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Omiks Cagt

* SNP * DNA methylation * Gene expression * Protein * Metabolite

* CNV * Histone modification ¢ Alternative splicing expresssion profiling in

* LOH * Chromatin ¢ Long non-coding * Post-translational serum, plasma,

» Genomic accessibility RNA modification urine, CSF, etc.
rearrangement * TF binding * Small RNA * Cytokine array

* Rare variant * miRNA
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Ritchie ve ark. Nature Reviews Genetics. 16, 85-97, 2015.

Phenome

» Cancer

* Metabolic
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Kanser Genom Atlasi Projesi

Omiks Karakterizasyonu

-~ Mutation

~.. Copy number
Gene expression

DNA methylation
MicroRNA

RPPA

Clinical data

Weinstein et al., Nature Genetics, 2013.



Hasta Sagkalimini Tahminleme

.’L‘Z'ERd

Omics characterizations

Bu fonksiyonu kullanarak yeni
gelen hastalanin omik verisi ile, x;
ne kadar hayatta kalacagini

Sag kalim suresi ile
omik verileri arasindaki iligkiyi

Mutation

% ~ .. Copy number

Gene expression . Ozetl eyenv ta h m | n I e
B, DNA methylaton bir fonksiyon ogren f
MicroRNA T * — .
> i — J\Li
RPPA

Clinical data

Weinstein et al., Nature Genetics, 2013.



Sagkalim Suresi

« Sagkalim suresi, belirli bir baslangic zamanindan ilgilenilen bir son noktaya
kadar gecgen sureyi olgcen degiskeni ifade eder.

« Olume kadar gecen siire
« Hastaligin nuksune kadar gecgen sure
« Bir makinanin bozulmasina kadar gecen sure
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Sansurlu Veri
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Assessing the clinical utility of cancer genomic and
proteomic data across tumor types

Yuan Yuan!2!4, Eliezer M Van Allen®*!4, Larsson Omberg™'4, Nikhil Wagle**, Ali Amin-Mansour?,
Artem Sokolov®, Lauren A Byers’, Yanxun Xu®, Kenneth R Hess”, Lixia Diao?, Leng Han?, Xuelin Huang?,
Michael S Lawrence?, John N Weinstein® %, Josh M Stuart®, Gorden B Mills!?, Levi A Garraway®*11:15,
Adam A Margolin®13.15, Gad Getz®!1,12.15 & Han Liang!:15

Candidats features ™ 100 times of random splitting
Training set
gor
c
Core S0
E> LASSO + Cox@ Random survuval forest E>
Clinical outcomes
[Calculate the concordance mdex (C-lndex)]
Overall survival
- Test set

Cox Dr., J. R. Stat. Soc. Ser. B, 34, 187-220, 1972.
Iswaharan ve ark. The Annals of Applied Statistics, 2008.
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Yuan ve ark. Nature Biotechnology 32, 644—652 (2014)
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Compare the performance
across different data types
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Assessing the clinical utility of cancer genomic and _ _
proteomic data across tumor types Uyum indeksi

Yuan Yuan!2!4, Eliezer M Van Allen®*!4, Larsson Omberg™'4, Nikhil Wagle**, Ali Amin-Mansour?,
Artem Sokolov®, Lauren A Byers’, Yanxun Xu®, Kenneth R Hess”, Lixia Diao?, Leng Han?, Xuelin Huang?,

fdmifai:omﬁﬁﬂ?héﬁ Weinsteln» % Josh M Stuart®, Gordon B Mill'?, Levi A Garraway> 4145, Yuan ve ark. Nature Biotechnology 32, 644—652 (2014)

100 times of random splitting 0.9
Training set 0.8-

Candidate features ™

ndex

Core G0 H i
E> LASSO + Cox@ Random survuval forest E> &
Clinical outcomes 0.4 S
[Calculate the concordance mdex (C-lndex)] 0‘\ ,1@\ ‘\v v\ \0
, &8 3
Overall survival i Test set RN @ & Q@

Compare the performance
across different data types

Cox Dr., J. R. Stat. Soc. Ser. B, 34, 187-220, 1972.
Iswaharan ve ark. The Annals of Applied Statistics, 2008.
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Uyum Indeksi(C-Index)

» Sagkalim tahminlemede kullanilan standart performans
olgutu

* Gercekte var olan hasta sagkalim siralamasi ile tahmin
edilen hasta sagkalim siralamasi arasindaki uyum

Harrell F, ve ark., J. Natl Cancer Inst., 80,1198-1202, 1988, 15
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Uyum Indeksi(C-Index)

Karsilastinlabilir ciftler

QO Sansdurli

g

Sagkalim Suresi
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Uyum Indeksi(C-Index)

Gergek cift Karsilastirilabilir ciftler

siralamalari O Sansiirlii

i ) I ’ﬁ 1 ® Oy
g

Sagkalim Suresi
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Uyum Indeksi(C-Index)

Tahmini Gercek cift Karsilastirilabilir giftler

cift siralamalan siralamalari QO Sansirli

. . f

Sagkalim Suresi

22



Uyum Indeksi(C-Index)

Tahmini Gercek cift Karsilastirilabilir giftler

cift siralamalan siralamalari QO Sansirli
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Sagkalim Suresi

Uyum indeksi = 3/5 = 60% 23



Siralama Problemi — Webde Arama

survival prediction

All Images Videos News More + Search tools

About 106,000,000 results (0.18 seconds)

Assessment of performance of survival prediction ... - NCBI
www.nebi.nim.nih.gov/ipubmed/22824262 ~

by HC Chen - 2012 - Cited by 12 - Related articles

BMC Med Res Methodol. 2012 Jul 23;12:102. doi: 10.1186/1471-2288-12-102.
Assessment of performance of survival prediction models for cancer prognosis.

survival - Prediction in Cox regression - Cross Validated
stats.stackexchange.com/questions/36015/prediction-in-cox-regression ~
Sep 10, 2012 - Now, | would like to use my model and predict the survival of a new
observation. | am unclear how to do this with a Cox model. In a linear or ...

Individual survival time prediction using statistical models ...
jme.bmj.com » Volume 31, Issue 12 ~

by R Henderson - 2005 - Cited by 60 - Related articles

Doctors' survival predictions for terminally ill patients have been shown to be
inaccurate and there has been an argument for less guesswork and more use of ...

Survival prediction from clinico-genomic models - a ...
bmcbioinformatics.biomedcentral.com/articles/10.../1471-2105-10-413 ~

by HM Bevelstad - 2009 - Cited by 44 - Related articles

Survival prediction from high-dimensional genomic data is an active field in today's
medical research. Most of the proposed prediction methods make use of ...

Assessment of performance of survival prediction models for ...

bmecmedresmethodol.biomedcentral.com/articles/10.../1471-2288-12-10... ~
by HC Chen - 2012 - Cited by 12 - Related articles

Ewvaluation of the ability of a survival model to predict future data is the most important

consideration in the development of prediction model. Common metrics o ...
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Siralama Ogrenme — Cift Donisim

Uygunluk skoruna(S) gore siralanmis n boyutlu bir orneklem listesi, n(n-1) cift
siralamalar ile gosterilebilir.

c S(x;) > S(x,)
© X 4 S(x;) > S(x3)
g X, S(x;) > S(x,)
‘S X3 S(xz) > S(x3)
g X, S(x,) > S(x,)

S(x3) > S(x,)




Siralama Ogrenme — Cift Donisim

Uygunluk skoruna(S) gore siralanmis n boyutlu bir orneklem listesi, n(n-1) cift
siralamalar ile gosterilebilir.

c S(x;) > S(x,) S(x,;)- S(x,) > O
© X, S(x;) > S(x3) S(x;)- S(x3) > O
g X, S(x;) > S(x,) S(x;)- S(x,) >0
0 X 5 S(x,) > S(x;) S(x,)- S(x3) > 0
£ X, S (x,) > S(x,) S(x,)- S(x,) > O

S (x;) > S(x,) S(x3)- S(x,) > 0




Siralama Ogrenme — Cift Donisim

Uygunluk skoruna(S) gore siralanmis n boyutlu bir orneklem listesi, n(n-1) cift
siralamalar ile gosterilebilir.

Pozitif

ornekler
5 S(x,) > S(x,)  S(x)- S(x;) >0
% Xy S(x;) > S(x,) S(x;)- S(x;3) > 0
> | x2 S (x,) > S(x,) » S(x,)- S(x,) > 0

S| %3 S(x,) > S(x;) i

2| x4 S (x,) > S(x,) S(x3)_ S(x,) <0
S(x;) > S(x,) S(x,)- S(x,) <0
i ‘ S(xy)- S(x3) <O

Negatif
ornekler



Siralama Ogrenme — Cift Donisim

Uygunluk skoruna(S) gore siralanmis n boyutlu bir orneklem listesi, n(n-1) cift

siralamalar ile gosterilebilir. Pozitif
ornekler
c S(x,) > S(x,) S(x;)- S(x;) >0
s | X, S(x,) > S(x,) S(x;)- S(x3) > 0
g X, S(x,) > S(x,) » S(x,)- S(x4) > 0
S X 3 S(x,) > S(x,) S(x;)- S(x,) < 0
B *4 S(x;) > S(x,) S(x,)- S(x,) < 0
S (x3) > S(x,) S(x,)- S(x3) < 0

Negatif
ornekler
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Siralama Ogrenme — Cift Donisim

Uygunluk skoruna(S) gore siralanmis n boyutlu bir orneklem listesi, n(n-1) cift

siralamalar ile gosterilebilir. Pozitif
ornekler
c S(x,) > S(x,) S(x;)- S(x;) >0
s | X, S(x,) > S(x,) S(x;)- S(x3) > 0
g X, S(x,) > S(x,) » S(x,)- S(x4) > 0
S X 3 S(x,) > S(x,) S(x;)- S(x,) < 0
B *4 S(x;) > S(x,) S(x,)- S(x,) < 0
S (x3) > S(x,) S(x,)- S(x3) < 0

Negatif
ornekler
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Destek Vektor Makinesi — Siniflandirma

X3 . O Y; € {—1,—1—1}

Cortes, C and Vapnik, V. Machine learning, 20(3), 273-297,1995.

Figure kaynagi: https://docs.opencv.org/2.4/doc/tutorials/ml/introduction_to_svm/introduction_to_svm.html
30



SVM — Siniflandirma

V1 yi(wxi + b) > 1

->

AN
min > WX+ b =0

L
b

X4

C. Cortes and V. Vapnik, Machine learning, 20(3), 273-297,1995.

Figure from: https://docs.opencv.org/2.4/doc/tutorials/ml/introduction_to svm/introduction_to svm.html



SVM — Siniflandirma

1 n
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"-.. 1-1

Soft-margin case

C. Cortes and V. Vapnik, Machine learning, 20(3), pp. 273-297,1995.
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RankSVM - Siralama

S T -
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Herbrich, R. ICANN , 1999.
Joachims, KDD, 2006.



RsurVM — Kisitlari Modifiye Et

IKili
Siralama Hasta ciftlerinin yagsam surelerine gore kisitlar ekle

O

ve siniflandirma problemini coz

S(x;) > S (x;) = w.(x; —x;5) >0

34



Deneysel Duzenek

100 kez rastgele egitim ve test kumesi ayir

CNV RPPA miRNA mRNA DNAmethy
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RsurVM kullanilan molekuler veri tipinden
bagimsiz olarak, su an kullanilan en gecerli
yontemlerden daha iyi tahminliyoré5
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Koyu renk
Oznitelik filtresi olmaksizin.

Acik renk: Uni-cox filtresi

Mustafa Buyukozkan
Onceden, Bilkent Universitesi
Simdi PhD Helmholtz Zentrum
Munchen
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Kompleks Hastaliklarda Hasta Alt-Gruplarinin Tanimlamaya
Yonelik Makine Ogrenme Tekniklerinin Gelistiriimesi

 Kompleks hastaliklar hetorejendir
« Tedavi ve tani igin alt gruplarin kesfi

Omics characterizations

~
s > "&1\'_
T e Mutat
"-,-.‘,,_ P
>3 4 ’/j : Copy numb

Platforms

DNA methylation

MicroRNA

RPPA

Clinical data

38

Figure kaynagi: Weinstein et al., Nature Genetics, 2013.



Yari-Gozetimli Obekleme ile
Hasta Gruplarinint Bulmak
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Cluster 2 (224)
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http://www.pancreaticcancer.net.au/ground-breaking-nature/

!'

Duygu Ozcelik
Bilkent Universitesi
Simdi, Havelsan




Yari-Gozetimli Obekleme ile
Hasta Gruplarinint Bulmak
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Yari-Gozetimli Obekleme ile
Hasta Gruplarinint Bulmak
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Yari-Gozetilimli Obekleme
ile Hasta Altgruplarinin Bulunmasi

h = height of the tree
Draw d~ Uniform (0, h)

random forest similarity matrix

Calculate how often

q the two examples examples
fall on the same node? |4
> 01 |1

At depth d, check which pairs of

examples land into same node. 05 |02 |1

08 |01 |03

examples

01 |02 |06 |04 |1

(=]
— Cluster 1 {132)
——  Cluster 2 (224)
w0 —— Cluster 3 (115)
z = Cluster 4 (34)
w —— Cluster 5 (224) : Similarity Clusters
g v - W0 4 1
o 03 H2
: - -
< - ,
Dy H L
|:E o | —
o
Duygu Ozcelik o p =8.28137e-05
. . . . . d Y |
B!Iker_1t Universitesi =0 1060 120
Simdi, Havelsan 42
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Kanser Hasta Altgruplarini
Cizge Cekirdekleri ile Kesfi

Hasta benzerliklerini hucreye dair islevsel bilgileri goz onunde

bulundurarak degerlendirmek

Omics characterizations

Mutation

~“ . Copy number
Gene expression

DNA methylation
MicroRNA

RPPA

Clinical data

TCGA. Nature Genetics 45, 11-1120, 2013.
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Hasta Benzerliklerini Yolak Cizge
Cekirdekleri ile Hesaplama

Duagumler gen
Renk hastadaki degisim (mutasyon, ifade degisikligi)

Onceden,
Bilkent Universitesi

Simdi, PhD, Tubingen
Universitesi
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Cekirdekli Cok Yonlu Kumele

Cizgeler ve degisimler uzerinden hesaplanmis matris




llag yan etkilerinin derin /Fosforilasyon bélgesindh
ogrenme ile tahmini baglanan kinazi tahmin etme

—

—

Sifir vurusla
derin agla
ogrenme

Gen ifadeleri Yan etkiler?

IAPRTGPVLP

Onurcan Uner Dr. Gokberk Dr. Ercliment : Dr. Mehmet
Cinbis Cicek iman Deznaby Koyutlrk




SPADIS: Genom Boyu llisikilendirme
Calismalarinda Cesitleyici ve Aciklayici
SNP kume secimi

Bir fenotiple iligkili bir SNP setini segmek
Makine ogrenme baglaminda ozellik alt kimesi se¢im problemi

Zorluklar: N\

SNP'ler tek tek fenotip ile iligkili degildir Serhan _

» Birden cok SNP'nin ortak etkisi Yilmaz Erciiment
« Duislk 6rnek bayuaklaga (102 - 104 kisi) Cicek

Yiiksek boyut (105 - 107 SNP)

Yaklasim:
» Bir on bilgi ile olusturulmus SNP-SNP agi kullanarak islevsel
etkilesimleri hesaba katmak.

48



Gene Sequence (GS

+ 5
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) ==
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- SNPs adjacent on the sequence

Gene Interaction (Gl)

Gene 1 Gene 2

- SNPs adjacent on the sequence
- SNPs near the same gene
- SNPs near interacting genes

Gene Membership (GM)

- SNPs adjacent on the sequence
- SNPs near the same gene

Gene Sequence 3D (GS-HICN)
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}
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-
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20

- SNPs adjacent on the sequence
- SNPs significantly close in 3D
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SPADIS

Uzak SNPIerin farkh biyolojik

islevleri etkileme ihtimali daha fazla.
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SPADIS
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