Format:
While the domain prediction section of CASP has been fairly successful in the two years of its operation there is a body of opinion that suggests that domain prediction in the CASP style does not really apply to real world predictions in fields such as structural genomics, and
biochemistry. So the intention of the discussion is to deal with this theme, to discuss the general development of domain prediction in CASP and in particular how to organize it in future CASPs.


25 Assessor Talk

45 Discussion of Predictions and Targets

Introduction: Domain Prediction on Structural Genomics

Three presentations (5 minutes each)

Within this section you will have a maximum of 5 minutes (apologies,
time is very tight) for a presentation addressing the points raised by
Scott and some of the points above (I appreciate that it would be
difficult to cover all of them), in particular how they relate to your
method. There will be two other presentations.

Short round table discussion

Questions: 


1. Are the methods in the domain prediction section of CASP useful in fields other than structure prediction? Give examples.

Very useful in protein production, mutagenesis analysis and function analysis.
Collaboration experience with Biochemist and Molecular Biologist: Suzanne Sandmeyer at University of California Irvine.

Function of Ty3 retrovirus in yeast.
Two multi-domain proteins: 
Ty3 Capsid  (HIV, 2-domain) protein: ab initio prediction
NucleoCapsid Protein (3-domain): template-based prediction
Generate hypothesis to guide protein expression and mutagenesis analysis. 

help them successfully express and manufacture protein domains in bacteria. 
Detect activity of proteins and interactions between domains. 
Impact: Get publications and NIH grant-renewed. Appreciate our prediction very much. 


2. Do you think that our domain predictions are useful for experimentalists? Which ones?
Biochemists: protein production, protein domain interaction, and function analysis by mutagenesis.  Really appreciate us if we can give them a clue where the domain boundary is.  They are not experts of protein structure prediction and determination. When tertiary structure is not known, domain boundary information, pretty much like secondary structure prediction, is a key piece of information. 
3. What needs to be done so that we can make domain prediction applicable to a wider range of biological cases (for example in structural genomics)
Three things:

(1) Improve accuracy, particularly ab initio domain prediction. Improve automated ab initio methods to 75% (accuracy similar to secondary structure prediction). It will be very useful for structural genomics. 
(2) Confidence analysis of ab initio domain prediction. 

(3) Build fast, and accuracy software tools and web services for domain prediction.  Actually we are building a hybrid domain prediction service and server. We plan to release the service in 2007 and the software in 2008. 


4. Structural information is clearly important for function prediction, [image: image1.png]


but how well do you think we are predicting domains where there is no structural information?
We have made some progress for ab initio domain prediction using sequence-based: (Jones DPS, DomSSEA, Zimmer’s Dom-SSEP, Chop and DOMpro neural network (Rost, ours), others), and structure based methods (Baker’s Rosetta –Dom and Ma-Opus). 

Specificity and sensitivity of multi-domain prediction without structural information is between 40 and 60%.  Clearly this is not satisfactory. To make it widely acceptable like secondary structure prediction, we need to further push hard to improve the accuracy to about 75%. Then it will be very useful for structural genomics. 


5. Under what circumstances can we make good predictions for sequences without templates?



For the current neural network approach, Strong domain linker signals. (I guess about between 25% and 40% multi-domain proteins contain very strong signals for neural network to identify them confidently). CASP6 is 35%. 

6. What sources of information/methods are in your opinion important for domain prediction in the various scenarios discussed above.

Gene recombination information (evolutionary information). Domain architecture is result of gene recombination: gene fusion, gene fission, gene duplication, exon shuffling and exchange during evolution. It is important to incorporate this information effectively to improve domain prediction, particularly ab initio domain prediction.  During CASP7 and after CASP7, our preliminary analysis of multiple sequence alignments shows that about  80% of multi-domain proteins may be due to gene recombination events.   (DPS and DOMINATION)

Future CASPs Questions


1. Does it make sense to continue to evaluate domain prediction in the current framework?
We definitely need to have domain prediction evaluation in CASP since domain prediction is one key piece of information about protein structure. It has many potential applications.  However, we may improve evaluation format. 

2. What can be done to assess domain prediction in a more effective way?

Currently we use an overlapping score introduced in CASP6. It has some advantages and disadvantages. Sometime, it over-penalizes multi-domain prediction with inaccurate domain boundaries. 
We may introduce other evaluation measures into CASP: domain number accuracy, domain boundary accuracy introduced by Jones and Rost, Philip Bourne’s overlapping score (similar to CASP overlapping score).  

Evaluate template-based and template-free separately. However, this may require more targets. 

Reference: 

T. Holland, S. Veretnik, I.N. Shindyalov, P.E. Bourne 2006 A Benchmark for Domain Assignment from Protein 3-dimensional  Structure and it’s Applications J. Mol. Biol., 361(3), 562-590.
3. Do you think the targets in this CASP were sufficiently challenging
for domain prediction?

Some are very challenging such as T0296 ab initio targets consist of 400 residues. 

4. If we are to have a different format for domain prediction, what can be done to make the format more demanding?

More targets, continuous evaluation. 
Two Dimension Classification of Domain Prediction Methods

	
	Template-Based (Homology)
	Ab Initio

	Sequence-Based
	HHpred1,  SSEP-domain, DomSSEA, DomFold
	  Neural Net, Statistics (Chop, DOMpro), DomSSEA, DPS,NN-PUT

	Structure-Based
	RosettaGinzu, FOLDpro
	RosettaDom, snapDragon, Ma-Opus


Hybrid: Template-based and ab initio.   DomFOLD, BakerHybrid (RobettaGinzu + RosettaDom), FOLDpro, Ma-OPUS
Meta: Consensus prediction: MetaDP (Fischer’s group)

DPS and DOMINATION use N-, C- terminal distribution. 
NN_PUT_LAB  (J. Blazewicz and W. Jaskowski)

Domain prediction Analysis

(1) Mistakes

T0291(single domain): HA/TMB model, CATH: two domains, SCOP: 1 domain. DOMpro: two domain, FOLDpro: 2 domain.  CASP7: 1 domain.
Ambiguity of domain boundary cause domain parser failed. 

Ginzu: fail, Rosetta-Dom: fail, Ma-OPUS-DOM: fail, (structure-based method failed)

Other sequence based method succeeds.

T0299 (two domain): TBM, domain 1: 1-78,168-180. domain 2: 79-167
Hard target (foldpro doesn’t find good template).  Ab-initio failed.
Ginzu: correct. RosettaDom: structure based correct. 

Ma-Opus: failed. Chop: correct, Distill: right, DomFold: wrong, HHpred: wrong, NNput: wrong

Domssea: wrong, Dps: wrong, Meta: wrong

T0316:  three domains: domain 1: 2-193 (TBM), domain 2: 220-283 (FM), domain 3: 284-373 (TBM)

FOLDpro : domain 1 : 1-245, domain 2 : 246-373  (the  middle small ab initio domain is skipped. Assigned to two adjacent domains). 

Domain parser actually parses into three domains. But the segments are interwined. So it is assigned to two domains.

Difficulty: when template-based domain and ab initio domains are combined together. It is hard to predict.

All methods failed this one.

T0347: two domains: domain 1(TBM): 7-37, 51-108, domain 2(FM): 134-204

Hard target.FOLDpro: domain is classified into two domains by fr. Should we use ab-initio one domain prediction because the FR mode is not good?  (POST THINKING AFTER PREDICTIONS ARE PUBLISHED ON THE WEB, svm score =-0.25, should at least use FR as guide)

check dompro raw file, it does predict a "TTT" at position 137 and 162 respectively.

DECISON: USE DOMPRO SINGLE DOMAIN PREDICTION because FR prediction is not good at all.

Rosetta-Dom (ab initio): correct, Chop: wrong, Distill: correct, Domfold: wrong, Domssea: correct

Dps: correct, Hhpred: correct, NNput: wrong, Ginzu: correct.. 
T0372 (TBM): domain 1:  1-117, 290-298, domain 2: 118-289

We fail to identify the template. Ab initio is wrong.

T0384, TBM, single domain, 1-152, 172-320  (FOLDpro parse it into two domains)
FOLDpro: easy target, but we failed due to parsing. Due to long disordered region?
Ginzu: failed., Distill: correct, Domfold: correct, Hhpred: correct, Ma-OPUS: wrong, DPS: right

DOMSSEA: wrong

AB Initio Targets
T0287 (single domain):  foldpro (right). Chop (wrong), distill (wrong),  hhpred (wrong), Ma (wrong)

T0296 (400 residues, single domain): foldpro (right), ginzu (wrong),  rosetta(wrong), ma (wrong)

T0300 (single domain): all right

T0307 (single domain): all right

T0309 (single domain): all right

T0314 (single domain): all right

T0316 (half ab initio, three domain): foldpro (wrong), all methods fail
T0319 (single domain): foldpro (right), dps (wrong)

T0347 (half ab initio, two domain): foldpro (wrong), chop (wrong),  domfold (wrong),  nnput (wrong), meta (wrong),  Ma (not exist)

T0350 (single domain): all right

T0356 (half ab initio, three domain): foldpro (right), dps (wrong),  meta (wrong),  rosetta-dom (wrong),  chop (wrong),  domfold (wrong)
T0361 (single domain): ginzu (wrong), distill (wrong), 

T0386 (half ab initio, two domain): foldpro (right),  chop (wrong), domfold (wrong),  hhpred (wrong), nnput (wrong), domssea (wrong),  meta (wrong), ma (wrong)

Other Adjusted Targets
T0293: foldpro parse it into two domains, but second one is very short (38) residues. They are combined into one domain.
T0302: two short (< 140 residues), pdb parse it into two domains. Force it to be one domain.
T0304: short (122 residues), overcut into two domains. Force it to be 1 domain. 

T0305: is it overcut by PDP. (We manually force it to be one domain). 
alpha+beta is cut into one alpha and one beta. Check SCOP and CATH to avoid the problem in post processing.
T0319: 135 residues, cut into two domains. < 140 residues. force into one domain.

T0326: overcut into two domains. According to PDB, CATH, SCOP, it is one domain. We correct it into one domain  (check databases, and also,  run PDP on a number of models, to get consensus to avoid overcut). 
T0339: PDP overcut it into 3 domains. (check CATH, to correct domain to two domains. To avoid overcut).
T0368:  157 residues, overcut to two domain. force it to 1 domain.
T0372: we didn’t identify the good template. Use FR, get two domains. Ab gets one domain. 

T0375:  scop: one domain, cath: two domains: 3-layer(aba), 2-layer sandwich

This protein, I somewhat prefer one domain. the extended small beta-sheet is too complex.  may not be a domain by itself. so scop consider the protruded strands as extra strand, not a (sub) domain. (Post processing to avoid cut in the middle of beta-sheet). 
T0386: PDP: 3 domains. Force it to two domains. 

Avoid overcutting:

PDP never undercut, always overcut:  length constraints, check CATH and SCOP and PDB, check the connectivity of beta-sheet, run PDP on multiple models.
