[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.15]

G195 I 3eTHL S5 Sa9 a3 9 Zlriml
22 OF59 )9 (5D Holdinds (yaid9 )
Ao )..; |’:.. u”l-lul

TS )lo sgll dazme 7T B 58 e 635 ddien
L)‘J"‘ ‘)W su‘).)u)Lo 6)9L3 9 wl.c oKisls ‘).:Wlf 9 d)" (o IRUSRRY s)L.{OL‘I.wl Vo)

oS>

2 mel gladle yo 0l ok ol &5l Suileyshilgn jo ol gl 5l (o g 0)es Swpe
Cen Gl 5wl Tl by, (nl 5o Cunload eoliiwl diw) (ul 5o mble xS S, 3 Gyl SR
S Tl Gghyy el ogh plail Gaiaiws Jos ondgl il G Shg olul 2 g glduwl it b Sy
9 onlPl el (g n JIg 5l culn ol Sy gl (lpls tewl oulgn I (lad 9 (Ko 58 Oluogas wlulp
PsePSSM PSSM (sla gy (bl 32 W Shg 5l woax dcgome S llio (] 53 0gb (o0 il (0L Sl b9, 0 Slos S9ue
Cawlonds Slgdlioy cawlbin b S5 g lyawl gl oulid eolisw!l 83,5 (ol jo (135G a5 TFCRF (45 (g49y 9 AAC K-gram
Oedle 350L oo 4 dbaiws )3 odls (o (295 (ST pled a8 Gogy ol 5l eolistwl b endzlrinl sla Shig
2 bl & (SisSa a4 i Mg )0 T &1j98 (KsSz 4 azgi p ogdle Sy (R3033 TFCRF gy 50 o o0
Goaiwd Jos £y Ja (hg) il eoliiwl b ondl sl a9 5l eoliiwl b wm al> 1o )3 09 o0 g i il LD
cowlio (o Hl sasd fyLis Jeols g Lo .cawlonsds duwg o Wglaio g by 9 ilio (gdassaiws b (golddin o) 09 o0 plosi

el 01l 30 (p g8 Sy 3 lw Ay Cam (g3l (09
byl g6 (s 5o TFCRF (S5 g sl (ouiig y JIgi 1 goals o551

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

* Corresponding author Ol Hloouge 34-%-:95*

0% 2lo V8l VFeY Jle gy raxllao £ o5 @ V- V/F/N ¢ 1yLicsl G 6 @ VE YT/ by fu s @ VEL Y/ - callie Jlul f G @


http://dx.doi.org/10.61186/jsdp.21.1.15
https://jsdp.rcisp.ac.ir/article-1-1387-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-07 ]

[ DOI: 10.61186/jsdp.21.1.15]

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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(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- TFCRF
gram

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 (galig 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 0.90 0.96 0.96 096 093 093 0.89 0.85 091 095 095 095 0.96 0.93
RF 0.98 0.99 0.99 099 099 0.99 0.98 0.92 098 0.99 0.99 0.99 1 0.99

Jisno 5ol 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 i35 i 9 (ool Jh9) 2B S ylire A lilo (B - Jou)
(Table -5) Comparison of the performance criteria of the proposed method and the results reported in the authoritative papers
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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 8 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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