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Domain boundaries from sequence

VERY DIFFICULT!!!!
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Domain boundaries from sequence
(SnapDragon)
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Table 2. Average accuracy percentages of linker prediction over 57 proteins

Continuous set Discontinuous set Full set
Randomised background Z-score =2 Coverage 63.3 43.6 54.8
Success 27.2 311 289
Self-normalised Z-score >1 Coverage 64.7 39.5 53.5
Success 26.6 317 289
Self-normalised Z-score >2 Coverage 48.7 243 387
Success 41.3 28.3 29.9

Georgea and Heringa (2002) J. Mol. Biol. 316 pp839
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Domain boundaries from sequence
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Prediction of Secondary Structure (PSI-PRED)

>g142541361

Log File|

BLAST

{Raw profile from PSI

Window of
15 rows
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Final 3-state
Prediction

60 hidden units
3 outputs

D

1st Network
315 inputs

— >

Window of 15x 3

outputs fed to 2nd

network

75 hidden units
3 outputs

v" Very simple idea
v' Simple scoring

Obscure optimizer

05/26/2004
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Prediction of Secondary Structure (PSI-PRED)

http://bioinf.cs.ucl.ac.uk/psiform.html

a PSIPRED Protein Structure Prediction Server - Microsoft Internet Explorer

Fle Edit Vview Favorites Tools Help

@k - & - ¥ @ @ O search JrFovorites @ Meda € | (30 B @ - B B
Agdrass@ tp:{ bioinf. cs.ud.ac. fi V|Gc Links * | @Y~
~
Bioinformatics Unit
PSIPRED . —
Fym— The PSIPRED Protein Structure Prediction Server
‘e suggest that you do not bookmark this page as it is liable to move. It is best to access the server via
e PSIPRED home page, which has more information about the methods and a full reference list.
Input (single letter code)
Sequence
@ Predict Secondary Structure (PSIPRED v2.4)
gh%(?s? O Predict Ti brane Topology (MEMSAT)
rediction O Fold Recognition(Gen THREADER - quick)
Method © Fold Recognition (mGen THREADER - with profiles and predicted secondary structure)
i i Mask low complexity regions
FI“E_FI ng [] Mask transmembrane helices
Optluns [ Mask coiled-coil regions
larning: Turn off all filtering if you are running MEMSAT
E-mail address Help
Submit \
Sequence Password (only required for commercial e-mail addresses) Help =
Help
| | v
&)  Internet
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Why the alignment is so important?



Typical errors in comparative models

Incorrect template Misalignment

MODEL
X-RAY
TEMPLATE
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SCPEECETETEEET TSNSV LT [TLLTTTTT
A -GQTNCYQSYSTMSITDCRETGSS- -KYPNCAYRTTQANKHIIVACEGN - - - - - ~PYVBVHFDASY

aaaaa

Region without a Distortion/shifts in
template aligned regions

Y33

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.

Sidechain packing
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Alignment errors are frequent and large
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Minimizing errors in
sequence-structure alignment

* Threading.
« Complex gap penalty functions.
« Multiple sequence profiles.

* lterative process (model assessment)



Threading

BMI206 05/26/2004



General overview (Threading)

» Matches sequences to 3D structures

» Requires a scoring function to asses the fit of a sequence to a
given fold

» Scoring functions deried from known structures and include
atom contact and solvation terms evaluated in a pairwise
fashion

* May include secondary structure terms, multiple alignments...

» Threading servers available using several different approaches
» Fold recognition server at Imperial College, UK

e ProteinPredict server at EMBL

» Protein sequence-structure threading at NCBI

BMI206 05/26/2004



Template comparison methods

» Uses 3D “templates” for searching structural databases

» active site or binding site templates generated to reflect functionally
important structural signatures

» Available software/servers
» Template Search and Superposition (TESS), Thornton Group

Wallace AC; Borkakoti N; Thornton JM. (1997) Protein Science 6 pp2308

» “Fuzzy Functional Forms” , Skolnick - commercial availability
Fetrow, Js and Skolnick, J (1998) J. Mo. Biol 281 pp949

» Spatial Arrangements of Side-chain and Main-chain (SPASM),
Kleywegt, Univ. of Uppsala

Kleywegt GJ (1999). J. Mol. Biol. 285 pp1887

BMI206 05/26/2004



Sequence-Structure alignments

As any other bioinformatics problem...

- Representation

- Optimizer

05/26/20
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Empirical energy functions (PMF)

|dea: energy leads to structure, thus it should be
possible to infer energy from many known
structures

To be used in: model refinement and assessment

Properties needed:
Deep minimum at correct state (native)
Smooth
Simple

Types:
Contact potential
Distance potentials
Surface potentials

05/26/2004



Approximations/Limitations in PMFs

Database size.
PMF versus Energy (additive/higher order terms).
Reference state.

Physical origin.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 05/26/2004



Representation

Sequence/Structures

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR

Primary sequence

Reduced atoms representation Secondary Structure Accessible surface

BMI206 05/26/2004
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[AB]

1Al TB]

AG=-RTIn(K)=-RT In--—L_ ke

[A]{ 8]

From statistical physics, we know that energy difference
between two states (AE) and the ratio of their occupancies
(N{:N,) are related {9):

AE=-kT In (\1) (1)
N>
in which T is the absolute temperature and k is the Boltz-
mann’s constant. As we are interested in an interaction
energy between two amino acid side chains, it would seem
natural to define N; as the number of interactions
between these two residues types in a group of real protein
structures, a number which is readily available from simple
database analysis. But this number must be compared with
the number of interactions in some other system, N, to
obtain the energy difference between them.

B]

Tanaka and Sheraga (1975) PNAS, 72 pp3802
A. Godzik, (1996) Structure 15 pp363

05/26/2004
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Scoring

Statistical Potential... interaction types

MV

Neutral interactions
Hydrophobic interactions

K

Compact interactions Specific interactions

A. Godzik, (1996) Structure 15 pp363
05/26/2004



Scoring

Statistical Potential... reference state
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Theory of simple liquids 2nd edition JP Hansen an d IR McDonald, Academic Press.
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Long range free energy
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BMI206

Free energy of the protein

backbone hydrogen bond
N - - - O compiled from a
database of 289 X-ray structures

P WN=28r -r,)

.I'l] = p ."'.'{.IEr}

g,
p

Waolr)=—kTin(g (r))

Sippl (1996). JMB 260 pp644
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Long range free energy
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Sippl (1993). JCAM 7 pp473
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Scoring

Raw scores of an alighment

Distance space

Aminoacid substitutions

Accessible surface (B,A [%])

Secondary Structure (H,B,C)

05/26/2004
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Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the
evaluated alignment.

Sometimes
approximated

by Z-score (normal
distribution).

Empirical

Frequency

Aignment Lengih

Z-Score

2 (5-u)

P(s) = e
P(s2 x) = 1—exp( g™ (s ))

Karlin and Altschul, 1990 PNAS 87, pp2264
05/26/2004
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Energy Z-score the model with respect the energy of random
models (or rest of decoys).

OE
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Scoring

Significance of an alignment (background)

Structural space

Sequence space

MKLLIVLTCISLCSCICTVVQRCASNKPHVLEDPCKVQH

HLSVNQCVLLPQCCPKSCKICTHLISIEVVLTCRAVDKM
MHVNCVEQCSLODCIKIAPRVLKTCILCVLKPCLTSVSH
VHLVQPTSCCCKKNCICHVEIRSLDILTKSVQLACLVPM

MQCCRVQKICDLLAVELCKLHISTPSCKILCVVTSVPHN

«

R I IS ImeSmeSSa=S——————
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Optimizer

Global dynamic programming alignment

Sq/St 1 . D S N,
Sq/St21 4 y
J
1 2 3 ... N |
D, *Score.,
—_— * * * * *

S S S D.=min<D..,.*Score.
LDi.u*SCOFE{m}

Z
L/

= * «}— Best alignment score

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
BMI206 05/26/2004



Optimizer

Local dynamic programming alignment

Sq/St 1 . D N

Sq/S’[21 T M
1 2 3 ... N ‘D..*Score .,
y o, (D *S0re
h ERANEN AN D..;*Score .,

g . ©

- Best score

Z**/&cr4

Best local alignment

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195

BMI206 05/26/2004



Applications of PMFs
Model assessment.
Ab initio folding simulations.
Sequence-structure matching (threading).

Comparative protein structure modeling (loops,
sidechains, ...).

Secondary structure prediction, efc.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 05/26/2004



Sequence-Structural alignment by properties
conservation (SALIGN-MODELLER)

*
»s Best score

1 2 3 ..
=% |[* |% |*
SERNEE
wl= = &
f**\W*
z**/f g

7
Best local alignment

A IEEE—

- similarity +

O>»0

v' Uses all available structural information
v" Provides the optimal alignment

Computationally expensive

Ii,j

Madhusudhan et al. in preparation
06/10/2004
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3 DEAL vZ.0 tools page - Microsoft Internet Explorer

File Edit View

QBack -~ )

Favorites  Tools  Help

¥ & o F search 7 Favorites @ Meda £

Structural alignment by properties
conservation (SALIGN-MODELLER
http://www.salilab.org/dbali/

',Zv#'ﬂ-ﬁ

Address |@ http: //salilab.org/DBAli?page =toolsBaction=f_salign

v| Go | Llirks > | @~

Search DBAII
Tools

el

B

: OR21/2003 —

- You are visiting

 the DBAIINZ
- pages. This
pages contain

: the updated

" the old DBAIi
‘datsbeze here.

| DBAi dstabase.

: You can still visit

e Cluster a list of chains
Cluster from a chain
Define domains from a chain

o Geta multiple structure alignment of a list of chains

e Database statistics
o Download DBAI

File with a list of chains:

Get a multiple structure alignment of a list of chains.

| Browse.. | ®

Reference :: Download :: Statis

Sugpestions Wi ® 2003 - 2004 Marti-Renom

® Internet
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Threading (mGenThreader)

| MTRaveSLRG i« Neural Network

+ MDIRSVSSLRGLLCLPPSWPRR

BMI206

——mGT FSSP_SS
0 mGT FSSP_SS_SSEA

v" Good row and significance scoring

Obscure optimizer

OE
000 000000000+
<E>

()

McGuffin LJ, Jones DT. (2003) Bioinformatics, 19, pp874
05/26/2004
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Threading (mGenThreader)

http://bioinf.cs.ucl.ac.uk/psiform.html

File  Edit

O Back -

; PSIPRED Protein Structure Prediction Server - Microsoft Internet Explorer

Favorites  Tools Help

X @ 2 O search <7 Favorites @ Media €2

M T g g3

Address @ http://bioinf. cs.ud.ac. uk psipred/psiform.html

v| Go |Llinks > @~

@ Daone

L

Bioinformatics Unit

The PSIPRED Protein Structure Prediction Server

We suggest that you do not bookmark this page as it is liable to move. It is best to access the

server via the PSIPRED home page, which has more information about the methods and a full

reference list.

Help

Input sequence (single letter code)

Help

@ Predict Secondary Structure (PSIPRED v2.4)
C Predict Transmembrane Topology (MEMSAT)
' Fold Recognition(GenTHREADER - quick)

20 Fold Recognition (mGenTHREADER - with profiles and predicted secondary structure)

Help

Mask low complexity regions
[ Mask transmembrane helices

[ Mask coiled-coil regions

Warninma: Turn a H all filtarinn if un

1 arn rannina MERCAT

-

 Internet
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Remote homology detection (FUGUE)

[ e - - - o oo o S R e '
i Vo ] ]
: >g142541361 Pt 1 2 3 .. N : . -
MDIRSVSSLRGLLCLPPSWPRR | ! T T 1 -
P : . ; 'ﬁ =
N * * * * * L s S 4
* * * * g - e A
im \1 ! ) ] T
-z ,4' ‘// |~ Best score E v
* */ *

7
Best local alignment

v Uses most of the structural information

p A — T D v’ Easy to access either locally and on
- A the web
(D3 I o C v' Good row and significance scoring
. —— S :
Ca b - simiarity + :  Does not uses multiple sequence
P ' information
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" oe
= B e
, : : <E> .
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1) ij ij Zscore=(<E > m
(O
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Remote homology detection (FUGUE)

http://www-cryst.bioc.cam.ac.uk/fugue/

3 FUGUE: sequence-structure homology recognition and alignment engine - Microsoft Internet Explorer

Ele Edit Mew Favorites Tools Help a’
QBack - @ ~ ¥ [ @ P search oFavorites @ Meda £ | (3 S W] - [J & 3
Address |a http: /v -cryst.bioc, cam.ac.ukffugue/ V| = el @ .

A~

: W Ju . Crystallographv and Biocomputing Unit
j - L Department of Biochemistry, University of Cambridge

Sequence-structure homology recognition using environment-specific substitution tables
and structure-dependent gap penalties

Submit your protein sequence

SEARCH STRUCTURAL DATABASE

ALIGN SEQUENCE WITH STRUCTURE

DOWNLOAD

DOCUMENTATION

Methods

FUGUE is a program for recognizing distant homologues by sequence-structure comparison. [t utilizes environment-specific substitution tables and structure-dependent gap penalties. where scores for amino
acid matching and insertions/deletions are evaluated depending on the local environment of each amino acid residue in a known structure. Given a query sequence (or a sequence alignment), FUGUE scans a
database of structural profiles. calculates the sequence-structire compatibility scores and produces a list of potential homologues and alignments.

Here is a summary of how it works.

Read the original paper for more details:

I Shi T L Bhndell, and . Mizuguchi (2001). FUGUE: sequence-structure homology recognition using environment-specific substitution tables and structure- dependent gap penalties. J. Mol. Biol., 310, —
243-257.

Medline, Article on-line, PDF (local onlv).

Some practical information can be found in:
R. Nuiiez Miguel. J. Shi and K. Miznguchi (2001). Protein Fold Recognition and Comparative Modeling using HOMSTRAD., JOY and FUGUE. In Protein Structure Prediction: Bioinformatic
Approach. International University Line publishers, La Jolla, 143-169.

PDEF (local onlv)

Click here for information about the HOMSTRAD database.

€

&] B Internet
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Meta-Servers (3D-Jury)

Server 1

Heuristics selecting
consensus result

Server 3
Server 4

v' Collecting several results

v'After manual analysis... good results

Heuristics and complicated scoring
Consensus results

NO CONTROL OF DATA GENERATION or SERVERS!

il Vel 143, TH-70, s 13, 2003, Copyight C2903 by Csl Prees

[y mRNA Cap-1 Methyltransferase
A in the SARS Genome

Server N

The 3D Jury system has pradictad the metnyltransfer-
ase foki for the n=p13 protein of the SARS coronavirus.
Basad ol the CONSErvaton of a charasterlstic 1strad ot
reskiuss, the mANA cap-1 methyltransterass function
Nas been assigned 1o s protain, which has potential
Implications for antivirsl therapy.

THE lats5t CUMEEk BFh SEVers SCUte respirmtory syr-
Arome (SARE) epIBTIC has ka0 thousands of paten-
Hally Iethally Infictec patisnts and hundreds of deaths.
TNEss NUMESIs ar IIkely 1 fse, and the cpreading cis-
552 Is almady causng major medical and sccnomical
cOnems. Meamw e, Me SARE CCronaIus dentinad
a5 the pathegen respenslbis for the disaster has besn
Isclated, and Its gencme sequenced (Marr et al, 2003;
Rota et ., 200

We have applled the 30 Jury meta preclotor (inalsk!
st al., 2003) to annotats the structurs and function of
proteins encoded by the wiral positive-strand ssRMA,
Novel fold rscogntticn methods utlizs the global nst-
woik of Indepencent stucture prediction sarvers, De-
testlon of patterns of structural simllarity betwsen di-

wersa mides |s used to conslstently select the correct
1l e & 56t O BOMDMINS Precictiens. SUSh metods
made a dramatlc Impact on the last critical assessment
of protein STUStUrE prediction [CASP-5 experiment)
corducted In the summer of 2002, One of the most
UG the SARS gencme
[Frisingly reflable (3D Jury

e 7
—J) demain located In the
7000 aming acld lams
re 1). Standard saquenze
GI-BLAST or APG-BLAST

comaln database Marsh-
to asslgn any functien to
jongs to the anclent famlly
2-0-methyftiansterases,
numercus viruses before
fvec fomm the last untersal

ORFeus
SamT02
FFAS03
mGenThreader
INBGU
RAPTOR
FUGUE-2
3D-PSSM

How Unique Is the
Rice Transcriptome?

lesichies K-D-K-E essential
IN THE REPORT "COLLECTION, MAPPING, AND Tormation.

; At or . [1=round nelispensetie for

annotation of over ZXI)UQ CDNA clones s (Baoh at al, 1985

from japonica rice” (S. Kikuchi ef al., 18 al, 2002 and represants

July, p. 376), the Rice Full-Length cDNA  [lepment Newertheless, di-
: . : - heymemay fall to suppress

Project Team provides a detailed description

of the rice transcriptome. The authors claim

O ALION SEaMST0 Deless
200 (MGPRPN) formation
that 36% of the tested rice transcripts are not

Zyme Inthe genamewould

Letter to the Editor

suggest that the vinus also requires the AdoMet-depsn-
St Cap-0 metrytmnsrarase. Betn MACtiens can be
Inhibited by carbosyelis anslogs of adenasine, sush as
Meplanocin A o 3-deazansplancein &, which Interfsrs
with the AdcMet-AdoHey metabolsm of the hest call
(De Clerca, 1996; Bray st al, 2002). Thess compounds.
eoukl ecmplement other therapeutlc strategles dmed
at blocking snzymatls functicns such as the RNA-
cependent RNA pelymerase, the proteass, o the ell-
A58 BNCO0SA by e SARS VIS

Marcin von Grotthuss, Lucjan 8. Wyrwicz,
and Leszek Fychlewskl*

BiCiNtoBaNK StHe

Umancwsklege 244

60-744 Poznan

Foland

“Comeapomdanze: kezskdbiinfo.pl

<\ e gL
Fa R IR Unmeaviar

e —
J o L e

€ a' v swemm

) LEJE BEFVALRPVIN

UARD  DCATLIGARYLO
VELEFYAREVHG

Figurs 1. 30 Modd of s st 3 Dosaln of the 8RS Coronavinm
ppta Pohypeckin

Ths mocsl 1 based o the A (BUNKKI 31 AYCRIWSEL
2007 Cop- 1.7 GITANS etce o he Fo0SIILA 1.2 roteln 1 of [Fain-

BOIVSC 1 Of 1SS 1D+ S92 or C4p-1 Metlyiation
Four

OB Cotainng the conssrved, MCen.speciny akKe ars
‘shown In upper right comsr,

Ginalski K, et al. (2003)

Bioinformatics 19 pp1015
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Meta-Servers (3D-Jury)

http://bioinfo.pl/Meta/

<} Meta Server Job List, Biolnfo.PL - Microsoft Internet Explorer FEE
Fle Edit View Favorites Tools Help n

Qoak + © - X @ € Psearch Frrmortes @medn @ | (3- % o - & B
Address | @] http: /bivinfo.plMeta/ e ks * @

[<] [

OO 0O OO
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Complex gap penalty functions
MODELLER SALIGN (ALIGN2D)

Madusudhan M.S. et al. in preparation

BMI206 05/26/2004



Profile-Profile alignments
MODELLER SALIGN ('PROFILE’)

Marti-Renom et al. (2004) Protein sciences. 13:1071
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Experiment (in silico)

* Benchmarking the best alignment methods.

* New alignment method.

* Projected gains.
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Methods: Reference set

CE alignments with

< 40% sequence identity

> 100 EqPos

> 50% EqPos

> 90% coverage for one chain

Filter: MAMMOTH alignments with
* >50% EqPos

100 Training set

200 Testing set

387

300

i\ A) Training Set B) Testing Set

40
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC -
Non specific 20x20

substitution matrix.
(eg, BLOSUM, PAM, etc...)
+

Gap penalties

. | PSI-BLAST: Local search method that G INEE A TERE e e
S uses multiple sequence

’ information for one of the
sequences.

ALIGN4D DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLRHTRRCLRLPTAGNARFC

Prof.-Prof.
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC
Sequence B: AGHLRHTRRCLRLPTAGNARFC -
Non specific 20x20

substitution matrix.
(eg, BLOSUM, PAM, etc...)
+

Gap penalties

PSI BLAST: Local search method that [ ATTROFL I PTCRONVSSRIC
uses multiple sequence
information for one of the
sequences.

Prof.-Seq.

ALIGN4D DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLRHTRRCLRLPTAGNARFC

Prof.-Prof.
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Methods: Evaluated methods

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

AACC DDEE..L.L.VV V\X/WY
+3+1-22-32-2 /. /..2-1-1+13-3 i i

Sequence B: AGHLRHTRRCLRLPTAGNARFC

' AGHLA LKLPTCRGNMSSRFC

{AGHLAHTRCELKLPTCR  SSRFC

s | PSI-BLAST Local search method that ABHLAHTROEL KLPTCRGNMSSRRC
S uses multiple sequence

“ information for one of the

o i sequences.

ALIGN4D DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLRHTRRCLRLPTAGNARFC

Prof.-Prof.
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Methods. Evaluated methods.

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC

AGHLA LKLPTCRGNMSSRFC
AGHLAHTRCELKLPTCR SSRFC

. | PSI-BLAST: Local search method that ASIEEE
S uses multiple sequence

’ information for one of the
sequences.

AGNARFC

ALIGN4D DP pairwise method that
uses multiple sequence
information for both
sequences.

AGHLR RRCLRLPTAGNARFC
AGHLRHTRRCLRLPTAGNARFC

Prof.-Prof.
AGHLRHTR
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ALIGN4D
protocol

Methods.

Profile

PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight
PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight
PSI-BLAST
Henikoff-Henikoff
H-H + similarity weight

Henikoff-Henikoff

H-H + similarity weight

SALIGN.

Comparison Extension

Correlation Coefficient
Correlation Coefficient
Correlation Coefficient
Euclidian Distance
Euclidian Distance
Euclidian Distance
Dot Product
Dot Product
Dot Product

Jansen-Shannon Distance

Jansen-Shannon Distance
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Methods: Coverage and accuracy

High coverage accuracy

High accuracy

coverage High accuracy

—_— accuracy




Results: Comparison of alignment dependent measures

CE overlap RMSD Structure
Method [%] Shift score [A] overlap [%]
CE 100+0 1.00 +£0.00 2706 598+129
BLAST 26 +29 0.32 +0.33 56+37 2006 £23.7
PSI-BLAST 43 £ 31 0.48 £ 0.35 65+39 303 +249
SAaM 48 £ 26 0.50 £0.34 9247 280248
LOBSTER 5027 0.51 £0.32 91249 3112252
SEA 49 + 27 0.53 £0.29 84244 334243
ALIGN 42 £ 25 .44 £ 0.28 10,650 257 x241
CLUSTALW 43+ 29 .44 +0.31 1.2 +49 264 +243
COMPASS 43 £ 32 0.49 £ 0.35 4832 3232247
CChy 5623 0.61 £0.24 7.8x42 367229
CChs 5624 062 +£0.24 18242 3652232

% of alignments

100

80

60

40

20

1 1

|

20

% of structurally equivalent positions

40

60

== BLAST

== PSI-BLAST
® e CLUSTALW
e COMPASS

BLAST H

CLUSTALW

ALIGN ~

PSI-BLAST |

COMPASS o

SAM

LOBSTER +

SEA

CChh

CChs

0.04

000 | 042

0.04

0.05
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0.00

0.02

005

0.06

0.02

0.03

0.07

0.07

0.04

005

0.08

012

012

012

=4
B

8

0.10

010

CChs

CChx o

SEA

LOBSTER

SAM

COMPASS

PSI-BLAST

ALIGN +

CLUSTALW
BLAST -

BLAST

ALIGN

CLUSTALW

PSI-BLAST

COMPASS =

SAM

SEA A

LOBSTER

CCrs

CChn

114

153

5.70

6.68

6.97

7.91

124

5.55

6.21

1237

13.10

0.78

6.99

1315

1387

821

CChu

CCrs

LOBSTER

SEA

SAM

COMPASS -

PSI-BLAST

CLUSTALW -

ALIGN
BLAST

03

03

0.2

01

01

0.0

31.0

248

18.6

12.4

6.2

0.0

05/10/2004



Results. Turn over.

Mycoplasma genitalium MODPIPE Models

Number of ORFs

Average ORF length

Not attempted

1%
Attempted
30%

8| and PsiBlast
41%

Model o
16% PsiBlast only
12%
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Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Number of ORFs

Average ORF length

Not attempted
1%

Attempted
23%

and PsiBlast_ .-~~~ e
41%--""

16% PsiBlast only
12%

~ 34 extra
accurate models
for M. g. genome.

~ 100,000 models
for TrEMBL-SP
‘genome”.
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Examples: TO092 model

» Target T0O092 at CASP4:

« Hypothetical protein HI0319 Method RMSDA % ofEqPos
* Haemophilus influenzae ALIGN4D CCppgp
* Parent: 1d2cA (Methyltransferase)

» ALIGN4D alignment at 8.4% seq id. PSI-BLAST

Best predictions at
CASP4

Data from CASP4, Asilomar, CA, December 2000.

B) Target T0O092

- ,
m}}f*

X-Ray structure ALIGNA4D (CCpgp) model Psi-Blast model
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Iterative process
MOULDER

John, B. and Sali, A. (2003) Nucleic Acids Research. 31:1982-1992
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Iterative process... better models(?)

Evaluate Model Modify and build Model

\ U &
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Moulding: iterative alignment,
model building, model assessment

B. John, A. Sali. Nucl. Acids Res., 31, 1982-1992, 2003.

“ Comparative modeling
_ = 10° |@
alignment GEJ
C
2 .
model building © 104 () Moulding
3
; \ L
model assessment %
’ = i
Threading
1
1 = —
104 1030

Alighments
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No

BMI206

No

Iterative process... MOULDER

more in model evaluation

Start
+

>

/ Sequence profiles of target & template' /
-

| Generate 25 initial target-template alignments?

¥

| Rank alignments by alignment score (top 15 = parents)®

¥

| Build all atom models for 15 parent alignments#

B 2

| Rank models by the GA341 score®

Best GA341 score < 0.67¢

Apply genetic algorithm operators to parents”

Select representative alignments® |

¥

Build all-atom models for all representative alignments#* |

+

Select best 10 models by statistical potential score
(parents for next iteration)®

| Rank models by composite score'?

¥

Select best model™

-
Stop

CE overlap [%]

3

=]

=

4] 5 10 15 20 25
Reration index
0 5 10 15 20 26

Native overlap [%]

Statistical potential score
[arbitrary units]

* Fnd
0 5 10 15 20 25
Neration index
D
-2 o .
1 b — »
—
3 G
[1] 5 10 15 20 25
leration index

John & Sali (2003). NAR 31 pp3982
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