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Abstract

Purpose —The RDP classifier is computationally efficient and does not require
sequence alignment. It also works well with short sequences and provides a unique
niche for applications using the NGS technologies that generate millions of short
sequences. The performance however, is hampered by the conditional independent
assumption on features. The dependency is especially obvious in attributes by which the
k-mer method extracts sequences from sequences with sliding window where each

attribute is overlapped by k-1 base with its previous and next attribute.

Design/methodology/approach — This study developed a multinomial Markov-
based Bayesian classifier which remedies the unrealistic independent assumption by
Markov model. In order to prevent probability estimate of feature to become zero and
distort the classification result, Laplace estimate is usually utilized as a prior for all
features. However, the setting assumes a fix confidence level for all features. In this
study, we further develop a noninformative generalized distribution for prior setting that
will allow different confidence level settings for different features.

*  Corresponding author. Email: kliangliu@gmail.com
2010/03/13 received; 2014/07/07 revised; 2014/10/01 accepted
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Findings — The experimental results on bacterial 16S and fungal 28S rRNA gene
sequence sets show that the proposed model can achieve higher prediction accuracy
than the well-known RDP classifier in all ranks. Since the number of priors for a class
value in the Markov naive Bayesian classifier is two instead of one in the naive
Bayesian classifier, the best noninformative Dirichlet priors do enhance the performance
of the Markov naive Bayesian classifier.

Research limitations/implications — The study proposes to model DNA
sequences as a k™ order Markov chain on the alphabet A,C,G and T. That is, the
probability of observing a particular symbol only depends on the k previous one. Since
under this model, the probability of a read can be written as a ratio of products of the
probability of overlapping k-mers, it does introduce additional computational overheads
to the current implementation of the RDP classifier. However, the overhead is just one

time calculation during training process practically.

Practical implications — Since the ability to obtain thousands of rRNA sequences
from environmental and Human Microbiome Project samples using high-throughput
sequencing technologies has become a reality, accurate sequence classification is a
critical component of ecological interpretation of environmental datasets. The approach
used in this article to evaluate bacterial and fungal sequences proves to be a valuable
tool to determine the most important factors affecting classification accuracy.

Originality/value — This study develops a Markov Bayesian classifier that
remedies the strong conditional assumption on naive Bayesian classifier by Markov
assumption. Since the k-mer method uses an overlapping sliding window to extract
features from raw sequence data, the conditional independent assumption on features is
clearly violated. In the opposite, the Markov model that assumes each feature is

dependent on previous features fits k-mer extraction method perfectly.

Keywords: Dirichlet distribution, Markov model, naive Bayesian classifier, rRNA

gene sequence
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