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Nielsen et al. (16) proposed an advanced motif sampler method based on the
Gibbs sampling technique, which efficiently samples the possible alignment
space of binder sequences. For each alignment, a log-odds weight matrix was
calculated for the identified binding core subsequences. This matrix serves
as the position-specific scoring matrix for the computation of a score for a
nonamer.

Motivated by a text mining model designed for building a classifier from
labeled and unlabeled examples, Murugan and Dai (17) developed an iterative
supervised learning model for the prediction of MHC class II-binding peptides.
The iterative learning model, based on LP, enables the use of nonbinder infor-
mation for the detection of the binding cores from a set of putative binding
cores and for the construction of the predictor simultaneously. The outcome of
this predictor is a position-specific weight matrix that can score amino acids at
each position of a nonamer.

2. Materials

1. A data set that includes binding and nonbinding peptides for a specific MHC class II
allele. The recommended size of binders is above 100. Any in-house peptide set can
be used. If the number of peptides is not sufficient, peptides from databases such
as AntiJen (18) and MHCBN (19) can be added for training. For some alleles, the
number of nonbinders may be extremely small. In this case, the random sequences
can be added (see Note 1).

2. Predictors that can score the binding ability for each individual peptide (see Note 2).

3. Methods

The Bayesian predictor is trained based on the prediction outcome obtained
from each individual predictor for a set of training peptides. The system is
flexible to incorporate results from any number of predictors. Suppose that the
number of predictors is m. In general, the requirement for each predictor is
the generation of a score for a given peptide sequence. This score of a peptide
is designated as the highest value among all scores that are assigned to the
overlapping 9 mer of the peptide by a predictor. A peptide is predicted as
a binder (resp. nonbinder) if this score is above (resp. below) a prescribed
threshold value. The steps for building a Bayesian predictor are as follows:

1. Prepare a training data set. Any peptide sequence with length less than nine residues
or with undetermined residues in certain positions should be discarded.

2. Reduce the redundancy in the data set. This step is to prevent overestimation of
the performance of a predictor. After the reduction, there should be no two peptide
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sequences in the set with sequence identity >90% over an alignment of length at
least nine residues.

. Obtain a predictive score for each peptide in the training set (including binding and

nonbinding sequences) from each individual predictor. These scores form the input
set from which a Bayesian predictor can be built.

. Determine a set of threshold values that produce distinct pairs of sensitivity and

specificity (see Note 3). This procedure should be performed for each predictor
on the training set. Upon the completion of this step, a set of threshold values for

predictor j is obtained, say 8/ = (5{, e 8',’/,) ,j=1,..., m, where t; is the number
of possible threshold values with the above property for predictor j.

. Determine the best combination 6* = (6*1, e, 6*’”) of threshold values, where each

6% (j=1,...,m) is the selected threshold value for predictor j. This combination
can be determined by finding the highest average area under receiver operating
characteristic curve (AROC) (see Note 3) value for the Bayesian predictor with a
k-fold cross-validation procedure described as follows:

a. For each combination of threshold values S}I, cee, 5;:’" set up a prediction
outcome table for the (k — 1)-folds of the training peptides (see Note 4), where
6{/ is the i;th threshold value for predictor j,j=1,...,m and i;=1,...,¢;.

This table is of size n x m, where n is the number of peptides in the training
folds. The outcome obtained from predictor j for a peptide is denoted by a
binary number f;: f; =1 if the peptide is predicted as binder, f; =0 otherwise.
Accordingly, the prediction outcome obtained from the m predictors for each
peptide will be coded by a binary string f,f, ... f,,

b. Build the probability table for the Bayesian predictor from the n x m table
described above. Let y; denote the label of each peptide: y; = 1 if it is a binder
and y; = —1 if it is not a binder. The probabilities for each value f; of the m
features for the binder class and the nonbinder class are computed as follows:

2 (=1
p(f; = 1[binder class) = total I:Ii;lmer of binders” i
i'z_:l I (fz/ = 0)
p(f; = Olbinder class) = total ;;mber of binders” / ~ "
> I(fi=1)
p(f; = LInonbinder class) = total nllir;l_)ler of nonbinders’ j=1...m,and
> I(fi;=0)
p(f; = Olnonbinder class) = total rilir;l_)ler of nonbinders’ j=b.m,
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Fig. 1. Illustration of the framework for building a Bayesian predictor.
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