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“Dr. Margaret Oakley Dayhoff (1925-1983) was a pioneer in the
use of computers in chemistry and biology, beginning with her
PhD thesis project in 1948. Her work was multi-disciplinary, and
used her knowledge of chemistry, mathematics, biology and
computer science to develop an entirely new field. She is
credited today as a founder of the field of Bioinformatics. This
field is defined as the use of computers in solving information
problems in the life sciences, mainly involving the creation of
extensive electronic databases on protein sequences and
genomes. Dr. Dayhoff was the first woman in the field of
Bioinformatics.”

http://www.dayhoff.cc/
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Margaret O. Dayhoff

e deduce evolutionary
relationships of the biological
kingdoms, phyla, and other
taxa from seguence evidence

e collection of all known protein
sequences

e made available to others in
1965 in a small book

e contained sequence
Information of 65 proteins

e several releases followed

e resulted in the Protein
Information Resource (PIR)
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Protein sequences
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>054090]054090 SULAC Hypothetical protein (Fragment).
MKILDYSDLVFFRKLTNKMRDPKTRFDVREF INRGEDYLFNYTNKNVGGVDERRRKFLKS
L 1FGMAA

>P70723|P70723 _ACIAM Orf-2 (Fragment).
MSKNSLDNLGEKALELLKKYPLCDSCLGRCFAKLGYRFANKERGKAIKTYLVLELDRKIK
DHELEDLNEIKEILFNMGKEYLEYL I'YLSNEKFQERT

>Q9V2V9|Q9Vv2V9 PYRAE Rieske i1ron sulfur protein (ParR).
MVDENRRNTLKIFLGTTAALGAGMLATPLVASVIGSKAGY IKPEPSGAIPVEICKDVDSC
PKDYGVSLDELRNGPVFKLLKVNTMAIPAVFGIVRAKDGKEYPVAYVAICTHFGCPVNVS
GGKYLIGFNCPCHGSIFAICNDPNGCPDYNAAFLEMYVSGGPAPRSLRAITKVAVKDGVVY
PLVAYI

>093973]093973_MALSM Allergen.

MSNV IKKVENTDKAEAEGSKVADAPQEAGHKGEGFLHDAKDRLQGFAGHGHHNAQNAASG
VAGSAGAGGAPSVPSANVDVTNPVNDASVQGGVEAPRSWSTQLPQSQSVADTTGATSAGR
NNLTQTTSTGSGVNVAAGNVDQDVQHLAPVTRHVHHRHE I EELLREREHH ITHQHHIQHHV
QPVVDSEHLAEQIHSRVVPQTTVREVHANTDKDAALMRAVAGNPKDTFTQAAIDRSVIDK
GETVREIVHHHIHNIVQP I IEKETHEYHRIRTTIPTTHITHEAP IVHESTAHQP IRKEDF
LKGGGVLTSTTRSIEEVGLLNLGNNQRTVEGETYTGGLPLSQ

>002039]Q02039 _RHYSE NIP1 precursor (NIP1 avirulence protein precursor).
MKFLVLPLSLAFLQIGLVFSTPDRCRYTLCCDGALKAVSACLHESESCLVPGDCCRGKSR
LTLCSYGEGGNGFQCPTGYRQC

>Q873M4]0Q0873M4_MALSM Manganese superoxide dismutase (Fragment).
PFYPIPSALPFPLPIHSLFSRRTRLFRFSRTAARAGTEHTLPPLPYEYNALEPFISADIM
MVHHGKHHQTYVNNLNASTKAYNDAVQAQDVLKQMELLTAVKFNGGGHVNHALFWKTMAP
QSQGGGQLNDGPLKQAIDKEFGDFEKFKAAFTAKALGIQGSGWCWLGLSKTGSLDLVVAK
DQDTLTTHHP I IGWDGWEHAWYLQYKNDKASYLKQWWNVVNWSEAESRYSEGLKASL
>Q2V2P9]Q2V2P9 YEAST Protein YDR119W-A.
MFFSQVLRSSARAAPIKRYTGGRIGESWVITEGRRLIPEIFQWSAVLSVCLGWPGAVYFF
SKARKA
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MVDENRRNTLKIFLGTTAALGAGMLATPLVASVIGSKAGY IKPEPSGAIPVEICKDVDSC
PKDYGVSLDELRNGPVFKLLKVNTMATPAVFGIVRAKDGKEYPVAYVAICTHFGCPVNVS

GGKYLIGFNCPCHGS IFAICNDPNGCPDYNAAFLEMYVSGGPAPRSLRAITKVAVKDGVVY
PLVAYI

Function?

Cellular
location?

Structure?

Regulation? .
Evolutionary

. history? ﬂ

s Tissue?
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Protein structures
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e Prediction of protein structure is still not possible from sequence
alone

e Not all mechanisms of protein folding are known

e Experimental protein structure determination
—Is time consuming
—IS very expensive
—I1Ss not always possible (protein must be in crystal structure)
—results in only one conformation
—does not show flexible regions
—does not show the protein In its natural environment
—can only be done with globular proteins (difficult with
transmembrane proteins)

Prof. Dr. Antje Krause 8 05.02.2008
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Different categories of protein databases
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e Protein sequence databases:
—Information about single proteins
e Protein structure databases:
—Information about single proteins
e Protein domain databases:
—Information about functional domains
e Protein (sequence) family databases:
— Information about groups of evolutionarily and functionally
related proteins
e Protein (structure) family databases:
—Information about structural elements
e Gene family databases:
— Information about groups of evolutionarily and functionally
related proteins or genes mainly of completely sequenced
species

Prof. Dr. Antje Krause 10 05.02.2008
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e UniProt = Universal Protein Resource
e Integration of Swiss-Prot/TrEMBL and PIR
e http://www.uniprot.org
e central repository of protein sequence and function
e maintained by
— European Bioinformatics Institute

— Swiss Institute of Bioinformatics
— Georgetown University

Prof. Dr. Antje Krause 11 05.02.2008
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econtain experimentally verified entries ...

e ... and translated entries from DNA databases,
namely EMBL : ¥ Swiss-Prot " TrEMBL
—predicted proteins 185
—hypothetical proteins
—putative proteins

a2

9%

[ ] complate wilh verilied annoialion
B --mpisis, bul nol varilied annotalion
[ imgmantal and varilied annotiion
I {=gmental and nal varilied annolaiio

209

eProblem in the past: no clear difference between
experimentally verified entries/annotation and
predicted entries/annotation

Prof. Dr. Antje Krause 12 05.02.2008



Protein sequence databases BINGEN
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EXPASyY (http://www.expasy.ch)
Expert Protein Analysis System

SIB (http://www.isb-sib.ch)
Swiss Institute of Bioinformatics, Geneva, CH

Swiss-Prot (http://www.expasy.ch/sprot)
Manually curated protein sequence database

TrEMBL (translated EMBL)
Computer-annotated supplement to Swiss-
Prot, contains all the translations of EMBL
nucleotide sequence entries not yet integrated
IN Swiss-Prot

Prof. Dr. Antje Krause 13 05.02.2008
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Edit  “iew Go  Bookmarks  Tools

Help

|| hktp:) v, ebi, uniprok, orgfuniprot-sevexkendedyiew, do?proteinld=08TEZS_HUMAMRp: W

General information about the UniProt/TrEMBL entry =
Entry name QB8TEB9_HUMAN
Prirmary accession nurmber Q8TER9D
Entered in TFEMEL Felease 21, 01-JUN-2002
Sequence was last modified Felease 21, 01-JUM-Z002
Annotations were last modified |Release 26, 01-MAR-2004
Protein description
Protein name Hypothetical protein FL123790
Evidences &
Origin of the protein
Gerne ‘Gene name FL123790 1
From Homo sapiens (Human)[TaxID:9606]
Taxonornmy Eukaryota; Metazoa; Chordata; Craniata; Wertebrata; Eutelecstormi; Mamrmmalia;
Eutheria; Euarchontoglires; Primates; Catarrhini; Hominidae; Homo,
References
[1] | NUCLEOQOTIDE SEQUEMCE.
kawabata &, Hikiji T., Kobatake M., Inagaki H., Ikema ¥., [V
Submitted (FEBR-2002) to the EMBL/GenBank/DDB] databases, [T
Cross-references
EMBL AKOD74370; BABES063.1; -; mRNA[EMBLS GenBank/ DDBI] [CoDingSequence] ¥
Ensembl ENSGDDDDDI?EB@HD SEpiM
InterPro IPROO10322; Leghaermoglobin, t?
Graphical view of the domain structure n
PROSITE P500208(€ F‘L.&NT_GLDEW r
4< 3

Done




) PROSITE documentation PDOCO01 83 [for PROSITE entry PSO0208] - Mozilla Firefox

File Edit \Wiew Go  Bookmarks Tools  Help @
Q:l - [ - l% @ .I'hhttp:,I',l'www.expasy.n:urg,l'n:gi-l:uin,l'niu:en:h:u:.pI?F‘SIIIIIIZEIB W @ Go @,

L] TFHM ‘M wEE.DE filf SPIEGEL (B heise

gta ExPASy Home page Site Map Search ExPASy Contact us Swiss-Prot | PROSITE Proteomics tools
| Hosted by 1%0 CBR Canada | Mirrar sites: | Australia | Bolivia | Brazil | Korea | Switzerland | Taiwan | USA |

Search | PROSITE v |for |[F12345 | Go || Clear |

pr |® @ Documentation PDOC00183

Plant hemoglobins signature

Leghemoglobins [1] are hemoproteins present in th€oot nodules of leguminous plants Reghemoglobins are
structurally and functionally related to hemoglobin and myoglobin, BY provianmg oxyden to the bacteroids, they are
essential for symbiotic nitrogen fixation.

Structurally related hemoglobins are found in nonsymbiotic plants where they may not function as an oxeygen storage
or transport proteins, but might act as an oxygen sensors [2].

Wie have developed a signature pattern that exclusively picks up the sequence of plants hemoglobins. It is centered
on an histidine that acts as the heme iron distal ligand.

Last update:
December 2001 f Pattern and text revised.

Technical section:

FROSITE method {with tools and information) covered by this documentation:

¥ Done
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) NiceSite View of PROSITE: PS00208 - Mozilla Firefox

File Edit Wiew Go  Bookmarks Tools  Help @

<::| - - @ E-/h‘ gfﬁ. hitkps ffus. expasy , orgfcgi-bin/nicesite, plFPS00Z05 w @ (eTa] |GL
L] TFHM ‘% wEE.DE filf SPIEGEL (7 heise
General information about the entry

Entry natne PLANT GLOBIN

Accession munber PS00208

Entry type PATTEEI

Date APE-1890 (CEEATED), DEC-2001 (DATA TTPDATE), DEC-2004 (INFO TPDATE).
gffuireition PDOCO01ES

Description W

Pattern 1 [SI]-P-x-[LV]-x22)-H-A-=(5)-F.

Numerical results

¢ UTniProtE Browiss-Prot release number: 47,1, total number of sequence entries m that release; 181821

+ Total number of uts i TniProtE BiSwiss-FProt: 49 hits m 49 different sequences

+ Mumber of hits on proteins that are lkenown to belong to the set under consideration: 47 hats in 47 different sequences

* DMumber of hits on proteins that could potentially belong to the set under consideration: 0 huts m 0 different sequences

+ MNumber of falze hits {on unrelated protemns): 2 hats m 2 different sequences

+ Tumber of known rmissed hits: 1

+ MNumber of partial sequences which belong to the set under consideration, but which are not hut by the pattern or profile because
they are partial (fragment) sequences: 0

+ DPrecision (true huts / (true hits + false posthves)): 95.92 %%

+ Eecall (true huts / (frue huts + false negatives)): 97.92 %%

Comments

* Taxonotmic range: Eulkaryotes
+ DMammum known mumber of repetitions of the pattern in a single protein: 1
+ 'Interesting' site in the pattern: 6 heme _iron

+ WERSION: 1

¥ Done




2 Alignment of matches to PROSITE PS... | ||O][X] o YT —

Eile Edit |\Wiew Go  Bookmarks  Tools  Help @

>UniProt/TrEMEL| QETESS| QSTESS HUMAN Hypothetical protein FLJEZ3790

;'* L;. < E%; Eﬁj iﬁa a0 E:L MRV G YFETLLYREIFVIIDEHTHVAEL ANVLE I DLALVEITAVI MY CRL GF AHEE GOV T
HLDOLHSSWENVESVNRELESTLDPOQEMLLEWD G TDTDTHIQEDPADT

|| TFHM ™ WEE.DE EESPEGEL(ETEEE ARV EELALETGHTERIAFLF DS TL TAF LMNGN S PNLESHAV THFEVGELSDESLDSFLI
: Y ELEEVOITGEGELACQRYFDHAL TLRNTILF LEHT NYGFPLDLLRCESL

HELO PHYPL/7S5-39
HEL1 ARATH/63-74
HEL1 ORYSAL/65-79
HELZ ARATH/60-71
HELZ ERANL/60-71
HELz GOSHI/S7-65
HELZ LYCES/S57-65
HELzZz ORYSA/71-82
HEL3 ORYSL/70-51
HEL4 ORYSL/67-78
HEL HOBVU/64-75
HEL MAIZE/E7-73
HEL TRETO/ 64-75
HEL EZEALMP/67-78
HEP1 CASGL/S56-67
HEPZ CASGL/G3-74
HEPL CASGL/S56-67
HEPL PARAD/63-74
HEFPL FPARRI/63-74 F

LGLDPATCERVLNENY TLLVESNAPL TNE IRPVISCTPRHIGPAIPEVASIVIIFELY IYHVT
GOGPPALLLSEGTRLEELPD IFO3YDRLL ITSWGHD PRV P TAWNVL TMLD AL THIAVL T
QGHGLHGIGETVHVPFPFDETELQGEF TRVITNGVHEAL OILENEVDLOHL CGTYTHLIAS
SOLADRELSDASDERGEPDLASGIDVNGITESFENVIEEATIDIATECTIGATTEADTIVE
LELCFGIPLFSSELNREVCREIAAHGLCREESLONLLESSRELSLOVLNFVHEFOEGAST
LD IHTERPSFSELLECS3YADMGVPLPAKNLIFKDGVLEEWTSGRIPSSLLTANLHL O

e e R

=

Done

Pattern search

Pattern construction

> [SN]-P-x-[LV]-X(2)-H-A-x(3)-F.

LGE1 LUPLU/S57-65 iRy

LGE1 MEDSL/S6-67 Sitdop fog

LGE1 MEDTR/S6-67 Sitdop Mg

LGE1l PEA/S4-65 Sk R ) )

LGE1_SOYBN/55-66 P [HEHA Multiple Sequence Alignment

LGEl VICFA/S5-66 SF!Lg *H

LGE1_VIGUN/S56-67 Fkidt guile ©) Mozilla Firefox

LGBz LUPLU/57-65 'Eiq '

LGEZ MEDTR/S55-66 Sigkif=iF >UniPrthSmiss—PrDt|P02237|LGBS_SDYBN Leghemoglobin C3

LGBZ_PEAHSE—EE Sy qaﬁa [;:iizszAL?SSSFEAFKTNIPQ?S?HFYTSILEKAPHAKDLFSFLANG?DP PELTG

LGEZ PHAVU/S55-66 PAL o THALY HAEELFGLVEDS AGOLEASGTVWIDAALGEIHAQEATTDPOFVWWEEALLLETI

LGBE_SESRDHSE—E? Iaiqauﬂ SAWEVAYDELRAAATEEAF

LGEZ SOYEN/55-66 A HA

LGEZ WIGUN/S6-67 'tg1 e %9 Mozilla Firefox

LGE3 MEDSA/S5-66 Siy qs’ﬂ

LGE3 PEL/G4-65 gk Moy *ﬂ *UniProt/3wiss-Prot|POZEZ39|LGEL LUPLU Leghemoglobin I

LGE3 SESRO/56-67 P q% o MLLUKSSFEEFI«IAI\IIPRNTHRFFTLULEIAPGAKDLFSFLKGSSEUP

< . 3 OAHAGEVFELTYEAATOL OV GAVASDATLESLGEVHVSKEGVVDAHFPYVVEELTL E
DRGSR LN TANTTAYDELATTTEKENED AR

Dione




“One or two homologous sequences whisper...
a full multiple sequence alignment shouts out loud”

(Arthur Lesk, 1996)

MMIMAESPGLITI LLGYLLISAE TWVFLDHENANEILNRPERYNIGELEEFVOGNLERE MEEE 3FEEAREVFENTERTTEFWEQYVDGDQ ESNF LNGG3 EDDINSYE W FFGFI

VNMIMAESPGLITI LL-GYLL3AE--CT-——-———————— VFLDHENANEILNREPERYNSGELEEFVOGHNLERE MEEK S3FEEAREVFENTERTTEFWEQYVDGDOQ ESHMEP LNGGI K
QALRELLCLLLGLOG LARGEVARASGGETRDMPWEP GPHRVFVTOEEAHGVLHRRRRAN-AFLEELRPGELERE FEEEQ SFEEARETIFEDAERTELFWISYSDGDO AP ONGGS K

—————— ME3PVOL3ILLOVWWLASLLLPGE----------———————————GVF INRERANNVLARTRRANS-FFEEFEKGNLERE MEEI
—————— MGRPLHLVLL3A3LAGLLLLGE------—-------—--—————-3LFIRREQALANNILARVTRANZ: -FLEEMEKGHLERE MEET
—————— MAPOLLLCLILTFLWSL3EAES-—----------—————————-IVFLE3EVANRFLORTERANZ-LFEEFEALGNIERE ITEER
—————— MAEASGLYVTVC-LLGYLL3AEC - —————— AVFLDRENATEILSRPERTNS GELEEFVRGHLERE  TEEK
ACLMMIMAEPPGLITIC-LLGYLLGAD C————————————————————— TWFLDHEDATEVLIRPERYNSGELEEFWVOQGHLERE MEEK
EVIMIMAESPGLITIC-LLGYLL3AEC————————————————————— TVFLDHENANEILNRFERYNSGELEEFWVOQGHLERE MEEKE
——————————— ALITIF-LLGYLL3TEC-——---————--————————————AVFLORENATKILTRPERTNSGELEEFVRGHNLERE IEER
————— MyEQALRL--LCLLLGLOGCLARGGVAKASGGETRDMFWEF GFHRVFVTOQEE AHGVLHRRERRANA-FLEELEPGSLERE EEEQ
————— MAPQARGLG-LC3LLALOASLAR-----------——————————NVFITQEELHZVLERORRANZ-FLEELEPELERE EEEL
————— MyPQAHGLLLLCFLLOLOGPLGT-----———-————————————AVF ITQEE AHGVLHRORRANZ-LLEELWPGSELERE NEEQ
—————— MUWQLTELLLFYATWGISGTPAP----------—————————-LD3VFS33ERLAHOVLETRERANS-FLEELREHESLERE TEET
—————— MmoLASL3LLLTICGTC3TAAP-----———-——————————-PGIVF 32 3E3 AHOVLRIRERANS-FLEEIRAGSLERE MEEI
—————— MWQFEVFLLLM3TWIS3IPAH-----------————-————-FDPFVF 33 3EHLAHOVLEVR-RANS-FLEEMEPGSLERE MEEI
—————— MaGCVYPLLOGLVLVLALHRVEP----------—-——————————-3VFLPASKLANDVLVRWERAGEYTLLEELFEGNLEEE YEEI
—————— MaGCILLLEGFILTLILHOVEL----—-———-————————————-OVFLPAPKANNVLERWRRGSSYFLEEIF QGHNLEKE YEEV

——————————————————————————————————————————————————————————————————— AGEYLLEELFEGHLEEE WEEI
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AYEEVREIFEDDEETEEYWTEYEDGDG
AYEEAREVFEDZDETHEFWIEYEDGDO
SEEELAREAFEDNEETETF WV YW DGDO
AFEEAREVFENTEETTEFWEQTVDGDO
AFEELAREVFENTEETTEFWEQTVDGDO
AFEELAREVFENTERTTEFWECQYVDGDO
AFEELREVFENTEETTEFWEQYWVDGDO
AFEELREIFEDAERTELFWISYADGDO
SFEELREVFOETERTEQFWITYHNDGDG
SFEELAREIFESFPERTEQFWIVYIDGDO
DFEELKEIFQMNVDD TLAFWEKHVDGDO
DFEEAREIFCHNVDD TLAYWIEYVDGDO
DFEELAQEIFCHNVEDTLAFWIKYFDGDO
VYEELREVFENEVVTDEFWRRYEGGSE
NYEELREVFENDVITDEFWROYGGGIE
VYEELREVFEDDETTDEFWRTYHGGSE
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e describe functional regions of proteins (called
domains, motifs, signatures...)

e a protein may consist of several and/or different
domains (multi-domain-protein)

e domains can be described by
— patterns (regular expressions)
— rules
— profiles
— Hidden Markov Models

Prof. Dr. Antje Krause 38 05.02.2008



— —ll— = — *Factor |1, Prothrombin (PO0734)
—8—0—CO—0—— & — *Facior XII (PO0748)
—— —O— —l— Hepatocyte growth factor activator {Q04756)
—O—0l— issue-type plasminogen activator (PO0O750)
— —O—0— " md— *Vitamin K dependent protein Z {P22891)
— —O0—0— " m»— *Factor IX (PO0740)
— —O—0— m»— *Factor VIl (POS709) Vitamin K-dependent

carboxylation
— 00— 00— mP»— *Factor X (P00742)

EGF-like
—0—0— < m»— *Factor XIV (P04070)
Kringle.
—oH BBl 2 Hepatocyte growth factor (P14210)
Apple 4

—o—— (Al Splicing)  Hepatocyte growth factor (Q02935)
—o—l I & *Plasminogen (P00747)
—l— 8 = *Apolipoprotein(a) {PO8519)
9090 P *Facior XI (PO3951)
——0—o¢ *_*Kallikrein{PUSQSE) *Blood clotting cascade

Fibronectin type | O
Fibronectin type || @
Serine protease >

Prof. Dr. Antje Krause 39 05.02.2008
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Suppose we have n homologous protein sequences
\What do they have in common?
\What are the functional regions of these proteins?

«\Which regions are conserved, which are not
conserved?

e How can we characterize these proteins/their
functional domains?

e\What distinguishes these proteins/their functional
domains from others?

Prof. Dr. Antje Krause 47 05.02.2008



Database Search

Jequences producing significant alignments:
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Score

070333 POSTSYNAPTIC PROTEIN CRIPT. [Rattus norvegicus] 17%
Q95YB4 T13M11,14 PROTEIN. [Arabidopsis thalianal 100
@avL//7 CG4537 PROTEIN, [Drosophila melanogaster] 98
093338 C36B1.3 PROTEIN, [Caenorhabditis elepans] 09
087978 PUTATIVE FORMYL TRANSFERASE, [Bordetella bronchiseptical 34
P16374 ZINC FINGER PROTEIN MFG-3. [Mus musculus] 31
@9TAUZ2  HOLCO5,1 PROTEIN, [Caenorhabditis elepansl] 31

2070333 POSTSYNAPTIC PROTEIN CRIFT. [Rattus norvegicusl Length = 101

Score =

175 bits (438), Expect = 3e-43

Identities = 80/89 (89%). Positives = 81/89 (H0¥%)

Query: 26
abjct: 1

Query: 86
Sbjct: 61

E

(bits) Value

3e—-43
1le-20
de—-20
4e—08
¢.71
6.1
8.0

MYCEKCEKKLGEVITPDTWKDGARNT TESGGRKLNENKAL TSKKARFDPYGKNKFSTCRI 85
MYCEKCEKKLGREVITPDTWKDGARNT TESGGRKLNENKAL TSKKARFDPYGKNKFSTCRI
MYCEKCEKKLGREVITPDTWKDGARNT TESGGRKLNENKAL TSKKARFDPYGKNKFSTCRI 60

CKSSYHOPGSHYCOGCATKKASYRCYAKR 114
CKS3YHOPGSHYCOGCA KK K+
CKS3YHOPGSHYCOGCAYKKGICAMCGKK 89

Prof. Dr. Antje Krause 49

05.02.2008



Transitivity
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euse of intermediate sequences to derive knowledge
about homology

eif the proteins A and B are homologous and the
proteins B and C are homologous, than A and C are
homologous, too

ethis holds even If there is no sequence similarity
detectable between A and C!

MM"

Prof. Dr. Antje Krause 05.02.2008



»070333 POSTSYNAPTIC PROTEIM CRIPT [Rattus norwegicus] C u tOff : 1 e - 3 O

MYCEKCERKLGRY I TPOTUKIGARNTTESGGRELNEMKAL TSKKARFIPYGRMKFSTCRI
CKSSVHUPGSHY COGCAYRKGICAMCGREVLITENYROTSY . BINGEN
Database Search Cutoff: 1e-10 Fachhochschule Bingen

University of Applied Sciences

Score E
Sequences producing significant aligmments: {bits} Yalue
195YE4 T13MLl,14 PROTEIM [Arabidopsis thalianal
070333 POSTSYNAPTI N . E— HVCTIRCEKL] 4 5 T WEDGARMY TEGGGRE INENKLLSKENENSPYSTCTTRCHICK
[95YRd4 T12M11,14 P e ‘ P GYCAMCGROYLDTKHYROSHY
L7Y CG4037 PROTE
(193338 C3RE1.2 PROTH
09GH4 Z0R-2,

133 2e-31
89 Ze-18
33 036

Database Search

Score
bducing significant alignments: {bits?

Sequences f

Score E

U3S¥E4 T13Hg 14 PROTEIN, 215 [ ing zighificant aligrments: {bits) Value
070333 POSTREMAPTIC PROTEIM CRIPT. /

NavL77 Co4l PROTEIN, 12 EEL.3 PROTEN 835 0.0
(192332 C36HM. 2 PROTEINM, 73 Ze-1NWI12Z FROTEIN, 221 4e-90
04srTS F14rll 13 FROTEIN, 32 0.6 208 4oty
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Sequence Clustering: Goals
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Biologically meaningful partitioning of the data:
e Functional annotation
e Gain of information
e Reduction of the search space

e Selection of prototypic or representative
seguences

e Phylogenetic analyses
e Gene/protein prediction
etc.
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Protein Families
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Following M.Dayhoff (1974, refined by W.Barker, 1996)
we can think of a

e Protein superfamily as a group of proteins
— sharing domains
— being evolutionarily related
— showing weak sequence similarity

e Protein family as a group of proteins
— being (closely) evolutionarily related
— (showing at least 50% sequence similarity)

e Homeomorphic protein family as a group of proteins
— having the same domains in the same order
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How to “find” protein families and rri
superfamilies with protein sequences? ol
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1. Do sequence similarity searches (e.g. using BLAST) of all
sequences in a data set against all sequences in the data set
= all-against-all comparison

2. Extract similarity values (score, % identity, Evalue...) and
store them in a table = distance matrix

3. Sort seqguences in groups according to their similarity values
= clustering

Problems:

e Which similarity values are suitable to do the grouping?

e Down (or up) to which value can we reliably detect
evolutionary relationships?
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Clustering

BINGEN
\

Fachhochschule Bingen
University of Applied Sciences

e Goal: grouping of elements into disjoint sets, named clusters
—with similar elements in the same cluster (homogenity) and
—dissimilar elements in different clusters (seperation)

e Requires: distance matrix / similarity measure
eLet E be asetof nelements E, I € {1, ..., n}
elet S: E X E - IR be a similarity measure

e Let t be a threshold value (or cutoff value)
= E; and E; are similar, if S(E;, E;) > t
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Single Linkage Clustering
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e Nearest Neighbor Clustering
e Sokal & Sneath, 1973

= Two elements E; and E; belong to the same cluster, if there is a
chain
S(Ei, B)>t, S, E)>t, ...,S(E;, E) =1t S(E, E) >t

e Similarity graph = connected components

e Problems:

—Chalining
—How to choose t?
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Complete Linkage Clustering
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e Furthest Neighbor Clustering
e Sokal & Sneath, 1973

= Two elements E; and E; belong to the same cluster,
If S(E;, E) >t

e Similarity graph = maximal complete subgraphs (cliques)
e Problems:
—IiNn Most cases too restrictive

—finding cliques is NP-hard
—How to choose t?
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Hierarchical Clustering
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e construct a tree
e cut at a certain level and derive clusters at this level
e clusters at different levels are not disjoint but nested

e divisive construction (top-down, splitting):
starts with one cluster which contains all elements and
splits clusters in lower levels

e agglomerative method (bottom-up, clumping):

starts with n clusters, each containing one element and
merges clusters in higher levels
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Hierarchical Clustering rr
(agglomerative method) ol

Fachhochschule Bingen
University of Applied Sciences

Input: n Elements E;, i € {1, ..., n}
Output: Hierarchy

l:c«n

: foralli e {1, ..., n} do

C <« {E}

. end for

> whilec > 1 do

c«c-1

find next clusters C; and C;
merge C; and C;

. end while

©RXNQIHWN

In case of Single Linkage Clustering the result is a
Minimal Spanning Tree
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Single Linkage Clustering

BINGEN
\

Fachhochschule Bingen
University of Applied Sciences

Cutoff/Threshold

weak

A

conservative

stringent

Single Linkage
Hierarchy
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Test data set
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e starting with 171,191 redundant sequences from Swiss-Prot

e after all-against-all BLAST database searches:
19,407,137 pairwise values

e after excluding 27,305 fragments (being 90% identical to
another sequence over 95% of their sequence length):
13,083,209 pairwise values

e Reminder:
171,191 sequences
= 14,653,093,645 possible pairwise values!

e only 0.132% sequence pairs result in an Evalue < 10!

Prof. Dr. Antje Krause 63 05.02.2008



Single—linkaga clu=staring £ Sw e=—Frol daiabass

120000 120000
Al clu=lars
™ - = = = Single saquanca clu=lars
- - 10 largas= cluslars
* -_— -_— -—
100000 - Larges] clu=tar 100000
A0000 B0000
“ =
7]
; 2
ki a
o E0000 ECIDDDE
£ :
= 2
m
40000 40000
20000 20000
— - [
ﬂ-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___-_- e em em S e e e = 0
10" 10~ 10~ 10~ 10

E—valua

143,886 non-redundant sequences and 13,083,209 pairwise values
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Observations
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e Doing Single Linkage Clustering with this data we can vary on
the pairwise results of the BLAST searches, i.e., Evalue, %
Identity, length of local alignment, % alignment length of
seguence length, score and all combinations!

e With a choice of at least 50% identity we are on the safe side
(this was Margaret Dayhoff’s original value for a protein family!)

e Unfortunately (but no surprise) nature does not behave in
cutoffs &

e There are highly conserved protein families (e.g., histones) and
fast evolving protein families (e.g., immunoglobulines)

e Every protein family needs it’s own cutoff ©
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q

Iy

Single linkage Superfamilies Superfamily Family
hierarchy distance graph clusters

Superfamilies as well as family clusters are derived
from the structure generated by the data itself
= no need for a user defined static cutoff
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SYSTERS
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e EXxploit the self-structuring properties of the data:

— Determine an individual cutoff for each superfamily based
on the single linkage hierarchy

— Split each superfamily into family clusters based on the
superfamily distance graph

e Automated and independent of static user-defined cutoffs
e Results accessible on the Internet

e http://systers.molgen.mpg.de
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Protein family databases - ProtoNet

e http://www.protonet.cs.huji.ac.il/
e global classification of proteins into hierarchical clusters
e based on Swiss-Prot sequences, with TrEMBL sequences added

after clustering

e N. Kaplan et al.,
NAR, 2005, 33(DB)

e 3 different hierarchi-
cal clustering
methods available
depending on the
similarity measure
(harmonic-, geo-
metric-, arithmetic
average) based on
BLAST Evalues

Prof. Dr. Antje Krause
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Protein family databases - CluSTr
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e http://www.ebi.ac.uk/clustr/index.html
e automatic hierarchical classification of all sequences in UniProt
e uses Z-Score based on Smith-Waterman comparison:

Z-Score = min(Z(A,B), Z(B,A)) with

Z(A,B) = (Score(A,B) — M) / G with

M - arlthmetlc mean ’ he ClusTr database offers an automatic classification

of UniProt Knowledgehase and IPI proteins into groups

G: Stand - deV|at|0n Of a” resu ItS C?HS"'T]" of related proteins. The clustering is based on analysis

of all pairwise comparisons between protein

e R . Petryszak et al .y BlOln— sequences. The database provides links to InterPro,
. which integrates infarmation an protein families, domains and functional
fo rmatics, 2005 ’ 21(18) sites from PROSITE, PRINTS, Pfam, ProDom, SMART, TIGRFAMs,
Gene3D, SUPERFAMILY, PIR Superfamily and PANTHER.
e constructs Single Linkage
About CluSTr
H |erarChy To date, CluSTr contains the following information:
. * 4.8min protein sequences from UniParc
® prOVIdeS a SUbset Of CIUSte I's (to be updated to 6.2miIn sequences in May 2006), including
- * 2 1min sequences from UniProt Knowledgebase rel. 8.1 and
at several different cutoff 155,000 sequences from [FL
e« Cyver 600min similarities;
Va|ueS * G6.4min clusters;

» Clustering for 417 organisms with completely sequenced genomes.
For the full list of the genomes see Integrd

. s Putative homalogues predictions for the above species. Far more
Prof. Dr. Antje Krause 80 information see Homologue Selection at Intecrd.




Protein family detection - TribeMCL
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e http://cgg.ebi.ac.uk/services/tribes/
e uses a Markov Clustering method based on BLAST Evalues

e primarily used for comparing protein sequence sets of
completely sequenced genomes, e.g. in ENSEMBL

e clustering software available
e provides one set of protein families
e more specific than other methods, but less sensitive

Related Not S s
related '..' r f ‘[F r- . J\ J f"\ “
Found | True False - J ‘-—:i ! . \‘\:::J.- —
positive positive oo .

An efficient algornthm for Iarge-f.r:ale detection of protein families

Not False T True

found | negative negative A.J.Enright et al., NAR, 2002, 30(7)
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Difficulties In all methods L
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relying on database search methods like BLAST for pairwise
sequence comparisons:

e |ow ranking of short sequences in searching large sequence
databases

e doing all comparisons is very time consuming
(Smith-Waterman on a GeneMatcher with 1.000.000 sequences
took 3 months)

e seguence database searches report only local similarities, i.e.,
similarity between common domains

e seguence database searches with BLAST are not symmetric

(i.e., score and Evalue)
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But wait a moment... g
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e Why so many databases?
e Which one is “right” which one is “wrong”?

e How can we proof that the results are correct?

 \We want to answer biological questions with these databases
e Different databases are needed to answer different questions
e There is no “right” or “wrong”

e The benefit highly depends on the questions

e The more concise the question, the more beneficial the answer
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Gene family databases
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Suppose we have the gene/protein sequences of 2 completely
sequenced species

e Which genes/proteins do these species have in common?
e Which genes/proteins are orthologous?
e Where are the differences?

e Which genes/proteins have paralogs in one or the other
species”?

e Which metabolic pathways do these species have In
common, which differ?
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What happens to a duplicated gene?

Quantitative
Non- Neo- Sub-
I I I
I I I
I I I
I I
| |
Loss of New function
function
and/Zor
pseudogene
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Functionalization

Duplication

Time...

Duplication-Degeneration-Complementation Model (DDC)
Lynch & Force (Genetics, 1999/2000)
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Orthology, paralogy and proposed rr
classification for paralog subtypes L
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Orthologs:
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Genes in the genomes of different species with University of Applied Sciences
a common ancestor (resulting from a speciation event)

Paralogs:
Genes in the same genome with a common ancestor
(resulting from a duplication event)

Inparalogs:
Genes in the same genome with a common ancestor (resulting
from a duplication event after the last speciation event)

Outparalogs:
Genes in the same genome with a common ancestor (resulting
from a duplication event before the last speciation event)

= to determine orthologs and paralogs the easiest way is to
analyse only 2 species at a time!
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Pairwise-best-hit-method

Search with all protein sequences
of species A against all

protein sequences of

species B

Remember only the
best hits

Search with all protein
sequences of species B
against all protein

seguences of species A l’

Remember only the
best hits

All pairwise-best-hits are
assumed to be orthologs 89

BINGEN
\

Fachhochschule Bingen
University of Applied Sciences

All proteins (genes)
of species A

All proteins

(genes) of species B

05.02.2008



i
i

: : (L
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e http://inparanoid.cgb.ki.se/

e clustering software available (written in Perl, easy to use)

e after determination of main-orthologs inparalogs are added to
the groups

e inparalogs: duplicated after speciation event

e outparalogs: speciation event after duplication

® Uses
BLAST

e K.O'Brien

et al.,

NAR, 5\
-Human vs all

2005 y -+Gene search

-»Text search

33 (D B) -:Blast search

—=Downloads

-=+0ld version

Prof. Dr. Antje Kraus g InParanoid: Eukaryotic Ortholog Groups




Gene family databases - COGs
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e http://www.ncbi.nlm.nih.gov/COG/
e Clusters of Orthologous Groups of proteins
e pbased on all-against-all sequence search
e a protein builds a COG if pairwise-best-hits consist for
at least 3
species — [ ] [ ]
e manual -
post- ] [ ] - -
processing Species A B Species C
(alignments,
trees) of COGs to split Species B
COGs of multi-domain-proteins
e R.L.Tatusov
et al., 1997,
Science, 278 eT's of Urthologe UP
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Oniy they know the difference.
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