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Trie Flurnzrn Genorne Project

GATCCTCCATATACAACGGTATCTCCACCTCAGGTTTAGATCTCAACAACGGAACCATTGCCGACATGAGACAG
GGTATCGTCGAGAGTTACAAGCTAAAACGAGCAGTAGTCAGCTCTGCATCTGAAGCCGCTGAAGTTCTACTAAC
GGATAACATCATCCGTGCAAGACCAAGAACCGCCAATAGACAACATATGTAACATATTTAGGATATACCTCGAA/
ATAAACCGCCACACTGTCATTATTATAATTAGAAACAGAACGCAAAAATTATCCACTATATAATTCAAAGACGCG!/
AAAAAGAACAACGCGTCATAGAACTTTTGGCAATTCGCGTCACAAATAAATTTITGGCAACTTATGTTTCCTCTTC!
CAGTACTCGAGCCCTGTCTCAAGAATGTAATAATACCCATCGTAGGTATGGTTAAAGATAGCATCTCCACAACC
AGCTCCTTGCCGAGAGTCGCCCTCCTTTGTCGAGTAATTTTCACTTTTCATATGAGAACTTATTTTCTTATTCTTT.
CTCACATCCTGTAGTGATTGACACTGCAACAGCCACCATCACTAGAAGAACAGAACAATTACTTAATAGAAAAAT
ATCTTCCTCGAAGGCTAATCGATAACTGACGATTTCCTGCTTCCAACATCTACGTATATCAAGAAGCATTCACTT,
ATGACACAGCTTCAGATTTCATTATTGCTGACAGCTACTATATCACTACTCCATCTAGTAGTGGCCACGCCCTAT
GCATATCCTATCGGAAAACAATACCCCCCAGTGGCAAGAGTCAATGAATCGTTTACATTTCAAATTTCCAATGAT
TATAAATCGTCTGTAGACAAGACAGCTCAAATAACATACAATTGCTTCGACTTACCGAGCTGGCTTTCGTTTGAC
AGTTCTAGAACGTTCTCAGGTGAACCTTCTTCTGACTTACTATCTGATGCGAACACCACGTTGTATTTCAATGTA
TCGAGGGTACGGACTCTGCCGACAGCACGTCTTTGAACAATACATACCAATTTGTTGTTACAAACCGTCCATCC
CGCTATCGTCAGATTTCAATCTATTGGCGTTGTTAAAAAACTATGGTTATACTAACGGCAAAAACGCTCTGAAAC
ATCCTAATGAAGTCTTCAACGTGACTTTTGACCGTTCAATGTTCACTAACGAAGAATCCATTGTGTCGTATTACG
GTTCTCAGTTGTATAATGCGCCGTTACCCAATTGGCTGTTCTTCGATTCTGGCGAGTTGAAGTTTACTGGGACG!
CCGGTGATAAACTCGGCGATTGCTCCAGAAACAAGCTACAGTTTTGTCATCATCGCTACAGACATTGAAGGATT
GCCGTTGAGGTAGAATTCGAATTAGTCATCGGGGCTCACCAGTTAACTACCTCTATTCAAAATAGTTTGATAATC
GTTACTGACACAGGTAACGTTTCATATGACTTACCTCTAAACTATGTTTATCTCGATGACGATCCTATTTCTTICTG
AATTGGGTTCTATAAACTTATTGGATGCTCCAGACTGGGTGGCATTAGATAATGCTACCATTTCCGGGTCTGTCC
ATGAATTACTCGGTAAGAACTCCAATCCTGCCAATTTTITCTGTGTCCATTTATGATACTTATGGTGATGTGATTTA
CAACTTCGAAGTTGTCTCCACAACGGATTTGTTTGCCATTAGTTCTCTTCCCAATATTAACGCTACAAGGGGTGA
GTTCTCCTACTATTTTTTGCCTTCTCAGTTTACAGACTACGTGAATACAAACGTTTCATTAGAGTTTACTAATTCA/
CAAGACCATGACTGGGTGAAATTCCAATCATCTAATTTAACATTAGCTGGAGAAGTGCCCAAGAATTTCGACAAC
TCATTAGGTTTGAAAGCGAACCAAGGTTCACAATCTCAAGAGCTATATTTTAACATCATTGGCATGGATTCAAAG
ACTCACTCAAACCACAGTGCGAATGCAACGTCCACAAGAAGTTCTCACCACTCCACCTCAACAAGTTCTTACAC
TCTACTTACACTGCAAAAATTTCTTCTACCTCCGCTGCTGCTACTTCTTCTGCTCCAGCAGCGCTGCCAGCAGC!
AAAACTTCATCTCACAATAAAAAAGCAGTAGCAATTGCGTGCGGTGTTGCTATCCCATTAGGCGTTATCCTAGTA
CTCATTTGCTTCCTAATATTCTGGAGACGCAGAAGGGAAAATCCAGACGATGAAAACTTACCGCATGCTATTAG
ACCTGATTTGAATAATCCTGCAAATAAACCAAATCAAGAAAACGCTACACCTTTGAACAACCCCTTTGATGATGA
TTCCTCGTACGATGATACTTCAATAGCAAGAAGATTGGCTGCTTTGAACACTTTGAAATTGGATAACCACTCTGC
TGAATCTGATATTTCCAGCGTGGATGAAAAGAGAGATTCTCTATCAGGTATGAATACATACAATGATCAGTTCCA
CCAAAGTAAAGAAGAATTATTAGCAAAACCCCCAGTACAGCCTCCAGAGAGCCCGTTCTTTGACCCACAGAATA
CTTCTTCTGTGTATATGGATAGTGAACCAGCAGTAAATAAATCCTGGCGATATACTGGCAACCTGTCACCAGTC
ATATTGTCAGAGACAGTTACGGATCACAAAAAACTGTTGATACAGAAAAACTTTTCGATTTAGAAGCACCAGAGA
AAAAACGTACGTCAAGGGATGTCACTATGTCTTCACTGGACCCTTGGAACAGCAATATVAGEIGGIN EALBCGTA
AAATCAGTAACACCATCACCATATAACGTAACGAAGCATCGTAACCGCCACTTACAAAATATTCAAGALCTCTCAA
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Alignment Algorithm Set of related

QUERY q Scoring Function sequences or

Accurate Statistics protein family
from database

A L GNME N A L G- NME N

A L G N M E N A L G N ME N -

500 M. KANN ET AL
A L G N IVI E N TABLE L. OPTIMA Score Matrix Achieved at the Tenth Iteration®
A 36
R 9 56
N -19 4 5
D -20 -18 18 65
ALI G NMEN {334,
Q -3 1z 2 2 -30 46
E -10 3 3 2 -39 19 40
G 4 -18 7 -10 -29 -20 -23 67
H -19 3 12 -7 -20 3 2 -18 8
1 -5 —98 —-32 -3 -6 —30 -33 —41 —28 35
4 3 4 7 1 2 _2 O O L -7 —20 -32 —43 —6 -23 —-31 —42 -27 28 32
K -10 3 1 -4 -20 15 14 -18 -7 -31 -21 37
M 9 10 -19 -3 -8 1 -21 -20 -19 12 24 -12 51
F -19 -30 -20 -33 -18 -20 -32 -32 -8 8 17 -29 2 57
P 5 —18 —17 -7 —-30 —11 -7 —18 —18 -30 —-33 —10 —-21 -39 74
§ 12 -11 10 4 -10 0 -1 2 -9 -2 -22 3 -10 -19 -8 3
T o -8 0 -10 -7 -7 -6 -17 -20 -8 -13 -8 -7 -18 11 18 48
W -20 29 -39 -4 -18 -19 -20 19 -18 -28 -15 30 -8 14 38 29 —19 110
Score—lg Y -19 -15 -19 -20 -18 -9 -21 -20 20 -8 -2 -17 -9 37 -28 -19 -I7 22 69
— V6 -32 -31 -31 -6 —19 —28 -30 -20 35 18 —23 10 0 —18 —22 6 —28 —D 38

A R N D C Q E G H I L K M F P 8 T W Y V
“The elements are multiplied by ten to inerease precision; corresponding gap penalties are —120 and —20.

PAM: Dayhoff et al. (1978); BLOSUM: Henikoff & Henikoff (1992); _
OPTIMA:Kann et al. (2000). Maricel Kann. Feb-08



Estimated number of non-related sequences In the
database that score higher than the query

E=p(S, <Sz)D

D= size of database

S Maricel Kann. Feb-08
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T
S S
p(S, < Sg) =1—exp[-KMNe “*]

# of alignments with score S

Alignments’ scores

Maricel Kann. Feb-08



Ouilne

A new computational approach for the detection of
protein domains: Semi-Global Alignment of
Protein Domains with accurate statistics.

— Introduction
» Definition of protein domain.
« Main features of the Conserved domain database (CDD)
 Position specific scoring matrices (PSSM)
» Classification of alignment methods

— Current methods for protein domain searches
— Our approach (Global Blocks Aligned Locally)
— Results

Maricel Kann. Feb-08



c'(_; MMDB
> NCBI Structure Summary

Pubhied BLAST Structure Taxonomy D I Help?

Description: Crystal Structure Of Human Tyrosine-Frotein Kinase C-Sre, In Complex With Amp-Prnp
Deposition: XuVy, Doshi A, Lei M, Eck MJ, Harrison SC, 1998/12/29
Taxonomy: Homo sapiens

Reference: FubiMed MMDB: 11026 PDB: 25REC  Structure Neighbors: VAST

View 3D Structure of | Al Atom kModel w | Ch3Db v: Display v: MEW (St Gnan 411

The graphics below indicate the individual chains, 30 domains and ligands identified, if present, in the MMDE structure. ¥ou may view
thern in Cn30 by clicking "view 30 Structure” above. ¥ou may also click each icon to get more information.

-
==
o
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3d Donains
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Tyrkc

The term protein domain (or domain) refers to a region of the protein
with compact structure, usually with a hydrophobic core.

Maricel Kann. Feb-08



Cornsarvac Doraalns

In 1974 Michael Rossman recognized the NADH
binding domain in several dehydrogenases (named
after him).

Conserved domains are determined by sequence
comparative analysis.

Molecular evolution uses such domains as building
blocks

They may be recombined in different arrangements to
make proteins with different functions.

Most proteins contain multiple domains (65% euk,
40% prok), giving rise to a variety of combinations of
domains.

Maricel Kann. Feb-08
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CDD: a collection of domain multiple alignments linked
to protein 3D structure

Maricel Kann. Feb-08



r
=1 Domains __)=f3.
CoD [

965 -
HOME | SEARCH | SITE MAP Entrez [ Structure [ Protein | Help
cd01040.2 globin
Links: Globins are heme proteins, which bind and transport oxygen. This family summarizes a diverse set of homologous
Source: cdd protein domains, including: (1) tetrameric vertebrate hemoglobins, which are the major protein component of

erythrocytes and transport oxygen in the bloodstream, (2) microorganismal flavohemoglobins, which are linked to C-

Taxonomy: cellular organisms terminal FAD-dependend reductase domains, (2) homodimeric bacterial hemoglobins, such as from Yitreoscilla, (4)

PubMed: 5 links plant leghemoglobins (symbiotic hemoglobins, involved in nitrogen metabolism in plant rhizomes), (5) plant non-
Book: 32 boaok links symbiotic hexacoordinate globins and hexacoordinate globins from bacteria and animals, such as neuroglobin, (6]
Protein: cd01040 related invertebrate hemoglobins, which may occur in tandem-repeat arrangements, and (7)) monomeric myoglobins found in

; animal muscle tissue,
architectures

reprasentatives Labels in Sequence

Related CD: 2 links Fambure: Lj5g Eoidence Feature Name alignment
Statistics: =] 1: heme-binding site @
PSSM-Id: 2909079
Aligned: 2032 rows cdO1040 is part of a hieraghy of related CD models.
Status: curated CD Use the graphical representatioNto navigate this hierarchy.
C ted: 102 2006
U;ﬁjtgd: 1,:,_322_2,:,,:,5 cd01040 Sequence Cluster amily Hierarchy
[ ———— | [ oemeaven ) @
[ Show Structure ] > > -
" —_— —— e = heme-binding site
Feature 1 # ¥ ¥ # He
143H 1 AMNETRELCHMESL. [1Z2] .QDGIDLYEHHMFENY. [2] .LEEYF.[16] .FAROGOEILLACHVLCA. [153] .ELLDEHAR 99
1HDA & 3 DAADEGNVELLT.,[ &S] .EYGAEALERMFLEF.[2] .TETYF.[11] .VEGHGAEKVALAATL. TEAVE. [10] .ELSDLHAH 59
gl 422406 &6 SDIEEELVEDAW. [ 5] .GTANTVYFYNYLEEY. [Z2] .NODEF. [16] .FELITAGRIFTIFDMCVE. [153] .DM2GPHYA 100

gi 1730834 167 TALARPRETEQRDN.[ 7] .LFCIQFYDNLIAMD.[Z2].LEEYF.[ 2] .LEHOAVIFCEVLDZAID.[13] .KELGERHIER 246
gi 2105139 206 TPHQIERDWQRSW.[ 5] . ALVISIFVELFEET. [2] . IQKFF.[16] . YEEQIALVADRLDTHMIS. [13] . ¥YMREYTHTE 300

It combines information about protein sequence, their conservation
patterns across evolution and the protein structure and provide
useful functional annotation.

11 Marchler-Bauer et al (2003) NAR 383:387 Maricel Kann. Feb-08
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QUERY

Alignment Algorithm| | Set of related
Scoring Function sequences or

Accurate Statistics protein family
from database

PSSM can be derived from the MSA

Feature 1
145H
1HDA A

i

42z406
1730534
2105139
17509143
17541936
17555092
17570331
Z51551687

Feature 1
1A3H
1HDA A

ol

422406
1730534
2105139
17509143
17541936
17555092
17570331
25155167

[
167
206

18
162
37
o
144

19
59
&7
213
267
=
229
107
108
207

10 20 30 40 50 &0 70 g0

J R L A S (VAR SRR IR AR IS NN IR SRR IR |

# # ## #
INETRELCHESLehakvd--tsnearQDGIDLTEHNFENYp—————— pLEEYFksreeyta-——————— edvigndpfFAED 65
S LADKGNVEALAT g —————— ghasEYGAEALERNFLSFp—————— tTKTYFphfdlg-——————————— hysagWKGH 58
SDEEEKLVEDAVapih-———--- g 1l GTANTVF YN YLEEYp—————— sNQDEFet lkghpl-—————— devikdtanFELI &6
TARPRETEQRDNdAnkv——————— AtalLFCEQFTINL IAMD - 1LEEYFp - ---sLEHZ 21

——————— d=lagnaeTEEQ 26

A PSSM, or Position-Specific Scoring
w e uo w0 s Matrix (or profile), is a type of scoring

B T SR I S D U SR S I . . . . . . .

: i : hich amino acid substitutio
GQEILLACHVLCAtyddret-fnaytrELLDREARALvh-—1ppeVITDFWKLF m atrlx I n wni m I n I u I u | n
GARVALALTRAVER1dd]———-poalsELSDLEARK Lrv-——dpvIF ELLESHSL .

AGRIFTIFDNCVErmvondkg-£olkviaDHSGPHVAr pit———hgsYNDLREGVIV Scores are g Iven Separately for each
AVSFCEVLDSAID: Lenvhv—1ddyivKLGKRESRL Loi-——lktvGF EVIGKAR

IALVADRLDTMISamddkle-1lgnin¥MRYTHTErgi-——-praPWEDFSRLL . . . .

NLOQIVEFLOKVHQs 1depdi-isk loqE IGORHARyr rskomk i d YD KLGELT pOS Itl 0 n I n a prote I n m u |t| ple Seq ue n Ce
ARLFTSILHISVEnvde leaqvaptvEKYGERETRpdit phitesNVRVFCAQT

CASLOAALNHNIIOnkddksg-mrrmlnEMGAHEFF vda————cepHFEVFODSL

VKYFVDLVOSCVDnlenlet gvkpu ldL IGRGHAN fki-——— gk HVEKFGESL

CEVTVEILDTVIEnldndhariteylt EIGEOHRH  kaeg—1s5aVUDDLGDTI al I g n m e nt
.

Maricel Kann. Feb-08


http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html

WISA conielns conservac oloels

@ Other Related Conserved Domains: ([[EEUEE
@ | Reformat Sequence Nignmant] Format: | Hypered | Row Display: Color Bits: Type Selection: |the mos
10 20 30 40 50 60 70 80
(RTSTIT ISP AP PAPRPITS SFTSITIR PP (PApapare, APAP (RPPAIT PAPIPITT (ST POPSPAIS PSPPI FUPSTS SSPSTSI PO
Feature 1 E £ == E
1ASH 1 ANFTRELCMESLehakvd--tanearQDEIDLYKHMFENYD—————~ pLRXYFksreeyra——————- edvandpfFAKD 65
1HDA A 3 SAADEGHNVHEAAWgkvg--=——--- ghaaEYGAEALERMFLSFp—————~- cIFIYFphfdlis-———————————- hgsagVHGHE 58
gi 422406 € SDSEEXLVRDAWapih-—-—--—- gdlgETANTIVEYNYLEKYp—————— =sNODEFeclkghpl—-—————- devidcanFXLI 66
gi 1730834 167 TARPRETIRQRDNdnkv--—===- dealEFCSQFYDNLIAMDpD—————~ 1LEEYfp-—==——==—m——m—mm——————— sLEHQ 212
gi 2105139 206 TPHQIRDVORSWeniyr—-————- ndrnALVSSIEVELEFRETp—————— rIQFFFakfanvav-—————- daslagnaesYEHRD 266
gi 17508143 16 HPEGREADNQILnSY-———===—= gQkSIVRENAWRHMSORGpancgsciTRRMMarkscig-—-——————= dildrscLDYH 77
gi 17541936 162 DEESCEVVADSWrlvesrssaaet=saCFGLEVEQRVESEIp—————— mLAPLEglsesddy-———=——— fdipdnhpVRRHE 228
gi 17558092 37 VDDDEELARTHWiqglgk----snkggLAIRGCELTMLERYp—————— gVREPIWHgfgkriegrgdecwkpeivedfyFRHEE 106
gi 17570331 58 SPEHQFLIFKRSWnri---—-—=——=- pkaQFGRASLEAFITAAG-—-——~ vIHAIFvdk-=-===m——m—mmmm ecENRE 105
gi 25155167 144 SPYQOFLLVOCHpniyt----tgasgPEANSLYSTLSSR¥Na--———-—- kAKELLakadgvav—-—————— faskadfdcSVME 206
20 100 110 120 130 1490 150 160
T T e T T T Tl T I Torn) (s SOpamn) EFRap  Opapel S e e T
Feature 1 b % E
1ASH 66 GORILLACHVLCAcyddrec—-fnaycrELLDREARGhvh-—mppeVWIDEWRLFEEY Lgkkvt————1deptEQAWHREIG 138
1HDA A 59 GAXVARALIRAVERlddl-——pgalsELSDLEAHKl rv—dpvNFELLSHSLIVILashlps—dfcpavHASLDKEL 129
gi 422406 &7 AGRIFTIFDNCVEnvgndkg-fgkvialMSEPEVArpic-——hgsYNDLRGVIYDSMHldSs————m—mmm chEAANNEMM 133
gi 1730834 213 AVSFCEVLDSAIDnlenvhv-lddyivELGERHESRilgi-——ktvEFEVMGRAFMITLqdrfgs-—flclelKRNLWUGQLY 286
gi 2105138 267 IALVADRLDIMISamddklg-llgnin¥YMRYIRTIErgi-———praFWEDFSRLLLDVLgakgvat-ddldswKEVLAVEV 340
gi 17509143 78 NLQIVEFLOEVHMOsldepdk-isklcgEIGCOHEAR yrrakomkidYWDELGEAITETIreyqow-—kihresLEAATVLY 154
gi 175415836 229 ARLEFISILHISVEnvdeleagqvaptviHYGCEREYRpdicphmoeelWRVECAQIVCIVEdL Llrdo-eacpkcAESWIELM 307
gi 17558082 107 CASLQAALNMMIIOnkddksg-mrrmlnEMGAREFEvda-———cepHFEVEQDSLLESMklvinggdesldddiEQSWICAA 181
gi 17570331 106 VEYEVDLVOSCVDnlenlecgvkpwldLIGREHANIKL ————ogkHWEXFGESLLITACewngpg-rrhkecVEANMVMS 180
i PRIBRIET 207 CRUTUVETIMTUTRRIAndhari vl eRTRROERE] kasn-1 2aaTHNNT AT TMIC vy rreeav-richlba 1 RRANTATT 784

13 Maricel Kann. Feb-08
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Subsequences
corresponding to
secondary structure
elements (SSEs: a-
helices and B-strands)
are more conserved
than the intervening

Maricel Kann. Feb-08



‘ CDD footprint ‘

15 Maricel Kann. Feb-08
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‘ query ‘

Maricel Kann. Feb-08



Triraa Tvoas gf Saciuarice Allcririaris

Local

Semi-Global ‘ Global Alignment

Alignment Alignment Sequence
Subsequence Subsequence To
To Onto Seqguence
Subsequence Sequence

18 BW Erickson & P Sellars (1983) Time Warps, String Edits, and Macromolecules, p. 55 Maricel Kann. Feb-08




* Finding a complete domain in the query , semi-
global, is the natural choice in the context of the

protein structure, function and evolution

query
sequence

—E— -V

19 Maricel Kann. Feb-08
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A new computational approach for the detection of
protein domains: Semi-Global Alignment of
Protein Domains with accurate statistics.

— Introduction

— Current methods for protein domain searches
« RPS-BLAST
e HMMer
e SALTO

— (Global Blocks Aligned Locally)
— Derivation of Statistics
— Results

20 Maricel Kann. Feb-08
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‘ query ‘
N\
M\

EEEE B4
PSSM

PIOCK

The role of the PSSM has changed from being the “query” in PSI-
BLAST to “subject”, hence the term “reverse” in RPS-BLAST

‘ rpsBLAS*Wm@éoncept of “block”

A Schaffer et al (1999) Bioinformatics 15:1000

Maricel Kann. Feb-08
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VN
D End

olart

C&) ’4*4‘01

Al
Bl

R VA W) = 7=t S— v
6} . B b

Sequences.

HMMer does not specifically incorporate the concept
of “block”.

Maricel Kann. Feb-08
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 HMMer fits the EVD distribution parameters A
and K to simulated sequences with a Gaussian
length distribution.

« HMMer_semi-global Gumbel E-value
approximation is sometimes very inaccurate.

ftp://[fitp.genetics.wustl.edu.pub/eddy/hmmer_CURRENT/Userguide.pdf Maricel Kann. Feb-08



T
SALTC

Structure-based ALignment TOol

[saLTo

— [G-saLTO

24 Kann MG et al. Bioinformatics, 21(8):1451-6. (2005) Maricel Kann. Feb-08
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« Semi-global alignment method is intrinsically the
right tool for searching for domains within proteins.
— Local alignment methods match only a portion of

a domain against a query.
 Reverse Position-Specific BLAST (rpsBLAST)

e« Screening a database for matches needs to be fast.
« HMMs have no intrinsic heuristics to speed computation.
« The word heuristics in rpsBLAST speed screening and are
available for any local alignment method.

e Accurate Statistics.

25 Maricel Kann. Feb-08



GLOBAL (Gloval Blocks Aligunac Locally)

A semi-global Alignment Method for Querying
A Database of Protein Domains

with Accurate Statistics

26 M G. Kann et al (2007) NAR, 35(14):4678-4685. Maricel Kann. Eeb-08
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A new computational approach for the
detection of protein domains: Semi-Global
Alignment of Protein Domains with
accurate statistics.

— Introduction

— Current methods for protein domain searches

— Method (Global Blocks Aligned Locally)
 Algorithm and scoring scheme
 Derivation of Statistics

— Results

27 Maricel Kann. Feb-08



— [G-saLTO

| GLOBAL

28 Maricel Kann. Feb-08



GLOBA|

QUERY

e

PSSM

Global Algorithm:

*Uses dynamic programming (DP) to find the alignment of a protein query
sequence to all blocks of the PSSM (in order).

*Penalty=0 both for unaligned regions of the PSSM at the ends of the blocks and

unaligned regions of the queries between blocks.

29 Maricel Kann. Feb-08




For b blocks, the total alignment score Tis: T = Z |\7|i(|—eff)

i=1,b

QUERY

L =effective length

PSSM

Assumiti teSUEtTET S block is ideparfier? ot AR o) |

GLOBAL estimates total the alignment £ e g n=160, b=3, L =89 rithm

n=size of query

30 Maricel Kann. Feb-08



Ouilne

A new computational approach for the
detection of protein domains: Semi-Global
Alignment of Protein Domains with
accurate statistics.

— Introduction
— Current methods for protein domain searches
— Method (Global Blocks Aligned Locally)

— Results

 Benchmarking database
« ROC (L-ROC) curves
« P-value Accuracy

31 Maricel Kann. Feb-08



Database of queries: ~ 10,000 sequences with known
structure (from MMDB database).

To define true relationships to a CDD entry a query
sequence need to be a structure neighbor (using
VAST) of a CD’s protein from for which the
structure is known

The resulting test has >300 families with almost 30,000
known true positives.

32 Maricel Kann. Feb-08
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Number of true positives

2000 —
T 18000
1800 g 16000
i § 14000—-
1600 + e 12000—-
1400 - % 10000—-
i E 8000—-
E 4
1200 - 2 o000
] 4000 -
1000 - 2000 4
800 _-: °- 20 4IO I 6IO . I 8I0 100
Percentage of sequence identity w/VAST
600 —
400 -
200 - ||
O I ||IIIIII|||||lllllll-l-l----.l-.---l---l PP T [ Y Ty femonas aal --IIII
I ! I ! I ! I ! |

20 40 60 80 100
Percentage of sequence identity (VAST)

Maricel Kann. Feb-08



e
ROC curve for GO A

*LROC 0990 LROC50000 LROC 00000
GLOBAL 0.181 0.224 0.313
HMMer ¢ igiopa 0.185 0.224 0.299
0.40 — HMMer local 0.169 0.194 0.239
| rpsBLAST 0.168 0.192 0.229

0
o
=
k%
@)
o
(<B)
=
©
g 0157 —— GLOBAL
5 l —— HMMer-semi-global
E 0-104 — = HMMer-local
I — — RPS-BLAST
0.05 -
0.00 T T T T T T T T T 1
0.00 0.01 0.02 0.03 0.04 0.05

Fraction of false positives

34 *LROC:Swensson RG: Med Phys 1996, 23(10):1709-25 Maricel Kann. Eeb-08



GLOBAL HMMer

1000 1000

100 100 |

10

Estimated P-value / True P-value
Estimated P-value / True P-value

01 T T T T T T 0.1 T T T T T T
1.E+00 1.E-01 1.E-02 1.E-03 1E-04 1E-05 1E-06 1E-O0 1.E+00 1.E-01 1.E-02 1.E-03 1.E-04 1E-05 1.E-06 1.E-07

True P-value True P-value

A Cd00030
B Cd00083 1,000,000 simulations using

’ Cd00288 random sequences of length 350

35 Maricel Kann. Feb-08



Conclislons

« The GLOBAL algorithm and p-value provides a
flexible format for semi-global sequence
alignments.

« GLOBAL respect block structure but adds
flexibility at the ends of each block.

« The GLOBAL p-value is based on local alignment
p-values. BLAST heuristics from local alignment
therefore apply to GLOBAL.

« While the overall performance is similar to that of
HMMer semi-global, GLOBAL has more accurate
statistics and the possibility to implement
heuristics similar to those used in local methods
could make it orders of magnitude faster.

Maricel Kann. Feb-08



* Implementation of GLOBAL.:
— “Blockalizer”: creates blocks within the MSA.
— Heuristics to increase the speed.

* Optimization of domain discovery: Can we mix
and match methods/CDs?

37 Maricel Kann. Feb-08
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SALTO:

« Stephen Altschul, Anna Panchenko, Paul Thiessen and Steve
Bryant.

GLOBAL:
 John Spouge, Sergey Sheetlin and Yonil Park.
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