2z} do]¥
Hol&g T3, g B4 $9E e AY. o] 53t ECgenes I3
22k ARl e 7MY AEHE AT AJER AR RY.

p|

. @8 #olol 38 7154

(1) A4 alternative splicingS X3 F3x 2dy dige o9 Eopd vz 34§
T = AF. ASY R viw $947F 7] W7 ARZHe AAAA HAA
BE AHE & F UG ALE 44F.
- alternative splicing¥} SNP<}¢e] @& & £33+ FEH-FAA
- alternative initiationg& Yo7 AALXAE 7l u= AF
- alternative splicing™} 2 Atole] #A ATE T3 AW AG ¢ X8
- alternative splicing-& 1# 3t &2]31 DNA chipe] 7iE
ol 71&4 dFgo]l 1Wsd ZAd sty & ZAxoAe HAAqe ANE F
Re AeE 7dE.

J?ﬂ
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(2) Tissue-specific T disease-specificdt Y &L Hole FAAY EEL AW
:‘_4_ i]ioﬂ Zj]zd '6"%% B Al%~ .J..Eﬂ' ChimerDB -E—- uoﬂ 9}?} fUSiOH mRNA% ;}O}
Aekte] gHAlo R o]8E 5 U ALY

(3) ECgened EST clusteringslrl Z@slr] wigo] Z U= faxed ofys
noncoding RNA$} g o1& LA @& transcriptEo] Bo] X¥so] s =
3} transcript®] UTR ®2-& A% QI polyA taile] EAE FF3A ALddte 5
o Be BFe AYL AL ol 3 UTRE BASE & microRNAS] 7% @7
of AMAY 8o 75T o9 2L ECgene ¢nelFe AHE o] &3 e
Tk 7bed Ao R A4E
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H5E AFLAIe] #2748

51 F7td+¢] FeA

7}. ECgened] ¥ 704 wietol] thgh A+

(1) ECgene®] genome annotation® U¢3g &9 W7ol glojx GenBanks mRNA ¢}
EST A Qo] Z713te] wet 12 dAatxe utHA g o] o] fZE NCBI9| UniGenekx
2-3%F0] ¥ WL A2 EST clustering 292 A A]3}=t], ECgeneXx genome
assembly’} vt#®W F27, 2187 gugs 1209 & ¥y A2 FH7 B
9g gE Parvl ok o] A9 Be HES AT &3 A2"H HolH
o] Byl Bastg. =3 dA)9 human, mouse, rat genomes| E4] ok TE
Zd EEd tg annotationg F71¥ RAolt). ol FF FUHFAAATAE LS
P2 TATE B3t AT A Folth

(2) ECgene®] 7157 2@ e BAL dozx A&HOR AAT Aol 7159
73 pathwayol] Wt HH, = AR T Frl7t FAFolth Ed
SAGE] & 2de] BAL 1 WA ZddM AT A7 wobx A A=
& e AL Fol ik 281 A B FHL FNE dolEE ol &7
£ A)zto] AvkA ©lolEl7} ol RUFE T AT o] "k o] #3t

&2 o2 cDNAS} SAGE libraryd] tigt #41-& 51 DB dart 3ok 7163

A GEO, ArrayExpress$} 22 F/0E microarray HIo|HE F718H oS F2 2
#7F = Aolth ole} o] Yo aw FFF A2 WHE Nde o] Basit

(3) ECgeneg o|&3 thakst F7{< 23 Holguolxrt 52 Zojth. ChimerDB,
Antisense DB, UTRdb 53} Zo] 84 7350} sle FRe BE ¢o= F7H32
Z 2N W& (EBATNe] $8 FX)E ECgene DB annotationel] A1 Al
th. olg} & A4 7)wre] DBE Iu-9 AFAENA T4 R/ 2 Aot
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1}. Alternative splicingdl] th3F &

(1) Alternative splicing® #+32¢] 7153 2I& 2Hde T8 WHELR =
o AHHA Po] HE A7t Bol e A2 IR ECgened A #HA
2dysly 1 AAE DBY YAOlES Eato S, #dH Yive] M
B e 7IEkE BRI ol AlZd] E3Eit

(2) Alternative splicing® AW FHAY A7 £ FAA 75T LA HolHE &
3 24 Ao BAR FAAE profilingd 4 ok ol F A3 isoformel]
2 27 E: AW U3 Dy G A$ alternative splicingd] 2§
tissue-specific isoform, disease-specific isoform< WZE 4 Qr}t ole} #L& AL
Aok el vlE AFAZ F dE A2 FHHgdel @ Reld 53] SdIIAE

it o

- 52 ~-



o]&3l ¢xg WHo g H Zey JE immunotherapye] Alddo] € Zo=
Zlth o

(3) Splicing & <1x¢ WFhZ9 AT dAant R §& {FAA7} alternative
splicingg Role Aoz wEZd we oF zAse AAE ¥l I A7YE
S dohf= Aol F=43}t} o] antisense = RNAIE o] £3}4 splicings X3
ste WAeg AW Xgd §88 4+ U

(4) Alternative splicing¥} SNP, GEF24 87k @A A7 2T HHHA Ao
A SNP9 A 15%% alternative splicing® &0l e Aoz &y uhebA
o|& SNP& w3 @7 e ofvlxdt 3 /8 vHteE Aol oty exon @919
Has gdoz s15Ael AR, o] splicing 2 ¥ Uehd FFo] At} o]
W ATE 53] FERAAT Bopld T8 4TS & ez JdEHH, ASA
ol Al Rl E Aolth

(5) Human gene?) 30%% alternative initiationg, 70% alternative termination @84S
Belth old 4ol ¥ Jlsd od FFE vAEAd dF A7V Basdin.
L3} alternative initiationg Hole A$ AALEA ¥yl ti3 771 AojofF St

(6) Microarray® 52413 272 2 mRNAS ESTE o5 ARG QW B T/
splice variant7} ZZ)gt}h @e}x] microarray Ao A A-E3 probeE mappingst
o] oJ®d isoformo] 3G tissued) X FriwtF BHHT JYestE AFE FEY F
2t} 3] Affymetrixibe] DNA chipe #2074 @ 10037)¢] probe® A}t/ W
o ASe]l 9% isoform¢] olE B & Q& 7heAdel At #@EM FA=
Affymetrix chip Hjo]E & ol ZHdA EXs= AT I 4771 € Aon.

52 g§g79 &

7}. DNA chipe] 7}t

(1) @A) DNA chip& alternative splicingsll 2]& isoformg AHZ 317 3R &3 ¢
15 At} 749 genotypings| A @ isoformE 7HAR levrh AWl AR A
9l Qg m|x7] WEo ASE 1#sle] genotyping@ Bart itk DNA chip9
probe TR} e AsiNE AdE B {32 mdPo] FFHo R ECgened] FHE
Hulgh o] 4353 ASE 112 St genotypinge & 5 & 281 DNA chips 742
Z 91g Aotk @A Affymetrixrl e EEd BE K129 exong 13 chip
< gAY 712498 APt U

(2) ASE 183 DNA chip2 Ao Ay XFdx= Fasirh ofd isoformo] &3
AZ o)A specificstA] FAITIA ol AW npH e A8E A4 BALE AL
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(1) ECgeneg] 3 B4 AAv]L o] &3}o] tissue-specific, disease-specific gene& Zto}
B AR AFES)
(2) vIz7 A WY o 2 tissue-specific, disease-specific isoform$ Zo} €A FHXZE A}
-5t}
(3) ChlmerDBoﬂlﬂ oty B Ao] & fusion mRNA/ESTE o} Ao g FRIsto €
FRAAR o] &gt

t}. noncoding RNA<| #3F A

(1) ECgene2 EST9] Clustermgoﬂ 7lhke F
AbeE dojum dlolEuo]2d] E 35 o]
A7 ARHol G 5 am.

@) micoRNAE 3 UTR 2ol Z¥shd 7e wHske ez 24 o
ECgene2 TE H3z 2do] vl 3 UTRe] Z3, alternative splicingel] <%t
isoformo] X g= o] 7] WY UTRS Aoz 3= RNAY binding Ao ©]4
49 wdoly.

o] BHMAL codingd}x] LrjPE ESTZ A
At wWEkA noncoding RNAE 27] ¢3¢

53 719438 3t

(1) ECgenes] $54< Zetstd 7193 7154 9%, NCBIsH EBIS] kb vjole]
wola} Zeads 2ol FAstd B AgEe] ASdE ol B Fasttw
BA2Ed. Bep BAFAABEARG FHt Au2E FuEn I z20
& gstel B% 2 ARE AT Aste] =HT ol wA FkE A

d el A9 F2 Ae gick

@ o 9o APt BA JQo)A Aske A AEY AGY A7, kR
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B d3aA e A< #Ax 2dy, 75 2 ddEY 4L ¢
gol ozt A AAFeR s AEF AAo] o]FAL e Eob F shutolnh w
A A 347 AFAES e 550 FREe =Fo] HRHAL B AA} AFs=
Hi7b Bld T2 AES =EE o A YU olF =89 FEFE Y & #
A A7 Ee] HIFAL UEFHEY 2L ofolyolE: HESAVI & FHA A
et ECgene ©d mzady BAe AAZoz: ot dF Aty ART
Aok 2 Ao fHEP -9 ATEFL A2 FAB g 8k Al A7 =
1 F 959 AT7ARE aoksrl2 sk
8 §AA g2 ZzaYge fiEE UCSC genome center?] genome
sled AFER Ut} 7)ol alternative splicingol] FHE AL F7H3to
AHestd o3 2ot
7h @8] AMEE = # 24 prediction & annotation 23}
(1) NCBI¢] RefSeq¢} EBI2] Ensembl: most famous & widely used
(2) NCBIe| ] &3} GenomeScan: GenScang /4d Aoz 78 A& /-4
Z zg23¥% 1 AAE RefSeqd) XM A EE teed AHEH.
(3) UCSCe KnownGene Set: protein coding gene FAHY 3
TrEMBLS] ©¥13, GenBank2] mRNA ©]-§&)
(4) Fgenesh++: Softberry Inc. AF9] A AR
(5) Acembly: NCBI2] Thierry-Mieg Q749 AceView &3
(6) Twinscan: GenScan# H]$=3 HMM “'¥. mouse$} humanztol] HELS gene
prediction®] AR Z o] &%,
(7) SGP, GenelD: 2#219] GRIBoIA 7§ ab initio prediction. A2 =7} Eoi 3.
(8) Alt-splicing: UCSC ZgolA 743 th& FoA REHE alternative splicing

A} DB (SwissProt,

1}, Alternative splicing®]] ™3l annotation DB

(1) EBI2] ASD (alternative splicing database): Alternative splicing$ annotationd}”] $]
% 49 249 FAYY consortium. AHFA oA Fout Fe ATFIE
49¢ TEat 47 Zedez PEH Zzadgd @ Jauw o, A

o2 Fod ASe| W3t manual annotationg F7 g

(2) NCBI] AceView: &) reliability, coverage, annotation 4% )4 ECgened} g7 7}
2 ol DBE e, AS®ul ojulg}l ¢ulA ¢l genome annotationg 73

(3) UCLAS] C. Lee 18] ASAP (alternative splicing annotation project): AS #oF &
T A7A F § Ao alternative splicings] thdh JEEH ofuje} gy A7

I‘PFrmL
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=
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(4) =9 Reich 189 EASED (Extended alternatively spliced EST database): AS @4
o

Kol EST DBE A<l Gene modeling §1+-

t}. Alternative splicingoll Wit H19 F9 =+

(1) (Johnson et al. 2003, Science) Exon junction arrayZ Al-43}<] alternative splicingS

ZA13t9S. Human gene 10,0007§¢)] th3+ junction probeE A|Zstil 527 4] tissue
o} cell lineoj Al 2t probeo] W&L £33} alternative splicings XA 23 HA
74% <] A A7} alternative splicingS Hole Ao E #WH. o] AFdolge GEO
of FAHS gom IEHE 10,000742] FHX ] W alternative splicing]
patterni} A} £ expression levelg A7 I APE 4 F UL A=
44

(2) (Kapranov et al. 2002, Science) & (Kampa et al. 2004, Genome Research) <24

2197 294 gig tiling arrayS A3t 11709 cell lineo A doJAE HARA
ek A7 20029 FHEPL, 200430 2L WHPOE BAAS. A Tl
A 31%9ro] LEA FAAolm F7MZ 20% AE7F mRNA X+ EST SA7F A+
Uw)R] 49%7} novel transcriptlt] olE oA % B8 A A &2 RNA7I B&& 97
3} 71 3 A= unknown isoform?] ¥ ¥-o]AY} noncoding RNAY 7hsAdo] .
o] tiling arrayx G44A 2193} 2299 AN AHE HF 35 bp FHLE probing
328 probeE genomeo] mappingdl®d UE dHo/HZHEH AZF alternative
splicing candidateg 3 23 level 58 & S A2 A4H. 2+9] junction

array Ho]E}7} &2l RefSeq 10,00071¢] &2}z exon-intron ZAe] W3S &

tid, o dHolEHE BAo] & u oygAvt ¢HAA &L FHAY HIE B 5
A= ol AL ALE A4H.
(G) e dde =EEL alternative splicing® Ao #A ] 23 & £ review =

1
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