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The package allows for the generation of a kernel matrix or an
explicit feature representation in dense or sparse format for all
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provides a framework which simplifies the usage of existing

SVM implementations in kernlab, e1071, and LiblineaR. Binary and
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in a unified way without having to deal with the different

functions, parameters, and formats of the selected SVM. As support
for choosing hyperparameters, the package provides cross
validation - including grouped cross validation, grid search and
model selection functions. For easier biological interpretation of
the results, the package computes feature weights for all SVMs and
prediction profiles which show the contribution of individual
sequence positions to the prediction result and indicate the
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BioVector DNAVector, RNAVector, AAVector Objects and BioVector Class

Description

Create an object containing a set of DNA-, RNA- or amino acid sequences
Usage

## Constructors:

RNAVector(x = character())

AAVector(x = character())

## Accessor-like methods: see below

## S4 method for signature 'BioVector,index,missing,ANY'

x[i]

## S4 method for signature 'BioVector'
as.character(x, use.names = TRUE)

Arguments
X character vector containing a set of sequences as uppercase characters or in
mixed uppercase/lowercase form.
i numeric vector with indicies or character with element names
use.names when set to TRUE the names are preserved
Details

The class DNAVector is used for storing DNA sequences, RNAVector for RNA sequences and
AAVector for amino acid sequences. The class BioVector is derived from the R base type character
representing a vector of character strings. It is an abstract class which can not be instantiated.
BioVector is the parent class for DNAVector, RNAVector and AAVector. For the three derived
classes identically named functions exist which are constructors. It should be noted that the con-
structors only wrap the sequence data into a class without copying or recoding the data.

The functions provided for DNAVector, RNAVector and AAVector classes are only a very small sub-
set compared to those of XStringSet but are designed along their counterparts from the Biostrings
package. Assignment of metadata and element metadata via mcols is supported for the DNAVector,
RNAVector and AAVector objects similar to objects of XStringSet derived classes (for details on
metadata assignment see annotationMetadata and positionMetadata).

In contrast to XStringSet the BioVector derived classes also support the storage of lowercase
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characters. This can be relevant for repeat regions which are often coded in lowercase charac-
ters. During the creation of XStringSet derived classes the lowercase characters are converted to
uppercase automatically and the information about repeat regions is lost. For BioVector derived
classes the user can specify during creation of a sequence kernel object whether lowercase charac-
ters should be included as uppercase characters or whether repeat regions should be ignored during
sequence analysis. In this way it is possible to perform both types of analysis on the same set of
sequences through defining one kernel object which accepts lowercase characters and another one
which ignores them.

Value

constructors DNAVector, RNAVector, AAVector return a sequence set of identical class name

Accessor-like methods

In the code snippets below, x is a BioVector.

length(x) gives the number of sequences in x.

width(x) provides vector of integer values with the number of bases/amino acids for each se-
quence in the set.

names(x) provides character vector of sample names.

Subsetting and concatination

In the code snippets below, x is a BioVector.

x[i] returns a BioVector object that only contains the samples selected with the subsetting pa-
rameter i. This parameter can be a numeric vector with indices or a character vector which is
matched against the names of x. Element related metadata is subsetted accordingly if avail-
able.

c(x, ...) returns a sequence set that is a concatination of the given sequence sets.

Coercion methods

In the code snippets below, x is a BioVector.

as.character(x, use.names=TRUE) returns the sequence set as named or unnamed character
vector dependent on the use.names parameter.

Note

Sequence data can be processed by KeBABS in XStringSet and BioVector based format. Within Ke-
BABS except for treatment of lowercase characters both formats are equivalent. It is recommended
to use XStringSet based formats whenever the support of lowercase characters is not of inter-
est because these classes provide in general much richer functionality than the BioVector classes.
String kernels provided in the kernlab package (see stringdot) do not support XStringSet derived
objects. The usage of these kernels is possible in KeBABS with sequence data in BioVector based
format.
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Author(s)

Johannes Palme

References

https://github.com/UBod/kebabs

J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-
ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi:10.1093/bioinformatics/
btv176.

See Also

metadata, elementMetadata, XStringSet, DNAStringSet, RNAStringSet, AAStringSet

Examples

## in general DNAStringSet should be prefered as described above

## create DNAStringSet object for a set of sequences

X <- DNAStringSet(c("AACCGCGATTATCGatatatatatatatatTGGAAGCTAGGACTA",
"GACTTACCCgagagagagagagaCATGAGAGGGAAGCTAGTA"))

## assign names to the sequences

names(x) <- c("Samplel”, "Sample2")

## to show the different handling of lowercase characters

## create DNAVector object for the same set of sequences and assign names

xv <- DNAVector (c("AACCGCGATTATCGatatatatatatatatTGGAAGCTAGGACTA",
"GACTTACCCgagagagagagagaCATGAGAGGGAAGCTAGTA"))

names(xv) <- c("Samplel”, "Sample2")

## show DNAStringSet object - lowercase characters were translated
X

## in the DNAVector object lowercase characters are unmodified

## their handling can be defined at the level of the sequence kernel
XV

## show number of the sequences in the set and their number of characters
length(xv)
width(xv)
nchar(xv)

BioVector-class BioVector, DNAVector, RNAVector and AAVector Classes

Description

BioVector, DNAVector, RNAVector and A AVector Classes
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Details

This class is the parent class for representing sets of biological sequences with support of lower-
case characters. The derived classes DNAVector, RNAVector and AAVector hold DNA-, RNA- or
AA-sequences which can contain also lowercase characters. In many cases repeat regions are coded
as lowercase characters and with the BioVector based classes sequence analysis with and without
repeat regions can be performed from the same sequence set. Whenever lowercase is not needed
please use the XStringSet based classes as they provide much richer functionality. The class
BioVector is derived from "character” and holds the sequence information as character vector. In-
terfaces for the small set of functions needed in KeBABS are designed consistent with XStringSet.

Instances of the DNAVector class are used for representing sets of DNA sequences.
Instances of the RNAVector class are used for representing sets of RNA sequences.

Instances of the AAVector class are used for representing sets of amino acid sequences.

Slots

NAMES sequence names

elementMetadata element metadata, which is applicable per element and holds a DataFrame with
one entry per sequence in each column. KeBABS uses the column names "annotation" and
"offset".

metadata metadata applicable for the entire sequence set as list. KeBABS stores the annotation
character set as list element named "annotationCharset".

Author(s)

Johannes Palme

References
https://github.com/UBod/kebabs
J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-

ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi: 10.1093/bioinformatics/
btv176.

computeROCandAUC Compute Receiver Operating Characteristic And Area Under The
Curve

Description
Compute the receiver operating characteristic (ROC) and area under the ROC curve (AUC) as per-
formance measure for binary classification

Usage
computeROCandAUC(prediction, labels, alllabels = NULL)
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Arguments

prediction

labels
alllLabels

Details

computeROCandAUC

prediction results in the form of decision values as returned by predict for
predictionType="decision".

label vector of same length as parameter “prediction’.

vector containing all occuring labels once. This parameter is required only if the
labels parameter is not a factor. Default=NULL

For binary classfication this function computes the receiver operating curve (ROC) and the area
under the ROC curve (AUC).

Value

On successful completion the function returns an object of class ROCData containing the AUC, a
numeric vector of TPR values and a numeric vector containing the FPR values. If the ROC and
AUC cannot be computed because of missing positive or negative samples the function returns 3

NA values.

Author(s)

Johannes Palme

References

https://github.com/UBod/kebabs

J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-
ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi: 10.1093/bioinformatics/

btv176.

See Also

predict, ROCData

Examples

## load transcription factor binding site data

data(TFBS)
enhancerFB
## select 70% of
train <- sample(1

the samples for training and the rest for test
:length(enhancerFB), length(enhancerFB) * 0.7)

test <- c(1:1length(enhancerFB))[-train]

## create the kernel object for gappy pair kernel with normalization
gappy <- gappyPairKernel(k=1, m=3)

## show details of kernel object

gappy

## run training with explicit representation

model <- kbsvm(x=

enhancerFB[train], y=yFB[train], kernel=gappy,
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Controllnformation-class

pkg="LiblineaR", svm="C-svc", cost=80, explicit="yes",
featureWeights="no"

## predict the test sequences

pred <- predict(model, enhancerFB[test])

## print prediction performance

evaluatePrediction(pred, yFB[test], alllLabels=unique(yFB))

## compute ROC and AUC
preddec <- predict(model, enhancerFB[test], predictionType="decision")
rocdata <- computeROCandAUC(preddec, yFB[test], alllLabels=unique(yFB))

## show AUC value
rocdata

## Not run:
## plot ROC
plot(rocdata)

## End(Not run)

ControlInformation-class
KeBABS Control Information Class

Description

KeBABS Control Information Class

Details

Instances of this class store control information for the KeBABS meta-SVM.

Slots

classification indicator for classification task
multiclassType type of multiclass SVM

featureWeights feature weights control information

selMethod selected processing method

onlyDense indicator that only dense processing can be performed
sparse indicator for sparse processing

runtimeWarning indicator for runtime warning

Author(s)

Johannes Palme
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References
https://github.com/UBod/kebabs
J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-

ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi:10.1093/bioinformatics/
btv176.

CrossValidationResult-class
Cross Validation Result Class

Description

Cross Validation Result Class

Details

Instances of this class store the result of cross validation.

Slots

cross number of folds for cross validation
noCross number of CV runs

groupBy group assignment of samples
perfParameters collected performance parameters
outerCV flag indicating outer CV

folds folds used in CV

cvError cross validation error

foldErrors fold errors

noSV number of support vectors

ACC cross validation accuracy

BACC cross validation balanced accuracy

MCC cross validation Matthews correlation coefficient
AUC cross validation area under the ROC curve
foldACC fold accuracy

foldBACC fold balanced accuracy

foldMCC fold Matthews correlation coefficient
foldAUC fold area under the ROC curve

sumAlphas sum of alphas

Author(s)

Johannes Palme
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References
https://github.com/UBod/kebabs
J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-

ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi: 10.1093/bioinformatics/
btv176.

CrossValidationResultAccessors
CrossValidationResult Accessors

Description

CrossValidationResult Accessors

Usage
## S4 method for signature 'CrossValidationResult'
folds(object)
Arguments
object a cross validation result object (can be extracted from KeBABS model with
accessor cvResult)
Value

folds: returns the folds used in CV
performance: returns a list with the performance values

Accessor-like methods

folds returns the CV folds.

performance returns the collected performance parameters.

Author(s)

Johannes Palme

References
https://github.com/UBod/kebabs
J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-

ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi:10.1093/bioinformatics/
btv176.
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Examples

## create kernel object for normalized spectrum kernel
specK5 <- spectrumKernel (k=5)

## Not run:

## load data

data(TFBS)

## perform training - feature weights are computed by default
model <- kbsvm(enhancerFB, yFB, specK5, pkg="LiblineaR",

svm="C-svc", cross=10, cost=15, perfParameters="ALL")

## show model selection result
cvResult(model)

## extract fold AUC
performance(cvResult(model))$foldAUC

## End(Not run)

evaluatePrediction Evaluate Prediction

Description

Evaluate performance results of prediction on a testset based on given labels for binary classification

Usage

evaluatePrediction(prediction, label, allLabels = NULL, decValues = NULL,

print = TRUE, confmatrix = TRUE, numPrecision = 3,
numPosNegTrainSamples = numeric(0))
Arguments
prediction prediction results as returned by predict for predictionType="response".
label label vector of same length as parameter ’prediction’.
alllLabels vector containing all occuring labels once. This parameter is required only if the
label vector is numeric. Default=NULL
decValues numeric vector containing decision values for the predictions as returned by
the predict method with predictionType set to decision. This parameter is
needed for the determination of the AUC value which is currently only supported
for binary classification. Default=NULL
print This parameter indicates whether performance values should be printed or re-
turned as data frame without printing (for details see below). Default=TRUE
confmatrix When set to TRUE a confusion matrix is printed. The rows correspond to pre-

dictions, the columns to the true labels. Default=TRUE
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numPrecision minimum number of digits to the right of the decimal point. Values between 0
and 20 are allowed. Default=3

numPosNegTrainSamples
optional integer vector with two values giving the number of positive and nega-
tive training samples. When this parameter is set the balancedness of the training
set is reported. Default=numeric(0)

Details

For binary classfication this function computes the performance measures accuracy, balanced accu-
racy, sensitivity, specificity, precision and the Matthews Correlation Coefficient(MCC). If decision
values are passed in the parameter decValues the function additionally determines the AUC. When
the number of positive and negative training samples is passed to the function it also shows the
balancedness of the training set. The performance results are either printed by the routine directly
or returned in a data frame. The columns of the data frame are:

column name performance measure

TP true positive

FP false positive

FN false negative

TN true negative

ACC accuracy

BAL_ACC balanced accuracy

SENS sensitivity

SPEC specificity

PREC precision

MAT_CC Matthews correlation coefficient

AUC area under ROC curve

PBAL prediction balancedness (fraction of positive samples)
TBAL training balancedness (fraction of positive samples)

Value
When the parameter ’print’ is set to FALSE the function returns a data frame containing the predic-
tion performance values (for details see above).

Author(s)

Johannes Palme

References

https://github.com/UBod/kebabs

J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-
ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi:10.1093/bioinformatics/
btv176.
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See Also

predict, kbsvm

Examples

## set seed for random generator, included here only to make results
## reproducable for this example

set.seed(456)

## load transcription factor binding site data

data(TFBS)

enhancerFB

## select 70% of the samples for training and the rest for test
train <- sample(1:1length(enhancerFB), length(enhancerFB) * 0.7)

test <- c(1:1length(enhancerFB))[-train]

## create the kernel object for gappy pair kernel with normalization
gappy <- gappyPairKernel(k=1, m=3)

## show details of kernel object

gappy

## run training with explicit representation

model <- kbsvm(x=enhancerFB[train], y=yFB[train], kernel=gappy,
pkg="LiblineaR", svm="C-svc", cost=80, explicit="yes",
featureWeights="no")

## predict the test sequences
pred <- predict(model, enhancerFB[test])

## print prediction performance
evaluatePrediction(pred, yFB[test], alllLabels=unique(yFB))

## Not run:

## print prediction performance including AUC

## additionally determine decision values

preddec <- predict(model, enhancerFB[test], predictionType="decision")

evaluatePrediction(pred, yFB[test], alllLabels=unique(yFB),
decValues=preddec)

## print prediction performance including training set balance
trainPosNeg <- c(length(which(yFB[train] == 1)),
length(which(yFB[train] == -1)))
evaluatePrediction(pred, yFB[test], alllLabels=unique(yFB),
numPosNegTrainSamples=trainPosNeg)

## or get prediction performance as data frame
perf <- evaluatePrediction(pred, yFB[test], alllLabels=unique(yFB),
print=FALSE)

## show performance values in data frame
perf

## End(Not run)



ExplicitRepresentation 15

ExplicitRepresentation
Explicit Representation Dense and Sparse Classes

Description

Explicit Representation Dense and Sparse Classes

Details

In KeBABS this class is the virtual parent class for explicit representations generated from a set
of biological sequences for a given kernel. The derived classes ExplicitRepresentationDense
and ExplicitRepresentationSparse are meant to hold explicit representations in dense or sparse
format. The kernel used to generate the explicit representation is stored together with the data.

Instances of this class are used for storing explicit representations in dense matrix format. This class
is derived from ExplicitRepresentation.

Instances of this class are used for storing explicit representations in sparse dgRMatrix format. This
class is derived from ExplicitRepresentation.

Slots

usedKernel kernel used for generating the explicit representation

quadratic boolean indicating a quadratic explicit representation

Author(s)

Johannes Palme

References
https://github.com/UBod/kebabs
J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-

ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi: 10.1093/bioinformatics/
btv176.

ExplicitRepresentationAccessors
ExplicitRepresentation Accessors

Description

ExplicitRepresentation Accessors


https://github.com/UBod/kebabs
https://doi.org/10.1093/bioinformatics/btv176
https://doi.org/10.1093/bioinformatics/btv176

16 ExplicitRepresentationAccessors

Usage

## S4 methods for signature 'ExplicitRepresentation'
## x[i,]]

## further methods see below

## S4 method for signature 'matrix,dgRMatrix’
X %*% Yy

## S4 method for signature 'dgRMatrix,numeric'

X %*% Yy
Arguments
X an explicit representation in dense or sparse format
i integer vector or character vector with a subset of the sample indices or names
y in the first case and explicit representation and x is a matrix, for the second case
a numeric matrix and x is an explicit representation
J integer vector or character vector with a subset of the feature indices or names
Value

see details above

Accessor-like methods

x[i, ] returns a KernelMatrix object that only contains the rows selected with the subsetting
parameter i. This parameter can be a numeric vector with indices or a character vector which
is matched against the names of x.

x[ ,3j] returns a KernelMatrix object that only contains the columns selected with the subsetting
parameter j. This parameter can be a numeric vector with indices or a character vector which
is matched against the names of x.

x[i, j] returns a KernelMatrix object that only contains the rows selected with the subsetting
parameter i and columns selected by j. Both parameters can be a numeric vector with indices
or a character vector which is matched against the names of x.

Accessor-like methods

%% this operator provides the multiplication of a dgRMatrix or a sparse explicit representation
(which is derived from dgRMatrix) with a matrix or a vector. This functionality is not available
in package Matrix for a dgRMatrix.

Author(s)

Johannes Palme
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J. Palme, S. Hochreiter, and U. Bodenhofer (2015) KeBABS: an R package for kernel-based anal-
ysis of biological sequences. Bioinformatics, 31(15):2574-2576. DOI: doi:10.1093/bioinformatics/

btv176.

gappyPairKernel

Gappy Pair Kernel

Description

Create a gappy pair kernel object and the kernel matrix

Usage

gappyPairKernel(k = 1, m =1, r = 1, annSpec = FALSE,
distWeight = numeric(@), normalized = TRUE, exact = TRUE,
ignoreLower = TRUE, presence = FALSE, revComplement = FALSE,
mixCoef = numeric(@))

## S4 method for signature 'GappyPairKernel'
getFeatureSpaceDimension(kernel, x)

Arguments

k

length of the substrings (also called kmers) which are considered in pairs by
this kernel. This parameter together with parameter m (see below) defines the
size of the feature space, i.e. the total number of features considered in this
kernel is (IAIN(2*k))*(m+1), with |Al as the size of the alphabet (4 for DNA
and RNA sequences and 21 for amino acid sequences). Sequences with a total
number of characters shorter than 2 * k + m will be accepted but not all possible
patterns of the feature space can be taken into account. When multiple kernels
with different k and/or m values should be generated, e.g. for model selection
an integer vector can be specified instead of a single numeric values. In this
case a list of kernel objects with the individual values from the integer vector of
parameter k is generated as result. The processing effort for this kernel is highly
dependent on the value of k because of the additional factor 2 in the exponent for
the feature space size) and only small values of k will allow efficient processing.
Default=1

maximal number of irrelevant positions between a pair of kmers. The value of m
must be an integer value larger than 0. For example a value of m=2 means that
zero, one or two irrelevant positions between kmer pairs are considered as valid
features. (A value of O corresponds to the spectrum kernel with a kmer length
of 2*k and is not allowed for the gappy pair kernel). When an integer vector
is specified a list of kernels is generated as described above for parameter k. If
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multiple values are specified both for parameter k and parameter m one kernel
object is created for each of the combinations of k and m. Default=1

r exponent which must be > 0 (see details section in spectrumKernel). Default=1

annSpec boolean that indicates whether sequence annotation should be taken into account
(details see on help page for annotationMetadata). Annotation information is
only evaluated for the kmer positions of the kmer pair but not for the irrele-
vant positions in between. For the annotation specific gappy pair kernel the
total number of features increases to (IAIN(2*k))*(lalM(2*k)*(m+1) with IAl as
the size of the sequence alphabet and lal as the size of the annotation alphabet.
Default=FALSE

distWeight a numeric distance weight vector or a distance weighting function (details see
on help page for gaussWeight). Default=NULL

normalized generated data from this kernel will be normalized (details see below). De-
fault=TRUE

exact use exact character set for the evaluation (details see below). Default=TRUE

ignorelLower ignore lower case characters in the sequence. If the parameter is not set lower

case characters are treated like uppercase. Default=TRUE

presence if this parameter is set only the presence of a kmers will be considered, otherwise
the number of occurances of the kmer is used. Default=FALSE

revComplement if this parameter is set a kmer pair and its reverse complement are treated as the
same feature. Default=FALSE

mixCoef mixing coefficients for the mixture variant of the gappy pair kernel. A numeric
vector of length k is expected for this parameter with the unused components in
the mixture set to 0. Default=numeric(0)

kernel a sequence kernel object

X one or multiple biological sequences in the form of a DNAStringSet, RNAStringSet,
AAStringSet (or as BioVector)

Details

Creation of kernel object

The function ’gappyPairKernel” creates a kernel object for the gappy pair kernel. This kernel object
can then be used with a set of DNA-, RNA- or AA-sequences to generate a kernel matrix or an ex-
plicit representation for this kernel. The gappy pair kernel uses pairs of neighboring subsequences
of length k (kmers) with up to m irrelevant positions between the kmers. For sequences shorter
than 2*k the self similarity (i.e. the value on the main diagonal in the square kernel matrix) is 0.
The explicit representation contains only zeros for such a sample. Dependent on the learning task
it might make sense to remove such sequences from the data set as they do not contribute to the
model but still influence performance values.

For values different from 1 (=default value) parameter r leads to a transfomation of similarities
by taking each element of the similarity matrix to the power of r. If normalized=TRUE, the feature
vectors are scaled to the unit sphere before computing the similarity value for the kernel matrix. For
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two samples with the feature vectors x and y the 