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Onsoz

Bu calismada insan genomundaki G-dortlilerinin tespit ve siniflandirmasi amaglanmig, bulunan
G-dortlulerinin bilinen genetik hastaliklar ile iligkilendirilerek, bu hastaliklarin G-dortlilerinde
yapisal bozulmaya neden olup olmadiyi TUBITAK destekli 3001 projesi ile arastirilmistir.
Gelistirilen biyoenformatik araglar ve sonugclari bilim dinyasina kazandirilarak yeni ¢alismalarin

ondnun agilmasi amaglanmistir.
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Ozet

DNA motifileri proteinlerin amino asit dizilerinin saklanmasinin yani sira genlerin
regulasyonunda gorev alan kisa DNA dizileridir. Bu diziler transkripsiyon faktorleri ya da diger
enzimlerle etkilesim go6stererek gen regulasyonunda rol alabilmektedirler. Bu motiflerden
bazilart DNA'nin bilindik 2 zincirli B-formun haricindeki siradisi formlarini alarak bu etkilesimi
tetikleyebilmektedirler. Bu siradisi formlardan biri de G-dortlisu olarak bilinen, guanince zengin
DNA yada RNA dizilerince olusturulabilen yapilardir. G-dortlileri kendi aralarinda bir¢cok yapisal
farklihk gosterebilen ve bu nedenle farkli rollere sahip bir yapi grubudur. Bu yapilar 6zellikle
promotor bélgesi gibi regulasyonda etkili bolgelerde  olusarak transkripsiyonu
etkileyebilmektedirler. Ancak bu yapilarin tespiti ve rolleri konusunda calismalar devam etmekle
beraber insan genomunda tahmin edilen 700.000’in Uzerindeki G-dortlisinin  rollerinin ve
analizlerinin yapilmasi zaman ve emek alan bir siregtir. Bu nedenle biyoenformatik yontemler
ile 6n analiz ve tahminler yapilmasi ilgi cekmekte, varsa bu yapilardaki patojenik etkilerinin
ortaya c¢ikarilmasi icin tibbi anlamda deger tasimaktadir. Bu calismada TUBITAK destegi ile G-
daortlilerinin tahmininden, siniflandiriimasi ve iligkilendirilmis patojenik varyasyonlarin tespitine
kadar gerekli bir seri biyoenformatik teknikler gelistirilmis ve insan genomu icin uygulanmistir. ilk
asamada G-dortlist tahmini igin yeni bir algoritma gelistiriimis ve basarisi yayinlanan makale ve
bildiriler ile go6sterilmistir. Ardindan insan genomunda tahmin edilen G-dortlileri bulunmus,
siniflandirilarak farkli G-dortlisi motifleri ortaya cikariimistir. Bulunan G-dortlilerin patojenik
etkisi bilinen varyasyonlar ile eslestiriimis ve bu varyasyonlarin etkisinin G-doértlist yapisini
etkileyerek gerceklesip gerceklesmediginin tartisilabilmesi icin yapisal degisimler deneysel
olarak arastirilmistir. Bulunan sonuclar gercekten bazi G-dortlilerinin patojenik varyasyonlar

sonucu yapisal olarak degisebildigini gdstermistir.

Anahtar kelimeler: G-dértlisi, biyoenformatik, sekans analizi, varyant analizi, genetik hastaliklar



Abstract

DNA motifs are short DNA sequences that is responsible of gene regulation instead of retaining
amino acid information. These short sequences function through interaction with transcription
factors or other enzymes. G-quadruplexes is one of classes of motifs that are formed by
guanine-rich sequences and can take non-canonical shapes of DNA instead of B-form. While G-
quadruplexes may show wide range of structural variety, this variety also reflect onto variety of
functions. These structures may affect transcription by forming in regulatory regions such as
promoters. While many studies are ongoing to enlighten their role, it is a time and effort
consuming process considering that there are over 700.000 G-quadruplexes predicted to exist
on human genome. For that reason, bioinformatic techniques are attractive for preliminary
analysis and predictions for G-quadruplex formation along with investigation of their pathogenic
effect for medical purposes. With the support of TUBITAK, this study resulted in development of
bioinformatical techniques for prediction, clustering and revealing associated pathogeny and
applied them to human genome. Initially a novel algorithm was developed for G-quadruplex
prediction and presented in symposiums and a journal article. In the following, G-quadruplexes
were predicted for human genome and clustered. The discovered G-quadruplexes were
associated with pathological variations and the impact of the variation on the G-quadruplex
structure was experimentally analyzed. Results indicated that a number of G-quadruplexes

indeed were impacted by these variations.

Keywords: G-quadruplexes, bioinformatics, sequence analysis, variant analysis, genetic
diseases



1. GIRIS

Yaygin olarak bilindigi tUzere genetik kalitimdan sorumlu DNA molekilleri ¢ift sarmalli heliks
yapilarina sahiptir. Ancak son yillarda yapilan bircok biyokimya temelli calisma bu molekullerin
bazlan arasinda siradisi hidrojen baglarinin kurulmasi ile farkli formlarda bulunabilecegini
gostermistir. Bu yapilarin en 6nemlilerinden biri de G-dortlisu yapilaridir (Neidle, 2016). Bir dizi
Uzerinde ardigik olarak siralanmis guanin bazlarinin katlanip kendi aralarinda Hoogsten
eslesme bdlgesinden hidrojen bagi yapmasi ile G-tetrad yapilari olusmaktadir. () Bu diizlemsel
yapidaki G-tetradlarin tst tGste kimelenmesi ile G-dortlist yapilari meydana gelmektedir (Sun
vd., 2019; Zhang vd., 2009). G-dortlisi olusumu G-tetrad yapilarinin Na* ve K* gibi monovalent
katyonlarin merkezinde nulunmasi ile daha da kararl hale gegerler (Kamel vd., 1998).
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Sekil . G-tetrad olusumu ve G-doértltist yapisi

Bu yapilar bir yada daha cok DNA yada RNA zincirlerinin biraraya gelmesi ile intra- veya
intermolekuler yapilarinda godzlemlenebilmektedir. (Kim vd., 2003) Bunun yani sira birgok
calisma bu yapilarin bilinen c¢ift sarmal yapilarina oranla yiiksek termal stabiliteye sahip
oldugunu ortaya cikarmistir. (Fujimoto vd., 2009) ilk kez in vitro'da (Kikin vd., 2006) kesfedilen
G-dortlist yapilarinin ginimizde tek hdcreli canlilardan (Harris ve Merrick, 2015) insana
(Hansel-Hertsch vd., 2017) cesitli canhlarin genomunda siklikla bulundugu tespit edilmistir.
Devam eden calismalar dogrultusunda G-dortlisulerin genom igerisindeki 6zel lokasyonlari ve
ligandlari ile yaptigi etkilesimler bu yapilarin énemli fonksiyonlara sahip olduguna isaret
etmektedir (Rhodes ve Lipps, 2015).



2. LITERATUR OZETI
2.1 Bilinen Fonksiyonel Rolleri

Hesaplama temelli analizler insan genomunda 700.000'den fazla dizinin G-dértlist yapisi
olusturma potensiyeline sahip oldugunu ortaya ¢ikarmistir. (Ding vd., 2018) Ayrica bu yapilarin
rastsal bir dagihm gostermedigdi, genomun fonksiyonel bdlgelerinde kimelendikleri saptanmistir.
G-dortlist yapilart insan genomunda en ¢ok telomer bdlgelerinde bulunmaktadir. (Lin ve Yang,
2017) Bu bdlgelerde bulunan G-dortlisi yapilarinin telomeraz aktivitesini durdurmaktan
sorumlu oldugu ortaya c¢ikariimistir. (Zheng vd., 2011) Ayrica bu yapilara birgok gen bdlgesinin
promotér dizilerinde (Balasubramanian vd., 2011), intron-ekson sekanslarinin sinirlarinda
(Weldon vd., 2018), immunoglobulin rekombinasyonundan sorumlu gen bdlgelerinde (Sattentau
vd., 2018) de rastlanmaktadir. Ayrica bu yapilarin énemli onkogenlerin (c-MYC (You vd., 2015),
KRAS (Cogoi ve Xodo, 2006) vb.) promotorlerinde bulunmasi kanser ile iliskisi oldugunu ortaya

koymaktadir. ()
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Sekil . G-dértlisintin KRAS geninin kontrol mekanizmasindaki rolli. G-dértliisii olusumu transkripsyonu durdurur

Siradigi bir sekilde insan genomundaki DNA replikasyon orijinlerinin %90’1 G-dortlisu yapilar
barindirmaktadir. (Rhodes ve Lipps, 2015) Dahasi son yillardaki calismalar G-doértlisilerin
transkripsiyonda gorev alan XPB ve XPD gibi gesitli helikazlarla etkilesim sergileyerek gen
ekspresyonunda 6nemli rol sahibi oldugunu ortaya koymustur. (Sauer ve Paeschke, 2017)
Bununla beraber yaklasik 3000 insan gen bolgesinden ekspres olan mRNA molekdillerinin 5'-
UTR sekanslarinda G-dortlist yapilarina sahip oldugu ve translasyon diizenlenmesini bu yolla
gerceklestirdigi kesfedilmistir. (Song vd., 2016) Ayrica telomer bdélgelerinin transkripsiyonundan
elde edilen ve guanince zengin olan TERRA mRNA (rtnlerinde de bu yapilara rastlanmaktadir.
(Zhou vd., 2015)



G-doértlist yapilarinin énemli onkogenlerin promotdrlerinde bulunmasi ve telomeraz aktivitesini
dizenlemesiyle kanser biyolojisi icin blytik neme sahiptir. Bu dogrultuda G-doértlist yapilarinin
hedeflendigi kansere yonelik ilag gelistirme calismalarina literatirde siklikla rastlanmaktadir.
(Onel vd., 2014) Ayrica bircok ¢alisma bazi hastaliklarin G-dortlisi yapilariyla etkilesime giren
ligandari, helikazlar ve benzeri protein drinlerini kodlayan gen bélgelerinde mutasyon olusmasi
ile meydana geldigini gostermistir. (Maizels ve Maizels, 2015) Bununla beraber G-dortlusu
yapilarinin transkripsiyon, translasyon ve replikasyon islemlerini dizenlemesi metabolik
faaliyetler tzerindeki 6nemini gostermektedir. Bahsi gecen bu sebeplerden dolayr G-dortlisu
yapilarini, 6zelliklerini, katlanma ve acilma kinetiklerini, genom icerisindeki lokasyonlarini ve

fonksiyonlarini arastirmak genetik bozukluklari inceleyen gelecek calismalara i1sik tutacaktir.

Bu yapilarin memeli hiicrelerindeki goérevlerini arastiran calismalarin giinden giine artmasina
karsin mikroorganizmalardaki gorevleri ¢ok fazla aydinlatilmamistir. Buna ragmen elde edilen
bulgular bu yapilarin mikroorganizma metabolizmasinda ve patojenitelerinde édnemli oldugunu
ortaya cikarmistir. Mikroorganizmalarin enfeksiyona kolaylik saglayan en buyik stratejileri
antijenik varyasyon saglayabilmeleridir. Bu antijenik varyasyon islemi genom icerisindeki
spesifik genlerin rekombinasyona ugramalari ile gerceklestiriimektedir. (Woude ve Ba, 2004) Bu
islemin gerceklestigi bircok rekombinasyon bdlgelerinde G-dértlist yapilarina rastlanmasi bu
yapilarin antijenik varyasyonda blyik dnem sahibi oldugunu gdstermistir. (Walia ve Chaconas,
2013) Bununla beraber buyik capli élimlere sebep olan HIV virlisinin genomonun ug
sekanslarinda ve gen bdlgelerinin aralarinda uzun terminal tekrarlarina sahip oldugu ve bu
tekrarlarin G-dortlisu yapilarn barindirdigr ortaya ¢ikariimistir. Bu durum virisiin son derece
komplex mekanizmalari G-dortlist yapilari araciligiyla yonettigini gostermistir. (Kraf€ikova vd.,
2017) Ayrica bu yapilar diger lentiviris genomlarinin uzun terminal tekrarlarinda da
gozlemlenmektedir. (Perrone vd., 2017) Benzer sekilde cift sarmalli DNA iceren HHV virlisiinde
virilans faktorlerden sorumlu gen bdlgelerinin promotdr bolgelerinde G-quadurplex yapilar
saptanmistir. (Biswas vd., 2016) Yine benzer sekilde serviks kanserine sebep oldugu bilinen
insan papillom virisi’'nde (HPV) ¢esitli genlerin promotor bdlgelerindeki G-dortlist yapilari ile
dizenlendigi kaydedilmistir (Tlu€kova vd., 2013). Viral latens virlslerin enfeksiyon sonrasi
konak icerisinde varligini devam ettirebilmek ve immin yanittan gizlenebilmek icin
gerceklestirdikleri bir mekanizmadir. Bu mekanizma temel olarak viris genomunun
heterokromatinizasyonunu  saglayan ve virls replikasyonunu engelleyen genlerin
ekspresyonuna dayanmaktadir(Grinde, 2013). Su ana kadar farkli HHV suslarinda viral

latensten sorumlu genlerin G-dortlist yapilar ile yonetildigi tespit edilmistir(Wood ve Royle,



2017). BUtUn bu bilgiler 1s1ginda G-dortlist yapilarinin viral enfeksiyon ve enfeksiyon sonrasi

varligi koruyabilmede viriislere olanak sagladigi belirtiimektedir.

G-dortlisu yapilarinin bakteri ve mayalardaki gorevleri ¢ok fazla aydinlatiimamis olmasina
ragmen genomlarindaki gorilme sikliklari bu yapilarin dnemini vurgulamaktadir. Su ana kadar
elde edilen bulgular G-dortlist yapilarinin bu organizmalarda en ¢ok karbonhidrat, amino asit
ve nikleotid metabolizmasindan  sorumlu  genlerin  promotdrlerinde  kimelendigini
gostermektedir(Saranathan ve Vivekanandan, 2018). Spesifik bir drnek olarak Deinococcus
radiodurans bakterisinin radyasyon direnci saglayan genlerinin promottr bolgelerindeki G-
dortliisii yapilari araciligi ile aktivite gdsterdigi ortaya cikariimistir(Kota vd., 2015). ilging olarak
bulgular termofil bakterilerin yuksek sicakliga direncglerini saglayan gen promotdrlerinin G-
dortlist yapilarinca zengin oldugunu gdstermektedir(Long vd., 2017). Ding vd. 2018 yilinda
yaptiklart calismada Thermales ve Deinococales bakterilerindeki G-doértlist yapilarini
arastirmiglardir. Elde ettikleri sonuclar Thermales bakterisindeki guanin’ce zengin dizilerin G-
dortliisii yapisi olusturmadigini gosterirken, Deinococales stres direncli bakterisinin gen
regulasyon boélgelerinde bu yapilara siklikla rastlanmistir(Ding vd., 2018). Bu bilgiler 1siginda
Ozellikle belirlili cevresel kosullarda yasayan bakterilerin bu 6zelliklerini G-doértlisi yapilari
araciligiyla ilerlettikleri c¢ikarilmaktadir. Virlslere benzer olarak patojenlik 6zelligi gdsteren
bakteri suslarinda da G-dortlisu yapilarina rastlanmaktadir. Bu arastirmalara 6rnek olarak Jain
vd. 2018 yilinda yaptiklari calismada Salmonella enterica bakterisindeki G-dortlist yapilarini
arastirmislardir. Biyoinformatik temelli yuritilen calismada besin zehirlenmesinde etkin olan bu
bakterinin Mg*?, Fe* iyonlari ve maltoz sekeri transportunu saglayan genlerin dizenleyici
bolgelerinde G-dortlist yapilar tespit edilmistir. Bakteri bu mekanizmalar ile makrofajlar
tarafindan Uretilen reaktif nitrojen/oksijen varliginda canliligini koruyabilirken insan sindirim
sisteminin ana seker kaynagini kullanabilmektedir(Jain vd., 2018). Bu ve benzeri bircok
biyoinformatik temelli calisma devam ederken model organizma olarak bilinen E.coli
bakterisinde tekrar ettigi tespit edilen G-doértlisu yapilari tarafimizdan kesfedilmis, bir molekiler

anahtar fonksiyonu olabilecegdi gosterilmistir. (Oktay | Kaplan vd., 2016)

Gorulduglu Gzere G-dortlust yapilart memeli hicrelerinde oldugu gibi mikroorganizmalarin
yasamsal faaliyetleri, cevre adaptasyonu ve enfeksiyon verimlerini arttirma stratejileri
bakimindan blyuk 6neme sahiptir. Bu dogrultuda gincel olarak yuritilen bircok calisma
mikroorganizmalarda yeni G-dortlisu yapilari kesfetmeye, bu yapilarin gérevlerini incelemeye
ve bu yapilara baglanarak stabilize edecek ajanlar Uretmeye dayanmaktadir. Bu yapilarin

stabilize edilebilmesinin bir ¢ok enfeksiyon kdkenli hastaligi ve mikroorganizmalarin yeni



stratejiler gelistirmesini engelleyebilecegi diisiinilmektedir. Uretilecek olan bu ajanlar yiiksek
afiniteli bir ligand gibi G-dortlisi yapilarina baglanarak gen bolgelerini inaktif hale
getirecektir(Ligands vd., 2019). Bu dogrultuda yapilan arastirmalar antimikrobiyal ilag

gelistirilmesi calismalarina blyuk i1sik tutacaktir.

2.2 Tespit yontemleri

2.2.1 Deneysel yontemler
G-dortluleri yapilarina gore bircok alt sinifa ayrilabilir. Guanin zincirlerinin komsularina ters

istikamette olmasi durumunda anti-paralel, ayni yéne bakmasi durumunda paralel G-dortlisu
adi verilir. Bu durum anti-paralel G-dortliisiinde birbirine karsi duran zincirlerin ayni yone
bakmasini saglar. Bu iki G-dortliisii ¢esidinin yani sira, bir de hibrid G-dortlist vardir. Hibrid
cesit G-dortliisiinde guanin zincirlerinin U¢tl ayni yonde, digeri zit ydénde yatmaktadir. Paralel G-
dortlilerinde tim guaninlerin glikozidik bagi sadece anti yondedir. Anti-paralel G-dértlisiinde ise
ters yonde olan zincirlerde glikozidik bagin syn konfiglirasyonunda oldugu tespit edilmistir.
Glikozidik bagin durumu Ust Uste duran guaninlerin birbiri ile olan oryantasyonlarini
etkilediginden G-doértlisinin polarize 1s1g1 absorbasyon kapasitesini etkilemektedir. Bu durum
dairesel dikroizm adi verilen yontem ile tespit edilebilir ve G-dortlisiinin yapisi hakkinda fikir
verebilmektedir. (Jones, 2003; Wagner ve Spelsberg, 1971; Wang, 2008) Dairesel dikroizm ile
elde edilen spektrumlar G-dortlisiiniin topolojine ve dolayli olarak c¢esidine gére degisim
gostermektedir. Dairesel dikroizm spektrumlari parallel G-dortlilerinde genellikle 240 nm’'de
negatif ve 260 nm’de pozitif zirve verirken, anti-paralel G-dortlulerinde 250 nm’'de pozitif, 265
nm’de negatif ve 280 nm’de tekrar pozitif zirve vermektedir. () Ancak spektrumlar ilmiklerin

konum ve dizisine bagl olarak degisim gosterebilir. (Kypr vd., 2009; Wang, 2008)
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Sekil . Paralel (solda), antiparalel (ortada) ve hibrid (sagda) G-dértllisi dairesel dikroizm spektrumlari

Dairesel kroizm yontemi G-dortlisi olusumunun izlenmesinde yegane araglardan biridir.
Alternatif olarak kullanilan NMR yonteminden daha ucuz ve hizli olusu nedeniyle sikga tercih
edilmektedir. Ancak bu yontemin de kendince bazi dezavantajlari bulunmaktadir. Bunlardan ilki,
G-durtlulerinin  bakildigi dalga boylarinda hicre igindeki diger molekulllerin de etkilesim

gOstermesi nedeniyle sadece in vitro ortamda kullanilabilmesidir. Belli bir nukleik asit dizisinin ya



da kombinasyonlarinin olusturacagi G-dortlilerinin yapisi hakkinda fikir elde edilmesi igin ilgili
dizilerin sentetik olarak elde edilmesi ve fizyolojik ya da yakin sartlarda inkiibe edildikten sonra

dairesel dikroizm y6ntemiyle test edilmesi ile gerceklestirilir.

2.2.2 Bilgisayar temelli yontemler
Ote yandan hiicre iginde ve kromozom uzerinde olusmus G-dortlilerinin tespiti icin heniiz altin

standart olusturulamamistir. Ancak 2015 yilinda yeni nesil sekanslama teknolojisi polimeraz
durdurma yontemi ile birlestirilerek G4-seq adi verilen yeni bir yontem gelistiriimis ve insan
genomunda 716,310 G-dortlisu tespit edilmistir. (Chambers vd., 2015)

Yukarida bahsedildigi gibi biyoinformatik metodlarla da G-doértlist tahmini etmek mimkuindur.
Genom Uzerinde G-dortlist olusabilmesi icin esit uzunluktaki kisa guanin tekrarlarindan dort
adet bulunmasi gereklidir. Bu guanin tekrarlari, yada adaciklari, arasinda baz c¢esidinden
bagimsiz degisen uzunluklarda diziler bulunabilir. Guanin adaciklari arasinda bulunan
nikleotidler G-dortlisunun ilmiklerini olusturur. (Wong vd., 2010) Ancak bu kurala uyan her dizi
G-dortlist olusturamamaktadir. Bunun nedeni fizyolojik ortam sartlarinda olusan G-dortlistiniin
kararlihgi ile ilgilidir. Mesela guanin adaciklarinin uzunlugu arttik¢a istiflenecek G-tetrad sayisi
arttigindan kararliligr da artirir. Veyahut, ¢ok uzun ya da c¢ok kisa ilmik uzunlugu G-dortlisu
kararlligini ciddi sekilde dusurebilmektedir. (Guédin vd., 2010a) Bu sinirlamalar géz oniine
alindiginda asgari guanin tekrari 3 ve ilmik uzunlugu 1 ila 7 arasinda degisen dizilerin fizyolojik
sartlarda g-dortliisti olusumu icin en uygun parametreler oldugu goérilmustir. (Burge vd., 2006)
Bu kural G3+N1- 7G3+N1-7G3+N1-7G3+ olarak da ifade edilir. Gelistirilmis G-dortlisu tahmin

programlari genellikle bu kural etrafinda kurulmustur.

G-dortlustu tahmini igin gelistirilen programlar kullandiklari algoritma ve parametrelere bagli
olarak ufak farkliliklar gosterebilmektedir. QGRS mapper ve nBMST gibi web tabanh G-dortlusu
tahmin araclarinin yani sira indirilebilir ve agik kaynakh programlar da bulunmaktadir. (Cer vd.,
2013; Kikin vd., 2006) Bunlarin icinde quadparser programi hem parametreleri degistirme
secenegi sunmaktadir. (Wong vd., 2010) Quadparser ile yapilan taramalar sonucunda insan
genomunda standart kurala uyan 376.446 dizi ya da potansiyel G-dortlist (pG4) kesfedilmistir.
(Huppert ve Balasubramanian, 2005a) Yaptigimiz ¢calismalar sonucu ayni parametreler ile E.coli
genomunda 52 adet pG4 tespit edilmistir. Hem insan genomunda hem de E.coli'de G-dartliileri

protein kodlamayan ve regulatér bolgelerinde yogunlasmistir.



3. GEREC VE YONTEM
3.1 Kullanilan dil ve kiitiiphaneler

Kodlama icin Python 2.14 ve 3.6 kullanilmigtir. Kullanilan standart python kitiiphaneleri
multiprocessing, time, sys, subprocess, o0s, intertools, difflib, string, random, re, regex,
memory_profiler, argparse, _ future__, operator'dir. Standart disi olan numpy (1.14.2 and
1.13.3+mkl), hb5py (2.8), psutil (5.4.6), scipy (1.1.0), colorama (0.4.1), numba (0.36.1)

kutlphaneleri pip veya pycharm izerinden yuklenmistir.

3.2 G-dortlisii tarama ciktilan icin dosya bicimi belirlenmesi

Farkli ¢ikti formatlari kullanan quadparser (Huppert ve Balasubramanian, 2005b) ve G4Hunter
(Bedrat vd., 2016) algoritmalarinin ayni bicimde c¢ikti verebilmeleri icin herhangi bir kiyaslama
ciktilarin tekrar islenmesi gerektirdiginden kaynak kodlarinda ve 'deki géruldagu gibi ¢ikti bigimi
tekdiize hale getirilmistir. Bu tekdizelestiriimis bicime sahip G-doértlist tarama rapor dosyasi
bicimi “G4List” dosya uzantisi ile ilistirilmistir. Bu bi¢im ’'deki sekilde ve sekme ayrach (“tab
delimited”) olarak tasarlanmistir. Dosyanin ilk satiri G-dértlilerinin kesfinde kullanilan algoritma
ve parametrelerinin tanimi ve diger tanimlayici bilgiler igin ayrilmistir. ilk satirdan itibaren
sutunlar sirasiyla orijinal Fasta dosyasindaki tanim bilgisi, G-dértltsi ilk nukleotid pozisyonu, G-
dortlisti son nikleotid pozisyonu, G-doértlist olusturan dizi uzunlugu, dizinin bulundugu iplik,
dizinin orijinal Fasta dizisini, G-doértlisu olusturan diziyi ve son situnda, varsa, G4Hunter puani

listelenmektedir.

Tablo . Ornek tekdiizelestirilmis G-dértliisii tarama rapor dosyasi (G4List) bicimi
>python G4Catchall.py -1 1 -B --G3L 1..3 --XL 1.9 -F

NC_0000X.1 1205 1220 15 - CCCTCCCTCCCTCCC GGGAGGGAGGGAGGG -24
NC_0000X.1 1246 1261 15 + GGGAGGGTGGGCGGG GGGAGGGTGGGCGGG 2.567

Yukaridaki bicim ile ilgili G-dértlisii hakkinda muhtemel ihtiyag duyulabilecek tim bilgilerin hizla

ulasilabilmesi amaclanmistir ve dosya boyutu ikincil 5neme sahiptir.

3.3 Toplu G-dortliisii tarama betigi gelistirilmesi

Taramalarin yapildigi dizilerin genisligi dolayisiyla kullanilan algoritmalar her izgede farkli bir
Fasta dosyasini tarayacak sekilde cok izgeli calisabilecek bir kod betigine ihtiya¢c duyulmus ve
gelistiriimistir. () Bu amacla os ve multiprocessing modulleri kullaniimistir. Bu betik iginde
bulunan klasor icerisindeki tim “fa” soyadll Fasta dosyalarini bulup tanimlanmis algoritma ve

parametrelerde calistirmaktadir. Dosya yazimi calistirilan kod tarafindan gerceklestiriimektedir.

3.4 Var olan ihtiyaclari gidermek amaciyla G4Catchall algoritmasinin gelistiriimesi



Var olan quadparser ve G4Hunter algoritmalarinin yukarida bahsedilen eksikliklerinden 6tirQ
Python 2.7.14 dili kullanilarak yeni bir algoritma gelistiriimistir. Bu dil ile beraber kullanilan

modauller asagidaki gibi listelenmistir. Algoritmanin Python kodu 'de verilmistir.

Bu algoritma gelistirilirken daha ©nceki algoritmalarin géz o6niine almamis oldugu ancak
deneysell olarak gosterilmis olan G-tekrar bdlgeleri igerisindeki cikinti ve eksiklikler ve asiri
uzun ilmik bdlgelerini de kapsayacak sekilde tasarlanmistir. Bunlarla beraber, kisa G-
dortltlerinin bu tir degisiklikleri tolere edemedigi g6z éninde tutularak kisa G-doértlileri icin ayri

parametrelerin taninmasina olanak verecek sekilde tasarlanmistir.

3.4.1 Algoritmalarin kiyaslanmasi
Algoritmalarin kiyaslanmasi icin daha 6énce G-dortlisi olusturdugu daha dnce tespit edilmis 298

dizi ile G-dortlisl olusturmadigi tespit edilmis 94 dizi literatirden alinmistir. (Bedrat vd., 2016)
Her dizi FASTA formatinda ve 28er AT tekrarlar arasina gomulerek calismalara devam

edilmistir.

Algoritmalarin basarisini  kiyaslamak icin Youden'in J-endeksi kullaniimistir. Bu indekse
J=Gergek Pozitif Orani (GPO) -Yanlis Pozitif Orani (YPO) seklinde tanimlanmistir. (Youden,
1950)

Quadparser , G4Hunter, PQSF (Hon vd., 2017) ve G4Catchall algoritmalari farkli parametreler
ile daha 6nceden G-dortlist olusturup olusturmadiklari belirlenmis DNA dizileri ile taramalari
sonucunda elde edilen GPO ve YPO degerleri kullanilarak Youden'in J-endeksi belirlenmis ve
siralanmistir. () Farkli parametrelerin taranarak J-endeksinin belirlenmesi icin yazilmis edilmis

kod betigi ‘te bulunabilir.

3.5 insan genomunun taranmasi

Referans olarak belirlenmis GRCh38.p7 sUriim numarall insan genom derlemesine ait niikleer
kromozom dizileri https://www.ncbi.nim.nih.gov/assembly/707541'den indirilmistir.  Diziler
G4Hunter, Quadparser ve G4Catchall ile taranmis ve sonuglar kiyaslanmistir. Kiyaslama icin
ListG4s.py dosyasi kullanilimistir. Sirasiyla kullanilan parametreler ListG4s icinde command
degdiskenine sirasiyla 'python quadparser.py ', '‘python G4Hunter.py -w 25 -s 1.75 ' ve 'python
G4Catchall.py -I 1 -B --G3L 1..3 --XL 1..9" atayarak taranmistir. Her taramada tim kromozom
dosyalarindan tahmin edilen G4’ler tek bir dosyada bolim 3.3'de oldugu gibi kaydedilmigtir.

3.6 Benzerlik Matrisi Olusturulmasi


https://www.ncbi.nlm.nih.gov/assembly/707541

“G4List” dosya uzantisi ile kaydedilmis olan G-doértlist dizileri arasindaki benzerliklerin
bulunmasi, onlarin siniflandiriimasi igin énem arz etmektedir. Bu amagla her G-dortlisindn
birbiri ile dizisel benzerlikleri kiyaslanmasi yapilmistir. Bu kiyaslama icin ciftli hizalama (pairwise
alignment) algoritmalarindan diziler arasinda global benzerlik yerine lokal benzerlik arayan
Smith-Waterman yontemi kullaniimistir.  (Smith ve Waterman, 1981) Lokal benzerlik
aranmasinin baslica nedeni kesif algoritmalarinin timinin dst Uste gelen G-dortlilerini
birlestirerek bulmalarindandir. Bu nedenle daha uzun gibi géziiken ancak birden ¢ok G-dortlisu
olusturan diziler icerisindeki G-dortltleri ayri ayri kiyaslanmis olacaktir. Bu algoritma ile yapilan

hizalama sirasinda bulunan benzerlik puani 0’dan basglar.

3.6.1 Ciftli hizalama algoritmasi olusturulmasi
Bir insan genomunda 700.000'in Uzerinde G-dortlisii oldugu tahmin edildi§i gbéz oOnline

alindiginda her birinin birbiri ile kiyaslanmasi islemci acisindan uzun ve zahmetli bir is oldugu
aciktir. Python modaulleri arasinda bilinirligi yiksek olan BioPython moduli (Cock vd., 2009)
icerisinde c¢iftli hizalama algoritmasi bulunmaktadir, ancak bu adimin hizlandiriimasi amaciyla
ciftli hizalama algoritmasi numba’nin just-in-time derleme 6zelligi kullanilarak tekrar yazilmigstir.
(Lam vd., 2015) ilgili kod ‘te verilmistir.

Her G-dortlusi cifti icin benzerlik ciftli hizalama algoritmasi igin literatiirde sikca tercih edilen,
eslesme icin +2, eslesmeme icin -1, bosluklar icin -2 puan parametreleri ile kullaniimistir. Bu
degerler ihtiyari olmakla beraber benzeri ciftli hizalama algoritmalarinda BLAST algoritmasi da
dahil olmak tzere sik¢a kullaniimaktadirlar. (BLAST, 2013; Xia, 2007) G-dortlileri igin ayri bir
parametre seti heniiz gdsterilmemistir. Ciftli hizalama sonucunda elde edilen puanlar, kisa
dizinin kendisi ile elde edecegi puana bdlimi ile normalize edilmistir. Bu da “floating point”
cinsinden O ila 1 arasinda bir deger anlamina gelmektedir. Diger bir deyisle birbirine ylksek
benzerlik gosteren diziler arasindaki benzerlik puani 1’e yakin, yiksek farklik gosteren diziler

arasindaki benzerlik puani 0’'a yakin olarak belirlenmis olacaktir.

Benzerlik matrisi igin gerekli matris boyutu her matris elementinin float cinsinden 24 baytlik bir
deger olacagi ve genomdaki G-dortlist sayisinin karesi (yaklasik 700.000x700.000) boyutunda
olacagl g6z oniune alindiinda, yaklasik 11 terabaytlik bir depolama alani gerektirmektedir. Bu
matrisin buytk ¢cogunlugunun birbirlerinden ¢ok farkli dizilerin benzerlik degerlerinin “0™a yakin
olacag@! ve herhangi bir sekilde gruplanamayacaklari gbz 6niine alinarak bir esik degeri altinda
kalan dizilerin benzerlikler O olarak belirlenmis ve bu “0”larin matris igerisinde yer kaplamamasi
icin “sparse” (diger bir degisle, seyrek) matris kullaniimasi tercih edilmistir. Bunun igin islemci

tarafindan bulunan benzerlikler CSR (“Compressed Sparse Row” matris) ve COO



(“COOrdinate” matris) seyrek matrisleri olarak bellekte ve hafizada kaydedilmistir. (Fineman vd.,
2009)

Boyle buylk bir matrisin doldurulmasi uzun sire alacagindan ayni anda 32 islemciyi de
kullanacak sekilde ¢ok izgeli kodlanarak seyrek matrislerin olusturulmasi birka¢ gine kadar
kisaltiimistir. Ilgili koda ‘de ulasilabilir. Kod ¢iktisi “coo” ve “csr” uzantili dosyalara h5py modiilii
ile kaydedilerek depolanir. Veriler “parameters”, “data”, “rows” ve “cols” veri seti baslklari

kaydedilmis olup ayni isimler kullanilarak bu dosyalardan h5py moduli yardimi ile ¢ekilebilir.

3.7 Siniflandirma

Graf teorisine uyumlu olarak G-dortlisii bir verteks ve benzerlik matrisinde esik degerin
Uzerinde olan her deger ilgili verteksler arasi bir baglanti olacak sekilde bir ag elde edilebilir. Bu
durumda ifade edilen agin olusturulmasi 6nce “coo” uzantil dosyadan okuma yapmaktadir.
Okunan matris bilgisi verteksler ve baglantilar olmak zere iki listeye ayrilarak islenir. Oncelikle
her verteks icin en buyuk klik (clique) kesfedilir. Ardindan her klik’in vertekslerinin baglantili
oldugu tum komsulari birer birer degerlendirilir. Bu deg@erlendirmede bulunan her klikin
vertekslerinin  komsulari birer birer klikteki diger bagl olduklari vertekslerin sayisi tim
vertekslere boélinerek bulunan oran 0.8'nin Uzerinde olmasi durumunda klike eklenmek suretiyle
gruplar olusturulur. Son asamada bulunan tim gruplar birbirleri ile ortak verteks sayilari toplam
verteks sayisinin 0.8'ini agsmasi sartiyla birlestirilmistir. Bu gruplar “G4clstr” uzantili dosyalarda
ilgili G-dortltlerinin orijinal “G4List” dosyasindaki satir indeksleri siralanarak kaydedilmistir. Her

satirda ilgili grubun G-dortliist indeksleri bulunmaktadir. ()

Tablo . Ornek G-dértliisti siniflandirma rapor dosyasi (G4clstr) bigimi
> |nitial G4 discovery command: >python G4Catchall.v0.5.py - 1 -B --G3L 1..3 --XL 1..9 -...

{96, 795908, 791012, 5, 466503, 497192, 567562, 100174, 350136, 567576}
{162721, 175170, 380731, 430566, 13832, 433901, 126990, 594259, 86, 472535, 169942, 145177, 548315}

iléili kod ‘de verilmistir. islemin hizlandirimasi adina ¢ok izgeli sekilde multiprocessing modiilii

ile desteklenmistir.

3.8 Motiflerin bulunmasi

Her G-dortlust sinifi igerisindeki G-dortlileri dogal olarak birbirlerine buytk benzerlik
gostermektedirler. Bu benzerliklerin dizinin neresinde oldugu, hangi bazlarin ortaklik gosterdigi
gibi bilgileri sunulmasi ve diger aramalarda kullanilabilmesi i¢cin motif haline c¢evrilmeleri
gereklidir. Bu amagcla Glam2 yazilimi Linux ortaminda yiklenip derlenmistir. (Frith vd., 2008)

Glam2 programi komut satirindan motife ait dizilerin bulundugu bir dosyayi isleyerek ¢ikti olarak



bir motif ve motife ait “png” uzantili gérsel bir sunum dosyasi olusturmaktadir. Ancak tim
gruplarin hizla islenerek otomatize edilmesi icin bir araci kod betigi ‘deki gibi yazilmistir.
Otomatizasyon “G4clstr” ve “G4List” uzantili dosyalardan cekilerek olusturulan gecgici ham
dosyanin komut satirindan Glam?2’ye sunulmasi ile gercgeklesir. Komut satirindan kullanilan

parametreler “glam2 n gecici_dosya_ismi -0 hedef_klasor_ismi -r 1" seklindedir.

1.1 G-dortlilerin genomik gen anotasyonlarina gore filtrelenmesi

Bu nedenle bu boélgelerde dolayisiyla regilasyonda roli olan G-dortlerin elenmeleri igin
GRCh38 referans genomu Uzerindeki gen anotasyonlari Ensembl
(ftp://ftp.ensembl.org/pub/release-94/gtffhomo_sapiens/Homo_sapiens.GRCh38.94.gtf.gz)  ve
NCBI veri bankalarindan
(ftp://ftp.ncbi.nim.nih.gov/genomes/H_sapiens/GFF/ref_GRCh38.p12_top_level.gff3.9z) elde
edilmis, bu iki veri bankasina gére de sadece bir transkripsiyon baslama noktasindan -2000
baza kadar olan promotor bdlgede, 5’UTR yada 3'UTR bélgede olan her hangi bir veri
bankasinda genin baska bir bolgesi ile cakismadi§i taktirde secilerek kaydedilmistir. Bu
filtreleme igin ‘deki kod betigi yazilarak kullaniimistir. Bu kod Uc¢ farkli degisken seti ile

kullaniimis olup bu setler ‘de belirtilmistir.

Tablo . G-dértlisu filtreleme betigi icinde regllasyon ile iliskili G-dértlilerin segiliminde kullaniimis degisken degerleri

Degisken degerleri Cikti dosyasi

rules.promoter=option.ignore Homo sapiens, GRCh38.p7 Primary Assembly 3UTR.GA4List
rules.gene=option.ignore
rules.five_prime_utr=option.ignore
rules.three_prime_utr=option.must_include
rules.CDS=option.must_exclude
rules.pseudogene=option.must_exclude

rules.promoter=option.must_include Homo sapiens, GRCh38.p7 Primary Assembly_Promoter.G4List
rules.gene=option.must_exclude
rules.five_prime_utr=option.ignore
rules.three_prime_utr=option.ignore
rules.CDS=option.must_exclude
rules.pseudogene=option.must_exclude

rules.promoter=option.ignore Homo sapiens, GRCh38.p7 Primary Assembly 5UTR.G4List
rules.gene=option.ignore
rules.five_prime_utr=option.must_include
rules.three_prime_utr=option.ignore
rules.CDS=option.must_exclude
rules.pseudogene=option.must_exclude



ftp://ftp.ncbi.nlm.nih.gov/genomes/H_sapiens/GFF/ref_GRCh38.p12_top_level.gff3.gz
ftp://ftp.ensembl.org/pub/release-94/gtf/homo_sapiens/Homo_sapiens.GRCh38.94.gtf.gz

3.9 Filogenetik aga¢ olusturulmasi

Filogenetik programlari tarafindan kullaniima uygun formata ¢evrilmesi amaciyla ‘deki kod betigi

ile “G4List” dosyalari fasta formatina cevrilerek “G4List.fa” uzantili olarak kaydedilmistir.

GA4List'ten Fasta formatina cevrilmis dosyalardan MAFFT coklu dizi hizzalama uygulamasinda
“--auto --treeout --localpair --reorder" parametreleri ile kullanilarak “G4List.tree” uzantili newick
filogenetik agaclar elde edilmistir. (Katoh ve Standley, 2013) Kullanilan yazihm uygulamanin
7.409 nolu slrimui olup bosluk agma puani (gap opening penaly) -1.53, bosluk uzatma puani

(gap extension penalty) O olarak varsayilan degerlerde kullaniimistir.

3.10 Varyasyon taramasi

Varyasyon taramasinin ilk asamasinda insan genomu igin en genis varyasyon veritabanlarindan
biri olan Clinvar kullaniimistir. (Landrum vd., 2018) Bu veritabaninin tercih edilmesinin en
onemli nedeni hastaliklar ile iliskilendirilmis varyasyonlarin etiketlenmis ve filtrelenebilir
olmasidir. (Landrum vd., 2016) ilgili varyantlardan patojenik (“pathogenic”) ve yiiksek ihtimalle
patojenik (“highly pathogenic”) olanlar secilmistir. GRCh38.p7 insan genomunda hizalanmis

varyant bilgileri “tsv” uzuantili olarak “http://www.ncbi.nlm.nih.gov/variation/view/”dan her
kromozom icin ayri ayri indirilmistir. Varyantlardan pozisyonlari G-dértlisti pozisyonlari ile

cakisan varyantlar ‘deki kod betigi ile filtrelenmistir.

ClinVar varyasyon veri bankasina ek olarak TCGA veri bankasinda kanserlerle iliskilendirilmis
varyasyonlar sunulmaktadir. TCGA 45 ayn projeden elde edilmis ve kanser tipleri ile
iliskilendiriimis ~ varyasyonlari “https://portal.gdc.cancer.gov/”  adresinde  kullanicilara
sunmaktadir. (Grossman vd., 2016) TCGA veri bankasindan tim mutasyonlar ile ilgili veriler
“JSON” uzantih olarak indirilmis, ardindan ‘deki kod betigi ile sadece “5’UTR”, “3'UTR”,

“upstream”, “downstream” ve “intron” molekuler netice etiketi iceren mutasyonlar filtrelenip, “csv”

formatinda kaydedilmistir. G-dortllleri ile ¢cakisan varyasyonlar ‘deki kod betigi ile filtrelenmistir.

3.11 Varyasyonlarin secimi ve Dairesel Dikroizm ile varyasyon etkisi tespiti

G-dortluleri ile iligkilendirilmis varyasyonlarin yapi tzerine etkisinin ¢alisiimasi igin dzellikle kisa
G-dortlilerinde ve G-dortlulerinin i¢ kisminda gergeklesen varyasyonlar tercih edilmistir. Bu
amagcla G-dortlulerinin ilk ve son bazlarinda var olan varyasyonlar ile G-dortlisu olusturan
dizilerin boyutu 40 bazin tzerinde olanlar hari¢ tutulmustur. Referans genotip ile varyasyonlari
olusturan DNA dizileri 100 nmol skalada ve kartus ile saflastiriimis olarak temin edilmistir. Temin
edilen diziler 10mM Tris HCI (pH 7.5) ve 100 mM KClI ile 6nce 90 °C’de 10 dk inkube edilip, 16
saat boyunca oda sicakliinda sogumaya birakilmistir. Dairesel Spektrofotometre ile 350 nm ile



200 nm arasinda 0.1 nm veri araliklarinda 6lgiim yapilmistir. Varyantlara ait 6lgciimler referans
spektrumdan cikarilarak elde edilen egri alti alanin referans egri alti alanina bolinerek degisim

orantisal olarak hesaplanmistir.



4. BULGULAR

G-dortlulerinin analizi i¢in olusturulmus akis semasi ’'de gdsteriimis olup akis adimlarinin
bulgulari asagida basliklar altinda siralanmistir. Her adim igin yazilmis olan kod betigi Eklerde

listelenmis ve ilgili adim ile iligkilendirilmistir.

P Filogenetik agac
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Sekil . Proje akis semasi. Adimlar ile ilistirilmis kodlar su sekildedir. Adim 1:, yada . Adim 2: . Adim 3: ve . Adim 4: .
Adim 5: ve Glam2. Adim 6: . Adim 7: MAFFT. Adim 8:. Adim 9: . Adim 10: . Adim 11: .

4.1 Var olan ihtiyaclari gidermek amaciyla yeni algoritma gelistirilmesi

Proje kapsaminda G-dortlist tahmin algoritmalarinin kullanilarak insan genomundaki G-
dortlllerinin tahmini ilk adimi olusturmaktadir. Ancak bulgular var olan G-dortlist tahmin
algoritmalarinin yetersizligini ortaya koymustur. Bunlar 6zellikle G-dortlilerinini varsayilan

dokusuna uymayacak sekilde G-dizisi igerisinde ¢ikinti veya eksik guanin bazlar (Kaluzhny vd.,



2009; Mukundan ve Phan, 2013; Tomasko vd., 2009; Varizhuk vd., 2017) ve ilmik bdlgelerinin
beklenenden ¢ok daha ylksek uzunluklarda olabilecegine (Guédin vd., 2010b; Onel vd., 2016)
dair bulgular olmustur. Bu siradisi G-dortlileri géz o6ninde alinarak, G-dortlisid tahmini
algoritmalarinin eksikliklerini kapatmak amaciyla G4Catchall algoritmasi gelistirilmistir. () Bu
algoritmanin basarisini kiyaslamak amaciyla G-dortlist olusturup olusturmadigi biyofiziksel
yontemlerle tespit edilmis olan 392 dizi G4Catchall, quadparser (Huppert ve Balasubramanian,
2005b), G4Hunter (Bedrat vd., 2016) ve PQSF (Hon vd., 2017) algoritmalari ile analiz edilmistir.
Her algoritma i¢in dogru siniflandirma oranlari gercek pozitif orani (GPO) ve yanlis pozitif orani
(YPO) toplami olan Youden'in J-endeksi ile hesaplanmistir. () Quadparser, G4Hunter ve PQSF
algoritmalari en cok tercih edilen parametrelerinde test edilirken G4Catchall icin cesitli

parametreler kullanilarak en uygun parametrenin bulunmasi da hedeflenmistir.

Tablo . Kiyaslanan algoritmalarin degisik parametreler icin GPO, YPO ve Youden'nin J istatistik indeksleri.

Algoritma ve J-endeksi En yiiksek J-endeksi icin
parametreleri GPO |YPO |G..GQ icin|G.GQ icin|Azami
azami azami asiri
ilmik ilmik ilmik
G4C 0.83 0.99 |0.16 |6 3 =30
G2 + E3 +12BM
G4AC G2+E3+12B |0.88 0.97 |0.09 |=12 3 =30
G4C 0.81 0.97 |0.16 |=6 3,4 =30
G2 + E3 +11BM
G4AC G2+E3+1I1B |0.84 0.97 |0.13 | =8 4 =30
G4AC G2+ E3+10 0.82 0.95 |0.13 [=9 4 =30
G4C 0.82 0.98 |0.16 |6 2 =30
G2 + E2 + 12BM
GAC G2+ E2+12B |0.85 0.96 |0.11 (=7 2 =37
G4C 0.86 0.97 |0.11 | =6 2 =37
G2+ E2 +11BM
GAC G2+ E2+1I1B |0.85 0.96 |0.11 (=7 2 =37
G4C G2+ E2+10 0.84 0.95 |0.11 | =9 2 =37
G4AC G2 + E-I2BM 0.77 0.93 |0.16 [=9 3 -
G4C G2 + E-I2B 0.79 0.9 0.13 | =12 3,4 -
G4C G2 + E-I1BM 0.75 0.91 |0.16 [=9 3,4 -
G4C G2 + E-I1B 0.78 091 |0.13 |=12 4 -




Algoritma ve
parametreleri

G4C G2 + E-I0

G4C
G3 + E3 +12BM

G4C G3 + E3 +12B

G4C
G3 +E3 +I11BM

G4C G3+E3 +1I1B
G4C G3+E3+10
G4C G3 + E-I2ZBM
G4C G3 + E-I2B
G4C G3 + E-I1BM
G4C G3 +E-I1B
G4C G3 + E-I0

QP G::N.y,

QP G::N.s
G4Hw=20s=1.2
PQSF

Bulgular J-endeksi cinsinden en yiiksek basarinin 0.91 ile G4Catchall algoritmasi icinde G4C
G3+E3+12B ve G4C G3 +E3 +11B modelleri igcin gosteriimis olup, bu modellerin her
ikisindeki ortak parametreler 1. guanin tekrarlarinin en az 3 baz uzunlukta olmasi, 2. ilmik
bolgelerinden birinin asirt uzun olabilmesi, 3. sirasiyla, bir yada iki adet ¢ikinti bulunan guanin
tekrarini kabul etmeleri ve 4. guanin tekrarlarinda ¢ikinti haricinde eksik guanin igerenlerin
reddedilmesi oldugu goérulmektedir. Bu algoritmalarda ilmik bélgelerinin uzunluklarinin, sirasiyla,

12 ve 8 baza kadar olmalari ve asiri uzun ilmigin 30 baza kadar olmasi durumunda bu modeller

J-endeksi

0.76
0.83

0.91
0.87

0.91
0.82
0.77
0.83
0.81
0.84
0.76
0.85
0.76
0.73
0.88

GPO

0.89
0.96

0.93
0.92

0.91
0.82
0.9

0.85
0.86
0.84
0.76
0.99
0.81
0.90
0.97

YPO

0.13

0.13

0.02
0.04

0.13
0.02
0.04

0.18

0.16
0.09

icin azami J-endeksinin elde edildigi gorulmustir.

Bu parametreler kullanildiginda var olan algoritmalara kiyasla daha basarili sonuclarin elde

En yiiksek J-endeksi icin

G:.GQ
azami
ilmik

=12

icin

=14
=12
=13
30
30
n/a

n/a

G.GQ
azami
ilmik

4

30
n/a
n/a

n/a

edildigi de gosterilerek elde edilen bulgular yayinlanmistir. (Doluca, 2019)

4.2 insan genomlarinin taranmasi

icin

Azami
asir
ilmik

n/a
n/a
n/a

n/a



G4Catchall algoritmasinin G4C G3 + E3 + I1B kodlu modeli kullanilarak GRCh38.p7 strimli
referans genom Uzerinde yapilan analiz sonucu 795916 G-dortlisit olusturan dizi kesfedilmistir.
Dizilerin tamami http://homes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/ sitesinde

“completeGenome” klaséru altinda “G4List” dosya uzantili olarak ulasima acilmistir.

4.3 G-dortlulerin siniflandiriimasi

G-dortllleri tek bir ¢ boyutlu yapi olusturmamaktadirlar. G-dortllleri olusturan zincirlerin
yonlerine gore paralel, anti-paralel ve hibrid olmak Uzere veya ilmiklerin baglanma sekillerine
gore pervane, sandalye, sepet olmak Uzere ayrilabilirler. Bu yapisal farkliliklarin iki temel
kaynagi vardir, cevresel faktorler ve dizi farkliliklari. in vitro ortamda cevresel faktorlerin benzer
oldugu g6z o6niine alnirsa, en 6nemli faktor dizi farkliliklari olup, buna bagli olarak 3-boyutlu
sekilleri, ve dolayisi ile etkilesim gosterebilecekleri diger biyomolekuller de degdisim
gostereceklerinden, benzer yapida olan G-dortlilerin benzer fonksyonlara sahip olacag!
beklenmektedir. Gercekten, bu cesit yaklasim ile proteinler arasinda diziye bagl olarak
siniflandiriima ve fonksiyonlarin ortaya cikarilmasi mimkin olmaktadir. (Jensen vd., 2003)
Benzer sekilde G-dortlulerin yapisal ve dolayisi ile fonksiyonel benzerliklerinin ortaya ¢ikariimasi
icin dizilerine gore benzerlerin kesfi, gruplanmasi ve bilim dinyasina kazandiriimasi

gerekmektedir.

4.3.1 Benzerlik Matrisi Olusturulmasi
G-dortlulerinin  siniflandiriimasi igin her G-dortlist birbiri ile Smith-Waterman algoritmasi

kullanilarak kiyaslanmis ve kiyaslama puanlari ilgili dizilerin alabilece@i en yuksek degere
boltnerek bir benzerlik matrisi olusturulmustur. () Bu benzerlik matrisi olusturulurken, matris
blyuklugu nedeniyle belli bir esik degerin altindakiler 0 olarak alinmis, bu sayede var olan
bilgisayar hafizasinda tutulamayacak kadar biyik olmasinin dniine gegilmistir. Ortaya ¢ikan
matris “COQO” ya da “CSR” dosya uzantili olarak h5py python modull ile kaydedilmistir.
Boyutlari nedeniyle (>4.3 GB) matris dosyalarinin ulasima acilabilecedi sunucu kaynaklarina

ulasilamamistir.

4.3.2 Siniflarin olusturulmasi
Her G-dortlist benzerlik matrisinde bulunan benzerleri ile bir G-dortlisu sinifinin tyesi olabilir.

Bu siniflarin ortaya cikarilmasi bir topluluk kesfi (“community discovery”) problemi olarak
degerlendirilebilir. (Clauset vd., 2004) Bu amagcla G-dortlileri ydntem kisminda verildigi sekilde
CFinder benzeri bir algoritma ile siniflandinimistir. (Adamcsek vd., 2006) ilgili kod betigi 'de

bulunabilir. Siniflandirma sonucu


http://homes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/

“http://homes.ieu.edu.tr/odoluca/Archive/lHumanG4analysis/completeGenome/” adresinde

“G4clstr.7z” dosya uzantih olarak sikistirilarak kaydedilmis ve ulasima acilmistir.

4.3.3 Motiflerin bulunmasi
Kesfedilen G-dortlist siniflarini temsilen birer motif elde edilmesi ve elde edilen motiflerin dizi

logosu seklinde sunumlarinin olusturulmasi igin Glam2 yaziliminda yararlaniimistir. Glamz2 ile
diziler “meme” motif formatinda kaydedilmis ve ayrica gorsel olarak kolay anlasilir “png” dosya
uzantili dizi logolari ile beraber
“http://homes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/completeGenome/” adresinde
“HumanG4ClstrMotifs.7z” dosya ismi ile sikistiriimis olarak ulasilabilmektedir. Ayrica iki 6rnek

motif ayni klasoér altinda listelenmistir.

Toplamda 5261 G-dortlisu siniflandiriimis ve bu siniflarin kendi iglerindeki toplam varyasyon
69417 olarak kaydedilmistir. Bu varyasyon sayisi her grubun icerisindeki birbirinden farkli

dizilerin sayisini ifade ettigi not edilmelidir.

4.4 G-dortlilerinin genetik lokasyona gore filtrelenmesi

Tespit edilmis olan G-dortlulerinin bir kismi genler arasinda iken, bir kismi promotor, bir kismi
intron ve bir kismi eksonlarda bulunabilmektedir. G-dértlllerinin bulunduklari pozisyona goére
etkileri farkli olacaktir. Ozellikle G-dortlulerinin promotor ve UTR bdlgelerinde bulunanlarin
regulasyonda rol alabilecegdi gdsterilmistir. (Bay vd., 2017; Beaudoin ve Perreault, 2010; Bugaut
ve Balasubramanian, 2012; Jodoin vd., 2014; Onel vd., 2016; Siddiqui-Jain vd., 2002) Bu
amagla var olan NCBI ve Ensembl veritabanlarindaki anotasyon bilgileri kullanilarak sadece
promotor yada 5’'UTR yada 3'UTR bdlgelerinde var olan G-dortlileri segilmis ve secilen G-

dortlaleri ayri ayri “G4List” uzantili olarak kaydedilmistir.

4.5 Filogenetik agac olusturulmasi

Bu uc¢ farkh lokasyonda bulunan G-dortlileri kendi iclerinde daha ©Onceki calismamizda
gOsterdigimiz gibi filogenetik agac olusturularak benzerliklerine gére gruplanmistir. (O.1. Kaplan
vd., 2016) ilgili filogenetik adaclar MAFFT coklu dizi hizalama programi ile newick veri
formatinda, “tree” dosya uzantili olarak elde edilmistir. (Katoh vd., 2009; Katoh ve Standley,
2013) “http://homes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/regulatoryG4s/” adresinde

ulasima acilmistir.

4.6 Varyasyon taramasi ile hastaliklarla iliskilendirilmesi

Tespit edilmis varyasyonlardan hastaliklarla iligkilendiriimis olanlar blyik oranda protein

kodlayan bolgede bulunmaktadir. Bu bdlgelerde olan varyasyonlar G-doértlist yapisinda



degisiklik yapmaktan ziyade amino asit dizisinde degisim yaparak hastaliklarin molekiler
temelini olusturmaktadir. Bu nedenle 6zellikle protein kodlamayan bdlgedeki varyasyonlar,
promotor, 5’UTR ve 3'UTR bolgelerindeki varyasyonlar yada intron bdlgelerindeki varyasyonlar
G-dortlist yapisini bozarak regulasyon yada alternatif ugbirlestirmeyi etkilenmesine neden

olabilir.

G-dortlulerin ClinVar veritabani ile kiyaslanmasi sonucu 5375 varyasyon G-dortlisu igerisinde
bulunmasi nedeniyle yapisal degisim yolu ile etki gOsterebilecegini isaret etmektedir. Bu
varyasyonlar “http://homes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/completeGenome/”
adresinde ClinVar tarafindan iligkilendirilmis hastaliklar ile beraber “Clinvar_G4Variants.tsv”

dosyasinda ulasilabilmektedir.

G-dortlilerin TCGA veritabani ile kiyaslanmasi sonucu kanser tipleri ile iliskilendirilmis 12730
varyasyon G-dortlist igerisinde bulunmasi nedeniyle yapisal degisim yolu ile etki
gosterebilecegini isaret etmektedir. ilgili mutasyonlardan 210 tanesi 0.01'in altinda p-degeri
gostermektedir. ilgili mutasyonlar, iligkilendirilmis olduklari hastaliklar ve p-degerleri
“http://nomes.ieu.edu.tr/odoluca/Archive/HumanG4analysis/completeGenome/” adresinde

“GDC_DiseaseAssociatedG4Variants.tsv” dosyasinda ve ‘te ulasilabilmektedir.

Tablo . G-dértliisi olusturan dizilerde hastaliklarla iliskilendiriimis TCGA varyasyonlari ve iliskilendirildigi hastaliklar

varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chri:g.154963387delG Uterine Corpus Endometrial Carcinoma 10.15597  1.56E-24
chr10:g.47461391G>A Cholangiocarcinoma 3.523893 0.000213
chr9:g.69012836delG Uterine Corpus Endometrial Carcinoma 8.853031 4.26E-19
chr11:g.558069delG Stomach adenocarcinoma 7.277113 1.71E-13
chré:g.31541264delG Colon adenocarcinoma 6.202061 2.79E-10
chri:g.27306631delC Uterine Corpus Endometrial Carcinoma 7.117152 5.51E-13
chr3:8.185644590delGGG Uterine Corpus Endometrial Carcinoma 6.439626 5.99E-11
chr17:g.7260211delC Stomach adenocarcinoma 6.252684 2.02E-10
chr1:g.201216043delG Uterine Corpus Endometrial Carcinoma 5.875173 2.11E-09
chr19:2.49103493delC Uterine Corpus Endometrial Carcinoma 6.309077 1.40E-10
chr18:g.70326559delC Colon adenocarcinoma 5.667184 7.26E-09
chr21:2.33028236delG Uterine Corpus Endometrial Carcinoma 6.309077 1.40E-10
chr17:g.70178658delG Colon adenocarcinoma 6.4628 5.14E-11
chr11:g.113276836delG Uterine Corpus Endometrial Carcinoma 6.269857 1.81E-10
chrX:g.49881931delG Colon adenocarcinoma 6.558845 2.71E-11
chr8:g.115668684delC Uterine Corpus Endometrial Carcinoma 6.254488 1.99E-10
chr17:g.43400345delC Stomach adenocarcinoma 5.296869 5.89E-08
chr13:2.83881637delG Colon adenocarcinoma 4.890003 5.04E-07
chr3:8.43366832delC Uterine Corpus Endometrial Carcinoma 5.539918 1.51E-08



varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chr15:g.70079385delGGGCTGGG gj;ﬁ'ﬁi;f?.ﬂiﬁc;us cell carcinoma and endocervical 4.746703 1.03E-06
chr5:8.37752629_37752630insT Uterine Corpus Endometrial Carcinoma 5.101053 1.69E-07
chr17:g.39210647delG Cholangiocarcinoma 2.843806 0.002229
chr16:g.67828184delG Stomach adenocarcinoma 4.819627 7.19E-07
chrX:g.74304786delC Uterine Corpus Endometrial Carcinoma 3.741921 9.13E-05
chr7:8.72948857_72948858insC Head and Neck squamous cell carcinoma 3.813132 6.86E-05
chr12:8.79934965delG Uterine Corpus Endometrial Carcinoma 5.101053 1.69E-07
chré6:g.34022043T>C gzg’nigi:g;;nn:;us cell carcinoma and endocervical 3.89452  4.92E-05
chr22:2.39491058delC Colon adenocarcinoma 4.328531 7.51E-06
chr11:8.45649457G>T Uterine Corpus Endometrial Carcinoma 5.437186 2.71E-08
chr22:g.26433597delC Uterine Corpus Endometrial Carcinoma 4.594457 2.17E-06
chr5:g.141646589delC Colon adenocarcinoma 4.328531 7.51E-06
chr4:g.13484184delG Colon adenocarcinoma 5.87231  2.15E-09
chr15:g8.72346216delC Stomach adenocarcinoma 4903269 4.71E-07
chr9:2.88994233delC Colon adenocarcinoma 4989518 3.03E-07
chré6:g.38154374delG Uterine Corpus Endometrial Carcinoma 5.192727 1.04E-07
chr8:g.26291737delC Colon adenocarcinoma 5.510565 1.79E-08
chr1:g.23344301delC Uterine Corpus Endometrial Carcinoma 4.708559 1.25E-06
chrX:g.154021864delGG Uterine Corpus Endometrial Carcinoma 5.192727 1.04E-07
chr5:8.69369558G>A Skin Cutaneous Melanoma 4.830998 6.79E-07
chrX:g.64189800delC Colon adenocarcinoma 5.271162 6.78E-08
chr19:8.44759623delG Colon adenocarcinoma 3.681341 0.000116
chr9:g.20622296delC Uterine Corpus Endometrial Carcinoma 4.67985  1.44E-06
chré6:g.24357373delG Uterine Corpus Endometrial Carcinoma 4.67985  1.44E-06
chrX:g.49881949delG Colon adenocarcinoma 5.271162 6.78E-08
chr3:8.185644590delGGGG Uterine Corpus Endometrial Carcinoma 4.908608 4.59E-07
chr17:g.64897523C>T Thymoma 4.044793 2.62E-05

chr5:8.69369559G>A Skin Cutaneous Melanoma 4.666384 1.53E-06
chr22:g.38822064G>C Uterine Corpus Endometrial Carcinoma 4.908608 4.59E-07
chr1:g.43966517delG Uterine Corpus Endometrial Carcinoma 3.278065 0.000523
chr15:g.66703228delC Colon adenocarcinoma 5.083987 1.85E-07
chri1:g.22091681delC Cholangiocarcinoma 3.232049 0.000615
chr2:g.127865063delG Uterine Corpus Endometrial Carcinoma 4.354226 6.68E-06
chr1:g.244056658delC Colon adenocarcinoma 4567462 2.47E-06
chr3:g.189789735delG Colon adenocarcinoma 4567462 2.47E-06
chr8:g.141141415delG Stomach adenocarcinoma 4.437284 4.56E-06
chr18:g.46457315delG Uterine Corpus Endometrial Carcinoma 4.354226 6.68E-06
chr17:8.81166699delC Uterine Corpus Endometrial Carcinoma 4570787 2.43E-06
chr22:g.45200965delG Uterine Corpus Endometrial Carcinoma 4.354226 6.68E-06
chr2:g.219550422delG Uterine Corpus Endometrial Carcinoma 4.354226 6.68E-06
chr3:2.49108389delC Uterine Corpus Endometrial Carcinoma 4.181376 1.45E-05



varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chr19:g.53963064delC Kidney renal papillary cell carcinoma 4.289728 8.94E-06
chr19:g.17279140delG Uterine Corpus Endometrial Carcinoma 4.181376 1.45E-05
chr12:.54369973delG Thymoma 2.551119 0.005369
chr22:g.40323724T>G Sarcoma 3.515914 0.000219
chr14:g.77024793delC Uterine Corpus Endometrial Carcinoma 4.125398 1.85E-05
chrX:g.17635452delC Uterine Corpus Endometrial Carcinoma 4.156716 1.61E-05
chré6:g.31271541G>C Pancreatic adenocarcinoma 3.825946 6.51E-05
chr19:g.45765433delC Uterine Corpus Endometrial Carcinoma 3.558035 0.000187
chré6:g.21596484delC Colon adenocarcinoma 4.497621 3.44E-06
chr5:2.3601065delG Colon adenocarcinoma 2.893645 0.001904
chré6:g.43777706delG Uterine Corpus Endometrial Carcinoma 3.558035 0.000187
chr19:2.40215422delG Uterine Corpus Endometrial Carcinoma 4.156716 1.61E-05
chr16:g.2038416T>C Esophageal carcinoma 3.813159 6.86E-05
chr17:g.31374233delC Colon adenocarcinoma 2.893645 0.001904
chr20:8.49988448delA Thymoma 5.392139 3.48E-08
chr19:2.48391405delG Colon adenocarcinoma 4497621 3.44E-06
chr17:8.76390876_76390877insG  Stomach adenocarcinoma 2.778963 0.002727
chr12:g.51246272delA Ovarian serous cystadenocarcinoma 2.789973 0.002636
chr17:8.70178657_70178658insG  Colon adenocarcinoma 4.105688 2.02E-05
chr9:2.20622295_20622296insC Uterine Corpus Endometrial Carcinoma 3.841062 6.13E-05
chr19:g.7857287delG Cholangiocarcinoma 3.484173 0.000247
chr17:g.40089537delC Colon adenocarcinoma 3.950175 3.90E-05
chr17:g.7581557delG Colon adenocarcinoma 3.060388 0.001105
chr12:g.53380236_53380237insC  Colon adenocarcinoma 4.105688 2.02E-05
chr16:g.71853250delC Colon adenocarcinoma 4.105688 2.02E-05
chr11:2.32439480delG Colon adenocarcinoma 4.105688 2.02E-05
chr17:2.82101670delG Stomach adenocarcinoma 4.016426 2.95E-05
chr5:g.138465720delC Adrenocortical carcinoma 2.959737 0.00154

chr19:2.49860382delG Uterine Corpus Endometrial Carcinoma 3.841062 6.13E-05
chr19:g.11453791A>C Esophageal carcinoma 2.334594 | 0.009782
chr17:8.39658540delG Colon adenocarcinoma 3.060388 0.001105
chr2:g.130181854delC Colon adenocarcinoma 3.950175 3.90E-05
chr5:g.150053836delG Uterine Corpus Endometrial Carcinoma 3.627101 0.000143
chr19:g.45784220delG Stomach adenocarcinoma 2.951575 0.001581
chr19:2.41095983G>A Skin Cutaneous Melanoma 3.956451 3.80E-05
chr17:g.76081507delC Stomach adenocarcinoma 2.951575 0.001581
chr1:g.19338964delC Thymoma 2.698934 0.003478
chr2:g.121337954C>A Uterine Corpus Endometrial Carcinoma 3.841062 6.13E-05
chr17:g.28950997delC Stomach adenocarcinoma 3.638229 0.000137
chr17:g.7260210_7260211insC Rectum adenocarcinoma 2.768106 0.002819
chré6:g.139372513delG Cholangiocarcinoma 3.622573 0.000146
chr6:g.33316976delG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262



varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chr7:8.76981039delC Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr16:g.4258045delG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr21:g.45941731G>A Colon adenocarcinoma 3.199506 0.000688
chr12:g.54396134delC Esophageal carcinoma 2.509482 | 0.006045
chr1:g.2184898delC Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr8:g.139618246C>T Skin Cutaneous Melanoma 3.58025 0.000172
chrX:g.53233421delG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr7:g.100464092T>G ggg‘ggi;gﬁr:q?s cell carcinoma and endocervical 3535586 0.000203
chr19:g.10086909delC Colon adenocarcinoma 3.199506 0.000688
chr1:g.19665631_19665632insG Stomach adenocarcinoma 3.100133 0.000967
chr12:g.4911301delC Colon adenocarcinoma 3.199506 0.000688
chr14:g.63045228delG Stomach adenocarcinoma 3.100133 0.000967
chr19:g.1115966delG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr7:2.130368696G>A Uterine Corpus Endometrial Carcinoma 2.904788 0.001838
chrX:g.150768974delG Stomach adenocarcinoma 3.100133 0.000967
chr17:8.9917204delC Colon adenocarcinoma 3.199506 0.000688
chri18:g.14543388delC Colon adenocarcinoma 3.199506 0.000688
chr10:g.100330116delG Uterine Corpus Endometrial Carcinoma 2.904788 0.001838
chr13:2.30924495delG Stomach adenocarcinoma 3.100133 0.000967
chr12:g.53380237delC Colon adenocarcinoma 3.199506 0.000688
chr19:g.39539248delT Rectum adenocarcinoma 2.768106 0.002819
chr7:8.76626824C>T Esophageal carcinoma 4.417947 4.98E-06
chr17:g.31374738delG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr1:g.26467454delG Colon adenocarcinoma 3.724508 9.78E-05

chr17:g.39210647delGGG Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr4:g.26320982delG Colon adenocarcinoma 3.199506 0.000688
chr14:g.69380515delC Colon adenocarcinoma 3.199506 0.000688
chr2:g.232879425C>G Stomach adenocarcinoma 3.100133 0.000967
chr17:g.76390877delG Uterine Corpus Endometrial Carcinoma 2.904788 0.001838
chr17:8.42564370delG Colon adenocarcinoma 3.199506 0.000688
chr11:g.57235733C>T Uterine Corpus Endometrial Carcinoma 2.904788 0.001838
chr4:g.80197574delC Cholangiocarcinoma 3.622573 0.000146
chri:g.26467453_26467454insG Colon adenocarcinoma 3.199506 0.000688
chr1:8.27306630_27306631insC Uterine Corpus Endometrial Carcinoma 3.468687 0.000262
chr6:g.45422504A>C Mesothelioma 3.214366 0.000654
chr11:8.8682709G>A Skin Cutaneous Melanoma 3.58025 0.000172
chr8:g.8238357C>T Uterine Carcinosarcoma 3.657341 0.000127
chr1:g.35565746delC Esophageal carcinoma 2.697039 0.003498
chr11:g.120240309delG Colon adenocarcinoma 3.179065 0.000739
chr5:8.115177626G>A Cholangiocarcinoma 3.747161 8.94E-05

chré:g.36839389delC Esophageal carcinoma 2.697039 0.003498



varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chr5:g.155013811G>T Adrenocortical carcinoma 3.267873 0.000542
chri:g.244853186delG Esophageal carcinoma 2.697039 0.003498
chr19:g.43719965delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr11:g.124748369delC Stomach adenocarcinoma 3.097839 0.000975
chr19:g.10468482delC Esophageal carcinoma 2.697039 0.003498
chr16:g.1221731delG Stomach adenocarcinoma 3.097839 0.000975
chr1:g.58781646A>C Esophageal carcinoma 2.697039 0.003498
chr17:g.7244148delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr10:8.43373702G>A Rectum adenocarcinoma 2.940924 0.001636
chr7:g.127593805delG Colon adenocarcinoma 3.179065 0.000739
chr10:2.31319172delG Colon adenocarcinoma 3.179065 0.000739
chr19:g.55674124delC Stomach adenocarcinoma 3.097839 0.000975
chr22:g.26433575delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr16:g.28836524delG Colon adenocarcinoma 3.179065 0.000739
chré6:g.122997583delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chri:g.171591877delG Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr17:8.39210647delGG Cholangiocarcinoma 3.747161 8.94E-05

chr17:g.43014325delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr11:g.66287548delC Esophageal carcinoma 2.697039 0.003498
chr4:g.150584473delCC Esophageal carcinoma 2.697039 0.003498
chr16:2.81061072delG Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr19:g.5456798delG Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr16:g.71852754C>T Adrenocortical carcinoma 3.267873 0.000542
chr16:g.67828183_67828184insG  Acute Myeloid Leukemia 2.899826 0.001867
chr8:8.26291736_26291737insC Colon adenocarcinoma 3.179065 0.000739
chr4:g.144646631delC Stomach adenocarcinoma 3.097839 0.000975
chré6:g.32128212delC Esophageal carcinoma 2.697039 0.003498
chri:g.147625087T>G Rectum adenocarcinoma 2.940924 0.001636
chr7:g.100890416delG Esophageal carcinoma 2.697039 0.003498
chr3:g.108551081_108551082insC  Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr15:g.38253087delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr2:g.240450683delG Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr2:g.130764769delG Colon adenocarcinoma 3.179065 0.000739
chr7:g.44979054G>A Mesothelioma 3.361868 0.000387
chrX:g.49002243delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr12:g.123409111delC Sarcoma 2.48644  0.006451
chr19:2.40215421_40215422insG  Sarcoma 2.48644 | 0.006451
chr2:g.68042836G>A Breast invasive carcinoma 2.391528 | 0.008389
chr19:8.8697429G>A Rectum adenocarcinoma 2.940924 0.001636
chr15:g8.72346223G>A Rectum adenocarcinoma 2.940924 0.001636
chr15:g.90875734delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr12:g.123415629delC Colon adenocarcinoma 3.179065 0.000739



varyasyon iliskilendirilmis hastalik z-skoru p-degeri

chr16:g.1324898_1324899insG Esophageal carcinoma 2.697039 0.003498
chr14:g.104803072delGG Colon adenocarcinoma 3.179065 0.000739
chr19:8.4302399delC Esophageal carcinoma 2.697039 0.003498
chr14:g.104803078G>T Thymoma 3.029689 0.001224
chr1:g.156669283G>A Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chrX:g.153669898delG Colon adenocarcinoma 3.179065 0.000739
chr9:8.32635666delG Colon adenocarcinoma 3.179065 0.000739
chr7:g.135211535G>A Skin Cutaneous Melanoma 3.043251 0.00117

chr19:2.4501850G>A Colon adenocarcinoma 3.179065 0.000739
chr7:g.100485253delC Colon adenocarcinoma 3.179065 0.000739
chr5:8.140561802G>A Skin Cutaneous Melanoma 3.043251 0.00117

chr8:g.38969800delGGGA Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr9:g.35749255G>A Skin Cutaneous Melanoma 3.043251 0.00117

chr7:g.898850delC Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chrX:g.14730588A>G Uterine Carcinosarcoma 3.657341 0.000127
chri:g.244056657_244056658insC  Colon adenocarcinoma 3.179065 0.000739
chr12:g.4353864delG Thymoma 3.029689 0.001224
chr17:g.50135272A>T Rectum adenocarcinoma 2.940924 0.001636
chr12:g.53712157G>A Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chr19:g.44759622_44759623insG  Stomach adenocarcinoma 3.097839 0.000975
chr1:g.151291739delG Thymoma 3.029689 0.001224
chr19:2.38208007A>C Uterine Corpus Endometrial Carcinoma 2.938198 0.001651
chrX:g.64189799_64189800insC Ovarian serous cystadenocarcinoma 3.105637 0.000949
chr2:g.218985104delG Colon adenocarcinoma 3.179065 0.000739
chr22:g.37372755delC Thymoma 3.029689 0.001224

4.7 Varyasyonlarin secimi ve Dairesel Dikroizm ile varyasyon etkisi tespiti

Clinvar ve TCGA veritabanindaki varyantlar ile iligkilendirilmis olan G-dortlilerin varyasyona

bagl olarak yapisal degisimi var midir sorusunu cevaplamak icin 40 baz alti uzunlugunda

referans G-dortlisu olusturan diziler ve onlarin varyasyonlarini iceren diziler temin edilmistir. Bu

dizilerle G-dortlist olusturularak dairesel dikroizm ile dlgiim yapilmistir. Dairesel dikroizm ile

elde edilen spektrumlar o6lclilen G-dortlisine has olup, yapisal dedisimler spektrumda

degisimler olarak yansir. Bu degisimleri sayisal olarak ifade etmek i¢in herhangi bir varyasyon

ile referans spektrum birbirinden cikarilarak elde edilen spektrumun egri alti alani referans

spektrumun egri alti alanina bélindr. Varyasyonlar, referanslar ve degisim oranlari ‘da

listelenmistir. Yapisal degisimin en yuksek oldugu G¢ G-dértlisi ve alti varyasyonun etkisi 'te

gOsterilmistir.



Tablo . G-dértlisu varyantlari ve referans genotiplerinden spektrum degisimi. Spektrum degisim degerinin O olmasi
referans dizi anlamina gelmektedir. Tek niikleotid degisimlerinin alti ¢izilidir.

Varyant yada referans genotip Sekans (5’->3’) jzz::rmur‘

rs145483167_wt AGGGGTGGTGTGCGGAGTAGGGGTGGGTGGGGGGA 0
rs145483167A AAGGGTGGTGTGCGGAGTAGGGGTGGGTGGGGGGA 0.312
rs151344623_wt TGGGATCAGCGATGGTGCTGGGGGCCGGGCTGGGC 0
rs151344623G TGGGATCAGCGATGGTGCTGGGGGCGGGGCTGGGC 0.186
rs199422241 wt CGGGGCGGGAGGAGGCGGGGLCATCCCGGGGGL 0
rs199422241G CGGGGCGGCAGGAGGCGGGGCCATCCCGGGGGCL 0.307
rs199422256_wt CGGGCGGGCTGGTTGGGGGGAACGGGA 0
rs199422256C CGCGCGGGCTGGTTGGGGGGAACGGGA 0.587
rs199422257G CGCGTTGCGGAGGGTGGGCCTGGGAGGGGTGGTGGC 0.242
rs199422259 wt CGGGTTGCGGAGGGTGGGCCTGGGAGGGGTGGTGGC 0
rs199422259delCCACCAC CGGGTTGCGGAGGGTGGGCCTGGGAGGGC 0.122
rs267606869_wt CGGGGCGGCGGGGGCGCTCTAGGGC 0
rs267606869C CGGGGCGGCGGGGGCGLCTCCAGGGC 0.315
rs397515893_wt TGGGTGGGGGCCGCAGGGAAGTGGC 0
rs397515893T TGGGTGGGGGCTGCAGGGAAGTGGC 0.34
rs587779182_wt CGGGGGACGTGGGAGGGGAGGCGGGA 0
rs587779182delTG CGGGGGACGGGAGGGGAGGCGGGA 0.161
rs6467_wt AGGAGGTGGGGGCTGGAGGGTGGGA 0
rs6467A AGGAGITGGGGGCTGGAGGGTGGGA 0.319
rs6467G AGGAGCTGGGGGCTGGAGGGTGGGA 0.3
rs724159980_wt CGGGGGGGCATCGCCGCGGGCCCGGGA 0
rs724159980delCCinsA CGGGGGTCATCGCCGCGGGCCCGGGA 0.53
rs748749585_wt AGGGCCTGGGGTGGGGGGGT 0
rs748749585A AGGGCCTGGGGTAGGGGGGT 0.403
rs748749585C AGGGCCTGGGGTCGGGGGGT 0.367
rs748749585T AGGGCCTGGGGTTGGGGGGT 0.223
rs77888940_wt AGGGCGGGGGGGGGGGGGGL 0
rs77888940G AGGGCGGGGGGGGGGGGLGC 0.076
rs786204005_wt AGGGTGGGGCAGGGAGCATCAGGGGGC 0
rs786204005delAG AGGGTGGGGCAGGGAGCATCGGGGC 0.244
rs794726664_wt CGGGTGGAAGGGGTCAGGGCAGCTGGGGTCTGGGGC 0
rs794726664G CGGGTGGAAGGGGTCGGGGCAGCTGGGGTCTGGGGC 0.78
rs863223308_wt TGGGGGTGAGGGTGGCGCCAGGGGT 0
rs863223308G TGGGGGTGACGGTGGCGCCAGGGGT 0.449
rs864622197_wt TGGAGGGGCCGGGGGAGAGGGAGAGAGAGGGC 0
rs864622197T TGGAGGGGCTGGGGGAGAGGGAGAGAGAGGGC 0.251
rs879254284_wt AGGTGCGGGGCCGCGGAGGGCAGGGT 0
rs879254284A AGGTGCAGGGCCGCGGAGGGCAGGGT 0.394
rs879254284C AGGTGCCGGGCCGCGGAGGGCAGGGT 0.566
rs879254645_wt TGCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGT 0



Varyant yada referans genotip

Sekans (5’->3’)

Spektrum

degisimi
rs879254645del22 TGGGGGCGGGGCGT 0.543
rs879254647dupT TGCGGTATIGGGCGGGGCCAGGGTGGGGGCGGGGCGT 0.057
rs879254821_wt TGGGTGAGCACGGGAAGGCGGCGGGTGGGGGC 0
rs879254821A TGGGTGAACACGGGAAGGCGGCGGGTGGGGGC 0.141
rs879254821C TGGGTGACCACGGGAAGGCGGCGGGTGGGGGC 0.162
c1+154963385-154963417 TGGGGGGGGCGGGTGTTGAGAGGGGTCTGGGA 0
c1+154963386insG TGGGGGGGGGCGGGTGTTGAGAGGGGTCTGGGA 0.494
c1+154963387delG TGGGGGGGCGGGTGTTGAGAGGGGTCTGGGA 0.391
c1+154963387delGG TGGGGGGCGGGTGTTGAGAGGGGTCTGGGA 0.345
c10+47461192-47461219 AGGGACCCACATGGGCCAGGGCGGTGC 0
c10+47461194G>T ATGGACCCACATGGGCCAGGGCGGTGC 0.375
c10-47461385-47461413 CGGGCGCGCGGGGGCGGGLGLCGLGGGGL 0
¢10-47461386insCCCCGCGCGCCCGC CGGGCGCGCGGGGGCGGGCGCGCGGGGGCGGGCGCGCGGGGL 1.586
c10-47461391G>A CGGGCGCGCGGGGGCGGGLGLCGIGGGGL 0.922
c10-47461401C>G CGGGCGCGCGGGLGCGGGCGCGCGGGGL 0.573
c1-27306383-27306410 AGGGGCTGGGGACCAGGGCTGGAGGGT 0
¢1-27306409C>G ACGGGCTGGGGACCAGGGCTGGAGGGT 0.344
c1-27306409C>T AAGGGCTGGGGACCAGGGCTGGAGGGT 0.499
c1-27306617-27306646 AGGAGATGGGGGGGGGCATATGGAGGGGT 0
¢1-27306630insC AGGAGATGGGGGGGGGGCATATGGAGGGGT 0.11
c1-27306631delC AGGAGATGGGGGGGGCATATGGAGGGGT 0.228
c1-27306642C>A AGGATATGGGGGGGGGCATATGGAGGGGT 0.224
c1-27307237-27307264 TGGGATGGGAAGGAGGGCAGAAAGGGC 0
c1-27307262C>T TGAGATGGGAAGGAGGGCAGAAAGGGC 0.814
¢1-27307505-27307533 AGGGGAAGCAGGGAGGGAGAGAGGGGGA 0
c1-27307507delC AGGGGAAGCAGGGAGGGAGAGAGGGGA 0.093
c18-70326547-70326571 TGGGCGGGGGGGGCATTGAGGAGA 0
¢18-70326558insC TGGGCGGGGGGGGGCATTGAGGAGA 0.151
¢18-70326558insCC TGGGCGGGGGGGGGGCATTGAGGAGA 0.129
¢18-7032655%delC TGGGCGGGGGGGCATTGAGGAGA 0.124
c18-70326567G>C TGGGGGGGGGGGGCATTGAGGAGA 0.217
c3+185644588-185644617 TGGGGGGGGGGGGGTGCGTAGATACGGGA 0
c3+185644589T>G GGGGGGGGGGGGGGTGCGTAGATACGGGA 0.154
c3+185644590delGG TGGGGGGGGGGGTGCGTAGATACGGGA 0.059
c3+185644590delGGG TGGGGGGGGGGTGCGTAGATACGGGA 0.112
c3+185644590delGGGG TGGGGGGGGGTGCGTAGATACGGGA 0.217
c3+185644595G>A TGGGGGAGGGGGGGTGCGTAGATACGGGA 0.15
c3+185644613C>T TGGGGGGGGGGGGGTGCGTAGATATGGGA 0.059
c3+185645294-185645322 TGGGGGGCGGGAGGCGGGGCTCGGTGGT 0
c3+185645296delG TGGGGGCGGGAGGCGGGGCTCGGTGGT 0.135
c3+185645302C>T TGGGGGGIGGGAGGCGGGGCTCGGTGGT 0.07



Spektrum

Varyant yada referans genotip Sekans (5’->3’) degisimi

¢3-185645343-185645365 AGGGGCCGAGGAGGGGCGGGGA 0
c3-185645349G>A AGGGGCCGAGGAGGGGIGGGGA 0.191
¢3-185645358C>G AGGGGCCCAGGAGGGGCGGGGA 0.264
c3-185645359G>A AGGGGCTGAGGAGGGGCGGGGA 0.238
€9+69012834-69012862 TGGGGGGGGGTGAGGGAGCAGCTGGTGT 0
c9+69012836delG TGGGGGGGGTGAGGGAGCAGCTGGTGT 0.122
€9+69012836delGG TGGGGGGGTGAGGGAGCAGCTGGTGT 0.261
c9+69012839%insCA TGGGGCAGGGGGTGAGGGAGCAGCTGGTGT 0.42
€9-69012969-69012993 TGGTGGTTTGGGGGATGGGAGGGT 0
€9-69012980C>G TGGTGGTTTGGGGCATGGGAGGGT 0.403

€9-69012982C>T TGGTGGTTTGGAGGATGGGAGGGT 0.855



1 — €1-27307237-27307264
144 €1-27307262C>T
134

Ellipticity
N ow s

14 2

ol : N ot P e et
-1 AW

21

210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
Wavelength [nm]

124
11
107 — €10-47461386insCCCCGCGCGCCCGC
9 €10-47461391G>A
3 — c10-47461401C>G
8 — c10-47461385-47461413
73
6
5]
2
3]
2z
52
g
w Mo St bena i " %y
T T T T T T T T T T 1
250 260 270 280 290 300 310 320 330 340 350

Wavelength [nm]

14
" [/‘\
-

Sekil . Spektrum degisimi orani 0.8 lzerinde olan varyantlar ve referanslarin dairesel dikroizm spektrumlari



5. TARTISMA/SONUC

Calismalarimizin ilk adiminda G-dortlisi tahmini igin bilinen G-dortlilerine karsi var olan
algoritmalardan daha yliksek hassasiyet ve J-endeksi gosteren yeni bir algoritma yazilmistir. Bu
algoritma uluslararasi BIONIC Biology of non-canonical nucleic acids: from humans to
pathogens sempozyumunda sunulmus ve SCI endekli Journal of Theoretical Biology dergisinde
yayinlanmistir. Bu algoritmanin python kodu olarak https://github.com/odoluca/G4Catchall ve
ayrica cevrimi¢ci ara¢ olarak homes.ieu.edu.tr/odoluca/G4Catchall adresinde kullanima
sunulmustur. Bu algoritmanin yardimi ile insan genomundaki G-dértlileri de listelenmis ve
homes.ieu.edu.tr/odoluca/Archive adresinde ulasilabilmektedir. Bu yazihm ile diger canli

turlerinin genomlari igin de benzer tarama yapiimasini mimkin kilmaktadir.

G-dortlulerinin siniflandiriimasi ile 5000'in Uzerinde ¢ok genis G-dortlisu aileleri kesfedilmis olup
bu G-dortlist ailelerinin taranmasini kolaylastirmak adina motif dosyalari yukaridaki adreste
ulasima acilmistir. G-dortltleri motiflerinin belirlenmesi ve siniflandiriimasi ile bu G-dértlilerinin
iliskilendirilmis oldugu genlerin de benzer fonksiyona sahip yolaklarda bulunmasi olasidir. Bu
iliskilendirmenin somut olarak ortaya konulmasi hangi G-dortlilerinin regulasyonda rolleri
oldugunu da ortaya koyacaktir. Bu baglamda yaptigimiz calismalar 6ncl verileri saglayip, hedef

gosterilmesi acisindan 6nem tasimaktadir.

Ayni zamanda buldugumuz G-ddrtlileri patojenik varyantlarla iliskilendirilmistir. Protein kodlayan
bolgelerdeki varyantlarin birincil etkisinin protein seviyesinde zaten gorilebilecek olmasindan
dolay! tim patojenik varyantlardan sadece promotor, UTR yada intron bdlgelerinde olanlar
Ozellikle 6n planda incelenmistir. Cunkid bu bolgelerde olusan varyasyonlarin etkisinin G-
dortlisiiniin olusabildigi DNA yada RNA seviyesinde olmasi beklenir. Bu varyantlarin ¢akistigi
G-dortllleri tespit edilmis ve bu varyasyonlarin G-dortlisinin yapisinda bir etkisinin olup
olmayacagl dairesel dikroizm spektrometre ile Olgimlenmistir. Test edilen 58 varyantin
bircogunda yapisal degisim asgari kalmis iken, 6zellikle guanin tekrarlarinin etkilenmesi
beklenildigi gibi yapisal bozulmayi en cok tetikleyen mutasyon olmustur. Her nekadar ilmik
bolgelerindeki dedisimler yapiyr az oranda etkilemis olsa da buradaki degisimler, varsa,
baglanan proteinler ile olan etkilesimi dedgistirebilir. Ancak bu etkilesimdeki degisimin
gozlemlenmesi icin 6ncelikle baglanan proteinlerin kesfedilmesi gereklidir. Yapisal bozulmasina
bagl hastaliklarin gorildagu G-dértlilerini baglayan proteinler hiicre ekstraktlarindan gekilerek

tespit edilirse, bu hastaliklarin mekanizmasinin anlasilmasinda énemli bir adim atilmis olur.



Test edilen 58 varyant icerisinde yiksek z-skoru gosterenler (z>3.0) ve onlarin neden oldugu
spektrum degisimleri gbz 6niine alindiginda spektrum degdisim miktarinin degiskenlik gosterdigi,
buna ragmen G-dortlilerinde olusan mutasyonlarin hastaliklara yol actigr yorumlanabilir. () Bu
durum G-dortlllerindeki ufak yapisal dedisimlerin bile icerisinde olduklari etkilesimlerin
degistirdigini gostermektedir. Ozellikle DNAnin G-dortliisii  yapisina dénmesinin yeterli
olmadiginin, bu yapinin etkilesim icerisinde oldugu proteinlerin baglanma kararhliklarinin
etkilendigi seklinde yorumlanabilir. Bu durum da G-dortlilerinin etkilerinin sadece yapiya bagli

degil, G-dortltsu ile proteinler arasindaki etkilesime bagl oldugunu desteklemektedir.

Tablo . Z-skoru 3.0'Un dstinde olup test edilen varyantlari ve spektrum degisimleri.

Spektrum
Varyasyon Hastalik z-score p-degeri degisimi
chr1:g.154963387delG Uterine Corpus Endometrial Carcinoma 10.15597 1.56E-24 0.391
chr10:8.47461391G>A Cholangiocarcinoma 3.523893 0.000213 0.922
chr1:g.27306631delC Uterine Corpus Endometrial Carcinoma 7.117152 5.51E-13 0.228
chr1:8.27306630_27306631insC Uterine Corpus Endometrial Carcinoma 3.468687 0.000262 0.11
chr18:g.7032655%9delC Colon adenocarcinoma 5.667184 7.26E-09 0.124
chr3:g.185644590delGGG Uterine Corpus Endometrial Carcinoma 6.439626 5.99E-11 0.112
chr3:8.185644590delGGGG Uterine Corpus Endometrial Carcinoma 4.908608 4.59E-07 0.217
chr9:2.69012836delG Uterine Corpus Endometrial Carcinoma 8.853031 4.26E-19 0.122

Kisaca, bu proje kapsaminda gelistirilen biyoenformatik yontemler ve araclar ile G-doértlulerinin
kiyaslanmasi icin yeni bir yontem silsilesi gelistirilmis ve diger organizmalarda benzer analizlerin
yapilmasi i¢in 6énciliuk edilmistir. Ayrica hastaliklarla iliskilendirilmis G-dortlilerinin hedeflenerek
tedavi stratejilerinin gelistiriimesinin 6nd aciimistir. Bu amacla bir proje basvurusu daha
gerceklestiriimis olup, yapisal degisimi tespit edilmis ve regllasyondan sorumlu bolgede
bulunan G-dértlulerinin hedeflenmesi amaclanmaktadir. Ek olarak, bu calismanin sonucunda
motiflerin ortaya cikariimasi ile, belli G-dértlilerini hedefleyen, yapica secici ilaglarin hangi
genleri yada genomun hangi noktalarini etkileyebilecegini tahmin etmek kolaylastiriimistir. Bu

baglamda G-dortlulerine yonelik ilaglarin etki alaninin tahmin edilmesi mimkun olacaktir.



Ekler

Ek . Quadparser algoritma kodu

#1/usr/bin/python

import re

import sys

import string

import argparse

parser = argparse.ArgumentParser(description="""

MODIFICATIONS

Output will now include each G4 sequence and its sequence on the + strand.
These
sequences will include one additional base in each direction.

Included ReverseComplement() function.
ReverseComplement() is modified to reverse Ns. This is necessary for G4s
flanking poly-Ns.

DESCRIPTION

Search for matches to a regex in a fasta file and return a bed file with
the
coordinates of the match and the matched sequence itself.

with defaults, quadparser.py searches for putative quadruplexes on
forward
and reverse strand using the quadruplex rule described at
http://en.wikipedia.org/wiki/G-
quadruplex#Quadruplex prediction_techniques.

The defualt regex is '([gG]{3}\w{1,7}){3,}[96]1{3}' and its complement
produce the same output as in http://www.quadruplex.org/?
view=quadbaseDownload

Output bed file has columns:

Name of fasta sequence (e.g. chromosome)
. Start of the match

End of the match

ID of the match

Length of the match

. Strand

. Matched sequence

NoohWNR

Note: Fasta sequences are read in memory one at a time. Also the bed
file
of of the matches are kept in memeory.

EXAMPLE:
## Test data:
echo '>mychr' > /tmp/mychr.fa
echo 'ACTGnACTGNACTGNTGAC' >> /tmp/mychr.fa

quadparser.py -f /tmp/mychr.fa -r 'ACTG'




mychr 0 4 mychr_0_4 _for 4 + ACTG
mychr 5 9 mychr_5_9_for 4 + ACTG
mychr 10 14 mychr_10_14_for 4 + ACTG
mychr 15 19 mychr_15_19 rev 4 - TGAC
1s /tmp/mychr.fa | quadparser.py -f - -r 'A\w\wGn'
mychr 0 5 mychr_0_5 for 5 + ACTGn
mychr 5 10 mychr_5_10_for 5 + ACTGn
mychr 10 15 mychr_10_15_for 5 + ACTGn
DOWNLOAD

quadparser.py is hosted at http://code.google.com/p/bioinformatics-misc/
TODO

- Better handling of forward and reverse matches (i.e. other than
complementing
the forward regex?).
- Read sequence from stdin ('less myseq.fa | quadparser.py -f - ...").
" formatter_class=argparse.RawTextHelpFormatter)

parser.add_argument('--regex', '-r',

type=str,

help='"'"'Regex to be searched in the fasta input.
Matches to this regex will have + strand. This string passed to python
re.compile(). The default regex is '([gG]{3}\w{1,7}){3,3}[9G]{3}' which
searches
for G-quadruplexes.

default="\w{1}([96]{3, \w{1,7}){3, }[961{3, N\w{1}')

parser.add_argument('--regexrev', '-R',

type=str,

help='"''The second regex to be searched in fasta input.
Matches to this regex will have - strand.
By default (None), --regexrev will be --regex complemented by replacing
'actguACTGU' with 'tgacaTGACA'. NB: This means that [a-zA-Z] will be
translated
to [t-zT-Z] and proteins are not correctly translated.

default=None)

parser.add_argument('--fasta', '-f',

type=str,

help='"'"'Input file in fasta format containing one or
more
sequences. Use '-' to get the name of the file from stdin

4
required=True)

parser.add_argument('--noreverse',
action='store_true',
help='"''Do not search the reverse (-) strand. I.e. do




not use
the complemented regex (or --regexrev/-R). Use this flag to search protein
sequences. )

args = parser.parse_args()

""" Reverse forward match """
intab = 'actguACTGU'
outtab = 'tgacaTGACA'
if args.regexrev is None:
transtab string.maketrans(intab, outtab)
regexrev args.regex.translate(transtab)
else:
regexrev = args.regex

if args.fasta == '-':
args.fasta = sys.stdin.readlines()
if len(args.fasta) > 1:
sys.exit('\nquadpareser.py: Only one input file at a time can be
processed:\n--fasta/-f: %s\n' % (args.fasta))
args.fasta = args.fasta[0].strip()

[ Functions J----------ccmmmme e

# modification: reverse complement function.
def ReverseComplement(seq):

seql = 'ATCGNTAGCNatcgntagcn'

seg_dict = {seql[i]: seql[i + 5] for i in range(20) if i < 5 or 10 <= 1i
< 15}

return "".join([seq_dict[base] for base in reversed(seq)])

e LIST SORTER

Code to sort list of lists

see http://www.saltycrane.com/blog/2007/12/how-to-sort-table-by-columns-in-
python/

import operator

def sort_table(table, cols):
""" sort a table by multiple columns
table: a list of lists (or tuple of tuples) where each inner 1ist
represents a row
cols: a list (or tuple) specifying the column numbers to sort by
e.g. (1,0) would sort by column 1, then by column 0
for col in reversed(cols):
table = sorted(table, key=operator.itemgetter(col))
return (table)
o END of SORTER




re.compile(args.regex)
re.compile(regexrev)

psq_re_f
psg_re_r

ref_seq_fh = open(args.fasta)

ref_seq = []

line = (ref_seq_fh.readline()).strip()

chr = re.sub('~r>", '', line)

line = (ref_seq_fh.readline()).strip()

gquad_list = []

while True:

while line.startswith('>') is False:

ref_seq.append(line)
line = (ref_seq_fh.readline()).strip()

if line == '':
break
ref_seq = ''.join(ref_seq)
for m in psq_re_f.finditer(ref_seq):
#quad_id = str(chr) + '_' + str(m.start()) + '_' + str(m.end()) +

' for'
gquad_list.append([chr, m.start(), m.end(), len(m.group(0)), '+',
m.group(0),
m.group(0)]) # modification: added sequence
again
if args.noreverse is False:
for m in psqg_re_r.finditer(ref_seq):
#quad_id = str(chr) + '_' + str(m.start()) + '_' + str(m.end())
+ '_rev'
gquad_list.append([chr, m.start(), m.end(), len(m.group(0)),
'-', m.group(0),
ReverseComplement(m.group(0))]) #
modification: added reverse complement
chr = re.sub('~>", '', line)
ref_seq = []
line = (ref_seq_fh.readline()).strip()
if line == '":
break

gquad_sorted = sort_table(gquad_list, (0, 1, 2, 3))

for line in gquad_sorted:

line = "\t'.join([str(x) for x in line])
print (line)
sys.exit()

Ek . G4Hunter algoritma kodu

#l/usr/bin/python




mirrn

<G4Hunter - a program to search quadruplex-forming regions in DNA.>
Copyright (C) <2012> <Bedrat amina supervised by Dr.Jean Louis
Mergny>

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY, without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. If not, see <http://www.gnu.org/licenses/>.

miin

import os, re, sys, getopt
import time

import shutil

import numpy as np

from matplotlib import pyplot
import matplotlib.pyplot as plt
from Bio import SeqIO

def main(argv):

if not argv:
sys.stdout.write("Sorry: you must specify at least an argument\n")
sys.stdout.write("More help avalaible with -h or --help option\n")
sys.exit(1)

inputfile = "'
outputfile = "'
try:
opts, args = getopt.getopt(argv,"hf:o:w:s:",
["help", "ffile=", "ofile="])
except getopt.GetoptError:
print '\e33[1m' +'python G4Hunter.py -f <inputfile> -o
<outputrepository> -w <window> -s <score threshold>\n'+'\033[0;0m'
sys.exit(1)

for opt, arg in opts:
if opt in ('-h',"--help"):

print  '\0@33[Im"' +'\t ----------iiia '+'\033[0;0m'
print '\0@33[1m' +'\n\t Welcome To G4Hunter :'+'\033[0;0m'
print '\@33[1Im" +'\t ----------imeaa o '+'\033[0;0m’

print 'G4Hunter takes into account G-richness and G-skewness of a
given sequence and gives a quadruplex propensity score as output.'

print 'To run G4Hunter use the commande line: \n'

print '\@33[1m' +'python G4Hunter.py -f <inputfile> -o
<outputrepository> -w <window> -s <score threshold>\n'+'\033[0;0m'

sys.exit()




elif opt in ("-f", "--ffile"):
inputfile= arg

elif opt in ("-0", "--ofile"):
outputfile = arg
elif opt in ("-w", "--wind"):

window = arg

elif opt in ("-s", "--score"
score = arg

return inputfile, outputfile, int(window), float(score)

#calcule le score de chaque base dans un fichier qui peut contenir plusieur
sequences fasta

#le fichier doit comporter la nom de la seq + la sequence en une seul ligne
donc pas de \n ou \r

class Soft(object):

def _ init (self):
pass

def ReadFile(self,Filein):
ListSeq, LHeader=[], []
for record in SeqIO.parse(Filein, "fasta")
LHeader .append(record.description)
ListSeq.append(record.seq)
return LHeader,ListSeq

def ReadSeq(self, Segs):
ListSeq, LHeader=[],[]
for record in SeqIO.parse(Seqs, "fasta")
LHeader .append(record.description)
ListSeq.append(record.seq)
return LHeader,ListSeq

def GFinder(self,Filein, k):

LHeader, ListSeq=self.ReadFile(Filein)

LSeq, LNumber, LScoreSeq, SeqLine=[],[]1,[],""

for i in range(len(ListSeq))
Sequence, liste=self.BaseScore(ListSeq[i])
LSeq.append(Sequence)
LScoreSeq.append(self.CalScore(liste, k))
LNumber .append(liste)

return LScoreSeq, LSeq , LNumber, LHeader

def BaseScore(self,line):
item, liste=0, []
#calcule le item de chaque base et la stock dans liste
while ( item < len(line)):
#a la fin d une sequence il est possible d avoir des GGG dans
se cas
# on verifie si la secore+li<len(line) car il ya un deuxieme G
#et
if (item < len(line) and (line[item]=="G" or line[item]=="g")):
liste.append(1)
#print liste
if(item+1< len(line) and (line[item+1]=="G" or




line[item+1]=="g")):
liste[item]=2
liste.append(2)
if (item+2< len(line) and (line[item+2]=="G" or
line[item+2]=="g")):
liste[item+1]=3
liste[item]=3
liste.append(3)
if (item+3< len(line) and (line[item+3]=="G" or
line[item+3]=="¢g")):
liste[item]=4
liste[item+1]=4
liste[item+2]=4
liste.append(4)
item=item+1
item=item+1
item=item+1
item=item+1
while(item < len(line) and (line[item]=="G" or
line[item]=="9g")):
liste.append(4)
item=item+1

elif (item < len(line) and (line[item]=="T" or line[item]=="A"
or line[item]=="t" or line[item]=="a" or line[item]=="U"or line[item]=="u"
or
line[item]=="-" or line[item]=="N"
or line[item]=="_" or line[item]=="Y"
or line [ltem] =="W" or
liHE[item]::"R" or
line[item]=="K" or line[item]=="M"or
line[item]=="S" or line[item]=="B"
or line[item]=="V"or
line[item]=="D"or line[item]=="H"or line[item]=="N")):
liste.append(0)
item=item+1

elif(item < len(line) and (line[item]=="C" or line[item]=="c")):
liste.append(-1)
if(item+1< len(line) and (line[item+1]=="C" or
line[item+1]=="c¢c" )):
liste[item]=-2
liste.append(-2)
if (item+2< len(line) and (line[item+2]=="C" or
line[item+2]=="c" )):
liste[item+1]=-3
liste[item]=-3
liste.append(-3)
if (item+3< len(line) and (line[item+3]=="C" or
line[item+3]=="c" )):
liste[item]=-4
liste[item+1]=-4
liste[item+2]=-4
liste.append(-4)
item=item+1
item=item+1
item=item+1




item=item+1
while(item < len(line) and (line[item]=="C" or
line[item]=="c")):
liste.append(-4)
item=item+1

else:
item=item+1 #la fin du la ligne ou y a des entrers
return line, liste

def CalScore(self,liste, k):
Score_Liste=[]
#calcule de la moynne des scores pour toutes les sequences - les
derniers k bases
for i in range (len (liste)-k):
j,Sum=0,0
while (j<k):
Sum=Sum+liste[i]
j=j+1
i=i+l
Mean=Sum/float (k)
Score_Liste.append(Mean)
return Score_Liste

def plot2(self,liste, repert):
# make a little extra space between the subplots
plt.subplots_adjust(wspace=1.0)
dt = 1
t = np.arange(0, len(liste), dt)
figure= plt.figure()
plt.plot(t, liste, 'b-"')
plt.x1lim(@,len(liste))
plt.xlabel('Position (ntS)")
plt.ylabel('Score')
plt.grid(True)
figure.savefig(repert+'Score_plot.pdf', dpi=figure.dpi)

# modification: reverse complement function.
def ReverseComplement(self,seq):
seql =
' ATCGNWMKRYSVBHDat cgnwmkrysvbhdTAGCNWKMYRSBVDHtagcnhwkmyrsbvdh'
seq_dict = {seql[i]: seql[i + 30] for i in range(30)}
return "".join([seq_dict[base] for base in reversed(seq)])

def GetG4(self,line,liste, Window, k, header, Len ):

LG4=[]

SEQ=">"+header+"\n Start \t End \t Sequence\t Length \t Score\n"

for i in range(len(liste))

if (liste[i]>= float(Window) or liste[i]<= - float(Window)):

seq=line[i:i+k]
LG4 .append(1i)

return LG4

def WriteSeq(self,line,liste, LISTE,header, F, Len ):
i, k,I=0,0,0




a=b=LISTE[1i]
MSCORE=[]
if (len(LISTE)>1):
Cc=LISTE[i+1]
while (i< len(LISTE)-2):
if(c==b+1):
k=k+1
i=i+l
else:
I=T+1
seq=line[a:a+F+k]
sequence, liste2=self.BaseScore(seq)
self.wWrite( a, k ,F,0, seq ,len(seq) ,
round(np.mean(liste2),2), header,"")
MSCORE. append(abs(round(np.mean(liste2),2)))
k=0
i=i+1
a=LISTE[i]
b=LISTE[i]
Cc=LISTE[i+1]
I=T+1
seq=line[a:a+F+k+1]
sequence, liste2=self.BaseScore(seq)
self.wWrite( a, k ,F,1, seq ,len(seq) ,
round(np.mean(liste2),2),header,"")
MSCORE . append(abs(round(np.mean(liste2),2)))
return MSCORE

def write(self, i, k ,F,X, seq ,long, score, source, strand):
if score<0:

strand="-"

G4sequence=self.ReverseComplement(seq)
else:

strand="+"

G4sequence = seq
LINE=str(source)+"\t"+str(i)+"\t"+str(i+k+F+X)+"\t"+str(long)
+"\t"+str(strand)+"\t"+str(seq) +"\t"+str(G4sequence)+"\t" #+str(score)

print(LINE)
#Len dans le cas ou la sequence fini avec des ----- donc il yaura une
erreur
if __name__ == "__main__":
inputfile, outputfile , window, score = main(sys.argv[1l:])
#::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

fname=inputfile.split("/")[-1]
filefasta=fname.split(".")
filein=open(inputfile, "r")

startTime = time.time()
softl=Soft()
ScorelListe, DNASeq, NumListe, HeaderListe=softl.GFinder(filein, window)
for i in range(len(DNASeq)):
G4Seq=softl.GetG4(DNASeq[i], ScorelListe[i], float(score),
int(window), HeaderListe[i], len(NumListe[i]))
if (len(G4Seq)>0):
MSCORE=softl.WriteSeq(DNASeq[i], ScoreListe[i], G4Seq,
HeaderListe[i], int(window), len(NumListe[i]))




filein.close()
fin=time.time()

Ek . Cok izgeli tarama betigi

# -*- coding: utf-8 -*- #fixes turkish character problems
import sys, subprocess, os
import multiprocessing #use other threads
from multiprocessing.dummy import Pool as ThreadPool #best way to
multiprocess
import time
from common import DateCode
from string import punctuation
pool=ThreadPool(multiprocessing.cpu_count())#use all cores available
#variables
sourceDir=o0s.curdir
FastaFiles=[] #Change to FastaFiles=[] if you
# want the file to find all fasta files in the current directory
#constants
corecount=multiprocessing.cpu_count()
command= 'python G4Catchall.py -I 1 -B --G3L 1..3 --XL 1..9 '
# command = 'python quadparser.py ' #shell command for quadparser command.
Can add new regex pattern: -r "\w{1}([9G]{3}\w{1,7}){3, }[9gG]{3}\w{1}"

#functions
def Search(file):

global command

return subprocess.check_output(command + ' -f "' + file+'"', shell=True)
#Note: strength of the preciding and following base pairing 1is quite
important to allow double strand to be unwound. So it would only be proper
to include the preceding and following nucleotide in the G-quadruplex
detection.
if _ _name__ =="__main__":

#listing fasta files

print ("Finding fasta files...\n

|l)

if FastaFiles==[]:
Files=o0s.listdir(sourceDir)
for File in Files:
if File.endswith(".fa"):
print ("> "+File)
FastaFiles.append(File)
if len(FastaFiles)<1:

sys.exit("no file to work with. Place "".fa"" files in the
working directory. quiting.")
else:
for file in FastaFiles:

print(file)
QAl:"N"
if len(FastaFiles)>1:

QA1= input("
\nDo you

want to append results in a single file? (Y/N)")
starttime=time.time() #to calculate time elapsed




#puts all results in separate files

if str(QAl).capitalize() == "N":
print ("Results will be separate.\nScanning for G-quadruplexes...")
results=pool.map(Search, FastaFiles)#multithreading magic
pool.close()
pool.join()

for idx,file in enumerate(FastaFiles): #writes to files
resultFile = open(file.replace(".fa","").replace("
", ") . strip(punctuation) + ".D"+ DateCode() + ".G4List", "w") #overwrites
existing data
resultFile.write("#" + command + " \n")
resultFile.write(results[idx].decode())
resultFile.close()
print (resultFile.name + " is created.")
#puts all results in one file
elif str(QAl).capitalize() == "Y":
from difflib import SequenceMatcher
from string import punctuation
def findCommonFilename(strList):
commonName = strList[0]
for name in striList[1:]:
nameMatch = SequenceMatcher(None, commonName, name)
match = nameMatch.find_longest_match(®, len(commonName), O,
len(name))
if match.size < 5:
commonName = "DiscoveredG4s"
return commonName
commonName = commonName[match.a:match.a + match.size]
return commonName.replace(".fa","").replace("
", ") strip(punctuation)
OutputName = findCommonFilename(FastaFiles)
print ("Results will be in one file.\nScanning for G-
quadruplexes...")
results=pool.map(Search, FastaFiles)#multithreading magic
pool.close()
pool.join()
OutputName=QutputName+ ".D"+DateCode()+".G4List"
resultFile = open(OutputName , "w")#creates a new and clean file
resultFile.write("#"+command+" \n")
resultFile.close()

for idx,file in enumerate(FastaFiles): #writes to a file
resultFile=open(OutputName, "a") #this is why the results are
appended
resultFile.write(results[idx].decode()) #rmeove last character
which 1is probably /n
resultFile.close()
print (resultFile.name + " is created.")
else:
sys.exit("use Y or N only. quiting.")
print ("completed in %s seconds" % (time.time()-starttime) )




Ek . G4Catchall algoritma kodu

from _ future__ import division, print_function,absolute_import
import argparse, sys, re, string, regex
R e T [ Parse arguments J]---------------------- "
parser=argparse.ArgumentParser(
description="""
DESCRIPTION

Searches for matches to a G-quadruplex-fitting regex in a fasta
file,

filters through G4Hunter-like secondary scoring scheme and return a
bed file with

coordinates of the match, matched sequence, G-quadruplex forming
sequence and the score.

Output bed file has the following columns:

description of the fasta sequence (e.g. NC_00024.11 Y chromosome)
start of the match

end of the match

size of the match

strand of the match (e.g. +)

positive strand sequence of the match (e.g. CCCTTCCCTTTCCCTCCC)
matched G-quadruplex-forming sequence (e.g. GGGAGGGAAAGGGAAGGG)

. score of the matched G-quadruplex-forming sequence based on
selected scoring scheme

NG WNER

EXAMPLE
##Test data:
echo '>mychr' > /tmp/mychr.fa
echo 'TTGGGTTGGGACTGGGTACGGGAATAAATAGGTTAGGAATGGATAGGAT' >>
/tmp/mychr.fa

G4Catchall.py -f /tmp/mychr.fa --G3L 1..3 --G4H
mychr 2 22 20 + GGGTTGGGACTGGGTACGGG
GGGTTGGGACTGGGTACGGG 2.11

G4Catchall.py -f /tmp/mychr.fa --63L 1..3 --G2L 1..3
mychr 2 22 20 + GGGTTGGGACTGGGTACGGG
GGGTTGGGACTGGGTACGGG
mychr 30 47 17 + GGTTAGGAATGGATAGG GGTTAGGAATGGATAGG

G4Catchall.py -I ©
(fegl{3,}) (\w{1,8}) ([69]1{3,}) (\w{1,8}) ([6gl{3,}) (\w{1,8})
([egl{3,})

DOWNLOAD
G4Catchall.py is hosted at
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formatter_class=argparse.RawTextHelpFormatter)

parser.add_argument('--fasta', '-f',
type=str,
help='"'"'Input file in fasta format containing one or more sequences can be
used.
Please note that, if not used, only the regular expression constructed using




given

arguments will be printed.
parser.add_argument('--min_Gtract_ for_extreme_ loop',6 '-E',

type=int,

help="""Defines the minimum G-tract length for permission of an extreme
loop. Works only with --extreme_loop. Can be set to 2 or 3. Default=3

mmw o default=3

parser.add_argument('--extreme_loop', '--XL'",
type=str,nargs='?"',const="'1..30",

help="""Allows search for an extreme loop. If precedes a secondary argument,
such as "1..20" also defines the limits of the loop. For default values do
not use a second argument. Default="1..30"

mwn - default=False)

parser.add_argument('--626Qs_allowed',

action='store_true',

help="""Allows G-quadruplexes with G-tracts of two guanines. Not necessary
with --62GQ_loop command.

mn o default=False)

parser.add_argument('--626Q _loop', '--G2L',
type=str,nargs='?',const="1..2",

help="""Allows G-quadruplexes with G-tracts of two guanines and defines
limits of loops for such G-quadruplexes if precedes a secondary argument,
such as "1..7". Do not use a secondary argument for default loop limits.
Default="1..2"

mn o default=False)

parser.add_argument('--636Q loop', '--G3L',

type=str,

help="""Defines limits of loops for typical G-quadruplexes if precedes a
secondary argument, such as "1..7". Do not use for default loop limits.
Default="1..8"

men o default='1..8")

parser.add_argument('--max_imperfect_Gtracts','-I"',

type=int,

help="""Defines the number of atypical or "imperfect" G-tracts allowed for
G-quadruplexes with G-tracts of at least 3 guanines. It can be set to 0,1
or 2. Default=1

mmr o default=1)
parser.add_argument('--bulge_only', '-B',
action='store_true',
help="""Defines the nature of the imperfect G-tracts allowed. If used only
bulged G-tracts are allowed. Otherwise, mismatches are also allowed.
mn o default=False)
parser.add_argument('--max_GQ length', '--max',

type=int,
help="'"'"'Maximum allowed G-quadruplex length for a single discovery. This
should be used with caution. If not used together with
--dont_merge_overlapping
discovered sequences may be longer than the given value. This parameter is
essentially designed for limiting cumulative negative impact of long loops.
''", default=False )
parser.add_argument('--no_reverse','-R',
action='store_true',
help="""By default the program searches both strands by reversing the regex.

If used only + strand is searched for matches.




mmn )

parser.add_argument('--dont_merge_overlapping',

action='store_true',

help="""Putative G-quadruplex-forming sequences may be found overlapping
on the same strand. By default the program merges these sequences. If
used, these are not overlapped. Using may result in huge number of
matches and cause memory issues.

nn Il)

parser.add_argument('--include_flanks', '-F',

action='store_true',

help="""By default the program extracts only matching sequences.

If used flanking nucleotides are also included in the search.

Please note if used G-quadruplex-forming sequences at the beginning or
ending of the sequences may be missed. Consider adding "N" to the edges
of the sequence if G-quadruplex forming sequences are expected to be
found at the very edge of the target sequence.

nn |l)

parser.add_argument('--G4H',

action='store_true',

help="""By default the program extracts only matching sequences. If
used, discovered sequences are evaluated based on G4Hunter algorithm.
Low G4Hunter scores can be eliminated using --G4HThreshold argument.
parser.add_argument('--G4HThreshold',

type=float,

help="""Removes G-quadruplex predictions with lower scores than the
preceding

threshold value. If used, --G4H usage is not necessary.

mmn )

args=parser.parse_args()

complement J-------------mmmm e ea oo
def ReverseComplement(seq):

seql = 'ATCGNTAGCNatcgntagcn'

seqg_dict = {seql[i]: seql[i + 5] for i in range(20) if i < 5 or 10 <= 1
< 15}

return "".join([seqg_dict[base] for base in reversed(seq)])

complement J---------mmmmmmm e "

[ Sorter J--------cmmmmmim e e - -

Code to sort list of lists

see http://www.saltycrane.com/blog/2007/12/how-to-sort-table-by-columns-in-
python/

def sort_table(table, cols):
""" sort a table by multiple columns
table: a list of lists (or tuple of tuples) where each inner 1ist
represents a row
cols: a list (or tuple) specifying the column numbers to sort by
e.g. (1,0) would sort by column 1, then by column 0O

mirrn

for col in reversed(cols):




table = sorted(table, key=operator.itemgetter(col))
return (table)

[ Parameters J--------------mmmmmmmem e "
B [ Parse

G4H_scoring=False
max_G4H_score=4
if args.G4HThreshold is not None: args.G4HunterScores=True
G2sAllowed =False
if args.G2GQs_allowed: G2sAllowed=True
shrtLoopMin, shrtLoopMax="1",6"'2"
if args.G2GQ_loop:
G2sAllowed = True
shrtLoopMin, shrtLoopMax= args.G2GQ_loop.split("..")
typLoopMin, typLoopMax=args.G3GQ_loop.split("..")
extLoopMin, extLoopMax = '1','30'
ExtremeAllowed=False #args.extreme loopAllowed
ExtremeAllowedForG2s = False
if args.extreme_loop:
ExtremeAllowed=True
extLoopMin, extLoopMax=args.extreme_loop.split("..")
if args.min_Gtract_for_extreme_loop==2:
ExtremeAllowedForG2s=True
elif args.min_Gtract_for_extreme_loop==3:
ExtremeAllowedForG2s=False
ImperfectTractsAllowed=args.max_imperfect_Gtracts
BulgedTractsOnly=args.bulge_only

if not G2sAllowed or not ExtremeAllowed:
ExtremeAllowedForG2s = False

InclFlanks=args.include_flanks

if args.dont_merge_overlapping: MergeOverlapping=False
else: MergeOverlapping=True

NoReverse=args.no_reverse

bulgeOnly="[G6g]{2, }[ATUCatuc][Gg]+|[6g]+[ATUCatuc][Gg]{2, }"
mismatch="[6g]{2, }|[Gg]+[ATUCatuc][Gg]+"
Dimpl="'?P<impi1>'
Dimp2="'2?P<imp2>'
imp="'("'+mismatch+"')"
if BulgedTractsOnly:

imp="("'+bulgeOnly+"')"
Timpl="?(imp1)'
Timp2="?(imp2)"'
shrt="\w{'+shrtLoopMin+", "+shrtLoopMax+"}"
Tshrt="?(62GQ)"'
Dshrt="'?P<G2GQ>[Gg]{2}"
typ="\w{'+typLoopMin+", '+typLoopMax+"'}"
ext="\w{'+extLoopMin+"', "+extLoopMax+'}"




Dext="'?P<extLoop>'
Text="?(extLoop)"'

# Construct Tract 1:

Tract1l="[Gg]{3,}"'

if ImperfectTractsAllowed>0: Tractl=Tractl+'|('+Dimpl+imp+")"
if G2sAllowed: Tractl=Tractil+'|('+Dshrt+')'

# Construct Loop 1:
Loopl=typ
if ExtremeAllowed:Loopl=Loopl+'|('+Dext+ext+')"
if G2sAllowed:
shrtAdd = shrt
if ExtremeAllowedForG2s:
shrtAdd = shrtAdd + '|("' + Dext + ext+')'
Loopl = Tshrt + '(' + shrtAdd + '")|('+Loopl+')'

# Construct Tract 2:
Tract2="[6g]{3,}"'
if ImperfectTractsAllowed>1: Tract2=Tract2+'|('+Dimp2+imp+")"
if ImperfectTractsAllowed>0: Tract2=Timpl+'('+Tract2+')|([Gg]l{3,}]|
('+Dimpl+imp+'))"’
if G2sAllowed:
Tract2=Tshrt+'[G6g]{2,}|('+Tract2+")"

# Construct Loop 2:
Loop2=typ
if ExtremeAllowed:
Loop2=Text+Loop2+"'|("'+typ+'|('+Dext+ext+"))"
if G2sAllowed:
shrtAdd=shrt
if ExtremeAllowedForG2s:
shrtAdd = Text+ shrtAdd + '|[('+shrt+'|("' + Dext + ext+'))'
Loop2=Tshrt+"'('+shrtAdd+"')|('+Loop2+')"

# Construct Tract 3:

Tract3="[Gg]{3, }'

if ImperfectTractsAllowed>1:
Tract3=Timp2+Tract3+'|([6g]{3,}]|("+Dimp2+imp+"))"

if ImperfectTractsAllowed>0:
Tract3=Timpl+'('+Tract3+')|([69]1{3,}]|('+Dimpl+imp+"))"

if G2sAllowed:
Tract3=Tshrt+'[6g]{2,}|('+Tract3+")"

# Combine all regions:

reg=r'('+Tracti+') ('+Loopl+') ('+ Tract2+') ('+Loop2+') ('+Tract3+')
('+Loop2+') ('+Tract3+')'

if InclFlanks: reg=r'\w'+reg+r'\w'

"""jf no fasta is used, only return the regex and exit"""
if args.fasta is None:

print (reg)

exit()

"n"t Reverse forward match """




intab = 'actguACTGU'
outtab = 'tgacaTGACA'

if args.no_reverse is False:
transtab = string.maketrans(intab, outtab)
regrev = reg.translate(transtab)

else:
regrev = "'
I L L L T T [ End of Define
REUEX J------mmmmmmmm i e o - "
e L R T [ Check
Fasta J---------------cmmmmmee oo "

if args.fasta == '-':
args.fasta = sys.stdin.readlines()
if len(args.fasta) > 1:
sys.exit('\nquadpareser.py: Only one input file at a time can be
processed:\n--fasta/-f: %s\n' % (args.fasta))
args.fasta = args.fasta[0].strip()

""" Reverse complement function """
def ReverseComplement(seq):
seql = 'ATCGNWSMKRYBDHVatcgnwsmkrybdhv'
seq2 = 'TAGCNWSKMYRVHDBtagcnwskmyrvhdb'
seg_dict = {seql[i]: seq2[i] for i in range(len(seql))}
return "".join([seq_dict[base] for base in reversed(seq)])

e G4Hunter
Modified code to score the discovered sequences based on G4Hunter algorithm.

see Amina Bedrat, Laurent Lacroix, Jean-Louis Mergny; Re-evaluation of G-
quadruplex propensity

with G4Hunter, Nucleic Acids Research, Volume 44, Issue 4, 29 February
2016, Pages 1746-1759,

https://doi.org/10.16093/nar/gkwo06

def G4HScore(seq,minRepeat=2, penalizeGC=True):
i=0
baseScore=[]
while i<len(seq):
tractScore=[0]
k=1
GTract=False
while seq[i]=="6G":
tractScore=[(min(k,4))] #derivation from original algorithm:
tractScore=[min(k-1,16)]*k
# region derivation from original algorithm: if prev is "C"
apply bigger penalty. penalizes GCs
if penalizeGC:
try:




pass
if seq[i-k]=="C":baseScore[-1]=-2
except:
pass
# endregion
k+=1
i+=1
GTract=True
if i==len(seq): break
if not GTract:
while seq[i]=="C":
tractScore=[max(-k,-4)] #derivation from original
algorithm: tractScore=[max(-k,-16)]*k
# region derivation from original algorithm: if prev is "G"
apply bigger penalty. penalizes GCs
if penalizeGC:

try:
pass
if seq[i - k] == "G": baseScore[-1] = 2
except:
pass
# endregion
k+=1
i+=1
GTract=True
if 1 == len(seq): break

baseScore=baseScore.__add__ (tractScore)
if not GTract: i += 1
# print baseScore
Score=0
for value in baseScore:
Score+=value
return float(Score)/len(seq)

o LIST SORTER

Code to sort list of lists

see http://www.saltycrane.com/blog/2007/12/how-to-sort-table-by-columns-in-
python/

import operator

def sort_table(table, cols):
""" sort a table by multiple columns
table: a list of 1lists (or tuple of tuples) where each inner 1ist
represents a row
cols: a list (or tuple) specifying the column numbers to sort by
e.g. (1,0) would sort by column 1, then by column 0
for col in reversed(cols):
table = sorted(table, key=operator.itemgetter(col))
return (table)

Functions J-----------cmmmmmm e o -
psq_re_f regex.Regex(reg, regex.VERBOSE |regex.MULTILINE)
psg_re_r regex.Regex(regrev, regex.VERBOSE |regex.MULTILINE)




ref_seq_fh = open(args.fasta)
ref_seq = []
line = (ref_seq_fh.readline()).strip()
chr = re.sub('~r>", '', line)
line = (ref_seq_fh.readline()).strip()
gquad_list = []
while True:
while line.startswith('>"') is False:
ref_seq.append(line)
line = (ref_seq_fh.readline()).strip()
if line == '":
break
ref_seq = ''.join(ref_seq)
for m in psq_re_f.finditer(ref_seq, overlapped=True):
if not args.max_GQ_length or len(m.group(0))<=args.max_GQ_length:
if MergeOverlapping and (len(gquad_list)>0) and gquad_list[-1]
[4]=="4+" and (m.start()<=gquad_list[-1][2]) and (chr==gquad_list[-1][0]):
orj=gquad_list[-1]
new_seqg=orj[5]+m.group(@)[orj[2]-m.start():]
G4Hscore=G4HScore(new_seq, 2, True)
if abs(G4Hscore)>=(args.G4HThreshold):
gquad_list[-1]=[chr, orj[1], m.end(), m.end()-orj[1],
'+', new_seq, nhew_seq,G4HScore(new_seq,2,True)]
else:
G4Hscore=G4HScore(m.group(0), 2, True)
if abs(G4Hscore)>=(args.G4HThreshold):
gquad_list.append([chr, m.start(), m.end(),
len(m.group(©)), '+', m.group(0),
m.group(@), G4HScore(m.group(0),2,True)])
# modification: added sequence again
if args.no_reverse is False:
if not args.max_GQ_length or len(m.group(@)) <= args.max_GQ_length:
for m in psq_re_r.finditer(ref_seq, overlapped=True):
if MergeOverlapping and (len(gquad_list) > 0) and
gquad_list[-1][4]=="-" and (m.start() <= gquad_list[-1][2]) and (chr ==
gquad_list[-1][0]):
orj = gquad_list[-1]
new_seq = orj[5] + m.group(®)[orj[2] - m.start():]
G4Hscore = G4HScore(new_seq, 2, True)
if abs(G4Hscore) >= (args.G4HThreshold):
gquad_list[-1] = [chr, orj[1], m.end(), m.end() -
orj[1], '-', new_seq, ReverseComplement(new_seq),G4HScore(new_seq,?2,True)]
else:
G4Hscore = G4HScore(m.group(©), 2, True)
if abs(G4Hscore) >= (args.G4HThreshold):
gquad_list.append([chr, m.start(), m.end(),
len(m.group(®)), '-', m.group(@), ReverseComplement(m.group(0)),
G4HScore(m.group(0),2,True)]) # modification: added reverse complement
chr = re.sub('~r>", "', line)
ref_seq = []
line = (ref_seq_fh.readline()).strip()
if line == '":
break
gquad_sorted = sort_table(gquad_list, (0, 1, 2, 3))
for line in gquad_sorted:
line = "\t'.join([str(x) for x in line])
print (line)




[ sys.exit()

Ek . Referans diziler icin parametre tarama kod betigi

import os

import subprocess
import time, math
import re

import random as rd

def G4HScore(seq):
i=0e
baseScore=[]
while i<len(seq):
tractScore=[0]
k=1
GTract=False
# print(i)
while seq[i]=="G":
# region derivation from original algorithm: if prev is '"C" apply bigger
penalty. penalizes GCs
try:
if seq[i-k]=="C":baseScore[-1]=-2
except:
pass
# endregion
tractScore=[(min(k-1,4))]*k #derivation from original algorithm:
tractScore=[min(k-1,16)]*k
k+=1
i+=1
GTract=True
if i==len(seq): break
if not GTract:
while seq[i]=="C":
# region derivation from original algorithm: if prev is "G" apply
bigger penalty. penalizes GCs
try:
if seq[i - k] == "G": baseScore[-1] = 2
except:
pass
# endregion
tractScore=[max(-k+1,-4)]*k #derivation from original algorithm:
tractScore=[max(-k, -16)]*k

k+=1

i+=1

GTract=True

if i == len(seq): break

baseScore=baseScore.__add__ (tractScore)
if not GTract: i += 1
# print baseScore
Score=0
for value in baseScore:
Score+=value
return float(Score)/len(seq)

file="Mitochondria_NC_012920_1.fasta"

def
ConstructRegex(typLoopMax=7, shrtLoopMax=2, extLoopMax=30, typLoopMin=1, shrtLoopMin=1, e
xtLoopMin=1):

G2sAllowed=True




ExtremeAllowed=False

ExtremeAllowedForG2s=False

ImperfectTractsAllowed=2

BulgedTractsOnly=True

typLoopMax=str(typLoopMax)

extLoopMax=str (extLoopMax)

shrtLoopMax=str(shrtLoopMax)

typLoopMin = str(typLoopMin)

extLoopMin = str(extLoopMin)

shrtLoopMin = str(shrtLoopMin)

if not G2sAllowed or not ExtremeAllowed:
ExtremeAllowedForG2s=False

#region regex construct

bulgeOnly="[6]{2, }[ATUC][G]+]|[G]+[ATUC][G]{2, }"

mismatch="[G]{2,}|[G]+[ATUC][G]+"

Dimpl="'?P<imp1>'

Dimp2="'2?P<imp2>'

imp="'("+mismatch+")"

if BulgedTractsOnly:
imp="("+bulgeOnly+")"

Timpl="'?(imp1)"

Timp2="?(imp2)"

shrt="\w{'+shrtLoopMin+"', '+shrtLoopMax+"'}"

Tshrt="'?(shrt)'

Dshrt="?P<shrt>[G]{2}"'

typ="\w{'+typLoopMin+', '+typLoopMax+'}"

ext="\w{'+extLoopMin+', '"+extLoopMax+"'}"'

Dext="'?P<lloop>'

Text="'?(1loop)’

# Construct Tract 1:

Tractl="'[G]{3,}"

if ImperfectTractsAllowed>0: Tractl=Tracti+'|('+Dimpl+imp+')"
if G2sAllowed: Tractl=Tractil+'|('+Dshrt+')'

# Construct Loop 1:
Loopl=typ
if ExtremeAllowed:Loopl=Loopl+'|('+Dext+ext+")’
if G2sAllowed:
shrtAdd = shrt
if ExtremeAllowedForG2s:
shrtAdd = shrtAdd + '|(' + Dext + ext+')'
Loopl = Tshrt + "(' + shrtAdd + ')|('+Loopl+")'

# Construct Tract 2:
Tract2="'[G]{3,}"'
if ImperfectTractsAllowed>1: Tract2=Tract2+'|('+Dimp2+imp+')"
if ImperfectTractsAllowed>0: Tract2=Timpl+'('+Tract2+')|([6]1{3,}I|
('+Dimpl+imp+"))"
if G2sAllowed:
Tract2=Tshrt+'[6]{2,}|('+Tract2+")"'

# Construct Loop 2:
Loop2=typ
if ExtremeAllowed:
Loop2=Text+Loop2+"'|('+typ+'|('+Dext+ext+'))"
if G2sAllowed:
shrtAdd=shrt
if ExtremeAllowedForG2s:
shrtAdd = Text+ shrtAdd + "|('+shrt+'|("' + Dext + ext+'))'
Loop2=Tshrt+'('+shrtAdd+")|('+Loop2+"')"

# Construct Tract 3:




Tract3="'[G]{3,}"

if ImperfectTractsAllowed>1:
Tract3=Timp2+Tract3+'|([G]1{3,}]|("+Dimp2+imp+'))"

if ImperfectTractsAllowed>0:
Tract3=Timp1+'('+Tract3+"')|([6]1{3,}|("'+Dimpl+imp+"))"

if G2sAllowed:
Tract3=Tshrt+'[6]{2,}|('+Tract3+")'

# Combine all regions:

structure=r'('+Tracti+') ('+Loopl+') ('+ Tract2+') ('+Loop2+') ('+Tract3+')
('"+Loop2+') ('+Tract3+')'

return structure

#endregion

def crateRandomList(limitStart,limitEnd,size):
result=[]
i=size
while i>0:
p=rd.randint(limitStart, 1imitEnd)
if p not in result:
result.append(p)
i-=1
return tuple(result)
def iterate(args,test=False):
typLoopMax=7
shrtLoopMax=2
extLoopMax=30
typLoopMin=1
shrtLoopMin=1
extLoopMin=1
if len(args)==3:
typLoopMax, shrtLoopMax, extLoopMax=args
elif len(args)==6:
typLoopMax, shrtLoopMax, extLoopMax, typLoopMin, shrtLoopMin,
extLoopMin=args

quadparsercommand = r'python ImGQfinder.v2.py --noreverse -r "' +
ConstructRegex(typLoopMax, shrtLoopMax, extLoopMax, typLoopMin, shrtLoopMin, extLoopMin)
+ Tmi

output = subprocess.check_output(quadparserCommand + ' -f "' + file + '"',
shell=True)

G4HScoreTreshold=0#.473#473
TP=0

FP=0

G4aList=[]

nonG4List=[]

useG4List=(52, 282, 67, 71, 133, 114, 90, 155, 63, 32, 124, 196, 26, 176, 184,
5, 287, 252, 147, 154, 128, 2, 1, 85, 293, 277, 88, 197, 172, 113, 77, 212, 14, 123,
258, 236, 265, 270, 246, 37, 9, 152, 86, 187, 170, 220, 243, 129, 189, 11, 24, 60,
193, 110, 87, 262, 80, 255, 36, 232, 8, 156, 198, 45, 263, 249, 218, 75, 93, 16,
217, 102, 141, 27, 120, 4, 104, 12, 219, 92, 190, 41, 74, 58, 195, 158, 138, 175,
18, 259, 247, 201, 62, 53, 54, 191, 43, 188, 185, 205, 20, 226, 70, 165, 275, 231,
108, 57, 202, 178, 145, 199, 222, 294, 122, 118, 61, 94, 139, 149, 146, 33, 95, 192,
79, 257, 285, 166, 292, 82, 210, 279, 107, 281, 66, 241, 125, 31, 163, 148, 106, 10,
251, 127, 143, 235, 213, 101, 103, 299, 264, 186, 223, 164, 271, 261, 204, 266, 267,
34, 40, 171, 121, 221, 157, 227, 6, 215, 142, 83, 200, 291, 216, 162, 240, 42, 237,
272, 283, 168, 268, 136, 91, 278, 173, 161, 30, 245, 48, 286, 203, 68, 132, 297, 3,
151, 225, 159, 22, 98)

usenonG4List=(330, 313, 328, 314, 388, 315, 375, 346, 387, 333, 308, 371, 302,
344, 342, 393, 351, 319, 372, 321, 369, 312, 359, 376, 367, 365, 368, 341, 317, 383,




310, 331, 301, 361, 377, 347, 364, 350, 378, 352, 385, 336, 307, 323, 316, 374, 366,
382, 326, 337)
if test:
newG4=[]
newnonG4=[]
for i in range(1,299):

if i not in useG4List:
newG4.append(1i)
for i in range(299,393):
if i not in usenonG4List:
newnonG4.append(1i)
useG4List=tuple(newG4)
usenonG4List=tuple(newnonG4)
for line in output.splitlines():
if line._ contains_ ("not GQ_"):
G4no=int(re.search(r"[0-9]+",1line).group(0))
if G4no not in G4List and G4no in usenonG4List
score=G4HScore(re.search(r"[ATCUG]{5, }", llne) group(0))
if abs(score)>=G4HScoreTreshold:
G4List.append(G4no)
FP+=1
elif line._ contains_ ("GQ_"):
G4no=int(re.search(r"[0-9]+",1line).group(0))
if G4no not in nonG4List and G4no in useG4List:
score=G4HScore(re.search(r"[ATCUG]{5,}",1line).group(0))
if abs(score)>=G4HScoreTreshold:
nonG4List.append(G4no)
TP+=1
if TP==0 and FP==0: return #exit() #if nothing exists then exit without error.
= len(useG4List)- TP
= len(usenonG4List)- FP
Youden=float (TP/float(TP+FN))+float(TN/float(TN+FP))-1 #youden's statistics
precision=float(TP)/(TP+FP)
if len(args)==
report=
{"typLoopMax" :typLoopMax, "shrtLoopMax" :shrtLoopMax, "extLoopMax" :extLoopMax, "MCC":You
den, "TPR":float(TP)/len(useG4List), "FPR":float(FP)/len(usenonG4List)}

elif len(args)==
report =
{"typLoopMax" :typLoopMax, "shrtLoopMax" :shrtLoopMax, "extLoopMax" :extLoopMax, "MCC":You
den, "TPR":float(TP)/len(useG4List), "FPR":float(FP)/len(usenonG4List), "typLoopMin":ty
pLoopMin, "shrtLoopMin":shrtLoopMin, "shrtLoopMin":extLoopMin}
return report

import multiprocessing
import itertools

if _ name_ =="_main_ ":

print("sample regex:")

print(ConstructRegex(7,4,30))

p=multiprocessing.Pool(28)

allParams=list(itertools.product(*[[t for t in range(1,16)],[s for s in
range(1,16)], [e for e in range(15,46)]]))

results=p.map(iterate,allParams)

g L G T ")

bestSet=[{"typLoopMax":0, "shrtLoopMax":0, "extLoopMax":0,"MCC":0, "TPR":0, "FPR":0}]
for hit in results:
if hit!=None:
if hit["McC"]>bestSet[0]["MCC"]:
bestSet=[hit]




elif hit["MCC"] == bestSet[0]["MCC"]:
bestSet.append(hit)

Tests=[]
print("parameter sets to test",len(bestSet))
for params in bestSet:

Tests.append([params["MCC"],iterate((params["typLoopMax"], params["shrtLoopMax"], para
ms["extLoopMax"], ), True)])

bestTests=Tests

totalJ=0

for set in bestTests:
totalJ+=set[1]["MCC"]
print(set)

avgJ=float(totalld)/len(bestTests)

print("average Youden:",avgJd)

""" ATEST CHANGES FINDS BEST PARAMETERS USING A TRAINING SET AND COMPARES TO A TEST
SETII nn

Ek . Hizlandirilmis just-in-time derleme &zellikli ¢iftli hizalama algoritmasi

import numpy as np
from numba import cuda, jit,int64
import time

class ProcessTimer:
def __init_ (self):
self.starttime=time.time()
def report(self):
print time.time()-self.starttime
self.starttime=time.time()
def ConvertToInt(seq):
set=[0]*1len(seq)
for k in range(len(seq)):
i=ord(seq[k])
if (i == 84) or (i == 116): set[k] = 0
if (i == 65) or (i == 97): set[k] =1
if (1 == 71) or (i == 103): set[k] = 2
if (i == 67) or (i == 99): set[k] = 3
if (i == 78) or (i == 110): set[k] = 4
return set
#T:0,A:1,G6:2,C:3,N:4,5:gap in seql,6:gap in seq2, 7: mismatch

@jit(nopython=True, cache=True)
def SWPairwiseScore(seql, seq2, Smatch, Smismatch, Sgap):
M = len(seqgl)+1
N = len(seq2)+1
mat = np.zeros(shape=(M,N),dtype=np.uint8)
for m in range(1, M):
for n in range(1, N):
if seql[m-1]==seq2[n-1]:
score=Smatch
else: score=Smismatch
mat[m,n] = max(mat[m-1,n-1]+score,mat[m,n-1]+Sgap,mat[m-1,n]




+Sgap, 0)
return mat.max()

@jit(nopython=True, cache=True)
def SwWPairwiseScoreMax(seql, seq2, Smatch, Smismatch, Sgap):
M = len(seql)+1
N = len(seg2)+1
mat = np.zeros(shape=(2,N),dtype=np.uint8)
Max = 0
for m in range(1, M):
for n in range(1, N):
if seql[m-1]==seq2[n-1]:
score=Smatch
else: score=Smismatch
mat[1,n] = max(mat[O®,n-1]+score,mat[1,n-1]+Sgap, mat[@,n]+Sgap,0)
if Max < mat[1,n]:
Max = mat[1,n]
mat[0,:] = mat[1, :]
return Max

Smatch = 1
Smismatch = -1
Sgap = -2

@cuda.jit
def SwPairwiseScoreCu(seql, seq2,out):
for m in range(1, 32):
for n in range(1, 32):
if seql[m-1]==seq2[n-1]:
score=Smatch
else: score=Smismatch
out[m,n] = max(out[m-1,n-1]+score,out[m,n-1]+Sgap,out[m-1,n]
+Sgap, 0)
#print out#.max()

@cuda.jit
def SWPairwiseScoreCuMax(seql, seq2,Max):
matl = cuda.shared.array(shape=32, dtype=int64)
mat2 = cuda.shared.array(shape=32, dtype=int64)
for k in range(0,31):
matli[k] = 0
mat2[k] = 0O
for m in range(1, 32):
for n in range(1, 32):
if seql[m-1]==seq2[n-1]:
score=Smatch
else: score=Smismatch
mat2[n] = max(mati[n - 1] + score, mat2[n - 1] + Sgap, matli[n] +

Sgap, 0)
if Max < mat2[n]:
Max = mat2[n]
matl = mat2
if __name__ == "_main__":

timer = ProcessTimer ()
setl = ConvertToInt("TATTTTCCCAT")
set2 = ConvertToInt("TATCCCTTTAT")




G4List = ['TGGGTTTGGGTTTGGGTTTGGGN', 'TGGGTTTGGGTTTGGGTTTGGGN',
'TGGGTTTGGGTTTGGGTGGGN', 'TGGGTTTGGGGTTGGGTTTGGGN',
'TGGGTTTGGGGTTGGGTTTGGGN', 'TGGGGTTTGGGTTTGGGTTTGGGN',
' AGGGTTTGGGAAAGGGAAAGGGN ',
'"TGGGTTTGGGGTAGGGTTTGGGN', 'TGGGTTTGGGGAAGGGTTTGGGN',
'TGGGTTTGGGGAAGGGTTTGGGN ',
'"TGGGTTTGGGGAAGGGTTTGGGN ', 'TGGGTTTGGGGAAGGGTTTGGGN' ]
timer = ProcessTimer ()
resultl = SWPairwiseScore(setl, set2, 1, -1, -2)
result2 = SWPairwiseScoreMax(setl1, set2, 1, -1, -2)
timer.report()
print resultil
print result2
M = len(setl) + 1
N = len(set2) + 1
out = np.zeros(shape=(M, N), dtype=np.int8)
seql = cuda.to_device(np.array(setl))
seq2 = cuda.to_device(np.array(set2))
SWPairwiseScoreCu[1, 1](seql, seq2, out)
for i in range(100):
SWPairwiseScoreCu[1,1](seql, seq2,out)
seql = cuda.to_device(np.array(setl))
seq2 = cuda.to_device(np.array(set2))
timer.report()
print out

Ek . Cok izgeli benzerlik matrisi olusturma betigi

from _ future__ import print_function
#from Bio import pairwise2 as Pairwise #not required if myPairwise is used
import csv, time, sys, subprocess, o0s
from multiprocessing import Process, Queue,Manager, cpu_count
import numpy as np
import scipy.sparse as sp
import array
from numpy import int8
from numba import jit
import myPairwise2 as myPairwise
import h5py
# from colorama import init
# init()
import re
from common import DateCode, stripExt
#Variables
UsableThreads = cpu_count()-1
IncludePercentIdentity = True
Treshold = 0.8
SourceDir = os.curdir
Smatch, Smismatch, Sgapopen, Sgapextend = 2, -1, -2, -2 # Scores from
Bioinformatics and the cell, modern
# computational
approaches in genomics, proeomics and
#
transcriptomics. Chp 2 Xia X. 2007 ISBN: 978-0-387-71336-6.
# Smatch, Smismatch, Sgapopen, Sgapextend = 5, -4, -14, -14




G4ListFiles = [] #this could be modified with command line arguments
### Workflow: Find all .G4List files > IncrementalCOOMatrix >
PairwiseCompare() >>> PairwiseThread() > SaveAsCoo() > convert to csr >
SaveAsCsr ()

# Moddified from IncrementalCOOMatrix: http://www.scipy-
lectures.org/advanced/scipy_sparse/csr_matrix.html

class IncrementalCOOMatrix(object):

def _ _init_ (self, shape, dtype):

if dtype is np.int32:
type_flag = 'i'

elif dtype is np.int64:
type_flag = '1'

elif dtype is np.float32:
type_flag = 'f'

elif dtype is float:
type_flag = 'f'

elif dtype is np.float64:
type_flag = 'd'

elif dtype is np.int8:
type_flag='b'

else:
raise Exception('Dtype not supported.')

self.dtype = dtype

self.shape = shape

self.rows = array.array('i")
self.cols = array.array('i")
self.data = array.array('f")

def append(self, i, j, v):
m, n = self.shape
if (1 >>=mor j >= n):
raise Exception('Index out of bounds')
self.rows.append(i)
self.cols.append(j)
self.data.append(v)

def appendTuple(self, t,v):

m, n=self.shape

if (t[0] >=m or t[1] >= n):
raise Exception('Index out of bounds')

self.rows.append(t[0])

self.cols.append(t[1])

self.data.append(v)

if (t[0]!=t[1]): #if not diagonal
self.rows.append(t[1])#switch around row and column
self.cols.append(t[0])#switch around row and column
self.data.append(v)

def appendTuplevals(self, t):
#print (sys.getsizeof(t)
m, n=self.shape
if (t[0] >=m or t[1] >= n):
raise Exception('Index out of bounds')
self.data.append(t[2])
self.rows.append(t[0])




self.cols.append(t[1])

if (t[e]!=t[1]): #if not diagonal
self.data.append(t[2])
self.rows.append(t[1]) #switch around row and column
self.cols.append(t[0]) #switch around row and column

def tocoo(self):

rows = np.frombuffer(self.rows, dtype=np.int32)
cols = np.frombuffer(self.cols, dtype=np.int32)
data = np.frombuffer(self.data, dtype=self.dtype)

return sp.coo_matrix((data, (rows, cols)),
shape=self.shape)

def tocsr(self):

rows = np.frombuffer(self.rows, dtype=np.int32)
cols = np.frombuffer(self.cols, dtype=np.int32)
data = np.frombuffer(self.data, dtype=self.dtype)

return sp.csr_matrix((data, (rows,cols)), shape=self.shape)

def __len_ (self):
return len(self.data)

def PairwiseCompare():
manager=Manager () #manager slows the processes but good against
corruption
gueue=manager .Queue() #all data saved here.
processes=[]
threadCount=UsableThreads
status_activeThreadCount=0
def Status():
status = "\ndate: "+time.ctime()._ str_ () + " active threads: " +
status_activeThreadCount._str_ () + " queue size: " +
queue.qsize().__str__ ()
print (status)

#active threads: 16-18, aligned sequence: 38-45,
for k in range(threadCount):
processes.append(Process(target=PairwiseThread, args=(k, threadCount, G4List, qu
eue, Smatch, Smismatch, Sgapopen, Sgapextend, Treshold, IncludePercentIdentity, )))
processes[-1].start()
status_activeThreadCount+=1
print ("\r|>active process count: ", status_activeThreadCount," ")
while (queue.gsize()<1):
time.sleep(0.1)
active=True
while (active):
if (queue.gsize()==0):
time.sleep(0.01)
if (True in [p.is_alive() for p in processes]) == False:
active = False
print ("\033[39;49m\n+pairwise alignments are complete.")
continue
else:
SimilarityMatrix.appendTupleVals(queue.get())
gqueuesize = queue.qgsize()
if queuesize%1000==0:
print ("\r\033[30C\033[33;45m|>queue size: ",




queuesize._ str_ (), "\033[K",end="")

print ("+joining completed processes.")
for p in processes:
p.join()
status_activeThreadCount -= 1
print ("\r|>active process count: ",status_activeThreadCount,end="")
print ("\n+collecting last bits from queue.")
while (queue.qgsize() >0):
SimilarityMatrix.appendTupleVals(queue.get())
gqueuesize = queue.qgsize()
if queuesize % 1000 ==
print ("\r\e33[33;45m|>queue size: ",
gueuesize.__str__(),end="")
return

def PairwiseThread(thread, threadCount, G4List, queue, Smatch, Smismatch,
Sgapopen, Sgapextend, Treshold,IncludePercentIdentity=False):
totalG4s = len(G4List)
IntList=[myPairwise.ConvertToInt(G4List[g]) for g in range(totalG4s)]
for k in range(thread, totalG4s, threadCount):
if IncludePercentIdentity:
queue.put((k, k,1.))
else:
queue.put((k, k, 1))
for 1 in range(k):
k_len=len(G4List[k])
alignmentScore=myPairwise.SWPairwiseScore(IntList[k],
IntList[1], Smatch, Smismatch, Sgapopen)
Smax = Smatch * min(k_len, len(G4List[1]))
Pidentity = float(alignmentScore) / Smax
if Pidentity > Treshold:
if IncludePercentIdentity:
queue.put((k, 1, Pidentity))
#queue.put((1l, k, Pidentity))
else:
queue.put((k, 1, 1))
#queue.put((1, k, 1))
if k%100==0:
print ("\r\033[30;47m|>completed sequence:", k," ",end="")
return

class ProcessTimer:
def  init_ (self):
self.starttime=time.time()
def report(self):
result= time.time()-self.starttime
self.starttime=time.time()
print (result)

def SaveAsCoo(coomatrix, summary, filename):
import h5py
import numpy as np
from scipy.sparse import coo_matrix
if type(filename) is str:
h5pyFile=h5py.File(filename, "w"
elif type(filename) is h5py.File:




h5pyFile=filename
else:

sys.exit("Could not create a file. Check target file name.")
hspyFile.attrs["parameters"]=np.string_(summary)

h5pyFile.create_dataset("data",data=coomatrix.data, dtype=coomatrix.dtype)

def

h5pyFile.flush()

h5pyFile.create_dataset("rows", data=coomatrix.rows, dtype=np.int32)
h5pyFile.flush()
hspyFile.create_dataset("cols",data=coomatrix.cols, dtype=np.int32)
h5pyFile.close()

SaveAsCsr(csrmatrix, summary, filename):

import h5py

import numpy as np

#from scipy.sparse import csr_matrix

if type(filename) is str:
h5pyFile=h5py.File(filename, "w"

elif type(filename) is h5py.File:
h5pyFile=filename

else:
sys.exit("Could not create a file. Check target file name.")

h5pyFile.attrs["parameters"]=np.string_(summary)

h5pyFile.create_dataset("data",data=csrmatrix.data, dtype=csrmatrix.dtype)

h5pyFile.flush()
hspyFile.create_dataset("indices",data=csrmatrix.indices, dtype=np.int32)
h5pyFile.flush()
h5pyFile.create_dataset("indptr", data=csrmatrix.indptr, dtype=np.int32)
h5pyFile.close()

if _ _name__ =="__main__ ":

# init() # initiates colorama

# region Variables

timer = ProcessTimer ()

G4List = []

G4positionList = []

# endregion

# region Settings printed on screen

print ("\033[39;49m")

print ("\N------ccommmonn Settings ----------------- ")
print ("Usable thread count=", UsableThreads)

print ("Identity treshhold=", Treshold)

print ("Alignment scores, match=", Smatch, "mismatch=", Smismatch, "gap

openning=", Sgapopen, "gap extension=", Sgapextend)

print ("Include identity matrix=", IncludePercentIdentity)
# endregion
# region Find and parse G4List files
print ("\n----------- Finding G4List files ------------- ")
targetFile=""
G4ListFiles=[]
for File in os.listdir(SourceDir):

if File.endswith(".G4List"):

G4ListFiles.append(File)

if len(G4ListFiles) < 1:

sys.exit("No .G4List file detected in the current

directory.quiting.")




for i in range(len(G4ListFiles)):
print (i+1,G4ListFiles[i])
if len(G4ListFiles)==1:
targetFile=G4ListFiles[-1]
else:
choice=int(input("Please type the number of the G4List file to
analyse."))
targetFile=G4ListFiles[choice-1]
pre_params=[]
fileContent = open(targetFile, "r")
for line in fileContent:
if line.startswith("#") == False:
G4List.append(re.sub('[?ra-zA-Z]+', '',line.split("\t")[6]))
#[7] corresponds to G4 forming strand sequence according to G4List format
#re removes non alphabetic characters
else:
print(line)
pre_params.append(line)
# endregion
if IncludePercentIdentity:
SimilarityMatrix =
IncrementalCOOMatrix((len(G4List),len(G4List)),dtype=np.float32)
else:
SimilarityMatrix = IncrementalCOOMatrix((len(G4List), len(G4List)),
dtype=np.int8)
# region G4s from the file are printed on the screen
print ("\N------c-c----- Listing G4s ---------------- ")
print ("G4s found",len(G4List))
print (G4List[:30])
# endregion

print ("\n------------- Pairwise Comparison ------------- ")
PairwiseCompare()
print ("\N------------------- REPORT ------eccmcmcaaaan ")

print ("the first entries of Sparse G4 Identity Matrix:")

print ("matrix.cols:",SimilarityMatrix.cols[:5])

print ("matrix.rows:",SimilarityMatrix.rows[:5])

print ("matrix.data:",SimilarityMatrix.data[:5])

print ("time to complete:",end="")

timer.report()

allParameters= "".join(pre_params)+"# Matrix construction parameters:
threshold: "+ Treshold.__str__()+ " match score: "+Smatch.__str__ ()+ "
mismatch penalty: "+Smismatch._str_ ()+ " gap open penalty:
"+Sgapopen.__str__()+" gap extension penalty: "+Sgapextend.__str__ ()+"
identity percent included: "+IncludePercentIdentity._ str__ ()

print ("\R----oeo o OUTPUT -------mmmmmmaaaa D)

filename=stripExt(targetFile)+ ".X"+DateCode() +".coo"

print ("saving coo matrix data to " + filename)

SaveAsCoo(SimilarityMatrix,allParameters, filename)

print ("converting to csr matrix.")

SimilarityMatrix = SimilarityMatrix.tocsr()

filename=stripExt(targetFile)+ ".X"+DateCode()+".csr"

print ("saving csr matrix data to " + filename)

SaveAsCsr(SimilarityMatrix, allParameters, filename)

# print (SimilarityMatrix.todense() #matrix may be too big to handle
this command. Use with caution.




Ek . Cok izgeli G-dértliisi gruplama betigi

from multiprocessing import
Value, Pipe, Process, Pool, Manager, sharedctypes, cpu_count, Array
from time import time, sleep
import ctypes

import numpy as np

import os, sys

import psutil

import linecache

from common import DateCode
stime=time()

threshold=.8
min_comm_size=10

def progress_bar(last_index, total, stage):

pass
cur_prog=round(last_index/total*100)
print("\r|"+"-"*cur_prog+" "*(100-cur_prog)+"| "+stage+" | working
on:"+str(last_index),end="") #str(psutil.virtual_memory()[4]),end="")

def progress_bar_thread(progress):
last_value=0
step=1
while True:
progress_value = int(progress.value * 100)
if progress_value==0 and last_value>90:

step+=1
last_value=progress_value
print("\r|" + "-" * progress_value + " " * (100 - progress_value) +
"| Progress %"+str(progress_value)+" STEP "+str(step), end="")
sleep(1)
if _ _name__ =="__mp_main__":

with open("setting.ini","r") as settingFile:
shared_indices_size, shared_indptr_size= (int(x) for x in
settingFile.read().split(";"))
settingFile.close()
fields = [('neighbor', ctypes.c_int32 * shared_indices_size)]
indices_type = type('indices_type', (ctypes.Structure,), {"_fields_":
fields})
fields = [('vertex', ctypes.c_int32 * shared_indptr_size)]
indptr_type = type('indptr_type', (ctypes.Structure,), {" fields ":
fields})

def set_size_ini(indices_size, indptr_size):
settingFile=open("setting.ini",6 "w"
settingFile.write(indices_size._str__ ()+";"+indptr_size._ str_ ())
settingFile.close()

def ChckPnt(i=-1):
global stime
print ("Check point:",i,time()-stime)
stime=time()




def LoadFromCSR(filename):
from numpy import array,string_
import h5py
h5pyFile=h5py.File(filename, "r")
global main_data, main_indices, main_indptr, main_parameters
main_data=array(h5pyFile.get("data"))
progress_bar(1,3,"file load")
main_indices=array(h5pyFile.get("indices"))
progress_bar(2,3,"file load")
main_indptr=array(h5pyFile.get("indptr"))
progress_bar(3,3,"file load")
main_parameters=str(h5pyFile.attrs["parameters"])[2:-1]
h5pyFile.close()
print("\r",filename, "loaded.")

def get_neigbors(index): #RETURNS NEIGHBOURS OF VERTEX

return
shared_indices.neighbor[shared_indptr.vertex[index]:shared_indptr.vertex[ind
ex + 171]

def FindCommonSet(mySet, vertex2):
return mySet.intersection(get_neigbors(vertex2))

def FindFullyConnected_init(indices, indptr,progress_v, lock):
global shared_indices, shared_indptr
shared_indices, shared_indptr=indices, indptr
global filelLock
fileLock=1lock
global progress
progress=progress_v

def FindFullyConnected(vertex):
myNeighbours_list=get_neigbors(vertex)
myNeighbours_set=set(myNeighbours_list)
myNeighbours_count=len(myNeighbours_1list)
finalSet={x for x in myNeighbours_list if
len(FindCommonSet (myNeighbours_set, x))/myNeighbours_count>=threshold }
# finalSet.add(vertex) # BECAUSE THE MATRIX ALREADY INCLUDES SELF AS
CONNECTED, NO NEED TO ADD IT AGAIN.

fileSize=GetSizeFromFile()
if len(finalSet)>=min_comm_size:
for i in range(fileSize):
thisSet=ReadFromFile(1)
if finalSet.issubset(thisSet):
return
text — nn
for s in finalSet:
text += str(s) + " '
text += '\n'
fileLock.acquire()
with open("clusters.txt", 'a') as f:
f.write(text)
f.close()
fileLock.release()




progress.value=vertex/shared_indptr_size
# progress_bar(vertex, shared_indptr_size, "STEP 1")

def Merger_init(step2_io,progress_v):
global step2_out_list
step2_out_list=step2_io
global progress
progress=progress_v

def ReadFromFile(i):
return set([int(x) for x in linecache.getline("clusters.txt", i).split("
") if x!="" and x!="\n"])

def GetSizeFromFile():
fname="clusters. txt"
i=0
with open(fname) as f:
for i, 1 in enumerate(f):
pass
return i + 1

def Merger(i):
# INSTEAD OF TRYING TO DELETE A LINEFROM FILE, THIS FILLS AN ARRAY WITH
0s AND 1s DEPENDING ON IF THE SET TO BE DELETED OR NOT.
# linecache.clearcache() #0DDLY THIS COMMAND INCREASES MEMORY USE
length=GetSizeFromFile()
curSet=ReadFromFile(1i)
for index in range(i+1,length):
if step2_out_list[index]:
thisSet=ReadFromFile(index)
if curSet.issubset(thisSet):
step2_out_list[i]=False
break
if len(thisSet.intersection(curSet))/len(thisSet.union(curSet))
>= threshold:
step2_out_list[index] = False
continue
progress.value=i/length

# progress_bar(i, length, "STEP 2")
if _ name__ =="_ _main__":
progress=Value('f',0.0)
progress_process=Process(target=progress_bar_thread, args=(progress, ))
print("---------- PARAMETERS---------- "
print("Threshold:", threshold)
print("Minimum community size:",min_comm_size)
print("----- DISCOVERED CSR FILES----- "
# FIND AND CHOOSE A G4LIST FILE TO ANALYSE
G4ListFiles=[]
for File in os.listdir(os.curdir):
if File.endswith(".csr"):
G4ListFiles.append(File)
if len(G4ListFiles) < 1:
sys.exit("No .G4List file detected in the current
directory.quiting.")
for i in range(len(G4ListFiles)):
print (i+1,G4ListFiles[i])




if len(G4ListFiles)==1:
target_G4List=G4ListFiles[-1]
else:
choice=int(input("Please type the number of the G4List file to
analyse."))
target_G4List=G4ListFiles[choice-1]
print("----- LOADING FROM FILE----- ")
LoadFromCSR(target_G4List)
indices_size=len(main_indices)
indptr_size=len(main_indptr)
print("Length of indices:",indices_size)
print("Length of indptr:",indptr_size)
progress_bar (0,4, "type declerations")
set_size_ini(indices_size,indptr_size)
fields = [('neighbor', ctypes.c_int32 * indices_size)]
indices_type = type('indices_type', (ctypes.Structure,), {"_fields_ ":
fields})
progress_bar(1,4,"type declerations")
fields = [('vertex', ctypes.c_int32 * indptr_size)]
indptr_type = type('indptr_type', (ctypes.Structure,), {"_fields_":
fields})
progress_bar (2,4, "type declerations")
# CONVERT TYPE OF main_indices AND main_indptr INTO SOMETHING MORE
USEFUL
main_indices=indices_type((*main_indices, ))
progress_bar (3,4, "type declerations")
main_indptr=indptr_type((*main_indptr,))
progress_bar(4,4,"type declerations")
dataFile=open("clusters.txt", "w"
dataFile.close()
print("\rTotal processors found:",cpu_count())
print("----- CANDIDATE DISCOVERY STARTS----- "
progress_process.start()
sstime=time() #START OF HEAVY DUTY WORK
manager=Manager ()
fileLock=manager.Lock()
# print("Find communities initiates")

pool_stepil=Pool(processes=cpu_count(),initializer=FindFullyConnected_init, in
itargs=(main_indices, main_indptr, progress,filelLock)) #FINDCOMMUNITIES
ALGORITHM IS HIDDEN HERE
pool_stepl.imap_unordered(FindFullyConnected, range(indptr_size))
pool_stepl.close()
pool_stepl.join()
# print("----- CANDIDATE CREATION COMPLETE------ ")
step2_out_list=Array("b", [True for x in range(GetSizeFromFile())])

pool_step2=Pool(processes=cpu_count(),initializer=Merger_init, initargs=(step
2_out_list,progress))

results=pool_step2.imap_unordered(Merger, range(GetSizeFromFile()))#
stepl_out_1list)

pool_step2.close()

pool_step2.join()

final_list=[ ReadFromFile(x) for x in range(GetSizeFromFile()) if
step2_out_list[x]]

progress_process.terminate()

print("\r---------- ANALYSIS COMPLETE----------- "




print("Total time:", time() - sstime)
print("Clusters found:",len(final_list))
target_G4List=target_G4List.replace(".csr","")
target_file=target_G4List+".C"+DateCode()+".G4clstr"
main_parameters=main_parameters.replace(r"\n","")
with open(target_file,"w") as f:
f.write(main_parameters+" # Cluster discovery parameters: threshold:
"+ str(threshold)+" minimum cluster size: "+ str(min_comm_size)+ "\n")
for a_set in final_ list:
f.write(str(a_set))
f.write("\n")
f.close()
print("Saved to "+target_file)
print("File size:",os.stat(target_file).st_size, "bytes")

Ek . Glam2 otomatizasyonu ile seri motif olusturma betigi

import sys,os,subprocess

G4ListFile=open("NC_000001.11 Homo sapiens chromosome 1, GRCh38.p7 Primary
Assembly.G4List","r")
G4ClstrFile=open("ClstrFile.G4Clstr","r")
parameter=""
parameter=G4ListFile.readline()
print(parameter)
G4List=1list()
G4DefList=1ist()
for line in G4ListFile.readlines():
G4List.append(line.strip("\n").split("\t")[6] )
G4DefList.append(":".join(line.strip("\n").split("\t")[:5]))
print ("G4List file loaded: ",G4List[:3],G4DefList[:3])
shortest=""
parameter=G4ClstrFile.readline()
print(parameter)
ClstrList=[ [int(x) for x in line.strip("{}\n").split(", ") ] for line in
G4ClstrFile.readlines()]
ClstrList=sorted(ClstrList, key=1en)
print("G4Clstr file loaded: ",ClstrList[:3])
#DOES FOR ONE CLUSTER
totalTypes=0
totalvariants=0
for item in ClstrList[:]:
clstr=item
shortest=min([ G4List[pos] for pos in clstr], key=len)
# print(shortest)
tempClstrFile=open("tempClstr.fa", "w")
variants=[]
for entry,index in enumerate(clstr):
if G4List[index][1:-1] not in variants:
variants.append(G4List[index][1:-1])
tempClstrFile.write(">"+G4DefList[index]+"\n")
tempClstrFile.write(G4List[index]+"\n")
tempClstrFile.close()
dirName=shortest[1:-1] #+" "+str(len(clstr))+" "+str(len(variants))
print(dirName)




if dirName in os.listdir(os.curdir):
print("already found:",dirName)
continue
# No need to check if the directory exists, GLAM2 will not overwrite
bashCommand="/home/osman/meme/bin/glam2 n "+tempClstrFile.name+" -o
"+dirName+" -r 1"
print(bashCommand)
process=subprocess.Popen(bashCommand.split(), stdout=subprocess.PIPE)
output,error=process.communicate()
print(dirName," G4 cluster. Return code:",6 process.returncode)
if process.returncode==1:
continue
totalTypes+=1
totalvariants+=variants.__len__ ()
G4ReportFile=open("./"+dirName+"/G4Report.txt", "a"
G4ReportFile.write("size of cluster: "+str(len(clstr))+" variant count:
"+str(len(variants))+"\n")
G4ReportFile.writelines([x+"\n" for x in variants])
G4ReportFile.close()
print("total G4 groups:",totalTypes, "\ntotal G4 variants",6 totalVariants)

Ek . G-dértlilerini gen anotasyonlarindaki pozisyonlarina gore filtreleme betigi

import re

from itertools import product, repeat

import itertools

import common

from multiprocessing import Process, Pool, Manager, cpu_count

def tonumeric(value):
if value[0].isnumeric() or value[0]=="-":
try:
return int(value)
except ValueError:
try:
return float(value)
except ValueError:
return value
else:
return value

def toChr(value):
chrNames=[str(x) for x in range(1,23)]+["X","Y"]
txtlen="chromosome"._len__ ()
txtstart=value.find("chromosome™)
if txtstart<0:
txtstart = value.find("chr")
txtlen="chr".__len_ ()
if txtstart < 0: return value
vals=[]
for k in value[txtstart+txtlen:]:
if k in chrNames and len(vals)>0:
vals[-1]=vals[-1]+k
else:
vals.append(k)




return tonumeric(vals[0])

def match(g4chr, featurechr):
featurechr=str(featurechr).strip("chromosome ")
if len(featurechr)<3:
featurechr="chromosome "+featurechr
if featurechr in g4chr:
return True
else: return False

#region find gene annotations
class annotations():
__lines_unread__ =0
def __init__ (self,filename=""):
self.filename=filename
self.pseudogene=[]
self.gene=[]
self.CDS=[]
self.UTR=[]
self.five_prime_utr=[]
self.three_prime_utr=[]
self.transcript=[]
self.exon=[]
self.primary_transcript=[]
self.promoter=[]
self.promoterLength=2000
if filename!="":
self.read_from_file(filename)

def List_ Features(self):

return [attr for attr in dir(self) if not attr.startswith("_ ") and

type(getattr(self,attr))==1ist]

def read_from_file(self,filename):
self.filename = filename
print("Loading annotation file",6 filename)
annotation_file = open(filename, "r'")
for line in annotation_file.readlines():
line=line.strip("\n").split("\t")
self.__lines_unread_ =0
try:
this_feature=line[2]

getattr(self, this_feature).append([tonumeric(x) for x in

line])
except:
self.__lines_unread__+=1
annotation_file.close()
self.promoter=self.discoverPromoters(self.promoterLength)
print("File loaded.")

def __ _repr__(self):
print("\n--Annotation file summary--")
for annotation_list in self.List_Features():
print( len(getattr(self,annotation_list)),annotation_list,
"annotations found.")
print(self.__lines_unread__, "lines could not be read.")
return




def discoverPromoters(self, length=2000):
promoters = []
for feature in self.gene:

if feature[6] == "+": promoters.append(feature[0:2] +
["promoter"] + [feature[3] - length, feature[3]]+feature[5:])
if feature[6] == "-": promoters.append(feature[0:2] +

["promoter"] + [feature[4], feature[4] + length]+feature[5:])
return promoters
def __add__(self, other):
for attr in self.List_Features():
self._ setattr__ (attr,self._ getattribute__ (attr)
+other.__getattribute__(attr))
self.filename=self.filename+";"+other.filename
return self
#endregion
class G4List():
def _ init_ (self,filename):
self.list=1ist()
self.firstline=""
self.filename=filename
if type(filename)==str:
print("Loading:", filename)
with open(filename,"r") as file:
file=open(filename, "r").readlines()
self.firstline=file[0Q]
for line in file:
content=1line.strip("\n").split("\t")
if content._ len_ ()>=7:
self.list.append([tonumeric(x) for x in content])
elif line._len_ ()>0:
print(line)

def doesOverlap(G4entry, featurelList):
overlap = False
for feature in featurelList:
if match(G4entry[0], feature[0]):
# print(G4entry[0], feature[0])
if Gdentry[1] >= feature[3] and Gdentry[2] <= feature[4]:
overlap = True
break
return overlap

#region rules

from enum import Enum

class option(Enum):
ignore=0
must_include=1
must_exclude=2
cannot_include=3
cannot_exclude=4

class annotation_filter_rules():
def __init_ (self,for_annotations=annotations()):
for attr in for_annotations.List_Features():
setattr(self,attr,option.ignore)
# print(attr,getattr(self,attr))




def _ repr_ (self):
return "\n".join([attr+": "+str(self._ getattribute__ (attr)) for
attr in dir(self) if not attr.startswith("_") and
type(getattr(self,attr))==option])
def attrList(self):

return [attr for attr in dir(self) if not attr.startswith("__") and
type(getattr(self,attr))==option]
#endregion

def chckG4overlaps( tupleEntry):
(G4entry, annotations, rules)=tupleEntry
ignore = False
for featureType in rules.attrList():

if rules.__getattribute__(featureType) == option.ignore: continue
featureList = []
try:
featurelList += annotations.__getattribute__(featureType)
except:
pass
overlap = doesOverlap(G4entry, featurelList)
if rules._getattribute__ (featureType) == option.must_include:
if overlap:
continue
else:
ignore = True
break
elif rules.__getattribute__(featureType) == option.must_exclude:

if overlap:
ignore = True
break
else:
continue
if ignore:
return None
else:
print(G4entry)
return Gdentry

if _ _name__ =="__main__":
pass
rules = annotation_filter_rules()
# rules.promoter=option.must_include
# rules.gene=option.must_exclude
rules.five_prime_utr=option.must_include
# rules.three_prime_utr=option.must_include
rules.CDS=option.must_exclude
rules.pseudogene=option.must_exclude
print("\n--Rules--")
print(rules)
print("\n--Annotation file(s)--")
Annotations=annotations("Homo_sapiens.GRCh38.94.gtf")
+annotations("ref_GRCh38.p12_top_level.gff3")
print("\n--Loading G4List file--")
G4ListFilename="Homo sapiens, GRCh38.p7 Primary Assembly.G4List"
G4list=G4List(G4ListFilename)
G4ListParameterLine=G4list.firstline
G4list=G4list.list




Results=[]
with Po0ol(30) as pool:
iters=[(x,Annotations, rules) for x in G4list]
Results=pool.map(chckG4overlaps, iters)
newG4ListFile=open(common.stripExt(G4ListFilename)+"_F"+common.DateCode()
+".G4List", "w") newG4ListFile.write(G4ListParameterLine.replace("\n","")
+";"+rules. repr_ ().replace("\n",",")+" annotation
files:"+",".join(Annotations.filename )+" original G4List
file:"+G4ListFilename+"\n")
for entry in Results:
if entry == None: continue
newG4ListFile.write("\t".join([str(x) for x in entry])+"\n")

Ek .G4List dosya formatindan fasta formatina ¢cevirme kod betigi

filesToConvert=["Homo sapiens, GRCh38.p7 Primary Assembly_ FicklW.G4List",
"Homo sapiens, GRCh38.p7 Primary Assembly_Fjl2nt.G4List",
"Homo sapiens, GRCh38.p7 Primary Assembly FicbmU.G4list"]

for filename in filesToConvert:
with open(filename,"r") as file:
desc=file.readline()
with open(filename+".fa","w") as target:
target.write("//"+desc)
for line in file:
content=1line.split("\t")
target.write(">"+content[6]+" "+",".join(content[0:4])
+"\n"+content[6]+"\n")

Ek . G-dértlileri ile cakisan patojenik ve yiksek ihtimalle patojenik ClinVar varyantlar secilim kod betigi

import os
import re
VariantsFolder=os.curdir+"\\"
G4ListFilename="..\\Homo sapiens, GRCh38.p7 Primary Assembly.G4List"
#use this table for accessing variant files
ChrvarFileTable={}
for chrnumber in range(1,23):

ChrvarFileTable.update({str(chrnumber):"chr"+str(chrnumber)+".tsv"})
ChrvarFileTable.update({"X":"chrX.tsv","Y":"chrY.tsv"})
FilenamesAvailable=o0s.listdir(VariantsFolder)
for filename in ChrVvarFileTable.values():

if filename not in FilenamesAvailable:

exit(code="001 Can not find target variant files: "+filename)

G4ListFile=open(G4ListFilename, "r")
CurrentChrNo=1
CurrentChr=1list(ChrVarFileTable.keys())[CurrentChrNo-1]
print("Next chromsome:", CurrentChr)
CurrentVariantLineNo=10
CurrentVariantFile=open(VariantsFolder+ChrVarFileTable[CurrentChr],"r").read
lines()
print(G4ListFile, CurrentVariantFile)
G4CountWithvVariants=0
Results=[]
ResultsFile=open("G4Variants.tsv", "w"
ResultsFile.write("source\tStart\tStop\tlength\tstrand\tstrand sequence\tG4




sequence\tG4H score\t"+"Variant ID Start Stop Variant type Gene
Molecular consequences Most severe clinical significance 10006 minor allele
10006 MAF GO-ESP minor allele GO-ESP MAF ExXAC minor allele EXAC MAF
Publications (PMIDs) Variant allele Transcript change RefSeq Protein
change Molecular consequence HGVS_c HGVS_g HGVS_ng HGVS_p Condition
Most severe clinical significance Submitters Highest review status Last
evaluated\n")
for line in G4ListFile:
lineParse=line.split("\t")
# print(lineParse)
if lineParse.__len_ ()<3:
continue
if not lineParse[0].__contains__("chromosome "+CurrentChr):
CurrentChrNo+=1
CurrentChr=list(ChrVarFileTable.keys())[CurrentChrNo-1]
CurrentVariantLineNo=10
CurrentVariantFile=open(VariantsFolder+ChrVarFileTable[CurrentChr],"r").read
lines()
print("Next chromsome:",CurrentChr)
G4start=int(lineParse[1])
G4end=int(lineParse[2])
CurVariantFilelLength=len(CurrentVariantFile)
while (CurrentVariantLineNo<CurVariantFilelLength):
variantParse=CurrentVariantFile[CurrentVariantLineNo].split("\t")
variantStart=int(variantParse[1])
variantEnd=int(variantParse[2])
if variantEnd<G4start:
CurrentVariantLineNo += 1
continue
elif variantStart<G4end:
try:
if not lineParse[1]==Results[-1][1]:
G4CountWithVariants+=1
except:
pass
lineParse[-1]=1lineParse[-1].strip("\n")
Results.append(lineParse+variantParse)
ResultsFile.write("\t".join(Results[-1]))
print(lineParse,variantParse)
CurrentVariantLineNo += 1
continue
break
print("total G4s with ClinVar Variants:",G4CountWithVariants)
print("total ClinVar Variants detected:", len(Results))

Ek . TCGA varyasyon verileri filtreleme kod betigi

import re

ChromosomeNo_dict={"1":1,"2":2,"3":3,"4":4,"5":5,"6":6,"7":7,"8":8,"9":9,"10":10, "11
":11,"12":12,"13":13,"14":14, "15":15, "16":16, "17":17, "18":18, "19":19, "20": 20, "21": 21
,"22":22,"X" 123, "Y" 124}

variants_filename="D:\\Users\\doluc\Downloads\\GDC upstream_5UTR_3UTR
mutations.2018-11-04.json"




variants_file=open(variants_filename, "r")

undesired_consequences={"missense_variant", "frameshift variant",6 "splice_region_varia
nt", "synonymous_variant", "inframe_variant", "stop_retained_variant", "incomplete_termi
nal_codon_variant", "stop_lost", "incomplete_terminal codon_variant", "protein_altering
_variant", "inframe_insertion", "inframe_deletion", "stop_gained", "start_lost", "coding_
sequence_variant", "splice_acceptor_variant", "splice_donor_variant"}
desired_consequencens=[]

unpaired_square_bracket=0

unpaired_curly_bracket=0

nextline=variants_file.readline()

line_no=0

interested_variants=[]
class variant:
def _ init_ (self, keep=False,chr="",6 position=-

1, mutation="",ssm_id="", mutation_type=""):
self.keep=keep
self.chr=chr
self.position=position
self.mutation=mutation
self.ssm_id=ssm_id
self.mutation_type=mutation_type

def _ str_ (self):
return str(str(self.chr)+","+str(self.position)+", "+str(self.mutation)
+", "+str(self.ssm_id)+", "+str(self.mutation_type)
+", "+ChromosomeNo_dict[self.chr[3:]].__str_ ())

in_variant=False
variant_of_focus=variant()

while (nextline!=""):
line_no+=1
if line_no.__mod__ (1000000)==0: print(line_no,)
line=nextline

if line==' '"consequence": [\n':
in_variant=True
# print("in")
variant_of_focus=variant(keep=True)

if line.startswith(' "consequence_type":'):
consequence_type=1ine[29:-2]
if consequence_type in undesired_consequences:
variant_of_focus.keep=False

if line.startswith(' "genomic_dna_change": '):
variant_of_focus.chr=re.search(r"(chr[0-9]+) ]| (chr[XY])",1ine).group()
variant_of_focus.position = re.search(r"g.[0-9]+", line).group()[2:]
# print(line)
variant_of_focus.mutation = re.search(r"([>ATGCinsdel]{3,})",line).group()
# print(variant_of_focus)

if line.startswith(' ‘"ssm_id": '):
variant_of_focus.ssm_id=1ine[13:-4]
# print(variant_of_focus)

if line.startswith(' "mutation_subtype":'):
variant_of_focus.mutation_type=1ine[23:-2]
# print(variant_of_focus)

if line=='},{\n' or line=="}]\n":




# print(variant_of_focus)
in_variant=False
if variant_of_focus.keep:
# print(variant_of_focus)
interested_variants.append(variant_of_focus)
# print("out")

nextline=variants_file.readline()

target_csv=open("target_variants.csv", "w")
target_csv.write("sep=, \nchromosome, position, mutation, ssm_id, mutation type,chrNo\n")

for entry in interested_variants:
target_csv.write(str(entry))
target_csv.write("\n")
print(entry)

Ek . G-dortliileri ile cakisan TCGA varyantlari kesif kod betigi

import os
import re

variants_file=open("target_variants.csv","r")

G4List_file=open("..\\Homo sapiens, GRCh38.p7 Primary Assembly.G4List","r")
Chromosome_dict={1:"1",2:"2",3:"3",4:"4",5:"5",6:"6",7:"7",8:"8",9:"9",10:"10",11:"1
i",12:"12",13:"13",14:"14",15:"15",16:"16",17:"17",18:"18",19:"19",20:"20",21:"21", 2
2:"22",23:"X",24:"Y"}
ChromosomeNo_dict={"1":1,"2":2,"3":3,"4":4,"5":5,"6":6,"7":7,"8":8,"9":9,"10":10, "11
":11,"12":12,"13":13,"14":14,"15":15,"16":16, "17":17,"18":18,"19":19, "20":20, "21": 21
,"'22":22,"X":23,"Y" 24}

CurrentChr="chri1i"
CurrentVariantLineNo=1
Results=[]
variant_line_no=0

def chrToChromosomeNo(chr=str):
chromosome=ChromosomeNo_dict[chr[3:]]
return chromosome

def definitionToChrNo(definition=str):
return ChromosomeNo_dict[re.search(r"(chromosome )[0-9XY]
{1,2}",definition).group(0)[11:]]
variant_line_no+=1
print(variants_file.readline())
variant_line = variants_file.readline()
variant_line_no+=1

for G4_line in G4List_file:

G4_line_parsed=G4_line.strip("\n").split("\t")
if G4_line_parsed.__len_ ()<3:

continue
Current_G4_chr=definitionToChrNo(G4_line_parsed[0])
Current_G4_begin=int(G4_line_parsed[1])
Current_G4_end=int(G4_line_parsed[2])
NoMoreForThisG4=False
while(True):

variant_line_parsed = variant_line.strip("\n").split(";")

if variant_line_parsed.__len_ ()<3:

break
Current_variant_chr = chrToChromosomeNo(variant_line_parsed[0])




Current_variant_pos = int(variant_line_parsed[1])
Current_variant_mutation= variant_line_parsed[2]
Current_variant_ssm_id= variant_line_parsed[3]
Current_variant_mutation_type = variant_line_parsed[4]

if (Current_variant_chr<Current_G4_chr):
variant_line = variants_file.readline()
variant_line_no += 1
continue

if (Current_variant_chr>Current_G4_chr):
break

if (Current_variant_pos<Current_G4_begin+1):
variant_line = variants_file.readline()
# 1f variant_line=="":print(Current_G4_chr,Current_variant_chr)
variant_line_no += 1
continue

elif (Current_variant_pos>Current_G4_end-1):
NoMoreForThisG4=True
break

else: Results.append(",".join(G4_line_parsed)

+","+", " join(variant_line_parsed))

print(Results[-1])
variant_line = variants_file.readline()
variant_line_no += 1
continue

results_file=open("results.csv", "w")

results_file.write("sep=,\n")

for entry in Results:
results_file.write(entry+"\n")

exit()
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