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Background

Datasets and Protein Coding

Proteins are complex macromolecules made up of often hundreds of
amino acids, each attached to one another in long, un-branched
chains. The amino acid sequence determines each protein’s unique
3-dimensional structure and its specific function. One such function
is the specific read-out of DNA sequences, e.g. for genome editing
via suitable DNA-binding proteins.

 Gene
Ontology-based
search
against
the
UniProt/SwissProt database for “DNA sequence-specific
binding proteins” retrieved 6492 sequences of amino acids.
 Complement search set returned 524406 sequences.
 Sequences less than 150 amino acids and over 1000 amino
acids in length were thrown out, whereas the remaining
ones were made equal-in-length by padding them with “Xs”
till their length was equal to 1000.
 Every amino acid was converted into its corresponding
integer value using MATLAB’s aa2int function.

DNA binding proteins that target a specific site in the genome are
able of selecting the correct binding site out of a vast number of
potential sites on the DNA using various interactions which promote
molecular recognition (Halford and Marko, 2004). These interaction
modes are associated with a multitude of functionally distinct
proteins that determine the morphology, function of cells, tissues and
whole organisms giving rise to unique phenotypes of living
individuals.
Genome editing via DNA-binding domains such as mega-nucleases,
zinc finger nucleases, transcription activator–like effector nucleases
and the clustered regularly interspaced short palindromic repeat
(CRISPR)-associated nuclease Cas9 is accomplished by the
introduction of DNA double-strand breaks at specific genomic sites
that activate DNA repair via mutations, insertions, replacements and
chromosomal rearrangements (Chen and Gao, 2013). Such
technologies are opening up new possibilities of therapeutic genome
editing in diseased cells and tissues through the removal, correction
and insertions of mutations (Turitz-Cox et al., 2015).
Over the years, various statistical and machine learning techniques
including neural networks have been employed to understand the
sequence-structure-function relationship of proteins and uncover the
mechanisms of their evolution.

Objective
Compare and contrast the performance of machine learning
classifiers
 kNN
 SVM (support vector machine)
 ANN (deep feedforward neural network)
 CNN (comvolutional neural network)
in predicting the function of a protein from its primary amino-acid
structure.

Performance Measures
Accuracy measured the proportion of correct predictions:

Sensitivity measured the proportion of actual positives that
were correctly identified:

Specificity measured the proportion of actual negatives that
were correctly identified:

Results

 Any instance of the amino acid ‘X’ was replaced with ‘0’.
 Every AA sequence was further appended with a ‘1’ if ‘DNA
binding’ and ‘0’ if ‘non-DNA binding’.
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Training and Testing
 Different size datasets were created: (1) Small dataset: 100
sequences (50 DNA binding and 50 non-DNA binding); (2)
Large dataset: 10500 sequences (5250 DNA binding, 5250
non-DNA binding)).
 Amino acid sequences were randomly shuffled, so the
classifiers did not learn the order of presentation.
 Using the ‘train_test_split’ function from the SciKitLearn
library 90% of each dataset was used training and 10% for
testing.
 To avoid overfitting, 10-fold cross validation was used.
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