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: Hidrojen peroksit
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: Sodyum
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: Singlet oksijen
: Santigrat derece

Aciklama

: Apoptoz indiikleyici faktor
: Protein kinaz B
: Apoptotik proteaz aktive edici faktor
. Aktive edici transkripsiyon faktorii 6
: Ataksia telenjiektazi proteini
: Adenozin trifosfat
. Ataksiya telenjiektazi- Rad3 iligkili protein
. ATR ile etkilesen protein
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OZET

PRISTIMERININ SERVIKAL KANSER HUCRE HATLARINDA HUCRE
OLUM YOLAKLARI UZERINE ETKILERININ BiYOINFORMATIK
ARACLAR ile DEGERLENDIRILMESI

DOKTORA TEZI

Ayse Miige ALDIRAN

istanbul Universitesi
Fen Bilimleri Enstitiisii

Biyoloji Anabilim Dal

Damisman : Prof. Dr. Fatma Giill OZCAN

Kanser, giinlimiizde en sik rastlanilan hastaliklardan biri olup c¢evresel ve kalitimsal
faktorlerle tetiklenebilmektedir. Mutajenler, kimyasallar, viriisler, radyasyon, genetik
faktorler sebebiyle meydana gelebilen kanser; radyoterapi, kemoterapi ve cerrahi miidahale ile
tedavi edilebilmektedir.

Gilinlimiizde, terapotik etkisi olan dogal bilesiklerin kanser tedavisinde kullanimi 6n plana
cikmaktadir. Dogal bilesiklerin, kanser tedavisi sirasinda meydana gelen yan etkileri
minimuma indirmesi ve kanser hiicrelerinin tedaviye duyarliligini artirmasi terapotik agidan
umut verici olmaktadir.

Celastraceae ve Hippocrateaceae ailelerinin farkli c¢esitlerinden iiretilen bir kinonmetit
triterpenoid olan pristimerinin, gesitli kanser hiicre hatlarinda antiproliferatif, sitotoksik ve
apoptotik etkileri oldugu bilinmektedir. Bu baglamda, calismamizda pristimerinin insan
servikal kanseri kokenli HeLa ve C-4 I hiicre hatlarinda olusturdugu sitotoksisite ve
indiikledigi 6liim yolaklarinin molekiiler mekanizmasinda rol oynayan molekiil ya da molekiil
gruplarinin biyoinformatik araclar ile arastirilmasi amaglanmaistir.
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Calismamizda pristimerinin 6 farkli dozu (9 uM, 12 uM, 15 uM, 20 uM, 25 uM, 30 uM)
insan servikal kanseri kokenli HeLa ve C-4 I hiicre hatlarina 24 saat siire ile uygulanmistir.
Pristimerinin hiicre hatlarinda meydana getirdigi sitotoksik etkinin ve ICzo dozunun
belirlenebilmesi i¢in Mitokondriyal Dehidrogenaz Enzim Aktivitesi (MTT) ve Laktat
Dehidrogenaz Enzim Aktivitesi (LDH) analizleri kullanilmistir. Pristimerinin 1Co dozunun
HeLa ve C- 4 I hiicre hatlarinda indiikledigi hiicre 6liim yolaklar1 ve bu yolaklarda rol
oynayan molekiiller mRNA sekanslama biyoinformatik analizler ile degerlendirilmistir.

Sonug olarak ¢alismamizda pristimerinin farkli dozlarinin HeLa ve C-4 I hiicre hatlarinda
istatistiksel olarak anlamli (p<0.05) sitotoksik bir etkiye sahip oldugu belirlenmistir.
Biyoinformatik analizler neticesinde pristimerinin 1C;, dozunun HelLa ve C-4 I hiicre
hatlarinda MAPK, FoxO, TNF, PI3K-AKT, p53 yolaklari; ilaveten HelLa hiicre hattinda
mTOR yolag: ile apoptoz ve nekroptozu indiikledigi tespit edilmistir. Pristimerinin 1Cy
dozunun HeLa hiicre hattinda TNF, kaspaz 8 ve kaspaz 10 aktivitesi ile ekstrinsik apoptozu;
C-4 1 hiicre hattinda kaspaz 12, JNK, CHOP, IRE1 aktivitesi ile endoplazmik retikulum
aracili apoptozu regiile ettigi ortaya konmustur. Ayrica, pristimerinin 1C7o dozunun HelLa
hiicre hattinda FADD, TNFa, RIPK1, RIPK3, MLKL; C-4 I hiicre hattinda TNFa, MLKL,
CYLD genleri araciligi ile nekroptozu indiikledigi gosterilmistir. Buna ek olarak, HelLa ve C-
4 1 hiicre hatlarinda DNA hasar1 ve hiicre siklusunun blokajinin meydana geldigi
belirlenmistir. Duyarlilik seviyeleri farkli olan insan servikal kanseri kokenli hiicre hatlari ile
gerceklestirdigimiz bu calismada, pristimerinin ¢esitli yolaklar ile farkli hiicre 6liim yollarini
tesvik etmis olmasi tedavi agisindan O6nemli farkliliklarin g6z Oniinde bulundurulmasi
gerekliligini gostermektedir. Calismamizda vardigimiz sonuglar ileride yapilmasi gerekli olan
in vivo ve preklinik arastirmalarin sonuglari ile beraber pristimerinin servikal kanseri tedavisi
icin literatiirde ilk olacak umut vaat eden dogal bir bilesik oldugunu ortaya koymustur.

Temmuz 2024, 253 sayfa.

Anahtar kelimeler: Biyoinformatik, Apoptoz, Nekroptoz, Sitotoksik, Servikal
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SUMMARY

EVALUATION of the EFFECTS of PRISTIMERIN on CELL DEATH
PATHWAYS in CERVICAL CANCER CELL LINES USING
BIOINFORMATICS TOOLS
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Supervisor : Prof. Dr. Fatma Giil OZCAN

Cancer, one of the most common diseases today, can be triggered by environmental and
hereditary factors. Mutagens, chemicals, viruses, radiation, and genetic factors can lead to
cancer, which can be treated with radiotherapy, chemotherapy, and surgical operation.

In recent times, the use of therapeutic natural compounds in cancer treatment has come to the
forefront. Natural compounds are promising therapeutically due to their ability to minimize
side effects during cancer treatment and increase the sensitivity of cancer cells to therapy.

Pristimerin, a quinonemethide triterpenoid derived from various species of the Celastraceae
and Hippocrateaceae families, is known to have antiproliferative, cytotoxic, and apoptotic
effects on various cancer cell lines. In this context, our study aims to investigate the
cytotoxicity induced by pristimerin and the molecular mechanisms of the death pathways
involved in human cervical cancer-derived HeLa and C-4 | cell lines using bioinformatics
tools.
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In our study, six different doses of pristimerin (9 uM, 12 uM, 15 uM, 20 uM, 25 uM, 30 uM)
were applied to human cervical cancer-derived HelLa and C-4 | cell lines for 24 hours. To
determine the cytotoxic effect of pristimerin on the cell lines and its 1C; dose, Mitochondrial
Dehydrogenase Enzyme Activity (MTT) and Lactate Dehydrogenase Enzyme Activity (LDH)
assays were used. The cell death pathways and the molecules involved in these pathways
induced by the 1C; dose of pristimerin in HeLa and C-4 | cell lines were evaluated using
MRNA sequencing bioinformatics analyses.

As a result, our study determined that different doses of pristimerin have a statistically
significant (p<0.05) cytotoxic effect on HeLa and C-4 | cell lines. Bioinformatics analyses
revealed that the 1C7o dose of pristimerin induces the MAPK, FoxO, TNF, PI3K-AKT, and
p53 pathways in HeLa and C-4 | cell lines; additionally, in HeLa cell lines, it induces the
mTOR pathway along with apoptosis and necroptosis. It was found that the 1C7 dose of
pristimerin regulates extrinsic apoptosis in HelLa cell lines through TNF, caspase 8, and
caspase 10 activity, and endoplasmic reticulum-mediated apoptosis in C-4 | cell lines through
caspase 12, INK, CHOP, and IREL1 activity. Furthermore, it was shown that the IC7, dose of
pristimerin induces necroptosis via FADD, TNFa, RIPK1, RIPK3, MLKL in HeLa cell lines,
and via TNFoa, MLKL, CYLD genes in C-4 | cell lines. Additionally, DNA damage and cell
cycle blockade were observed in both HeLa and C-4 1 cell lines. This study, conducted with
human cervical cancer-derived cell lines with different sensitivity levels, demonstrates the
necessity of considering the significant therapeutic differences that pristimerin promotes
various cell death pathways through different pathways. The results of our study, together
with the outcomes of future necessary in vivo and preclinical studies, reveal that pristimerin is
a promising natural compound for cervical cancer treatment, marking a first in the literature.

July 2024, 253 pages.

Keywords: Bioinformatics, Apoptosis, Necroptosis, Cytotoxic, Cervical
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1. GIRIS

Cok hiicreli canlilar homeostazisini koruyabilmek i¢in mitoz, farklilasma, hiicre 6limii gibi
stireclerden ge¢cmektedirler. Canlilarda i¢ dengenin stabilizasyonu ve yasamsal siireclerin
hatasiz gergeklesebilmesi icin her giin binlerce hiicre o6limi gerceklesirken ¢esitli

hastaliklarda bu mekanizma bozulmus durumdadir (Chiong ve dig., 2011).

Hiicre oliimleri, programli ve programsiz olmak iizere iki smifa ayrilmaktadir. Programli
hiicre oliimleri igerisinde en iyi karakterize edileni apoptoz olup programsiz hiicre 6lim
bicimi ise nekroz olarak adlandirilmaktadir (Ishikawa ve dig., 2015). Programli hiicre
Olimlerinde inflamasyon goriilmeyip hiicre igerigi hiicreler arasi bosluga dagilmamaktadir.
Programsiz hiicre 6liimiinde ise inflamasyon s6z konusudur (Malireddi ve dig., 2019). Ayrica,
baz1 programli hiicre 6liim cesitlerinde kaspaz yolaklarinin aktivasyonu mevcuttur. Hiicrede
zar biitiinliglinlin kaybi, nukleusun par¢alanmasi ve atiklarin fagositozla yok edilmesi hiicre
Olumlerinin bazi belirtecleridir. (Del Re ve dig., 2019; Medina ve dig., 2020; Chen ve dig.,
2019). Yapilan ¢aligmalar sonucunda; hiicre 6liimlerinin olduk¢a karmasik sinyal yolaklari,
ifadesi artmis cesitli genler ve birbiriyle baglantili, i¢ ice ge¢mis mekanizmalar igerdigi

belirlenmistir.

Kanser, kontrolsiiz hiicre ¢ogalmasiyla karakterize olan bir hastalik grubu olup cevresel ve
genetik faktorlerle indiiklenebilmektedir (Mendoza-Almanza ve dig.,2020). Diinyadaki 6liim
sebepleri icerisinde ikinci sirada yer alan kanser, uzun zamandir medikal ve genetik

caligmalarin merkezi olmaktadir (Brisson ve dig., 2019).

Giiniimiizde servikal kanser, tanilama ve Kkitlesel asilama uygulamalarina ragmen diinya
capinda 6nemli bir saglik sorunu olmaya devam etmektedir. Servikal kanser, kadinlar arasinda
en sik rastlanan dordiincii malignitedir (Brisson ve dig., 2020; Koliopoulos ve dig., 2017).
Servikal kanser vakalarinin neredeyse tiimii insan papilloma viriisii (HPV) kaynaklidir. HPV,
cok sayida alt tiir iceren papillomaviriis familyasina dahildir. HPV tarafindan kodlanan E6 ve
E7 proteinleri proliferasyonu indiiklemekte ve apoptozu inhibe etmektedir (Isidean ve dig.,

2016; Arbyn ve dig., 2020).



Cesitli kanser tiplerine 0zgii gen ve molekiil diizeyinde ortaya konabilen mekanizmalar,
kanserin potansiyel tani ve tedavisi konusunda oldukc¢a basarili sonuglar vermektedir (Canfell
ve dig., 2020). Bu nedenle, kanser hiicrelerinde Oliim yolaklarinin molekiiler

mekanizmasindaki degisikliklerin aydinlatilmas: 6nem teskil etmektedir.

Diinya Saglik Orgiitii (WHO) niin paylastig1 verilere gore gerekli dnlemler alinmazsa, 2030
yilinda 22 milyon yeni kanser vakasinin ortaya ¢ikacagi tahmin edilmektedir. Bu nedenle,
kanser tedavisi i¢in yeni sentezlenen maddelerin ve bitki ekstresi gibi dogal bilesiklerin hiicre

6liim yolaklar iizerindeki etkilerinin aragtiritlmas1 umut vaat etmektedir (Zhang ve dig.,2018).

Pristimerin, Celastraceae ve Hippocrateaceae familyasina ait anti-inflamatuar, anti-
anjiyogenik, anti-bakteriyel, anti-viral, anti-fungal ve anti-timor etkilere sahip bir
triterpenoiddir (Liu ve dig., 2020). Yapilan son arastirmalar, pristimerinin ¢esitli kanser hiicre
hatlarinda antiproliferatif ve sitotoksik etkiler meydana getirdigini gostermektedir (Avilla ve
dig., 2000). Pristimerin uygulanan kanser hiicrelerinin invazyon, go¢, anjiyogenez ve metastaz
yetenekleri azalmakta, ila¢ duyarliliklar1 artmaktadir. Pristimerin, temel olarak hiicrede
serbest oksijen radikali (ROS) birikimine sebep olarak endoplazmik retikulum (ER) stresi
meydana getirmektedir (Khan ve dig., 2021; Jin ve dig., 2016). Ayrica, hiicrede proapoptotik
genlerin ifadesini artirirken anti apoptotik genleri inhibe ederek hiicreyi apoptoza tesvik
etmektedir. Bunun yani sira, pristimerinin siklusu G1 fazinda durdurdugu ve otofajik genlerin
anlatimini giiclendirdigi de bilinmektedir (Nizer ve dig., 2021). Bu baglamda, pristimerinin
kanser hiicre hatlarinda baska hangi yolaklar1 indiiklediginin belirlenmesi 6nem arz

etmektedir.

Pristimerinin indiikledigi molekiiler mekanizma ve yolaklar, kanser hiicrelerinin ¢oklu ilag
direncini tersine ¢evirmekte ve cesitli kemoterapotik ilaclarla sinerjik etkiler gostermektedir
(Murayama ve dig., 2007; Luo ve dig., 2005). Giinlimiizde kanser tedavisinde radyoterapi,
kemoterapi ve cerrahi miidahale uygulanmakta olup bu yontemler kanser hiicrelerinde ilag
direncine ve saglikli hiicrelerin hasarlanmasina neden olmaktadir. Son yillarda, ila¢ direncinin
Oonlenmesi ve olusabilecek yan etkinin minimuma indirilmesi gibi nedenlerle kanser
tedavisinde pristimerin gibi dogal terapotik bilesiklerin kullanimi 6n plana ¢ikmaktadir (Yan
ve dig., 2020; Zhao ve dig., 2009).



Bu tez ¢alismasinda, dogal bir bilesik olan pristimerinin insan servikal kanseri kékenli HeLa
ve C-4 I hiicre hatlarinda olusturdugu sitotoksik etki arastirilmistir. Pristimerinin belirlenen
dozlarinin HeLa ve C-4 I hiicre hatlarinda olusturdugu sitotoksik etki Mitokondriyal
Dehidrogenaz Enzim Aktivitesi (MTT) ve Laktat Dehidrogenaz Enzim Aktivitesi (LDH)
analizleri ile incelenmistir.  Ayrica, pristimerinin IC;, dozunun HelLa ve C-4 1 hiicre
hatlarinda indiikledigi 6liim yolaklarinin molekiiler mekanizmalarinda rol oynayan molekiil

gruplarinin gen anlatimlart RNA sekanslama biyoinformatik analizler ile belirlenmistir.



2. GENEL KISIMLAR

2.1. KANSER

Kanser, doku biiyiimesinin diizenlenmesindeki hatalardan kaynaklanan bir hastalik olarak
tanimlanmakta olup diinyadaki baslica 6liim nedenlerinden biridir. DNA’ da meydana gelen
anomaliler kanser olusumunu tetiklemektedir (Yilmaz, 2018). Kanser, kalitimsal olarak
iletilen bir hastalik olmasinin yani sira mutajenler, kimyasallar, viriisler, radyasyon, serbest
radikaller ve replikasyonda meydana gelen hatalar nedeniyle de olusabilmektedir (Dong ve
Xing, 2018). Bunun yan1 sira; sigara kullanimi, beslenme tarzi, ¢evre kirliligi gibi faktorler de
kanseri tetikleyebilmektedir. Cevresel faktorlerin kanseri tetikleme olasilig1 genetik faktorlere
gore ¢ok daha yiiksektir (Lytle ve dig., 2018). Tumor stpresor genlerdeki hatalar da
kanserlesmeye sebep olabilmektedir. Meme, rahim, 16semi gibi kanser tiirlerinde genetik

aktarimin kanser olusumuna katkis1 diger kanser tiirlerine gore daha yiiksektir.

Hizl1 mitoz geciren kok hiicreler, replikasyonla daha fazla genetik aktarim gergeklestirdigi
icin kanserlesmenin hedef bolgeleridir. Tiim6r olusumu sirasinda, neoplastik transformasyon
ve neoplastik gelisim gergeklesmektedir (Moore ve dig., 2020). Normal bir hiicrenin
farklilasarak kanser hiicresine doniismesi neoplastik transformasyon olarak tanimlanmaktadir.
Farklilasan hiicre, yiliksek oranda glikoz kullanmaya ve glikolizle ATP {iretmeye
baslamaktadir (Barker ve dig., 2009). Neoplastik transformasyonun temel nedeni, DNA
eslenmesi sirasinda meydana gelen hatalar ve hiicre siklusu kontrol noktalarinin islevini
kaybetmesidir. Proto-onkogenler, timdr siipresor genler ve biiyiimeyi diizenleyen proteinlerde
meydana gelen mutasyonlar sonucunda hiicre anormal ¢cogalma yetenegi kazanmaktadir (Sekil

2.1) (Xu ve Goldkorn, 2016).
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Sekil 2.1: Kanser hiicrelerinde metastaz (Eling ve dig., 2015)

Kanserlesen hiicrede, boliinme esnasinda kontrol noktalarindan kagma ve programli hiicre
Oliimiine ugramama s6z konusudur (Ribatti ve dig., 2020). Kanser hiicrelerinin kontakt
inhibisyon mekanizmalar1 ortadan kalkmis olup diger hiicrelerle temas ettiklerinde cogalmay1
siirdiirmektedirler (Manz ve dig., 2016). Bu nedenle, hasarli hiicreler kontrolsiiz bir sekilde
¢ogalmakta anjiyogenez yaparak dolasim yoluyla dnce ¢evre dokulara ardindan uzak dokulara
yayitlim gostermektedir. (Eling ve dig., 2015). Kanserlesmenin bu asamasina neoplastik
gelisim denmektedir (Sekil 2.2). Bagisiklik sistemi, anormal ve hasarli hiicreleri ortadan

kaldirirken kanser hiicreleri bu durumdan etkilenmemektedir (Fares ve dig., 2020).
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Sekil 2.2: Kanser hiicresinin 6zellikleri (Fares ve dig., 2020)

2.1.1. Servikal Kanser ve HPV

Servikal (rahim agzi) kanser, diinyada kadinlarda en ¢ok rastlanan kanser c¢esididir.
Kadinlarda en sik rastlanan kanser tiirleri meme, kalin bagirsak ve akciger kanserinin
ardindan servikal kanseridir (Bray ve dig., 2018). Servikal kanseri, ¢ogunlukla fakir iilkelerde
goriilmekte olup bunun nedeni kadinlarin as1 ve tan1 imkanlarina ulasamamasidir (Willemsen

ve Bravo, 2019).

Servikal kanserine neden olan en Onemli faktor insan papilloma virisidir (HPV).
Giiniimiizde, HPV agsis1 ve erken tanilama ile servikal kanserinden korunmak miimkiin olup
yiksek gelirli iilkelerde servikal kanserine yakalanma ihtimali oldukg¢a azalmaktadir (Cruz-

Gregorio ve dig., 2020).

Giliniimiizde uygulanan HPV DNA testi yinelenebilir ve objektif bir yontem olup servikal
kanseri i¢in erken taniya olanak saglamaktadir. Bu yontem ile servikal kanseri arasinda
yiiksek bir korelasyon bulunmakta olup hastalarin neredeyse tiimiinde HPV DNA
mevcudiyeti goriilmektedir (Liu ve dig., 2020).



Sekil 2.3: insan papilloma viriisii (Yang ve dig., 2018)

Insan papilloma viriisii (HPV), papillomaviridae familyasinda yer almaktadir. Bu viriisler,
protein kilifla gevrili ¢ift sarmalli DNA icermekte ve 50-55 nm boyutunda olmaktadir (Sekil
2.3) (Graham, 2017). Siniflandirilmalari ise DNA yapisina gore ve kesfedildikleri siraya gore
yapilmaktadir (Mix ve dig., 2020). Gilinlimiizde, kesfedilen 200°den fazla HPV cesidi
bulunmaktadir. HPV, risk kapasitesine gore li¢ grupta siniflandirilmaktadir. Bu gruplar; diistik
risk barindiran HPV” ler (6, 11, 40, 42, 43, 44, 54, 55 ve 62), olas1 yiiksek riskli HPV’ ler
(26,53 ve 66) ve yiiksek risk barindiran HPV” ler (16, 18, 31, 33, 35, 39, 45, 51, 56, 58, 59,
68, 73 ve 82) dir (Arbyn ve dig., 2020; Yang ve dig., 2018).

HPV, bagisiklik sisteminden etkilenmedigi i¢in canlida gesitli bozukluklara sebep olmakta ve
bu siiregte hiicrelerde meydana gelen degisiklikler kanseri tetiklemektedir. HPV yalniz bagina
servikal kanserine neden olamamakta fakat, enfeksiyon sonucu olusan hasarlar g¢esitli
faktorler etkisiyle kanseri tetiklemektedir (Jain ve dig., 2017). HPV, konakgiyi istila ettiginde
hiicrede ¢esitli hasarlar olugsmaya baglamaktadir (Kou ve dig., 2020). Konake1 hiicre, DNA
tamir mekanizmasiyla bu hasarlardan kaginmaya ¢alismaktadir (Huang ve dig., 2020). Fakat
onkoproteinler olan E6 ve E7, HPV ile iliskili kanserlerin gelisiminde kritik bir rol
oynamaktadir. E6 ve E7, konakgi hiicrede sirasiyla tiimor baskilayici pRb ve p53 ile
reaksiyona girerek karsinojenezi indiiklemektedir (Lanciano ve dig., 2005). E6, p53'i ve

apoptozu inhibe ederek genomik istikrarsizligin indiiklenmesine ve hiicresel mutasyonlarin



birikmesine neden olmakta ve bu durum, kanserlesme siirecini baslatmaktadir (Sekil 2.4) (Pal
ve Kundu, 2020).
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Sekil 2.4: E6 ve E7 proteinlerinin kanserlesmedeki rolii (Lanciano ve dig., 2005)

2.1.2. Hiicre Siklusunun Kontrol Noktalar: ve Kanser Genetigi

Bir hiicrenin boliinmeye baslamasindan yeni bir hiicre olusana kadar gecen siire hiicre siklusu
olarak tanimlanmaktadir. Bu siireg, interfaz evresi ve mitotik evreden olusmaktadir (Sako ve
dig., 2022). Interfaz evresinde hiicre béliinmek igin gerekli hazirliklar1 yapmaktadir. Bunlar;
DNA eslenmesi, hiicrenin yeterli biiyiikliige ulasmasi, protein, organel, ATP sentezi gibi
olaylar1 kapsamaktadir. Mitotik evrede ise g¢ekirdek ve sitoplazma boliinmeleri

gerceklesmektedir (Bogdan ve dig., 2016).

Hiicre siklusunda G1/S, G2/M ve M kontrol noktalar1 bulunmaktadir. G1 ve G2 kontrol
noktalar1 interfaz, M kontrol noktasi ise metafaz evresindedir. G1/S kontrol noktasinda, DNA
hasar1 olup olmadigi kontrol edilmekte ve DNA hasarliysa tamir mekanizmalari aktive

olmaktadir (Li ve dig., 2022). Hasarlanma onarilamayacak boyuttaysa hiicre, programli hiicre

olimiine sevk edilmektedir (Riffle ve dig., 2017). G2/M kontrol noktasinda, DNA



replikasyonunun tamamlanip tamamlanmadigi, hiicre biiyiikliigii ve hiicrenin mitoza baslama
yeterliligi denetlenmektedir. M kontrol noktasinda ise kromozomlarin ig ipliklerine tutunup

tutunmadigina bakilmaktadir (Livingston ve dig., 2023).

Siklusun ilerlemesi siklin, siklin bagimli kinazlar (CDK) ve siklin bagimli kinaz inhibitorleri
(CDKI) tarafindan kontrol edilmektedir (Trypathy ve dig., 2017). Siklin bagimli kinazlar,
dongiiniin ilerlemesi i¢in gerekli olan proteinlerin fosforilasyonunu saglamaktadir (Nie ve
dig., 2020). Siklinler, hiicre dongiisiinde belirli evrelerde sentezlenerek inaktif formdaki siklin

bagimli kinazlara baglanmakta ve bu proteinleri aktive etmektedir (Sekil 2.5).
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Sekil 2.5: Hiicre siklusunda siklin ve CDK aktivitesi (Trypathy ve dig., 2017)

Siklin bagimli kinaz inhibitorleri ise, siklin-siklin bagimli kinaz aktivitesini denetlemektedir.
Siklin bagimli kinaz inhibitorleri, CIP/KIP ailesi ve INK 4/ARF ailesidir (Sekil 2.6) (Lima ve
dig., 2017). Bu inhibitorlerin tiimor baskilayict 6zellikleri bulunmaktadir. CIP/KIP ailesi p21,
p27 ve p57 genlerinden olusmaktadir. Bu proteinler, siklin ve siklin bagimli kinazlar1 inaktive

etmektedir (Rizzolio ve dig., 2010). Ozellikle, p21° in aktivitesi p53’ iin varligina baghdir.
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Hasarli hiicrelerde siklusu durdurarak hiicreyi programli hiicre 6liimiine yonlendiren p53
proteini, kanser hiicrelerinin ¢cogunda mutasyona ugramistir (Levine, 2020). INK 4/ARF ailesi
ise; p16INK4a, pl4ARF, p15INK4b, p18INK4c, p19INK4d proteinlerini kodlamaktadir. Bu
proteinler de hasarli hiicrelerde siklusu durdurmakta ve timor baskilayict 6zellik
gostermektedir (Tan ve dig., 2021). p16INK4a, siklin bagimli kinazlara siklinden Once
baglanarak siklusu G1 evresinde bloke etmektedir (Zilfou ve Lowe, 2009). P14ARF ise p53

iin bozunumunu 6nleyerek dongiiyli durdurmaktadir.

Ink Ailesi Cip/Kip Ailesi
P1G=s P21

pL5ib p27

p1geei p57

p1gad

Sekil 2.6: Hiicre siklusunda INK ve Cip/Kip ailesi (Zilfou ve Lowe, 2009)

Kontrol noktalarinin ¢alisabilmesi i¢cin DNA hasar yanitini algilayabilen sensorlere, sinyal
yollarina ve onarim mekanizmalarina ihtiyag vardir. Hasar yanitinda birbiriyle baglantili
proteinler is birligi halinde calismaktadir (Wynford-Thomas, 1997). Hasar olustugunda
oncelikle sensorler tarafindan bu durum algilanmakta, efektor proteinlere hasarin cesidi ve
bulundugu bolge hakkinda bilgi verilmektedir. Efektor proteinler, DNA hasarinin tamirini ve
siklusun ilerlemesini denetlemektedir (Rundle ve dig., 2017).

Hiicrede DNA hasar1 olustugunda ATM-CHK2 ve ATR-CHKI1 yolaklar1 aktive olmaktadir
(Sekil 2.7). DNA hasar1 meydana geldiginde Ataksia Telenjiektazi proteini (ATM) ve
Ataksiya Telenjiektazi- Rad3 iliskili protein (ATR) aktifleserek sinyal ileticisi olarak
caligmaktadir. Bu proteinler, kontrol noktasi kinaz 2 (CHK2) ve kontrol noktasi kinazl
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(CHK1)’i aktiflestirmektedir (Kurz ve dig., 2004). Bu kinazlar ise hiicre siklusu ve DNA
hasarmin onariminda gorevli molekiillerdir. CHK2’ nin tiimor baskilayict fonksiyonu
bulunmaktadir (Leong ve dig., 2010). Dongiiniin G1 evresinde DNA hasar1i mevcutsa CHK2,
CDC25’ in inhibisyonuna neden olup siklin/siklin bagimli kinaz kompleksini inaktive

etmektedir. Dolayisiyla, G1/S kontrol noktas1 aktive olmaktadir (Wu ve dig., 1997).

cocAuu l

ﬂ-’m\ f@

Sekil 2.7: Hiicre siklusunda ATM/CHK?2 ve ATR/CHKJ1 yolaklar1 (Kurz ve dig., 2004)

ATM/CHK2, DNA hasarlandiginda H2AX, MRE11-RAD51-NBS1 (MRN) komplekslerini
aktiflestirmektedir. CHK2, homolog olmayan son birlesme (NHEJ) ve homolog
rekombinasyon onarimini (HRR) baglatmaktadir. NHEJ, HRR’ ye gore daha hizl ¢aligsa da
HRR’ nin hata riski ¢ok daha azdir. HRR, sadece S ve G2 evrelerinde ¢alismaktadir ve bunun
icin DNA islenmelidir. ATM, HRR i¢in bu gorevi iistlenmektedir. (Matsuoka ve dig., 2007).

ATR/CHKI1, DNA’ da ¢ift zincir hasar1 olustugunda, DNA eslenmesini durdurmaktadir. ATR
ve ATR ile etkilesen protein (ATRIP) araciligi ile tek zincirli DNA’ nm onarmmini
saglamaktadir (Savic ve dig., 2009). ATR, Histon H2AX ve CHKI1 gibi bircok kompleksi
etkilemektedir. CHK 1 ise DNA hasarlandiginda transkripsiyonu bloke etmektedir. Ayrica, bu

yolak DNA tamirinin yani sira siklusun siirmesini de saglamaktadir (Salimi ve dig., 2012).
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Sonug olarak, siklin ve siklin bagimli kinazlar hiicre dongiisiinii kontrol etmektedir. Bu
nedenle, hasarlanmalar1 hiicrelerin kontrolsiiz ¢ogalmasi ve kanserlesmeye neden olmaktadir.
Kanser hiicrelerinin ¢ogunda bu molekiiller mutasyona ugramis durumdadir. Bu nedenle;
siklin, CDK ve CHK’ ler kanser tedavisinde hedef molekiiller olarak 6n plana ¢ikmaktadir.
Yapilan aragtirmalarda, siklin D ve E’ nin bircok kanser tiiriinde yiiksek ifade edildigi
gorilmistir (Goto ve dig., 2012). Ayrica, CDK inhibitorlerinin mutasyona ugradig1 tespit
edilmistir. Ozellikle, INK4/ARF ailesi inhibitdrler ve pl6INK4a mutasyonlar1 pankreas,
mesane, bas, boyun, 6zefagus kanserlerinde 6ne ¢ikmaktadir. Mutasyona ugramis pl6INK4a
proteinleri siklin D-CDK4 kompleksini inaktive etme 6zelliklerini kaybettiklerinden siklusu

durdurmakta basarisiz olmaktadirlar (Lara ve dig., 2005).

G1/S kontrol noktasi ile p5S3 proteinin iliskili oldugu bilinmektedir. DNA hasar1 meydana
geldiginde p53, G1/S kontrol noktasini aktiflestirerek dongiiyli durdurmaktadir. Boylece,
DNA tamir mekanizmasinin aktivasyonu i¢in gerekli sinyaller olusmaktadir (Hirao ve dig.,
2000). Genellikle kanser hiicrelerinde p53 geni mutasyona ugradig: i¢in G1/S kontrol noktasi
aktiflesememektedir. Bu nedenle, kanser hiicrelerinde apoptozdan ka¢ma, hiicrelerin
kontrolsiiz ¢ogalmast ve mutasyona ugramis genlerin sonraki hiicrelere aktarimi soz

konusudur (Batey ve dig., 2013).
2.2. HUCRE OLUM YOLAKLARI

Canlilar; biiyiime, gelisme, farklilasma gibi siireclerden gecerken homeostazisini korumak
durumdadir. Hiicre Oliimleri, homeostaziyi koruyan ve hasarli hiicrelerin ortadan
kaldirilmasini saglayan 6nemli bir mekanizmadir. Hiicre 6liim yolaklarinin mekanizmalarinin
anlagilmas1 basta kanser olmak iizere bircok hastaligin tedavisi i¢in umut vaat etmektedir

(Danial & Korsmeyer, 2004).

Hiicre olim yollarimin farkli gesitleri bulunmaktadir. Bu yollar, programli ve programsiz

hiicre 6liimii (nekroz) olarak iki sinifa ayrilmaktadir (Sekil 2.8).
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Sekil 2.8: Hiicre 6lim yolaklar1 (Lamy & ark., 2013)

Programli hiicre olimiinde birbiri ile baglantili sinyal yolaklar1 bulunmaktadir. Programli
hiicre olim yolaklar1 apoptotik ve apoptotik olmayan hiicre Olimi seklinde
siiflandirilmaktadir. Apoptoz ve anoikis apoptotik hiicre 6liim yolaklaridir. Otofaji, entoz,
mitoptoz, ferroptoz, piroptoz, nekroptoz, paraptoz, methuosis, parthanatos, NETosis ise

apoptotik olmayan hiicre 6liim yolaklaridir (Lamy & ark., 2013).
2.2.1. Apoptoz

Cok hiicreli canlilarda embriyonik donemden itibaren apoptotik 6liim yolag: islevseldir. Bu
yolak doku ve organlarin sekillenmesi, hasarli hiicrelerin yok edilmesi gibi metabolik
olaylarla canlinin homeostazisinin korunmasini saglamaktadir (Green, 2018). Apoptotik hiicre
Oliimii, hasarli DNA’ ya sahip hiicreleri yok eden ve enfeksiyonlara karsi savasan bir yolak
olup ileride kanserlesip metastaz yapabilecek hiicrelerin yok edilmesi acisindan 6nemlidir
(Huang ve dig., 2011). Kanser hiicrelerinin ¢ogunda apoptoz mekanizmasi bozulmus durumda

olup hasarlt hiicrelerin anormal ¢ogalmasi goriilmektedir (Berthelet & Dubrez, 2013).
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Apoptoz mekanizmasi hasarli hiicreleri yok ettigi icin kanser olusumunu engelleyen en
onemli silahlardan biridir. Hiicrelerin apoptoza girme yeteneginin kaybolmasi kanserin en
onemli belirtisidir (Alcaide ve dig., 2013). Hiicrelerin apoptozdan ka¢gmasi yalnizca kanser
gelisimi degil, ayn1 zamanda ilerlemesi ve tedaviye diren¢ olugturmasina da neden olmaktadir
(Bose, 2015). Bu nedenle, kanser tedavisinde hiicrelerin apoptoz yeteneginin yeniden

kazandirilmasi hedeflenmektedir.

Yapilan aragtirmalarda, kanser hiicrelerinde Bcl-2 ve Bcl-xl1 ifadesinin arttigi, Bax ve Bcl-Xs
gibi proapoptotik proteinlerdeki dengesizliklerin tiimdr olusumunu tetikledigi belirlenmistir
(Feng ve dig., 2017). Ayrica, baz1 kanser tiirlerinde kaspaz 8 ifadesinin olmadig1 ve intrinsik

yolda Apaf-1’ in ifadesinin azaldig1 goriilmistiir (Fulda & Meyer, 2000).
2.2.1.1. Apoptoz Morfolojisi

Apoptotik hiicrelerde morfolojik olarak sitoplazma miktarinin azalip yogunlugunun artmasi,
hiicrenin biliziigmesi, organellerin kaybolmasi ve DNA’ nin pargcalanmasi goézlenmektedir.
Hiicre komsu hiicrelerden bagimsiz hale gelmekte ve piknotik bir goriintiiye kavusmaktadir
(Lockshin & Zakeri, 2001). Ardindan nukleus pargalanip membranla ¢evrili apoptotik
cisimcikleri olusturmaktadir (Sekil 2.9). Makrofajlar ise fagositozla apoptotik cisimcikleri
yok etmektedir. Apoptozun diger o6nemli oOzelliklerinden biri yangisal tepkiye neden
olmamasidir (Beer ve dig., 2000). Bu durum, hiicre igeriginin hiicreler arasi bosluga

yayilmayip diger hiicreleri etkilememesinin bir sonucudur (Wong, 2011).

Apoptotik hiicre oliimiinde bazi biyokimyasal degisiklikler meydana gelmektedir. Bu
degisikliklerden bazilar1 kaspaz mekanizmasinin aktive olmasi, DNA’ nin parcalanmasi,
plazma zarinda bulunan fosfatidilserinin zarin disarisina aktarimi ve mitokondri dis zarinin
bozunmasi nedeniyle sitokrom ¢’ nin sitoplazmaya gecisidir (Kahlos ve dig., 2000).
Fosfatidilserinin zarin disina aktarimi bagisiklikta gorevli hiicreleri uyararak fagositozun

gerceklesmesini saglamaktadir (Saraste & Pulkki, 2000).
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Sekil 2.9: Apoptoz morfolojisi (Beer ve dig., 2000)

2.2.1.2. Apoptozun Indiiklenmesi

Apoptoz; intrinsik, ekstrinsik ve endoplazmik aracili yolak olmak {izere ii¢ farkli mekanizma
yolu ile gergeklesebilmektedir (Ford ve dig., 2015). Bu ii¢ yolak farkli mekanizmalar

tarafindan indiiklenmekte ancak tamamiyla birbirinden bagimsiz olarak gergeklesmemektedir

(Sekil 2.10).
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Sekil 2.10: Apoptozda intrinsik ve ekstrinsik yolak (Ford ve dig., 2015)

2.2.1.3. Intrinsik Yolak

Intrinsik yol, mitokondriyal apoptoz olarak da adlandiriimaktadir. DNA hasari, serbest
radikaller, hiicre boliinmesi sirasinda meydana gelen hatalar intrinsik apoptoza neden
olabilmektedir (Magistrelli ve dig., 2006). Mitokondri aracili gergeklesen intrinsik 6lim
yolaginda ilk olarak mitokondriyal zar potansiyeli kaybi gozlenmektedir. Bunun sonucu
olarak ATP sentezlenememektedir (Tang ve dig., 2019). ATP sentezlenmedigi durumda ROS

tiretiminde artig olmakta ve apoptoz tetiklenmektedir.

Intrinsik yolda kaspaz 9 aktive olmakta ve mitokondriyal proteinler islev gérmektedir. Bax,
Bak gibi Bcl 2 proteinleri mitokondrinin dig zarindaki APAF1’e bagli bulunmaktadir (Green,
2018). Bax ve Bak, hiicre hasarlandiginda mitokondri dig zarmi etkileyerek apoptozu
tetiklemekte ve APAF1 Bcl 2” den ayrilmaktadir (Galluzzi ve dig., 2018). Bunun sonucunda,
elektron tagima sisteminde gorevli sitokrom c gibi maddelerin sitoplazmaya aktarimini
saglamaktadir. Sitokrom c, prokaspaz 9’u aktive etmekte, kaspaz 9 ve APAF1 ile birleserck
apoptozomu olusturmaktadir. Apoptozom; kaspaz 3 i aktive ederek kaspaz selalesini
baslatmaktadir. Kaspaz 6 ve 7 aktive olmakta ve organeller pargalanmaktadir (Adamkov,

2019). Ayrica, endoplazmik retikulumun zar gegirgenligini artirmakta ve mitokondri ile
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arasindaki kalsiyum transferini saglamaktadir. Bunun sonucunda, intrinsik apoptoz

gerceklesmektedir.
2.2.1.4. Ekstrinsik Yolak

Ekstrinsik apoptozda hiicre 6lim reseptorii Fas, tiimor nekroz faktor reseptorii ailesi liyeleri
(TNFR1, Fas, TRAILI, TRAIL2, DR3, DR6) rol oynamaktadir (Zhao ve dig., 2018).
Ekstrinsik apoptozun baslamasi 6liim reseptorleri olan TNFR-1 ve Fas’ i reseptorlere
baglanmasi ile gerceklesmektedir. Bu siirecte ligandlara baglanmis reseptorler, DD (death
domain- 6lim bolgesi) vasitast ile DISC (6lim sinyal kompleksi)’e eklenerek degisime
ugramaktadir. Bu kompleks prokaspaz-8 tarafindan taninarak DISC’e baglanmakta ve kaspaz-
8 aktif hale gelmektedir (Kakarla ve dig., 2020). Lenfosit i¢eren bazi tip hiicrelerde aktif
kaspaz 8 direkt olarak kaspaz 3, 6 ve 7’nin proteolitik olgunlasmasini tetikleyerek
mitokondriyal bagimsiz durumda kaspaz bagimli apoptozu baslatmaktadir. Kaspaz 8, Bid’ i
aktive ederek sitokrom ¢’ nin salinnmmma neden olmakta ve apoptozom olusumu
gerceklesmektedir. Ardindan, kaspaz 3 ve diger kaspazlar aktive olarak ekstrinsik yolagi
gerceklestirmektedir (Geske ve dig., 2000). Kaspazlarin aktive olmasi niikleazlarin DNA”’ y1
parcalamasi, zarin deforme edilmesi, apoptotik cisimlerin olusmast ve fagositozun

gerceklesmesine neden olmaktadir (Susan & Brad, 2005).
2.2.1.5. Endoplazmik Retikulum Aracili Yolak

Endoplazmik retikulum (ER), zar yapisina katilacak ve hiicre disina salgilanacak proteinleri
sentezleyen bol miktarda kalsiyum igeren bir organeldir. Disar1 salgilanacak ya da zar
yapisina katilacak proteinler, ER {izerinde bulunan ribozomlar tarafindan ER’ a tasinmaktadir
(Lebeaupin ve dig., 2018). ER’ da firetilen proteinler ¢esitli modifikasyonlar araciligi ile
katlanmaktadir. Katlanma siirecinin hatasiz gerc¢eklesebilmesi i¢in ¢esitli molekiiller gorev
almaktadir. Bunlar; Grp 78, Grp 94 gibi molekiiler saperonlar, kalneksin ve kalretikulin gibi
lektin benzeri proteinlerdir (Guo ve Li, 2014).

Katlanma siireci olduk¢a komplike bir siire¢ olup bu esnada hasar olusma ihtimali ¢ok
fazladir. Kalsiyum dengesindeki diizensizlikler, diisiik oksijen seviyesi, serbest radikaller ER
stresine neden olarak proteinlerin katlanmasi sirasinda hata olusumuna sebep olabilmektedir
(Hosokawa ve dig., 2020). Bu durumda, katlanamayan proteinlerin birikimi hiicrede toksik

etki olusturmaktadir. Hiicreler, bu durumla bas edebilmek i¢in UPR sinyal yolaklarindan
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yararlanmaktadir (Shibusawa ve dig., 2019). UPR sinyal yolaklari, protein birikimini énlemek
i¢in yanit olusturmakta ve ER homeostazisini saglamaktadir. Buna ragmen, protein birikimi

stirer ve denge saglanamazsa hiicre apoptoza girmektedir (Petito-da-Silva ve dig., 2019).

UPR aktivitesi; PERK, ATF6 ve IRE1 olmak iizere {i¢ ¢esit araci tarafindan diizenlenmektedir
(Sekil 2.11). Protein yapili bu aracilar, yanlhs katlanan protein birikimi sonucu olasan ER
stresine kars1 asagi akis sinyal yolaklarini aktive etmektedir (Gonzalez-Rodriguez ve dig.,
2014).

2.2.1.6. PERK Sinyal Yolag:

PERK, protein sentezi sirasinda okunmay1 yavaslatan bir transmembran proteinidir. ER stresi
sonucu aktive olan UPR, PERK sinyal yolag: araciligi ile okunmay: yavaslatmaktadir. ER
stresi meydana geldiginde GRP78, limene aktariimakta ve PERK aktive olmaktadir
(Athanasiou ve dig., 2017). PERK aktivasyonu sonucu, Eif2a fosforillenmekte ve protein
sentezinin okunmasi durmaktadir (Hou ve dig., 2019). Sentezlenmekte olan protein miktari
azaldigi i¢in ER’ nin protein yikii azalmakta ve yanlis katlanan proteinlerin onarimi
gerceklesmektedir. Fakat, ATF4 gibi bazi mRNA’ larin sentezi siirmekte ve ATF4 tarafindan
aktiflestirilen CHOP, hiicreyi apoptoza yonlendirmektedir (Wang ve dig., 2014).

2.2.1.7. ATF6 Sinyal Yolag:

ATF6; bZIP, TAD ve BIP’le iliskili tip II transmembran proteinidir. ER stresi sonucu Grp78
limene aktarilmakta ve ATF6 golgi cisimcigine iletilerek aktive olmaktadir. Ardindan
¢ekirdege gegerek GRP78, GRP94, protein disiilfid izomeraz, CHOP, XBP1, kalretikulin ve
Herp’ i aktive etmektedir (Terrinoni ve dig., 2004).

2.2.1.8. IRE-1 Sinyal Yolag

IRE-1, tip I transmembrani bir enzimdir. Memeli canlilarda o ve P olarak 2 g¢esidi
bulunmaktadir. IRE-I o tiim viicutta ifade edilirken, IRE-I B sadece bagirsak epitel
hiicrelerinde ifade edilmektedir (Lombardi ve Elrod, 2017).
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Sekil 2.11: PERK, ATF, IRE-1 yolag aracili apoptoz (Gonzalez-Rodriguez ve dig., 2014)

PERK, ATF6 ve IREl;yalnizca ER stresine karsi bas etmekle kalmamakta bunun yani sira,
hiicreyi apoptoza da tesvik etmektedir (Sekil 2.11). Hiicre ER stresi ile karsi karsiya
kaldiginda apoptotik yolaklar aktive olmakta, fakat hiicre o6limii dogrudan
gerceklesmemektedir. ER stresi sonucu tetiklenen apoptozda CHOP, JNK, BCL2 ailesi ve
kaspazlar rol almaktadir (Jang ve dig., 2022).

CHOP’ un yiiksek oranda ifade edilmesinin apoptozu tetikledigi ve CHOP’ un proapoptotik
bir protein oldugu bilinmektedir. Hiicrede ER stres olustugunda CHOP ¢ok yiiksek oranda
indiiklenebilen bir gendir (Jeong ve dig., 2014). ER’ da bulunan PERK, ATF6 ve IRE1
proteinleri CHOP’ un ifade edilmesini saglamaktadir. PERK, ER stresi karsisinda protein
sentezini Onleyerek yanlis katlanilmig proteinlerinin diizeltilmesini saglasa da ileri stres
durumunda, PERK-EIF2a-ATF4 yolagi aktive olmaktadir. Bu aktivasyon, CHOP’ un
ifadesini artirarak hiicreyi apoptoza tesvik etmektedir (Han ve dig., 2013).

ER stresi karsisinda c-jun NH2- terminal kinaz (JNK)’ nin aktivasyonu hiicreyi apoptoza
tesvik etmektedir. JNK, ER stresi karsisinda hiicrenin yasamayi siirdiirmesi ya da apoptoza

tesvik edilmesi kararmi vermektedir (Qi ve dig., 2020). INK, UPR’nin IRE1-TRAF2-ASK1
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kompleksi yoluyla aktiflesmektedir. IREI, JNK mekanizmasini aktiflestirerek hiicreyi
apoptoza yonlendirmektedir (Wang ve Kaufman, 2014).

Bcl 2 ailesi iiyeleri (Bcl2, Bax, Bak, Bik) hem intrinsik hem de ER aracili apoptotik yolakta
rol oynamaktadir. Bax ve Bak, mitokondriden proapoptotik proteinlerin ve ER’ dan
kalsiyumun salinimini saglamaktadir (English ve Voeltz, 2013). Kalsiyum salinimi, prokaspaz
12° yi aktiflestirmektedir. Kaspaz 12 ise prokaspaz 9’ u akiflestirerek kaspaz selalesini
baslatmaktadir. Bir diger yolda ise, mitokondriden sitokrom c salinimi gergeklesmekte ve
kaspaz 9 aktive olmaktadir (Sekil 2.12) (Martinvalet, 2018).
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Sekil 2.12: Endoplazmik retikulum stresi aracili apoptoz (Wang ve Kaufman, 2014)

2.2.1.9. Apoptozda Bcl 2 Ailesinin Rolii

Bir hiicrenin apoptoza tesvik edilip edilmemesi Bcl 2 ailesine baglidir. Bel 2 ailesi, apoptozu
aktive eden ya da baskilayan cesitli genlere sahiptir. Bcl 2 ailesinde zit gorevler iistlenen
proapoptotik ve antiapoptotik iiyeler olmak tizere iki ayr1 grup bulunmaktadir. Proapoptotik
genlerin ifadesi fazlaysa hiicre apoptoza tesvik edilmektedir (Voss ve Strasser, 2020). Bik,
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Bim, Puma, Noxa, Bad, Bax ve Bak proapoptotik genlerdir. Bcl 2, Bcl-xI, Bcl-w ve Mcl-1
ise antiapoptotik genlerdir. Sitoplazmada bulunan proapoptotik proteinler, sitokrom c ve AlF
(apoptoz indiikleyici faktdr) iin salinimini saglayarak hiicreyi apoptoza tesvik etmektedir
(Czabotar ve dig., 2014).

Antiapoptotik proteinler ise, mitokondri dis membrani, nukleus zar1 ve endoplazmik
retikuluma yerlesmis durumdadir. Bu genler, iyon gegisi ve hiicredeki kalsiyum seviyesini
denetlemektedir. Aynit zamanda, AIF ve sitokrom c¢ saliniminit 6nlemektedir (Uren ve dig.,

2017).
2.2.1.10. Apoptozda p53’ iin Rolii

p53, tlimor baskilayici bir gen olup hiicre dongiisiinii G1 evresinde durdurarak hasarin tamir
edilmesini ya da bunun miimkiin olmadig1 durumlarda apoptozu tetiklemektedir (Sekil 2.13)
(Almeida ve dig., 2021). p53, Bax, Apaf-1 ve Fas sentezini uyararak Bcl-2 ve Bcl-xL ‘nin
inhibisyonunu saglayarak apoptozu indiiklemektedir (Aubrey ve dig., 2022).

Kanser hiicrelerinin ¢ogunda p53 mutasyona ugramistir. Mutasyona ugramis p53, hiicrenin
kanserlesmesine neden olabilmektedir. Bundan dolayi, hasarli hiicrelerin kontrolsiiz
¢ogalmasi soz konusu olmaktadir (Safta ve dig., 2015). Mutasyona ugramamis hiicrelerde ise

p53 geninin kayb1 goriilmektedir.

Yapilan ¢aligmalarda p53 genine sahip kanser hiicrelerinde kemoterapi sonrast yaglanmanin
gorildiigli, p53° e sahip olmayan kanser hiicrelerinde ise kemoterapi sonrasi hiicrelerin

yaslanmak yerine 61diigii belirlenmistir (Sobhani ve dig., 2020).
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Sekil 2.13: p53’ iin etkiledigi mekanizmalar (Safta ve dig., 2015)

p53 geni, intrinsik ve ekstrinsik apoptozda rol oynamaktadir. Apoptozu baskilayan Bel2’ yi
inhibe ederek Bax genini aktive etmektedir (Bowen ve Attardi, 2019). Boylece, sitokrom c
sitoplazmaya gecerek apoptozu baslatmaktadir (Sekil 2.14). Ayrica, p53, p21 sentezini
saglamaktadir. Ifadesi artan p21, siklin bagimli kinaz 2 ile etkileserek siklusu durdurmaktadir
(Contreras ve dig., 2013). Boylece, hiicre G1 kontrol noktasindan S evresine gegememektedir

(Levine ve Oren, 2009).
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Sekil 2.14: p53’ iin apoptozdaki rolii (Bowen ve Attardi, 2019)

2.2.1.11. Apoptozda Kaspaz Aktivitesi

Apoptozda gorevli olan kaspazlar, normalde inaktif halde olup apoptoz sirasinda
aktiflesmektedir. Kaspazlar sistein icermekte ve proteaz olarak gorev almaktadir (Riedl ve

Shi, 2004).

Kaspazlar, yapisal ve fonksiyonel olmak iizere iki siifta incelenmektedir. Kinazlar ve hiicre
iskeleti elemanlar yapisal kaspazlari olusturmaktadir. Fonksiyonel kaspazlar ise bagisiklikta
gorevli hiicrelerin aktivasyonu, proteinlerin ¢apraz baglanmasi ve diger kaspazlari uyarmakta

gorevlidir (Tomes, 2003).

Fonksiyonel kaspazlar, baslatici (kaspaz 2,8,9,10), efektor (kaspaz 3,6,7) ve inflamatuar
(1,4,5,11,12,13,14) kaspazlar olmak iizere ii¢ sinifa ayrilmaktadir (Sekil 2.15) (Mccomb ve
dig., 2019). Efektér kaspazlar; DNA’ nin parcalanmasi, c¢ekirdek proteinlerinin yikima,
fagositoz yapan hiicrelerin aktivasyonunu ve apoptotik cisimciklerin olusumunu

saglamaktadir (Rahmanian ve dig., 2016).
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Baslatic1 kaspazlar, kendiliginden aktiflesebilirken efektdr kaspazlar ise kaspaz 8,9 ve 10
araciligi ile aktiflestirilmektedir. Efektor kaspazlar, performin/granzim mekanizmasi ile direkt
aktive edilebilmektedir (Wang ve dig., 2017). Kaspazlarin aktivasyonu; performin/granzim
yolu ile de dogrudan baglatilabilmektedir. Kaspaz 2 ve 9, kaspaz alim boélgesini (CARD),
kaspaz 8 ve 10 ise Oliim efektor bolgesini (DED) igermektedir. Bu bolgeler, kaspazlarin
aktivasyon bolgeleri olarak gorev almaktadir. Kaspaz-8 ve 10, DISC’ i; kaspaz 9 ise APAF]1,
apoptozom ve p53’ i barindirmaktadir (Vickers ve dig., 2013).

Kaspaz 1,4,5,11,12,13,14 ise, inflamatuar kaspazlar olup inflamatuar siireglerde goérev

almaktadir (Elvas ve dig., 2019).
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Sekil 2.15: Fonksiyonel kaspaz ¢esitleri (Mccomb ve dig., 2019)

Kanser tedavisinde hiicrelerde apoptoz hedeflenirken kaspaz yolaklar1 da dolayli olarak
etkilenmektedir. Yeni tedavi yontemlerinde ise, kaspaz inhibitorleri baskilanarak kaspazlarin

ekspresyonunun artirilmasi amaglanmaktadir.
2.2.2. Anoikis

Yunanca ‘evsizlik' kelimesinden gelen anoikis, hiicrelerin birbirine tutunamamasi nedeniyle

olusan 6zel bir apoptotik dliimiidiir. Anoikis, benzersiz tanimina ragmen aslinda apoptotik bir
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stirectir. Hiicrenin, hiicre dis1 matriks proteinlerine yapismasi hiicrenin dogru konumda olup
olmadigmin belirlenmesi icin gereklidir (Kim ve dig., 2012). Anoikis sirasinda evsizlesen
hiicrelerin matrislere yeniden baglanmalari ve displastik bitylimeleri 6nlenmektedir. Anoikisin
baslatilmas1 ve yiiriitiilmesi, kaspazlarin aktivasyonuna ve DNA fragmantasyonuna bagl
olarak gergeklesmektedir (Racisi ve dig., 2022). Klasik apoptoza uygun olarak anoikis,
mitokondrinin bozulmasi nedeniyle intrinsik veya hiicre ylizeyindeki oliim reseptorleri

tarafindan tetiklenen ekstrinsik yolu izleyebilmektedir (Sekil 2.16) (Simpson ve dig., 2008).

Intrinsik yolda kaspaz aktivasyonu, dis mitokondriyal membranda (OMM) oligomerlerin
olugsmasi nedeniyle mitokondriyal gecirgenligin artisi sonucu meydana gelmektedir. Boylece
kanallar olugturularak membran gecirgenligi artmaktadir (Taddei ve dig., 2012). OMM' nin
bozulmasi, sitokrom c¢'nin salinmasina yol agmaktadir. Kaspaz-9 ve apoptoz proteaz aktive
edici faktor (APAF) araciligiyla 'apoptozom' olusmaktadir. Ardindan efektor kaspaz-3' {in
aktivasyonu ile apoptoz gergeklesmektedir (Moro ve dig., 2009).

Ekstrinsik yolak, Fas Ligandi (FasL) veya timor nekroz faktorii-a (TNF-a) gibi hiicre disi
6liim ligandlarinin, transmembran reseptorleri olan Fas ve TNF-a’ ya (TNFR) baglanmasiyla
baglatilmakta ve bunun sonucunda hiicre 6liimiine neden olan sinyal kompleksi olugmaktadir
(DISC). DISC, Fas ile iliskili 6lim alam1 (FADD) aracilifiyla, prokaspaz-8’ i aktive
etmektedir (Malagobadan ve dig., 2020). Kaspaz-8 ise kaspaz-3 ve 7' yi proteolitik olarak

aktive etmekte ve bunun sonucunda, substrat proteolizi ve hiicre dliimii gergeklesmektedir.
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Sekil 2.16: Anoikis mekanizmasi (Taddei ve dig., 2012)

Saglikli hiicrelerde hiicreler arasi matriks baglantisinin kopmasi anoikisi tetiklemektedir.
Fakat, kanser hiicrelerinde anoikise karst direng gelistirilebilmektedir (Tajbakhsh ve dig.,
2019). Kanser hiicrelerinde anoikise kars1 gelistirilen direng metastaz yeteneklerini

artirmaktadir. Metastaz yetenegi artan kanser hiicreleri uzak dokularda kolonilesebilmektedir

(Flores-Peredo ve dig., 2017).
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2.2.3. Otofaji

Otofaji, programli bir hiicre 6liim ¢esidi olup organellerin ve polimerlerin zar igerisinde
lizozomla birleserek parcalanmasidir. Parcalanma sonucu olusan monomerler, hiicre i¢inde
yeniden kullamlabilmektedir. Ilk arastirmalarda otofajinin hiicrenin olumsuz kosullarda
hayatta kalmak ve besin elde etmek i¢in tercih edilen bir yol oldugu ortaya ¢ikarilmistir (Kim
ve dig., 2011). Sonraki ¢alismalarda ise otofajinin homeostazi, farklilasma, hiicre savunmast,

yaslanma ve hiicre 6liimiinde etkili oldugu gosterilmistir.

Otofaji, kaspaz bagimsiz bir programli hiicre 6liim ¢esididir. Bu yolakta kromatin iplikler
daginiktir, membran genislemekte, makromolekiiller parcalanmakta ve kesecikler
olugmaktadir. Protein ve enzimler, lizozom araciliiyla kesecikler igerisinde pargalandigi i¢in
hiicre zarar gérmemektedir (Sekil 2.17) (Aburto, 2012). Otofaji anomalileri kanser, sinir

sisteminde hasarlanma, gelisimsel bozukluklarina neden olmaktadir.
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Sekil 2.17: Otofaji morfolojisi (Aburto, 2012)

Otofaji mekanizmasinda bazi tiimor baskilayict genler ve birtakim onkogenlerin de islevsel
oldugu belirlenmistir. Ornegin, DAPk protein kinazin kanser hiicrelerindeki yukari
regiilasyonu otofajiyi tetikleyerek hiicre Gliimiine neden olmaktadir (Axe ve dig., 2008).

Yapilan calismalarda DAPkK’ nin apoptoz ve otofajiyi birden fazla yolakla diizenledigi
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belirlenmistir. Ayrica DAPk protein kinaz, bazi onkogenlerin p53’ ii aktive etmesi i¢in 6nemli

rol oynamaktadir.

Otofajinin makrootofaji, mikrootofaji ve saperon aracili otofaji gibi ¢esitleri bulunmaktadir
(Sekil 2.18) (Klionsky ve dig., 2021). Makrootofaji, makromolekiillerin ve organellerin
yikiminda olduk¢a 6nemlidir. Olusan zar, pargalanacak yapilar ¢evrelemekte ve otofagozom
olusmaktadir (Suzuki ve dig., 2007). Otofagozomda tutulan yapilar lizozomla birlesmektedir.
Mikrootofajide 6zellikle lizozom aktivitesi 6n plandadir. Lizozomal zar, invajinasyon yoluyla
yayilip organeller ve sitozol igerigini par¢alamaktadir (Bento ve dig., 2016). Saperon aracili

otofajide ise yanlis katlanmis proteinler saperonlar araciligi ile lizozoma yonlendirilmektedir.
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Sekil 2.18: Otofaji yolaklar1 (Klionsky ve dig., 2021)

2.2.4. Entoz

Entozda bir hiicre baska bir hiicre tarafindan istila edilmektedir. Bunun sonucunda istila
edilen hiicre konakg1 hiicreyi sindirmektedir. Bu yolakta, fagozom olusumu gergeklesmekte
ve hiicre lizozom tarafindan par¢alanmaktadir. Entozun gergeklesebilmesi igin iki hiicrenin de
ayni tiir olmas1 gerekmektedir (Kisurina-Evgenieva ve dig., 2019). Baz1 durumlarda ise

yutulan hiicre, diger hiicrenin iginde boliiniip hiicre disina ¢ikabilmektedir.

Baslangigta entozun tiimor siipresor etkisi oldugu varsayilsa da gesitli incelemeler sonucunda

kanser hiicrelerinde ¢ok sayida entotik figlire rastlanmistir. Ayrica, kanser tedavisinde
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kullanilan bazi kematerapdtik ilacglarin entozu tetikledigi gosterilmistir (Garanina ve dig.,
2017). Kanser tedavisinde entotik hiicre olumsuz faktorlerden kagip konakgi hiicreyi saglam
birakarak kanserin yayilmasina ve tedavinin basarisiz olmasina sebep olabilmektedir (Zeng ve
dig., 2020). Bu nedenle, entoz kanser hiicrelerinde proliferasyonu artirmakta ve tiimdriin
ilerlemesine neden olabilmektedir (Kroemer ve Perfettini, 2014). Bu durum, kanser

tedavisinin basarisiz olmasina ve kanserin niiksetmesi ile iliskilendirilmektedir.
2.2.5. Mitoptoz

Mitoptoz, mitokondriyal 6lim yolagidir. Bu 6lim yolaginda mitokondri programlanmis bir
sekilde bozunuma ugramaktadir. Bu yolakta, mitoptotik cisimcik ya da otofagozom olusumu
goriilmektedir. Mitoptoz bir hiicre 6liim yolagi olmamasina ragmen mitokondriyal fisyon

hiicre 6liimiine sebep olabilmektedir (Skulachev, 2006).
2.2.6. Ferroptoz

Ferroptozda, demir bagimli lipid peroksit birikimi s6z konusudur. Bu yolakta, kalitsal madde
yogunlasmamakta ve nukleusta morfolojik bir degisiklik meydana gelmemektedir. Ayrica,
hiicre zarinda bozulma gergeklesmemektedir (Dixon ve dig., 2012). Fakat; hiicrenin hacmi
azalmakta, mitokondrinin zar yogunlugu artmakta, mitokondrinin i¢ zar1 biiziismekte ve
mitokondri kiigtilmektedir (Shen ve dig., 2020).

Kanser hiicrelerinde serbest radikallerin ve demir metabolizmas1 sonucu olusan lipit
peroksidasyon molekiillerinin birikimi, protein kinazlarin aktivasyonunu ve endoplazmik
retikulum stresini artirarak ferroptozu tetiklemektedir (Eling ve dig., 2015). Buna bagl olarak,

yapilan calismalarda ferroptozu indiikleyen bazi ilaglar gelistirilmektedir.
2.2.7. Piroptoz

Piroptoz, inflamasyon ile kendini gosteren programli bir hiicre Olim yolagidir.
Mikroorganizmalar tarafindan enfekte olmus bagisiklik hiicrelerinde ve inflamatuar
hastaliklar kaynakli hiicre 6liimlerinde goriilmektedir (Xia ve dig., 2019). Piroptoz morfolojisi
nukleus yogunlagmasi, kaspaz bagimliligt ve DNA kirilmast gibi yonleriyle apoptoza
benzerlik gostermektedir. Yapilan calismalarda piroptozun Gasdermin D proteinleri

(GSDMD), tarafindan gergeklestirildigi belirlenmistir. GSDMD, membran zarinda porlar
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olusturarak inflamatuar sitokin salgilanmasina neden olmaktadir (Shi ve dig., 2015). Sitokin
salinimi, zar bitiinliigiine zarar vererek piroptoza ve enflamasyona neden olmaktadir (Sekil
2.19). Aynmi zamanda inflamatuar kaspazlar (kaspaz 1, kaspaz 4, kaspaz 5 ve kaspaz 11) ve
apoptotik kaspazlar (kaspaz 3, kaspaz 6 ve kaspaz 8) da piroptozda dnemli rol oynamaktadir
(Sollberger ve dig., 2014).
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Sekil 2.19: Piroptoz mekanizmasi (Shi ve dig., 2015)

Piroptoz, kanonik yolak ve kanonik olmayan yolak olmak iizere iki sekilde gerceklesebilir.
Kanonik yolak, kaspaz 1 bagimli olarak gergeklesirken kanonik olmayan yolak kaspaz 4-5 ve
11 aracili gerceklesmektedir (Bergsbaken ve dig., 2009).

Kanonik yolakta inflamozom ve kaspaz 1 aktivasyonu goriilmektedir. Mikroorganizmalara
kars1 enflamasyonu baglatan ve kaspaz 1 aktivesini diizenleyen bagisiklik sistemi
elemanlarina inflamozom denmektedir (Franchi ve dig., 2006). Kaspaz 1, bagisiklik sistemi
aktivasyonu i¢in olduk¢a 6nemlidir. Aktive olan kaspaz 1, GSDMD’ yi bolmekte, ardindan
interlokin salintmi  goriilmektedir. Interlokin, akyuvarlar tarafindan {iretilen bir sitokin

grubudur (Kovacs ve Miao, 2017).

Kanonik olmayan yolakta kaspaz 4-5 ve 11 aktivasyonu ger¢eklesmektedir. Kaspaz 4-5 ve 11,
kaspaz 1 gibi GSDMD’ yi bolerek membran zarinda por olusumu gerceklestirmektedir
(Aglietti ve dig., 2016).

Ayrica, apoptotik kaspazlar olan kaspaz 3-6 ve 8 de GSDM’ yi bolerek piroptozu
tetikleyebilmektedir. Kaspaz 3, GSDME’ ye bagimli piroptozu baglatirken kaspaz 8,
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GSDMD’ ye bagimli piroptoza neden olmaktadir (Sborgi ve dig., 2016). Kaspaz 6 ise kaspaz

1 aracili sinyalizasyonu aktiflestirerek piroptoz yolagini diizenlemektedir.

Piroptoz yolagy; farkli kanser tiirlerinde hiicre dliimiinii uyarmakta, proliferasyon ve metastazi
onlemektedir. Ayrica, bazi kanser tiirlerinde piroptozla iligkili proteinlerin ifadesi azalmis
durumdadir. Bu nedenle, kanser tedavisinde piroptoz yolagmin hedeflenmesi tedavi

etkinligini artirabilmektedir (Hachim ve dig., 2020).
2.2.8. Nekroptoz

Nekroptoz, hiicre i¢i veya disarisinda anomaliler meydana geldiginde goriilen programli
nekrozdur. Cok sayida sinyal yolagi araciligi sonucu reseptdr etkilesimli protein kinaz
aktivasyonu gerceklesmektedir (He ve dig., 2009). Nekrozomun ana proteinleri olan RIPK1
ve RIPK3, reseptor etkilesimli protein kinazlar tarafindan aktive edilmektedir. Morfolojik
olarak goriilen membran yirtilmasi ve organel kaybi yoniiyle nekroza benzemektedir (Cho ve

dig., 2009).

Nekroptoz; TNF ailesi reseptorleri, TLR3, TLR4 ve interferon reseptorleri tarafindan
baslatilabilmektedir. Nekroptoz ii¢ kategoriye ayrilmaktadir. Ekstrinsik nekroptoz, TNFa
tarafindan uyarilirken intrinsik nekroptoz, reaktif oksijen tiirleri (ROS) tarafindan
uyarilmaktadir (Murphy ve dig., 2013). Ayrica, iskemi aracili intrinsik nekroptoz seklinde de
gerceklesebilmektedir. TNFa aracili nekroptoz; TRADD, FADD, RIPK1, TRAF2/TRAFS ve
cIAP1/cIAP2'yi1 iceren kisa omiirlii membran sinyal kompleksinin (kompleks I olarak bilinir)
olusumuna yol agan klasik bir nekroptozdur. TRADD, RIPK1'i TNFR1'e baglayan bir adaptor
molekiildiir (Sedger ve McDermott, 2014). Daha sonra cIAP'ler ve TRAF2/3/5 kompleks I' e
dahil edilmektedir. Aktivasyon {iizerine cIAP1/2 ve TRAF2/5, RIPK1'in yayginlasmasina
aracilik etmekte ve stabil kompleks I' in olusmasiyla sonuglanmaktadir. Bunun sonucunda,
NF-xB- ve MAPK aracili yolu igeren hiicre hayatta kalma yolu ile sonug¢lanan alternatif yolu
baglatmaktadir (Kalliolias ve Ivashkiv, 2016). NF-kB sinyallemesi, TNFa' nin sitotoksik
etkisine karst koymada anahtar bir rol oynamakta ve NF-kB'nin hayatta kalma etkisine
clIAP1/2 ve cFLIPL (hiicresel FLICE benzeri inhibitér protein) aracilik etmektedir. Bu
nedenle kompleks I, hiicrenin hayatta kalmasi ve nekroptoz igin ¢ok 6nemli bir kontrol

noktasidir (Kaczmarek, ve dig., 2013).
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Nekroptozda kaspaz-8' in inhibisyonu, RIPK1'in aktivasyonuna yol agmaktadir. Boylece,
kompleks | 'in stabilitesi bozulmaktadir. Ubikuitin zincirinin RIPK1' den ¢ikarilmasi; bunun
FADD, TRADD, RIPK3 ve kaspaz ile etkilesimine yol agarak kompleks II' nin olusumuyla
sonuclanmaktadir (Moriwaki ve Chan, 2016). RIPK1, reseptor homoloji alan1 (RHD) yoluyla
RIPK3 ile etkilesime girerek nekrozom olusumuna yol agmakta ve bu da nekroptoz ile
sonuglanan asagi akis sinyalini baslatmaktadir (Sekil 2.20). Nekroptozun indiiksiyonu igin
hem RIPK3 hem de RIPKI gerekli olmasina ragmen, RIPK3 hiicrelerde asir1 eksprese
edildiginde tek basina nekroptozu destekleyebilmektedir (Duprez ve dig., 2011). Aktivasyon
tizerine RIPK3, nekroptozun indiiklenmesinde anahtar rol oynayan psddokinaz MLKL'yi
(karisik soy kinaz alan1 benzeri protein) fosforile etmektedir (Han ve dig., 2011). MLKL iki
sekilde etki etmektedir: Na+ iyonu ya da Cat++ kanallarinin toplanmasi igin plazma zarinda
platform gorevi gormekte ya da fosfotidil inositol fosfatin amino terminali ile etkilesime

girerek plazma zarinda gozenek olusumunu desteklemektedir (Man ve dig., 2013).
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Sekil 2.20: Apoptoz ve nekroptoz mekanizmalar: (Duprez ve dig., 2011)

Yapilan ¢alismalarda nekroptozun, apoptoz mekanizmasi bozulmus kanser hiicrelerinde tiimor
baskilayici rol oynadig1 gosterilmistir. Bu nedenle, son yillarda kanser tedavisinde nekroptozu

hedeflemek olduk¢a dikkat gekmektedir (Xuan ve Hu, 2009).
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2.2.9. Paraptoz

Paraptoz, kaspaz bagimsiz programli bir hiicre 6liim yolagidir. Paraptozun gerceklesmesi icin
MAP kinaz aktivasyonu gereklidir. Bu yolak, endoplazmik retikulum ve mitokondri zarinin
genislemesini iceren genis sitoplazmik vakuolasyon ile karakterizedir (Yokoi ve dig., 2022).
Paraptozun, insiilin biiyiime faktorii 1 reseptoriiniin (IGFIR) ekspresyonu, proteazom
inhibisyonu, endoplazmik retikulum stresi, reaktif oksijen tiirleri (ROS) iiretimi, mitokondriye
kalsiyum akis1 ve iyon kanallarinin agilmasi dahil olmak iizere cesitli mekanizmalar yoluyla

indiiklendigi rapor edilmistir (Sekil 2.21) (Lee ve dig., 2022).

Apoptozdan farkli olarak paraptoz, kaspazlarin aktivasyonunu veya apoptotik cisimciklerin
olusumunu igermemekte ve kaspaz inhibitorlerinden veya Bcl-2 benzeri anti-apoptotik
proteinlerin asir1 ekspresyonundan etkilenmemektedir (Lee ve dig., 2017). Ote yandan
paraptozun, mitojenle aktiflesen protein kinaz 2 (MEK-2), c-Jun N-terminal protein kinaz 1
(JNK1) gibi mitojenle aktiflesen protein kinaz (MAPK) ailesi iiyelerine bagli oldugu

gosterilmistir.
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Sekil 2.21: Paraptosis mekanizmasi (Lee ve dig., 2017)

Kanser hiicrelerinde paraptoz mekanizmasinin bozulmasi; ilag direnci, anjiyogenez,

proliferasyon, metastaz yeteneginde artisa neden olabilmektedir (Petrillo ve dig., 2018). Buna
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bagli olarak, kanser hiicrelerinde paraptozisin hedeflenmesi tedavi etkinligini artirma

potansiyeline sahip olup klinik olarak arastirilmaktadir (Zhu ve dig., 2019).
2.2.10. Methuosis

Methuosisin en 6nemli 6zelligi, hiicrenin makropinozomlar yoluyla ¢ok fazla biiyiik sivi dolu
vakuoller olusturmasidir. Makropinozomlar lizozomlarla kaynasmamakta, fakat birbirleriyle
kaynasarak dev vakuoller olusturmaktadir (Maltese ve Overmeyer, 2014). Bu durum, plazma
zarinin yirtilmasina neden olmaktadir. Hiicre 6limi sirasinda hiicre biiziilmesi ve niikleer
parcalanma gerceklesmemektedir. Zar biitlinliigiiniin  kaybolmas1 yoniiyle nekroza
benzemektedir (Overmeyer ve dig., 2011). Methuosis, makropinozomlardan tiiretilen
sitoplazmik vakuollerin birikmesi, ardindan metabolik yetmezlik ve plazma zarinin yirtilmasi

ile karakterize edilmektedir (Sekil 2.22).

Kanser tedavisinde, makropinozomlar tarafindan alinabilen maddelerin iiretilmesi hiicre igi
molekiilleri hedefleme i¢in umut vaat etmektedir (Cho ve dig., 2018). Benzer sekilde, hiicre
yiizeyi reseptorlerine baglanabilen ve makropinozomlarla hiicreye alinabilen nanopartikiiller
gibi ilag tastyicilarinin gelistirilmesi terapotik agidan onemli olmaktadir (Trabbic ve dig.,
2014).

Hiicre digi biiyiik maddeler
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Sekil 2.22: Methuosis mekanizmasi (Maltese ve Overmeyer, 2014)
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2.2.11. Parthanatos

Parthanatos, PARP1’ in asir1 {retimi ile karakterize edilmektedir. PAR polimerinin
mitokondriden ¢ekirdege translokasyonunu indiikleyerek PARP-1 aracili hiicre 6limiiniin
temelini olusturmaktadir (Robinson ve dig., 2019). Parthanatos, baz1 morfolojik 6zellikleri
paylasmasina ragmen apoptoz ve nekrozdan ayridir. Bu yol kaspazdan bagimsizdir, bu da onu
apoptozdan farkli kilmaktadir (Andrabi ve dig., 2008). Ancak 2007'de "parthanatos"
kesfedilmeden oOnce yaygin olarak apoptozun kaspazdan bagimsiz bir formu olarak
tanimlanmistir. Benzer sekilde parthanatos, membran biitiinliigiiniin kayb1 ve hiicresel enerji
depolarinin tiikkenmesi gibi nekrozla ortiisen 6zelliklere sahiptir (David ve dig., 2019).
Bununla birlikte kanonik nekrozdan farkli olarak parthanatos araciligi ile 6len hiicreler, hiicre
zarlarinda sisme ve yirtilma olmaksizin diizenlenmis bir siire¢ olarak kromatinolize

ugramaktadir (Sekil 2.23).

Bazi kanser tiirleri lizerinde yapilan ¢alismalarda, parthanatosun gerceklestigi hastalarin
hayatta kalma oranlarinin parthanatosun ger¢eklesmedigi hastalarin hayatta kalma oranlarina
gore istatistiki olarak olumlu oldugu belirlenmistir (Kong ve dig., 2017). Bu sonuglar, kanser
tedavisinde parthanatos aktivitesinin uyarilmasinin olumlu bir etkisinin olabilecegini

gostermektedir (Liu ve dig., 2021).

Sekil 2.23: Parthanatos, apoptoz ve nekroz mekanizmalar: (Andrabi ve dig., 2008)
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2.2.12. NETosis

Bir akyuvar c¢esidi olan notrofiller dogal bagisiklikta gorevlidir.  Notrofiller,
mikroorganizmalarin viicuda yayilimint 6nlemekte ve fagositoz yaparak onlar1 yok etmektedir
(Adrover ve dig., 2020). Ayn1 zamanda, NETosis adi verilen yolakla viicudu savunmaktadir.
Mikroorganizmayla karsilagan nétrofil, nukleus icerigini ekstrasellular matrikse salgilayarak
hiicre dis1 tuzaklar1 (NETSs) olusturmaktadir. Bu mekanizma, mikroorganizmalar1 ¢evreleyip
yayilimini 6nlemeyi amaglamaktadir (Berends ve dig., 2010). Ayrica; histonlar, bazi enzim ve

sitoplazmik proteinler ile antimikrobiyal bir etki olusturmaktadir (Bianchi ve dig., 2009).
2.2.13. Programsiz Hiicre Oliimii: Nekroz

Hiicrenin aniden hasarlanmast durumunda programlanmamis hiicre Oliimii olan nekroz
meydana gelmektedir. Hipoksi, agir metaller, kimyasal maddeler, radyasyon, hasarlanma,
enfeksiyon gibi faktorler nekroza sebep olabilmektedir. Ciddi sekilde hasarlanan ve onarimi
miimkiin olmayan hiicrede, rastgele ve gen kontroliinden bagimsiz bir 6lim yolagi olan

nekroz gelismektedir (Golstein ve Kroemer, 2007).

Nekrozda hiicre zar1 parcalanmakta ve hiicre igerigi hiicreler arasi bolgeye yayilip
enflamasyon ve doku hasarina neden olmaktadir. Nekrozda mitokondride serbest radikal
olusumu goriilmekte, apoptotik olmayan proteazlar aktive olmakta, kalsiyum gecirgenligi
artmaktadir (Nicotera ve dig., 2004).

Nekroz sirasinda hasarlanan hiicrenin iyon dengesi bozulmaktadir. PARP (Poli ADP-riboz
polimeraz), oksidatif fosforilasyonda gorevli olan NAD+ ’1 bolerek NAD miktarinin
azalmasina sebep olmaktadir. Bundan dolayi, yeteri kadar ATP sentezlenememekte ve iyonlar
aktif tasima ile disar1 atilamamaktadir. Hiicre asir1 derecede sivi alarak siserek hemolize
ugramaktadir (Sekil 2.24) (Warny ve dig., 2000). Hiicre igerigi hiicreler arasi bolgeye
yayilmaktadir. Bu durum, enflamasyona ve doku hasarina neden olmaktadir. Bagisiklikta
gorevli hiicreler, nekrotik bolgeye gog ederek fagositoz gerceklestirmektedir (Shimizu ve dig.,
2000).
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Sekil 2.24: Apoptoz ve nekroz morfolojilerinin karsilastirilmasi (Warny ve dig., 2000)

Yapilan calismalarda nekroz sonucu hiicreler arast bdlgeye yayilan igerigin kanser
hiicrelerinin hayatta kalma sansini, anjiyogenezi ve metastaz yapma yetenegini artirdigi ortaya
cikartlmistir (Fink ve dig., 2015). Bu nedenle, nekroz sonucu yayilan faktorlerin

hedeflenmesinin kanser tedavisinde hayatta kalma basarisini artirabilecegi diisiiniilmektedir.
2.3. HUCRESEL SINYAL YOLAKLARI
2.3.1. MAPK Sinyal Yolagi

Mitojenle aktiflesen protein kinaz (MAPK) kaskadi; hiicre proliferasyonu, farklilasmasi ve
gocii dahil olmak tizere cesitli hiicresel islevlerde rol oynayan yiliksek oranda korunmus bir
modiildiir. MAPK yolagi; komsu bir proteini fosforile ederek sinyal ileten bir¢cok geni
kapsamaktadir (Keshet ve dig., 2010).

MAPK sinyal yolagi; inflamasyon, hiicre stres tepkisi, farklilasma, hiicre bdliinmesi,
proliferasyon, metabolik aktiviteler ve apoptoz gibi bir¢ok hiicresel siirecin diizenlenmesinde
esastir. MAPK yolunun kanser, bagisiklik bozukluklar1 ve ndrodejeneratif hastaliklarda

oldukca 6nemli bir rolii bulunmaktadir.
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Memeliler, hiicre dis1 sinyalle iliskili kinazlar (ERK)-1/2, Jun amino-terminal kinazlar
(JNK1/2/3), p38 proteinleri (p38alfa/beta/gama/delta) ve ERKS olmak tiizere en az dort
MAPK grubunu eksprese etmektedir (Sabio ve dig., 2014).

MAPK sinyallesme basamaklar1 oldukca karmasik ve i¢ icedir. MAPK basamaklar1 ve diger
sinyallesme aglar1 igerisinde c¢apraz etkilesimler mevcuttur (Plotnikov ve dig., 2011).
Ornegin; MAPK, PI3K aglari, NFkB yolu ve JAK-STAT yolunun aracilar1 arasinda oldukca

kuvvetli etkilesimler bulunmaktadir.

MAPK sinyal yolu hiicre ¢gogalmasi ve farklilasmasiyla yakindan iligkilidir. Bir¢ok kotii huylu
timorde MAPK sinyallerinin siirekli aktivasyonu bulunmaktadir. Hiicre ¢ogalmasi biiyiik
olgilide tlimor olusumuna katkida bulunmakta, metastaz ve istilaya neden olmaktadir (Eblen ve
dig., 2018). Memeli MAPK yollar1 arasinda ERK yolu; kanser hiicrelerinin ¢ogalmasinda,
farklilagsmasinda, metastazinda ve istilasinda 6nemli bir rol oynamaktadir. ERK yolu,

p38/MAPK yoluyla p53 genini etkisiz hale getirmekte ve kanser olusumunu tetiklemektedir.

Ayrica, bircok c¢alismada p38 MAPK yolunun, hiicre disi uyaranlar tarafindan {iretilen
MMP'lerde (matris metaloproteinazlar) 6nemli diizenleyici islevler uyguladigini gosterilmistir
(Roskoski ve dig., 2012). MMP'ler, tiimor istilas1 ve gogiiyle siki bir sekilde iliskili olan bir
tiir proteolitik enzimdir. Ayrica p38 MAPK yolu, tiimdr hiicresi bilylimesini siirdiirmek icin

gerekli olan tiimor anjiyogenezini desteklemektedir.

Kanser siklikla oksijen yoksunlugu ve iltihaplanma gibi ¢esitli stres kosullarina maruz kalir.
Birgok MAPK yolu stres sinyallemesinde rol oynamaktadir. Bu nedenle; bazi kinazlar
kanserde inflamasyona, DNA hasarina ve apoptoza yanit olarak stresle aktive edilmektedir.
Ayrica, MKP-1 c-Jun'u etkinlestiren SAPK/JNK'leri etkinlestirmektedir. Aktif c-Jun, kanser
hiicrelerinin ¢ogalmasi ve hayatta kalmasi i¢in 6nemli olan birden fazla asagi yondeki gen

transkripsiyonunu desteklemektedir (Wortzel ve dig., 2011).

Yapilan caligmalarda nekroptozun c¢esitli mekanizmalar tarafindan siki bir sekilde
diizenlendigi ve protein kinaz C (PKC)/MAPK'c-Jun sinyal yolunun aracilik ettigi
belirlenmistir. Nekroptozun sinyal yolu, niikleer transkripsiyon faktorii kappa B (NF-kB), c-
Jun, hiicre dis1 sinyalle diizenlenen kinaz (ERK), c-'den olusan mitojenle aktiflesen protein

kinaz (MAPK) basamaklarini igerdigi bilinmektedir (Seternes ve dig., 2019).
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MAPK sinyallemesindeki anormallikler, karsinojenez siirecini ve ilerlemesini etkilemektedir.
Reseptor tirozin kinazlarin asir1 ekspresyonu, reseptor tirozin kinazlardaki aktive edici
mutasyonlar, Ras mutasyonlar1 ve B-Raf mutasyonlar1 gibi kanserle iligkili lezyonlarin ¢cogu;
ERK sinyallemesinin yapisal aktivasyonuyla sonu¢lanmaktadir. JINK aktivitesinin ve c-Jun'un
fosforilasyonunun Ras kaynakli tiimor olusumunda kritik bir rol oynadigi bilinmektedir (Yao

ve dig., 2004).
2.3.2. FoxO Sinyal Yolag:

Forkhead box (FoxO) ailesi, Fox genlerinin 19 alt sinifindan olugmaktadir. Bu siiper ailenin
tiyeleri yiiksek oranda korunmus bir DNA baglayic1 Fox alanimi paylasmaktadir. FoxO
transkripsiyon faktorleri hiicresel farklilasmayi, biiyiimeyi, hayatta kalmay1, hiicre déngiisiinii,

metabolizmayi, stresi ve tiimor baskilama yollarini diizenlemektedir (Lee ve dig., 2013).

FoxOl, FoxO3 ve FoxO4 memelilerde tiim dokularda eksprese edilirken FoxO6 mRNA
agirlikli olarak beyinde eksprese edilmektedir. FoxO proteinleri, ¢ekirdekteki DNA baglayict
Fox alanmi aracilifiyla hedef genlerin transkripsiyonunu aktive etmekte veya baskilamaktadir
(Sinha ve dig., 2015). FoxQO' larin hiicre i¢i lokalizasyonu ve transkripsiyonel fonksiyonlari
siklikla fosforilasyon, asetilasyon ve ubikuitinasyon gibi translasyon sonrast modifikasyonlar

tarafindan diizenlenmektedir (Yeh ve dig., 2013).

Yapilan calismalarda, FoxO alt ailesi iiyelerinin doku homeostazisinin korunmasinda énemli
rol oynadigi ve kanserde siklikla diizensiz olduklar1 gosterilmistir. FoxO' nun asiri
ekspresyonu, kanserde tiimor biiyiimesini inhibe ederek FOXO' larin niikleer lokalizasyonu
sonucu hiicre dongiisii ilerlemesini bloke etmekte, apoptozu tesvik etmekte ve anjiyogenezi

inhibe etmektedir (Greer ve dig., 2005).

Baz1 caligmalarda, FoxO’ nun antitiimoral ve timdr baskilayici1 6zellikleri gosterilmistir. Bu
calismalarda, FoxO alt ailesinin ana tiyeleri FoxO1, FoxO3a ve FoxO4 'ten yoksun bireylerde,
kanser gelisimi egiliminin arttig1 tespit edilmistir (Vurusaner ve dig., 2012). FoxO' lar,
PI3K/Akt yolunun asir1 aktivasyonu nedeniyle insan kanserlerinin ¢ogunda inaktive edilmekte
olup tiimor baskilayicilar ve apoptoz indiikleyiciler olarak gii¢lii bir sekilde tanimlamaktadir.
Apoptoz stiresince FoxO'lar, Fas ligandi, TNF apoptoz ligandi ve Bcl XL, BNIP3, Bcl-2
ailesinin proteinleri gibi 6lim reseptor ligandlarinin ekspresyonunu tetikleyen mitokondriye

bagimli ve bagimsiz siireglerde rol oynamaktadir (Gomes ve dig., 2008).
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2.3.3. PIBK/AKT/mTOR Sinyal Yolag:

PI3K/Akt/mTOR yolagi hiicre dongiisii, protein sentezi, biliylime, metabolizma ve
anjiyogenez gibi kritik olaylarda gorev alan 6nemli bir sinyal akim sistemidir. Hiicreler ve
dokular, insiilin, glikoz, biiyiime faktorleri, sitokinler, integrinler, B ve T hiicresi reseptorleri,
hormonlar ve kemokinler gibi ¢esitli molekiillerin tirozin kinaza (RTK'ler) baglanmasi
yoluyla birbirleriyle iletisim kurmaktadir (Manning ve dig., 2007). Bu durum, smf I
fosfoinositid 3-kinaz (PI3K)/Protein kinaz B (AKT) sinyal yolunun aktivasyonuna yol

agmaktadir.

PI3K'ler, her biri dort homolog bdlgeye sahip olan ve kinaz alaninin en fazla korunan bolge
oldugu ii¢ sinifa ayrilmaktadir. Ayrica, PI3K sinif I' in iki alt sinifi bulunmaktadir (Tian ve
dig., 2023). Bu alt siif genleri; kanser hiicrelerinin hayatta kalmasi ve istilasinda rol

oynamaktadir. PI3K, fosforilasyon araciligi ile AKT aktivasyonuna yol agmaktadir.

Okaryotlarda AKT kinazin yiiksek homolojiye sahip AKT1, AKT2 ve AKT3 olmak iizere iig
izoformu bulunmaktadir (Ahmad ve dig., 2023). AKT aktivasyonu, tuberoskleroz protein 2
(TSC2) inhibisyonunu indiiklemekte ve TSCI ile etkilesimini bozmaktadir. TSC1 hiicre
biiylimesi ve proliferasyonu, hayatta kalma ve otofajide rol oynamaktadir. Aktive edildikten
sonra AKT, mTOR aktivasyonu, TSC1 ve TSC2 inhibisyonu yoluyla protein sentezini ve
hiicre biiylimesini indiiklemektedir (Janku ve dig., 2018).

MTOR yolu; hiicre biiytimesi, proliferasyon, protein sentezi ve otofajiyi diizenleyen memeli
metabolizmasinin ana diizenleyicisidir. mTOR; hiicre biiylimesi, farklilagmasi1 ve
fonksiyonlarini uyararak apoptoz ve nekroptozun diizenlenmesinde kritik bir rol oynamaktadir
(Mohan ve dig., 2016). Biiyiime faktorleri, besin enerjisi. stres, normal veya diizensiz

stiregleri tetikleyen mTOR'u etkinlestirebilmekte veya etkisiz hale getirebilmektedir.

PI3K/AKT/mTOR, insan kanserlerinde en fazla mutasyona ugramis sinyal yollarindan biridir
ve timor olusumu sirasinda AKT1 zit etkilere sahip olabilmektedir (Lee ve dig., 2019).
Apoptozu baskilayan bir pro-onkogenik faktor olarak gorev yapabilmekte veya timor
istilasin1 kisitlayabilmektedir. AKT?2 ile ilgili olarak, bu izoform hiicre goglinii ve istilasini

desteklerken AKT3 tiimor gogiinde rol oynamaktadir (Tewari ve dig., 2022).
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Bu nedenle, PI3K/AKT/mTOR sinyal yolu hiicrenin hayatta kalmasi, biiyliimesi, ¢ogalmasi,
metabolizmasi ve hareketliliginde 6nemli roller oynamaktadir (Hoxhaj ve dig., 2020). Ayrica
bu protein kinazlar, fosforilasyon siirecleri yoluyla transkripsiyon ve translasyon gibi ¢esitli

hiicresel islevlerde rol oynamaktadir (Yang ve dig., 2019).
2.3.4. TNF Sinyal Yolag

TNF sinyal yolu; hiicre proliferasyonu, farklilasmasi, apoptoz, immiin yanitlarin modiilasyonu
ve inflamasyonun indiiksiyonu dahil olmak lizere c¢esitli fizyolojik ve patolojik siireclerde
onemli bir rol oynamaktadir (Wong ve dig., 2011). TNF (Timor Nekroz Faktori); lipid
metabolizmasi, pihtilasma, insiilin direnci ve endotel fonksiyonu {izerinde etkileri olan ¢ok
islevli bir proinflamatuar sitokindir. Kesfinden bu yana TNF, kanser karsit1 bir ajan olarak
kabul edilmekte olup TNFR (TNF Reseptor) siiper ailesinin iiyeleri, hem hayatta kalma hem
de 6liim sinyalleri olusturabilmektedir (Bose, 2015).

TNF; TNFR1 (TNF Reseptor-1) ve TNFR2 (TNF Reseptor-2) olmak iizere iki reseptor
araciligiyla etki etmektedir. TNFR1, tiim insan dokular1 tarafindan eksprese edilmekte ve
TNF alfa igin ana sinyal reseptoriidiir. TNFR2 ¢ogunlukla bagisiklik hiicrelerinde eksprese
edilmekte ve sinirlt biyolojik tepkilere aracilik etmektedir (Nagasaki ve dig., 2010).

Proinflamatuar bir sitokin olan TNF alfa; inflamasyona, enfeksiyona ve diger g¢evresel
streslere yanit olarak makrofajlar, lenfositler, fibroblastlar ve keratinositler dahil olmak iizere
bir¢ok hiicre tipi tarafindan iiretilmektedir. TNF alfa, hiicre tipine gore heterojen bir dizi
biyolojik etkiyi indiiklemektedir (Zhang ve dig., 2009). TNF alfa, hiicre yiizeyindeki
reseptorleri TNFR1 (p55) ve TNFR2'ye (p75) baglanarak etki etmekte olup ¢ogu hiicre, TNF
alfanin sitotoksisitesinin ana aracisi olan TNFRI1'@ eksprese etmektedir. TNF alfanin iki
reseptoriine (TNFR1 ve TNFR2) baglanmasi, en az ii¢ farkl efektorii aktive eden sinyal
dontstiiriiciilerin gorevlendirilmesiyle sonuglanmaktadir. Karmasik sinyallesme basamaklari
ve aglart araciligiyla bu efektorler, kaspazlarin ve transkripsiyon faktorlerinin, Aktivasyon
Protein-1 ve NF-Kappa B' nin (Niikleer Faktor-Kappa B) aktivasyonuna yol agmaktadir
(Kalliolias ve dig., 2016). Baslangigta TRADD (TNFR-Iliskili Oliim Alan1) proteini TNFR1'e
baglanmakta, daha sonra TRADD, FADD (Fas-iliskili Oliim Alan1), RAIDD (RIP-iliskili
ICH-1/CED-3-6liim Alanina sahip homolog protein), MADD (MAPK Aktive Eden Oliim
Alan1) ve RIP1 (Reseptor-Etkilesimli Protein) aktive etmektedir. TRADD ve FADD'In
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TNFR1'e baglanmasi kaspaz 8'in aktivasyonuna yol a¢gmaktadir. Aktive edilmis kaspaz 8,
diger kaspazlar1 (kaspaz 3, 6 ve 7) iceren bir proteolitik kaskadi baglatarak apoptozu
indiiklemektedir. Kaspaz 8, BID’ i kesmekte ve Sitokrom ¢’ nin salinimiyla dis mitokondriyal
membran1 bozmaktadir. Zarlar arasi bosluktan salinan sitokrom ¢, APAFl'e (Apoptotik
Proteaz Aktive Edici Faktor-1) baglanmakta ve apoptozu indiiklemektedir (Nagasaki ve dig.,
2010).

2.4. PRISTIMERIN

Son yillarda terapdtik dogal bilesikler, kimyasal ilaglara gore daha giivenli bulunmasi
nedeniyle insan hastaliklarinin tedavisinde ilgi gormektedir. Pristimerin, (20a-3-hidroksi-2-
okso-24-nor-friedela-1-10,3,5,7-tetraen-karboksilik  asit-29-metilester, molekiiler formil:
C30H4004), Celastraceae ve Hippocrateaceae ailelerinin farkli ¢esitlerinden iiretilen bir
kinonmetit triterpenoiddir. Pristimerin, ilk kez 1951 wyilinda Pristimerae indica ve P.
grahami'den izole edilmis ve 1954'te tanimlanmistir. Pristimerin, antioksidan ve
antimikrobiyal etkilerinin yami sira kanser tedavisinde de farmakolojik etkilere sahip bir

bilesiktir (Zhao ve dig., 2019; Liu ve dig., 2019).

Yapilan c¢aligmalarda, pristimerinin; agiz, kalin bagirsak, 16semi, meme, akciger ve prostat
gibi farkli kanser tiirlerinde terapétik etkilere sahip oldugu belirlenmistir (Yousef ve dig.,
2016). Bu caligmalarda pristimerinin intrinsik apoptoz ve otofajiyi indiikledigi; niikleer faktor
kappa B (NF-xB), PI3K/Akt/mTOR yolagi, proteozom, telomeraz, mitojenle aktiflesen
protein kinaz (MAPK), Wnt/B- Katenin yolaklar1 ile etkilesime girerek giiglii antiproliferatif
etkiler olusturdugu ispatlanmistir (Wu ve dig., 2019). Pristimerin; siklusu G1 kontrol
noktasinda durdurmakta, apoptoz ve otofaji araciligi ile kanser hiicresinin yayiliminm
onlemekte ve ayrica, hiicre yapismasi ile anjiyogenezi Onleyerek kanser metastazini
engellemektedir (Sekil 2.25) (Costa ve dig., 2008). Ayrica diger ¢aligmalarda, pristimerinin
farkli kemoterapotik ilaglarla sinerjistik etkiler olusturdugu da belirlenmistir. Dolayisiyla,
pristimerin ¢cok amagli bir kanser ilact gelistirilmesi i¢cin oldukca biiyiik bir potansiyele

sahiptir (Deeb ve dig., 2014).
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Sekil 2.25: Pristimerinin hiicrede indiikledigi yolaklar ve etkileri (Costa ve dig., 2008)

2.4.1. Pristimerinin Apoptotik Etkisi

Pristimerin, ¢ok ¢esitli insan tiimorlerinde gii¢lii bir biiylime inhibisyonu ve apoptotik etkiye
neden olmaktadir. Pristimerin; intrinsik ve ekstrinsik kaspazlari aktive ederek, poli ADP-riboz
polimerazi (PARP) bdlerek ve mitokondriyal fonksiyon bozukluguna neden olarak apoptozu
tetiklemektedir (Yang ve dig., 2018). Pristimerin, Bcl 2’ yi inhibe ederek mitokondri
gecirgenligini artirmakta, Bax ve Bak aracili sitokrom ¢’ nin salinimiyla apoptozu tesvik
etmektedir. Yapilan ¢aligmalarda, kaspaz inhibisyonunun pristimerinin etkisini engellemekte
basarisiz oldugu ve pristimerinin Oldiiriicii etkisinin kaspaza bagimli olmayabilecegi

gosterilmistir (Hayashi ve dig., 2020).

Pristimerin uygulanan kanser hiicre hatlarinda kromatin yogunlagmasi, hiicre biiziilmesi ve
nukleusun pargalanmasi gibi apoptozda goriilen morfolojik degisiklikler gozlemlenmistir
(Zhang ve dig., 2019). Bu morfolojik degisiklikler; intrinsik, ekstrinsik ve ER aracili
apoptozun belirtecleri olarak kabul edilmektedir (Zhao ve dig., 2021).

Pristimerin, hiicrede serbest radikal olusumunu uyarip mitokondri zar potansiyeli kaybina
neden olabilmektedir. Bu durum, intrinsik (mitokondri aracili) apoptotik yolag: tetiklemekte
ve hiicre oliimii gerceklesmektedir (Mu ve dig., 2012). Intrinsik apoptotik yolakta

mitokondriyal zar gecirgenliginin artmasi nedeniyle sitokrom c, Apaf 1 ve diger apoptotik



44

molekiiller mitokondriden sitozole salinmakta ve kaspaz aktivasyonu goriilmektedir. Yapilan
caligmalarda, pristimerinin sitokrom c salinimini tesvik ederek intrinsik apoptoza yol agtigi

belirlenmistir (Huang ve dig., 2019).

Sitoplazmadaki sitokrom ¢, Apaf 1 ve kaspaz 9 birleserek apoptozom olusturmakta ve kaspaz
3 i aktiflestirerek PARP’ 1n boliinmesini tesvik etmektedir. PARP’ 1n boliinmesi, apoptoz
indiikleyici faktoriin  (AIF) mitokondriden c¢ekirde§e gecisini saglayarak apoptozu
desteklemektedir (Lee ve dig., 2013). Pristimerinin, sitokrom ¢ saliniminin yani sira kaspaz 3

ii aktive ederek PARP’ 1n boliinmesine ve AIF salinimina neden oldugu bilinmektedir.

Bcl-2 ailesi, pro-apoptotik (Bax, Bak, Noxa) ve anti-apoptotik (Bcl-2, Bcl-xL, Mcl-1) genlerle
intrinsik apoptotik yolagi diizenlemektedir. Yapilan ¢alismalarda, pristimerinin Bcl-2 ve Bcl-
xL ifadesini azaltip Bax ifadesini artirdigi belirlenmistir (Lee ve dig., 2016). Noxa' nin
mitokondriye gegisi; sitokrom ¢’ nin salinim1 ve kaspaz aktivasyonu ile iligkilidir. Pristimerin,
Noxa ve Mcl-1’ i uyarip apoptozu tesvik edebilmektedir. Ayrica, pristimerinin apoptoz
inhibitorlerini baskilayip proapoptotik genlerin ifadesini artirdigi bilinmektedir (Sekil 2.26)
(Tu ve dig., 2018).

Yapilan bazi g¢aligmalarda ise, pristimerinin apoptoza ek olarak nekroptozla da uyumlu
morfolojik 6zelliklere neden oldugu gozlemlenmistir. Pristimerin ile tedavi edilen kanser
hiicrelerinde, kaspaz bagimli apoptoz yerine AIF' ye bagli nekroptozun tetiklendigi de
belirlenmistir (Huang ve dig., 2015).

2.4.2. Pristimerinin Hiucre Siklusuna Etkisi

Hiicre siklusu interfaz evresi ve mitotik evreden olusmaktadir. Interfaz evresi ise G1, S ve G2
evrelerini icermektedir. Interfazin S fazinda replikasyon gerceklesirken M evresinde ise hiicre
boliinmesi gergeklesmektedir (Shu ve dig., 2020). Siklus sirasinda hiicre, G1° den S evresine
gecemezse GO denilen fazda beklemektedir. Yapilan arastirmalarda, pristimerinin dongiiyti
GO0/G1 evresinde bloke ettigi ve bu durumun kanser hiicresi lizerinde antiproliferatif etkiler
olusturdugu belirlenmistir. Ayrica, pristimerinin kanser hiicrelerinde siklin D1, siklin E ve
CDK4/6, CDK 2/4/6 seviyelerini diislirdiigli; CDK 4/6 inhibisyonunun retinoblastoma (Rb)
protein fosforilasyonunu inhibe ettigi bilinmektedir (Lu ve dig., 2023; Xu ve dig., 2019).
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Hiicrelerde p53 geninin aktiflesmesi, siklin bagimli kinaz inhibitorii (CKI) p21'in ifadesini
artirmakta ve siklus G1 evresinde durdurulmaktadir. Buna ek olarak, hiicre yaslanmasi ve
apoptoz tetiklenmektedir (Qi ve dig., 2021). Ayrica, bir CKI ¢esidi olan p27, hiicre siklusunu
bloke etmek i¢in p21'e baglanmaktadir. Kanser hiicrelerinde pristimerinin p53, p21 ve p27
seviyelerini artirdigi belirlenmistir. Sonug olarak, pristimerin siklin DI/E ve CDK2/4/6
ifadelerini azaltirken; p53, p21 ve p27 ifadelerini artirarak kanser hiicrelerini G1 fazinda

durdurmaktadir (Sekil 2.26) (Li ve dig., 2021).

[NF-kB | |— fjlac direnci
BCr-ABI 4.

Sag kalm <—— ERK| +—— EGFR/HER2 | —> MMP2/9,— iNVAZYON J.
J Anjiyogenez «—— | P70S6K<+— | mTOR )

YMetastaz Vipyazyon  +—— ¥ aeser v o AKTY]
1G1fazinda bloke <——— $Cyclin Dt~ tFOX03a | * o o T
TApoptez. T p21/27 nTert| Rosl‘ 1
Q’"‘*) Telomeraz. A | Hoxa
4+ o : N JNK ! _—» Noxa-
<—1 Lc3Bn l ! '
Sag kalim| ! l ™~ sci-2 8ci- X 7
<—|cox-2 «——@-catenin} Proliferasyon. Sl Xiap | g — U T
C-my E Y E "
sag"a""‘"’ 4 S Pristimerin !
> — & Ir— : . T
BCI-2 ¥ . L
meapyon ¥ AR ek gl N T — ¥ 1 (
l e Survlvlnl L
//,—1 RAS [ NE-KB ”\‘cmpr
&5 l g MMP9 | —&  inyazvon ¥
./ l l ::Lo-)?-z Cyclin - D‘ll_. -
Gy MEK TNF-a S Sakkatend,
l VEGF |— Apiivegsnezd

e ERK1/2

inflamasyon

Proliferasvon e S
Metastaz

- — % Apoptoz

DS Otofaji

Sekil 2.26: Pristimerinin hiicresel siireglere etkisi ve indiikledigi 6liim yolaklarinin mekanizmasi (Guo
ve dig., 2013)
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3. MALZEME VE YONTEM

Bu tez caligmasinda, Celastraceae ve Hippocrateaceae ailelerinin farkli ¢esitlerinden iiretilen
bir kinonmetit triterpenoid olan pristimerinin 6 farkli dozu 24 saat siire ile insan kokenli
servikal kanserinin direngli ve duyarli soylar1 HeLa ve C-4 I hiicre hatlarina uygulanmistir.
Pristimerinin kanser hiicre hatlarinda indiikledigi sitotoksisite Mitokondriyal Dehidrogenaz
Enzim aktivitesi (MTT) ve Laktat Dehidrogenaz Enzim aktivitesi (LDH) analizleri ile
arastirtlmistir. HelLa ve C-4 I hiicre hatlarina 24 saat siire ile uygulanan pristimerinin 1Cy
dozunun indiikledigi hiicre oliim yolaklart ve gen anlatimlari biyoinformatik metotlarla

belirlenmistir.
3.1. HUCRE KULTURUNUN OPTIMIZASYONU

Calismamizda insan servikal kanseri kokenli HeLa (ATCC, CCL-2) ve C-4 | (ATCC, CRL-
1594) hiicre hatlar1 kullanilmistir. HeLa hiicre hatlari; 100 pg/ml penisilin, 100 pg/ml ve %10
Foetal Bovine Serum (FBS. Gibco Lab.) ilave edilen MEM besiyerinde yetistirilmistir.
Besiyeri pH’ 1, %4,4‘lik NaHCO3 takviyesiyle 7.2° de dengelenmistir. Hiicre kiiltiirii; 37 °C
sicaklikta %5 CO;, ve %95 hava igeren ortamda tek tabaka olacak sekilde siirdiiriilmiustiir.
Hiicre kiiltiirlerinin haftada iki kez rutin pasajlart yapilarak optimizasyon saglanmistir. C4-I
hiicre hatlar1 ise Waymouth‘s MB 752/1 (Sigma) besiyeri kullanilarak ayni sartlarda
yetistirilmistir (Ozcan ve dig., 2016).

3.2. HUCRE HATLARININ PASAJ iISLEMi

Calismamizda, HeLa ve C-4 I hiicre hatlar1 yetistirildikleri kiiltiir kaplarinda tek tabaka
olduklarinda pasajlanarak hiicre kiltirii siirdiirilmiistiir. Pasaj islemi sirasinda, kiiltiir
kabindaki besiyeri uzaklastiritlip 3 dk boyunca tripsinle inkiibe edilerek hiicreler ylizeyden
kaldirilmigtir.  Yapistiklar1 yiizeyden kalkan hiicreler, santrifiij tlipine alindiktan sonra
besiyeri eklenip 1500 rpm’ de 3 dk boyunca santrifiij edilmistir. Siipernatant atildiktan sonra,

taze besiyeri eklenen hiicreler kiiltiir kaplarina ekilmistir.
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3.3. HUCRELERIN EKiM ISLEMi

HeLa ve C-4 I hiicre hatlarinin ekim islemi, MTT ve LDH analizleri i¢in 96 kuyucuklu kiiltiir
kaplarina hiicre sayist kuyucuk basina 3x10%200 pl olacak sekilde gergeklestirilmistir.
Kuyucuklarin toplam hacmi, besiyeri ile 2 ml’ ye tamamlanip 37 °C sicaklikta %5 CO; ve
%95 hava igeren ortamda inkiibe edilmistir. HeLa ve C-4 I hiicre hatlarinin RNA izolasyonu
icin ise, 25 cm®” lik kiiltiir kaplarma 2x10° hiicre ekildikten sonra 37° C’ de, %5 CO, ve %95

hava iceren ortamda 24 saat siire ile inkiibe edilmistir.
3.4. PRISTIMERIN DOZLARININ HAZIRLANMASI VE UYGULANMASI

Calismamizda, pristimerin dimetil siilfoksit (DMSO; CAS: 67-68-5; Lot: 5B5F263D) ile
¢ozdiirillerek 1 mM’ lik ana stok hazirlanmigtir. HeLa ve C-4 I hiicre hatlarina uygulanacak
pristimerinin ana stogu deneylerde kullanilacak olan dozlarin eldesi i¢in %10 FBS iceren
besiyeri ile sulandirilmistir. Elde edilen dozlar, (D1: 9 uM, D2: 12 uM, D3: 15 uM, D4: 20
uM, D5: 25 uM, D6: 30 uM) HeLa ve C-4 I hiicre hatlarina 24 saat siire ile uygulanmistir.

3.5. SITOTOKSISITE ANALIZLERI
3.5.1. Mitokondriyal Dehidrogenaz Enzim Aktivitesi

Pristimerinin HeLa ve C-4 I hiicre hatlarinda olusturdugu sitotoksik etki ve pristimerinin 1C
dozu MTT analizi ile belirlenmistir. Sonuglar, 3 farkli deneyin ortalamalar1 alinarak

degerlendirilmistir.

Mitokondriyal dehidrogenaz enzimi, canli hiicrelerde bulunmakta olup hidrofilik MTT tuzunu
hidrofobik mavi-mor renkteki formazan bilesiklerine doniistiirmektedir. Canli hiicrelerin
sayis1 ne kadar fazlaysa mitokondriyal dehidrogenaz enzim aktivitesi de o kadar fazla
olmaktadir. Dolayisiyla, hiicre kiiltiirlindeki canli hiicre sayist ile formazan bilesiklerinin

miktari arasinda dogru orantt mevcuttur (Tokur ve Aksoy, 2017).

MTT analizi sirasinda, toz MTT (Sigma MS5655) PBS ile seyreltilip steril filtreden
gecirilmistir. Kiiltiir kaplarma ekilmis olan HeLa ve C-4 I hiicre hatlarinin kontrol ve deney
gruplar1 iizerindeki besiyeri 24 saat inkiibasyon sonrasi uzaklastirilip her kuyucuga 40 ul
MTT soliisyonu eklenip karanlik ortamda 4 saat boyunca inkiibe edilmistir. Ardindan, her
kuyucuga 160 ul DMSO eklenip karanlik ortamda bir gece inkiibasyona birakilmistir. Kontrol



48

ve deney gruplarinin absorbans degerleri, spektrofotometrede 570 nm-690 nm dalga boyunda

Olgiilerek belirlenmistir (uQuant, Bio-Tek Instruments INC).
3.5.2. Laktat Dehidrogenaz Enzim Aktivitesi

Laktat dehidrogenaz, viicutta enerji {iretiminde 6nemli rol oynayan bir enzim olup hiicre
hasar1 veya hiicre 6liimii sirasinda serbest birakilmaktadir. LDH analizi, hiicre kiiltiirlerinde
sitotoksisiteyi belirlemek i¢in yaygin olarak kullanilan bir yontem olup hiicrelerin membran
biitiinligliniin  bozuldugunu, dolayisiyla hiicrelerin hasar gordiiglinii veya oldiigiini
gostermektedir. Bu nedenle, LDH seviyeleri sitotoksisite ve hiicre lizi gibi olaylarin bir

gostergesi olarak kullanilmaktadir (Holmes ve dig., 2009).

Laktat dehidrogenaz (LDH), tiim hiicrelerde bulunan stabil bir sitoplazmik enzimdir. Hiicresel
hasara maruz kalan hiicrelerin 6nemli bir 6zelligi olan plazma zar1 hasar gordiigiinde LDH
hizla hiicre Kkiltiirii siipernatantina salinmaktadir. LDH aktivitesi; laktatin piruvata
dontistiiriilmesi sirasinda tretilen NADH kullanilarak birlestirilmis bir reaksiyonda ikinci bir
bilesigin, kolayca niceligi belirlenebilen 6zelliklere sahip bir {iriine indirgenmesiyle kolaylikla
olgiilebilmektedir. Bu protokol, sar1 bir tetrazolyum tuzu olan INT'nin NADH tarafindan 492
nm'de absorbans yoluyla kirmizi, suda ¢oziinlir formazan sinifi bir boyaya indirgenmesini
olgmektedir. Formazan miktar kiiltiirdeki LDH miktariyla dogru orantilidir, bu da 6li veya

hasarli hiicre sayisiyla dogru orantilidir (Kumar ve dig., 2018).

Calismamizda, pristimerinin farkli dozlarmin HeLa ve C-4 1 hiicre hatlarinda olusturdugu
sitotoksisitenin ve pristimerinin 1C;y dozunun belirlenebilmesi i¢in LDH analizinden
yararlanilmistir. Bu baglamda kit protokol adimlari izlenmistir (Cytotoxicity Detection Kit,

Roche, Ref :11644793001; Lot :51751400).

Calismamizda, HelLa ve C4-I hiicre siispansiyonlarindan 3x10* hiicre/200 ul olacak sekilde 96
kuyucuklu kiiltiir kaplarina ekim gergeklestirilip 24 saat siire ile %5 CO; ve %95 hava igeren
nemli atmosferde inkiibe edilmistir. Ardindan besiyerleri ¢ekilip pristimerinin 6 farkli dozu
200ul besiyeri igerisinde olacak sekilde uygulanmistir. Kontrol gruplarinda ise besiyeri
uzaklastirilip yerine taze besiyeri ilave edilmistir. Pristimerin 24 saat siiresince inkiibe
edildikten sonra hiicrelerin besiyerinden 100 pl g¢ekilip 96°lik kiiltiir kaplarina aktarilmistir.
Ardindan kit igerisinde bulunan 100 pl taze hazirlanmis reaksiyon karigimi kuyucuklara

eklendikten sonra karanlik bir ortamda, oda sicakliginda 30 dk bekletilmistir. inkiibasyon
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stiresi bitiminde, pQuant ELISA Plate okuyucusunda (uQuant, Bio-tek Instruments, INC.)
630 nm dalga boyu referans alinarak 490-492 nm dalga boyundaki absorbans degerleri

okunmustur.
3.6. TERAPOTIK INDEKS

Terapotik indeks (TT), bir ilacin giivenirligini degerlendirmek i¢in kullanilan farmakolojik bir
Olgiittiir. Genellikle bir ilacin etkili dozunun toksik dozuna orani olarak tanimlanmaktadir.
Terapotik indeks, bir ilacin terapdtik etkisinin meydana geldigi doz ile toksik etkilerin

goriildiigli doz arasindaki araligi tanimlamaktadir (Ho ve dig., 2005).

Yiiksek bir terapotik indeks, ilacin etkili dozu ile toksik dozu arasinda genis bir giivenilir
aralik oldugunu gostermekte olup ila¢ kullaniminin daha az risk tasidigini ifade etmektedir.
Diistik bir terapdtik indeks ise, ilacin toksik ve etkili dozlar1 arasindaki farkin kiigiik oldugunu
dolayisiyla doz asimina karsit daha dikkatli olunmasi gerektigini belirtmektedir (Lanfear ve
dig., 2005).

Terapotik indeks, bir ilacin giivenilir araligini gosteren 6nemli bir parametredir ve ilaglarin
klinik kullanimi sirasinda dozlama stratejilerinin belirlenmesinde kritik bir rol oynamaktadir.
Klinik uygulamada, bir ilacin giivenli kullanim araligimi belirlemek ve potansiyel toksik
etkileri en aza indirmek i¢in terapdtik indeks géz oniinde bulundurulmalidir (Antons ve dig.,
2006). Bu baglamda, terapotik indeksin farmakoloji ve klinik uygulamadaki Oneminin
anlasilmasi, ilaclarin giivenli ve etkili bir sekilde kullanilmasini saglamada kritik bir rol

oynamaktadir (Zhou ve dig., 2006).

Calismamizda MTT ve LDH analizleri sonucu elde edilen inhibisyon degerleri kullanilarak
doz-yanit egrisi olusturulmus ve pristimerinin HeLa ve C-4 I hiicre hatlarindaki ICyy dozlart
belirlenmistir. Elde edilen veriler dogrultusunda, pristimerinin HeLa ve C-4 1 hiicre

hatlarindaki terapotik indeks degerleri hesaplanmistir.
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3.7. MOLEKULER ANALIZLER
3.7.1. RNA Diizeyinin Belirlenmesi

Pristimerinin 1C7o dozunun HelLa ve C-4 I hiicre hatlarinda olusturdugu sitotoksik etkinin ve
indiikledigi hiicre oliim yolaklarinin belirlenebilmesi amaciyla, RNA o6rnekleri hazirlanip

biyoinformatik analizler i¢in RNA sekanslama yontemi kullanilmistir.
3.7.2. RNA izolasyonu

HeLa ve C-4 I hiicre hatlarina pristimerinin IC7y dozu uygulandiktan 24 saat sonra, hiicre
RNA’ larmin izolasyonu i¢in RNA izolasyon kiti (Gene JETTM RNA purification Kit
#KO0731; Fermentas) kullanilmistir. Bu baglamda, kit protokol adimlari izlenmistir.

Kiiltiir kaplarina her deney grubu i¢in 2x10° hiicre ekildikten sonra 37° C’ de, %5 CO; ve
%095 hava iceren ortamda 24 saat siire ile inkiibe edilmistir. Deney gruplaria pristimerin
belirlenen dozda uygulanip 24 saat siire ile inkiibe edildikten sonra yiizeye yapisan hiicreler
tripsinle kaldirilmistir. Stispanse edilen hiicreler, santrifiij tliplerinde 500 rpm devirde 5 dk.
boyunca santrifiij edilmistir. Siipernatant atilip hiicreler, 600ul Lizis tampon ile hiicreler
siispanse edilmis ve vortekslenmistir. Cozeltiye 360 pl etanol eklenip tekrar vortekslendikten
sonra lizat kolona yiiklenmis ve > 12000 rpm‘de 1dk. santrifiij edilmistir. Silipernatant
uzaklagtirilip lizat kolona yiiklenerek tekrar santrifiij edilmistir. Akint1 uzaklagtirildiktan sonra
2ml’lik toplama tiipiine yerlestirilmistir. RNA izolasyonu igin érnekler 3 kez yikanmugtir. Tk
yikama i¢in tampon I kullanilmis olup > 12000 rpm devirde 1 dk. santrifiij edilmistir. Ikinci
yikama igin tampon II kullamlip > 12000 rpm’de 1dk. santrifiij edilmistir. Ugiincii yikama
icin ise tekrar tampon 2 kullanilip > 12000 rpm’de 2dk. santrifiij edilmistir. Akinti
uzaklastirilip kolon yeni bir ependorfa yerlestirilmistir. 50-100 niikleaz icermeyen sivi kolona
yavasca ilave edildikten sonra > 12000 rpm’de 1dk. santrifiij edilmistir. Izole edilen total
RNA -80'C’ de saklanmustir.

3.7.2.1. Total RNA Konsantrasyonunun Hesaplanmast

Elde edilen total RNA’larin spektrofotometrede (Cintra 20, GBC) 260 nm ve 280 nm dalga
boyunda 6l¢limleri yapilmistir. RNA bantlari, jel elektroforezde goriintiilenmistir (BGI, Cin).
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3.7.3. Biyoinformatik Analizler: RNA Sekanslama
3.7.3.1. Sekanslama Kiitiiphanesinin Olusturulmasi

Biyoinformatik analizlerin gergeklestirilmesi igin RNA izole edildikten sonra RNA ¢esidi
secilmeli ve NGS platformlar1 arasinda degisebilen RNA sekanslama kiitiiphanesi

olusturulmalidir.
mRNA Kkiitiiphanesi olusturmak i¢in izlenen adimlar sunlardir:

mRNA’ nm poli A ucuna oligo dT boncuklar ilave edilerek mRNA’ nin saflagtiriimasi

amaclanmustir.

cDNA sentezi igin RNA parcalanip N6-primer kullanilarak ¢cDNA’ nin birinci zinciri
sentezlenmistir. Ardindan dTTP yerine dUTP kullanimiyla ¢cDNA’ nm ikinci zinciri

tretilmigtir.
cDNA’ nin, 3' ucuna adenin bazi eklenip cDNA fragmentleri adaptorler ile baglanmistir.

dUTP etiketli zincir, urasil-DNA glikosilaz (UDG) araciligiyla pargalanmistir. Arta kalan
serit, cDNA kiitiiphanesi elde etmek icin ¢ogaltilmistir. cDNA, PCR primerleri araciligiyla

amplifike edilmistir.

PCR’de firetilen iriiniin denatiirasyonu gergeklestirildikten sonra, tek zincirli DNA splint

oligo ve DNA ligaz ile siklize edilmistir.

Ardindan, DNA nanotop (Nanoball) sentezlenip DNBSEQ sekanslama platformu elde

edilmistir.
3.7.3.2. Veri Analizi ve Kalite Kontrolii

RNA dizileme veri analizi igin; ham verilerin kalite kontrolii, okuma hizalamasi ve transkript
derlemesi, ifade niceligi ve diferansiyel ifade analizleri yapilmaktadir. Ham goriintii verileri,
baz cagirma araciligi ile ham sekans verilerine entegre edildikten sonra FASTQ (kisaca fq)
dosya formatinda saklanmistir. Ham okumalarin iizerinde kalite kontrolii (QC) yapildiktan

sonra QC’ den sonra temiz okumalar referans dizisine siralanmistir (SOAPnuke Version
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v1.5.2; https://github.com/BGlIflexlab/SOAPnuke) (Cock ve dig., 2010). Ardindan, temiz

okumalar bir genom veya transkriptom ile eslenmektedir.

Eslestirme seviyelerinin istatistikleri ve referans dizisindeki okumalarm dagilimi
Transkriptlerin Eklenmis Hizalamas: i¢in Hiyerarsik indeksleme (Hierarchical Indexing for
Spliced Alignment of Transcripts; HISAT2; v2.0.4; http://www.ccb.jhu.edu/software/hisat)

araciligiyla yapilmistir. Ardindan, ikinci hizalamalar gergeklestirilmistir.

Temiz okumalar1 referans gen dizisine (transkriptom) entegre etmek amaciyla Bowtie2
kullanilmistir.  Gen  ifade  diizeylerini  belirlemek amaciyla ~RSEM  (v1.2.8;
http://deweylab.biostat.wisc.edu/rsem/rsem-calculate-expression.html) kullanilmistir.
Ardindan, gen korelasyon ve diferansiyel gen taramasi gergeklestirilmistir. Gen taramasinda
diferansiyel olarak ifade edilen genler (DEGs) iizerinde; Kyoto Genler ve Genomlar
Ansiklopedisi (KEGG), kiimeleme analizi ve Protein-Protein etkilesimi (PPI) analizleri

yapilmistir.
3.7.3.3. Veri Normallestirme ve Diferansiyel Analizi

Veri normallestirme igin, siralama derinlikleri ornekler igin farklilik gostermektedir.
Dolayisiyla, 6rnekler birbirleri arasinda dogrudan karsilagtirllamamaktadir. Bu farkliliklar:

normallestirmek i¢in, toplam okuma sayilari tekrar 6lgeklendirilmelidir.

Calismamizda ornekler arasindaki ifade edilen farklar1 taramak i¢in PossionDis metotu
kullanilmistir. Ortaya ¢ikan farkliliklar1 diizeltmek icin ham okuma sayisi verileri FPKM
degerlerine doniistiiriilmistiir. Calismamizda, HeLa Kontrol/HeLa 1C7, ve C- 4 | Kontrol/ C-4
I 1C7o gruplar1 olusturulmustur. Diferansiyel gen tespiti sonuclaria gore, Diferansiyel olarak
ifade edilen genlerin ifade seviyelerini belirlemek i¢in R paketi araciligi ile hiyerarsik
kiimeleme analizi gergeklestirilmistir (https://cran.r-project.org/web/packages/pheatmap/).
Kiimeleme analizi, biyoinformatik analizlerde belirsiz sayida gruba sahip verileri ve
kiimelenmemis verileri siniflandirmak i¢in kullanilan istatistiksel bir metottur (Cakmak ve

dig., 2015).


http://deweylab.biostat.wisc.edu/rsem/rsem-calculate-expression.html
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3.7.3.4. Yolak Zenginlestirme Analizi

Zenginlestirme analizi, bir gen grubunun biyolojik yolaklar gerceklesirken ne derece

zenginlestigini belirlemek i¢in kullanilmistir.

3.7.3.5. Kyoto Genler ve Genomlar Ansiklopedisi (KEGG) Zenginlestirme Analizi
Yolaklar:

KEGG tabanli zenginlestirme analizi, genlerin biyolojik islevlerinin daha iyi anlasilmasina
yardimci olan biyoinformatik bir ansiklopedidir. KEGG’ de Q degeri < 0,05 olan yolaklar,

metabolik veya biyokimyasal olarak 6nemli kabul edilmektedir.
3.7.3.6. Protein-Protein Etkilesimleri

Calismamizda, ifade edilen genler igin protein-protein etkilesimleri (PPI) analizi
gerceklestirilmistir. PPI ag1 ile proteinler arasinda ifade edilen etkilesimlerin belirlenmesi, bu
genlerin farkli sinyal yollar1 arasindaki etkilesimleri ortaya cikartabilmektedir. Bu ¢alismada,
DEG'lerin PPI ag1 olusturulup minimum PPI puani1 >7 PPI parametre degeri olarak kabul

edilmistir.
3.8. ISTATISTIKSEL DEGERLENDIRME

Calismamizda kontrol ve deney gruplarinin istatistiki agidan anlamli olup olmadigi ¢ift yonlii
ANOVA testi ile belirlenmistir (GraphPad Prism version 9 GraphPad Software, San Diego
California USA). Biyoinformatik istatistiksel analizlerde diferansiyel ekpresyon genlerin
(DEG‘ler) belirlenmesi icin R paketi kullanilmis olup hatali sonuglarin olusumunu
engellemek i¢in ayarlanmis p degerleri kabul edilmistir. P degeri diizeltilerek Q degeri elde
edilmistir. Q degeri < 0.05 olan fonksiyonlar anlamli kabul edilmistir. Kontrol ve deney
gruplarinda ifade edilen gen regiilasyonlarindaki farkliliklar degerlendirilirken Log2 |(FC)|>1
ve p <0.01 olan genler anlamli bulunmustur. Ayrica, PPI etkilesimlerinde minimum PPI

parametre puani 7 olarak kabul edilmistir (PPI puani1 >7).
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4. BULGULAR

4.1. SITOTOKSISITE ANALIZLERI
4.1.1. Mitokondriyal Dehidrogenaz Enzim Aktivitesi Verileri
4.1.1.1. HeLa Hiicre Hatti

Calismamizda HelLa hiicre hattina pristimerinin 6 farkli dozu (D1: 9 uM, D2: 12 uM, D3: 15
uM, D4: 20 uM, D5: 25 uM, D6: 30 uM) 24 saat siire ile uygulanmistir. Ardindan olusan
sitotoksik etki, MTT testi ile analiz edilmistir. Kontrol ve deney gruplarinin absorbans
degerleri 6l¢iiliip % inhibisyon degerleri belirlenmistir (Tablo 4.1, Sekil 4.1). Deney gruplari
ile kontrol gruplart kiyaslanip anlamliliklari istatistiki olarak degerlendirilmistir. Yapilan
istatistiki analizler sonucunda, HeLa hiicre hatlarinin deney gruplar1 kontrol gruplarina gore

anlamli bulunmustur (*p <0.01).

Tablo 4.1: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicrelerinin absorbans
degerleri (*p <0.01)

Deney Gruplan Absorbans Degerleri (570-690 nm)
Aort +SD
Kontrol 0,65 +0,07
Doz 1 05 +0,05
Doz 2 0,35* +0,05
Doz 3 0,25 +0,03
Doz 4 0,24* +0,05
Doz 5 0,23" +0,05

Doz 6 0,21* +0,05
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HELA HUCRE HATTI
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Kontrol Doz 1 Doz 2 Doz 3 Doz 4 Doz 5 Doz 6

Sekil 4.1: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicrelerinin % inhibisyon
degerleri

4.1.1.2. C-4 I Hiicre Hatt1

Calisgmamizda C-4 T hiicre hattina pristimerinin 6 farkli dozu (D1: 9 uM, D2: 12 uM, D3: 15
uM, D4: 20 uM, D5: 25 uM, D6: 30 uM) 24 saat siire ile uygulanmistir. Ardindan olusan
sitotoksik etki, MTT testi ile analiz edilmistir. Kontrol ve deney gruplarinin absorbans

degerleri olgiiliip % inhibisyon degerleri belirlenmistir (Tablo 4.2, Sekil 4.2).

Deney gruplar1 ile kontrol gruplar1 kiyaslanip anlamliliklari istatistiki  olarak
degerlendirilmistir. Yapilan istatistiki analizler sonucunda, C-4 I hiicre hatlarinin deney

gruplar1 kontrol gruplarina gore anlamli bulunmustur (*p <0.01).
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Tablo 4.2: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi C-4 I hiicrelerinin absorbans
degerleri (*p <0.01)

Deney Gruplari Absorbans Degerleri (570-690 nm)
Aort +SD
Kontrol 0,82 +0,06
Doz 1 0,45* +0,05
Doz 2 0,3* +0,04
Doz 3 0,29 +0,03
Doz 4 0,28* +0,04
Doz 5 0,26 +0,05
Doz 6 0,25* +0,02

C-4 1 HUCRE HATTI

: j: % 7 / /4 v/, ", :
iy

Kontrol Doz 1 Doz 2 Doz 3 Doz 4 Doz 5 Doz 6

Sekil 4.2: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi C-4 T hiicrelerinin % inhibisyon
degerleri
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4.1.2. Laktat Dehidrogenaz Enzim Aktivitesi Verileri

Calismamizda HelLa ve C4-1 hiicre hatlarina 24 saat siiresince uygulanan pristimerinin
sitotoksik etkisinin ve pristimerinin IC;y dozunun belirlenebilmesi i¢in MTT analizine paralel

olarak LDH analizi gergeklestirilmistir. Tiim deneyler bagimsiz olarak 3 kere tekrarlanmstir.
4.1.2.1. HeLa Hiicre Hatn

Pristimerinin 6 farkli dozunun (D1: 9 uM, D2: 12 uM, D3: 15 uM, D4: 20 uM, D5: 25 uM,
D6: 30 uM) 24 saat siire ile uygulandig1 HeLa hiicre hattinda olusan sitotoksisite LDH analizi
ile belirlenmigstir. LDH aktivitesinin degerleri kontrol grubu %0 kabul edilerek her bir deney
grubu igin inhibisyon yiizdesi hesaplanmistir (Tablo 4.3; Sekil 4.3). Pristimerinin indiikledigi
inhibisyonun HeLa hiicre hatlarinda doza bagh olarak arttig1 ve istatistiksel olarak anlamli

oldugu tespit edilmistir (*p <0.01).

Tablo 4.3: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicre hatlarinin
absorbans degerleri (*p <0.01)

Deney Gruplari Absorbans Degerleri (490 — 492 nm)
Aort +=SD
Kontrol 0,76 +0,05
Doz 1 0,99* +0,04
Doz 2 141* +0,04
Doz 3 2,02* +0,06
Doz 4 2,05* +0,02
Doz 5 2,13* +0,02

Doz 6 2,34* +0,05
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Sekil 4.3: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicrelerinin % inhibisyon
degerleri

4.1.2.2. C-4 I Hiicre Hatt1

Pristimerinin 6 farkli dozunun (D1: 9 uM, D2: 12 uM, D3: 15 uM, D4: 20 uM, D5: 25 uM,
D6: 30 uM) 24 saat siire ile uygulandigi C-4 | hiicre hattinda olusan sitotoksisite LDH analizi

ile belirlenmistir.

LDH aktivitesinin degerleri kontrol grubu %0 kabul edilerek her bir deney grubu i¢in
inhibisyon yiizdesi hesaplanmistir (Tablo 4.4; Sekil 4.4). Pristimerinin indiikledigi
inhibisyonun C-4 1 hiicre hatlarinda doza bagli olarak arttig1 ve istatistiksel olarak anlamli

oldugu tespit edilmistir (*p <0.01).
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Tablo 4.4: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi C-4 | hiicre hatlarinin absorbans
degerleri (*p <0.01)

Deney Gruplar: Absorbans Degerleri (490 — 492 nm)
Aort +SD
Kontrol 1,21 +0,03
Doz 1 3,16* +0,05
Doz 2 3,3* +0,04
Doz 3 3,47 +0,06
Doz 4 3,65* +0,02
Doz 5 3,87 +0,04
Doz 6 3,93* +0,04

C-4 1 HUCRE HATTI
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iNHIBISYON (%)
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Sekil 4.4: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi C-4 | hiicrelerinin % inhibisyon
degerleri
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4.1.3. Pristimerinin 1C7g Dozunun Belirlenmesi
4.1.3.1. HeLa Hiicre Hatt

HeLa hiicre hatlarima 24 saat boyunca 6 farkli dozda uygulanan pristimerinin indiikledigi
sitotoksisitenin doza bagli olarak arttigi, MTT analizi sonucunda saptanan %  inhibisyon
degerlerine bakilarak tespit edilmistir. Bu sonuglara dayanarak, HeLa hiicrelerinde IC7o degeri
doz 6 (30 uM) olarak saptanmustir (Sekil 4.5). Bununla birlikte, pristimerinin belirlenen 1Cy

dozunun kontrole gore istatistiksel olarak anlamli oldugu belirlenmistir (p <0.01).
120
100
80

60

% inhibisyon

40

20

Kontrol Doz 1 Doz 2 Doz 3 Doz 4 Doz 5 Doz 6

Hela Hiicre Hatti

Sekil 4.5: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicrelerinin % inhibisyon
degerleri ve IC7p dozunun saptanmasi

HeLa hiicrelerine 24 saat boyunca 6 farkli dozda uygulanan pristimerinin indiikledigi
sitotoksisitenin doza bagli olarak arttigi, LDH analizi sonucu elde edilen % inhibisyon
degerlerine bakilarak tespit edilmistir. Bu sonuglara dayanarak, HeLa hiicrelerinde 1C7q degeri
doz 6 (30 uM) olarak saptanmistir (Sekil 4.6). Bununla birlikte, pristimerinin belirlenen ICy

dozunun kontrole gore istatistiksel olarak anlamli oldugu belirlenmistir (p <0.01).
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Sekil 4.6: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigi HeLa hiicrelerinin % inhibisyon
degerleri ve IC7y dozunun saptanmasi

4.1.3.2. C-4 I Hiicre Hatt1

C-4 1 hiicrelerine 24 saat boyunca 6 farkli dozda uygulanan pristimerinin indiikledigi
sitotoksisitenin doza bagli olarak arttigi, MTT analizi sonucunda saptanan % inhibisyon

degerlerine bakilarak tespit edilmistir.

Bu sonuglara dayanarak, C-4 I hiicrelerinde IC7q degeri doz 6 (30 uM) olarak saptanmistir
(Sekil 4.7). Bununla birlikte, pristimerinin belirlenen 1C7 dozunun kontrole goére istatistiksel

olarak anlamli oldugu belirlenmistir (p <0.01).
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C-41 Hiicre Hatti

Sekil 4.7: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandig: C-4 1 hiicrelerinin % inhibisyon
degerleri ve IC7y dozunun saptanmasi

C-4 1 hiicrelerine 24 saat boyunca 6 farkli dozda uygulanan pristimerinin indiikledigi
sitotoksisitenin doza bagli olarak arttigi, LDH analizi sonucunda saptanan % inhibisyon

degerlerine bakilarak tespit edilmistir.

Bu sonuglara dayanarak, C-4 I hiicrelerinde 1C7q degeri doz 6 (30 uM) olarak saptanmuigtir
(Sekil 4.8). Bununla birlikte, pristimerinin belirlenen 1C7y dozunun kontrole gore istatistiksel

olarak anlamli oldugu belirlenmistir (p <0.01).
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Sekil 4.8: Pristimerinin 6 farkli dozunun 24 saat siire ile uygulandigt C-4 I hiicre hatlarinin %
inhibisyon degerleri ve IC7y dozunun saptanmasi

4.2. TERAPOTIK INDEKS VERILERI

Calismamizda HelLa ve C-4 I hiicre hatlarina pristimerinin 6 farkli dozu 24 saat siire ile
uygulanip MTT ve LDH analizleri sonucunda inhibisyon degerleri hesaplanmistir. Inhibisyon
degerleri kullanilarak doz yanit egrileri olusturulup pristimerinin HeLa ve C-4 I hiicre
hatlarindaki ICgy dozlar1 64.28 uM ve 155.32 uM olarak belirlenmistir (GraphPad Prism
version 9 GraphPad Software, San Diego California USA). Bu veriler dogrultusunda,
pristimerinin 1C7 dozunun HelLa ve C-4 I hiicre hatlarindaki terapotik indeks degerleri 2.14

ve 5.18 olarak tespit edilmistir.

C-4 1 hiicre hatlarinin terapdtik indeks degerinin HeLa hiicre hatlarina gore daha yiiksek
olmasi, pristimerinin IC7o dozunun C-4 I hiicre hatlarinda daha diisiik bir toksisiteye sahip

oldugunu ve terapdtik etkisinin daha yiiksek oldugunu gostermektedir.
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4.3. MOLEKULER ANALIiZLER
4.3.1. RNA’larn Fizikokimyasal Ozelliklerinin Belirlenmesi

Calismamizda HeLa ve C-4 I hiicre hatlarina 24 saat siire ile uygulanan pristimerinin I1Cy
dozunun meydana getirdigi sitotoksik, apoptotik ve genotoksik etkilerin altinda yatan
molekiiler mekanizmalarin aydinlatilmasi i¢in kontrol ve deney gruplarinin total RNA‘lar1

(Gene JETTM RNA purification Kit #K0731; Fermentas) izole edilmistir.

izole edilen RNA’larin konsantrasyonlar: ve diizeyleri BGI laboratuvari tarafindan
belirlenmistir. Izole edilen RNA’larin niteliksel olarak A diizeyde %90,21 degerinde oldugu
belirlenmistir (Sekil 4.9).

T T Ay T
200 500 1000 2000 400)

—r — —— T . ik :
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Sekil 4.9: izole edilen RNA’ larin &lgiim ve jel elektroforez goriintiileri: (A): HeLa Kontrol Grubu
(B): HeLa Deney Grubu, (C): C- 4 | Kontrol Grubu ve (D): C- 4 | Deney Grubu
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4.3.2. Biyoinformatik Analiz: RNA Sekanslamasimin Genel Degerlendirilmesi

Calismamiz 4 farkli gruptan olusup her gruptan tiger 6rnek hazirlanmistir (Tablo 4.5).

Tablo 4.5: Kontrol ve deney gruplarma gore 6rneklerin kodlanmast

Ornek Adi Ornek Kodu | Ornek Adi Ornek Kodu
HelLa Kontrol 1 C- 4 | Kontrol 3
HelLa Kontrol 1 C- 4 1 Kontrol 3
HelLa Kontrol 1 C- 4 1 Kontrol 3
HelLa Case (IC) 2 C- 41 Case (I1C70) 4
HelLa Case (IC) 2 C- 41 Case (I1C7p) 4
HelLa Case (IC) 2 C- 41 Case (ICo) 4

4.3.3. Orneklerin Pearson Korelasyon Katsayisi (PCC) Analizi

Pearson korelasyon katsayis1 (PCC), iki veri kiimesi arasindaki dogrusal korelasyonu dlgen
bir korelasyon katsayisidir.
korelasyonlarin belirlenebilmesi i¢in tiim gen ifadelerinin PCC’leri hesaplanmis olup
kiimeleme haritast seklinde yansitilmistir (Sekil 4.10). PCC, ornekler arasindaki gen

ifadelerinin benzerliklerini gostermektedir. Korelasyon katsayisi arttik¢a benzerlik o kadar

fazla olmaktadir.

Calismamizdaki

ornekler arasindaki

gen ekspresyonu
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Sekil 4.10: Ornekler arasindaki pearson korelasyon katsayisi degerleri. Renk koyulastikga korelasyon
degerleri ylikselmektedir ( HeLa Control= HeLa Kontrol; HeLa P _IC;, = HeLa IC, C- 4 | Control=
C-4 1 Kontrol; C-4 1_P_IC7 = C-411Cy).

4.3.4. PCA Analizi

Temel bilesen analizi (PCA), yiiksek miktarda numunede bulunan gen anlatim ifadelerinin
ilgisiz temel bilesenlerini indirgeyip yalnizca aykir1 degerleri ve yiiksek benzerliklere sahip
ornek gruplarinin ayrimini kolaylastiran ¢ok degiskenli istatistiksel bir analiz yontemidir.

Calismamizin PCA analiz sonuglart sekil 4.11°de gosterilmistir.
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Sekil 4.11: PCA analiz semasi. X ve Y eksenleri, numuneler arasindaki boslugu temsil etmek igin
kullanilan numune ifadesinin boyut kii¢iiltiilmesinden sonra elde edilen temel bilesenlerin yeni bir veri
setini; eksen etiketlerinde parantez i¢indeki degerler, karsilik gelen ana bilesenler tarafindan agiklanan
genel varyansin yiizdesini temsil etmektedir. Her bir 6rnek, bir nokta ile temsil edilmektedir. [PV
(Varyans orani), SD (standart sapma), (HeLa Control= HeLa Kontrol, HeLa P IC;= HeLa ICy,,
C4l_ Control= C-4 | Kontrol; C4l_P_IC= C-4 1 IC; RNA 6rnekleri)].

4.3.5. Boxplot

Boxplot, numunelerdeki gen ifade seviyelerinin dagilimini gostererek veri dagilim seviyesinin
belirlenmesini saglayan istatistiksel bir grafik tiiriidiir. Boxplot, her veri dagilimini esit
biiyiikliikte dort alt kiimeye bolerek; minimum-maksimum aralik degerleri, iist-alt ¢ceyrekler

ve medyandan olusan 5 degerli analiz 6zeti sunmaktadir.

Calismamizda, orneklerdeki gen ifade seviyelerinin dagilimi, merkezi egilim ve dagilimin

seviyesi Boxplot grafigi araciligiyla gosterilmistir (Sekil 4.12).
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Sekil 4.12: Box Plot grafigi (HeLa Control= HeLa Kontrol, HeLa P _IC;, = HeLa IC,, C41_Control=
C- 4 1 Kontrol, C41_P_ICs = C-411Cyy).

4.3.6. Diferansiyel Ekpresyon Gen (DEG) Analizi

Tez calismamizda diferansiyel ekpresyon genlerinin (DEG’ler) tamimlanmasi i¢in R paketi
(https://cran.r-project.org/web/packages/pheatmap/)  kullanilmis ve diferansiyel olarak
eksprese edilen genler tanimlanmigtir [FDR < 0.001 ve FC>2 (Log2FC=1)].

Calismamizda 24 saat boyunca pristimerinin 1C7o dozu uygulanan HelLa ve C-4 I hiicre
hatlarinda sirastyla 4761 ve 4650 genin ifadesinde degisiklikler meydana geldigi
belirlenmistir (Tablo 4.6). C-4 I grubunda yukari ifade edilen gen sayisinin HelL.a grubuna
gore daha yiiksek oldugu belirlenmistir.
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HeLa grubunda (HeLa kontrol/HeLa ICyg) asagi regiile edilen gen sayisinin C-4 I’ dan (C-4 |
kontrol/C-4 1 deney) daha yiiksek oldugu goriilmiistiir. Yukar1 ve asagi regiile edilen DEG”’ ler
sekil 4.13 te Volcano Plot grafiginde gosterilmistir.

Tablo 4.6: Kontrol ve deney gruplarinda ifade edilen gen sayilari

HelLa Kontrol /HeLa IC7g | C-4 | Kontrol/ C-4 1 1Cq

Ifade edilen toplam gen

4761 4650
sayist
Yukar1 regiile edilen gen
586 747
sayi1sl
Asag1 regile edilen gen
¥8 S 4 4175 3903

sayl1st
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Sekil 4.13: Pristimerinin 1C;, dozunun 24 saat siire ile uygulandigi HeLa ve C-4 I hiicre hatlarinda
ifade edilen genlerdeki degisiklikler ve volcano plot semast (FDR < 0,001, Log2FC=1, P <0.05).

4.3.7. Venn Diyagram

Caligmamizda kontrol ve deney gruplari arasindaki gen ifade seviyelerinin farkliliklar1 Venn
diyagrami ile gosterilmistir (Sekil 4.14). Diyagramda, her daire bir gen grubunu gosterirken
kesisim alanlar1 ortak genleri ifade etmektedir. Sayilar ise her bolgedeki gen sayisini

gostermektedir.
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C4I_P_ICT70 (C4I_P_IC70 / C4l_Control)
HelLa_Control (HeLa_P_IC70 / HeLa_Control)
C4l_Control

HelLa_P_IC70

Sekil 4.14: Pristimerinin 1Cy dozunun 24 saat siire ile uygulandigr HeLa ve C-4 I hiicre hatlarinda
ifade edilen genler arasindaki benzerlik ve farkliliklar [(A); Diferansiyel ifade edilmis gen (DEG)
gruplar1 arasindaki benzerlikleri gosteren VENN diyagrami; (B) (FDR < 0.001, Log2FC=1, P <0.05)].

4.3.8. Kiimeleme Analizi

Calisgmamizdan elde edilen diferansiyel gen tespiti sonuglarina gore, hiyerarsik kiimeleme
analizi gerceklestirmek i¢in R paketi pheatmap kullanilmistir. Teknik kopya olarak calisilan
orneklerden elde edilen prob radyasyonlarinin ortalama verileri ile kontrol ve deney
gruplarimizdan elde edilen verilerin hiyerarsik kiimelenmesi olarak Sekil 4.15°te

gosterilmistir.
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Sekil 4.15: DEG gruplarinin karsilastirilmali kiimeleme analizi. Yatay eksen numunenin log2'si (ifade
degeri +1); dikey eksen ise gendir. Renk eslestirmede, renk blogundaki sicaklik arttikca gen
ekspresyon seviyesi artmaktadir.

4.3.9. KEGG Genel Yolak Analizi

Pristimerinin IC;, dozu uygulanan HeLa ve C-4 I hiicre hatlarinda ¢esitli rahatsizliklar,
biyolojik siirecler ve cesitli sistemler ile iliskili ifade edilen genler KEGG analizi ile ortaya
konmustur. Caligmamizda kontrol ve deney gruplarinda ifade edilen genlerin (DEG’ler)

KEGG siniflart Sekil 4.16 ve 4.17° de gosterilmistir.
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Sekil 4.16: KEGG ana gruplar1: HeLa IC;o/HeLa Kontrol
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Sekil 4.17: KEGG ana gruplari: C-4 1 1C;/C-4 | Kontrol
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4.3.9.1. HeLa Hiicre Hatti

Pristimerinin 1C;o dozu HeLa hiicre hattina uygulandiginda hiicre metabolizmasi ve biyolojik
siirecler gibi metabolik yolaklara ait genlerin ekprese edildigi goriilmiistiir. Ifade edilen
genlerin biyolojik iglevlerinin daha iyi anlagilabilmesi icin KEGG’te analiz yapilmistir (Sekil
4.18). FoxO ve TNF yolaklarinin yukar1; PI3K-AKT, mTOR ve p53 yolaklarinin asag: ifade
edildigi belirlenmistir. Ayrica, MAPK yolaginda rol oynayan genlerden bazilarmin asagi
bazilar1 yukar ifade edildigi ortaya konmustur. Bunlarin yani sira hiicre siklusu ve DNA
hasart onarimi ile ilgili bazi genlerin regiilasyonlarinda degisiklikler meydana geldigi

gOriilmiistiir.

Il -log10 (Qvalue)
W Term Candidate Gene Num

Gen Sayisi Gen Sayisi

0 %9 Y9 6 S o 2 9 0 5 0 ’sl

Maturity onset diabetes of the young
NF-kappa B signaling pathway
Longevity regulating pathway - worm
Cellular senescence
Breast cancer
Apoptosis
Endometrial cancer
Ubiquitin mediated proteolysis
p53 signaling pathway
Apoptosis - fly
Colorectal cancer
Cell cycle
Platinum drug resistance
Base excision repair
Homologous recombination
Mismatch repair
Nucleotide excision repair
Non-homologous end-joining
DNA replication
Fanconi anemia pathway
0 10 20 30 40 50 0 5 10 15 20 25

-log10 (Qvalue) -log10 (Qvalue)

Rap1 signaling pathway
JAK-STAT signaling pathway

Growth hormone synthesis, secretion and
Small cell lung cancer
MicroRNASs in cancer
Human cytomegalovirus infection
Phosphatidylinositol signaling system
Ras signaling pathway
TNF signaling pathway
Toxoplasmosis
Hepatitis B
Proteoglycans in cancer
HIF-1 signaling pathway
mTOR signaling pathway
FoxO signaling pathway
Focal adhesion
MAPK signaling pathway
Human papillomavirus infection
PI3K-Akt signaling pathway
Pathways in cancer

Sekil 4.18: Pristimerinin IC7y dozu uygulanan HeLa hiicre hattinda ifade edilen genlerin KEGG
fonksiyonal yolaklar

4.3.9.2. C-4 I Hiicre Hatt1

Pristimerinin 1C7o dozu C-4 I hiicre hatlarina uygulandiginda ¢esitli metabolik yolaklara ait
genlerin eksprese edildigi belirlenmistir. Ifade edilen genlerin biyolojik islevlerinin daha iyi
anlasilabilmesi i¢in KEGG’te analiz yapilmistir (Sekil 4.19). TNF, FoxO sinyal yolaklarinin
yukari, PI3K-AKT ve p53 yolaklarinin asagi regiile edildigi belirlenmistir. MAPK sinyal

yolagi ile iliskili baz1 genlerin asagi bazilarinin yukari regiile edildigi goriilmiistiir. Ayrica,
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hiicre siklusu ve DNA hasar onarimu ile ilgili baz1 genlerin regiilasyonlarinda degisiklikler

oldugu tespit edilmistir.

M -log10 (Qvalue)
[ Term Candidate Gene Num

GEN SAYISI GEN SAYISI
0o % W 6 & o % Ty 0 s 0 75 <0 2%
Human cytomegalovirus infection Pancreatic cancer ‘ : : : : !
TGF-beta signaling pathway p53 signaling pathway
TNF signaling pathway Ubiquitin mediated proteolysis
MicroRNAs in cancer Apoptosis
Rap1 signaling pathway Human immunodeficiency virus 1 infection
CAMP signaling pathway Basal transcription factors
MAPK signaling pathway - fly Primary immunodeficiency
Hepatitis B Breast cancer
Hippo signaling pathway Cellular senescence
Growth hormone synthesis, secretion and Apoptosis - fly
ErbB signaling pathway Colorectal cancer
Ras signaling pathway Cell cycle
Proteoglycans in cancer Platinum drug resistance
Phosphatidylinositol signaling system Base excision repair
FoxO signaling pathway Non-homologous end-joining
Focal adhesion DNA replication
Human papillomavirus infection Mismatch repair
PI3K-Akt signaling pathway Nucleotide excision repair
MAPK signaling pathway Homologous recombination
Pathways in cancer Fanconi anemia pathway
0 10 20 30 40 50 0 10 20 30
-log10 (Qvalue) -log10 (Qvalue)

Sekil 4.19: Pristimerinin 1C;, dozu uygulanan C-4 I hiicre hattinda ifade edilen genlerin KEGG
fonksiyonal yolaklar1

4.3.10. KDA Analizi

Anahtar Siiriicii Analizi (KDA: Key Drivers Analysis), 6nemli merkez genlerin belirlenmesini
saglamaktadir. KDA analizi ile HeLa deney grubunun anahtar siiriicii genlerinin hiicresel
hayatta kalma, proliferasyon, apoptoz, nekroptoz ve stres yanitlarinda rol oynayan COPB1,
TNF, MAP2K1, MAPK3, TAB1, H3-3B, CREBBP, EP300, HDAC6, H2AC11, HDACI1,
RBBP4, TP53BP1, HDAC2, AKT1, STAT3, FOS, MAPKS oldugu belirlenmistir. C4-1 deney
grubunun anahtar siiriicii genlerinin ise proliferasyon, apoptoz, nekroptoz ve stres yanitinda
rol oynayan RPA1, H3-3B, CREBBP, EP300, RBBP5, HDAC4, SIRT1, TP53, ATM,
H2BC5, H2AC1, H2BC4, HDAC1, JUN, BRCA1, HDAC2 oldugu belirlenmistir. (Sekil
4.20).
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Sekil 4.20: HeLa Kontrol/HeLa IC7, ve C- 4 | Kontrol/C- 41 1C, deney gruplarinin KDA analizi

4.3.11. Hiicre Oliimii ile Iliskili Sinyal Yolaklarinin Analizi
4.3.11.1. Protein-Protein Etkilesimleri

Calismamizdaki kontrol ve deney gruplarinda eksprese edilen genlerde Protein-Protein
etkilesim (PPI) analizi gergeklestirilmistir. Ekprese edilen genlerde hiicre 6liimii ile iligkili

sinyal yolaklarmin PPI ag1 analizi yapilmustir.
4.3.11.1.1. HeLa Hiicre Hatti

HeLa hiicre hatlarinin KEGG analizinde, hiicre 6limi ile baglantii MAPK, PI3K-AKT,
mMTOR, FoxO, TNF, p53 sinyal yolaklari ve hiicre siklusu ile ilgili baz1 proteinlerin
etkilesimlerinde degisiklikler oldugu belirlenmistir. MAPK sinyal yolaginda MAPK1, TABI,
NGFR, MAPK3, EGF, TP53, ERBB2, EGFR,; PI3K-AKT sinyal yolaginda LAMC1, BRCA1,
TNC, LAMC2, MAPK1, CDKN1B, AKT1; mTOR sinyal yolaginda mTOR, RPTOR, AKT1
proteinlerinin en fazla etkilesime giren proteinler oldugu goriilmiistiir. FoxO sinyal yolaginda
MAPK3, CDKN1B, MAPK14, EGFR, MAP2K1, MAPK1, FOXO4; TNF sinyal yolaginda
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TABI1, MAPK3, CASP10, TNF, AKT1, CDK2; p53 sinyal yolaginda ise CDK4, CDK2,
CCNB2, CCNB1, TP53, GADDA45A proteinlerinin en fazla etkilesime sahip olan proteinler
oldugu ortaya konmustur (Sekil 4.21, Sekil 4.22).

node connections ppi
o — -

32 64 1 1,000

MAPK SiNYAL YOLAGI PI3K-AKT SINYAL YOLAGI mTOR SINYAL YOLAGI

Sekil 4.21: HelLa Kontrol/HeLa IC; grubunda MAPK, PI3K-AKT ve mTOR sinyal yolaklarinin PPI
aglart

_ node connections - ppi

0 9.0 120 1 1,000

mRNA

0B, ENSG00000213676

FoxO SINYAL YOLAGI TNF SINYAL YOLAGI p53 SINYAL YOLAGI

Sekil 4.22: HelLa Kontrol/HeLa IC, grubunda FoxO, TNF ve p53 sinyal yolaklarinin PPI aglari
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4.3.11.1.2. C-4 I Hiicre Hatti

C- 4 | hiicre hatlarmin KEGG analizinde, hiicre oliimii ile iliskili 5 sinyal yolagi
belirlenmistir. Bunlar; MAPK, TNF, PI3K-AKT, FoxO, p53 sinyal yolaklaridir. MAPK sinyal
yolaginin PPI ag1 analiz edildiginde NGFR, MAPK1, EGFR, FOS, MAPK7, CRKL,
MAPK10, NRAS, JUN, RPS6KA3, MAP2KK4, VEGFC, DUSP6, MAPK 14, KRAS, TNFa;
TNF sinyal yolaginda BIRC3, ATF2, MAPK1, CEBPB, CASP7, CHUK, MAP2K4, TRAF3,
BIRC2, NF-xBl, MAPK14, JUN, JUNB, TNF, MAPK10; PI3K-AKT sinyal yolaginda
AKT1, MDM2, PIK3CA, RPSKB1, EGF, EGFR, ITGAL, PTK2, JAK1, RPTOR, JAK2,
FOXO3’ iin diger proteinlerle en fazla etkilesime sahip olan proteinler oldugu goriilmiistiir.
FoxO sinyal yolaginda; SIRT1, CDKN1B, STAT3, EGFR, CDKN1A, FOX0O3, MAPKS,
FOXO1; p53 sinyal yolaginda ise CCNG1, MDM2, CDKN1A, GADD45A, MDM4, TP53,
ATR, ATM, GADDA45G, TNFRSF10B’ nin diger proteinlerle en fazla etkilesime sahip olan
proteinler oldugu belirlenmistir (Sekil 4.23, Sekil 4.24).

node connections ppi
s |

0 20 39 1 1,000

MAPK SINYAL YOLAGI TNF SINYAL YOLAGI PI3K-AKT SINYAL YOLAGI

Sekil 4.23: C-4 | Kontrol/C-4 | 1C7 grubunda MAPK, TNF ve PI3K- AKT sinyal yolaklarinin PPI
aglari
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Sekil 4.24: C-4 | Kontrol/C-4 1 1C+, grubunda FoxO ve p53 sinyal yolaklarinin PPI Aglari

4.3.11.2. KEGG Genel Yolak Analizi
4.3.11.2.1. MAPK Sinyal Yolag:

Calismamizda pristimerinin IC7o dozu uygulanan HelLa ve C-4 I hiicrelerinde MAPK sinyal
yolunun regiile edildigi belirlenmistir. Bu sinyal yolagi diizenlenirken HelLa kontrol/HeLa
IC7 grubunda 90, C-4 | kontrol/C-4 1 IC;, grubunda 102 genin ifadesinde degisiklikler

meydana geldigi gortilmistiir.

HeLa kontrol/HeLa IC7o grubunda hiicre sag kalimi ve proliferasyonu ile iligkili NF-xB’ nin
asag1 regiile edildigi ve inhibe edilmesi durumunda otofajiyi indiikleyen MAPK1, MAPK3,
MAP2K1 (MEK1) ve MAP2K2 (MEK2) genlerinin ifadelerinin azaldig gorilmiistiir. Ayrica,
DNA hasar onariminda gorev alan ve hasar yanit1 ger¢eklesemediginde hiicreyi apoptoza sevk
eden GADDA45B ve GADDA45A genlerinin yukari regiile edildigi; buna ek olarak proapoptotik
genleri eksprese eden FOS ve JUN genlerinin ifadelerinin ise biiyiik dlglide arttigi tespit
edilmistir (Sekil 4.25).
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Sekil 4.25: HelLa Kontrol/ HeLa 1C;, grubunda MAPK sinyal yolaginin KEGG haritast (7: Yukari
regililasyon, |: Asagi regiilasyon)

C-4 1 kontrol/C-4 1 1C7 grubunda apoptozda rol alan TNF’ nin (timor nekroz faktorii) ve
hiicresel strese karsi salgilanan Fos ve Jun’ un yukar regiile edildigi goriilmiistiir. Ayrica,
siklusun bloke edilmesi ve apoptozla iliskilendirilen GADD45B ve GADD45G’ nin de yukari
regiile edildigi tespit edilmistir. Hiicre sag kalimi ve proliferasyonda gorevli MAPK1 (ERK?2),
MAP2K4, MAP2K6, MAPK14 (p38), MAP4K4 (NIK) ve RASGRP2’ nin ise asagi regiile
edildigi belirlenmistir (Sekil 4.26).
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Sekil 4.26: C-4 | Kontrol/ C-4 | 1Cs grubunun MAPK sinyal yolaginin KEGG haritas1 (1: Yukart

regiilasyon, |: Asagi regiilasyon)

4.3.11.2.2. PI3K-AKT Sinyal Yolag:

Calismamizda pristimerinin IC7o dozu uygulanan HeLa ve C-4 I hiicrelerinde PI3K-AKT

sinyal yolunun regiile edildigi tespit edilmistir. Bu sinyal yolagi diizenlenirken Hela
kontrol/HeLa ICo grubunda 113, C-4 | kontrol/C-4 1 1C4 grubunda 103 genin ifadesinde

degisiklikler meydana geldigi tespit edilmistir.
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HeLa kontrol/HeLa IC;y grubunda; hiicre 6limiinii inhibe ederken proliferasyon yetenegini
artiran RPTOR, AKT1, AKT2, ERBB2, ITGA3 genlerinin asag regiile edildigi belirlenmistir
(Sekil 4.27).
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Sekil 4.27: HelLa Kontrol/ HeLa 1C;, grubunda PI3BK-AKT sinyal yolaginin KEGG haritas1 (]: Yukari
regiilasyon, |: Asag1 regiilasyon)

C-4 | kontrol/C-4 1 1Cy grubunda hiicre sag kalimi ve proliferasyonu ile iliskili NF-kB1,
MAPK1 ve RPS6KBI (S6K)’ in agag regiile edildigi belirlenmistir. Antiapoptotik gen ailesi
iyesi Bel 2 ve AKT3’ iin asag1 regiile edildigi goriilmiistiir. PI3K-AKT regiilasyonunu
baskilayan PTEN ve proapoptotik genlerin ekspresyonunu artiran FOXO3’ iin yukar1 regiile
edildigi tespit edilmistir (Sekil 4.28).
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Sekil 4.28: C-4 | Kontrol/ C-4 1 IC4, grubunda PI3K-AKT sinyal yolaginin KEGG haritas1 (1: Yukar1
regiilasyon, |: Asag1 regiilasyon)

4.3.11.2.3. TNF Sinyal Yolag:

Calismamizda pristimerinin IC7y dozu uygulanan HelLa ve C-4 I hiicrelerinde TNF sinyal
yolunun regiile edildigi tespit edilmistir. Bu sinyal yolagi diizenlenirken HelLa kontrol/HelLa
C-4 1 ICyo grubunda 44, C-4 | kontrol/C-4 1 I1C grubunda 44 genin ifadesinde degisiklikler
meydana geldigi tespit edilmigtir.

HeLa kontrol/HeLa IC7o grubunda hiicre sag kalimi ve proliferasyonu ile iligkili DAB2IP,
NF-kB1 ve NF-xB sinyal yolagiin diizenleyicilerden biri olan IKBKB’ nin asagi regiile
edildigi belirlenmistir. Ayrica, PI3K-AKT yolaginin 6nemli bilesenleri olan PIK3R2, AKT1,
AKT2’ nin ve MAPK3’ {in asag regiile edildigi tespit edilmistir. FOS, JUN ve TNF’ nin ise
(tiimor nekroz faktorii) yukari regiile edildigi goriilmiistiir (Sekil 4.29).
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Sekil 4.29: HelLa Kontrol/ HeLa 1C; grubunda TNF sinyal yolaginin KEGG haritas1 (1: Yukari
regiilasyon, |: Asagi regiilasyon

C-4 1 kontrol/C-4 1 I1Cy hiicre grubunda hiicre 6liimiinde gorevli TNF ile stres yanit1 olusturan
JUN, JUNB ve FOS genlerinin yukar regiile edildigi; hiicre sag kaliminda gorevli BIRC2
(clAP), BIRC3, NF-kB1, CHUK (IKK), CREB1 ve CREB3L2’ nin asag regiile edildigi
belirlenmistir (Sekil 4.30).



86

TNF SINYAL YOLAGI

B n Leukocyte recruitment
————® CIAP1/2 degradation
3 ce2 |[ ces ][ cozn

Cxell || Cxel2 || Cxel3
Cxel5 xcl10 || Cx3cll

Leu ctivation
777777 N

Surface receptors
o

Inflammatory cytokines
5
Intracellular

* 1xBa ubiquitination Intracellular signaling (positive)
and degradation 647

Transcription factors
¢
Remodeling of extracellular matrix
Vascular effects

Ripoptosome
*p CASP7 =
e >
[ rip3 |

Deubiquitination

Cell adhesion

‘

Synthesis of inflammatory mediators
Necrosome Pes2

(et - raps >t —>foane] -
(et | e

PI3K-Akt
signaling pathway

4
[1xBa |-—% Degradation ——

(Limited expression)

B
|
|
e — - Cell survival

| cIAP12

|

|

|

|

|

|
&l

|

I

=

E

|

|

B

N
B
\\ Apoptosis
e e e e e s o, —— [Fw]

Sekil 4.30: C-4 | Kontrol/ C-4 1 1C4, grubunda TNF sinyal yolaginin KEGG haritast (1: Yukart
regiilasyon, |: Asag1 regiilasyon)

4.3.11.2.4. FoxO Sinyal Yolag:

Calismamizda pristimerinin IC7o dozu uygulanan HeLa ve C-4 I hiicrelerinde FoxO sinyal
yolunun regiile edildigi tespit edilmistir. Bu sinyal yolag: diizenlenirken HelLa kontrol/ HelLa
IC7o grubunda 56, C-4 | kontrol/C-4 | 1Cy grubunda 55 genin ifadesinde degisiklikler

meydana geldigi belirlenmistir.

HelLa kontrol/ HeLa 1C7o grubunda, otofajik hiicre 6liimiinde vezikiil olusumunda gérevli olan
GABARAPL1 ve GABARAP genlerinin yukari; hiicre siklusunu durdurarak tamir
mekanizmasin1 aktive eden CDKNIA (P21) geninin asag regiile edildigi belirlenmistir.
Ayrica, hasarlanma durumunda hiicreyi apoptoza sevk eden GADD45B ve GADD45G
genlerinin yukar1 ve hiicrenin hayatta kalma mekanizmalarindan olan SOD2’ nin asagi
diizenlendigi tespit edilmistir. Buna ek olarak, otofajide rol oynayan ATG12 geninde yukari

regililasyon goriilmiistiir (Sekil 4.31).
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Sekil 4.31: HelLa Kontrol/ HeLa IC;, grubunda FoxO sinyal yolaginin KEGG haritas1 (1: Yukart
regiilasyon, |: Asag1 regiilasyon)

C-4 | kontrol/ C-4 1 IC, grubunda hayatta kalma sinyallerinde rol oynayan CREBBP (CBP),
PIK3CA (P13K) ve PIK3CB’ nin asag regiile edildigi goriilmiistiir. Ayrica; proliferasyonda
gorevli SIRT1, MAPK1 (ERK2), AKT3 genleri asag1 regiile edilirken stres yanitinda rol alan
GADD45B, GADD45A, GADD45B ve FOXO3 genlerinin yukart regiile edildigi
belirlenmistir (Sekil 4.32).
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Sekil 4.32: C-4 | Kontrol/ C-4 | 1C4 grubunda FoxO sinyal yolaginin KEGG haritas1 (1: Yukari
regiilasyon, |: Asag1 regiilasyon)

4.3.11.2.5. p53 Sinyal Yolagi

Calismamizda pristimerinin IC7y dozu uygulanan HelLa ve C-4 I hiicrelerinde p53 sinyal
yolunun regiile edildigi tespit edilmistir. Bu sinyal yolag: diizenlenirken HelLa kontrol/ HeLa
IC7o grubunda 25, C-4 | kontrol/C-4 1 1Cy grubunda 25 genin ifadesinde degisiklikler

meydana geldigi belirlenmistir.

HeLa kontrol/ HeLa ICy; grubunda, hiicre dongiisiinde rol alan GTSEIl, GI1/S gegis
kontroliinde goérevli CDK2 ve G2/M gegisinde rol oynayan CCNBI1(Siklin B1)’ in asagi
regiile edildigi belirlenmistir. Ayrica, DNA hasar yanitinda gorevli TP53, ATM, ATR,
CDKN1A (p21) ve CHK2’ nin asag regililasyonu tespit edilmistir. Hiicre stres
mekanizmasinda gorevli GADD45B’ in ise yukari regiile edildigi gosterilmistir (Sekil 4.33).
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Sekil 4.33: HeLa Kontrol/ HeLa 1Co grubunda p53 sinyal yolaginin KEGG haritasi
(T:Yukar1 regiilasyon, |: Asagi regiilasyon)

C-4 1 kontrol/ C-4 1 I1C7 grubunda G1/S gegisinde gorevli CDK6, hiicre dongiisii kontrol
noktalarinda rol alan CCNG1(Siklin G1)’ in asag regiile edildigi gortilmiistiir. Ayrica, DNA
hasar yanitinda gorevli ATM, ATR, p53’ {in ve antiapoptotik bir gen olan Bcl2’ nin asagi
regiilasyonu tespit edilmistir. Hiicresel stres durumunda indiikklenen GADDA45A ve

GADDA45B’ nin ise yukari regiile edildigi belirlenmistir (Sekil 4.34).
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Sekil 4.34: C-4 1 Kontrol/ C-4 1 ICo grubunda p53 sinyal yolaginin KEGG haritas1 (1: Yukar1

regiilasyon, |: Asagi regiilasyon)

4.3.11.2.6. mTOR Sinyal Yolag:

Calismamizda pristimerinin IC7o dozu uygulanan HelLa hiicrelerinde mTOR sinyal yolunun

regiile edildigi tespit edilmistir. Bu sinyal yolagi diizenlenirken Hela kontrol/HeLa 1Cy

grubunda 56 genin ifadesinde degisiklikler meydana geldigi tespit edilmistir. Bu yolagi
diizenleyen genler arasinda mTOR, RPTOR, RICTOR, DEPTOR ve AKT1’ in asag: regiile

edildigi; TNF’ nin ise yukar1 regiile edildigi belirlenmistir (Sekil 4.35).
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Sekil 4.35: HeLa Kontrol/ Hela IC;, grubunda mTOR sinyal yolaginin KEGG haritas1 (1: Yukari
regiilasyon, |: Asag1 regiilasyon)

4.3.11.2.7. Hiicre Siklusu ve DNA Hasart

Calismamizda pristimerinin IC7o dozu uygulanan HelLa ve C-4 I hiicrelerinde hiicre siklusu,
DNA hasar1 ve replikasyonda ifade edilen genlerde bazi degisiklikler belirlenmistir. Hiicre
siklusu ile iliskili olarak Hela kontrol/ HeLa 1C7o grubunda 242 gen, C-4 | kontrol/C-4 1 ICy
grubunda 259 genin ifadesinde degisiklikler meydana geldigi tespit edilmistir.

HelLa kontrol/HeLa IC; grubunda hiicre siklusu ve kontrol noktalar1 ile ilgili olarak
replikasyonda gorevli CDC45, CDC47 ve MCM gen ailesi; G2/M gegisinde gorevli CDC25B,
CCNB1 ve CCNB2 genleri; G1/S gegisinde gorevli CDK2 ve E2F2 genlerinde asagi
regiilasyon goriilmiistiir. Hiicre siklusunu bloke eden CDKNIC geninde ise artis
belirlenmistir. Ayrica kontrol noktalarinda gorevli p53, CHEK2 (CHK2) genleri ve DNA
hasar onariminda gorevli BRCA1, MRE11, TP53PB1, RAD50, PARP1 ve PRKDC (DNA
PK) genlerinde asagi regiilasyon gergeklestigi ortaya konmustur (Sekil 4.36).
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Sekil 4.36: HelLa Kontrol/ Hela 1C; grubunda hiicre siklusunun KEGG haritas1 (1: Yukari
regiilasyon, |: Asag1 regiilasyon)

C-4 | kontrol/C-4 | 1Cy grubunda hiicre siklusu ve kontrol noktalar: ile ilgili olarak
replikasyonda gorevli CDC45, CDC47, MCM4 ve MCM6; G1/S gecisinde gorevli CDKG6;
G2/M gegisinde gorevli CDC25B, CCNB1 (CYCLIN B1) ve CCNB2 (CYCLIN B2) genleri;
G1/S gecisinde gorevli CDK2, E2F2, E2F3 genlerinde asag1 regiilasyon goriilmiistiir. Hiicre
siklusunu bloke eden CDKN1A, CDKNI1C genlerinde ise artis belirlenmistir. Ayrica; kontrol
noktalarinda gorevli CDC27 ve DNA hasar onariminda gérevli BRCA1, BRCA2, PARPI1,
PARP4 genlerinde asagi regiilasyon gergeklestigi ortaya konmustur (Sekil 4.37).
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Sekil 4.37: C-4 | Kontrol/ C-4 | IC; grubunda hiicre siklusunun KEGG haritast (1: Yukar1
regiilasyon, |: Asagi regiilasyon)

4.3.12. Pristimerinin HeLa ve C-4 I Hiicre Hatlarinda indiikledigi Hiicre Oliim
Yolaklan

Calismamizda, pristimerinin IC;o dozu uygulanan HelLa ve C- 4 T hiicre hatlarinda indiiklenen
hiicre Sliimii stireglerinin incelenebilmesi i¢in KEGG dahilinde "Hiicre biiyiime ve 6lim"
(Cell Growth and Death) ile iliskili genlerin regiilasyonu incelenmistir. Bu kapsamda,
pristimerinin 1C7o dozu uygulanan HelLa ve C-4 I hiicre hatlarinda bazi1 6liim yolaklarinin
indiiklendigi tespit edilmistir (Tablo 4.7, Tablo 4.8).
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Tablo 4.7: Pristimerinin 1C;, dozunun Hela hiicre hatlarinda indiikledigi 6liim yolaklar: ve ifade
edilen genler

OLUM YOLAGI GENLER

Apoptoz (ID= 04210) 'CASP10',CFLAR’,CAPN1',BAKL',/CASP8' TNFRSF1A'
/ITPR3','GADD45B', MAPKL','XIAP' PARP4''MAPK3',
'IKBKB',CASP2',MAPK10",BIRC2','CTSD', TNFRSF10B
ITPR2', MAP2K2', TUBA4A' ATF4' 'GADD45G', CTSL'
Gen say1s1=50 /DAB2IP',CTSV',PDPK1', TP53''AKT1',MCL1',PARPL’
/ATM''ITPRL'AIFM1'/CAPN2'/CTSB'/CASP7', TUBA1
A" TUBALC', FADD', MAP2K1', FOS'/BCL2L1''RELA",
DDIT3,JUN',SPTANL’, TNF.ENSG00000232810", IKBK
&

Q= 2.9095119999999996¢-
89

Nekroptoz (ID= 04217) 'CFLAR',CAPNL’,IFNGR1',CASP8', TNFRSF1A' PYGM
'"HSP90AAL', TRAF5','CYLD',RNF31, TRPM7' PYGL",
PYGB', XIAP', TYK2''MAPK10',BIRC2''IL1A"'STATL'’
Gen say1s1=57 TNFRSF10B','RBCK1', TICAM1',CHMP1A" ' TLR4''PAR
P1',/CAMK2D',CHMPT7'AIFML’ IFNAR2','SQSTML1',JA
K1'/CAPN2',H2AC1','SMPD1',STAT6' FADD' STAT3',
STAT2'PPID',STATSB' H2AW', H2AC20', H2AC21', H2
AX''H2AC13'H2AC11'/H2ACT', IRF9', TNF.ENSG0000
0232810", TICAM2','H2AC12', H2AC15' H2AC14' H2AC
16''H2AC8''H2AC4' ' H2ACLT"

Q= 7.373872999999999%¢-48
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Tablo 4.8: Pristimerinin 1C;y dozunun C-4 | hiicre hatlarinda indiikledigi 6liim yolaklar1 ve ifade
edilen genler

OLUM YOLAGI GENLER

Apoptoz (ID= 04210) 'BIRC3',PIK3CB', ITPR3',GADD45B’ MAPK1', XIAP',PA
RP4''BBC3',/CASP2''MAPKS' 'NFKB1' MAPK10',BIRC2'
/LMNB1','GADDA45A"/AKT3,'APAFL’, TNFRSF10B', PIK

Gen sayisi=45 3CA"/ITPR2'/GADD45G'/RAF1',JNK' DAB2IP''CTSV',P
DPK1'/CTSK',PARP1''ATM' ITPR1''CAPN2' PTPN13''C
ASP7'FOS',BCL2 EIF2AK3','DDIT3",JUN',ERN1',MAP
3K5','SPTAN1,'NRAS' 'CHUK' CASP12

Q=9.373294e-35

Nekroptoz (ID= 04217) 'BIRC3',IFNGR1',EIF2AK2, PYGM', TRAF5'/CYLD',CH
MP2B','DNM1L', TRPM7', JAK2 'PYGB', XIAP''MAPKS'’
MAPK10',BIRC2',STAT1',PLA2G4A’, TNFAIP3','VPS4B'
Gen say1si=51 /" TNFRSF10B', TLR4''IFNAR1',PARP1''CAMK2D','CHM
P7''MLKL' IFNAR2'JAK1''CAPN2'/H2AC1',STAT3''B

CL2''STAT5B',H2AC6' H2AW','H2AC20''H2AC21', H2A
X' 'H2AC13'/H2AC11', H2ACT', TNF.ENSG00000232810",
H2AJ 'H2AC12''H2AC15''H2AC14''H2AC16', H2AC8', H
2AC4' ' H2ACLT'

Q=2.8180009999999994e-87

4.3.12.1. HeLa Kontrol/HeLa ICq

Pristimerinin 1C7y dozu uygulanan HeLa hiicrelerinde meydana gelen apoptoz ve nekroptoz
6lim yolaklarinin PPI aglar1 analiz edilmistir. Apoptoz 6liim yolaginda; TNFRSF1A, TP53,
CASP10, MAP2K1, BCL2L1, TNFa, JUN, AKT1, TNFRSF10B, CASP8’ in diger
proteinlerle en fazla etkilesime sahip olan proteinler oldugu belirlenmistir. Nekroptoz 6liim
yolaginda ise TNFa, TNFRSF1A, STAT1, PARP1, CASPS8, TLR4, FADD, STAT6, AIFM1,
JAKY’ in diger proteinlerle en fazla etkilesime sahip olan proteinler oldugu tespit edilmistir
(Sekil 4.38, Sekil 4.39).
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Sekil 4.38: Pristimerinin 1C;, dozu uygulanan HeLa hiicrelerinde meydana gelen (A) apoptoz ve (B)
nekroptoz 6liim tiplerinin PPI aglar
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Sekil 4.39: HelLa Kontrol/HeLa I1C, grubunda (A) apoptoz ve (B) nekroptozun kiimeleme analizleri.
Her karsilastirma grubundaki DEG'lerin ifade kiimesi. Yatay eksen numunenin log2'si(ifade degeri
+1), dikey eksen gendir. Varsayilan renk eslestirmede, renk blogu ne kadar sicaksa ifade diizeyi o
kadar yiiksek olmaktadir.
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4.3.12.1.1. Apoptoz

Pristimerinin IC7y dozunun uygulandigi HeLa hiicrelerinde indiiklenen apoptozda 50 genin
ifadesinde degisiklikler meydana geldigi belirlenmistir. Apoptozda rol oynayan genlerin ifade
seviyelerindeki artig ve azaliglar kontrol grubu ve pristimerin uygulanan HeLa hiicrelerinde
kiimeleme analizleri ile karsilagtirilmistir. Pristimerin uygulanan Hela hiicre grubunda
kontrole gore kiyasla ekstrinsik apoptozda rol alan CASP8 ve TNF genleri; hiicresel strese
kars1 apoptozu indiikkleyen ERN1 (IRE1), GADD45A, GADDA45B, JUN, FOS genlerinin
yukari regiile edildigi belirlenmistir. DNA hasar yanitinda gorevli TP53 ve PARP 1’ in asagi
regiile edildigi belirlenmistir. Bu sonuclara gére apoptozu regiile eden genlerin rolleri ve yer

aldiklar sinyal yolaklart KEGG haritasinda gosterilmistir (Sekil 4.40).
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Sekil 4.40: Pristimerinin 1C; dozunun HeLa hiicre hattinda indiikledigi apoptozun Kegg yolak haritasi
(1: Yukar regiilasyon, |: Asagi regiilasyon)
4.3.12.1.2. Nekroptoz

Pristimerinin 1C7 dozu uygulanan HeLa hiicrelerinde indiiklenen nekroptozda 57 genin

ifadesinde degisiklikler meydana geldigi belirlenmistir. Nekroptozda rol oynayan genlerin
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ifade seviyelerindeki artis ve azalislar kontrol grubu ve pristimerin uygulanan HelLa

hiicrelerinde kiimeleme analizleri ile karsilastirilmistir. Pristimerin uygulanan Hela hiicre

grubunda kontrole gore nekroptozda rol alan TNF-a, RIPK1, RIPK3, MLKL genlerinin

yukari regiile edildigi belirlenmistir. Ayrica, DNA hasar yanitinda gérevli BRCA1, MREI11,

TP53BP1, PARP1 genlerinin asagi regiile edildigi tespit edilmistir. Bu sonuglara gore

nekroptozu regiile eden genlerin rolleri ve yer aldiklar1 sinyal yolaklart KEGG haritasinda

gosterilmistir (Sekil 4.41).
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Sekil 4.41: Pristimerinin IC; dozunun HeLa hiicre hattinda indiikledigi nekroptozun Kegg yolak

haritasi (1: Yukari regiilasyon, |: Asagi re

4.3.12.2. C-4 | Kontrol/C-4 1 1Cy

giilasyon)

Pristimerinin 1C7o dozu uygulanan C-4 I hiicrelerinde meydana gelen apoptoz ve nekroptoz

Olim yolaklarinin PPI aglar1 analiz edilmistir. Apoptoz oliim yolaginda; BIRC3, CTSK,
TNFRSF10B, JUN, MAPKS, BIRC2, ATM, NF-kB1, BCL2, CASP 12’ nin diger proteinlerle

en fazla etkilesime sahip olan proteinler belirlenmistir. Nekroptoz 6liim yolaginda ise
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TNFRSF10B, JAK1, STAT1, BIRC2, MLKL, H2AC’ nin diger proteinlerle en fazla
etkilesime sahip olan proteinler oldugu tespit edilmistir (Sekil 4.42, Sekil 4.43).
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Sekil 4.42: Pristimerinin 1C;, dozu uygulanan C-4 I hiicrelerinde meydana gelen (A) apoptoz ve
(B) nekroptoz 6liim tiplerinin PPI aglar
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Sekil 4.43: C-4 | Kontrol/C-4 | I1Cs, grubunda (A) apoptoz ve (B) nekroptozun kiimeleme analizleri.
Her kargilastirma grubundaki DEG'lerin ifade kiimesi. Yatay eksen numunenin log2'si(ifade degeri
+1), dikey eksen gendir. Varsayilan renk eslestirmede, renk blogu ne kadar sicaksa ifade diizeyi o
kadar yiiksek olmaktadir.
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4.3.12.2.1. Apoptoz

Pristimerinin 1C7y dozu uygulanan C-4 1 hiicrelerinde indiiklenen apoptozda 45 genin
ifadesinde degisiklikler meydana geldigi belirlenmistir. Apoptozda rol oynayan genlerin ifade
seviyelerindeki artig ve azaliglar kontrol grubu ve pristimerin uygulanan C-4 I hiicrelerinde
kiimeleme analizleri ile karsilagtirilmistir. Pristimerin uygulanan C-4 1 hiicre grubunda
kontrole gore kiyasla endoplazmik retikulum aracili apoptozu tetikleyen GADD45B,
GADDA45A, DDIT3 (CHOP), CASP12, ERN1(IRE1), JNK genlerinin yukar: regiile edildigi
belirlenmistir. Ayrica, hiicresel stres durumunda tetiklenen FOS ve JUN genlerinin yukari
regiile edildigi goriilmiistiir. Apoptoz inhibitorii BIRC3(IAP) ve XIAP ile hiicre tamiri,
proliferasyon, sag kalimda gorevli PARP4, PIK3CB (PI3K), MAPK1 genlerinin agagi regiile
edildigi ortaya konmustur. Bu sonuglara gore apoptozu regiile eden genlerin rolleri ve yer
aldiklar sinyal yolaklarit KEGG haritasinda gosterilmistir (Sekil4.44).
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Sekil 4.44: Pristimerinin 1C;o dozunun C-4 I hiicre hattinda indiikledigi apoptozun Kegg yolak haritasi
(7: Yukari regiilasyon, |: Asag regiilasyon)
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4.3.12.2.2. Nekroptoz

Pristimerinin 1C7y dozu uygulanan C-4 I hiicrelerinde indiiklenen nekroptozda 51 genin
ifadesinde degisiklikler meydana geldigi belirlenmistir. Nekroptozda rol oynayan genlerin
ifade seviyelerindeki artis ve azaliglar kontrol grubu ve pristimerin uygulanan C-4 |
hiicrelerinde kiimeleme analizleri ile karsilastirilmistir. Pristimerin uygulanan C-4 1 hiicre
grubunda kontrole goére kiyasla nekroptozda rol alan TNF.ENSG00000232810, TNF ve
MLKL’ nin yukari regiile edildigi belirlenmistir. Ayrica, MAPK10 ve H2AC genleri de
yukar1 regiile edilmistir. Ayrica; hayatta kalma sinyallerinde rol oynayan TRAFS, JAK1,
JAK2, BIRC2 (1AP), BIRC3, STAT1, STAT3, STAT 5 ve nekroptozun negatif diizenleyici
olan CYLD genlerinin asag: regiile edildigi belirlenmistir. Bu sonuglara gore nekroptozu

regiile eden genlerin rolleri ve yer aldiklar1 sinyal yolaklar1 KEGG haritasinda gosterilmistir
(Sekil 4.45).
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Sekil 4.45: Pristimerinin I1C;y dozunun C-4 1 hiicre hattinda indiikledigi nekroptozun Kegg yolak
haritas1 (1: Yukar1 regiilasyon, |: Asagi regiilasyon)
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5. TARTISMA VE SONUC

Bu tez c¢alismasinda, pristimerinin insan servikal kanseri kokenli hiicre hatlar1 olan HeLa ve
C-4 1 iizerindeki sitotoksik etkisi ve pristimerin araciligi ile indiiklenen hiicre 6liim
yolaklarinin molekiiler mekanizmalarinin arastirilmast amaglanmistir. Bu baglamda,
pristimerinin 6 farkli dozu 24 saat siire ile HeLa ve C-4 I hiicre hatlarina uygulanarak MTT ve
LDH yontemleri ile indiiklenen sitotoksisite ve pristimerinin IC7o dozu belirlenmistir. Ayrica,
pristimerinin 1C;, dozunun HelLa ve C-4 I hiicre hatlarinda indiikledigi apoptoz ve nekroptoz
hiicre 6liim yolaklarinin molekiiler mekanizmalar1 ve ifade edilen genlerde meydana gelen

degisiklikler arastirtlmistir.

Servikal kanser, kadinlar arasinda en sik rastlanan dordiincii malignite olup insidansi giderek
artmaktadir (Brisson ve dig., 2020; Koliopoulos ve dig., 2017). Servikal kanser, genellikle
papilloviriis familyasinin bir iiyesi olan HPV kaynaklidir. Bu viriis tarafindan kodlanan E6 ile
E7 proteinleri proliferasyonu indiiklemekte ve apoptozu inhibe etmektedir (Isidean ve dig.,
2016; Arbyn ve dig., 2020). Onkoproteinler olan E6 ve E7, tiimor baskilayic1 pRb ve p53 ile
etkileserek apoptozun inhibisyonu yoluyla hiicresel mutasyonlarin birikimine ve

kanserlesmeye sebep olmaktadir (Pal ve Kundu, 2020).

Son yillarda yapilan bir¢ok calismada, Celastraceae ve Hippocrateaceae familyasina ait bir
triterpenoid olan pristimerinin gesitli kanser tiirleri iizerindeki antiproliferatif ve sitotoksik
etkisinin mekanizmasi aydinlatilmaya calisiimaktadir. Pristimerinin timor gelisimi, metastaz
ve anjiyogenezi baskiladigi, antienflamatuar potansiyeli sayesinde eklemlerdeki artirit, iltihap,
kikirdak ve kemik hasarim etkili bir sekilde inhibe ettigi bilinmektedir (Cevatemre ve dig.,

2018).

Ayrica yapilan arastirmalarda, pristimerinin ¢esitli kanser tiirlerinde sitotoksik ve antitiimdr
etkilere sahip oldugu belirlenmistir (Yousef ve dig., 2016). Pristimerinin; agiz, kalin bagirsak,
16semi, meme, akciger ve prostat gibi farkli kanser tiirlerinde apoptoz ve otofajiyi indiikledigi;
niikleer faktor kappa B (NF-kB), PI3K/Akt/mTOR yolagi, mitojenle aktiflesen protein kinaz
(MAPK), Wnt/B- Katenin yolaklar1 araciligiyla sitotoksik etkiler olusturdugu bilinmektedir

(Wu ve dig., 2019). Bunlarin yani sira pristimerin hiicre siklusunu G1 fazinda durdurmakta,
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apoptozu indiikleyerek yayilimi ve metastazi engellemektedir (Costa ve dig., 2008). Ayrica
diger calismalarda, pristimerinin farkli kemoterapoétik ilaglarla sinerjistik etkiler olusturdugu
ve hiicrelerin ilag¢ direncini azalttig1 gosterilmistir (Lee ve dig., 2013). Dolayisiyla, pristimerin
cok amacl bir kanser ilact gelistirilmesi i¢in oldukga biiyiik bir potansiyele sahip dogal bir

bilesik olarak 6n plana ¢ikmaktadir.

Zhang ve dig., (2017) tarafindan uveal melanomda (UM) yapilan bir ¢alismada, terapotik bir
ajan olan vinblastin ile kombine edilmis olan pristimerin tedavisinde sinerjistik bir etki
gozlenmistir. Pristimerinin, UM hiicrelerindeki metastaz kabiliyetlerini bozarak kayda deger
bir sitotoksik etkiye sahip oldugu ve pristimerinin UM'de umut verici bir terapotik ajan

olabilecegi One siirlilmiistiir.

Yapilan bir ¢aligmada, pristimerinin farkli dozlart (0.25 uM, 0.5 uM, 1 uM, 2 uM, 4 uM, 8
uM) TE-1 ve TE-10 hiicre hatlarina 24 saat siire ile inkiibe edilmistir. Pristimerinin sitotoksik
etkisinin doza bagli bir sekilde arttigi belirlenmistir. Pristimerinin TE-1 hiicrelerinde
proliferasyonu etkili bir sekilde inhibe ettigini ve bu inhibisyonun doza bagimli oldugu
goriilmustiir. Hiicre canliligl, pristimerinin konsantrasyonu arttikca belirgin bir sekilde

azalmistir (Hu ve dig., 2024).

Yapilan diger bir caligmada, pristimerinin NCI-H1299 hiicre hatlarindaki sitotoksik ve
antikanser potansiyeli arastirilmigtir. Bu aragtirmada, pristimerin 72 saat siire ile H1299 hiicre
hatlarina uygulanip indiiklenen sitotoksisite MTT analiziyle arastirilmistir. Bu baglamda,
pristimerinin proliferasyonu doza bagli bir sekilde inhibe ettigi gosterilip pristimerinin NCI-
H1299 hiicre hatlarindaki ICsg dozu 2.2 uM olarak belirlenmistir (Li ve dig., 2020).

Chu ve dig., (2024) tarafindan A549, HeLa ve HepG2 hiicre hatlarinda yapilan bir ¢alismada,
pristimerinin  indiikledigi sitotoksisitenin doza bagli olarak arttigt MTT analiziyle
gosterilmigtir. Pristimerinin A549, HelLa ve C-4 1 hiicre hatlarina 48 saat siire ile
uygulandiginda 1Cso dozu sirasiyla 0.81 pM, 1.25 pM ve 1.46 pM olarak belirlenmis olup
A549 hiicre hatlariin HeLa ve HepG2 hiicre hatlarina gore daha fazla duyarlilik gosterdigi

ortaya konmustur.

Calismamizda, pristimerinin 6 farkli dozu (D1: 9 uM, D2: 12 uM, D3: 15 uM, D4: 20 uM,
D5: 25 uM, D6: 30 uM) 24 saat siire ile HeLa ve C-4 I hiicrelerine uygulandiginda

indiiklenen sitotoksisite MTT ve LDH analizleri ile degerlendirilmistir. Bu degerlendirme



104

sonucunda, pristimerin aracili indiiklenen sitotoksisitenin doza bagli olarak arttig
goriilmiistiir. Ayrica, 24 saat siire ile uygulanan pristimerinin birinci ve ikinci dozlarmin (D1:
9 uM, D2: 12 uM) C-4 I hiicre hatlarinda indiikledigi sitotoksisitenin HeLa hiicre hatlarinda
meydana gelen sitotoksisiteden daha fazla oldugu ortaya konmustur. Ilaveten, HeLa ve C-4 |

hiicre hatlarina 24 saat siire ile uygulanan pristimerinin IC7y dozu 30 uM olarak belirlenmistir.

Mitojenle aktiflesen protein kinaz (MAPK) kaskadi, hiicre proliferasyonu, farklilasmasi ve
gocli dahil olmak {izere cesitli hiicresel islevlerde rol oynayan yiiksek oranda korunmus bir
modiildiir. MAPK sinyal yolagi; inflamasyon, hiicre stres tepkisi, farklilasma, hiicre
boliinmesi, proliferasyon, metabolik aktiviteler ve hiicre 6liimii gibi bir¢ok hiicresel siirecin
diizenlenmesinde esastir. MAPK sinyallesme basamaklari olduk¢a karmasik ve i¢ igedir.
(Plotnikov ve dig., 2011). Ozellikle; MAPK, PI3K aglari, NF-kB yolu ve JAK-STAT yolunun
aracilar1 arasinda oldukg¢a kuvvetli etkilesimler bulunmaktadir. Birgok MAPK yolu stres
sinyallemesinde rol oynamaktadir. Bu nedenle; baz1 kinazlar kanserde inflamasyona, DNA
hasarina ve apoptoza yanit olarak stresle aktive edilmektedir (Wortzel ve dig., 2011). Yapilan
calismalarda nekroptozun ¢esitli mekanizmalar tarafindan siki bir sekilde diizenlendigi ve
protein kinaz C (PKC)/MAPK'/c-Jun sinyal yolunun aracilik ettigi belirlenmistir.
Nekroptozun sinyal yolu, niikleer transkripsiyon faktorii kappa B (NF-kB), c-Jun, hiicre dis1
sinyalle diizenlenen kinaz (ERK), c-'den olusan mitojenle aktiflesen protein kinaz (MAPK)

basamaklarini icerdigi bilinmektedir (Seternes ve dig., 2019).

Fibrosarkom hiicreleri iizerine yapilan bir ¢aligmada; pristimerinin AKT ve MAPK
yolaklarin1 etkiledigi, mTOR ve NF-xB diizeylerini doza bagli bir sekilde azalttig
belirlenmistir. Sonuglar, pristimerin uygulamasinin hiicre canliligini azalttigin1 ve apoptozu

indiikledigini ortaya ¢ikarmistir (Hayashi ve dig., 2020).

Yapilan bir ¢calismada, pristimerinin sitotoksik etkisinin altinda yatan mekanizmanin NF-kB
min asag1 regiilasyonu ve MAPK sinyal yolu ile iligkili oldugu RAW264.7 hiicrelerinde
belirlenmistir. Ayrica, NF-xB aktivasyonunun engellenmesini nitrik oksit sentaz

indiiksiyonunu inhibe ederek gerceklestirdigi ortaya konmustur (Kim ve dig., 2013).

Yapilan diger bir calismada, 6zofagus kanseri EC9706 ve EC109 hiicrelerine uygulanan

pristimerinin doza bagl olarak invazyon ve metastaz diizenlenmesinde 6nemli olan MMP2 ve
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MMP9 protein seviyesinde azalmaya neden oldugu, bunun sonucunda MAPK yolag aracili

ile migrasyon ve invasyonu inhibe ettigi bulunmustur (Tu ve dig., 2018).

Calismamizda pristimerinin IC7 dozu uygulanan HelLa ve C-4 I hiicrelerinde MAPK sinyal
yolunun regiile edildigi belirlenmistir. HeLa kontrol/HeLa 1C;, grubunda MAPK sinyal
yolagini regiile eden genler incelendiginde, hiicre sag kalimi ve proliferasyonu ile iligkili NF-
kB’ nin asag regiile edildigi belirlenmistir. Calismamizda inhibe edilmesi durumunda
otofajiyi indiikkleyen MAPK1, MAPK3, MAP2K1 (MEK1) ve MAP2K2 (MEK2) genlerinin
ifadelerinin azaldig1 goriilmiistiir. Ayrica DNA hasar onariminda gorev alan ve hasar yanit
gerceklesemediginde hiicreyi apoptoza sevk eden GADD45B ve GADDA45A genleri yukari
regiile edilmistir. Buna ek olarak, proapoptotik genleri eksprese eden FOS ve JUN genlerinin

ifadeleri biiyiik Ol¢lide artmustir.

Calismamizda C-4 | kontrol/C-4 1 1C7 grubunda MAPK sinyal yolagimi regiile eden genler
incelendiginde; apoptozda rol alan TNF’ nin (tiimor nekroz faktorii), hiicresel strese karsi
salgilanan Fos ve Jun’ un yukari regiile edildigi goriilmistiir. Ayrica, siklusun bloke edilmesi
ve apoptozla iligkilendirilen GADD45B ve GADD45G’ nin de yukar regiile edildigi tespit
edilmigtir. Hiicre sag kalimi ve proliferasyonda gorevli MAPKI1 (ERK2), MAP2K4,
MAP2K6, MAPK14 (p38), MAP4K4 (NIK) ve RASGRP2’ nin ise asagi regiile edildigi

belirlenmistir.

PI3K/Akt sinyal yolag: hiicre dongiisii, protein sentezi, biiyiime, metabolizma ve anjiyogenez
gibi kritik olaylarda gorev alan onemli bir sinyal akim sistemidir. Hiicreler ve dokular;
instilin, glikoz, biiyiime faktorleri, sitokinler, integrinler, B ve T hiicresi reseptorleri,
hormonlar ve kemokinler gibi c¢esitli molekiillerin tirozin kinaza (RTK'ler) baglanmasi
yoluyla birbirleriyle iletisim kurmaktadir (Manning ve dig., 2007). Bu durum, smmf I
fosfoinositid 3-kinaz (PI3K)/Protein kinaz B (AKT) sinyal yolunun aktivasyonuna yol
acmaktadir. AKT aktivasyonu, tuberoskleroz protein 2 (TSC2) inhibisyonunu indiiklemekte
ve TSC1 ile etkilesimini bozmaktadir. TSC1 hiicre biiylimesi, proliferasyon ve hayatta
kalmada rol oynamaktadir. Aktive edildikten sonra AKT, mTOR aktivasyonu ve TSC1 ve
TSC2 inhibisyonu yoluyla protein sentezini ve hiicre biiyiimesini indiiklemektedir (Janku ve
dig., 2018). PI3K/AKT, hiicre gogiinii ve istilasin1 destekleyip tiimor gogiinde rol
oynamaktadir (Tewari ve dig., 2022). Bu nedenle, PI3K/AKT sinyal yolu hiicrenin hayatta

kalmasi, biiyiimesi, cogalmasi, metabolizmas1 ve hareketliliginde dnemli roller oynamaktadir
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(Hoxhaj ve dig., 2020). Ayrica bu protein kinazlar, fosforilasyon siiregleri yoluyla,
transkripsiyon ve translasyon gibi gesitli hiicresel islevlerde rol oynamaktadir. AKT, hem
normal hem de kanserli hiicrelerde anti-apoptotik proteinler Bcl-XL ve NF-kB'yi
diizenleyerek hiicrenin hayatta kalmasi, apoptoz ve nekroptozda rol oynamaktadir (Yang ve

dig., 2019).

Costa ve dig., (2008) yaptiklar1 bir ¢alismada kronik miyelojendz 16semi hiicrelerinde
pristimerinin NF-kB sinyallemesini bloke ederek apoptozu indiikledigini, meme kanseri kok
hiicrelerinde AKT'nin (MCF-7s) baskiladigini, insan HL-60 hiicrelerinde DNA sentezini

inhibe edip apoptozu indiikleyerek antiproliferatif aktiviteye sahip oldugunu gostermislerdir.

Hu ve dig., (2024) tarafindan yapilan bir ¢alismada, pristimerinin insan 6zofagus skuamoz
hiicreli karsinom (ESCC) hiicrelerinde sitotoksisiteye neden oldugu ve konsantrasyona bagl
bir sekilde hiicre canliligini 6nemli 6l¢iide inhibe ettigi goriilmiistiir. Pristimerin, siklusu
G0/G1 fazinda bloke ederek apoptozu indiiklemistir. Pristimerin, hiicre i¢i ROS seviyesini
onemli Olciide artirarak ER stresi olusturmustur. ROS birikimi, AKT/GSK3p sinyal yolunu

inhibe ederek hiicrelerin proliferasyon yetenegini azaltmistir.

Pristimerin ile gergeklestirilen baska bir c¢alismada, in vitro kosullarda meme kanseri
hiicrelerinde apoptozun indiiklendigi ve in vivo kosullarda MCF-7 ve MDA-MB-231
timorlerinin biiylimesini geciktirme kapasitesi gosterdigi yine bu tiimorlerde AKT1'in
ifadesini azaltti1, negatif regiilator PTEN'in ifadesini ise artirmis oldugu bildirilmistir.
Ayrica, yine bu calismada PARP"'n bolindigi ve aktif kaspaz 3 ve/veya 7 seviyelerinin
TUNEL renklendirmelerinin artmis oldugu gosterilmistir. Dolayisiyla, pristimerinin meme
kanseri hiicrelerinin biiylimesini inhibe ettigi ve apoptotik hiicre Oliimiinii indiikledigi

belirlenmistir (Cevatemre ve dig., 2018).

Ilaveten, bir diger ¢alismada pristimerinin meme kanseri MDA-MB-231 hiicrelerinde G
protein sinyal 4 (RGS4) ve insan meme kanseri SKBR3 hiicrelerinde PI3K-AKT hedefleme

yoluyla migrasyon ve invazyonu inhibe ettigi gosterilmistir (Lee ve dig., 2013).

Calismamizda pristimerinin 1C;o dozu uygulanan HeLa ve C-4 I hiicrelerinde PI3K-AKT
sinyal yolunun asagi regiile edildigi tespit edilmistir. HeLa kontrol/HeLa IC, grubunda PI3K-

AKT sinyal yolunu regiile eden genler incelendiginde; hiicre Oliimiinii inhibe ederken
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proliferasyon yetenegini artiran RPTOR, AKT1, AKT2, ERBB2, ITGA3 genlerinin asagi

regiile edildigi belirlenmistir.

Calismamizda pristimerinin 1C7o dozu uygulanan C-4 | kontrol/C-4 1 1C grubunda PI3K-
AKT sinyal yolunu regiile eden genler incelendiginde; hiicre sag kalim1 ve proliferasyonu ile
iliskili NF-KB1, MAPK1 ve RPS6KBI1 (S6K)’ in asag regiile edildigi belirlenmistir. Ayrica,
antiapoptotik gen ailesi liyesi Bcl 2 ve AKT3’ iin asagi regiile edildigi goriilmiistiir. PI3K-
AKT regiilasyonunu baskilayan PTEN ve proapoptotik genlerin ekspresyonunu artiran

FOXO3’ iin ise yukar regiile edildigi tespit edilmistir.

mMTOR, rapamisin kompleksi 1'in memeli hedefi (NTORC1) ve rapamisin kompleksi 2'nin
memeli hedefi (mMTORC2) adi verilen yapisal ve islevsel olarak iki farkli kompleksten
olugmaktadir. mTORC1; mTOR, raptor, GBL ve Deptor'dan olusurken mTORC2; mTOR,
Rictor, GBL, PRRS, deptor ve SIN1'den olusmaktadir (Janku ve dig., 2018). mTORCI, esas
olarak hiicre biiylimesini ve metabolizmasini diizenlerken; mTORC?2 hiicre ¢ogalmasini ve
hayatta kalmasmi kontrol etmektedir (Manning ve dig., 2007). mTOR yolagindaki
bozukluklar; kanser, metabolik hastaliklar, nérodejeneratif hastaliklar ve yaglanma gibi bir¢ok
hastalikla iliskilidir. Ayrica mTOR yolag:; transkripsiyonu ve protein sentezini etkileyip
apoptoz, proliferasyon ve otofajiyi diizenlemektedir (Ahmad ve dig., 2023). mTOR yolaginin
timor olusumu ve gelisiminde anahtar rol oynadigi bilinmektedir. Kanser hiicrelerinde
AKT/mTOR sinyal yolu asir1 aktive edilmekte olup proliferasyon, metastaz ve invazyon
sinyalleri olugsmaktadir. PTEN, mTORCI1'in ana aktivatorii olup bu gendeki mutasyonlar

kanser olusumunu tetiklemektedir (Lee ve dig., 2019).

Literatiirde, pristimerinin birkag kanser tiiriinde sitotoksik etkileri aragtirtlmigtir. Bunlar
arasinda meme kanseri hiicreleri (SKBR3 ve MDA-MB-231) pristimerin ile tedavi edildikten
sonra kaspaz bagimli bir apoptoz gegirirken, ayni zamanda, servikal kanser hiicrelerinde
pristimerin araciligiyla AKT/NF-kB/mTOR sinyal yolunun inhibisyonu gosterilmistir (Wu ve
dig., 2005; Tsai ve dig., 2012; Wang ve dig., 2012; Lee ve dig., 2013; Yan ve dig., 2013; Liu
ve dig., 2013; Gao ve dig., 2014; Yousef ve dig., 2016). Baz1 diger ¢calismalarda ise, ER
stresinin AKT etkinligini diizenledigi desteklenmektedir (Hosoi ve dig., 2007; Qin ve dig.,
2010).
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Meme kanseri iizerinde yapilan bir caligmada pristimerinin mTOR yolagin1 baskilayip
apoptozu indiikledigi gosterilmistir. Yapilan biyoinformatik analizlerde pristimerinin miR-
542-5p ifadesini artirirken DUB3 ifadesini azaltarak mTOR yolagini inhibe ettigi
goriilmiistiir. Meme kanseri hiicrelerinde miR-542-5p' nin artan ifadesi, DUB3 ifadesini
baskilamaktadir. Bu ¢alisma, pristimerinin meme kanserinde antiproliferatif etkisini miR-542-

S5p/DUB3 yoluyla ortaya koydugunu belirlemektedir (Cheng ve dig., 2020).

Calismamizda pristimerinin IC79 dozu uygulanan HeLa hiicrelerinde mTOR sinyal yolunun
asag regiile edildigi tespit edilmistir. HeLa kontrol/HeLa IC7o grubunda hiicre oliimiinii
inhibe ederken proliferasyon yetenegini artiran mTOR, RPTOR, RICTOR, DEPTOR ve
AKTI genlerinin asag regiile edildigi belirlenmistir.

FoxO transkripsiyon faktorleri hiicresel farklilasmayi, biliylimeyi, hayatta kalmayi, hiicre
dongiisiinii, metabolizmayi, stresi ve timor baskilama yollarini diizenlemektedir (Lee ve dig.,
2013). FoxO'larin hiicre i¢i lokalizasyonu ve transkripsiyonel fonksiyonlar1 siklikla
fosforilasyon, asetilasyon ve ubikuitinasyon gibi translasyon sonrasi modifikasyonlar
tarafindan diizenlenmektedir (Yeh ve dig., 2013). Yapilan calismalarda, FoxO alt ailesi
tiyelerinin doku homeostazisinin korunmasinda 6nemli rol oynadigi ve kanserde siklikla
diizensiz olduklar1 gosterilmistir. FoxO'mun asir1 ekspresyonu, kanserde tiimor biiylimesini
inhibe ederek FoxO'larin niikleer lokalizasyonu sonucu hiicre dongiisti ilerlemesini bloke
etmekte, apoptozu tesvik etmekte ve anjiyogenezi inhibe etmektedir (Greer ve dig., 2005).
Baz1 caligmalarda, FoxO’ nun antitiimoral ve timdr baskilayici 6zellikleri gosterilmistir. Bu
caligmalarda, FoxO alt ailesinin ana iiyeleri FoxO1, FoxO3a ve FoxO4'ten yoksun bireylerde,
kanser gelisimi egiliminin arttig1 tespit edilmistir (Vurusaner ve dig., 2012). FoxO'lar,
PI3K/Akt yolunun asir1 aktivasyonu nedeniyle insan kanserlerinin ¢ogunda inaktive edilmekte
olup tiimor baskilayicilar ve apoptoz indiikleyiciler olarak giiclii bir sekilde tanimlamaktadir.
Apoptoz stiresince FoxO'lar, Fas ligandi, TNF apoptoz ligandi ve Bcl XL, BNIP3, Bcl-2
ailesinin proteinleri gibi 6liim reseptor ligandlarinin ekspresyonunu tetikleyen mitokondriye

bagimli ve bagimsiz siireclerde rol oynamaktadir (Gomes ve dig., 2008).

Uveal Melanom 1 (UM-1) hiicrelerinin gd¢ ve istila yeteneginin pristimerin tarafindan inhibe
edildigi yapilan bir calismada belirlenmistir. Pristimerinin ROS birikimine neden olarak
mitokondriyal zar potansiyelini azalttii, hiicrelerin GO/G1 fazinda birikimini artirdigi ve

apoptozu indiikledigi goriilmiistiir. Ayrica, Akt fosforilasyonunu inhibe edip, FoxO3a'nin
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niikleer birikimini indiikledigi, pro-apoptotik proteinler olan Bim, p27 ve Kipl’ in
ekspresyonunu artirdigi; buna ek olarak kaspaz-3, PARP ve Bax"1 boliip siklin D1 ve Bcl-2
ifadesini  azalttig1 ortaya konmustur. Sonu¢ olarak bu c¢alismada, pristimerinin
PI3K/Akt/FoxO3a yolag: araciligi ile hiicreleri apoptoza tesvik ettigi belirlenmistir (Yan ve
dig., 2020).

Tang ve dig., (2021) tarafindan yapilan bir ¢aligmada, sorafenib ve pristimerinin karaciger
kanseri hiicrelerinde giiclii bir inhibisyona sebep oldugu belirlenmistir. Ayrica, bu
kombinasyonun hiicre hatlarmin gog, istila ve anjiyogenez yetenegini baskiladigi ortaya
konmustur. Pristimerinin, ROS birikimi ve buna bagli ER stresine neden olarak mitokondriyal

bozukluga neden olarak Akt/FoxO1/p27/kipl sinyal yolunu tetikledigi goriilmiistiir.

Calismamizda pristimerinin IC7o dozu uygulanan HeLa ve C-4 I hiicrelerinde FoxO sinyal
yolunun yukar regiile edildigi tespit edilmistir. HeLa kontrol/ HeLa IC7 grubunda FoxO
sinyal yolunu regiile eden genler incelendiginde; otofajik hiicre Oliimii sirasinda vezikiil
olusumunda goérevli olan GABARAPL1 ve GABARAP genlerinin yukari; hiicre siklusunu
durdurarak tamir mekanizmasini aktive eden CDKN1A (P21) geninin asagi regiile edildigi
belirlenmistir. Ayrica, hasarlanma durumunda hiicreyi apoptoza sevk eden GADD45B ve
GADDA45G genlerinin yukar1 ve hiicrenin hayatta kalma mekanizmalarindan olan SOD2’ nin
asag1 diizenlendigi tespit edilmistir. Buna ek olarak, otofajide rol oynayan ATG12 genlerinde

ise yukari regiilasyon gorilmistiir.

Calismamizda, C-4 | kontrol/ C-4 1 1C7, grubunda FoxO sinyal yolagimi regiile eden genler
incelendiginde hayatta kalma sinyallerinde rol oynayan CREBBP (CBP), PIK3CA (P13K) ve
PIK3CB’ nin asag: regiile edildigi goriilmiistiir. Ayrica; proliferasyonda gorevli SIRTIL,
MAPK1 (ERK2), AKT3 genleri asagi regiile edilirken stres yanitinda rol alan GADDA45B,
GADDA45A, GADDA45B ve FOXO3 genlerinin yukari regiile edildigi belirlenmistir.

p53, tiimor baskilayici bir gen olup karmasik bir hiicresel stres yanit agidir. p53 geninin hiicre
dongiisiiniin durdurulmasi, yaglanma, DNA onarimi ve apoptozda rol oynadig bilinmektedir.
Ayrica yapilan ¢alismalarda; p53'iin otofaji, hiicre metabolizmasi, ferroptoz ve reaktif oksijen
tiirlerinin olusumu ile iliskili oldugu da belirlenmistir (Aubrey ve dig., 2022). p53’ {in ana
biyolojik fonksiyonu hiicrenin DNA biitlinliigiinii korumak olup DNA hasar1 olustugunda
ATM, ATR yolaklar1 aktive olmakta CDKI, CDK2 ve CDK4/6’ y1 inhibe ederek siklusu
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durdurmaktadir (Safta ve dig., 2015). Siklus durduruldugunda DNA onarim genleri aktive
olmaktadir. Hasar onarilamayacaksa p53, proapoptotik genleri indiiklemekte apoptozu
baslatmaktadir.  p53 genindeki mutasyonlar, p53'in fonksiyonlarin1 kaybetmesine ve
hiicrelerin kontrolsiiz bir sekilde biiyiiyiip bolinmesine yol agmaktadir. Bu, kanser
gelisiminde kritik bir adimdir. Bir¢ok kanser tiiriinde TP53 mutasyonlar1 yaygin olup, bu

mutasyonlar genellikle kotli prognozla iliskilidir (Contreras ve dig., 2013).

Akciger kanseri hiicre hatt1 olan H1299 ile yapilan bir ¢alismada, olaparib ve pristimerin
kombinasyonunun TP53 eksikligi olan hiicrelerdeki sinerjistik etkisi gosterilmistir. Bu
calismada, pristimerinin p53 eksikligi olan hiicreleri olaparibe karsi daha duyarli hale
getirdigi ortaya konmustur. Olaparib ve pristimerin kombinasyonu, DNA sentezi
inhibisyonuna ve DNA ¢ift sarmal kirilmalarinin (DSB'ler) indiiklenmesine neden olmustur.
Ayrica pristimerin, Chkl ve DSB onarim aktivitelerinin yapisal seviyelerini bozarak tiimor
biliylimesini inhibe etmistir. Ek olarak, Chkl'in pristimerin tarafindan inhibisyonu sonucu

DNA onariminin baskilandigi gériilmiistiir (Thao ve dig., 2024).

Calismamizda pristimerinin IC7y dozu uygulanan HelLa ve C-4 I hiicrelerinde p53 sinyal
yolunun asagi regiile edildigi tespit edilmistir. HeLa kontrol/ HeLa IC7o grubunda p53 sinyal
yolagini regiile eden genler incelendiginde, hiicre dongiisiinde rol alan GTSE1, G1/S gegis
kontroliinde gorevli CDK2 ve G2/M gegisinde rol oynayan CCNBI1(Siklin B1)’ in asag1
regiile edildigi belirlenmistir. Ayrica, DNA hasar yanmitinda gorevli TP53, ATM, ATR,
CDKN1A (p21) ve CHK2’ nin asagi regiilasyonu tespit edilmistir. Hiicre stres

mekanizmasinda gorevli GADD45B’ in ise yukari regiile edildigi gosterilmistir.

Calisgmamizda, C-4 | kontrol/ C-4 | IC; grubunda p53 yolagini regiile eden genler
incelendiginde G1/S gecisinde gorevli CDKG6 ve hiicre dongiisii kontrol noktalarinda rol alan
CCNGI(Siklin G1)’ in asag1 regiile edildigi goriilmiistiir. Ayrica, DNA hasar yanitinda
gorevli ATM, ATR, p53’ iin ve antiapoptotik bir gen olan Bcl2’ nin asagi regiilasyonu tespit
edilmistir. Hiicresel stres durumunda indiiklenen GADD45A ve GADDA45B’ nin ise yukari
regiile edildigi belirlenmistir.

Tiimor nekroz faktorii (TNF) siiper ailesi; hiicrenin hayatta kalmasi, 6liimii ve farklilagmasi
icin sinyal yollarin1 aktive etmektedir. Timor nekroz faktorii sliper ailesinin {iyeleri ligand

aracili trimerizasyon yoluyla etki gostererek, birden fazla sinyal iletim yolunu aktive etmek
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i¢cin birkag¢ hiicre i¢i adaptoriin gorevlendirilmesine neden olmaktadir (Feng ve dig., 2017).
Fas ile iliskili 6liim alan1 (FADD) ve TNFR ile iliskili 6liim alan1 (TRADD) gibi adaptorleri
iceren Oliim alani, apoptozu indiikleyen bir sinyal iletim yolunun aktivasyonuna yol
acabilmektedir (Kalliolias ve dig., 2016). Timdr nekroz faktorii, timor nekroz faktor
reseptorii (TNFR) araciligiyla etki etmekte ve apoptozu tetiklemek icin dissal yolagi
baslatmaktadir. TNFR, diger aktif olmayan prokaspazlar parcalayabilen ve kaspaz kaskadini
tetikleyebilen, hiicreyi geri dondiiriilemez bir sekilde apoptoza gonderebilen adaptor
proteinler (FADD, TRADD, vb.) ile iliskilidir. Timor nekroz faktorii, hiicre Olimiini
tetiklemek i¢in tiimor hiicreleriyle etkilesime girmekte ve ayni1 zamanda inflamatuar yanitlar

da tesvik edebilmektedir (Fulda ve Meyer, 2000).

Yapilan bir calismada uveal melanom (UM) hiicrelerinde NF-kB yolunun anormal bigimde
aktive oldugu bildirilmistir. UM hiicreleri tizerinde giiclii bir NF-kB yolu inhibitorii olan
pristimerinin etkisi in vitro olarak degerlendirilmistir. Pristimerinin TNF-a ile indiiklenen
IKBa fosforilasyonunu, p65 translokasyonunu ve NF-kB 'ye bagli genlerin ekspresyonunu

baskilayarak apoptozu indiikledigi gosterilmistir (Yan ve dig, 2020).

Lu ve dig., (2010) tarafindan kronik miyeloid 16semi (CML) hiicreleri {izerinde yapilan bir
calismada, pristimerinin TNF-a tarafindan indiiklenen NF-«B aktivasyonunu inhibe ettigi,

proliferasyonu azalttig1 ve CML hiicrelerinde apoptozu indiikledigi gdsterilmistir.

Calismamizda pristimerinin 1C7o dozu uygulanan HelLa ve C-4 I hiicrelerinde TNF sinyal
yolunun regiile edildigi tespit edilmistir. HeLLa kontrol/HeLa IC7o grubunda hiicre sag kalimi
ve proliferasyonu ile iligkili DAB2IP, NF-kB1 ve NF-kB sinyal yolaginin diizenleyicilerden
biri olan IKBKB’ nin asag regiile edildigi belirlenmistir. Ayrica, PI3K-AKT yolaginin
onemli bilesenleri olan PIK3R2, AKTI1, AKT2’ nin ve MAPK3’ iin asag1 regiile edildigi
tespit edilmistir. FOS, JUN ve TNF’ nin ise (timor nekroz faktorii) yukari regiile edildigi

gorilmiistiir.

Calismamizda C-4 | kontrol/C-4 | 1Cy hiicre grubunda, hiicre dliimiinde gorevli TNF ile
hiicresel stres yanit1 olusturan JUN, JUNB ve FOS genlerinin yukari regiile edildigi; hiicre sag
kaliminda gorevli BIRC2 (cIAP), BIRC3, NFKB1, CHUK (IKK), CREB1 ve CREB3L2’ nin
asagi regiile edildigi belirlenmistir.
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Bir hiicrenin boliinmeye baglamasindan diger hiicrenin béliinmesine kadar gegen siirede
hiicrede meydana gelen biyokimyasal ve morfolojik degisikliklere hiicre siklusu denmektedir.
Hiicre siklusu; interfaz evresi (G1, S, G2) ve mitotik evreden olusmaktadir. Boliinme sinyali
almayan hiicreler, dinlenme evresi olan GO’ da beklemektedir (Sako ve dig., 2022). Hiicre
siklusunda G1/S, G2/M ve metafaz/anafaz gegisinde kontrol noktalar1 bulunmaktadir. G1
kontrol noktasinda hiicre yeterli biiyiikliige ulagsmigsa ve DNA hasar gérmemisse boliinme
gerceklesmektedir. G2 kontrol noktasinda hiicrenin biiyiikliigi ve DNA hasart kontrol
edilirken, M kontrol noktasinda ise kromozomlarin ig ipliklerine baglanmasi kontrol
edilmektedir (Rizzolio ve dig., 2010). Kontrol noktalar1, hiicre siklusunu denetleyerek hasarli
hiicrelerin kontrolsiiz ¢ogalmasini ve tiimor olusumunu 6nlemektedir. Hiicre siklusu; siklinler
(cyc), siklin bagimh kinazlar (CDK) ve siklin bagimli kinaz inhibitorleri (CKI) tarafindan
denetlenmektedir. Hiicre siklusunun kontroliinde gorev aldigi bilinen siklin bagimli kinazlar
hedef proteinleri fosforile ederek siklusun devamini saglamaktadir. CDK’ larin inaktif
formlar1 siklin adindaki protein ailesine baglanarak fosforile olup aktiflesmektedir. Her bir
CDK farkli bir siklinle kompleks olusturmakta ve olusturulan kompleksteki siklinin tipi hangi
proteinlerin fosforile edilecegini belirlemektedir (Lara ve dig., 2005). CKI’ larin gorevi ise
siklin ve CDK’ larin yaptigi kompleksleri siki bir sekilde denetleyerek tiimor siipresor
fonksiyonu {istlenmektir. Cip/Kip ailesi ve INK4/ARF olmak iizere iki smif CKI
bulunmaktadir. Cip/Kip ailesi iiyelert CDK2’ nin siklin A ve E ile yaptigi kompleksleri
baskilarken, CDK2 ve 6’ nin siklin D ile yaptigi kompleksleri aktive etmektedir. Yani
Cip/Kip ailesi hiicre siklusunun farkli evrelerinde hem aktivatér hem de inhibitor olarak rol
almaktadir. INK4/ARF ailesinin iyeleri ise pl6é ve pl4 olmak iizere iki proteini
kodlamaktadir (Safta ve dig., 2015). Her ikisi de hiicre siklusunu inhibe ederek timor
stipresor fonksiyonu goérmektedir. Hiicre siklusunu etkileyen onkogenler (Her 2, Ineu, ras, c-
myc gibi), p53 ve Rb (retinoblastom) gibi timor baskilayict genlerdeki diizensizlikler ve
hiicre siklus diizenleyicileri olan siklin ve CDK’larin aktivitelerinin yanlis diizenlenmesi,
hiicre proliferasyonunda artis ve tiimor gelisiminde onemli rol oynayan faktorlerdendir

(Almeida ve dig., 2021).

Akciger kanseri ile ilgili olarak yapilan bir ¢alismada, farkli konsantrasyonlarda pristimerin
ve cisplatin ayr1 ayr1 ve kombine olarak 24 saat siiresince A549 ve NCI-H446 hiicre hatlar1
tizerine uygulanarak CCK-8 yontemi ile hiicre canlilifi incelenmistir. Kombine kullanilan

ajanlarin, ayr1 ayri1 uygulanan cisplatin ve pristimere gére anlamli oranda hiicre canliligin
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inhibe ettigi saptanmistir. Ayrica kullanilan ajanlar hiicre hatlar1 iizerine uygulandiktan sonra
hiicre siklusu {izerine etkisi arastirilmistir. Pristimerin ve cisplatinin ayr1 ayr1 uygulanmasi
sonucunda her iki hiicre hattinda da hiicre siklusunun G1/G0O ya da S fazinda durmasini

indiikledigi gosterilmistir (Zhang ve dig., 2019).

QBC ve RBE kanser hiicre hatlar1 {lizerinde yapilan bir ¢alismada, pristimerin uygulanan
apoptozun doza baglh bir sekilde indiiklendigi ve hiicre proliferasyonunun azaldigi
gosterilmistir. Ayn1 zamanda akis sitometrisi ile birlikte hiicre 6liim oraninda kademeli bir
artis oldugu ortaya c¢ikarilmistir. Ek olarak pristimerin, apoptozla iliskili proteinlerin (Bcl-2,
Bcl-xL ve prokaspaz-3) ifadesini azaltip, Bax ifadesini artirmistir. Ayrica pristimerin; siklusu
G0/G1 fazinda bloke ederek hiicre dongiisii ile iliskili proteinlerin (siklin E, CDK2 ve CDK4)

ifadesini azaltip, otofaji ile iligkili proteinlerin ifadesini artirmistir (Sun ve dig., 2014).

Yapilan bir c¢alismada, pristimerin ile gemsitabin kombinasyonunun pankreas kanseri
hiicreleri lizerine sinerjistik etkiler olusturdugu gosterilmistir. Pankreas kanseri hiicrelerinin
pristimerin ile tedavisi sonucu hiicre siklusunun G1 fazinda durdugu ve bu blokajin siklinlerin
(D1 ve E) ve siklin bagiml kinazlarin (CDK2, CDK4 ve CDK6) seviyesinde belirgin bir
disiisle iligkili oldugu belirlenmistir. Ayrica bu ¢aligmada; apoptotik hiicre 6liimii, kaspaz-3’
iin boliinmesi, Bcl-2 ekspresyonunda diisiis, NF-kB'nin translokasyonu ve DNA onariminin

inhibisyonu tespit edilmistir (Wang ve dig., 2012).

Calismamizda pristimerinin IC7o dozu uygulanan HelLa ve C-4 I hiicrelerinde hiicre siklusu,
DNA hasar1 ve replikasyonda ifade edilen genlerde bazi degisiklikler belirlenmistir. HeLa
kontrol/HeLa 1Cyq grubunda hiicre siklusu ve kontrol noktalari ile ilgili olarak replikasyonda
gorevli CDC45, CDC47 ve MCM gen ailesi; G2/M gecisinde gorevli CDC25B, CCNBI1 ve
CCNB2 genleri; G1/S gegisinde gorevli CDK2 ve E2F2 genlerinde asagi regiilasyon
gorilmistiir. Hiicre siklusunu bloke eden CDKNI1C geninde ise artis belirlenmistir. Ayrica
kontrol noktalarinda gorevli p53, CHEK2 (CHK2) genleri ve DNA hasar onariminda gorevli
BRCA1, MRE1l1, TP53PB1, RAD50, PARP1 ve PRKDC (DNA PK) genlerinde asagi
regiilasyon gerceklestigi ortaya konmustur.

Calismamizda C-4 | kontrol/C-4 1 1C7o grubunda hiicre siklusu ve kontrol noktalar: ile ilgili
olarak replikasyonda gorevli CDC45, CDC47, MCM4 ve MCM6; G1/S gecisinde gorevli
CDK6; G2/M gegisinde gorevli CDC25B, CCNB1 (CYCLIN B1) ve CCNB2 (CYCLIN B2)
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genleri; G1/S gecisinde gorevli CDK2, E2F2, E2F3 genlerinde asag regiilasyon goriilmiistiir.
Hiicre siklusunu bloke eden CDKN1A, CDKNIC genlerinde ise artig belirlenmistir. Ayrica
kontrol noktalarinda gorevli CDC27 ve DNA hasar onariminda gorevli BRCA1, BRCA2,
PARPI1, PARP4 genlerinde asag1 regiilasyon gergeklestigi ortaya konmustur.

Apoptoz; homeostazinin korunmasi, farklilasma, hasarli hiicrelerin yok edilmesi gibi kritik
siireclerde rol alan programli bir hiicre 6liim yolagidir (Green, 2018). Apoptoz; intrinsik,
ekstrinsik ve ER aracili olmak iizere {i¢ farkli yolakla ger¢eklesebilmekte olup bu yolaklarda

kaspaz bagimlilig1 ve enflamasyon olusmamasi 6n plana ¢ikmaktadir.

Apoptoz mekanizmasindaki bozukluklar ¢esitli hastaliklara neden olabilmektedir. Apoptozun
yiksek oranda indiiklenmesi kisirlik, immiin yetmezlik, akut ve kronik dejeneratif
hastaliklarda; apoptoz inhibisyonu ise kanser ve otoimmiin rahatsizliklarda goriilmektedir.
Hasarli DNA’ ya sahip hiicrelerin yok edilmesi ve kanserlesmenin dnlenmesini saglayan
apoptoz mekanizmasi, kanser hiicrelerinin ¢ogunda bozulmus durumdadir (Huang ve dig.,
2011). Apoptotik inhibisyon; kanser hiicrelerinde proliferasyon, anjiyogenez, metastaz ve
invazyona sebep olmaktadir. Bu nedenle, proapoptotik molekiillerin indiikklenmesi veya
antiapoptotik molekiillerin inhibisyonu yolu ile hiicreyi apoptoza tesvik etmek kanser

tedavisinde amaglanan yaygin stratejilerdir (Fink ve dig., 2015).

Wu ve dig., (2005), calismalarinda pristimerin ile tedavi edilen insan meme kanseri
hiicrelerinde (MDA/MB-231) sitokromun mitokondriden salinim gosterdigini ve apoptoza yol
acan mitokondriyal membran potansiyelinin azalarak i¢ yolagmn indiiklendigini
gostermislerdir. Daha sonra, Yang ve dig., (2008) tarafindan gii¢lii proteazomal inhibisyon ile

insan prostat kanseri hiicrelerinde de (PC-3) pristimerinin apoptozu indiikledigi gosterilmistir.

Mevcut diger bir ¢alismada in vitro kosullarda pristimerinin HL-60 hiicrelerinde 6, 12 ve 24
saat (0.4, 0.8 ve 1.7 uM dozlarda) uygulanmasi sonucu olusturdugu etkiler incelenerek
apoptoz ile tutarli morfolojik degisimler ile birlikte canli hiicrelerin sayisinin azaldigi

gosterilmistir (Costa ve dig., 2008).

Yapilan in vivo bir ¢alismada, pristimerinin kolorektal kanserde tiimor sayisi ve boyutunu
onemli Olglide azalttigi gosterilmistir. Pristimerin, GSK3B'min aktivasyonu yoluyla RNA-Seq
ile Wnt/B-katenin sinyalini inhibe ettigi, bdylece kolon kanseri HCT116 ve HT-29

hiicrelerinde  Wnt hedef gen ekspresyonunu baskiladigi belirlenmistir. Pristimerin
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uygulamasinin tiimoriin ilerlemesini 6nleyip fosforile GSK3p Ser 9, p-katenin, siklin D1 ve c-
Myc ekspresyonunu azaltarak apoptozu indiikledigi goériilmiistiir.. Bu sonuglar, pristimerinin

kolon kanseri tedavisinde giiglii bir ajan oldugunu gostermektedir (Zhao ve dig., 2020).

Akciger kanseri lizerine yapilan bir ¢aligmada pristimerinin hiicre biiyiimesini inhibe ettigi ve
apoptozu indiikledigi belirlenmistir. Pristimerinin kanser hiicrelerinin koloni olusturma,
migrasyon ve istila yetenekleri doza baglh olarak belirgin bir sekilde azalttigi gorilmiistiir.
Ayrica; vimentin, F-aktin, integrin B1, matris metaloproteinaz (MMP2) protein seviyelerinin
azalip, Epitelyal Mezenkimal Transition (EMT)’ nin inhibe edildigi tespit edilmistir. Integrin
B1 ve MMP2’ nin azalan mRNA seviyeleri, akciger kanseri tedavisinde biiyiik bir potansiyele
isaret etmistir. Sonu¢ olarak bu calismada, pristimerinin akciger kanseri hiicrelerinde
proliferasyon inhibisyonu ve apoptoz indiiksiyonunda giliglii aktiviteler sergiledigi
gosterilmistir. Ayrica pristimerin tedavisinin, EMT ile iliskili proteinler ve mRNA ile iligkili

olan H1299' un gd¢iinii ve istilasini azalttigi belirlenmistir (Li ve dig., 2020).

Pankreas kanseri lizerinde yapilan bir calismada, gemsitabin ve pristimerinin kombine
etkisinin ila¢ duyarliligini artirdig1 gosterilmistir. Gemsitabin ve pristimerinin ICso dozlarinda
sinerjist etkisinin oldugu ve tek basina gemsitabin tedavisine kiyasla DNA kirilmalarini
tetikledigi belirlenmistir. Ayrica, Chkl'in fosforilasyonunu aktive edip poli (ADP-riboz)
polimerleri (PAR) olusumunun yani sira bozulan 53BP1 birikimini indiikledigi goriilmiistiir.
Buna ek olarak, kanser hiicrelerinde apoptozun indiiklendigi belirlenmistir (Jiang ve dig.,
2021).

Nazofaringeal karsinom hiicreleri {izerinde yapilan bir ¢aligmada pristimerin ve cisplatinin
kombine etkisinin hiicre sag kalimini 6nemli Olgiide azalttigi goriilmistiir. Pristimerinin,
hiicre i¢i ROS seviyesini artirarak apoptozu indiikledigi; Bax'in ifadesini artirarak kaspaz-3 ve

PARP’ 1n pargalanmasina neden oldugu belirlenmistir (Wang ve dig., 2024).

Akciger adenokarsinom hiicrelerinde (CRLC) yapilan bir c¢alismada pristimerinin
proliferasyon, hiicre canliligi, gog, istila ve anjiyogenezi baskiladigi belirlenmistir. Ayrica,
pristimerinin reaktif oksijen tiirleri (ROS) tretimi, kaspaz 3-4-9° un aktivasyonu ve
endoplazmik retikulum (ER) aracili stres birikimi iligkili proteinlerin ekspresyonu yoluyla
mitokondriyal fonksiyon bozuklugunu tetikledigi belirlenmistir. Ayn1 zamanda pristimerinin

intrinsik apoptoz, ER stresi ve kaspaz-4'iin aktivasyonu igin gerekli olan EphB4/CDC42/N-
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WASP sinyal yolunu diizenledigi ve hiicre hatlarinda canliligl, gocli ve anjiyogenezi

baskiladigi ortaya konulmustur (Tang ve dig., 2020).

Calismamizda pristimerinin  IC;y dozu HeLa hiicrelerine uygulandiginda apoptozun
indiiklendigi belirlenmistir. Apoptotik o6lim yolaginda TNFRSF1A, TP53, CASP10,
MAP2K1, BCL2L1, TNFa, JUN, AKT1, TNFRSF10B, CASP8’ nin diger proteinlerle en
fazla etkilesime sahip olan proteinler oldugu belirlenmistir. Pristimerin uygulanan HeLa hiicre
grubunda kontrole gore kiyasla ekstrinsik apoptozda rol alan CASP8 ve TNF genleri; hiicresel
strese karst apoptozu indiikleyen ERN1 (IRE1), GADD45A, GADD45B, JUN, FOS
genlerinin yukar regiile edildigi belirlenmistir. DNA hasar yanitinda goérevli TP53 ve PARP

1’ in agag1 regiile edildigi belirlenmistir.

Kolorektal kanseri tlizerine yapilan bir ¢alismada, pristimerinin Noxa ifadesini diizenleyip
proapoptotik  genlerin ekspresyonunu artirarak apoptozu indiikledigi gosterilmistir.
Pristimerinin reaktif oksijen tiirlerinin (ROS) birikimi sonucu ER stresine sebep oldugu ve
bununla iligkili proteinlerin ifadesini artirdig1 belirlenmistir. Bunun sonucunda, IREla ve c-
Jun N-terminal kinaz (JNK) sinyal yolagi aktive olmustur. Sonug¢ olarak bu caligsmada,
pristimerinin kolorektal kanseri hiicrelerinde ROS/ER stresi ve JNK yolag: aktivasyonuyla

Noxa ifadesini artirdig1 ve apoptozu indiikledigi belirlenmistir (Zhao ve dig., 2021).

Primer (A431) ve metastatik (A388) kutanéz skuamoéz hiicreli cilt kanseri hiicrelerinde
yapilan bir ¢alismada, pristimerinin JNK aktivasyonu araciligiyla hiicre biliyiimesi ve
proliferasyonu azalttigi belirlenmistir. Buna ek olarak pristimerinin hiicre siklusunu bloke
ettigi, apoptoz ve otofaji araciligi ile hiicre 6liimiine neden oldugu goriilmiistiir. Bu ¢aligmada,
apoptoz ve otofaji inhibitdrleri kullanilarak pristimerinin etkisi dogrulanmigtir. Ayrica, JNK
inhibitorii kullaniminin pristimerin kaynakli apoptotik ve otofajik hiicre 6liimiinii baskiladig1
tespit edilmistir. Pristimerinin, ROS olusturarak ER stresi meydana getirdigi ve JNK yolagini
aktiflestirdigi ortaya konmustur. ROS iiretiminin 6nlenmesinin JNK yolagini inhibe ederek
apoptozu baskiladigi tespit edilmistir. Sonu¢ olarak bu calismada, pristimerinin
programlanmis hiicre 6liimiine aracilik ettigi ve ROS aracili JNK aktivasyonu yoluyla cilt

kanseri hiicrelerini duyarli hale getirdigi gosterilmistir (Al-Tamimi ve dig., 2022).

Meme kanseri lizerine yapilan bir c¢alismada, pristimerinin hiicrelerin proliferasyonunu

azaltigt ve buna ASKI-JNK aktivasyonunun eslik ettigi belirlenmistir. Sonuglar;



117

pristimerinin hiicre dongiisiinii bloke ettigi, apoptozu ve otofajiyi tetikledigini gostermistir.
Ayrica, pristimerinin reaktif oksijen tlirlerinin (ROS) iiretimini tetikleyerek hiicre 6liimiinde
kritik bir aract oldugu gozlemlenmistir. Pristimerin aracili ROS {iretimi, ER stresi aracili
ASKI1/INK sinyal yolunu aktive edip programli hiicre 6liimiinii indiiklemistir (Zhao ve dig.,
2019).

Zhao ve dig., (2021) tarafindan yapilan bir ¢aligmada, pristimerinin oral skuamoéz hiicreli
karsinom (OSCC) hiicre hatlarmin ¢ogalmasini inhibe ettigi belirlenmistir. Ayrica, pristimerin
Noxa ifadesini diizenleyip ER stres aktivasyonunu tetikleyerek c-Jun N-terminal kinaz (JNK)
sinyalini indiiklemistir. Sonug¢ olarak, pristimerinin tiimor biiylimesini baskilayip apoptozu

tetikledigi belirlenmistir.

Calismamizda pristimerinin 1C7 dozu C-4 1 hiicrelerine uygulandiginda apoptozun
indiiklendigi belirlenmistir. Apoptotik 6liim yolaginda; BIRC3, CTSK, TNFRSF10B, JUN,
MAPKS, BIRC2, ATM, NF-xB1, BCL2, CASP 12’ nin diger proteinlerle en fazla etkilesime
sahip olan proteinler oldugu tespit edilmistir. Pristimerin uygulanan C-4 I hiicre grubunda
kontrole gore kiyasla endoplazmik retikulum aracili apoptozu tetikleyen GADDA45B,
GADDA45A, DDIT3 (CHOP), CASP12, ERN1(IRE1), JNK genlerinin yukar: regiile edildigi
belirlenmistir. Ayrica, hiicresel stres durumunda tetiklenen FOS ve JUN genlerinin yukari
regiile edildigi goriilmiistiir. Apoptoz inhibitorii BIRC3(IAP) ve XIAP ile hiicre tamiri,
proliferasyon, sag kalimda gorevli PARP4, PIK3CB (PI3K), MAPK1 genlerinin asagi regiile
edildigi ortaya konmustur. Bu baglamda, C-4 I hiicrelerinde ER stresi sonucu JNK sinyal
yolaginin aktifleserek kaspaz 12 bagimli ER aracili apoptoz gergeklestigi ortaya konmustur.

Nekroptoz, kaspazdan bagimsiz bir sekilde diizenlenmis bir nekrotik hiicre 6liimii yontemidir
ve esas olarak Reseptor-Etkilesimli Protein 1 (RIP1), RIP3 ve Karisik Lineage Kinaz Alani
Benzeri (MLKL) araciligiyla gergeklesmektedir. Nekroptoz, apoptoz direncinin {iistesinden
gelen alternatif bir programlanmis hiicre 6liimii yolagi olup kanser tedavisinde antitiimor
etkinligini artirabilmektedir. Esas olarak nekroptoz; intrinsik, ekstrinsik ve iskemi aracili
intrinsik nekroptoz olmak iizere ii¢ farkli yolakla gergeklesebilmektedir. Nekroptozda;
TRADD, FADD, RIPK1, TRAF2/TRAFS5 ve clAP1/clAP2'yi araciligiyla aktiflesmekte olup
kompleks II' nin olusumu gergeklesmektedir. RIPK 1, reseptér homoloji alan1 (RHD) yoluyla
RIPK3 ile etkilesime girerek nekrozom olusumuna yol agmakta ve nekroptoz ile sonuglanan

asagl akis sinyalini baglatmaktadir. (Duprez ve dig., 2011). Aktivasyon iizerine RIPK3,
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nekroptozun indiiklenmesinde anahtar rol oynayan psddokinaz MLKL'yi (karisik soy kinaz
alan1 benzeri protein) fosforile etmektedir. (Han ve dig., 2011). MLKL; Na+ iyonu ya da
Ca++ kanallarinin toplanmasi i¢in plazma zarinda platform goérevi gormekte ya da fosfotidil
inositol fosfatin amino terminali ile etkilesime girerek plazma zarinda gézenek olusumunu

desteklemektedir (Man ve dig., 2013).

Yapilan bir calismada, pristimerinin glioma hiicre hatlar1 ve glioma fare modelindeki
sitotoksik etkisi aragtirilmigtir. Pristimerinin, glioma hiicrelerinin canliligini ve fare
modelinde tiimor biiylimesini inhibe ettigi belirlenmistir. Ayrica; JNK ve fosfor-JNK' nin
yukar1 regiilasyonu, AIF'nin niikleer birikimi ve Bax/Bcl-2 oraninda yiikselme oldugu
goriilmiistiir. Bu baglamda, pristimerinin, ROS iiretimi yoluyla JNK'nin aktivasyonu ve
mitokondriyal fonksiyon bozuklugunu indiikledigi ve glioma hiicrelerinde AlF'ye bagimh

nekroptozu tetikledigi gosterilmistir (Zhao ve dig., 2016).

Calismamizda pristimerinin IC79 dozu HeLa hiicrelerine uygulandiginda nekroptozun
indiiklendigi belirlenmistir. Nekroptozda rol oynayan TNFo, TNFRSF1A, STATI1, PARPI,
CASPS8, TLR4, FADD, STAT6, AIFM1, JAKY’ in diger proteinlerle en ¢ok etkilesime sahip
olan proteinler oldugu goriilmiistiir. Pristimerin uygulanan HeLa hiicre grubunda kontrole
gore nekroptozda rol alan TNF-a, RIPK1, RIPK3, MLKL genlerinin yukari regiile edildigi
belirlenmistir. Ayrica, DNA hasar yanitinda goérevli BRCA1, MREI11, TP53BP1, PARP1
genlerinin asagi regile edildigi tespit edilmistir. Bu baglamda, pristimerinin 1C;o dozu
uygulanan HelLa hiicrelerinde TNFa ve FADD ekspresyonlar1 yukar1 regiile edilmis olup
RIPK1 ve RIPK3’ {in aktivasyonunun gerceklestigi ve bunun sonucunda, MLKL

aktivasyonuyla TNF aracili ekstrinsik nekroptoz gergeklestigi belirlenmistir.

Calismamizda pristimerinin 1C7o dozu C-4 1 hiicrelerine uygulandiginda nekroptozun
indiiklendigi belirlenmistir. Nekroptozda rol oynayan TNFRSF10B, JAK1, STAT1, BIRC2,
MLKL, H2AC’ nin diger proteinlerle en ¢ok etkilesime sahip olan proteinler oldugu tespit
edilmistir. Pristimerin uygulanan C-4 I hiicre grubunda kontrole gore kiyasla nekroptozda rol
alan TNF.ENSG00000232810, TNF ve MLKL’ nin yukari regiile edildigi belirlenmistir.
Ayrica, hayatta kalma sinyallerinde rol alan TRAF5, JAK1, JAK2, BIRC2 (IAP), BIRCS,
STATI1, STAT3, STAT 5 ve nekroptozun negatif diizenleyici olan CYLD genlerinin ise asagi

regiile edildigi belirlenmistir.
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Calismamizda, HelLa ve C-4 1 hiicre hatlar lizerindeki etkilerin daha giiglii bir sekilde ortaya
konmasinin saglanmasi amaciyla pristimerinin IC79 dozu tercih edilmistir. Bu baglamda,
hedeflenen biyolojik etkinin daha belirgin ve giivenilir bir sekilde gézlemlenmesine olanak
tantyarak, ilacin potansiyel etkinliginin daha yiiksek bir hassasiyetle degerlendirilmesi
amaglanmistir. Calismamizda elde edilen sonuglar, pristimerinin IC7o dozunun 24 saat ile
HelLa ve C-4 I hiicrelerine uygulandiginda indiiklenen hiicre 6liim yolaklarinin ve molekiiler
mekanizmalarinda rol oynayan genlerin anlatimlarinin literatiirde ilk kez ortaya konmasi
acisindan Onem teskil etmektedir. HeLa ve C-4 1 hiicrelerinde, indiiklenen apoptoz ve
nekroptozda eksprese edilen genlerin regiilasyonundaki degisikliklerin gosterilmesi ve ifade
edilen molekiiler yolaklarin gen anlatimlarinin ortaya konmus olmasi, bu amagla yapilan

caligsmalarda bir ilki temsil etmektedir.

Gilinitimiizde kanser tedavisinde uygulanan kemoterapi saglikli hiicrelere zarar vermekte ve
kanser hiicrelerinde ila¢ direncine neden olmaktadir. Dogal bir bilesik olan pristimerinin
kanserli hiicreleri yok ederken normal hiicrelere verdigi zararin az olmasi ve kanser
hiicrelerinin ila¢ duyarliligini artirmasi kanser tedavisi agisindan umut verici olmaktadir. Bu
calismada, pristimerinin insan servikal kanser kokenli HelLa ve C-4 1 hiicrelerinde
olusturdugu sitotoksik etki, indiikledigi hiicre 6liim tiirlerinin ve molekiiler yolaklarin gen
anlatimlart arastirilmistir. Calismamizda elde edilen bulgular, gerceklestirilecek daha ileri
arastirmalar ile pristimerinin gili¢lii bir anti-kanser ilact gelistirilmesinde potansiyel tasimasi

bakimindan 6nem tasimaktadir.
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Ek 1. RNA Sekanslamada ifade Edilen Genler

ASAGI REGULASYON
HeLa IC70/HeLa Kontrol C-411C70/C-4 | Kontrol

Gen Sembolii log2 FDR Gen Sembolil log2 FDR
'DPM1' -193.253.041.676.662 1,82E+00 | 'TSPAN6' -116.380.846.750.593 9,94E-05
'SCYL3' -222.780.591.752.281 3,28E+09 | 'NFYA' -180.267.843.484.813 1,60E-37
'Clorf112 -204.706.825.365.678 3,88E+06 | 'NIPAL3' -173.414.192.059.986 1,96E-38
'FUCA2' -201.709.538.546.484 2,30E-39 'ANKIB1' -191.987.702.968.554 1,41E-75
'STPGT' -268.072.148.352.659 7,68E+04 | 'CYP51A1 -15.495.590.622.674 1,07E-216
‘NIPAL3' -158.496.250.072.116 4,73E+07 | 'KRIT1' -145.639.200.279.095 3,18E-13
‘LASIL' -167.385.555.031.157 1,39E+08 | 'LASP1' -1.044.705.615.644 3,43E-84
'SEMA3F' -257.181.712.466.423 9,40E-116 | 'M6PR' -102.148.734.461.663 2,14E-26
'KRITY -16.327.598.323.115 1,36E+08 | 'KLHL13' -147.031.993.478.003 1,42E-18
'CD99' -161.425.680.751.519 1,01E+04 | 'CYP26B1' -122.032.995.487.956 1,52E+07
'LASP1' -18.083.668.425.879 1,66E-60 '‘ALS2' -15.816.873.686.883 1,39E-02
'SNX11' -213.416.523.832.471 1,16E+02 | 'TFPI' -101.898.310.336.757 3,23E+08
'M6PR' -144.171.245.228.208 8,83E+05 | 'SLC7A2' -163.076.619.033.428 7,98E-09
'ALS2' -274.489.083.511.095 2,88E-21 'SARM1' -140.275.916.950.041 3,62E+09
'‘Clorf226' -217.382.945.589.823 4,98E+09 | 'PLXND1' -118.475.650.496.224 1,98E-26
'CFLAR’ -202.124.619.792.219 1,19+06 |'KDM1A' -120.669.696.617.436 2,21E-105
‘TFPI' -242.321.143.072.454 8,46E+00 | 'RECQL' -161.177.533.185.512 6,76E-40
'SARM1' -357.288.966.842.058 1,81E-04 'VPS50' -166.892.481.186.548 8,71E-21
'PLXND1 -159.536.034.782.648 2,18E+05 | 'SLC25A13' -115.969.825.959.506 1,40E-19
'KDM1A' -184.240.048.477.803 3,91E-35 ‘cDC27" -183.574.548.482.202 5,02E-93
'RECQL' -17.157.064.747.944 1,12E+06 | 'UPF1' -128.881.914.775.071 1,88E-70
'VPS50' -215.111.773.285.213 2,48E-02 'SKAP2' -208.998.136.683.767 5,60E-14
'PDK4' -140.995.929.392.912 9,10E+05 | 'DHX33' -189.498.919.638.293 1,94E-82
'ST7" -168.740.976.969.197 2,61E+08 | 'LIG3' -110.709.164.799.927 4,00E-02
‘cbea27 -148.908.741.965.462 4,28E+07 | 'RPAP3' -119.903.340.590.494 8,60E-14
‘DvL2' -205.936.662.629.461 2,31E-05 'MSL3' -119.528.603.370.236 4,22E+01
'UPF1' -215.832.957.621.131 1,67E-53 'CREBBP' -194.577.960.900.211 7,33E-76
'RPAP3’ -147.698.532.028.198 1,72E+08 | 'CROT' -1.361.456.459.074 1,40E+09
'CIAPINT' -187.251.026.487.808 6,86E-05 'KMT2E' -12.619.976.145.273 9,20E-15
'SPPL2B' -186.903.932.211.684 2,52E+08 | 'IBTK' -269.580.826.940.945 6,42E-106
'FAM214B' -167.053.823.242.723 7,49E+08 | 'MYCBP2' -196.859.129.528.069 8,67E-104
'CREBBP' -210.912.172.238.011 7,95E-12 'FBXL3' -169.167.739.987.638 2,25E-30
'WDR54' -213.312.508.323.936 9,57E+06 | 'PDK2' -104.292.632.490.802 1,72E+08
'‘RHBDD2' -272.949.161.258.837 1,53E-80 'ITGA3' -120.796.671.163.986 9,06E-49
'IBTK' -185.904.604.730.869 6,99E-13 'ZFX' -172.379.020.541.847 1,38E-17
'FBXL3' -165.607.698.320.982 6,91E+05 | 'LAMP2' -167.955.118.398.433 4,01E-90
'PDK2' -227.871.602.806.606 1,38E+06 | 'GDE1' -1.128.942.316.733 1,70E-17
'ITGA3' -302.809.760.617.496 0.0 'AP2B1' -166.231.772.562.226 4,81E-250
‘LAMP2' -242.578.308.031.972 2,68E-92 'MAP3K9' -198.013.957.763.916 1,29E-15
'GDE1’ -176.775.171.958.586 3,81E-04 'KDM7A' -204.182.017.569.463 3,36E+09
'CRLF1' -302.680.005.934.372 1,03E+05 | 'ETVY -177.051.815.387.723 8,70E-02
'TMEM132A' -228.824.496.863.107 3,59E-10 'PHTF2' -218.786.001.537.702 1,43E-80
'AP2B1' -169.538.350.040.116 4,29E-27 'FARP2' -165.025.396.097.288 3,15E+00
‘MAP3K9' -199.439.729.377.062 3,51E+07 | 'VPS4l' -155.423.598.508.889 2,28E-04
‘RALA' -195.234.702.440.858 1,22E-02 'ADIPOR2' -121.372.355.516.506 2,98E-39
'‘BAIAP2L1" -179.468.109.202.249 8,12E+01 | 'KIAA0100' -177.294.573.783.163 1,65E-244
'KDM7A' -295.340.730.569.623 2,11E-15 JARID2' -102.987.052.958.214 2,60E+08
'AGK' -178.337.605.912.316 3,64E+08 | 'CDKLS5' -254.344.323.128.289 6,05E-35
'ALDH3B1' -174.487.079.225.155 3,06E+08 | 'CYTH3' -102.169.507.109.932 3,54E+04
'IFRD1' -173.328.348.229.849 6,91E-10 'ADAM22' -168.706.068.833.989 1,29E+07
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'VPS41' -194.144.781.764.489 3,19E+06 | 'SYPLY' -116.937.966.216.502 2,62E-27
'ADIPOR2' -147.084.426.516.592 1,07E+05 | 'CYB561' -117.571.468.199.252 2,27E-06
'PAFAH1B1' -13.817.750.451.471 8,28E+09 | 'SPAGY' -166.047.153.203.857 5,44E-74
'KIAA0100' -135.196.692.126.875 2,64E+09 | 'CELSR3' -118.029.668.551.475 2,58E-02
'ST7L' -201.792.190.799.726 4,93E+07 | 'ST3GALL' -115.259.912.528.203 1,80E+01
'RHBDF1' -234.395.440.121.736 4,16E+02 | 'RHOBTB2' -11.030.934.929.641 2,63E+07
'PIGQ’ -173.283.770.854.353 8,88E+07 | 'HEATRS5B' -132.970.544.547.908 4,92E-02
'CRAMP1’ -156.391.083.812.466 4,67E+07 | 'CSDEY' -155.163.293.678.281 0.0
'TEAD3' -30.483.630.215.614 6,36E-07 'UBE3C' -176.029.809.799.683 1,03E-26
'PSMB1' -141.396.206.498.313 3,14E+08 | 'REV3L' -157.562.463.614.182 2,63E-17
‘JARID2' -170.537.925.110.837 7,07E+09 | TENMY1' -230.256.277.002.043 1,50E-03
'NADK' -201.216.263.870.858 2,03E-20 'POMT2' -102.466.205.423.427 1,63E+01
'CYTH3' -166.883.505.797.618 4,90E+06 | 'VTAL' -112.023.787.734.196 9,90E-03
'CYB561' -197.158.431.783.591 3,29E-20 'BAZ1B' -179.007.693.062.577 1,74E-178
'SPAGY’ -186.954.859.800.004 2,63E-22 'RANBPY' -111.897.749.016.216 4,69E-13
'CELSR3' -219.328.594.344.826 7,22E-08 'SPRTN' -119.780.678.305.817 4,30E+01
'CRY1' -153.726.575.868.986 3,36E+07 | 'ZNF207' -107.195.860.732.811 2,18E-55
'ST3GAL1' -197.158.431.783.591 8,29E-04 '‘STARD3NL' -113.302.541.863.078 1,05E+05
'PKD1' -186.649.840.680.756 2,72E-02 ‘NCAPD2' -110.469.102.876.257 1,45E-52
'MED24' -18.134.758.266.184 2,41E+03 | 'HFE' -119.976.951.237.578 4,55E+09
'HEATR5B' -25.964.764.887.382 1,20E-10 '‘ELOA’ -129.014.859.964.674 2,83E-27
'TENM1' -196.556.650.293.613 3,33E+07 | 'CLCNG6' -109.924.419.056.358 1,82E+04
'MLXIPL' -367.948.009.950.545 9,41E-02 '‘BTBD7' -187.062.266.151.985 3,34E-31
'BAZ1B' -170.489.067.657.564 2,74E-10 'ANOST' -145.519.462.575.083 6,50E+03
'RANBPY' -191.508.937.360.595 1,75E-10 ‘MBTD1' -137.945.179.600.834 7,62E+05
'METTL13' -15.727.361.983.879 3,34E+08 | 'RNF216' -123.168.816.896.645 2,13E-06
'UQCRCY' -167.115.249.117.285 2,21E-10 'PTBP1 -125.464.636.895.999 4,53E-182
'CDY’ -166.757.540.487.031 1,25E-20 'LARS2' -134.134.871.706.708 4,93E-14
'NCAPD2' -201.506.851.144.265 3,87E-44 'PIK3C2A' -286.641.684.562.141 4,88E-212
'GIPR' -34.262.647.547.021 9,48E+07 | 'ANLN' -151.014.998.579.557 1,76E-77
'IDS' -181.931.862.907.624 2,06E+07 | 'RABGAPL' -170.489.569.318.835 1,26E-37
'HFE' -198.812.589.971.171 8,77E+09 | 'MAP4K3' -15.875.596.122.072 7,86E-07
'FYN' -143.507.185.905.268 3,52E+08 | 'GABRA3' -137.747.408.632.236 4,42E+05
'HIVEP2' -316.992.500.144.231 1,62E+04 | 'BRCAL' -18.476.096.578.502 2,06E-60
'LYPLA2' -154.256.880.284.013 5,87E+07 | 'MBTPS2' -197.612.289.798.206 6,66E-31
'CLCN6' -177.192.543.252.001 2,33E+08 | 'EXTL3' -14.340.623.249.606 1,36E-10
'MRC2' -298.019.151.891.982 1,16E-09 'ELOVL5' -154.934.858.468.705 5,06E-106
'TSPANY' -220.696.238.076.684 5,44E+08 | 'CALCOCOI' -101.068.667.879.725 1,58E+07
'APBA3’ -18.073.549.220.576 3,19E+07 | 'UBRT' -150.182.126.542.091 3,67E-21
'ANOS1' -18.073.549.220.576 1,63E+08 | 'MAP4K5' -153.944.083.535.698 2,61E-29
'RNF216' -169.025.555.965.621 7,02E+06 | 'MAN2B2' -131.640.404.841.573 7,82E+05
'PTBP1' -151.856.127.499.865 4,72E-10 'PGM3' -112.744.401.728.119 7,67E-02
'LARS2' -199.814.920.431.206 1,68E+00 | 'POLR3B' -118.772.782.396.207 2,02E+00
'PLAUR' -150.972.673.509.158 4,11E+08 | 'ANGEL1’ -124.947.630.053.907 3,97E+06
'ANLN' -14.451.280.806.078 7,51E+06 | 'RNF14' -151.417.458.323.173 1,58E-03
'RABGAP1" -236.564.947.231.668 9,11E-26 '‘GPRC5A' -15.893.138.689.449 3,92E-223
'QPCTL' -214.330.247.803.255 1,37E-02 'MAMLD1' -137.851.162.325.373 2,62E+07
'LDAFI' -210.128.333.583.718 1,43E+09 | 'UFL1' -203.527.547.474.753 9,88E-11
'GABRA3' -215.919.859.484.925 3,58E+06 | 'POLA2' -121.734.536.035.715 1,48E-03
'BRCAL' -179.977.639.802.465 2,46E+01 | 'SLC30A9' -17.405.678.308.464 5,88E-20
'ERCC1’ -171.104.224.910.073 154E+08 | 'MTMR1l' -151.019.473.231.918 5,40E+08
'EXTL3’ -201.878.885.213.926 4,36E-05 '‘COX15' -111.876.467.601.811 2,55E-06
'ALOX5' -424.792.751.344.359 8,63E+04 | 'CCDC88C' -121.506.908.053.059 1,66E-01
'CALCOCO1' -384.639.302.085.236 3,37E-135 | ZMYND1I' -170.198.023.621.687 6,68E-24
'UBRT" -159.909.678.492.479 1,16E+08 | 'MATR3' -170.926.139.602.957 1,57E-225
'MAN2B2' -292.391.760.716.917 9,02E-15 'RGPD5’ -265.698.073.158.835 1,28E-119
'MVP' -228.033.122.931.483 8,58E-11 '‘ATP2CT' -153.690.635.937.665 2,37E-109
'NUB1' -179.784.783.631.323 4,04E+01 | 'RALBP1' -132.044.001.322.795 1,20E-30
'PGM3' -27.176.764.230.664 3,50E-94 'WWTR1' -137.058.062.212.442 6,75E-15
'RWDD2A' -340.087.943.628.218 7,30E-11 'AGPS' -192.851.730.711.433 1,37E-128
'POLR3B' -179.316.901.581.429 5,29E+08 | 'PHLDBI' -107.979.593.315.167 5,49E-05
'HEBP1' -196.235.271.308.213 1,39E+04 | 'ZRANBI' -164.007.596.478.344 1,42E-12
'GPRC5A’ -20.624.819.266.649 8,89E-222 | 'ZFP64' -135.251.641.472.079 7,98E-01
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'MAMLD1' -195.935.801.550.265 4,42E+08 | 'SAMDA4A' -138.998.936.831.055 5,92E-16
'UFLY -193.173.072.398.297 2,51E+07 | 'MRELl' -10.111.405.576.052 1,48E+03
'POLA2' -220.187.536.876.904 4,51E+03 | 'SPAST' -176.867.445.389.354 2,50E-25
'CAPN1' -206.205.379.124.125 4,21E-27 'AQR’ -181.199.630.420.847 2,91E-31
'MDHT' -180.647.514.052.355 3,37E-10 'CPS1' -160.830.759.005.438 7,55E-196
'SLC30A9 -167.659.297.618.672 2,31E+08 | 'GRAMD1B' -110.497.343.443.396 2,82E-81
'MTMR11' -254.689.445.988.764 1,27E+07 | 'NDUFS1' -124.883.767.374.182 2,40E-25
'COX15' -171.626.653.557.522 1,63E+07 | 'RB1CC1' -248.031.034.831.321 6,40E-148
'RGPD5’ -221.827.153.375.929 3,33E-31 '‘BIRC3' -208.557.573.170.607 5,74E+01
'NUDCD3' -194.498.589.799.552 4,00E+05 | 'AKAP11' -256.798.942.211.744 5,10E-47
'GLT8D1" -162.519.963.182.988 7,06E+08 | 'ABCC2' -107.800.251.200.127 1,30E+08
'ATP2C1' -135.726.496.396.118 1,84E+08 | 'GCLM' -133.263.908.798.953 1,54E-81
'CASPT' -150.888.301.591.942 1,22E+08 | 'UBR2' -161.159.762.722.462 3,32E-23
'PHLDB1" -179.708.658.660.378 8,49E+03 | 'EHD2' -109.320.197.682.187 1,28E+02
'NCDN' -2.004.418.671.267 1,26E+05 | 'DEPDCY' -166.255.228.348.463 6,43E-33
'ZFP64’ -179.660.854.059.361 2,43E+08 | 'PHF20' -217.513.463.582.973 2,31E-52
'SAMD4A' -27.132.865.976.967 1,81E-46 'SEC63' -12.468.435.639.326 1,26E-29
'MRE11' -192.974.780.390.291 6,48E+00 | 'KPNAG' -168.207.054.916.544 8,29E-66
'SERPINB1’ -153.985.447.040.007 2,70E+09 | 'CD44' -105.527.197.516.323 9,83E-87
'AQR’ -194.277.513.130.705 6,88E+03 | 'IFNGR1' -114.027.172.742.794 2,17E+04
'CPST -133.859.932.686.655 4,98E+07 | 'VEZT' -137.400.195.410.501 3,25E-14
'FHLY' -150.578.591.480.482 1,37E+08 | 'ARNTL2' -152.654.581.449.583 1,07E-06
'RNF10' -159.470.389.519.936 2,95E-09 '‘BCLAFI' -209.768.661.355.393 7,49E-275
'GRAMD1B' -249.200.467.177.013 0.0 'SLC39A9' -129.818.907.014.132 4,11E-21
'NDUFS1' -167.591.155.966.126 6,97E+01 | 'ANK1' -172.246.602.447.109 4,35E+06
'RB1CC1" -135.814.616.313.642 3,33E+08 | 'NUP160' -187.054.445.659.148 2,05E-240
'ERP44’ -275.084.611.053.281 2,32E-84 'FAM13B' -180.968.623.693.209 6,55E-31
'ALAST' -152.728.504.209.973 3,76E+05 | 'ARHGAP31' -292.161.210.131.528 4,10E-13
'GCLM -17.288.410.221.367 5,77E-26 '‘CENPQ’ -105.994.254.045.628 4,00E+09
'UBR2' -214.764.355.406.631 1,18E-08 'IFT88' -138.214.561.772.147 4,32E+09
'EHD2' -246.960.526.292.962 2,44E-17 '‘CHPF2' -117.600.855.645.584 6,72E-18
‘DEPDC1' -160.482.632.002.044 8,75E+05 | 'FUTS' -141.052.201.815.635 1,28E+07
'SEC63' -202.466.205.423.427 6,63E-47 'UBAG' -224.547.603.444.949 2,93E-58
'KPNAG' -156.446.204.862.212 2,41E+06 | 'GAB2' -256.071.495.447.448 1,94E+03
'VIM' -140.854.176.103.031 1,39E-14 '‘ATP6VOAL' -140.696.419.874.316 1,87E-26
'AGPAT4' -404.439.411.935.845 1,44E+04 | 'PIAS1 -150.250.034.052.918 2,27E-09
'MIPEP -191.647.664.443.772 4,67E+09 | 'SLCAAT' -257.675.368.744.562 3,71E-112
'IFNGR1' -218.762.700.317.577 8,33E+00 | 'ASTEL' -116.689.730.874.474 7,55E+09
'SH2D2A" -177.861.921.536.505 1,14E+04 | 'RNF19A' -173.696.559.416.621 3,56E-25
'SNX1' -169.455.744.693.828 2,17E+04 | 'VCL' -19.987.528.928.419 0.0
'NUP160' -217.531.221.845.976 3,57E-46 'NSMAF' -144.002.358.584.594 9,58E-19
'BAK1' -197.182.932.730.884 8,52E+02 | 'ADSS2' -11.430.869.559.471 6,57E-16
'GRN’ -261.065.042.554.991 9,75E-245 | 'TIMP2' -130.036.979.446.022 1,05E-78
'FAM13B' -243.604.869.119.935 3,77E-40 ‘RFCT' -183.450.996.989.803 2,57E-57
'ARHGAP31' -31.012.122.513.583 6,25E-09 ‘TBC1D23' -121.009.665.053.767 1,68E+01
'SARS1' -309.690.336.074.291 8,74E-206 | 'CUL3 -134.973.006.012.594 3,69E-25
'RANBP3' -187.547.764.297.706 1,10E+02 | 'Z2ZZ3' -17.589.919.004.962 1,08E-47
'PNPLAG’ -208.008.911.356.806 1,33E-32 'FBX042' -135.049.724.708.413 4,54E+02
'IFT88' -194.341.647.163.363 7,88E+08 | 'MFAP3' -214.607.825.948.794 3,13E-38
'CHPF2' -312.983.251.039.701 4,88E-138 | 'PI4K2B' -156.374.601.481.146 5,54E+00
'UBAG' -179.639.850.768.536 3,99E+04 | 'BODILI' -187.885.254.716.266 7,57E-32
'GAB2' -302.147.972.741.045 7,55E+02 | 'MAT2B' -108.290.654.493.009 1,45E+01
'ATP6VOAL' -34.710.293.987.928 5,05E-153 | TLLI' -268.072.148.352.659 2,51E+05
'PIASY -205.961.485.629.722 4,79E+01 | TRIO' -143.211.520.139.845 1,69E-136
'RNF19A' -2.123.483.053.435 1,03E-07 'CLEC16A’ -154.589.950.702.366 4,75E-15
'VCL' -181.241.701.511.386 1,27E-26 'MTREX' -140.058.045.622.498 1,17E-20
'NSMAF' -151.140.589.375.108 2,80E+08 | 'ZFYVE1G' -278.897.639.274.275 1,08E-94
'TIMP2' -157.130.659.937.704 4,10E-03 'RAI14' -176.314.221.672.528 3,75E-31
'RFCT' -24.749.344.533.526 2,04E-50 'PHLPP2' -188.252.715.627.901 7,31E-26
'TBC1D23' -23.402.886.320.087 9,27E-15 'STAU2' -139.860.400.048.346 6,79E-03
'NSUN2' -153.390.983.459.657 9,05E-07 'CTNS' -142.321.143.072.454 7,85E-04
'FBX042' -323.490.503.265 7,58E-59 'INPP4A’ -13.459.069.578.218 7,06E+02
'AGA’ -30.703.893.278.914 2,93E+04 | 'RAB27B' -222.844.146.600.925 7,64E-03
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'BOD1LY -178.716.574.510.719 1,26E+05 | 'MYO16' -115.412.314.531.942 1,49E+08
'EDC4' -152.820.085.086.053 1,40E+09 | 'DCUN1D1’ -178.047.525.756.099 7,70E-42
'CLEC16A’ -221.444.366.822.096 6,08E-04 ‘JADE2' -106.958.357.805.706 2,70E-02
'MTREX' -185.862.138.651.527 6,29E+03 | 'CTNNAL' -117.479.897.581.078 2,27E-73
'ZFYVE16' -212.049.529.218.656 4,05E-12 'DSG2' -251.943.073.647.906 3,47E-280
'RIPORY' -164.608.915.928.274 1,90E+07 | 'YTHDC2' -14.109.883.946.257 5,89E-02
'PHLPP2' -170.043.971.814.109 2,91E+09 | 'POLR2B' -129.105.973.936.123 1,39E-52
'STAU2' -162.800.559.465.034 3,57E+09 | 'ARAP2' -239.592.867.633.114 5,85E+06
'SLC66A1" -304.601.239.775.684 1,13E-23 ‘TPR' -109.604.668.747.103 1,54E-29
'CTNS' -251.340.923.969.612 2,19E-11 'KATNIP' -105.486.193.503.452 3,67E+08
'PHF23' -147.683.545.713.584 4,72E+08 | XK' -160.831.298.799.854 4,88E-03
'INPP4A’ -189.101.285.110.451 2,60E+07 | 'WWC3' -153.706.781.061.684 1,66E-10
'LSGY' -180.623.438.216.369 3,44E+00 | 'GOPC' -182.021.707.299.465 1,50E-43
'TNC' -512.928.301.694.497 1,11E+08 | 'USP28' -191.628.929.361.077 7,16E-27
'AIFM2' -216.992.500.144.231 3,62E-33 'RRM2B' -220.673.044.244.086 1,81E-14
'RETSAT' -291.714.850.097.396 7,28E-110 | 'ZNF800' -140.303.769.818.843 1,13E+04
'CTNNAT' -262.142.164.555.262 5,22E-245 | 'SNX29' -147.720.632.036.527 2,00E+06
'HSPAS' -370.289.829.924.205 0.0 ‘RSF1' -172.998.399.375.511 9,51E-08
'DSG2' -171.260.858.782.123 2,39E-15 'VPS13D -178.531.090.188.516 2,11E-15
'OFD1' -248.595.249.488.999 2,52E-05 'FAM120A' -182.035.480.862.299 9,50E-171
'YTHDC2' -199.421.764.740.599 6,36E+07 | 'R3HDM1' -14.980.932.390.064 1,69E-23
'CTPS2' -184.034.333.401.151 3,29E+09 | 'KITLG' -139.927.018.342.053 3,72E-04
'ATP6V1H' -210.017.389.299.989 7,94E-06 'VAMP3' -140.446.825.756.866 7,94E-17
'POLR2B' -212.245.098.346.254 1,06E-31 'LTBP1' -149.996.484.771.332 7,08E+01
'FAM214A -198.388.033.463.672 2,55E+07 | 'ARID1B' -131.052.333.161.511 5,25E-01
'TPR' -180.830.656.789.745 3,13E-18 ‘NEDDAL' -10.778.406.024.516 2,05E+01
'KATNIP' -210.780.328.953.452 2,27E+06 | JKAMP' -139.845.842.644.827 9,77E-25
'WWC3' -157.271.395.499.964 9,82E+09 | 'ARHGEF5' -148.097.545.936.123 4,75E+04
'MAP4' -183.892.430.673.556 2,38E-38 'LIMAT' -153.677.457.854.492 8,62E-145
'GOPC' -151.171.351.869.052 6,61E+08 | 'POLQ' -168.624.583.655.834 7,61E-15
'Usp28’ -171.670.675.518.241 1,73E+07 | 'PIK3CB' -188.843.177.095.419 4,88E-26
‘TSPAN17* -182.640.067.774.815 2,77E+08 | 'MPHOSPHY' -141.350.190.036.762 6,52E-02
'ZNF800* -186.486.392.237.673 597E+07 | 'SIKEL' -112.483.711.191.377 3,61E+07
'SNX29' -194.698.161.770.051 2,19E+08 | 'FNIP2' -229.176.612.437.711 5,37E-07
'MRPS10 -169.077.934.520.823 3,37E+03 | 'MSMO1' -139.004.171.492.182 3,27E-54
'RSF1' -178.877.919.280.246 1,61E+09 | TTC17" -156.651.485.132.652 1,67E-30
'VPS13D* -165.525.094.437.484 1,50E+09 | 'FOXN3' -222.019.820.792.354 1,27E-17
'TNFRSF9' -370.043.971.814.109 6,30E+06 | 'AP5M1’ -157.913.342.191.896 4,52E-13
'LTBP1 -223.769.155.771.933 1,23E+06 | THRAP3' -10.298.842.799.459 6,75E-19
'RCN1' -142.638.947.439.449 1,10E-02 'ARID4B' -10.944.959.001.521 4,13E+00
'ARID1B' -175.811.140.303.775 1,67E+09 | 'OPN3' -108.743.236.896.653 1,12E+06
'NEDDAL' -167.786.971.955.546 7,62E+04 | 'HHAT' -156.768.450.928.932 7,01E+07
'HEXB' -254.365.089.679.156 9,30E-76 'KIF1B' -221.331.759.695.569 2,48E-69
'ARHGEF5' -269.912.304.359.034 2,37E-01 'SYNE2' -190.054.145.735.562 4,74E-50
'LIMAT -135.585.495.622.773 1,48E+09 | '‘ATPOA’ -227.529.038.401.466 6,75E-179
'LETMDT' -176.237.517.450.321 1,95E+06 | 'FAM168A' -176.366.838.770.568 9,89E-15
'BCART' -243.102.095.210.924 4,82E-41 ‘TAB2' -179.419.046.285.916 1,12E-40
'FHIP1B' -277.204.805.332.165 1,18E-04 '‘GINM1' -100.393.641.455.917 1,15E+08
'HERPUDT' -310.888.321.850.333 0.0 'EIF2AK2' -151.946.920.142.313 1,69E-19
'PLEKHAS' -187.642.531.488.147 4,92E+07 | 'USP36' -106.330.476.083.588 7,24E-08
‘TTC17 -211.834.939.643.127 1,28E-20 'KMT2C' -20.914.983.544.855 9,67E-77
'FOXN3' -166.001.320.598.242 3,25E+09 | 'PUM2' -216.190.516.545.715 2,55E-122
'LAMA3' -184.513.157.286.056 1,04E+08 | 'ZFR' -18.955.561.523.223 8,27E-247
'THRAP3' -177.941.076.975.294 1,19E-05 'ZNF280C' -108.817.581.138.637 2,66E+08
'ARID4B' -16.866.847.652.578 8,19E+06 | 'RC3H2' -210.325.396.179.702 2,44E-69
'OPN3' -174.927.691.647.569 5,66E+08 | 'DCBLD2' -175.633.091.903.314 8,47E-15
'HHAT' -281.942.775.435.818 1,90E+07 | 'SOATI' -15.819.747.801.796 9,44E-123
'TBC1D22A' -190.000.421.002.328 3,89E+06 | 'PKP2' -148.226.585.678.913 2,32E-15
'PLEKHHT' -292.283.213.947.754 4,90E+04 | 'CASPT' -17.476.198.023.361 3,47E-24
'FAM168A -158.004.701.030.704 9,64E+08 | 'ATP11B' -190.142.190.646.632 1,23E-87
'TAB2' -158.984.885.608.118 8,34E+06 | 'CDK14' -164.490.504.117.744 1,09E+07
'GINM1' -215.055.967.657.538 2,19E+04 | 'SEC61Al' -125.878.710.856.576 7,09E-141
'USP36’ -177.746.613.103.945 8,92E-01 'PPP1R12A' -181.035.325.020.482 2,74E-55
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'ZFR' -142.238.827.666.657 1,46E+05 | 'ATP2B4' -247.302.922.203.802 3,48E-76
'TRAF3IP2' -186.223.882.913.073 4,97E+07 | 'ZC3HI11A' -207.911.450.770.467 1,17E-151
'DCBLD2' -176.250.068.627.334 1,83E+04 | 'NDC1' -184.332.198.697.341 3,33E-160
'CDK14' -211.547.721.741.994 1,21E+09 | 'PARP12' -133.219.643.034.119 7,49E+03
'SEC61AT' -305.062.607.306.997 0.0 'ALDH18A1' -10.094.223.070.571 4,96E-05
'PPP1R12A’ -148.434.168.605.786 7,62E+09 | TARBP1' -146.909.040.303.575 1,05E-01
'ATP2B4' -155.668.551.034.006 6,51E+08 | 'CDK17' -187.446.911.791.614 4,07E-27
'ZC3H11A -16.449.436.198.653 5,00E-07 'WNK1' -24.059.075.576.161 0.0
'YIPF1' -212.853.337.024.538 8,38E+03 | 'CCARY' -135.244.118.575.976 7,85E-65
'FLYWCH1' -205.803.212.137.142 4,21E-07 '‘QSER1' -282.503.448.249.157 9,33E-230
'UNKL' -184.829.594.169.767 4,77E+04 | 'BCATL -21.548.370.680.581 4,25E-231
'PARP12' -233.022.741.810.585 2,03E+01 | 'NCKAPT' -235.161.052.365.831 9,01E-237
'ALDH18A1' -177.149.876.908.091 2,87E+04 | 'MON2' -208.006.438.892.918 2,67E-35
'CDK17' -214.522.456.081.399 9,86E-14 'ELMO2' -128.361.528.325.625 7,86E-02
'SLC2A3' -30.826.346.861.265 6,23E-139 | 'WAPL' -148.091.263.049.903 2,44E-29
'CTDPY' -206.910.464.834 3,03E+05 | 'VMPT' -106.842.781.155.811 2,62E-24
'WNK1' -182.271.640.701.025 2,70E-57 'MTMR1' -145.823.518.867.995 2,57E-13
'CCARY' -188.111.897.672.966 7,10E-14 '‘RNF4' -104.226.876.389.042 3,89E-03
'PIGV' -197.727.992.349.992 7,43E+09 | 'LIMCHI' -160.139.284.521.857 1,34E-111
'PTPRU' -293.411.206.434.354 2,66E+08 | 'INTS13' -10.262.156.524.238 1,06E-04
'MPC1' -210.362.263.107.416 6,43E+09 | TM7SF3' -122.056.443.682.076 2,27E-39
'HDACT" -165.849.153.614.312 1,99E+01 | 'CDON' -242.146.376.843.828 1,57E-35
'NCKAP1' -137.915.296.358.031 1,16E+08 | 'TAF2' -206.012.099.243.757 1,14E-58
'MON2' -275.736.241.155.272 9,23E-32 'HIPK2' -223.266.075.679.027 1,22E-44
'ZNF112' -24.594.316.186.373 7,45E+09 | TNPO3' -137.827.772.327.901 4,31E-49
'ELMO2' -229.197.487.278.573 1,00E-03 'SLC12A2' -131.815.634.099.815 1,70E-08
'WAPL' -152.944.723.974.228 5,33E+08 | 'SNX24' -116.992.500.144.231 1,08E+09
'VMP1' -246.174.548.447.554 6,07E-98 'DDX20' -1.141.193.282.899 9,55E+01
'APPBP2' -207.827.562.038.654 5,75E+02 | 'BTBDI' -165.459.024.917.711 7,01E-83
'AHRR' -216.206.226.086.506 6,22E-27 'PMST' -120.858.662.181.142 1,00E+08
'MTMR1' -212.054.153.167.122 2,59E-02 'ANKS1A' -154.160.146.056.251 9,40E-21
‘GPC1' -169.307.406.845.188 9,48E+06 | 'AP3D1' -113.051.213.879.215 1,01E-36
'ADCK1' -270.454.411.647.383 2,80E+06 | 'UHRF1BP1' -253.731.712.848.605 2,14E-104
'HAGH' -224.902.754.783.992 4,64E+07 | 'GNAIZ' -140.261.824.002.478 4,78E-61
'RNF4' -150.631.749.990.458 9,49E+08 | 'IPO5* -139.210.667.191.418 1,39E-163
'MEGF9' -190.525.951.002.959 8,39E+07 | 'WDR3' -137.303.156.752.894 8,35E-37
'CCN5’ -152.781.859.361.755 1,89E+08 | 'PKN2' -225.938.662.881.865 1,98E-123
'CDON' -193.128.724.991.599 7,51E+06 | TRAM2' -186.148.013.591.857 1,98E-64
'TAF2' -188.946.144.958.061 4,20E-02 '‘GLP2R’ -14.596.125.094.959 7,39E-102
‘TNPO3' -162.267.042.928.343 1,07E+00 | 'MCM10' -138.428.716.745.489 9,04E-08
'CTSA' -227.813.807.054.141 5,29E-82 'ANKRDA44' -230.319.153.230.578 8,25E-09
'SUGP2' -161.947.203.114.777 3,79E+04 | 'ADATI -169.458.699.189.565 2,68E-07
'CNN2' -146.822.677.922.911 3,10E+08 | 'SPEN' -187.386.736.815.105 1,70E-106
'DDX20' -167.225.990.477.839 1,10E+08 | 'MYLK' -218.762.700.317.577 9,56E+08
'SBNO2' -181.605.842.017.639 4,10E-07 'MAP2K4' -180.636.846.387.155 1,89E-21
'ANKS1A -188.665.852.692.406 1,82E+03 | 'SLK' -231.961.793.420.016 6,06E-81
'AP3D1’ -247.816.417.099.791 2,98E-102 | 'CYB5R4' -125.141.803.432.583 3,59E+02
'UHRF1BP1' -224.227.964.999.673 5,96E-40 'SEC61A2' -112.553.088.208.386 3,95E+08
'GNAI3' -193.859.945.533.586 3,59E-22 'FAM107B' -17.138.847.578.136 1,20E-102
'IPO5! -151.409.183.771.128 4,07E-01 'MEL' -112.126.536.978.134 7,33E-48
'PKN2' -139.299.554.031.928 7,68E+08 | TBC1D1' -10.402.171.000.764 1,54E+07
'TRAM2' -186.362.063.340.454 1,99E-04 'CDK13' -112.993.030.404.513 3,66E+01
'GLP2R' -236.664.294.994.636 1,31E-113 | 'MTHFD2' -102.173.008.329.529 5,39E-26
'DGKA’ -20.933.037.198.394 5,28E-04 'FOXJ2' -140.281.590.485.802 1,85E+04
'PDIAS' -167.591.043.806.961 1,14E+09 | 'PPP2R5A’ -130.685.277.442.526 3,86E-11
'SPEN' -163.105.891.531.061 4,56E+03 | 'DIP2B' -290.484.276.695.966 2,56E-249
'MYLK' -561.470.984.411.521 2,88E-09 'SMARCD1' -108.522.127.750.755 8,75E-24
'PACCI' -201.543.004.056.961 3,12E+07 | 'KDM4A' -117.827.234.415.583 3,11E-06
'SLK’ -14.537.179.674.429 9,06E+09 | 'ASPM' -239.733.549.754.538 4,91E-176
'COL17AY -332.192.809.488.736 4,79E+08 | 'ZBTB1l' -10.873.024.081.069 1,79E-01
'SEC61A2' -212.101.540.096.137 1,82E+08 | 'LRRCA40' -126.161.373.113.417 3,21E+01
'ME1' -207.045.608.996.554 8,77E-67 'EMLT' -209.310.940.439.148 5,16E+09
'CDK13' -185.027.578.896.182 3,32E+05 | THUMPD1' -197.303.295.239.973 1,07E-28
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'MTHFD2' -210.001.589.159.342 8,38E-120 | 'KIF26A' -104.529.183.200.026 1,51E-09
'SLCOAT" -255.179.563.678.596 1,46E+09 | 'ATG2B' -255.896.729.218.821 1,01E-28
'FOXJ2' -213.442.632.022.093 1,42E+02 | 'ARFGEF1' -248.403.359.187.038 9,05E-57
'SMARCD1' -14.656.278.846.012 5,69E+08 | 'ZFAT' -159.764.561.573.299 1,49E-01
'KDM4A' -244.930.740.136.359 1,53E-35 'FECH' -134.645.041.402.143 4,38E-06
'NFYC' -175.456.750.769.817 5,74E+05 | 'MYO9A' -237.036.844.994.512 3,90E-18
'ASPM’ -164.216.007.252.769 8,75E-02 'KLF6' -17.425.623.726.365 2,37E-26
'ELOVLY -153.702.802.365.745 4,37E+06 | 'NEO1' -192.876.509.523.128 1,64E-222
'ZBTB11' -149.287.493.375.366 6,06E+08 | TRAMI' -142.502.158.785.147 2,65E-76
'GOLGAS’ -22.246.908.048.732 6,78E-12 'PHKAL' -138.246.963.682.241 1,25E-03
'KIF26A" -241.874.146.804.226 2,28E-51 '‘EVI5' -184.460.631.735.418 3,96E-10
'ATG2B' -193.263.505.328.641 2,62E+06 | 'DHX29' -120.017.438.199.522 1,24E+05
'ARFGEF1' -155.529.163.404.481 3,15E+08 | 'TP53BP1' -152.581.189.865.099 2,11E-23
'PFKP' -210.366.355.917.359 1,30E-104 | 'DHX8' -137.102.264.441.553 1,79E-20
'SP100* -187.840.821.945.104 5,02E+07 | 'TARS2' -15.400.411.897.271 2,66E-110
'KLF6' -234.125.019.228.898 1,37E-37 'NAV3' -240.209.844.357.135 6,74E+07
'PLPPT' -225.238.716.163.429 5,50E+07 | 'ROCK1' -250.967.437.341.692 4,00E-102
‘NEO1' -194.879.966.833.054 7,69E-64 'CBFB' -114.105.758.688.333 1,94E-12
'TRAM1' -207.269.027.740.767 1,01E-126 | 'PDK3' -181.312.186.527.649 6,54E-05
'PHKA1' -208.028.778.895.764 3,64E+02 | 'HDAC4' -144.523.773.705.454 3,79E+03
'TNFRSF1A -20.716.717.753.838 9,34E-33 'MEF2A' -164.981.364.507.112 8,25E-26
'PKM’ -198.381.888.259.449 0.0 'ACSL4' -211.995.006.357.594 3,41E-139
'TP53BP1' -251.601.514.700.367 1,20E-16 'PRR11 -129.415.469.287.121 7,21E-13
'DHX8' -240.743.698.099.904 1,51E-23 '‘ATP11A -216.815.683.781.624 5,47E-176
'IARS2' -19.281.468.191.624 6,67E-15 'POLRI1A’ -198.999.554.804.065 2,20E-126
'SYT1' -353.605.290.024.021 5,10E+09 | 'LAPTMA4A' -116.944.831.383.154 1,72E-59
'ROCKY' -158.934.759.540.688 1,89E+07 | 'SRBD1' -135.533.125.315.458 6,13E+06
'RASSF1' -274.824.830.480.043 2,50E-20 'KIF2A' -164.834.143.445.676 1,66E-27
'IFI3S -290.760.286.175.031 2,87E-37 'PSME4' -207.918.383.861.048 1,24E-121
'HEATR6' -221.150.410.519.371 2,40E+01 | 'IFT80' -155.005.533.886.726 2,51E+02
'COASY' -176.579.691.949.407 3,81E-15 '‘ERLECT -132.086.298.222.113 1,42E-15
'PLEKHH3' -167.527.327.175.996 8,39E+08 | 'MAST4' -224.480.366.875.671 1,12E-11
'OTUDS" -167.303.225.588.432 4,46E+05 | 'NUP133' -144.528.378.614.696 4,40E-27
'TFE3' -244.414.043.715.884 2,13E-66 ‘NUCKS1' -138.012.199.879.796 6,13E-170
‘TBC1D25 -24.200.512.142.845 1,41E+04 | 'VPS35' -167.594.403.593.502 1,08E-160
'GPKOW' -171.926.359.243.275 2,80E+09 | 'CLEC2D' -172.246.602.447.109 8,21E+08
'‘GRIPAPT' -194.436.530.102.718 2,18E+05 | TGFBR3' -13.976.670.481.398 1,72E-06
'ATP11A' -165.167.184.319.107 3,90E-06 'ATP1B3' -105.274.545.474.648 2,91E-75
'LAPTM4A' -176.085.502.635.245 8,64E-21 'NEDD4' -248.592.698.146.226 1,09E-35
TTC7A' -175.290.713.803.523 1,31E+08 | 'MAPK®6' -208.001.520.072.181 7,06E-86
'PSME4' -198.655.566.225.439 3,68E-20 'LRP6' -203.058.831.983.342 2,52E-63
'IFT80' -289.770.142.415.386 9,15E-18 'PHRF1' -103.823.138.020.996 6,19E+03
'SIRT2" -239.808.436.599.765 5,75E-02 'ELP1' -15.383.296.419.661 2,80E-62
'ERLEC1" -15.448.597.406.894 3,13E+07 | 'PTPN3' -140.136.256.238.177 1,71E-05
'PPP2R5B’ -241.612.345.720.809 1,29E-01 'SLC44A1' -222.381.636.786.516 6,82E-198
'MAST4' -209.609.658.958.414 4,52E+05 | TMEM260' -182.516.619.817.407 9,44E-03
'NUP133' -236.757.076.044.307 1,62E-20 'EXOC5' -243.110.090.872.533 3,62E-151
'VPS35' -203.803.936.101.917 4,79E-41 'DGCR2' -150.040.104.186.526 3,40E-24
'KCNAB2' -1.547.020.928.881 7,20E4+08 | 'MNT' -139.610.568.326.847 2,87E+02
'ATP1B3' -13.206.748.487.907 4,73E+08 | 'ST6GALNACI' -134.942.470.332.779 6,20E-06
'NEDD4' -211.284.815.967.025 1,62E+01 | 'WIPI1' -130.812.229.536.233 1,78E+08
'PIGB' -216.677.844.612.545 6,00E+08 | 'NDST1' -144.881.571.318.812 1,97E-04
'GNB5' -20.661.984.896.768 4,40E+00 | 'AP3M2' -126.589.405.997.303 4,04E+09
'RAB27A' -227.527.800.158.854 2,04E+08 | TESK2' -14.222.436.170.679 5,42E+07
'UFDY' -155.569.790.621.596 3,72E+07 | 'PTPN21' -115.704.371.014.558 1,62E+08
'LRP6' -146.985.038.390.823 3,21E+08 | 'SLC12A3' -103.167.858.630.578 1,67E+02
'ELP1' -202.302.692.902.601 1,12E-12 'RAD18' -125.066.941.171.754 1,93E+00
'NUCB2' -395.070.169.008.901 4,06E-202 | 'ATP2B1' -23.000.317.970.577 4,22E-249
'PTPN3’ -165.547.047.617.551 7,17E+09 | 'MAP4K4' -143.883.507.046.104 3,66E-58
'SMG6' -241.689.544.549.943 6,08E-03 'WDR1' -108.312.174.751.928 2,92E-50
'DGCR2' -240.256.533.517.441 9,70E-14 'SNX13' -190.996.156.082.045 2,15E-28
'MNT' -249.088.125.726.235 1,96E+01 | 'SEL1L' -21.915.068.569.438 9,30E-86
'ZXDC' -251.601.514.700.367 8,58E-01 'HLTF' -186.741.436.038.219 2,58E-60
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'ST6GALNACY' -19.029.595.440.186 1,40E+04 | 'CYBRD1' -151.140.589.375.108 2,21E+03
'WIPI1' -412.489.124.782.781 2,36E-60 'CDH19' -202.934.396.158.214 1,00E-04
'NDST1' -189.391.274.161.031 2,28E+07 | 'RDH11' -115.262.769.406.372 1,63E-32
'ASNS' -334.226.783.683.352 0.0 'ACTNYL' -102.800.888.227.094 1,20E-39
'AP3M2' -29.857.861.407.803 3,59E-08 'ZFYVE26' -163.847.255.637.715 2,13E-14
'ST6GALNAC?2' -439.540.560.456.633 3,02E+01 | 'EPN2' -119.519.176.005.274 3,68E+02
'TESK2' -234.535.834.514.026 8,51E+05 | TFRC' -222.921.909.586.153 0.0
'PTPN21' -198.994.633.533.608 1,69E+09 | 'AFF4' -263.028.649.123.065 1,03E-174
'ATP2B1' -14.903.425.603.191 4,14E+01 | 'PALSY' -175.584.135.015.913 4,59E-52
'MAP4K4' -147.266.744.579.399 1,73E+07 | 'RHOBTB1' -151.514.105.122.358 1,19E+02
'WDRY' -155.598.162.582.575 1,56E+04 | 'SMC1A' -186.208.964.397.565 2,08E-278
'VASH1' -390.689.059.560.852 5,41E+03 | 'NFATC3' -130.666.133.823.405 7,49E-15
'SELIL' -262.386.104.689.045 7,94E-180 | 'FBXWI1I' -185.051.910.132.478 2,54E-30
'ATP6AP1' -271.680.172.571.118 8,09E-149 | 'CRMPT' -105.409.774.276.362 4,21E+02
'CYBRDY' -318.982.455.888.002 1,01E-15 'NDE1' -114.727.626.249.711 7,56E+03
'RDH11" -145.756.403.743.869 2,63E+07 | PVR' -105.039.930.910.149 5,01E-13
'ACTNT' -210.339.314.922.043 8,40E-72 'SCARBI' -120.374.075.463.047 2,89E-82
'ZFYVE26' -251.913.786.476.157 3,21E-15 'PDESA' -114.082.554.413.356 9,39E-17
'EPN2' -24.665.036.673.128 9,88E-14 'CLCN4' -245.675.251.844.142 2,63E-07
'LIMS2' -237.672.056.772.774 2,07E+04 | 'KDMSA' -169.174.351.917.127 6,63E-21
'ALDH3A2' -184.035.684.435.282 8,37E-10 'FERMT?2' -161.676.096.605.337 2,04E-185
'TFRC' -132.862.649.242.074 1,68E-09 'FRY' -137.155.886.261.196 3,19E+08
'SREBF1' -144.756.728.334.422 8,93E+08 | PICALM' -162.486.115.972.278 5,67E-157
'AFF4 -150.250.034.052.918 5,25E+05 | 'NSF' -147.916.783.669.856 2,96E-31
'SMC1A' -163.349.926.361.355 1,28E-09 ‘GLI2' -147.206.844.431.522 2,58E+03
'MARK2' -182.835.975.041.736 3,71E+05 | 'CLASPY' -190.068.080.105.987 1,54E-54
'PAHA2’ -351.733.659.397.045 1,60E-139 | 'NOTCH3' -138.856.528.791.765 9,52E+08
'ACADVL' -191.054.607.486.377 1,06E-81 ‘NCBP3' -104.789.469.010.431 3,22E+04
'STK10' -159.021.822.617.265 4,69E+09 | 'CA12' -145.308.610.712.802 1,60E+02
'CRMP1' -191.110.695.040.959 2,88E+03 | 'MGLL' -117.125.231.510.448 1,22E-17
'DERL2' -223.987.984.806.529 2,91E-15 ‘NTN4' -180.456.710.468.598 1,43E-35
'NDE1' -193.636.889.381.229 1,26E+05 | 'NUAK1' -129.768.054.864.069 3,57E-11
'AP1IM1’ -158.370.305.494.856 1,79E+08 | 'DPP8' -140.012.282.526.756 5,82E-08
'PVR' -198.381.250.853.761 3,23E-31 'ZNF532' -150.361.654.564.551 5,03E-13
'SCARB1' -206.762.023.867.105 2,65E-44 'LMANT' -226.895.012.930.821 8,36E-214
'PANX2' -181.119.017.918.793 7,20E4+07 | 'HACD3' -169.587.585.431.495 1,44E-87
'TPG3' -387.446.911.791.614 3,568E+06 | 'ZZEFl' -116.213.189.651.897 2,83E-10
'ALPK1’ -433.985.000.288.463 1,20E+06 | 'EIF4AG3' -180.612.026.640.597 2,28E-69
'PDESA’ -146.584.645.820.073 7,98E+07 | 'SEMA3A’ -165.992.455.840.238 4,07E+08
'CLCN4' -258.496.250.072.116 6,73E+00 | 'SEMA3C' -21.673.118.961.438 3,32E-84
'SDHA' -218.371.104.023.807 1,63E-144 | 'GRAMD4' -134.464.817.138.745 7,79E+08
'KDM5A' -192.221.139.489.227 1,53E-02 '‘CELSRY' -197.638.744.277.805 3,46E-19
'PTGS2' -155.028.353.619.591 6,88E+08 | 'ZNF638' -151.781.964.385.041 4,31E-60
'IGF2BP2' -161.033.718.822.501 2,71E+09 | 'SLC25A40' -169.560.656.440.515 2,40E+01
'FRY’ -343.986.935.225.878 3,36E-07 '‘RASAL2' -177.858.468.336.795 1,71E-25
'PICALM' -231.714.303.232.199 5,64E-192 | 'ZNF37A’ -166.481.716.958.404 2,28E+05
'NSF' -183.650.126.771.712 1,32E+00 | 'FNDC3B' -211.061.917.267.993 4,63E-94
'CLASP1' -221.667.477.410.558 1,55E-18 'FOSL2' -142.503.096.540.909 5,20E-63
'NOTCH3' -29.369.478.294.647 1,12E-01 'FRYL' -182.695.409.950.695 3,46E-19
'TSG101' -203.107.640.386.657 1,08E-08 ‘TMEM131' -173.185.870.373.312 1,64E-27
'NCBP3' -15.162.845.550.481 2,50E+08 | 'PLDI' -176.081.233.612.057 3,11E+07
'ATP2A3' -276.755.391.399.963 3,12E+07 | 'DLG1' -17.248.638.272.372 4,13E-47
'MGLL' -176.896.268.737.519 4,27E-04 'BCAP29' -133.887.635.597.522 8,14E-06
'NTN4' -323.202.112.253.423 5,29E-127 | 'SART3' -12.445.031.229.422 2,75E-20
'DPP8' -148.849.966.121.987 8,91E+08 | 'KIFAP3' -142.675.091.984.263 2,66E+05
'LMAN1' -135.616.655.687.745 1,59E+08 | 'MCM6' -161.988.165.574.482 1,77E-148
'HACD3' -153.249.508.082.702 1,34E+06 | 'RBMT7' -120.738.541.790.254 2,45E-04
'ZZEF1' -186.333.745.268.944 7,86E-02 'RBMS2' -139.413.456.854.844 3,33E-46
'ENOT' -167.844.370.364.909 9,85E-218 | 'BAZ2A' -171.329.815.909.638 5,49E-109
'MYDGF' -172.535.017.944.742 5,59E-05 'PTPN23' -111.621.441.469.754 3,24E-05
'TUBET' -23.620.055.342.627 1,78E+05 | 'UNG' -12.847.576.118.005 1,94E-45
'EIF4G3' -246.830.976.998.375 8,10E-46 'KLHL20' -100.946.032.924.907 4,10E+08
'GTSEL' -17.507.337.494.939 6,98E+00 | 'SLC46Al1' -126.269.854.387.421 3,15E-04
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'ACAT1' -181.902.273.048.104 8,99E-04 'PLXNA2' -159.603.890.861.022 2,21E-43
'GRAMD4' -222.478.693.647.683 9,61E+08 | 'TPD52' -103.369.156.830.073 3,06E-30
'CELSR1' -221.348.136.742.905 1,45E+01 | 'PAGL' -222.881.869.049.588 7,28E-04
'ZNF638' -209.437.709.665.314 2,73E-32 'NT5C2' -138.653.717.631.044 4,33E-22
'RASAL2' -18.035.332.111.052 1,13E+06 | 'MBNL3' -295.255.283.759.754 7,36E-201
'MARK3' -147.385.245.794.188 1,57E+08 | 'DGKD’ -114.184.121.702.535 6,39E-08
'FNDC3B' -247.224.354.353.999 1,06E-74 ‘TOP2B' -216.968.099.382.382 4,57E-185
'FOSL2' -25.784.589.808.835 8,79E-135 | 'TMISF3' -171.204.796.196.188 1,89E-105
'FRYL' -158.496.250.072.116 6,04E+08 | 'PPP1R12B' -164.045.761.331.286 2,65E-03
'TMEM131' -180.531.289.051.939 7,89E+02 | 'DNAJC10' -173.633.545.873.759 4,97E-86
'MOCOS' -342.369.877.282.159 2,12E-210 | 'GTF3Cl' -152.705.605.147.406 5,14E-57
'PLDY' -205.889.368.905.357 7,56E+07 | 'USP33' -162.481.848.953.527 6,14E-42
'RAB7A’ -147.075.488.507.501 2,20E+04 | 'DYNC1I2' -143.629.004.850.744 1,05E-36
'BCAP29' -171.804.154.351.455 1,59E+00 | 'POLD3 -138.555.073.477.846 1,21E+02
'SART3' -199.635.222.298.486 6,04E-06 ‘JADE1' -104.754.558.426.779 3,43E+04
'KIFAP3' -24.749.613.169.309 2,19E+00 | 'MAP2' -220.053.298.737.271 4,66E-04
'MKRN2' -17.740.672.209.583 1,26E+04 | 'PIAS2' -113.078.660.753.535 2,06E+09
'MCM6' -183.182.016.239.833 3,57E-09 'LAMP3' -19.560.566.524.124 2,18E+07
'REXO2' -165.817.234.767.493 2,4TE+05 | 'NEBL' -20.036.022.366.802 2,93E-10
'BAZ2A' -206.413.033.741.972 9,34E-29 'ACER3' -135.090.716.185.913 2,86E+09
'PTPN23' -298.253.609.425.851 1,04E-64 'PIK3C3' -126.009.911.480.925 7,73E+03
'MLH1' -175.727.804.958.846 4,44E+05 | 'N4BP2' -305.528.243.550.119 2,90E-17
'KLHL20' -198.606.080.904.213 7,99E+08 | TULP3' -132.763.851.528.384 2,46E-07
'SLC46A1" -192.719.469.206.361 1,15E+07 | 'SYNJ2' -172.246.602.447.109 1,44E-30
'PLXNA2 -22.783.866.681.941 6,13E-24 'EDN1' -135.422.858.679.067 3,79E+00
'SPAGS' -171.658.146.821.923 2,77E-02 ‘NRDC' -102.948.365.282.624 8,46E-30
'PAGL' -233.140.914.789.825 1,21E+01 | 'PCMT' -177.451.166.537.059 2,92E-35
'NT5C2' -231.360.082.766.475 4,89E-41 ‘TNRC6C' -324.792.751.344.359 6,43E+06
'MCAM' -264.918.186.238.101 0.0 'CBFA2T2' -154.570.307.027.393 1,30E+01
'RAP1GAP' -174.846.123.300.404 1,45E+07 | 'ITCH' -164.641.164.693.541 3,19E-36
'MAP2K7" -190.851.983.919.318 9,92E+01 | 'SLC1A3' -115.146.467.394.229 2,42E-14
'DGKD’ -195.184.396.184.535 9,57E-03 'XRCC5' -101.788.615.265.049 2,11E-57
'RARB' -268.449.817.427.207 1,86E+08 | TNS1' -172.686.500.419.724 2,34E-03
‘TOP2B' -196.105.204.275.214 5,91E-18 'SAR1A' -113.738.330.417.227 2,45E-26
'TMISF3' -142.849.128.363.714 1,05E+08 | 'SENPI' -155.524.579.527.567 1,35E-19
'PPP1R12B’ -211.722.382.179.899 5,07E+03 | 'CIC' -107.910.983.825.665 5,76E-07
'DNAJC10 -13.806.325.656.259 6,29E+09 | 'OPHN1' -171.145.676.976.542 1,45E+01
'GTF3C1" -260.916.484.904.678 5,72E-49 '‘CARMIL1' -174.526.491.738.469 8,22E-33
'IL4R’ -347.999.294.111.961 5,49E-31 'EPB41L2' -170.419.096.607.652 4,51E-31
'USP33' -183.359.114.057.629 1,36E-02 'STXT' -110.653.906.128.868 4,66E+09
'DYNC1I2 -178.093.559.638.131 3,30E-02 '‘CRYBG3' -305.183.893.151.962 1,26E-26
'UBE2A' -144.274.890.082.909 1,23E+09 | RIF1' -260.891.723.287.288 1,46E-106
'FGFR1' -164.561.203.285.356 3,36E+07 | 'SMARCA2' -147.971.934.069.382 1,93E-18
'FBLN1' -270.177.616.570.391 2,79E-77 ‘MID2' -199.246.632.731.459 5,44E+02
'MAP2' -224.175.774.620.338 3,17E+09 | 'SRCAP' -18.801.392.215.979 2,20E-66
'ARAF -148.838.107.495.872 9,19E+09 | 'PSEN1' -115.571.114.222.261 8,20E-06
‘'MCCC1" -199.649.405.649.846 1,45E+07 | 'CPOX' -125.315.467.510.713 6,68E+02
'LAMP3' -385.166.107.488.813 1,31E-72 '‘RBLI' -191.032.150.100.879 2,90E-09
'ACER3' -191.753.783.980.803 4,78E+08 | 'AP4EY’ -227.360.364.754.398 6,02E-17
'PIK3C3' -223.668.080.826.885 6,60E+00 | 'MAGI3' -12.184.235.191.335 1,22E+07
'N4BP2' -196.774.580.099.537 1,15E+05 | 'COL4A4’ -202.418.946.556.707 1,14E-36
'TIGAR' -185.709.049.110.732 2,09E+07 | 'OSTM1' -156.868.696.100.833 2,11E-06
'TULP3' -266.371.661.213.557 1,59E-36 'PCNP' -103.485.587.776.762 1,19E-14
'SYNJ2' -228.784.126.431.367 4,61E-12 'EXD2' -13.979.087.007.159 3,91E-01
'MLLT10' -161.353.165.291.793 2,61E+08 | 'CDC14B' -190.948.770.709.456 1,03E-03
'NRDC' -206.516.216.622.785 2,16E-45 'PHLPP1' -110.859.256.143.704 4,17E+04
'PCM1' -166.155.819.150.818 1,13E+07 | 'ATP8B1' -189.947.312.404.604 4,35E+08
'CBFA2T2' -204.852.989.392.766 6,07E+06 | 'BZW1' -150.815.499.485.726 0.0
'ITCH’ -182.855.753.141.405 1,08E-07 ‘C5orf22' -14.423.879.874.238 3,72E-19
'TP53INP2' -291.106.627.157.971 3,94E-02 'CCNT2' -164.747.170.219.917 7,77E-20
'TOLLIP' -20.510.029.034.341 1,02E+04 | 'FAM135A' -191.913.215.430.434 8,03E-13
'SLC1A3' -159.338.813.945.575 2,12E+04 | 'COBLLYI -172.648.707.636.194 1,34E-08
'XRCCS' -155.752.720.852.254 3,34E-02 'DLG3' -105.889.368.905.357 4,48E+08
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'MKNK1' -184.163.440.433.141 3,78E+04 | 'SERTAD4' -19.884.429.685.776 2,48E-08
'SARIA’ -146.083.515.512.399 1,96E+06 | 'TRAFS' -11.974.962.894.509 1,15E+07
'CEACAMYT' -625.738.784.269.265 3,63E-15 'GEMINS' -167.674.528.888.961 1,16E-30
'CIC -156.656.932.676.327 1,61E+08 | 'NFE2L1' -115.978.044.403.677 5,62E-45
'OPHN1' -210.008.220.267.174 1,65E+02 | 'GSK3B' -110.065.954.637.782 7,01E-13
'CARMILT' -211.913.689.152.814 1,72E-03 'ITGBS' -109.233.188.077.207 1,26E-68
'PGMT' -249.889.990.182.274 5,38E-54 'ERCT' -227.282.028.116.974 3,50E-75
'DDX1' -17.988.288.906.975 4,37E-25 'XPO1' -227.439.494.774.006 0.0
'DNM2’ -197.543.277.836.073 1,20E-14 'RNF13' -105.306.124.375.141 2,10E+04
'EPB41L2' -153.380.264.430.981 7,07E+09 | 'PALB2' -117.715.657.067.339 1,93E+06
'PTPRH' -404.875.931.191.986 1,87E-14 'DOP1A' -287.578.006.306.849 1,73E-25
'SLC35C2' -205.062.607.306.997 1,41E-06 'LYRM2' -113.782.415.827.529 2,30E+00
'SMARCA2' -18.302.009.266.371 6,59E-01 'KAT6A' -183.966.468.849.197 9,55E-15
'MID2' -204.439.411.935.845 6,08E+06 | TNPO1' -215.466.833.536.488 0.0
'SRCAP' -228.976.548.035.623 1,80E-18 'DIS3' -169.054.125.707.485 3,37E-59
'PSENT' -21.987.411.532.718 9,72E-25 'PDS5B' -214.467.975.263.919 8,92E-55
'CPOX' -163.005.039.024.969 5,35E+08 | 'OXCT1' -149.148.454.477.808 7,64E-106
'HSP90AAT' -158.575.193.715.174 2,12E-180 | 'CYLD' -196.320.796.863.036 3,36E-15
'DLGAP4 -212.491.985.541.728 9,28E-09 'ZNF264' -124.654.628.304.522 4,22E+08
'IGSF9B' -386.789.646.399.266 2,53E-11 'FATL -278.376.810.173.999 1,22E-112
'NDC80' -18.666.344.475.475 2,86E+05 | 'YTHDCI' -122.239.242.133.645 1,53E-09
'COL4A4’ -295.574.676.195.027 6,70E-37 '‘CHMP2B' -108.453.351.021.167 1,39E+03
'0OSTMT! -18.268.510.976.834 2,67E+04 | 'ZMPSTE24' -159.958.552.314.497 1,80E-76
'ARG2' -298.185.265.328.974 2,4TE+01 | 'STARDT7' -138.067.188.576.002 1,96E-99
'UBAS' -186.119.850.491.565 6,07E+01 | 'REST' -226.643.298.229.566 2,33E-40
'ZNF510' -210.008.832.440.651 3,11E+06 | 'SSH1' -145.802.066.982.959 1,01E-16
'AACS' -188.619.160.294.068 7,20E+04 | 'APLP2' -119.794.390.541.148 0.0
'DELET -275.336.003.241.688 6,92E-17 'WBP11' -104.576.989.295.038 4,75E-18
'WDR70' -167.254.079.913.941 2,71E+08 | 'NCOAI' -216.677.844.612.545 2,30E-02
'ME2' -168.363.143.045.454 7,36E+07 | 'AGBLS' -101.226.672.989.389 7,90E+03
'C5orf22"' -163.262.893.435.147 5,20E+06 | 'EFR3B' -144.646.195.202.422 4,61E-02
'CCNT2' -160.665.757.182.047 1,59E+08 | 'CAD' -156.843.805.968.829 1,60E-220
'FAM135A" -196.005.061.995.229 9,80E+00 | 'ATRX' -223.725.038.006.356 4,79E-54
‘DLG3" -172.731.542.413.249 1,25E+08 | 'MYNN' -112.988.028.254.691 1,25E+07
'TRAF5' -194.442.265.210.512 9,78E+08 | 'MECOM' -170.655.428.127.011 2,06E-32
'NFE2L1' -29.724.261.344.463 0.0 'SCAMP1' -197.594.273.270.914 6,25E-42
'ITGB5' -172.126.486.781.845 1,67E-19 'HACEL' -115.380.533.607.904 8,86E+08
'RNF13' -149.636.857.745.217 8,83E+08 | 'WDFY1' -154.402.892.700.017 1,20E-20
'DOP1A -235.509.495.882.256 3,12E+06 | 'SLC25A24' -192.084.232.623.411 1,63E-46
'‘BCKDHB' -213.191.167.550.558 3,40E+09 | 'CPNE3' -250.574.508.756.102 2,05E-88
'KATGA' -181.127.529.142.895 1,16E+06 | 'RRN3' -158.161.129.122.152 1,97E-32
TUTT -164.418.591.096.023 2,47E+08 | 'DDHD2' -155.413.957.725.426 1,93E-07
‘TNPOY' -190.541.014.905.389 1,75E-132 | 'EPS15' -175.980.933.778.981 1,73E-45
'PLOD1' -255.908.386.889.555 2,65E-83 'USP40' -180.183.369.434.344 1,39E-15
'PDS5B' -169.789.602.948.761 2,77E+07 | 'MAST2' -116.046.467.219.325 2,50E-04
'CYLD' -202.106.161.552.783 9,62E+01 | 'BAGALTY' -158.436.312.595.521 6,66E-156
'ZNF586' -196.962.635.095.648 2,99E+09 | 'NFXI' -12.240.670.530.287 1,49E-18
'ZNF264' -219.142.607.065.323 1,28E+06 | 'IPO1l' -170.158.014.761.011 6,46E-16
'SMAP2' -181.660.893.095.725 4,09E+09 | 'EIF2AKI' -116.229.225.346.986 8,97E-39
'SSH1' -185.461.064.826.885 3,43E+04 | TMED2' -107.032.069.512.618 5,03E-36
'APLP2' -226.227.510.394.721 0.0 TXLNG' -13.230.957.963.197 4,75E-15
'FAM234B' -192.599.941.855.622 7,56E+08 | 'PPEF1' -101.921.791.554.414 1,49E+08
'TXLNA' -194.926.919.787.907 1,19E-07 'HUWEL' -121.557.657.406.996 3,86E-130
'NCOAY' -198.456.995.943.039 8,48E+07 | 'ZW10' -102.810.053.550.797 1,39E+03
'EFR3B’ -185.700.521.217.466 1,20E+04 | 'ALGY' -132.124.657.008.674 2,22E+00
'HADHA' -24.188.793.160.314 2,04E-144 | 'MTMR2' -156.978.224.287.334 7,11E-157
'MAPRE3' -271.271.804.791.953 2,24E+06 | 'NLK' -113.284.883.056.787 3,35E+05
'CAD’ -206.334.913.541.773 4,67E-45 'MMP2' -127.432.021.338.031 5,43E-06
'ATRX' -159.348.118.028.928 6,33E+07 | 'LPCAT2' -126.669.857.416.697 1,04E-07
'PREP’ -168.274.520.316.832 3,01E+07 | 'GNAO1' -185.575.174.661.672 3,40E-09
'HACE1' -275.619.016.143.111 4,65E+01 | 'OGFOD1' -107.781.547.692.732 2,16E-06
'ZNF213' -231.389.077.582.194 8,67E+08 | 'NOP14' -12.459.637.378.897 5,26E-10
'AKR1BI' -306.239.614.800.103 0.0 'ADD1' -119.461.343.349.188 3,57E-19
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'RRN3' -189.761.940.670.988 1,63E+00 | 'L2HGDH' -123.390.193.230.867 4,05E+00
'CTTN' -200.691.941.393.979 3,20E-36 ‘TXNDC16' -212.489.124.782.781 1,62E-14
'EPS15' -145.894.032.115.566 1,24E+07 | 'NID2' -1.676.562.020.055 9,98E-18
'USP40’ -203.927.514.873.344 5,26E+02 | 'GMCL1I' -178.812.545.057.755 1,12E-17
'MAST?2' -198.998.124.417.501 4,04E-03 'KLHL42' -129.930.979.222.534 1,18E+04
'B4GALT1' -161.456.400.030.812 3,73E-17 'DNM1L' -130.534.521.069.176 1,45E-28
'NEX1' -207.389.811.366.854 1,75E-14 'ERGIC2' -14.860.013.390.412 8,24E-32
'IPO1Y -170.457.390.225.252 451E+09 | 'ALG6' -129.786.438.999.689 4,02E+06
'ITPKC’ -227.612.440.527.424 6,45E+04 | 'PTPN4' -149.353.947.295.756 2,90E+00
'RBM22' -150.661.410.163.098 7,14E+08 | 'DDX18' -18.191.099.451.178 7,44E-140
'PPEF1 -224.792.751.344.359 2,34E-05 'GNA11' -101.851.329.765.133 2,03E+02
'HUWEYL' -177.815.524.916.223 5,04E-68 'DNMT3B' -102.608.922.886.866 5,31E+08
'ZW10' -186.902.241.001.808 1,69E+05 | 'TPX2' -107.462.067.219.906 3,23E-56
'ACOX3' -250.250.034.052.918 8,38E+08 | 'EPB41L1' -126.197.007.893.868 1,13E-08
'ATXN7L3' -176.172.169.325.178 1,47E+04 | 'DOCK9’ -23.392.060.863.192 3,80E-49
'PGS1' -269.610.946.464.236 1,20E-07 'ARHGAP28' -138.932.738.017.295 2,80E+07
'MMP2' -235.536.628.660.587 3,68E-08 'ATRN' -208.023.405.929.986 3,45E-27
'GNAO1' -235.251.641.472.079 4,28E+04 | 'SLC4A1TL -14.262.647.547.021 4,27E+02
'OGFODY -15.885.028.584.264 5,71E+07 | 'MAVS' -109.348.662.887.811 2,20E+00
'SH3BP2' -351.096.191.927.738 3,01E-71 'XRN2' -155.670.567.088.116 1,03E-58
'ADD1' -225.677.541.536.211 1,03E-23 '‘RBBPY' -18.516.772.530.429 1,27E-02
'TXNDC16' -193.009.798.676.984 7,15E+07 | 'SLC23A2' -151.396.173.182.002 8,37E+02
‘NID2' -27.872.052.224.362 6,03E-19 '‘GCN1' -109.563.606.027.392 3,45E-62
'SF3B2' -155.401.547.454.247 2,16E-01 PXN' -111.800.870.612.156 1,31E-44
'PIR' -189.218.664.811.145 1,29E-08 'KIF16B' -185.190.136.101.087 9,78E-02
'CNOT3' -162.458.666.457.189 4,18E+06 | 'GANAB' -142.238.637.905.831 0.0
'GNA11' -179.293.923.241.954 2,38E+04 | 'GMIP' -108.551.807.118.606 1,33E+06
'ASAP3' -298.935.275.580.049 5,28E+06 | 'RBMA41' -138.827.058.971.606 8,34E-01
'EDEM2' -250.073.124.767.613 1,10E-14 'ZBTB25' -124.020.369.745.291 2,84E+07
'DNMT3B' -235.078.295.755.955 2,65E+01 | 'NECAP1' -1.211.888.294.546 1,23E+02
'TPX2' -16.390.595.322.659 1,89E-13 'DHX32' -150.846.436.324.711 7,00E-19
'PDRG1' -166.617.885.909.691 5,81E+08 | 'RCOR1' -181.325.738.049.741 1,82E-60
'EPB41L1 -256.812.448.948.208 3,00E-21 '‘GPATCH2L' -164.833.429.489.388 1,81E-10
'ANKRD10’ -151.800.407.823.003 6,28E+08 | 'SPTLC1' -146.988.597.627.446 3,46E-36
'ATRN' -202.236.781.302.845 4,91E+01 | 'PAPOLA’ -176.480.432.067.934 1,26E-234
'SMOX' -254.553.235.589.262 9,46E-43 'ICAMT' -112.896.832.721.945 2,39E+05
‘NSFL1C' -165.055.084.234.873 9,38E+06 | 'IRAK3' -208.453.351.021.167 1,05E+05
'SLC4A11" -209.894.184.969.364 1,03E+07 | 'P3H2' -103.247.554.057.451 3,42E+00
'MAVS' -250.580.296.320.203 7,04E-32 'ZNF268' -113.302.541.863.078 7,4TE+07
'LZTS3 -297.124.100.701.858 1,21E+06 | 'GOLGA3' -139.027.906.325.275 4,35E-35
'XRN2' -146.101.637.600.124 5,34E+09 | 'PDPR' -161.183.820.671.255 5,39E-09
'KIZ' -208.655.003.195.643 1,76E+05 | 'AARSI' -150.371.218.019.799 3,83E-211
'SLC23A2" -191.125.578.816.992 2,13E+09 | 'GLG1' -176.151.422.808.729 4,98E-148
'SLC8B1" -173.418.850.949.563 1,26E+07 | 'KIF4A' -128.967.368.895.201 4,92E-20
"TMEM230' -162.627.836.983.339 1,14E+06 | TNRC6A' -162.753.388.447.279 8,71E-16
'OASY -181.006.420.931.559 4,84E+02 | PITPNM2' -122.933.848.694.931 6,07E+00
'GCN1' -179.626.521.064.116 2,58E-26 'EXOCT' -12.829.339.632.715 9,50E+02
'PXN' -212.515.938.857.314 4,08E-73 '‘RBM27' -147.709.743.506.194 8,48E-18
'KIF16B' -232.192.809.488.736 7,65E+04 | 'OSBPLS' -239.643.837.251.764 1,89E-105
'BRAP’ -190.046.432.644.909 1,85E+06 | 'NRCAM' -253.461.252.568.294 8,46E-143
'ERP29’ -148.653.122.511.205 2,10E+05 | 'LAMBL1' -123.370.464.850.307 1,60E-76
'IGBPY' -154.421.615.837.785 1,38E+09 | 'DLD -154.193.392.338.693 4,16E-92
'FXYD5' -147.758.639.194.762 8,01E+06 | 'WDRT?' -278.549.548.809.386 2,81E-13
'CDIP1 -195.217.147.490.938 2,20E+05 | 'CMTME6' -204.352.198.622.716 7,65E-74
'GANAB' -295.371.904.178.881 0.0 'ITGAG' -196.246.028.342.656 8,24E-82
'RBM41’ -192.521.235.086.573 4,46E+03 | 'RAPGEF4' -212.711.191.790.334 2,21E+08
'DDX24' -150.143.551.373.211 6,65E+06 | 'MAP3K20' -192.729.680.627.036 1,38E-58
'DHX32' -243.926.283.637.919 7,17E-22 ‘SEL1L3' -17.843.204.512.435 1,69E-136
'GPATCH2L' -206.124.718.882.654 8,08E-08 'CDV3 -138.919.879.072.337 1,14E-99
'SPTLCY' -173.495.246.411.042 6,54E-01 'PITPNM3’ -111.612.987.295.737 2,43E+05
'ICAMT’ -292.643.078.200.416 1,97E-54 'G2E3' -15.448.557.397.658 1,49E-09
'STRN4' -160.243.479.954.826 5,11E+07 | 'HECTDI1' -23.861.248.073.636 4,97E-221
'MULT' -225.463.996.509.156 9,93E-05 '‘SUPT16H' -165.902.916.837.648 4,43E-257
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'DNAJB11' -234.338.980.983.699 1,41E-88 TRPMT7' -232.057.915.131.934 1,59E-67
'P3H2' -171.718.298.197.567 1,18E+07 | 'WDR76' -127.139.787.876.842 1,19E+05
'RAB11FIP3' -177.282.251.609.817 8,17E+08 | 'AGOY' -165.711.228.647.699 6,26E-24
'GOLGA3’ -199.236.483.883.091 7,03E-20 '‘CLSPN' -189.606.762.631.398 3,70E-73
'MCOLN1' -226.862.226.436.908 6,34E-12 'RFFL' -126.012.281.041.389 6,98E+02
'USP48’ -187.696.852.833.865 1,46E-03 'DPYSL2' -144.628.318.632.677 4,30E-25
'PDPR’ -227.911.501.134.839 2,35E-08 ‘TGFB2' -143.825.221.285.459 4,68E+05
'AARST -372.990.514.560.613 0.0 'NUP50' -172.492.240.334.044 2,44E-102
'GLG1' -317.047.860.660.678 0.0 'SEC22C' -102.740.043.725.191 1,95E+06
'KIF4A -206.039.931.533.469 8,20E-15 'CDC6' -143.605.251.236.652 1,23E-86
'PITPNM2' -191.857.240.065.615 2,14E+07 | 'UPRT' -127.064.758.994.367 3,97E+08
'EXOC1' -25.401.082.649.369 3,38E-05 'CDC23' -107.268.445.390.148 1,41E+05
'DTX2' -177.372.414.417.632 5,87E+08 | 'CBX5' -158.957.572.209.916 7,90E-141
'NRCAM' -195.476.144.522.764 4,44E-15 'SUCO’ -181.231.264.185.357 1,09E-14
'LAMB1' -250.967.910.219.247 2,96E-165 | 'MSH2' -172.711.488.469.421 1,00E-82
'DLD’ -159.602.980.462.399 3,21E+04 | 'MAP3KI' -166.923.141.761.876 6,69E-05
'RAPGEF4' -288.101.196.378.291 1,19E+05 | 'ARCNYI' -170.337.434.574.761 7,79E-171
'SELIL3' -259.693.514.238.723 2,24E-134 | 'EPB41L4B’ -115.859.191.063.473 5,13E+00
‘NLRP1' -216.175.165.494.179 4,32E-14 ‘TMEM38B' -128.598.557.378.544 2,63E-03
'PITPNM3' -192.394.575.978.825 1,27E+04 | 'PSMD5' -151.762.649.680.731 1,61E-62
'ZC3HC1' -172.027.846.523.333 3,04E+08 | 'NUP188' -163.391.952.629.508 2,60E-223
'TMEM101' -187.656.605.875.172 1,24E+08 | 'BTAF1' -202.783.420.819.673 9,64E-42
PSME1' -19.340.227.693.204 4,37E+04 | 'IKZF5' -103.580.072.142.785 1,57E+09
'PPP2R3C’ -169.523.569.693.855 1,41E+08 | 'SORBSI' -23.743.955.147.815 5,46E+02
'RNF31' -256.379.117.306.354 4,02E+00 | 'WAC' -122.875.492.355.999 3,39E-26
'SCFD1' -1.634.387.717.734 8,23E+04 | 'HIVEPY' -160.665.757.182.047 1,57E-09
'HECTD1' -189.247.740.946.642 1,36E-21 'FKBPS' -1.347.845.469.262 4,43E-25
'SUPT16H' -162.141.914.787.604 7,01E-05 'SRPK1' -116.928.108.487.689 9,14E-32
'TOX4' -2.0 6,85E-17 'BRPF3' -141.895.254.928.223 8,90E-04
'TINF2' -197.982.211.806.237 2,29E-02 '‘CDC5L! -142.338.337.869.334 4,12E-39
'TRPM7' -173.696.559.416.621 6,69E+01 | 'ITPR3' -102.441.736.497.925 2,58E-23
‘TYRO3' -172.897.280.341.268 6,60E+08 | 'DSP' -23.745.609.519.746 4,73E-162
'PHGDH' -303.511.543.254.474 0.0 ‘SIRT1 -110.535.300.014.623 2,11E-02
'RFFL' -166.530.460.903.876 9,40E+08 | JAK2' -179.701.297.783.615 5,07E+02
‘DPYSL2 -224.033.490.413.873 1,07E-27 '‘ABL1' -115.192.643.386.104 5,09E-19
'NUP50' -179.156.603.625.347 9,66E-28 'CDCT' -128.736.373.519.553 1,11E+01
'HDAC6' -173.170.986.871.471 1,61E+09 | 'SCD' -20.129.224.987.928 0.0
'CDC6' -25.930.963.587.517 4,53E-142 | 'ABLIMY1’ -24.424.508.562.534 4,53E-122
'UPRT' -213.955.135.239.879 7,73E407 | 'ERMP1' -224.929.387.847.316 1,85E-192
‘CDC23' -198.423.268.414.168 1,63E+07 | 'NRP1' -146.899.648.267.283 8,63E+06
'MSH2' -199.801.144.690.655 2,91E-10 'PALMD’ -107.179.068.306.801 4,07E+07
'ARCN1' -169.975.366.789.235 5,29E-26 'WASHC2A' -103.442.634.481.799 4,53E-06
'PSMD5' -147.769.382.503.003 7,30E+08 | 'HNRNPM' -100.864.261.488.061 7,07E-57
'PTGSI -325.633.975.325.979 3,07E+08 | 'MTAP' -113.608.939.781.759 9,80E-07
'NUP188' -257.458.335.494.116 2,87E-130 | 'CRKL' -107.289.252.068.202 6,60E-14
'NANS' -19.098.574.614.064 5,33E-09 'BCL2L13" -102.350.483.794.549 2,67E-03
'TBC1D2' -249.121.175.600.309 8,54E-63 '‘CABINY' -122.753.572.461.241 8,52E-08
'CWF19L1" -184.181.833.162.583 3,03E+07 | 'SPECCIL' -198.641.093.525.205 2,36E-56
'BTAFL' -24.038.346.549.687 1,96E-20 'MAPK1' -176.598.251.019.056 2,05E-160
'SORBS1' -193.567.901.903.314 1,29E+09 | 'GRK3' -258.496.250.072.116 6,82E+07
L -297.575.245.375.332 1,42E-09 'PLA2G3' -187.101.355.927.992 4,41E+06
'WAC' -143.085.029.431.543 9,32E+08 | 'HIRA' -128.682.785.270.128 5,17E-24
'BRPF3’ -220.391.300.072.879 3,41E-17 'HPS4' -118.903.382.439.002 1,22E+05
'EFHC1' -227.237.227.041.313 1,84E+04 | 'MICALLY -12.844.533.894.687 5,62E-01
'CDC5L! -170.137.199.283.647 1,43E+02 | 'CCDC134' -138.605.843.230.708 7,39E+01
'ITPR3’ -178.764.141.448.333 2,74E-27 TTC28' -178.579.635.669.851 4,65E-15
'DSP’ -234.761.761.530.795 4,83E-72 'KDELR3' -115.285.148.808.337 1,07E+02
'HNRNPH3' -102.250.739.940.957 5,78E+08 | 'DDX17' -138.962.431.943.766 1,27E-139
'ABL1' -174.282.889.208.442 6,43E-05 TCF20' -139.117.577.910.054 9,23E-27
'SH3GLB1' -162.223.337.807.493 2,36E+05 | 'FBXOT7 -127.600.776.258.986 3,37E-66
'ERMP1’ -194.067.154.910.806 1,21E-24 'GTPBP1' -100.998.408.857.262 1,02E+01
'NRP1' -253.172.047.944.418 2,64E+04 | 'AP1BY' -129.193.116.623.268 1,49E-42
'WASHC2A' -222.069.729.903.841 9,71E-34 'HMGXB4' -139.029.542.519.355 1,84E-05
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'MZF1' -21.977.771.220.822 6,33E+01 | 'HMOX1' -135.024.737.928.207 8,51E-172
'MYO9B' -182.243.620.546.163 4,93E-06 'PDGFB' -172.582.503.656.101 2,88E+04
'FBXL19' -215.442.866.511.914 7,54E+02 | 'RBFOX2' -132.646.762.072.683 3,77E-34
'HNRNPM' -156.917.217.482.207 3,02E-05 'MTMR3' -155.458.885.167.764 4,21E-14
'CEP170B' -208.406.426.478.847 4,99E-15 'MIEF1' -140.889.930.465.768 1,46E-35
'ARVCF' -262.935.662.007.961 9,25E+09 [ 'MYHY' -149.607.482.456.834 1,35E-256
'MED15' -20.160.598.508.961 1,56E-07 'FOXRED2' -152.077.832.235.647 8,95E-61
'CRKL' -158.373.048.097.003 3,63E+04 | 'TNRC6B' -229.504.480.073.641 2,52E-79
'LZTRY' -17.463.730.474.219 3,39E+07 | 'EP300' -209.498.314.518.852 4,63E-129
'DERL3 -323.840.473.932.508 3,08E+06 | 'ZC3H7B' -118.003.502.908.715 1,80E-14
'BCL2L13 -181.204.107.572.743 1,19E-04 '‘CERK' -160.866.233.620.008 5,62E-23
'CABINY' -200.412.395.242.473 4,56E-02 'ZBED4' -183.432.196.965.787 9,16E-25
'TBC1D10A' -222.274.836.710.828 5,31E+07 | 'ABHD4' -126.532.016.555.285 1,34E-30
'SEC14L2" -247.031.993.478.003 2,67E+09 | 'SOS2' -230.179.044.931.629 4,90E-24
'SPECCI1L' -210.776.852.537.974 3,53E-15 'CDKLY' -14.358.559.707.864 7,59E+03
'PPIL2 -232.589.336.089.498 5,35E-17 'NIN' -206.477.025.539.024 3,30E-37
'MAPK1' -15.346.008.474.037 1,56E+00 | 'GNPNAT1' -158.706.325.834.155 1,94E-82
'PPM1F' -162.350.088.679.931 2,04E+07 | 'DDHDI' -232.354.819.055.552 2,84E-54
'TOP3B' -190.736.902.208.974 5,92E+03 | 'ATP6V1D' -116.146.342.269.412 1,02E-13
'GGAT' -166.251.564.500.632 1,72E+08 | TMEDS' -23.964.218.211.115 5,54E-36
'PATZ1 -169.853.600.767.235 3,32E+09 | 'DAAMI' -212.513.707.969.547 1,75E-51
'TRIOBP' -179.171.579.828.001 7,63E+02 | 'SPTLC2' -103.415.701.073.206 9,02E+02
'TFIP11' -177.664.929.563.869 4,08E+04 | 'HIF1A' -217.722.785.592.679 0.0
'EIF3L' -202.228.455.740.672 2,63E-78 'SUSD6' -123.446.525.363.702 4,44E+07
'MICALL1' -288.829.337.673.119 1,41E-63 'EIFS' -125.449.257.136.679 1,47E-122
'CCDC134' -192.077.330.884.943 9,54E+06 | 'DICERY' -281.899.388.907.077 1,18E-126
'TTC28' -219.885.877.968.714 5,45E-06 'ZC3H14' -136.318.838.610.179 7,73E-29
'DDX17 -24.074.505.577.879 2,76E-215 | 'PCNX1' -138.922.831.292.924 1,48E-15
'CBY1' -245.354.706.238.544 8,74E+01 | 'RPS6KAS' -173.696.559.416.621 4,39E+00
'XBP1' -274.262.446.190.008 8,36E-188 | 'PPPAR3A' -150.922.577.420.905 2,00E-69
'RTCB' -165.834.300.630.814 5,05E+03 | TRIP11' -161.257.473.192.902 1,28E-02
'JOsSD1' -178.940.327.972.588 5,59E-29 'ARHGAP5' -246.351.023.148.979 1,48E-119
'FBXOT7" -189.357.624.232.764 2,99E-36 '‘CHDg8' -12.699.151.287.172 2,30E-34
'GTPBP1 -2.139.208.981.229 1,29E-11 ‘BRMSI1L' -106.711.419.585.854 7,52E+08
'POLDIP3* -180.596.714.261.743 5,37E-01 'SEC23A -182.629.648.571.106 3,65E-101
'SBF1' -193.171.264.283.194 2,12E-24 ‘TRPC4AP' -122.749.520.654.358 2,82E-25
'SUN2' -268.495.447.064.367 2,61E-61 'PYGB' -115.066.664.588.224 1,52E-01
'CYB5R3' -138.126.286.609.771 5,67E+08 | 'ZMYNDS' -123.349.013.021.978 1,77E+02
'PACSIN2" -184.821.768.779.968 5,90E-02 'STK4' -196.347.412.397.489 9,76E-61
'AP1B1 -216.096.810.767.342 2,61E-23 'SALL4' -140.439.025.507.934 5,02E+06
‘TOM1' -232.192.809.488.736 4,68E-05 'ADNP' -169.941.585.584.981 8,27E-89
'HMOX1' -41.177.194.849.783 0.0 'DNAJCS' -117.619.114.588.604 6,21E-04
'ARSA' -217.517.117.100.827 3,99E+01 | 'DIDOY -172.691.192.950.228 9,97E-79
'RBFOX2' -141.069.202.900.288 4,09E+08 | 'RNF24' -158.924.985.912.425 4,36E+01
'TAB1' -21.583.103.725.396 2,87E+04 | TRIB3' -132.553.033.156.756 1,58E-23
'ASCC2' -154.086.626.395.591 3,56E+08 | 'RASSF2' -217.856.391.971.619 1,13E-07
'MTMR3' -254.998.636.247.818 4,50E-22 'SLC52A3' -195.041.797.114.944 6,63E+07
'MIEF1' -145.077.715.332.676 6,67E+09 | 'CDS2' -102.595.922.706.268 8,36E+05
'APOL1' -333.985.000.288.463 3,67E+08 | 'SEC23B' -119.648.321.292.519 5,28E-10
'MYH9' -198.970.112.194.493 6,71E-93 'FERMTYI' -209.970.990.156.162 1,11E-61
'TNRC6B' -194.147.798.219.543 1,72E-03 ‘TMOSF4' -120.235.100.544.268 1,75E-18
'SGSM3' -160.422.440.288.179 2,77E+09 | 'POFUT1' -174.401.050.895.779 1,35E-91
'KIAA0930* -137.963.216.314.764 1,65E+07 | 'SAMHD1' -147.878.992.051.018 6,19E-08
'EP300" -22.230.614.197.444 3,25E-36 'KIF3B' -174.137.847.297.768 1,51E-60
'L3MBTL2' -168.650.052.718.322 7,33E+07 | JAGL' -106.664.903.543.507 9,36E+03
'RANGAP1' -165.824.073.319.107 1,16E-14 TTIT' -132.260.685.050.604 3,99E-11
'ACO2' -163.521.875.774.967 1,12E+05 | 'RPRD1B' -187.599.336.004.513 3,69E-35
'PMMT' -215.943.262.762.467 8,23E+05 | 'APMAP' -105.086.813.599.686 1,41E-06
'CERK' -179.962.962.894.838 1,68E+06 | 'ADNP2' -201.667.874.114.663 5,89E-36
'BRD1' -213.653.883.294.777 2,33E+01 | 'USP14' -121.703.697.886.254 1,70E-28
'ZBED4' -19.238.283.195.146 4,23E+06 | 'METTL4' -132.722.887.871.067 1,95E+04
'ABHD4' -303.736.685.246.448 3,01E-141 | 'LPIN2' -13.890.422.907.459 7,01E-07
'KHNYN' -276.124.622.936.922 1,80E-19 'SMCHD1' -186.739.250.484.344 7,37E-52
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'PRMTS' -157.424.648.635.023 4,26E-01 '‘CEP192' -169.671.085.837.361 5,55E-07
'SOS2' -236.466.397.676.372 9,55E-10 RNMT' -154.308.954.768.421 4,82E-13
'PYGL' -239.942.430.927.302 3,49E-73 'ANKRD12' -213.508.762.303.318 1,24E-33
'PSMC6' -145.584.029.842.784 1,35E+08 | 'MIB1' -290.157.026.367.525 2,22E-116
'CNIHT' -139.257.994.576.027 3,89E+08 | 'RBBPS' -13.450.645.936.853 4,35E-13
'CGRRF1' -181.713.594.285.019 4,16E+08 | 'RIOK3' -102.626.565.469.381 2,60E+05
'ATPGV1D' -201.077.983.875.324 3,66E-20 'STS' -204.762.886.295.775 8,02E-41
'PLEK2’ -17.978.321.479.391 1,37E+03 | 'TBLIX' -146.570.330.670.966 8,26E-38
'GSTZ1' -199.291.057.521.368 1,95E+07 | 'POLAT' -173.955.338.865.536 8,48E-68
'TMEDS8' -158.973.964.098.303 5,87E+08 | 'MID1' -135.529.291.368.578 1,89E-01
'SPTLC2' -150.811.442.187.814 2,93E+08 | 'PRPS2' -128.452.536.048.669 2,77E-19
'ALKBHY1' -168.574.027.081.103 6,25E+08 | 'MOSPD1' -158.978.757.224.514 1,99E-06
'SNW1' -181.012.135.634.898 6,51E-05 'AMMECR1' -217.208.958.555.564 8,21E-32
'DHRST" -230.748.038.432.131 2,95E-24 'XIAP' -228.995.570.514.908 1,35E-39
'HIF1A' -225.703.903.397.626 6,04E-165 | 'STAG2' -251.673.442.661.018 5,28E-291
'SUSD6' -23.890.422.907.459 8,52E+04 | 'ATP11C' -247.817.551.356.983 4,95E-257
'EIFS’ -169.117.936.731.783 1,72E-59 'PLS3' -178.487.820.583.673 0.0
'PCNX1' -174.901.515.700.427 1,37E+02 | 'ELF4' -172.713.610.711.767 7,50E-56
'PSMC1' -137.949.338.242.118 5,35E+09 | 'FMR1' -143.365.317.744.619 2,57E-33
'PPP4R3A' -140.318.507.719.043 1,26E+08 | 'SCML2' -161.122.815.541.496 2,42E+01
'ACINT' -194.719.613.070.115 4,85E-40 'MAGT1' -192.978.200.338.852 3,26E-73
'TRIP11' -230.654.506.218.798 1,91E-04 '‘CD99L2' -134.438.294.571.506 3,36E+07
'ARHGAPS' -160.967.425.421.791 1,16E+03 | 'EEA1 -25.376.567.859.428 9,38E-50
'SRP54' -21.314.717.830.292 3,29E-24 'RP2' -129.735.447.901.767 5,58E+01
'CHDS8' -183.588.982.670.738 1,12E-05 ‘JADE3' -183.344.184.965.609 1,66E-40
'PCK2' -415.488.560.197.817 4,46E-236 | 'SYTL4' -134.694.341.134.916 5,63E-03
'DCAF11' -171.455.540.812.825 8,10E+06 | 'CENPI' -134.288.771.352.301 3,07E-04
'TMOSF1' -278.987.132.584.668 1,23E-79 'ARMCX3' -105.106.048.892.417 5,64E+02
'SEC23A' -160.726.116.782.993 1,34E+07 | 'NALCN' -121.938.053.080.434 7,48E+07
'GMPR2' -203.922.130.979.772 3,75E-03 ‘NDFIP2' -128.470.931.503.024 2,82E-14
'PCIF1 -176.553.474.636.298 5,69E+08 | 'FNDC3A' -229.593.288.635.442 1,04E-88
'GSS' -173.318.395.362.378 1,60E+03 | 'DNAJC3' -225.698.173.571.154 9,29E-58
'TRPC4AP* -275.153.406.705.366 1,19E-85 'UGGT2' -162.369.489.520.987 5,09E-02
'PYGB' -266.464.393.184.696 9,38E-44 'ARHGEFT' -130.893.075.435.849 2,18E-12
'ABHD12" -176.720.598.320.308 2,41E+07 | 'PARP4' -220.116.451.397.442 9,37E-114
‘UQccr -214.240.232.316.277 1,51E+00 | 'SLC25A15' -109.779.381.394.796 2,49E+07
'ZMYNDS8' -180.593.284.698.841 3,43E+08 | 'KPNA3' -166.721.794.146.287 4,56E-52
'NDRG3' -165.207.669.657.969 1,67E+07 | 'VWAS' -134.429.590.791.582 9,09E+05
'PABPCIL’ -185.069.605.615.591 1,10E+08 | 'DGKH' -246.933.347.659.398 5,17E-46
'STK4' -159.518.234.303.904 2,13E+07 | 'KATNALL' -171.588.199.287.133 7,79E-12
'CSTF1 -160.032.213.673.077 2,19E+08 | 'ZNF629' -132.650.082.467.719 2,69E+06
'TPD52L2" -192.099.926.269.778 7,00E-13 'PHKB' -156.877.046.721.857 6,26E-33
'DNAJCS' -205.045.332.625.292 3,46E-09 'NFATS' -225.900.452.879.764 2,72E-69
'PRPF6’ -165.634.713.395.792 1,46E+08 | 'LONP2' -165.484.032.531.314 1,71E-34
'MTG2' -168.604.862.583.547 1,14E+07 | 'N4BPI' -131.667.236.943.587 2,38E+03
'SLCO4A1" -313.915.290.510.385 0.0 'ARL2BP' -116.836.178.204.472 1,72E-03
'DIDOT' -199.811.041.879.878 1,74E-11 'CTCF -152.025.681.133.334 6,51E-57
'ARFGAP1 -192.599.941.855.622 2,40E+00 | 'MMP15' -11.441.225.703.108 1,29E+07
'PTK6' -203.426.990.208.475 2,49E+06 | 'VAC14' -126.248.281.147.001 6,13E-08
'GMEB2' -180.983.591.156.136 5,42E+08 | 'SLC7A®6' -133.085.146.904.966 2,52E-51
'CDC25B' -156.577.548.080.111 8,22E+00 | 'HSDLI' -181.364.118.490.504 3,07E-25
'RNF24' -348.582.930.870.191 6,87E-37 'ABCC1' -120.559.326.737.706 5,70E-12
'TRIB3' -345.637.829.465.974 6,41E-292 | 'NOMO3' -121.295.648.528.707 1,28E+05
'SLC52A3" -344.846.050.081.629 4,03E-03 'SLC7A5' -119.970.309.266.358 1,71E-264
'CDS2' -191.994.674.843.397 4,77TE+04 | 'EEF2K’ -106.876.923.222.324 1,22E+06
'HM13' -334.123.060.717.427 0.0 'UBFD1' -136.578.238.447.679 4,11E-26
'SEC23B' -259.323.011.670.476 3,68E-46 'EARS2' -125.375.659.224.578 1,28E+02
'"TM9SF4' -251.480.142.930.376 1,92E-49 'GGA2' -1.0 5,22E+04
'CRNKLYI' -177.204.805.332.165 3,95E+08 | 'USP31' -161.360.254.876.506 4,35E-02
'SAMHD1' -170.113.751.503.058 7,35E+08 | 'BFAR' -120.173.618.359.537 1,62E-11
'MANBAL' -170.083.180.811.249 7,23E+06 | 'RBL2' -158.264.863.488.291 4,72E-09
‘JAGL' -159.441.663.049.645 1,18E+06 | 'NOMO1' -150.097.936.331.303 2,19E-98
'CDK5RAPT' -186.673.346.913.654 1,97E+06 | 'CCP110' -222.594.148.841.752 1,37E-15
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TTI -174.837.035.743.846 1,62E+07 | 'HERC1' -145.998.961.324.525 1,11E-24
'ACOTS' -207.895.134.139.482 2,62E+07 | 'TTC23' -113.750.352.374.993 4,63E+06
'APMAP' -207.490.480.901.389 5,72E-12 ‘TMEMBS7A' -153.759.068.156.281 1,98E-33
'METTL4' -260.630.740.311.951 1,88E-15 'ZNF106' -25.938.772.255.289 9,10E-119
'LPIN2' -263.488.772.605.284 8,59E-39 'CEP152' -124.351.184.756.898 4,16E+06
'SMCHD1' -187.884.471.281.543 5,14E-04 TIPT' -204.372.137.742.932 2,28E-51
'CEP192' -2.0 1,46E+07 | 'DMXL2' -270.295.971.011.961 5,65E-41
'POLI' -244.846.050.081.629 3,97E+09 [ 'SPG11' -177.235.332.561.353 4,24E-10
'RIOK3’ -198.900.100.105.074 1,07E-11 'VPS18' -146.988.597.627.446 7,56E-20
'TBL1X' -14.132.200.122.597 2,52E+08 | 'BLOC1S6' -19.018.196.060.611 9,77E-16
'GPR143' -23.512.224.016.814 1,32E+08 | 'SGK3' -185.022.157.166.946 2,73E+08
'POLAT' -180.117.928.581.757 1,32E+02 | 'ZDHHC2' -151.879.557.675.541 1,10E-13
'MIDY' -156.283.484.239.133 8,37E+08 | TRIM35' -10.064.840.335.702 1,71E+09
'WDR13' -207.482.317.675.689 1,40E-07 'RIPK2' -1.043.136.503.378 2,63E+06
'SUV39H1' -188.264.304.936.184 1,30E+07 | 'NBN' -160.681.531.236.742 1,13E-45
XIAP' -195.071.909.722.878 4,62E-02 'BPNT2' -129.645.740.737.124 1,61E-37
'STAG?2' -166.632.224.830.762 7,42E-08 'LAPTM4B' -116.450.132.948.729 1,30E-135
'ATP11C' -135.710.876.671.454 2,34E+08 | 'UBE2W' -140.230.333.724.287 5,31E+01
'PLP2' -168.020.793.692.485 5,86E-17 'POP1' -123.359.062.794.131 4,72E-17
'PLS3' -153.281.487.228.351 1,63E-02 'PLAT' -165.711.228.647.699 4,27E+05
'ELF4' -176.116.955.380.158 4,04E-01 JPHL' -115.503.078.614.262 3,71E+09
'RBBP7" -144.745.897.697.122 1,06E+06 | 'GDAP1' -106.817.150.264.158 5,36E+09
'SLC35A2' -179.866.919.419.138 2,58E+04 | 'RAB2A' -125.249.604.603.987 3,86E-40
'PGK1' -268.519.220.282.756 0.0 'ARMC1T' -154.289.844.115.461 9,40E-21
'MAGT1' -194.645.591.833.395 7,26E-34 TRPS1' -167.043.184.291.051 4,45E+04
'CD99L2" -216.992.500.144.231 7,40E+06 | 'SPAG1' -135.206.006.622.852 2,80E+01
'USP11' -252.143.408.687.939 3,73E-34 'UBRS' -204.771.066.114.292 2,04E-144
'TIMP1' -158.118.580.997.567 2,20E-02 'SQLE' -170.604.653.268.968 1,37E-269
'PORCN' -285.244.281.158.614 5,90E+08 | 'ERI1' -141.212.590.385.894 5,18E-18
'MAGED?2' -23.295.816.674.308 4,61E-13 'SLC39A14' -185.411.605.595.997 1,95E-153
'SYTL4' -231.483.867.010.104 1,90E-14 'MTMRY' -194.911.883.099.782 1,85E-08
'CENPI’ -188.878.252.140.145 2,95E+06 | 'LEPROTLI' -119.793.937.761.191 1,72E+04
'ARMCX3" -290.497.339.261.423 2,59E-80 'ARHGEF10' -136.500.905.825.839 2,43E-06
‘NALCN' -194.753.258.010.586 4,64E+08 | 'MCM4' -140.348.812.991.043 7,37E-163
'FNDC3A' -156.253.145.458.183 3,90E+04 | 'KCTDY' -168.955.922.273.414 1,33E-41
'STK24' -142.102.092.962.346 5,58E+07 | 'ASAHI' -101.491.941.983.574 5,32E+04
'DNAJC3' -194.419.701.305.771 6,80E-34 'BNIP3L' -12.000.107.276.316 2,64E+06
'UGGT2' -278.636.141.440.378 1,49E-15 '‘CLPTMT' -100.163.942.635.925 2,94E-22
'ARHGEFT" -226.149.224.102.539 7,27E-19 'ARHGEF18' -16.337.686.784.958 7,29E-60
'PARP4' -318.730.707.967.055 2,20E-138 | 'HNRNPUL1' -116.546.738.627.162 1,08E-140
'SUPT20H' -194.258.230.275.183 1,69E+04 | 'PTPRS' -100.761.765.065.108 4,66E-04
'TSC22D1" -154.805.731.016.892 9,29E-03 'MEGF8' -125.779.775.746.765 2,07E+09
'MSLN' -150.659.143.716.828 4,69E+09 | 'CARDS' -140.880.554.556.733 3,70E+09
'MGRN1' -213.326.653.086.346 8,88E-04 'AVLY' -124.911.965.925.517 6,90E+04
'ZNF629' -254.916.177.929.331 3,21E-02 'CDKE®' -271.488.866.139.474 0.0
'MAPK3' -173.023.973.097.789 1,66E+08 | 'NAMPT' -10.476.856.905.807 2,7T4E-24
'NUP93' -163.205.106.751.111 1,32E+04 | 'ITGB8' -251.387.940.265.967 5,11E-36
'LONP2' -162.926.259.974.389 1,56E+08 | 'HBP1' -123.303.504.529.695 1,74E+01
'N4BP1' -241.226.041.460.827 3,40E-06 'SP4' -15.992.467.267.274 2,08E+06
CTCF -143.305.890.691.688 5,19E+07 | 'CBLL1 -143.874.175.987.011 2,37E-10
'MMP15' -21.926.450.779.424 6,25E-11 'MTPN' -185.935.251.894.789 0.0
'SLC38AT7" -266.985.139.830.767 1,19E-26 'PALS2' -105.395.110.792.669 5,16E+00
'VAC14' -240.808.473.863.708 1,87E-14 'ZC3HAVT' -17.843.400.496.255 6,88E-93
'COG4' -187.865.691.487.957 1,32E-02 TTC26' -150.901.364.748.786 2,96E+05
'SLC7A6' -166.285.318.023.209 4,78E+01 | 'OGDH' -170.919.335.294.351 1,99E-92
'MON1B' -222.125.956.298.151 4,08E-17 'CAV2' -107.339.325.874.868 9,02E+05
'HSDL1' -171.594.781.289.712 3,09E+07 | 'MET' -272.698.150.559.358 0.0
'ABCC1' -235.755.200.461.808 6,50E-27 'LMBR1' -201.814.734.671.026 7,86E-06
'NOMO3' -200.778.217.700.162 6,06E+06 | TSPAN12' -102.824.947.680.417 6,49E+09
'LMF1' -299.246.632.731.459 5,46E+05 | 'HOXA13' -169.568.931.858.769 1,11E-02
'CLCNT' -253.013.847.597.663 4,69E-107 | TAX1BP1' -129.001.884.693.262 2,51E-31
'SLC7A5' -165.115.826.999.745 1,29E-79 'GRB10’ -109.919.335.653.878 4,94E-01
'EEF2K' -163.693.677.583.493 7,35E+09 | 'COBL' -134.792.330.342.031 4,46E-01
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'PIEZOT' -146.659.787.651.949 8,73E-03 'FKBP14' -113.375.138.888.883 1,10E+08
'GGA2' -236.279.147.047.559 8,10E-14 'PLEKHAS' -110.744.628.989.376 9,37E+07
'DNAJA3’ -184.975.736.441.939 1,34E-10 'KIAAL21T -126.303.440.583.379 7,01E-08
'BFAR’ -176.642.078.664.318 6,19E+01 | 'ZKSCAN1' -193.391.080.954.223 2,67E-40
'RBL2' -222.571.277.962.806 1,03E-07 'WASL' -195.539.791.260.831 5,39E-45
'CDIPT' -169.166.950.851.336 1,02E+06 | 'USP42' -150.710.518.018.993 1,55E-03
'BCKDK' -151.937.415.909.358 5,16E+08 | 'C1GALTY' -115.380.533.607.904 1,47E+08
'NOMO1' -273.964.030.776.247 4,04E-152 | 'GLCCI1' -145.389.343.509.587 1,08E-05
'RNF40' -175.517.630.109.165 4,58E+02 | 'CEP41' -156.435.222.104.587 1,25E+04
'AAGAB' -180.429.078.984.547 2,21E+01 | 'MEST' -131.897.746.202.882 2,49E-36
'LACTB' -247.533.800.954.666 5,00E-02 'AHR’ -169.984.067.277.032 1,11E-37
'HERC1' -163.448.263.656.496 1,13E+06 | 'GLI3' -192.891.690.193.852 1,05E+05
'TRIP4 -204.758.945.851.826 5,66E+07 | 'URGCP' -10.948.879.479.176 1,83E+07
'TTC23' -216.485.401.189.489 3,25E+06 | TMEM248' -100.274.165.014.944 5,43E-23
'CD276' -158.940.254.172.238 3,88E-02 'PRKAG2' -104.236.603.080.552 1,57E+08
'RPAP1’ -235.782.904.639.347 1,28E-03 'FKTN' -209.953.567.355.091 4,16E-04
'TMEMS7A’ -192.064.220.838.672 2,76E-05 'FSD1L' -206.871.275.008.401 1,28E+05
'CEP152' -212.480.645.573.628 2,52E+06 | 'CNTNAP3' -228.401.521.826.999 3,16E-01
'TIP1 -212.036.917.696.808 1,08E-18 'SPIN1' -188.150.125.235.647 4,04E-121
'DMXL2' -212.847.455.794.881 1,21E+02 | 'TMEM245' -189.852.075.925.588 2,28E-123
'SPG11' -308.862.489.934.046 4,97E-20 'MEGF9' -269.603.099.645.095 5,93E-284
'VPS18' -302.021.827.941.865 2,98E-39 TRIM14' -105.786.018.695.889 1,25E+06
'SGK3' -214.809.184.388.509 4,03E+07 | 'CORO2A' -134.999.201.330.524 2,46E-14
'BRF2' -216.533.773.194.666 8,73E+06 | TGFBR1' -25.902.959.450.242 6,06E-109
'TRIM35' -223.551.334.306.989 9,09E+03 | 'SUSD1' -10.578.809.160.805 3,06E+09
'ZFANDY' -184.093.351.403.238 1,20E+01 | 'AKNA' -132.992.088.564.089 3,24E+09
'INTS9' -224.207.478.719.815 5,70E+07 | 'ENG' -114.859.112.092.633 2,01E-25
'DECR1' -249.098.635.251.214 6,14E+06 | TBC1D13' -122.988.526.553.376 1,77E-14
'CALBI" -363.363.634.745.685 3,85E-35 ‘RICY -20.383.281.186.591 7,00E-35
'LAPTM4B' -101.397.133.162.789 1,82E+08 | 'DOCKS8' -14.262.647.547.021 1,37E+08
'IKBKB' -246.472.869.528.639 3,76E-18 'KANK1' -148.069.925.863.326 4,72E-42
'PLAT' -438.493.789.241.316 2,06E-101 | 'FUBP3' -146.250.707.288.421 1,38E-53
'STK3' -176.296.080.269.915 4,95E+08 | 'RGP1' -132.192.809.488.736 4,74E-13
'RAB2A’ -139.713.782.747.028 2,23E+08 | 'MPDZ' -157.835.976.589.691 1,02E+06
‘EIF3E' -156.543.395.911.188 4,62E-05 'DDX58' -185.416.257.878.233 2,75E+09
'EMC2' -19.719.856.238.304 9,41E+06 | 'GLIS3' -106.438.561.897.747 4,45E+08
'NDRG1' -35.851.257.661.591 0.0 '‘RAPGEF1' -178.606.014.369.438 3,43E-98
'ZC2HCI1A' -209.432.738.254.815 5,38E+08 | 'SETX' -198.403.325.159.493 4,74E-94
'TRPST' -214.383.577.257.365 1,03E+08 | 'RAB11FIP2' -171.104.224.910.073 4,16E+03
'UBRS' -205.253.485.918.553 2,12E-29 'ERLINT' -117.226.894.191.061 5,43E-02
'SH2D4A" -158.148.612.544.656 6,37E+09 | 'EIF3A' -152.378.247.215.117 1,70E-171
'SLC39A14' -219.851.073.371.348 1,27E-133 | 'MAPKS&' -132.774.542.148.268 1,85E+04
'KLHDC4' -180.397.228.266.295 2,47TE+09 | 'SEC23IP' -157.306.041.166.486 1,90E-16
‘'MCM4' -138.933.865.373.809 4,02E+09 | 'ATELl' -141.715.755.115.321 2,24E+00
'ASAH1' -160.782.660.907.289 4,73E408 | PLEKHAL' -237.977.216.945.965 5,40E-41
'BNIP3L' -290.541.014.905.389 9,91E-84 'UNC5B' -108.073.127.211.286 9,39E+09
'MAN2B1' -284.008.474.478.893 1,15E-14 'PPP3CB' -130.781.052.982.014 1,31E-01
‘NUCBT' -234.150.363.322.412 4,87E-39 '‘CCSER2' -142.033.179.894.836 6,92E-07
'‘GYst -178.318.861.092.685 1,54E+07 | 'BMPRI1A' -167.616.231.510.401 2,61E-11
'ECH1' -146.603.257.637.694 8,07E+08 | 'MINPP1' -121.864.028.647.534 2,42E+04
'CLPTM1' -209.978.017.741.403 3,82E-36 'LIPA' -152.168.832.587.044 1,66E-36
'ARHGEF18' -239.409.816.158.648 9,70E-42 TWNK' -10.075.732.197.048 1,38E+04
'PPP1R13L -177.855.765.775.017 3,08E+05 | 'SFXN3' -118.118.834.944.194 4,16E-05
'DOTIL' -158.627.583.266.519 2,60E+08 | TNKS2' -192.780.617.526.185 6,52E-29
'TBC1D17" -177.499.163.045.654 3,56E+08 | 'GBF1' -113.142.151.415.865 3,66E-15
'PTOVI -150.266.640.614.558 1,20E+09 | 'ARHGAP21' -175.232.200.863.035 1,44E-67
"TNNT1' -210.374.792.483.783 9,13E+08 | 'CPEB3' -160.733.031.374.961 3,38E+06
'VRK3' -213.993.026.114.448 6,90E+04 | 'ANKRD26' -196.733.381.107.968 1,07E+01
'PPP6R1' -154.229.188.447.513 2,13E+05 | 'ACBD5' -139.041.371.231.002 4,84E-09
'ILVBL' -175.915.583.380.027 4,53E+07 | 'LARP4B' -154.329.817.411.827 2,58E-57
'SYDEL' -245.456.586.346.548 1,27E-20 'EDRF1' -1.0 1,14E+09
'CCNP' -390.689.059.560.852 7,30E+08 | 'MTPAP' -105.208.851.114.845 1,40E+07
'GPI' -130.078.060.245.881 7,49E+08 | 'SH3PXD2A' -157.797.607.040.505 6,34E-16
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'PLD3' -297.622.603.138.373 1,80E-157 | 'PITRM1' -106.049.086.682.516 6,53E-34
'PIAS4' -192.326.055.671.629 1,58E+04 | 'DKK1' -104.137.043.441.986 2,20E+07
'NUMBL' -173.306.113.971.029 4,51E+09 | TASOR?2' -270.356.243.589.899 0.0
'SLC1A5' -221.995.337.588.503 7,71E-216 | 'SMC3' -177.654.010.170.705 3,50E-92
'FZR1' -172.358.656.436.501 3,54E+08 | 'SHOC?2' -198.787.644.091.751 5,20E-41
'TGFBY' -166.619.251.975.283 7,64E+01 | 'TFAM' -116.151.276.162.611 3,30E-09
'PLINZ' -22.938.900.464.415 1,11E-48 '‘CCDC6' -191.788.560.286.645 2,49E-158
'TYK2' -162.318.182.295.165 3,59E+07 | 'CUL2 -171.663.513.342.121 1,01E-27
'NAPA' -187.728.688.256.362 1,32E+01 | 'ZMIZT1' -171.215.451.717.494 1,00E-46
'RABACT' -234.853.833.558.985 7,34E-25 ‘TBC1D12' -110.852.445.677.817 8,09E+09
'MEIS3' -311.547.721.741.994 2,44E+09 | 'FBXL20' -124.013.400.372.371 8,96E+07
'PTPRS' -197.356.935.947.374 6,95E-17 'WNT3' -166.742.466.091.313 2,53E+09
'MEGF8' -233.604.920.313.201 1,55E+05 | 'MTMR4' -139.305.068.583.947 3,37E-06
'KDELRY' -157.594.562.736.372 7,96E+05 | TRIM37' -125.206.328.801.279 1,67E-07
'CYTH2' -185.854.407.132.319 2,73E+02 | 'DHX40' -173.430.788.072.029 3,07E-57
'GRIN2D’ -215.324.626.029.568 1,84E+08 | 'KPNB1' -136.104.246.831.402 0.0
'CARDS' -250.026.533.614.587 2,99E+06 | 'RPS6KB1' -128.564.397.756.259 9,87E-03
'PLPPR2' -188.929.653.559.378 4,09E+09 | 'INTS2' -127.871.602.806.606 3,37E+07
'MIER2' -235.755.200.461.808 1,22E+06 | 'MED13' -269.800.752.586.924 3,30E-157
'PPP2R1A’ -181.046.753.392.494 1,78E-37 ‘RAIT -127.500.704.749.987 2,16E-09
'DNASE2' -269.904.603.420.638 1,25E-51 '‘CPD’ -279.382.793.112.188 3,82E-263
'‘ELL’ -174.416.109.557.041 1,36E+09 | 'CCDCAT' -137.246.970.350.715 6,63E-63
'CRTCI1' -195.533.095.066.627 1,18E+09 | 'AKAP10' -134.748.472.763.311 2,62E+01
'ETHEY' -169.975.025.813.232 6,91E+09 | 'CYTHI' -122.105.998.527.693 2,95E-13
'SMG9' -182.230.526.352.358 1,57E+01 | 'LGALS3BP' -120.249.286.389.874 6,36E+07
'AVLY' -169.869.557.723.849 1,36E+09 | 'CNTNAPI' -163.005.039.024.969 1,38E-09
'PMPCB' -157.661.113.128.823 2,23E+07 | 'SMURF2' -100.249.385.548.856 9,66E+07
'‘BETI' -234.706.070.546.284 2,47E-19 '‘EFTUD?2' -139.367.351.306.872 1,85E-136
'NAMPT' -179.496.601.009.455 3,43E-34 'SLC16A6' -157.218.389.599.985 4,59E-27
'ITGB8' -17.307.693.282.023 9,85E+07 | 'PRKARI1A' -15.726.746.637.974 6,91E-121
'HBP1' -233.772.418.379.423 3,93E-33 ‘TMEM104' -101.810.180.637.531 2,33E+07
'WDR91' -218.511.140.525.699 3,09E+09 | TNFAIP1' -105.814.404.235.398 5,45E-04
'ATP6VOA4' -441.503.749.927.884 4,30E+01 | 'PMP22' -105.464.421.605.221 1,21E+07
'TTC26' -241.503.749.927.884 7,85E+06 | 'SUPT6H' -140.538.254.538.489 2,73E-93
'OGDH' -228.194.547.742.201 1,01E-22 TMEM33' -142.361.114.305.834 8,00E-40
'MET' -147.160.834.745.448 3,76E+01 | 'SLAIN2' -114.589.773.079.586 5,76E+03
'IQCE' -19.311.381.418.552 2,10E+04 | 'DCUN1D4' -164.990.123.242.148 4,35E-09
'TSPAN12' -181.863.484.692.361 2,18E+08 | 'USP46' -204.551.465.925.237 9,77E+04
'HIBADH' -167.295.898.171.899 1,96E+08 | 'CRACD' -160.678.061.092.685 1,53E-06
'TAX1BP1' -250.397.122.769.913 1,01E-88 'NFKB1' -152.550.865.051.091 4,60E-16
'GRB10’ -236.170.799.687.272 6,91E-62 'MANBA' -110.433.665.981.474 1,06E+09
'CoBL' -170.043.971.814.109 7,12E+09 | 'ELF2' -11.105.583.751.477 9,05E+06
'FKBP14' -206.251.648.412.011 2,83E+00 | TBC1DY -157.337.452.644.594 4,94E-02
'PLEKHAS' -167.347.267.054.082 1,11E+09 | 'INPP4B' -140.296.466.697.827 2,35E+06
'GARS1 -330.687.308.630.181 0.0 '‘GABT' -213.848.195.379.143 2,55E-06
'SKAP2' -153.092.266.100.827 6,37E+08 | 'KLHL2' -143.569.696.984.494 6,93E+01
'ZKSCAN1' -18.093.940.673.312 1,24E+01 | 'CLCNZ' -213.595.515.221.318 4,86E-82
'EIF3B' -14.708.452.643.986 2,97E-01 'AADAT' -109.060.254.878.091 5,08E+08
'SNX8' -188.549.830.161.168 3,89E+05 | 'GALNTT' -221.132.875.483.909 5,01E-47
'TAFG' -146.453.778.607.172 1,54E+09 | 'DHX15' -139.944.815.860.276 5,88E-113
'WASL' -160.443.236.491.938 7,70E4+07 | 'SEPSECS' -168.381.588.764.744 3,52E+07
'USP42 -18.092.797.989.821 7,21E+09 | TRIM2' -249.751.016.123.088 1,34E-19
'AGFG2' -251.306.958.223.937 1,39E-10 ‘NSD2' -111.039.241.707.461 1,97E-15
'PLOD3' -217.641.699.253.606 3,99E-41 'SH3D19' -170.853.718.583.969 2,88E-26
'CLDN15’ -190.689.059.560.852 1,53E+08 | 'STIM2' -185.364.857.433.154 4,75E-20
'EZH2' -155.069.259.863.641 1,56E+05 | 'RAPGEF2' -181.706.504.700.306 3,52E-33
'AHR’ -186.434.490.064.243 1,32E-03 'SNX25' -143.323.061.604.481 6,81E-02
'GLI3' -171.566.619.236.575 5,69E+08 | 'KLF3' -225.910.870.261.999 3,32E-64
'‘BLVRA' -191.538.777.228.506 5,42E+08 | 'KLHLS' -173.759.271.655.856 1,68E-51
'URGCP' -256.268.105.334.515 1,20E-03 'NCAPG' -10.650.135.300.037 1,26E-06
'YKT6' -213.061.207.741.749 2,30E-28 'UGDH' -112.666.836.173.555 6,25E-25
'TBL2' -223.408.014.128.677 6,93E-19 'PPARGCI1A' -177.258.950.389.693 1,30E+08
'CLIP2' -348.590.382.999.849 6,61E-30 'SC5D' -158.213.195.160.296 1,06E-274
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'EIF4H’ -135.584.408.161.808 1,03E+06 | 'SIAE' -12.844.533.894.687 4,82E+07
'SLC1AT1' -302.384.674.195.437 1,80E+07 | 'ATG2A' -122.122.424.715.045 4,85E-01
'FSD1L -235.755.200.461.808 5,33E+06 | 'OSBP' -147.023.837.359.388 1,14E-30
'CNTNAP3' -241.201.814.412.303 1,13E+09 | 'KMT5B' -102.333.250.383.062 5,45E+08
'TMEM245' -161.286.849.729.104 1,14E+01 | 'PPP6R3’ -177.144.830.480.298 7,88E-48
'SEC61B' -168.583.710.248.037 2,30E-04 'CPT1A’ -124.895.324.760.758 2,7T7E-12
'ECM2' -39.870.609.442.925 2,98E-04 'PANXT' -178.849.589.480.629 7,56E-17
'PTGRY' -204.374.469.551.634 3,93E-104 | 'RNF141' -121.653.375.322.063 9,57E-06
'SUSD1’ -204.541.045.968.995 3,13E+07 | 'EIF4G2' -107.601.786.684.478 1,22E-251
'AKNA' -369.229.654.483.248 2,57E-26 '‘BIRC2' -202.917.441.338.339 3,85E-49
'TBC1D13' -216.992.500.144.231 1,15E-15 'UBE4A' -221.478.754.029.234 4,21E-112
'‘RICT' -222.818.638.511.142 7,47E-10 'DDX6' -171.319.455.386.351 6,26E-79
'KDM4C' -239.460.559.937.403 6,61E-07 ‘CBL' -282.625.512.740.088 1,33E-128
'KANK1' -189.698.485.263.536 2,29E-03 'HIPK3' -232.001.597.394.359 1,48E-98
'CA9' -465.558.548.235.683 1,26E-119 | 'FBXO3' -180.622.825.660.332 3,56E-17
'FUBP3' -154.088.628.864.697 4,53E+05 | 'PDHX' -101.969.580.134.092 2,14E-03
'CREB3' -194.231.014.891.569 9,56E-03 'MADD' -109.320.057.283.544 1,67E-15
'RGP1' -216.992.500.144.231 1,02E-19 ‘NUP98' -144.729.105.576.509 4,21E-97
'MPDZ' -286.653.285.799.238 2,98E-07 'HPS5' -129.266.350.038.217 5,07E-13
'DDX58' -288.394.864.947.043 3,13E-12 '‘GTF2H1' -105.013.221.083.463 3,82E-06
'RAPGEF1' -202.015.908.497.547 3,03E-23 'PPFIBP1' -190.919.706.299.169 1,88E-37
'SETX' -181.169.646.924.283 6,07E-13 'PRDM4' -114.311.349.209.252 1,18E+02
'UBE2R2' -147.473.405.556.991 8,09E+09 | 'CORO1C' -134.482.849.699.744 6,14E-62
'HPS1' -205.755.102.256.216 1,98E+07 | 'KCTD10' -139.130.677.822.542 7,28E-24
'DNMBP* -243.010.137.173.373 4,26E-09 'SLC11A2' -154.777.758.038.751 1,65E-25
'EIF3A' -163.289.697.778.486 4,31E-10 'MLEC' -169.490.751.682.766 1,07E-176
'SEC23IP' -159.269.814.950.076 1,03E+08 | 'CAMKK2' -142.311.162.131.976 4,79E-05
'UNCS5B' -299.082.335.362.502 6,03E-45 '‘BCL7A' -121.386.834.902.991 4,42E+09
'VSIR' -262.727.330.557.912 1,21E+07 | 'PPM1H' -122.517.486.200.777 1,30E+04
'MICU1' -23.803.600.476.461 4,63E-33 'ELK3' -223.029.761.942.179 4,33E-48
'CCSER2" -157.974.006.953.099 3,62E+08 | 'SLC6A12' -19.801.004.425.623 2,37E-01
'SEXN3' -259.511.521.708.205 1,18E-38 'FOXM1' -108.106.769.365.983 5,75E-67
'TNKS2' -21.331.792.191.534 6,40E-08 'RAD51AP1' -134.416.011.846.295 1,50E-12
'‘GBF1' -190.267.341.914.501 7,18E-14 'SH2B3' -174.161.195.902.257 1,23E+00
'SUFU' -20.837.683.576.926 1,20E+08 | 'MANSC1' -124.480.366.875.671 2,29E+08
'SH3PXD2A' -185.925.602.396.963 1,17E+07 | 'DUSP16' -137.884.484.765.546 6,26E-09
'PITRM1' -220.971.620.746.751 6,13E-83 'CREBL2' -148.900.326.623.304 2,73E-07
'XPNPEP1' -215.885.676.448.611 4,20E-05 'CDKN1B’ -131.281.704.418.761 7,79E-10
'SMC3' -211.003.005.588.049 1,29E-16 'NAA25' -163.765.539.456.135 3,62E-41
'SHOC2' -155.745.093.715.258 9,59E+09 | 'OAS3' -17.726.675.232.594 1,09E-56
'CUL2 -163.302.474.149.529 1,82E+09 | 'GTF2H3' -13.014.297.845.708 5,72E-01
'ZMIZ1 -19.769.900.219.535 4,07E-04 'SLC38A1' -225.000.974.548.372 0.0
'TSPAN14 -152.214.639.253.456 4,38E+09 | 'SPRING1' -143.560.456.935.553 1,37E-18
‘GITY -171.023.972.213.783 5,81E+04 | 'VDR' -12.709.040.918.629 1,87E-12
'FBXL20' -193.009.798.676.984 7,15E+06 | 'STX2' -116.992.500.144.231 1,82E+04
'PSMD3' -162.081.594.837.666 2,33E-03 '‘CAND1' -235.427.605.758.363 0.0
'DHX40" -249.468.839.702.781 4,17E-48 'RAB5B' -134.163.510.648.081 1,45E-28
'GOSR2' -192.246.159.868.409 8,16E-05 'NUP107" -106.024.836.585.759 5,75E-07
'RECQLS5’ -191.794.578.411.751 2,61E+08 | TIMELESS' -117.042.429.026.574 2,49E-33
'CAMTA2' -334.464.817.138.745 1,27E-75 'KRR1' -113.319.324.367.029 1,43E-03
‘RAIT -251.138.136.834.005 1,70E-23 '‘CHD4' -154.303.950.773.889 1,72E-211
'NUP88' -198.074.544.292.005 3,29E-09 'UHRF1BP1L' -195.800.591.133.537 2,26E-27
'CPD’ -178.324.709.737.812 4,68E-20 'GNPTAB' -257.574.397.069.178 4,90E-153
'CCDC4T’ -141.200.343.918.921 4,51E+08 | 'SUDS3' -156.229.342.537.144 2,16E-32
'AKAP10' -180.043.550.811.781 2,39E+05 | 'GOLT1B' -148.106.163.460.884 6,30E-15
'SMARCD2' -17.128.195.068.345 3,91E+06 | 'HCFC2' -163.591.368.816.791 3,88E+03
'BOD1' -206.847.973.788.277 2,62E+07 | 'C2CD5%' -143.459.976.565.736 3,62E-09
'CYTHT' -234.631.753.858.584 8,96E-31 'PHCT' -13.392.060.863.192 5,55E+08
'PSMD11' -136.429.706.728.203 8,62E+08 | 'COL12Al' -248.838.299.233.343 7,20E-268
'LGALS3BP’ -201.197.264.166.608 5,64E+07 | TDP2' -10.493.834.697.711 4,94E-05
'NAGLU' -17.561.901.614.311 6,34E+08 | 'FRK' -28.073.549.220.576 1,86E+08
'CNTNAPY' -341.503.749.927.884 2,08E-48 'DSE' -160.449.467.038.512 1,71E-46
'EZHY -213.474.941.211.324 6,10E+00 | 'GCNT2' -178.649.631.715.994 3,29E-20
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'DLX4' -229.176.612.437.711 1,15E+08 | 'MCM9' -134.577.483.684.173 2,13E+09
'PPP1R9B’ -158.302.209.015.172 1,55E+08 | 'RNGTT' -177.948.486.590.422 4,02E-22
'VATL' -225.538.083.329.036 1,86E-212 | 'MAN1AL' -180.452.887.797.884 4,72E+01
'LRRC59' -162.667.686.431.842 6,11E-19 'SERINC1' -204.735.835.923.606 4,95E-97
'ABCC3' -254.837.273.350.492 4,88E-66 'HINT3' -170.442.616.732.273 6,24E-06
'DUSP3' -180.260.921.040.695 1,81E-03 'NCOAT' -218.699.851.480.125 5,69E-89
'EFTUD2’ -252.273.091.050.357 2,69E-108 | 'SASHI' -194.911.883.099.782 1,85E-06
'SLC16A6’ -166.385.804.589.294 1,32E+05 | 'UST' -136.088.172.923.194 4,96E+07
'PRKAR1A’ -199.502.150.588.718 1,23E-51 'PPARD’ -15.190.745.650.647 2,23E+02
'DHRS7B' -252.210.247.688.258 1,52E+07 | 'MAPK14' -131.952.560.467.206 9,28E-21
'WSB1' -230.844.486.552.374 1,01E-32 'KCTD20' -225.266.543.245.025 7,63E-140
'TMEM104' -211.180.389.897.235 2,31E+05 | 'STK38' -14.295.762.721.109 1,06E-22
'TNFAIPT' -187.358.266.932.242 8,00E-08 'MCM3' -114.027.304.397.956 3,82E-99
'CDR2L' -161.086.436.416.391 1,61E+09 | 'CILK1' -170.754.910.618.947 5,90E-02
'FOXN1' -349.185.309.632.968 5,40E+08 | 'MDN1' -116.893.950.588.936 6,37E-28
'SUPTGH' -218.951.411.272.004 1,12E-65 '‘RBM24' -121.916.852.046.216 9,92E+08
'PHF12' -151.201.952.417.046 5,46E+08 | 'CAP2' -136.388.341.132.874 1,19E+02
'CRACD’ -201.210.660.285.665 7,58E+01 | 'ZNF451' -17.076.749.377.916 1,62E-28
'MANBA' -227.397.487.166.443 7,77E+00 | 'RAB23' -166.399.074.688.643 1,34E-03
'TBC1D9" -173.344.252.760.251 2,21E+08 | 'FBXL4' -178.280.478.272.843 4,33E-07
'INPP4B' -197.727.992.349.992 7,15E+07 | 'E2F3' -143.429.205.635.879 2,92E-24
'CPE' -251.920.805.523.744 4,66E-07 'PTP4AT' -109.295.489.992.184 1,98E-104
'WFS1' -314.135.584.924.554 5,00E-20 'ASCC3' -192.462.097.422.735 1,14E-87
'ANXAL0' -422.239.242.133.645 5,13E+08 | 'MED23' -186.835.599.418.953 8,03E-11
'FRG1' -211.547.721.741.994 1,21E+09 | 'WASF1' -106.782.261.474.873 5,64E+00
'CLCN3' -210.418.203.840.728 1,58E-23 '‘GPLDY' -176.454.183.851.863 4,16E-13
'CPZ' -259.285.627.328.378 1,42E+08 | 'ALDH5AT' -144.597.325.294.943 1,16E-17
'TRIM2' -272.336.325.227.576 3,94E-13 'SMAP1' -114.662.491.371.848 1,84E-01
'MFSD10’ -16.724.253.419.715 8,53E+09 | 'C6orf62' -126.457.822.089.913 6,30E-30
'KLF3' -175.597.756.269.201 9,29E+02 | 'EYA4' -191.047.790.381.627 1,80E-83
'NCAPG' -214.758.940.257.369 5,00E-14 'SOBP' -130.833.903.013.941 4,68E+06
'UGDH' -154.709.049.155.325 6,95E+07 | 'HBSI1L' -101.909.394.604.538 1,89E-01
'PPARGCIA' -237.851.162.325.373 9,26E+09 | TRIM38' -11.426.043.954.428 3,70E+08
'FNBP4' -168.427.705.463.935 3,85E+00 | 'ZBTB24' -138.257.310.403.233 9,53E+00
'HSPAS' -12.832.719.716.432 3,26E-10 'FIG4 -1.127.952.730.967 5,88E+07
'VWABA' -159.931.779.369.823 9,81E+05 | 'PERP' -123.304.729.995.388 6,96E-74
'SNX15' -192.982.025.719.199 2,38E+07 | 'HECA' -149.114.047.836.464 7,69E+05
'ATG2A' -240.318.114.158.906 1,98E-27 'ADGRG6' -198.837.199.774.716 2,56E-36
'OSBP' -213.801.309.991.614 3,11E-22 'PHACTR2' -188.234.841.134.573 2,21E-18
'FOXRED1' -165.982.393.802.007 2,01E+06 | 'QKI' -191.976.207.619.523 2,06E-48
'PPP6R3' -174.371.242.660.679 5,26E+02 | 'FAM120B' -129.081.756.234.733 7,15E+06
'CPT1A -17.619.516.807.333 3,52E+03 | 'BICRAL' -213.464.952.669.478 6,59E-21
'PRPF19' -144.109.616.063.175 4,70E+07 | 'EXOC2' -129.523.322.822.194 1,07E+01
'FOLRI' -328.601.657.608.351 0.0 "TMEMB30A' -188.995.073.318.681 3,12E-85
'CEP164' -213.056.256.917.154 1,99E-01 'SENP6' -117.641.699.253.606 4,87E-07
'‘BIRC2' -165.434.856.359.237 6,23E+02 | 'PRPF4B' -13.019.934.349.535 1,17E-24
'CBL' -180.367.718.168.102 6,19E-05 TTK' -110.599.069.568.821 5,64E-13
'FBXO3' -186.428.876.792.485 7,49E+06 | 'SLC29A1' -105.400.571.414.275 3,60E-13
'AMBRAL' -195.132.615.326.431 7,00E+01 | 'LAMA4' -155.464.061.405.286 6,61E-46
'MADD' -25.308.588.956.829 4,96E-68 'ERBIN' -279.047.013.196.937 9,70E-141
'NAA4Q' -203.713.424.641.038 1,38E+04 | 'NUDT12' -182.926.969.848.604 1,11E+04
'CARST -342.585.048.476.648 3,88E-228 | 'MAN2AL' -206.228.427.825.434 2,28E-93
'SLC22A18' -257.154.198.495.883 7,64E4+08 | TENT4A' -141.083.751.074.956 5,44E-41
'SLC35F2' -148.542.682.717.024 2,81E+09 | 'HMGCS1' -16.231.740.356.864 0.0
'Cl1orf58' -142.452.497.619.768 1,81E+08 | 'NNT' -156.233.959.176.049 2,12E-56
'PITPNM1' -170.294.831.734.887 8,19E+02 | 'MRPS27' -106.337.179.417.272 7,64E-16
'NUP98' -17.846.581.571.316 5,68E-15 'LOX' -156.293.619.439.116 1,88E+00
'CHKA' -186.353.775.745.073 5,47E+01 | 'HMGCR' -227.636.551.750.692 0.0
'PPFIBP1' -184.945.343.877.447 2,22E+04 | 'CERTY' -209.228.445.723.803 8,40E-52
'COQ5’ -171.582.682.710.806 3,01E+07 | 'FAF2' -116.662.741.134.174 6,48E-08
'ASICT' -226.216.295.002.905 2,73E+07 | 'PDESB' -172.409.941.840.825 3,23E-17
'CAPRIN2' -175.783.807.406.667 5,19E+06 | 'ARSB' -152.447.074.036.479 9,86E-13
'KCTD10 -175.794.730.191.253 1,73E+04 | 'CLINT1' -107.158.708.224.902 9,80E-05
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'SLC11A2' -143.616.183.931.445 7,18E+08 | 'CNOT6' -178.563.371.920.247 6,75E-25
'MLEC' -142.042.836.703.609 5,69E+05 | 'MSH3' -150.343.261.522.456 3,20E-01
'LTA4H' -17.081.453.181.297 9,01E-03 'CCNG1' -134.532.852.746.744 2,92E-25
'SLC6A12 -438.591.255.081.235 2,36E-76 'DROSHA' -10.434.067.875.152 5,86E-39
'FOXMT' -10.162.351.027.348 4,93E+07 | 'LMNBI' -107.888.902.868.384 4,21E-23
'SH2B3' -197.167.127.694.151 9,88E+02 | 'GOLPH3' -10.173.472.435.639 1,69E-18
'ALDH2' -253.437.424.117.021 3,15E-44 'NPR3' -112.081.923.191.888 1,20E-22
'CDKN1B' -18.399.839.369.784 2,80E+02 | 'FAM172A' -147.591.974.142.587 2,55E+06
'OGFOD2' -193.434.057.389.354 2,54E+06 | 'LNPEP' -271.082.545.670.242 3,26E-101
'OAS3' -189.008.230.792.196 3,57E+03 | 'PDE4D’ -164.223.730.607.291 1,88E-33
'SLC38A1" -212.424.218.611.529 0.0 'SLC12AT7" -134.883.227.858.902 2,05E+03
'VDR' -169.785.655.712.709 3,47E+07 | 'RADS50' -155.843.655.811.308 1,99E-30
'COPZ1" -196.833.208.463.392 2,94E-33 'GNPDA1' -111.308.864.892.583 1,03E-03
'CANDY' -185.597.781.843.568 2,50E-15 'NUP155' -200.058.634.223.156 8,77E-276
'RAB5B’ -203.918.748.687.463 6,83E-28 'NR3C1' -201.021.984.231.788 6,79E-86
'NUP107' -180.158.644.159.799 1,25E+01 | 'C5orfl15' -154.979.023.116.441 4,51E-21
'TIMELESS' -216.416.285.682.432 2,75E-30 'LIFR’ -233.003.314.452.442 0.0
'CHD4' -19.172.866.738.481 2,73E-45 TRIM23' -206.273.575.534.796 1,52E+02
'UHRF1BP1L' -175.351.677.043.005 5,87E+05 | 'SEC24A' -169.932.581.122.109 3,60E-27
'ING4' -25.556.469.338.966 2,94E+01 | 'TTC33' -137.810.356.355.906 6,68E-05
'USPS5' -140.183.024.974.593 3,73E+08 | 'WWC1' -1.0 1,96E+06
'TPIT -170.941.448.852.093 1,23E-116 | TCERGI' -10.419.258.637.677 5,89E-04
'ENO2' -361.935.122.626.608 9,85E-58 'DPYSL3 -166.563.106.059.576 9,89E-105
'ATN1' -155.656.637.503.465 2,81E+07 | 'SMADS' -216.759.994.849.607 1,66E-28
'C120rf57" -15.901.991.490.873 4,54E+09 | 'CSNK1AL' -134.622.368.212.706 2,94E-45
'LPCAT3' -211.656.481.267.754 1,56E-13 'HMGXB3' -123.261.445.794.908 4,24E-14
'SLCO1B3' -385.851.664.449.783 4,14E-34 '‘ERGICY' -109.578.610.495.688 5,40E-26
'PRKABT' -266.837.850.890.879 6,24E-05 '‘SMC4' -15.637.483.430.514 6,71E-142
'CMAS' -167.711.994.530.186 2,43E+07 | 'ACTRS' -127.534.130.128.541 1,01E+03
'HCFC2' -223.918.766.387.943 571E+06 | 'KPNAL' -160.344.807.156.633 4,63E-79
'RAB35' -163.025.261.123.203 7,27E+07 | 'UBE3A' -200.252.882.631.074 5,68E-51
'COL12A1" -213.012.399.338.434 6,52E-31 'ARMCS' -131.616.882.559.868 4,70E+00
‘TDP2' -218.110.873.993.499 7,09E-39 'SLC25A36' -164.090.067.231.501 2,57E-39
'GCNT2' -174.948.506.335.689 2,19E+07 | TFDP2' -111.510.847.747.138 3,92E+03
'SERINC1' -201.032.018.526.392 3,21E-24 'XRNT' -240.688.456.442.962 8,23E-37
'NCOAT' -175.412.031.520.527 1,89E+03 | 'KAT2B' -195.345.741.406.297 1,65E+02
'SASH1" -270.351.911.107.306 3,67E-24 'WNTBA' -141.865.781.495.754 6,50E-17
'PPARD’ -24.447.848.426.729 1,84E+01 | 'PRKAR2A’ -199.428.957.960.352 3,99E-86
'MAPK14' -181.305.420.957.359 1,47E-01 'USP4' -111.749.356.301.844 4,37E+05
'STK38' -191.706.365.901.793 3,02E-03 'ACAP2' -182.477.681.030.091 4,84E-45
'SOD2' -210.881.348.713.893 4,60E-97 'ECT2' -204.580.368.961.312 1,14E-225
'MCM3' -167.922.850.659.315 3,56E-11 'CBLB' -130.459.821.634.945 2,61E+06
'CAP2 -224.961.389.007.147 1,53E+02 | 'BBX' -235.837.009.085.542 1,50E-123
'TREML2' -512.928.301.694.497 1,11E+08 | 'GNB4' -210.266.177.453.763 2,65E-110
'MED23' -29.118.144.742.478 3,68E-16 '‘GBEI' -126.611.379.876.577 6,13E-06
'SMAP1' -182.149.910.437.787 3,90E+00 | 'C3orf52' -14.537.179.674.429 1,63E+08
'EYA4' -171.139.568.756.949 7,79E-03 'PLXNAT' -155.237.200.011.945 1,57E-42
'SNX3' -137.345.839.552.744 8,13E+09 | 'ATP6V1A' -205.169.680.707.929 1,35E-196
'HBS1L' -151.694.407.729.251 5,20E+08 | 'KLHL18' -105.144.676.541.868 2,65E+06
'TRIM38' -251.317.181.765.315 3,09E-07 'SCAP' -103.421.019.571.178 9,19E-10
'FIG4 -307.895.134.139.482 7,06E-05 'PLSCR4' -219.793.937.761.191 2,34E+08
'PERP’ -141.726.027.332.384 1,37E+04 | 'ACVR2B' -222.239.242.133.645 8,97E+01
'ARFGEF3' -355.581.615.506.164 3,95E-28 'WDR48' -141.367.582.382.062 4,59E-04
'SLC39AT" -226.669.142.944.188 3,02E-108 | 'ABCCS' -112.989.607.464.526 3,50E-04
'CUTA' -196.120.395.035.006 1,52E-11 'KLHL24' -140.911.266.532.174 9,90E+05
'FAM120B' -233.357.845.462.629 2,57E+03 | 'NKTR' -159.636.726.399.341 1,09E-32
'‘BICRAL' -169.131.448.189.349 7,82E+08 | 'FOXPI' -160.316.603.917.969 2,45E-01
'PPP2R5D’ -15.568.701.936.918 1,61E+09 | 'EIF4GT' -148.548.674.722.013 0.0
'PTKT?" -260.572.106.088.795 6,50E-03 'NEK4' -128.157.035.727.122 6,88E+04
'EXOC2' -233.608.218.919.722 6,17E-11 'INO8OD’ -254.378.509.404.625 2,68E-27
'VEGFA' -208.993.250.526.151 2,99E-37 'MOBI1A' -109.476.944.653.835 1,42E-11
'TTK' -148.161.297.405.536 7,16E+09 | 'KANSL3' -141.738.525.413.527 2,26E-31
'BTN2AT' -234.191.957.007.483 1,92E-09 TTL -121.627.463.148.496 3,24E-22
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'LAMA4' -25.516.706.740.279 1,41E-62 'PIKFYVE' -277.456.498.693.993 1,06E-45
'ERBIN’ -180.230.033.245.608 9,10E-05 'SLC35F5' -184.920.468.815.826 8,82E-58
'HARS2' -174.250.377.770.764 1,89E+09 | 'ACTR3' -124.819.643.047.333 2,64E-103
'MAN2AT' -139.247.982.442.703 2,22E+08 | 'STAM2' -14.427.099.177.634 5,20E+02
'TENT4A' -167.237.842.887.367 5,36E+00 | 'GPD2' -229.432.041.892.804 6,65E-97
'DAP’ -170.482.525.715.769 2,69E-24 'ACVR1' -239.231.742.277.876 1,10E-08
'BRDS' -184.455.782.258.818 2,99E-01 ‘TANCY' -227.772.829.097.683 4,37E-69
'KIF20A' -187.555.262.907.551 3,57E-14 'GTF3C2' -123.765.089.756.055 8,72E-57
'NNT' -2.274.703.886.001 7,49E-31 '‘CLIP4' -128.451.413.324.425 7,81E+01
'HSPAY' -229.574.972.314.659 1,08E-258 | 'SPTBNI' -214.701.502.918.413 0.0

'Lox' -427.926.818.874.334 2,43E-246 | 'RTN4' -109.205.224.418.469 5,02E-74
'CERTY' -148.515.844.375.567 4,05E+08 | 'GALNT3' -165.450.343.397.423 2,4TE+08
'FAF2' -165.207.669.657.969 6,94E+06 | 'CCDCB88A' -209.380.821.527.504 9,71E-90
'CLINTY' -203.058.831.983.342 2,38E-14 'LANCLYI' -149.779.103.312.943 4,07E-50
'TTCY -178.390.909.577.648 1,58E+07 | 'FN1' -18.017.738.897.943 4,33E+07
'GOLPH3’ -146.503.587.945.056 2,88E+04 | 'STAT1' -164.525.680.287.178 1,54E-42
'TARST' -230.049.408.286.602 0.0 '‘GLS' -197.859.816.468.893 6,53E-157
'LNPEP’ -159.572.893.159.023 1,83E+06 | 'USP34' -262.959.549.664.956 2,82E-263
'SLC12A7" -296.789.598.188.441 1,03E-44 '‘GGCX' -100.640.345.055.207 2,87E+02
'SKP1' -138.090.691.917.263 4,01E+09 | 'EHBPY' -132.316.592.854.622 2,65E+00
'NUP155' -155.150.258.477.583 4,76E+04 | 'COQ10B' -108.028.778.895.764 1,79E+09
'C5orf15' -176.495.136.785.083 5,06E+04 | 'SF3B1' -180.106.036.722.335 8,28E-216
'TRAPPC13' -216.082.279.433.506 4,50E+08 | 'ZNF142' -172.461.449.104.967 4,78E-30
'SEC24A' -152.480.762.748.932 3,91E+08 | 'IL18R1' -121.340.363.810.919 6,80E+08
'TXNDC15' -255.942.740.861.402 3,44E-03 'UXS1' -111.844.145.729.754 1,87E+02
'RARS1' -149.178.232.221.007 7,57E+09 | 'HDLBP' -108.792.725.852.186 6,50E-121
'CSNK1AT' -144.316.110.019.323 6,39E+01 | TAF1B' -108.453.351.021.167 3,56E+08
'HMGXB3' -267.865.729.568.301 2,06E-45 '‘BIRC6' -218.004.414.642.128 2,43E-122
'ATP6VOEL' -182.874.838.233.466 1,20E-10 'PLEKHB2' -130.854.906.508.616 1,44E-43
'STC2' -210.996.698.549.363 3,05E-36 '‘STRN' -235.278.905.859.212 1,98E-74
'ZNF346' -190.397.311.222.622 3,27E+08 | 'CEBPZ' -113.170.567.921.182 1,43E-22
'SMC4' -162.227.106.402.633 5,26E-10 'PRKD3' -206.910.464.834 9,60E-70
'SELENOK" -159.746.426.908.151 7,12E+07 | 'DCAF17" -185.277.404.681.682 4,52E+01
'ACTRS' -194.341.647.163.363 1,02E+08 | 'RAB3GAP1' -180.132.144.518.233 1,56E-59
‘CRBN' -169.100.413.813.148 9,83E+08 | 'DARS1' -103.099.515.210.784 2,68E-08
'AMOTL?2' -185.917.793.643.768 1,70E-04 'SLC1A4' -15.398.331.252.315 8,64E-05
'KPNAL' -176.799.248.978.683 1,91E-04 'SOS1' -174.839.617.494.261 5,13E-27
'PCCB' -209.368.941.561.523 2,64E-10 'WIPF1' -137.620.975.592.713 1,13E+01
'CEP70’ -163.085.726.669.181 591E+08 | 'ATF2' -140.577.800.783.815 6,32E-04
'SLC25A36' -199.068.532.372.346 1,01E-16 ‘THADA' -139.663.471.789.354 1,03E-04
'TFDP2' -177.064.314.370.108 2,68E+07 | 'AAKL' -289.639.822.179.088 1,48E-59
'XRN1' -169.255.372.500.564 5,82E+07 | TRAK2' -148.409.367.287.157 9,40E-06
'KAT2B’ -226.786.293.785.062 1,35E+05 | TIAL' -113.139.040.002.332 9,59E-02
'PDCD10* -18.657.171.969.895 5,96E-08 'PCYOX1' -236.126.624.283.786 4,49E-132
'PFKFB4' -285.230.989.942.603 2,59E-42 'EPAST' -199.692.880.130.768 0.0
'FGF12' -256.670.029.432.843 2,05E+02 | 'NFE2L2' -115.132.877.932.158 1,07E-17
'ACAP2' -174.083.341.160.592 1,14E+01 | 'MSH6' -159.656.600.864.131 9,40E-67
'ECT2' -148.586.157.029.268 1,17E+04 | 'PLEKHA3' -142.285.700.373.814 3,34E+02
'TFG' -199.123.740.014.543 1,41E-39 'ALMS1’ -266.218.200.318.305 1,36E-44
'CYB561D2' -195.012.409.336.043 9,01E+06 | 'DHCR24' -172.049.378.213.949 0.0

'BBX' -138.653.717.631.044 5,72E+08 | 'DNAIC16' -201.380.579.952.503 1,83E-03
'‘GBE1' -339.231.742.277.876 1,26E-160 | 'PAPPA2' -323.266.075.679.028 1,21E+08
'SLC41A3" -210.550.463.134.516 5,81E-02 '‘RALGPS2' -212.928.301.694.497 5,33E-12
'PLXNAL -205.806.905.625.553 5,28E-08 '‘CEP104' -106.458.979.444.299 6,41E+06
'ABTB1' -241.503.749.927.884 2,44E+06 | 'FAM20B' -17.636.590.123.419 1,21E-62
'SCAP' -196.829.114.027.266 1,90E-11 "TCEANC2' -112.363.134.916.838 5,54E+07
'PLSCR4' -271.271.804.791.953 7,05E+08 | 'ICMT' -147.876.029.758.069 1,00E-86
'HEMK1' -193.198.157.657.135 4,94E+09 | 'STXBP3' -135.883.736.050.838 7,67E-05
'WDR48' -227.741.983.374.785 1,17E-06 'PHF13' -104.264.433.740.849 1,12E+09
'GORASPY' -219.826.962.713.627 1,77E-08 'EDEM3' -195.243.431.674.794 1,98E-24
'ABCCS' -164.585.728.024.747 4,27E+07 | 'CAPZAT' -10.416.679.946.799 1,62E-36
'EIF1B' -179.636.100.293.997 2,43E+01 | 'S100PBP’ -129.514.876.377.176 3,14E+04
'KLHL24' -283.305.762.323.155 2,55E-37 TRIMG2' -144.294.349.584.873 5,48E+08
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'SSR3' -161.071.639.847.683 1,25E-07 'ASHIL' -240.454.099.903.652 5,08E-122
'NKTR' -156.926.381.436.317 4,29E+09 | 'ARHGEF2' -115.463.334.948.972 1,36E-24
'FOXP1' -174.438.306.572.869 9,08E+08 | 'MEF2D' -105.472.318.634.084 1,91E+04
'EIF4GY' -197.189.423.786.269 1,26E-151 | 'DOCK?' -196.848.902.725.478 1,74E-20
'KANSL3' -187.294.326.368.518 3,69E-04 'SWTL' -191.753.783.980.803 1,29E+08
'LMAN2L' -302.374.208.887.385 1,15E-36 'DNAJC6' -184.177.472.657.101 5,31E-12
'IL1A’ -365.821.148.275.179 1,41E+06 | 'LEPR’ -427.301.849.440.642 2,71E+04
'EPB41L5' -266.533.591.718.518 4,16E+05 | 'MFN2' -127.323.017.293.968 2,40E-33
'STAM2' -174.359.433.263.211 2,37E+09 | 'PRG4’ -314.295.795.384.204 3,60E+07
'ACVRI' -255.849.028.935.997 1,12E+02 | 'SMGT' -171.818.838.713.558 7,30E-84
'TANCT' -244.700.522.793.748 5,94E-24 'NCF2' -206.711.419.585.854 2,03E+08
'GTF3C2' -19.809.953.389.989 6,83E-21 'SLC35D1" -269.089.594.547.022 4,32E-28
'NRBP1' -258.427.924.470.986 1,17E-65 'PLA2G4AA’ -113.644.115.621.968 4,49E+05
'PSMD14' -147.357.382.022.534 7,26E+08 | 'WLS' -109.187.369.121.881 3,00E-07
'ASB3' -187.698.910.989.466 1,10E+09 | 'ROGO' -163.312.978.318.167 4,30E-25
'MOGS' -318.470.604.514.883 2,28E-100 | 'PHTF1' -164.662.552.060.496 1,01E-12
'TTC3T -271.566.619.236.575 4,98E-03 TTF2' -14.736.633.778.544 1,08E-20
'CLIP4' -2.901.295.132.715 3,30E-42 'KIF21B' -126.138.655.295.231 1,56E+08
'SPTBN1' -2.431.199.217.897 2,03E-191 | 'EXOCS' -132.192.809.488.736 7,56E+01
'RTN4' -171.629.566.887.155 1,12E-41 TSNAX' -102.169.507.109.932 5,69E+08
'FANCL' -176.250.068.627.334 1,97E+07 | 'Clorf109' -110.595.717.543.261 6,46E+05
'FNT' -3.0 8,10E+03 | 'RRAGC' -171.843.886.897.985 5,57E-34
'STAT1' -197.006.479.345.823 1,28E-01 '‘MTR' -22.639.224.914.518 2,08E-58
'GLS' -234.770.889.848.975 5,44E-89 ‘RLF -126.692.132.791.795 1,44E+02
'ELMOD3' -181.002.905.635.593 8,98E+08 | 'AKT3' -158.491.741.720.555 1,47E+02
'USP34' -168.797.167.239.935 4,12E-14 'ETV3' -120.853.200.633.789 1,91E+03
'GGCX' -159.565.710.151.739 2,11E+08 | 'KDM5B' -132.394.444.048.587 1,94E-12
'TXNDC9' -170.175.504.572.732 3,67E+07 | 'KLHL12' -114.968.178.153.493 1,35E+05
'COQ10B' -171.212.152.318.873 4,12E+08 | 'SSX2IP' -153.378.984.873.164 5,74E-07
'SF3B1' -197.597.415.589.938 1,37E-33 'ZNHIT6' -126.268.889.151.269 9,51E-04
'KDM3A' -248.520.472.032.031 2,05E-30 '‘RBBPS’ -155.428.288.263.173 5,89E-17
'ZNF142' -179.940.616.894.211 2,75E+06 | 'GBP3' -172.246.602.447.109 8,20E+08
'IL18R1 -229.733.610.670.497 3,45E+04 | 'RAB29' -129.956.028.185.891 5,38E+06
‘FHL2' -188.032.279.405.078 1,75E-12 '‘ECET' -165.964.541.843.478 6,23E-213
'CNPPD1’ -241.982.573.812.789 1,56E-02 'CDA46' -18.902.869.667.919 5,32E-192
'UXS1' -163.591.368.816.791 9,49E+09 | 'SLC2AT' -1.027.563.328.175 7,36E-37
'ABCB6' -197.470.494.211.412 8,15E-01 'SLC19A2' -123.775.104.171.303 9,28E+00
'STK16' -188.857.871.733.158 1,92E+08 | 'NSUN4' -10.885.741.739.854 1,32E+01
'HDLBP' -209.744.863.615.379 6,16E-213 | TMEDS' -107.491.570.677.791 1,53E-05
'PPP1RT" -158.867.123.037.512 8,40E+09 | DRI’ -120.749.284.234.971 3,41E-28
'TAF1B' -193.429.675.294.917 6,74E+09 | 'PRRC2C' -247.903.210.522.603 0.0
'HPCAL1" -14.701.420.987.193 2,19E+08 | 'ABCD3' -183.289.001.416.474 4,14E-67
'‘BIRC6' -205.672.086.903.389 9,19E-25 'PTBP2' -118.963.632.807.006 3,65E+07
'PLEKHB2' -173.995.918.210.446 1,60E-16 'DARS2' -175.501.441.617.638 6,29E-50
'GORASP2 -192.258.047.004.107 1,40E-06 'UTP25' -170.744.650.724.615 7,15E-40
'RAB3GAP1' -318.197.262.920.684 7,63E-132 | 'SLC35A3' -1.712.622.923.435 1,94E-19
'DARS1 -206.008.714.979.243 8,37E-20 '‘ARIDIA' -189.004.113.453.076 1,13E-84
'SDC1' -169.012.734.370.495 5,08E+07 | 'CENPF' -222.562.653.981.568 9,13E-289
'SLC1A4 -34.594.316.186.373 5,33E-65 '‘OSBPLY' -129.216.883.622.243 1,85E-39
'SOS1’ -181.628.804.682.761 6,06E+01 | 'ESYT2' -103.160.960.651.682 4,73E+06
'ORC2' -167.851.383.957.494 1,62E+09 | 'RCN2' -102.629.351.624.225 6,66E-03
'THADA' -199.501.659.248.574 3,25E+04 | 'STAGL' -159.039.638.677.178 1,59E-15
'AAKT' -201.026.833.545.383 3,52E-10 'KMT2A' -280.063.018.428.522 1,58E-282
'C2orf42" -218.160.680.648.995 2,93E+07 | 'KIF14' -209.812.057.285.787 2,99E-51
'TIAL' -178.836.719.191.661 6,09E+04 | 'CAMSAP2' -211.099.766.391.722 2,51E-96
'PCYOXT' -153.605.290.024.021 1,17E+07 | 'ATF6' -12.399.138.426.244 2,40E-18
'EPAST’ -159.879.477.390.073 1,45E-27 'FASTKD2' -129.869.578.864.965 1,11E-03
'NFE2L2' -213.776.633.366.794 1,54E-32 'CREBI' -108.620.814.190.392 1,39E+08
'MSH6' -180.996.141.787.209 1,78E+02 | 'KLF7' -171.118.021.692.458 4,00E-09
'DHCR24’ -161.982.932.787.501 2,42E-27 'BRF2' -19.100.578.746.872 4,33E-22
'DNAJC16' -196.757.852.230.762 2,70E+08 | 'ANKRD13C’ -12.365.621.944.726 2,71E+01
'PAPPA2' -644.432.472.624.709 7,35E-130 | 'PHF3' -214.213.284.942.099 7,83E-73
'RALGPS2' -15.915.955.930.536 3,16E+08 | 'PLAGL1 -100.452.965.848.051 2,30E+07
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'CEP104' -159.494.658.929.378 6,73E+08 | 'FBXO30' -133.124.334.946.781 1,14E-15
'TMEM59' -228.023.928.227.417 4,40E-66 ‘TNFAIP3' -125.118.468.795.605 1,22E+06
'QSOX1" -329.097.128.233.692 1,95E-217 | 'RNF146' -17.315.111.640.741 1,21E+06
'STXBP3' -21.646.964.866.405 7,08E-09 'FBXL5' -111.289.405.640.593 1,70E+07
'PHF13' -176.716.583.194.191 3,09E+08 | 'SLC16AT -207.645.206.043.787 2,18E-25
'ERRFIT' -203.365.730.036.718 5,23E-40 'DCLRE1B' -110.328.780.841.202 1,82E+05
'ELAPOR1' -216.082.279.433.506 4,50E+08 | 'FOXO3' -191.531.242.140.643 4,04E-38
'AMPD2' -19.905.050.806.324 1,55E-08 '‘RPN2' -123.053.176.614.646 9,96E-132
'SRSF4' -156.917.361.491.702 1,66E+07 | 'TGIF2' -104.502.151.447.201 8,36E+08
'HDAC1' -173.740.007.543.463 1,46E-05 'PKD2' -148.754.999.906.321 2,23E+05
'S100PBP’ -188.283.865.576.725 9,65E+07 | 'SPPI' -107.333.173.811.196 2,37E-09
'SCAMP3’ -149.617.426.200.425 3,64E+08 | 'MFSD1' -116.731.378.798.577 7,44E-07
'TRIM62' -24.271.712.549.147 3,69E+07 | 'RAB3GAP2' -17.797.078.775.363 7,96E-32
'ASH1L' -165.046.324.436.207 1,43E+04 | 'UBNT' -149.250.723.147.617 1,06E-52
'GON4L' -20.037.207.815.561 1,10E+01 | 'KLF12' -198.380.796.649.741 3,32E-12
'ARHGEF2' -3.100.938.391.251 1,83E-239 | 'LDAH’ -135.795.640.407.158 6,50E+02
'MEF2D' -221.453.030.356.348 5,41E-07 '‘ELL2' -11.738.991.514.979 8,73E-24
'DOCKT! -259.585.081.686.389 5,37E-18 '‘GTF3C3' -1.406.571.406.459 1,26E-03
'SWT1' -268.449.817.427.207 1,86E+08 | 'GDA' -133.250.438.047.382 2,14E-54
'MFN2' -169.242.719.808.971 1,02E+02 | 'TIP2' -148.703.238.355.228 2,15E-41
'NCF2' -411.745.758.154.818 3,41E-76 'SENP5' -114.967.428.738.508 1,62E+04
'WLS' -234.515.557.467.792 1,01E-41 'Clorf198' -111.289.405.640.593 3,53E+01
'SRSF11' -144.021.310.841.125 5,18E+08 | 'HEATR1' -231.915.634.563.731 1,08E-183
'CTH' -333.285.447.133.905 2,74E-100 | 'PTBP3' -257.060.228.049.851 5,76E-245
'PLEKHM2' -167.676.029.783.325 1,37E+02 | 'RAD23B' -11.224.710.823.348 1,12E-66
'PHTFL' -187.117.001.965.505 8,02E+05 | 'FKBP15' -110.378.045.790.299 1,54E+05
'CD58' -252.356.195.605.701 5,35E-04 'ABITRAM' -112.865.260.616.767 2,21E+03
'KIF21B' -298.994.633.533.608 4,10E-17 '‘GLE1' -110.649.962.130.068 2,51E-12
'ADPRS' -184.985.965.057.214 3,98E+06 | 'RAB14' -137.945.909.308.985 1,76E-71
'EXOCS8' -211.053.647.614.967 157E+04 | 'CNTRL' -1.0 2,49E+08
'Clorf109' -187.357.052.240.849 1,62E+07 | 'TRIM32' -103.609.300.257.858 1,67E+07
'RRAGC' -254.535.929.824.941 1,57E-61 'KDSR' -122.037.832.769.523 1,06E-08
'LGALSS' -219.475.685.442.225 1,25E+07 | '"VPS4B' -184.599.177.066.457 9,97E-58
‘RLF' -212.146.351.248.567 1,80E-04 'ONECUT2' -244.122.702.325.971 7,51E-13
'ACADM' -183.339.953.034.199 1,05E+02 | "YLPMI' -162.885.402.643.548 5,25E-41
'KDM5B' -203.383.359.507.588 8,63E-08 'FCF1' -142.495.077.030.576 2,19E-26
'KLHL12' -176.553.474.636.298 2,78E+08 | 'NEKY' -16.687.138.504.144 1,14E-23
'GBP3' -230.116.953.472.056 1,31E+08 | '‘AREL1 -201.602.326.213.016 7,24E-56
'ECEY' -24.226.489.370.372 1,17E-168 | 'MLH3' -164.045.761.331.286 2,99E+01
'HMGCL' -346.795.989.001.868 9,69E-23 TTLLS -133.976.478.003.314 7,69E-11
'CD46" -16.332.839.833.658 9,43E-08 'FLVCR?2' -251.457.317.282.976 2,24E+08
'APH1A' -167.732.651.886.982 2,58E+02 | 'RBM25' -145.733.050.407.461 1,71E-62
'P3H1" -175.161.237.013.061 5,17E+02 | 'NRDE2' -113.819.729.392.002 3,15E+07
'SLC2A1" -261.676.858.505.091 2,32E-254 | 'RHOQ' -138.027.208.111.817 3,32E+09
'IPO13 -209.054.552.413.453 6,70E-05 'GPR75' -335.755.200.461.808 4,02E+08
'ATP6VOB' -176.966.119.214.079 1,62E-13 ‘TMEM214' -107.623.998.020.804 1,59E-18
'PRDX1' -193.709.949.154.757 0.0 'ATAD2B' -204.679.421.147.894 1,04E-09
'TSPAN1' -17.589.919.004.962 9,90E+08 | '‘ATL2' -142.986.491.695.648 4,26E-23
'‘BLZF1' -154.882.190.845.875 4,82E+08 | 'FAM9BA' -114.793.897.641.625 5,66E-24
'NSUN4' -181.960.718.288.162 4,71E+05 | 'YIPF4' -11.827.041.326.348 2,95E-08
'TMED5S' -186.754.970.397.635 5,90E-16 'AFTPH' -167.587.099.691.937 8,14E-24
'PRRC2C’ -156.790.451.615.835 1,48E-01 'EPCAM' -115.417.093.012.776 3,26E+04
'VAMP4' -197.085.365.434.048 6,10E+08 | 'SLC17A5' -186.014.233.641.704 1,96E-20
'PRDX6' -102.325.990.626.911 2,56E+06 | 'OGFRLI' -104.198.244.947.478 6,50E+07
'DARS2’ -202.302.692.902.601 7,74E-01 'SLF2' -20.659.740.374.034 5,31E-33
'RCOR3' -186.875.546.672.175 4,69E+08 | 'IDE' -208.908.354.358.243 1,52E-70
'MTFRI1L' -16.703.539.919.518 1,67E+08 |'IFIT3' -203.024.628.686.812 2,34E-01
'RPS6KAL' -220.281.688.299.969 1,90E-07 'IFIT2' -169.514.541.847.158 2,88E+02
'DHDDS' -193.014.889.074.603 1,20E+03 | 'GPAM' -28.349.407.537.295 2,88E-39
'ARID1A' -223.058.778.334.894 1,01E-23 ‘MXI1' -107.400.058.144.378 5,31E+08
'STX12' -191.886.323.727.459 6,53E+08 | 'SMNDC1' -108.358.056.790.504 1,15E+05
'MESD' -184.366.307.113.497 2,73E-04 'C100rf88' -134.155.690.163.629 2,08E+09
'CTSD' -324.349.469.114.562 0.0 'HELLS' -151.220.615.828.584 3,90E-31
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'KMT2A' -139.098.536.403.982 6,10E+08 | 'DENND10’ -162.858.943.312.141 8,97E-04
'KIF14' -158.128.684.257.776 1,46E+08 | 'WDR11' -150.217.762.605.722 2,52E-10
'DDX59' -210.256.973.364.055 5,99E+07 | 'GNA1L3 -215.760.923.727.765 2,56E-95
'ATF6' -237.178.713.395.727 8,76E-50 'KANSL1T' -123.275.183.889.775 7,22E-02
'KLF7' -24.374.053.123.073 1,84E-06 'PANK3' -176.793.457.232.397 2,27E-82
'SPCS2' -223.463.069.083.013 1,43E-36 'MOB3B' -103.523.718.005.654 3,15E+07
'FILIP1 -829.462.074.889.163 1,02E-31 'NUP43' -171.968.760.273.437 2,98E-20
'HIF1AN' -185.827.189.038.834 2,80E+06 | 'LRP11' -117.713.316.167.505 1,05E-04
'PHF3' -178.581.149.809.574 4,03E+00 | 'PLEKHGY' -152.973.298.000.076 9,36E+06
'PLAGLYT -183.821.859.164.678 4,52E-04 'SNX19' -13.396.112.291.066 3,57E-10
'FBXO30" -198.761.627.554.417 7,25E-09 'SLC10AT7" -184.629.058.460.455 2,20E+05
'RNF146' -216.664.986.940.945 9,49E+08 | 'NUDCD1' -139.709.081.951.945 1,54E-24
'FBXLS' -208.607.095.012.367 8,24E+03 | 'MASTL' -15.035.224.412.031 3,70E-09
'FOX03' -166.912.362.611.229 4,75E+04 | 'KIAA1217' -159.883.467.530.271 3,55E-02
'RPN2' -290.357.023.731.691 0.0 'PLXDC2' -130.812.229.536.233 8,60E+07
'PKD2' -202.906.246.560.246 5,68E+06 | 'PROSER1' -141.046.476.948.902 1,57E-09
'STBD1' -292.003.169.529.659 2,95E-06 'ELF1' -179.726.610.443.402 7,52E-27
'CCNI' -133.394.159.649.405 3,73E+08 | 'ETF1' -116.992.500.144.231 2,03E-66
'MFSD1' -175.339.418.349.077 1,23E+03 | TGFBI' -10.409.834.911.958 3,66E-15
'RAB3GAP2' -238.856.528.791.765 2,67E-21 'KDM3B' -133.057.996.514.027 8,30E-18
'UBN1' -195.730.517.860.027 8,09E-24 'PLST -186.519.503.188.036 1,38E-26
'KLF12' -190.980.219.102.842 1,40E+07 | 'UTP20' -23.041.168.187.709 7,94E-107
'UCHL3' -175.889.343.310.096 4,26E+04 | TMPO' -153.366.557.455.123 1,16E-176
'HS1BP3' -291.721.140.128.624 1,78E-09 'APAF1' -140.327.952.840.267 3,27E-04
'GTF3C3' -255.911.062.287.641 5,15E-13 ‘TNFRSF10B' -130.182.688.883.085 1,43E-12
'TIP2' -235.482.272.984.477 1,23E-28 ‘RNF170' -123.173.028.591.578 6,33E+07
'SENPS' -172.356.773.895.066 2,56E+07 | TARDBP' -123.391.638.014.075 1,21E-70
'Clorf198' -185.397.271.103.056 2,63E+06 | 'LYPLAL' -164.581.263.938.899 1,44E-62
'FKBP15' -272.145.484.865.196 1,88E-35 'AKAPT' -123.949.035.590.284 4,01E-18
'PTPA' -179.190.057.166.922 1,36E-14 TRIM25' -167.497.870.727.051 4,89E-69
'GLE1' -151.618.908.094.093 9,97E+07 | 'TENT4B' -123.516.678.296.808 1,90E+01
'TRIM32' -21.001.114.847.902 6,59E-01 '‘ADCYT' -160.463.998.549.762 1,29E-16
'HDHD3' -237.196.877.738.696 4,42E+08 | PYROXD1' -105.829.864.056.467 8,13E+08
'DENND1A' -169.469.394.137.796 8,68E+05 | TRMTIL' -161.192.954.832.143 5,89E-05
'ALG2' -251.793.374.979.977 3,12E-40 ‘NAA50' -15.138.483.494.365 1,97E-185
'NEK9' -233.505.851.581.614 1,58E-09 'DESI2' -180.994.503.952.331 1,10E-39
‘NPC2' -237.120.443.562.556 2,96E-58 'CAT' -128.679.622.342.736 1,30E-13
'IRF2BPL’ -153.461.252.568.294 2,03E+08 | 'ZMYM2' -171.071.913.901.248 9,61E-36
'ACOT2' -21.394.330.345.911 1,37E+07 | 'TBC1D15' -133.440.982.870.331 5,20E-04
'MLH3' -226.514.206.879.579 6,98E+05 | 'ZNF639' -138.316.048.347.685 4,65E-06
'FLVCR2" -334.239.219.744.708 1,67E+09 | 'PIK3CA' -244.655.474.940.111 1,29E-46
'‘DLST' -191.183.364.528.134 3,69E-19 'PDS5A’ -219.601.800.527.316 9,34E-226
'ALDH6AT’ -237.851.162.325.373 2,66E+08 | 'ZSCAN20' -116.651.033.702.955 2,08E+08
'EIF2B2' -189.563.147.819.383 1,58E+00 | 'CLCCl' -134.169.134.970.879 2,31E-04
'ZNF410° -168.019.327.199.066 3,13E+03 | 'GPSM2' -150.695.998.871.988 7,72E-33
'RHOQ' -195.252.128.983.312 7,53E+05 | 'GTDCI' -144.057.259.138.598 7,00E+08
'SUPT7L' -20.009.666.298.793 4,29E-11 'POLK' -173.316.402.400.635 1,98E-03
'KLHL29' -169.348.695.749.933 5,30E+08 | 'UBL3' -170.311.782.368.253 4,59E-15
'DNMT3A' -223.588.826.382.067 2,75E+08 | 'FYTTDI' -170.194.151.994.021 1,01E-56
'TMEM214' -286.194.005.982.321 7,85E-122 | 'OCRL' -168.388.854.187.724 2,72E-19
'ATL2' -186.997.823.478.512 1,69E-02 '‘COPA! -165.747.500.050.552 2,75E-215
'YPELS' -325.143.857.636.147 3,69E-116 | 'RBBP6' -103.286.463.390.563 1,72E+01
'YIPF4' -252.994.839.871.667 1,15E-56 'ZC3HTA' -11.601.344.982.495 3,69E-03
'AFTPH' -19.252.054.929.886 5,53E-02 'SERACT' -147.883.414.985.981 5,53E+09
'SLC17A5’ -270.116.487.273.836 1,85E-26 '‘SHLD2' -184.852.066.587.851 2,26E-41
'IDE' -169.618.845.626.196 1,03E+05 | 'ODF2L' -1.0 1,97E+09
'IFIT3" -184.670.358.953.343 4,42E+08 | 'ZNF644' -180.250.878.031.276 7,38E-22
'WDR11' -271.980.504.300.802 2,53E-28 'RPAP2' -118.286.405.714.981 1,91E+04
'ARMH3' -306.273.575.534.796 8,69E-08 'PMS2' -101.571.008.308.866 9,53E+07
'GOT1' -165.472.141.783.526 6,87E+02 | 'SEPTIN7' -144.427.181.146.629 1,95E-75
'KANSLT -204.896.684.914.828 2,18E+00 | 'FAMI126A' -166.007.865.956.049 8,28E-46
'CAAPT' -1.713.162.569.581 3,34E+09 | 'FKBPY' -139.314.489.343 4,95E-02
'NUP43' -199.827.325.528.053 2,10E+00 | 'SMUT' -102.885.486.267.219 1,28E-06
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'PCMT1' -149.395.588.023.134 1,84E+09 | 'SLC25A51' -114.536.765.435.311 5,32E+08
'CYSTMT' -197.684.227.901.275 5,47E-05 'RECK' -161.890.983.264.449 1,16E+06
'TNFSF18' -140.101.784.040.205 4,37E-12 'ACOT' -168.822.126.031.479 5,43E-66
'GORAB' -192.199.748.799.873 6,47E+09 | 'DCAF10' -115.686.884.861.687 3,38E+08
'SNX19' -269.116.190.455.308 4,48E-59 'KIAA1549' -237.882.158.029.454 3,14E-133
'MSANTD2' -198.806.038.668.847 1,15E+08 | 'TRIM24' -101.641.308.989.083 3,76E+04
'SLC10AT7" -212.162.944.440.153 1,03E+09 | 'CALDI' -174.956.563.094.584 1,29E-37
'KIAAL217" -23.298.477.581.836 4,21E-02 'PLAU' -155.786.883.983.888 1,32E-08
'PLXDC2' -240.136.256.238.177 1,98E+05 | 'CHST3' -178.259.704.164.603 4,70E-57
'TAF12' -170.134.168.443.548 5,61E+08 | 'VPS26A' -129.753.919.802.666 1,40E-23
'UFMY' -227.436.241.163.531 1,26E-23 CIT -113.109.899.027.274 9,21E-01
'WBP4' -228.010.791.919.274 7,37E+06 | 'MED13L' -185.108.619.047.819 1,63E-42
'ELF1' -188.576.517.083.939 2,44E+01 | 'RNF11' -108.529.753.518.757 3,96E-04
'HSPH1' -145.737.066.127.643 1,77E-02 'RASSF8' -226.007.943.869.892 2,98E-64
'ALG5' -187.446.911.791.614 3,09E+08 | 'BHLHE41' -121.723.071.622.067 4,24E+08
'TGFBI' -214.245.564.018.463 5,10E-35 'ITPR2' -234.395.440.121.736 3,00E-96
'PAIP2' -152.867.833.326.075 1,82E+08 | 'WWP1' -180.243.943.164.349 1,32E-55
'KDM3B' -183.953.532.780.675 1,06E+00 | 'ADGRES' -114.717.183.537.097 3,64E-29
'SERP1' -142.954.177.136.213 2,33E+07 | 'ZC3H13' -133.263.612.893.375 2,24E-07
'PLST -167.451.408.569.945 2,03E+09 | 'NLN' -145.566.351.336.543 1,63E-61
‘NR2C1' -18.692.655.233.086 6,69E+04 | 'LRP1' -115.685.682.159.795 3,48E-12
'ARL1' -157.214.722.306.194 1,31E+07 | 'STIL' -111.192.565.406.971 1,42E-04
'GLT8D2" -218.641.312.423.088 6,63E+08 | 'USP45' -125.032.335.408.424 1,87E+09
'DUSP4' -162.293.035.092.018 1,61E+04 | 'FAM199X' -147.314.045.384.241 3,15E-23
'CLU -1.798.099.950.479 3,38E-129 | 'METTLS' -134.559.700.078.099 4,27E+05
'TNFRSF10B' -272.246.602.447.109 3,85E-74 ‘TTC21B' -188.408.071.270.043 6,06E+00
'PTK2B’ -246.855.300.860.585 9,45E+05 | 'BAZ2B' -1.799.087.306.074 3,46E+07
'TRIM25' -275.765.818.678.861 4,30E-160 | 'SLC36A1' -195.419.631.038.688 4,17E-16
'SCPEPT' -198.697.599.242.786 5,00E-07 'LPGATI' -207.313.470.463.022 7,07E-52
'SLC35B1" -208.084.145.785.989 1,55E-13 'KCNJ2' -123.521.646.169.403 1,90E+07
'ADCYT" -192.265.791.146.684 1,97E+04 | 'RAP2C' -154.498.164.586.536 1,46E-39
'TRMT1L -200.799.279.075.353 6,51E+07 | 'PFKFB2' -194.622.874.355.902 3,17E-30
'KIF18A" -163.485.894.496.816 3,06E+07 | 'AGO2' -16.331.039.952.125 2,65E-163
'CRY2' -216.046.467.219.325 1,62E+07 | '‘ACSL3' -136.608.006.328.865 2,21E-69
'CAT' -235.205.355.256.503 1,26E-18 '‘CHPF' -112.800.761.237.607 4,30E+08
'ZMYM2' -153.395.281.717.938 2,04E+09 | TTPAL' -211.547.721.741.994 2,48E-21
'TBC1D15' -21.851.935.080.001 1,41E-13 'PREX1' -151.696.240.060.335 3,91E-20
'ADGRB2' -303.242.147.769.238 9,24E+08 | 'NCOA3' -203.333.346.266.754 6,90E-47
'TMEM39B’ -198.772.167.022.156 1,18E+08 | PIGT' -112.089.523.145.225 8,32E-20
'CCRL2 -460.486.205.815.886 2,45E+06 | 'CHD6' -179.402.533.809.751 1,58E-24
'CCR2' -485.798.099.512.757 7,79E4+08 | 'PLCG1' -109.119.981.438.285 1,01E-03
'PDS5A’ -142.839.437.388.347 5,84E+07 | 'ARFGEF2' -211.636.475.669.178 3,89E-89
'ZSCAN20' -231.667.236.943.587 2,14E+06 | 'ZNFX1' -134.931.809.291.887 3,17E-16
‘CLCCT -206.012.099.243.757 3,57E+01 | 'CSE1L' -156.770.540.917.957 8,25E-243
'GPSM2' -165.720.114.152.835 5,28E+07 | 'STAUL' -111.153.183.198.688 4,44E-15
'OCRL' -242.175.084.336.528 2,11E-21 'PMEPAT' -106.339.508.128.851 1,83E+07
'COPA’ -307.321.583.986.501 0.0 'MTRR' -130.749.071.166.356 3,31E-61
'ZC3HTA -20.961.237.010.322 5,93E-08 'VAMPT' -169.004.454.677.871 5,15E-66
'SERACT' -235.845.397.091.248 1,10E+08 | '‘ATP8AL' -190.768.525.001.632 6,15E-11
'NAAGO' -211.700.711.686.435 1,41E+01 | 'USP22' -158.128.449.989.954 3,32E-152
'ODF2L' -176.994.291.661.248 1,83E+08 | 'ZNF45' -173.820.876.101.684 7,04E-04
'PMS2' -168.911.973.201.245 2,52E+09 | 'LYPD3' -120.217.684.011.505 1,54E-05
'ZMIZ2' -189.625.904.387.863 7,14E+03 | 'USP9X' -231.917.091.289.023 0.0
'HERPUD?2' -180.587.143.088.227 5,63E+08 | TRERF1' -107.206.395.958.365 2,35E+07
'HNRNPA2B1' -163.937.393.520.421 2,51E-76 'ABCC10' -11.108.732.174.852 4,44E+08
'FKBPY' -245.158.019.767.604 1,55E-10 '‘GLO1 -107.442.900.421.395 4,17E-37
'SMUT' -157.506.969.596.272 5,17E+07 | 'RREBI1' -165.238.026.208.126 1,82E-13
'GLIPR2' -55.077.946.401.987 7,46E+02 | 'SSRI' -149.122.493.499.912 4,58E-167
'ACO1' -236.305.282.827.357 6,23E-24 'ATXNI' -150.523.530.825.042 6,88E-01
'KIAA1549' -216.992.500.144.231 7,27E-18 'NUP153' -165.704.204.986.926 1,86E-108
'PLAU' -309.054.552.413.453 5,15E-40 'DEK' -139.837.645.811.695 1,53E-125
'SRGN' -199.832.666.320.979 1,66E-28 'LRRFIP1' -175.653.733.867.761 3,78E-79
'CHST3' -228.662.122.615.141 1,17E-19 'AHNAK' -237.962.610.383.514 0.0
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'ECD' -180.433.567.775.881 2,64E+06 | 'CNOT1' -234.223.564.312.521 0.0
'P4HAL -281.201.379.060.859 1,09E-162 | 'BBS2' -111.272.310.578.324 6,66E+03
'CIT' -188.678.938.955.201 7,28E+03 | 'RAP2A -126.026.797.154.242 9,27E-08
'IFT81' -260.768.257.722.124 1,09E+04 | 'ABCC4' -239.420.700.397.998 1,92E-123
'MED13L’ -148.843.557.704.258 5,56E+09 | TM9OSF2' -166.968.807.742.213 1,63E-144
'BHLHEA41' -217.687.776.208.408 7,23E+06 | 'GTF3C4' -196.892.536.700.562 9,27E-131
'ITPR2' -147.839.689.698.104 4,08E+09 | 'INSIG2' -138.246.963.682.241 3,20E+04
'ACOTY' -191.910.854.768.325 1,84E+01 | 'POLR1B' -149.180.787.715.868 3,93E-48
'PRDX4' -175.454.712.348.054 1,01E-03 '‘CCDC93' -14.449.257.102.257 2,37E-19
'PKN1' -138.208.707.747.756 8,34E+08 | THOC2' -225.024.416.595.405 3,81E-165
'ADGRES' -25.884.425.857.434 2,75E-106 | 'MED1' -192.571.446.990.017 2,18E-95
'OPTN' -246.821.369.199.686 1,27E-35 'C3' -167.093.572.383.101 7,21E+08
'SPATS2' -194.910.328.798.109 6,04E-27 'OPA3' -128.638.051.620.827 8,92E+03
'CDK2' -170.614.046.802.907 1,79E+00 | 'TBC1D20' -10.697.089.718.114 2,15E+05
'LRP1' -241.545.977.208.762 3,08E-57 'MCM8' -166.168.948.286.204 3,67E-19
'ATG101' -197.749.800.150.515 1,91E-12 'HNRNPR' -126.537.021.420.485 3,44E-160
'NFE2' -28.073.549.220.576 9,92E+09 | 'ZNF436' -114.336.417.517.118 1,68E+09
'SMUGT' -166.354.452.469.684 1,90E+08 | '"ARMCXS5' -10.591.957.925.079 9,29E+07
'MORF4L2' -14.706.348.465.517 9,57E-08 'PLAGL?2' -175.773.988.701.757 2,06E-24
'MAGEAY' -46.724.253.419.715 4,29E+08 | 'KDM5C' -117.481.437.791.173 2,50E-31
'RABYA’ -188.462.432.004.295 1,11E+02 | 'AGO3' -170.665.272.728.616 2,70E-28
'TNFAIPG' -548.112.668.973.662 3,82E-03 'HECTD3' -109.303.873.773.913 8,66E-04
'BAZ2B' -209.451.759.878.429 6,49E+09 | TUBGCP3' -124.248.456.890.823 3,55E-14
'SLC36A1" -200.353.169.097.025 1,26E+07 | 'UBA2' -112.439.086.223.719 2,96E-76
'COQ8B’ -193.914.479.461.315 3,03E+06 | 'FRMDS8' -11.461.063.819.242 9,00E+01
'PFKFB2' -222.756.152.411.063 2,97E-07 'PRR12' -152.525.625.459.689 9,26E-08
'ACSL3’ -162.006.020.137.055 2,21E-06 'AHDC1' -138.864.176.463.536 1,03E-04
'CHPF -308.260.527.760.104 2,61E-20 'ZNF384' -116.637.593.436.124 4,63E-14
'OBSLY -255.896.729.218.821 6,60E+07 | 'ELK1' -121.667.877.014.205 3,28E-08
'SLC12A4' -250.803.362.228.823 8,43E-25 'PCNX4' -193.420.634.889.352 4,88E-46
'SNX21' -209.397.614.820.901 3,07E+09 | 'ATG14' -147.889.744.122.576 1,15E-02
'SLPI* -194.265.828.905.988 2,36E-20 'KTN1' -161.487.617.778.011 0.0
'PREX1' -178.199.934.778.071 9,35E+06 | 'ZBTB1' -105.733.317.506.595 5,33E+05
‘NCOA3' -226.479.486.369.823 4,25E-20 'SGPP1' -155.790.060.449.386 8,50E-16
'PIGT -246.957.957.401.338 2,07E-64 ‘RHOTL -136.945.646.496.995 1,75E+00
'NCOA5' -226.546.114.322.833 4,97E-11 '‘AIF1L -112.029.423.371.771 5,32E+08
'VAPB' -150.678.564.490.808 1,02E+08 | 'NUP214' -132.465.616.700.355 4,67E-40
'CHD6" -178.510.211.521.048 1,82E+06 | 'CANX' -184.241.555.203.244 0.0
'PLCGY' -172.510.846.616.173 1,66E+06 | 'IPPK’ -11.218.583.428.731 3,66E+06
'ARFGEF2' -155.110.780.304.579 1,89E+06 | 'ZNF484' -226.497.221.007.529 8,31E+02
'ZNFX1' -195.123.417.300.474 1,79E-06 'HIVEP3' -19.719.856.238.304 9,39E+07
'CSEIL’ -158.693.205.057.093 1,06E-04 'HELB' -162.449.086.490.779 8,85E+08
'PEDS1-UBE2V1' -21.678.714.945.259 7,16E+07 | 'RAP1B' -101.645.436.950.173 3,45E-22
'RAB22A' -177.793.423.892.554 5,95E+00 | 'RAB3IP' -106.066.278.190.662 4,37E+09
'STX16' -188.894.899.016.442 2,37E-10 'PTPRB’ -19.502.469.648.029 4,20E-12
‘DDX27" -157.799.054.011.345 9,95E+06 | 'DYRK2' -185.484.031.116.721 6,24E-27
'MTRR' -143.817.358.070.753 9,89E+07 | 'EMC1' -141.012.572.779.789 2,16E-57
'PEPD’ -266.766.107.140.786 4,84E-45 'HP1BP3' -122.575.555.466.448 7,23E-37
'IQSEC2' -229.545.588.352.617 1,19E+08 | 'SLC35E1' -188.762.107.040.568 1,78E-62
'STAMBP -158.689.252.781.956 1,27E+08 | 'MACF1' -203.494.049.188.711 2,31E-238
'NAGK' -234.739.384.165.858 5,70E-07 'KDM4B' -116.750.640.063.967 3,24E+06
'ZNF45' -185.930.113.709.026 8,08E+08 | 'METTL16' -171.394.894.144.123 1,92E-25
'LYPD3' -247.521.709.473.781 9,88E-45 '‘RNF6' -154.924.575.048.454 1,62E-12
'USPOX’ -195.083.394.319.612 1,49E-39 'AKAPY' -194.083.792.753.186 8,65E-34
'SERPINB6’ -203.288.127.988.109 2,59E-21 'HIPL' -223.588.826.382.067 1,29E-37
'XPOS' -219.532.417.813.828 5,19E-15 'PTPN12' -156.535.421.609.601 7,44E-85
'ABCC10’ -209.192.248.944.104 3,47E+07 | 'GNAI1' -109.520.178.335.272 2,39E-04
'PEX6' -20.904.549.509.455 6,71E+06 | 'CASDI' -205.528.243.550.119 3,32E-04
'NQO2' -211.581.144.539.337 9,83E-17 'PAICS' -110.236.171.762.968 8,29E-99
'AARS2' -214.607.825.948.794 2,45E+02 | 'PPAT' -155.701.596.021.824 7,64E-15
'MED20' -204.658.062.965.379 1,88E-02 'DGCRS8' -1.218.598.848.178 1,59E+02
'COL21AY" -119.657.842.846.621 1,73E+07 | 'SPECC1' -105.044.293.958.875 2,22E-06
'CDKNI1A’ -139.858.138.907.259 1,52E+07 | 'DOCK4' -201.416.733.192.659 6,52E-23
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'RREB1’ -197.210.599.386.434 5,00E-01 'POT1 -114.417.110.368.663 1,66E+02
'SSR1' -192.316.941.476.625 1,73E-92 'PODXL' -193.147.578.152.473 0.0
'ATXN1' -264.385.618.977.472 1,36E-12 'STRIP2' -138.605.843.230.708 5,87E+07
'LRRFIP1' -171.271.804.791.953 4,04E-07 'MKLN1' -128.162.673.016.279 1,06E-23
'AHNAK' -226.846.503.104.114 1,32E-267 | 'CALU' -193.183.992.061.946 0.0
'EMC3' -206.477.025.539.024 3,58E-13 'KLHDC10' -145.472.697.743.526 8,82E-16
'SH3TC1' -224.792.751.344.359 5,14E+01 | 'MYO1B' -167.768.151.273.009 2,18E-47
'CNOTT' -162.939.856.730.277 6,68E-18 'HAT1' -113.226.092.868.848 1,38E-12
'BBS2' -35.470.400.175.774 7,46E-79 TWSGT' -20.990.293.759.353 9,59E-12
'MT2A' -133.448.824.184.918 1,79E+08 | 'EIF2AK4’ -143.566.546.066.557 1,72E-04
'GOT2' -155.161.354.306.055 4,49E-01 'MYO5C' -234.792.330.342.031 2,81E+09
'TMOSF2' -247.538.962.044.916 5,84E-100 | TTBK2' -217.508.670.655.809 6,64E-06
'UPF3B' -206.658.525.174.963 1,24E-03 'INO8O’ -103.926.752.617.456 1,17E+02
'SEPTING' -161.410.884.638.067 2,99E+07 | 'ICE2' -125.096.157.353.322 2,37E+06
'FAM193A -166.347.474.722.518 7,10E+08 | 'MINDY?2' -143.063.435.432.986 3,21E+08
'GGA3' -224.505.157.192.842 1,73E-06 'I'vD' -10.904.549.509.455 8,74E+01
'MSTO1' -213.245.029.602.365 9,32E-13 'ARPP19' -137.242.979.233.409 2,62E-28
'MBOAT7' -199.045.068.599.351 3,22E-32 'VPS13C' -270.515.441.201.314 6,95E-45
'INSIG2' -21.926.450.779.424 2,78E-05 '‘COPBI' -169.162.763.833.018 7,12E-95
'CCDC93' -232.660.458.209.684 1,77E-27 'PALLD' -182.292.772.597.807 2,38E-96
'THOC?' -223.644.962.024.283 8,51E-38 'SPCS3' -114.734.171.607.519 1,91E+04
'MEDY' -192.611.787.128.759 1,50E-20 'E2F8' -108.746.284.125.034 2,55E+08
'TRIP10' -15.296.406.209.187 4,49E+09 | 'PHF20L1' -197.297.978.606.629 1,98E-43
'GPR108' -229.465.148.147.528 1,31E-25 'CCNTY1' -225.981.050.495.951 1,59E-83
'TNFSF14' -114.512.111.118.323 1,20E+08 | 'PUS7L' -188.981.708.224.958 2,77E-27
'OPA3' -183.550.596.237.175 1,40E+09 | 'ILF3' -101.709.149.299.567 3,94E-65
‘EML2' -227.417.496.343.899 3,12E-24 'SLC44A2' -13.342.064.246.658 9,27E-01
'VASP' -179.177.847.879.559 6,64E-16 '‘MTUST' -237.734.706.376.021 2,70E-45
'SYMPK' -163.243.805.422.369 6,54E+03 | 'DTD2' -114.077.978.535.969 7,93E+06
'SDCBP2' -455.458.885.167.764 1,53E+09 | 'HEATRSA' -230.031.048.184.507 0.0
'NAPB' -196.193.195.916.648 9,561E+08 | 'MIS18BP1' -108.594.660.880.296 3,23E+01
'RBCK1' -16.590.321.751.005 4,31E+06 | TEPY' -125.715.783.949.712 8,05E+04
'STK35' -158.277.494.148.339 3,96E+08 | 'EPB41L4A -113.555.195.762.091 9,27E+04
‘NRSN2' -204.277.402.369.029 8,81E+05 | 'ITFGI' -129.946.615.724.358 1,64E-10
'RRBP1’ -156.491.604.648.683 5,02E+03 | 'SEC14L1' -147.890.370.358.891 3,77E-106
'DSTN' -139.911.103.997.171 9,58E+06 | 'MAP7D3’ -139.111.166.003.336 3,16E-08
‘TBC1D20" -232.622.823.232.099 1,12E-14 'ASH2L' -110.291.831.294.557 2,89E+05
'HNRNPR' -148.542.682.717.024 2,23E-02 'PUDP’ -118.032.114.564.277 2,16E+07
'ARMCX5' -204.200.752.652.158 6,55E+06 | 'GNL3L' -118.968.029.658.892 1,33E-18
'NECAB3' -168.690.528.970.331 5,78E+09 | 'SH3BP4' -159.136.027.191.931 2,23E-25
'EIF282' -184.488.581.034.272 3,56E-52 'MOSPD2' -183.920.378.809.694 1,92E-09
'ERGIC3' -141.084.970.231.541 7,43E+08 | 'LDLR' -110.364.708.995.812 1,14E-20
'CEP250' -175.820.727.272.852 2,54E+07 | 'XPOT' -16.561.508.458.366 4,57E-68
'KDM5C! -296.124.296.013.677 5,10E-173 | 'ACE2' -24.594.316.186.373 1,58E+08
'TMEM115' -241.012.869.889.522 6,80E-16 '‘COLGALTY -102.060.210.395.917 1,37E-39
'AGO3' -179.508.964.060.836 2,57E+03 | TULP4' -169.437.371.744.174 1,04E-01
'ST3GAL3' -226.946.067.499.323 2,26E+08 | 'SNX9' -122.838.732.704.794 2,22E-06
'HECTD3' -241.619.304.202.455 1,74E-26 'AFDN' -201.380.579.952.503 4,53E-36
'KLC1' -205.334.801.272.192 1,56E-20 'ACTN4' -119.384.511.507.292 3,72E-287
'CAPNS1 -146.684.021.977.165 3,01E+04 | 'PXDN' -190.855.474.101.611 1,76E-224
'FRMDS&' -190.193.571.366.575 1,59E+04 | 'OLFM1' -119.464.743.085.354 3,84E+00
'BECN1' -144.428.572.658.389 3,03E+08 | 'CAMSAP1' -172.931.062.127.359 6,10E-65
'GLIS2 -187.821.151.960.196 9,46E+08 | 'COL5AL' -129.619.653.427.254 6,52E-78
'IFI16' -236.074.734.377.789 3,53E+08 | TAF4 -106.681.335.234.981 2,41E+05
'ZNF384' -155.174.636.862.098 1,69E+08 | 'OSBPL2' -10.146.467.759.644 3,88E+07
'ELK1' -172.546.162.204.776 2,07E+06 | 'ZC3H4' -151.687.351.087.899 7,61E-13
'PCNX4' -153.231.695.933.277 2,42E+09 | 'CLIPY -177.687.431.560.284 2,25E-76
'ATG14' -206.171.578.448.642 8,01E+03 | ZNF317' -115.880.703.695.816 1,15E+04
'KTNT' -147.726.135.250.432 4,38E-03 'DNMTT' -132.999.864.638.262 1,78E-81
'DLGAPS’ -158.756.429.590.944 4,41E+07 | 'ZNF236' -138.370.429.247.405 2,61E+09
'ZBTB1' -228.630.418.515.664 3,34E-18 'NOL11' -124.216.004.386.465 2,16E-28
'SGPP1' -180.296.315.294.045 2,48E+07 | 'UBE4B' -158.783.068.266.165 1,71E-58
'PLEKHG3' -191.106.627.157.971 1,61E+02 | 'PRRGI' -113.777.405.443.315 2,15E+08
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'RHOT1' -162.876.685.365.178 4,52E+08 | 'UBAL' -1.006.914.500.873 1,75E-96
'AIF1L' -215.957.631.314.985 2,09E-03 'AKAP12' -143.762.078.464.597 9,81E-02
'NUP214' -222.818.638.511.142 9,41E-35 'LATST' -236.099.765.956.595 1,15E-27
'MAP2K2' -150.919.282.642.432 2,82E+05 | 'ACSS2' -108.023.061.289.339 3,18E-04
'HNRNPH2' -157.286.124.711.508 1,45E+07 | 'ZNF227' -130.830.848.559.823 3,32E+07
'CANX' -246.332.958.121.466 0.0 'GSE1' -115.052.643.513.713 2,48E+00
'IPPK" -173.953.953.783.003 9,69E+08 | 'CAP1' -111.800.294.467.724 1,33E-66
'ZNF484' -223.446.525.363.702 8,14E+09 | 'RLIM' -214.947.126.080.072 3,48E-116
'PPCS' -188.203.666.264.571 1,51E+07 | 'TRAF3' -134.091.119.825.494 4,88E-04
'TSPANS' -14.661.866.411.411 9,59E+09 | 'TBC1DS' -246.340.052.084.024 2,68E-15
'RAB3IP' -183.852.493.135.122 1,86E+07 | 'CAPNT' -157.660.594.836.553 3,85E-29
'PTPRB' -203.917.059.728.068 8,82E+06 | 'RFTNI' -11.073.835.353.736 1,61E+07
'DYRK2' -159.859.866.122.654 2,04E+07 | 'RBSN' -185.085.656.069.419 5,28E-28
'TMEM175' -234.680.276.352.639 3,10E+08 | 'SLC6AG' -135.864.891.653.008 7,82E-47
'EMC1' -235.272.879.438.272 2,89E-42 'KIF3A' -181.888.731.792.523 4,57E-02
'UBR4' -158.857.232.755.701 6,03E-25 'ACLY" -129.618.189.489.575 1,49E-253
'HP1BP3’ -235.579.457.864.789 4,01E-72 'DIAPHI' -181.897.400.532.444 4,20E-201
'SIN3B' -250.316.840.955.751 4,04E-41 'EXOC4' -121.119.547.431.418 1,53E-04
'SLC35E1" -175.920.712.639.097 7,25E+00 | 'PPFIAL' -162.691.781.716.253 2,07E-20
'EPS15L1" -162.983.999.283.925 9,00E+09 | 'MAP1B' -321.271.499.554.336 1,15E-216
'WDR24' -19.031.866.268.451 4,44E+08 | 'IL13RAL’ -161.896.201.062.388 2,82E-61
'FBXL16' -202.058.087.742.245 6,56E+07 | 'WDR44' -198.679.014.278.239 2,45E-28
'MACF1' -171.652.641.746.716 1,72E-27 TNS4' -167.263.801.906.201 6,53E-21
'KDM4B' -242.213.855.565.399 6,22E-06 TOP2A' -16.961.629.236.118 1,08E-253
'TICAMT' -177.991.773.935.075 5,93E+07 | 'PRKAB2' -192.073.672.147.535 3,94E-17
'METTL25' -222.650.852.980.868 1,00E+09 | 'MCCC2 -144.800.981.916.769 1,47E-34
'TUBA4A' -187.319.830.079.729 2,91E-40 'CHSY1' -141.326.405.708.762 3,56E-16
'AAMP' -150.463.819.477.204 2,77E+08 | 'RHPN2' -104.846.148.895.665 1,87E+02
'RNF6' -160.239.709.405.718 3,59E+08 | 'ZSWIM4' -105.062.607.306.997 1,00E+09
'PTPN12' -176.710.413.392.377 4,30E-24 TRIM21" -105.733.317.506.595 9,58E+08
'POR’ -19.694.567.518.214 2,16E-51 'LRRC41" -103.242.147.769.238 3,52E-03
'STYXLY' -263.603.668.531.543 6,08E+04 | 'RAF1' -105.230.887.326.604 4,96E-18
'PEX1' -173.476.132.323.948 1,27E+08 | 'NUP210' -162.277.968.567.636 4,58E-143
'SGCE' -244.730.077.805.217 1,71E-13 'EFR3A’ -230.015.598.555.228 5,88E-70
'RBM48' -188.318.633.501.725 3,30E+07 | 'PTCD3' -108.406.426.478.847 1,46E-06
'SRD5A3' -218.308.688.440.192 2,26E+09 | 'IMMT' -104.001.892.465.571 9,44E-18
'ADM2' -500.257.394.366.383 1,47E-115 | 'PRKAAL -153.450.778.606.464 1,21E-72
'DGCR8' -220.285.527.654.461 2,66E-09 '‘CARDG' -21.212.758.387.346 1,81E-38
'SDF2L1' -184.502.534.002.366 2,06E-02 '‘RAP1GAP2' -136.616.782.449.331 1,43E-24
'ATF4' -142.750.852.563.253 9,18E-11 '‘RPAT' -1.047.329.410.383 6,83E-32
'A4GALT" -325.037.483.386.233 2,49E-05 ‘TBC1D14' -166.566.688.422.186 7,84E-33
'CDC42EP1" -157.059.421.043.292 5,90E+08 | 'LANCL2' -120.945.336.562.895 2,77E+06
'APOL2' -196.377.981.208.725 4,73E+06 | 'FIGNL1' -187.672.862.509.827 1,45E-19
'LIF -356.717.318.727.763 1,21E-16 'GRSF1' -104.446.520.383.734 1,68E-13
'KRT17" -233.013.335.586.302 7,13E-212 | 'ANKRD17' -180.825.990.590.801 1,01E-99
'DOCK4' -241.595.729.213.173 3,29E-19 'I'TGB4' -131.294.553.015.981 5,18E-19
'POTL' -159.756.253.750.079 1,70E+08 | 'VPS13B' -185.895.611.854.482 9,15E-15
'PODXL' -190.768.525.001.632 2,49E-167 | 'ANKEFI' -115.024.263.558.061 3,15E+09
'STRIP2' -335.962.038.495.931 2,18E-31 'BTBD3' -167.257.591.735.779 3,49E-154
'MKLN1' -207.025.219.609.709 9,02E-25 'ARHGEF11' -174.284.216.050.288 1,06E-15
'DNAJBY’ -302.620.100.259.248 1,08E-104 | 'SERINC3' -182.334.883.092.725 2,09E-104
'CALU -17.009.523.284.296 1,10E-44 'PPP1R3D’ -140.109.830.832.097 9,87E+08
'MYO1B' -178.935.523.864.638 5,81E+04 | 'AP3BI' -126.840.481.909.328 1,43E-16
'ORMDL1' -167.155.018.571.725 3,60E+09 | ZBED3' -163.809.891.902.324 1,76E-12
'HATL' -194.770.549.255.779 3,24E-04 PATY -133.005.597.577.076 2,56E+05
'MYO5C' -266.296.501.272.243 6,02E+08 | 'DCTN4' -152.248.800.851.061 6,96E-25
'TTBK2' -178.135.971.352.466 3,34E+09 | XPO4' -237.152.077.718.434 5,46E-61
'INO8O’ -165.954.536.748.354 6,66E+07 | 'MPRIP' -112.894.492.491.337 1,91E-42
'IvD' -15.710.903.261.396 8,56E+08 | 'PIK3C2B' -179.879.290.855.418 1,69E-14
'CHACY' -273.622.933.743.122 3,13E-43 'DSTYK' -228.514.350.909.003 3,65E-36
'VPS13C' -25.376.567.859.428 7,62E-18 'SLC41A1' -112.469.574.744.931 8,54E+06
'COPB1' -262.927.065.141.856 6,28E-111 | 'LGR6' -182.851.953.205.565 5,23E+08
'PSMAL' -179.522.257.948.412 3,70E-17 ‘TMCC?2' -1.666.262.602.823 6,71E+08
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'SUMF2' -159.497.256.718.253 8,38E+07 | 'DCLK1' -176.755.391.399.963 1,73E+07
'SPCS3' -161.353.165.291.793 8,39E+07 | 'COG6' -149.163.791.323.719 6,01E+00
'FXR2' -173.327.111.060.846 9,01E+02 | 'SPART' -118.634.050.108.819 5,96E-10
'MPDUT' -179.671.109.320.398 1,68E-02 'RFC3' -119.801.291.883.996 6,51E-07
'PHF20L1' -181.991.838.352.152 7,05E+01 | 'SRRM1' -108.130.740.006.927 5,33E-23
'BCL2L2' -226.617.592.666.894 6,99E+01 | 'SLF1' -100.639.777.119.815 4,81E+04
'AJUBA' -268.582.755.702.706 1,83E-106 | 'RTN3' -103.680.357.549.809 1,87E-52
'HEATR5A’ -234.260.685.571.473 3,95E-83 'MORC?2' -153.908.006.352.793 7,12E-25
'SNX6' -167.677.526.699.669 1,07E+05 | 'C1QTNF6' -113.274.745.257.277 1,33E-19
'DADY' -173.806.646.796.315 2,33E-05 'ATP13A3' -28.073.549.220.576 0.0
'TEP1' -21.623.913.287.569 2,35E+03 | TMTCT' -207.898.001.968.889 7,15E-220
'ITFGT' -170.238.536.245.606 2,38E+07 | 'KRAS' -204.878.237.308.628 3,38E-32
'QRICH2’ -242.033.179.894.836 9,86E+08 | 'IPO8' -215.398.345.757.329 3,97E-94
'SEC14L1" -158.924.138.188.314 7,82E-02 'LARS1' -1.312.231.596.277 5,71E-33
'ASH2L' -185.833.885.077.641 6,49E+07 | 'IMPAL1' -117.107.777.420.911 3,65E+03
'SGO1' -17.465.516.429.954 6,61E+09 | 'LRRCCI' -227.301.849.440.642 2,45E+07
'PGAP6' -194.475.612.791.734 3,94E-04 'SWAP70' -177.724.541.095.966 9,03E-38
'MAU2' -265.833.568.705.138 5,03E-16 'ARNTL' -123.918.766.387.943 1,57E+07
'SH3BP4' -174.798.240.955.427 2,33E+05 | 'SBF2' -171.931.172.960.233 4,72E-18
'LDLR' -164.079.088.903.318 8,53E-01 'RRAS2' -104.473.831.476.528 6,26E+04
'PRKCSH’ -148.257.141.794.343 1,60E+02 | 'HSD17B4' -105.715.595.068.874 2,69E-15
'CDC16' -205.607.592.440.609 2,33E-05 ‘NUMB' -124.673.020.087.839 3,75E-13
'ZSCAN10' -352.356.195.605.701 4,08E+08 | 'LOXL2' -112.049.529.218.656 4,25E-22
'NECTIN2' -193.791.749.122.914 5,73E+05 | 'CD180' -223.562.824.849.314 2,35E+03
'XPOT' -155.948.153.031.196 5,26E+06 | 'IRAK2' -124.792.751.344.359 3,62E+07
'ACE2' -276.411.964.566.993 1,97E+08 | THUMPD3' -105.837.834.879.415 4,87E+02
'PGLS' -20.369.942.074.822 2,05E-03 'VHL' -118.281.621.529.539 1,37E+00
'SNX9' -200.730.480.062.323 6,89E-13 '‘BHLHEA4Q' -145.567.948.377.619 1,55E-54
'RSPH3’ -284.369.676.912.132 2,16E+04 | 'ARLSB' -155.980.902.349.282 2,92E-41
'AFDN' -219.706.964.117.312 1,84E-09 '‘EDEM1' -18.969.065.070.359 3,92E-43
'ACTN4' -194.439.313.535.652 4,92E-140 | 'KATNBL1I' -133.560.303.178.444 5,40E+08
‘MAP1S' -193.763.411.903.963 4,93E+06 | 'VAV3' -166.927.878.665.463 3,49E+04
'KLHDC7B' -763.903.917.347.695 6,47E-75 '‘SORT1' -210.486.154.514.854 9,37E-179
'PXDN' -253.763.786.026.388 8,70E-166 | PTGFRN' -203.215.866.777.437 2,73E-46
'‘GDF15' -311.521.169.886.929 3,15E-196 | 'NOTCH2' -267.518.906.485.612 5,10E-258
'PGPEP1 -367.630.281.225.958 1,53E-37 ‘SPIRET' -174.792.200.853.845 5,99E-19
'COL5AL" -303.912.001.574.324 0.0 'SLC38A2' -145.639.761.308.329 0.0
'TUBGCP2' -184.130.225.398.094 2,96E+06 | 'YWHAQ' -132.977.639.866.353 0.0
'ZNF337" -219.578.706.475.428 1,90E+09 | 'KIDINS220' -242.260.604.485.653 1,23E-75
'CEP85' -173.800.687.536.687 8,99E+05 | 'ROCK2' -217.498.748.065.339 5,72E-208
'OSBPL2' -245.797.361.442.944 5,18E-17 'LPINT' -173.274.100.830.448 1,85E-60
'ASS1 -270.008.568.254.646 0.0 'IL6ST' -313.951.643.088.494 7,99E-292
'UCK1' -189.503.044.039.846 7,02E403 | 'NAV1' -160.074.308.341.173 2,87E-28
'FIBCD1' -33.536.369.546.147 6,22E+07 | 'CDC73' -152.730.770.830.095 2,22E-32
'YIPF2' -16.508.766.174.525 3,23E+07 | 'NARS1' -134.540.770.550.152 3,18E-68
'MAP3K10' -19.499.593.175.004 3,68E+07 | 'RELCH' -15.548.811.614.833 5,71E-08
'LRRCAT" -200.952.277.411.851 5,62E+03 | 'LRP4' -189.695.088.604.572 2,89E-45
'SESN2' -184.954.486.275.591 3,97E-04 '‘ACP2' -112.077.735.211.322 6,86E+00
'SMPDL3B' -28.073.549.220.576 5,48E+07 | 'STK26' -166.974.597.282.325 2,78E-135
'CLIPT -180.548.574.230.027 1,19E-08 '‘PUMT’ -119.635.858.074.146 1,09E-11
'ZNF317' -198.935.275.580.049 1,22E+03 | TUT4' -182.924.294.648.959 1,58E-33
'DNMTYL -165.957.948.680.618 4,13E-02 'DSC2' -21.082.092.169.559 1,39E-39
'SLCBAS8' -176.843.862.307.309 1,60E-24 'RNF138' -12.591.923.395.394 5,24E+04
'PLXNA3’ -219.229.281.447.077 1,77E-13 TPGS2' -104.650.996.459.774 9,26E-20
'UBE4B' -171.199.674.956.349 1,84E+04 | 'DHX34' -104.004.036.020.135 3,17E+01
'SLC35D2' -218.207.404.278.818 2,86E+05 | 'FADS2' -139.637.365.501.381 9,54E-13
'UBAL' -230.309.389.510.131 4,57E-229 | 'CLOCK' -220.163.386.116.965 6,74E-32
'POLN’ -113.151.495.622.563 3,46E+08 | 'COL4A2' -153.957.844.432.789 4,65E-175
'AKAP12' -206.118.936.190.143 2,73E-19 '‘BIVM' -131.184.622.999.421 3,28E+06
'SYNE1' -275.899.190.049.621 9,35E+09 | 'ERCC5' -108.047.374.528.769 7,28E+02
'RBM39' -140.254.655.509.565 7,90E+05 | TPP2' -146.420.261.522.053 5,47E-27
'ACSS2' -160.193.557.932.487 2,66E+08 | 'ARHGAP32' -151.937.415.909.358 3,49E+02
'ATPGV1EL' -214.247.694.325.482 3,08E-37 'STT3A' -112.921.342.631.052 1,33E-96
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'ZNF227' -203.530.686.873.595 7,61E+06 | 'ETSI' -127.963.637.317.092 3,84E+04
'CHMP1A' -198.472.246.534.324 5,30E-08 ‘TMED7' -18.822.654.322.305 9,10E-113
'CAPY' -152.228.777.179.146 4,44E-03 'APC' -275.512.496.328.505 6,05E-135
'ABCB7' -189.667.075.329.064 3,76E+06 | 'WDR36' -169.433.325.916.237 8,06E-67
'SH3BP5' -152.524.413.788.026 7,99E+07 | 'UBQLN1' -128.226.932.937.729 3,94E-80
'HACLY1' -173.696.559.416.621 2,28E+08 | 'NAA3S -135.198.532.874.354 5,77E-14
'TBC1D5’ -206.350.294.230.616 1,35E+06 | 'AGTPBP1' -118.964.542.740.522 8,22E+00
'CAPNT' -180.993.531.094.241 1,76E-06 'PSATL' -13.080.559.203.058 4,28E-55
'RBSN' -156.743.257.616.358 1,24E+08 | 'CCNJL' -157.501.284.031.355 3,63E+05
'SLC6A6' -280.914.597.758.359 1,79E-170 | 'TAOK3' -186.751.635.727.437 2,83E-25
‘NR1H2' -18.012.201.358.855 4,04E+06 | 'FBXO21' -184.409.546.887.262 8,85E-39
'TUBG1' -152.960.889.049.748 5,82E+03 | 'OASL' -234.268.665.505.416 7,75E-14
'AOC2' -194.667.049.759.387 2,02E+08 | 'BICDL1' -118.386.419.240.019 5,99E+09
'ANKHD1' -207.828.844.170.713 6,47E-14 'DMTF1' -128.303.908.149.377 3,69E-04
'DIAPHT -203.214.439.030.903 7,06E-43 'PNPLAS' -15.262.531.934.227 1,74E-15
'EXOC4' -201.416.733.192.659 2,94E-02 'RINTZ' -125.530.336.299.989 8,29E-07
'PPFIAL' -180.966.878.789.585 1,10E+04 | 'SRPK2' -157.203.398.613.705 1,90E-29
'NINJ1' -214.809.863.898.913 2,05E+08 | 'TES' -108.008.474.404.141 3,54E-11
‘NPHP4' -240.858.247.714.154 9,29E+06 | 'MDFIC' -138.751.643.651.494 1,24E+04
'MAP1B' -258.634.970.759.812 1,15E-142 | 'SYNCRIP' -122.483.728.278.379 3,24E-159
'IL13RAT -156.121.904.079.718 7,20E+04 | 'SNX14' -130.987.307.242.737 6,03E-08
'WDR44' -18.053.718.357.785 1,94E+06 | 'NTSE' -123.185.275.058.551 9,77E+06
'KRT34' -404.041.426.844.591 6,13E-02 'ORC3' -105.465.407.487.007 1,44E+01
'TNS4' -31.593.998.215.796 1,87E-98 'MAP3KT' -15.487.119.744.518 1,46E-26
'STARD3' -178.505.988.236.725 6,77E+05 | 'PRR5L' -154.362.170.534.026 8,63E+07
'CHDI1L' -156.019.459.557.221 5,71E+08 | 'NAT10' -103.041.939.587.785 8,25E-15
'PIAS3' -171.620.703.399.941 2,01E+08 | 'CAPRINI' -155.937.438.492.506 0.0
'PRKAB2' -231.937.238.998.361 1,09E-17 'DNAJC14' -119.181.725.098.665 3,29E-12
'SELENOS' -305.390.120.510.283 1,45E-187 | 'TFCP2' -122.130.728.022.407 3,28E-11
'LLGLY -238.466.385.023.533 1,67E+03 | 'ACVRI1B' -14.672.571.824.091 3,71E-07
'ACTR10' -235.205.355.256.503 1,26E-18 'MAPT' -105.621.600.956.655 2,79E-16
'ZSWIM4' -292.837.032.301.897 1,22E-18 ‘CD164' -136.635.400.882.749 1,28E-91
‘TRIM21" -282.312.223.791.592 1,02E+01 | 'NHSL1' -189.450.687.115.269 1,42E+06
'LRRC41" -211.805.576.152.171 1,90E-10 '‘AHIT -134.889.514.248.763 2,17E-04
‘NUP210' -18.757.366.254.073 1,56E-19 'SEMA4F' -194.753.258.010.586 6,09E+08
'ENOSF1' -172.102.405.029.718 3,64E+06 | 'RAB11FIP5' -139.260.973.258.442 4,66E-03
'ARFIP2' -16.466.747.050.926 1,11E+05 | 'GNS' -215.338.963.371.601 2,40E-239
'TRIM5’ -320.611.964.223.675 2,83E-30 ‘MDM2' -216.739.173.469.679 3,77E-99
'TIMM10B' -206.242.550.010.456 1,25E+05 | 'DYNCI1LI2' -167.211.444.981.624 2,17E-54
'PTCD3' -183.246.951.369.807 8,74E+01 | 'KCNKI' -114.285.675.824.414 7,81E-05
'IMMT' -202.562.580.767.549 1,69E-25 'URB2' -202.236.781.302.845 7,24E-57
'CARDS6' -302.826.385.221.872 1,57E-46 'EGLN1' -134.423.133.072.602 1,78E-28
'RAP1GAP2' -149.797.068.204.867 8,26E+08 | 'ABCB10' -163.058.511.784.695 1,76E-06
'INPP5K' -207.909.936.831.571 1,11E+00 | 'RNASEL' -190.689.059.560.852 3,81E+08
'RPAT' -169.007.579.964.993 1,08E-02 'DHX9' -141.497.730.547.302 8,27E-202
'EEFSEC’ -200.765.357.254.344 3,60E+07 | 'CEP350' -246.828.733.003.062 7,29E-107
'SEC61G' -143.631.841.936.602 4,06E+09 | 'NIBAN1' -197.862.634.920.743 2,03E-38
'FIGNLT' -19.936.210.874.373 9,16E+02 | 'LAMC1' -198.352.608.682.579 9,92E-249
'ANKRD17' -195.815.776.997.512 1,32E-14 'RC3H1’ -168.522.662.419.459 4,68E-10
'ITGB4' -290.070.065.948.932 3,57E-227 | TTLL4 -116.571.626.110.123 1,34E+04
'WBP2' -202.984.992.774.656 4,78E-27 'USP37" -245.657.762.158.214 8,07E-28
'UNK' -180.498.401.759.486 4,34E+08 | 'SERPINE2' -136.268.606.564.042 1,76E-30
'TRIM47" -152.387.399.132.175 3,72E+09 | 'CAB39' -167.807.190.511.264 4,08E-39
'ZRANB2' -159.713.721.466.726 5,02E+04 | 'REVI' -103.383.359.507.588 1,20E+07
'VPS13B' -191.938.153.979.172 1,91E+06 | 'MFSD9' -112.162.944.440.153 2,27E+08
'MATN2' -333.219.643.034.119 4,34E+04 | TMEM127' -140.589.408.679.402 6,24E-26
'SDF2' -161.284.153.329.659 2,21E+08 | TGFBRAPI' -158.956.440.268.016 1,34E-20
'FLOT2' -15.424.765.681.892 6,88E+08 | 'GCC2' -21.997.826.910.094 7,30E-41
'ERALT -150.571.944.571.206 2,15E+09 | 'EPC2' -135.627.959.967.814 2,26E+05
'TERF2' -175.191.593.563.218 2,98E+08 | 'ARHGEF4' -11.046.623.613.718 5,12E+00
'ARHGEF11' -181.734.669.371.477 6,92E+06 | 'ALDH1L2' -254.748.779.530.249 1,10E-13
'DCAF8' -179.229.084.926.181 9,49E+02 | 'SCYL2' -213.053.156.314.223 1,12E-80
'IGHMBP2' -20.663.424.948.287 1,70E+07 | 'CKAP4' -14.018.208.954.672 4,30E-26
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'LPINZ' -36.020.360.140.801 5,52E-06 'DRAMT' -17.182.621.554.878 1,81E-46
'SERINC3' -206.241.638.955.549 2,24E-45 'WASHC4' -240.406.638.145.784 9,74E-71
'AP3B1’ -165.243.208.395.454 2,63E+06 | 'SLC41A2' -161.440.627.861.364 4,80E+04
'ZBED3' -165.400.414.515.081 4,57E+09 | 'FLNB' -191.583.573.227.674 0.0
'PATT -212.896.832.721.945 1,08E+00 | 'VPS36' -111.929.892.837.234 2,85E+07
'ZMYM5' -20.163.018.123.291 2,01E+09 | 'CKAP2' -13.112.016.882.943 4,25E-27
'SCor’ -156.641.860.735.496 2,05E+08 | 'TBC1D4' -216.702.073.263.889 1,07E-119
'PIK3C2B' -181.469.689.739.877 3,99E+09 | 'LRCHI' -129.319.637.634.405 1,67E+06
'LGR6' -310.433.665.981.474 3,08E+06 | 'SUCLA2' -114.745.766.131.638 2,59E-07
'CCNAT' -341.028.396.930.821 1,69E-14 'RCBTB1' -14.093.909.361.377 1,35E+09
'COG6’ -218.917.288.603.559 2,49E+04 | 'COG3' -123.204.259.137.017 1,31E+07
'SPART' -193.384.766.499.507 4,12E-06 'LMO7 -171.582.026.285.399 2,42E-97
'TPT1' -171.988.408.003.618 1,60E-155 | 'ITM2B' -115.604.806.135.459 9,15E-32
'MORC4' -227.722.828.741.655 1,14E-01 'NUDT15' -109.220.138.272.662 1,82E+01
'TCEAL4' -149.267.491.067.311 5,36E+09 | 'EDNRB' -224.100.809.950.379 1,15E+08
'FAM104A' -161.470.984.411.521 1,55E+09 | 'LCP1' -149.185.309.632.967 8,79E+08
'RTN3' -175.106.953.194.648 3,39E-48 'SCRN1' -158.963.682.338.752 5,25E-64
'MED10' -242.167.398.190.811 5,08E-109 | TNS3' -190.072.452.936.094 7,17E-45
'MORC2' -199.145.489.086.699 5,46E-01 'IGF2BP3' -168.835.243.584.236 4,25E-95
'SLC2A11" -268.599.836.909.776 1,17E+08 | 'GPNMB' -121.931.302.840.448 7,34E+07
'C1QTNF6' -20.928.098.103.626 1,25E-12 'KDELR?2' -10.496.832.749.498 3,62E-36
'‘BTG1' -18.583.821.337.485 3,28E-29 'HUST' -100.915.999.928.548 3,26E+08
'LARST' -199.662.527.321.934 3,70E-21 ‘MYO1G' -170.083.180.811.249 3,83E-25
'SWAP70' -154.532.552.848.381 9,62E+07 | TTYH3' -110.476.673.733.794 3,95E+04
'ARNTL' -291.580.991.329.704 2,36E-19 TTCS' -115.930.789.406.828 5,88E+06
'AMPD3' -333.786.963.875.638 8,12E+07 | 'ABHD17C' -131.761.510.201.628 4,68E-01
'RRAS2' -169.342.416.747.295 7,66E+05 | 'IREB2' -193.378.564.071.874 5,22E-108
'HSD17B4' -30.602.752.501.272 4,92E-142 | 'CALCOCO2' -10.667.870.912.112 3,30E+02
'ZFC3H1' -17.431.513.941.125 2,52E+06 | 'VEZF1' -172.508.397.139.804 8,94E-32
'SARAF' -180.527.999.714.811 1,76E-20 'DCAFT' -112.924.370.698.894 1,38E-13
'DPF2' -204.642.608.454.068 4,77E-12 '‘BRIP1' -160.382.152.797.247 7,00E-03
‘DGLUCY" -197.862.634.920.743 3,73E+07 | 'KATT -158.647.634.665.323 1,43E-54
'NUMB' -200.081.209.967.857 1,14E-15 'MARCHFT7 -139.550.250.093.141 1,75E-19
'LOXL2 -36.365.766.083.287 0.0 ‘SKIL' -175.035.842.409.311 9,62E-73
‘ELP3' -182.466.747.030.084 2,04E+08 | 'EPRSY' -197.486.217.600.777 0.0
'CTIF -197.352.778.863.881 6,92E+02 | 'KCTD3' -130.245.151.963.166 1,48E-24
'CCNB1' -135.647.442.828.947 2,18E+09 | 'RPS6KC1' -12.717.291.073.862 1,40E+04
'CD180" -365.344.223.860.392 2,04E+04 | 'UGGTI' -213.039.663.725.568 1,62E-142
'IRAK2' -235.576.168.996.324 3,17E-04 'STAM' -16.039.768.786.398 2,68E-09
'VHL' -26.103.691.077.197 5,97E-33 '‘ABIT' -129.434.885.521.357 8,66E-05
'‘BHLHEA40' -235.865.120.089.289 3,12E-98 'YMEILLT' -141.299.008.580.066 4,55E-75
'ARL8B' -158.496.250.072.116 1,07E+07 | 'LRRC8A' -111.529.964.402.555 7,57E-06
'EDEMYT' -237.417.624.355.364 3,28E-51 'ECPAS' -139.609.207.913.676 1,45E-71
'EMCT" -172.528.378.911.857 2,77E+05 | TOR1B' -112.966.113.122.859 7,48E+00
'PRPF38B' -153.101.006.264.043 1,28E+08 | 'SMC2' -238.865.719.981.147 9,58E-213
'GSTM3! -159.884.420.959.039 2,76E-07 ‘TMOD1' -188.981.708.224.958 8,14E+03
'SORT1' -163.858.861.880.695 1,63E-03 'DAB2IP' -143.031.468.602.054 3,21E-15
'PTGFRN' -183.784.268.579.692 5,40E+01 | 'STXBP1' -144.452.879.598.824 5,70E+05
'CEPTI -164.134.497.061.868 1,83E+08 | 'SLC31Al' -126.468.684.245.169 1,42E-11
'SPIRE1' -161.900.998.154.883 1,06E+08 | TLR4' -275.013.171.606.486 3,26E-101
'FKBP11' -159.379.986.398.033 2,91E+08 | 'ZNF189' -102.879.726.430.744 9,57E+08
'SLC38A2 -141.257.221.686.667 3,36E-27 'GOLGAL' -120.732.497.324.751 2,92E+04
'KIDINS220' -188.492.347.555.331 7,05E+00 | 'NCBP1' -153.805.878.961.556 9,30E-75
'RSAD2’ -490.689.059.560.852 9,84E+04 | 'RANBP6' -151.362.371.900.089 9,07E-08
'LPINT' -157.710.038.294.819 4,27E+08 | 'UBAP2' -106.947.304.012.424 3,61E-04
'LDHA' -178.826.429.760.806 0.0 'RNF38' -14.343.288.378.876 8,79E-01
'NAVT' -216.925.970.512.391 1,19E-08 TLNT' -126.956.878.470.833 1,24E-49
'NARST' -208.131.609.145.156 7,69E-61 'DMRT1' -155.987.151.975.833 6,74E+07
'RELCH’ -210.433.665.981.474 6,18E+00 | 'DENNDA4C' -270.386.790.598.998 1,15E-47
'FBH1' -19.227.348.736.733 6,77E-04 'KIF13A' -161.498.498.382.061 2,05E-33
'KCTD1' -242.195.691.321.863 1,96E+04 | 'CMTR1' -106.435.924.579.638 8,81E-01
'EMPY’ -16.670.768.978.547 1,02E+04 | 'KIAA0319' -162.003.526.763.478 4,05E-02
'SPX' -319.076.534.472.417 3,06E-33 'FOXF2' -11.643.163.548.839 2,95E+02
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'LRP4' -21.933.839.742.663 1,23E+01 | 'TCF19' -122.931.183.527.624 3,95E-14
'DDB2' -206.509.502.822.188 6,40E+04 | 'MDCI' -114.172.810.961.166 1,35E-15
'ACP2' -225.536.974.378.272 1,51E-05 'RNF144B' -174.339.186.332.564 1,84E-03
'PUMY' -148.506.709.769.802 1,17E+09 | 'FAMBAL' -201.752.605.258.501 2,16E-38
'YARST' -267.758.466.526.061 9,26E-254 | 'CPEB2' -117.833.724.125.851 7,67E+05
'PHC2' -179.878.655.215.936 1,74E+02 | 'FHDC1' -209.791.375.652.692 4,40E-11
'AGO4' -236.017.556.424.433 7,58E+04 | 'FCHSD2' -209.686.153.925.259 1,84E-06
'TUT4 -191.785.095.864.613 7,59E-01 'ARRB1' -119.413.716.106.318 7,29E+01
'ELP2' -216.713.448.792.068 1,85E-07 ‘THAP12' -173.031.721.815.684 2,90E-24
'TPGS2' -13.750.601.980.648 7,85E+08 | 'NUMAL' -13.170.500.004.989 8,65E-39
'SLC43A3' -152.076.729.829.498 7,79E+06 | 'RAB30' -178.021.879.212.009 4,12E-03
'DHX34' -167.408.839.119.414 1,96E+09 | 'CREBZF' -102.983.122.345.111 4,53E-10
'FADS2' -263.591.368.816.791 3,12E-24 'PRCP' -109.496.294.376.109 6,24E+04
'COL4A2 -277.911.104.872.078 0.0 '‘RNF121' -102.236.781.302.845 3,80E+09
'‘BIVM' -174.640.112.264.271 3,49E+09 | 'SDCBP' -139.824.617.858.418 5,62E-222
'ERCCS' -177.556.843.338.995 1,33E+06 | 'NEK1' -193.288.580.414.146 1,83E-07
'TPP2' -21.613.338.528.848 3,03E-12 'DDX60' -336.457.243.229.586 3,79E+02
'POGLUT2 -17.480.207.826.752 1,52E+09 | 'SORLI' -250.250.034.052.918 3,04E+06
'STT3A -297.985.601.199.027 0.0 'YAPT' -158.701.324.028.592 7,09E-63
'ETST -206.369.467.531.739 5,93E+04 | TRIM29' -106.489.045.073.598 1,57E-75
'SLC37A2 -305.062.607.306.997 4,86E+08 | 'RDX' -187.532.051.660.765 8,82E-188
'TMED7' -167.639.688.573.396 1,69E-10 'PPP2R1B’ -174.356.832.899.045 1,36E-82
'UBQLN1' -15.983.425.645.452 5,70E-09 ‘MMP13' -350.250.034.052.918 2,05E+08
'NAA3S' -177.415.752.909.379 4,61E+04 | 'ALKBHS' -150.197.313.605.012 2,57E-01
'ANXAT' -19.385.738.840.243 2,03E-120 | 'CTDSPL2' -160.369.906.330.274 1,29€E-07
'CTSL' -236.601.656.562.304 1,23E-162 | 'SLTM' -11.544.641.310.313 3,66E-06
'AGTPBP1' -158.496.250.072.116 4,16E+09 | 'MAPKBP1' -150.800.051.890.627 5,65E+05
'PSATI -276.334.497.355.569 2,29E-284 | 'KIF23' -103.541.192.015.707 1,08E-14
'HAVCR2' -123.442.959.079.158 2,41E+06 | 'KNL1' -240.307.903.497.079 3,64E-52
'CCNJL! -237.463.514.521.821 1,77E+07 | 'RTF1' -113.197.712.611.423 1,04E+00
'FBXO21" -2.094.545.636.507 1,26E-05 'PAQRS’ -134.454.066.402.565 2,85E-27
'OASL! -168.805.599.368.526 7,66E+05 | TUBGCP4' -125.118.468.795.605 1,03E-09
'P2RX4" -260.768.257.722.124 8,57E+08 | 'UACA' -150.136.229.910.322 5,96E-20
‘BICDLY' -198.736.317.432.207 2,41E+08 | TMEM62' -161.058.830.839.665 1,65E+02
'TRAFD1' -169.760.750.971.313 1,87E+07 | 'ADAMI10' -2.382.937.323.038 7,54E-126
'DMTF1' -174.008.156.738.806 1,84E+03 | 'STRAG6' -143.133.931.160.794 1,73E+06
'PNPLAS’ -208.921.156.272.613 1,80E-18 ‘GCoOMYT' -137.826.193.563.786 5,68E+08
'HILPDA' -240.834.284.670.484 4,33E+02 | 'FNBP1L' -196.928.141.490.203 5,92E-65
'RINTL' -19.576.999.833.812 2,07E+02 | 'KYAT3' -102.169.507.109.932 7,66E+08
'SRPK2' -201.291.588.788.529 1,53E-05 'ARHGAP29' -247.770.709.871.526 2,07E-190
'KCP' -485.798.099.512.757 4,51E+07 | 'IF144 -187.446.911.791.614 6,35E+09
'TES' -224.649.903.810.749 2,70E-55 'DBT' -183.914.598.897.268 4,02E-04
'CEP162' -190.857.697.223.641 8,39E+08 | 'SELENOI' -237.322.702.012.546 9,14E-209
'SNX14' -251.107.089.730.915 2,05E-24 '‘CYP1BY' -192.709.042.117.789 2,90E-86
'AKIRIN2 -167.652.974.030.423 3,86E+08 | 'ACTR2' -168.204.889.402.054 6,09E-257
'ORC3" -151.687.351.087.899 8,69E+08 | 'SLC5A6' -10.061.522.269.816 4,98E-01
'CGA’ -153.486.669.113.105 3,81E-60 'PREPL' -151.355.323.991.991 2,56E-38
'PRR5L' -315.919.859.484.925 9,69E-03 'FBXO011' -162.959.549.664.956 7,02E-45
'PHF21A -219.461.952.869.534 4,28E-14 '‘CENPO’ -132.809.158.627.972 1,41E-24
'NAT10' -156.651.485.132.652 7,64E+07 | 'LRPPRC' -164.620.468.617.485 3,05E-185
'DNAJC14' -151.431.069.789.604 1,77E+09 | 'ACTRIA' -106.812.272.091.945 4,13E-10
'CD63" -207.689.211.027.197 3,40E-119 [ 'MYOF -167.436.158.577.426 6,29E-192
'TSPAN31' -195.155.964.494.225 591E+08 | 'STAMBPL1' -130.179.044.931.629 1,78E+08
'B4GALNT1' -17.463.730.474.219 2,71E+04 | 'ATADI' -147.519.893.449.561 9,48E-10
'COQI10A’ -21.135.625.588.232 5,72E+08 | 'KIF11' -103.850.348.728.367 1,01E+01
'PAN2' -175.584.705.992.474 5,23E+08 | TACC?2' -124.278.421.016.763 8,64E+01
'ESPLY -194.784.230.424.636 3,14E-04 '‘CALHM2' -232.192.809.488.736 1,66E+09
'ACVR1B' -225.810.451.805.585 1,99E-10 'KIF20B' -183.134.441.794.525 9,70E-24
‘089’ -26.006.044.505.613 2,27E-145 | 'EXOC6' -166.349.590.326.785 5,88E-06
'MAPT' -138.396.605.334.584 6,40E+08 | 'PLCEY' -146.122.713.229.891 6,14E+07
'CD164' -16.817.140.379.373 2,59E-19 'DNAJC13' -226.514.206.879.579 8,00E-105
'NHSL1' -223.029.761.942.179 8,06E+07 | 'ASCC1' -10.459.572.903.629 9,23E-01
'AHIT -195.197.848.513.706 3,25E+01 | 'DNA2' -161.806.018.889.739 4,51E-05
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'REPS1’ -17.890.859.139.165 1,61E+07 | 'MYPN' -186.706.116.818.187 3,64E-39
'CCT7 -142.378.075.918.337 1,33E+06 | 'BARDI' -188.408.071.270.043 6,05E+00
'RAB11FIP5' -249.943.496.821.607 3,07E-24 'NABL1' -150.589.092.972.996 6,46E-05
'GNS' -256.277.634.278.025 1,05E-194 | 'FASTKDI' -119.544.552.212.335 1,21E+06
'KIAA0513" -321.967.803.663.941 9,75E+02 | 'HECW2' -201.197.264.166.608 4,28E+06
'DYNCI1LI2' -198.229.799.826.654 8,39E-31 'ITPRID2' -192.977.702.495.294 5,34E-209
'PCNX2' -209.729.720.135.492 4,22E+06 | 'FAM117B' -168.326.457.433.296 7,90E+06
'KCNK1' -17.809.902.180.582 5,55E+00 | 'ABI2' -106.326.489.345.802 2,60E+06
'URB2' -189.491.795.394.244 9,11E+07 | 'ITGAV' -332.814.558.686.801 0.0
'COG2' -188.117.933.950.569 2,40E+08 | 'SLC35A5' -175.336.003.241.687 2,32E-18
'RNASEL’ -353.915.881.110.803 1,37E+07 | 'SLCA49A4’ -117.353.625.499.469 6,24E+08
'NIBAN1' -382.546.299.626.467 0.0 'SENP7' -171.741.279.674.481 2,67E+06
'PIGC' -215.627.593.993.046 3,14E+02 | 'PARPY' -189.907.109.114.922 3,05E+06
'LAMC1' -202.840.042.580.153 5,51E-57 'USpg' -13.915.089.637.826 2,28E-05
'ITM2C' -188.731.218.529.095 1,58E+05 | 'SECISBP2L' -252.356.195.605.701 9,85E-31
'SERPINE2’ -303.816.535.790.566 6,54E-173 | 'TMOD3' -150.405.461.005.792 9,51E-55
'DNAJB2’ -284.577.908.130.513 8,05E-61 'SPPL2A' -188.871.666.646.626 1,00E-28
'TMBIM1' -226.085.477.852.558 4,01E-70 '‘GLCE' -261.285.189.789.463 6,54E-49
'ARMCY' -245.704.502.580.042 1,01E+06 | 'INTS14' -120.785.632.817.857 5,34E+01
'MFSD9' -18.073.549.220.576 4,46E+08 | 'HERC3' -241.941.600.503.502 1,25E-95
'TMEM127' -240.368.026.734.803 1,58E-32 'HERCG6' -196.523.458.183.932 1,38E+09
'‘GCC2 -225.167.045.654.194 1,12E-12 'HERCS' -160.126.431.305.026 9,36E+03
'ARHGEF4' -228.636.690.966.442 3,55E-18 'ZGRF1' -141.259.845.382.743 2,34E+08
'ALDH1L2" -322.076.867.885.678 7,60E-59 '‘AP1AR' -115.124.358.037.624 1,54E+07
'SCYL2' -164.566.470.806.546 5,10E+02 | 'SEC31A' -136.605.636.112.987 3,97E-64
'CKAP4' -181.931.565.248.619 4,55E-03 'FGF2' -156.358.884.992.859 1,66E-22
'APPL2' -185.354.117.101.559 3,17E+07 | 'KIAA1109' -20.025.377.228.019 6,35E-20
'DRAMT' -189.440.796.496.947 6,03E-11 'BMPR1B' -195.419.631.038.688 3,74E+08
'WASHC4' -21.653.953.429.618 4,95E-18 'PDESA' -243.295.940.727.611 1,35E+07
'SLC41A2' -194.753.258.010.586 7,69E+06 | 'BMP2K' -195.641.073.145.232 4,64E-23
'FLNB' -276.634.019.629.972 0.0 '‘G3BP2' -206.713.005.095.693 9,30E-253
'CKAP2' -146.623.230.550.613 1,92E+08 | 'SEPTIN11' -236.505.121.601.912 1,50E-172
'SUCLA2 -173.286.119.583.347 1,11E+04 | 'FRAS1' -218.641.312.423.088 5,44E-06
'RCBTB1" -265.136.372.644.367 1,98E+04 | 'SCARB2' -183.532.905.961.616 2,40E-55
'COG3' -297.112.292.270.986 2,06E-21 '‘CCNG2' -137.265.889.700.829 3,25E+06
‘LMOT" -239.401.971.800.976 6,62E-121 | 'CNOT6L' -150.340.287.108.154 9,43E-03
'ITM2B’ -215.483.871.441.864 4,56E-60 'usor’ -159.350.760.985.417 1,44E-39
'RCBTB2' -257.154.198.495.883 7,64E+09 | 'SHROOMS' -194.543.563.927.028 4,28E-62
'SCRN1' -17.805.592.292.177 2,52E-06 '‘CENPE’ -182.827.050.171.094 1,39E-25
'C7orf25' -49.460.798.611.825 5,30E+02 | 'GSTCD' -114.775.362.044.369 6,19E+06
'CHST12 -179.124.447.400.986 6,50E+08 | 'EGF' -22.684.888.359.259 8,14E+09
'IGF2BP3' -156.471.072.726.051 3,09E+01 | 'PAPSSI' -132.284.965.035.842 8,17E-06
'GPNMB* -269.785.655.712.709 1,58E+04 | 'SEC24B' -179.186.274.590.469 2,43E-19
'IL6 -235.466.488.129.936 7,34E+04 | 'PPP3CA -108.117.300.360.464 2,28E+05
'AOAH' -340.209.844.357.135 7,41E+08 | 'SLC39A8' -11.057.946.640.226 1,88E-04
'TBRG4' -163.997.660.272.564 2,65E+08 | 'FBN2' -2.202.801.157.689 2,39E-223
'MYO1G' -266.113.418.120.656 2,76E-48 'RNF185' -119.015.208.433.624 5,06E+01
"TTYH3' -22.851.806.917.922 4,01E-08 '‘SHISALL' -18.102.548.125.634 2,35E-20
'ABHD17C' -146.842.471.202.587 9,70E+08 | 'ETV6' -12.129.937.233.342 1,29E+09
'CALCOCO2 -298.377.368.558.542 4,25E-64 'KIF21A' -21.953.622.153.673 4,68E-122
'NMTL' -156.173.216.340.803 4,11E+05 | 'CPNES' -121.495.966.382.993 2,06E-04
'DCAFT" -144.948.351.850.429 5,69E+09 | 'FGD4' -15.713.520.692.025 2,14E+06
'KATT -159.943.298.352.949 1,12E+06 | '‘ALG10' -140.931.872.428.628 6,93E+06
'ACTLGA' -165.182.101.292.091 4,03E+05 | 'SINHCAF' -108.671.915.661.469 9,63E-08
'MARCHF7' -198.351.187.721.143 4,88E-10 'AEBP2' -115.353.705.960.859 1,48E-01
'TANK' -239.747.912.789.454 1,01E-01 'ETNK1' -113.854.681.296.562 2,33E+01
'SKIL' -159.055.280.125.938 6,74E+04 | TMEM117' -11.096.244.911.745 1,50E+09
'EPRS1’ -305.629.946.202.758 0.0 '‘C1RL -128.962.437.254.595 1,04E+07
'VPS45' -203.404.157.336.054 1,50E+00 | 'AMIGO2' -183.856.078.989.542 2,93E-21
'RPS6KC1’ -182.217.726.176.313 2,80E+07 | 'SCAF11' -171.715.711.308.603 2,53E-115
'WDR33' -165.476.912.978.582 3,26E+05 | 'LRIG3' -134.722.211.505.127 5,569E+04
'SAP130' -174.652.402.922.884 5,07E+05 | TMEM19' -146.648.709.196.439 3,02E-14
'UGGTT' -237.491.142.958.648 2,33E-90 'POC1B' -147.686.647.935.696 4,41E+03
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'STAM' -2.004.418.671.267 1,26E+05 | 'TMTC3' -262.058.641.045.188 2,10E-88
'ABI1’ -168.030.049.769.664 2,59E+07 | 'NEDD1I' -155.639.334.852.439 1,93E-07
'YMELL1' -170.351.255.219.072 5,77E-10 'GAS2L3' -199.387.389.720.316 5,41E-13
'DNAJCT’ -228.010.791.919.274 1,56E-09 ‘TDG' -146.004.723.419.641 3,58E-19
'NIPSNAP3A' -199.177.949.319.503 2,59E+07 | 'GIT2' -134.350.011.638.612 4,06E-10
'CDK9' -234.604.665.880.031 2,01E-24 'NUP58' -176.882.669.312.134 3,25E-50
'ECPAS' -180.915.043.571.922 4,82E-15 'MTMR6' -234.680.276.352.639 6,17E-30
'TOR1B' -2.0 1,85E-02 'SLC7AT' -216.629.628.026.223 1,92E-157
'SMC2' -165.363.969.016.822 1,67E+01 | 'LNX2' -238.466.385.023.533 2,79E-09
'NIBAN2' -203.514.274.788.591 1,64E-57 'SMARCC2' -108.953.603.391.961 1,34E-10
'ST6GALNAC4' -212.469.574.744.931 2,81E-09 'BRCA2' -286.249.647.625.006 1,12E-26
'TMOD1' -291.391.102.328.629 2,54E+00 | 'ESYT1' -130.821.098.872.099 6,36E-72
'DAB2IP' -198.452.266.338.105 3,96E+05 | 'TMBIM6E' -114.155.317.013.977 1,40E-214
'STXBP1' -203.674.054.681.502 6,10E+04 | 'ANKRD52' -176.345.917.467.172 1,48E-61
'SLC2A8' -212.261.928.666.396 1,96E+07 | 'ZNF740' -131.227.792.485.364 9,20E-16
'CDK5RAP2' -183.557.019.634.509 3,72E-02 ‘RB1' -207.275.634.243.531 3,15E-77
'SLC31A2 -258.496.250.072.116 2,56E+04 | 'SBNOI' -211.139.300.016.838 1,87E-127
'SLC31A1" -241.629.178.306.725 6,51E-70 'VPS33A' -109.806.712.418.745 1,91E+01
'TLR4' -162.648.341.283.578 1,92E+07 | 'DENR’ -102.831.591.134.488 4,54E-02
'ZNF189' -255.737.666.904.926 1,09E-05 '‘DIAPH3' -139.820.742.459.465 3,88E-08
'FPGS' -153.004.835.333.901 7,95E+08 | 'RBM26' -125.754.140.747.303 5,26E-16
'TSTD2' -241.288.903.270.027 1,44E-07 'MBNL2' -198.810.414.206.678 6,26E-49
'PSMBT7' -15.600.341.044.253 1,50E-10 '‘ABHD13' -126.918.663.281.539 1,06E+06
'GOLGAT' -170.317.054.432.252 5,65E+08 | 'SSTR1' -227.085.391.029.309 4,39E+05
'NCBP1' -15.010.107.223.887 1,28E+07 | 'TMXT' -166.843.165.565.654 6,18E-64
'DERLY -166.148.986.429.034 1,03E+01 | 'FRMDG6' -162.901.768.079.909 4,23E+05
'RANBP6' -245.437.839.091.101 2,38E-05 'PELI2' -168.502.945.582.508 1,07E-10
'PLAA -203.601.922.280.098 6,36E-06 'NAA30Q' -178.667.966.077.595 7,22E-27
'TLN1' -195.153.851.104.335 2,67E-43 'DCAFS5' -151.129.058.884.046 5,45E+00
'DNAJBS' -305.889.368.905.357 3,46E+05 | 'WDR89' -131.184.431.415.833 3,82E+02
'DENNDA4C' -239.134.949.584.484 3,06E-09 'STON2' -187.374.831.098.589 7,09E-23
'PIM1’ -195.109.039.951.905 7,05E-04 'WARS1' -139.563.847.592.466 1,03E-95
'CMTRY -248.874.718.546.185 5,15E-20 ‘NIPA2' -132.847.967.972.614 6,08E-30
'YIPF3! -252.110.440.293.472 3,85E-52 'SLC12A6' -205.747.161.398.437 2,15E-36
‘TMEM®63B* -235.962.038.495.931 5,16E-05 ‘TCF12' -203.325.861.994.542 3,11E-52
'TIAP1 -214.512.729.500.975 4,06E-02 'ZSCAN29' -140.465.301.713.104 1,23E+05
'KIAA0319' -246.915.404.807.054 5,96E-18 '‘GCNT3' -219.930.880.822.341 1,51E+07
'SLC22A23' -374.893.823.583.228 1,77E+04 | 'BNIP2' -168.536.439.767.899 2,52E-35
‘LRRC1" -19.668.331.360.648 1,63E+09 | 'UBE2Q2' -159.975.950.264.924 2,46E-08
'FLOTY' -18.628.069.860.453 4,43E-20 'HMG20A' -132.945.194.526.917 9,93E-05
'MDC1' -187.899.433.641.831 5,06E-06 ‘NCOA2' -236.221.539.098.934 4,04E-32
'RNF144B' -195.350.153.790.011 1,37E+06 | 'IGFIR’ -166.353.222.131.668 0.0
'MTCHT' -146.439.932.073.042 5,84E+03 | 'USP3' -105.507.775.435.721 2,52E+05
'TAF8' -179.763.976.722.439 3,48E+08 | 'LINSI' -106.002.477.107.222 7,94E+09
'FAMBAL' -153.140.653.538.384 2,34E+07 | 'PCSK6' -120.536.061.099.507 2,46E+01
'ARRB1’ -191.926.872.788.714 1,53E+06 | 'FANCI' -147.103.417.432.124 7,75E-123
'IL18BP -410.153.802.646.206 3,90E+04 | 'ABHD2' -197.862.634.920.743 1,26E-62
'NUMAT' -176.418.706.290.123 1,44E-02 TICRR' -126.610.551.850.289 6,19E-23
'CREBZF -197.621.533.480.995 4,45E-22 'DETI' -133.998.209.709.666 7,79E+09
'PRCP* -257.903.766.676.405 6,22E-13 'UNC45A -119.482.844.370.375 2,84E-33
'RNF121' -223.224.020.729.279 3,17E+05 | 'FURIN' -149.701.827.551.277 6,56E-194
'GGH' -157.277.493.053.569 2,72E+09 | 'IQGAP1' -244.207.558.247.776 0.0
'SDCBP* -204.329.510.661.091 1,67E-195 | 'CRTC3' -128.243.803.352.535 1,37E-72
'NEK1' -174.970.726.305.779 1,26E+08 | 'PARN’ -122.030.910.683.596 1,22E+01
'DDX60" -337.851.162.325.373 7,36E-22 'ARHGAP17' -103.764.728.691.787 1,39E+01
'SORL1I' -228.010.791.919.274 1,89E+08 | 'ZFHX3' -187.446.911.791.614 4,68E-46
'RDX’ -139.907.992.537.587 9,11E+08 | 'MBTPSI' -157.936.481.110.449 3,35E-102
'MMP13' -502.974.734.339.405 7,00E+03 | 'CDH13' -163.765.992.381.082 1,25E-13
'MAP2K5' -207.454.695.336.505 9,90E+05 | ZCCHC14' -15.206.120.893.111 1,57E-14
'SQOR’ -230.580.842.952.409 1,75E+04 | 'MEAKTY' -114.684.138.832.927 2,77E+09
'SLTM' -177.438.367.778.927 1,44E+01 | 'PDPK1’' -224.536.575.774.079 4,34E-48
'MAPKBP1' -208.912.589.047.298 4,16E+09 | 'GALNS' -110.362.263.107.416 1,67E+08
'NUSAPT' -15.257.398.167.515 9,86E+06 | 'NCOR1' -208.420.058.887.074 3,81E-143
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'KNLT' -177.072.119.307.831 9,33E+05 | 'GID4' -144.430.209.378.404 1,66E+04
'PAQRS' -143.630.046.791.808 1,37E+08 | 'KSR1' -164.571.653.180.025 2,09E-24
'LRRC49' -245.490.196.015.678 4,52E+08 | 'RANBP10' -120.332.815.970.953 1,64E+05
'UACA' -262.090.919.712.755 8,88E-39 'VPS53' -106.488.953.074.402 1,95E+02
'TMEMG62' -19.205.655.325.056 1,38E+08 | 'NPEPPS' -146.562.299.420.486 2,27E-84
'GCOMT" -238.161.308.279.477 1,69E+08 | 'SSH2' -219.561.164.510.596 2,27E-37
'BCAR3' -221.259.146.624.505 1,05E-30 'CLTC' -226.800.554.798.406 0.0
"TTLL?" -270.043.971.814.109 2,06E+07 | 'BCAS3' -146.669.961.910.134 6,22E+07
'FNBP1L’ -15.317.445.309.757 7,00E+08 | 'SS18' -12.902.824.682.709 2,59E-13
'ARHGAP29' -226.303.440.583.379 6,61E-70 'SLC39A6' -15.832.031.163.069 1,55E-102
'IF144' -197.085.365.434.048 1,97E+06 | 'RPRD1A' -14.374.487.466.991 8,33E-25
'DBT' -18.184.954.796.628 8,12E+07 | 'GALNTYL' -17.379.957.227.647 3,16E-86
'RTCA' -208.897.748.185.234 3,73E-05 'GAREMY' -126.722.220.279.723 3,10E+09
'HADHB' -239.090.023.696.648 7,67E-46 'ESCO1' -224.135.057.904.033 3,12E-14
'PPM1B’ -17.215.335.808.705 2,52E+07 | 'GREBIL' -233.316.784.599.112 1,40E-55
'RAB1A’ -151.852.834.024.683 4,23E+02 | 'NPC1' -177.914.204.684.106 1,35E-66
'PREB' -261.143.471.208.235 1,21E-96 ‘TBCD' -11.333.776.056.636 2,64E+01
'SLC5A6' -168.688.497.491.895 7,57E+07 | 'RPTOR' -169.118.282.060.358 9,15E-46
'PREPL' -171.473.967.593.123 3,02E-01 'FOXK2' -124.802.374.764.573 3,34E-23
'FBXO11' -195.523.012.987.998 1,71E-08 '‘SECTM1' -178.849.589.480.629 2,68E+08
'LRPPRC’ -213.318.909.775.066 2,79E-61 'DYM' -108.166.499.671.223 1,78E+04
'DTNB' -191.177.281.698.826 6,22E+08 | 'SMAD4' -159.491.706.489.384 1,40E-29
'ACTRI1A’ -217.141.308.310.172 7,33E-19 'ZCCHC2' -127.782.481.214.735 2,14E+04
'MYOF' -239.392.847.268.475 1,74E-128 | 'RETREG3' -150.986.104.548.044 8,99E-07
'TACC2' -210.115.941.603.058 2,35E+00 | 'NFIC' -138.281.631.351.299 7,64E-39
'KIF20B' -2.0 1,35E+00 | 'PRDM15' -105.199.463.763.826 2,79E+08
'EXOC6' -185.888.522.269.769 1,10E+09 | 'IFNARY' -184.960.975.752.325 4,66E-40
'DNAJC13 -166.439.696.821.556 7,72E+04 | 'SIK1' -110.473.501.770.999 6,10E-05
'ANXAT' -187.446.911.791.614 6,09E-17 '"APP" -150.091.779.113.788 1,21E-246
'ASCC1' -183.895.958.222.252 2,56E+05 | 'URBI' -169.067.194.189.227 1,20E-39
'AOX1' -372.402.653.845.871 1,82E+01 | 'CARM1' -101.955.431.183.848 2,78E-06
'SMARCAL1' -176.553.474.636.298 7,06E+09 | 'ZNF614' -178.606.014.369.438 1,91E+01
'IDHY -224.243.508.714.905 6,08E-137 | 'RERE' -136.725.208.539.685 4,54E+01
'ITGAV -204.384.829.866.682 3,49E-39 'PADIT' -209.953.567.355.091 1,06E+08
'SLC49A4" -300.976.777.624.882 1,28E-24 ‘MYOM3' -155.254.102.302.878 5,44E+04
'PARPY’ -242.560.674.098.903 1,71E+05 | 'IL22RAl' -209.953.567.355.091 8,87E+09
'USPg' -166.213.036.124.362 1,22E+08 | 'KIAA0319L' -122.814.594.856.675 1,82E+01
'SPPL2A' -21.827.490.417.999 1,14E-09 'PLK4' -135.209.006.539.761 1,78E-04
'GLCE' -207.407.509.889.122 6,71E-05 'WDTCI' -122.019.820.792.354 4,94E+05
'PPCDC’ -219.501.598.240.514 6,91E+06 | 'NBPF3' -105.413.343.713.348 3,71E+09
'FAM13A' -186.539.553.429.068 1,42E+04 | 'HSPG2' -107.324.182.922.907 1,89E-38
'HERC3' -223.274.804.032.761 8,28E-10 'PRKACB' -211.811.709.929.264 3,89E-20
'HERC6' -244.814.581.109.078 4,67E+07 | PIGK' -155.095.360.855.626 1,02E-23
'HERC5' -227.967.040.742.566 4,09E+01 | PTPRF -17.496.848.458.188 6,35E-124
'SEC31A' -246.586.744.361.897 2,25E-86 'MOB3C' -117.632.277.264.046 1,32E+06
'FGF2' -156.374.601.481.146 451E+06 | 'MTF2' -130.655.286.900.045 2,01E-02
'‘BBST" -196.829.114.027.266 4,66E+09 | 'IGSF3' -279.051.141.189.419 2,74E-98
'RAP1GDS1' -168.343.619.774.941 2,09E+07 | 'ZNF697" -169.187.770.463.767 1,84E+08
'LARP1B' -173.316.402.400.635 2,79E+07 | 'CTTNBP2NL' -212.059.014.081.359 1,57E-39
'PDEBA’ -343.295.940.727.611 5,07E-11 '‘CELSR2' -193.712.279.702.793 2,58E-22
'FRAS1 -216.992.500.144.231 4,85E+06 | 'ATP1B1' -117.810.589.753.615 3,47E-127
'SCARB2' -215.879.225.910.769 1,83E-17 'POGK' -139.949.664.838.307 1,50E-30
'CCNG2' -250.684.581.080.515 9,80E-10 'DCAF6' -105.473.775.840.472 7,91E-04
'usor’ -246.180.349.757.827 2,31E-66 'POU2F1' -192.949.202.454.565 3,48E-18
'SHROOM3' -156.050.945.699.662 1,56E+09 | 'ISG20L2' -110.058.357.266.427 5,33E-09
'ANXA3Z' -183.057.268.800.334 1,21E-11 'ABL2' -176.980.217.617.475 4,23E-51
'CENPE’ -18.058.044.704.942 1,60E+04 | 'XPR1' -168.848.852.105.798 2,38E-30
'EGF' -571.424.551.766.612 6,26E+00 | TOR1AIP1' -176.294.009.321.655 2,46E-81
'PAPSS1' -184.582.906.987.224 4,75E+07 | 'HMCN1' -215.200.309.344.505 5,84E+07
'SEC24B' -218.149.439.015.445 6,44E+00 | 'RGL1I' -336.923.380.966.572 7,78E+09
'FBN2' -218.310.672.612.273 2,09E-81 'PRUNEL" -141.380.178.610.617 1,49E+02
'RNF185' -202.834.462.569.396 6,95E-09 'ZNF687' -113.313.833.118.853 1,14E+05
'ETVE' -177.297.612.993.191 6,94E+08 | 'SNX27' -150.277.144.736.845 9,11E-15
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'GABARAPL1' -290.633.581.958.134 0.0 'REX5' -101.700.249.536.484 5,69E-02
'KIF21A -160.473.930.172.051 1,13E+06 | 'PIPSK1A' -12.941.690.554.414 4,00E-40
'CPNES' -202.039.178.883.118 4,08E-08 'ARNT' -124.634.474.308.089 1,29E-04
'YARS2' -184.197.311.892.718 4,46E+04 | 'POGZ' -163.005.039.024.969 1,83E-38
'CIRL' -31.420.384.057.383 2,25E-18 '‘GOLPH3L' -105.444.778.402.238 6,44E+07
'CLSTN3' -163.458.043.313.772 2,66E+08 | 'DTL' -151.484.331.514.698 1,44E-35
'AMIGO2' -223.935.352.711.881 2,56E-04 'DYRK3' -102.046.410.255.972 9,45E+09
'SCAF11' -155.338.527.320.719 6,96E+02 | 'INTS7' -153.644.767.245.252 4,02E-33
'INHBE' -547.167.521.439.204 1,61E-30 ‘TP53BP2' -159.176.767.862.627 1,44E-32
'PHLDAT" -139.339.607.332.687 4,48E+08 | 'ATP8B2' -216.526.147.150.469 3,62E-59
'POC1B' -171.183.268.732.661 4,34E+09 | 'UBAP2L' -100.651.714.472.501 2,18E-37
'GAS2L3' -212.091.366.300.844 2,83E+01 | 'GATAD2B' -161.284.153.329.659 3,54E-33
'SLC15A4" -174.401.050.895.779 4,23E+09 | 'TTC13 -140.144.843.453.089 1,99E+07
'GIT2' -178.462.250.053.366 8,15E+04 | 'LYST -260.880.924.267.552 2,59E-18
'MTMR6' -156.768.450.928.932 6,05E+08 | 'MAP3K21' -126.211.285.036.273 1,43E+01
'SLC7A1 -212.204.430.511.116 9,08E-51 '‘CEP170' -218.111.268.207.477 2,66E-83
'SMARCC?2' -207.701.090.082.684 3,90E-17 'SRP9’ -100.905.492.772.005 3,48E-33
'CERSS -202.249.463.778.709 5,69E+01 | 'FBX028' -151.288.482.267.699 4,98E-18
'ESYT1' -326.419.990.613.218 1,66E-269 | 'ITPKB' -122.239.242.133.645 9,36E+09
'TMBIM®6' -219.269.260.427.323 0.0 'CDC42BPA -247.119.362.576.358 9,04E-85
'ANKRD52' -238.042.374.419.751 2,19E-49 'PARP1' -118.553.720.047.692 6,42E-88
'ZNF740' -23.112.300.953.521 1,14E-37 'LBR’ -187.140.560.537.831 1,84E-153
'RB1' -200.530.988.836.765 3,72E-09 'PLEKHAG' -133.929.213.773.677 2,10E-15
'VPS33A' -232.515.663.632.365 1,47E-09 '‘EML4' -202.236.781.302.845 1,66E-61
'RHOF' -218.178.848.836.435 2,12E-112 | 'VPS54' -14.594.316.186.373 1,08E+04
'DIAPH3' -192.832.197.614.003 2,51E+05 | 'ASXL2' -263.974.789.547.248 8,25E-109
'RBM26' -150.319.013.018.655 2,30E+08 | 'ETAAL -15.247.159.582.843 2,98E-02
'MBNL2' -201.252.709.787.616 1,19E-15 'SNRNP200' -159.299.813.046.691 0.0
'ABHD13' -197.880.577.773.088 2,71E+06 | 'EXOC6B' -171.980.977.043.549 9,22E-31
'RTN1' -508.746.284.125.034 1,54E+07 | 'TEX261' -102.902.788.588.021 2,28E-05
'SLC38A6' -205.658.352.836.637 1,37E+07 | 'UBXN4' -145.228.001.751.733 1,27E-26
'DCAF5' -272.610.460.153.444 7,99E-21 'SPOPL' -172.662.364.994.475 6,34E-05
'CLBAL" -259.903.768.593.288 8,43E+08 | 'AMMECRIL' -12.291.339.992.155 1,33E-05
'WARS1' -334.289.112.021.538 0.0 'PKP4' -134.242.948.072.397 1,46E-19
'SLC12A6' -238.886.261.641.465 3,65E-22 ‘LNPK' -185.356.618.718.574 2,14E-15
'ZSCAN29' -227.098.652.922.419 5,11E+02 | 'UBR3' -217.278.465.558.155 5,72E-20
'GCNT3' -382.200.169.802.201 1,71E-20 '‘GULPT' -142.223.300.068.305 2,12E+06
'BAHD1' -210.919.877.090.163 1,49E+05 | 'NBEALL' -273.434.012.475.938 9,97E-23
'DISP2' -348.542.682.717.024 9,04E+01 | 'NYAP2' -114.974.711.950.468 2,15E+09
'CDANT' -262.369.489.520.987 1,25E+02 | 'FANCD2' -148.729.924.150.301 5,72E-34
'ETFA' -177.025.590.358.667 5,83E-10 'VGLL4' -135.239.677.999.961 1,36E-02
'TSPAN3' -220.610.733.774.896 2,13E-07 'EAF1' -133.448.699.936.173 1,82E-08
'IGFIR’ -163.412.855.752.504 4,31E-21 '‘OSBPL10' -112.244.490.221.012 1,86E-13
'USP3' -152.138.370.494.665 3,17E+08 | 'GOLGA4' -205.931.485.240.232 4,66E-126
'CYP11A1" -490.689.059.560.852 5,65E+08 | 'CTDSPL' -103.258.420.907.159 1,98E+09
'BBS4’ -225.938.662.881.865 8,40E-03 'IQSEC1’ -180.427.552.912.563 4,63E+04
'CYP1A1 -289.481.776.330.794 9,78E+07 | 'UBA3' -117.503.606.702.279 5,15E-02
'CELF6' -47.848.407.242.651 6,02E+04 | 'ARLG6IP5’ -106.618.321.692.119 4,28E-11
'SCAMP2' -245.668.519.663.734 1,96E-30 TMF1' -192.274.735.735.188 6,78E-26
'FANCI' -238.344.766.888.542 1,89E-94 'LRIGT' -213.464.952.669.478 2,39E-13
'ABHD2' -152.401.099.741.797 2,46E+09 | 'LIMD1' -162.671.148.319.408 9,29E-32
'TICRR' -156.037.051.253.876 1,67E+09 | 'NXPE3' -174.983.122.093.663 7,83E-77
'UNC45A -235.247.489.652.458 1,08E-57 'MYH15' -284.130.225.398.094 2,34E+09
'FURIN' -175.564.616.943.623 8,22E-23 'PHLDB2' -212.543.423.528.825 1,37E-74
'IQGAPT -238.280.035.951.075 0.0 'ABHD10' -107.897.317.411.209 2,07E+05
'CRTC3' -154.858.399.637.408 6,46E+01 | 'OSBPL11' -16.843.490.507.988 4,37E-15
'EFLY -287.395.267.078.663 5,52E-30 'NCEH1' -176.849.209.972.015 1,32E-26
'GLYRY' -172.281.433.327.068 2,81E-01 'FAMB86B2' -246.018.087.601.113 4,74E+08
'TGFB1I1' -273.696.559.416.621 1,57E+07 | 'LPP' -226.687.883.478.321 1,03E-57
'RUSF1 -266.522.984.056.729 3,17E-29 'DCAF1' -158.820.269.307.899 2,44E-50
'PARN' -16.924.909.650.256 6,14E+08 | 'STXBP5L' -172.246.602.447.109 3,01E+09
'CDR2' -172.935.241.005.633 4,01E+09 | 'ATP10D’ -271.687.417.622.674 6,87E-17
'TXNL4B' -162.327.943.227.226 8,82E+07 | 'SCDS' -164.284.341.680.166 6,71E+06




177

'CPNE2' -271.839.348.812.978 6,37E-23 ‘TRMT10A' -149.825.086.752.783 1,33E+05
'NLRC5' -169.357.299.865.283 8,17E+09 | 'KLHLS' -217.736.159.028.409 2,74E-16
'MAP1LC3B' -135.236.682.150.842 1,56E+08 | 'CAMK2D' -166.220.549.965.362 5,24E-12
'MBTPST' -205.924.170.377.987 1,95E-49 'SPATAS' -146.735.853.440.893 7,46E+02
'CDH13" -258.857.375.427.353 7,53E-16 'METTL14' -158.496.250.072.116 7,92E+00
'MEAKT' -265.257.340.687.583 1,82E-03 'USP53' -178.916.180.529.163 2,96E-03
'OSGINT' -20.900.101.657.326 6,23E-05 'SETDT7' -222.101.317.167.032 2,38E-82
'PDPK1' -20.798.092.687.069 5,68E-02 'MARCHF6' -172.679.104.508.804 1,15E-230
'GALNS' -275.417.488.419.843 4,57E-09 'ADAMTS16' -126.149.224.102.539 8,89E+09
'NCORY' -167.131.755.193.069 4,49E-04 'MYO10' -170.893.532.569.669 6,00E-279
'KSR1' -224.444.934.220.965 9,62E-05 'OTULINL' -113.939.393.027.622 6,37E-21
'RANBP10' -206.477.025.539.024 1,81E+06 | 'OSMR' -172.399.917.556.212 3,08E-68
'PRPSAP2' -155.852.494.079.185 3,19E+08 | 'LHFPL2' -237.550.913.509.221 3,28E-62
'TOM1LY' -205.221.968.313.026 4,66E-10 'RASAT' -154.820.395.071.104 7,32E-08
'VPS53' -17.045.953.476.324 6,97E+06 | 'PPIP5K2' -249.257.918.940.221 2,35E-139
'NPEPPS' -208.429.953.057.462 2,60E-47 'PAM' -158.836.642.296.299 1,35E-122
'ABCA8' -302.553.509.210.714 6,25E+08 | 'BDP1' -226.986.643.931.622 6,65E-70
'G6PC3' -147.999.294.111.961 7,85E+08 | 'SLC30A5' -132.632.177.471.842 2,65E-14
'CLTC -219.492.678.537.645 4,93E-220 | 'YIPFS5' -120.583.102.996.449 9,13E-02
'BCAS3' -316.591.193.893.569 3,18E-09 'DDX46' -153.652.049.991.699 8,22E-95
'SS18' -198.418.329.453.723 8,26E-07 '‘RNF145' -232.848.332.785.818 1,35E-185
'AFG3L2' -16.814.704.815.745 3,95E+06 | 'FBXO38' -11.865.120.304.141 1,67E+05
'GREBI1L' -18.268.510.976.834 4,53E+06 | 'G3BP1' -112.528.536.174.567 3,57E-40
'RMC1' -189.983.583.807.457 5,97E+07 | 'ZNF300' -129.876.211.030.832 4,43E+01
‘NPC1' -310.835.353.147.249 5,97E-169 | TNFRSF21' -142.858.403.111.679 1,82E-20
'MINK1' -148.292.998.363.528 2,64E+09 | 'MMUT' -124.821.840.870.435 4,45E+01
'TP53' -190.907.484.287.039 9,25E+04 | 'RPL7LY' -141.811.689.221.082 4,02E-63
'TMC6' -186.899.398.784.999 1,11E+01 | 'PHIP' -224.051.696.927.237 1,31E-98
'SLC16A3" -200.989.642.405.045 1,99E-107 | 'MMS22L' -213.376.112.206.412 4,42E-43
'TTYH2' -432.192.809.488.736 1,37E+08 | 'PM20D2' -209.868.427.485.941 4,60E-48
'CSNK1D' -15.894.638.929.561 2,01E+04 | 'RNF217' -150.042.899.050.949 6,41E+04
‘TBCD' -176.775.171.958.586 8,65E+08 | 'ARHGAP18' -200.062.279.087.559 1,47E-120
'FN3KRP" -170.839.644.196.944 8,00E+08 | 'SHPRH' -222.706.890.854.592 9,63E-09
'RPTOR' -216.258.302.610.114 4,94E-04 ‘TMEM181' -246.890.437.125.758 9,40E-51
'SECTM1" -417.228.042.244.044 4,48E-44 'ZMYM4' -150.313.827.776.747 2,22E-22
'WDR45B' -18.116.422.804.607 1,62E-09 'ARMTL' -125.633.975.325.979 1,48E+05
'RNF165' -233.184.356.375.245 551E+08 | 'SLC22A3' -217.632.277.264.046 1,20E+06
'DYM' -199.721.218.262.838 1,46E-03 'GNA12' -135.439.614.793.901 1,66E-12
'MBD1' -22.829.339.632.715 4,03E-19 'RBAK' -172.240.247.502.257 2,10E-07
'SMAD4' -177.352.018.812.966 3,61E+05 | 'EGFR’ -256.444.017.684.781 0.0
'TNFRSF11A' -242.449.782.852.791 4,26E+08 | 'PURB' -196.815.113.396.066 4,37E-37
'RETREG3' -221.244.961.808.887 7,21E-04 'NIPSNAP2' -105.555.135.253.093 6,17E+07
'ERBB2’ -22.088.881.569.867 8,42E-02 'PSPH' -117.661.965.401.632 5,07E+07
'FKBP10' -157.886.230.118.474 2,63E+08 | TRIM4' -105.621.600.956.655 1,01E+08
'PRDM15' -18.969.065.070.359 3,67E+09 | TMEM209' -16.335.878.543.209 3,32E-18
'PFKL' -201.026.833.545.383 7,32E-08 TLK2' -110.105.750.390.394 6,34E+03
'DPPY' -213.469.651.313.133 4,23E-42 ‘NOM1T' -157.511.471.476.481 2,84E+05
'CCDCIT" -161.494.165.821.403 3,08E+08 | 'NCAPG2' -188.165.744.888.567 1,85E-38
'SIK1* -217.725.020.622.461 3,78E-05 '‘SH3KBP1' -121.802.135.070.841 2,19E-40
'SCYL1' -220.058.555.414.411 3,51E-31 TMEM4T' -201.034.194.422.146 1,20E-19
'TMEM50B’ -173.001.283.352.444 8,20E+08 | 'CASK' -132.398.272.857.082 5,47E-12
'APP* -281.459.277.053.576 0.0 'KDMBA' -150.389.089.007.384 9,81E-08
'DOP1B’ -324.392.558.288.609 4,43E+04 | 'MSN' -172.576.945.672.598 0.0
'URB1' -218.088.421.343.218 1,48E-07 '‘CCNB3' -304.439.411.935.845 1,26E+08
'AKT1' -149.749.965.947.082 6,81E+08 | 'ZNF41' -161.637.545.335.262 4,10E+01
'RNPEPLY' -196.199.367.742.026 2,99E+06 | ZMYM3' -147.460.205.327.865 1,38E-15
'EVISL' -252.195.270.319.536 9,70E+05 | TAF1' -124.842.371.122.694 3,79E-01
'RERE' -175.064.053.106.328 1,07E+08 | 'CCDC120 -11.096.244.911.745 7,66E+08
'EPHA2' -131.949.316.597.031 3,34E+08 | 'OGT' -160.575.558.296.931 2,75E-119
'PGD’ -149.587.334.200.994 1,73E+04 | 'SNX12' -102.181.922.500.959 9,74E-13
'MYOM3' -204.080.621.638.789 2,35E+09 [ 'IL2RG' -22.871.719.062.536 4,87E+02
'KIAA0319L' -257.787.307.593.484 5,76E-17 'DIAPH2' -151.601.514.700.366 3,29E+04
'GPN2' -178.786.649.246.624 4,35E+07 | 'DOCK11’' -293.859.945.533.586 6,85E+08
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'WDTCY' -267.499.470.158.363 8,25E-10 'MCPH1' -124.696.603.720.614 2,56E+05
'HSPG2' -180.899.948.768.555 3,18E-23 'MFHAS1' -140.512.203.041.376 1,91E+00
'PRKACB' -193.198.157.657.135 4,31E+05 | 'ZNF185' -147.643.804.394.299 8,12E+07
'PIGK" -17.001.180.111.399 2,39E+05 | 'BIN3' -110.052.687.595.396 8,24E+08
'TINAGL1' -220.658.671.806.269 8,10E-25 'CHMPT' -11.582.854.456.967 5,08E-01
'KIF2C' -21.233.344.416.075 1,81E-30 'DOCKS5' -163.027.639.401.626 2,61E-44
'PTPRF' -237.698.127.301.677 8,52E-86 'ERLIN2' -1.670.178.502.955 5,68E-17
'IGSF3' -200.242.673.739.454 2,93E-06 ‘TACCT' -239.266.611.040.363 4,58E-151
'ZNF697' -214.567.745.519.564 1,12E+08 | 'NSD3' -17.321.080.305.169 4,31E-36
'STRIP1' -256.902.095.685.213 1,00E-06 'MTDH' -187.446.911.791.614 2,55E-192
'CELSR2' -248.800.077.083.407 9,07E-06 'LRP12' -216.498.426.017.204 5,96E-26
'GPR161' -341.503.749.927.884 1,32E+05 | 'MAL2' -130.916.079.881.348 3,62E-61
'ALDH9AT' -163.360.363.217.082 1,32E+06 | 'UTP23' -108.746.284.125.034 2,62E+08
'ATP1B1' -190.672.757.000.906 7,90E-104 | 'FAMB83A' -10.899.421.253.128 9,00E+08
'NME7" -189.589.159.665.926 9,17E+08 | 'VLDLR' -179.255.792.012.952 4,68E+04
'CREGYI' -197.920.153.732.761 6,00E-03 'AK3' -134.833.709.807.133 3,46E-02
'MGST3' -152.516.458.409.747 6,39E+06 | 'NFIB' -158.936.767.984.116 1,94E-08
'COP1' -188.807.954.943.479 7,40E+03 | 'HAUSGE' -159.176.080.699.742 3,48E-40
'PPOX' -20.413.407.953.809 4,71E+08 | 'C9orf72' -164.385.618.977.472 7,09E+09
'SDHC' -189.466.112.059.589 1,93E-05 '‘CEP78' -104.665.009.329.882 4,67E+08
'METTL25B' -202.840.841.518.575 4,23E+06 | 'MFSD14B' -129.349.968.656.085 2,69E-21
'ABL2' -182.857.765.017.119 6,45E-15 'INIP' -108.516.738.326.268 4,39E+05
'PRUNET" -167.603.659.552.387 6,69E+08 | 'SNX30' -283.244.590.302.043 1,11E-26
'ECM1' -227.064.758.994.367 1,05E+05 | 'STOM' -127.480.494.691.246 5,85E-58
'ZNF687" -23.450.117.080.004 1,02E-04 '‘SURF4' -101.487.534.887.111 3,22E-58
'TARS2' -160.675.589.158.341 1,64E+08 | 'GPR107' -12.675.377.361.343 1,57E-24
'MCLY' -189.648.704.341.146 2,14E-89 'SEC16A' -170.310.679.015.017 2,96E-142
'PI4KB’ -205.875.258.728.409 9,83E-19 'USPGNL' -194.507.378.949.641 2,28E-05
'PIPSK1A' -176.431.608.231.116 2,26E-07 'FAM171A1' -177.235.332.561.353 4,24E-10
'MINDYT' -250.552.803.322.675 2,26E+08 | 'ZEB1' -195.710.204.156.229 1,55E-14
'CERS2' -158.364.074.612.491 9,01E-08 'POLR3A’ -134.103.691.783.507 2,24E-07
'ARNT' -190.113.706.837.822 5,01E+00 | 'HERC4' -144.572.376.507.387 8,80E-43
'POGZ' -210.535.300.014.623 4,63E-12 ‘GLUDY -113.558.759.379.918 2,77E-22
‘GOLPH3L' -243.999.431.826.411 6,93E-21 'ANKRD1' -121.386.834.902.991 4,42E+09
'DYRK3' -233.475.213.524.495 1,13E-02 '‘ADD3' -216.362.501.308.657 1,60E-15
'EIF2D’ -178.890.116.519.827 1,73E+06 | 'EIFAEBP2' -161.956.754.637.409 8,62E-27
'INTS7' -182.597.060.022.495 1,74E+00 | TCF7L2' -103.952.836.418.664 5,46E+08
'TP53BP2' -247.559.945.733.572 1,68E-29 'MKI67' -20.971.737.771.157 3,98E-278
'ATP8B2' -216.459.718.463.221 1,74E-07 'INA' -164.367.640.348.988 1,45E-25
'ADAM15' -189.512.037.370.043 1,73E-17 'PPRC1' -1.119.419.608.022 3,49E-08
'SLC39A1" -187.772.548.452.681 1,19E-10 'ITPRIP -126.725.100.226.705 1,51E-10
'HAX1' -174.280.524.987.275 2,11E-07 'CNNM2' -107.059.812.665.302 6,62E-04
'Clorfd3' -100.176.260.869.926 1,41E+09 | 'PDCD1l' -121.555.000.226.014 1,07E-19
'GATAD2B' -15.992.467.267.274 3,48E+08 | 'BTBD10' -136.109.869.216.804 9,26E+00
‘RITT -196.874.906.601.556 2,82E+07 | 'LIN7C' -11.548.181.090.521 1,16E-04
'INTS3' -195.297.230.169.192 4,64E-18 'HSD17B12' -114.644.356.810.315 5,67E+09
'HCN3' -24.594.316.186.373 1,42E+08 | 'PTPRJ' -176.951.246.363.137 9,02E-106
'GALNT2' -174.271.745.649.128 3,94E-07 'CELF1' -144.770.834.090.597 7,23E-77
'SCCPDH’ -162.253.995.853.763 3,77E+09 | 'SESN3' -210.138.409.794.328 2,11E-34
'LYST' -231.690.127.781.253 1,60E+00 | 'CCDC82' -127.715.822.476.734 1,82E+01
'CEP170' -179.525.170.475.601 8,33E+01 | 'ZC3H12C' -244.360.665.147.561 8,24E-43
'DEGSY' -16.316.040.885.413 7,04E+00 | '‘NPAT' -226.126.531.298.074 9,63E-45
'ARF1' -163.730.530.864.882 9,08E-33 ‘ATM' -212.763.327.972.587 1,54E-43
'CNIH4' -18.334.284.336.675 9,22E-02 'AASDHPPT' -156.665.684.620.191 3,53E-31
'CDC42BPA' -224.038.990.465.214 1,67E-33 '‘GLB1L2' -119.671.321.215.662 3,90E+00
'PARP1’ -194.586.783.329.132 2,74E-31 'SLXA4IP’ -197.490.901.903.717 1,88E+07
'WNTOA' -251.096.191.927.738 7,63E+09 | 'KAT14' -166.077.570.312.275 3,03E+06
'EPHX1' -269.831.758.727.419 1,74E-112 | 'FADSY' -155.442.961.479.068 4,13E-160
'SOX13' -168.213.553.625.929 1,84E+04 | 'CPSFT' -122.850.554.506.306 4,75E-48
'PPFIA4' -402.384.674.195.437 1,85E-06 'El24' -123.395.717.296.937 4,82E-94
'PLEKHAG' -293.751.756.924.024 9,54E-55 ‘SIDT2' -101.930.773.110.094 4,28E+06
'ARL8A' -204.102.726.826.005 1,38E+08 | 'JPH2' -127.191.255.718.025 1,00E+06
'PDIAG' -251.237.609.521.896 0.0 'SOGAT' -199.376.804.628.849 3,64E-51




179

'GALM' -188.582.898.008.069 2,95E+09 | 'MKX' -129.090.119.926.674 1,90E-09
'SNRNP200" -231.430.341.478.727 3,48E-164 | 'MPPT' -208.929.328.561.628 5,31E-61
'MRPS5' -148.385.668.911.478 3,57E+08 | 'ITGB1' -211.478.580.490.481 0.0
'EXOC6B’ -230.291.719.700.683 4,04E-23 ‘TMCO3' -100.222.466.511.451 2,01E+07
'SFXN5' -217.392.693.199.981 6,46E+07 | TIRAP' -134.994.247.105.696 3,84E+08
'TEX261' -189.675.322.639.884 2,58E-10 '‘MIA2' -107.703.048.585.293 2,05E-01
'UBXN4' -238.915.535.019.041 2,26E-41 'PDCD4' -138.302.710.437.622 2,62E-29
'AMMECRI1L' -245.490.196.015.678 4,75E-26 'VEGFC' -155.359.832.981.182 4,26E+08
'LNPK' -170.565.952.498.825 1,00E+09 | 'MTMR12' -174.515.277.891.597 3,86E-41
'UBR3' -191.525.779.975.876 1,49E+06 | 'ATPSCKMT' -115.321.493.311.386 2,73E+01
'NBEAL1' -181.762.325.751.143 1,82E+09 | 'DOCK1' -157.832.940.838.871 6,81E-10
'SUMF1' -168.361.955.363.536 2,71E+08 | 'DIXDCY' -198.792.716.769.943 1,26E+00
'NYAP2' -184.608.731.654.632 2,01E+08 | 'DLAT -145.512.324.937.278 5,29E-81
'FANCD2' -194.246.623.610.388 2,44E+00 | 'PIPAK2A -139.540.869.252.991 2,77E-02
'VGLL4' -180.156.483.385.409 1,49E+06 | 'FOXO1' -103.899.413.161.586 4,77E+08
'RABSA’ -211.869.458.225.053 4,91E-18 '‘CRIMT' -19.702.953.898.309 2,03E-218
'RETREG2' -175.470.387.140.641 1,09E+07 | 'SEC24D' -185.328.012.736.176 5,62E-44
'GMPPA' -293.318.189.342.745 2,54E-54 'ITPRY -158.531.920.613.548 5,48E-130
'GRIP2' -36.020.360.140.801 3,61E+07 | 'SLC7A1l -279.856.278.505.718 0.0
'DYNCI1LIT -218.811.394.775.584 1,31E-14 'GPR158' -232.192.809.488.736 2,84E+08
'OSBPL10' -160.836.293.330.123 1,45E+05 | 'UEVLD' -129.577.580.703.139 7,06E+04
'POMGNT2' -163.076.619.033.428 9,02E+08 | TMEM263' -118.211.842.435.312 1,12E-08
'CSRNP1" -17.166.803.591.483 7,54E+05 | 'UBE3B' -109.414.715.455.555 1,43E+07
'SLC25A38' -174.407.921.962.811 1,50E+06 | 'ANK3' -260.880.924.267.552 1,63E+08
'GOLGA4' -13.995.677.495.026 5,48E+08 | 'IPMK' -203.562.390.973.072 1,68E-09
'UBA3' -182.182.028.399.588 4,15E+04 | 'PLBD2' -104.809.428.820.105 2,06E+05
'TMF1' -19.936.862.260.678 1,67E+01 | 'DLGSY' -151.118.457.458.161 1,79E-46
'LRIG1" -195.155.964.494.225 5,91E+08 | 'SLC2A13' -164.021.236.128.662 2,56E+02
‘LIMD1" -276.789.016.736.111 2,83E-39 'GXYLT1 -209.290.258.121.847 3,06E-14
'NXPE3' -157.664.723.250.915 5,28E+05 | TWFI' -145.591.218.085.582 5,75E-119
'MYH15' -475.297.791.215.484 4,90E-76 ‘DIP2C' -166.985.139.830.767 4,96E+06
'PHLDB2' -218.987.725.910.617 1,37E-25 ‘MAGI1 -175.672.884.898.764 3,92E-01
'SRPRB’ -216.103.690.531.011 1,50E-44 '‘CSNK1G3' -159.848.364.037.478 1,05E-25
'TMEM44' -203.363.077.788.128 1,85E+06 | 'SRFBP1' -101.826.220.639.273 2,46E+08
‘TCTA -16.345.323.598.082 7,00E4+08 | 'MBIP' -100.695.276.064.177 3,38E+09
‘NICN1' -280.303.039.850.417 9,48E+07 | 'EXT2' -144.587.801.648.043 3,51E-39
'DCAF1' -204.748.892.578.132 1,52E-05 'NUBPL' -136.008.908.988.095 3,82E+07
'MANF -24.927.839.960.519 1,22E-76 'NEK7' -19.311.381.418.552 1,13E-57
'TM4SF19' -271.691.775.211.788 3,08E+07 | 'FER' -170.735.913.208.088 2,94E-13
'DGKQ’ -254.596.836.910.529 3,81E+08 | 'ANKRD50' -254.674.317.849.067 3,06E-37
'ATP10D' -224.886.463.269.764 1,82E+06 | 'UPF2' -158.661.412.659.231 4,68E-18
'CAMK2D’ -1.643.557.154.632 1,14E+08 | 'EPS8' -167.976.025.526.541 4,00E-40
'ANK2' -304.102.726.826.005 1,00E+08 | 'NCAPD3' -153.984.256.056.189 2,93E-124
'USP53' -180.548.007.443.717 7,22E+06 | 'FHIP2A' -235.147.237.050.138 7,56E-09
'MARCHF6' -169.509.241.036.837 7,23E-25 '‘QTRT2' -112.222.031.997.349 9,57E-03
'ADAMTS16' -238.605.843.230.708 8,82E+06 | 'EDNRA' -159.636.726.399.341 3,21E+04
'MYO10' -135.840.499.401.283 6,98E+07 | 'MFSD6' -226.777.232.484.046 2,67E+00
'OSMR' -394.911.444.803.138 0.0 'ASAP2' -149.776.405.881.929 6,79E-17
'LHFPL2' -16.719.762.540.174 1,97E+08 | 'ADAM17' -187.285.896.703.373 2,62E-17
'RASAL" -179.067.618.091.097 6,53E+07 | 'FLI1' -109.630.710.435.053 2,49E+01
'PAM’ -263.351.870.967.583 1,73E-213 | 'WWC2' -204.900.734.073.646 9,08E-19
'SLC30A5" -154.148.583.451.978 1,70E+09 | 'ACSL1' -168.014.590.201.451 1,57E-37
'FEM1C' -155.578.147.530.921 1,68E+08 | 'BICD1' -102.647.221.136.119 5,81E+08
'ATG12' -156.435.222.104.587 2,92E+09 | 'NBAS' -115.599.119.561.394 4,64E+05
'YIPF5' -162.136.814.714.989 3,67E+08 | 'GUF1' -148.157.335.838.036 2,13E-07
'DDX46' -189.028.754.229.757 3,89E-10 'SACS' -226.497.221.007.529 2,26E-62
'RNF145' -167.525.602.196.722 2,76E+00 | 'CACULI -19.500.667.368.103 5,23E-54
'FBXO38' -185.798.099.512.757 9,34E+08 | 'DST' -232.882.270.796.577 0.0
'ZNF300 -265.908.575.509.906 9,41E-11 ‘TLCD4' -197.378.541.806.224 1,90E-03
'RMND5B' -189.201.731.912.699 6,55E+08 | 'FAM168B' -194.817.159.107.476 1,23E-163
'CDKALT -173.552.217.729.654 9,25E+08 | 'PTPN14' -240.287.419.035.218 7,20E-71
'TRIM41' -168.526.740.651.684 7,84E+07 | 'MGATS' -232.548.591.430.055 8,83E-109
'RNF44' -173.506.606.125.072 3,26E+09 | 'GPATCH11' -147.723.226.088.619 5,02E-06
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'MMUT' -197.797.369.367 5,28E+06 | 'OBI1' -142.592.581.542.158 1,05E-01
'DOK3’ -316.992.500.144.231 3,93E+09 | 'SETBP1' -164.301.960.231.093 1,25E-03
'PRIM2' -171.031.446.607.621 1,20E+08 | 'EPG5' -191.301.669.840.536 8,73E-06
'TPBG' -367.881.080.143.654 3,12E-290 | 'C18orf25' -123.433.409.358.049 3,26E+01
'RNF217' -174.666.886.856.148 1,01E+09 | 'PDE3B' -19.722.253.338.984 5,80E-37
'DYNLT1 -166.917.550.462.424 3,40E+08 | TGOLNZ2' -178.610.718.835.356 2,37E-93
'TMEM181' -155.556.608.875.415 7,01E+09 | 'UHMKY' -239.038.339.708.546 2,67E-149
'VIP' -435.755.200.461.808 1,01E+08 | 'SPOCK1' -168.805.599.368.526 4,55E-13
'ARMT1' -222.239.242.133.645 6,20E+03 | 'CWF19L2' -118.199.783.374.289 5,06E+04
'CCz1B' -172.674.722.054.528 3,45E+00 | UMY’ -132.483.969.030.727 1,27E-07
'RBAK' -165.270.873.425.277 8,17E+09 | 'ZNF776' -107.850.197.367.872 4,52E+09
'EGFR’ -199.968.877.250.642 1,06E-61 'DCLRE1C -134.042.443.850.475 9,88E+09
'IGFBP3' -241.434.372.910.876 5,40E-51 'Usp12' -181.492.152.178.475 1,67E-41
'IGFBPY' -347.681.369.686.553 1,20E+02 | 'PAN3Z' -14.262.647.547.021 6,49E+01
'MDH2' -152.769.051.669.563 3,36E+02 | TMEM123' -189.699.984.608.687 3,10E-234
'PSPH’ -313.202.839.368.378 7,66E-32 'MBNL1' -225.555.142.606.432 3,11E-191
'GIGYF1' -149.222.155.375.497 5,88E+08 | 'NADK2' -14.450.599.823.783 6,85E-11
'TRIM4' -223.446.525.363.702 1,07E+06 | 'GPDIL' -146.055.215.853.121 7,38E-05
'TMEM140' -638.658.105.322.962 7,83E-21 'SLC30A6' -231.088.231.113.937 1,38E-74
'TLK2' -15.468.419.763.021 1,84E+08 | 'GPR180' -178.032.196.336.059 7,95E-15
'NCAPG2' -1.989.289.519.918 1,41E+03 | 'FARPI' -100.693.049.390.862 1,66E+01
'SH3KBP1' -219.320.271.308.722 8,86E-88 'UTRN' -163.666.068.837.052 7,32E-11
'CASK' -205.326.515.010.019 4,03E-12 'PTPRK' -188.621.034.276.884 1,29E-54
'KDMBA' -162.389.086.696.157 2,18E+08 | 'GGPS1' -109.292.533.368.804 1,76E+04
'MSN’ -180.807.440.171.312 2,03E-124 | 'RAD1T7 -169.651.757.243.346 8,94E-10
'ZNF182' -233.985.000.288.462 9,35E+06 | 'PLOD2' -155.500.026.270.529 3,85E-24
'KRBOX4' -227.444.637.612.243 1,92E+04 | 'ADGRA3' -203.286.463.390.563 8,49E-40
'ZNF41' -216.485.401.189.489 3,25E+04 | 'CDYL' -120.605.173.649.355 1,45E-06
'ZMYM3' -2.586.948.316.645 4,44E-12 'DAB2' -109.400.062.493.663 1,93E-75
'NONO' -135.434.957.257.974 6,44E+06 | 'ANAPC1' -162.029.922.562.964 2,58E-106
'CCDC120 -26.828.098.241.193 6,30E+03 | 'CAST' -122.998.317.356.796 4,34E-162
'OGT -287.504.713.728.605 4,10E-270 | 'SMARCAS5' -15.517.706.171.451 3,43E-75
'IL2RG* -351.569.983.828.404 2,97E-13 '‘RGPD3' -244.264.881.931.674 3,24E+07
'DOCK1T -478.790.255.939.143 6,93E-12 '‘RASSF3' -142.223.300.068.305 1,72E-14
'ZNF185' -226.134.802.920.591 9,54E-12 '‘RANBP2' -267.527.657.557.326 9,59E-281
'RPL10’ -100.376.096.973.433 2,32E-08 'AHCTF1' -159.219.925.203.718 6,53E-87
'CSGALNACTY -18.073.549.220.576 1,16E+08 | TMEMS87B' -168.153.576.041.621 6,24E-02
'ATPGV1B2' -166.799.147.952.012 554E+06 | PTPRR' -189.530.262.133.331 7,45E+08
'HMBOX1' -215.200.309.344.505 3,29E+09 | 'RBMS1' -166.104.489.355.198 1,70E-19
'‘BIN3' -194.158.331.377.468 1,99E+08 | 'CYRIB' -1.148.948.846.036 1,91E-18
'SLC25A37" -156.265.756.529.043 4,62E+08 | 'ASAP1' -208.363.248.685.872 5,27E-145
'CHMPT* -196.935.468.255.517 2,18E+02 | TRAPPCS' -179.309.975.481.647 1,05E-26
'DOCKS5' -170.661.829.307.022 1,44E+02 | 'LPCATI -144.141.602.610.213 1,50E-129
'TACCI' -165.439.427.947.309 2,09E+01 | 'UBP1' -148.746.703.485.474 8,05E-70
'PLPP5' -289.846.197.353.794 8,42E-25 'RMNDSA' -141.352.761.422.121 2,70E-39
'NSD3' -161.194.895.020.609 1,50E+06 | 'GTF2E1' -123.792.211.963.005 6,50E+04
'LACTB2' -222.342.254.993.494 4,56E+04 | 'ZDHHCT' -114.735.724.453.704 3,39E-02
'MTDH' -147.957.340.928.843 3,45E+01 | JAZFY' -150.923.517.455.791 6,72E-03
'LRP12' -210.822.140.141.714 1,01E+04 | 'CMIP' -11.807.193.168.526 1,28E-08
'EIF3H’ -135.479.272.879.299 559E+07 | TRIP12' -180.641.992.847.926 4,67E-138
'FAMB3A' -32.445.031.229.422 1,30E-52 'DDAH1" -13.311.319.222.172 5,25E-14
'GSDMC’ -390.689.059.560.852 1,41E+08 | 'SREKI' -141.253.499.207.567 3,27E-28
'VLDLR' -382.654.848.729.092 6,55E-81 '‘CHD1' -167.731.610.572.005 5,11E-34
'UHRF2' -19.211.984.322.924 1,57E-02 'DGKE' -171.620.703.399.941 1,76E-07
'HAUSG' -16.005.677.912.287 1,55E+04 | 'HS2ST1' -193.176.432.207.136 1,17E-58
'CDKN2B' -191.099.499.394.125 2,83E-14 '‘MSI2' -112.370.432.681.222 1,48E-14
'FBX010 -292.288.699.584.519 2,13E+02 | 'CACNA2D1' -252.602.936.736.632 1,30E-114
'SNX30' -168.487.091.553.261 6,58E+09 | 'GDPD1' -193.073.733.756.289 2,80E+08
'GSN' -181.998.253.038.535 1,21E+01 | 'NUSY' -148.196.850.739.783 2,12E-62
'ALAD' -195.269.428.522.164 9,28E+03 | 'PPP2R5E’ -158.589.961.997.521 1,54E-39
'SURF4' -285.928.333.368.795 0.0 ‘TBCEL' -198.473.324.334.669 2,00E-08
'MED22' -259.323.011.670.476 5,49E-32 'ANKH' -140.480.227.708.439 1,48E-204
'ASB6' -179.970.134.951.417 2,06E-03 'OTULIN' -128.285.994.284.918 1,30E-27
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'SH3GLB2' -166.717.726.400.934 7,74E+06 | 'UBASH3B' -253.314.497.274.345 6,32E-56
'LCN2' -632.192.809.488.736 3,13E-08 'RETREGY' -171.726.979.282.529 2,81E+07
'LRSAMT' -166.962.489.779.054 7,03E+09 | 'CDH12' -145.704.502.580.042 1,97E+09
'GPR107" -214.785.474.333.724 3,43E-34 "TOMM70' -125.042.479.261.704 1,10E-27
'SEC16A' -225.966.041.322.872 3,51E-77 'PRKCA' -173.339.266.989.665 3,91E-68
'NACC2' -181.188.742.669.956 2,69E+05 | 'LRRKI' -11.965.886.659.311 3,19E-04
'USP6NL’ -181.358.687.576.912 1,26E+08 | 'ABCAS' -220.945.336.562.895 1,04E+06
'MINDY3' -183.834.673.652.123 5,50E+08 | 'MIA3' -135.261.873.134.111 2,85E-15
'PARD3' -18.843.337.378.257 2,42E+06 | 'LONRF1' -159.454.854.955.035 1,78E+08
'ZEB1' -192.599.941.855.622 7,55E+05 | 'ENAH' -181.320.117.999.329 6,71E-116
'NRBF2' -181.173.336.256.818 7,24E+06 | 'CCSAP' -115.488.560.197.817 3,12E+08
'POLR3A' -203.455.722.203.637 1,20E+04 | 'SH3RF1' -148.639.866.623.757 4,00E+06
'HERC4' -168.692.491.166.661 4,26E+01 | 'CXADR' -214.820.152.328.519 6,54E-37
'RPP30’ -169.079.541.273.328 6,04E+06 | 'C2lorfol' -113.535.185.289.489 5,43E+09
'FRA10ACT' -208.246.216.019.197 4,86E+09 | 'GABPA' -168.861.173.138.123 1,32E-10
'ADD3' -192.165.394.828.026 4,84E+04 | 'ADAMTSS' -194.877.467.664.483 2,85E-05
'DNAJB12' -189.492.763.967.724 8,73E-04 'PPP4R1' -146.250.707.288.421 1,81E-46
'MKI67" -147.050.058.141.044 3,73E+05 | 'PIEZO2' -164.769.825.606.912 1,68E+08
'TAFS' -213.750.352.374.994 1,32E+08 | '"ANKRD40' -119.341.719.197.789 3,10E-05
'ITPRIP -298.921.120.408.914 6,96E-113 | 'ATP6V1CI' -13.982.503.785.325 2,81E-44
'PDCD11' -155.612.281.784.117 5,75E+09 | 'OTUDGB' -147.618.615.480.382 5,46E-02
'EIF3M' -145.839.853.943.749 9,85E+05 | 'CDK19' -264.064.663.329.883 1,29E-26
'TNKS1BP1' -225.416.716.807.957 2,61E-27 ‘TTC39B' -215.919.859.484.925 1,90E+08
'PTPRJ' -16.843.413.936.763 1,59E-05 'AGPATS' -139.173.999.830.001 2,58E-19
'Cllorf49 -168.407.064.573.408 2,16E+08 | 'PI4K2A' -157.609.747.118.411 2,02E-19
'ARFGAP2' -171.690.901.846.264 6,21E+06 | 'MARVELDY1' -102.955.489.424.538 4,03E+03
'CELFI -179.604.158.067.419 1,88E-15 'HSPA13' -180.471.020.080.204 3,34E-43
'CCDC82' -213.420.825.120.569 2,02E-10 'UspP25' -124.792.751.344.359 3,13E-03
'SERPINH1' -194.566.248.257.206 7,66E-21 'GRAMD2B' -121.078.417.751.566 6,61E-02
'CAPNS' -316.992.500.144.231 3,93E+09 | 'LARP1' -159.418.103.075.054 3,98E-178
'ZC3H12C -171.131.435.536.509 3,57E+07 | 'MIER3' -184.596.637.132.758 4,74E-01
'NPAT' -195.269.428.522.164 1,63E+05 | 'NUP205' -177.456.691.762.925 3,37E-177
'ATM -197.049.600.568.992 1,12E-01 'ZKSCAN2' -175.077.139.369.124 8,82E+06
'HYOU1' -412.179.752.362 0.0 'FAM126B' -191.753.783.980.803 1,04E+01
‘MTA2' -163.299.855.262.617 1,33E-06 '‘RNF20' -137.595.818.003.691 2,17E-15
'FADS1 -196.249.126.462.783 7,64E-71 'PPARGC1B' -148.426.850.110.168 1,24E+06
'CPSFT' -180.449.753.344.105 1,05E-12 'SLC26A2' -201.740.304.626.145 6,94E-36
'‘B3GAT3 -193.680.617.351.281 1,15E+08 | 'LSM11' -119.176.080.268.278 5,23E+09
'SIDT2" -237.304.341.061.422 1,98E-03 'RASA2' -197.774.719.315.287 7,60E-09
'DSN1' -167.807.190.511.264 157E+09 | 'VPS37A' -108.784.334.897.795 3,64E+07
'SOGAL' -211.247.472.925.841 3,10E-09 '‘CARNMTYI' -139.819.398.911.543 9,69E+02
'CABLES2' -244.159.832.554.998 2,49E+07 | 'MCU' -129.010.969.655.561 2,21E-26
'MRPL49' -193.157.975.445.092 2,17E-09 '‘MIDEAS' -124.281.513.908.984 2,96E-09
'VPS51' -169.585.609.223.338 3,16E+04 | 'GNAQ' -175.706.187.339.781 3,17E-20
'ALDOA' -16.770.119.555.613 6,44E-101 | 'DCK' -143.609.911.480.667 4,30E-03
'TAOK2' -210.222.350.859.179 5,72E+01 | 'DPY19L4 -161.049.759.282.829 6,55E-06
'ITGB1' -162.057.581.490.441 8,40E-25 'USP16' -137.538.213.169.929 3,66E-10
'DCUN1D2' -237.503.943.134.692 1,11E+04 | 'BACHI' -229.545.588.352.617 5,94E-31
‘TMCO3' -331.757.168.984.323 2,12E-116 | TDRDY' -129.272.811.843.879 1,13E-15
'MIA2' -284.088.541.056.837 7,19E-96 'HK1' -124.887.128.856.123 1,72E-64
'PDCD4' -205.733.317.506.595 6,21E-12 'PHF6' -198.071.082.890.019 1,95E-58
'CRIM1" -171.758.194.598.843 2,63E-26 'CD109' -239.168.234.989.758 4,99E-210
'SEC24D' -329.966.813.481.309 6,85E-120 | 'ZDHHCSY' -139.278.108.823.057 2,20E-57
'DHX37" -158.132.850.625.342 9,52E+09 | ZFAND3' -104.809.428.820.105 1,46E+01
'ITPR1" -161.992.771.467.839 1,89E-09 'KAT6B' -150.311.074.673.287 2,09E+01
'DCP1B' -211.894.107.272.351 9,73E+08 | 'SAMDS8' -162.350.088.679.931 9,19E-10
'CACNALC -290.689.059.560.852 2,42E+09 | 'BAG4' -125.650.501.988.931 1,21E+04
'OXSM' -204.306.872.189.189 9,59E+08 | 'ATAD2' -197.249.830.864.066 1,01E-132
'UEVLD' -188.865.502.415.945 1,87E+07 | 'ZNF689' -113.830.302.226.909 2,06E+06
'UBE3B' -204.690.446.459.057 1,11E+01 | 'FRRSI' -134.169.134.970.879 5,38E+06
'PLBD?' -302.553.509.210.714 1,92E-39 'MFSD14A' -109.271.615.371.828 1,17E-04
'DLG5' -185.723.082.869.717 7,06E-03 'SASS6' -143.241.406.799.882 8,65E-01
'SLC2A13' -171.968.760.273.437 2,77TE+08 | 'VPS8' -165.025.396.097.288 5,55E-09
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'EXT2' -246.017.661.996.596 5,81E-50 ‘TATDN2' -12.806.100.518.661 9,71E-27
'TMEM18’ -21.867.525.100.192 1,95E-01 'ZFYVEY' -14.492.444.908.636 2,69E-12
'FER' -163.087.833.577.651 8,10E+08 | 'SMGI' -20.963.117.876.698 4,82E-103
'VIPAS39' -178.759.166.723.617 3,14E+09 | 'FCHO2' -176.022.094.646.651 3,08E-09
'ANKRD50' -187.446.911.791.614 6,07E+03 | 'CPT2' -124.345.403.686.428 3,06E+07
'UPF2' -184.216.228.085.642 1,86E+04 | 'CLDN12' -18.227.076.902.264 1,55E-25
'EPS8' -187.483.542.362.863 4,77E-01 'MMP14' -116.992.500.144.231 2,36E+02
'ACADS' -171.466.692.705.743 3,55E+09 | 'GATADI' -107.481.477.627.219 3,76E+05
'NCAPD3' -195.618.376.770.751 2,16E-18 'ARSL' -136.864.459.379.439 4,05E+08
'VTILA -183.087.272.876.374 2,15E+08 | 'RNF111' -186.890.100.972.726 8,06E-09
'ZNF827' -123.717.766.443.379 1,68E+06 | 'FAMS1A' -103.652.587.602.511 1,45E+08
'AKR1C2' -222.147.242.836.881 1,13E-18 'MYOLE' -174.897.909.577.289 1,80E-202
'MFSD6' -198.792.716.769.943 1,33E+08 | 'APPLI' -23.178.869.296.655 1,28E-40
'ASAP2' -159.454.854.955.035 1,55E+09 | 'VPS26C' -118.943.393.395.117 8,25E+04
'ADAM17' -279.579.480.378.823 2,28E-41 'DYRKI1A' -213.601.236.595.218 5,34E-50
'ACSL1 -170.626.879.694.329 1,35E+07 | 'TMEM164' -156.485.492.727.258 1,03E-45
'NBAS' -241.232.311.458.181 1,09E-08 '‘C2CD2’ -194.318.186.800.016 7,49E-13
'DST' -13.998.765.622.337 3,61E+06 | TAB3' -252.620.991.343.707 8,63E-58
'MGATS' -168.077.105.471.359 6,31E+01 | 'PALM2AKAP2' -233.966.637.212.757 1,50E-172
'SETBP1' -180.518.382.301.598 2,22E+08 | 'ZNF618' -165.450.343.397.423 5,05E+05
'EPGS' -253.666.694.368.038 1,39E-01 'DGKI' -452.356.195.605.701 1,17E+08
'ATPSF1A' -151.605.399.927.836 2,55E-02 "TMEM268' -163.654.128.797.809 1,15E-07
'PDK1' -208.926.733.809.709 1,30E+06 | 'UBN2' -211.213.571.033.055 9,63E-24
'SPOCK1' -159.646.960.093.552 4,39E+08 | 'BRAF -126.129.935.446.305 5,24E+00
'CWF19L2 -17.821.948.481.592 3,65E+07 | 'SLC37A3' -141.418.660.273.935 2,70E-02
MY -193.762.284.670.768 8,12E-15 'FMNL2' -177.156.425.569.017 1,10E-34
'DCLRE1C -22.556.548.754.682 8,62E+07 | 'SPPL3' -123.140.366.263.142 5,01E-02
'CCDC50" -145.917.290.886.508 1,87E+08 | 'SKI' -12.213.867.084.753 1,86E-05
'PFKM' -148.667.645.482.818 9,67E+08 | 'AGAPI' -112.755.004.972.051 1,49E+06
'NADK?2' -180.214.098.417.844 5,40E+01 | 'PAFAH2' -111.455.976.426.286 1,10E+08
'SLC30A6' -189.892.216.164.068 6,07E-02 '‘PTPDCY' -136.388.341.132.874 6,64E+09
'PELO* -168.921.497.490.076 2,27E+06 | TPRGIL' -110.128.333.583.718 4,19E+01
'SLC16A12' -115.018.371.849.023 8,47E+09 | 'EYA3' -111.275.129.305.508 8,39E+03
'UTRN' -204.044.552.571.841 2,78E-03 'FANCC' -127.354.206.365.219 3,60E-02
'PTPRK’ -174.930.392.872.945 1,53E+06 | 'WASF2' -174.416.109.557.041 2,18E-128
'PLOD2' -280.547.150.789.861 2,09E-127 | 'CUL4B' -204.442.656.413.949 3,28E-107
'SRP19" -15.407.826.976.708 1,40E+09 | 'EIF5B' -135.431.297.870.941 6,65E-84
'TXNDC11' -162.510.477.770.041 6,96E+04 | 'AHCYL2 -192.931.500.758.438 1,66E-24
'DAB2' -145.964.838.597.914 2,30E+01 | 'BAGALTS' -217.069.918.715.496 5,47E-112
'ANAPC1" -139.110.098.506.682 1,44E+08 | 'PPP1R9A’ -215.621.758.202.171 8,07E-15
'SMARCA5' -141.148.718.450.199 2,33E+08 | 'PPP1R15B' -187.257.258.150.409 2,94E-115
'BMP6' -158.444.138.999.095 3,09E+02 | 'EMSY’ -191.370.015.360.578 5,98E-18
'HNRNPU' -127.660.410.437.787 1,11E+08 | 'ZSCAN12' -139.353.643.006.792 1,32E+04
'RANBP2' -149.434.236.210.819 7,76E+05 | 'ELK4' -207.800.251.200.127 9,47E-32
'TMEMS87B’ -287.789.072.388.597 9,52E-34 'SLC45A3' -139.940.684.756.508 4,62E+09
'PTPRR' -210.187.961.401.921 2,16E+08 | 'F11R' -200.167.419.287.201 5,42E-18
'ADGRF4' -518.982.455.888.002 3,20E+05 | 'PINK1' -100.904.812.530.985 2,37E-15
'TRAPPCS' -254.199.639.966.659 2,17E-16 "TOMMA40L' -112.252.213.221.152 7,22E+05
'LPCATI -190.368.393.123.528 2,04E-41 'CDC42SE2' -160.807.252.641.973 2,83E-19
'TMEM251' -238.706.872.709.701 1,50E-04 '‘RAPGEF6' -236.705.747.037.702 5,10E-30
'ADPRHL1' -211.395.618.929.709 2,86E+07 | 'EPB41' -196.729.583.492.729 6,27E-82
'LURAP1L' -33.366.838.213.335 4,27E-58 'SYNJ1' -240.839.218.563.683 5,68E-16
'ZDHHCT' -186.000.185.978.198 157E+03 | 'IFNAR2' -108.163.788.540.974 2,72E+09
'C7orf31' -337.851.162.325.373 8,02E+06 | 'SON' -212.774.320.988.108 3,44E-267
'CMIP' -181.672.544.489.867 1,37E+05 | 'RCANT' -152.632.083.281.259 6,21E-10
'TRIP12' -176.697.764.765.288 1,14E-12 'IGF2BP1' -122.561.920.649.037 1,98E-12
'CEBPG' -246.566.357.234.881 1,63E-51 'MORC3' -237.696.945.844.532 2,25E-14
'KCTD15 -203.665.847.057.885 1,76E+01 | 'SIM2' -116.580.889.297.008 1,23E+08
'SREK1' -199.907.726.569.231 3,97E-13 'HLCS' -179.255.792.012.952 1,47E+02
'CHD1' -157.594.562.736.372 2,03E+09 | 'ATP13A2' -118.185.196.001.151 3,89E-13
'ANKFN1' -351.005.769.170.727 8,56E-10 'STARDY' -174.474.294.475.793 1,79E+08
'GDPDY' -241.093.310.094.611 1,64E+08 | 'UBRI1' -195.217.147.490.938 1,51E-11
'TBCEL' -169.978.290.272.301 4,41E+09 | 'RSPRYT' -151.637.541.546.374 1,24E-10
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'OTULIN' -156.808.009.696.033 1,07E+05 | 'GPBP1LY' -139.580.640.885.864 1,81E-35
'TBRG1' -200.603.218.317.504 1,92E-08 'EFCAB14' -189.764.622.250.698 2,20E-116
'RETREG1' -246.597.446.450.407 2,08E-01 'PSKH1' -120.163.386.116.965 2,90E+08
'CC2D1B' -160.401.309.295.541 3,65E+08 | 'ABR’ -175.048.040.064.069 7,66E-25
'PRKCA' -205.514.155.419.246 2,09E-19 ‘CCDC117 -105.384.559.470.303 1,28E+07
'ABCA10' -55.077.946.401.987 7,46E+02 | 'GNE' -189.777.021.727.982 7,93E-104
'ABCA5' -317.492.568.250.068 3,75E-04 'ARHGAP35' -207.237.207.349.245 1,53E-130
'MIA3' -258.146.335.993.016 1,73E-64 'BSDC1' -1.0 5,90E+07
'DISPY' -20.433.274.316.641 6,38E+08 | 'ZBTB8A' -160.094.839.997.392 9,66E+05
'FAM167A' -448.542.682.717.024 4,07E+02 | 'PKNOX1' -1.0 1,73E+08
'CNTNAP3B' -245.961.945.243.408 1,91E+06 | 'RRP1B' -177.760.757.866.355 1,11E-88
'RABGEF1' -17.885.786.468.528 2,48E+01 | 'G6PD' -124.044.269.748.056 1,31E-263
'XPC' -290.893.552.159.354 5,05E-20 ‘TRAPPC10' -164.886.379.373.239 3,23E-11
'CCDC174' -27.918.918.046.698 6,74E-08 'LSS' -133.317.794.343.166 4,91E-79
'FLCN' -222.128.881.419.555 2,36E-11 'VAV2' -117.319.271.527.622 1,28E-15
'OXNAD1' -184.388.079.808.272 3,77E+08 | 'MCMB3AP' -139.032.474.975.356 2,60E-24
'PPP4R1' -150.358.594.824.353 527E+08 | 'DIP2A’ -107.983.417.367.585 9,04E+04
'VOPP1' -154.364.144.111.554 6,39E+08 | 'SLC2A6' -119.610.893.324.597 1,40E-15
'FBXL18' -196.863.582.909.066 537E+02 | 'ZNF714' -108.123.984.796.018 1,95E+09
'AK9' -371.881.824.745.595 2,70E+01 | 'ZERY' -15.737.352.452.979 6,56E-05
'ATP6VICI' -151.245.000.093.679 1,46E+07 | TAOKI' -264.131.335.510.252 5,48E-169
'PIP4P2' -254.137.323.217.347 9,99E+07 | 'SIK3' -107.528.812.730.424 1,43E+03
'CDK19' -198.283.944.884.182 4,25E+04 | 'MPZL3' -141.503.749.927.884 2,49E+07
'MMS19' -195.680.846.942.186 3,54E+03 | 'NLRX1' -118.564.323.518.924 1,81E+08
'PI4K2A -260.999.129.521.268 1,28E-34 'ADAR' -214.902.638.459.391 0.0
'ZFYVE2T' -187.586.369.998.789 3,23E+09 | 'IL6R -155.019.708.256.048 2,36E+05
'HSPA13' -269.482.392.653.913 1,57E-93 'ANO10’ -108.348.498.550.308 1,07E+01
'USP25' -154.505.377.928.452 2,84E+08 | 'SLC25A44' -114.528.349.563.868 5,60E-05
'GRAMD2B' -190.952.840.887.732 1,04E+01 | 'NACCI' -107.277.690.814.819 1,15E-14
'RHOC' -16.277.272.349.508 2,40E+01 | 'ORAI2 -124.721.770.037.102 6,84E+03
'OXALL' -198.849.471.099.584 2,40E-24 ‘MAMLY' -154.233.916.308.764 3,09E-07
'CNOTS8" -180.365.665.025.315 6,48E+02 | PCYTI1A' -116.870.702.328.564 2,01E-15
‘NUP205' -20.168.738.185.644 4,08E-27 '‘ACOX1' -109.711.817.805.801 1,96E+01
'PDIA4' -374.435.333.956.308 0.0 'ITGAS' -180.385.747.782.138 3,66E-181
'FZDT' -158.025.165.558.564 9,37E+07 | 'FMNL3' -194.753.258.010.586 2,06E+05
'DEPTOR' -413.515.958.328.164 4,40E+02 | 'LARP4' -15.257.343.870.246 1,51E-59
'RNF20' -162.385.151.411.475 2,61E+08 | 'RAVER1' -11.067.924.663.595 1,20E-05
'RRAGA' -253.197.419.587.321 1,03E-56 ‘TBC1D24' -104.937.638.247.878 2,96E+08
'TMBIM4' -184.457.934.462.163 6,82E+09 | 'PAQR4’ -128.950.661.719.498 1,56E+06
‘CLIC2 -270.043.971.814.109 6,26E+00 | 'ADCYY' -139.637.804.404.724 4,24E-09
'VPS37A' -178.454.029.282.544 9,42E+07 | 'NEU3' -177.180.734.337.851 6,45E-06
'ADK" -154.878.016.441.451 7,58E+09 | 'SLC25A45' -134.538.706.771.135 1,01E+07
'DRAM2' -179.267.502.675.249 1,08E+05 | 'SYVNI' -121.689.262.418.907 2,39E-04
'CCT8" -143.114.441.091.672 8,33E+05 | 'CMPK1' -133.857.096.347.045 5,43E-46
'BACH1' -215.857.302.632.666 4,50E-10 '‘COAT -121.546.470.074.538 9,29E-21
'RPGR’ -20.924.462.487.646 9,91E+08 | 'ZYG11B' -24.671.260.104.273 5,07E-32
'TDRD9' -272.181.336.893.366 3,20E-60 'Usp24' -19.484.535.472.874 1,19E-158
'PCDH1' -48.856.963.733.394 7,57E-92 'PLPP3' -144.112.313.233.027 2,15E-10
'PABIR3' -206.871.275.008.401 4,04E+08 | PRKAA2' -202.144.697.647.593 7,90E-39
'SUPV3LT' -210.408.246.281.982 3,31E-09 'GMEBL' -10.354.646.806.548 5,04E+08
'EEF1AT1' -173.841.139.636.634 0.0 'SELENON' -111.495.116.635.088 2,02E+07
'HKDC1' -218.934.245.526.955 3,57E+09 | JAKI1' -215.416.551.459.567 1,78E-119
'HK1' -321.406.270.759.454 0.0 'RAVER2' -142.182.666.494.148 1,03E+02
'CD109' -277.537.571.752.654 1,54E-166 | 'LZIC' -102.141.898.363.491 4,97E+08
'ZDHHC5' -191.454.655.729.148 2,56E-19 'FBLIM1' -137.083.769.536.831 1,90E-09
'MED19' -173.556.423.898.959 7,59E+08 | 'SDC3' -15.264.364.241.147 2,87E+05
'ZFAND3' -267.415.252.189.972 7,87E-67 'KIAA1522' -120.389.928.174.646 2,38E-20
'KAT6B’ -197.400.479.146.706 1,48E+06 | 'NFIA’ -155.721.751.023.825 1,44E-09
'SAMDS' -211.067.023.241.166 8,30E-04 'OMAT' -106.593.427.018.478 1,48E+08
'AIFMT -187.207.005.208.567 5,08E-03 'USPT' -169.067.194.189.227 3,17E-107
'ATAD?' -143.103.168.760.557 6,59E+08 | 'FAM102B' -241.233.834.967.789 5,84E-215
'FBRS' -183.160.246.830.428 3,25E+06 | 'AGL' -251.180.938.838.128 3,12E-89
'FRRS1 -235.466.488.129.936 7,34E+04 | 'EXTL2' -1.0 7,30E+09
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'SASS6' -188.296.057.880.978 4,42E+06 | 'SLC30AT -140.740.572.745.078 8,45E-08
'VPS8' -241.432.733.680.283 8,68E-07 'ZNF281' -172.499.295.250.013 3,29E-21
'GALK2' -2.0 9,43E+07 | 'PEX19’ -141.905.056.178.547 4,02E-13
'BUB1B' -164.037.562.103.976 3,14E+07 | 'FLVCRY1' -147.551.135.830.516 2,43E-09
'ZFYVEY' -165.360.093.870.868 5,45E+07 | 'BPNTI' -113.394.570.433.675 4,27E+00
'FCHO2' -22.086.351.247.293 2,49E-02 'BROX' -168.050.178.656.178 2,65E-49
'TIMP4' -227.421.674.617.039 1,61E-07 'NBPF20' -175.755.014.750.406 6,06E-24
'CPT2' -229.661.700.635.817 6,50E+04 | 'CNST' -168.033.377.394.421 5,86E-18
'NECAP2' -200.156.729.514.696 7,02E-02 'MAPKAPK?2' -102.375.435.329.942 5,08E+02
'CLDN12 -191.206.464.194.646 8,99E-04 'CAPN2' -106.292.128.562.667 1,43E-52
'MMP14' -341.736.255.222.509 6,08E-101 | 'WDR26' -101.298.564.159.448 1,21E-07
'DDX19B' -162.079.131.215.062 1,21E+08 | 'REL' -105.811.813.588.923 1,11E+09
'ST3GAL2' -173.775.806.605.699 4,21E+08 | 'PEX13' -141.075.777.190.161 4,29E-02
'DHRS1' -300.473.791.900.666 3,59E-03 'SANBR' -114.615.683.550.936 1,30E+09
'CACNA1D’ -355.458.885.167.764 3,10E+08 | 'ARL5A’ -171.271.804.791.953 7,83E-16
'ARSL' -251.705.843.621.935 1,10E+08 | 'FBXO41' -130.433.403.487.262 9,31E+03
'RNF111' -24.110.685.970.759 8,68E-02 'SMC6' -133.944.905.537.688 1,68E-05
'CCNB2' -174.611.729.253.574 1,01E+01 | 'SGCB' -102.540.660.699.854 2,63E+08
'MYO1E' -233.395.190.774.684 8,10E-117 | 'SMARCAD1' -23.558.754.268.107 1,84E-53
'AFAP1L1' -330.742.852.519.225 3,08E+07 | 'PDLIMS' -159.494.658.929.378 1,79E-23
'VPS26C’ -217.408.262.691.597 2,84E-02 '‘RPRD2' -164.994.253.192.884 6,99E-32
'DYRK1A' -194.823.857.231.026 1,14E+01 | 'TGFA' -175.912.200.781.837 5,15E-23
'SLC35B2' -181.137.077.723.485 5,95E-01 '‘CCNYL1 -159.396.530.710.211 3,97E-10
'TMEM164' -17.585.143.186.852 1,80E+01 | 'DCAF16' -138.565.369.249.775 2,74E+05
'SLC38A10' -275.464.349.454.498 1,03E-51 'ALPP' -142.634.471.275.329 2,24E-20
'PALM2AKAP2' -17.002.145.960.308 8,07E-11 'PAQR3’ -204.390.282.187.682 4,15E-09
'TMEM268' -240.451.451.286.684 1,01E-07 '‘CGGBPI -141.858.906.262.906 8,36E-15
'SVOPL' -363.226.821.549.951 3,00E+04 | 'ABRAXAST' -112.748.973.512.192 6,30E+08
'UBN2' -196.806.951.110.856 8,28E+01 | 'GPR155' -158.936.767.984.116 9,07E+02
'BRAF' -179.838.214.294.427 2,42E+05 | 'CLDN1' -15.551.125.729.746 3,23E-14
'WDR19' -237.083.769.536.831 4,49E+02 | 'HIPKY1' -237.872.179.078.865 8,11E-95
'SLC37A3" -202.169.507.109.932 2,90E+02 | 'EOGT' -170.231.945.135.931 5,10E-03
'AP3S2" -234.942.801.230.633 7,74E-10 'POGLUTL -112.610.876.914.982 1,41E+07
'FMNL2' -202.267.350.114.082 7,61E-12 '‘ATP1Al' -102.444.336.348.786 2,08E-118
'GAREM2' -318.982.455.888.002 3,04E+09 | 'LRRC58' -231.868.243.538.371 1,31E-120
'RER1' -168.331.489.710.069 1,26E+02 | 'FSTLI' -171.009.284.557.462 1,34E-192
'LDLRAPY' -226.126.531.298.074 2,97E+01 | 'ADORAT' -165.136.372.644.367 2,64E+04
'AGAP1' -16.487.775.983.186 7,09E+09 | 'NEK10' -175.038.610.992.853 6,10E-03
'PAFAH2' -23.078.985.349.833 3,41E+05 | 'CIP2A’ -129.789.316.304.545 2,13E-11
'BABAM2' -181.663.273.564.561 9,36E+06 | TGFBR2' -184.719.785.084.863 2,32E-38
'PTPDC1" -365.367.525.080.517 1,51E-24 '‘STT3B' -186.508.826.720.921 5,95E-275
'FANCC' -189.589.159.665.926 147E+05 | 'SGO2' -124.051.696.927.237 3,07E+03
'WASF2' -161.948.324.085.589 6,85E-06 '‘CLASP2' -172.160.855.339.629 8,37E-23
'ABHD3' -209.991.528.019.457 1,20E-16 'PRKCI' -171.307.386.102.047 2,62E-53
'GPR153' -240.717.538.150.587 1,19E+08 | 'IFI16' -122.239.242.133.645 6,77E+04
'CNOT11" -158.617.945.148.154 9,96E+06 | 'EIF5A2' -130.256.277.002.043 6,81E+08
'AHCYL2' -171.293.066.232.429 7,38E+06 | 'PPMI1L' -165.326.851.411.206 8,42E+05
'TSR2' -148.112.668.973.662 4,88E+08 | 'PPP4R2' -164.492.226.440.495 1,39E-45
'‘GDPD5' -234.914.956.362.239 4,33E+01 | 'CDS1' -341.850.135.458.242 4,15E-06
'PPP1R15B’ -236.056.494.349.433 1,40E-90 'WDFY3' -20.121.747.139.461 1,16E-26
'EMSY' -174.602.493.345.367 1,15E+08 | 'PTPN13' -138.187.063.534.364 8,03E+04
'GPAT4' -165.690.467.458.415 7,63E+06 | 'ATXNT -195.354.068.890.734 2,37E-15
'ZSCAN12' -166.073.000.833.912 8,90E+08 | 'PTX3' -124.100.809.950.379 5,25E+08
'SLC45A3' -26.154.645.891.185 4,14E+04 | 'SLMAP' -168.490.393.859.506 2,97E-26
'NBL1' -157.725.442.423.768 2,20E+06 | 'SMIM14' -145.860.651.421.624 8,63E+00
'F11R' -169.813.457.404.519 4,91E+08 | 'RPP14' -137.440.645.751.185 1,02E+03
'NIT1' -304.306.872.189.189 9,98E-16 '‘RBM4T' -188.239.603.368.777 9,30E-05
'CDA' -167.281.279.867.878 1,30E+01 | 'APBB2' -166.690.411.425.733 1,83E-06
'PINKT' -202.588.756.212.939 1,38E-36 'U2SURP' -115.470.268.223.588 4,14E-29
'DMTN' -258.496.250.072.116 3,70E+09 | 'HPS3' -151.483.641.433.051 5,31E-12
'NDUFS2' -172.466.161.966.727 2,29E-02 ‘TOPBP1' -196.880.912.533.995 4,41E-100
'CCAR2' -16.347.728.004.921 8,25E+05 | RYK' -133.311.183.338.004 5,68E-15
'EPB41" -19.558.574.447.568 1,52E-12 'SNRK' -168.463.576.380.447 1,92E-17
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'ALGS' -22.556.548.754.682 1,84E-02 'KIF15' -104.372.137.742.932 4,29E+07
'SYNJT' -217.382.945.589.823 4,11E+04 | 'CDCP1' -159.617.728.821.708 1,47E-19
'IFNAR2' -180.207.295.727.928 5,64E+08 | 'LZTFLI' -109.236.401.814.866 2,08E+08
'GART' -183.176.334.871.046 1,14E-04 'FYCO1' -117.107.777.420.911 4,12E+08
'SON' -152.937.477.518.112 6,33E+01 | 'DTX3L' -209.003.220.086.247 1,18E-04
'STC1' -266.296.501.272.243 1,70E+09 | 'ZNF148' -218.291.398.343.988 6,46E-40
'CSRP1' -222.997.159.032.675 9,87E-151 | 'ZMYM6' -124.677.858.083.752 3,44E+06
'RCAN1’ -195.647.262.445.908 3,63E+07 | "YEATS2' -123.070.012.902.638 1,47E-07
'UBE2Z' -223.118.011.418.568 1,26E-57 'LIPH' -167.216.094.262.303 1,07E+00
'IGF2BP1' -183.215.831.305.818 1,57E+00 | 'TMEM41A' -117.990.909.001.493 1,24E+04
'MORC3' -236.170.799.687.272 9,94E-01 'SENP2' -128.029.080.504.465 1,98E-10
'ADPGK' -17.947.328.376.885 6,09E-03 'BAPT' -100.494.921.597.173 2,51E-02
'CYB5R1' -258.343.986.729.128 3,60E-22 'SFMBT1' -119.699.324.464.048 6,23E+00
'PSMD4' -148.163.817.655.002 2,37E+06 | 'PBRM1' -249.476.469.174.958 6,72E-66
'ATP13A2' -189.631.166.614.729 550E+01 | 'UVSSA' -147.865.359.857.482 3,59E+08
'PSMB4' -134.647.880.263.291 7,37TE+08 | TASOR' -211.013.191.660.005 2,09E-101
'ALDH4AT' -224.345.403.686.428 6,84E+09 | 'UBXNT' -158.187.652.084.741 5,99E-20
'UBR1' -189.235.927.681.203 3,06E+06 | 'RNF168' -109.138.483.243.005 8,32E+00
'AMFR' -208.182.682.797.802 1,23E-14 PIGX' -131.424.735.780.574 2,46E+07
'TMEMG69' -178.638.514.821.048 1,26E+07 | 'ERMAP' -131.366.047.890.376 7,03E+07
'ATP6VOD1' -234.395.440.121.736 2,55E-48 'SGMS2' -203.823.880.428.769 9,47E-17
'ZFYVE28' -27.178.567.712.185 1,65E+05 | 'METAPL' -1.255.964.832.509 1,23E-20
'PSKH1' -234.896.734.763.971 1,21E+05 | 'DNAJB14' -152.594.198.690.896 7,91E-02
'ZYX' -151.573.367.299.226 3,65E+06 | 'SLC9B2' -106.542.307.499.805 6,01E+08
'ABR' -261.183.820.671.255 1,35E-30 'INTU' -151.457.317.282.976 7,33E+09
'ZNF230' -283.140.039.602.426 1,50E+08 | 'HSPAA4L' -136.682.981.820.609 1,90E-27
'GNE’ -265.371.519.197.545 2,52E-57 '‘RAD54L2' -167.266.710.067.183 5,57E-02
'ARHGAP35' -200.309.259.505.538 2,86E-17 'WDR82' -162.491.007.021.102 2,13E-51
'BSDC1' -284.772.239.508.216 9,72E-36 'PRSS12' -115.060.173.826.844 1,46E+03
'ZBTB8A' -19.217.748.326.945 1,22E+09 | 'CEP44' -159.946.207.041.627 1,21E+07
'CPAMDS' -585.798.099.512.757 4,95E+06 | 'NAALS' -167.110.795.736.287 5,38E-66
'ABCG1' -283.583.009.066.808 2,62E-01 'FHIP1A' -171.822.903.158.462 2,35E+09
‘TMPRSS3' -363.558.857.379.112 1,98E+07 | '‘ARFIPY' -2.0 1,17E-20
'SLC37A1" -18.405.217.859.928 1,92E+08 | 'ICEL' -210.024.531.205.066 3,43E-207
'PKNOX1" -231.259.023.030.803 9,47E-07 'ABCE1' -151.583.814.006.634 1,13E-60
'CBS' -177.718.754.665.031 9,40E-07 'OTUD4' -186.129.372.916.841 1,17E-28
'PDXK" -166.315.723.110.135 2,33E-01 ‘TMEM184C' -119.930.880.822.341 7,40E+01
'G6PD’ -18.883.640.341.188 1,24E-69 'ITGA2' -304.295.214.518.455 6,50E-72
'AGPAT3' -184.181.833.162.583 3,03E+06 | 'EDIL3' -278.562.353.984.391 1,91E-46
'TRAPPC10* -166.449.912.148.233 8,01E+08 | TMEM161B' -134.030.662.420.222 2,36E+04
‘LSS -170.279.899.101.501 6,31E-02 'LMBRD2' -236.396.331.468.457 4,99E-33
'VAV2' -174.805.773.837.383 1,11E+07 | 'NIPBL' -213.884.463.008.949 6,60E-218
'MCM3AP* -210.987.761.777.237 1,02E-08 'SLC25A46' -114.996.969.629.252 1,16E-08
'DIP2A' -227.798.474.729.977 6,10E-02 'STARD4' -206.441.388.040.148 1,77E-128
'CACFDY1' -30.703.893.278.914 1,50E+09 | 'ANKRD33B' -1.625.818.630.245 1,04E-42
'SLC2A6' -24.586.116.725.846 4,68E-44 'PRRC1' -169.211.135.838.195 2,41E-47
'ST6GALNACS6' -226.672.063.923.265 3,74E+01 | 'AGGFI' -15.919.464.024.033 1,06E-18
'SHKBP1' -229.229.900.033.899 3,43E-26 'WDR41' -101.873.016.111.625 2,77E-02
'ZER1' -329.359.937.182.887 5,70E-55 'GRPEL2' -108.130.010.210.185 1,36E+08
'COX6B2' -322.778.484.710.469 8,92E+06 | 'RHOBTB3' -195.321.690.614.418 5,26E-291
'MED27" -187.648.546.351.465 8,65E+02 | 'SERINCS' -208.246.216.019.197 1,71E+00
'SIK3' -198.100.300.954.263 1,60E+03 | 'ERAPI' -223.896.664.587.196 8,56E-10
'PCSKT7" -162.593.428.177.746 2,87E+09 | 'CFAPIT -224.679.376.482.658 1,02E-07
'ZBTB7B' -22.430.309.309.371 5,92E-14 '‘RICTOR’ -255.312.641.359.915 1,44E-158
'SHCT' -174.296.433.478.765 2,14E+01 | TENTZ2' -133.786.963.875.638 7,84E+01
'VPS11' -170.354.785.946.728 2,98E+08 | 'UBLCP1' -106.794.615.196.307 4,53E+08
'NLRX1' -229.545.588.352.617 1,67E+07 | 'UTP15' -13.146.047.540.815 1,37E-04
'ADAR’ -147.393.118.833.241 3,76E+04 | 'SEPTINS' -1.0 3,54E+09
'IL6R’ -204.992.522.533.168 3,37E+08 | 'SLC35A1' -110.035.052.533.247 8,09E+06
'UBE2QY1" -146.857.030.306.387 4,22E+08 | 'GRIK2' -172.935.241.005.633 1,85E+08
'CRTC2' -154.137.323.217.347 3,40E+08 | 'CREBRF' -182.102.985.895.468 4,13E+08
'ANO10’ -21.342.002.709.253 2,26E-01 'DCBLDY' -166.996.015.372.899 5,35E-35
'PAQRG' -255.019.708.256.048 2,46E+09 | 'SFXNI' -127.404.482.560.248 2,03E-13
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'CYP3AT' -13.707.574.829.927 4,86E-07 'PDSS2' -104.379.511.787.968 7,74E+06
'LRRC14' -171.171.964.300.709 5,72E+07 | 'STXBP5' -217.060.121.192.617 1,50E-59
'ORAI2' -261.765.111.942.733 7,72E-06 'GALNT10' -144.890.095.114.513 2,92E-18
'SQSTMT' -25.944.507.209.251 0.0 'COG5' -157.447.012.690.351 5,53E-29
'PSMC2' -138.137.885.514.989 3,54E+08 | 'ZNF12' -147.643.804.394.299 1,38E+02
'MFSD12' -220.248.230.116.576 3,21E-73 '‘MIOS' -108.341.600.818.764 1,95E+08
'DVL3 -190.542.145.592.872 8,63E-14 'ELAPOR2' -141.698.577.106.837 1,88E+00
'AP2M1’ -13.818.225.868.078 8,23E+04 | 'USP49' -178.899.135.142.443 2,82E+03
'ABCF3' -198.801.630.823.768 5,81E-02 'ZNF704' -232.862.274.746.137 2,07E-01
'PCYTLA' -165.313.400.336.274 7,62E+03 | 'LMTK2' -193.351.021.230.567 1,12E-109
'NPHST' -408.746.284.125.034 8,59E+08 | 'RAD21' -181.618.923.040.668 1,74E-226
'SAP30BP’ -162.118.268.863.391 4,41E+07 | 'OSGIN2' -191.942.773.042.168 3,10E-63
'PRPSAP1' -18.073.549.220.576 3,71E+02 | 'SUNT' -124.518.833.800.259 8,51E-21
'ITGAS' -368.422.081.292.528 0.0 'OXR1' -14.594.316.186.373 1,55E+00
'ZNF385A' -29.369.478.294.647 4,27E-46 'GPER1' -130.974.444.034.379 6,13E-16
'EMC10' -163.486.740.654.747 6,79E+07 | 'INTS1' -109.801.763.759.227 3,75E-28
'DBF4B' -216.921.238.347.727 4,46E-07 'FOXK1' -153.161.415.825.812 6,38E-39
'PLCD3' -146.793.356.434.757 1,11E+09 | 'YWHAZ' -150.401.391.758.871 0.0
'FMNL3' -365.207.669.657.969 1,16E-20 'FZD6' -190.655.543.588.094 1,71E-43
'RAVERT' -196.205.278.815.422 4,38E+02 | 'SLC25A32' -113.627.726.354.786 2,38E-04
'LEMD2' -232.351.260.360.335 6,40E-11 VIRMA' -169.775.427.097.434 7,25E-48
'SENP3' -145.975.161.254.373 1,41E+08 | 'PDP1' -162.330.881.237.064 7,20E-10
'TBC1D24' -226.153.081.524.341 6,08E+06 | 'WASHCS5' -150.685.438.574.499 3,31E-30
'PAQR4’ -214.828.000.740.233 4,71E+04 | 'FAM219A' -133.120.590.847.537 4,50E+04
'ZNF75A" -217.319.271.527.622 8,04E+08 | 'SNAPC3' -12.189.817.931.738 2,33E-02
'ADCY9' -209.862.803.272.772 3,41E+00 | 'MYORG' -139.401.971.800.976 1,37E-03
'CYB561A3' -17.383.389.355.749 7,57E+04 | TMEMG5' -132.580.457.292.289 7,93E+00
'STX5' -247.579.905.723.342 1,94E-32 'KDM1B' -183.546.422.798.811 4,76E-16
'SLC25A45' -261.470.984.411.521 1,89E+06 | 'HGSNAT' -173.096.685.354.476 9,28E-01
'SYVN1' -361.548.444.549.805 3,01E-126 | 'CYorf64' -141.591.692.328.711 7,43E-02
'RPS6KA4' -152.908.600.252.865 6,85E+08 | 'HNRNPK' -108.127.475.295.151 3,29E-214
'LRPS' -151.913.786.476.156 7,57E+08 | 'PGAP4 -146.106.331.914.023 9,81E-25
'PARS2" -250.552.803.322.675 2,26E+08 | 'ZHX1' -18.921.109.890.665 1,49E-61
'PLPP3' -152.823.404.568.992 1,34E+08 | 'DYNLT3 -133.446.623.763.896 7,75E-18
'PRKAA2' -149.124.806.589.896 3,90E+07 | 'KIAA1958' -134.169.134.970.879 5,38E+06
'KLHL21' -193.372.678.058.083 3,20E-13 PIGA’ -105.658.352.836.637 1,05E+08
'ZSWIM5' -198.154.309.529.244 1,36E+07 | 'STRBP' -117.283.659.686.222 4,30E-10
'GMEBT' -184.478.735.007.906 4,32E+08 | 'GAPVDI' -195.043.831.128.128 3,32E-92
'SELENON' -191.869.989.789.815 1,77E+06 | 'ATP7A -259.067.615.191.555 2,58E-55
‘JAKT' -275.433.653.975.811 8,23E-102 | 'ZNF367' -107.352.903.542.197 5,82E+01
'FBLIM1' -253.650.101.176.451 1,46E-32 ‘NOLG6' -115.206.360.790.746 1,59E-27
'DHRS3' -268.449.817.427.207 3,67E+04 | 'VCP' -113.382.773.731.789 2,37E-151
'SDC3' -290.531.301.749.518 1,45E-07 'PIGO’ -114.438.990.933.517 5,87E+01
'SYNC' -219.033.121.210.415 5,62E+09 | 'BRWD3' -222.386.380.855.312 1,12E-55
'RBBP4' -168.370.798.115.858 5,41E-09 'ARHGAP12' -160.055.935.577.217 2,82E-07
'KIAA1522" -228.841.883.269.711 5,47E-37 'HECTD2' -181.109.732.374.342 3,35E+04
‘TMCO4' -18.273.233.382.902 3,89E+08 | 'WRN' -152.356.195.605.701 5,40E+04
'ALPL' -178.709.410.039.527 3,80E-15 'MARCHF8' -177.457.988.596.598 9,60E-11
'MEGF6' -26.985.184.300.147 3,82E-65 'CFL2' -147.060.994.122.178 2,19E-48
'AGL' -158.331.464.783.967 3,68E+09 | 'GTF2Al' -194.056.708.648.084 1,47E-33
'SLC30A7" -17.796.099.315.747 8,77E+02 | 'ZCCHC24' -178.427.130.894.456 7,66E+08
'ZNF281' -171.822.903.158.462 1,21E+08 | 'PGM2L1' -308.488.889.758.651 1,55E-51
'ZNF496' -194.753.258.010.586 2,34E+04 | 'MICU2' -103.802.344.645.487 1,05E+06
'DDR2' -321.631.790.692.676 5,90E-17 'DDIAS' -124.607.434.036.811 1,42E+06
'PEA1S’ -255.705.984.273.005 3,11E-167 | 'EML5’ -227.684.020.535.882 1,39E+09
'PEX19’ -203.279.514.776.414 1,23E-02 'NEMF' -160.299.642.355.142 4,06E-20
'NCSTN' -279.701.297.783.615 1,74E-75 'KBTBD6' -145.896.218.733.621 1,96E+03
'BPNT1' -182.176.536.498.177 5,45E+06 | 'PDZD8' -174.458.883.536.923 2,73E-29
'Clorfl15' -256.187.888.760.812 1,99E+09 | 'ABRAXAS2' -110.907.169.914.747 1,07E+08
'CNST' -163.097.489.847.799 6,97E+09 | 'QSOX2' -107.560.565.675.218 4,14E-15
'FCMR' -266.742.466.091.313 2,87E+09 | 'NSD1' -230.880.717.315.392 6,48E-77
'CAPN2' -17.030.776.984.494 6,91E-20 'ENOX2' -194.656.074.103.854 2,92E-10
'WDR26' -193.753.591.305.335 1,05E-31 TSC1' -133.782.780.756.509 2,02E-07
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'PEX13' -222.998.012.491.328 9,59E-03 'DDX21' -183.088.691.988.143 0.0
'CLHCT' -228.950.661.719.498 2,17E+08 | 'BMS1' -102.928.835.951.039 1,28E-13
'FBXO41' -16.884.138.493.341 3,38E+08 | TRIM35' -137.756.279.386.018 9,67E+06
'RPRD2' -175.797.877.191.462 7,89E+05 | 'CCDC186' -266.296.501.272.243 4,65E-03
'ERCC3' -193.894.596.549.506 1,14E-06 ‘TRUB1' -149.185.309.632.967 5,563E+06
'IWSs1' -171.169.883.555.578 6,07E+02 | 'ZFYVE1' -146.948.528.330.122 1,31E+07
'CDC42EP3' -176.747.689.838.285 3,38E+04 | 'E2F7 -204.704.857.280.443 4,43E-32
'SPRR2D’ -629.857.976.948.904 1,57E-61 'ARHGAP42' -243.762.078.464.597 1,25E-30
'ARHGAP25' -115.980.525.001.616 4,19E+09 | 'CPSF2' -165.004.065.048.031 8,52E-89
'TGFA' -209.832.620.439.452 1,08E-17 'ARL5B' -224.100.809.950.379 6,23E-24
'DCAF16' -219.454.878.841.113 2,33E+06 | 'CEP295' -135.734.377.844.454 4,63E-09
'GNPDA2' -181.139.043.529.276 1,04E+08 | 'R3HCCIL' -119.401.061.996.663 3,21E+08
'ALPI' -233.928.743.900.895 8,57E-41 'AMOTL1' -199.659.339.855.675 6,97E-58
'CGGBP1' -147.779.097.717.336 2,36E+08 | 'SPRED1' -21.797.060.222.349 4,72E-02
'PBXIPL' -352.356.195.605.701 3,39E-30 'GPR176' -153.163.299.831.503 1,66E-08
'CLDN1' -230.727.348.838.151 7,34E-37 'RABSB' -177.354.020.906.536 1,54E+02
'PYGO2' -209.565.223.906.369 1,95E-07 'HIFLAN' -128.160.036.247.158 2,55E-04
'HIPK1' -151.457.317.282.976 5,91E+07 | 'FBN1' -276.823.109.339.808 1,15E-178
'COL6A3’ -388.264.304.936.184 1,01E-06 '‘BRD7' -119.225.748.244.258 4,41E-14
'YY1AP1' -144.182.716.856.886 8,52E+09 | 'BTRC' -140.612.644.537.145 2,31E-01
'SLC22A15' -416.992.500.144.231 4,68E+08 | 'BAGS' -140.947.137.409.824 5,81E-15
'ATP1AY' -180.448.792.757.419 3,59E-110 | 'APIS' -186.622.400.203.065 3,49E-169
'FSTL1 -148.894.989.373.394 1,37E+00 | 'COPS2' -11.550.872.740.871 1,53E-14
'TMEM79' -252.793.155.568.478 1,24E+05 | 'GABRB3' -238.466.385.023.533 1,15E+08
'SSR2' -239.953.741.102.785 1,02E-252 | 'SGPLI' -147.595.187.880.245 6,47E-18
'RNF25' -177.113.473.414.485 7,89E+09 | 'FRS2' -21.689.164.763.814 6,64E-33
'STK36' -197.085.365.434.048 1,91E+09 | 'CLMP' -175.868.107.532.191 7,91E-19
'CIP2A -174.613.286.911.562 2,90E+05 | 'STXBP4' -149.398.884.067.367 1,68E+03
'CwC22' -170.597.790.168.252 5,83E+09 | 'CULS' -200.971.515.483.321 2,29E-30
'AZI2 -198.374.651.900.115 3,91E-14 'WBP1L' -124.607.434.036.811 1,42E+06
'ANKZF1' -233.528.647.774.238 4,45E-05 TRIM44' -122.071.584.352.906 3,09E-18
'STT3B' -169.629.649.108.615 2,33E-30 ‘TPPL' -132.582.785.859.786 5,64E-25
'SGO2' -208.746.284.125.034 3,07E+02 | 'MSS51 -5.0 1,40E+08
'CLASP2 -175.321.674.917.895 1,32E+06 | 'USP54' -182.536.071.011.192 4,49E-18
'IFI16' -32.511.323.167.775 9,31E-72 '‘GARREL' -169.952.226.498.401 2,47E-03
'CDS1' -231.034.012.061.215 2,85E+08 | 'IDH3A’ -100.731.405.896.531 8,73E-02
'WDFY3' -178.532.861.572.761 8,36E+04 | TRIMG66E' -149.476.469.174.958 7,23E+09
'ATXNT -1.776.841.613.665 4,44E+08 | 'RNF169' -171.165.450.563.702 4,61E-06
'GMPS' -187.956.222.167.833 7,06E-07 '‘CDYL2 -173.908.564.604.058 5,25E-56
'TIPARP' -187.084.151.972.401 4,92E-11 'PRTG' -16.050.002.539.577 6,29E-04
'PTX3' -267.377.176.767.901 8,03E+02 | 'ATMIN' -124.028.962.586.301 9,26E-15
'SMIM14' -261.654.884.377.899 3,96E-17 ‘TMEM41B' -104.182.017.569.463 4,16E+06
'RBM4T' -197.645.595.006.905 2,15E+04 | TMX3' -170.169.550.963.854 8,70E-23
'APBB2' -178.606.014.369.438 3,25E+08 | 'WEEL' -112.748.973.512.192 2,25E-05
'CRELD1" -198.173.090.173.552 1,35E+08 | 'MAPKY?' -108.673.732.197.888 1,93E+07
'PCOLCE2 -194.914.111.527.182 2,75E+04 | 'HDGFL3' -117.023.383.052.214 8,08E-05
'MTMR14' -159.228.584.152.702 6,45E+09 | 'NDST2' -179.088.852.652.596 1,28E+04
‘TTC14' -213.487.805.434.311 2,58E+02 | 'CCDC68' -167.937.810.261.326 5,56E+04
'HPS3' -288.231.697.973.883 8,01E-40 TK2' -116.158.914.227.425 8,14E+08
'SLC4A1AP! -163.966.839.281.129 3,64E+08 | TMEM135' -166.187.987.161.005 1,59E-04
'CDCPY' -336.466.601.554.989 0.0 'PLEKHAT' -148.762.549.923.545 4,27E-11
'LZTFL1 -228.481.492.187.026 6,46E-03 'ZNF592' -163.521.069.059.844 1,32E-31
'DTX3L’ -233.560.303.178.444 9,11E+01 | 'GOLM2' -139.782.294.392.664 5,99E-06
'TPRAL' -218.047.877.960.305 7,44E-10 'AP1G1' -19.754.833.507.115 7,75E-148
'YEATS2' -222.164.818.864.474 1,39E-15 'SLFN5' -186.789.646.399.265 3,78E-10
'LIPH' -263.614.122.464.672 1,48E+01 | 'MARF1' -23.016.556.998.611 2,85E-34
'RPNT' -214.584.303.796.157 3,01E-152 | 'ANPEP -10.765.535.033.012 8,32E-15
'BAP1' -151.315.807.213.671 1,84E+08 | 'NAV2' -176.296.080.269.915 4,23E-35
'PRKCD’ -23.421.531.229.514 4,59E+00 | 'C180rf54' -216.046.467.219.325 3,74E+05
'UBXNT' -187.986.742.184.197 2,97E+00 | 'DCTN5' -111.170.203.056.349 3,76E-05
'MELTF' -246.980.330.270.974 2,04E+04 | 'ZBTB39' -222.571.277.962.806 2,18E-07
'S100P" -186.454.140.223.509 2,44E-54 'NEMP1' -178.625.355.684.205 2,22E-36
'ZNF691' -210.080.064.078.749 3,96E+08 | "VPS39' -139.494.608.133.938 3,75E-01
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'PGRMC2' -159.735.952.687.062 1,83E+04 | 'PATLI -158.118.580.997.567 1,12E-40
'PLXNB1 -179.453.088.170.002 8,77E+05 | 'ELFN2' -130.666.133.823.405 3,563E+09
'APEH’ -199.830.570.146.012 2,55E-12 'STX3' -1.402.251.344.323 7,71E-05
'MST1R' -160.954.052.344.182 3,79E+08 | 'PIP4K2C’ -104.576.441.710.993 1,89E-01
'RAD54L2' -187.955.351.098.787 1,12E+09 | 'MTMR10' -187.212.517.744.784 1,90E+03
'C4orf3' -211.657.557.684.938 2,84E-13 'YWHAB' -109.309.619.477.342 1,99E-81
'ANXA5' -231.965.135.316.148 1,14E-192 | 'DIS3L' -101.246.935.196.222 5,84E+07
'IL15 -213.750.352.374.994 6,68E+07 | 'SMAD3' -119.075.549.674.118 8,12E-02
'FHIP1A' -250.901.364.748.786 5,18E+08 | 'MAPRE2' -126.003.007.869.981 2,21E-19
'TMEM184C' -163.332.552.228.256 8,46E+08 | 'MARS1' -119.637.526.216.043 1,69E-80
'ITGA2 -330.536.425.001.291 5,74E-268 | 'NUDT21' -100.139.278.695.376 3,06E-17
'EDIL3" -262.323.251.764.887 2,47E-31 'PBX3' -106.558.834.162.758 1,76E+08
'TMEM161B' -19.499.593.175.004 3,68E+06 | 'GOLGA2' -115.723.630.891.135 1,70E-26
'LMBRD2' -17.408.003.658.511 1,85E+06 | 'CCDC103' -247.462.831.085.909 6,05E+03
'NIPBL' -147.770.153.406.101 4,30E+04 | 'C150rf39' -17.316.405.866.516 2,53E-42
'STARD4' -165.878.933.675.124 4,58E-02 'SP2' -117.584.983.539.942 4,88E+05
'WDRA41' -224.322.846.035.941 1,27E-37 'GPRC5B' -175.702.324.650.746 1,43E+06
'SPINK1' -401.792.190.799.726 6,31E+05 | 'CRK' -146.580.194.708.908 2,39E-45
'GPX8' -194.311.897.806.811 5,29E-01 ‘TBC1D2B' -144.331.862.131.975 4,19E-02
'SERINCS' -305.995.215.941.718 2,26E-37 'ZNF91' -23.536.369.546.147 1,12E+05
'ERAP1’ -329.730.430.791.854 5,30E-27 '‘CDK12' -200.910.220.710.725 2,36E-116
'RICTOR' -207.375.644.995.307 3,75E-34 ‘TBC1D16' -148.367.916.488.397 4,63E+08
'TENT2' -16.035.183.197.494 3,01E+07 [ 'STIMI' -136.551.736.343.505 1,98E+05
'GFM2' -271.982.130.321.553 7,53E-38 '‘RRM1' -148.747.951.194.748 4,93E-141
'SHROOM1' -20.914.983.544.855 2,17E+08 | TRIM68' -178.427.130.894.456 1,33E+05
'CREBRF' -299.631.495.319.214 1,21E-05 'ZNF180' -137.125.580.725.093 5,34E+07
'PDSS2' -164.625.867.999.003 1,07E+07 | 'TPM4' -107.300.183.094.291 2,25E-148
'STXBPS' -165.747.500.050.552 6,85E+07 | 'ANKRD11' -110.837.915.896.168 2,49E-33
'RAETLE' -226.903.314.645.524 1,10E+06 | 'ZNF641' -127.617.449.972.175 3,43E-31
'DAGLB' -186.440.862.519.745 1,74E+06 | 'KMT2D' -125.846.368.517.266 2,36E-62
'STK17A -156.356.002.398.893 3,31E+08 | 'PROSER3' -122.924.609.237.751 5,75E+09
'GALNT10' -150.888.010.789.033 9,47E+08 | 'ZNF146' -146.040.900.704.015 3,39E-60
'COG5' -238.466.385.023.533 3,27E-29 'ZNF283' -14.700.267.338.765 3,81E+07
'SLU7" -168.684.211.474.037 9,35E+09 | TLCD3A' -112.127.979.338.775 1,48E+02
'ELAPOR2' -171.302.753.950.945 5,06E+09 | 'SLC43A2' -117.072.412.524.176 6,80E+08
'LMTK?2' -16.925.208.174.914 1,62E+01 | 'WDRS81' -111.907.998.325.774 5,31E-01
'CTSB' -303.119.462.160.359 3,32E-148 | 'ZNF83' -124.531.056.107.483 1,56E+07
'RAD21" -14.078.447.574.264 5,70E+07 | 'ZNF558' -13.393.101.731.156 5,81E+09
'SPIDR' -163.798.088.302.065 1,82E+08 | 'FAM234A' -115.254.843.272.234 4,16E-05
'OSGIN2 -18.922.725.439.981 2,15E-04 'SRRM2' -188.190.778.269.629 0.0
'SUN1' -232.662.412.098.035 1,16E-43 'DDBI' -150.291.686.587.848 4,44E-239
'GPERY' -201.037.914.578 2,38E-05 '‘CTNNB1' -117.119.196.827.608 1,53E-55
'TMEM184A' -163.868.607.658.572 1,40E+09 | 'SCARA3' -120.264.810.001.775 5,12E-29
'INTST' -184.451.314.981.938 3,52E-12 'PAFAH1B2' -134.094.694.901.331 3,94E-37
'SLC4A2' -201.636.521.402.579 1,17E-38 'SETDS' -129.195.046.424.899 1,52E-38
'FOXK1' -176.618.410.524.809 1,49E+01 | 'HOOK3' -205.585.323.473.352 7,73E-16
'FZD6' -173.011.766.404.106 9,00E+03 | 'MAPKI1IP1L' -102.187.286.990.175 1,11E-10
'TP53INP1' -353.605.290.024.021 5,10E+09 | 'RBPJ' -205.698.473.073.219 3,35E-49
'INTS8' -225.492.935.619.674 3,03E-15 'LMBRD1' -108.510.356.837.642 7,25E+05
'VIRMA' -167.983.389.875.157 5,71E+04 | 'UBTD2' -139.953.091.301.133 1,33E+05
'PDP1' -260.150.217.687.109 1,65E-21 '‘BMIT -170.525.723.740.476 4,87E-39
'TMEMG7' -232.192.809.488.736 3,82E+08 | PCMTDI' -15.625.251.116.014 5,19E+02
'WASHC5' -210.323.015.710.866 6,46E-10 'IRF2' -168.929.916.053.589 2,57E+08
'FAM219A -325.003.517.640.558 8,82E-29 'SEPTIN2' -141.311.235.197.791 4,13E-114
'SNAPC3' -193.680.617.351.281 2,42E+04 | 'RFWD3' -118.955.380.819.124 3,14E-24
'TMEMG5’ -170.666.092.243.813 2,02E+09 | 'CDC40' -150.156.746.300.499 3,57E-11
'CCDC171" -283.871.909.296.694 2,96E+09 | 'RAB3I' -144.194.999.748.726 2,75E-29
'UBAP1' -184.915.383.928.807 6,93E-10 TNXB' -12.942.613.522.711 1,81E+04
'NFIL3' -230.710.938.017.582 2,67E-23 'SERINC2' -106.642.042.568.845 3,48E+00
'METTL2B' -179.230.506.054.674 1,12E+06 | 'TRAPPC11' -165.025.396.097.288 7,69E+04
'KDM1B' -175.802.720.969.404 3,63E+06 | 'COL3Al' -178.199.934.778.071 1,66E+07
'HGSNAT' -207.633.882.351.298 7,21E+05 | 'SNRNP48' -143.295.940.727.611 7,99E-22
'GKAP1' -289.947.312.404.604 1,15E+09 | 'SLC20A2' -209.515.723.304.034 6,49E+05
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'C9orf64" -225.873.426.840.017 9,69E-04 'STAT3' -154.635.510.371.606 1,39E-89
'HNRNPK' -180.360.065.131.184 4,52E-110 | 'ADAMY' -230.368.308.731.798 7,07E-262
'PGAP4' -181.674.597.257.051 5,31E+02 | 'IL7R’ -29.870.609.442.925 3,13E+01
'KIAA1958" -214.867.726.773.827 4,30E+06 | 'AHCYLY1' -162.435.160.190.842 5,09E-116
'PIGA' -200.904.513.960.301 1,70E+03 | 'NPNT' -188.646.058.682.156 1,47E-61
'STRBP' -148.267.338.942.165 6,73E+07 | 'CNNM3' -10.598.714.559.774 1,40E+01
'GAPVDYT' -191.729.111.983.464 2,59E-13 TET2' -209.557.765.998.223 1,08E-04
'ATP7A’ -190.974.459.266.367 4,48E+03 | 'ABHD15' -134.835.622.016.501 2,65E+06
'AQP3' -136.821.605.585.828 4,59E+07 | 'CHTF8' -113.320.316.510.217 7,31E-07
'VCP' -245.253.425.869.063 0.0 'SNTB2' -174.123.392.580.301 5,72E-46
'PIGO’ -195.093.195.736.406 7,92E+04 | 'ZNF507' -175.534.412.348.106 4,66E-20
'MELK' -156.366.772.235.793 7,16E+07 | 'GFM1' -171.931.172.960.233 6,79E-79
'OTUD1' -174.666.886.856.148 1,01E+09 | 'CEP120' -155.222.571.430.916 2,26E+05
'ARHGAP12' -18.334.284.336.675 2,19E+06 | 'E2F6' -109.365.910.721.424 3,18E+04
'WRN' -187.446.911.791.614 2,43E+08 | 'FEM1B' -152.797.252.213.633 1,11E-13
'ZCCHC24' -242.931.163.026.096 2,26E+06 | 'COL4A3’ -121.759.143.507.263 1,17E+08
'INPPLY' -231.055.173.140.332 0.0 ‘AR’ -225.178.327.085.909 3,70E-05
'MICU2' -179.930.264.976.287 2,16E+08 | 'CSNK1G1' -168.050.184.829.134 1,31E-06
'EML5' -306.495.544.184.077 1,01E+05 | 'ODAD2' -139.231.742.277.876 4,71E+07
'QSOX2' -219.385.651.057.793 1,26E-26 'ZBTB43' -178.283.864.245.057 8,69E-18
'GHITM' -232.669.897.057.164 1,93E-229 | 'XPO6' -125.386.600.474.973 1,94E-46
'PMPCA’ -170.360.699.721.978 5,13E+01 | 'MN1' -148.871.408.587.733 6,10E-29
'TSC1' -18.538.293.518.571 4,38E+01 | 'CA5SB' -204.015.712.647.198 2,51E-02
'‘BMS1' -171.975.103.881.401 2,55E-01 'SH3TC2' -205.490.834.110.239 1,10E-03
'PIP4P1' -167.001.115.635.455 1,63E+08 | 'NMD3' -111.764.627.633.766 8,04E-12
'ARHGEF40' -30.163.018.123.291 1,19E+09 | 'PGM2' -114.729.096.609.573 5,86E+01
'AADAT' -221.330.454.850.849 7,59E+02 | 'MINAR1' -310.433.665.981.474 6,74E+08
'ZFYVEL' -344.090.558.504.952 6,42E-29 ‘SIN3A' -149.646.087.744.522 1,89E-30
'E2FT" -220.803.712.835.938 1,81E-17 'ARL13B' -115.869.774.601.906 1,47E+09
'SLC39A13' -188.506.423.315.534 3,93E+08 | 'PTK2' -11.642.683.748.943 3,41E-20
'CPSF2' -159.508.671.799.486 9,563E+02 | 'PTPNY' -136.869.878.461.197 8,96E-04
'MOAPT' -227.045.187.739.628 6,99E+01 | 'MMGTY' -166.368.798.694.998 2,05E-24
'CEP295' -165.763.156.841.939 1,71E+08 | 'PLEKHA2' -139.530.128.121.758 6,51E-27
‘R3HCCI1L -20.703.893.278.914 2,43E+06 | 'CLIC4' -228.764.037.535.793 0.0
'AMOTLY -157.957.930.402.425 1,59E+06 | 'METTL15' -121.624.019.435.485 6,69E+03
'CEP57' -160.411.609.379.845 1,02E+07 | 'ZEB2' -167.572.796.464.434 6,06E+04
‘TCP11L2' -509.592.441.999.854 1,78E-26 'DTWD2' -18.712.666.858.778 1,21E+06
'GPT2 -277.429.362.709.639 3,41E-56 'ANTXR1' -138.201.524.467.979 7,45E-101
'IKBIP' -152.073.854.563.547 9,69E+08 | 'CKAP2L' -139.259.110.105.728 3,83E-04
'HIF1AN' -216.904.878.213.758 6,05E-04 '‘RGPDS8' -212.692.439.905.093 6,69E-29
'FBN1' -270.221.899.282.609 8,27E-89 'LUZP1' -218.116.975.860.994 4,13E-72
'POLL’ -20.351.282.234.036 5,27E+08 | 'BUB1' -133.583.971.377.019 3,63E-35
'‘BAG5' -170.992.077.115.198 8,31E+05 | 'FASN' -157.292.967.027.179 0.0
'LARP6' -304.879.929.847.846 1,33E-36 '‘NRG4' -128.363.961.016.299 1,24E+05
'ZNF319' -251.245.000.093.679 1,27E+07 | 'LIMS1' -21.441.971.148.917 1,68E-81
'SGPL1' -209.663.578.304.512 2,00E-15 TAPTL' -164.927.153.325.981 2,71E+01
'SCN3B' -436.257.007.938.471 6,29E+00 | 'CSGALNACT?2' -149.353.947.295.756 5,73E+04
'WBP1L' -186.993.945.943.563 4,07E+08 | 'PCDHT" -150.106.124.311.221 1,91E-23
'ANAPC16' -154.216.407.298.292 8,40E+06 | 'ROBO1' -191.146.332.539.834 1,45E-24
'SMPD1' -332.950.131.459.216 2,34E+03 | TRIM56' -126.502.190.715.773 3,34E+00
'ILK -194.577.960.900.211 1,17E-10 '‘REPS2' -206.495.544.184.077 8,73E+03
'TPP1' -296.469.726.524.433 1,54E-146 | TOR1AIP2' -132.100.001.827.711 4,51E-22
'USP54' -263.941.028.474.353 1,29E-15 '‘OTUD3' -157.976.359.404.684 3,03E-14
'GARREY -236.053.093.411.111 2,18E-02 'BRD3' -135.330.850.952.714 7,93E+00
'SERPINBS’ -2.743.885.008.106 2,83E-32 'KLF13' -219.656.012.794.578 4,41E-88
'TRIM66' -308.746.284.125.034 1,17E+09 | 'ZNF764' -153.343.220.008.107 1,22E+08
'RNF169' -210.759.899.966.715 1,41E+04 | 'MAP3K2' -280.208.319.253.446 8,564E-154
'CDYL2' -17.966.550.334.004 4,05E-09 '"ZNF35' -1.639.597.757.298 2,14E+02
'TMEM41B’ -19.792.765.209.902 3,83E-03 '‘CHD3' -116.204.857.583.168 2,83E-62
'LEOY -165.622.118.389.098 3,59E+08 | 'ALCAM' -215.145.234.137.083 1,28E-138
'TMX3' -157.511.471.476.481 2,25E+08 | 'YWHAG' -12.274.857.895.249 5,44E-133
'MAPKT7' -244.409.996.488.131 7,11E-02 ‘TMEM192' -228.630.418.515.664 2,00E-16
'NDST2' -29.778.850.808.246 1,48E-09 'ZNF778' -249.019.957.747.716 4,05E-33
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'TK2' -199.569.986.256.637 2,44E+08 | 'NIPAL' -129.039.252.145.426 2,01E-02
'SEC11C’ -20.452.510.810.949 8,32E-02 'SIK2' -169.398.639.447.601 8,86E-65
'TMEM135' -180.238.010.664.231 7,15E+07 | 'USP38' -107.710.892.569.777 8,97E+06
'NDEL1' -19.176.973.505.651 1,38E+02 | 'PWWP2A' -113.613.668.798.603 3,80E+08
'HSP90B1' -287.085.786.436.376 0.0 'USP4T' -171.762.227.350.949 1,29E-48
'TVP23A' -112.288.186.904.959 4,91E+08 | 'PDCDGIP -160.830.759.005.438 1,48E-123
'COGYI' -241.503.749.927.884 2,94E+00 | 'GLBI' -102.651.451.851.331 1,82E+00
'‘B2M’ -130.601.468.579.429 2,10E+08 | 'NFRKB' -114.402.001.123.921 1,14E-09
'ZNF592' -204.137.043.441.986 9,19E-07 'PRDM10' -193.391.080.954.223 1,03E-14
'NNMT' -268.686.587.434.447 3,33E-109 | 'SMAD1I' -162.695.658.938.578 3,03E+04
'AP1G1" -15.291.251.047.238 1,67E+05 | 'TCAF2' -148.180.514.336.034 1,00E+09
'SLENS’ -317.826.430.235.504 4,70E-110 | 'SLC30Al1' -129.763.518.158.542 6,81E-44
'MARF1' -196.948.357.347.694 9,69E+01 | TMEM182' -163.005.039.024.969 5,92E+08
'PPIB' -133.200.414.756.877 3,70E+09 | 'NFXL1' -141.293.903.339.485 2,16E+01
'PEX11A’ -24.964.258.261.195 5,77E+07 | 'DENND5B' -140.599.235.967.584 2,34E-06
'TMEM170A' -168.973.975.028.456 3,38E+08 | 'RALGAPB' -223.424.598.240.917 3,06E-94
'ANPEP' -21.655.679.216.916 1,96E-80 'HSD17B13' -150.814.690.367.033 4,45E+09
'NAV2' -184.143.919.053.279 7,05E+03 | 'ELOVLG' -132.192.809.488.736 5,59E+06
'DCTNS' -151.362.371.900.089 1,95E+09 | TMC7' -16.959.938.131.099 2,37E+08
'PLK1' -178.685.446.995.857 4,03E-14 '‘CDH2' -176.553.474.636.298 2,80E-50
'CLPX' -169.423.456.861.438 1,65E+08 | 'EMB' -16.868.117.546.768 3,71E-34
'ZBTB39' -196.408.042.574.506 1,54E+08 | 'ARMC10' -102.851.781.164.977 4,45E+01
'NEMP1' -196.209.609.763.197 8,01E-09 '‘ATFT' -131.350.787.396.519 4,61E-17
'VPS39' -233.191.218.345.998 4,76E-07 '‘RASA4B' -136.885.004.856.121 5,38E+08
'STAT6' -242.705.708.151.792 6,66E-94 'SOCS6' -103.448.837.638.529 3,25E+08
'STX3' -177.402.768.838.775 1,28E+07 | 'KIF5B' -210.721.861.619.568 1,82E-217
'PIP4K2C’ -245.898.392.428.432 2,88E-39 'AKAP13' -213.432.877.701.572 2,47E-150
'YWHAB' -103.483.537.549.083 5,96E+08 | 'SDR16C5' -157.115.670.119.613 2,73E+06
'TSC22D4" -168.986.135.903.916 2,62E+04 | 'FOXNZ2' -214.166.114.922.359 1,94E-23
'MS4AT -434.577.483.684.173 1,09E+08 | 'USP32' -157.265.335.920.229 6,84E-55
'CCNDBP1 -296.733.381.107.968 3,96E-14 'KBTBD2' -149.268.712.742.911 2,42E-10
'MARS1' -316.187.891.222.093 0.0 'KIAA0232' -257.364.718.749.332 6,87E-55
'MBD6' -236.811.196.276.558 7,51E-11 TMEM43' -144.725.841.226.383 9,53E-63
'PDIA3 -303.059.146.471.045 0.0 TANC?2' -236.161.560.032.846 3,09E-104
'PIPSKLT -240.275.916.950.041 2,04E+04 | 'ZNF160' -134.298.971.041.519 3,19E+05
'FAM102A’ -16.983.683.681.214 1,01E-03 'HS6ST2' -16.784.964.977.603 5,65E-69
'ACSF2' -309.038.623.645.711 7,27E-02 'PYGOT' -218.762.700.317.577 1,42E-06
'GOLGA2 -234.603.701.632.541 9,60E-52 ‘MTM1' -200.734.197.534.117 1,70E+04
'SLC27A4" -179.579.480.378.823 2,23E+01 | 'INSR’ -183.882.320.229.701 4,34E-13
'CERCAM’ -225.749.622.229.236 9,31E-08 'MFN1' -164.298.345.369.088 1,76E-40
'DOLPP1' -204.907.060.656.793 2,02E-03 'PRKCE' -137.098.231.920.091 1,21E+07
'CCDC103" -366.320.153.949.415 1,32E+04 | 'SOCS5' -143.888.424.123.321 3,15E-04
'C150rf39" -243.467.282.201.538 7,73E-20 'ZNF672' -108.246.216.019.197 4,45E+08
'SP2"' -196.457.794.578.917 7,90E+06 | 'NETO2' -113.736.033.531.839 1,06E-14
'CRK" -153.014.961.609.177 3,88E+06 | 'SHCBP1' -148.980.526.768.082 1,93E-35
'FBX022 -172.091.765.293.434 6,13E+07 | 'FAM98B' -109.120.439.895.896 1,86E+01
'TBC1D2B' -240.125.054.754.877 4,95E-07 '‘CANTL' -127.672.627.090.341 4,29€E-17
'CDK12' -161.218.396.945.618 4,59E+07 | 'KCNK3' -192.891.690.193.852 2,37E+08
‘TBC1D16" -2.0 4,20E+08 | 'CHD7' -126.258.988.417.232 5,93E-13
'TEPSIN' -19.274.179.978.651 1,29E+08 | 'ESCO2' -109.884.825.865.562 1,58E+07
'ACAA2' -187.011.173.181.518 2,13E-15 '‘CLCN5' -223.145.650.376.468 8,97E-20
'STIM1' -255.694.812.455.156 4,40E-09 'ZBTB26' -14.431.298.063.082 6,26E+06
'RRM1' -156.768.450.928.932 8,66E+01 | 'DSEL' -175.742.969.672.592 3,68E-11
'TRIM68' -263.742.992.061.529 6,38E+02 | 'ASXL1' -100.928.095.490.427 1,27E-14
'IRGQ’ -190.570.270.337.106 5,56E+05 | 'ZNF562' -169.467.387.244.977 4,85E-06
'ZNF646' -21.287.023.387.158 1,14E+01 | 'ZNF318' -204.775.313.144.837 6,53E-24
'ANKRD11' -218.749.655.173.993 1,09E-95 'ZNF561' -129.801.547.494.303 8,11E+05
'ZNF641' -141.334.320.073.897 4,65E+08 | 'WIPF2' -165.021.779.277.801 5,74E-30
'CACNB3’ -204.182.017.569.463 7,10E-02 'LRRC8C’ -138.812.480.063.265 5,18E+03
'KMT2D' -202.940.321.486.462 3,89E-51 'LRRC8D' -121.575.624.226.016 5,30E-16
'TUBALA' -219.743.892.713.399 7,54E-23 '‘CLSTNT' -148.413.928.130.978 6,80E-82
'TUBALC' -106.198.330.338.688 2,23E+04 | 'BPTF -181.918.320.905.021 2,41E-87
'NCKAPSL' -244.859.005.898.987 7,96E-02 '‘ATFT7IP' -148.039.123.727.294 1,69E-21
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'PROSERS' -259.201.725.825.511 1,28E+06 | 'BCL2' -169.079.541.273.328 7,56E-04
'CYP2S1' -161.619.608.617.607 2,56E+08 | 'RRM2' -106.804.898.423.799 6,34E-40
'AXL -189.805.179.237.369 1,08E-11 'PTEN' -109.242.466.591.124 7,30E+00
'LENGS' -161.493.596.123.256 7,53E+03 | 'PRNP -119.727.996.035.008 6,03E-07
'ZNF526' -220.759.541.940.837 1,85E+09 | 'CYP4F11' -140.363.273.600.659 5,79E+05
'TRAPPCY' -232.192.809.488.736 2,16E+04 | 'TLN2' -167.708.070.270.959 1,87E-10
'SPINT2' -201.043.432.305.208 6,32E-49 'SRGAP2C’ -125.378.179.340.638 1,32E+00
'YIF1B' -176.010.767.397.865 3,68E+06 | 'IMJID1C' -186.208.964.397.565 1,92E-35
'DAPK3' -148.443.562.476.719 2,29E+07 | 'SYNPO' -109.556.239.910.097 4,68E-02
'EEF2' -195.780.361.998.897 0.0 'USP19' -10.008.574.710.748 2,05E-03
'GLOD4' -168.378.023.693.907 4,58E+07 | 'KLF11' -148.776.696.562.476 6,75E-06
'WDR81' -217.776.149.567.428 2,06E-07 'EIF2AK3' -100.201.916.763.665 4,60E+06
'ZNF83' -167.039.992.452.555 5,50E+08 | 'FRMD3' -148.367.916.488.397 4,64E-10
'KRT80 -205.670.485.330.295 1,21E-12 'SNTB1' -168.072.148.352.659 1,94E+09
'ANGPTL4' -277.685.832.128.972 2,37E-85 'MALTI' -140.784.712.107.236 6,40E-11
'SPRYD3' -265.690.198.618.641 2,39E-50 'MBOATL' -120.511.855.097.321 1,05E+05
'PRDX2' -152.844.824.776.432 7,89E+05 | 'C5o0rf34' -108.544.770.268.341 4,58E+05
'MIS12' -173.865.691.328.241 1,37E+06 | 'CERS6' -159.204.322.679.181 2,88E-14
'HIDY' -44.594.316.186.373 3,95E+09 | 'SUCLG2' -108.963.721.248.468 1,39E+06
'SRP68' -206.492.663.662.077 4,08E-35 'GNG12' -159.255.565.004.339 1,11E-66
'TK1' -148.051.133.675.613 5,69E+08 | 'ZNF24' -163.354.268.116.622 2,24E-19
'FAM234A" -222.482.079.262.329 1,44E-10 'MANEA' -199.387.389.720.316 541E-14
'ZNF598' -192.625.166.001.869 9,22E-03 '‘AFF1' -206.247.871.154.856 2,47TE-40
'KCTD5' -188.557.436.437.143 2,85E+06 | 'HCFC1' -165.856.031.972.767 4,30E-164
'SRRM2' -273.547.196.628.573 0.0 'PDE3A' -18.759.845.540.228 2,76E-148
'DDBY' -240.181.561.071.512 4,08E-170 | 'WASHC2C' -114.204.906.502.232 3,96E-01
'VPS37C’ -202.236.781.302.845 1,85E+08 | ZMAT3' -225.755.927.576.764 7,77E-25
'POLR2G' -151.555.027.753.415 1,25E+08 | 'SLFN11' -128.484.207.049.917 1,50E-09
'SLC3A2' -342.623.348.591.267 0.0 'FUT10' -144.057.259.138.598 5,80E+07
'CTNNB1' -206.822.149.120.869 1,96E-55 ‘NAALG' -130.782.232.758.063 3,74E+03
'FADD' -166.496.182.278.638 3,61E+08 | 'DCP2' -202.122.689.162.389 2,17E-47
'SETD5' -168.202.334.853.811 7,20E-04 '‘CES2' -103.796.785.019.902 7,23E+06
'RNF187' -162.365.893.137.971 7,90E+00 | 'PDP2' -172.421.368.675.736 1,06E-04
'LMBRD1' -208.597.322.310.985 9,37E+00 | 'SP3' -18.656.249.826.887 2,18E-52
‘NT5DC2' -167.983.389.875.157 5,71E+05 | 'DMXL1' -217.677.867.248.337 1,07E-27
'MGAT2' -183.567.545.484.919 1,24E-14 'ZNF621' -118.138.411.681.738 6,44E+06
'MMADHC' -174.488.759.552.022 3,41E-03 'DHCRT' -111.970.506.123.794 7,98E-77
'PXK' -313.750.352.374.994 2,72E-02 'NBEA' -154.432.051.622.381 1,56E+08
'PCMTDY" -213.993.026.114.448 6,90E+04 | 'MYEOV' -137.125.580.725.093 5,42E+07
'ARF4' -209.441.738.941.341 3,98E-62 'OXSR1' -15.662.912.241.554 1,16E-55
'TAP1' -188.649.880.677.734 4,59E+06 | 'PHF8' -172.246.602.447.109 2,31E-19
'ATGA4B' -153.659.947.915.976 4,95E+08 | 'LCLATI -163.363.634.745.685 4,57E-11
'COGT" -191.358.524.818.253 2,51E+08 | TADA2B' -100.416.362.494.154 1,81E+08
'CDCA40' -159.124.876.356.859 2,11E+07 | 'ZNF680' -259.778.654.107.874 1,16E-17
'HR' -201.243.710.323.822 2,19E-02 'HECTD4' -141.016.845.975.711 2,09E-13
'REEP4' -167.283.525.674.649 5,74E+07 | 'FAM222B' -13.675.448.948 2,13E+03
'TNXB' -166.251.564.500.632 1,72E+08 | 'BNC2' -16.636.744.767.352 1,83E+00
'BMP1' -213.623.138.594.801 8,27E-20 'NOC3L' -102.450.969.442.413 5,78E+06
'ATXN2L -244.083.993.041.035 4,04E-88 'RAPH1' -235.729.513.734.403 1,34E-95
'FENT' -150.881.964.559.946 1,38E+05 | 'PARP14' -244.251.823.570.095 2,02E-04
'FNTA' -153.746.207.711.723 9,45E+08 | 'MFSDA4B' -142.786.153.963.643 2,62E+07
'SERINC2' -197.400.479.146.706 2,32E-11 'VANGLYI' -175.176.259.609.429 2,86E-30
'TRAPPC11' -206.774.460.663.583 5,70E+09 | 'GOLGBI' -113.256.911.948.382 1,94E-07
'COL3AI -321.790.503.034.413 5,31E+00 | TNKS' -186.375.409.223.052 1,83E-18
'CDKN2AIP' -167.328.230.370.794 7,60E+08 | 'ZBTB21' -12.419.429.921 4,08E+04
'TMUB2' -311.160.073.938.441 5,11E-52 'PPP1R3B' -202.106.161.552.783 2,71E-03
'STAT3' -234.457.175.543.145 1,81E-88 'STOX2' -183.893.756.726.748 1,78E+01
'ZSWIM1' -262.708.797.639.383 9,82E+03 | 'OLRI' -165.486.451.395.131 1,25E+02
'IL7R’ -305.183.893.151.962 1,21E-03 'DAGL' -192.293.166.657.502 0.0
'LRP1B' -227.612.440.527.424 6,34E+09 | 'SMARCCI' -164.041.124.006.135 8,42E-126
'AHCYLT' -178.676.451.796.546 5,69E-14 'PEAKYT' -285.516.231.293.973 1,24E-64
'SEMA4C’ -241.093.310.094.611 4,06E+06 | 'MOBI1B' -251.140.589.375.108 6,74E-15
'CNNM3’ -168.669.238.768.498 1,09E+07 | 'CSPG4' -187.580.001.749.474 8,62E-25
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'TET2' -181.732.521.081.253 7,97E+09 | 'SNX33' -133.266.337.002.572 4,15E-01
'TCTN2' -212.101.540.096.137 3,10E+08 | 'CHD2' -114.785.760.443.037 4,49E-15
'PPIP5K1" -273.094.180.653.844 2,05E-09 'NUDT4' -133.219.198.040.113 3,46E-19
'ABHD15' -224.062.799.278.551 2,24E+07 | 'SCAI' -214.684.138.832.927 1,61E-09
'ZBTB5’ -161.487.807.862.544 6,57E+08 | 'BCLAF3' -13.171.901.758.807 1,89E+08
'CHTF8' -342.435.050.074.727 7,80E-146 | 'PSMD1' -115.441.958.062.404 5,58E-34
'GFMY' -173.101.488.435.978 2,80E+02 | 'MUC13' -150.099.562.977.873 7,41E-22
'ANKRD49' -232.192.809.488.736 6,76E+03 | 'HEG1' -23.743.955.147.815 1,86E-140
'USP39' -158.496.250.072.116 3,11E+08 | 'TOMM20' -113.987.540.269.091 8,12E-52
'RNF181' -163.291.895.752.267 3,44E+08 | 'AGFG1' -115.222.920.347.465 1,36E-19
'LRRC28' -206.667.103.964.529 1,17E+08 | 'STATS5B' -128.852.900.448.085 4,16E-40
'MAT2A' -141.910.716.358.789 2,81E+02 | JUP' -118.894.840.980.541 8,08E-157
'SLC35G2’ -209.072.317.041.393 6,26E-04 '‘RNF213' -144.186.066.781.038 2,60E-104
'CEP120' -282.265.405.844.049 6,56E-08 'DPY19LY' -229.094.040.240.368 1,02E-45
'PXDC1' -168.291.587.734.395 4,95E+08 | 'ZNF791' -176.849.209.972.015 2,84E+00
'COL4A3’ -275.899.190.049.621 1,21E+06 | 'PHC3' -155.787.862.151.853 2,10E-08
'MAP2K1' -23.354.345.772.648 9,36E-44 'SPTBN2' -121.913.209.217.286 7,90E-42
'DHRSX' -239.078.995.303.217 5,31E+06 | 'GOLIM4' -147.885.259.687.629 5,59E-37
'HSPBAP1' -249.124.806.589.896 5,62E+04 | 'XXYLT1' -101.971.823.461.451 1,18E+09
'ZBTB43' -270.666.092.243.813 1,10E-33 'UBXN2A' -125.276.607.037.997 7,66E+04
'PCSK9' -205.732.102.436.677 8,97E-46 'FBX045' -172.750.161.436.839 6,38E-24
'MN1' -16.724.253.419.715 1,25E+05 | 'SLC25A30' -121.657.509.474.113 5,25E+08
'APEX2' -156.471.381.687.735 1,01E+08 | 'MSRB3' -15.758.602.936.139 1,41E+08
'CD2BP2' -183.092.083.511.496 1,60E+01 | 'LEMD3' -166.457.966.878.452 1,69E-16
'TBC1D10B' -180.868.398.253.012 1,33E+08 | TLR6' -21.287.383.237.496 1,17E+00
'LMAN2' -188.585.689.573.632 3,42E-15 'MGA' -300.749.453.654.692 8,65E-180
'CA5B' -188.304.385.365.415 8,91E+08 | PIGG' -120.477.356.870.022 1,45E-05
'SLC50A1" -213.385.574.673.479 3,85E-06 'PRPF8' -177.444.029.958.487 0.0
'SH3TC2' -272.417.943.921.036 2,81E+01 | 'ADCY6' -10.351.282.234.036 1,96E+07
'GPRINT' -22.829.339.632.715 1,24E+08 | 'DDX23' -102.715.526.055.099 1,57E-37
'PGM2' -171.201.923.703.598 2,49E+08 | 'ZBTB4' -163.050.795.290.525 4,81E-19
'SLC33A1" -252.576.375.997.559 3,85E-73 'ZHX3' -144.200.454.687.911 2,33E-03
'PTK2 -143.333.128.381.919 7,52E+08 | 'GLIST' -208.746.284.125.034 3,66E+08
'PTPNY -187.580.001.749.474 7,36E+04 | 'RALGAPAL' -212.062.970.518.554 4,11E-23
'PLEKHA2" -144.466.266.838.812 5,96E+08 | 'LIG4' -177.184.063.544.467 1,37E+01
‘'CLIC4 -143.566.928.772.812 2,70E-03 '‘ATP2A2' -142.362.610.648.435 1,35E-198
'RGPDS8' -206.044.479.862.902 6,87E+00 | 'ZWILCH' -120.184.086.239.547 3,02E-11
'LUZPT -233.180.960.640.133 1,48E-27 'DENND4A' -238.702.312.310.925 1,03E-40
'‘BUBL1' -217.280.176.219.788 1,30E-36 'AKIRINT' -106.769.750.360.953 2,63E+01
'SPNS1' -254.125.727.699.203 2,14E-34 'ANGEL2' -146.948.528.330.122 7,10E+00
'AGPAT?2' -160.445.867.634.695 1,51E+07 | 'SLCO2AL' -161.981.190.147.876 9,71E-36
'CNBP' -104.178.247.123.824 1,04E+09 | 'SH3PXD2B' -229.633.638.098.462 4,06E-20
'LIMST' -158.572.296.049.372 9,07E+05 | 'RESF1' -2.0 9,63E-05
'UGP2' -162.153.046.175.206 1,01E+01 | 'NR1D2' -17.882.460.991.099 2,87E-09
'‘BTD’ -228.688.114.778.816 4,91E-06 '‘SRP72' -119.707.660.770.228 1,75E-30
'PCDH7" -243.629.511.983.936 5,18E-27 THAPG' -160.514.038.265.879 6,04E+06
'TRIM56' -259.004.496.533.196 3,10E-14 'CEP135' -213.409.289.558.728 4,78E-07
'TPST1' -195.067.228.763.643 1,11E+07 | 'DENNDG6A' -218.442.457.113.743 2,09E-07
'OTUD3" -2.0 1,56E+02 | 'PDE12' -123.122.118.071.119 2,85E+02
'GUSB' -226.705.040.810.138 1,34E-21 'DHX36' -126.933.923.090.537 2,25E-21
'BRD3' -222.383.295.569.566 7,47E-02 'FBXWS' -112.412.131.182.919 4,97E+09
'KLF13' -184.724.764.918.112 1,42E-04 'CTBP2' -113.897.641.314.881 2,30E-07
'NLGN2' -185.227.337.180.195 1,81E+08 | 'ATR’ -184.212.034.021.828 2,00E-37
'CHD3' -147.034.487.095.794 1,37E+06 | 'GK5' -152.778.879.233.392 2,34E-02
'ALCAM' -189.577.864.048.829 2,21E-24 'VCPIPT' -166.051.353.372.833 5,00E-15
'YWHAG' -152.136.838.149.787 2,90E-14 TRAF6' -197.963.220.230.604 6,43E-11
'TMEM192' -205.585.323.473.352 4,48E+06 | 'ZNF654' -162.803.122.261.304 4,95E+04
'ZNF778' -219.539.568.895.843 1,24E+00 | 'PACST' -14.145.690.157.414 9,36E-70
'UBE2E1" -183.705.207.235.906 1,20E-03 'PCCA' -118.762.700.317.577 1,72E+08
'SIK2' -161.284.153.329.659 9,01E+05 | 'CTDSP2' -142.337.947.906.963 1,08E-29
'SLC16A5’ -21.808.628.479.272 2,45E+06 | 'CKAPS' -119.118.092.734.001 1,06E-48
'USP4T -209.335.047.633.471 1,21E-15 'ARHGAP1' -147.314.631.997.062 8,78E-53
'PDCD6IP’ -233.639.705.003.928 2,61E-91 '‘ATG13' -126.995.670.678.328 5,86E-27
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'ZNF212' -174.881.531.204.395 8,15E+07 | 'PCSK1' -124.020.369.745.291 3,89E+08
'ZNF282' -15.346.758.134.395 8,95E+08 | 'LPL' -142.392.040.404.916 2,73E-53
'GLBY' -323.606.735.823.352 1,85E-92 '‘CCDC14' -131.780.020.926.469 1,55E-10
'GABARAP' -169.219.572.404.618 1,10E-04 'MCTP1' -154.299.023.024.584 4,26E+04
'NFRKB' -223.189.589.402.489 9,83E-19 'ALG10B' -139.392.413.321.168 5,67E+04
'TMED10’ -194.800.053.179.368 1,74E-61 'RABGA' -169.075.366.948.106 6,93E-55
'TCAF2' -354.806.291.790.963 3,95E-15 'ERCC4' -262.551.659.907.179 4,30E-30
'SLC30A1" -144.987.487.768.798 2,28E+04 | 'TOM1L2' -104.706.825.365.678 2,88E+04
'GPRC5C' -247.804.729.680.464 8,36E+09 | 'MLXIP' -158.029.250.113.533 8,54E-62
'TMEM182' -248.043.191.724.985 1,09E+08 | 'ZDHHC21' -18.073.549.220.576 1,21E+08
'ADORA2B' -213.464.952.669.478 3,94E+09 | 'A2M' -234.670.566.792.176 1,31E-36
'HARS1' -155.658.069.935.133 7,93E+09 | 'UNC119B' -13.650.940.793.048 3,50E-07
'NFXL1' -201.458.753.622.305 3,10E+04 | 'LYSMD3' -17.825.140.675.082 4,10E-12
'DNAJC18' -225.873.426.840.017 5,48E+08 | 'IP6K1' -139.928.185.774.123 6,75E-34
'RALGAPB' -183.075.645.646.612 5,16E-04 'YES1' -197.213.489.388.133 2,20E-70
'CDH2' -234.759.297.828.071 1,19E-20 "TMEMB39A' -117.669.700.720.808 2,04E+02
'STAT2' -232.847.094.075.413 3,02E-05 ‘TCP11L1' -11.742.981.331.354 8,70E+06
'HSPA4' -164.911.210.863.317 4,07E-06 'ATADS' -159.764.561.573.299 1,49E-03
'HOXBY' -285.973.574.301.172 2,00E-14 ‘RTTN' -13.536.369.546.147 7,76E+05
'AKAP13' -195.132.857.187.874 3,70E-26 'SLC35G1 -154.114.626.842.867 3,84E-02
'SDR16C5' -281.123.835.654.483 5,21E-04 '‘CRLF3' -123.938.313.776.915 2,89E+04
'HTRA3' -212.553.088.208.386 7,11E+08 | 'SLCO3AL' -129.198.096.871.032 9,31E-56
'USP32' -191.339.009.399.899 2,66E-12 'WDR25' -148.112.668.973.662 4,33E+09
'KBTBD2' -198.955.825.327.835 5,01E+02 | 'PRR15' -11.485.964.920.018 1,26E+07
'KIAA0232' -237.721.053.038.855 1,70E-04 'USF3' -287.914.560.512.561 1,84E-19
'TMEM43' -235.815.597.743.316 9,69E-69 '‘B3GNTS' -222.431.729.826.094 4,70E-20
'OSCAR' -617.242.750.864.548 3,43E-62 ‘MYO1D' -188.041.838.424.733 9,21E-08
'TANC2' -182.460.268.447.055 1,45E-05 'NCKAPS' -123.776.764.722.336 2,02E+08
'ZNF160' -226.216.295.002.905 1,27E-01 'VSIG10' -11.650.592.462.705 2,67E+07
'S1PR1' -208.516.738.326.268 6,30E+08 | 'FAM91A1' -192.848.005.256.625 5,37E-60
'LRRCSE’ -29.870.609.442.925 1,01E+08 | 'WSB2' -118.568.337.049.335 1,38E-16
'FEZ2' -153.947.973.092.715 2,83E+08 | 'ANKLE2' -123.099.413.967.512 3,63E-43
'MTM1' -235.107.444.054.688 4,68E+06 | 'SEC24C' -122.819.658.321.445 2,13E-62
'TRMT61B’ -213.540.911.974.181 1,65E+07 | 'SMCRS' -18.311.897.251.749 9,40E-36
'INSR’ -200.965.017.003.372 7,54E+04 | 'MTHFR' -126.126.531.298.074 2,74E+08
'MFN1' -154.172.534.771.176 6,28E+08 | 'MTX3' -268.512.666.264.659 2,53E-49
'PRKCE' -195.935.801.550.265 2,72E+05 | 'ZDHHC13' -157.469.416.526.733 7,59E+03
‘JAGN1' -176.629.226.543.572 559E+06 | 'ANOG6' -204.878.237.308.628 1,81E-129
'SOCS5' -176.553.474.636.298 2,28E+07 | 'ZBTB34' -176.111.945.587.498 2,26E-10
'C1GALTICT' -186.829.432.078.818 1,52E+06 | 'NUDT4B' -120.207.281.123.909 9,88E+08
'ZNF672' -201.479.700.192.808 1,72E+07 | 'ULKI' -155.851.455.489.144 1,67E-60
'RBKS' -387.446.911.791.614 1,90E+08 | 'RPS6KA3’ -145.511.087.554.283 3,91E-36
'TRIMS’ -185.147.747.528.991 8,77E+08 | 'CHDY' -260.141.302.150.175 7,56E-105
'FAM241B' -204.730.571.477.836 3,00E+08 | TOP3A' -123.326.250.655.537 1,82E-07
'SHCBP1' -200.734.197.534.117 1,54E-07 'CASKIN2' -111.298.120.461.587 2,18E+08
'GAA' -219.700.148.298.653 1,12E-09 'ZBTB38' -266.941.282.252.047 7,76E-267
'CANTZ' -19.471.128.870.001 3,02E-06 'SAMDIL’ -290.689.059.560.852 2,35E-02
'KCNK3' -357.346.686.188.333 2,30E-05 'PAWR’ -112.518.487.056.022 1,15E-08
'ZDHHC16' -170.545.779.290.772 4,26E+06 | 'NR2C2' -2.001.514.640.602 5,21E-42
'CHST11 -221.631.790.692.676 1,55E+07 | 'ZBTB33' -209.428.410.710.635 1,27E-43
'EXOSCI -178.113.926.963.381 6,656E+09 | TBLI1XRI' -199.137.542.740.825 1,62E-159
'DSEL' -24.665.036.673.128 9,87E-13 'SAMD12' -112.997.666.542.357 6,95E+07
'ASXLT -188.482.033.750.344 1,11E-19 'HASPIN' -115.513.598.293.001 3,29E+06
'DLK2' -382.781.902.461.732 1,23E+08 | 'THAPS' -12.077.270.341.547 2,78E+04
'ZNF562' -205.023.430.252.014 2,48E+04 | 'ZNF518A -287.731.748.022.517 6,01E-58
'ZNF318' -229.151.678.199.127 6,84E-07 'ZBTBA41' -313.326.653.086.346 5,89E-51
'ZNF561' -181.628.804.682.761 2,13E+07 | 'ZNF354C' -20.163.018.123.291 3,12E+08
'WIPF2' -171.620.703.399.941 1,19E+05 | 'CALHMS' -146.496.272.461.053 7,93E+07
'LRRCS8C’ -161.783.865.696.785 3,58E+08 | 'LCORL' -163.966.839.281.129 2,71E+05
'PPID’ -170.525.673.443.887 3,00E+07 | 'POGLUT3' -206.786.603.028.114 4,17E-41
'‘BCL2LY -186.263.439.461.362 1,47E-09 'PLEC’ -101.090.556.139.918 1,68E-127
'PLRGI' -181.472.075.168.065 2,50E+02 | 'ZNF543' -154.175.655.312.069 3,31E+08
'CLSTNI1' -267.438.685.830.478 1,49E-114 | 'SLITRKY' -234.103.691.783.507 8,27E+07
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'SPSB1' -196.540.133.847.603 2,32E+01 | 'WDRG6' -102.137.365.079.257 5,38E-26
'BPTF' -186.527.318.801.554 2,87E-12 'GEN1' -213.750.352.374.994 1,74E-21
'ATF7IP' -16.762.776.674.671 1,01E+06 | 'PLEKHM3' -148.367.916.488.397 4,63E+08
'TMEM51' -230.202.853.744.966 1,54E+03 | 'ZNF223' -262.134.843.833.587 7,50E+07
'SPATASLT -186.418.614.465.428 9,54E+08 | 'BEND3' -160.812.022.170.841 1,43E+04
'EXOSC10' -182.329.646.592.663 1,14E+02 | 'SUZ12' -19.042.759.403.991 2,28E-66
'TRAPPC12' -185.030.706.724.215 2,63E+09 | 'NSUN3' -104.654.258.593.703 6,76E+08
'PRNP' -222.425.560.274.596 1,27E-52 'KCTD12' -134.690.062.311.882 2,60E-02
'CYP4F11' -219.129.865.223.488 6,87E+06 | 'ZHX2' -107.434.734.146.008 9,68E+07
'TLN2' -269.051.667.147.928 7,27E-12 'APOLDI' -214.684.138.832.927 3,89E+07
'TVP23B' -163.340.062.982.546 7,80E+07 | 'DPY19L3 -224.447.195.480.737 1,03E-16
‘JMJD1C’ -168.199.913.494.828 3,26E+06 | 'PFAS' -103.497.613.824.297 1,70E-12
'SYNPO' -235.730.242.498.925 2,32E-26 ‘RMIT -218.836.760.639.578 1,63E-14
'LAMB2' -252.685.954.615.759 1,25E-17 ‘CTCY -143.465.769.474.813 2,02E-08
'USP19’' -244.849.708.819.037 1,18E-39 '‘RCC2' -112.295.969.081.179 3,87E-66
'QARST’ -162.959.268.242.831 4,09E+01 | 'FAMI133A' -212.928.301.694.497 1,55E+09
'ORMDL3' -198.911.168.385.726 2,58E+05 | 'SPTY2D1' -137.586.690.199.817 5,85E-09
'MOB3A' -237.573.453.858.316 3,562E-02 'SAMDA4B' -136.934.986.123.163 2,60E-38
'NMEG6' -157.288.966.842.058 3,03E+07 | TCAIM' -119.136.552.571.582 5,45E+02
'MTBP' -222.496.636.500.027 2,07E+09 | 'ZNF664' -174.833.766.698.615 5,17E-110
'TEFM' -176.882.669.312.134 3,18E+08 | 'LDLRAD3' -132.192.809.488.736 2,40E-02
'1SG20' -24.555.689.790.049 5,25E+01 | 'PTPN11' -223.895.351.715.476 0.0
'MBOAT1' -177.630.748.064.006 6,14E+09 | 'ELMOD2' -208.746.284.125.034 4,72E-02
'C5orf34' -182.851.953.205.565 1,33E+08 | 'GEMIN4' -128.021.588.514.533 1,48E-24
'DPAGT1' -226.284.595.373.492 1,59E-25 'KLHL28' -118.269.229.751.619 8,08E+09
'‘BSG' -205.849.482.395.816 4,54E-205 | 'HTR1D' -142.884.329.880.387 6,76E+08
'HINFP' -179.606.911.451.109 8,44E+09 | 'LACCI' -16.959.938.131.099 2,37E+08
'GNB2' -137.914.836.387.573 6,50E+07 | 'CDH5' -322.706.890.854.592 1,64E+01
‘c2cD2L! -20.759.488.532.333 1,06E+05 | 'MYADM' -102.877.637.642.018 4,93E+07
'GTPBP2' -382.071.530.021.864 1,46E-265 | 'AKAPS' -205.585.323.473.352 8,25E+08
'ZNF24' -156.603.277.218.631 1,12E+09 | 'PDXDC1' -120.674.843.239.081 9,32E-19
'AFF1 -19.236.966.326.868 3,77E-04 '‘B3GNT3' -239.530.128.121.758 1,24E+04
'PPP1CA' -163.713.646.922.993 3,34E-03 '‘BBS10' -171.149.490.665.009 1,50E+08
'HCFC1' -181.479.746.390.093 1,57E-14 'SOCSs4' -218.950.747.143.065 4,22E-43
‘SMPDL3A' -337.345.839.552.744 1,77E+06 | 'ZADH2' -10.163.018.123.291 1,81E+07
'RADOA’ -176.220.288.566.523 4,08E+08 | 'MED14' -249.495.233.498.856 5,57E-163
'WASHC2C' -244.773.064.537.253 6,31E-27 'FGD6' -215.854.593.931.182 2,12E-14
'SLFN11" -233.667.732.946.192 4,14E-36 TIGD2' -152.083.216.330.144 1,95E+07
‘TMCC1' -172.680.572.794.598 1,35E+09 | 'ZNF609' -177.109.427.170.488 5,90E-28
'RAB43’ -248.746.779.968.653 1,49E-07 'PAK2' -185.008.263.055.693 6,16E-158
'CES2' -163.818.743.968.803 8,67E+09 | 'MCFD2' -140.504.439.022.583 2,50E-45
'ZNF621' -201.754.820.121.085 1,19E+06 | 'MIGAT' -219.101.460.682.417 6,69E-13
'DHCRT* -138.892.736.472.741 1,57E+08 | 'NRIP1' -240.808.473.863.708 8,94E-37
'NBEA' -215.200.309.344.505 2,37E+08 | 'SKIDAL' -123.653.660.365.672 6,43E+09
'RNASEH2C' -163.868.607.658.572 1,40E+09 | 'PCGF5' -170.603.373.461.432 5,27E-13
'OXSR1" -172.587.176.428.262 3,34E-07 'YOD1' -26.708.858.355.228 1,67E-130
'PHFS8' -206.293.125.572.646 6,39E+01 | TMEM64' -172.165.117.268.954 1,17E-10
'SH3RF3' -260.022.925.737.447 1,03E+05 | 'SLC36A4' -133.525.842.529.985 5,67E+01
'TADA2B' -196.866.679.319.521 1,46E+06 | 'ZDHHC20' -270.791.871.384.789 4,86E-80
'RELA' -219.905.377.993.197 2,41E-25 '‘ARSJ' -158.496.250.072.116 7,16E+01
'HECTD4' -208.396.231.114.433 2,25E-08 'ZNF792' -237.196.877.738.696 6,96E+06
'RAPH1’ -209.850.939.213.407 4,04E-19 'OXTR' -30.163.018.123.291 6,47TE+04
'PARP14 -361.297.687.689.075 5,18E-34 'CMTR2' -204.544.297.076.117 4,36E-18
'CKS1B' -137.709.420.538.217 4,61E+09 | 'FAM83H' -120.731.095.738.242 1,19E-52
'ABLIM3' -272.012.208.400.279 1,39E-02 'PITPNB' -10.461.142.758.051 1,00E-10
'VANGLY' -154.617.350.620.651 2,17E+08 | 'LRRC57' -139.680.028.256.196 3,40E+05
'GLRX' -267.070.988.987.771 3,50E-55 'F2R' -196.499.355.017.209 6,01E-03
'GOLGBI" -215.290.902.442.671 1,80E-43 'DHTKD1' -139.689.015.256.858 2,4TE+07
'Cl1orf86" -199.113.276.224.578 7,86E+00 | 'C4orf50’ -165.634.713.395.792 1,01E+08
'TNKS' -16.312.776.936.337 3,13E+09 | 'DDX60L' -216.992.500.144.231 4,34E+04
'PPP1R3B’ -262.956.780.284.232 1,43E-03 'ZNF678' -238.994.651.831.601 4,64E+01
'OLRY' -175.106.579.121.106 2,75E+08 | 'SETD2' -16.211.710.335.531 4,57E-65
'DAGY -157.022.846.585.566 9,90E-03 'GPR135' -186.249.647.625.006 5,02E+09
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'EHBP1L1' -155.110.780.304.579 1,89E-01 "TNFSF15' -283.650.126.771.712 9,99E-12
'RNF26' -165.311.722.676.608 9,39E+05 | 'PLAGI' -268.589.140.957.194 3,75E-15
'ZNF41T7' -270.710.961.000.695 2,75E+07 | "YIPF6' -13.490.885.526.888 6,59E-14
'PTPRM' -221.608.115.835.834 5,81E-46 'ZBTB20' -298.337.368.141.259 1,11E-91
'PEAKT' -244.585.509.126.863 1,11E-15 'MACIR' -1.344.898.617.537 1,51E-06
'GMPPB' -345.550.279.278.619 2,98E-114 | 'RFXT' -233.298.328.339.636 7,35E-27
'CSPG4' -438.202.711.495.169 5,31E-126 | 'ZNF101' -109.741.250.165.794 6,69E+08
'SNX33' -403.521.469.258.406 4,32E-113 | 'C5orf24' -10.174.544.152.069 5,69E+08
'CHD2' -202.434.843.162.225 1,26E-27 'ADO’ -121.728.553.090.336 6,11E+01
'PC’ -284.724.373.763.109 1,12E-148 | 'GINS3' -12.877.220.377.266 1,22E-11
'NMNAT1' -202.974.734.339.405 2,58E+08 | 'RTKN2' -155.458.885.167.764 1,25E+04
'BCLAF3’ -253.119.124.428.018 2,82E+04 | 'CHST15' -17.927.081.460.932 5,72E-03
'PSMD1' -18.789.624.987.615 8,84E-15 '‘GETY' -100.862.077.400.967 3,37E+07
'HEGY' -225.752.064.474.005 6,89E-39 ‘TNRC18' -111.929.892.837.234 6,26E-18
'STATS5B' -172.353.412.797.059 1,79E-04 'ZNF708' -268.650.052.718.322 8,75E+03
‘JUP' -249.113.694.092.113 0.0 'ERCC6L2' -144.745.897.697.122 6,34E+00
'RNF213' -164.914.039.298.359 1,15E-12 '‘CREB3L2' -191.488.338.636.205 8,40E-82
'ZNF791' -240.417.650.664.708 5,09E-06 'ATP6AP2' -127.836.605.958.978 9,04E-36
'PHC3' -158.496.250.072.116 2,44E+08 | 'BACE2' -12.812.257.579.442 1,70E-22
'CEP19' -327.301.849.440.642 3,35E+05 | 'SYNM' -102.877.370.067.723 3,92E-06
'LEMD3' -1.715.302.050.149 2,39E+08 | 'FIGN' -155.124.188.287.716 4,71E+03
'TLRG' -242.099.882.512.466 6,47E+05 | 'AP1S2' -111.617.942.967.079 1,28E+04
'CYB561D1' -296.152.585.218.536 1,54E+06 | 'CLNS8' -112.649.506.109.781 6,99E+09
'PIGG' -271.287.997.564.189 1,07E-28 ‘TRAPPC6B' -145.066.140.900.957 2,27E-02
'PRPF8' -208.201.657.942.176 6,04E-138 | 'NPLOC4' -119.259.240.849.965 3,15E-53
'ADCY6' -30.434.502.560.334 7,58E-50 '‘EXOCT' -108.633.361.036.408 1,82E-09
'PITPNA' -152.379.170.285.914 1,21E+08 | 'CEP97' -2.361.456.459.074 4,41E-28
'DDX23' -153.096.349.033.671 1,24E+05 | 'LIMK2' -106.082.519.269.604 3,09E+07
'ZBTB4’ -243.239.978.933.236 2,21E-20 '‘RWDD4' -10.036.203.156.787 5,55E+09
'PHLDA3' -159.510.451.114.177 7,43E+07 | 'CSFIR' -34.262.647.547.021 1,66E+08
'RALGAPAL’ -178.510.211.521.048 1,82E+06 | 'TRAKI' -120.657.742.411.379 1,77E-03
'LIG4 -181.221.521.314.814 1,22E+09 | 'TTC3' -236.608.114.230.259 4,10E-147
'ATP2A2' -163.756.799.737.674 3,07E-33 'PAPPA' -170.165.872.543.025 2,34E+01
'RPL4' -145.909.091.842.533 2,59E-42 '‘ACBD3' -146.704.829.785.539 3,16E-19
'‘BBS1 -311.710.830.299.886 7,03E-04 'SRPRA’ -101.062.111.575.657 5,39E-28
'DENND4A' -200.348.056.873.496 1,83E+02 | 'SPATAL3 -148.624.444.977.126 7,93E+02
'IL20RB* -424.623.916.329.082 1,59E-68 ‘GJCT -160.266.450.245.462 6,91E-10
'AKIRINT -168.058.938.432.211 3,50E+02 | 'ZNF320' -168.192.423.060.824 2,49E-09
'SLCO2A1" -223.099.015.262.804 6,19E-14 'LYSMD4' -111.864.449.649.862 3,04E+06
'SH3PXD2B' -28.073.549.220.576 8,50E-06 '‘CEP57L1 -125.815.218.445.405 4,40E+06
'RESF1' -214.644.356.810.315 7,02E402 | PTTGLIP -106.632.579.481.105 1,29E-23
'SRP72' -146.154.318.905.995 1,91E+07 | 'DAZAP2' -103.520.423.406.602 2,32E-65
'FZD4' -245.567.948.377.619 3,83E+07 | 'BCOR' -147.666.288.537.427 1,87E-20
'RAB1B’ -140.491.745.955.839 4,54E+09 | 'KIAA2026' -20.036.022.366.802 2,93E-10
'PTDSS2' -208.746.284.125.034 2,66E+02 | 'ASBT' -1.095.805.586.751 4,64E+04
'SEZ6L2" -319.985.750.751.914 1,87E-22 'EP400" -16.252.460.961.865 1,83E-64
'DHX36' -200.940.550.623.445 9,90E-09 'PRR14L' -210.407.245.414.769 3,30E-56
'KLC2' -154.086.991.653.799 2,10E+08 | 'SETD3' -100.095.637.725.802 9,73E-02
'CTBP2" -186.339.271.002.708 1,30E-07 'RFLNB' -123.536.665.637.856 4,37E-17
'ATR' -201.611.966.536.328 5,67E+01 | CMTM4' -185.371.055.774.934 3,50E-12
'VCPIP1' -192.190.763.124.924 1,56E+04 | TBK1' -130.402.207.551.451 1,71E-11
'TRAF6' -192.367.904.002.484 8,35E+06 | 'RBM12B' -171.620.703.399.941 3,83E-18
'ZNF654' -223.029.761.942.179 9,36E+04 | 'LINY' -104.643.557.299.028 4,47E+08
'TVP23C' -255.276.620.135.899 1,06E+06 | 'BTBDY' -159.537.911.666.649 4,76E+08
'PACST -204.904.442.549.304 3,15E-26 'GPR39' -190.689.059.560.852 3,81E+08
'SH3BP5L' -213.557.349.665.154 2,04E-02 'KIRRELL' -173.614.564.811.351 4,25E-61
'PSMD2' -225.258.827.615.903 5,94E-176 | 'PRKX' -157.556.380.271.891 4,15E-03
'DDIT3’ -178.787.986.617.057 5,35E-14 'DENNDSA' -146.443.519.026.854 8,08E-38
'PCCA' -228.824.496.863.107 1,38E+07 | 'EIF3C’ -104.680.812.385.147 4,92E-80
'DCTN2' -195.664.363.080.562 4,28E-26 'KCNJ12' -132.572.063.614.128 1,38E-09
'CTDSP2' -164.944.030.804.643 4,38E+00 | ZDHHC23' -183.906.378.178.494 6,35E+07
'CKAPS' -201.861.567.816.735 3,60E-39 'MAML2' -173.335.434.061.383 8,62E+03
'ARHGAPY' -187.543.316.408.692 3,21E+01 | 'COPB2' -145.774.049.777.681 1,89E-110
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'ATG13 -304.718.576.507.628 2,87E-206 | 'KNTC1' -103.403.632.399.942 1,77E+07
'GOLGASA’ -254.261.600.361.442 1,50E-69 'PROST' -214.933.794.104.553 1,40E-31
'PHYKPL' -207.400.058.144.378 1,99E+09 | 'ZFP1' -14.793.007.243.734 5,53E+05
'LPL' -161.498.845.527.979 1,43E+05 | 'LPARS' -205.246.741.989.414 8,13E+06
'CCDC14' -219.340.579.245.561 1,43E-09 'XPOT' -179.319.730.724.994 3,40E-278
'MCTP1' -192.671.557.396.477 1,49E+08 | 'MED12' -147.037.556.104.677 5,10E-35
'POLD4' -214.003.937.931.967 5,13E+02 | 'SEPTINY' -100.028.130.935.858 1,46E-36
'CLCF1' -197.615.325.804.563 1,17E+08 | 'AMERY' -144.745.897.697.122 3,37E+08
'PAAF1 -197.251.926.357.789 3,88E+08 | 'ZBTB40' -153.783.341.364.146 8,25E-21
'RABGA’ -187.999.711.548.696 5,83E-14 '‘ATL3 -155.350.506.919.956 3,58E-71
'ERCC4’ -205.326.515.010.019 2,30E+07 | 'UBE2G2' -110.863.167.650.553 1,54E+02
'TOM1L2' -233.649.038.909.025 2,17E-06 '‘OSBP2' -135.641.062.473.303 4,92E-106
'MLXIP' -16.962.318.030.545 1,09E+03 | 'ZBTB7C' -2.0 4,28E+08
'ETV4' -18.630.190.971.726 6,06E+04 | 'RBM33' -156.893.239.090.221 1,20E-06
'A2M’ -384.663.007.079.104 1,30E-39 '‘RBM43' -190.046.432.644.909 6,54E+08
'UBE20' -242.514.595.275.313 3,73E-27 'BRI3BP’ -14.262.647.547.021 1,33E-14
'ORAIZ' -384.688.328.624.424 2,26E-08 'AP3M1' -165.318.983.953.586 7,82E-52
'UNC1198B’ -209.798.979.069.109 1,23E-08 'CA13' -173.230.421.679.634 1,78E+09
'TUBB6' -194.607.291.635.075 1,70E-17 'SEMA4B' -133.635.765.341.903 6,51E-20
'LYSMD3' -188.208.900.380.374 3,61E-01 'FLRT2' -237.125.580.725.093 1,24E-05
'NUPR1' -321.235.066.781.168 1,30E-125 | 'MANEAL' -114.937.762.403.823 2,26E+04
'IP6K1" -229.975.130.404.269 3,26E-39 ‘NOMO2' -128.326.197.974.132 1,67E-64
'TMEM39A' -279.048.110.349.321 1,03E-40 'ZNF445' -237.710.021.432.894 4,23E-35
'SPHK1' -164.563.986.406.855 1,87E+06 | 'ZBTB37' -220.163.386.116.965 7,14E-03
'‘BNIP3' -222.022.891.924.508 2,98E-34 '‘ARL15' -152.356.195.605.701 2,94E+07
'RTTN' -260.834.542.815.911 8,50E+01 | 'ATP6VOA2' -161.244.323.714.326 1,22E-04
'RNPEP -203.456.707.957.434 1,42E-17 ‘TARS3' -111.864.449.649.862 2,11E+08
'KCMF1' -148.267.040.763.025 1,09E+08 | 'METTL7A' -150.695.998.871.988 7,20E+06
'SPRYD4' -198.445.914.910.422 2,64E+09 | 'GPRIN3' -276.716.583.194.191 1,40E-02
'SYNE3' -252.509.104.474.376 3,47E+05 | 'RORYI' -206.030.051.026.781 1,76E+05
'SLCO3AL1" -180.427.552.912.563 7,76E-11 'FAAP100' -102.663.512.650.347 1,60E+05
'WDR25' -208.746.284.125.034 1,61E+08 | 'BRCC3' -140.168.794.561.982 1,76E-14
'PHLDB3' -194.485.844.580.754 2,73E+08 | 'AHNAK2' -264.037.832.765.519 9,98E-285
'PRR15’ -203.952.836.418.664 3,49E+08 | 'OLFML2A’ -219.849.415.363.908 1,55E-18
'MYO1D* -275.769.703.575.029 1,74E-09 'SP1' -215.008.263.431.564 1,92E-144
'FOXL1' -235.755.200.461.808 4,17E-08 'PCGF3' -131.458.611.954.619 5,25E+02
'VSIG10' -168.136.698.467.422 1,14E+08 | 'PBXI' -1.303.942.349.414 2,56E-05
'PNMAT' -167.957.811.200.869 5,53E+06 | 'BRWD1' -245.588.255.155.623 1,28E-20
'ANKLE?2' -199.768.018.113.565 7,80E-37 'ANKFY1' -202.990.648.464.852 1,52E-76
'NFATC2IP' -224.362.309.938.757 2,09E-05 'YTHDF3' -148.750.016.171.758 1,34E-50
'FIBIN' -120.701.209.444.768 5,98E+07 | 'IFIT1' -129.015.574.883.288 2,64E+08
'SEC24C' -29.331.303.632.675 2,22E-230 | 'CXorf38' -105.800.560.343.557 7,78E+08
'SMCR8' -324.932.434.593.052 4,15E-84 THNSL1' -135.526.527.876.147 8,05E+08
'FBX046' -201.282.404.035.758 1,04E+08 | 'LAMPI' -107.475.875.620.488 1,10E-70
'ZDHHC13' -191.602.160.736.065 2,96E+09 | 'POMK’ -305.763.862.586.794 5,65E-117
'SLC38A9" -339.660.478.118.186 9,60E-10 'PTCH1' -114.974.711.950.468 2,15E+09
'PHETA2' -192.027.280.752.927 8,93E+08 | 'BICD2' -136.174.525.800.218 1,46E-17
'ANO6* -214.826.533.485.799 3,30E-51 'RASA3' -155.374.377.011.044 6,66E+04
'ZBTB34' -192.104.865.860.518 1,03E+05 | 'LRCHS3' -135.859.680.493.476 5,92E-06
'ULKY' -306.240.324.084.632 6,88E-186 | 'ZNF566' -108.746.284.125.034 3,32E+09
'RPS6KA3' -171.380.787.317.895 4,99E+01 | 'ZNF529' -143.962.313.755.712 3,51E+07
'CHDY' -170.112.039.521.948 6,41E+06 | 'AIDA' -149.085.893.409.379 6,55E-62
'MAN1B1' -18.239.696.359.085 6,85E-05 'ZBTB6' -136.029.453.468.441 6,50E+05
'TOP3A' -222.032.995.487.956 1,60E-15 '‘BCLIL -115.680.407.970.887 1,36E-33
'CASKIN2' -215.527.822.547.791 3,37E+08 | 'ZNF749' -156.634.682.255.381 4,91E+05
'ZBTB38' -17.230.816.400.302 3,66E-15 'MRTFB' -240.006.265.531.131 2,17E-33
'MAGEF1' -180.480.823.994.726 7,20E+08 | 'PPP1CC’ -10.405.848.152.302 7,34E-34
'SAMDIL’ -258.496.250.072.116 6,20E+09 | 'BACEL' -120.580.953.714.084 4,49E+08
'MIEF2' -224.792.751.344.359 3,23E+08 | 'RXRA' -148.085.862.215.524 8,92E-48
'NR2C2' -174.874.276.194.256 6,58E+04 | 'KPNA4' -11.906.532.302.687 6,42E-21
'CAVINT' -153.625.930.914.547 5,64E-19 'ZNF197' -113.982.296.965.289 9,42E+09
'ARIH2' -140.029.091.390.966 8,59E+09 | 'INSIGI' -13.620.055.342.627 1,04E-20
'ZBTB33' -152.242.103.465.244 2,22E+08 | 'SEPTIN10' -146.895.020.412.892 2,37E-54
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'C180rf32' -218.186.089.156.297 6,32E+01 | 'SMYD4' -132.041.662.796.976 7,65E+02
'HASPIN' -18.012.201.358.855 1,50E+08 | 'GPATCHS' -151.128.226.901.576 1,11E-22
'CSTF2T' -190.635.317.893.593 7,75E+04 | 'UBE2H' -133.612.830.475.996 1,29E-35
'GBA’ -255.107.895.546.925 1,04E-62 'KIF24' -157.524.734.588.794 1,40E+00
'ACADY' -153.637.176.310.832 1,83E+07 | 'ZFP9l' -169.912.110.453.966 7,10E-99
'IL1I7RA’ -24.508.898.823.715 1,74E+02 | 'SPIN4’ -128.010.791.919.274 1,42E+08
'PNPLA2' -167.197.047.705.589 1,07E+07 | 'TPCNY1' -109.400.188.511.335 3,70E-01
'CD163L1" -385.798.099.512.757 1,78E+04 | 'ERCC6L' -115.906.648.596.762 9,26E+07
'THAPS' -186.311.819.357.961 5,00E+05 | ZDHHC17' -136.257.007.938.471 6,66E+04
'CD151' -167.680.730.747.939 1,80E-10 'PPARA' -254.869.895.673.438 3,65E-09
'NECTIN3' -176.064.217.688.928 3,08E+09 | TEADI' -24.502.583.065.191 0.0
'TMEM94' -161.977.727.131.632 5,84E+09 | 'ENTPD5' -136.163.780.468.933 1,80E+08
'FLII -189.957.839.018.865 7,78E-35 ‘MITF' -20.016.021.045.965 5,11E-39
'ZNF518A' -180.845.663.653.718 9,37E+06 | 'SHTN1' -180.246.276.734.983 1,57E-21
'ZNF619' -271.271.804.791.953 7,05E+08 | 'SESTD1' -16.083.942.577.623 7,52E-18
'‘BETIL' -198.674.390.329.773 3,44E+03 | 'FNBP1' -107.133.878.172.026 8,98E-03
'RIC8A’ -16.285.188.667.079 9,88E+05 | 'DYNC2HY' -174.618.412.419.558 1,87E-21
'ASB8' -176.094.017.228.573 1,18E+08 | TAF9B' -162.054.248.009.025 1,29E-15
'ALS2CL' -187.769.590.307.006 3,48E+03 | 'PCDHB13' -198.355.885.293.847 1,01E+09
'PDE4DIP -198.935.275.580.049 1,65E+07 | 'COL4Al' -187.794.327.721.172 6,13E-107
'ZNF114' -387.446.911.791.614 1,90E+08 | 'USPT7' -18.166.689.001.006 6,35E-189
'SH2B1' -208.009.359.121.325 4,61E+05 | TET3' -229.946.353.136.154 4,58E-73
'PLEC’ -146.621.238.703.256 1,06E-15 '‘B3GLCT' -221.501.289.097.085 3,97E-03
'ZNF543' -257.051.995.567.242 3,28E+09 | THSD4' -171.187.461.320.338 4,93E-08
'SLITRK1' -285.798.099.512.757 4,92E+09 | TCEAT' -151.457.317.282.976 8,12E-105
'WDR6' -307.144.962.335.883 1,52E-185 | 'NHEJI' -145.933.072.734.449 2,60E+07
'GEN1' -231.149.264.222.105 8,17E-03 'SECISBP2' -112.212.829.786.302 8,40E+04
'ZFAND2A' -161.639.500.855.781 8,19E+09 | 'FANCM' -145.692.331.019.747 1,40E+01
'PLEKHM3' -227.633.122.844.725 1,49E+08 | 'ZFP69B' -144.930.740.136.359 4,11E+09
'ZNF223' -282.355.604.729.165 3,62E+08 | 'UBQLN2' -14.866.791.666.941 4,02E-15
'DNAJC22' -245.317.262.816.561 1,25E+08 | 'NWD1' -156.768.450.928.932 7,01E+07
‘GLDC -111.674.181.458.317 6,98E+08 | 'WNT7B' -116.341.522.123.884 7,35E-08
‘GRINA’ -179.141.337.818.858 3,48E+03 | 'COL4A5 -170.360.699.721.978 2,67E+01
'FAM219B* -20.703.893.278.914 3,74E+00 | '‘NHS' -24.447.848.426.729 5,52E+08
'ZHX2' -259.585.081.686.389 5,79E+00 | 'NCR3LG1' -226.889.811.111.755 1,74E-31
'MPI' -19.079.956.856.977 1,24E+07 | 'ZNF559' -122.853.155.843.385 6,10E+08
'TMEM139' -206.244.057.477.591 7,45E+04 | 'FOCAD' -172.204.424.547.645 1,13E-28
'ZNF852' -335.049.724.708.413 3,48E+08 | 'CHM' -193.073.733.756.289 6,91E-21
'CYBC1' -216.566.297.458.815 5,48E+02 | 'BLOC1S5' -147.107.153.419.317 2,15E+05
'GAK' -202.531.108.852.919 1,42E-02 'NBR1' -169.904.603.420.638 4,17E-51
'CTC1' -256.217.718.080.485 4,44E-10 'RALGAPA2' -21.594.782.140.072 6,45E-10
'FBXO34' -175.002.174.699.165 1,86E+07 | 'RTL6' -146.708.113.306.386 1,11E-42
'TRIML2' -172.342.654.051.249 7,91E+08 | 'DPYD' -16.724.253.419.715 4,16E+09
"TMTC2' -199.468.620.010.353 2,67E+08 | PTAR1 -223.663.434.391.223 4,97E-23
'SAMD4B' -190.131.572.514.059 1,57E-10 'ZDHHCY' -10.480.326.964.218 4,20E-05
'EDC3" -181.766.276.229.767 1,19E+04 | 'ZBED6CL' -132.592.984.465.384 1,03E+01
'ZNF664' -156.625.024.045.899 3,48E-02 'ZNF548' -120.335.922.917.385 1,93E+09
'CALR’ -205.083.521.671.472 0.0 'MTF1' -109.694.555.608.521 2,28E+07
'FAM156B' -339.181.081.637.376 1,56E-05 'NHLRC3' -131.194.400.631.474 1,83E+06
'CLK3" -172.219.613.483.587 1,48E+07 | 'ZDHHC11' -109.918.867.374.986 7,63E+09
'GPC5' -254.648.835.290.652 6,91E+09 | 'SLX4' -179.891.808.490.896 5,45E-03
'GEMIN4’ -194.844.179.396.352 4,01E-02 'MSL1' -130.060.959.097.556 9,51E-34
'DNHD1’ -242.146.376.843.828 2,92E+03 | TRMT2B' -172.691.192.950.228 1,15E-17
'HTR1D' -19.099.898.342.674 4,54E+08 | 'ZNF292' -266.296.501.272.243 1,04E-38
'‘GCCr -212.021.708.218.739 2,36E-03 'RNFT1' -116.258.302.610.114 4,96E+06
'CDC42EP4' -207.017.529.405.956 7,89E-12 'LITAF -126.448.216.816.391 8,27E-46
'CDH5’ -227.159.641.933.722 2,94E+09 | 'ARID2' -214.161.460.541.894 2,06E-49
'MYADM' -167.422.983.881.824 4,12E+08 | 'SF3B3' -132.714.782.679.205 1,37E-163
'MROHY' -162.215.306.002.957 9,60E+09 | 'ZNF33A’ -204.629.365.227.393 1,20E-15
'PDXDC1’ -170.339.909.362.164 6,21E+01 | 'LIN54' -14.159.434.302.605 2,00E-01
'B3GNT3' -345.035.803.501.184 5,48E-09 'FAM53B' -122.044.743.802.747 2,96E+02
'SEPHS2' -18.227.076.902.264 3,38E-04 'SLC35E2B' -199.818.642.962.807 9,13E-33
'BBS10 -265.344.223.860.392 6,17E+07 | 'SYCP2' -182.851.953.205.565 5,23E+08




198

'EXOC3' -177.015.877.288.842 1,16E-06 'ZNF724' -194.562.423.010.602 2,58E+08
'MED14' -198.423.268.414.168 5,68E-13 'FAT4' -178.798.959.719.067 5,20E+01
'ZNF816' -20.759.488.532.333 7,36E+08 | 'MPHOSPHS' -119.930.880.822.341 1,19E+04
'PNPLAL -605.528.243.550.119 3,94E-05 'GREB1' -229.123.129.766.445 7,18E+06
'FZD2' -214.886.338.591.448 2,84E+09 | 'ZNF766' -141.362.792.902.417 2,94E+04
'ZNF609' -276.099.286.481.266 4,93E-26 'FAM217B' -191.897.899.087.845 1,83E-26
'MCFD2' -191.374.426.664.958 1,04E-40 'LCOR’ -274.172.136.267.632 1,83E-56
'HARBI1' -294.251.450.533.924 3,75E+07 | 'ZNF107' -174.866.092.779.858 8,71E+00
'ARHGAP45' -176.733.924.320.973 7,04E+07 | 'TARSY' -148.844.415.794.969 1,40E-209
'ZNF594' -285.561.009.066.482 3,86E+06 | 'POM121' -113.245.433.067.237 5,39E-33
'YOD1' -219.197.996.565.322 4,78E-20 'ZBTB44' -163.966.839.281.129 1,12E-52
'MAP3K15' -297.727.992.349.992 3,78E+08 | TRRAP' -169.773.043.088.311 3,46E-78
'SSR4' -139.804.165.343.704 1,58E+08 | 'SRGAP2B' -114.287.732.209.109 1,02E+01
'ZNF792' -311.150.831.521.699 8,28E+06 | 'FUT4' -112.458.763.586.465 8,84E+08
'CUEDCT' -198.550.043.030.488 3,49E+07 | 'PTPNY' -138.271.977.900.612 1,87E-18
'CMTR2' -208.975.465.275.833 5,14E+01 | 'ZNF765' -170.481.071.132.337 5,99E+01
'FAMB3H' -200.619.626.596.391 1,11E-32 'PIK3R4' -217.748.296.171.858 7,06E-70
'‘BBS12' -26.667.565.918.848 4,86E+08 | 'ZNF605' -151.048.428.476.188 7,85E+08
‘NQO1' -163.127.467.270.987 7,23E-45 ‘NCOR2' -114.141.326.880.102 597E-31
'AEN' -159.991.284.218.713 5,95E+06 | 'PRPF40A' -135.448.895.667.152 2,51E-33
'FKRP' -255.081.427.830.931 6,06E+01 | 'GDAP2' -138.994.651.831.601 8,52E+00
'RPH3AL' -196.219.796.728.762 2,42E+08 | 'SLC6AY -139.558.513.661.267 2,92E-27
'METTL23' -216.959.657.771.738 1,67E+00 | 'AFAP1' -137.982.825.126.287 2,52E-31
'SLC26A11' -188.957.601.030.635 1,90E+09 | 'MYOI18A' -13.439.527.105.852 5,45E-18
'EHMT1' -151.400.655.828.786 1,01E+08 | 'MME' -160.392.065.842.504 6,46E-15
'F2R' -190.587.782.263.545 1,13E+09 | 'SULF2' -152.606.881.166.759 1,01E+09
'DHTKD1' -249.541.091.574.286 1,11E+00 | XRCC2' -109.310.940.439.148 2,17E+08
'Cdorf50' -331.780.020.926.469 1,43E-09 ‘MYO6' -228.540.221.886.225 7,99E-31
'ZNF746' -203.589.665.669.077 3,90E+04 | 'MRTFA' -117.623.390.299.324 5,92E-03
'TLCDS' -189.581.114.972.803 6,87E+08 | TCF4' -171.010.425.399.864 3,30E+01
'DDX60L -23.037.807.481.771 2,82E+07 | 'HRH1' -148.320.900.192.042 5,92E+07
'TMEM45A" -382.200.169.802.201 1,43E-101 | 'ZNF136' -127.517.983.569.588 1,79E+08
'SGSH' -284.887.419.149.587 9,66E-34 ‘TECPR2' -136.197.625.552.743 1,42E+05
'TNFSF15* -40.173.472.435.639 2,36E-31 ‘ERI2' -189.429.055.882.889 6,30E+04
'ZNF875' -167.309.341.099.982 9,87E+08 | 'ZNF33B' -148.842.515.531.746 6,56E+04
'PLAGT' -211.864.449.649.862 4,45E+07 | 'ZNF431' -149.957.100.949.051 7,83E+00
'YIPF6' -187.016.256.235.742 7,33E-06 '‘NF1' -278.232.440.432.683 5,12E-191
'ZBTB20" -187.044.859.964.046 5,28E-01 'GM2A! -111.547.721.741.994 9,54E+08
'COPG1' -271.688.086.520.262 7,92E-181 | 'MAML3' -121.588.645.747.704 2,26E+08
'SLC35CT -21.743.709.064.735 2,74E+01 | 'STRN3' -152.276.773.911.381 4,95E-07
'RNF41' -225.481.389.902.883 4,21E-13 'ILRUN' -100.875.601.539.182 9,04E-12
'CLDNT* -297.718.645.140.549 5,35E-05 'PPTCT' -195.533.095.066.627 1,20E-39
'ADO’ -174.983.781.188.069 3,23E+07 | 'NHLRC2' -134.577.483.684.173 7,39E+07
'PRKAG1' -160.762.150.567.043 4,24E+07 | 'LAMB3' -164.248.757.712.166 3,24E-123
'CHST15' -205.943.291.351.916 4,81E+04 | 'ARHGEF12' -222.260.335.708.372 0.0
'IDH2' -332.992.088.564.089 1,05E+02 | 'FLNA' -173.961.863.457.481 0.0
'TNRC18' -241.992.965.398.662 1,22E-76 'SRGAPT' -2.0 9,86E-38
'TDRKH' -504.439.411.935.845 2,13E+07 | 'FAM3C' -100.139.458.207.175 3,65E+03
'ISTL -200.823.615.009.976 1,61E-21 'NOP9' -136.977.756.335.562 2,07E-25
'CREB3L2' -178.219.856.395.064 1,10E-08 'SLC39A10' -214.629.697.509.983 1,81E-84
'SHMT2' -392.014.989.002.479 0.0 'FUT1Y -104.466.904.933.373 9,47E+09
‘'MOB2' -183.422.152.791.029 5,70E+08 | 'ZNF100' -198.154.309.529.244 2,93E+00
'ATP6AP2' -241.261.358.458.503 3,27E-64 'ZNF398' -134.513.548.604.869 3,23E+04
'BACE2' -197.708.078.000.579 7,77E-15 'ZSCAN25' -135.499.991.649.301 1,32E+07
'SYNM' -177.076.233.849.454 1,51E-09 'GMFB' -220.794.126.503.891 1,41E-110
'AP1S2' -176.823.705.582.249 7,09E+06 | ZMYM1' -170.360.699.721.978 2,67E-01
'ZSCAN22' -210.691.520.391.651 2,91E+08 | 'KIAA1671 -20.958.157.874.138 2,62E-110
'NXPH4' -339.635.293.601.392 3,60E-09 'IGF2R’ -229.301.356.332.666 8,96E-217
'TRAPPCG6B' -157.031.572.475.675 4,42E+03 | 'DYNC1HY' -152.092.944.774.668 0.0
'NPLOC4' -263.050.233.064.935 1,97E-157 | 'PGAP1' -198.674.390.329.773 1,45E-05
'EXOCT" -252.639.195.984.699 1,53E-49 'ZNF772' -259.474.352.151.374 9,91E-14
'XKRX' -288.264.304.936.184 1,24E+08 | 'ACSLS' -123.371.883.900.924 1,83E+07
'CEP9T’ -183.131.816.540.832 1,18E+07 | 'LRRC8B' -200.877.020.962.773 1,20E+06
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'EPGN' -271.271.804.791.953 2,46E-04 'ENTPD4' -115.423.562.739.034 7,67E+05
'TRAK1' -14.624.018.256.496 9,25E+07 | 'KANK2' -160.429.076.165.558 2,67E-26
'TSKU' -219.566.432.224.119 1,20E-03 'RAD54B' -115.586.958.418.604 9,25E+07
'ANXA2' -152.481.851.080.554 3,29E-42 '‘BLM' -110.647.662.812.931 8,85E+00
'PAPPA’ -218.166.383.789.908 1,01E+00 | 'DDI2' -219.068.356.160.911 2,52E-38
'ACBD3' -20.397.705.286.926 4,79E-08 'SVIL' -153.444.722.946.691 3,26E-31
'ALG12' -234.769.119.095.244 6,08E-03 ‘TRIM33' -183.191.620.714.776 1,04E-58
'Cllorf54' -234.848.970.058.137 4,50E-10 'ZNF655' -115.431.541.011.754 1,57E-01
'SRPRA’ -230.812.229.536.233 8,03E-114 | 'UAPI1L1' -111.573.114.596.779 3,07E+00
'EWSR1' -101.699.760.401.474 1,88E+08 | 'ZNF860' -165.207.669.657.969 9,08E+06
'GJCI -254.296.841.205.653 2,76E-12 'HTT' -208.795.330.361.811 6,77E-79
'CNOT10’ -16.065.493.629.293 3,49E+08 | 'SHPK' -111.236.963.400.862 2,95E+08
'ZNF320 -22.513.234.233.071 9,10E-03 'IPP’ -156.884.283.535.788 4,26E+08
'PYCRY' -206.129.941.007.403 3,05E-43 'MAP3K5' -154.432.051.622.381 9,63E-05
'AP2A2 -204.849.851.769.119 3,97E-05 'MYO5A' -239.960.745.870.924 8,48E-07
'LYSMD4' -301.077.983.875.324 1,69E-08 'SIPALLY -111.883.622.950.985 4,14E+07
'ARHGEF37' -326.303.440.583.379 6,27E+05 | 'PIGN’ -134.159.512.834.344 3,03E+01
'CEP57L1" -18.341.342.531.732 8,50E+08 | 'COL4AG' -173.696.559.416.621 9,66E+04
'CHST6' -209.451.759.878.429 6,49E+09 | 'ZNF624' -244.057.259.138.598 4,73E+07
'PTTG1IP' -254.674.856.364.027 1,50E-175 | 'TOPORS' -160.757.282.567.568 1,30E-12
'SELENOF' -193.513.456.014.678 9,33E-34 '‘ENPP1' -192.999.027.875.226 1,53E-04
'ZNF623' -179.678.568.034.742 9,44E+08 | 'FARY' -19.093.687.440.121 5,13E-54
'BCOR’ -16.929.788.839.889 4,62E+05 | 'CPLANEL' -223.921.258.584.218 3,06E-54
'KIAA2026' -18.871.466.603.101 8,65E+08 | 'ZNF841' -121.853.494.566.693 1,45E+09
'ASBT" -224.935.946.893.672 1,23E-05 'ZNF615' -137.656.335.146.421 9,10E+09
'EP400" -190.618.838.335.767 4,92E-13 '‘SPTAN1' -10.153.380.749.948 8,54E-113
'PRR14L' -16.875.151.520.516 2,41E+07 | 'FAM114A1' -15.784.930.053.916 1,09E+00
'TANGO2' -193.454.693.851.138 1,20E+07 | 'RPE' -109.390.713.459.753 8,09E-03
'FAM167B' -341.307.598.294.556 1,25E-03 'PHF2' -150.389.089.007.384 6,45E+02
'CMKLR2' -500.842.862.207.058 9,58E-45 'PSAP' -10.552.389.623.569 6,25E-125
'UPP1' -176.965.421.287.238 1,29E+02 | 'MCMBP' -1.150.731.436.209 8,78E-18
'LHFPL6" -224.961.389.007.147 3,03E+08 | 'ZNF81' -255.019.708.256.048 4,96E-05
‘TMEMB50A" -166.593.776.436.534 1,41E-01 'ZNFT780A' -139.356.596.897.602 1,40E+06
'TBK1' -16.692.957.676.284 6,71E+07 | 'ZNF181' -107.756.098.329.365 1,37E+09
'CBX6' -171.253.955.178.062 5,74E+06 | 'SGTB' -122.426.483.566.922 1,68E+04
'TRAIP' -187.606.767.214.162 1,12E+08 | 'MYOI1C' -15.348.516.958.882 1,27E-132
'CHEK?2' -169.971.419.886.963 1,09E+08 | 'KIF13B' -18.073.549.220.576 1,19E+07
'RBM12B' -194.821.745.789.745 1,05E+04 | 'ERO1A’ -107.324.898.203.064 3,70E-24
'‘BTBDY' -310.433.665.981.474 1,06E+04 | 'MPZL1' -113.740.855.024.403 1,10E-31
'KIRRELT' -204.831.706.781.023 3,05E-13 'VPS13A' -296.752.237.648.283 4,31E-113
'IQGAP3' -262.601.487.701.454 7,33E-30 ‘MBP' -162.916.230.463.169 1,46E-04
'DENND5A' -171.769.266.387.108 2,10E-03 'NOLS8' -124.877.094.815.974 4,01E-20
'EIF3C' -138.127.930.628.899 6,71E+08 | 'IRAK4 -151.881.016.571.623 5,16E+02
'CRELD2" -198.823.350.490.004 2,77E-02 'ENTPD7' -188.668.347.647.037 1,70E-13
'KCNJ12' -204.475.891.436.069 1,22E-04 'MAK16' -120.901.518.945.523 1,28E-02
'ZDHHC23' -229.768.054.864.069 1,25E+09 | 'ZBTB14' -110.657.166.419.804 1,92E+08
'CSF1' -306.847.973.788.277 2,69E+05 | 'CD2AP' -222.693.158.095.162 5,10E-53
'COPB2' -252.677.317.392.438 8,03E-158 | 'ZNF248' -115.919.859.484.925 3,48E+08
'KNTCT' -173.766.576.163.488 8,98E+07 | 'ZNF770' -188.437.097.587.283 1,55E-24
'WDR27" -2.200.912.693.926 1,32E+09 | 'MIERY' -125.173.638.291.859 2,16E-07
'FOX04' -260.253.513.016.911 1,35E-02 'MAN1A2' -235.950.555.270.384 2,93E-42
'PROS1 -263.147.246.531.889 3,09E-15 ‘TFDP1' -112.367.437.038.656 5,69E-44
'LPARS' -274.893.823.583.228 3,59E+08 | 'ZNF607" -147.192.256.282.049 1,44E+04
'XPOT' -211.229.121.104.817 3,78E-173 | 'ZXDA' -140.451.718.919.178 1,72E+09
'STINGY' -228.010.791.919.274 2,87E-06 'STYX' -178.212.777.570.093 1,19E-24
'MED12' -27.132.865.976.967 1,81E-46 'HELZ' -25.268.283.247.364 2,80E-92
'SEPTINY' -137.438.158.908.648 5,58E+08 | 'SDAD1' -1.422.079.734.451 1,25E-07
'ZBTB40' -262.546.532.968.033 1,85E-42 'ZKSCANS' -237.503.943.134.692 1,53E-17
'FAM110C' -3.0 7,88E+07 | 'ZNF813' -161.918.369.275.179 5,59E+09
'UBE2G2' -197.586.064.641.458 1,24E+00 | 'ASPH’ -153.256.922.983.694 4,95E-214
'0OSBP2 -221.450.275.293.272 4,26E-134 | 'SPRED2’ -132.602.472.340.684 3,77E+01
'ZBTB7C' -347.031.993.478.003 3,31E+04 | 'WWP2' -107.336.361.719.775 3,54E-03
'TMED9' -204.234.629.070.959 7,95E-38 '‘GFPTI' -200.511.897.062.501 4,27E-135
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'RBM33' -196.118.075.110.947 1,55E+07 | 'UVRAG' -11.594.782.140.072 1,88E+08
'FAM227A -283.007.499.855.769 7,21E+07 | 'ITSN2' -207.689.359.954.015 1,60E-56
'TMEM106A' -251.937.415.909.358 6,83E+08 | 'OGA' -135.451.030.959.076 3,18E-29
'AP3M1’ -175.149.092.604.275 7,35E-02 TCAF1' -206.153.841.030.913 1,53E-40
'CAL3 -18.630.190.971.726 5,88E+08 | TXNRD1' -202.959.543.361.361 0.0
'UBOXS' -325.873.426.840.017 2,82E+07 | 'ZXDB' -185.260.949.597.336 6,22E-93
'MAFF' -192.484.264.043.126 2,83E+05 | 'ZNF587' -175.579.459.454.302 2,06E-07
'SEMA4B' -342.109.379.919.894 2,76E-179 | 'ZNF28' -136.853.050.361.246 1,21E+05
'INTSS' -226.076.423.220.897 1,01E+01 | 'WDHDYI' -178.487.557.912.759 1,39E-25
'LRRC37B' -194.555.221.597.762 1,79E+09 | 'CTNND1' -168.625.079.597.752 7,98E-116
'NOMO2' -290.776.358.703.872 5,02E-212 | 'TLKY1' -164.888.982.751.071 1,58E-24
'NRBP2' -203.046.528.072.705 1,03E+08 | 'LRBA' -214.147.242.595.288 1,14E-34
'ZNF445' -220.567.502.639.151 3,34E+02 | 'BAZI1A' -151.306.958.223.937 1,69E-41
'PRPF39' -172.114.062.700.452 2,45E+08 | 'MDM4' -143.906.072.848.536 2,08E-02
'ZBTB37' -207.576.750.761.796 5,67E+09 | 'RYR2' -243.928.504.552.552 3,17E-13
'ATPGVOA2' -232.894.852.256.513 5,14E-04 'KLHLY' -169.488.019.279.919 2,25E-08
'HS6ST3' -21.096.244.911.745 3,38E+08 | 'NCOAG' -166.473.801.901.771 1,29E-40
'SP140L' -219.514.435.889.934 4,17E+08 | 'C6orfg89' -148.933.789.711.114 3,67E-23
'TARS3' -182.156.878.127.731 8,37E+09 | TTC37" -201.786.070.034.188 4,23E-125
'IFNLRY' -266.296.501.272.243 2,90E+08 | 'PAPSS2' -13.761.032.350.384 4,85E-38
'MUCT' -303.981.931.811.339 4,81E-17 'SLCOAG' -219.029.879.162.659 9,56E-65
'TLCD2' -220.163.386.116.965 2,61E+07 | 'FANI' -154.748.779.530.249 1,04E-08
'AHNAK2' -349.943.199.952.755 0.0 'IPOY -132.390.497.006.919 6,56E-45
'OLFML2A -254.289.844.115.461 5,97E+07 | 'CEP290' -144.340.835.650.714 2,50E+07
'SP1' -13.906.876.378.631 8,20E+07 | 'MT-CO2' -396.595.765.537.819 0.0
'PAHB' -258.567.123.598.985 0.0 'UNC13B’ -158.666.379.224.011 3,74E-45
'PSMD13' -144.688.636.531.818 3,87E+08 | 'MT-CYB' -189.959.951.917.272 0.0
'NDUFA4L2' -305.246.741.989.414 1,28E-11 'ZNF652' -230.392.230.683.305 2,00E-32
'‘BRWD1' -193.903.198.270.857 7,05E+06 | 'SMURF1' -141.776.140.171.613 1,57E-18
'DRGI' -143.249.244.011.201 7,14E+08 | 'SLC5A3' -22.932.650.098.063 8,03E-71
'ANKFY1' -190.579.723.061.425 2,40E-02 '‘CDC42BPB' -145.598.304.927.776 1,92E-65
'ADAMTSL5" -290.122.184.552.183 3,68E+07 | 'RASSFY' -172.903.867.839.458 1,83E+03
'DMWD' -163.378.497.930.583 2,40E+08 | 'MT-ND5' -127.989.379.583.659 1,16E-205
'SLC52A2" -177.364.264.288.879 5,15E-03 'CNOTT -10.229.970.323.628 1,47E-09
‘BCAP31' -194.283.448.437.576 2,51E-33 ‘TMEM184B' -127.180.461.546.153 2,74E-25
'ARL17A' -296.061.746.127.525 7,99E-01 'MTOR' -13.497.112.514.009 8,60E-30
'EVI2B' -236.597.242.759.338 3,63E+08 | 'ZNF521' -181.557.542.886.257 1,94E+05
'LAMP1' -24.274.901.858.831 2,86E-220 | 'MT-COI' -264.593.257.386.567 0.0
'RASA3' -226.601.210.563.369 1,09E-01 'FOXJ3' -187.695.331.145.441 7,78E-65
'LRCH3' -287.067.040.769.577 1,22E-27 '‘CHAMP1' -168.388.854.187.724 2,72E-21
'PIP5K1C' -205.228.339.093.274 1,61E-02 'INPP5F' -126.112.481.582.516 4,82E+08
'POLR3C’ -16.824.636.742.298 1,30E+09 | 'ARHGAP11A' -167.379.504.615.262 1,89E-61
‘BCLIL -192.411.559.451.373 1,78E-18 'UBE2J1' -119.751.083.311.421 1,80E-07
'ZNF749' -208.282.643.112.962 2,30E+09 | 'OPAL' -173.447.604.214.051 5,74E-87
'BACEL' -221.359.547.309.929 4,58E+08 | 'MT-ND3' -158.940.384.350.293 3,91E-89
'RXRA' -194.508.416.669.369 5,99E-10 TOX' -165.207.669.657.969 2,58E+07
'KPNA4' -14.355.949.152.316 5,48E+08 | 'RUSC2' -11.926.450.779.424 1,21E-01
'TMEM222' -184.985.965.057.214 3,98E+06 | 'LTN1' -252.509.104.474.376 7,76E-27
'SEPTIN10 -202.071.270.865.029 2,89E-48 'RUNDC1' -142.151.705.258.967 2,00E-13
'SMYD4' -251.853.513.898.218 7,80E-07 'DCAF12' -152.182.815.577.516 7,59E-53
'GPATCHS' -240.419.152.306.705 6,74E-27 'SFMBT2' -186.795.764.828.584 2,07E-46
'CEACAM1Y -291.328.836.680.667 1,61E+07 | 'MT-ND#4' -180.595.726.164.539 0.0
'UBE2H' -187.980.893.014.524 1,37E-22 'SMC5' -156.956.539.576.265 3,29E-03
'ARAP1’ -174.431.826.045.328 7,14E+06 | 'MT-NDI' -157.876.101.874.885 0.0
'KIF24' -259.568.890.731.421 3,46E-02 'PRMT6E' -103.263.100.423.997 7,37E+06
'PDE2A' -158.719.750.510.446 3,98E+08 | 'CIPC’ -147.285.213.439.962 6,32E+04
'BCDIN3D' -262.786.846.471.589 1,59E+04 | 'CAPZA2' -108.075.351.639.282 2,64E-16
'POFUT2" -221.114.766.416.883 6,60E+04 | 'MT-ATPG' -133.465.492.056.787 0.0
'ZDHHC17 -218.762.700.317.577 4,08E+03 | TOPI' -112.695.268.589.837 6,41E-28
'ZNF395' -202.283.997.635.811 3,48E+07 | 'BHLHBY' -230.946.725.880.824 1,38E+07
'PPARA' -236.118.752.533.459 7,93E+00 | 'MAP3K3' -117.687.776.208.408 1,39E+07
'NAP1L1' -178.949.565.686.189 3,40E-87 'LICAM' -113.212.576.671.379 1,27E-113
'AKR1C1 -339.991.762.077.533 3,36E-46 'SREBF2' -128.174.424.644.667 9,01E-97
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'MT1X' -160.685.510.657 2,98E+08 | 'DZIP3’ -151.096.191.927.738 2,70E+06
'EPOR’ -237.964.359.274.365 1,81E+06 | 'KIAAQ753' -103.011.679.655.493 3,40E+07
'COL4AY -226.443.419.215.337 1,08E-59 'DCLRE1A’ -255.297.238.647.672 1,20E-12
'USP7" -196.172.712.303.075 2,60E-24 'ATGYA' -132.324.544.195.383 2,39E-26
'B3GLCT' -215.285.148.808.337 5,16E+07 | 'MT-CO3' -278.950.782.376.957 0.0
'THSD4' -285.190.136.101.087 3,81E-29 'L3MBTL3' -147.130.571.892.559 2,53E+06
'TCEAL' -211.044.615.925.118 2,43E-104 | 'MFAP3L' -202.494.635.713.023 2,20E+03
'ZNF70' -267.807.190.511.264 1,91E+07 | 'SMG5' -105.452.194.332.335 1,16E-21
'DMBT1' -394.083.792.753.186 6,26E-24 TGM2' -125.669.287.895.997 4,90E+04
'UBQLNZ2' -170.279.899.101.501 9,48E+07 | 'PJA2 -210.438.966.207.565 1,58E-157
'WNT7B' -157.898.859.967.652 2,22E+08 | 'SGMS1' -137.877.709.294.643 1,76E-12
'GPR89B’ -247.080.293.344.386 5,34E+03 | 'ZNF525' -125.013.741.181.935 7,94E+08
'COL4AS’ -292.891.690.193.852 6,51E-27 '1QANKT' -168.805.599.368.526 1,44E+08
'AGRN' -169.480.109.984.443 2,65E-10 'CHML' -21.144.121.047.537 1,10E-99
'NCR3LG1' -267.060.752.780.133 4,56E-15 'PCMTD2' -159.903.768.593.288 5,79E-02
'DCUN1D3' -209.003.220.086.247 2,41E+08 | 'INPP5B' -120.696.238.076.684 1,02E+06
'TUBB4B' -10.491.785.008.518 2,63E+04 | 'CHICY -132.192.809.488.736 7,67E+06
'C150rf62' -247.393.118.833.241 3,23E+08 | 'GIGYF2' -154.975.826.665.513 1,86E-24
'PLSCR1' -183.871.909.296.694 3,80E+08 | 'PHACTR4' -116.523.711.741.213 1,52E-04
'FOCAD' -23.896.727.015.232 1,71E-17 'ZDHHC18' -104.274.964.745.934 3,29E+07
'C190rf54' -201.305.615.282.545 2,4TE+06 | 'ZDBF2' -228.950.661.719.498 1,72E+07
'FAMB83G' -212.437.069.300.574 1,78E-12 'BMPR2' -219.955.017.055.159 5,36E-62
'CCDC9B’ -371.049.338.280.502 6,83E-21 TAP2' -109.540.138.405.849 3,46E-03
‘NBR1' -229.218.075.149.331 5,21E-48 '‘COL15AY" -169.942.122.530.607 2,46E-16
'RALGAPA2' -240.254.655.509.565 6,60E+00 | 'MBDS' -156.884.283.535.788 4,26E+08
'NDOR1' -238.215.357.565.844 1,03E-24 'PRRC2A’ -108.338.958.137.788 6,26E-69
'CLN3' -23.164.159.152.633 1,66E-08 'ZNF805' -15.320.136.207.722 4,50E+06
'RTLG' -176.151.189.247.472 2,39E+05 | 'ZNF468' -12.862.825.328.403 1,64E+01
'DPYD’ -234.577.483.684.173 4,13E+08 | 'ZNF616' -167.211.444.981.624 1,17E+02
'PTARL' -169.853.600.767.235 3,32E+09 | 'ATXN2' -115.522.339.621.269 1,53E-03
'ZBED6CL' -189.892.607.243.788 5,91E+08 | 'DCTNI' -107.784.439.543.911 2,39E-37
'SPRED3' -377.529.371.282.531 3,31E+01 | 'SLC35B4' -193.237.556.716.324 1,33E-26
'ZNF548' -2.608.232.280.044 1,83E+04 | TRIQK' -137.706.964.907.982 4,24E+07
‘NHLRC3' -288.452.278.258.006 5,97E+00 | 'C4orf46’ -103.683.676.818.037 2,67E+08
'ZDHHC11 -277.921.223.853.176 2,49E-06 'LGR4' -201.836.120.287.064 3,70E-112
'SLX4' -239.377.837.990.704 2,32E+06 | 'ENSG00000205236' -226.058.807.012.534 4,06E+08
'TRMT2B' -181.745.551.202.657 8,16E+06 | PDE7A' -110.391.895.145.659 4,77TE+06
'ZNF292' -248.023.452.439.291 2,60E-18 ‘TMEM170B' -220.249.286.389.874 3,50E-10
'KCTD21' -255.325.364.099.382 8,73E+08 | 'ADGRGI' -157.348.456.355.437 7,60E-122
'RNFT1 -238.246.963.682.241 2,17E-04 'IPO7' -194.669.925.442.731 0.0

'H1-0' -167.610.017.620.212 5,09E-08 'SAMDY' -403.813.512.888.677 9,28E-05
'LITAF' -157.563.734.296.903 1,78E+00 | 'CNEP1R1' -120.597.466.190.249 3,79E+09
"TMEM120A' -235.049.724.708.413 8,78E-05 '‘EIF3CL’ -129.153.192.176.791 4,34E-02
'SF3B3" -20.425.334.983.499 5,60E-58 'LINS2' -11.987.798.641.145 2,68E+08
'BLOC1S3" -191.427.012.597.412 2,99E+08 | 'ITSN1' -158.239.314.110.902 2,72E-46
'SLC35E2B" -232.192.809.488.736 7,82E-10 'ITPRIPL2' -113.634.751.804.635 2,01E+06
'NEMP2' -226.052.755.022.322 8,09E+08 | 'C5o0rf51' -209.160.194.650.956 6,51E-91
'SH2D5' -311.894.107.272.351 6,96E+06 | 'PLPP6' -182.235.708.539.685 5,26E+06
'AKR1C3" -157.273.365.957.884 5,47E-04 JPT2' -112.000.726.030.796 1,15E-14
'WDSUBT' -244.159.832.554.998 2,49E+07 | 'SERPINB5' -141.771.163.357.717 1,90E-220
'PLEKHG4' -218.535.504.201.192 1,87E+03 | 'HACD2' -21.455.111.023.513 2,42E-133
'STK40' -205.664.357.935.769 2,91E-02 'CFAP44' -154.867.304.575.669 5,75E+06
'TMEMG3A’ -187.345.598.933.456 1,45E+02 | 'VGLL3 -215.504.171.809.363 2,08E-60
'MPHOSPHS' -196.316.323.181.963 6,37E+06 | 'ANKRD28' -196.778.868.984.254 1,14E-61
'GREBI' -241.142.624.572.647 5,20E+09 | 'DIO2' -161.399.154.933.269 7,79E-16
'TUBB.ENSG00000196230" -169.349.004.546.291 7,68E-253 | 'STK38L' -181.562.618.419.832 4,51E-40
'NIF3L1 -204.924.351.901.985 1,47E+03 | 'SACM1L' -166.496.182.278.638 3,83E-25
'IARSY -230.467.618.103.675 2,45E-214 | TSN’ -129.652.787.821.069 2,76E-45
'CD55' -173.281.563.122.722 1,27E-177 | 'MT-ND4L' -172.489.958.429.617 1,49E-237
'LONP1’ -253.365.620.365.902 6,86E-119 | 'ZNF611' -239.231.742.277.876 5,19E+05
'TRRAP' -184.289.903.891.527 5,94E-10 'DENND1B’ -183.650.126.771.712 2,31E+06
'FUT4' -169.547.122.627.343 6,86E+08 | 'SFT2D2' -258.644.142.964.707 2,68E-160
'INF774 -246.566.357.234.881 1,02E+08 | 'SCAF8' -179.393.059.419.126 3,79E-34
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'PTPN1' -170.174.473.409.701 2,79E+07 | 'ZNF254' -210.433.665.981.474 3,20E+07
'EPHB4’ -199.772.265.928.893 2,68E-07 'KLHL23' -183.845.613.934.534 2,28E+05
'ZNF765' -190.983.248.293.449 9,72E+07 | 'NRAS' -178.448.927.163.434 7,34E-123
'XRCC6' -137.764.409.764.678 1,65E+04 | 'CHUK' -165.984.116.803.555 3,07E-12
'PPP1R26' -166.888.498.426.625 1,91E+08 | 'COG8' -101.041.572.595.184 9,10E+08
'PIK3R4' -210.805.974.585.745 2,77E-02 'ARHGAP19' -143.398.660.207.983 6,47E+06
'TRAPPC2' -217.963.169.721.748 2,14E+09 | 'SYNJ2BP' -159.555.790.987.069 1,63E-02
'NCOR2' -139.694.370.571.697 2,97E+09 | 'LEPROT' -108.892.025.630.598 4,67E+05
'ANAPCT' -169.408.422.310.127 3,28E+00 | 'PPP1CB' -169.940.860.788.334 1,27E-201
'SLC6A9' -400.695.079.017.626 0.0 'ZNF845' -135.536.628.660.587 4,77TE+04
'AFAP1 -163.822.239.250.607 7,34E+02 | 'LTB4R' -113.100.948.796.998 8,91E+07
'MYO18A’ -220.645.347.541.769 9,27E-16 'ITGAL' -295.832.399.238.429 8,28E-76
'MAN2A2' -246.080.430.669.603 2,00E-55 'ZNF891' -141.922.529.624.228 3,72E+08
'MME' -151.589.724.329.521 6,65E+07 | 'NEURL1B' -150.492.300.279.604 1,99E+04
'CACNALH' -34.594.316.186.373 9,22E+06 | 'ZSWIMS' -113.382.566.081.558 1,67E-06
'SULF2' -227.798.474.729.977 6,03E+08 | 'ZBED1' -136.787.528.151.245 4,02E-11
'PLXNB2' -138.496.183.537.341 3,20E+09 | 'ARHGEF28' -119.300.861.455.535 1,00E-03
'XRCC2' -227.922.364.393.312 5,81E+07 | 'UBXN2B' -196.219.796.728.762 1,04E-24
'MYO6' -214.627.373.337.767 2,98E-02 'PEX26' -121.486.738.500.431 5,66E-09
'MRTFA' -181.065.754.473.045 8,33E+06 | 'DDX3X’ -115.807.041.509.653 2,58E-198
'HDAC2' -144.096.883.820.681 1,03E+08 | 'ZNF407' -130.361.621.661.042 4,78E+07
'MMP1' -42.624.166.815.508 1,04E-119 | TMEM167B' -120.620.038.783.386 7,32E+05
'HRH1' -303.191.518.007.676 3,32E-29 '‘CYB5RL' -114.643.411.853.905 9,82E+08
'TECPR2' -271.566.619.236.575 4,98E-03 'FNIP1' -197.740.929.578.543 2,43E-26
'ZNF431' -222.881.869.049.588 9,46E+03 | TENM3' -229.067.716.090.292 2,48E-17
'ZNF700' -234.109.115.347.128 6,82E+08 | 'NBPF1' -108.810.775.585.453 5,60E+09
'ZSCAN16' -279.750.713.610.126 1,57E+07 | 'UMAD1' -149.165.878.088.176 2,50E+01
'ILRUN' -167.354.449.107.803 2,07E-03 'SLC12A8' -118.491.771.591.779 1,69E+09
'LAMB3' -356.837.547.174.937 0.0 'ATXNIL' -16.093.063.197.009 2,94E-24
'FLNA' -233.832.253.313.803 0.0 '‘SMIM13' -13.572.168.448.905 1,25E-06
'SRGAP1' -154.116.738.284.147 1,96E+08 | 'PLEKHM1' -151.734.492.207.981 9,71E-04
‘NOP9' -185.508.753.284.171 8,94E-01 '‘ERCC6' -160.919.375.628.145 5,86E-42
‘CLIC4’ -275.779.909.758.337 2,46E-52 'PARG' -112.572.292.135.747 7,63E+03
'AP2A1" -189.855.473.644.045 1,01E+02 | 'MT-ATPS' -176.081.233.612.057 3,96E-06
'FUTLL -211.270.013.274.936 7,46E+06 | 'DHFR’ -130.939.245.982.374 6,71E-31
'WDR45' -287.889.854.541.202 6,88E-76 'YyY2' -181.213.998.462.298 3,26E+06
'ZNF398' -196.708.537.752.726 7,97E+05 | TAPBP.ENSG00000231925' -134.816.367.914.621 5,73E-25
'ANXA6' -245.260.228.024.718 4,16E-14 'ZNF736' -140.808.473.863.708 1,97E+06
'ZMYMT' -21.926.450.779.424 1,12E+05 | JRK' -101.329.682.261.346 1,70E+09
'ZSCAN26' -266.296.501.272.243 2,14E+02 | 'ZSCAN31L' -10.363.942.372.604 3,98E+08
'MAFG' -237.487.196.625.244 6,00E-66 'KIAA0040' -126.183.764.505.103 1,07E+04
'ARRDC1' -159.450.101.507.675 4,96E+08 | TXNDCS5' -127.618.532.251.684 4,66E-129
'KIAAL671" -16.064.956.622.708 1,61E+07 | 'CDRT4' -123.370.643.386.847 4,36E+02
'IGF2R' -329.830.249.275.775 0.0 ‘Clorf226' -142.092.861.666.725 5,80E-04
'DYNC1HI' -215.070.287.921.989 0.0 'LY6G5B.ENSG00000240053' -117.859.487.127.176 7,76E+09
'SLC25A29' -24.759.386.069.663 4,85E-14 'PLCXD2' -182.654.848.729.092 5,27E+03
'PCNX3' -196.955.308.981.436 7,87E-11 'ENSG00000241489" -160.832.494.314.861 6,80E+08
'ABCBS8' -16.427.831.551.095 4,19E+08 | 'PI4KA’ -148.386.462.339.996 7,00E-42
'SND1' -2.750.211.014.954 5,36E-259 | 'ARFGAP3' -198.456.995.943.039 3,40E-06
'PSMD12" -195.935.801.550.265 3,02E-22 'ARPIN' -144.352.075.376.246 7,21E+08
'MAGEAG' -13.915.532.496.673 6,89E+08 | 'KCTDT' -132.406.993.683.064 5,19E+08
'SLC22A4" -219.033.121.210.415 5,62E+09 | 'IL10RB’ -11.079.622.137.427 2,07E+08
'ENTPD4' -183.880.773.510.029 5,39E+06 | 'RBM12' -110.554.440.882.221 2,48E-18
'TBC1D9B' -197.212.994.384.662 2,13E-10 'APOBEC3C' -111.905.267.164.376 7,10E+08
'ZNF165' -241.503.749.927.884 2,39E+07 | 'ZNF585B' -179.866.512.509.336 4,15E+06
'SviL -251.838.702.594.464 1,10E-37 'MARS?2' -163.491.432.269.651 1,37E+01
'TRIM33' -154.076.269.681.062 2,76E+08 | 'NAIP' -11.926.450.779.424 1,38E+08
'LRP10’ -294.075.549.017.057 1,25E-147 | 'TUGT' -106.163.906.579.239 1,16E-02
'ZNF655' -206.350.294.230.616 5,18E-04 'ALG11' -166.365.304.788.731 8,61E-01
'UAPILT -288.896.868.761.126 2,16E-65 'PRKDC' -282.138.865.544.228 0.0
'SLC22A5’ -216.349.873.228.288 1,14E+04 | 'ZNF260' -14.277.485.510.284 1,81E+07
'ADARB1' -148.518.376.507.871 1,90E+08 |'LYN' -13.635.817.160.862 4,73E-12
HTT -20.794.344.674.944 5,62E-08 'FPGT' -133.020.335.973.885 1,93E+07
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'ATGT' -228.189.343.308.511 6,40E+01 | 'ANKHD1-EIF4EBP3' -177.008.775.982.307 2,78E-18
'SIPALLT -194.200.444.875.239 4,36E+05 | 'POLR2M’ -134.505.823.871.032 2,12E-04
'COL4AG’ -263.966.839.281.129 7,49E-03 'FDXACB1' -15.475.300.726.997 9,46E+09
'TOPORS' -172.326.926.734.625 7,21E+08 | 'ENSG00000256500' -108.063.760.292.294 1,08E+06
'CPLANE1' -22.241.453.924.402 4,35E-13 'DENND11' -173.506.606.125.072 5,11E+03
'ZNF841' -323.889.046.797.819 1,60E-21 'LSM14A -105.294.887.994.896 2,88E-20
'MFAPS' -152.556.709.194.739 1,68E+06 | 'GALNT4' -132.877.123.795.494 2,04E-07
'PDCD1LG2' -285.085.656.069.419 1,11E+08 | 'ENSG00000257767' -445.354.706.238.544 3,18E+06
'SPTAN1' -135.667.931.881.213 8,24E+02 | 'CUXT' -123.835.513.166.122 6,58E-30
'PARVA' -161.086.436.416.391 1,58E+06 | 'ENSG00000258465' -140.310.119.074.377 5,87E-25
'FAM114A1' -241.669.101.813.136 6,47E-04 'ENSG00000258790' -143.279.078.449.867 3,10E-01
'PHF2' -254.527.879.924.867 7,03E-05 'CCPGY' -173.412.004.089.481 2,02E-74
'PSAP' -352.583.430.224.928 0.0 'PECAM1' -13.459.804.807.792 7,24E-08
'FAM118B' -169.314.415.245.057 9,67E+07 | 'GAN' -214.496.613.454.589 2,74E-30
'SLCIA8' -283.650.126.771.712 5,48E-01 'ISY1-RAB43' -174.859.089.448.692 8,82E-15
'INKA2' -420.945.336.562.895 3,33E+05 | 'GTF2I' -142.212.238.293.996 4,43E-200
'GPAAL -14.555.689.790.049 1,30E+07 | 'ZNF234' -138.027.208.111.817 3,32E+09
'SGTB' -166.224.850.163.698 2,22E+09 | 'MYZAP' -191.844.188.844.423 2,62E+05
'MYO1C' -186.234.727.566.656 1,14E-28 '‘OTUD7B' -113.161.896.749.808 9,68E+02
'NKIRAST' -167.556.504.950.206 3,87E+08 | 'ANXAS8' -17.387.547.349.025 3,77E+05
'KIF13B' -290.086.680.798.075 1,04E+02 | 'SEC22B' -118.007.684.300.173 9,03E-15
'ERO1A' -184.064.224.884.806 3,95E-38 'SRGAP2' -139.629.881.255.154 6,07E-17
'PLCG2' -239.592.867.633.114 6,30E+08 | 'BAHCCI' -126.628.006.533.745 3,38E-03
'FCHSD1' -194.341.647.163.363 7,88E+08 | 'NBPF15' -123.913.479.213.179 3,44E-02
'VPS13A' -166.296.501.272.243 1,38E+05 | 'NCOA4' -136.834.708.865.385 2,55E-68
'MBP’ -190.008.119.139.415 4,93E+02 | 'ENSG00000268173' -196.713.536.609.437 1,38E+09
'AKAP17A' -197.298.485.855.721 6,22E-04 ‘TMEM185A' -109.288.729.754.155 1,02E+08
'GOLGA6LY -260.681.855.545.006 4,62E+05 | 'NBPF9' -130.013.607.093.378 1,58E-01
'IRAK4' -18.543.946.777.531 2,99E+08 | 'ENSG00000269825' -18.177.032.613.031 7,11E+09
'ZNF84' -174.250.377.770.764 5,95E+08 | 'BIVM-ERCCS' -108.986.013.874.039 9,31E+09
'PRIMT -207.992.354.429.695 3,04E+07 | 'HSPE1-MOB4' -163.153.966.877.173 6,80E+08
'MARCHF5' -161.861.289.016.307 9,33E+07 | 'ENSG00000271254" -174.550.849.801.249 1,16E-14
'SZT2" -200.575.926.928.868 2,33E-03 ‘NBPF10' -102.523.123.874.723 8,36E+06
'ZXDA' -239.135.019.469.109 1,87E+09 | 'ENSG00000271741' -167.567.028.432.567 1,48E+09
'QRICHY1" -169.259.723.698.918 2,60E+01 | 'POM121C' -116.400.983.833.158 1,84E-24
'DDXx42' -190.167.616.611.789 1,10E-05 'ENSG00000272410 -204.235.208.782.023 4,41E-01
'HELZ' -177.936.417.822.415 3,64E+04 | 'DCP1A’ -14.586.644.316.791 9,44E+00
'TMEM116' -211.547.721.741.994 4,54E+08 | 'ARL2-SNX15' -107.657.004.876.511 2,64E+08
'ZKSCANS' -260.218.891.483.175 1,72E-12 '‘CYFIPL' -149.716.689.622.614 2,37E-34
'SPRED2" -186.969.197.765.427 1,04E+04 | 'SOCST" -167.283.525.674.649 1,16E-04
'WWP2' -21.369.809.028.274 7,57E-10 'ZNF280B' -153.172.047.944.418 2,13E+09
'GFPTL -331.326.516.079.531 0.0 'MLLTé6' -104.804.316.898.479 2,26E-03
'OGA' -253.830.351.865.984 7,66E-92 'PPP4R3B' -139.305.068.583.947 2,79E-44
'TCAF1' -192.331.247.743.466 2,79E+05 | 'SYNRG.ENSG00000275066' -158.727.266.140.836 2,86E-07
'ZNF587" -297.878.476.878.175 1,32E-14 'ENSG00000275464" -109.097.745.041.613 2,06E+06
'ZNF808' -230.705.481.840.583 4,02E+08 | 'ENSG00000275740 -316.146.342.269.412 1,74E-04
'YTHDF2' -152.212.914.727.812 1,02E+07 | '"ARHGAP23.ENSG00000275832" -103.562.390.973.072 3,48E-01
'MAFK' -313.410.540.040.181 5,60E-250 | 'UHRFI' -10.650.789.796.428 4,15E-18
'CTNNDY' -187.416.478.397.537 3,47E-14 'PIP4K2B' -145.233.951.302.158 6,08E-25
'SH2D1B' -285.244.281.158.614 5,90E+08 | 'PIGW.ENSG00000277161' -148.457.843.253.192 1,04E-07
'LRBA' -184.842.317.189.736 9,40E+06 | 'MARCKS' -110.140.203.220.821 2,07E-19
'MMP17' -205.724.395.183.448 7,52E+06 | 'DDX52.ENSG00000278053' -137.892.565.541.065 3,34E-22
'CCDC69" -116.882.503.091.332 2,07E+09 | 'ZNF8' -1.037.058.250.502 4,41E+09
'MDM4' -17.649.799.703.358 9,65E+08 | 'ENSG00000278384' -303.562.390.973.072 1,57E+09
'KLHLY' -264.753.497.215.282 2,74E-10 'ACACA.ENSG00000278540' -17.202.024.379.217 4,03E-183
'Céorf89’ -199.442.328.242.257 1,46E-07 'ENSG00000280433' -130.492.329.928.979 6,55E+09
'FANT' -195.419.631.038.688 1,02E+06 | 'MATR3.ENSG00000280987" -151.839.507.480.586 7,69E-13
'IPOY’ -184.952.437.630.154 1,60E-06 'ENSG00000282034' -10.274.665.815.879 2,44E+02
'MT-CO2' -27.053.409.445.949 0.0 'ENSG00000283761" -298.610.406.134.684 5,41E-36
'GLMP* -259.264.869.386.629 2,81E-20 'ENSG00000283782' -214.936.615.789.455 9,02E-10
'TOGARAMY' -181.511.136.569.204 6,58E+09 | 'ENSG00000284024' -119.092.042.824.526 1,34E+04
'SMOC1' -259.932.181.851.913 5,80E-260 | 'ENSG00000284461' -391.081.096.497.986 7,72E+06
'MSRB1' -179.354.912.253.257 4,12E+09 | 'ENSG00000284946' -184.587.416.996.922 4,62E-36
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'SMURF1' -175.331.508.234.472 4,42E+05 | 'ENSG00000285000' -124.948.555.844.912 1,80E+01
'CDC42BPB' -208.441.059.390.405 1,40E-40 'ENSG00000285816' -178.585.511.201.939 5,59E-01
'TMEM184B' -230.753.187.381.086 3,88E-49 'ENSG00000285901" -180.111.874.911.059 3,17E+04
'MTOR' -195.743.953.777.195 4,30E-14 'ENSG00000285943' -153.010.056.568.664 1,30E+09
'ALPK2' -363.860.046.432.323 9,80E-28 'DERPC' -104.706.771.079.318 6,05E+00
'BRINP2' -119.657.842.846.621 1,73E+08 | 'ENSG00000288534' -268.315.613.227.679 6,12E-25
'LRIG2' -207.240.849.552.805 2,86E+08 | 'DUS4L-BCAP29' -192.437.678.487.865 1,95E+00
'MT-COT' -190.964.280.362.939 0.0 'ENSG00000288684" -217.584.983.539.942 4,77E+09
'GK' -232.192.809.488.736 3,26E+08 | 'PRRC2B' -157.469.416.526.733 4,88E-217
'FOXJ3' -167.099.594.024.861 1,71E+05 | 'ENSG00000289027' -132.304.708.322.047 1,72E-06
'CHAMP1' -171.779.818.342.825 4,09E+07

'UBE2J1' -164.105.023.629.399 3,17E+04

'DENND4B' -157.998.339.296.308 1,93E+07

'RUSC2' -286.158.143.383.401 5,40E-35

'FICD’ -24.594.316.186.373 8,44E+05

'OSTC' -209.633.891.833.005 3,19E-49

'R3HDM4' -193.467.375.212.206 3,82E+08

'LTNY -200.234.013.845.452 5,56E+05

'RUNDCT' -227.644.532.509.335 8,01E-15

'PRC1' -168.400.121.867.341 1,36E-23

'BHLHBY' -268.082.018.732.124 5,57E+09

'L1CAM' -296.993.592.793.255 0.0

'SREBF2' -189.791.579.191.664 1,15E-36

'DZIP3' -235.295.499.050.799 1,21E+07

'KIAA0753' -185.438.359.506.057 5,18E+07

'ATGOA' -265.733.468.292.793 5,16E-65

'MT-CO3' -15.026.984.302.483 2,26E-38

'MFAP3L' -24.262.647.547.021 5,32E+05

'SMG5' -223.084.838.551.309 1,10E-57

'TGM2' -246.994.584.038.123 8,65E-02

'PJA2 -214.448.849.919.812 7,37E-69

'RORB' -115.507.467.853.832 5,95E+09

'INF2' -16.457.730.288.697 3,41E-05

'SPRR2E' -575.911.143.703.638 3,63E-26

'‘GDIT" -205.439.303.590.401 2,83E-23

'RTLBA’ -202.177.694.239.525 5,87E-04

'EFCABT' -211.306.266.448.664 6,37E+09

'CT83' -170.626.879.694.329 8,23E+07

'SYS1' -181.918.212.533.018 9,44E+05

'INPP5B' -252.546.148.897.249 7,02E-06

'GIGYF2' -215.415.018.968.194 2,87E-09

'AGAPG' -205.242.223.782.669 3,68E+09

'ZDHHC18' -22.606.279.081.267 5,29E-02

'ZDBF2' -285.147.747.528.991 1,11E-02

'RXRB' -224.654.628.304.522 1,21E-12

'COL15A1" -326.553.691.303.696 2,48E-23

'RNF5.ENSG00000204308" -166.897.143.790.168 5,63E+06

'DX0O’ -170.895.121.799.661 6,59E+08

'SKIV2L' -182.614.027.914.792 1,04E-03

'NEU1.ENSG00000204386' -148.007.840.377.238 5,18E+08

'ABHD16A' -170.335.720.152.339 1,01E+08

‘GPANK1' -167.450.150.721.955 7,50E+09

'C6orf47.ENSG00000204439" -236.476.429.279.762 7,84E+02

'BAG6.ENSG00000204463' -186.959.566.900.679 7,07E-42

'PRRC2A' -193.999.960.160.071 6,20E-52

'ZNF814' -287.991.766.244.789 2,89E+08

'HLA-C' -201.363.186.558.777 2,89E+08

'DHX16' -20.024.514.789.941 4,58E-06

'DDR1.ENSG00000204580' -20.517.989.005.802 1,20E-02

'HLA-E' -13.850.249.302.124 7,56E+08

'TRIM39' -206.979.696.695.477 5,90E+04

'ZNF468' -154.835.182.469.888 5,33E+08

'PPP1R11 -151.294.137.768.198 1,43E+08
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'TBC1D8’ -168.449.817.427.207 1,89E+09
'TRIM27' -258.160.035.741.229 1,25E-66
'ATXN2' -249.340.856.283.172 4,06E-24
'DCTN1' -219.810.690.493.433 6,63E-43
'SPIRE2' -174.927.885.560.506 3,81E+07
'PSENEN’ -226.891.609.141.242 7,96E-08
'ENSG00000205236' -128.015.062.866.364 2,65E+03
'SNX2' -194.699.707.843.278 9,61E-15
'ADGRG1' -311.897.081.196.144 1,64E-169
'CNEP1RY' -195.190.571.179.896 2,04E+08
'LIN52' -18.594.016.698.272 5,76E+08
'ITSNY' -176.615.406.169.375 8,58E+01
'PLPP6' -213.385.574.673.479 3,29E+08
'ZNF316' -23.086.312.722.739 1,84E+01
'FOXL2NB' -329.768.054.864.069 1,97E+06
'HLA-A' -163.969.953.033.834 4,64E+04
'CFAP44' -290.448.683.173.074 5,565E+02
'SACM1L’ -152.715.323.307.894 2,64E+08
'SLCA48A1" -23.426.144.959.484 3,70E-52
'ZNF611' -354.432.051.622.381 3,47E-03
'SCAF8' -191.952.190.746.036 5,07E+02
'FAM24B' -21.611.235.635.001 1,24E+09
'MLLT11 -254.159.785.655.945 8,75E-28
'COGS8' -217.296.404.295.457 3,26E+06
'TMX2' -173.282.033.158.032 5,59E-04
'HEXA' -297.626.760.233.097 2,12E-142
'LEPROT' -238.398.906.301.961 4,12E-15
'NCKIPSD' -202.904.279.923.741 1,52E+01
'ATF6B.ENSG00000213676' -248.290.649.655.123 1,39E-36
'SLC35F6' -212.715.271.983.331 6,77E-26
'CLIC1.ENSG00000213719" -129.119.442.037.086 5,31E+08
'ZNF888' -229.391.371.871.777 1,15E+07
'ZNF845' -171.149.490.665.009 5,02E+08
'KCTD11' -218.322.182.405.577 2,83E+06
'LTB4R’ -294.864.147.248.571 4,42E-06
'LTB4R2' -289.336.221.076.387 4,65E+08
'CSNK1E' -162.529.479.521.524 2,19E+05
'IRF9’ -318.037.395.067.334 2,14E+05
'ITGAT -309.467.827.210.327 4,13E-66
'TAX1BP3' -148.389.596.675.111 9,10E+08
'NAXD' -218.442.457.113.743 1,23E-02
'REPINT' -153.010.056.568.664 2,61E+09
'CPNEY -180.478.776.645.928 2,02E+01
'C170rf67" -323.896.664.587.196 7,95E-07
'NEURL1B' -388.011.126.449.292 7,45E-23
'‘BBIP1' -206.729.838.928.884 8,06E+06
'PPMEL’ -209.853.345.396.154 6,95E-15
'ZSWIMS' -293.761.595.605.386 1,76E-111
'HNRNPUL2' -176.023.299.426.383 1,36E+00
'ARHGEF28' -240.700.018.021.343 8,61E-09
'FASTKD5' -176.755.391.399.963 2,94E+08
'GOLGA8B' -207.435.532.113.013 8,94E-06
'HOMEZ' -239.023.410.827.827 4,14E+08
'DDX3X' -140.726.776.424.473 2,67E-12
'RSC1AY' -277.351.617.366.203 7,45E+08
'TMEM167B' -172.142.474.327.043 2,02E+09
'FNIP1' -193.524.379.165.776 4,38E-01
'TENM3' -22.190.097.819.418 2,22E+00
'NBPF1' -220.648.857.379.605 1,10E+02
'AP4AM1’ -219.730.144.037.362 4,88E+07
'MAGEA3' -14.726.995.823.235 8,50E+08
'TRIM16' -211.414.391.232.261 5,36E-133
'SLC12A8’ -24.170.853.279.277 3,34E+06




206

'APOL6' -255.942.740.861.402 5,61E+09
'FADS3' -222.011.075.861.053 7,26E-12
'PPT2.ENSG00000221988" -255.802.939.369.564 5,14E-66
'BTBD19' -233.390.073.655.344 2,71E+08
'EXOSC6' -161.999.171.874.011 1,05E+07
'VPS52.ENSG00000223501" -195.253.326.116.423 1,18E+01
'PLEKHMT' -303.591.957.425.494 3,29E-40
'ZNF469' -329.661.700.635.817 2,20E-01
'SLC26A6' -153.033.277.647.016 2,86E+08
'FAM229A" -373.696.559.416.621 6,10E+07
'ERCC6' -189.790.181.238.126 1,70E-02
'PIGBOST' -236.564.947.231.668 8,14E+09
'PARG' -2.033.720.617.844 1,22E-02
'SCAMP4' -258.140.468.130.797 4,63E-30
'ARL17B' -205.081.813.790.962 9,42E+06
'TAPBP.ENSG00000231925' -247.732.177.753.319 6,43E-52
‘JRK' -202.424.754.624.668 4,94E+04
'HNRNPUL2-BSCL2' -1.561.145.169.632 6,26E+06
'PPP1R3E' -239.231.742.277.876 4,56E+08
'KIAA0040' -173.936.808.438.151 4,47E+08
'ZBTB22.ENSG00000236104' -213.750.352.374.994 4,55E+09
'ZBEDS' -19.915.218.460.757 4,06E-01
'B3GNTY' -252.606.881.166.759 5,75E+08
'RGL2.ENSG00000237441" -162.913.910.103.798 8,85E+01
"TMEM250' -178.917.826.210.807 4,95E-02
'TXNDC5' -147.624.158.729.891 4,26E-01
'CDRT4' -139.782.635.690.861 1,87E-11
'WBP1' -187.856.588.014.868 1,02E+09
'GET4' -21.347.138.037.548 4,40E-05
'Clorf226' -250.514.792.109.506 1,84E-07
'ADSL' -147.068.682.194.418 4,72E+09
'LY6G5B.ENSG00000240053" -574.840.473.538.147 3,63E-07
'COX19' -233.430.947.063.141 1,38E-04
'ACAD11 -264.175.861.216.326 2,99E-08
'PNMA2' -523.521.646.169.403 1,38E-40
'PLCXD2' -204.147.663.597.616 2,73E+09
'CRCP' -227.963.838.007.631 1,23E-07
'ENSG00000241489" -232.583.236.065.825 1,02E+08
'PISD’ -181.203.140.926.708 1,96E+07
'PI4KA’ -250.299.799.318.706 5,62E-53
'ARFGAP3' -36.340.972.233.124 2,56E-69
'ARPIN' -211.065.985.521.438 1,46E+08
'AP5Z1' -194.919.562.932.851 3,59E-01
'MICAL3 -152.519.735.586.284 1,36E+08
'IL10RB* -229.281.765.458.096 1,86E+05
'CFB.ENSG00000243649" -381.942.775.435.818 1,41E-04
'TTC4' -158.716.677.164.789 3,60E+08
'TMEM35B’ -239.035.139.292.981 2,74E+08
'MRPS6' -179.724.360.609.032 8,02E+05
'ZNF512' -211.999.977.611.063 7,63E+01
'DDOST' -256.968.419.562.465 1,43E-83
'P2RY11 -214.802.848.639.852 1,47E+08
'ETVS' -302.553.509.210.714 1,48E-71
'N4BP2L2' -247.686.872.060.897 6,62E-15
'ZNF585B' -212.891.283.195.245 2,53E+09
'MARS2' -218.511.140.525.699 3,09E+09
'BCKDHA' -32.008.190.093.881 6,19E-29
'TMEM158' -149.606.770.397.769 4,11E+08
'ARPIN-AP3S2' -188.823.196.575.327 5,45E+04
'YJEFN3' -298.466.454.687.779 5,78E+05
'ENSG00000250644" -394.663.539.265.175 7,51E-38
'TMED7-TICAM2' -290.715.788.510.273 1,30E+00
'ZNF550' -229.865.831.556.452 1,80E+06
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'TUGT' -157.050.832.806.001 3,73E+06
'ALG1T -214.319.463.582.779 1,65E+04
'ATXN7L3B' -176.520.577.702.148 5,25E+06
'PRKDC’ -177.205.115.973.624 1,78E-51

'AP5B1" -212.441.034.218.994 3,23E-01

'FPGT' -204.064.198.449.735 5,27E+08
'EEF1G’ -143.429.450.421.781 3,40E-08

'DPP3' -180.173.037.286.373 4,49E+04
'ANKHD1-EIF4EBP3' -283.945.209.747.357 7,54E-23

'HTD2' -318.507.722.667.486 3,62E+06
'ENSG00000255439' -117.452.541.419.573 1,45E+08
'ENSG00000255639' -186.831.678.054.439 9,86E+06
'ZNF225' -223.029.761.942.179 7,25E+08
'ENSG00000256500' -17.108.680.791.199 1,81E+09
'GATC' -157.985.561.028.807 5,65E+09
'ZBED6' -137.728.300.246.545 5,52E-07

'ENSG00000257524" -196.311.899.591.795 2,10E+08
'GALNT4' -12.852.919.585.124 1,28E+05
'ENSG00000257767" -387.363.318.627.514 2,43E+07
'CHURCY' -178.916.768.409.566 6,44E+04
'ENSG00000258311" -332.117.942.074.452 4,28E+02
'PPT2-EGFLS' -219.861.257.615 4,01E+09
'BCL2L2-PABPN1' -18.419.890.820.676 2,27E+08
'ENSG00000258790" -2.655.163.761.757 1,45E+02
'TVP23C-CDRT4' -415.388.691.090.826 3,70E-66

'CCPGYI' -288.299.738.929.753 4,01E-161
'PECAMT’ -161.143.471.208.235 3,05E+08
'C150rf65' -234.395.440.121.736 1,19E+07
'ISY1-RAB43' -356.892.112.964.283 4,44E-66

'ENSG00000262633' -264.737.067.395.096 7,19E+07
'GTF2I' -135.879.030.266.383 3,52E+08
'MYZAP' -326.330.234.065.505 4,44E+01
‘NBPF11' -188.866.945.591.564 1,50E+07
'OTUD7B" -215.367.967.125.243 2,01E-19

'CFAP298-TCP10L' -232.265.623.842.951 1,54E+07
'SEC22B' -220.897.661.500.801 6,10E-32

'SRGAP2" -190.185.478.858.909 1,07E-03

'NBPF15' -192.079.425.942.496 4,69E+01
'NCOA4' -164.164.186.056.923 3,61E-05

'ENSG00000267022" -425.190.443.879.814 1,63E+07
'ZNF224' -258.081.085.745.069 8,32E+01
'NBPF12' -180.424.348.948.572 1,83E+08
'ARL14EPL’ -412.928.301.694.497 6,35E+08
'MAGEA?' -200.293.975.974.019 5,21E+06
'CSAG2' -111.711.767.976.518 6,98E+08
'IKBKG' -18.367.786.823.975 2,93E+07
'TMEM185A" -199.635.222.298.486 2,63E+07
'ENSG00000269825' -268.465.846.481.619 1,36E+08
'FMC1-LUC7L2" -185.590.692.659.446 1,74E+08
'ENSG00000270149" -494.794.866.612.406 5,02E+04
'TAF15' -136.595.867.763.286 4,31E+09
'ENSG00000271254" -179.817.076.823.016 3,55E+00
'ENSG00000272410" -208.369.637.111.292 7,36E+07
'CYFIPY' -204.551.465.925.237 1,15E-07

'CASTOR?' -162.411.225.447.631 1,38E+08
'SOCS7" -236.034.197.849.259 1,45E-03

'RCCIL' -187.446.911.791.614 8,61E-04

'NPHP3-ACAD11' -126.699.922.796.164 2,28E+06
'MLLT6' -201.191.180.824.316 4,47E-13

'SYNRG.ENSG00000275066' -27.740.672.209.583 3,50E-23

'ARHGAP23.ENSG00000275832" -178.578.957.222.267 2,96E+04
'TUBGCP5S' -23.536.369.546.147 1,66E+02
'SIK1B' -163.879.130.688.907 4,06E+03
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'DDX52.ENSG00000278053"'

-160.171.573.545.943 8,23E+07

'ZNF8'

-232.491.047.640.404 1,70E+04

'PRICKLE4’

-112.070.143.201.775 6,98E+08

'GGNBP2.ENSG00000278311"

-163.025.588.772.756 8,28E+07

'GATD3B’ -173.643.475.245.627 4,26E+08
'ENSG00000280433' -201.192.443.083.912 3,00E+08
'CCDC163' -250.250.034.052.918 6,85E+06
'ENSG00000282034" -208.626.253.910.186 9,71E-03
'ENSG00000283201" -716.622.916.583.056 1,71E+08
'FAMO5C’ -246.732.355.531.981 1,19E+08
'ENSG00000283761" -366.101.365.979.506 1,07E-11
'ENSG00000283782' -19.663.364.884.659 1,03E+09
'ENSG00000284057' -193.757.697.340.198 2,27E+07
'ENSG00000284461' -254.690.454.475.009 3,66E+08
'ENSG00000284762' -117.287.708.495.427 2,07E+09
'ENSG00000284906' -184.031.859.376.196 9,91E+08
'ENSG00000284946' -279.132.495.337.529 1,37E-12
'ENSG00000285000" -118.734.441.125.154 5,01E+08
'ENSG00000285043' -163.688.706.366.201 3,18E+06
'ABCF2-H2BE1' -15.527.606.423.554 3,51E+08
'ENSG00000285816' -277.261.164.827.318 1,40E-01
'ENSG00000285901" -13.506.059.588.828 2,32E-02
'ENSG00000285943' -283.126.705.627.661 1,11E+06
'DERPC' -181.523.787.092.306 3,08E+03
'ENSG00000287542" -137.338.627.196.785 1,63E-05
'ENSG00000288683' -111.959.872.980.285 6,98E+08
'PRRC2B' -159.835.777.921.012 1,01E-06
'F8AL' -181.211.780.676.314 1,18E+08
'ENSG00000289027" -362.940.258.993.769 5,65E+04
'ENSG00000289517" -114.963.544.885.646 1,21E+08

YUKARI REGULASYON

HeLa ICs¢/HeLa Kontrol

C-4 1 1C/C-4 | Kontrol

Gen Sembolil log2 FDR Gen Sembolii log2 FDR

'ZMYND10' 18073549220576 114253759.9164 'ZMYND10' 253605290024021 52793130.2588997
'SOX8' 964385618977473 132596338.1088 'REX1BD' 174500291323162 2.69983008903592e-74
'REX1BD' 127392272197653 4.90590040485829e-67 'CCDC124' 100504100379343 0.0

'‘CACNALG 109953567355091 728292238.0324 'MYLIP' 179437297048923 3.50588264527629¢-144
'MYLIP' 236532069040074 4.83781172218649e-196 'MLXIPL' 129545588352617 595113386.0222

'SYNT' 270043971814109 243858683.61504 'SEMA3G' 161143471208235 1756840.60971759
'ETVT 945121111183233 408094578.4894 'CD4' 110361736125535 2515727.78813707
'CD4' 11813781191217 0.000155997559147965 '‘NR1H4' 597727992349992 1.82455392186589€-08
'‘NR1H4' 125264992391366 4.0849278940248e-17 'CLK1' 114991960196497 5.66854874254742e-111
'SYT13' 964385618977473 132680821.2806 TYMP' 139282001642289 257123.985628502
'LRRC7' 132780466122403 2814552485.84663 'POU2F2' 290689059560852 210201991.0828
'HOXCS8' 168449817427207 333.565270239774 'RPL18' 103769153282744 0.0

'NOP16' 100198581592384 4.0801911468e-119 'DLX3' 231451062332488 4.60553782319965e-24
'PER3' 126303440583379 1967960.06430007 '‘NGFR' 324792751344359 1040915966.59708
'LAMC2' 175488750216347 6349215.84685269 ECE)EZCBS‘B— 150814277809524 83818.4534486146
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‘NGFR' 404439411935845 0.13776881656051 '‘RASGRP2' 308746284125034 473732968.63416
'NTHL1' 183871909296694 6.45516583510638e-36 PYGM' 3.0 117549098.507463
'SPI1' 945121111183233 40834131.0399 'HES2' 107800251200127 360209659.333231
'RASGRP2' 167807190511264 5357640635.41147 ‘IJMJD6' 11446722095104 2.37048377701544e-139
PYGM' 266296501272243 25750802.6038438 ‘RPL31' 151742198913572 0.0

'SPEG' 370043971814109 456993358.053815 'FCN1' 102288186904959 5370615339.58511
'KCNQ2' 270043971814109 2440270361.75354 'OVGPT' 128010791919274 165759773.278714
‘MYHT7B' 34594316186373 3841362521.73913 'PILRA’ 305062607306997 5.80178524433133
'SLC27A5' 104372137742932 2.93065016497829¢-09 'ERO1B' 435755200461808 26.6198058360513
'PILRA’ 10962153152593 123.742094831071 'PPP1IR15A 251346798314477 0.0

'‘CASS4' 945121111183233 4084.0304 ‘DYNLL1 10376822076058 0.0

‘SIRT4' 128950661719498 0.974626784180064 'SIRT4" 197982211806237 88.3190261036468
'LAG3' 34594316186373 8.7857147025641e-33 'LAG3' 358496250072116 1.13255428033472¢-20
TF 155210870944547 1.426455672e-42 '‘EFNB1' 13906936802991 1.50543495760821e-23
‘JPH4 485798099512757 10.2980816880734 TF 22765029934623 2.06235530313961e-45
'‘COL9A3Z 112691211248222 4.542675¢e-31 JPH4' 107313190310251 76604163.0734681
'KCNKG6' 358496250072116 1333381744.37157 'SH2D3C' 996578428466209 291463190.1502
'‘EFNA2' 1.0 906034.17380137 '‘BAMBI' 106199643582389 1.79161550083916e-49
'‘ATPSF1D’ 115765281551071 0.0 IL11 144745897697122 113464365.6414
'‘CASP8' 108828653241795 4.39727229314079e-229 'KCNKG6' 250250034052918 191645600.5436
'‘GADDA45B' 27240673669468 0.0 '‘ATP5F1D’ 138396921155808 0.0

'DDTL' 119561164510596 25.3619146658675 ‘NDUFB7' 106242250053382 7.78672127312775e-175
'‘RASD2' 190689059560852 4554210016.05351 'GADD45B' 463830215235453 0.0

'‘CACNALI' 996578428466209 1395595448.71343 'SYNGR1' 2.0 1077895633.19428
'‘CHADL' 945121111183233 407110625.3164 'CACNALI' 416992500144231 369312084.016582
'DHRS2' 128540221886225 2.83319466298343e-19 'HDAC10' 141055010828653 3.21992257894737e-37
‘NTSR1' 4.0 18143255.3428094 'DHRS2' 10981803939389 66.9073336703601
'CHRNA4' 945121111183233 406987964.6881 '‘EMCY’ 143384476786903 2.53586083547558e-45
'‘MYLK2' 3.0 874236548.2277 '‘NTSR1' 3.0 100088550.6952
‘NOP56' 102553509210714 0.0 'CHRNA4' 266296501272243 4614450390.63392
'GPR50 34594316186373 20912399.4667307 'ARFRP1' 104015712647198 5.72096559289941e-09
'BRS3' 103442959079158 4697470.9811779 'SYP' 2.0 5131031948.75445
TAF7L' 112877123795494 50.5506799881971 '‘CASP12' 470043971814109 54964.085294752
'HAGHL' 107635088613011 6.21747717361111e-05 'PIN4' 130256277002043 5.00006067806005e-27
'AP3B2' 232192809488736 39378385.3249134 TAFT7L' 113987436919382 14789.9277182771
'ACSBGI' 2.0 8138832.76243094 ‘NME3' 124719012776902 1.57209372200903e-37
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‘NEFM' 111674181458317 0.000503942775 'HAGHL' 112969107663964 9.82652217838764e-07
‘TULP2' 112288186904959 159.116357560137 'METRN' 11287333141222 0.0207161338754579
'CGB2' 447120878641365 46965204.6094698 'ELOB' 14072162991581 0.0

'‘CLASRP' 107053899281615 3.77531136422764e-164 '‘AP3B2' 112288186904959 192728.793538913
'‘AURKC' 38073549220576 156214996.891192 '‘NEFM' 123442959079158 6.68423765241079¢-06
'‘CCNE1' 144633362976838 2.651504915e-96 ‘TULP2' 10103287808412 124838676.3571

'PRX' 238702312310925 1.88350234697674e-29 '‘CLASRP 132293661994828 6.92266355950265e-143
'ZFR2' 34594316186373 3842012498.47716 '‘AMH' 120469041960299 5.87986212561442¢-06
'CEACAMS' 996578428466209 139657999.57672 'CCNET' 148269444938211 4.16764845714286e-37
'FAMBS3E' 2.0 1800299173.38921 'PRX' 270043971814109 1.37504525798045¢-10
'SLC5A5' 270043971814109 2439849262.46764 '‘BBC3' 121150410519371 1690918847.85168
PTN' 232192809488736 47620290.7363 '‘RPS19' 157951836203103 0.0

'LFNG' 116438681790088 8.41515967183098e-25 'FAMS3E' 24594316186373 202055002.69242
‘NPTX2' 945121111183233 407540520.3801 'PLEKHA4' 239231742277876 4062237961.59908
'‘CYP3A5' 416992500144231 2039711.64139162 ‘RPL18A' 111551556402213 0.0

'RARRES2' 211547721741994 9263931168.74696 'SLC5A5' 102288186904959 5363756316.16291
'‘CASP10' 3.0 873855727.8931 'PDEAC 249006323729096 904253412.5623
'KRT37' 106438561897747 1534307.43843031 '‘CADM4’ 2.0 245082810.1685
'‘RASD1' 517560491051467 0.0 'HOXAS5' 223446525363702 0.0760039225664352
'MAP2KG6' 166985139830767 11259.909290417 'HSPB1' 109824245052844 0.0

'MAPK10' 28073549220576 886605982.348703 '‘NPTX2' 358496250072116 429109110.3904
'‘CRYAB' 212626377264617 7.40696796448598e-39 '‘CYP3AS5 981378119121704 675206559.2011
'IL23A' 34594316186373 3839413910.38214 'PCOLCE' 114295795384204 42023796.115614
'‘ENDOU’ 316992500144231 311319135.3238 'FBX024' 290689059560852 210173508.4281
'HBEGF' 378213556460057 0.0 JNK' 131028255786862 1810222409.45113
'ARRDC3' 113603119802869 3.08189580841121e-286 'FBXL15' 106111151430339 4.22336468768851e-06
'HEST' 210844672745831 0.0 'MAP3K8' 136892557442453 2.15755977154309e-31
'CSPG5' 332192809488736 109751749.5089 '‘RPL28' 157810954519066 0.0

'CISH' 10703893278914 6231246419.01932 '‘RASD1' 834731131636529 0.0

'‘APC2' 350250034052918 2.16023601756198e-13 ‘RND2' 103442959079158 2297575228.90864
'RPS15' 123408386330552 0.0 'EFNB3' 106438561897747 179484406.177485
'ID2' 519774733731578 0.0 '‘MYH3' 154748779530249 565428110.353191
'‘DLX2' 255768957057105 2.92016020675325e-158 'AREG' 109953567355091 6401769.04534606
'SRSF7' 120450625086176 0.0 'MAPK10' 106438561897747 179456269.415269
'PRAMEF1' 95980525001616 408279599.4559 '‘RPL34' 112946175634195 0.0

'RGS2' 210574919473453 0.0 '‘CRYAB' 243538614467065 7.94786517310087e-11
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'HPCAL4' 232192809488736 475704563.7613 ‘MDK' 18073549220576 183150.52715487
‘MYCL' 244360665147561 4.38967424056604¢e-30 'CSRNP2' 118330721336306 7.69869616493313e-56
'ACTLS' 390689059560852 53603874.6245218 'IL23A’ 270043971814109 904369105.1688

'CR2' 945121111183233 408032942.0933 ‘ULBPT' 162803122261304 2.17355180240217e-19
‘RSRP1' 102529091929774 0.0 'MDGA1' 165207669657969 46256143.1962
'MAN1C1' 137851162325373 729196887.7834 '‘RPS12' 146861999921206 0.0

TREH' 945121111183233 408156233.5095 'HBEGF' 476425728583395 0.0

'‘CCN2' 122140359673236 0.0 'ARRDC3' 177093151380773 0.0

'PGF' 151511139146718 1.94721713053546e-75 'MLKL' 27406412523096 7.08188089213483e-276
'LTBP2' 132192809488736 2814069715.26587 'CSPG5' 504439411935845 1691.57053559871
'‘ELOVL3' 528540221886225 0.000131477793285006 'CISH’ 127008916336774 2128239941.87235
TNFSF11' 112288186904959 15925.3173000859 '‘APC2' 15405683813627 256618.336738417
'‘EGRT' 343241406799882 1.09234206501548¢-191 'RPS15' 172968342776996 0.0

'‘CHRNA2' 102288186904959 145128688.721805 'ID2' 622673762985247 0.0

TRIM6E' 362643913669732 1333854658.62742 'DLX2' 211122304539998 3.60582814337567e-143
'CXCR4' 192949327226733 0.0 'GADD45A' 166034431256329 2.60040526082191e-213
‘RASL11IA' 162935662007961 5.39629935483871e-35 'RGS2' 354170100567048 0.0

'‘EGR2' 424792751344359 0.0557357227013542 ‘MYCL' 473696559416621 3.57685521352657e-12
‘NEUROD4' 125507467853832 1.28262318564868e-16 ‘RSRP1' 269866583983955 0.0

‘NR4AL' 135680727082142 0.0 'MANI1C1' 996578428466209 291072593.5406
'SNAIT' 516451618889737 0.0 'PGF 364385618977473 5.52811923098996e-117
'PCK1' 124252159032994 4.23814497463002e-14 'IF127L.2' 215200309344505 0.024143218511038
'‘CHSTS' 964385618977473 132765412.1772 'ELOVL3 366296501272243 2440.50621402806
'H2BC11' 227684020535882 3.72294062978723e-25 TNFSF11' 103442959079158 2296236900.53881
'OR2B6' 352356195605701 71907.2959435364 'EGRY' 256768450928932 2.55269045309734e-143
‘TBCC' 12239470497637 5.28844702846154e-111 'CHRNA2' 10813781191217 32626653.9731412
'‘BMP4' 232192809488736 0.0246150962452373 TEX14' 10813781191217 32631998.2244062
'FOSB' 439635293601392 0.0 'CXCR4' 250665750522137 0.0

'SNRPD2' 102631969853892 0.0 ‘RASL11IA' 256847437793259 1.2428551229738e-42
'HSPA2' 178123770455669 0.0 'EGR?' 36724253419715 6.08533378738156
'EDN2' 3.0 206.264485543199 '‘NEUROD4' 105507467853832 419717528.051392
'KLF2' 184130225398094 1.04152940634146e-145 'PFDN5' 100137924966613 0.0

'ZFP36' 185533495095943 1.58109851024096e-185 '‘NR4AL' 136778072176549 0.0

‘RFPL2' 106438561897747 1533961.48410372 'ATP5F1E' 120700232123346 0.0

'MCHR1' 964385618977473 132280482.1343 'SNAIT' 53921465177213 0.0

'VGF' 272879827329481 1.03677122322581e-126 'PCKT' 12103287808412 0.00663503674355159
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‘DLL4 175417488419843 1.79774621993205e-51 'H1-3' 981378119121704 675119006.4834
'‘ATP1B2' 416992500144231 204062.18206158 'H2BC11' 214438990933518 6.14726224425811e-17
'FOXJ1' 436923380966572 1.70178426124352e-13 'OR2B6' 264385618977472 955.535164142448
'‘CDKN1C' 214828000740233 1.88443767434944¢-238 ‘TBCC' 207450543636363 2.10399921186441e-166
'PRRG3' 293859945533586 433131.115058824 '‘CDKN1A' 11734163999609 2.449921671e-202
'CNNT' 964385618977473 132301492.3761 '‘MT2A' 102964104794063 1.87876748044944¢-178
'‘APOE' 165207669657969 196279366.260936 'EFNB2' 130062869308691 3.82380726317204e-110
'‘GADDA45G' 964385618977473 132427694.1176 ‘RNF113A' 186578189572212 3.72443311115789¢-167
'‘RPL36' 139563962666759 0.0 '‘BMP4' 17279204545632 1004196.55894886
'‘CASP2' 262449086490779 1.74773120624086e-11 '‘NT5C' 143939670490725 8.52478633295583e-92
‘JUND' 12934516430081 0.0 '‘PPDPF' 133845055080002 8.78974303119266e-148
‘METTL26' 101449956969512 4.31961846419214e-129 '‘ALKBHT7' 119309811454241 6.19487662177215e-30
'KRT33B' 3.0 874363562.1095 'FOSB' 667595703294175 0.0

'KHDRBS3' 158496250072116 686472992.6535 '‘SNRPD2' 141617697887436 0.0

'ZNF132' 108917837032183 49752.0189820359 ‘ROMO1" 187682839079006 0.0

'‘RAB25' 408746284125034 6110624.96166342 'PRRG2' 103747470541866 207355452.9228
‘SYT1 170043971814109 282434721.8769 'HSPA2' 219967234483636 0.0

‘MYH10' 358496250072116 1332673001.41743 'EDN2' 175488750216347 5381368703.91378
‘MRO' 21926450779424 18046.9601691007 'KLF2' 2421314644965 2.58050662592592e-124
'‘RAB33A’ 996578428466209 1397072790.40226 'ZFP36' 324792751344359 2.3396171747851e-220
'‘ACRV1' 104512111118323 15056370.6879865 'GAL3STY 358496250072116 428938783.9375

'‘AVIL' 148542682717024 310785747.5183 'RFPL2' 981378119121704 675732352.7579
'PCDH8' 981378119121704 4312776851.38539 'VGF' 412338241550528 5.52950604629629¢-93
'ZFHX2' 588264304936184 1.65051420257235¢e-14 'DLL4 348938484073892 9.3785372141577e-25
'LIMD2' 208746284125034 701731720.355911 'SOX15' 232192809488736 770683737.7978
'‘GARNL3Z' 152356195605701 218744506.618623 'ATP1B2' 44594316186373 14516944.0888592
'CTSV' 262803122261304 4.50413898694943e-30 'FOXJ1' 618982455888002 3.70438437206308e-12
'‘GCMYT' 28073549220576 886765702.395965 'CDKNI1C' 241123019630154 7.77873271659919¢-162
'IER3' 148865036176816 0.0 'SATL' 14214132795394 5.67723592537313e-228
‘THBS1' 160057811363076 0.0 'APOE' 31963972128035 1.06232305063001
‘CILP' 354432051622381 1.33101481301851 '‘GADDA45G' 105507467853832 419845960.587515
'‘COL2AT 361470984411521 2.85289322054627e-06 'RPL36' 160246947319321 0.0

'FAM222A' 21168637576909 2.38699518932038e-85 'LSMT7' 101227832977844 3.43158709999999¢-83
'‘DHH’ 964385618977473 132701958.8975 'IQCN' 35077946401987 3.16976368040264e-11
'FITM1' 945121111183233 407233359.9035 ‘JUND' 157694193779301 0.0

'GOLGAGD' 61548181090521 15046873.3978133 'METTL26' 135509495882256 3.63434473815461e-195
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‘RPL3L' 439231742277876 759423.649061265 '‘ATPSIF1 104958202885056 1.61590607492063e-242
'ZNF750' 103442959079158 47003248.5176185 'MTRFR' 102212281089814 2.40638332411467e-64
'PRDM16' 316992500144231 311271474.7091 '‘GFPT2' 119300861455535 6.1221695239279¢-44
'‘CCN1' 11588016229706 0.0 'ZNF132' 11103287808412 1067867.13522124
‘Clorf162' 2.0 237824675.4798 '‘NROB2' 996578428466209 291150629.0884
'CRABP2' 175002174699165 18612.2033503575 'PODNLI 192599941855622 467468799.2094
‘RGS16' 111674181458317 50408.3738013985 ‘DNAJBT' 108740506990021 0.0

‘NUP210L' 107313190310251 491467.157825679 '‘RAB25' 10103287808412 124993669.8855

'FLG' 3.0 113967280.296239 TESMIN' 182312223791592 4570821.58287483
'ACTAL' 450250034052918 2.0929661322691e-17 ‘RNF122' 147883414985981 0.307018565744467
‘TRIM43B' 12652844973002 1.21934576485507e-18 ‘RPS15A' 109492198303453 0.0

TRIM43' 135338163894334 5.44293944397463e-46 '‘RAB33A' 48073549220576 105991.191994042
'‘DLX1' 122239242133645 0.00734283961816838 TBX3' 112553088208386 1.20458864668008e-160
'FAM171B' 24594316186373 178644563.8361 'PRPH' 311547721741994 2614711.5416804
'HES6' 103435150479078 1.43302482619469e-17 '‘AVIL' 270043971814109 904484827.3832
‘NFKBIZ' 153195525105799 1.70936500047847¢-142 '‘COX5B' 112156725218574 6.24800087042253e-265
'H2BC1' 358496250072116 1333618159.57447 TSGA1L0' 38073549220576 8955591880.93907
TCTEY' 187446911791614 603573159.8105 'PCDH8' 107313190310251 76641045.1933879
'PNLDC1' 964385618977473 132448751.1528 'ZFHX2' 512928301694497 32032.4667903292
'ZNF92' 103584519894672 1.28362771416579¢-45 'KLF4' 155803141127402 0.0

'DIPK2B' 964385618977473 132469814.8854 'CASP2' 208746284125034 613687772.6798
'SLC25A25' 147832965222993 5.96001577007299¢-236 '‘RPL35' 129281079950856 0.0

PAXX' 135049724708413 4.1211436341853¢-86 'CTSV' 41926450779424 5.21511527929515e-25
'IDI2' 34594316186373 11.4011664592864 'ENPP2' 290689059560852 210230481.4583
'NKX6-2' 102288186904959 145072751.666988 'ILIIRA' 131699579934513 19858504.3084
'ZNF385D' 121231514327736 1.48014914449845¢-08 TUBB2A' 137412026864569 0.0

'ZNF256' 106438561897747 1534653.54883826 'IER3' 204276692955616 0.0

'ZNF117' 187446911791614 603483860.6302 'MGARP' 208746284125034 613607792.5192
'NR4A2' 208002838141565 2.72556639485293e-234 '‘RPLP1' 105376827392528 0.0

'PLEKHG4B' 945121111183233 408217907.1622 'DUSPS! 193879607476252 2.15120282616822¢-184
'ING1' 149376471054985 3.6086747877551e-258 'CILP 116882503091332 857.177656923404
'GBP5' 945121111183233 408464788.2673 'SEMAT7A' 175488750216347 5450630.21571095
'ADAMTS1' 14594316186373 5.97569763941606e-101 'VAMP1' 130570774242903 3.74880950414837e-30
‘CYP2UT' 370043971814109 457161865.929203 '‘COL2AY 11929258408637 49.1636641513815
'‘PPM1J' 3.0 874109571.2418 '‘DUSP6' 237730485192374 6.65177876943231e-173
TTN' 104512111118323 1505003.7829653 'FAM222A' 257095564272728 7.07722196074766e-73
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'‘STEAP2' 439231742277876 75998.6880444994 '‘DHH' 458496250072116 2833966.50338013
'HYDIN' 232192809488736 475775691.8361 ‘RPL3L 112288186904959 192764.176096934
'SLC34A2' 370043971814109 45724616.647612 'CCDC40' 137851162325373 501567676.3507
‘TNFRSF14' 162803122261304 27391887.8668252 'ZNF750' 11103287808412 1068434.44554631
‘DUSP2' 185744597007383 9.21480580273972e-166 'CBX4' 244203207056042 0.0

‘TENT5B' 411334147307594 1.28369485913043e-176 'CACNALA' 981378119121704 675820064.6417
'H2BC5' 149845350746648 1.96230518555132e-107 ‘TPGS?' 107914388471974 4.09573598134448e-12
'‘GOLGABGA' 100306671362469 1397319318.15776 ‘RPS11' 125059305871956 0.0

'BTG2' 120574866521658 1.21490820728477e-49 ‘RPL1T 102825130196979 0.0

TCHH' 34594316186373 3837467274.97042 '‘CCN1' 145774280345425 0.0

'FTCD' 270043971814109 2439428308.48861 '‘LMO4' 116411937976111 7.40206578319328e-23
'HIPK4' 104512111118323 1505320.3592764 '‘CRABP2' 148542682717024 5066479.83870968
'‘AZGP1' 109657842846621 15825.5028571429 'RGS16' 115980525001616 478.265563911332
'IER2' 224935629895521 0.0 'CTSK' 163742992061529 7135691996.62542
'‘CCDC116' 266296501272243 25745482.1900826 'EFNA3' 110535300014623 13678723.7525084
'‘CCDC78' 287446911791614 1209950.50045496 'FLG' 996578428466209 291424083.3221
'GNG3' 358496250072116 1332436921.16918 '‘ACTAL' 130701209444768 1.1491792686692¢-16
'NXF1' 150269907254147 0.0 'PPFIA4' 139854937649027 198612002.7694
‘MYSM1' 964385618977473 132554136.8555 'GDF7' 102288186904959 5366802606.84367
'GBP4' 10103287808412 450796462.776957 '‘RHOB' 101549850773387 0.0

'FAM71A 322881869049588 6.3027642745097%-14 ‘TRIM43B' 12720030446499 1.56895268864933e-09
'IERS' 186578821436668 0.0 TRIMA43' 129753106180567 2.06570875e-22
'‘PKDCC' 232192809488736 475918011.8157 'LYG1 1.0 727658237.9537
TRIM17' 116882503091332 0.499891422722401 'HES6' 326568398424774 6.68598027017226e-70
‘RFTN2' 107313190310251 491582.336442465 'RPL32' 114942717082368 0.0

'‘MSX1' 18936286961996 9.24758599342104e-88 '‘NFKBIZ' 230569506803101 1.99455929007407e-121
'LENEP' 964385618977473 132490885.3189 ‘RPL37' 147116713372439 0.0

'INAVA' 316992500144231 311366810.5359 'PNRC1' 125873426840017 1.61339212649007e-133
'NUAK?2' 10759488532333 9.10749446901173e-16 'ZNF92' 133528647774238 4.06725087831513e-59
'GRIK3' 945121111183233 406865377.9518 'ARHGAP36' 996578428466209 291502307.4755
'ZC3H12A 264763535379792 0.0 'SLC25A25' 164096254648366 7.50039976592178e-216
'DNALIT 945121111183233 407725039.1789 PAXX' 129137903152776 1.74984225889792e-69
PITX2' 116992500144231 9.38700551851852¢-24 'IDI2' 116438561897747 20219.7358975435
'SLC45A2' 232192809488736 476060416.9658 'NKX6-2' 981378119121704 675294134.6303
'FOXQT' 114336417517118 2.24773233812155e-15 'ADM' 202088736647382 0.0

'GDF9' 151457317282976 1141238220.55675 'RPS3' 106925322858747 0.0
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'LEAP2' 222239242133645 356904938.14293 'SAP18' 107303437788303 1.93092586007326e-271
'H2AC1' 105507467853832 4809229.74193548 'UBC' 131561209560246 0.0

TAGAP' 981378119121704 4307713208.65481 'ADAMS' 123446525363702 3607911136.93901
'OSR2' 135859680493476 1.47921213445544¢-40 'ZNF385D' 259865793495843 77333.2915590492
'ALDH1Al' 293859945533586 0.00304955822030238 '‘BAG3' 121234699238494 1.04902622462462e-230
'VEGFD' 176553474636298 2183772437.47835 'MZT2B' 141862858092464 0.0

'‘DEPP1' 4.0 4.63385366822261e-98 TCF7LY 3.0 100032915.0361
'‘COMTDY' 122517486200777 1.12829834276402e-21 '‘NR4A2' 283107099103141 9.71443075923076e-280
'ZNF503' 100548206501642 1.03793227339055¢e-124 'ING1' 230129859452661 2.61991967871486e-290
'DIPK1B' 34594316186373 3838764812.51057 'ANKRD29' 109310940439148 600592764.2297
‘BTNLY' 104512111118323 15065879.9747368 'ADAMTS1' 123446525363702 2.17648225113314e-52
'ZNF606' 124252159032994 4.24038619354839%¢-14 ‘CYP2U1' 28073549220576 439105706.0533
'FAM111A' 332192809488736 109734081.8094 'STEAP2' 390689059560852 4061623658.83028
TAC3' 270043971814109 2439007499.74125 'ZNF19' 103745097707694 600435992.4301
‘NYAPT' 1.0 307707549.8696 'SNX22' 358496250072116 21877042.5802183
'‘GOLGAGC' 354500735034337 75979.9043845774 'SLC34A2' 105507467853832 419781734.495946
'IGF2' 6334528131667 5.19565407839999¢-29 ‘TNFRSF14' 358496250072116 21873424.7461551
'PLIN4' 111042398969365 6.47467446841294e-05 ‘TENTSB' 359188191466095 5.09226747875243e-157
'‘CASKIN1' 204439411935845 2440375.6248731 'H2BC5' 204984854945056 2.14028279093656e-122
'H3-4' 10103287808412 450630055.813953 'H4C8' 153127462982717 5.1747803754243e-15
'GNG4' 964385618977473 132744254.3426 'STCI' 11103287808412 1068245.27514164
'H1-4' 304439411935845 9.80192313715047e-23 '‘BTG2' 21764976553658 5.67084817335058e-104
'XIRP1' 316992500144231 1432292.0455408 'CIR’ 103026187027423 860737275.701636
'SCN11A' 34594316186373 3840712764.88498 TCHH' 103442959079158 2296905869.77422
'‘GBX2' 215200309344505 1.0252829877551e-34 'FTCD' 114512111118323 6277.02697828662
'‘ENHO' 945121111183233 407909725.1396 'HIPK4' 390689059560852 4062205970.46595
'VCX3A' 549281457256712 1.61501852193103e-70 '‘COX6B2' 198250335215052 315391942.1313
'‘RAB3B' 308327442869382 4.66270543161634e-36 'DEDD2' 103961520290463 5.91504934827586e-66
'CXCL11 34594316186373 209174.240701586 '‘CCDC12' 104330378422086 6.54106422083333e-51
'ADRB2' 111547721741994 1.66256149577922¢-87 'PPP1R35' 102015225839663 1.45224883878875e-51
'SHE' 981378119121704 4315675709.96471 'IER2' 24387069268879 0.0

'BOLA2B’ 102090316370518 4.63064229291045 'FOXHT' 232192809488736 770584499.6137
‘MUC1T 105507467853832 4808181.75114404 '‘CCDC116' 165207669657969 462500448.2531
‘WNT10B' 115200309344505 2.67787454730832e-06 '‘CCDC78' 225633975325979 462780.158975284
'ITGAM' 370043971814109 284717.106612902 '‘NXF1' 217026919684914 0.0

'FOS' 440072340539238 0.0 'RPL29' 103634298437705 0.0
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'‘SEMA3E' 294683378089416 4.00671049444769e-17 'FAAP20' 107765255565246 9.61173695375992e-28
'KRT78' 232192809488736 1355712075.39823 'FAM71A' 578135971352466 2.20291075748373e-24
'CD14' 477258950389693 2.98713401898305e-23 '‘ATF3' 29127863743119 0.0

'KRT4' 589481776330794 5.61937621492536e-42 'IERS' 348348170011258 0.0

'LONRF2' 332192809488736 10980478.6759 'PKDCC' 224792751344359 160249969.1088
'DLGAPT' 222239242133645 3569655332.08829 TRIM17' 122288186904959 0.000210828730418944
'FOXA3' 964385618977473 132659690.3965 ‘RFTN2' 102288186904959 5369852359.71019
'ZNF296' 336747656822936 1.43635421082802e-194 'MSX1' 282442843541655 6.76317190746269¢-122
'GIMAPS' 258496250072116 662844159.89472 ‘RPL22L1' 12350058925944 2.66030257362637e-147
'KCNMB3' 137196877738696 14486.4567483871 '‘CCNLT 122490058441758 2.86146489792148e-181
‘RLN3' 102288186904959 145156673.428461 '‘DCLK3' 981378119121704 675031476.4683

‘JUNB' 171195879180951 0.0 'ZC3H12A 302494635713023 0.0

'LRGI' 137851162325373 729303589.1132 '‘CLDN19' 981378119121704 67494396.9147

'KRT15' 171989208080726 4.05080360497871 PITX2' 142294269736419 5.74757988453314e-16
'KRT13' 155799545312089 16.2304522615804 'SLC45A2' 390689059560852 4062788449.09664
'KRT9' 211547721741994 9262429721.23177 'FOXQ1' 135830048455232 2.76083212581197e-14
'KRT20' 102288186904959 145100714.803392 'GDF9' 18073549220576 346820092.9209
'PTGER4' 207155326102503 1.17392819636364e-57 'CITED2' 151290282708533 6.0355357237354e-283
'‘MAPG' 964385618977473 13232250.9293 'H2AC1' 10103287808412 124821478.5783

'ZIKY' 38073549220576 156185024.712203 'MICALL2' 114017765804826 9.93873351936537e-27
'LGALS4' 332192809488736 109787101.9809 'FMCT' 117224557479297 1.10874637377502e-14
'FAM90AL' 117313190310251 1.566472708061e-05 'OSR2' 133832253313803 2.19301092531876e-26
'ZNF556' 1.0 31228.6352988651 'VEGFD' 223703919730085 39046577.0363133
'LRRC15' 264385618977472 0.130792004376368 'DEPP1' 51963972128035 2.22074004143862e-57
'‘AZUL' 107313190310251 49112194.5586514 '‘COMTD1' 158136923599715 7.0977038048492e-41
‘TPSABL' 100361736125535 1397812634.77493 'ZNF503' 160086012760136 5.24593248646865e-133
‘RND1' 363840175968262 4.3464230513834¢-251 'DIPK1B' 4.0 1831766017.30967
'ZNF596' 211547721741994 9265433103.11284 'FRATI' 131259023030803 16806468.0427177
'‘OVOL1' 106438561897747 1535346.23832092 'ANKRD2' 109310940439148 600514368.0981
'FRG2C' 859371479798866 0.0 ‘RPL27A 101380269163822 0.0

‘RXFP4' 332192809488736 109716419.7971 'C160rf46' 100861362250273 291033591.4511
'HSPAG' 601450295948211 0.0 '1QCD’ 4.0 38574.3331293939
'SLC2A14' 997297978606629 1398059423.72881 'ZNF606' 121984450414524 0.000499405148161481
TRIBY' 133157826492108 6.90384998181817e-145 '‘NYAPL' 112199052437861 167711996.4236
'‘CCDC106' 148542682717024 310738146.6993 '‘NAT16' 996578428466209 291189662.5553
'‘SPDYE2B' 100620461377205 1396087548.66008 'NKX3-1' 255799545312089 3.75223458196965e-09
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"WFIKKNZ' 358496250072116 1333145412.97412 'GOLGA6C' 113949985145017 34811.6521585064
'HAPT' 126303440583379 70083.1216710456 IGF2' 6.0 7.81379960495283¢-08
TIGD3' 2.0 4.80388997317784e-17 FN3K' 112832409697554 69780.7502062242
"TMEMST' 129768054864069 24.2793711284514 ‘RPL13' 106193692960016 0.0
'NPASA' 102288186904959 145044799.306358 ‘RHEBLT' 150042899050949 0.131662680787476
'CD248' 945121111183233 4077865825811 'C190rf33' 156518280127735 0.0
"UCP3' 237851162325373 0.342876112324829 PLINA' 38073549220576 1.4779993380805e-11
'CCDC85B' 188411928794986 1.03720675753425e-281 | 'KIFC2' 12190097819418 5.03701282530414e-30
‘CDK5RT' 133184356375245 0.0164975370041899 "ANGPTLA' 102828904443142 5 84265888118811e-20
TIRX5' 114487362938695 4.06382164836449¢-16 'ENSG000001677 | 103261747739935 17.1449421776098

74
‘GRINT' 981378119121704 4310605261.83283 'CDK2AP2 120376071545027 8.98623884054388¢-102
TRIM72' 375488750216347 9622.94757158589 TMCE' 275488750216347 56540677.9573368
'VCX2' 948381577726426 4079713243128 'RAB26' 129418310440446 35539.9046877601
JUN' 212593286862725 0.0 'CASKINT' 148542682717024 162220186.6666
'SH2D4B' 964385618977473 132807748.0867 'BESTL' 141197769952979 0.00151434559946092
TMEMI51B' 461470984411521 2.64265654999999¢-06 'CCDC88B' 135879338863922 1.04267382977367e-11
"TMPRSS9' 324792751344359 0.377943280905512 "H3-4' 10813781191217 32648041.4880367
'NEUROGZ' 316992500144231 311223828.6851 HI-4' 470547530803839 1.37152933882353¢-75
"CEP295NL’ 981378119121704 4314225793.71745 "XIRPT' 520945336562895 604.267169834799
DTX3' 102288186904959 14490519.892204 'LGI3' 34594316186373 926001751.2145
'DAND5' 370043971814109 457077596.460829 'GBX2' 339530128121758 4.55926406749311e-50
'DNAJBS' 945121111183233 406926662.0876 TRIMA4Y' 385798099512757 8953089620.00559
'RNF151' 981378119121704 4311328881.98758 "ATPSME' 12794511785232 6.27675078540145¢-119
"NKPDI' 41963972128035 4.11529779310345¢-10 'VCX3A' 726743998452319 5.38464810947368¢-84
FAM71E2 114792750302502 1.59461380374722 'RAB3B' 343211293264588 3.00425780195783¢-18
"H2BC4' 290689059560852 2.34971630769231e-13 'CXCL1L' 358496250072116 428995544.3959
"ADIPOQ' 102288186904959 144961006.816869 "ADRB2' 238852584361639 1.50781515568345e-117
H2AW' 107300183094291 7.51458131083481¢-99 'SHE' 10103287808412 125045419.9558
'CFAPG5' 064385618977473 132343532.8884 'ZNF280A' 311547721741994 26155733.4508899
'UTS2R' 197668211342179 0.017312327891928 'CENPX’ 123230410564165 7.87956895932203e-255
"AATK' 258496250072116 748202.501617375 ‘MTIE 365794194607826 1.27130048931624e-170
'DDN’ 162449086490779 52967.1253472741 "MUCLT' 081378119121704 675907799.2989
IBA5T' 157612784334639 3.37866325384615¢-180 | 'UBB' 140417978668914 0.0
'PNMABA' 114512111118323 159.410757714286 FOS' 418661338927084 00
‘RGMA’ 232192809488736 475989203.7397 'SEMASE' 386219775069959 1.49388767758473e-07
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‘MBD3L3' 10292321632802 144849433.981143 'CD14' 535755200461808 8.48824713189896e-27
TEX19' 222239242133645 15.6461246135193 'KRT4' 126438561897747 2.0985987364532e-11
'RNASE10' 996578428466209 1398306299.84107 'ZNF296' 345727994778225 4.96669703305785e-164
'VCX' 115569849575945 15.9546072593583 4I.EGN SG000001708 103668980932918 8.61098558163265e-45
'PPP1R27' 104512111118323 15062708.8781309 'RPS9' 114709455334342 0.0
'MAFA' 342269107182228 1.05336593892216e-181 'KCNMB3' 252356195605701 16548.6153890825
'‘OTOP2' 10103287808412 450546898.394538 '‘BBLN' 136994960975031 1.67002466438214e-82
'RGPD6' 305800010275006 19004.4000918836 ‘JUNB' 197366585218654 0.0
‘RIMBP3C' 102131042196419 450463771.660517 'PTGER4' 115935575973213 2.08005819949585¢-14
'MEX3B' 334896734763971 6.5542007920354e-132 '‘RAB4B-EGLN2' 112650289424582 1926.934239677
TENTS5C' 493663793900257 2.33834280524475e-97 'ENCY' 11245450979383 1776.29186030216
'PGPEP1L' 332192809488736 173981.07103727 'ZIK1' 102288186904959 5364517564.57565
'H3C13' 259354303179998 3.88779851401869¢-05 ‘TCEA2' 123401150460328 2.83890770225964e-25
'PSG9' 139231742277876 1217191572.82589 'FAM90AT' 11929258408637 49.1750816302833
'PNMA3' 34594316186373 3838115934.07708 'RPS21" 184346437578487 0.0
‘TSPYL2' 128709811072426 0.0 'LRRC15' 195419631038688 434298754.048274
'H2AC20' 309761079662642 2.21306670158451e-08 '‘CEBPB' 138365537379385 1.36687781125827e-249
'H2AC21" 24594316186373 178560482.6168 '‘AZUL' 452356195605701 6427674.51354575
'H1-5' 332192809488736 4.82390323559539¢-21 ‘RND1' 74245862262511 0.0
'‘C1QTNF8' 945121111183233 407602008.0869 'ZNF596' 358496250072116 429052319.8782
'SOCS3' 13473231806825 0.0 'RPL38' 168958961655477 0.0
'SPEM2' 3.0 873982631.1356 'OVOL1' 390689059560852 4061041514.11782
'SPDYE12P 973131903102506 132617448.8138 'FRG2C’ 165298117979161 0.0
'H2BC21' 229539834833012 2.23936834888888e-235 '‘CCDC96' 211547721741994 6786120.23141058
‘SERINC4' 382975968983807 5.79693179970253e-12 ‘RXFP4' 3.0 10006072.5132
TRARG1' 964385618977473 132511962.4562 'HSPAG' 967313237214536 0.0
'H1-10' 136277106782762 0.0 '‘MZT2A' 14070286849148 4.07035187181627e-163
TMEM121' 981378119121704 4306268636.82093 ‘TRIB1' 194731357516565 1.59903299862543e-139
'‘SPDYE16' 968999797141944 132533046.3007 'HAPL' 424792751344359 30566.6176470587
'KRT76' 118533095554037 0.000490496186346005 'TIGD3' 314295795384204 3.53993775587702e-24
'MYADML2' 996578428466209 1395841455.31465 'ENSG000001738 140209844357135 97377995.6937799

67"
'H2BC13' 284130225398094 0.0682864436450187 'CD248' 981378119121704 676083336.9692
'SOCS1 382527683005487 1.99320043655172¢-218 ‘MICOS13' 101173883645677 2.15720950947731e-38
'STAC3' 158496250072116 68637214.4557 'UBE2C' 118489557833746 0.0
'IRF7' 116833700453912 4.28379962690152e-31 'MARCKSL1I' 122239242133645 6.44954925131441e-84
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'PDE6G' 10103287808412 451213018.369987 'DDIT3' 259044803980489 2.59537934255875e-209
'POUSF1' 465344223860392 1.79886558649593e-53 'POLD4’ 109581421068326 1225.79134609121
'KRTS' 105507467853832 4810278.18966645 'UCP3' 358496250072116 1.11377864009662e-07
'KRT3' 332192809488736 1739420.18047138 '‘CCDC85B' 168629392318726 0.0

'HEXIM1' 298835427434119 0.0 '‘MTLN' 224792751344359 4256522.57364341
'KRT14' 3.0 873728861.4982 'AURKAIPT' 100530542509445 1.65833302401434e-144
'H1-6' 113987436919382 505.310324790568 '‘ARLAD' 223794342487096 1.55526870664819-111
'SBK2' 3.0 874490612.9032 'ACBDT' 273696559416621 2236187916.88539
'C2orf78' 945121111183233 407049285.7616 'CDK5R1' 107454695336505 19.0657769886364
'ZSCAN23' 964385618977473 132406643.7768 'IRX5' 115130932327497 4.34424512793114e-07
'ZNF490 10542770609832 53.8958024977909 TRIM72 38073549220576 9367351.37980085
‘NUTM2B' 518530468739437 4.63308881372123e-08 'LRRN4CL' 112288186904959 19265806.7376147
'PLA2G2A' 127313190310251 1.1579000074873e-18 ‘HICT 144745897697122 2507395.90704961
'H3-5' 34594316186373 3840063227.80315 ‘NAP1LS' 981378119121704 674856484.5106

'[ER5L' 328329000844628 0.0 '‘ATOX1' 101118373849268 3.69429110839844e-28
'H2AX' 149998737169856 0.0 '‘RPLP2' 148940886356862 0.0

'HBA2' 444954886509357 4.56123288860759-263 JUN' 338946906046973 0.0

‘NANOS?T' 117333160288556 1.0750972245404e-05 'POLR2L' 113580261795898 2.270276600489e-195
'SHISAG' 104512111118323 15059539.1161616 '‘ANXA2R' 124362309938757 5.87321424736842e-13
'‘ASTL' 232192809488736 475846841.1843 'RPS27' 132798389839119 0.0

'SBSN' 34594316186373 384266269.52107 ‘TMEM151B' 124767462039395 8.88802158887615e-08
'CGB5' 965999589242998 13263856.6242 TMPRSS9' 107313190310251 76653347.1268058
'VSTM1' 358496250072116 1332909165.33759 'CEP295NL' 10103287808412 125028165.1717
'‘BNIPS' 4.0 18147048.6222036 'DTX3' 103442959079158 2298579999.41691
'HBG2' 271149490665009 105845.96705107 '‘ERN1' 106377591043331 1.59695039424572¢-19
'H2AC13' 270258751135085 1.0877500893617e-09 '‘CPNET' 101186325128494 2.02060436237624e-78
'H2AC11' 184130225398094 1.16887828652612¢-07 'HEST' 211547721741994 1.28448364035338e-07
'H2ACT' 178744174445968 234.210668902786 'GADD45GIPT' 120684100592867 6.48826529865229¢-214
'H2BUL' 193490497177812 4.54633122137405e-40 'DANDS’ 996578428466209 291228706.4896
'SLC39A10' 164188581225233 3.10816017847533e-277 'DNAJBS' 981378119121704 674769022.5505

'H4C3' 400836347293463 1.35016457279999¢-273 'LSMEM2' 263226821549951 12678177.7952756
'H3C12' 390689059560852 36.8791167519334 ‘WDR97' 175002174699165 182168848.018794
'ZSCANSB' 432192809488736 0.0607320923728183 '‘NKPD1' 117731392067197 1534.61389771729
'H4C11 130115767031762 9.58430098203592e-27 'CITED4' 128070543216085 1.07279251617584e-23
'DIO3’ 117313190310251 0.00015670417137668 'ZNF771' 135669351304804 59.7206245503327
'H3C4' 435262489211028 3.28152974061092e-12 'FAM71E2' 120891193979152 0.0157063299240754




220

'‘CCERY' 316992500144231 311176197.2451 'H2AC6' 126382514032379 2.18564791683333e-63
'STPG3' 466296501272243 2.58937160427136e-20 'H2BC4' 239854937649027 6.45697431040779e-10
'H4-16' 227008916336774 8.75001949236077e-12 ‘TRAPPCS' 123985403573464 1.73745213333333e-101
'H2BC12' 200620086081092 6.86673737142857e-246 ‘H2AW' 271304623150622 2.53147138984771e-201
'‘RPS6KL1' 232192809488736 135595206.69145 'UTS2R' 25046140559143 199.302762570888
'PEG3' 945121111183233 407356168.5162 '‘DDN' 19875090558168 4.17649066758091e-06
‘NRARP' 162836928823636 2.7336875862069e-173 'PHLDA?2' 144532796470652 2.84744968066528e-164
TPM2' 111694220126762 0.0 '‘ATGIB' 103442959079158 2295902562.02679
'ARC' 458224811602412 0.0 'IBAST' 205514155419246 6.63485614258912e-151
'‘DLLY 390689059560852 53636270.1974214 'PNMASA' 117731392067197 15.3427713802941
'H3C14' 141269464072255 1.65401640351905e-74 ‘TRIM49B' 102240016741981 124959193.6284
'H2BC18' 349247019890164 3.65264655152395e-26 ‘RGMA' 10813781191217 32621311.4720812
'H3C15' 366364228596377 6.92224381707317e-117 'ARLGIP4' 130989608183335 1.03912599345238¢-226
'SOX18' 127301849440642 49869627.2132472 'SPACAG' 119033121210415 69510.8421605401
'MAFB' 445046146513275 2.57946444380952e-196 ‘MBD3L3' 112240016741981 454322.815740072
TMEM235' 38073549220576 156155064.032227 TEX19' 149185309632967 112710605.178713
'SMIM5' 21926450779424 18051.5852229626 '‘RNASE10' 10813781191217 32637344.2267366
'SPANXN5' 528540221886225 0.000131427649199085 'VCX! 11943613701614 49.1979325046468
'HSPA1B' 217512215992991 0.0 'KRTAP11-1' 104512111118323 984431937.443879
'HSPALA' 166499515503322 0.0 '‘SNORC' 192599941855622 467530397.4173
'HSPA1LL' 13687223063663 1.16749344251825e-37 'PPP1R27' 106438561897747 179625222.438412
‘MuUC21' 232192809488736 476131651.5038 '‘MAFA' 5218598848178 2.48335483771712e-196
'DISP3' 439231742277876 759611.300074129 ‘RPL35A' 122396259499353 0.0

'PRR20B' 518442457113743 144988926.887519 'C120rf60' 118442457113743 540909392.109256
'PRR20A’ 518442457113743 145016857.715276 'RGPD6' 530855644631832 1.05391780297203e-66
'FBX048' 231653231471867 9.91280589400922e-52 '‘AFMID' 120698709566386 5.44568992071087e-49
'FRG2' 802826361835513 0.0 '‘BOLA2' 133579776665395 1.70720468093897e-73
'FAM205A 270043971814109 2440691606.42154 'CCDC159 128010791919274 165733661.153119
‘Céorfar 137851162325373 729410321.6742 'MEX3B' 356139402958275 1.55521013234568e-101
'‘MT1H' 981378119121704 4309881884.54439 TENTSC' 14337343147274 2.9034962121212e-62
'KRT81' 297813485391954 14328962.6070449 'PGPEP1L' 116882503091332 85.7543581216649
'VCX3B' 10780539767472 4912369.62435597 'H3C13' 476411964566993 1.55980378102664e-12
'HBAT' 384597548195864 0.0 ‘NDUFB1' 102220888798661 1.44699769317829¢-58
'LNP1' 116992500144231 0.00831222477321049 'PSGY 216992500144231 315434118.1064
'CRYGS' 176553474636298 2183394295.06494 '‘NPIPAS' 119194880773975 0.000104939772770199
'‘QTRTY 145066140900957 1.55924571310861e-58 'PNMA3' 996578428466209 291306825.7778




221

'‘CLDN9' 332192809488736 109769422.8985 TSPYL2' 309710421701744 0.0

'FAM187A' 105859014496908 4811327.09463585 'GOLGAGL4' 198614856795165 6.588084e-06

'PLINS' 535303369512822 4.44945384514925e-105 'H2AC20' 47789373810738 7.84613723057952e-21
‘NUTM2D 337122526917524 0.00200442859594497 'H2AC21' 485798099512757 4643355.4326832
'CSKMT' 187446911791614 2.66677696127819e-107 'CCSER1' 158496250072116 49930480.3790701
'‘GSG1L2' 981378119121704 4314950630.04032 'SRPK3' 105087851620645 983842986.239904
'‘GOLGAGB' 107548875021635 49135.203316936 ‘H1-5' 528540221886225 1.67089574932202¢-62
'FAM72D' 11490665609373 2.98895258222222¢-27 'SOCS3' 252877966532803 0.0

'POTEM' 10103287808412 45096299.268563 '‘SPDYE12P' 107228075311695 179428141.473354
‘TRIM49D1' 392504996472736 53625467.3232628 'H2BC21' 379839619466395 0.0

‘USP17L2' 357185013790301 1.55726835474272e-19 'LRRC26' 107528812730424 245570413.780261
'USP17L15' 124993476328766 4.17690859068493e-15 'SERINC4' 218024580712003 1953.79847137097
‘RFPLAA' 463962139165592 3.28317379358717e-12 'H1-10' 196566878744072 0.0

'‘GAGE12) 112413873639989 15920.7541719197 'IMMP2L 122239242133645 185.729074310962
'FRG2B' 68918897621131 0.0 'DGATL' 153553728370831 5.2257392192926e-131
'USP17LT 183422152791029 0.0162487031470923 'MAFF' 150695998871988 3.32510291689373e-14
'CT4TAL2 981378119121704 4313501200.87336 'SPDYE16' 994104760634058 6761.7114
'LTA.ENSGO000 | 113987436919382 5.05467156052142 'KRT76' 107313190310251 76628747.2079589
00226979

'PRR20D’ 518442457113743 145184668.929605 '‘ANOY’ 114886338591448 614990656.179095
‘NUTM2E' 238013126422192 5.37268470404984e-45 'FAM43A' 167974072547326 1.56175486782274e-156
'‘SAPCD1.ENS 160137559061199 282478180.0584 'H2BC13' 462449086490779 5.13848324108504e-10
G00000228727"

'‘RFPL4ALL' 353291365588765 1.2377948599115e-06 'SOCs! 609592441999854 2.41521030116959¢-223
'PRR20C' 516272950003811 15929.8830447247 'IRF7 215200309344505 7.37392677675545¢-30
'FAM90A26' 116438561897747 0.0158672621538462 'FAM131C’ 163742992061529 713669546.89917
'SPDYE21' 237415805365992 178616527.9661 'PDE6G' 241503749927884 387356948.1402
‘MBD3L2' 109801395776392 15829.5773944387 'SHC4' 996578428466209 291111606.0849
'KANTR' 192599941855622 349628895.476635 'POU3F1 697154355395077 7.2482785842259-78
‘TNF.ENSGO000 | 602236781302845 5.44021236218182e-235 'C7orfél’ 314295795384204 4.86847365548098
00232810

'‘RNF224' 166985139830767 0.000275186491924528 'KRTS' 10103287808412 124890298.1392
‘NPIPB7' 95352753766208 407417600.6032 'ANKRD37' 10962153152593 102944652.500796
‘TMEM238' 215919859484925 0.000130224692336218 '‘RPS23' 105346404911654 0.0

‘TRIM49D2' 116799198785184 0.0015861716099266 'CEACAM1Y' 103952836418664 30570394.4654
'PRR20E’ 518442457113743 14487731.108545 'KRT16' 146566357234881 356470.47593232
'ANKRD34C' 332192809488736 109698763.4695 'HEXIM1' 406320613331915 0.0

'PNMAGA' 964385618977473 132723103.2504 'PDZDT 122239242133645 129614387.0187
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'‘CCDC200 945121111183233 407479051.2217 ‘c1QL4’ 243295940727611 215271688.148264
'‘RNF223' 175802720969404 2.3569674334471e-17 'ESPN' 261890983264449 3623484.27402474
'SHISA9' 200534662146548 1799984875.34916 '‘MT1X' 201458753622305 2.93619334007286e-70
'IRGM' 981378119121704 4312052745.13096 'H1-6' 102288186904959 5368327050.13492
'STPG4' 112288186904959 15916.1936579776 'PERM1' 375488750216347 206801.65428172
'PRR20G' 255019708256048 2.52322402268431 'SPRY4' 332192809488736 6.16347241503441e-05
'LRRD1' 358496250072116 1334091241.57503 'C2orf78' 103442959079158 2296571336.44043
TICAM2' 103782948559119 46984218.8623482 'CCDC157" 105444778402238 860608113.445378
'C4orf4sg' 109378214632062 1.17340025002606e-13 'ZSCAN23' 104512111118323 984137373.728306
'‘CRYBB2' 390689059560852 53614668.7998389 'LAMTOR4' 114918532879757 2.73954957777777e-114
'‘CEBPA' 118265330628523 1.9395495351418e-60 ‘NUTM2B' 326865895502767 30.9310035480373
'‘ADH1C' 996578428466209 1397565932.93329 'PLA2G2A’ 116882503091332 85.7726660546541
TARM1' 115980525001616 0.0502846625350188 'HES4' 243663975376405 2.01012742813918e-18
'USP17L22' 117502882675917 0.00015659041154265 'H3-5' 103442959079158 2298915118.23881
'USP17L17 972451385311995 132385600.1271 'IERSL' 318845260030069 0.0

'SPATSI' 953332973230583 407294754.9525 'H2AX' 182385593969511 0.0

'9|E7N7952‘60000024 101972166931101 450380675.594909 'HBA2' 632956042676774 1.21009725880149¢-148
'‘RFPL4B' 2.0 10606936.8654174 'SP6' 122780591752281 36194.0602131709
‘TMEM200B' 452356195605701 82920.9681411764 'S100A13" 133326794353651 1.1057032676259¢-192
'SLC22A18AS' 416992500144231 2040166.62948918 'SPANXN3' 112877123795494 81887.7054776594
‘NPIPA2' 981698362325538 430843585.80775 '‘BNIPS' 370043971814109 196106147.7528

'HP' 109657842846621 15833.6540303889 'CCDC189' 103102689562062 414946.292290988
'‘RPL36A- 250604689692686 1.3551419383116901e-45 | 'SIAHI' 107400058144378 1.01775398391123e-50
HNRNPH2'

;51N658>90000025 998013957763916 1396826349.62074 'C200rf96' 14671260104273 79314177.6566757
'DUXA' 945121111183233 407848144.5652 'HBG?2' 376844901518055 0.0568138550685591
'‘BLOC1S5- 109556499075284 49739.6088999751 'HSH2D' 170043971814109 99214255.44582
TXNDCS5'

'POC1B- 153361892852031 0.284165128712871 'H2AC13' 267763412782483 1.76876227806385e-14
GALNT4'

';ElNgg‘GOOOOOZS 2730306258052 1642.54486567164 'H2AC11 40703893278914 4.13790300987925e-36
I()Egljg'GOOOOOZG 966355810421727 132786576.7575 'H2ACT' 308379611891183 396.212405696466
'DUX4' 109657842846621 15837.7327666151 'H2BU1" 424792751344359 3.84895616765285e-76
'ENSG0000026 127660410437787 1217408077.90822 ‘NPIPBY' 168674623867847 844537362.257919
0836

'‘GOLGAST' 960547951806167 407171983.3609 'SERTAD1' 287550964810253 0.0




223

‘MUC22' 485798099512757 10.3012319118997 'H4C3' 54262647547021 2.38108002291666€-259
‘TUBBS8' 103509391815464 47012769.1270002 'H3C12' 439231742277876 11.7739043077601
'SCRTY1' 327301849440642 806.636141199226 'ZSCAN5B' 535755200461808 0.21270941200725
El\éi‘GOOOOOZG 296874906601556 113989496.140351 ‘H4C11 1537646458356 1.06249563686131e-146
'ENSG0000026 104900293953192 6889.60523756906 '‘C5AR1' 194753258010586 2055897420.96798
1915

"TMEM256- 968474862042163 132364563.1654 'DIO3' 561470984411521 0.256746734173387
PLSCR3'

'ENSG0000026 147152469062532 29812.9567180005 'H3C4' 404648938519895 3.53445147826087e-27
3020

'FAM72C' 14991192355027 1.90513270543559¢-27 'CCERY’ 114512111118323 6274.54985635359
'ENSG0000026 100279059965699 1395349528.81057 ‘RPL37A 167287370531726 0.0

6997

I7E3’§§'GOOOOOZ6 305638246989752 209073.772766571 'CFD’ 139993060688864 3.19786677555887e-09
'HSFX2' 981378119121704 4309.15875 'STPG3' 562935662007961 2.47542171804061e-18
'‘ENSG0000026 132655954361901 324569601.7107 'H4-16' 401282404035758 9.99537358574785e-20
8750

'‘RNF225' 102288186904959 144933097.497112 'H2BC12' 154125945323254 6.1629288871287e-194
‘MICOS10- 138274796132234 100527284.941176 'S100A6' 118200155212012 0.0

NBL1'

'H3-2' 37457881896424 9.59310780758427e-25 ‘RPL12' 105553155961251 0.0

'ZBTB8B' 945121111183233 407663514.3503 '‘NPIPB6' 124888176292667 2127929159.17056
'H4C12' 112659533563782 0.020278156487026 '‘RPS6KL1' 34594316186373 925883382.0784
'H2BC14' 287446911791614 120967.53240846 'UBLS' 1104516707868 2.20144093159763e-96
'H2BC8' 289907109114922 3.6991932¢-82 '‘NRARP' 199082335362502 1.1681755e-175
'H3C8' 335049724708413 9.0133510301724e-25 TPM2' 121186745868786 0.0

'ADRA2B' 316992500144231 14325940.8941375 '‘ARC' 758989186538311 0.0

'H2BC6' 518982455888002 4.39045246182727e-18 'DLLT 10103287808412 124873086.1356
'H2BC17' 179468109202249 5.46630475779377e-29 ‘RPL39' 11565870419686 0.0

'H3C6' 308746284125034 40686815.6139279 'H3C14' 141551344548578 7.84441409370424e-55
'ENSG0000027 974651432113846 132575234.1238 'H2BC18' 753651921335343 6.15404725813449¢-54
4944

'H2AC12' 152083216330144 0.0255535556431535 'H3C15' 610711990855538 0.0

'H2AC15' 18073549220576 114235414.7398 'LIMET' 14627774475442 5065610.65362841
'H2BCY' 275256244921722 7.78840829059829¢-40 'SPANXN1' 106438561897747 179597041.512394
'H3C1' 338246963682241 7.59910387090367e-43 'MAFB' 837286506011259 5.75538643292683e-232
'H2AC14' 291483731226892 7.93340103196642 '‘BRD2' 121436992301795 0.0

'H2BC3' 10103287808412 451129645.676275 ‘TMEM235' 981378119121704 675644663.6387
'H2AC16' 393859945533586 8.50210534347478e-05 'SMIM5' 11929258408637 49.1865044134727




224
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