
146 

MULTICOM-NOVEL (TS) 

Integration of Template-Based and Template-Free Model Sampling for Protein Tertiary 

Structure Prediction by MULTICOM-NOVEL Server 

Jilong Li, Badri Adhikari, and Jianlin Cheng* 

Department of Computer Science, University of Missouri, Columbia, MO 65211, USA 

chengji@missouri.edu 

 

Our tertiary structure prediction server MULTICOM-NOVEL participated in the CASP11 

experiment. The server used a novel integration of a variety of template-based and template-free 

model sampling methods.  

 

Method 

MULTICOM-NOVEL generated an ensemble of protein models for each target using multiple 

different methods in each step of protein tertiary structure prediction, such as sequence/profile 

comparison tools (e.g., PSI-BLAST
1
, HHSearch

2
, RaptorX

3
), target-template alignment tools 

(e.g., PSI-BLAST
1
, HHSearch

2
, RaptorX

3
, MSACompro

4
, HHMsato

5
, Promals3d

6
), 

MULTICOM template and alignment combination protocol
7,8

, and model generation tools (e.g., 

our in house template-based MTMG, Modeller
9
, local RaptorX

3
, ab initio Rosetta

10
, local I-

TASSER
11,12

, our in house ab initio contact-based CNS
13,14

). The ensemble of models of a target 

was evaluated by two methods: the single-model absolute model quality assessment tool – 

ModelEvaluator
15

 and the fully pairwise model comparison tool – APOLLO
16

. From the 

ensemble, MULTICOM-NOVEL chose top five models ranked by the weighted sum of 

APOLLO scores and ModelEvaluator scores as final predictions.  

In comparison with our methods tested in CASP10, the major new developments in 

MULTICOM-NOVEL fully or partially benchmarked in CASP11 include: 1) a novel 

probabilistic multi-template based model generation tool (MTMG); 2) a practical multiple 

protein sequence alignment algorithm MSACompro
4
 using predicted secondary structure, solvent 

accessibility, and residue-residue contacts; 3) a novel and practical profile-profile pairwise 

protein sequence alignment algorithm HHMsato
5
 based on hidden Markov models, secondary 

structure, solvent accessibility, torsion angle and evolutionary coupling information; 4) a new 

template-free modelling tool CNS using residue-residue contacts predicted by NNcon
17

 and 

SVMcon
18

 and secondary structure predicted using PSPro
19

 as restraints with distance geometry 

simulated annealing protocol implemented in CNS software suite
13,14

. These new tools improve 

the quality and diversity of models generated in the ensemble.  

 

Results 

We preliminarily evaluated MULTICOM-NOVEL on the whole chains of 36 CASP11 targets 

whose experimental structures were released to date. Table 1 reports the average GDT-TS scores 

and TM-scores of top 1 and best of 5 models predicted by MULTICOM-NOVEL.  
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Table 1. The average GDT-TS scores and TM-scores of top one and best of five models on 36 

CASP11 targets. These targets are T0759, T0760, T0761, T0762, T0763, T0764, T0765, T0766, 

T0767, T0768, T0769, T0770, T0771, T0772, T0774, T0776, T0780, T0781, T0782, T0784, 

T0786, T0790, T0791, T0800, T0801, T0808, T0815, T0831, T0833, T0834, T0845, T0849, 

T0852, T0853, T0855, and T0857.  

 

Predictor 
Top One  Best of Five 

GDT-TS TM-score  GDT-TS TM-score 

MULTICOM-NOVEL 0.47 0.54  0.50 0.58 
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