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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.
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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.

29 g0 el etis 5l iz sla T gl S Aodiio -

Ll gl a8 S Jlai 0 xdsp s gladis oS . . )
) &Sl oy, Jels iy o Sles Sl

U5 6 08 e il Soile sl a9 5,5 Siasy
Wi Zend g n 4 ) gleden b (Sjel
slagtlly 51 (S oefgn oSles abatus
Iool; ool ks el Seilo il
wibe ol o)l B ey mgiaril
Sl (ol Akl (wgny )0 (29)ld Suaglie (e
Aol ey o)l N pazs slagle,s sl (HIV)
S 8kes ganains (sln (Slowlxe lagty; jlesliul
039> ! 50 e sl g, 5l (S Cawload solatul
ek Sl 5 el Getle (s, Tok slagts,
obidy Slop oedle aile udle 6250l slagty,
5 OT) oo S (NN) ot slo 4505 (SVM)
5, Skee ganatws sly V] cadleas esliul o

oddglZal (S slop Job 45 0gdi o0 el 50
olass 9wl ol She olaw a5 Sloy 0gd obj
e edle S0k slaghy, S oS beaiges
S inl )0 R0 Ol @ vede o3l ot JSKie
b tsn s Sles ganaied 53 (Shy 4es
San g bbens b Shy 5l pan W88 e
Pl Sy &9 99 onl s 4538l W) o Sy
ok 5o jolaie (nl Gl Wigd Bd> Sy oy
Wlos,S 35505 Sy Sl slabs, 59, 5 L iesh
ol pae slad ioles 5 solixal b [A] ,o [V]
5 e il o 0led oS o Ty Seslons g
B> Hidgn g 5l eadghminl la Shy acgene
5eslinl lagye sla She Sbull jslaeas aigd
a5 2,90 (8] o Visanaa 5 ks (e slaghy,
S 8bes gt Hohied [Vl ool a5 18
Basniz Sy el S ey Sl e
e 8Shl podle bay ol 4o asload ool

lol omdle 5 50L slagig, 5l eolinul b (sigp
Dgbise oo b Sho 5l gl p Oygods (i n Iy
5 Jlo » s sla g, aws g0 a4 el by g, o)
Slahs; 9shee meedi JEle e sloghs,

STy )85, Jolt g5 (e (Sis gl
sl ol anslaesl lall do anslacsl oS

sleJow cds a5 wigd Qbail Sl Sy culoads
sl o S olosd conds orw il YU gamsans
S slapi oSl e Glagy, bl aneS
O3S sl s lad (g &S Wed oo el
ol g 105 g 1) o Shg 5l ae acgerme
3 Olple e YL Gloj (Souzmn @il o b,
STy Bl slp (Staod (e g [VV]
b 555 Om (Smad 9, (nl 5 Cewloads ail)] S5
S ol Thy 5 Ssbee dmubre bodls oz iy g

TE ¥ el a9 bos b oled 5 Sojd olss
oS Sl akl) Jols Sle p e slaby,
Gilodlie b Slisls 2SIl aiay (QSAR) T sl
gl Gl slaig, (8] 50 [0l 5,5 o )lal Sglo
eslodd (g p g aslllas 9590 (g n JI 5l (S
isel e b Shy ol (Shs gl 5l oas

gy go odlaiwl pile (6 S0l el sla Jow

Sl o Fhy acgee Gloaijly ool (Swes ! Genome Annotation

3 wrapper 2 Quantitative Structure—Activity Relationship

NS WRIE S\ PV 23 g )

&


file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_1
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_2
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_3
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_4
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_5
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_6
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_7
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_8
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_9
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_10
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_11
http://dx.doi.org/10.61186/jsdp.21.1.15
https://jsdp.rcisp.ac.ir/article-1-1387-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jsdp.21.1.15]

159 23 Slg5 Sl JeT)HlS Lo S 339 S )3 9 Zl peiaml

OB S bl pa (galig pg SIS Hgldieds

ohgy g okl g calils e Sle ol e 4y dey
b)) Alike sleeslsasgeze (g5, » (ooliin
shls ol g, weo ol mls casloads
2 e g, (N o o] cad Jod LB o Shee
eslonds &Lyl gl a9, Bree slaaSld 5 o5 (3ele]
STy 0F @3l 5l ekl bl gy cnl 5
Sheslatwl b e glenl baepsign 5l celie
boeSsn 9,5 slrdas, LVaizr Geee gloasid
e [vy] 58 oy s59lgsl 5l eolaiul g A (it
ool gy ol o Casloads a8 S 18 axgi 500
SoRen S eams . Sis slayl e Ol
sl oolitl BIS iy slaaSd

@b Soge Geee 650k Slaghy, wix e
Aol @S bools slawi a5 Jley ooy, ol Ll wijls
ol olaws w azgd b |y s oolaiwl bB Jos o
kit ools ulul il laJas ol a5 gl sl
ool ol wil o8 besls slaws a8 Sl s
sladoe 5l Seb 5 wsdood melal (Sl joa
Pebion Bres 50k p (S

3 eolatwl b olal dlie cpl o jelaie e
K-gram [PsePSSM  PSSM il alies slo g,
gl oetign g 5l sl slo Shy AACH
J 5l swaa Sy e cnl )3 Cplpogdle 0gb o
ol g gl TRECRE (g, ol » (o590
@ 8ol ole (23059 50 by ple M » b,
4 WSz dlbse Jg s Wl miy (SsSx
S o azg G Gl Slib s Ll sy (SsSr
i glaatus o o Shy ogdoe cum 2ol 2
ol sl asly galaie SauSpled &8 g Coonl
Sladss A gy Gl cel LSy g5
ooy 5l eolatwl b oy als je 10 000 o puiile (6,500
D9 50

p> i 5 sl i oz Jels ol s
Gty by, Al slatend 5 oleidy )
g @l oS g iSu 50 ebie o Jraiia
sl iogs b oadplxl wluglio o osls olGL B8 ae
el Site o ol cwlan @l Ko

Sydion g ptS oanl sla)l8 5 (s pS e

<O

1 Amino acid composition (AAC)

8 b ) 5 les 1FF Jl

Spge & (Shy Bl slagsy, VY AYT o aigs s
ot sl el alp g cwload by @8
aslodds &1, g 5, Slac

Sl Shy (Shy Sl g glhgul Gl
ErSol iz slajae hjgel (slp eadobl
= OS5l ol g e oolaial (yile
Otle 65k slatg) 2 (e conlin (Joe oo S
IR}  JREPSS Sl g 0 Slas doion Hskaied

Sfee Gt sln eslinul 900 sla o,
9§ SedlS il (655 0k (slaJae s 93 4 i
Dol o wighios pumds Gros ol slaghs,
R OlS ) lapidsn o Sles (i Holaien
5 oolitul (pdle (6550l Sla by, n (st Wi yad
bl sl Ty cetisn (51l sy nl o
oo JSiz 3l ool b g Censlonds ] S
gyl el o 29dior (St RSen 0Shes
Jsbiteds Caslond )yl gandisb (gla s cilise
Sheslital anail ladoe acis g5 Gl
3 Seload 4S5 gl Sy0e (S5 slaghs,
5 orae S slagbs, S5 5l eslil b V7]
SIS 5By 3 Sles oty £ peadd S5y
o,fles cmitwm slp NetGO g, ool aidl
addoads @) 5y e b sloaSid 5 ey
(JF p e s SRy o Wit o Shs
o 9 gl e n et g L Gl S
S8dee (gt eBle 60k slaghg) Sl esliul b
DVT o9 o plovl

2, (etle (670l SedIST sla s, oS (St
gl b (Shy waige d>pe Wb &5 ol ol
Gl o @Blgys 09d plnil (S SISO (n e & Sy
S Sy Sy gl slaghy, wb bty gs
oo o8kee b amS gldaul |, oot plate
s ool et cnl b sasly Joud BB (il 550k
Ceslodls 48,5 )18 4z g 8590 Gres 653k Slaty,
WM (S gl sal e a5l ety cnl 1
1VAl

ez weslio slo iy gleel sl DAl s
oS JF abr oFen oSlee Gt
Cowloads oolaiwl SiS5L Gaes (. S0L sl g,
Sfkes Sritn e skiear DeepGoPlus s,

M le.ﬁd&u» )l uuﬁ) u.!‘ B Cewlodlds 43‘)‘ Q'“i"ﬁ)"


file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_12
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_13
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_14
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_15
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_16
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_17
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_18
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_19
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_20
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_21
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_22
http://dx.doi.org/10.61186/jsdp.21.1.15
https://jsdp.rcisp.ac.ir/article-1-1387-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jsdp.21.1.15]

(V) abal, 5l oolitul b (Lol PSSM (s 5lo y5 paie ;o
b Jls OV ) o5k

_ 1 1
Moi = e Moy v
Ol B gla g o Glige ool Joa
Wlgi oo SISy Gled S plyiea PSSM Saro g
P ixSon diged 5l (5Soe slagiales 51 (So dly sbe
] (V) alayly & g0y

Posss = [My. M. ... M,p] )
ples 098 oolawl (V) alayly Ppgsy 31 JolSS a5, 4o S
xSk Gln s om 3l Il e Sl
oS 5 paeie g ooy oledbl a5 elscws)
a5 waloads Byme (YY) Ly O35 arslal
(%) alal, &gty P onsie n oloslas gl PsePSSM
29l g0 (B yre

Pﬂ.

psePSSM =
[My .M, ... My.G}
.G} ....G}0.G}. G} ....G ]

A
G;

L-2 _ _ 2
- Z [Miej = Miays] ®
L-24(G=12..200<2<1L)

b (Sad b cammaolis 67 abal, opl o
g n Alos slatel o atwgy alols A g aicaloc
wlie @ ol ) esn Sl S nlaly ool
Sy g 5,5 ay i PSEPSSM I ooliul b (¥) aloles
Lasdlas ol 0 0,5 adgh (Gam AXY -4V Thg Jlop
Oeian 2 Sy oy am el il Ve (g,

el YY - PSEPSSM - Sacngs gl o

Ko g 5 oolisl b 5315 k- T-Y
gram
k-gram oYlaml o e Ghilen sleoje> o
oS 5 enlodds 43,8 i o Y g ) allie ol o oS
L (il plp lagnSSon Job (589 O (Aly ne oS

ol (09,-Y

bl (g n JI Smoin Hobieds dlie cnl 5o

5 s o 53051 5 B9l Ceand g0 4y ool
gl @l gl Shy cond g0 o laosls
oby SoSplete ©j08 Wb (Shy onl sdee
S 5l Al sla S jslare cnl sly aial axsls
b9y Lz Sl oskiie cnl sl g oo gl (retg
gl sl soleriny Ghe) olen 4 (S gl
Sade day a0 e canload eolawl (S
sladas sgape 2ol S5 cpl Wigdoo Jloy oS
sl g, sl eolaiul b coledye 0ah oo (gaimain
D9 o pll g Jlg ganaius Jes gunaius
o 2 S alas opl o cadoslaiwl gamaius Jae
S s gl gy asldl o sl ul sl ol
D9bioe ol Sl b A ,r Sz by, g soledn

Ghgy 3 esliil b Sy gl pl-Y-)
PsePSSM ¢ PSSM
AA) aialapsl Jlsi sl Sy ooloolas sl
@kl pmile Gl Shy (wBan s JE sl
g oo oolitul [YY] (PSEPSSM) ) ols coxdge 4t
S50, 1y oegn Jlyp Dledbl 5 eSS by, 0l
Sle sl o ieghy 5o 035 jsbay oS WS o
IVl cosloas sslizl
4 PSSM aislowl L L P Gos alss ,o sy
soliiul [Y0] lawgs saiisloio o] caiSiiogs olyc
L (PSSM) Tewadse ofng (pojkiel Guayile 05 o0
10,8 Gy i (V) abaly O jg0ds g3 oo 1) LX20 ol
Miny My, . Mg
Moy Mpoy oo Maogg

P — : : : : \
pssM My Mi—>2 ML'—>20 M

ML—>1 ML—>2 ML—>20
Cozdgo o |, wiwl sl M, alwly ol jo
35 ke 5o o5 amse ol 1y etinsg i 51
ol jo el a8l g ] oge FESON RV Y Sl
Yo ootV ) goue slaus )‘ Jg.,o)s 6}Luoéhu 6‘)'.’
Cawloals ool L:bo] Slaw 9SS sloas slall g,
Iv#]

! pseudo-position specific scoring matrix
2 position-specific scoring matrix (PSSM)

NS WRIE S\ PV 23 g )

&


file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_23
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_24
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_25
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_27
http://dx.doi.org/10.61186/jsdp.21.1.15
https://jsdp.rcisp.ac.ir/article-1-1387-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jsdp.21.1.15]

159 23 Slg5 Sl JeT)HlS Lo S 339 S )3 9 Zl peiaml

OB S bl pa (galig pg SIS Hgldieds

&

Slasl ggome Cus MEQatiVeRF  Jole ! pogdle

S @) e eBsn JIF ple 0 S 1) plaaisla

shaws J5 a4 wiies (10 Sde Shy sl

OS5 @) s 5| b & oeBisn I8 sleaalu
2398 o0 drlies (V4) dlall,) Lawgs 45 023

DI ) T (|

Ie a4
g 1 C]

NegativeRF (ty.c;) =

5 elearelal slaas byl ID(G)] YL L, 5o

5 eleaielal slaas bl ID(tC)| 5 G (s
b Syie Sy bl &5 Cm (9 5 (D) acgomme
wads ooy Hlas (V) UK j0 oS b les ol i
5 awd olawd sl b s yile 90 ¢ Jule g0 0l (29,5
2 o, s lp aalsl jo el (MXR) (S5g olass
Jole G50 Hlade wg05y5 L SBLie anws o (S
@, (V) dal, &0 4 (CrfValue) aals o bLS)|

g 0

PosotiveRF (ty.c;)

(QRD)
NegativeRF(tk. cj)

crfValue(ty.c;) =

wd p (e Shy B0)9 Shy) SOk

sk g5 @l lal o IDFE () wileas
40 g diloads 48,5 IS 4 Slaiuse (ganadl g Sledl]
4 lass eolaiwl gy (g gamaad o )lS
2l ol e ojem (al 5o a5 (bilas 51 (S0 s (ren
2 e la g, casloals a8 )T onyol 0gd Az g
P Sy SOl a5 Jlg olaws 4> o IDF
oS plete j0 (Shy ol @y adl iy aes
4 S Oj9 4y g 03 Fimb KuSe Iy
2 2 ol 4 S aghie edls elatsl (S o
Sojls il 059> ;0 bl sl o (5L 09>
5 odd Byme CrfValue jLae el Sbdal Jles!
ol 53 15 tams e a8, YL s (sl > of, TFCRF
Slawi b pefitee abaly Jlgs 2 50 SRy 2 0
bl 5 oo g ol aib 5l as sl by
Al Sl e 4l 3145 8l Gla Iy olass b (psSno
5B gy ol )0 a5 S e sanlise aiies I )]
A 5 0sd g0 b Ll jo (Shy e a5 laib
51 Jte crfValue Jole conl 068 cusloads 423 )5
oo e el alil (o 0 39290 sla JIgs slas
rs M o b1, Iy oS sanail Lls

8 b ) 5 les 1FF Jl

1090 o0 damle 1-gram o (£) akail ) 5l oslinl

N
f(r) = Wr r=12..21 *)

Jsb N g sasin 1) I awlogwl slaws Ny o] o oS
G VY by G ol o S oo asine |y alads

o lS 8 2-gram ] e Cews 4 iSu e sl
WS o Al dlis o |y Jlaix! glaaiig 60 ass

09b o0 Gl (V) abasly & g0 (Shg lop
NTS

m r.s=1.2....21 )

flr.s) =

1

ahaie Job N s oy (60 olawi Npg calaly ol o
0d 5,108 0, isu o ], oo es JS sluss N-1

sy 3 oozl b iy gliul-T-¥
AAC
aS el o Loy [vAl SEUOARVON S

Syged )

("ACDEFGHIKLMNPQRSTVWY"

N(®)

fe= - t°€ {A.C.D.....Y} )

G5 31 e3liil b (Fing glyiind ~F-X
TFCRF

e sl Ths gl jshaiear dlie cal o
ool 5 asleads @l "TFCRF e, sy s
S5 olaad el jo a8 o (S a0 (230055 &l Ubss
9 5 Cwl nSgn Jlg e anslasl o 4 by
LLs,l Jele 5 (positiveRF) cuie b3, Jole ¢ fole
s9y » & [¥al ao e wlol , (NegativeRF) it
Jole (V) USG caslonds ool s slpriny (yaio
o3 (a3 | TRCRE () 2 (e 09 gl
oo 1) raielawwl slass cus positiveRF - Jele o
M) Sy Shy o Jold a5 ©) oetisn Iy
Olts s n Jlg sl aelaal sl IS 4 it
139 g0 duwline () alayl) lavsgi a5 2o 0

. |D(trc))l
PosotiveRF (t;.c;) =
( k L) |D(Cj)|

QY]

1 Term Frequency and Category Relevancy Factor


file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_28
file:///D:/Nashriyeh/Nashriyeh_No_59/02_Ghanbari/02_Ghanbari_No_59_1403_05_05.docx%23_ENREF_29
http://dx.doi.org/10.61186/jsdp.21.1.15
https://jsdp.rcisp.ac.ir/article-1-1387-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jsdp.21.1.15 ]

33 dional sl B 13159 s ile

o (T S 50 L g
Gt e f e 1y s S & ke, S
20 )
P JUe sy
N e €
H
|
P, LS s (WS a4y glaie (i g
U sty
= " P, ecy
L 4 F :
EEER mEE |
i | EEEE m
Pt | LA e = R N pé & @l ty S
.| RPN AJ e Je sl
tke €L orty €cam

erfValue yu ylo

hotfee

negativeRF . yilo

66 ‘...| |t

TFCRF 9, | colaiwl b ‘;}’3 G')"";‘“" ov9y Jolee () - )
(Figure- 1) The steps of the feature extraction method using the TFCRF method

===

LRI

8 /

. B

. Cy [0]  [0]
X{ =bootstrap Fy 2 |01 € (o]
|, i= s H
¢, = PCACX) 1 (0]~ €
P[F i — DK+ k+1]
_-\ —
X4 =bootstrap F l
[ a_ p.R.
C, = PCA(XY) { R = Pike }
— |

LRI Trained with
XR{and Y

X} =bootstrap Fy

Fi

Cy = PCA(Xy)

30] (o 52 JSo i 59591 Jo 1y (V- JSC2)

(Figure - 2) Steps of rotation forest algorithm

B3 by ) 55led VoY JLu



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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jsdp.21.1.15]

159 23 Slg5 Sl JeT)HlS Lo S 339 S )3 9 Zl peiaml

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
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

ol oolaw! oolodc gozxo 4 by yo WL (V- Jgo)
(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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