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The 2’-O-methylation transferase is involved in the process of 2’-O-methylation. In catalytic processes,
the 2-hydroxy group of the ribose moiety of a nucleotide accept a methyl group. This methylation pro-
cess is a post-transcriptional modification, which occurs in various cellular RNAs and plays a vital role
in regulation of gene expressions at the post-transcriptional level. Through biochemical experiments 2’-
O-methylation sites produce good results but these biochemical process and exploratory techniques are
very expensive. Thus, it is required to develop a computational method to identify 2’-O-methylation
sites. In this work, we proposed a simple and precise convolution neural network method namely:
iRNA-PseKNC(2methyl) to identify 2’-O-methylation sites. The existing techniques use handcrafted fea-
tures, while the proposed method automatically extracts the features of 2’-O-methylation using the pro-
posed convolution neural network model. The proposed prediction iRNA-PseKNC(2methyl) method ob-
tained 98.27% of accuracy, 96.29% of sensitivity, 100% of specificity, and 0.965 of MCC on Home sapiens
dataset. The reported outcomes present that our proposed method obtained better outcomes than ex-
isting method in terms of all evaluation parameters. These outcomes show that iRNA-PseKNC(2methyl)

method might be beneficial for the academic research and drug design.

© 2018 The Authors. Published by Elsevier Ltd.

This is an open access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

The 2’-O-methylation transferase is involved in the process of
2’-O-methylation. In this whole catalytic process, the 2-hydroxy
group of the ribose moiety of a nucleotide accept a methyl group
(Kiss, 2002). This methylation process is a post-transcriptional
modification which occurs in various cellular RNAs and plays an
important role in regulation of gene expressions at the post-
transcriptional level (Bachellerie et al., 2002). It has been reported
that the accumulation of 2’-O-methylation site around the func-
tional region of ribosomal RNA (rRNA) affects the structure and
function of rRNA (Decatur and Fournier, 2002). Moreover, the
methylation in the cap structure of mRNA results the RNA sen-
sor Mda5 to distinguish between itself and non-autologous mRNA
(Zist et al., 2011). Furthermore, this process of 2’-O-methylation
protects the ends of endo-small interfering RNAs, piwi-interacting
RNa (piRNA) and microRNA from uridine and exonuclease degra-
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dation while regulate specific RNAi pathways (Li et al, 2005).
Although the process of 2’-O-methylation in mRNA is still not
clearly decipher; therefore, a detailed study is required to ex-
plore the mechanism of RNA 2’-O-methylation. The identification
of 2’-O-methylation site is the first step in understanding the
regulatory mechanism (Ramachandran and Chen, 2008). Recently,
many approaches and techniques were developed to analyze the
RNA 2’-O-methylation i.e., liquid chromatography coupled with
mass spectrometry and two-dimensional thin layer chromatogra-
phy (Dong et al., 2012). However, a reverse transcription at low
dNTP concentration and PCR based method, RTL-P, were proposed
to characterize and explore both old and novel 2-O-methylation
sites in human rRNA, yeast rRNA, and mouse piRNA.

Through biochemical experiments, the 2’-O-methylation sites
achieved good result but the biochemical process and exploratory
techniques are expensive and takes a lot of time. Thus, it is needed
to propose efficient statistical or computational models to identify
2’-0-methylation sites because of the huge amount of RNA/DNA se-
quences produced in the post genome area. The main challenge of
building computational models for genomic tasks is how to def-
inite the biological sequences with a discrete vector or model as
most of machine learning algorithms require vectors representa-
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tions. These algorithms include "Covariance Discriminant” or "CD"
algorithm (Chou and Elrod, 2002; Chou and Cai, 2003), "Support
Vector Machine" or "SVM" algorithm (Cai et al., 2006), "Nearest
Neighbor" or "NN" algorithm (Hu et al., 2011), and "Optimization"
algorithm (Zhang and Chou, 1992). The pseudo amino acid compo-
sition (PseAAC) (Chou, 2001b) was developed for preventing losing
the sequence-pattern information for proteins that may result from
defining the vectors in a discrete mode. PseAAC was mostly applied
in almost all of the computational proteomics (Chou, 2017; Jia
et al,, 2014; Ju and He, 2017; Ju and Wang, 2018; Ju et al., 2016; Xie
et al.,, 2013; Zhang et al., 2014) and a result three different open ac-
cess software have been developed namely ‘PseAAC-Builder 'propy’
(Cao et al.,, 2013), ‘Builder’ (Du et al., 2012), and ‘PseAAC-General’
(Cao et al., 2013). PseAAC-Builder and propy are used for gener-
ating various modes of Chou’s special PseAAC (Chou, 2009) while
PseAAC-General include not only all the special modes of fea-
ture vectors for proteins but, in addition, the higher level feature
vectors such as "Gene Ontology" mode, "Sequential Evolution" or
"PSSM" mode, and "Functional Domain" mode (Chou, 2011). Pseudo
K-tuple Nucleotide Composition (PseKNC) (Chen et al., 2014) was
introduced for producing different feature vectors for DNA/RNA se-
quences (Chen et al., 2015a; Liu et al., 2017b; Liu et al., 2016a; Liu
et al., 2017c). A very powerful webservers, for generating any re-
quired feature vectors for RNA/DNA sequences and peptide/protein
according to the users’ requirement or their own definition, have
been developed namely: ‘Pse-in-One’ One’ (Liu et al., 2015) and its
updated version ‘Pse-in-One2.0’ (Liu et al., 2017a).

Post-translational modifications (PTM) are the different type
of alterations, which support to diversify the some number of
genome of the living organisms. In this regard, many researchers
developed various computational method to identifying PTM sites
functions using protein and RNA/RNA sequences (Chen et al.,
2015b; Chen et al., 2016a; Chen et al., 2018b; Chou, 2015; Feng
et al,, 2017; Feng et al., 2018; Jia et al., 2016a; Jia et al., 2016b; Jia
et al.,, 2016¢; Jia et al., 2016d; Liu et al., 2016b; Qiu et al,, 2014;
Qiu et al., 2015; Qiu et al, 2016a; Qiu et al., 2016b; Qiu et al.,
2016¢; Qiu et al., 2017a; Qiu et al., 2017b; Qiu et al., 2018; Qiu
et al., 2017c; Xu and Chou, 2016; Xu et al., 2013a; Xu et al., 2017;
Xu et al,, 2013b; Xu et al,, 2014a; Xu et al., 2014b). In the previ-
ous works, there are several predictors were developed using ma-
chine learning techniques to detecting 2’-O-methylation sites (Chen
et al.,, 2016b; Sun et al., 2015). The existing methods need specific
and basic information to design the input features, according to
5-step rules of Chou’s, the second step of Chou’s rules is to ex-
tract numerical values from the input samples (Chou, 2011). As 2'-
O-methylation sites is affected by RNA sequences, the system may
automatically learn the feature of 2’-O-methylation sites from RNA
sequences. The idea is obtained from deep learning, to fully ex-
tract the features from multiple levels of abstraction. In natural
language processing (Collobert et al., 2011), information retrieval
(Qu et al., 2017), image processing (Tayara and Chong, 2018; Tayara
et al., 2018) and so on the deep learning approaches produced bet-
ter outcomes. Currently, various genomics computational methods
have been introduced used deep learning approaches (Aoki and
Sakakibara, 2018; Nazari et al., 2018; Oubounyt et al., 2018; Pan
et al.,, 2018b; Yang et al., 2017).

In this study, we used both machine learning and deep
learning methods to develop computational method for 2’-O-
methylation sites. The deep learning method produces better re-
sults as compared to machine learning method. The proposed
iRNA-PseKNC(2methyl) method use the five-fold cross validation
test and convolution neural networks (CNN). The proposed method
is a simple and efficient architecture for 2’-O-methylation sites. The
proposed prediction model is evaluated on one dataset and pro-
duces more efficient outcome than existing method published re-
cently in the literature (Chen et al., 2016b). According to series of

publications (Cai et al., 2018; Song et al., 2018; Zhang et al., 2018),
the investigator have widely emphasized the guidelines of Chou’s
5-step rules are: (1) dataset selection or construction; (2) convert
the raw samples into feature vector; (3) classification algorithm;
(4) cross-validation test; (5) develop a web-server. Below, these
rules are address one by one.

2. Materials and methods

In this study, we use both machine learning and deep learn-
ing approach to distinguish 2’-O-methylation sites and not 2’-O-
methylation sites. In machine learning approach two various fea-
ture extraction methods namely: multivariate mutual information
(MMI) and n-Gram (Nanni, 2005; Pan et al., 2018a) are used
for sample formulation and SVM is used for classification. While
the deep learning approach is based on CNN model to identify
2’-O-methylation sites from raw genomic sequences, CNN model
learns automatically the most important features from the input
sequences during training.

2.1. Dataset

In this work, the dataset was downloaded from RMBase which
contained 2’-O-methylaiton sites in H. sapiens (Chen et al., 2016b).
Chen et al., predictor based on RMBase, to reduce homolog devia-
tion and avoid redundancy, using the CD-HIT procedure to remove
80% similarity of RNA sequences (Chen et al., 2016b). Finally, 147
sequences of 2’-O-methylaiton sites yielded and treated as posi-
tive sequences. The length of each sequence is 41-nt with the 2'-
O-methylation site in the center. The negative sequences were ob-
tained by selecting the length of 41-nt sequences, in which the
center nucleotides were not 2’-O-methylated and a huge number
of imbalanced dataset for negative sequences are produced. There-
fore, randomly 147 negative sequences were selected to balance
negative and positive sequence. The benchmark dataset can be
mathematically represented as:

D=D*uD- (1)

where the subset D*contains 147 true and, D~ contains 147 false
2’-0-methylation site samples, and the symbol Ufor union in set
theory.

2.2. Machine learning approach

2.2.1. n-Grams

The n-Grams feature extraction method is a pair of values
(vi, ¢;), the feature represented by v; and the total number of
the feature represented by ¢; in a DNA/RNA or protein samples
(Nanni, 2005). For example, to express RNA samples with 3-gram,
v regards to the set of 3-nucleotide pairs and c represents the total
numbers of pairs occurrence within entire sample. The mathemat-
ical representation of n-Gram method can be express as:

GC=G UG UG3
= {Ri} U {RiR;} U {RiR;R,}
={A,C,U,G, GA GCAG,....GGACA,...... GGG} (2)

where G denotes the list of nucleotide combination, G; G, and Gs,
and represents 1-Gram, 2-Gram and 3-Gram with 4, 16 and 64 fea-
tures, respectively, R;, R;, Rie{A, C, U, G}, and resulting in 84-D.

2.2.2. Multivariate mutual information

In the previous work (Pan et al., 2018a), multivariate mutual in-
formation (MMI) has been widely utilized to extract feature spaces
from protein sample. Accordingly, the nucleotides sample can be
expressed by applying multivariate mutual information method. In
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this method, the DNA/RNA sample is defined by 2-tuple and 3-
tuple nucleotide composition set K2 and K3 as follows.

K2 = {AA, AC, AU, AG, CC, CU, CG, UU, UG, GG}
K3 = {AAA, AAC, AAU, AAG, ACC, ACU, ACG, AUU, AUG, AGG,
CCc, ccu, €CcG, cuu, CUG, CGG, UUU, UUG, UGG, GGG} (3)

The order of nucleotides is not important because MMIs in a tu-
ple have no relationship, therefore if 2-tuple have unique constant
but the order are not same, they may have the similar information
and be assigned as single tuple. The K2 and K3 have 10 elements
and 20 elements, respectively, but there does not exist the same
composition with various order tuples

2.2.3. Support vector machine

SVM is a supervised learning technique and widely employed in
the area of bioinformatics and system biology, and obtained bet-
ter outcomes than other machine learning classification algorithms
(Tahir and Hayat, 2016; Tahir et al., 2017; Tahir et al., 2018a; Tahir
et al., 2018b). The main concept of support vector machine is to
convert the data into a feature space with high-dimensional and
then define the best separating hyperplane. SVM used a kernel
function namely Gaussian radial basis function (RBF) to its better
performance in non-linear classification. In this study, we use RBF
kernel function and LIBSVM package to implement SVM model.
The RBF kernel function has two parameters: the kernel width pa-
rameter g and the regularization parameter C. Through the opti-
mization technique, their real score will be determined using grid
search approach. In this work, we used the value of ¢ is 0.0025 and
the value of g is 7.5, respectively.

2.3. Deep learning approach

In previous works and Section 2.2 of this study, used machine
learning approaches for the identification of 2’-O-methylation sites.
In this work, we use deep learning approach i.e., CNN for the iden-
tification of 2’-O-methylation sites from raw genomic sequences.
CNN learns automatically the most important features from the in-
put sequences during training. In this regard, a computational au-
tomated method iRNA-PseKNC(2methyl) is proposed to identify the
2’-0-methylation sites in genomes accurately.

The iRNA-PseKNC(2methyl) method takes a single RNA se-
quences R = {R{RyRs.....Rp}as an input, where n=41 andR; €{A,
C, U, G}, and produces a real valued. The input of the proposed
method is one-hot encoded and represented as one-dimensional
vector with four channels. The length of the vector is 41 and the
four channel are A, G, C, and U. For more explanation, A, C, U, and
G are denoted as (1, 0, 0, 0), (0, 1, 0, 0), (0, 0, 0, 1), and (O, O, 1,
0) respectively. The Fig. 1 presents the one-hot encode of an input
sequence and full architecture of proposed iRNA-PseKNC(2methyl)
method.

Usually one processing step in deep learning network is known
as a layer, the layer can be a convolution, pooling, ReLU, normaliza-
tion, dropout, loss, fully connected layer, and so on. During learn-
ing various hyper parameters have been tuned, the tuned param-
eters are: number of filters, size of the filters, number of convo-
lution layers, the number of the neurons of the dense layer and
dropout probability after dense and convolution layers. In Table 1,
present the list of these hyper parameters which are used in CNN
model. The detailed architecture of the selected 2’-O-methylation
sites method is described in Table 2. The optimal performing pa-
rameters have been chosen on the base of maximum accuracy. The
convolution layer is mathematically represented and computed as

FS—1F-1
Conv(R) jy = RelU [ > 3 WihuRjim s (4)
fs=0 f=0

Table 1
The hyper parameters in CNNs to be tuned.

Hyper Parameter Range

Number of convolution layers [1,2,3]

The number of the filters [4,8,12]

Filter size [2,4]

Dropout [0.2, 0.25, 0.3,0.35,0.5]

Table 2
The Detailed architecture of iRNA-PseKNC(2methyl) model.

Layer Output Shape

Input (41,4)
Conv1D(8,4,2) (19,8)
Conv1D(4,2,2) (9,4)
Dropout(0.35) 36
Dense(1) 1

Table 3
Success rate of machine learning method using SVM.

Feature Extraction  Classifier ~ Accuracy  Sensitivity  Specificity = MCC
n-Gram SVM 81.23 81.63 80.95 0.625
MMI SVM 77.89 7414 81.62 0.559

Where R denotes the input of RNA sequence, f represents the
index of the filter and j represents the index of the output position.
ReLU represents the rectified linear function and mathematically
can be defined as

_Jyify=0
Rew(y)_{Oify<0 (5)

The sigmoid layer that makes predictions weather a given se-
quence is a 2’-O-methylation sites or not 2’-O-methylation sites.

1

Sigmoid(y) = Trey

(6)

The sigmoid () function outputs normalized class probabilities
for a given input. The output of this layer is scaled to the [0, 1] by
sigmoid function.

In this study, the proposed model is implemented by Keras
framework (Chollet, 2015). Adam optimizer is used for optimiza-
tion and the learning rate is set to 0.0001. Batch size is set to 10.
Number of Epochs is set to 50.

2.4. Cross-validation test

In deep learning and machine learning approaches, error rate is
used as an attribute to determine the performance of classification
algorithms. Thus to find error rate, the relevant benchmark dataset
is partitioned into various folds. For this purpose, the cross valida-
tion techniques have been used, where the whole dataset is par-
titioned into mutually exclusive folds. This method is also called
subsampling or k-fold cross validation test. One fold is reserved
for testing purpose, while remaining k-1 folds are used for train-
ing purpose, and the whole process repeated k-times. Accordingly
(Hayat and Khan, 2011; Hayat and Tahir, 2015), odd number or 10-
folds are widely used. Therefore, we applied 5-fold to randomly
distribute the benchmark dataset into five equal size subsets and
evaluate the performance of the prediction method.

2.5. Evaluation matrices

In previous studies, the following four statistical measurements
matrices were mostly applied to evaluate the success rate of the
computational systems. They are specificity (Sp), accuracy (Acc),
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Input sequence

ACT

All1]0|0]|0
C||o|j1|0|0
TIHO0O|0|O0(1 [
0|0|1]0
0|0f1]|0
All1]0|0]0
T(|o|jo|0]|1
c||of1|0|0
- One-hot
encoding of

input sequence

1D Convolutional + ReLU 1D Convolutional + ReLU

Output :
Sigmoid Layer
2'-0-methylation / Not
2'-0-methylation sites

Fully Connected

Fig. 1. Illustrate of iRNA-PseKNC(2methyl) model.

sensitivity (Sn), and Matthews’s correction coefficient (MCC). How-
ever, their formulas were exactly taken from mathematical books
are not intuitive and most biologists are not easy to understand.
Fortunately, the following four evaluation matrices were derived
(Chen et al.,, 2013), from the studied of signal peptides based on
Chou’s symbols (Chou, 2001a), the four evaluation matrices can be
mathematically expressed as:

Sp:l—?—’:r 0<Sp<1
Sn=1-3% 0<Sn<1
Acc=1- &5 0<Acc<1
S, +S* (7)
MCC = St+S ~1<MCC <1
S;+S* 7+
1 + 1

Where Stand S—denote the total number of 2’-O-methylation
sites samples and not 2’-O-methylation sites samples, respec-
tively; STrepresents the number of 2’-O-methylation sites samples
incorrectly predicted as not 2'-O-methylation samples while ST
represents the number of the not 2’-O-methylation sites samples
incorrectly predicted as 2’-O-methylation sites samples. The set of
evaluation metrics (Eq. (7)) have been broadly employed in compu-
tational biology and bioinformatics (see, e.g., (Chen et al., 2018a;
Jia et al., 2019; Li et al,, 2018a; Li et al., 2018b; Liu et al., 2018b;
Song et al.,, 2018; Yang et al., 2018)). More explanation, for single-
label systems that conventional mathematical formulates (Tahir
and Hayat, 2016; Tahir and Hayat, 2017) are valid; for multi-label
system, whose presence has become more frequent in biomedicine,
system medicine, and system biology (Cheng et al., 2018b; Cheng
et al., 2017b; Chou et al., 2018; Xiao et al., 2018), a completely dif-
ferent set of metrics as defined in (Cheng et al., 2017b) is abso-
lutely needed.

3. Results and discussion
3.1. Machine learning method

The experimental results of machine learning methods using
two various feature extraction techniques namely: n-Gram and
MMI, and support vector machine for classification are shown in
Table 3. In the case of n-Gram method, the SVM obtained 81.23%
of accuracy, 81.63% of sensitivity, 80.95% of specificity, and 0.625
of MCC. Similarly, MMI feature space with SVM achieved 74.14% of
sensitivity, 81.62% of specificity, 77.89% of accuracy, and 0.559 of
MCC.

3.2. Deep learning method

The measure of efficiency of deep learning method is bet-
ter than of machine learning ones. In the case of deep learning
method, we obtained 98.27% of accuracy, 100.00% of specificity,
96.29% of sensitivity, and 0.965 of MCC. The results of deep learn-
ing method as bellows:

Acc = 98.27%
Sen = 96.29%
Sp =100.00%
MCC = 0.965

3.3. Performance comparison of iRNA-PseKNC(2methyl) with exiting
method

The success rate of the proposed iRNA-PseKNC(2methyl)
computational method compared with the state-of-the-arts
(Chen et al., 2016b) is more robust. The proposed prediction iRNA-
PseKNC(2methyl) method produces more efficient improvement in
sensitivity, specificity, accuracy, and MCC as shown in Table 4. The
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Table 4
Comparison with existing method.

Methods Accuracy Sensitivity Specificity MCC
Proposed Method 98.27 96.29 100.00 0.965
Chen et al. (2016b) 95.58 92.52 98.64 0.91

experimental outcomes presented that the proposed prediction
iRNA-PseKNC(2methyl) method obtained significant results com-
pared to the existing method. This remarkable success is ascribed
to the convolution neural network.

According to (Chou and Shen, 2009), publicly available web-
servers will be the future direction for reporting many predictors
for system biology (Chen et al., 2018a; Cheng et al., 2017a; Cheng
et al.,, 2018a; Cheng et al., 2018b; Cheng et al., 2017b; Chou et al.,
2018; Jia et al., 2019; Liu et al., 2017c; Liu et al., 2018a; Xiao et al.,
2018). Indeed, they have highly improved the powers of system bi-
ology on driving medical science into an unprecedented revolution
(Chou, 2017) and medical science (Chou, 2015), in future work, we
shall effort to develop a web-server for the proposed method in-
troduced in this paper.

4. Conclusion

In this work, we proposed an intelligent and robust method
namely: iRNA-PseKNC(2methyl) for 2’-O-methylation sites predic-
tion. We employed both machine leaning and deep learning ap-
proaches but the deep learning approach obtained better perfor-
mance than machine learning. In machine learning, we used two
feature extraction methods namely: multivariate mutual informa-
tion and n-Gram to extract feature from RNA sequences, and sup-
port vector machine for classification. The deep learning method
is based on CNN. Unlike the previous works that use handcrafted
features for classification, iRNA-PseKNC(2methyl) automatically ex-
tracts the features from RNA sequences. The success rate shows
that the iRNA-PseKNC(2methyl) prediction method is more effi-
cient than the existing methods in terms of all evaluation metrics.
The proposed method might be helpful in academia research and
drug design.
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