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Extracting and combination efficient feature from protein
sequence for classify protein based on rotation forest

Jamshid Pirgazi!, Ali Ghanbari Sorkhi?", Majid Iranpour Mobarakeh?

12 Faculty of Electrical and Computer Engineering, University of Science and Technology
of Mazandaran, Behshahr, Iran.
3 Department of Computer Engineering and IT, Payam Noor University, Tehran, Iran.

Abstract

Protein function prediction is one of the main challenges in bioinformatics, which has many
applications. In recent years, many researches in this field have been used machine learning methods. In
these methods, First, different features should be extracted from the protein sequence and classification
should be done based on the extracted features. The feature extraction methods are based on the
physical and chemical properties of the protein sequence. Therefore, extracting suitable features from
protein sequence increases and improves the performance of machine learning methods. In this paper,
usage of a new set of features based on Position-Specific Scoring Matrix (PSSM), Pseudo-Position
Specific Scoring Matrix (PsePSSM), K-gram, Amino Acid Composition (AAC) and the new Term
Frequency and Category Relevancy Factor (TFCRF) method, which has not been used in this
application so far, is proposed to extract suitable features.
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In the PSSM method for protein BLAST searches, a scoring matrix is used, in which amino acid
substitution scores are given separately for each position in a multi-sequence protein alignment. The
PsePSSM feature is described by considering different ranking correlation factors along a protein
sequenc to preserve information about the amino acid sequence. The normalized occurrence frequency
of a certain number of amino acids in the protein is calculated by the ACC method. An K-gram is a set
of K successive items in a protein that include amino acid.

In the TFCRF weighting method, in addition to paying attention to how these are distributed in
different sequences, how these are distributed in different classes is also paid attention to.The features
extracted using this method give machine learning models a good discriminating power between data in
classes. In the next step, classification is done using the extracted features using the rotation forest
method. This classifier is a successful ensemble method for a wide range of data mining applications. In
this method, the feature space is changed through Principal Component Analysis (PCA), which
increases the power of this classifier. The proposed method has been compared to different classifiers.
The results show that the efficiency of the proposed method is much better than other state-of-the-art
methods in this application.

Keywords Protein sequence, feature extraction, TFCRF, rotation forest, relevancy factor.
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(Figure- 1) The steps of the feature extraction method using the TFCRF method

e )

LRI

B /
S mm )

. Cy [0l (0]
X{ =bootstrap F, & |01 € (0]
|, i= : H
€, = PCAX)) 1 (0]~ €
AlFijl - DK+ k+1]
_-\ —
X4 =bootstrap F l
[ a_ pp.
C, = PCA(XY) { R = Pike }
N |

LRI Trained with

XR{ and Y

X} =bootstrap Fg

Fi

Cy = PCA(Xy)

1301 s JSir 95 ol (F - JS)

(Figure - 2) Steps of rotation forest algorithm

B3 by ) 55led 1Y JLu




159 23 Slgs Sl JeT)HlS Lo S 339 S )3 9 Zl el

OB S bl pa (a9 pg SIS Hgldieds

&

&

NNRTI NRTI Pl
DLV EFV  NVP 3TC ABC AZT DA4AT DDI APV IDV  LPV NFV RTV SQV
cue 455 447 415 195 179 322 336 306 424 384 223 303 349 457
e 263 274 318 429 440 299 285 317 278 374 278 472 379 304
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(Table-1) Details of the dataset used
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(Table -2) The results of the RF method
with different features

AAC | PsePSSM | PSSM K-
gram

TFCRF

Accuracy | 77.73 93.86 92.9 82.61 97.23

Sensitivity | 77.27 92.11 91.67 81.49 96.17

Specificity | 80.04 | 96.32 9449 | 8412 | 98.92

AUC | 0.912 0.9645 0.9621 | 0.9023 | 0.9911
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(Table -3) AUC comparison of different classifications for TFCRF feature

OB S bl pa (a9 pg SIS Hgldieds

NNRTI NRTI Pl
DLV EFV NVP 3TC ABC AZT DAT DDI APV IDV  LPV NFV RTV SQV
SVM 097 0.95 0.94 097 095 094 0.93 0.88 096 0.97 096 096 0.97 0.95
MLP 091 0.95 0.95 096 092 091 0.88 0.83 0.89 091 092 091 094 0.92
DT 090 0.96 0.96 096 093 093 0.89 0.85 091 095 0.95 095 0.96 0.93
RF 0.98 0.99 0.99 099 0.99 0.99 0.98 0.92 098 0.99 0.99 0.99 1 0.99

Jisno soodls g (13031 0015 (595 1 (GOl (b9) @S (F - Jgu)
(Table -4) The results of the proposed method on test data and independent data
NNRTI NRTI Pl
DLV EFV  NVP 3TC  ABC AZT D4T DDI APV  IDV  LPV NFV  RTV sQv
Testdata  0.98 099 0.99 0.99 099 0.99 0.98 0.92 098 099 0.99 0.99 1 0.99
Independent  0.96 0.97 0.96 0.98 0.96 09 096 0.91 096 097 0.97 0.98 0.98 0.98
data

oo Yo 5o ol iy 55 gl 9 (ool Jh9) 2B S ylire A lilo (B - Jou2)
(Table -5) Comparison of the performance criteria of the proposed method and the results reported in the authoritative papers

NNRTI NRTI Pl
DLV EFV NVP 3TC ABC AZT D4T DDI APV IDV LPV NFV RTV SQV
Rheeetal. 311 84 87 091 0 8 8 78 75 84 79 81 82 89 84
Heideretal[32] 87 88 87 87 88 87 84 79 88 93 92 91 95 89
Houetal[33] . - - - - 89 8 91 87 93 89
locheletal.[34] 92 94 96 97 95 94 87 85 91 97 98 96 97 90
Proposed Method 93 96 96 98 97 96 90 89 94 99 99 96 98 92
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