Biyoinformatik



Bilgisayarlarin molekuler biyolojide
kKullanimi

Molekullerin u¢ boyutlu grafik temsili
Molekuler dizilimler
Uc boyutlu yapi molekiiler veritabanlari



Kisa surede yuksek miktarda veri
uretilmesi

Protein-protein iliskileri

Biyolojik olarak aktif molekullerin
arastiriimasi

Bakteri, maya, insan, hayvan, bitki genom
projelerinden elde edilen bilgiler



* Biyolojik problemlerin
cozumunde bilisim
teknolojilerinin kullaniimasi



Matematik
ve Istatistik

Biyoinformatik

Bilgisayar
bilimleri

Biyoloji




ki temel bilgi vardir:

* Genetik bilgi akisi:
bir organizmanin DNAsI incelenir ve o

organizma turunun olusturdugu
topluluklarin karakteristik ozelliklerine

kadar olan bilgi akisi



* Deneysel bilgi akisi: biyolojik olaylar
gozlenerek elde edilen bilgi aciklayici
modeller ile tarif edilir, daha sonra bu
modellerin dogrulugu yeni deneylerle test
edilir.




Metodolojik calismalar

DNA dizileme calismalari

Protein dizi calismalari

Makromolekullerin yapilarinin u¢ boyutlu dizilimleri
Kucuk molekullerin ligandlarla iligkilerinin arastiliriimasi
Biyolojik bilginin paylagsiminin kolaylastiriimasi
Bilgisayar ile otomize edilmis veri analizi

Etkilesimde bulunan gen urunleri icin veritabanlar
olusturulmasi

Biyolojik faaliyet sureclerinin simulasyonu

Buyuk capli projelerden ¢ikan sonuclarin
degerlendirilmesi (genom projelerti)



Biyolojik calismalar

Protein yapi ve fonksiyonunun belirlenmesi

Her hangi bir biyolojik fonksiyonu artiran veya
azaltan molekullerin tasarlanmasi

Karmasik genetik fonksiyon veya regulasyonun
tanimlanmasi

Tibbi ya da endustriyel amacli yeni makro
molekuller uretmek

Genetik faktorlerin hastalik yatkinligina
etkilerinin ortaya ¢ikarmak



» Genetik bilgi:
DNA . protein




Biyoinformatik veritabanlarinin kisa
tarihcesi:

* 1lk biyolojik veritabani - Protein Identification Resource
Margaret Dayhoff tarafindan 1972’de kuruldu

* Dayhoff ve arkadaslar1 protein ailelerini organize ettiler

*Protein dizilerinin karsilastirilmasi fikr1 dogdu

 Su an 1ki biiylik protein bankasi var : SwissProt, PIR
International.. ..

* [Ik DNA veritaban1 1979°da kuruldu. Su an ¢ok sayida
veritabani var: GenBank, EMBL, DDBJ.......
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Protein dizisinden Yapisina
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* Interdisipliner yaklasim
— Bilgisayar bilimleri, Matematik & Istatistik.
— Molekuler biyoloji, Biyokimya & Tip.
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BIOINFORMATICS

Pockets in Ribonuclease A




Biyoinformatik

Bazi Es anlamlar:
Molekuler Biyoinformatik
Computational Biology
Biocomputing



Biyoinformatige neden ihtiyacimiz var?

DNA

mMRNA

5,

Polipeptid

Protein

3,

Transkripsiyon

Splicing

Translasyon

Katlanma

* Transport / Lokalizasyon
* Oligomerizasyon
* PTM (Post-Translational Modification)



Genom projelerinden
gelen DNA dizilerinin
saklanmaya ve
organize edilmeye
ihtiyaci var

Biyoinformatige neden ihtiyacimiz var?

DNA
! !
mRNA | l . ::l Splicing
U U Translation
peptide
Folding
]
Protein

¥

'  Transport / Localization
111 » Oligomerization

Function Function

* PTM (Post-Translational Modification)



DNA veribankalari

<. LS4l DDR
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e GenBank (USA) http://www.ncbi.nlm.nih.gov/Genbank/
e EMBL (Europe) http://www.ebi.ac.uk/embl/
e DDBJ (Japan) http://www.ddbj.nig.ac.jp/
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. . . . . 2
Biyoinformatige neden ihtiyacimiz var* Protein kodlayan

bolgeleri nasil

5 3’
DNA bulacagiz? intronlari
ﬂ ﬂ ve eksonlari nasil
ayiracagiz?
[ T ] [
| | Splicin
mMRNA | I ] P g
1 Translation
Poly-
peptide
1 Folding
Protein |

* Transport / Localization
* Oligomerization
* PTM (Post-Translational Modification)
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Function Function




Prokaryotik genomlarda genler nasil bulunur?

Icsel bilgi:

e Transkripsiyon sinyalleri
e kodon kullanimi

e GC - icerigi

Dissal bilgi:

e Bilinen proteinlere benzerlik



Okaryotik genomlarda genler nasil bulunur?

Bazl problemler:

e Genomun kompleksligi organizmanin kompleksligi ile
orantilidir

e 1-2 % kodlama yapan bdlge

e Intron — exon yapilari

e Alternatif kirpilma (butin genlerin ~30%)

e Pseudogenler



Biyoinformatige neden ihtiyacimiz var?
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Biyoinformatige neden ihtiyacimiz var?

DNA
Ozel bir protein
T ] [ ] hakk'nda ne
1 1 biliyoruz?
mRNA | | | ——
4 4 > Translation
Poly-
peptide &S @
Folding

Protein
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Bir protein veritabaninda ki minimal icerik

o diziler !

e Accession number (AC)
e Taxonomik bilgi

e Referanslar

e Annotasyon

o Keywordler

e Dokumantasyon



TEMBL| A

SWISS-PROT/TrEMBL TRANSLATED, ti:%?:. SUjiS%rnt

e the SIB (CH) ve EMBL/EBI (UK) arasi ortaklik

e SWISS-PROT: protein dizisi veritabani.

e TrEMBL

http://www.expasy.org/sprot/



ExPASy Web Server
ExPASy =

Expert
Protein
Analysis
System

M ExPASy Molecular Biology Server - Netscape 6

| Q Q @ O i%http:x’.-"www.expasy.org.-"
|

| Site Map I

Search ExPASy |

[Announcements] [Job opening] [Mirror Sites]

+ SWISS-PROT and TrEMBEL - Protem knowledgebase

¢ PROSITE - Frotein farnihes and domamns

+ SWISS-2DPAGE - Two-dimensional polyacrylamide gel
electrophoresis

+ ENZYME - Enzyme nomenclature

* SWISS-3DIMAGE - 5D wnages of proteins and other
biological macromolecules

+ SWISS-MODEL Repository - Automatically generated
protein models

+ CDd0Lbase - CD40 higand defects

¢ SegAnalRef - Sequence analysis bibliographic references

¢ Links to many other molecular hiology databases

Education and services

* The ExPASy FTP server

¢ Swiss-Shop - automatically obtain (by email) new sequence
entries relevant to your field(s) of interest

+ Masters Degree in Bioinformatics

+ 2-D PAGE training - attend a one-week course m Geneva

+ SWISS-2DSERVICE - get your 2-D Gels performed
according to Swiss standards

Links to lists of molecular hiology resources
* Amos' WSWW links - The ExP A5y list of Biomolecular

SEIVErS

* WORLD-2DPAGE - Links to 2-D PAGE database servers
and 2-D PAGE related servers and services
+ 2D Hunt - 2-D electrophoresis finder

Diocument: Dione (0,371 secs)

ExPASy Molecular Biology Server

{ The ExPASy (Expert Protein Analysis System) proteorics server of the Swnss Institute of Biomformatics (SIB) 15 dedicated
to the analysis of protein sequences and structures as well as 2-D PAGE (Disclamer § Reference ™ ).

Documentation

+ BioHunt - Zearch the mternet for molecular biology mformation |

+ Proteomics tools
< Identification and charactenization
DHA -> Protein
Similatity searcheg
Pattern and profile searches
Post-translational modification prediction
Primary structure analysis
Secondary structure prediction
Tertiary structure
Transmembrane regions detection
Alignment
< Biological text analysis
¢ Melanie 3 - Software for 2-D PAGE analysis

SWISS-MODEL - Automated knowledge-based protem
modelling server
+ Swiss-PdbViewer - Software for structure display and analysis

+ Boehringer Mannheim's Biochemical Pathways

SO0 0 00000

*

* What's New on ExPASy

+ SWISS-FLASH electronic bulleting

+* SWISS-FROT documents

+ How to create HTML links to ExPASy
+ Complete table of available documents

Links to some major molecular hiology servers

+ European Bicinformatics Institute (EBT)
+ National Center for Biote chnology Information (NCBI)

¢ Japanese Genomel¥et
+ Australian National Genomic Information Service

(ANGIS)
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molekuler biyoloji alanindaki bazi veritabanlari...

AATDB, AceDb, ACUTS, ADB, AFDB, AGIS, AMSdb, ARR, AsDb, BBDB,
BCGD, Beanref, Biolmage, BioMagResBank, BIOMDB,
BLOCKS, BovGBASE, BOVMAP, BSORF, BTKbase, CANSITE,
CarbBank, CARBHYD, CATH, CAZY, CCDC, CD40Lbase, CGAP,
ChickGBASE, Colibri, COPE, CottonDB, CSNDB, CUTG, CyanoBase,
dbCFC, dbEST, dbSTS, DDBJ, DGP, DictyDb, Picty cDB, DIP, DOGS,
DOMO, DPD, DPInteract, ECDC, ECGC, ECO2DBASE, EcoCyc, EcoGene,
EMBL, EMD db, ENZYME, EPD, EpoDB, ESTHER, FlyBase, FlyView,
GCRDB, GDB, GENATLAS, Genbank, GeneCards, Genline, GenLink,
GENOTK, GenProtEC, GermOnline, GIFTS, GPCRDB, GRAP, GRBase,
gRNAsdb, GRR, GSDB, HAEMB, HAMSTERS, HEART-2DPAGE, HEXAdb, HGMD,
HIDB, HIDC, HIVdb, HotMolecBase, HOVERGEN, HPDB, HSC-2DPAGE,
ICN, ICTVDB, I1L2RGbase, IMGT, Kabat, KDNA, KEGG, Klotho, LGIC,
MAD, MaizeDb, MDB, Medline, Mendel, MEROPS, MGDB, MGI, MHCPEP5
Micado, MitoDat, MITOMAP, MJDB, MmtDB, Mol-R-Us, MPDB, MRR,
MutBase, MycDB, NDB, NRSub, O-lycBase, OMIA, OMIM, OPD, ORDB,
OWL, PAHdb, PatBase, PDB, PDD, Pfam, PhosphoBase, PiIgBASE, PIR,
PKR, PMD, PPDB, PRESAGE, PRINTS, ProDom, Prolysis, PROSITE,
PROTOMAP, RatMAP, RDP, REBASE, RGP, SBASE, SCOP, SegAnaiRefT,
SGD, SGP, SheepMap, Soybase, SPAD, SRNA db, SRPDB, STACK,
StyGene,Sub2D, SubtiList, SWISS-2DPAGE, SWISS-3DIMAGE, SWISS-
MODEL Repository, SWISS-PROT, TelDB, TGN, tmRDB, TOPS, TRANSFAC,
TRR, UniGene, URNADB, V BASE, VDRR, VectorDB, WDCM, WIT,




Biyoinformatige neden ihtiyacimiz var?
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Dizi karsilastirma

1:

2

MYTAILORISRICH

MONTAILLEURESTRICHE

> MY-TAIL--ORIS-RICH-

| 11l iy 1 1111
IX (N XIXI (I

> MONTAILLEURESTRICHE

TAILO RICH
YRR SRR
RN TR

TAILL RICHE

Global Alignment

Two Local Alignments

| = Identity
x = Mismatch
- = Insertion / Deletion



HBA CHICK  VL-SAADKNNVKGIFTKIAGHAEEYGAETLERMFTTYPPTKTYFPHF-DL 48
- HBAD_CHICK ML-TAEDKKL 1QQAWEKAASHQEEFGAEALTRMFTTYPQTKTYFPHF-DL 48
Mu |t| p I e HBPI_CHICK AL-TQAEKAAVTTIWAKVATQIESIGLESLERLFASYPQTKTYFPHF-DV 48
HBB_CHICK  VHWTAEEKQL ITGLWGKV--NVAECGAEALARLL IVYPWTQRFFASFGNL 48
HBE_CHICK  VHWSAEEKQL ITSVWSKV--NVEECGAEALARLL IVYPWTQRFFASFGNL 48
Seq uence HBRH_CHICK VHWSAEEKQL I TSVWSKV--NVEECGAEALARLL IVYPWTQRFFDNFGNL 48
MYG_CHICK  GL-SDQEWQQVLT IWGKVEAD IAGHGHEVLRLFHDHPETLDRFDKFKGL 49
‘l\u|i1§|I1lll1I€E!I1rtZ S
HBA CHICK  SH---—- GSAQIKGHGKKVVAAL I EAANHIDDIAGTLSKLSDLHAHKLRV 93
HBAD_CHICK SP-———- GSDQVRGHGKKVLGALGNAVKNVDNLSQAMAELSNLHAYNLRV 93
HBPI_CHICK SQ---—- GSVQLRGHGSKVLNAIGEAVKNIDDIRGALAKLSELHAYILRV 93
HBB_CHICK  SSPTAILGNPMVRAHGKKVLTSFGDAVKNLDNIKNTFSQLSELHCDKLHY 98
( M S A) HBE_CHICK  SSPTAIMGNPRVRAHGKKVLSSFGEAVKNLDNIKNTYAKLSELHCDKLHY 98
HBRH_CHICK  SSPTAIIGNPKVRAHGKKVLSSFGEAVKNLDNIKNTYAKLSELHCEKLHY 98
MYG_CHICK  KTPDQUKGSEDLKKHGATVLTQLGKILKQKGNHESELKPLAQTHATKHKI 99
*x * *
HBA_CHICK  DPVNFKLLGQCFLVVVAIHHPAALTPEVHASLDKFLCAVGTVLTAKYR-- 141
HBAD_CHICK DPVNFKLLSQCIQVVLAVHMGKDYTPEVHAAFDKFLSAVSAVLAEKYR-~ 141
HBPI_CHICK DPVNFKLLSHCILCSVAARYPSDFTPEVHAEWDKFLSS ISSVLTEKYR-- 141
Programlar: HBB_CHICK  DPENFRLLGDIL I 1VLAAHFSKDFTPECQAAWQKLVRVVAHALARKYH-~ 146
- HBE_CHICK  DPENFRLLGDIL I 1VLASHFARDFTPACQFAWQKLVNVVAHALARKYH-~ 146
HBRH_CHICK DPENFRLLGNIL I IVLAAHFTKDFTPTCQAVWOKLVSVVAHALAYKYH-~ 146
e CLUSTALW MYG_CHICK  PVKYLEFISEVI IKVIAEKHAADFGADSQAANKKALELFRNDVASKYKEF 149
*x
e T COFFEE
— HBA CHICK ---- 141
HBAD CHICK ---- 141
e MULTALIGN HBPI CHICK ---- 141
HBB_CHICK ---- 146
HBE CHICK ---- 146
HBRH CHICK ---- 146
MYG_CHICK GFQG 153

Consensus length: 154; Identity : 19 ( 12.3%); Similarity: 51 ( 33.1%)
Character to show that a position in the alignment is perfectly conserved: "**

Character to show that a position is well conserved: ".



NCBI BLAST http://www.ncbi.nlm.nih.gov/blast/

[ RID=1024381882-026548-2220, - Netscape 6

Q Q @ Q | [%http:.-".-"www.ncbi.nlm.nih.gov.-"blast.-"BIast.c:gi
il z |
L g
B I AS I L Color Key for Alignment Scores
]

1_24162 I
0 50 100 150
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Basic
Local
Alignment
Search
Tool eamenees peotuesng wionte o it

gi|119526|sp| PO15585| EPO HUMAN Erythropoietin precursor (Epo... 300 Se=51
gi| 312304 | emb| CALZ6095.1] (¥02158) erythropoietin [Homo sap... 289 Be~B31
gi| 4503589 | ref|NP 000750.1| (MM 000799) erythropoietin [Hom. .. 296  Se-80
gi] 6137572 pdb] 1BUY|X Chain A, Humanh Erythropoietin, Nmr Mi... 285 Ze=78
gi|6137383 | pdb| 1EER|A Chain A, Crystal Structure Of Human E... 283 Be-75
gi]119527|sp| PO7VE65|EPCO MACFA Erythropoietin precursor >gif... B T AE=TE
gi| 2494368 sp| Q268513 | EPO MACMU Ervthropoietin precursor »gi... g Te=F2
gi| 1352379 | sp| P456617 | EPD BOVIN Erythropoietin precursor »>gi... 245 Sl
gi|21389309|ref|NP 031968.1] (NM 007942) erythropoietin [Mu... 244 3e-64
gi|83933 16 ref NP D5EAST. 1] (WM _017001) erythropoietin [Rat... 243 Be-64
gi|204061|gb| AAA41126.1] (L10608) erythropoietin [Rattus no... 243 1e-63
gi|4261664 | gb| AAD13964.1|1365458 1 (2365458) mutant erythropo... 242 le-63
gi| 462017 |sp| P33709 | EPO SHEEP Erythropoietin precursor >gil... 241 fa=53
gi|90481|pir| | 424902 erythropoietin precursor - mouse 240 fe=g3
gi| 165877 | gb| 4A4431518.1] (L10610) erythropoietin [Ovis aries] 238  3e-62
gil 208465685 | ref| XP 144595.1| (XM 144595) similar to Erythro... 23 Je-62
gi|20342068|ref|¥P 112305.1| (XM 112305) similar to Erythro... 23 fe-62
gi]1352380]lsp|P49157|EPO PIG Ervthropoietin precursor >gi|2... 2386 le-61
gi| 8920355 emb| CAE96416.1| (AJ249745) erythropoietin [Sus s... 16 le-61
gi|115272585|gh| AAG36961.1| AF290943 1 (AFZ90943) ervthropoie... 32 zZe-80
gi|11527287 |gb| AAGI6962.1| (AF290944) erythropoietin [Oryct... 31 Ze-60
gi|2144696| pir| | I46083 erythropoietin precursor - cat (frag... A 3e-60
gi|1706680|sp|P33708|EPQ FELCA Ervthropoietin precursor >gi... 2 ie<=h9
gi|462015|sp| P33707|EPO CANFA Erythropoietin precursor >gil... 208 Ae=52
gi| 6573159 | gh| ALF17572.1| AF2025311 1 (AF202311) ervthropoiet... 190 Se-48
gi| 6671275 | gh| ALF23133.1| (AF202310) erythropoietin [Homo =... iE fe-25
gi| 460893 |gb| ALEZ9659.1] erythropoietin, Epo {N-terminal} [... 70 Ze-11
gi|1911129 | emb| CAATZ707.1] (¥11971) erythropoietin [Mus mus... 43 o.o02
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Biyoinformatige neden ihtiyacimiz var?
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Protein Yapisi Modelleme

e Ab initio modeling

e Threading & Fold Recognition

e Homology Modeling
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