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DEVELOPING DIMENSIONALITY REDUCTION BASED FEATURE 

SELECTION APPROACHES FOR BIOINFORMATIC DATA 

CLASSIFICATION PROBLEMS

Erciyes University, Graduate School of Natural and Applied Sciences

Master Thesis, January 2019

Supervisor: Asst

ABSTRACT 

Feature selection (FS) is used in areas such as machine learning, data mining and 

bioinformatics to reduce the dimensionality of data and increase the performance of an 

algorithm such as a classification algorithm. FS techniques have become an apparent need 

in many applications because of the growing data size. In this paper, high-dimensionality 

problems, such as the curse of dimensionality and overfitting are considered. FS 

approaches that commonly used are explained and their advantages and disadvantages 

are discussed. It also proposes a theoretical solution for frequently encountered problems 

in FS applications. Datas harboring in a feature space are transformed to a lower 

dimensional space and features are selected in that space. This overfitting robust features 

are reconstructed to the primary space and are observed as the result of that process. 

 
Keywords: Feature selection; data classification; dimensionality reduction; high-             

dimentional data. 
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, genom teknolojilerindeki ilerlemeler ile transkriptom, proteom, metabolom 

-
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getirmekted

gerekmektedir [1,5]. Boyut 

 

ve 

lur. 
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 indirgeme ve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

 

 

 

1.  

GENEL  

eni nesil 

d

. 

giler 

 fenotipe ait 

 

muhtemeldir [13



4 

 

14].  Bu 

 

rn: 

 

[15

6

, 

sunu 

ya fiziksel 

ekosistemden tekil elemanlara kadar bu sayede indirilebilmektedir. D  in 

vivo ve in vitro 

 



5 

 

 leri 

 

1.1.   

1.1.1.  

sorunu olarak 18  

 

Dr. E. M. Rours [19

Kolmogorov-Smirnov mesafesine ve Kolmogorov-

 

. 



6 

 

 

1.1.  

 

 

Isabelle Guyon vd. [20], kanserli hastalardan ve kontrol grubundan elde edilen DNA 

ng: Recursive Feature Elimination (RFE)) 

 

 

 

1.2.  
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Yvan Saeys vd. sunarak hem 

 

Tablo 1.1.  

Teknikler      

Filtreleme  
Tek 

     
x2 

        

     
yoksayar 

i-testi 

    
 yok sayar 

 

         

  
 olan modeller 

Tek 

  

    
  

Markov blanket filtresi 

    daha iyi hesaplama 

 
yok sayar  

 Deterministik Basit   

   
 

Yerel olarak optimum 

algoritmalardan daha 

 

eleme 

   
olan modeller 

-away r 

   Rasgele tekniklerden 

daha az hesaplama 

 

 Beam arama 

        

  Rastgele 
 

 Benzetimli tavlama 

   
 

  

   
olan modeller 

Deterministik 

algoritmalardan daha fazla 

 

Genetik algoritmalar 

      
 

   
 

   

   
olan modeller 

  

    daha iyi hesaplama 
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Tablo 1.2.  

Filtreleme    
   

Rastgele 

Orman Parametrik 
 Bivariate 

Genetik 

Algoritmalar 

t-test Wilcoxon derece 

 

CFS 

tahmini 

Lojistik 

Regresyonu 

ANOVA MRMR 

Bayesian BSS/WSS USC 

Regresyon  Markov Blanket 

  

Gama 

Rastgele 

 

      TNoM 

 

Tablo 1.3. 

referanslar 

Filtreleme 

 
 

Parametrik  

t-test  CFS 

F-test Kolmogorov-Smirnov test Relied-F 

 
Genetik Algoritmalar 

 

 

 

 

 

 

Tablo 1.2 ve 

minimum redundancy-maximum relevance (MRMR), corelation-based feature selection 

(CFS), uncorrelated shrunken centroid (USC), between-group to within-group sum of 

squares (BSS/WSS), Thresho

 

nite
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1.1.1.1. nite  

De

 

1) Filtreleme Teknikleri  

 

3)  

 

Mesafesi, i- -based feature selection 

i (Fast 

correlation-  

 

 

n sezgisel 
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eme (Sequential backward elimination (SBE)) ve 

Greedy forward search verilebilir [7]. 

 

 

1.3  

 

 

1.4.  

nit

nit

rirken
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1.5  

1.1.1.2.  

-25].  

becerisi ile bel

 

n lanetidir (Curse of dimensionality). 

konvansiyon
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nesneler, b

. 

etmek amac  

mi 

 

 

1.1.2.  

vermeyebilir [28]. Bu verileri analiz etmek, 
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 Yapay 

k 

 

-

 

Liu vd. [33], biyoinformatikte genetik verileri kullanarak fenotip tahmin 

 

 

 

 

1.6. c  
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Tablo 1.4  

Veri Kolon  Prostat  

 62 102 72 

Boyut 2000 5966 7070 

Veri ALLAML SMK_CAN_87 GLI_85 

 72 187 85 

Boyut 7129 19993 22283 

 

 

Area Under The Curve (AUC)) 
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1.10. AUROC ve AUPR ile Ph

 

 

ve 

Mean, 
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2.1.  

2.1 ki  . 
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1  

mi 

nu

optimizasyonu 

 

biyoinformatik uyg

cin bu global varyasyonla 

sistem dinamiklerinde kilit rol oyna

 

 

 

2  

 

, 

mi 

  

mi 
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3  

i

haritalama/regresyon ile temsil edebilecek, 

, 

 

 

X 

 

H 

mxn boyutunda W 

   

 

b

: 

                         (2.1) 
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2.1.  

2.1.1.  

 

kategorilerinin tahmin edilebilmesi yukarda bahsi ge

mevcut  

 

 

2.2  

 

. 
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e-

 

 

                               (2.2) 

 

                                   (2.3) 

 

 

2.1.1.1.  
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2.3.  

 

RO 

vermektedir [38]. 

 

li

 

2.1.1.2.  

 

 

 

2.4.  
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                                               (2.4) 

noktalar u =   

                                                       (2.5) 

 

                                   (2.6) 

 ve  

-  

 

  

2.1.1.3.  

 

                                                                         (2.7) 

 

ntem olarak 

  

potansiyel olarak azaltabilir, 
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2.1.1.4.  

 

 

 

 

:  

 

 

 

 

                         (2.8) 

2.1.1.5.  

n 
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o

 

opi 

 

                                                   (2.9) 

i 

 

 

kural modelleri  

 

2.1.1.6.  

istatist

de 
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                                                                    (2.10) 

 

                                                                  (2.11) 

    

  

2.1.2.  

: 

 

negat

bulunma  

2.1.2.1.  

X = Xij    m  

ij  

W = 

Wij  n olan H = Hij -

33].    

                                                       [50]                                       (2.12) 

T 
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T 

an

 rank(WHT) min 

(rank(W),rank(H)) r  (X)  r

rank(X) min(m,n). r min(m,n). 

T

 

 

 

Negatif olmayan matris a

al bir kombinasyonu ile 

tahmin edebilir [50-

 

 

-Leibler 
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nu bir meta-

matrisi, W matrisini meta-

 

2.1.2.2.  

 X, m   X-WHT 

 

 

                                          (2.13)  

 

matrisinin enerjisini 

 (m  

(BHD) elde edilir. 

                                            (2.14) 
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2.1.3.  

 olarak 

 

 

TDA, li

matrise (ortogonal bir matris (U), diyagonal bir matris (S) ve ortogonal bir matrisin (V) 

 

                                 

                           Amn  = Umm  Smn Vnn                                                (2.15)          

               

                                                  U T U = I,      V T V = I 

T T

diyagonal matristir [58]. 

 

2.1.4.  

 ciddi zorluk : B
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, 

kriteri kullanarak ( rn: 

[35]. 

 

 

2.1.4.1.  

lere dayanarak en 

-testi ve Kluskal-

 

 

2.1.4.2.  
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2.1.5.  

olarak 

 

 

 

2.5.  

 

 n1 k    

 m1 k  i + 1. Katmandak  

  

 wij  

 Bias(ni  

 i  
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                                            (2.16) 

 

 

 

2.6  

 

modelde ise sinir 

w

-

sonra, eklene

 

 

2.7   
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lur.  

ve 

 

 

2.8 l 
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3.  

BULGULAR 

3.1.  

 

-II-Diyabet (T2D) [68] 

-II-
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Tablo 3.1. Veri setlerindeki deney-  

 

Kontrol 

Siroz  

KK 

Kontrol 

Obezite  

Sedef  

T2D 135 Diyabet, 155  

T2Dk 49 Tip-

Kontrol 

 

setleri 0,2 

 

3.2.  

 

tip-II- -II-diyabet (T2Dk) veri setlerine; rastgele orman 

 

 

Tablo 3.2.  

      Siroz KK Obezite Sedef T2D T2Dk 

RO 0.818 0.894  0.704 0.607 0.714 0.759 0.310 

DVM 0.766 0.681 0.371 0.625 0.643 0.672 0.276 

LR 0.831 0.681 0.519 0.536 0.571 0.672 0.380 

KEYK 0.714 0.681 0.370 0.5 0.571 0.552 0.310 

KA 0.662 0.766 0.481 0.518 0.714 0.603 0.207 

GNB 0.740 0.702 0.629 0.25 0.643 0.741 0.241 
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3.3.  

3.3.1.  

-1000 

a

 

 

 
3.1.  

 

3.3.2.  

-
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3.2  

3.3.3.  

 

-

 

 

 

3.3  
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3.3.4.  

 

-

 

 

 

3.4  

 

3.3.5.  

100-
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3.5  

3.3.6. Tip-II-  

135 Tip-

-

 

 

 

3.6  
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3.3.7. -II-  

49 Tip-

-  

 

 

 

3.7  

3.4.   

3.4.1.  

-

 

 

3.8  
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3.4.2.  

-

 

 

3.9  

 

3.4.3.  

-  

 

 

 

3.10  
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3.4.4. Obezite  

-

 

 

 

3.11  

 

3.4.5.  

-

 

 

 

3.12  
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3.4.6. Tip-II-  

Tip- -

 

 

 

3.13  

 

3.4.7. -II-  

- -

 

 

 

3.14  



44 

 

3.5.  

3.5.1.  

tip-II- -II-

-

 

 

3.15.  

Tablo 3.3.  

  Siroz KK Obezite SH T2D T2Dk 

1000 

4,673 

E-07 

7,389 

E-06 

2,544 

E-07 

1,589 

E-06 

3,331 

E-08 

4,673 

E-07 

9,289 

E-07 

900 

5,283 

E-07 

1,458 

E-06 

2,867 

E-07 

1,742 

E-06 

3,757 

E-08 

5,283 

E-07 

9,001 

E-07 

800 

5,908 

E-07 

2,877 

E-06 

5,374 

E-07 

5,026 

E-06 

4,186 

E-08 

5,908 

E-07 

1,033 

E-06 

700 

8,138 

E-07 

3,135 

E-06 

2,633 

E-07 

1,825 

E-06 

2,771 

E-08 

8,138 

E-07 

9,454 

E-06 

600 

1,195 

E-06 

2,912 

E-06 

1,185 

E-06 

2,982 

E-06 

7,309 

E-08 

1,195 

E-06 

8,461 

E-06 

500 

4,961 

E-06 

3,362 

E-06 

4,508 

E-07 

1,291 

E-06 

3,911 

E-08 

4,961 

E-06 

3,551 

E-06 

400 

4,511 

E-05 

1,803 

E-05 

8,094 

E-07 

3,602 

E-06 

4,724 

E-08 

4,511 

E-05 

1,074 

E-05 

300 

2,190 

E-04 

5,372 

E-05 

3,101 

E-06 

2,983 

E-05 

2,422 

E-08 

2,190 

E-04 

7,232 

E-05 

200 

6,710 

E-04 

3,660 

E-04 

1,890 

E-04 

2,920 

E-04 

2,590 

E-08 

6,720 

E-04 

3,660 

E-04 

100 

5,840 

E-03 

3,740 

E-03 

5,610 

E-03 

2,950 

E-03 

1,208 

E-07 

5,840 

E-03 

3,700 

E-03 
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3.5.2.  

 -

 

 

 

3.16  

3.5.3.  

-

 

 

 

il 3.17  
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3.5.4.   

-

 

 

 

3.18  

3.5.5.  

-

 

 

 

3.19  

 



47 

 

3.5.6.  

-

 

 

 

3.20  

3.5.7. Tip-II-  

Tip- -

 

 

 

3.21  
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3.5.8. -II-  

-II diyabet veri set -

 

 

 

3.22  

3.6.  

tip-II- -II-

 

Tablo 3.4  

  Siroz KK Obezite Sedef T2D T2Dk 

 (382,382) (232,232) (134,134) (278,278) (70,70) (290,290) (145,145) 

RO 0.636 0.702 0.444 0.607 0.571 0.759 0.311 

DVM 0.610 0.425 0.371 0.607 0.429 0.569 0.414 

LR 0.610 0.425 0.371 0.607 0.429 0.569 0.414 

KEYK 0.415 0.532 0.333 0.571 0.571 0.483 0.276 

KA 0.662 0.511 0.371 0.375 0.714 0.603 0.276 

GNB 0.610 0.596 0.333 0.446 0.643 0.689 0.345 
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3.7. 

 

ve

 

3.7.1.  

edilmi  

3.23  



50 

 

3.7.2.  

rler 

 

 

3.24  

 

3.7.3.  

u 
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3.25  

 

3.7.4.  

 

 

 

3.26  
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3.7.5.  

S

r bu 

 

 

3.27  

 

3.7.6. Tip-II-  

er 
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3.28  

 

3.7.7. -II-  

 

 

 

3.29  
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3.8.   

-II-diyabet (T2D) ve 

-II-diyabet (T2Dk) 

edilm  

Tablo 3.5.  

 

Veillone

lla 

dispar 

Alistip

es 

indisti

nctus 

Bacteroi

des 

coproco

la 

Bacteroi

des 

ovatus 

Prevotel

la 

disiens 

Ruminoc

occus 

torques 

Lactoba

cillus 

rhamnos

us 

Veillonel

la 

parvula 

Coproco

ccus 

eutactus 

Veillonel

la 

sp3144 

KK 

Paraba

cteroide

s 

goldstei

nii 

Rumin

ococcu

s 

sp5139

BFAA 

Bacteroi

des 

coproph

ilus 

Bifidoba

cterium 

longum 

Bacteroi

des 

stercoris 

Eubacte

rium 

eligens 

Enterob

acter 

cloacae 

Bacteroi

des 

sp4347F

AA 

Neisseri

a 

unclassif

ied 

Ruminoc

occus 

gnavus 

 

Anaerot

runcus 

unclassi

fied 

Bacter

oides 

unifor

mis 

Bacteroi

des 

coproco

la 

Prevotel

la 

disiens 

Ruminoc

occus 

sp5139B

FAA 

Enterob

acter 

cloacae 

Sutterell

a 

wadswo

rthensis 

Eubacte

rium 

rectale 

Parapre

votella 

clara 

Ruminoc

occus 

torques 

 

Clostrid

ium 

perfring

ens 

Bacter

oides 

caccae 

Eubacte

rium 

biforme 

Bacteroi

des 

clarus 

Odoriba

cter 

laneus 

Eubacte

rium 

ramulus 

Bacteroi

des 

uniformi

s 

Bacteroi

des 

ovatus 

Anaerotr

uncus 

unclassif

ied 

Bacteroi

des 

coprocol

a 

SEDEF 

Coryne

bacteriu

m 

pyruvici

produce

ns 

Coryn

ebacte

rium 

pseudo

diphth

eriticu

m 

Escheri

chia coli 

Staphylo

coccus 

capraec

apitis 

Coryneb

acterium 

striatum 

Rothia 

mucilagi

nosa 

Staphylo

coccus 

pseudint

ermediu

s 

Lactoco

ccus 

raffinola

ctis 

Staphylo

coccus 

epidermi

dis 

Acinetob

acter 

radiores

istens 

T2D 

Sutterell

a 

wadswo

rthensis 

Parab

acteroi

des 

goldste

inii 

Atopobi

um 

rimae 

Bifidoba

cterium 

angulatu

m 

Clostridi

um 

citroniae 

Ruminoc

occus 

sp5139B

FAA 

Clostridi

um 

asparagi

forme 

Coproco

ccus 

spART5

51 

Blautia 

hydroge

notrophi

ca 

Oscillib

acter 

unclassif

ied 

T2Dk 

Streptoc

occus 

thermop

hllius 

Faecal

ibacter

ium 

prausn

itzii 

Eubacte

rium 

eligens 

Atopobi

um 

rimae 

Ruminoc

occus 

obeum 

Prevotel

la oralis 

Alistipes 

onderdo

nkii 

Streptoc

occus 

parasan

guinis 

Enterob

acter 

cloacae 

Succiniv

ibrionac

ae 

 

 

3.9.  

-II- -II-diyabet 
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 ra  

 tutulsa da genel olarak 

. 

 

 

3.30.  

 

3.10.  

(SH), tip-II- -II-diyabet (T2Dk)) ve test edilen do

e 

-1 

 ise 0 

 

Bu 
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Tablo 3.6.  

 Model 1 Model 2 Model 3 

 0.8051948 0.5974026 (721) 0.5194805 (726) 

Siroz 0.80851066 0.44680852 (739) 0.46808519 (746) 

KK 0.6296296 0.7037037 (750) 0.6296296 (762) 

Obezite 0.53571427 0.58928573 (726) 0.58928573 (736) 

SH 0.78571427 0.42857143 (735) 0.42857143 (752) 

T2D 0.6034483 0.5689655 (717) 0.51724136 (709) 

T2Dk 0.5862069 0.6551724 (683) 0.5862069 (717) 
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10 biyobelirtecin 

 

Veillonella, 

lan bir cinstir [70 Alistipes, Bacteroides ve 

Prevotella 

71]. Bajaj vd. 

Ruminococcus 

72]. Lactobacillus 
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73

Coprococcus 

74]. 

Kolon kanseri 

Parabacteroides ve Bacteroides cinslerinin 

IL- ol 

75]. Lucas vd. 

Ruminnococcus 6]. 

Bifidobacterium  

77 Eubacterium kolon kanseri 

78]

Enterobacter n 

kanserini  [79].  

Neisseria 

-

yay 80]. Buradan yola 

 

Obez bireyl

Anaerotruncus massiliensis 

has 81], bu 

krobiyom 

Bacteroides 
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uniformis 

82

Bacteroides coprocola 

83

Prevotella [84] da 

Ruminnococcus 

85 Enterobacterlerin insanlardan izole 

[86

ne 

Sutterella 87] 

algor Eubacterium rectale [88] ve Paraprevotella [89] 

stem 

 

 

Clostridium 

bilinmektedir [90

Bacteriodes t
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91].  

Eubacterium cinsinin ise yine kolit 

ba

92

Anaerotruncus 93

 hem de 

 

 

Corynebacterium 

94 Corynebacterium t

E. coli, Staphylococcus ve Acinetobacter 

 

de 95 Rothia 

yine bilinmektedir [96

mi 

 

Tip-

 



62 

 

Sutterella 

-

97 Parabacteriodes goldsteinii 

98]. Atopobium 

bollu 99

ia 

Bifidobacterium algoritma 

Bifidobacterium 

100]. Tip 2 diyabete sahip 

ilerinden koruyucu 

 Clostridium ve 

Coprococcus 

101]. Metabolik 

dengesizlik ve IFN-

ispatlanan Ruminnococcus 

 [102]. Blautia -2 diyabet ile 

103 -

Oscillibacter 

tip-

104 mi 
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