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Symbol

Full name

Function

fRNA functional RNA Non-cording RNA

MiRNA micro RNA

NCcRNA non-coding RNA mMRNA RNA

rRNA ribosomal RNA

siRNA small interfering RNA RNA

SNRNA small nuclear RNA RNA
snmRNA small non-mRNA NncRNA

SNORNA small nucleolar RNA RNA
StRNA small temporal RNA RNA
tRNA transfer RNA

hnRNA heterogenous nuclear RNA | MRNA A
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3.3

First Year
Pubmed
Terms Description Google Search * in
Search *
Pubmed
The full complement of genetic information both coding and
Genome non coding in the organism 1,510,000 70,970 1932
Proteome The protein-coding regions of the genome 65,600 1096 1995
The population of mRNA transcripts in the cell, weighted by
Transcriptome [their expression levels 5750 126 1997
Quantitative description of the physiological dynamics or
Physiome functions of the whole organism 3650 16 1997
The quantitative complement of all the small molecules
Metabolome |present in a cell in a specific physiological state 753 13 1998
Qualitative identification of the form and function derived
Phenome from genes, but lacking a quantitative, integrative definition 23,500 8 1995
The quantitative description of anatomical structure,
Morphome biochemical and chemical composition of an intact 205 2 1996
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organism, including its genome, proteome, cell, tissue and

organ structures

Interactome  |List of interactions between all macromolecules in a cell 168 1999
Glycome The population of carbohydrate molecules in the cell 7 1999
The population of gene products that are secreted from the
Secretome cell 100 2000
The population of mRNA transcripts in the cell, weighted by
Translatome [their expression levels 41 2001
Fluxome The population of proteins weighted by their fluxes 10 1999
The localization of various proteins, both in terms of cell
Localizome type and subcellular compartments 10 2001
Pseudome The population of pseudgenes in the cell 4 -
Ribonome The population of RNA-coding regions of the genome 11 -
The sum total of open reading frames in the genome,
without regard to whether or not they code; a subset of this
Orfeome is the proteome 418 -
Regulome Genome-wide regulatory network of the cell 36 -
The entire complement of molecules and their interactions
Cellome within a cell 27 -
The characterization of proteins with unkown biological
Operome function 17 -
The population of the gene products that are transported;
Transportome [this includes the secretome 9 -
Functome The population of gene products classified by their functions 18 -
The population of gene products classified by their tertiary
Foldome structure 11 -
unknome Genes of unkown function 4 -

3.2 OME TABLE (Gerstein Lab
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) 2 2
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HPLC HPLC/MS
3.6
ES Embryonic Stem Cell
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3.4 Metaborome

X NMR

(Metabolome)

0.1

(profiling)

- CE-MS
3.7
1,692
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1. Mendes, P. "Emerging Bioinformatics for the Metabolome”,

Briefings in
Bioinformatics 3(2) pp.134-45, 2002.
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3.5 RNA
1950 mMRNA tRNA
DNA
mRNA
2003
98% RNA...
1
(
2
RNA
(MiRNA) RNA (siRNA) RNA
DNA
RNA mRNA
SiRNA ( )
RNA (RNAI)
RNA
RNA

RNA
RNA

RNA RNA
RNA
DNA RNA
RNA ncRNA
)
RNA RNA
RNA RNA
RNA
RNA
RNAI
RNA
RNA
RNA
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RNAI
2002 Science Breakthrough of the year No.1

RNAI
3.5.1 RNAI
RNAI senseRNA antisenseRNA
2 RNA (siRNA) mMRNA
RNAI 1990
(C. elegans)
senseRNA antisenseRNA 2 RNA
2 RNA
1998 Fire
2001 Tuschl RNA
(Drosophila) 20 RNA
21

2 RNA RNAI

RNAI

1. C. Napoli et al. The Plant Cell, 2(4), 279-289 (1990)

2. A.R.wan der Krol et al The Plant Cell, 2(4), 291-299 (1990)
3. Al Fireetal. Nature, 391, 806-811(1998)

4. P.D.Zamore et al. Cell, 101, 25-33(2000)

5. S.M. Elbashir et al. Nature, 411, 494-497(2001)

3.5.2 RNAI

RNAI 2 RNA
RNA 2
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RNA

2 RNA  Dicer RNase RNA
siRNA
2 C )
siRNA RISC RNA-
2 siRNA mMmRNA
RISC siRNA
siRNA siRNA RISC
mRNA

1. E. Bernstein et al. Nature, 409, 363-366 (2001)
2.  S.M. Hammond et al. Nature, 404, 293-296 (2000)

3.53 RNA
RNA
RNAI 3
3531
( )
MRNA siRNA
MRNA
MRNA
off-target

Tuschl  (2001)

21

RNA 30
RNAI

MRNA



1. S.M. Elbashir et al. Nature, 411, 494" 498 (2001)
2. K. Ui-Tei et al. Nucleic Acids Res.,32, 936 948 (2004)

3,5.3.2
DNA RNA
RNA DNA
RNA
siRNA
in vivo
RNA DNA
(t- )
TOM (
) CEE (1-(2-
RNA
2i-
siRNA
DNA
DNA
RNA
DNA

RNA(shRNA) 3)

DNA

in vitro
RNA
2i- TBDMS
) ACE ( (2- )
)
RNase SiRNA
RNAI
1
RNA RNA
in vitro RNA
RNA
1)RNA
2)
RNA
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1)T7 RNA 2)T3RNA

RNA
in vivo
in vitro RNA DNA
DNA
RNA DNA
RNA
DNA
2) RNA(shRNA)
RNA
shRNA
shRNA
RNA
2)Pol Pol
Pol
1. J. Soutschek et al. Nature, 432, 173-178 (2004)
3533
RNAI RNA
RNA.I
RNA
Phase
RNA.I ( )
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RNA
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RNA
1)Pol



1. Leeetal. EMBO Journal, 21, 4663-4670 (2002)

2. S.Anetal FEBS Letters, 539, 111-114 (2003)

3. M.T. Lee et al. Journal of Virology, 77, 11964-11972 (2003)
4. C. Shen et al. Human Gene Therapy, 14, 1207-1212 (2003)
5. J.D. Hommel et al. Nature Medicine, 9, 1539-1544 (2003)
6. J.Yano et al. Clinical Cancer Res., 10, 7721-7726 (2004)

3.5.4
RNA RNAI

RNAI
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3541

3
RNAi
SiRNA
RNAi
SiRNA
RNAI SiRNA
35.4.2
mRNA
RNAI
RNAi
RNAi
RNAI
1
(HIV)2 C 34 B 5
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SARS 7 8 10

RNAI
siRNA
1 J.E. Garrusetal. Cell, 107, 55-65 (2001)
12 H. J.Arteagacetal. J Virol., 76, 12963-12973 (2002)
4
RNAI
RNAI
RNAI
RNAI
DDS(Drug

Delivery System)
13

RNAI

SiRNA

14

RNAI
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1. , 22(4), 485-491(2004)

2. R. Nelson Lancet, 361, 2214- (2003)

3. P.A.Zamore et al. Nature Med., 9, 266-267 (2003)

4. T. Yokota et al. EMBO Rep., 4, 602-608 (2003)

5. H. Giladi et al. Mol. Ther., 8, 769-776 (2003)

6. L. Gitlinetal. Nature, 418, 430-434 (2002)

7. R.Zhang et al. Chin. Med. J., 116, 1262-1264 (2003)

8. Q. Geetal. PNAS, 100, 2718-2723 (2003)

9. M. McCown et al. Virology, 313, 514-524 (2003)

10. M. McCown et al. Virology, 313, 514-524 (2003)

11. J.E. Garrus et al. Cell, 107, 55-65 (2001)

12. H. J. Arteaga et al. J. Virol., 76, 12963-12973 (2002)

13. J. Yano et al. Clin. Cancer Res., 10(22), 7721-7726 (2004)
14. T. Yokota et al. Biochem. Biophys. Res. Commun., 314, 283-291 (2004)
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4. RNA

4.1 RNA
411
RNA (miRNA siRNA snRNA  snoRNA
tmRNA mRNA ) -ome
RNA
411.1
MRNA rRNA

Millipore , YM-100
100 KDa

nt

<703 [fIZ—a—mwca  (ROLAFF

DNA

RNA

RNA

B [ B ]

A B

-+ e
7L 581 Ds! 40250 N
NG?
a ) (3,000 10 10 14000 [185, 95, 70
110 RRE H0000 @0 20 4000 50, 35, 20
a0 nZ%E8H o000 6O 50 H4000 20,12, 10
50 A—X& [so000 /125 100 14,000 [10,6,6

‘1 00 ‘%Eé ‘1 00,000 ‘300 ‘1 05

CMA/RMNA 24,15, -
800

4.1.1.1 1:single strand, 2: double strand DNA
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Roche
G-25 G-50

G-50 Sephadex Columns

@ Exclusion limit:
DNA:72 bp /RNA:72bp

® Recovery:
DNA: =90% / RNA: =80%

G-25 Sephadex Columns

@ Exclusionlimit
DNA:10-12bp/
RNA:10-12 bp

@® Recovery:
DNA: =80% / RNA: =80%

4111

Ambion , mirVana

Sample
Disruption
"""" AND
hd w
RMNA Protein
Lysate Lysate
‘OR :
v v
Bind on Bind on
Filter Filter
- AND -
ElulatE F”.ter o
: : Total RNA
! bt Including
Small RNAs Large RNAS Small RNAs
<200 nt =200nt Species

4.1.1.2 mirVana PARIS

micro RNA

29



total RNA

RNA
RNA
41.1.2
RNA
2
RNA
4,1.1.3
step 1 Gell, body
[whole body |- -+ J-===- -~ »{_embryo |
Nuclear
Nucleolar - - - - Cyloplasm «----- Organella
Nucleoplasm
RNA extract
step 2
‘ Large RNA (>1kb) |a----2----- R SmalIRNA(<1kb)|
poly(A)RNA | | | non-poly (A) RNA
(majority; mRNA) - (LRQ:FEIGF;T]&}:.)
step 3 KR O

2D-gel electrophoresis RNApregaration RNA ;

from cells of from cells of

Condition A Condition B
comparison of

—» expression profiles

identification of RNA species of each
spot by the sequence determination

novel RNA ncRNA catalog

4113 2
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total RNA

RNA poly(A) RNA tRNA
RNA
C. elegans
(A) M1 23 (B)
o 91 RNA spots 1D

600 —

bo

300
200 —

100 —

; 15 RNA
¢ bands

4.1.1.4 C. elegans 2

4.1.1.4(A) 3 50 nt
(R1) B 2 1
15 91
150 - 1,000 nt RNA snoRNA
( )
rRNA tRNA
( RNA
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4,1.1.3

RNA RNA
21 300 6,300
Sequence by Hybridization (SBH)

4115 SBH

at ccgat agct age
— gcgt at cgg_A- 969

at ccgat agct agcgaa

i 4 g, a t,c

at ccgat agct agcg
—— ctatcgaTl---

at ccgt;at agcia cg
— tatcgat G -- 4

al ccgat agctagcg
L at cgat cG - -

4.1.1.5 Sequence by Hybridization (SBH)

41.2
RNA MS

RNA SiRNA
(RNAi) miRNA 20
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41.2.1

4121
5§ DNA or
3i % * * 50 DNA or
4121
20-50 1
4121
DNA - DNA | DNA DNA pol . | TADNA
pol ynerase Tagq DNA pol yner ase
DNA - RNA | R\A T7 R\A pol yner ase
RNA - DNA Superscript (Invitrogen)
DUTP G/-dye (Anersham) A exa
(Ml ecular Probe) Botin
(Perki nH ner
4121
4122
DNA RNA
DNA RNA N N
G:C
4122
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41.22

RNA D. Proundnikov and A.
Mirzabekov, Nucleic Acid Research 24, 4535-4542 , 1996

RNA—P—Q Base
1 1. Hal0y c|>|-|.
RNﬁ—F{—o 0 ' 2. NHZNH-TMR +
by NaCNBH3
y
5
NH-TMR
HO OH
1. Hako,
4 4
= 2. HaN-CoH4NHZ am.—ir Base
NaBH4 |
3. FITC (SCN-TMR, Lot
SIE-TMR)
|
[} CaHgNH-Y
4.1.2.3 RNA

4123
Terminal transferase (DNA)
Poly(A) polymerase (RNA)
T4 RNA ligase (RNA, (DNA: )
T4 polynucleotide kinase (DNA & RNA)

(1) Terminal Deoxynucleotidyl Transferase (TdT)
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DNA  3-OH

3
miRNA cDNA
ddATP
(2)Poly(A) Polymerase
3!
RNA RNA
DNA
AMP ATP
ADP dATP UTP CTP ATP 5% GTP
ATP
0O 5 10 30 60
Poly(A) bases 0O 10 20 40 75
ATP
Poly(A) polymerase  TdT
Poly(A) oligodT
UCSC Lowe

(3)T4 RNA Ligase
5-p 3-OH
ATP
NpNpNOH 3'-OH
pNp 5 3DP
DNA RNA
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1 1
RNA miRNA
(Thomson et al Nature Methods 1  47-53  2004)
pCp 1 1
(4)T4 polynucleotide kinase
50 T4 polynucleotide
kinase
DNA RNA 5i-OH
1 1

4124 RNA

SiRNA  microRNA 1

1

4.1.3 RNA
4131

primer extension ligation
guantitative RT-PCR
RNA

4132

microRNA

miRNA
miRNA

mMiRNA Registry: www.sanger.ac.uk/Software/Rfam/mirna
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microRNA  siRNA
RISC 41.1

RISC

microRNA
Vertebrate microRNA genes. Lee P. Lim et al., Science 299, 1540 (2003)
Human microRNA targets. Bino John et al., PLoS Biology 2, 1862-1879 (2004)

Keystone

symposium: Diverse Roles of RNA in Gene Regulation
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4.2

RNA
4.2.1 RNA
( hidden Markov model; HMM)
(ncRNA
) (snoRNA
) NncRNA
NcRNA
4.2.2 ncRNA
NcRNA
stop codon

frame (ORF)

NncRNA

4.2.3 ncRNA
Gardner  Giegerich
RNA

38

NcRNA

coding potential (codon bias)

B

coding potential
open reading
NncRNA
tRNA

NncRNA
NncRNA

Sankoff



C RNA

Homologous RNA sequences

Plan A

Sequence
alignment

t—coffee
clustalw
prrn

|Aligned Sequences

Plan B
Sankoff
foldalign
dynalign
carnac
pmcomp Y

Simultaneous fold
and Alignment

Plan C

Fold
sequences

crystallography/NMR

MFE prediction

Homologous RNA
Secondary Structures

Fold Structure
alignment : alignment
pf0|d|.f Id : rnaforester
ﬁ?ﬁla' 9 y marna
‘ Aligned Structures‘
4.2.4
42.3 Plan Gardner
Giegerich RNA Sensitivity  Selectivity
Correlation
mean
o Number of
pairwise seq. Alignment
Data-set length . . Sequences Structure source
identity source
High | Med. | High | Med.
E. coli LSU 88.1 | 72.0
2904 11 11 Wuyts et al.l, | Cannone et al.,4
rRNA (0.12) | (0.35)
E. coli SSU 90.7 | 80.0
1542 11 11 Wuyts et al., | Cannone et al., 4
rRNA (0.08) | (0.21)
E. coli 815 | 67.1
377 9 11 Brown, 2 Brown,2
RNase P (0.09) | (0.42)
S. o )
o 84.4 | 60.0 Griffiths-Jones | Sundaralingham
cerevisiae 73 11 11
(0.19) | (0.72) etal., 3 & Rao, (1975)
tRNA-PHE

1. Wuyts J, De Rijk P, Van de Peer Y, Winkelmans T, De Wachter R: The
European large subunit ribosomal RNA database.,Nucleic Acids Res 2001,
29:175-177.

2. Brown J: The ribonuclease P database.,Nucleic Acids Res 1999, 27:314-314.
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3. Griffiths-Jones S, Bateman A, Marshall M, Khanna A, Eddy SR: Rfam: an
RNA family database. Nucleic Acids Research 2003, 31:439-441.

4. Cannone JJ, Subramanian S, Schnare M, Collett J, D'Souza L, Du Y, Feng B,
Lin N, Madabusi L, Muller K, Pande N, Shang Z, Yu N, Gutell R: The
comparative RNA web (CRW) site: An online database of comparative
sequence and structure information for ribosomal, intron, and other RNAs.
BMC 2002, 3:2

4.2.4.1 PSTAGs

(Pair Stochastic Tree Adjoining Grammers, http://www.dna.bio.keio.ac.jp/pstag/ )

1

RNA RNA
RNA  Pair HMMs( )
PHMMTs Pair HMMs on Tree Structures
Context-Sensitive Grammer( ) Tree Adjoining Grammer
( ) RNA
Binary URL
http://www.dna.bio.keio.ac.jp/pstag/
Rfam ver5.0( www.sanger.ac.uk/Software/Rfam/ ) 3 RNA
Specificity  Sensitivity
Leiden PseudoBase,
http://wwwbio.leidenuniv.nl/~Batenburg/PKB.html Specificity =
TP/(TP + FN) Sensitivity = TP/(TP+(FP-¢ )) TP(True Positive):
FN(False Negative):
FP(False Positive): ¢ FP
RNA 4.2.1
Name Ave.length number of description
Sequences
Corona_pk3 62.9 (62 664) 14 Coronavirus 3'UTR
pseudoknot
HDV_ribosome 89.1 (87 6 91) 15 Hepatljus delta virus
ribozyme
Tombus_3_1V 91.2 (890692 18 Tombusvirus 3'UTR region 1V
4.2.1 RNA
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RNA PSTAG Specificity
Sensitivity 4.2.2
Specificity (%) Sensitivity (%)
Name
Average (° std.dev.) | worst Average (° std.dev.) worst
Corona_pk3 95.5°5.0 72.2 94.6 ° 5.0 72.2
HDV_ribosome 95.6 ° 5.1 815 94.1°5.6 815
Tombus_3_IV 97.4 ° 60. 76.0 97.4°6.0 76.0
422 PSTAG
"PSTAG" "PHMMTS"
"Clustal o W" 3 HDV_ribozyme
Specificity  Sensitivity 4.2.3
Method Specificity (%) Sensitivity (%)
PSTAG 88.9 96.0
PHMMTS 46.4 52.0
Clustal - W 25.9 28.0
4.2.3
RNA
ILM ( Iterated Loop Matching) PSTAG
Specificity  Sensitivity 42.4
HDV _ribozyme T™MV

Specificity(%)

Sensitivity(%)

Specificity(%)

Sensitivity(%)
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PSTAG 88.9 96.0 92.0 92.0
ILM 100.0 82.4 80.0 80.0
4.2.4 PSTAG ILM



Non-coding RNA PSTAG

Local Structure Alignment

1 Hiroshi Matsui et al, IEEE Computational Systems Bioinformatics Conference
(CSBi04), 290, 2004

4.2.42 Scarna
(Stem Candidate Aligner for RNA http://www.scarna.org/ )

RNA ( Stem Candidate
Sequence, SCS) 3 5 2

SCS
Scarna Time
Complexity O(L2)

4243 SOKOS
( Software for Kernel Computation Over SCFG,
http://www.cbrc.jp/~taishin/repo/sokos/)

RNA 2 RNA
RNA Context Free Grammar ( )
RNA Stochastic
Context Free Grammar Marginal count kernel (MCK) 42.1
3 25 Ala-AGC, 26 Asn-GTT, 23 Cys-GCA  GtRDB
http://rna.wustl.edu/GtRDB/ tRNA  SOKOS PCA

2nd order MCK
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Kernel PCA tRNA 3-class problem Kemel PCA tRNA 3-class problem

st order MCK 2nd order MCK

5 T T T T T T T T T 2ﬂ T T T T T T T T T
4+ = - 15 +%+:+ -
3t LRI 10 . SR S

[ ] " o [ ] ™ &
2+ L " . Dunn B 5 : ...l 2 L
1 - R 0 ., 1

u " o +t oy m,
0r " ++++*'+I':"w‘ S Enm " : 7
n | | + | |
1k : [ ] ... - o +?E: | A0 [ ] ] Du x N
- i B o by

2 i A5 | 8 -
3t ) 1 -20 7 " e

A 1 L L L L L 1 L L 25 L 1 L 1 L L L 1 L
6 5 4 321401 2 3 4 30 25-20-15-10 -5 0 5 10 15 20

421 SOKOS PCA
4244 PlanA
Sequence alignment
t-coffee

(http://igs-server.cnrs-mrs.fr/~cnotred/Projects_home_page/t_coffee_home_page.html)

multiple sequence alignment Protein
DNA multiple sequence alignment
ClustalW (http://bess.u-strasbg.fr/Biolnfo/ClustalX/)

multiple sequence alignment

prrn (http://www.cbrc.jp/~gotoh/softdata.html)

doubly nested iterative refinement method protein DNA
global multiple sequence alignment
URL
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=A
bstract&list_uids=10463075)

Fold alignment
pfold (http://www.daimi.au.dk/~compbio/rnafold/)
SCFG Fold alignment Knudsen&Hein
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=A
bstract&list_uids=10383470) 500 Web
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Sensitivity  Selectivity Correlation
66-100%, 89- 100%, 0.77 8 1.0%
RNAalifold (http://www.tbi.univie.ac.at/~ivo/RNA/)

free-energy  covariation measure Folds alignments Vienna
package O(NN"™2+n"3)
O(n"2)(N: n: ) web
(http://rna.tbi.univie.ac.at/cgi-bin/alifold.cqi) Sensitivity  Selectivity
Correlation 57 891%, 57 6 100%, 0.57 6 0.95

ILM(Iterated Loop Matching) [http://www.cs.wustl.edu/~zhang/projects/rna/ilm/]

pseudoknot Sensitivity Selectivity
Correlation 31 0 100%, 26 875%, 0.29 6 0.86
HXMATCH (http://www.tbi.univie.ac.at/papers/SUPPLEMENTS/HXMATCHY/)
RNA pseudoknot

thermodynamic covariation information

maximum weighted matching algorithm

MIfold (http://www.lcb.uu.se/~evaf/MIfold/)

matlab pseudoknot
4245 PlanB
Sankoff
Sankoff Oo(n™M3m}) Oo(n™{2m})
n: m: Sankoff

Foldalign (http://www.bioinf.au.dk/FOLDALIGNY/)
CONSENSUS CLUSTAL

o(L™M
N~4)  O(L™4 N)(for N sequences of length L) . Sensitivity  Selectivity
Correlation 5 824%, 23 8 36%, 0.11 6 0.27
Dynalign (http:/rna.urmc.rochester.edu/)
Sankoff 2
"full energy model* comparative information
Oo(L"3 M”™3) L M:
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Sensitivity  Selectivity Correlation 32-54% 33-54 0.32-0.54
CARNAC (http://bioinfo.lifl.fr/carnac/)
Cofolding RNA alignment . Sankoff
o(n™2) C
carnac carnac Sensitivity

Selectivity Correlation

45 90 71%, 92-100%, 0.65 & 0.82

pmcomp / pmmulti (http://www.tbi.univie.ac.at/RNA/PMcomp/)

RNA  pairwise alignment

pmcomp folding
RNAfold -p

pmmulti
progressive multiple alignment

perl

o(L"N4)
Stemloc (http://dart.sourceforge.net/)
DART(DNA/AmMINo/RNA Tests)
RNA

Sankoff
ComRNA
clique
pseudoknot
Sankoff
Sankoff

4246 PlanC
Fold sequences

Crystallography/NMR
RNA NMR

progressive multiple alignments
Sankoff's algorithm

pre-computed base pair probability matrices

pmcomp
wrapper
C
o(L"™3)
"envelopes”
RNA
RNA

Furtig B, Richter C,

Wohnert J, Schwalbe H., "NMR spectroscopy of RNA", Chembiochem. 2003 Oct

6;4(10):936-62.

MFE prediction _Single sequernce RNA folding algorithms

Single Sequence
Mfold, RNA fold, Sfold

Minimum Free Energy(MFE)

Mfold (http://www.bioinfo.rpi.edu/applications/mfold/)
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Mike Zuker MFE RNA
Oo(n™3) 0O(n"™2) n: Zuker RNA

RNAfold (http://www.tbi.univie.ac.at/~ivo/RNA/)
Vienna RNA Package RNA
Sfold (http://sfold.wadsworth.org/srna.pl)
partition function
probabilities
Single sequence RNA folding algorithms (http://www.tbi.univie.ac.at/~ivo/RNA/)

Structure alignment
RNAforester (http://bibiserv.techfak.uni-bielefeld.de/rnaforester/)

forrest alignment RNA
Web Sensitivity Selectivity
Correlation 29 0 67% 2 -67% 0.26080.66
MARNA (http://www.bio.inf.uni-jena.de/Software/MARNA/index.html)
RNA
edit operations 2 Web
Sensitivity  Selectivity Correlation 29 -

52 0.30 6 0.65

General structure search
RNAProfile (ftp://www.pesolelab.it/pub/RNAprofile/)
RNA

ddbRNA
(http://Iwww.tigem.it/Research/Personal%20Web%20Page files/dibernardo/DiBernardoP

ersonalWebPage.htm)

o(n™2) n:

QRNA (http://selab.wustl.edu/cgi-bin/selab.pl?mode=software)
(BLAST)

RNAZz (http://www.tbi.univie.ac.at/~wash/RNAz/)
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RNA

MSARI (http://theory.lcs.mit.edu/MSARI/)
RNA URL
(http://wvww.pnas.org/cgi/content/full/101/33/12102)

Family specific searches
tRNAscan-SE (http://selab.wustl.edu/cgi-bin/selab.pl?mode=software)
99% tRNA false positive
15Gbase 1 30 kb/second
snoscan
C/D SnoRNA

MiRscan (http://genes.mit.edu/mirscan/)

C. elegans/C. briggsae 50
mMiRNA
snoGPS (http://lowelab.ucsc.edu/snoGPS/)
H/ACA  snoRNA

RNA homology search/gene-finding
Infernal (http://www.genetics.wustl.edu/eddy/infernal/)
RNA

RSEARCH (http://selab.wustl.edu/cgi-bin/selab.pl?mode=software#rsearch)

RNA local alignment

FastR
(http://conferences.computer.org/bioinformatics/CSB2004/PDF/004 Bafna V_Zhang_S.

pdf)
RNA
Web

COVEMEF (http://www.lcb.uu.se/~dave/COVEMFE.html)
S.R.Eddy COVE( )
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Covariance model
Zasha's CMs (http://www.cs.washington.edu/homes/zasha/research.html)

RNA covariance model(CM) HMM
CM RNA

URL
(http://bio.cs.washington.edu/supplements/zasha-InfernalSpacemanSpiff/)

Others
RSEARCH (http://selab.wustl.edu/cgi-bin/selab.pl?mode=software#rsearch)
RNA local alignment

PHMMTS (http://phmmts.dna.bio.keio.ac.jp/phmmts/)
RNA

PSTAG (http://bicluster.dna.bio.keio.ac.jp/pstag/)
RNA PHMMTS

Graph kernel (http://helix-web.stanford.edu/psb05/karklin.pdf)

RNA dual graph graph kernel

( )SOM

SOM SOM cDNA

non-coding coding
H13 H16.10 pp35-38
4.2.5 RNA
Nucleic Acids Research pubulic
2005 Michael Y., Galperin, Nucleic Acids

Reseach, 33, Database issue, D5 719 RNA
sequence database 34

URL Datambase Full name URL

16S and 23S rRNA Mutation Database
16S and 23S ribosomal RNA mutations
http://www.fandm.edu/Departments/Biology/Databases/RNA.html
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5S rRNA Database
5S rRNA sequences
http://biobases.ibch.poznan.pl/5SData/

Aptamer database

Small RNA/DNA molecules binding nucleic acids, proteins

http://aptamer.icmb.utexas.edu/

ARED
AU-rich element-containing mMRNA database
http://rc.kfshrc.edu.sa/ared

Mobile group Il introns

A database of group Il introns, self-splicing catalytic RNAs
http://www.fp.ucalgary.ca/group2introns/

European rRNA database

All complete or nearly complete rRNA sequences
http://www.psb.ugent.be/rRNA/

GtRDB
Genomic tRNA database
http://rna.wustl.edu/GtRDB

Guide RNA Database
RNA editing in various kinetoplastid species
http://biosun.bio.tu-darmstadt.de/goringer/gRNA/gRNA.html

HI1V Sequence Database
HIV RNA sequences
http://hiv-web.lanl.gov/

HuSiDa
Human siRNA database
http://itb1.biologie.hu-berlin.de/~nebulus/sirna/
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HyPaLib
Hybrid pattern library: structural elements in classes of RNA

http://bibiserv.techfak.uni-bielefeld.de/HyPa/
IRESdb
Internal ribosome entry site database

http://ifr31w3.toulouse.inserm.fr/IRESdatabase/

microRNA Registry

Database of microRNAs (small non-coding RNAS)

http://www.sanger.ac.uk/Software/Rfam/mirna/

NCIR

Non-canonical interactions in RNA structures

http://prion.bchs.uh.edu/bp_type/

NcRNASs Database

Non-coding RNAs with regulatory functions
http://biobases.ibch.poznan.pl/ncRNA/

NONCODE
A database of non-coding RNAs
http://www.bioinfo.org.cn/NONCODE/index.htm

PLANTNcRNAS
Plant non-coding RNAs
http://www.prl.msu.edu/PLANTNcRNAS

Plant snoRNA DB

SnoRNA genes in plant species

http://bioinf.scri.sari.ac.uk/cgi-bin/plant_snorna/home

PolyA_DB
A database of mammalian mRNA polyadenylation

http://polya.umdnj.edu/polyadb/
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PseudoBase
Database of RNA pseudoknots
http://wwwbio.leidenuniv.nl/~Batenburg/PKB.html

Rfam
Non-coding RNA families

http://www.sanger.ac.uk/Software/Rfam/

RISSC
Ribosomal internal spacer sequence collection
http://ulises.umh.es/RISSC

RNAdb

Mammalian non-coding RNA database

http://ncrna.bioinformatics.com.au/

RNA Modification Database
Naturally modified nucleosides in RNA
http://medlib.med.utah.edu/RNAmods/

RRNDB

rRNA operon numbers in various prokaryotes

http://rrndb.cne.msu.edu/

siRNAdb
siRNA database and search engine

http://sirna.cgb.ki.se/

Small RNA Database
Small RNAs from prokaryotes and eukaryotes
http://mbcr.bcm.tmc.edu/smallRNA

SRPDB
Signal recognition particle database
http://psyche.uthct.edu/dbs/SRPDB/SRPDB.html
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SSU rRNA Modification Database
Modified nucleosides in small subunit rRNA
http://medstat.med.utah.edu/SSUmods/

Subviral RNA Database
Viroids and viroid-like RNAs

http://subviral.med.uottawa.ca/

tmRNA Website

tmRNA sequences and alignments

http://www.indiana.edu/~tmrna
tmRDB
tmRNA database

http://psyche.uthct.edu/dbs/tmRDB/tmRDB.html

tRNA sequences

tRNA viewer and sequence editor

http://www.uni-bayreuth.de/departments/biochemie/trna/

UTRdb/UTRsite

5'- and 3'-UTRs of eukaryotic mRNAs

http://bighost.area.ba.cnr.it/srs6/
RNA

RNABase
RNA-containing structures from PDB and NDB
http://www.mabase.org/

SCOR

Structual classificaiton of RNA: RNA motifs by structure, function and terialy
interaction

http://scor.lbl.gov
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ribosomal RNA tRNA tmRNA
non-coding RNA Rfam RNAdb NONCODE

Rfam (http://www.sanger.ac.uk/Software/Rfam/, Sam Griffiths-Jones, et al., Nucleic
Acids Research, 33, DataBase issue, D121, 2005) the Wellcome Trust Sanger

Institute, and Washington University, St. Louis. joint project

Releasel.0 55,000 25
Release6.1 379
non-coding RNA
SCFG DataBase non-coding RNA
4251
splice NcRNA Ul

spliceosomal RNA U7 small nucleolar RNA Group Il catalytic intron  U23 small

nucleolar RNA SL1RNA SL2RNA U2 spliceosomal RNA U212 minor spliceosomal

RNA U4 spliceosomal RNA U5 spliceosomal RNA U6 spliceosomal RNA U7 small

nuclear RNA U19 small nucleolar RNA  U83/U84 small nucleolar RNA  U93 small

nucleolar RNA  U50 small nucleolar RNA  Small nucleolar RNA U6-53/MBI1-28
U2 spliceosomal RNA
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Genomes

This page allows you to query Rfam for keywords. You can enter multiple words
separated by whitespace into the box and these will be implicitly joined with a

Keyword SearchjSequence Search| Browse Rfam |

Genomes

i Accession number: RFODD04
&
9 - U2 spliceosomal RNA
W g el
% .‘“‘ JG.:E"-“ U2 is 3 smal nuclear RNA (smRNA) component of the splicensome (involved in pre-mRNA spiicing), Complementary binding
-ng...;u;:ﬁﬁ = between U2 srRMNA (In an area lying towards the 5' end but 2’ to hairpin 1) and the branchpoint sequence (BPS) of the
_mﬁgﬁ ‘. intron results in the bulging out of an unpaired adenosine, on the BPS, which initiates a nucleophilic attack at the intronic 5'
1,0 b 5 splice site, thus starting the first of two transestenfication reactions that mediate spicng.
i
g
‘!‘t‘ u: ‘sﬂ‘ -
] i &,
o RNA

| Comsensus secondary structure for
famnily U2, Cick the picture for an

| enfarged image, or hers for more

| Information.

Get alighnment RNA

Alignment

Member sequences Species Distribution

 geed (77) © Ful (513)  Seed (77) © Ful (513)

I 1 1l k vl
Format ]GUIUured Blocked alienment ;I View Members | Tree depth ;| Show all levels

View Species Tree
Get alignment
Help relating to Rfam alignments here
4.25.1 Rfam

54



© || Curated from literature j Species:ﬂnm Filtered >| | Hew Artic

\After Filtering: 75 Noncoding category: [Not Fitered I || shod mono0n

: | ==7 | termed as: ncR
Antisense: [Not Filtered =l .
‘ Search |[spiice Disease-associated: [Not Fittered =] e
I

RNA Solgy
® Phylogenet
and computati
entification ¢
micoRMA gt
Beresnoy etal
2008

cen

® Dark matte

D
Select iLm117 ‘Homo sapiens testis transcript Y 7 arzii Homo idanos ot
(TTY7) mRNA, partial cds, | sapiens frasscription ¢

Genbank Source

accession

Sequence Description Species

| ‘alternatively spliced. i A
Select :LI'I‘HIB %Homo sapiens testis transcript Y 7 !Amzm Homo literature i
(TTY7) mRNA, partial cds, ‘ sapiens
alternatively spliced. , . e
Select ||LIT1119 ‘Homo sapiens TTTY22 mRNA,  aFsz2id Homo literature Scientist
| partial sequence. | sapiens News from |
{ | " o | i )
‘ Select | LIT1275  Homo sapiens DLEU1 noncoding |sp219660 Homo literature l::e;:
| [trancerint MOAILY | canienc | b k”‘jﬂ
13

4.2.5.2 RNAdb

RNAdb(http://research.imb.uq.edu.au/rnadb/default.aspx, Ken C Pang et al., Nucleic
Acids Research, 33,D0125,2005) (mammlian) ncRNA
Karolinska Institutes IMB(Institiute for Molecular Bioscience,
University of Queenland)
NcRNA(tRNA rRNA spliceosomal RNA ) 800 2/3
mMiRNA  snoRNA
GenBank accession numbers
species references chromosomal location transcript length splicing status
conservation notes function disease associations antisense relationships imprinting
status and tissue expression patterns FAMTOM?2
H-Invitational DataBase = cDNA 20,000 ncRNA
Blast
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4.3

RNA
ribosomal RNA tRNA RNaseP
RNA
RNA
RNA
RNA
RNA
MRNA
RNA(microRNA ) RNA
RNA
43.1
RNA RNA
RNA
RNA DNA Chip
Ambion microRNA
set array
microRNA
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RNA

RNA
20

RNA
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mirYana™ miRNA Labeling Kit mirYana™ miRNA Probe Set

5 3 5 3MH,
21-22nt
Polyr Ay Polymnerase Print Probe Set to Slide
/amjneNTijx
5 NNNMNNNNNNNNNN 3 ’5
NH
= Couple CyDye é=o
7 T T T T T & ECD .::E C’E':':'
5 TR S IRTRIRI RN RIS I8 W T el
\ miRMNA Array
3 /
Hyhbridize overneight
NH
=0
] L [ =]
f— p—] — o
Lo fm— —
4.3.1 Ambion mirVana™ miRNA Labeling kit mMiRNA
RNA
microRNA microRNA
pre-miRNA 45-60mer
mMiRNA  pre-miRNA
miRNA
Affymetrix  Tiling array transcript
microRNA RNA
microRNA RNA-DNA
hybrid adaptor PCR 50 T7-promoter
adaptor in vitro transcrption
microRNA
2004 RNA,10:1813-1819 PNAS
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101(26):9740-9744 total RNAS5 7u g microRNA
array total RNA

()
100

in situ hybridization

4.3.2
RNA
RNA cDNA
RNA polyA
RNA
Alexnader Huttenhofer
experimental RNomics small nonmessenger RNA
RNA 20-500nt  RNA
polyC  3i
cDNA
filter
RNA
boxC/D  snoRNA
Lynx Therapeutics ( ) MPSS(Massively
Parallel Signature Sequencing) MPSS
DNA
4.3.2
mRNA
17-20 signature MPSS
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4.3.2
MPSS Signature
100
Signature
Signature
Signature
p-value p<0.001
30-40 tmp 2 200 tpm
40%
MPSS RNA
Lynx 4.3.3 small RNA
MPSS
small RNA 5§ 17-20

17-20
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100  tpm 4.3.4

Scheme for Small RNA MPSS Library Construction
TP Small RNA ~ OHz

D 5 RMA adapter ligation

5 NEEN I smallRNA OHo

_B 2" adapter ligation

5' S GHN Small RNA I SN
e
B Fewverse transcription
i SfaNI SFaNI =
B PCR amplchatlun
y e EeaeS e
= — — =
B ZFaMI dlgestlnn
o oWl
5.’
D Fill in with dCTP
5.’
S e s
ﬂ Ligation into Wector
by 3
. F

B = REMA adapter or primer
== D& adapter or primer Q (o]
f“

O w%ﬂ

Marmal MPSS steps, including PCR amplification, bead loading, and
bead sorting, The MPSS sequence of small RHAz starts after the
GATC resulting from SFaM I digestion,

4.3.3 MPSS small RNA
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Small RNAs From Arabidopsis Flowers

Omb 5 .10 15 .20 25 .30Mb

Man height indicates 100 TPM; red bar indicates =5S00TPM

4.3.4 RNA
MRNA polyA cDNA
EST cDNA
RNA
cDNA polyA
RNA

H.Kiyosawa et al. Genome Research, 13: 1324-1334, (2003)

4.3.3
RNA RNA
RNA
RNA
MALDI ESI
ESI
RNA
RNA
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RNA
RNA
RNA
LC/MS/MS
RNA DNA
RNA
RNA
RNA
RNA
RNA
RNA
RNA
434 PCR
RNA
microRNA pre-miRNA
microRNA
microRNA

RNA RNaseT1

ESI MS
RNA
LC/MS
RNA RNA
RNA
RNA
DNA
RNA
ESI
in silico G
RNA G RNaseT1
RNA AUGC 4
MS/MS RNA
non-coding RNA
RNA PCR
microRNA
pre-miRNA PCR
PCR RNA
pre-miRNA
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T. D. Schmittgen et al, Nucleic Acid Research, 32(4): e43, (2004)

4.3.5 Invader
Invader Third Wave SNP
4.3.5 invader oligo
fragment
High Throuput Third Wave
microRNA 4.3.6
50-100ng total RNA 1,000

H. T. Allawi et al. RNA, 10:1153-1161 (2004)

' Site of cleavage
L] F-hp ;
WT Prohe

Primary Invader® Oligo ¥
: 5 I
Reaction .,

l Cleavage

Released 5° Flap 1

5 I T |

H

WT Target DNA

Site of cleavage

Secondary
Reaction l da>

L

3

FRETE Cassette 1

l Cleavage
Fluorescent Signal

4.3.5 Invader
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Site of cleavage

/ Probe

Invasive oligo

miRNA
4.3.6 microRNA invader
4.3.6 Ribozyme
Michael Famulok microRNA ribozyme
microRNA
molecular beacon
1 insitu  invivo

J. S. Hartig et al, J.Am.Chem.Soc. 126:722-723,(2004)

RNA microRNA
MPSS  Tiling array
MRNA microRNA
RNA
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4.4 RNA

441
1960

1981 tRNA

Pro.Natl.Acad.Sci. 78 5493 1981

DNA

RNA

1966

RNA
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RNA
(Ohtsuka, E. et.al.,

RNA



56- Detritylation
50

Coupling
30
50
3 Capping
5
4 Oxidation
441
DNA RNA
4.4.2 RNA
RNA DNA
3 5 -OH 2i-OH
RNA
iIGENE
SIRNA 4
4 2 RNA(short hairpin (sh)RNA)
SiRNA RNA
SiRNA 2
2 RNA
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T7 RNA RNA
1 2
DNA
shRNA DNA 2 ShRNA
GGG
2 SiRNA 3i
2 DNA TT
3i TT
T
AG
AU TT
siRNA SiRNA RNA.I
siRNA Tuschl 21-23 mer
Bohula 21-27 mer
IGENE 25 mer
shRNA
G (RNase T1)
2 G 5§ GGG
RNA shRNA dsRNA
shRNA 2
dsRNA
2 G RNaseT1 SsiRNA
oLl A e
o o P

|| EEEAREE T |

ITELTEETTT vl prUpbe ﬂ“”;l
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STEPL. DNA DNA
ShRN\A DNA
STEP2. hsR\A €L €]
STERS. hRNA
STEP4. G (R\ese T1)
G
STES. AH 0 €L L]
STEFG.
dsR\A
STEFY. si RNA
44.2 iGENE dsRNA
Ambion City of Hope National Medical Center and Beckman Research
Institute dsDNA
( 44.3)
Anneal
DMNA Oligos
T Terset Seavence (Serse) STEPL. PR DA
Filenow "
Pol)l?r:t:'asc STE:Q 2 17
e e STEP3. K enow
Transcribe with
Polymerase
STEP4.  T7 RNA pol yner ase

6w GEE—"—_ W

Sense RNA J Antisense RNA
\\f"# STEPS.

Hybridize
STE6. Qrerhang pol yG
B mearr
RNaétlaeE'iglejs;iun,
4.4.3 Ambion dsRNA
RNA
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RNA RNA

5 3 20 3 3i 5i-OH

DNA
5i-OH

(Reese, C.B. et.al., J.Chem.Soc., Perkin Trans. 1, 4875, 1975)
RNA DNA 2j-OH
RNA
2-OH

2 -1,1,3,3-
(Markiewicz, J. Chem.
Res. (M) 181, 1979)
-Nn- t-
tBDMS , Ogilvie, K.K. Can. J. Chem. 56, 2768, 1978

N- 5i-O-DMTr
3i-
20 (Reese, C. B., Tetrahedron Lett. 2567, 1965)
3i 5
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3i-O-
2,4,6- N-
2-
99 95% 3i-O-
(Scaringe,S.A., Nucleic Acid Res., 18, 5433, 1990)

(Hayakawa, Y., Tetrahedron, 57, 8823, 2001)

(Lyttle, M. H., Nucleic Acid Res., 24, 2793, 1996)

tBDMS
tBDMS Bu4dNF Et3N 3HF
2
3
(2)
2i-0O- 20
o 5 Base
_Bu o
t-B \S/ |
1
By >0 oH itam2
Base
HO— 0
2,
HO O
B s
444 RNA 2
RNA
pH2 2 25 20 36-50

Morgan,MA et.al., Nucleic Adids. Res. 23 3949 1995
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RNA

50 mer

5%

Dharmacon, Inc. IL USA 20 orthoester (2i-ACE)
RNA
RNA 1
20
RNA RNA
RNA RNase RNA
2 6
invitro
RNA RNA
2
LC-MS
RNA
HPLC
4.4.3 RNA
RNA RNA
RNA
RNA RNase
2i-OH
RNA RNA
2i-OH
2-OMe
2i-OH RNA RNA
Kaufmann J. 2i-O-methyl RNA
dsRNA
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100 mer

RNA

100 mer

pH3.8

ACE

RNA

HPLC

DNA

dsRNA



Nucleic Acids Res. 31 2705 2003

RNA BioSprings Greiner- bio-one
26-O-methyl RNA
RNA
RNA
O-CH2CH2CN
RNA
SiRNA 30 mer
RNA 5 2 5
J. Wengel
17 70%
siRNA
2i-OMe 3t 5§
2i-OMe RNA
SiRNA RNA
DDS
RNA
RNA

Alnylam US  Dr.Mano Manoharan(vise president ISIS ) ISIS

RNA 1
444 RNA
Sirna Therapeutics Alnylam Pharmaceuticals Acuity Pharmaceuticals
siRNA Sirna Therapeutics Acuity
Pharmaceuticals Phase |
RNA
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Alnylam Pharmaceuticals 2004 11
(2005 )
26-O-methyl phosphothionate
95 CL 17.6 mL/min 0.5 mL/min
ApoB-Cho-siRNA 50 mg/kg ApoB

Nature 432 173 2004
Sirna Therapeutics Alnylam Pharmaceuticals RNA

Acuity Pharmaceuticals  Avecia Biotechnology Inc.

RNA
DNA RNA 20
RNA 10g Avecia
20 15
1.2
RNA
RNA SIRNA
RNA RNA
RNA RNA  DNA
2sy
DNA
DNA
DNA RNA
mer DNA DNA
Affymetrix DNA 20 mer
RNA
RNA 2i-OH tBDMS
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SiRNA
RNA

Kd 1y M

T1/2 6

70%

SiRNA

ABI

30



Darmacon

ACE TOM-S

RNA Avecia Proligo
Proligo GLP Darmacon 10g
Avecia
80%
Acuity SiRNA SiIRNA 80%
90%
100%
RNA
RNA
RNA
DNA 40mer
polyU
RNA
HPLC 25mer 1-2
50mer

DNAPack™ PA-100 column DIONEX

10g

TOF/MS
MALDI
RNA

RNA

DDS

200nm
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2i-OH

RNA

HPLC

Avecia

MALDI

RNA/



RNA

RNA
Microfluidizer
AFM(Atomic Force Microscope)
in vivo RNA
RNA
RNA RNA
RNA
siRNA
RNA RNA
1 2 RNA
20mer
DNA RNA
RNA
RNA
50mer RNA microRNA
SiRNA RNA
RNA
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DNA

35

1mer 55
kg

2004
18,000
15 12
17
1

76

1 mer
DNA
GMP RNA
2 DNA
DNA
16

2003
1986



5. RNA

5.1 RNA

5.1.1 Affymetrix
(Santa Clara, CA URL: www.affymetrix.com, www.affymetrix.co.jp.)

Affymetrix
a)
b)
c)
RNA RNA (ncRNA)
RNA
5.11.1
John Blume, VP, Wxpression Research
Affymetrix
Size (U m) 12.8 mm? 96-well (x 6 mm?2)
11 1,354.000 28,561,983
5 6,553,600 138,240,000
163,840,000 3,456,000,000
Affymetrix
1 10 (PM: Perfect Match)
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MM: Mis-Match

5pum
ENCODE(ENCyclopedia Of DNA Elements:
www.genome.gov/ENCODE/) Tiling Array
1pym
2-3
6
Affymetrix

EnsGene, GeneScan, TwinScan
cDNA EST mRNA

brand-new
4 Exon
Array 4-6 25 mer
Junction Array
Tiling Array
aRNA (cRNA) cDNA
TdT DNA

RNA

GPCR (G-Protein Coupled
Receptor)

1/3

78



Secondary experimental follow-up options
RACE(Rapid Amplification of cDNA Ends) PCR(Polymerase Chain Reaction) N-mer

array ( re-sequencing SBH )

5.1.1.2 Tiling Array
Phillip Kapranov, Staff Scientist 11

2003 The National Human Genome Research Institute (NHGRI)
ENCODE Affymetrix
Tiling Array 35 bp
Tiling Array 5bp 10 Chr. 6,

7,13, 14,19, 20, 21,22, X, Y pseudogenes, low
complexity repeats feature

91

ChlIP-chip
RNA

dlnterrogating the Genomeé

Encode 8
RNA
poly(A)
unannotated 13,Y 70-80% ounannotatedd
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unannotated

onovel transfrag (transcribed-fragment

RACE
(intergenic)
Tiling Array RNA
Tm
Tiling Array

Array: whole genome: human, mouse

Human promoter array

poly(A)
mRNA
)6 768

(intronic)

MiRNA

Affymetrix
RNA

Model organisms: Arabidopsis, Drosophila, Yeast (pombe, cerevisiae)

20,000

Software: GTRANS algorithm tool (Tiling array

Genome browser for visualization

Assays and protocols: whole transcript assay: random primed cDNA syntesis

Chromatin IP - amplification - labeling

Affymetrix

Affymetrix
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cDNA

RNA
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5.2
5.2.1 microRNA ( miRNA)

mMiRNA Non-coding
RNA Rfam ( Release 5.1, Dec 2004) 1,420
mMiRNA 222 mMiRNA
196 miRNA  mRNA
mRNA mMiRNA

mMiRNA
MiRanda (Bino John et.al, Human MicroRNA
Targets ,PLoS Biology, 2, 11, €363, 2004 )

5.2.1.1 Miranda (http://www.microrna.orq)

Memorial Slon-kettering Cancer Center Anton J Enright Drosophila
mMiRNA MicroRNA targets in Drosophila, ome
Biology 2003, 5:R1 miRNA

521 mRNA 3'UTR (b) miRNA(a)
Phase 1 Vienna Library
(d) (1) miRNA
(2) miRNA 3 5'
(asymmetry) (3) G:U wobble base pair 5 (G:U wobbles)
5.2.2

Vertablate miRNA

82



(a) (b)

3 UTRs (e)

Drosophila D. melanogaster  D. pseudoobscura
miRNAs

A. gambiae

miRNA
targets

3 UTR Predicted 3’ UTR
[ FAaAAAAA [ PAAARAA
(¢) miRanda aigorithm . (d)
Phase 1 Target selection - dynamic weighted complementarity Post-processing

miRNA  3*

GUGUUG- -GUCG- - AUUGGUGUGACGGU 5' / Phase 3 Cross-species conservation analysis \
Taraet FIFel LEEE T=] THETETTT
arget 5¢ aacae TAGCAACGCTGCCA 3! Gtmeianogmiti

et — S AAAAA
Match Score: 115 = :
Phase 2 Thermodynamic analysis - Vienna library

D. pseudoobscura
| S I CE—MhAAAAA
AR S RN E RN QRN EAR S P
=1 24— hAAAAA
AG = -23.7 kcal/mol

\ J
~ \ Target site conservation
=

(A.,J.Enright et al., Genome Blology 5:R1, 2003 )

521
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Human 24,261 Human 162
Mouse 24,948 Mouse 191
Rat 21._2?6 microRNAs Rat 45_

Zebra fish 20,038 Zebrafish 192
Fugu 35,180 Fugu 174

Complementary
sites?

e

Human Mousa & Zahra fish Fugu
target rat target target target
sites sites sites sites
. Qi¥halogs . Orthologe?
5 Position of targat sies? 2 Target i
arget conservation >90% More than 1 target site?

More than 1 larget site?

Mammalian Fish
targets targets
2,273 1,578

Drthalogs?

Vertebrate
targets

240

John B, , et al., PLoS Biol 2(11): e363. ,2004

5.2.2
Vertablate Fish  3'UTR miRNA
240
http://www.microrna.org 5.2.3
MiRNA
MiRNA miRNA

windows Mac Linux
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Which miRNAs Gene function
regulate a gene? w(EnsembI)

See all conserved microRNA hits for a gene
Enteragenenames| o | Gene ID

 Open internal links in new windows

Submit Query

Targeting miRNAs

ENSG00000107105 (ELAVL2): ENSEMBL:

hsa gene: ENSG00000107105

ATy

5’ UGAGCUCUUGUCCUC]

CLLULLELLTEE LT ]

5’ UGAGCUCUUGUCCUCAGUCCAUUUAUAUAUG]
4:immu-miR-184

See all genes hit by a microRNA

microRNA name: miRNA ID g o T8
~ Open internal links in new windows z A i z i
Submit Query 3 S AL 5 m N £
Which genes are Targeted genes miR(l;lq,?: r“r;;ilies
regulated by a miRNA?
5.2.3
5.2.2 microRNA ( miRNA)
miRNA miRNA
miRNA
Lee P, Lim
MiRscan  MiRseeker
mir-184
-
100%
P,llrll rf\ II/-. 755
I‘-. ! M fi A d l"II ’
= f_ﬁj! : et J\l' NP A WAV R -ﬁ¥ 50%
BIgE567  BI0ZEES BAB3207 B3RE527 BIgaRAT B204167 333487 BAE4BOT B385127 BEFEAAT
| — "—-J‘-M—H—H-F“HHWJHJH."—EqHFHw.
e ',:_1.:_.'_.:_;4..;-;—:..#;
Unstructured sequence Conserved stem-loop
(Eric C Lai, et al., Genome Biology 4: R42, 2003
5.24
Howard Hughes Medical Institute Eric Lai Drosohila  MicroRNA
Genome
MiRseeker 5.2.5 D. melanogaster
D.psuedobscura Y

MiRNA

85



miR-184 miRNA stem & loop
miRNA  precursor
70 6100
MiRseeker 5.24
(1)2
(2)miRNA stem & loop (3)mMiRNA
110 miRNA
1% miRNA
I O miafanogasior (anodnd L, .| D, prspdeabioura ganomd
12OF 5 D00 B v ARy (i RS0 g SO B 0 W
Align conbos [AVED) |
1. Mdanilily 229 ngremacts (20504 milfin
conserod —'—‘
mglons ’
| Exclute annolatons
| 583 bin sigrac ¥ 3 b noncndeg URA |
|
Eximct conporvod sequence
m‘mbmvﬂﬂmﬂmm
Fold and scone Both strands of D regions
2. kantily APE 00 Fleass
and rank |
a-ioogs Fold andg soore top 5% D supac-regions in Do WLHBLAST Anapfusies
Pl it st o by v v (124 i 5oy 806 e L e T
Assess DmDp lor posantial miRkA |
7 misthesiated frartest mishcn « 10 mixiachdes frtam ko (I B Ro 11T [
2, Evalpaia T
pasiern af 'E-ﬂ:llmln D Dp dwangencs patiom
o 9 e 124 n-r:dun:
(Eric C Lai, et al., Genome Biology 4: R42, 2003
525
MiraScan White Head Institute Lee P. Lim
MiRseeker 2
miRNA miRNA Lau et al.
Lee and Ambros 50 miRNA

MirScan C.elagans miRNA The micro RNAs of Caenorhabditis

elagans, Gene & Development, Lee P, Lim et. al, 17, 991 6 1008, 2003 Vertebrate

MiRNA Lee P, Lim, Vertebrate MicroRNA Genes, Science, 299,
1540, 2003  Vertebrate 255 miRNA
MicroRNA
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53

NcRNA
5.1.1
ncRNA
ncRNA
531
DNA
2004
1,000
S/N ncRNA
5.3.1
5.3.1 2004 9 17
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DNA

DNA MPEC
Multipule Primer Extension on Chip DNA
DNA
MPEC
- atM pM
NncRNA
5.3.2 MPEC
MPEC% DRE
R EICEELLTEDNAZFE 1098 H1(41L
=, BIEDNASFEAERY 23T : r— 209490 T+HH
A TE Je Bk LML
E{EDNAFHEEIEET, MUFET DONAMER E

HAER
Li=dutP&
R AS—F
A5

DNA Primer# EIRTYT EorRTFvd HIATYS E1RATYT
i EIZEEEL BEDNANES BADNALBHAL DNAHfZSE BEDNAN RO
DNA Primerhifi & DNA Primer&fg s

g Sumitomo Bakelite Co..Ltd.

5.3.2 MPEC

15 NEDO

BDF:Base discriminating fluorescent nucleobase

BDF
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BDF

5.3.3

R RAOTFHE

b Target DNA
N\
i\
b
:ﬁi B | EERE
g
b L \'\ /
%
Probe Oligomer

4

Ly, G, FITEG éna_

? Q{get DNA
\ Q

g | L

= Target DNAE Z A HEd S B L
-EECEETIT—¥P i

5.3.3 BDF
HP
http://www.sbchem.kyoto-u.ac.jp/saito-lab/123newbase.html

5.3.2
ncRNA

ncRNA NcRNA

GE 2003 1 500
NIH 2003

FCS: Fluorescence Correlation Spectroscopy
5.34
Glucocorticoid Receptor: GR

5.35
NncRNA

90



(ALV5000/E)

(30mm)

<0.5mwW
3 Objective
IF x40
1A P
b U [ “om
514.5nm
i
F
g
>590nm

e

N.A. 1.2 \

B R

1'?E3 001 01 1
/msec

B T

10100 1000

10 100 1000
/msec

534

B

535

1E3 001 01 1 10 100 1000

/msec

FCS

91

FCS

C

10 100 1000
sec

1E3 001 01 1
/m:

0'?E3 001 01 1 10 100 1000
/msec




5.3.3 LC/MS RNA

30

RNA
RNA

24

RNA
RNA

Vol.22 N0.9 2003, 945-950

LC/MS

92

500

96

RNA



6. RNA

RNA ncRNA 2004
RNA RNA
NcRNA
NcRNA
RNA
6.1
RNA
RNA RNA Fire US6506559
“ RNAI” “ siRNA”
RNA
50
M&A Alnylam

Fire (US6506559) Tuschl
US20020086356 W002/44321

6.1.1 Fire US6506559
1997 12 23 2003 1 14 1

1. A method to inhibit expression of a target gene in a cell in vitro comprising introduction
of a ribonucleic acid (RNA) into the cell in an amount sufficient to inhibit expression of the
target gene, wherein the RNA is a double-stranded molecule with a first strand consisting
essentially of a ribonucleotide sequence which corresponds to a nucleotide sequence of the
target gene and a second strand consisting essentially of a ribonucleotide sequence which
is complementary to the nucleotide sequence of the target gene, wherein the first and the
second ribonucleotide strands are separate complementary strands that hybridize to each
other to form said double-stranded molecule, and the double- stranded molecule inhibits

expression of the target gene.
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in vitro’

6.1.2 Tuschl 1 US20020086356
2000 3 30 1
1. Isolated RNA of from about 21 to about 23 nucleotides that mediates RNA interference
of an mMRNA to which it corresponds.
21 23

2004 10
Isolated RNA of from about 21 to about 23 nucleotides that has sequence
correspondence to an mRNA and mediates RNA interference by directing cleavage of the
MRNA to which it corresponds.
2005 1 Final Rejection

6.1.3 Tuschl 2 WO002/44321
2000 12 1 1

1. Isolated double-stranded RNA molecule, wherein each RNA strand has a length from
19-25 nucleotides, wherein said RNA molecule is capable of target-specific nucleic acid
modifications.
2. The RNA molecule of claim 1 wherein at least one strand has a 3' overhang from 1-5
nucleotides.

3ioverhang RNA

6.1.4 Fire Tuschl 1
6.1.4.1
Fire Tuschl 1
21-23 Fire
Fire “
25 13
Fire 25
6.1.4.2
Fire “Iin vitro'’ “in vivd'
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in vitro’

Fire
Fire Tuschl
“In vitro’
“Invivo'
6.1.5
2
SiRNA
in vivo DATA
6.1.6
Fire Tuschl
353
6.1.6.1

1B/ R ES EHE- BEA i s
USE506559E1 Carnegie Institute of WashingtoniFire) 19971223
US20020114784241  |Medical College of Georgia Research Institute 19550128
EF11445238 Ribopharma AG 1585901 30
WOZ001 65836 Genetica 20000316
LS8 0020086356 Al Whitehead Institute for Biomedical Research 20000330

{Tuschl}
WOO244351 A2 Mz Planck Gesellschaft 50001 201
(T ushl?

LS200300277834A1  |Cancer Research Campaign Technology 19551119
US200301 53515941 [The Leland Stanford Junior Unive rsity 20010723
WO2Z00301 205242 |[Carnegie Institute of Washington eto. 20010730
WOZ0040077184A2  |Max Planck Gesellschaft 20020710
US20020 7347841 |The Trustees Of The University OF Pennsylvania 20001114
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6.1.6.2

/ /
US6686463 Sirna 20010825
US6590093 Dharmacon 19980227|ACE
2002-371095 20010614{TOM
US6573099 Benitec 19980320
W02004065613 Max Planck Gesellschaft 20030117
W02003091433 20020426
Leland Stanford Junior RNA
W02003093430 University 20020503 SIRNA
. RNA
US20040038278 New England biolabs 20020812f .
SIRNA
6.1.6.3

L/ T ES LA E=xd A

US200301 57691 Calfornia Institute | »orgmq g |LEOD L RO EESE
of Technology
USZ0040023350 University of [OWA | 20020805 |pol T promoter@fBES L2~ 98—
US2004001 3008 MirLs 2002070 MR LS MORUNT A A SRS
2 |

W2 004065601 Almylam 20030121 |lipophilic srourEB e SdsRMNA
WIOZ003093445 Mucleonics 20020506 |2 LD iR a2 A R
WOZ0040259213 MLT 20020928 3;;;;; Y= ERGEESRTS
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6.1.6.4

6.2

RNAI

97

LR/ SES EHE-HEA | E5hH ednd
S20040025275 Ambion 20020810 |siRNAD R OF LRz INEIRE
. RrABERERRZEHID $HA =4 FHLy
US200302 28651 Mirus 2002051 7 ey
WO2004031 201 WIT 20021001 |BOFIRIR A E
WOZ004045543 Dharmacon 20021114 |Boy &R A&
WOZ0031 00093 ISIS inovation 20020628 |BCEIRIR A&
Us200401 71118 City of Hope 20030213 |AF 1T 5 HE
N
WOD4 76663 giﬁm”“‘mﬁﬁ 20030227 |DNAXT I EEEEH|
US200301 14408 =il 67 20011116 |RMNAIEMHD 13874
hassachusetts
WOZ004088532 Eenzyme 20030505 |siRMAG L - ®IE RIS AL
6.2.1
6.1.5
RNA RNA
RNA




Alnylam

oe 14-50

Tuschl3

Genetica 2123

Georgia
fish

6.2.1 RNAI

6.3

6.3.1 Fire
6.1.1

Tuschl1/2

30 overhang

Genetic inhibition by double-

US6506559 19971223) 4 anded RNA

(

in vitro

RNA interference pathway
W00129058 19991015|genes as tools for targeted
genetic interference

In vivo production of small
WO02003006477 | 20010712]interfering RNAs that mediate
gene silencing

Specific inhibition of gene
W02003012052 | 20010730]expression by small double
stranded RNAs

15-40

Facilitation of RNA

US20030114409 | 20011119 interference

RNA RNA
RNAI
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6.3.2 Tuschl

6.1.2
RNA sequence-specific mediators of _
WO00175164 20001201 RNA interference 21-23
RNA interference mediating small RNA 19-25
W00244321 20001201 molecules overhang
WO02003006477 | 20010712 |[In vivo production of small interfering
RNAs that mediate gene silencing
W02003029459 | 20010928 |Micro-RNA molecules miRNA
RNA-interference by single-stranded RNA
W02004007718 | 20020710 RNA molecules 14-50
Compositions for RNA interference and .
US20040203145 | 20020807 methods of use thereof siRNA
Systems and methods for selection and
LHOEIIRTEAI | A design of short interfering RNA
US20040192629 | 20021104 |Allele-specific RNA interference
Inducible small interfering RNA(SiRNA)
WO02004065613 | 20030117 |expression constructs for targeted gene
silencing
RNA interference by palindromic and 15-50
LIHIIEIEEEEY | A labelled RNA molecules
6.4
SiRNA
/
/
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7.1 RNA
7.1.1 siRNA
B-Bridge, Inc
B-Bridge International Inc. (A California Corporation)
2000 2
395,000
siRNA
/ /
/ /
639 North Pastoria Avenue, Sunnyvale CA 94085 USA
2000 2 B-Bridge International, Inc.
2001 2 4320 Stevens Creek Blvd San Jose CA
2001 10 Dharmacon
2002 6 Adiponectin ELISA Kit
2002 7 B-Bridge RNAI
2003 1 DRCA
2003 2 Stanford Avocel  Stanford
Mark Kay
2003 8 639 N.Pastoria Ave. Sunnyvale CA
2003 10
2004 5 Avocel RNAI Benitec Ltd. M&A
2004 9
2004 11 RNAI siSolutions
2004 12
2004 12

100



SiRNA 50% RNA

siRNA 5
SsiRNA
TOM ACE TOM
DNA
2,3
1,000 SiRNA
validate SIRNA
siRNA DNA
1/20 2.5mg/kg
50mg/kg Alnylam Pharmaceuticals, Inc.
SiRNA Alnylam Pharmaceuticals, Inc. MIT
27mer  blunt end dsRNA
GeneChip 5
5 25
GeneChip dsRNA
7.1.2 ncRNA

Biomolecular Engineering Department Todd,
M., Lowe(Assistant Professor)

Non-Coding RNA Dry Wet
snoRNA(small nucleolar RNA: RNA) C/D box H/ACA box
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RNA in siloco C/D box

H/ACA box Chox D
box H box  ACA box RNA
SNORNA Computational 1,000
100 DNA
SNoRNA Northen Blotting
PCR DNA
3D 3D
Non coding RNA( RNA)
NcRNA
RNA RNA
Ribosome Structure and Function HARRY
NOLLER, Director, Center for Molecular Biology of RNA RNA Splicing Manuel

Ares, Jr., Professor, Dept. of Molecular, Cell and Developmental Biology = Regulation of
Alternative Splicing ( Alan M. Zahler - Associate Professor, Dept. of Molecular,
Cell and Developmental Biology ),Non-coding RNA gene finders and experimental
genomics (Todd Lowe - Assistant Professor, Dept. of Computer Engineering)

Genomics and Bioinformatics (David Haussler - Professor, Dept. of Computer Science)

7.2

7.2.1 SiRNA -1

RNAI RNA(short interfering RNA)

siRNA siRNA siDirectE
( )RNAI

SiRNA

SiRNA (i)5i GIC (ii)3i AU (iii)3i
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7 A/U rich (iv) GC 7.2.1
siRNA Class la
{ii) G/C (1if) AU rich
(iv) - () Aau
No long GC stretch
7.2.1 siRNA
siRNA
5 K RNA
K A/U RNA
siRNA  3j
mRNA 1 RNA RNAI
RNAI
siRNA 2 DNA
Class la RNAI
RNAI
RNAI 10 RNAI
RNAI
siRNA mRNA
RNAI
SiRNA off-target
3 off-target
SiRNA off-target 7.2.1
Refseq 99% GC
(Class la )
off-target
off-target
7.2.1 RNAI
off-target
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off-target non-redundant

Refseq  Unigene

Alps
Refseq
siRNA  off-target
siRNA
siRNA
siDirect RNA.I
7.2.2 SiRNA -2

(EGFP) mRNA(720 ) siRNA
702
ORF
siRNA siRNA
RNAI
siRNA RNAI 3
RNAI
RNAI siRNA
siRNA iIGENE
NEDO off-target
siRNA siRNA
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7.3
7.3.1

Affymetrix

N.V.
1992

Affymetrix GeneChip

1980
PA. -
1991 Affymax
Affymetrix Affymetrix
Healthcare

NIH NHGRI(National Human Genome Research Institute)
ENCODE(Encyclopedia of Human DNA Elements)
1%

5bp 35bp

non-coding RNA

rank test
2003 Annual report
DNA

RNA
Affymetrix

30Mb(44 )
ENCODE
tiling array 10
tiling array 91 alternative splicing,
tiling array
web
wilcoxon signed
2003 $ 300 billion 2002 +10 billion

tiling array  exon array
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RNA RNA (ncRNA)
ENCODE
ENCODE
RNA poly(A)
RNA
10
2-3
RNA RNA
7.4 RNA
RNAI
NcRNA
74.1 C RNA
7411
C (HCV) 1970 A B
A B
1989 HCV
HCV 1 RNA
PEG-IFN )
IFN
1b IFN

106

RNA

(IFN)

RNA

(
HCV



107

C HCV HCV
HCV 70% HCV HCV
HCV 65%  70%
HCV 20~25%
HCV 16 69 86.2 70
HCV 150 HP
HCV
HCV HCV
(%)*1 ( )*2 ( )*3
16 19 0.13 743 06
20 29 021 1793 26
30 39 0.77 1659 89
40 49 1.28 1655 148
50 59 1.80 1909 241
60 69 3.38 1480 350
9239 86.2
*1:1995 2000 348.6 2000
HCV
*2: 2000 16 19 15 19
*3: HCV 70%
74.1 HCV
HCV
HCV 9.6kb 1 RNA 9kb ORF
5 3 ORF % 3
50 30
o P7 IN?Z NS4A NS4B o
nov  rna Jcle][e |1 wss || | nssa| wsse |
74.1 HCV



RNA

RNA
siRNA
RNA RNA RNA
DNA
HCV
RNA 1 2
HCV
11
30
20% 15%
1b ( 70%)
2a ( 20%) 2b ( 10%) la
la 1b 2a 2b 3a 3b
5 8%
4 5%
HCV
IFN

HCV

44%

64%

18%

7.4.2 HCV
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HCV

la
1b la+1b
10~15%
IFN
7.4.3 HCV
7412 HCV RNA
HCV RNA

* RNAI * Ribozyme
— Nucleonics — SiRNA(Ribozyme)
— Benitec — Immusol
— Alnylam (Ribopharma) — Washington Univ.
— SIRNA (Ribozyme)

* Antisense « Aptamer
- ISIS - EXRINGEATRR

Benitec
Benitec ddRNAIi(DNA directed RNAI) Benitec
Stanford Junior University siRNA Avocel
HCV 5§
Nucleonics
Nucleonics eiRNA(expressed inhibitory dsRNA) HCV
3i Dr. Charles Rice
RNA California
DNA construct Wyeth Pharmaceuticals co-exclusive

Nucleonics
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Benitec Nucleonics RNAI

Benitec (US6573099) Necleonics
Nucleonics Benitec
SiRNA Chiron corporation WO0411647
5§ Eli lilly WO00316572 SiRNA
Ribozyme WOO0370750 50 Alnylam Ribopharma
WO00465601 NS3 3i
RNA 3612551
NS3
HCV
7.4.1.3
siRNA RNA HCV
HCV
SsiRNA
siRNA SiRNA
HCV siRNA
DNA DNA
SiRNA

QOL(Qality O Life)
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T—o7—*—FEE

TN :
DNAF v T T ;C%égfgiyﬁ "
AR TEYETE ¥
EHARIICIRE
744 HCV
RNA
RNA RNA
RNA
RNA
RNA
RNA
RNA RNA
RNA
RNA 1
74.1.4
SiRNA

SIRNA
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7.5

RNAnetwork

7.5.1 RNAnetwork

19
2500
Bayer
Freie Universitat Berlin Erdmann
RNA
Erdmann RNAnRnetwork
president
vice-president Erdmann
2000
BioTop
Erdmann RNAnRnetwork 10 6000
1/3 1998
RNAnetwork
RINA RIiNA 25 15 Erdmann
RINA
Charite
Ganten Erdmann Charite
Charite ncRNA

ncRNA

RNAI
ncRNA

112

1990

10

CEO



7.5.2 RNAnetwork

7.5.2.1 Erdmann, Professor of Freie Univeritat (Free University), Berlin
Erdmann RNA RNA
RNA

. protein bioreactor

. antisense- and ribozyme-strategies

. high-affinity RNA molecules (aptamers and spiegelmers)
. In vitro selection of artificial ribozymes

. chemical synthesis of nucleic acids

. crystallization of RNA-molecules

~N o oA WN P

. matrix-technology
0Network of RNA technologies in
Berliné Freie University Freie Univ.
RiNA
Freie Univ. Univ. Humboldt Charite
RNA Freie
Univ. American donation of cancer research (NFCR) 6Cancer research

center in Berling Erdmann

Erdmann RNA
RNA
RNA

55 rRNA crystal of the
Helix A of Thermus

flavus and ..the atomic structure of the Helix

7.5.1 RNA (5s rRNA) RNA
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7.5.2.2 RiNA GmbH./RNAnetwork

RiNA Erdmann  head of Board 2
RNA
RNAnetwork
RiNA 2
RNAnetwork
in vitro QIAGEN
2

Company Profile
RiNA GmbH
1988
Takustrasse 3 13195 Berlin  Germany
CEO L.W.Tristan
Board Erdmann Eckstein Riesner Spinzel
RNAnetwork
RNA
RiINA Freie Univ. Charite Univ.
Hamburg Max-Planck MDC DRFz
QIAGEN Shering Sanofi-Aventis

60% 40%
European regional development fund 21.7
2004 2007 17
RNA Spiegelmer Noxxon
RiNA
Erdmann board
RNAnetwork
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Humbolt Univ.

Charite
RNAnetwork

30%
IT
RNAnetwork  40%
world-wide
5%
RiNA QIAGEN
in vitro

7.5.2.3 Charite (University hospital)

1710
(1818
Medical
3,000 (49 clinics)
125,000/
900,000/

Institute
>1 /
4,000
2,500
280 (103: Charite
Ganten  Medical

CEO

Humbolt Univ.

RNA

University Hospital )

177: Freie Univ.

Institute

Molecular medicine

Erdmann

RNA network
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Freie Univ.

Charite
RNAnetwork
RNA
exclusive
closed
=

1710 The “Pest House” is constructed

1727 A new floor is added during
conversion to a hospital.

1785-1797 The “Pest House” is torn down
and replaced by a new late-baroque
building with three wings
(OId Charité)

1831-1836 The “New Charité" is built
with departments for mental illness,
syphilis, and a prisoners’ ward.

1830 The first German pediatric hospital is

built.
1832 A nursing school is established.

1836 The smallpox facility with isolation
ward is built, with an obstetrics ward
and midwife school added in 1856.

1856 The first pathology department is
established.

1896-1917 Nearly all the old buildings are

torn down, and the Charité is rebuilt
in red brick.

1912 The Berlin Institute of Dentistry
(Dental Clinic) is built on
Invalidenstrasse.

After 1945 The Charité is rebuilt after
20% of the buildings are completely
destroyed, 40% seriously damaged,

and 30% slightly damaged.

1959 A new tumor clinic is built.

1960 A dermatology clinic is built.

1982 A high-rise is built for surgical clinics
and patient treatment wing, as well
as the Central Polyclinic.

1995 Renovation begins on the Internal
Medicine Clinics | and II.

2000 A new building is constructed on the
Charité grounds for the Max Planck
Institute of Infection Biology and the
German Rheumatology Research
Center.
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Biotechnology in Berlin-Brandenburg 2003/

Scientific Excellences

Forsch fiir P

GKSS Forschungszentrum

MDC fiir Molekulare Medizin
TFH Berlin

Robert Koch Institut

Deutsches Herzzentrum Berlin
Charité Campus Mitte

Charié Campus Virchow Klinikum
8  MPIfiir Infektionsbiologie

9 Deutsches Rheuma Forschungszentrum
10 Humboldt Universitat Berlin

11 Technische Universitat Berlin

N o v s W -

12 Freie Universitat Berlin
13 Charié Campus Benjamin Franklin
14 Institut fiir angewandte Chemie e.V.
15 MPI fiir Molekulare Genetik
21 Universitat Potsdam 16 Konrad-Zuse-Zentrum fiir Informationstechnik
2 hes Institut fiir Ernal hung DIFE 17  FHG fiir angewandte Polymerforschung
23 FHG fiir Biomedizinische Technik - AG chromogenePolymere
- AG MolekulareBioanalytik 18  Humboldt Universitat Institut fiir Chemie
24 TFH Wildau 19 MPI fiir molekulare Pflanzenphysiologie
25  Charité Campus Berlin Buch MP! fiir Kolloid- und Grenzfléchenforschung
20  FHG fiir Angewandte Polymerforschung

3

7.5.2.2 Berlin Charite (7 13 25) Freie Univ. (12)

7.5.2.4 Biotop, Berlin-Brandenbrug
BioTop -

5000
1000
RNA 3000 1800

4500 80%
1/3
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7 110,000 m2

165 60%
- 3,000
2003 31
8 2 3 13
2005 2006
7.5.2.5 Noxxon PharmaAG.
Noxxon RNAnetwork
RNA Spiegelmers
D-RNA L-RNA
RNA
75.2.3 L
D
D RNA RNA D 25 mer
SELEX
L RNA L
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