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We have heard a lot about the ab-initio term in Bioinformatics, which could be difficult to understand for
newbies in the field of bioinformatics. Today, we will discuss in detail what ab-initio is and what are the
applicable methods for it.
First of all, let’s get familiar with the literal meaning of the term ab-initio, it means ‘from the scratch’.
This term is applied in the context of the protein structure prediction in bioinformatics, which is quite
useful. Actually, ab-initio is one of the methods to predict a protein structure, which in case not available
in protein data bank (PDB) [1]. There are basically three methods to predict a protein’s structure:
a) homology modeling
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c) threading
Homology modeling method is applied when there is a sufficient amount of similarity between the
protein (structure to be predicted) and the template (whose structure have been determined already). But
in the other case, when the similarity between the two is quite low, then the ab-initio method is applied.
Although homology modeling aims to find a template protein which is evolutionary related to the query
protein sequence. Threading is a little similar to homology modeling in the sense that it predicts the
structure by recognizing the folds of the template and it aims to detect the evolutionary-related proteins
and analogous folds, so we can say they are template-based methods. The homology modeling and
threading both are capable of predicting protein structures with high-resolution folds based on the
searched templates, but they suffer a few limitations that the native topology for the query sequence must
have been solved, and new folds cannot be predicted using these two approaches.
The ab-initio method is often preferred for structure prediction when there is no or very low amount of
similarity for the protein (let’s say query protein sequence). It is the most difficult [2,3] and general
approach where the query protein is folded with a random conformation. The ab-initio method is based
on the thermodynamic hypothesis proposed by Anfinsen [4], according to which the native structure
corresponds to the global free energy minimum under a given set of conditions.
There are several ab-initio structure prediction approaches available such as ROSETTA [5],
TOUCHSTONE-II [6], and the most widely preferred I-Tasser [7,8]. These approaches are based on the
Monte-Carlo algorithm [9,10]. It has been found that I-Tasser outperforms the ROSETTA and
TOUCHSTONE-II approaches with a far lower CPU cost [11].
The ab-initio modeling is often termed as de-novo modeling [12], physics-based modeling [13], or free
modeling [14]. The basic protocol followed by the ab-initio method of the protein structure prediction
starts with the primary amino acid sequence which is searched for the different conformations leading to
the prediction of native folds. After the folds have been recognized and predicted, the model assessment
is performed to verify the quality of the predicted structure. ROSETTA and I-Tasser follow the enhanced
methodology for ab-initio prediction of a protein.
ROSETTA prediction begins with the identification of small fragments (3mers and 9 mers) from the
structure databases that have consistency with local sequence preferences. After that, all the fragments are
assembled into models with global properties followed by the assessment of the models using a scoring
function from decoy population [5]. The protocol followed by the I-Tasser includes threading along with
the ab-initio method [6,7]. I-Tasser program is based on the secondary-structure enhanced Profile-Profile
threading Alignment (PPA) [15] and the iterative implementation of the Threading ASSEmbly
Refinement (TASSER) program [16]. The details of the I-Tasser program can be read here.
We will be discussing other protein structure methods in detail in the upcoming articles.
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