n

n

n

Kapitel 4: Genom-Datenbanken

Nukleotidsequenz-Datenbanken
— Ausgangsproblematik
— Beispieldatenbanken

Kartierungs-Datenbanken
— Genomkarten
— Beispieldatenbanken

Genexpressions-Datenbanken
— Ausgangsproblematik
— Beispieldatenbanken

— Projekt GeWare, Universitat Leipzig (E. Rahm et al.): Data warehouse design and implementation
to support gene expression analysis
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Sequenzdaten
n Technische Herkunft: Wer, wann, wie, Methode, ...

n

n

n

n

Biologische Herkunft: Clone, Organismus, Linie, ...
Literaturreferenzen

Fehlerraten

Sequenz als Kerninformation

Informationen (Features) zu Sequenzteilen
— Location: Start -Ende, Genau -Ungenau

— Key: CDS (Coding Sequence(s)) , Repeat, RNA-Strukturen, homologe Sequenzen, Marker, Exon/
Intron Boundaries, Funktion, Motiv, Polymorphismus, ...

— Qualifier: Erganzungen, z.B. kodiertes Protein, Regulationsmechanismen, ...

M
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IDGH
GOV

Nukleotidsequenz: Rohdaten

n Daten (ber den Sequenzierprozess
— Geraterohdaten (Spektren, Sequenzen)
— Benutzte Programme
— Labordaten (Maschinen, Personal, Datum, ...)

n NCBI Trace File Archive

n Viele Sequenzier-Center
— Sanger
— University of Washington
— Celera
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Nukleotidsequenz-Datenbanken:
Beispiel-Datenbanken

n European Molecular Biology Laboratory (EMBL) am European Bioinformatics In-
stitute (EBI)

n Los Alamos National Laboratory seit 1979; GenBank am NCBI (National Center f
Biotech. Information)

n DNA Data Bank of Japan: 1986; DDBJ am NIG (National Inst. of Genetics)

n Zusammenschluss in der "International Nucleotide Sequence Database Collabora-
tion" (seit 1988)

— Téaglicher Datenaustausch
— Lokale Datenbank jeweils verantwortlich fur eingebrachte Sequenzen
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EMBL-Datenbank EMBL: Grolie

n Erste (seit 1982) und derzeit groRte europaische DNA-Sequenzdatenbank (am Eu- n Release 76 (Sep. 2003) total el efides (pigabases)
ropean Molecular Biology Laboratory in Hinxton, England) n Stand Nov. 2003

— 46,389,602,205 Basen in
32,049,770 Records

— Uber 100 000 Spezies vertreten || :
% e —---III

FESEFPFEFE S EFEFEFEFTE T
http:/Avww3.ebi.ac.uk/Services/DBStats/ (Gigabase = 10° Basen)

n Datenquellen
— Lokale Forschergruppen

— Uberregionale Sequezierungs-
projekte

Gbases

n Verfugbarkeit (als viertel-
jahrlich  publizierte Re-
leases)

— Flatfile

— SRS (Sequence Retrieval Sys-
tem mit proprietdrem EBML-
Format)

e

— XML (BSML = Bioinformatic Sequence Markup Language)
— Oracle Dump Files

* http://www.ebi.ac.uk/embl/
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EMBL: S Verteilun EMBL: S B |
. OPEZIES erteriung . OPEZIES el1spiele
3 Genomes Pages - VIRUSES - Mozilla EENEE]
File Edit View Go Bookmarks Tools Window Help
FERLE T
; Q- Q Eed
© QO @ =l] 2.5earch| W@ -
Back. Forward Print
vone | Csccknarts |
Nucleotide sequences || Gol ol
L-EBI :
EEpeuniBicnrarmeticsTnstiore CEcEER
4@1 (O EICREE PN VIRUSES
X
S No. Description SQ?\;I;gm Genome Proteins
Bacteria
1 (AKV murine leukemia virus 8,374 J01998 | SRS FastA
- Eukaryota
- Organelle 2 Abelson murine leukemia virus 5,894 J02009 |SRS FastA
- Phage 3 Abelson murine leukemia virus 5894 |  AF033812 |SRS Fasth
* Plasmid 4a Abutilon mosaic virus subgenome DNA A 2629 X15883 | SRS FastA
* Viraid 4b Abutilon mosaic virus subgenome DNA B 2,585 X15984 | SRS FastA
R 5 Aconiturn latent virus 8,657 | ABO51848 |SRS Fasth
ciLinks 6 Acute bee paralysis virus 9491| AF150829 SRS Fasth
* Preteomes 7 ol ted 1 4,718 AF063497 | SRS FastA
Adeno-associated virus X SRS Fast
W Homo saplens WAL Other Organisms OMus musculus * Fasiad Server ——— —
- Genomes MOT 8 Adeno-associated virus 2 4679 AF043303 |SRS FastA
ODrosophila mefanogaster WA mbidopsis thaliana EDanio rerio 9 [Adeno-associated virus 2 4675 1301 [SRS Fastn
i i i i 0 5 H H 10 Adeno-associated virus 3 4726 U48704 | SRS FastA
B Ciona intestinalis OOnzasativafaponicd) DORattus norvegicus ated
" Adeno-associated virus 38 4722 AF028705 | SRS FastA
W Gallus a allus OZea mays 12 |Adeno-associated virus 4 2,767 U89790 | SRS Fasth
13 Adeno-associated virus 6 4,683 AF028704 | SRS FastA
14 /Aedes albopictus densovirus 4176 X74945 | SRS FastA
15a African cassava mosaic virus DNA 1 2,779 JO2057 | SRS FastA
15b African cassava mosaic virus DNA 2 2,724 J02058 | SRS FastA
16a  |African cassava mosaic virus-{Cameroon] component A 2777 AF112352 | SRS FastA
16| African cassava mosaic vins-[Cameroon] component £ 6| aFiizasa SRS Fasa
[ & 2 @ @] oone
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EMBL: Beispieleintrag (Entry-Model)

Global idenl:iﬁel’\A

1D HSIGHAF standard; RNA; HUM; 1089 BP.
Lo b
Accession id—— X 500231:
. . XX
Local identifier & ——»|n1 g1ss041

version
Description: free—
Keyword: free ™,

17-DEC-1994 (Rel. 42, Last updated, Version 6)

Human Ig gamma3 heavy chain disease OMM protein mRNA.

C-region; gamma heavy chain disease protein;

Eukaryota; Metazoa; Chordata; Vertebrata; Mammalia; Eutheria; Primates;
1

1-1089
MEDLINE; 82247835.

Taxonomy: ctrl ! -~

References: —
redundant
X-Ref: free —

Comment: free 7

GDB; 119339; IGHG3.
GDB; GOO-119-339.

The protein isolated from patient OW is a gamma heavy chain
cos 23. .964

/codon_start=1

567112

Feature: partly ctrl/
Sequence——

BEI01I8; 39 8325852 8RR95

Sequence 1089 BP; 240 A; 358 C; 271 G; 176 T; 44 other;
CCTGGACCTC CTGTGCAAGA ACATGAAACA NCTGTGGTTC TTCCTTCTCC TGGTGGCAGC 60
TCCCAGATGG GTOCCTGTCCC AGGTGCACCT GCAGGAGTCG GGOCCAGGAC TGGGGAAGCC 120

(C) Prof. R. Miiller, Prof. E. Rahm 4-9

EMBL:

A Irc h | - S;fver ’: Reference info I @/
— . S
tektur =i _
Sequence info
EmBL| - . | ——
server | | Location info | DB
I -f e
[ Feature info |
— ¥ O
Taxo ‘ Taxonomy info |
server |

[—— Package

-+ Dependency
[ Database

The database partitioning. The database is divided into five
main packages: Sequence Info, all general information about
sequences; Feature Info, detailed sequence annotation;
Reference Info. bibliographic references; Taxonomy Info, the
taxonomy of the organisms from which the sequences were
obtained; Location Info, representing locations on sequences.
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EMBL: UML-Modell (Ausschnitt)

Enirylnfa

- string
=nirynfe | version : long

SID is the cumrent, version (in
combination withid) the fuurs
saquencs identiisr. For a

0.1 |status - EntryStatusCy
revisions : Coll{Revision}
secondarykds : Cellfstring}

transition period they will be bioSea | 1
used in parall=l Sealnfo
EioSea 3 m "
seqinio | deseription ; string
The derivation rule fer BinSeq sequencs depends an whether [, ""fse“‘ e e i In Swinaprof, commanta’
BiaSeq is 3 PhysicslSeq ar Virual Seq: SID: string B info comments © Coll{string} topie:
[ geupnes  ciing dbXrefs : ColfDhXraf}
- BhysicalSeq e
ioSeq.sequence = PhysicalSeq.sequence {eviral - boolean
- Virtual.
BioSeq.sequence is computed from Virual 22q location

Y FY

- BioSeq length is derived from BicSsq.sequance.

virtual farmily entry. Constructed sequences may

BioSeq [svirtual

inherit fram their

SwissProt eniries can inhert information from a j

== are compuled
s sequence

{eompleis} |
[vinuaises [ | NSDESeq PliSeq
[1esation : Losstion | [ sequence < string | [ meiseuls : Moleculscy | [/ matweiant : long
I it [t y ¥ checksum : string
Fatount :long
aCount :lang
reCount : lang |
[0 e JiCount: long
eneral fatherCaunt : lang CDS transiations (PIDS2q) are handlsd like 3 separats
& Generleation #ehecksum: siring sequence database. PIDSeq is also a subclass of BioSeq,
but has no assodations 1o Enirylinfa and Seqinfo, since at
[T the moment these sequences anly live as sub-entries on

general information about these sequences. The administrative

EMBL enfries (NSOBSeq). This may shange when EMBL
and TREMEL are inisgraled,

currenily implemented as PhysicalSeq, but could
ity well b handled o5 irnialean

Sequence Info. This package defines class BioSeq. which represents biological sequences, and class Seginfo. which describes

ata associated with database entries are defined in Entryinfo

The biological classes of sequence NSDBSeq, which is for nuclestide sequences, and PiDSeq, which is for protein sequences,
are subclasses of BioSeq. VirualSeg and PhysicalSeq are storage classes of sequence, that is, virtal or literal.
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XEMBL

EMBL: E-Service-Architektur

Client host Server host

Persistence

IDL
Skeleton

Java Client

ORB

‘ ORB

Skeleton Skeleton

Ref Sérver

Skeleton

| Oracle Driver
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EMBL: Sequence Retrieval System

dierts  (VWWSener| |[Auoeted Arelysis| | DetaVieners|

Wapes | G| | Jaa | (ooReA (B | Rt |

e (o] [applcation | Ctiect Lowckrs (Mener ackpers

e (8 R ) @9 €
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GenBank: Beispieleintrag

LOCTIS AEQOIISO 1902255 bp DHA circular COH 2V-FEBE-2002
DEFINITION FPyrococcus furiosus DSH 3638, complete genoms.
ACCESSTON AEDOSSSH

TERZION AEQOIISO. 1 &L : 18980302
EEYWOERDS
ANTMREE 'Pyr.—mm—u—mz: frrdasns NEH 2630

ORGANISH Eyrococcus furiosus DIH PO
drchaca; Ewrrarchacscta; Thermoooocod; Thermocooccales ;
Thermococcaceas | Pyrococons.

<< <<« delated for brevity =>

REFEEENCE 4 (bases 1 to 1908SZ58)
ALUTHORS Feiss R.B.
TITLE Direct Submission
TJOURNAL Submitted (1Z2-FEE-2002) Human Genetics, University of Tcah, 20
South Z03F0 East. Salt Lake City. UT 84112, UsSA
FEATURES Location/Qualifiers
EOUY e 1. . 1908256
}org&msm—“?}xa&oeeu SFurissus DS 39"
sstrain="DSH 3538~
4db_xref="tamomn: 186437~

CONRTIG Joina AEOT 126 1-1 14559 AE0101I2F 1-61. B&ES kEf]lDlZEH 1:21..11327.

AEM10L2S . _61_.355‘9,& 130 _1-61. 871& ﬁEﬂlOlS L= B 11112J

LE01 0122 11093 Al 133 11664 AEO010 34 « 1] 61 37?17,
BEM10LSS . - 134585 Al 136_1261..624418._50101 7. 1:51. 11952,
LEN1OL32E . 10516 Al 139 . 1:51..10251 ,AE010140.1:&1. . 14212,

<< cece delated for brevity >>

AEQIOZE8E.1:61. .12641 Al 289 . 1 --11338 AE010Z90.1:61. .11Z04,
LAEQIO029] 1:-61. 11397 Al o --13064 AFEQIO02932 1:61. .9294
AEDLOZSd . 1:61 . . 12656 (Al 295 . L.10029 AEOLOESS . 1:61. .11091,
AEOIO02S7 1:€1. 13492 Al =00 - -2120)

L

FEUME 22 A GenBEank CON entry 1or a complete Bacterial genome The Nommation owsEnd 1he Homom of (Ne rEcon oesciDes Now b
gensrats he complebs genomes Tom he peces.

(C) Prof. R. Miiller, Prof. E. Rahm 4-15

GenBank
n NCBI-Datenbank
Lnirez iz the text-based search and retrieval system used at ICEI for the

n Derzeit (NOV 2003) Uber major databases, ncluding PubMed, Nucleotide and Protein Sequences,

20 * 10 Basen Protein Structures, Complete Genomes, Taxonomy, and others.
n Modell in ASN.1 on

Genoma
H - n n GED

n Zugriff ber "Entrez

— Ahnlich SRS bei EBML

— Keine Joins e~ @ o

— "Neighbours" - "Related -

" "
Documents :_’:m‘_:
-
— Click-And-Browse
:/;m: Domais
Stucture
SN B
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Weitere Nukleotid-Datenbanken

n UniGene, dbEST, RZPD,

n Vielzahl von Datenbanken fiir spezifische Aspekte
— Organismen (Hefe, Fliege, Maus, HIV, ...)
— Ribosomen, Immunsystem
— Motifs: Transskriptionsfaktoren, Promotoren, ...

n Terminologie-Datenbanken
— GeneOntology (> 7000 Begriffe: Funktion, Prozess, Zelllokation)
— NCBI TaxonomyDatabase (119000 Organismen)

(C) Prof. R. Miiller, Prof. E. Rahm 4-16



n Motivation

n eGenome
n LocusLink

n dbSNP

n The Genome Database (GDB)

Kartierungs-Datenbanken
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Gen-Locl
n Gen-Locus: Ein "Ort" auf
einem Chromosom - — | Telomer |
R ol ERd
n Enthélt z.B. ezt | |
2212 — der kurze Arm
— Gene oder Genfragmente JN I et P
¥p21.1
— DNA-Marker (Eindeutige N
Gen-identifizierende Sequen- Yot121
zen mit durchschnittlicher saooooon - 24 | Centromere |
L&nge von 300-500 Basen- 133
paare) Haz1 2
Q6000000 — Yazaz
— Polymorphe Strukturen (Un- -
terschiedliche Allele vorhan- e | g — der lange Arm |
den) 425000000 A
Hg36.1
¥q26.3 oK
HqI7.2
180000000 | a2 | Telomer |
M
4-19 “r?‘;@éﬂ/ d,
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Motivation
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TR
T
1
B o ——
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e
1
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] ||
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[L e =I=
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1
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1
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——
[ 1]
1 1
R —

1 3 5 & 8 a1z
Zd 1z 12 16 1 17 1a
S R :
-II 'ﬂ - = =[| == n [} 1 _ 1]
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OMG Standard fir Genome

aossReferences
or [ ]
Mappable MapChject
saeus databese

n Bestimmung der Gen-Loci: Welches Gen liegt an welcher Position (in welchen Mo-
difikationen) auf welchem Chromosom?

n Medizinische Relevanz: Numerische und strukturelle Chromosomen-Abberatio-
nen, Lokalisation von medizinisch relevanten Punktmutationen

w s

N
QO -
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meppedChj
Point
Marker
Hement
Mapl onvVep
positionFr cn ’
IntervalPosition PointPosition RangePosition LinearMt Bin GytogeneticHement
leftEnd frameWorkBerment leftAankingC
i it i i i mexCoordingte rank
rightEnd position rightAankingChi m i .
OrderedPosition VaguePosition getScalarRange() g erElemert
4-20




n

n

Genome Database: GDB

Jahrelang Standarddatenbank fur Kartierungs-Daten des Humane Genome Projects

Anzahl Objekte
— 14.000 Gene mit Position
— 150.000 DNA-Marker

Verfahren der Integration

— Submission-based

— Idee der "Community Curation"
— Chromosome Editors

n Implementierung
— OPM, Sybase
— OPM-Datenschema mit ca. 75 Klassen
— Sybase-Implementierung mit ca. 140 Tabellen
(C) Prof. R. Miiller, Prof. E. Rahm 4-21

ap Viswnr Halp Master Map: STS
Total STSs Chromosome: 5360 [8 not localized]
Region Displayed: 13 1M-148M bp Download/View Seguence/Tvidence
8TSs Labeled: 20 Total STSs in Region: 718

Maps & Options

» Maps Help

Rescurcs

B e | ’ o

Maps & Options [l RUEE IR L AL Y e Kbp <ol “¢ palymorph
zagion Shorw wad 2 DXS1192 132940 000 oo v
GDB:192503 133228 -

[ T

f,*é
f

[z i oo

ML TE TRE TS PO LI R TR TROTRTE PR N LR AT TIeT IR TR S

DXS52 1465350 =

- DXST074 1468549 -

B i p RH126G00 147189 @ @ -
ideogram ! -

F e i - 2:)GDB:61R098 147279 Q@ -

DXS7153 147534 Q@ Qo -

1 -nwgng0 147723000 -
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GDB: Interface

Browsing Options
Customized Search Forms
® Genetic Diseases by Chromosome

® Narkers and Genes within a Region
* Naps within a Region

® Lists of Genes by Chromosome

(C) Prof. R. Miiller, Prof. E. Rahm

o Cienes by Name or Smhul-:g: 112 |3 E 516 |7 ’E
E) e Y e e e e
Sequence-Based Search Forms
R E
e GDB e-PCR
® GDB e-PCR Database Lookuy ® Lists of Genes by Symbol Name
ABICIDI|E|E[G[H|I
Generic Search Forms == 1=1=1= = 1=1=12
JIKILIM|N |Q|E|Q|R
Anplimers (PCR. Primer pairs) s
¢ Amplimers (PCR. Primer pairs sltlulv|w(x|v|z
o Genes
o Maps e E— | s ,
e« Clones Diplac el ] T80 =T el
o Journal Articles Names:
e Other GDE classes R
| —
Library Adiresses:
GDB Prototype Page e ey s oion [P oo s e[ Laaion T —
I ] -
"I v I =]
Example Searches Cytogenetic Localization:
Chromosome | Left Marker | _Right Marker =
Sending request to www.gdb.org... il
] jul i =
Il Localizations: J
| Cromasome | L Marker | _Righ Marker_|
ly — —
Nuclee Acid Sequence Links:
A Sepene
2[Related Segments:
‘\yT,,\
I
4-22

n

n

n

GDB: Bewertung

Sehr technisch orientiert

Modell dhnlich zu OMG-Standard (OPM)

Komplizierte Search-Forms kaum benutzt

Community Curation kaum benutzt

Relativ langsam
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2003)

le-Datenbank

n Kartierungsdatenbank

n Z.Z. mehr als 135.000 DNA-Marker (Nov.

n Technische Realisierung
— Abpspeicherung der Daten in CompDB, einer Orac-

— Export als Flatfiles verfligbar

eGenome

T T T T T T
-.eGenome

This version of sGanome s experimental and contiually undergoingrevision;yourfsdback i greaty s

“Gunome s  comprehensive, poution-besed cataog
ofthe human genorme. eGenoms caaloge a wids
range of genomic lanamarks,including ranserins,
markars, polymorghism, arge-nsert clons,

and DNA sequences. The goal ofsGenome

150 eliminats oundaries etween gf

datasets and provide the most

1t hoader for this page i not appearing,
CLICK HERE

find this site helpful.
Comments and
suggestions are
encouraged;

foedback@
genome.chop.edu
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eGenome:
Beispiel (2)

RH98513

Map of region

Description Clones & Sequences

Sequence position

Base pairs 657,500 to 657,927 fram 1pter (UCSC)

RH map position(s)

1ipter to 1gter

0 to 3613.7 cR from 1pter

RH positions 1pter to 1qter

Cytogenetic position{s)

1p36.3 (for sequence 657,800 to 657,927 bp from ipter)
1pter-1gter (for RH position 0 to 3613.7 cR from 1pter)

RH score [ Help ]
Genebridgesd
1200202010 2210001010 1011111110 0000000000 0100100000

1110000201 100110001z 0000100002 0100011101 111
RHdb entry

RH98513

Primer sequences

ARAARAGTCATGGAGGCCATG
CTATATGGATGCCCCCTAC

Neighboring elements
Elements within 50 kb (ED

Element Distance Orientation

301853 16,225 hp pterminal to RHIGS13
L2B277 8,326 hp pterminal to RHI8513
L26245 7,034 bp pterminal to RHAE513
stSG144 509 by cterminal to RHAGS1 S
0B 229285 B472hp oterminal to RHIS513
L31440 20,780 bp gterminal to RHIS513
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e G e n O m e - G UICK SEARCH _ ADVANCED SEARCH INFO  DATA  INDEX HELP  HOME
- ecenome Site index What's new  Acknowledgements
B H H I 1pter-1qter
e I S p I e 1to 245,203,898 bp from 1pter
0 cR from 1pter
12,469 markers, 1,303 polymorphisms, 241,277 SNPs, 261 bundles
W-SNE - Marker & Bold text - RH/GL frame: element
Markers Polymorphisms Bundles
e Bundle Status Sequence posi RH po:
DOS2577 Unknanwn 0.052 M
DOS2578 M Unknowen 0.053 Wb
54113 m Unknowen 0.054 M
4071 m Unknown 0.076 M
DB 220295 Unknoven 0.09 Mo
31440 Unknowen 0423 M
4202 Unknown 043 Mo
v Unknowen 0494 M
DB 318434 Unknowen 0272 M
420 W Unknown 0276 b
L1440 Unknoven 0491 M
DB 220785 Unknowen 0508 M
28245 Unknown 0514 b
4200 m Unknowen 0553 Mb
D1 318434 Unknowen 0556 M
01853 M Unknown 0641 M
28277 Unknoven 0643 M
26245 Unknowen 0651 M K
RHIA513 W Transeribed 0656 b 1pter o 1oter 1p363
156144 Unknowen 0658 Mb 1p363
GDE: 220285 Uriknover 0664 M 19363
L1440 Unknown 0673 M 1p363
RHI7473 M Transcribed 0716 Mb 1p363
sV Unknover 078 Mb 19363
ALD33601 W Unknowen 0511 Mb 1p3E3
1of 513
e
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LocusLink [http://www.ncbi.nim.nih.gov/LocusLink]

n Repository von Genen und "some non Genes"
— Vielféltige Informationen tber Position hinaus
— Proteine, Funktionen, RNA, Phénotypen, ...
— 32.000 Gene

n Technische Implementierung
— NCBI: Entrez Search Interface
— Tab-delimited Files
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n Mischung aus manu-
eller und automati-
scher Bearbeitung

LocusLink: Integrationsworkflow

l

Process Flow

Public Availability

on

al - Reviewed

n KeinReleasekonzept,
keine Versionierung

n Objektstatus: Provisi-

1.
RefSeq 2. LocusLink [ FTP
Seed Sequence nnotation Data LocusLink
3
[Autarnztic]
BLAST 4. | Provisional _IB
Analysis [Autematic] RefSeq Rec ords ] BLAST
Entrez
3. 6. | [Manual]
[Manual] FTP
LocusLink

External Collaborations
Internal NCBI Resources

\\ Refee 4 Records EIZVI\
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v
bSNP
subsnp_id
known_snp_handle

known_snp_loc_id
known_snp_loc_id_upp

SNP: E/R-Modell (Auszug)

—

baten_id

loc_snp_id

loc_snp._id_upp

synonym_names

loc_sts_id

loc_sts_id_upp @ |var_id VariAllele
segregate pattern R |var_id
indiv_hemozygosity_detectad create_time @ |allele_id
PCR_confirmed_ind PO |last_updated_time create_time

gene_name
sequence_len

samplesize
EXPRESSED_SEQUENCE_ind
SOMATIC_ind

!

univar_id

var_flag ﬂ

sub_locus_id UniVariation Allele

create_time 7 |univar_id G |allele_id
last_updated_time var_str allele
ancestral_allele allele_cnt create_time
CpG_code subsnp_class rev_allele_id
variation_id lupack_code src
top_or_bot_strand top_or_bot_strand last_updated_time

validation_status

create_time
last_updated_time

|
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Motif
F | motif_id AlleleMotif
motif e [allele_id
rev_motif_id ¥ mﬂfll[_fl:der
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dbSNP

n Single Nucleotide Polymorphism Database™

n SNP ("snip"): Kleinste genetische Variation
auf dem Level einer einzelnen Base

— Beispiel: Variation des DNA-Segments von
AAGGTTA zu ATGGTTA

— Ca. 1.000.000 SNP‘s im menschlichen Genom
— Viele SNP’s ohne phanotypische Auswirkung

n Bestimmte SNPs fiihren aber zu verénderten
Stoffwechselkompetenz ihrer Trager

— Allergische Reaktionen
— Langsamerer Abbau von Medikamenten
— Pradisposition fiir bestimmte Krankheiten

onen und ggf. medizinischen Relevanz

* http://www.ncbi.nlm.nih.gov/About/primer/snps.html

The NCBI discovery space \

genome

project
SEQUENCES

PubMed
literature
citations

SEQUENCE
tagged
sites.

TSC SNP
cansortiurm

database
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