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Domains (?)
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Domain boundaries from sequence

VERY DIFFICULT!!!!

MENFEIWVEKYRPRTLDEVVGQDEVIQRLKGYVERKNIPHLLFSGPPGTGKTATAIALARDLFGENWRDN 
FIEMNASDERGIDVVRHKIKEFARTAPIGGAPFKIIFLDEADALTADAQAALRRTMEMYSKSCRFILSCN 
YVSRIIEPIQSRCAVFRFKPVPKEAMKKRLLEICEKEGVKITEDGLEALIYISGGDFRKAINALQGAAAI 
GEVVDADTIYQITATARPEEMTELIQTALKGNFMEARELLDRLMVEYGMSGEDIVAQLFREIISMPIKDS 
LKVQLIDKLGEVDFRLTEGANERIQLDAYLAYLSTLAKK 
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Domain boundaries from sequence
(SnapDragon)

Georgea and Heringa (2002) J. Mol. Biol. 316 pp839 
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Domain boundaries from sequence
(DomSSEA)

Dersden  et al. (2003) Proty. Science 11 pp2014
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Prediction of Secondary Structure (PSI-PRED)

  Very simple idea
  Simple scoring

 Obscure optimizer

Jones DT. (1999) J. Mol. Biol. 292 pp195 

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR 

•  Neural Network
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http://bioinf.cs.ucl.ac.uk/psiform.html

Prediction of Secondary Structure (PSI-PRED)
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Why the alignment is so important?
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Typical errors in comparative models

Distortion/shifts in 

aligned regions

Region without a 

template
Sidechain packing

Incorrect template

MODEL
X-RAY
TEMPLATE

Misalignment

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.
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Alignment errors are frequent and large

R. Sánchez & A. Šali, Proc. Natl. Acad. Sci. USA 95, 13597, 1998.
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Minimizing errors in 
sequence-structure alignment

• Threading.

• Complex gap penalty functions.

• Multiple sequence profiles.

• Iterative process (model assessment)
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Threading
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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                        
http://www.sbg.bio.ic.ac.uk/~3dpssm/

ProteinPredict server at EMBL                                                  
http://www.embl-heidelberg.de/predictprotein/predictprotein.html

Protein sequence-structure threading at NCBI             
http://www.ncbi.nlm.nih.gov/Structure/RESEARCH/threading.shtml



05/26/2004BMI206

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         
http://www.biochem.ucl.ac.uk/bsm/PROCAT/PROCAT.html                      
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                                                    

  http://portray.bmc.uu.se/cgi-bin/dennis/spasm.pl
   Kleywegt GJ (1999). J. Mol. Biol. 285 pp1887                          



05/26/2004BMI206

Sequence-Structure alignments

As any other bioinformatics problem…

- Representation
- Scoring
- Optimizer
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Empirical energy functions (PMF)

Idea: 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
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Approximations/Limitations in PMFs

Database size.

PMF versus Energy (additive/higher order terms).

Reference state.

Physical origin.

Finkelstein et al. (1995) Proteins 23, pp142
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Representation

Sequence/Structures

All atoms and coordinates

Secondary Structure           Accessible surface

di

Distance space

Cα

Reduced atoms representation

Primary sequence

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR 



05/26/2004BMI206

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

A

B

AB

B

A

B

Scoring

Statistical Potential… inspiration

A   +   B                  AB
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A. Godzik, (1996) Structure 15 pp363

Scoring

Statistical Potential… interaction types

Neutral interactions

Specific interactions

Hydrophobic interactions

Compact interactions
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Theory of simple liquids 2nd edition JP Hansen and IR McDonald,  Academic Press.

Scoring

Statistical Potential… reference state
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Sippl (1996). JMB 260 pp644

Scoring

Statistical Potential… Hydrogen Bonds

Free energy of the protein 
backbone hydrogen bond
N · · · O compiled from a 
database of  289 X-ray structures

Short range free energy

Long range free energy
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Sippl (1993). JCAM 7 pp473

Scoring

Statistical Potential… Distance Potentials

Short range free energy

Long range free energy
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Scoring

Raw scores of an alignment 

di

Distance space

Secondary Structure (H,B,C) Accessible surface (B,A [%])

Aminoacid substitutions
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Scoring 
Significance of an alignment (score)

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

Analytic

Karlin and Altschul, 1990 PNAS 87, pp2264
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Scoring 
Significance of an alignment (score)

Energy Z-score the model with respect the energy of random 
models (or rest of decoys).

+E-E

<E>

σE
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Scoring 
Significance of an alignment (background)

Sequence space

MKLLIVLTCISLCSCICTVVQRCASNKPHVLEDPCKVQH

HLSVNQCVLLPQCCPKSCKICTHLISIEVVLTCRAVDKM
MHVNCVEQCSLQDCIKIAPRVLKTCILCVLKPCLTSVSH
VHLVQPTSCCCKKNCICHVEIRSLDILTKSVQLACLVPM

MQCCRVQKICDLLAVELCKLHISTPSCKILCVVTSVPHN

Structural space
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Optimizer

Global dynamic programming alignment

N

M
Sq/St 2
Sq/St 1

1

1

i

j

* * * * *

* * * * *

* * *   

     

    *

1     2    3   …      N

1     2    3   …
   M

Best alignment score

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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* * * * *

* * * * *

* * * * *

* * * * *

* * * * *

1     2    3   …    N

1     2    3   …
   M

Best local alignment

Best score

Optimizer

Local dynamic programming alignment

N

MSq/St 2
Sq/St 1

1

1

i

j

Backtracking to get the best alignment
Smith and Waterman (1981) J. Mol Biol, 147 pp195
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Applications of PMFs

Model assessment.

Ab initio folding simulations.

Sequence-structure matching (threading).

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

Secondary structure prediction, etc.

Finkelstein et al. (1995) Proteins 23, pp142
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Ωi

di

Ri,j D,i(3),j(3) Bi,jSi,j Ii,j

 - similarity +

A
B
C
D

B
D
A
C   Uses all available structural information

  Provides the optimal alignment

 Computationally expensive

Madhusudhan et al. in preparation

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

  Good row and significance scoring

  Obscure optimizer

•  Neural Network

McGuffin LJ, Jones DT. (2003) Bioinformatics, 19, pp874

Cα

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR 

()mEZscoreEEσ=−

+E-E

<E>

σE

A

B

AB

B

A

B
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Threading (mGenThreader)

http://bioinf.cs.ucl.ac.uk/psiform.html
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  Uses most of the structural information
  Easy to access either locally and on 
    the web
  Good row and significance scoring

 Does not uses multiple sequence 
   information

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR 

Cα  - similarity +

A
B
C
D

B
D
A
C

+E-E

<E>

σE

Remote homology detection (FUGUE)

Rij

H
Rij

B Rij

C
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Remote homology detection (FUGUE)
http://www-cryst.bioc.cam.ac.uk/fugue/
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   Collecting several results
   After manual analysis… good results

  Heuristics and complicated scoring
  Consensus results
  NO CONTROL OF DATA GENERATION or SERVERS!

Ginalski K, et al. (2003) Bioinformatics 19 pp1015

Meta-Servers (3D-Jury)

Heuristics selecting 
consensus result

Server 1

Server 2

Server 3

Server 4

Server N

ORFeus
SamT02
FFAS03
mGenThreader
INBGU
RAPTOR
FUGUE-2
3D-PSSM
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Meta-Servers (3D-Jury)

http://bioinfo.pl/Meta/
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Complex gap penalty functions
MODELLER SALIGN (ALIGN2D)

Madusudhan M.S. et al. in preparation
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Profile-Profile alignments
MODELLER SALIGN (’PROFILE’)

Marti-Renom et al. (2004) Protein sciences. 13:1071
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• Benchmarking the best alignment methods.

• New alignment method.

• Projected gains.

Experiment (in silico)
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Methods: Reference set

CE alignments with
•  < 40% sequence identity
•  > 100 EqPos
•  > 50% EqPos
•  > 90% coverage for one chain 

387

Filter: MAMMOTH alignments with
•  > 50% EqPos

300

100 Training set

200 Testing set
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Methods: Evaluated methods

AGHLAHTRCELKLPTCRGNMSSRFC

A
G

H
LR

H
T

R
R

C
LR
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TA

G
N

A
R

F
C

ALIGN: DP pairwise method

PSI-BLAST: Local search method that
                     uses multiple sequence 
                     information for one of the
                     sequences. 

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

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC
Non specific 20x20 
substitution matrix.

(eg, BLOSUM, PAM, etc…)
+

Gap penalties
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BLAST2SEQ: Local method
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Methods: Evaluated methods

AGHLAHTRCELKLPTCRGNMSSRFC
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PSI-BLAST: Local search method that
                     uses multiple sequence 
                     information for one of the
                     sequences. 

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

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC
Non specific 20x20 
substitution matrix.

(eg, BLOSUM, PAM, etc…)
+

Gap penalties
BLAST2SEQ: Local method

ALIGN: DP pairwise method
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Methods: Evaluated methods

AGHLAHTRCELKLPTCRGNMSSRFC
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ALIGN: DP pairwise method

PSI-BLAST: Local search method that
                     uses multiple sequence 
                     information for one of the
                     sequences. 

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

AGHLAHTRCELKLPTCRGNMSSRFC

AGHLAHTRCELKLPTCR        SSRFC

AGHLA            LKLPTCRGNMSSRFC

AGHLAHTRCELK                 MSSRFC

AGHLAHT 

                     A  C   D  E …/… V   W  Y
PSSM A  +3  -1  -2  -2 …/…  -2   -1   -3

                     A  C   D  E …/… V   W  Y
PSSM G  +1 -2  -3  -2 …/…  -1   +1  -3

Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC

BLAST2SEQ: Local method
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Methods. Evaluated methods.

AGHLAHTRCELKLPTCRGNMSSRFC
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ALIGN: DP pairwise method

PSI-BLAST: Local search method that
                     uses multiple sequence 
                     information for one of the
                     sequences. 

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

AGHLA            LKLPTCRGNMSSRFC

AGHLAHTRCELK                 MSSRFC
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Sequence A: AGHLAHTRCELKLPTCRGNMSSRFC

Sequence B: AGHLRHTRRCLRLPTAGNARFC

BLAST2SEQ: Local method
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Methods. SALIGN.

 

ALIGN4D 
protocol

Profile Comparison Open Extension

CCPBP PSI-BLAST Correlation Coefficient -300 0

CCHH Henikoff-Henikoff Correlation Coefficient -300 0

CCHS H-H + similarity weight Correlation Coefficient -150 0

EDPBP PSI-BLAST Euclidian Distance -450 -30

EDHH Henikoff-Henikoff Euclidian Distance -550 0

EDHS H-H + similarity weight Euclidian Distance -450 -10

DPPBP PSI-BLAST Dot Product -250 -30

DPHH Henikoff-Henikoff Dot Product -550 0

DPHS H-H + similarity weight Dot Product -100 -30

JSHH Henikoff-Henikoff Jansen-Shannon Distance -150 0

JSHS H-H + similarity weight Jansen-Shannon Distance -250 0
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Methods: Coverage and accuracy

High coverage Low accuracy

High accuracy

Low coverage

Low accuracy

High accuracy
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Results: Comparison of alignment dependent measures



05/10/2004

Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Number of ORFs                        479
Average ORF length    364

1%
Not attempted

30%
Attempted

16%
Model only

12%
PsiBlast only

41%
Model and PsiBlast
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1%
Not attempted

23%
Attempted

7%
ALIGN4D

16%
Model only

12%
PsiBlast only

41%
Model and PsiBlast

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

~ 100,000 models
for TrEMBL-SP 
“genome”.

Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Number of ORFs                        479
Average ORF length    364
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Examples: T0092 model
• Target T0092 at CASP4:
• Hypothetical protein HI0319
• Haemophilus influenzae
• Parent: 1d2cA (Methyltransferase)
• ALIGN4D alignment at 8.4% seq id.

Data from CASP4, Asilomar, CA, December 2000.

Method RMSD Å % of EqPos

ALIGN4D CCPBP 5.9 67.84

PSI-BLAST 4.9 31.72

Best predictions at 
CASP4

6.0 65.20
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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
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Moulding: iterative alignment, 
model building, model assessment

model building

alignment

model assessment

model building

alignment

model assessment

Comparative modeling

Threading

Moulding

Alignments 

M
od

el
s 

pe
r 
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ig

nm
en

t

1 104 1030

105

1

104

B. John, A. Sali. Nucl. Acids Res., 31, 1982-1992, 2003.
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Iterative process… MOULDER
more in model evaluation

John & Sali (2003). NAR 31 pp3982


