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OZET

PERIFERIK KAN MONONUKLEER HUCRE TiPLERININ COVID-19
ENFEKSiYONUNA VERDiIGi TRANSKRiPSiYONEL CEVABIN scRNA-seq
VERILERi UZERINDEN BiYOLOJIiK AGLARLA INCELENMESI

Nesibe Sebnem Paluluoglu
Yiiksek lisans Tezi, Biyolojik Veri Bilimi Programi

Danisman: Dr. Ogr. Uyesi M. Erkan Karabekmez

2019 Aralik ayinda baslayip tiim diinyay: etkisi altina alan SARS-CoV-2 viriisiiniin neden
oldugu Covid-19 hastaligimmin patofizyolojisini anlamak i¢in kisa zamanda bir¢ok calisma
yapilmistir. Bu ¢caligmalarin basinda viriisiin hiicre diizeyinde meydana getirdigi transkriptomik
degisimleri tespit etmek amaciyla gerceklestirilen tek hiicre RNA dizileme calismalari
gelmektedir. Bu ¢alismada, viriisiin periferik bagisiklik aktivitesi {izerindeki etkisini gérmek
amaciyla literatiirden toplanan, Covid-19 enfeksiyonu gegiren ve saglikli bireylerden alinan
periferik kan mononiikleer hiicrelerine ait, tek hiicre RNA dizileme verileri islenmis ve sonuglar
ag tabanli omik veri analiz metodlariyla incelenmistir. Bu dogrultuda hiicre gruplari ayristirilip
karakterize edildikten sonra hiicre tiirlerinin her biri i¢in ifadesi anlamli olan genler tespit
edilerek bu genler iizerinden ikincil analizler gergeklestirilmis ve literatiirle de uyumlu olarak
HLA Class Il genlerinin ifadesinin Dendritik Hiicrelerde (DC) anlaml1 bir sekilde diistiigii tespit
edilmistir. Her hiicre tiirii i¢in yapilan protein-protein etkilesim analizlerinde ise hem topolojik
agidan onemli diigiimler hem de farkl: hiicre tipi ¢iftleri i¢in olusturulan aglardaki topolojik
rolii degiserek “yeniden baglanmis” diiglimler tespit edilerek ila¢c yeniden konumlandirma
caligmalari igin aday olabilecek genler olarak tayin edilmistir. Sonug olarak, FOS, HSP90AB],
GRB2, ATXNL1 ve UBC genlerinin Covid-19 teshis ve tedavisinde 6énemli rol oynayabilecek

potansiyel biyobelirtegler olabilecegi sonucuna ulagilmistir.

Anahtar Kelimeler: Covid-19, PBMC, tek hiicre RNA dizileme, scRNAseq, biyolojik aglar



INGILIZCE OZET

After its first official occurrence in late-December 2019, there have been a vast number of
studies in order to unveil the pathophysiology of Coronavirus disease which is caused by SARS-
CoV-2. An important part of the newly emerged literature consists of single cell RNA
sequencing (scRNAseq) studies. sSCRNAseq technique is used for identifying heteregenous
transcriptomic changes led by the virus at the cellular level. In this study, we used sSCRNAseq
raw data collected from the literature which is obtained from patients with Covid-19 and healthy
individuals to profile peripheral blood mononuclear cells (PBMCs) and to elucidate pathways
in peripheral immune cells. For this purpose, after clustering similar cells and anotate them we
identified differentially expressed genes (DEGs) for each cell type. Consistent with previous
studies, we found out that expressions of HLA Class Il genes are significantly downregulated
in Dendritic Cells (DCs). Moreover, we identified both topologically important hubs in
contructed protein-protein interaction networks and topologically most varying differential
nodes in terms of their edge connections through pairwise comparisons of cell type specific
network couples. As a conclusion, we propose that FOS, HSP90OAB1, GRB2, ATXNL1, and

UBC genes are potential biomarkers for diagnosis and treatment of Covid-19.

Keywords: Covid-19, scRNA-seq, PBMCs, network biology
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1.GIRIS

2019 Aralik ayinda, baslangicta kaynagi bilinmeyen bir sebepten otiirii Cin’in Wuhan
sehrinde baglayan salginin kisa siirede yeni tiir bir koronaviriis nedeniyle meydana geldigi
ortaya c¢cikmistir (Dong, Du ve Gardner, 2020). Siddetli akut solunum sendromu
koronaviriisii 2 (severe acute respiratory syndrome coronavirus 2 / SARS-CoV-2) olarak
adlandirilan bu viriisiin bulagma oraninin biiyiimesi ve neden oldugu hastalik vakalarinin
ozellikle Cin’de kisa siirede artmasi ile Diinya Saglik Orgiiti (WHO) 30 Ocak 2020
tarihinde Covid-19’un tiim uluslarin dikkate almasi gereken bir endemi oldugunu
aciklamistir (Guo ve digerleri, 2020). Bdylelikle, SARS-CoV-2, 2002 yilinda Hong
Kong’ta baglayan siddetli akut solunum yolu sendromu koronaviriisii (SARS-CoV) ve 2012
yilinda baglayarak basta Orta Dogu’yu etkisi altina alan Orta Dogu solunum sendromu
(MERS-CoV) ile birlikte, insanoglunu etkileyen, 21. yiizyilin ti¢iincii yiiksek derecede
patojenik ve genis ¢capli endemik koronaviriisii olarak tarihe gecmistir. Fakat SARS-Cov
ve MERS-Cov’dan fakli olarak SARS-Cov-2 vakalari ¢ok kisa siirede tiim diinyada hizli
bir artisa ge¢mis ve hastaligin Diinya Saglik Orgiitii tarafindan endemi olarak
tanimlanmasindan 3 ay gecmeden, 11 Mart 2020°de yine Diinya Saglik Orgiitii tarafindan
Covid-19 pandemi ilan edilmistir (WHO1). Yine ayni tarihte, Tiirkiye’de resmi olarak ilk
Covid-19 vakasinin tespit edildigi, 15 Mart 2020 tarihinde de koronaviriise bagli ilk 6limiin
gergeklestigi Saglik Bakanligi tarafindan agiklanmistir (T.C. Saglik Bakanligi, Covid-19
Bilgilendirme Platformu). Nisan 2022 itibari ile resmi rakamlara goére diinya genelinde 500
milyon insan bu viriisten etkilenmis, 6 milyondan fazla insan da SARS-CoV-2 sebebi ile
hayatin1 kaybetmistir (WHO?2).

Cin’de baslangicindan giinlimiize kadar tiim diinyanin giindemini isgal eden koronaviriis
hastaliginin semptomlar1 siddetine gore farklilik gosterse de akut solunum sikintisi
sendromu, tromboz ve organ yetmezligi en sik goriilen etkilerinden birkagidir (Chen N. ve
digerleri, 2020). Viriisiin tiim diinyaya yayilmasiyla birlikte birgok varyanti ortaya ¢ikmus,
bulasiciligi ve 6liim oranlarin1 azaltmak amaciyla birgok as1 gelistirilmis ve uygulanmas,
hastaligin hem molekiiler hem genetik diizeyde etkilerini anlamak i¢in tiim diinyada sayisiz
arastirma yapilmistir. Bu ¢alismalarin 6nemli bir ayagi da hastaligin farkls hiicre tiirlerinde,
gen ifadesi diizeyinde meydana getirdigi degisimlerini anlamaya ydnelik gergeklestirilen

tek hiicreli RNA dizileme (Single Cell RNA Sequencing) calismalaridir.



1.1. TEK HUCRELI RNA DIiZILEME (“scRNA-seq”) TEKNOLOJISI

Bir hiicre veya hiicre kiimesi/dokuda, belli bir zamandaki transkriptlerin tiimiiniin -diger
bir deyisle transkriptom- es zamanli 6l¢limii ve analizi organizma hakkinda arastirmaciya
oldukca bilgi saglar. Bu amagla belli bir 6rnekte bulunan RNA molekiilleri ve miktarlar
tespit edilerek, ilgili genlerin ifade diizeyinin (ekspresyon) olgiilmesi ve boylece
hiicre/doku fonksiyonu veya hiicre dongiisii ile ilgili nicel Ol¢imler elde etmek
hedeflenmektedir. Gegmiste transkriptomik oSlgiimler, incelenen hiicre kiimesinin veya
dokunun ortalama ifade verisinin elde edildigi total RNA (Bulk RNA) dizileme analizinden
ibaretti. Her ne kadar total RNA transkriptom verileri doku hakkinda genel bilgi verse de
hiicresel heterojenlik hakkinda c¢ok fazla bilgi kaybi yasanmakta ve genotip-fenotip
arasindaki iliski hakkinda belirsizlik meydana getirmektedir (Lee, Yu ve Welch, 2019).
Bunun nedeni de farkl hiicre tiirlerinden olusan doku ve organlarin veya belli bir kismi1
anormal ve kontrolsiiz boliinen kanserli bir dokunun bir biitiin olarak ele alinmasi ve farkl
hiicrelerdeki degisimlerin tespitinin miimkiin olamamasidir.

Ik olarak Tang ve arkadaslar1 (2009) tarafindan uygulanan tek hiicreli RNA dizileme
teknolojisinin temeli ise hiicrelerin tek tek ayristirilmast ve benzer hiicrelerin
kiimelendirilip (“clustering ) birlikte analiz edilmesi prensibine dayanmaktadir. Bu sayede
organizmadaki degisiklik, hastalik vb. durumlarda farkli cevaplar iireten farkli hiicrelerin
ayr1 ayri transkriptomik analizleri yapilabilmektedir. Ornegin bu teknoloji, tiimér gibi
heterojen dokularda hasta hiicre tiirlerinin saglikli hiicrelere kiyasla nasil bir gen ifade
degisimine sahip oldugu bilgisini bize sunmaktadir. Bunun yani sira, tek hiicreli RNA
dizileme farklilasan kok hiicreler gibi hizli bir degisim goézlemlenen hiicre topluluklarinda
hiicre kaderini belirleyen ifade degisimlerini de anlamlandirmak igin kritik bir rol oynar
(Lee, Yu ve Welch, 2019).

Tek hiicreli RNA dizileme teknolojisinin ilk agamasi hiicrelerin dokudan ve birbirlerinden
mekanik veya enzimatik yontemlerle olabildigince zarar gérmeden ayrismasidir. Daha
sonra birbirinden ayrisan hiicreler birer birer 6zel tasarlanmis mikroskobik barkod taneleri
(“barcoded beads”) ile birlikte yag damlaciklarina hapsedilir (Bkz. Sekil 1A). Teknik
olarak her bir yag damlaciginin bir adet barkod tanesi ve bir adet hiicre ihtiva etmesi
hedeflense de baz1 yag damlaciklarinda birden fazla hiicre bulunabilir, bazilar1 da hig hiicre
barindirmaz. Birden fazla hiicre bulunduran yag damlaciklarinin analizde bertaraf edilmesi

i¢in On isleme stratejileri meveuttur (Bkz. Yontem Boliimii).



Hiicrelerin barkod taneleriyle birlikte yag damlaciklarina hapsedilmesinden sonra hiicre
icindeki RNA c¢DNA’ya (“complementary DNA”) doniistiiriilip c¢DNA kitapligi
olusturmak amaciyla kimyasal olarak kopyalanacagi (“amplification”) igin hiicreler
parcalanir ve agiga ¢ikan tiim transkriptler oligo-dT dizilimine sahip ters transkripsiyon
(“reverse-transcription ”) primerleri tarafindan yakalanir. Tiim bu hiicre pargalanmasi ve
RNA yakalanmasi her bir hiicre i¢in digerlerinden bagimsiz bir ortamda (yag damlacigi
icinde) gerceklestigi i¢in bu asamada ayni hiicreye ait tim molekiiller 6zgiin DNA
barkodlar1 ile etiketlenebilmektedir. Bdylece analizin ileriki asamalarinda hangi
transkriptin hangi hiicreye ait oldugunun tespit edilmesi miimkiin olmaktadir. Ters
transkripsiyon ile cDNA’ya doniistiiriilen her bir RNA molekiilii PCR (“polymerase chain
reaction”) yontemi ile kopyalanmaktadir (Sekil 1B). Bu kopyalama asamasinda “unique
molecular identifiers/fUMI” (6zgiin molekiiler tanimlayict) denilen DNA etiketleri eklenir.
Boylece bir RNA molekiiliiniin tiim kopyalar1 aynt UMI’ye sahip olur ve bu sayede
amplifikasyona bagli miktar degisimlerinin analizde yanlis yorumlanmasinin Oniine
gecilebilir. Son olarak da elde edilen cDNA kiitiiphanesi dizilenir ve referans genomuna
hizalanarak (“alignment”) ve literatiirdeki mevcut bilgilere dayanarak her bir RNA’nin

hangi gene ait oldugu tespit edilir (Bkz. Sekil 1C).

A.Sample Preparation
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Read #1
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> p Read £2
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Read #3
M AAGTTCGCATCTCGAGCTCGT...
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Sekil 1: Tek Hiicre Transkriptomik Teknolojisinin Genel Goriisii. (A). Numune Hazirlama. Hiicreler dokudan ayristirilir
ve yvag bazli damlaciklara hapsedilir. (B) ¢cDNA Kitaplik Hazirlama. RNA transkriptlerin ¢ogaltilmasi. (C) Yiiksek
Hacimli Dizileme (Gorsel: Lee, Yu ve Welch, 2019).



Elde edilen tek hiicre RNA dizileme ham verilerinin analizi ve entegrasyonu igin
gelistirilmis birden fazla yazilim araci mevcuttur. Seurat (Hao ve digerleri, 2021), Liger
(Liu ve digerleri, 2020), Scanorama (Hie ve digerleri 2019) ve Harmony (Korsunsky ve
digerleri, 2019) birden fazla verinin entegrasyonu i¢in en sik kullanilan araglardandir (Liu
ve digerleri, 2020). Scanorama, SCRNA-seq verisetlerinin entegrasyonu ve parti diizeltmesi
(“batch correction”) amaciyla Hie ve arkadaslari tarafindan gelistirilmistir (Hie ve
digerleri 2019). Bu metodun temel stratejisi diisiik boyutlu uzayda ortak en yakin komsulari
bularak tiim veri ¢iftlerinde var olan ortak hiicre tiirlerini tespit etmektir. Daha sonra bu
veri ciftleri adeta bir “hiicresel panorama” olacak sekilde birlestirilir. Bu yaklasimda her
bir veri setinin diger bir veri setlerinin en az biriyle, minimum bir ortak hiicre tiirii
barindirmasi gerekmektedir (Liu ve digerleri, 2020).

Korsunsky ve arkadaslariin aymi yilda gelistirdigi Harmony’de scRNA-seq ifade
matrislerine ait PCA géomme (“PCA embedding ”) girdi olarak alinir ve parti diizeltmesi
yapilmig gomme ede edilerek gorsellestirme ve kiimeleme gibi analiz basamaklart miimkiin
kilinir (Korsunsky ve digerleri, 2019).

Birden fazla scRNA-seq veri setinin entegrasyonu igin tasarlanmig Scanorama ve
Harmony’nin aksine Seurat ve Liger RNA, ATAC gibi farkli dizileme yontemlerinin
verilerinin entegrasyonuna da izin verir; bu agidan bu ikisi birbirine en ¢ok benzeyen
entegrasyon metotlaridir. Bu iki araci karsilastiracak olursak, Seurat, veri setine 6zgii
farkliliklar igeren bir uzaydan ziyade kanonik korelasyon analiz (Canonical Correlation
Analysis/CCA) ile elde edilen paylasilmis ortiik uzay: kullanarak hiicre tiirlerini saptar.
Buna karsilik Liger’in boyut kiigiiltme stratejisi hem paylasilmis sinyalleri hem de veri
setine 6zgii Ortiik faktorleri (metagen) saptamak tizerine kuruludur. Her metagen, her bir
genin ilgili metagene ne kadar katki sagladigini gosteren “gen faktor yiik deger takimi” ile
tanimlanmigtir. Bu metagenler ve hiicre-faktor yiikleri (“cell-factor loadings”) biitiinleyici
negatif olmayan matris faktorizasyonu  (“integrative  nonnegative  matrix
factorization/iINMF”) ile hesaplanir (Sekil 2). Bunun yani sira, Seurat en yakin komsu
iligkisini (makalelerinde ‘“‘anchor” olarak adlandirirlar) kullanarak gen ifadelerini
degerlerini “diizeltir” (Hao ve digerleri, 2021). Liger’de ise orijinal ifade verisi
degistirilmez ve kemmi normallestirme (“quantile normalization’) metodu ile gen ifadeleri
normalize edilir. 2020 yilinda, 14 farkli tek-hiicre veri entegrasyon metodunun
karsilastirildig1 calismada Harmony, Liger ve Seurat bu alandaki en iyi performansa sahip

ic metot olarak 6ne ¢ikmistir (Tran ve digerleri, 2020). Bu {i¢ yazilim arac1 da Covid-19
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enfeksiyonunda bagisiklik sisteminin hastalik siirecindekini roliinii ve viicudun hastaliga

verdigi cevab1 anlamak amaciyla gerceklestirilen tek hiicreli RNA dizileme ¢alismalarinin
veri analizinde siklikla kullanilmaktadir.
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Sekil 2: Liger Protokol Diyagrami. Asama |: On Isleme ve Normalizasyon. Asama II: Ortak Matris Faktorizasyonu.

Asama IIl: Kemmi Normallestirme ve Ortak Kiimeleme. Asama 1V: Gérsellestirme ve Markér Genlerin Belirlenmesi vb.
Sonraki Analizler (Gérsel: Liu ve digerleri, 2020)



1.2. COVID-19 IMMUNOPATOLOJI CALISMALARI

Viral enfeksiyonlarda konak canlinin 6zellikle akut donemde bu enfeksiyonlara verdigi
bagisiklik cevaplar1 hastaligin siddetini belirleyen en 6nemli unsurlardandir. Bu ylizden
Covid-19 calismalarinda hastaligin immunopatolojisi {izerine olduk¢a fazla ¢alisma
yapilmistir. Ozellikle hiicre tiirleri bazinda degisikliklerin saptanabildigi tek hiicreli RNA
dizileme teknolojisi Covid-19 enfeksiyonuna karsi olusan karmasik periferik kan bagisiklik
cevabinin arastirildig1 calismalarin merkezinde yer almaktadir.

Bu ¢alismalarin bazilarinda hastalarda T hiicre oraninda diisiis ve lenfositlerde interferon
(IFN)-y tiretiminin azalmas1 gibi degisimler fark edilmistir (Chen G. ve digerleri, 2020).
Hastaligin orta diizeyde seyrettigi bireylerde enfeksiyona karsi etkin bir hiicresel ve
hiimoral® bagisiklik cevabiin verildigi gézlemlenmistir (Thevarajan ve digerleri, 2020).
Hastaligin siddetli seyrettigi bireylerde ise kanda lenfosit sayisinin kayda deger bir oranda
diistiigli ve serum proinflamatuvar sitokin oraninda artis tespit edilmistir (Chen G. ve
digerleri, 2020; Tan ve digerleri, 2020). Yine bagka bir g¢aligmada, yogun bakim
hastalarinin CD8+ T hiicrelerinde programlanmis hiicre 6liimi proteini 1 ve Tim-3
ifadesinde artis goriilmiistiir (Diao ve digerleri, 2020). Baska bir ¢alismada, siddetli
seyreden vakalarda klasik monosit hiicreleri Tip 1 IFN inflamatuvar imzasi gosterirken
kritik vakalarda dendritik hiicre (DC) sayisinda ve [FNa seviyesinde diislis gozlemlenmistir
(Hadjadj ve digerleri, 2020).

Wilk ve arkadaslarinin Covid-19 enfeksiyonu nedeniyle hastaneye yatig yapmig 7 hasta ve
6 saglikli bireyden elde edilen PBMC hiicrelerine ait tek hiicreli RNA dizileme verileriyle
yaptiklar1 arastirmada ise diger calismalarda oldugu gibi periferik bagisiklik hiicre
fenotipinde degisimler goriilmiistiir. Bu degisimlerden bazilari monosit hiicrelerinde HLA
Class II genlerinin ifadesinde diisiis, plazmablast oranlarinda artis ve hastalarin bir
kisminda IFN ile uyarilan genlerin (“IFN-stimulated genes/ISGs”) ifadesinde artistir (Wilk
ve digerleri, 2020

Bu calismada, 6n isleme asamalarinda daha pratik buldugumuz Seurat’i, verilerin
entegrasyon kisminda ise daha basarili oldugunu diisiindiigiimiiz Liger’i kullanip her iki
giiclii yontemden de yararlanarak ¢alismay1 daha saglikli hale getirmeyi hedefledik. Bu
dogrultuda, Covid-19 enfeksiyonundaki bagisiklik cevabin1 anlamak amaciyla saglikli ve

Covid-19 enfeksiyonu geciren bireylerin periferik kan mononiikleer hiicrelerinden

1 Bagisikhgin veya bagisiklik yanitinin B hiicreleri tarafindan salgilanip viicut sivilarinda dolasan antikorlari
iceren bolimine ait olan.
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(peripheral blood mononuclear cells/PBMC) elde edilen tek hiicreli RNA dizileme ham
verileri kullanilmistir. Verilerin 6n isleme ve kalite kontroliinden sonra Covid-19’1u 4
bireyden alinan 6rnekler kendi i¢inde, 4 saglikli bireyden alinan &rnekler kendi i¢inde
birlestirilip “Covid” ve “Kontrol” olmak tizere iki veri seti olusturulmustur. Bu veri setleri
icin 6nce kiimeleme islemi ile hiicre tiirleri belirlenmis, daha sonra hiicre tiirlerindeki gen
ifadeleri iki veri seti arasinda karsilastirilmistir. Ifadesi anlamli olarak degisen gen
kiimelerinin kodladig1 proteinler kullanilarak tespit edilen her hiicre tipi i¢in hiicre tipine
0zgli protein-protein etkilesim aglar1 kurulmus ve bu aglarin tekil ve karsilastirmali

topolojik analizleri ile onemli biyobelirtecler tayin edilmistir.



2. YONTEM
2.1. ARASTIRMA MODELI

Bu calisma bir nicel aragtirma deseni olarak goriilen ikincil veri analizi ¢alismasidir. Bu
dogrultuda, daha genis ve kapsamli bir ¢alisma i¢in toplanmis ve herkesin erisimine olanak
saglanacak sekilde uluslararasi veritabaninda (Geo Database) yaymlanmis olan SCRNAseq
verilerinden bir kismi ile mevcut calisma gergeklestirilmistir. Arastirmanin bagimsiz
degiskeni aktif olarak Covid-19 enfeksiyonu gecirme durumudur. Bagimli degiskenler

olarak, periferik kan monontikleer hiicrelerinin (PBMC) gen ifadelerine bakilmistir.

2.2. VERi KUMESI

Calismanin basinda Wilk ve arkadaslarinin 2020 yilinda yaptiklari ¢aligmayi tekrarlamay1
hedeflesek de, hem verilerinin 10X Genomics verisi olmamasindan, hem de yayinladiklari
analizin kodunda eksiklikler oldugundan benzer ¢calismay1 Seurat ve Liger’de daha kolay
isleyebilecegimiz 10X Genomics teknolojisi ile iiretilmis olan verilerle yapmaya karar
verilmistir. Bu dogrultuda Yu ve arkadaslarinin 2021°de Covid-19 hastalarinin verdigi
bagisiklik cevabinin kadin-erkek arasinda nasil degistigini inceledikleri ¢aligmalar1 i¢in
kullandiklar veriler, Wilk ve arkadaslarinin yaptig1 ¢alismaya benzer bir ¢alisma yapma
amactyla GSE171555 erisim numarasi ile NCBI-GEO Veri tabanindan indirilmistir. 1lgili
veriler 15 Nisan 2021 yilinda erisime acilmistir. Calismanin orijinalinde kan 6rnegi alinan
bireylerin verilerinin paylasimi i¢in yazili onay alinmistir. Bu ¢alisma i¢in, bahsedilen
arastirmada yer alan orneklerden test (Covid-19 enfeksiyonu geciren) ile kontrol grubu
arasinda kadin-erkek esitligi saglanacak ve iki grubun yas ortalamasi yakin olacak sekilde
secilmistir. Covid-19 enfeksiyonu geciren hastalarin higbirinin hastaneye yatmasi
gerekmemistir. Hastaligin siddet skoru kayit sirasinda 38 soruluk bireysel degerlendirme
anketi ile elde edilmistir (Yu ve digerleri, 2021). 8 ayr1 verinin ait oldugu bireylerin
demografik ve klinik 6zellikleri Tablo 1’de belirtilmistir. Analiz toplam 111212 hiicre ile
gerceklesmistir.



Tablo 1: 8 Veri setinin elde edildigi bireylerin demografik ozellikleri ve drneklerde bulunan hiicre sayilart

ilk semptomdan

. Hastahgin o Ornekte

K e, CINSIYET  YAS  IRK Siddet ;tr'f%:%ﬁl buly =
1 - Kadin 28 Beyaz - - 17917
2 - Kadin 45 Beyaz - - 20078
3 - Erkek 52 Beyaz - - 13344
4 - Erkek 61 Siyahi - - 11991
5 + Erkek 60  Beyaz 19 17 6896
6 + Erkek 33 Beyaz 18 15 15953
7 + Kadin 31  Beyaz 40 20 12967
8 + Kadin 44 Beyaz 40 16 12066

2.3. VERILERIN ANALIZI

GEO Veritabanindan indirilen ham verilerin hepsi R diliyle, R programinda (V. 4.1.3)
analiz edilmistir. Analiz i¢in kullanilan bilgisayar 256 GB RAM, 2 CPU-40 Thread
ozelliklerinde, Linux Ubuntu isletim sistemine sahiptir. Analiz sirasinda tek hiicre RNA
sekanslama analizi icin New York Universitesi biinyesindeki Satija Lab’m gelistirdigi
Seurat-v.4.0.5 (Hao ve digerleri, 2021) ve Kaliforniya Universitesi biinyesindeki The
Welch Lab’in gelistirdigi Liger-v.1.0.0 (Liu ve digerleri, 2020) R paketleri kullanilmistir.

2.3.1. scRNAseq Verilerinin Elde Edilmesi
8 ayr1 verinin her biri icin GSE171555 erisim numarasi ile NCBI-GEO Veritabanindan
“matrix”, “features” ve “barcodes” dosyalar1 indirilmistir. R’da analiz i¢in Seurat, Liger,

Cellranger paketleri yiiklenmistir.

2.3.2. Farkh Ifade Edilen Genlerin / IDG (“Differentially Expressed Genes”) Tespiti

8 bireyden elde edilen verilerin hepsi ayr1 ayr1 6n isleme ve kalite kontroliinden ge¢mistir.
Diisiik kaliteli hiicrelerin ve hiicre barindirmayan yag damlaciklarinin elimine edilmesi i¢in
nFeature RNA degeri 200°den kiigiik olan 6l¢iimler ile 2 veya daha fazla hiicre barindiran
yag damlaciklarinin elimine edilmesi i¢in nFeature RNA degeri 2500’den biiyiik olan
Olciimlerin hepsi analiz Oncesi filtrelenmistir. Bunun yani sira, mitokondriyal RNA

(“percent.mt”) degerinin yiiksekligi hiicrelerin apoptoza (programli hiicre 6liimii) ugradig



thtimalini giiclendirdigi icin bu degerin %5’in istiinde oldugu hiicreler analiz disi
birakilmistir. (Filtreleme Oncesi dagilimlart gosteren “Violin Plot” gorselleri igin bkz.
Bulgular Bolimii)

Daha sonra 4 Covid-19 verisi ve 4 kontrol (saglikli insan) verisi ayr1 ayri birlestirilmistir.
Daha sonra kiimeleme islemi yapildi ve Wilcoxon sira toplami (“rank-sum”) testi ile
kiimeler arasindaki gen ifade degisimlerine bakilarak hiicre tiirleri belirlenmistir.
Kiimeleme sonucu belirlenen hiicre tiirliniin her biri i¢in covid-saglikli veri setleri arasinda
Wilcoxon sira toplami testi ile gen ifadesi farkliliklarina bakilmistir?. Farkli ifade edilen
genleri belirlemek i¢in p degeri 0,05’ten kiigiik tiim genler listeden ¢ekilmistir. logFC
degeri sifirdan biiylik olanlar ifadesinde anlamli bir artis olan (yukar1 diizenlenmis -
“upregulated”) genler, logFC degeri sifirdan kii¢iik olanlar ifadesinde anlamli bir azalig

olan (asag1 diizenlenmis - “downregulated”) genler olarak listelenmistir.

2.3.3. Zenginlestirme Analizleri

Elde edilen hiicre kiimeleri icin ayr1 ayr1 belirlenen, ifadesinde anlamli bir artig olan
genlerin (iDG) Kyoto Encylopedia of Genes and Genomes (KEGG) Yolak ve Gen Ontoloji
(GO) zenginlestirme analizleri i¢cin DAVID veritabam1 (https://david.nciferf.gov/)
kullanilmistir (Sherman ve digerleri, 2022). Bu sekilde, her bir hiicre tiirii i¢in ifadesi artis
gosteren gen listesi ve ifadesi azalis gOsteren gen listesi ayr1 ayr1 analiz edilmis ve
Benjamini-Hochberg diizeltmesi p-degeri 0.05°ten kiigiik olan KEGG ve GO terimleri

anlamli olarak bu listelerle iligkili olarak kabul edilmistir.

2.3.4. Protein-Protein Etkilesim (PPE) ve Topoloji Analizi

APID veritabanindan (Alonso-Lopez ve digerleri, 2019) Homo Sapiens i¢in en az bir
binary metot (hesaplamali veya deneysel) ile ispatlanmis protein etkilesim listesi (Level 2)
indirildi. Bu listeden, her bir hiicre kiimesine ait farkli ifade edilen gen listelerinde olan

proteinlerin etkilesimleri R programinda filtrelenerek her hiicre ¢esidi igin protein-protein

2 Liger'de Wilcoxon sira toplami testi iki sekilde uygulanir. Oncelikle, kiimeleri birbirinden ayirmak
amaciyla Wilcoxon fonksiyonunda karsilastirma metodu olarak “clusters” sectik; bu sayede verilerin ait
oldugu bireylerin Covid-19 enfeksiyonu gecirip gecirmemesinden bagimsiz olarak, kimeleme islemi ile
elde ettigimiz gen ifade farkliliklarina gére kiimelerin hangi hiicre tiirline ait oldugunu bulduk. Hiicre
gruplari belirlendikten sonra yine Wilcoxon fonksiyonunda karsilastirma metodu olarak “datasets” secerek
“Covid-19” ve “Kontrol/Saghkl” olmak lizere belirledigimiz iki veri setine ait ayni hiicre tirlerini
karsilastirdik. Boylece, bu iki grup arasinda ifadesi anlaml bir sekilde degisen genleri tespit ederek Covid-
19 enfeksiyonunun transkriptomik diizeyde metabolizmayi nasil etkiledigine dair ipuglari elde etmeyi
hedefledik.
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etkilesim listesi olusturuldu. Bu listeler Shannon ve arkadaslarimin gelistirdigi (2003)
Cytoscape’e (v. 3.9.1) atilarak, merkez ag ile baglantis1 olmayan kiigiik gruplar, proteinin
kendisiyle yaptigi etkilesimler (“Self Loop™) ve iki tarafli etkilesim halindeki protein
ciftlerine ait etkilesimlerden biri (“Duplicated Edge”) kaldirildi. Her bir etkilesim aginin
temel topolojik ozellikleri ve aglara ait Derece (“Degree”) ve Arasindalik Merkeziligi

(“Betweenness”) degerlerine gore ilk 5 protein tespit edilmistir.

2.3.5. ikili ag karsilastirilmalar

Bir Cytoscape uygulamasi olan Dynet (Goenawan, Bryan ve Lynn, 2016) kullanilarak
tespit edilen hiicre gesitlerinden PBMC olanlar secilerek bu hiicre tipleri i¢in elde edilen
PPE aglarinin 21i kombinasyonlar1 ayr1 ayr1 topolojik olarak karsilastirilmistir. Aglarin ikili
karsilastirilmast ile kenar baglantisi acisindan “yeniden baglanmig” 10 diigiim (“most
rewired nodes”) “DyNet Rewiring Score” degeri kullanilarak listelenmis ve bu listelerdeki

en sik goriilen diigimler belirlenmistir.
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3. BULGULAR

3.1. TRANSKRIPTOMIK VERI ANALIZi

4 Covid-19 enfeksiyonu gegiren, 4 saglikli kisiden elde edilen tek hiicreli RNA dizileme

verilerinin her biri i¢in filtreleme islemi Oncesi hiicrelerdeki tespit edilmis toplam gen

sayist, tespit edilmis toplam molekiil sayis1 ve mitokondriyal RNA yiizdesi grafikleri Sekil

3 ve Sekil 4’te verilmistir.
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Sekil 3: Saglikl bireylere ait (ctrll, ctrl2, ctri3, ctrl4) toplam gen sayisi (nFeature RNA), tespit edilmis toplam molekiil
sayist (nCount RNA) ve mitokondriyal RNA yiizdesini (percent.mt) gosteren Keman Grafikleri (Violin Plots)
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Sekil 4: COVID-19lu bireylere ait (covl, cov2, cov3, cov4) toplam gen sayist (nFeature RNA), tespit edilmis toplam
molekiil sayisi (nCount_ RNA) ve mitokondriyal RNA yiizdesini (percent.mt) gosteren Keman Grafikleri (Violin Plots)
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Filtreleme islemlerinden sonra R’da Liger objesi olusturulurken kullanilan fonksiyon ile
Covid-19 veri grubunda olmayan 154 gen ile kontrol grubunda olmayan 111 gen veri
setlerinden otomatik olarak c¢ikarilmistir. Normalizasyondan sonra gergeklestirilen
kiimeleme igleminde 14 ayr1 grup tespit edilmistir. Birlestirilmis veri seti i¢in Covid-19 ve

saglikli birey hiicre dagilimi (stim ve ctrl) ile kiimelerin dagilimi Sekil 5°te gosterilmistir.
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Sekil 5: UMAP gorselleri. Solda: COVID-19’lu (stim) ve saglikli bireylere (ctrl) ait hiicrelerin dagilimi. Sagda: Tespit
edilen 14 kiimeye ait hiicrelerin dagilim.

Liger paketine bulunan, farkli ifade edilen genlerin tespiti i¢in kullanilan Wilcoxon sira
toplam1 (rank-sum) testinden sonra p degeri 0,05’ten kii¢iik olan genler filtrelenmistir. Bu
filtreleme islemi ile tespit edilen IDGlerden her bir kiime igin logFC degeri en biiyiik olan
10 gen Tablo 2’de verilmistir. Tablo 3’te ise gerek tespit ettigimiz Top10 genlerden gerek
kanonik markdrlerden kiimelerin belirlenmesi i¢in ifadesine baktigimiz genler verilmistir.
Bu amagla olabildigince hiicre tipine has ifade edilen genleri segmeye calistik. Sectigimiz
genleri kiimelerde ifade edilmesi + isaretiyle gosterilmistir. Bakilan genin birden fazla

hiicre tiiriinde ifadesi gozleniyorsa ifadesi en giiclii oldugu kiimeyi * ile belirttik.
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Tablo 2: UMAP sonucu belirlenen 14 kiime i¢in ifadesi anlamli bir sekilde pozitif yonde degisen en yiiksek 10

gen
Kiime No Farkl Ifade Edilen (Yukar1 Diizenlenmis) Top10 Gen
CCR7, TCF7, LEF1, MAL, NOSIP, IL7R, PRKCQ-AS1, CD3E, LTB, CD3D
0

FCN1, CST3, IFI30, S100A12, VCAN, LST1, AlF1, TYROBP, SERPINAL,
1 CD14
IL32, AQP3, LTB, CD3E, IL7R, CD3D, LIMEL, ITGB1, CD2, CD3G

2
3 CCL5, NKG7, CST7, DUSP2, GZMA, GZMK, CTSW, GZMM, KLRG1, KLRB1
CD79A, MS4A1, CD79B, HLA-DRA, HLA-DQAL, HLA-DQB1, BANK1, HLA-
4 DRBS5, LINC00926, IGHM
5 S100A8, LYZ, CST3, IFI30, S100A9, TYROBP, FCN1, AIF1, VCAN, IGKV3-20
6 GNLY, GZMB, PRF1, NKG7, SPON2, FGFBP2, CST7, GZMA, CLIC3, HOPX
7 GZMH, NKG7, FGFBP2, CST7, CCL5, GNLY, PRF1, GZMA, CTSW, KLRD1
FCGR3A, MS4A7, SERPINAL, SMIM25, LST1, CFD, LILRB2, IFI30, CD68,
8 SPI1
9 PPBP, TUBB1, CAVIN2, SPARC, GNG11, CLU, PF4, NRGN, MPIG6B, GP9
HBA2, HBAL, ALAS2, HBB, SLC25A37, SNCA, DCAF12, HBD, SLC25A39,
10 AHSP
SERINCS, PDE3B, ITK, CAMK4, CELF2, KDM6A, IL6ST, MAML2, SSH2,
11 RSRP1

12 PLD4, LILRA4, ITM2C, GZMB, SERPINF1, IRF7, IRF8, TCF4, JCHAIN, MZB1
STMN1, TYMS, IGLV3-19, MKI67, IGLV3-25, IGKV3-20, RRM2, PCLAF,
13 HIST1H1D, IGHV4-34

Tablo 3: Kiimelerin hangi hiicre tiiriine ait oldugunun belirlenmesi icin kullanilan genler. (Genlerin ifadelerini
gosteren Keman Grafikleri (Violin Plots) EK-3 'te verilmistir. * ile isaretlenenler ilgili genin ifadesinin en gii¢lii oldugu
kiimeyi gostermektedir.)

0 1 2 3 4 5 6 7 8 9 10 11 12 13
CD14 + + +
CD8A + +

CD79A +
GNLY + + | x| o+ +
TRDC +

FCGR3A + +*
PPBP +
HBA2 +

LILRA4 +

PCLAF +
CCR7 | +* + + | o+ +

SERINCS | + + + +
IL7R - -

Hiicre tiirlerinin belirlenmesinin ardindan ayni hiicre tiirlerine ait kiimelerin birlestirilmesi

ile birlikte kiime sayis1 11’°e diismiistiir (Bkz. Tablo 4). Bu 11 hiicre tiiriinden Platelet ve
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Notrofil hiicreleri periferik kan mononiikleer hiicresi (PBMC) olmadigindan dolay1 bu iki

kiime kimi analizlerin disinda tutulmustur. Belirlenen hiicreler dogrusal olmayan(non-

linear) boyut kiiciiltme tekniklerinden biri olan UMAP ile 2 boyuta indirilmistir (bkz. Sekil

6).
Tablo 4: Liger ile belirlenen kiimelerin saptanmus hiicre tiirleri
Kiime No Hiicre Tipi Kiime No Hiicre Tipi
0 Naive CD4 T 7 CD8T
1 CD14+ Monoctyes 8 FCGR3A+ Monocytes
2 Memory CD4 T 9 Platelet
3 CD8T 10 Neutrophil
4 B 11 Memory CD4 T
5 Memory CD4 T 12 DC
6 NK 13 T Regulatory
101
Cluster
@ NaiveCD4T
@ cD14+ Mono
@ MemoryCD4T
o~ 01 ® cosT
< ® s
= ® NK
= @ FCGR3A+ Mono
@ Piatelet
-104 @ Neutrophil
@ oc
@® TReg
e
15 -10 5 0 5 10
UMAP 1

Sekil 6: Hiicrelerin belirlenmesinden sonra UMAP gorsellestirilmesi

Belirlenen hiicre tiirlerine ait farkli ifade edilen genlerin sayis1 (artan ve azalan olmak

iizere) Tablo 5’te verilmistir. PBMC olan 9 hiicre tiirtiniin (N6trofil ve Platelet hiicreleri

hari¢ digerleri) IDG listelerinde toplam 44 ortak IDG bulunmaktadir. Bu 44 genin 18’i bu

9 hiicre tiirtinde pozitif logFC degerine (yukar1 diizenlenmis genler), 21°1 ise 9 hiicre

tirtinde negatif logFC degerine (asag1 diizenlenmis genler) sahiptir (Bkz. Tablo 6). Bu iki

listenin GO ve KEGG zenginlestirme analizi sonuglar1 Benjamini-Hochberg diizeltmeli p

degeri i¢in < 0,05 esigi atanarak filtrelenmis ve elde edilen terimler Tablo 7 ve Tablo 8’de

verilmistir.
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Tablo 5: 11 Hiicre tiirii igin tespit edilen IDG sayilart

Yukar1 Diizenlenmis  Asagi Diizenlenmis

Hiicre Tiirii IDG Sayist IDG Sayist
Naive CD4 T 3256 1005
CD14+ Monoctyes 5387 829
Memory CD4 T 1207 4005
CD8T 4467 967
B 2081 451
NK 4025 506
FCGR3A+ Monocytes 563 269
Platelet 129 2592

Neutrophil 143 14

DC 82 687
T Regulatory 50 957

Tablo 6: PBMC hiicrelerinin IDG listelerinin hepsinde ortak goriilen genler (Toplam 44 Tane)
(logFC degerleri icin bkz:Ek-4)

IDG

Ifade Yonii Sayisi Gen Listesi
Tii . HIST1H1D, HIST1HI1E, IGHV1-24, IGHV4-34, IGKV2-24, IGKV3-
im Hiicrelerde 18
Yukart 20, IGKV4-1, IGLV1-44, IGLV1-47, IGLV3-10, IGLV3-19, IGLV3-
Diizenlenmis 21, IGLV3-25, IGLV4-69, IGLV6-57, RPS2, RPS26, YBX1
Tii . AREG, CIRBP, EIF5, FOS, G0S2, GADD45B, HBP1, HLA-C, IER2,
im Hiicrelerde 21
Asagl JUNB, RPL10, RPL18, RPL3, RPL7A, RPLPO, RPS3A, RPS5, RPS7,
Diizenlenmis RPS8, RPS9, SNHG5
Ifade Yonii 5
Hiicreden CYBA, DAD1, EEF1G, MT-ND4, RPS6
Hiicreye Degisen

Tablo 7: Tablo 6 da verilen ortak IDG listelerinin GO zenginlestirme analiz sonuglart

. e . n n jamini-
Ifade Degisimi Terim SS;ISI Yi?z?lesi Ho cizzjrzn;”:;eg eri

Yukari G0:0002377~immunoglobulin production 11 68,75 6,162E-19

Diizenlenmis  GO:0006955~immune response 12 75,00 5,012E-14

G0:0002250~adaptive immune response 11 68,75 1,007E-12

Asagi G0:0002181~cytoplasmic translation 10 47,62 6,146E-15

Diizenlenmis  G0:0006412~translation 10 47,62 1,617E-11

Tablo 8: Tablo 6 da verilen ortak IDG listelerinin KEGG zenginlestirme analiz sonuglart

- .. . Gen Gen jamini-
Ifade Degisimi Terim S Vol Hoc?lggjrznlllrgliageri
Yukari hsa03010:Ribosome 2 12,50 0,0284942
Diizenlenmis  hsa05171:Coronavirus disease - COVID-19 2 12,50 0,0284942
Asagi hsa05171:Coronavirus disease - COVID-19 11 52,38 2,111E-11
Diizenlenmis  hsa03010:Ribosome 10 47,62 2,29E-11
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Her iki yonde de goriilen COVID-19 terimine ait DAVID veri tabaninda 232 gen
bildirilmektedir. Bu gen listesindeki genlerin PBMC hiicre tiirlerine ait IDG listelerinde

goriilme oranlart Tablo 9’da verilmistir.

Tablo 9: hsa05171 (Coronavirus disease - COVID-19) yolagindaki genlerin (232 tane) PBMC hiicrelerine ait IDG
listelerindeki temsil oranlar:

B
M.CD4T
N.CD4 T

CD8T
CD14+

DC
FCGR3A+

NK

T Reg

KEGG Coronavirus Yolaginda

Var Olan IDG sayis1 83 122 114 126 139 32

]
o1

123 61

KEGG Coronavirus Yolaginda

Var Olan IDG yiizdesi 35,78 52,59 49,14 54,31 59,91 13,79 32,33 53,02 26,29

HLA Class I ve Class II genlerine ait periferik mononiikleer kan hiicrelerinin iDG
listelerindeki logFC degerine gore belirlenen ifade degisim yonii (Yukar: diizenlenmis
olanlar kirmiz1 ile, asagi diizenlenmis olanlar mavi ile) ve siddeti Tablo 10’daki 1s1
haritasinda gdsterilmistir. Bu grup genler i¢in 11 hiicre grubunu tek bir kiime olarak
birlestirip veri setine total RNA dizileme verisi gibi davranarak genlerin Covid-19
enfeksiyonu geciren ve saglikli bireylerde nasil degistigini gosterdik (Tablo 10’da TOTAL

RNA siitunu).

Tablo 10: HLA Class | ve Class Il genlerinin PBMC tiirlerine ait IDG listelerindeki ifade degisimlerinin logFC
degerlerine gore belirlenen 1s1 haritasi

+ g <-'l-i g = a) g =
ggz2s 5 § °
HLA-A - - ;
HLA-B — | -
% HLAC | ] L
O HLA-E - - - up  down
HLA-F - e 0-0.25
HLAG - - - - - - - 0.25-1
HLA-DMA ; I 1.2
HLADMB - ; 23
HLADOA - - - - - 34
HLA-DOB S : 4
HLA-DPAL
= HLADPBL - ;
2 naooat [ Bl
HLA-DQB1 -
HLA-DQB2 - - I
HLA-DRA - [
HLA-DRB1

HLA-DRBS || -
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3.2. ZENGINLESTIRME ANALIZLERIi

Her bir PBMC tiiriine ait yukar1 diizenlenmis ve asag1 diizenlenmis IDG listeleri igin ayr1
ayr1 GO ve KEGG zenginlestirme analizlerin yapilmistir. Benjamini-Hochberg diizeltmeli
p degeri i¢in < 0,05 esigi atanarak bu terim listeleri filtrelenmis ve p degeri en diisiik 5
terim Tablo 11, Tablo 12, Tablo 13 ve Tablo 14’te listelenmistir. Listelerin tamami ise Ek-

1’de verilmistir.

Tablo 11: Yukar: diizenlenmis IDG lerin KEGG zenginlestirme analizi sonuglar

o o e Benjamini-
Hiicre Tipi KEGG Terimi S %  Hochberg p degeri
B hsa00190:Oxidative phosphorylation 57 2,85 6,76E-18
hsa05020:Prion disease 85 4,25 1,69E-17
hsa05415:Diabetic cardiomyopathy 70 3,50 6,43E-17
hsa05014: Amyotrophic lateral sclerosis 97 4,85 2,16E-15
hsa05208:Chemical carcinogenesis - reactive oxygen species 71 3,55 2,71E-15
Mem. CD4 T hsa04662:B cell receptor signaling pathway 22 2,01 5,61E-07
hsa04650:Natural Killer cell mediated cytotoxicity 24 2,20 4,49E-05
hsa05140:Leishmaniasis 18 1,65 6,78E-05
hsa05332:Graft-versus-host disease 13 1,19 0,0001
hsa05152:Tuberculosis 28 2,56 0,0001
Naive CD4 T hsa04144:Endocytosis 79 2,59 9,27E-07
hsa04659:Th17 cell differentiation 42 1,38 4,69E-06
hsa05163:Human cytomegalovirus infection 70 2,29 4,69E-06
hsa04714:Thermogenesis 71 2,33 4,92E-06
hsa05020:Prion disease 80 2,62 4,92E-06
CD8T hsa04144:Endocytosis 109 2,57 7,63E-12
hsa05166:Human T-cell leukemia virus 1 infection 94 2,22 1,19E-09
hsa05415:Diabetic cardiomyopathy 88 2,07 1,19E-09
hsa05169:Epstein-Barr virus infection 85 2,00 1,33E-08
hsa05131:Shigellosis 98 2,31 1,85E-08
CD14 Mono _hsa04144:Endocytosis 125 2,45 5,17E-13
hsa04714:Thermogenesis 111 2,18 3,29E-10
hsa05010:Alzheimer disease 154 3,02 1,69E-07
hsa04932:Non-alcoholic fatty liver disease 76 1,49 1,69E-07
hsa05415:Diabetic cardiomyopathy 93 1,83 1,69E-07
DC hsa03010:Ribosome 10 13,51 6,51E-07
hsa05171:Coronavirus disease - COVID-19 10 13,51 9,18E-06
FCGR3A+ hsa05140:Leishmaniasis 17 3,17 1,49E-07
hsa05208:Chemical carcinogenesis - reactive oxygen species 27 5,03 1,65E-07
hsa00190:Oxidative phosphorylation 21 3,91 1,65E-07
hsa05020:Prion disease 29 5,40 4,45E-07
hsa04932:Non-alcoholic fatty liver disease 20 3,72 5,86E-06
NK hsa04144:Endocytosis 112 2,90 1,87E-16
hsa05131:Shigellosis 100 2,59 2,50E-11
hsa05132:Salmonella infection 94 2,43 1,02E-08
hsa04662:B cell receptor signaling pathway 42 1,09 8,75E-08
hsa05166:Human T-cell leukemia virus 1 infection 81 2,10 8,71E-07

T Regulatory -
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Tablo 12: Asag: diizenlenmis IDG lerin KEGG zenginlestirme analizi sonuglar

o S Benjamini-
Hiicre Tiirii KEGG Terimi S 9 Hochberg p degeri
B hsa00190:Oxidative phosphorylation 57 2,85 6,76E-18
hsa05020:Prion disease 85 4,25 1,69E-17
hsa05415:Diabetic cardiomyopathy 70 3,50 6,43E-17
hsa05014:Amyotrophic lateral sclerosis 97 4,85 2,16E-15
hsa05208:Chemical carcinogenesis - reactive oxygen species 71 3,55 2,71E-15
Mem. CD4 T hsa04662:B cell receptor signaling pathway 22 2,01 5,61E-07
hsa04650:Natural killer cell mediated cytotoxicity 24 2,20 4,49E-05
hsa05140:Leishmaniasis 18 1,65 6,78E-05
hsa05332:Graft-versus-host disease 13 1,19 0,0001
hsa05152: Tuberculosis 28 2,56 0,0001
Naive CD4 T hsa04144:Endocytosis 79 2,59 9,27E-07
hsa04659:Th17 cell differentiation 42 1,38 4,69E-06
hsa05163:Human cytomegalovirus infection 70 2,29 4,69E-06
hsa04714:Thermogenesis 71 2,33 4,92E-06
hsa05020:Prion disease 80 2,62 4,92E-06
CD8T hsa03010:Ribosome 61 7,01 6,97E-36
hsa05171:Coronavirus disease - COVID-19 69 7,93 4,78E-33
hsa05208:Chemical carcinogenesis - reactive oxygen species 27 3,10 0,0041
hsa05134:Legionellosis 12 1,38 0,0069
hsa05020:Prion disease 29 3,33 0,0119
CD14+ hsa03010:Ribosome 51 7,04 1,27E-27
hsa05171:Coronavirus disease - COVID-19 58 8,01 1,16E-25
hsa05323:Rheumatoid arthritis 20 2,76 1,67E-06
hsa05132:Salmonella infection 28 3,87 0,0008
hsa04657:1L-17 signaling pathway 16 2,21 0,0008
DC hsa00190:Oxidative phosphorylation 28 4,18 2,39E-09
hsa05012:Parkinson disease 40 5,97 2,39E-09
hsa04145:Phagosome 29 4,33 5,49E-09
hsa04612:Antigen processing and presentation 21 3,13 5,49E-09
hsa04141:Protein processing in endoplasmic reticulum 29 4,33 6,29E-08
FCGR3A+ hsa05171:Coronavirus disease - COVID-19 53 21,29 1,71E-39
hsa03010:Ribosome 46 18,47 5,01E-39
hsa04210:Apoptosis 12 4,82 0,0062
hsa05144:Malaria 7 2,81 0,0239
hsa05323:Rheumatoid arthritis 9 3,61 0,0239
NK hsa03010:Ribosome 65 1351 1,6011E-53
hsa05171:Coronavirus disease - COVID-19 70 1455 1,1378E-47
hsa05208:Chemical carcinogenesis - reactive oxygen species 20 4,16 0,0072
hsa05012:Parkinson disease 22 4,57 0,0072
hsa05134:L egionellosis 9 1,87 0,0209
T Regulatory hsa03010:Ribosome 55 5,88 1,79E-27
hsa05171:Coronavirus disease - COVID-19 59 6,30 5,42E-22
hsa05012:Parkinson disease 33 3,53 0,0015
hsa00190:Oxidative phosphorylation 21 2,24 0,0023
hsa03040:Spliceosome 22 2,35 0,0023
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Tablo 13: Asag: diizenlenmis IDG lerin GO zenginlestirme analizi sonuclari

Benjamini-
Hiicre Tiirii Term Gen .
ucre luru Sayisi Hochberg p degeri
B G0:0043312~neutrophil degranulation 130 6,50 5,06E-25
G0:0038095~Fc-epsilon receptor signaling pathway 56 2,80 3,13E-13
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 45 2,25 1,31E-10
G0:0006120~mitochondrial electron transport, NADH to
ubiguinone 24 1,20 2,80E-08
G0:0043488~regulation of mMRNA stability 36 1,80 5,11E-07
Mem. CD4 T G0O:0006958~complement activation, classical pathway 79 7,23 3,18E-55
G0:0008228~0psonization 49 4,48 5,39E-42
G0:0050853~B cell receptor signaling pathway 62 5,67 1,31E-41
G0:0006956~complement activation 54 4,94 5,95E-41
G0:0030449~regulation of complement activation 57 5,22 5,86E-40
Naive CD4 T G0:0043312~neutrophil degranulation 184 6,03 9,94E-36
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 74 2,42 2,97E-24
G0:0050776~regulation of immune response 89 2,92 7,15E-19
G0:0038095~Fc-epsilon receptor signaling pathway 73 2,39 7,03E-16
G0:0006958~complement activation, classical pathway 67 2,20 1,87E-14
CD8T G0:0043312~neutrophil degranulation 197 4,65 2,83E-23
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 81 1,91 1,21E-20
G0:0016032~viral process 178 4,20 1,56E-16
G0:0038095~Fc-epsilon receptor signaling pathway 84 1,98 3,19E-14
G0:0006915~apoptotic process 199 4,69 2,74E-13
CD14 G0:0006413~translational initiation 54 7,46 1,34E-40
G0:0002181~cytoplasmic translation 46 6,35 3,89E-40
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 46 6,35 9,87E-40
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 48 6,63 1,62E-35
G0:0019083~viral transcription 46 6,35 8,03E-35
DC G0:0043312~neutrophil degranulation 64 9,55 1,15E-17
G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class Il 24 3,58 1,79E-10
G0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class I, TAP-dependent 19 2,84 3,29E-08
G0:0002503~peptide antigen assembly with MHC class |1
protein complex 10 1,49 2,87E-07
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 19 2,84 3,89E-07
FCGR3A+ G0:0002181~cytoplasmic translation 45 18,07 2,59E-58
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 45 18,07 4,91E-58
G0:0019083~viral transcription 45 18,07 4,75E-53
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 45 18,07 2,39E-51
G0:0006413~translational initiation 46 18,47 3,78E-51
NK G0:0006413~translational initiation 73 15,18 1,25E-80
G0:0002181~cytoplasmic translation 62 12,89 2,49E-77
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 62 12,89 1,57E-76
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 65 13,51 1,19E-70
G0:0019083~viral transcription 63 13,10 3,49E-70
T Regulatory _G0:0002181~cytoplasmic translation 52 5,56 7,43E-43

20



G0:0006413~translational initiation 59 6,30 1,54E-40
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 49 5,24 2,75E-38
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 54 5,77 4,42E-37
G0:0019083~viral transcription 49 5,24 5,69E-33
Tablo 14: Yukar: diizenlenmis IDG lerin GO zenginlestirme analizi sonuclart
Hiicre Tipi Term Gen " iimam”;' .
SayISI ochberg p degeri
B G0:0043312~neutrophil degranulation 130 6,50 5,06E-25
G0:0038095~Fc-epsilon receptor signaling pathway 56 2,80 3,13E-13
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 45 2,25 1,31E-10
G0:0006120~mitochondrial electron transport, NADH to
ubiguinone 24 1,20 2,80E-08
G0:0043488~regulation of mMRNA stability 36 1,80 5,12E-07
Mem. CD4 T G0:0006958~complement activation, classical pathway 79 7,23 3,18E-55
G0:0008228~0psonization 49 4,48 5,39E-42
G0:0050853~B cell receptor signaling pathway 62 5,67 1,31E-41
G0:0006956~complement activation 54 4,94 5,95E-41
G0:0030449~regulation of complement activation 57 5,22 5,86E-40
Naive CD4 T G0:0043312~neutrophil degranulation 184 6,03 9,94E-36
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 74 2,42 2,97E-24
G0:0050776~regulation of immune response 89 2,92 7,15E-19
G0:0038095~Fc-epsilon receptor signaling pathway 73 2,39 7,03E-16
G0:0006958~complement activation, classical pathway 67 2,20 1,87E-14
CD8T G0:0043312~neutrophil degranulation 197 4,65 2,83E-23
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 81 191 1,21E-20
G0:0016032~viral process 178 4,20 1,56E-16
G0:0038095~Fc-epsilon receptor signaling pathway 84 1,98 3,19E-14
G0:0006915~apoptotic process 199 4,69 2,74E-13
CD14 G0:0016032~viral process 228 4,48 1,17E-27
G0:0043312~neutrophil degranulation 228 4,48 1,23E-26
G0:0000398~mRNA splicing, via spliceosome 132 2,59 1,36E-17
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 83 1,63 5,17E-17
G0:0015031~protein transport 187 3,67 8,01E-17
DC G0:0006958~complement activation, classical pathway 17 2297 6,46E-17
G0:0008228~0psonization 14 18,92 6,46E-17
G0:0018149~peptide cross-linking 15 20,27 6,46E-17
G0:0006955~immune response 23 31,08 1,13E-16
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 16 2162 1,13E-16
FCGR3A+ G0:0006958~complement activation, classical pathway 43 8,01 1,57E-27
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 40 7,45 3,25E-27
G0:0038095~Fc-epsilon receptor signaling pathway 41 7,64 3,81E-24
G0:0008228~0psonization 29 5,40 2,14E-23
G0:0006956~complement activation 31 5,77 3,75E-22
NK G0:0043312~neutrophil degranulation 191 495 2,17E-25
G0:0016032~viral process 181 4,69 5,61E-22
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G0:0038096~Fc-gamma receptor signaling pathway involved

in phagocytosis 75 1,94 1,09E-18
G0:0038095~Fc-epsilon receptor signaling pathway 87 2,25 1,37E-18
G0:0015031~protein transport 153 3,96 2,49E-15
T Regulatory G0O:0008228~0psonization 19 39,58 6,86E-31
G0:0006958~complement activation, classical pathway 22 4583 1,32E-30
G0:0006956~complement activation 19 39,58 5,94E-29
G0:0018149~peptide cross-linking 19 39,58 6,71E-29
G0:0038096~Fc-gamma receptor signaling pathway involved
in phagocytosis 20 4167 2,78E-28

3.3. TOPOLOJIi ANALIZLERI

APID veri tabanindan elde edilen, en az bir binary metot ile ispatlanmis protein etkilesim
listesi kullanilarak 11 hiicre grubuna ait IDG listelerindeki genler siiziilmiis ve Cytoscape
ile protein-protein etkilesim aglari olusturulmustur. Merkez ag ile baglantisi olmayan
kiigiik etkilesim gruplari, proteinlerin kendileriyle olan etkilesimleri ve ¢ift yonlii etkilesim
halinde olan protein ciftlerinin etkilesimlerinden biri ¢ikarildiginda kalan temizlenmis

aglarin istatistiksel 6zellikleri Tablo 15°te verilmistir.

Tablo 15: 11 Hiicre Grubuna Ait Protein-Protein Etkilesim Ag Istatistikleri

Digliim Kenar  Ortalama Komsu

Sayisi Sayisi Sayis1 G Yarigap
B 1505 3640 4,837 10 6
Mem.CD4 T 3475 13545 7,796 10 5
Naive CD4 T 2726 8916 6,541 11 6
CD8 3746 14647 7,82 9 5
CD14 Mono. 4363 19618 8,993 9 5
DC 326 460 2,822 13 7
FCGR3+ Mono. 320 454 2,838 13 7
NK 3143 10970 6,981 10 6
T Regulatory 474 683 2,882 11 6
Platelet 1718 4742 5,52 12 6
Neutrophil 39 23 1,778 6 3

Daha sonra her bir PPE agina ait Derece ve Arasindalik Merkeziligi acisindan en yiiksek
degerlere sahip ilk 5 protein Tablo 16’da listelenmistir. Bu listelere gore 11 hiicre tiiriinde

en sik rastlanan ii¢ digiim HSP90AB1, GRB2, ATXNL1 genleridir.
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Tablo 16: 11 Hiicre grubunun IDG listeleri ile kurulan aglara ait en yiiksek 5 derece (“degree ) ve arasindalik
(“betweenness ) degerlerine sahip diigtimler

Hiicre Tipi Proteinler

B Derece CSNK2B HSP90AB1 KLF11 SMAD2 VDAC1
Arasindalik CSNK2B HSP90AB1 SMAD?2 VDAC1 ZBTB16

Mem.CD4 T Derece ATXN1 DLST GRB2 HSP90AB1 LMNA
Arasindalik ATXN1  DLST GRB2 HSP90AB1 LMNA

Naive CD4 T Derece ATXN1  HSP90AB1 HSPB1 LMNA SOD1
Arasindalik ATXN1  HSP90AB1 HSPB1 LMNA SOD1

CD8 Derece APP ATXN1 GRB2 HSP90AB1 HTT
Arasindalik APP ATXN1 GRB2 HSP90AB1 HTT

CD14 Mono. Derece ATXN1 GRB2 HSP90AB1 HSPB1 HTT
Arasindalik ATXN1  GRB2 HSP90AB1 HTT LMNA

DC Derece APP HSD17B10 PARK7Y SDHA ZDHHC17
Arasindalik APP CALR HNRNPD  HSD17B10 SDHA
Derece CDKN1A GRB2 LMNA TSG101 UBC

FCGR3+ Mono. Arasindalik DNM2 EEF1G GRB2 LMNA UBC

NK Derece ERBB2 GOLGA2 HSP90AB1 HTT UBE2I
Arasindalik ERBB2 GOLGA2 HSP90AB1 HTT UBE2I

T Regulatory Derece CSNK2B DLST GSN HSP90AB1 UBE2I
Arasindalik DLST GSN HSP90AB1 UBE2I ZBTB16

Platelet Derece APP HSP90AB1 SDCBP SOD1 UBE2I
Arasindalik APP HSP90AB1 REL SDCBP UBE2I

Neutrophil Derece GAPDH  HIST1H1B HIST1HIC HIST1HID HIST1HIE
Arasindalik GAPDH IGHG1 IGLC1 NPM1 TERF2IP

11 hiicre grubu i¢in IDG ve diigiim listeleri elde edildikten sonra, bu hiicre tiirlerinin 2li

gruplar halinde kargilastirarak ortak IDG ve diigiim sayilarmi belirleyerek bunlarin

yiizdelerini hesapladik. Tablo 17’nin kdsegeninde kendi verilerimizden elde ettigimiz, her

hiicre tiiriinde kag tane IDG oldugu bilgisi yer almaktadir. Hiicre tiirii isimlerinin saginda

ve altinda sar1 renkle gosterilen hiicrelerde ise literatiirde etkilesimi kanitlanmis protein
listesinden siiziilerek elde edilen aglardaki diigiim sayilar1 belirtilmistir. Tablonun st
ticgeninde ikili gruplar arasindaki ortak diiglim sayilarinin hiicrelere ait diigiim sayilarina

oranini ylizde degeri olarak barindirir. Tablonun alt iggeni ise ikili gruplar arasindaki ortak

IDG sayilarmin hiicre tiirlerine ait IDG sayilarina oranini yine yiizde olarak igermektedir.

Her bir karedeki mavi bolge siitunda yer alan hiicrelere ait ylizdeleri, yesil bolge ise satirda

yer alan hiicrelere ait ylizdeleri ifade etmektedir.
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Tablo 17: Hiicre tiirlerine gére ortak diigiim ve ortak IDG yiizdeleri. Ust iicgen: Ortak diigiim yiizdeleri. Alt ii¢gen:
Ortak IDG yiizdeleri. Kosegen: Hiicre tiirlerine ait IDG sayilari. Mavi bolgeler siitunda yer alan hiicrelere ait
yiizdeleri, yesil bolgeler ise satirda yer alan hiicrelere ait yiizdeleri ifade etmektedir. (Yiizde degerleri olmadan ortak
IDG ve diigiim sayilar: Ek-5 'te verilmistir.)

+
X -
< o ™ = < © =) = "
. v O I E < > £ 5} > S
iDG SAYISI 0 35| x |58/ 25| & | & 2 | S
zZ [a) oS 8 S0 28 O = = o
Lo
Ds‘a‘la‘;l 1505 | 3143 | 326 | 4363 | 320 | 3475 | 2726 | 3746 | 474 | 39 | 1718
3388 | 36,20 | 24.80 | 65,31 | 22,27 | 3833 | 31,98 | 27,22 | 61,54 | 23,63
B 1505 | 2532
7076 | 7,84 | 71,89 | 13,89 | 51,43 | 69,44 | 79,60 | 857 | 1,59 | 26,98
69,27 49,69 | 49,37 | 76,25 | 35.86 | 57,41 | 60,36 | 43,88 | 79,49 | 42,26
NK 3143 4531
3871 515 | 68,53 | 7.76 | 39,64 | 49,79 | 71,94 | 6,62 | 099 | 23,10
11,14 | 8,06 419 | 1281 | 676 | 6,02 | 483 | 1414 | 2564 | 7,51
DC 326 769
36,67 | 47,46 56,13 | 12,58 | 72,00 | 50.31 | 5552 | 2055 | 3,07 | 3957
71,01 | 67,93 | 56,31 89,69 | 49,38 | 64,38 | 62,49 | 52,11 | 92,31 | 53,26
CD14 Mono. 4363 6216
2893 | 4952 | 6,97 6,58 | 39,33 | 4022 | 53,66 | 566 | 0,83 | 2097
20,97 | 13,88 | 18,60 | 11,79 647 | 935 | 713 | 1329 | 1538 | 623
FCGR3A+ | 320 832
6382 | 75,60 | 17,19 | 88,10 7031 | 79,69 | 8344 | 19,69 | 1,88 | 3344
5174 | 42,62 | 68,14 | 41,44 | 7139 48,61 | 40,34 | 65,19 | 76,92 | 58.73
Mem. CDAT | 3475 5212
2513 | 37,05 | 10,05 | 49.42 | 11,40 3813 | 4348 | 889 | 086 | 29,04
69,39 | 53,56 | 49,03 | 42,95 | 76,20 | 41,16 50,32 | 45,15 | 82,05 | 38,24
Naive CD4nT | 2726 4261
41,23 | 56,96 | 9,01 | 62,66 | 14,88 | 50,34 69.15 | 7.85 | 117 | 24.10
7867 | 72,41 | 54,10 | 53,57 | 82,33 | 44,63 | 6853 50,00 | 76,92 | 48,72
cDs 3746 5434
36,66 | 60,38 | 7,66 | 61,28 | 12,61 | 42,80 | 53,74 6,33 | 0,80 | 22,34
1070 | 914 | 2303 | 825 | 2091 | 12,20 | 10,30 | 9,24 2564 | 11,99
T Reg. 474 1007
26,91 | 41,11 | 18,27 | 50,94 | 17,28 | 63,16 | 4359 | 49,85 211 | 4346
395 | 271 | 455 | 2,09 | 889 | 224 | 300 | 230 | 536 1,22
Neut. 39 157
6369 | 7834 | 22,20 | 82.80 | 47,13 | 74,52 | 8153 | 79,62 | 34,39 53,85
27,65 | 2551 | 39,53 | 23.25 | 35,22 | 30,76 | 2584 | 24,22 | 43,79 | 58,60
Plat. 1718 2721
2573 | 42,48 | 11,17 | 53.11 | 10,77 | 58,91 | 4046 | 4836 | 16,21 | 3.38
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3.4.DYNET ILE iKiLi AG KARSILASTIRMALARI

DyNet ile aglarin ikili gruplar halinde topolojik karsilastirilmasi periferik mono niikleer
kan hiicreleri arasinda (9 grup) yapilmistir. Bu 36 karsilagtirmanin her biri i¢in kenar
baglantis1 agisindan en degisken 10 diiglim listelenerek en sik goriilen “yeniden baglanmis”
diigiimler Tablo 18’de listelenmistir (Her kiime icin belirlenen “yeniden baglanmis” diigiim
ve baglanma skorlari i¢in Bkz: Ek-2). Bu listenin basindaki 5 genin (FOS, HSP90AB1,
UBC, EEF1Al, KDM1A) ikili karsilastirmalarda en yiiksek skora sahip 10 diigiimii
belirledigimiz “yeniden baglanma” listelerinde bulunma durumu da Tablo 19°daki 36 ayr1
karsilastirmada gosterilmistir. Ornegin, FOS geni DC ve FCGR3A+ hiicrelerinin tiim ikili

karsilastirmalarinda “yeniden baglanmis” diiglimlerin basinda yer almaktadir.

Tablo 18: Ikili karsilastirmalarda en sik rastlanan 20 “yeniden baglanmus” diigiim

Gen Ismi Protein Gomline
siklig1

FOS Fos proto-oncogene, AP-1 transcription factor subunit 26
HSP90AB1  Heat shock protein 90 alpha family class B member 1 20
UBC Ubiquitin C 17
EEF1A1 Eukaryotic translation elongation factor 1 alpha 1 13
KDM1A Lysine demethylase 1A 12
ZBTB16 Zinc finger and BTB domain containing 16 11
VIM Vimentin 10
GRN Granulin precursor 9
GSN Gelsolin 9
RNF11 Ring finger protein 11 9
SMAD?2 SMAD family member 2 9
CDC42 Cell division cycle 42 8
EEF1G Eukaryotic translation elongation factor 1 gamma 8
CSNK2B Casein kinase 2 beta 7
DNM2 Dynamin 2 7
ATXN1 Ataxin 1 6
GRB2 Growth factor receptor bound protein 2 6
LMNA Lamin A/C 6
TNIP1 TNFAIP3 interacting protein 1 6
UBE2I Ubiquitin conjugating enzyme E2 | 6
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Tablo 19: Tablo 18 deki en sik rastlanan 5 “yeniden baglanmis” diigiimiin (siitun basliklart) 2\i hiicre

karsilastirilmalarinda(satir basliklart) gériilme durumu,

Karsllast}nlal} R FOS HSP90AB1 UBC EEF1Al KDM1A
Tiirleri

B T Reg. + + +
B CD8 + + +
B N.CD4T + + +
B M.CD4T + + +
B FCGR3A+ + +
B CD14+ + + + +
B DC + + +
B NK

NK T Reg. + + +

NK CD8 + +
NK N.CD4 T + +
NK M.CD4T + + + +
NK FCGR3A+ + +

NK CD14+ +

NK DC + + +

DC T Reg. + +

DC CD8 + + +

DC N.CD4 T + + +

DC M.CD4T + + +

DC FCGR3A+ + +

DC CD14+ + + +
CD14+ T Reg. + + +
CD14+ CD8 +
CD14+ N.CD4T + +
CD14+ M.CD4T + +
CD14+ FCGR3A+ + +

FCGR3A+ M.CD4T + +

FCGR3A+ N.CD4T + +

FCGR3A+ |CD8 + +

FCGR3A+ |T Reg. +

M.CD4T T Reg. + + +

M.CD4T CD8 + +
M.CD4T N.CD4T + +
N.CD4T T Reg. + + +

N.CD4 T CD8 + + + +
CD8 T Reg. + + +

3.5. SONUCLARA ERiSiM

Sonuglara ve eklere https://github.com/nsebnem/Ligerintegration sayfasindan erisim

saglanabilmektedir.
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4. TARTISMA, SONUC VE ONERILER

On isleme, normalizasyon, boyut kii¢iiltme islemlerinden sonra olusturulan UMAP
gorselindeki (Sekil 5) Covid-19 ve saglikli bireylere ait hiicrelerin grafikte gérece homojen
bir sekilde dagilimi (Covid-19 veya saglikli bireylere ait hiicrelerin tek bir yerde
kiimelenmemesi) bize normalizasyon isleminin basarili oldugunu ve veri birlestirmede

“Batch Effect”i® giderebildigimizi gostermektedir.

Liger’in gerceklestirdigi kiimeleme asamasinda tespit edilen 14 kiimenin hiicre tiirliniin
belirlenmesi (“annotation”) i¢in her kiimede ifadesi en ¢ok artan 10 gen listelenmistir
(Tablo 2). Bu listedeki genlerin ve literatiirde var olan kabul gérmiis markor genlerin

ifadesine bakarak:

J CDS8 T hiicrelerinin markor geni olan CD8A geni sadece 3. Ve 7. kiimede
ifade edildigi i¢in bu kiimelerin CDS8 T hiicresi olduguna,

J CD79A geninin ifadesini gozlemledigimiz 4. kiimenin B hiicresi olduguna,
. PPBP geninin ifadesini gdzlemledigimiz 9. kiimenin Platelet olduguna,

o LILRA4 gen ifadesini gozlemledigimiz 12. Kiimenin Dendirik hiicrelere
(DC) ait olduguna,

. TRDC geninin ifadesini gozlemledigimiz ve GNLY geninin ifadesinin en
yiiksek oldugu 6. kiimenin NK hiicreleri olduguna,

. PCLAF geninin ifadesini gozlemledigimiz 13. kiimenin Diizenleyici T
hiicreleri (T Regulatory) olduguna,

. HBA2 geninin ifadesini gozlemledigimiz 10. kiimenin Noétrofil hiicreleri

olduguna kanaat getirilmistir.
Geri kalan 6 kiimenin belirlenmesi i¢in kullandigimiz stratejiler su sekildedir:

. Literatiirde FCGR3A+ hiicrelerinin markorii olan FCGR3A geninin ifadesi

6. Ve 8. hiicrelerde gozlemlense de 6. Kiimenin NK hiicresi oldugunu

3 Molekiiler biyolojide “Batch Effect” deneysel siireclerden kaynaklanan (verilerin farkl zamanlarda, farkh
ortam sartlarinda, farkli kisiler tarafindan toplanmasi gibi), biyolojik olmayan etkenlerin veriyi etkilemesine
verilen addir. Bu etkiler veri analizinde molekiiler diizeyde gergekte var olmayan degiskenlerin
gozikmesine neden olabilir. Bu ylizden, saglikli bir karsilastirma ve analiz i¢in 6n isleme sirasinda
normalizasyon gibi yontemlerle bu etki giderilmelidir.
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diistindiiglimiizden ve bu genin 8. kiimedeki ifadesinin daha yiiksek olmasindan
dolay1 8. Kiimenin FCGR3 A+ Monosit hiicreleri olduguna kanaat getirdik.

° CD4 T hiicrelerinin markdr geni olan SERINCS geninin ifadesi 0., 1.,5. ve
11. kiimelerde goriildiigii icin bu dort kiimenin CD4 T hiicrelerine ait oldugunu
gozlemledik. Bunun yani sira, CCR7 aktivasyonu 0. kiimede en yliksek oldugu i¢in
bu kiimenin Naive CD4 T hiicresi olduguna, diger ii¢ kiimenin ise Memory CD4 T
hiicresi olduguna kanaat getirdik.

J Son kiime olan 1. kiimede CD14 monosit hiicrelerinin markdr geni olan
CD14 gen ifadesi gozlemlenmektedir. Fakat bu genin ifadesi 5. Ve 8. kiimede de
gozlenmendigi i¢in CD4 T hiicrelerinin markdr geni olan IL7R gen ifadesine de
bakilmigtir. Sadece 1. ve 8. kiimelerde IL7R gen ifadesi goriilmemektedir.
Dolayisiyla bu iki hiicre tiiriiniin Monosit hiicreleri oldugunu diisiindiik. 8. Kiime
FCGR3A+ monosit hiicreleri oldugu i¢in 1. kiimenin CD14+ Monosit hiicreleri

olduguna kanaat getirdik.

Notrofil hiicrelerinde kanonik nétrofil markdrlerinden FCGR3B ve CXCR2 genlerinin
ifadesi gozlemlenmedigi ve UMAP gorsellestirilmesinde bu hiicre grubunun toplu bir
kiimeden ziyade diiz bir ¢izgi sekilde goriildiigi igin (Bkz. Sekil 6) Wilk ve arkadaslarinin
(2020) galismasinda varilan sonuca da benzer bir sekilde bu hiicrelerin farkli gelisim

evrelerinde olan nétrofil hiicreleri oldugunu diisiinmekteyiz.

Elde ettigimiz 11 gruptan PBMC olmayan Noétrofil ve Platelet grubunu c¢ikarip kalan 9
kiimenin ifadesi anlamli olarak degisen genlerini (IDG) inceledigimizde ortak 44 tane gen
tespit ettik. Bu genlerin 18 tanesi tiim gruplarda yukar1 diizenlenmis durumdayken 21 tanesi
yine tiim gruplarda asag1 diizenlenmis olarak goriilmektedir (bkz. Ek-4). Degisimleri aynm
yonde olan ortak gen listelerinin ayr1 ayr1 KEGG yolak zenginlestirme analizleri her iki
yondeki degisimde de Coronavirus disease — COVID-19 teriminin zenginlestigini

gozlemledik; bu da analizin saglikli oldugunun bir gostergesi sayilabilir.

Ortak gen listesiyle ulastigimiz hsa05171: Coronavirus disease — COVID-19 KEGG
terimini inceledigimizde bu terime ait gen listesi 232 genden olusmaktadir. Bu genlerin
belirledigimiz 9 PBMC hiicre tiiriine ait IDG listelerinde olup olmadigia bakarak hiicre
tirlerinin Covid-19’a bagisiklik cevabina olan nispi katkilarini belirledik (Tablo 9).
Sonuglara gére Covid-19 bagisiklik cevabina hiicre tiirlerinin katkis1 biiytlikten kiigiige
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olacak sekilde soyle siralanmaktadir: CD14+ monosit, CD8 T, Dogal Oldiiriicii (Natural
Killer/NK), Memory CD4 T, Naive CD4 T, B, FCGR3A+ monosit, T Regulatory ve

Dendritik Hiicreler.

9 PBMC hiicre tiirii i¢in ayr1 ayr1 GO ve KEGG zenginlestirme analizlerini yaptigimizda
ise yukar1 diizenlenmis IDG listesi i¢in birden fazla hiicre tiiriinde kompleman aktivasyonu
— klasik yolak, kompleman aktivasyonu, nétrofil degraniilasyon, opsonizasyon, FC
reseptorlerinin sinyal yolaklari, B hiicre reseptor sinyal yolagi, viral siireg (viral process),
bagisiklik cevabi1 GO terimlerinin ve oksidatif fosforilasyon, B hiicre reseptor sinyal yolagi,
endositoz, termojenez (thermogenesis) KEGG terimlerinin zenginlestigi ortaya ¢ikmustir.
Asag1 diizenlenmis IDG listesini inceledigimizde ise yine nétrofil degraniilasyon,
opsonizasyon, FC reseptorlerinin sinyal yolaklari, kompleman aktivasyonu, B hiicre
reseptor sinyal yolagi, viral siirec (viral process), bagisiklik cevabi, viral transkripsiyon ve
translasyonla alakali birkag GO terimi goze ¢arpmaktadir. KEGG analizinde ise oksidatif
fosforilasyon, B hiicre reseptor sinyal yolagi, endositoz, termojenez (thermogenesis),
ribozom ve COVID-19 terimleri &ne ¢ikmaktadir. Yukari diizenlenmis IDG listelerinden
elde ettigimiz GO terimlerden en siklikla goriilen GO:0006958~complement activation,
classical pathway ve GO:0006956~complement activation terimleri Xiong ve
arkadaglarinin Covid-19 enfeksiyonu gegiren ve saglikli bireylerden aldiklart PBMC
ornekleriyle yaptiklart total RNA dizileme c¢alismasinda da tespit ettikleri KEGG
terimlerinin basinda yer almaktadir (Xiong ve digerleri, 2020). PBMC hiicrelerin
tamaminin bir biitiin olarak ele alinip transkripsiyonel cevabin arastirildigi Xiong ve
arkadaslarinin yaptigi bu ¢alismadan farkli olarak biz tek hiicreli RNA dizileme teknolojisi
ile 9 farkli PBMC tiirlinde ayr1 ayr1 bu terimlerin zenginlestigini gozlemleme imkani
bulduk.

insan Idkosit antijenleri (Human Leukocyte Antigen / HLA) Idkositler basta olmak lizere
cekirdekli bircok hilcre turindn yuzeyinde bulunan ve vicudun bagisiklik sisteminin
“kendinden olmayani” tanimasina ve ayirt etmesine yardimci olan bir protein grubudur. Bu
acidan Covid-19 galismalarinin bir kisminda Uzerinde durulan gen gruplarindan biridir.
Wilk ve arkadaslarinin (2020) Covid-19 ve saglikli bireyleri karsilastirdigi tek hiicreli RNA
dizileme calismasinda monosit hiicrelerinde HLA Class II genlerinden 7 tanesinin
ifadesinde diisiis gozlemlendigi belirtilmistir. Bu ¢caligmaya gore 6zellikle ventilatdre bagl
grupta HLA Class Il genlerinde ciddi diisiis gézlemlenmistir. Baska calismalarda da
ozellikle CD14 monosit hiicrelerinde HLA Class II genlerinden olan HLA-DR (the human
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leukocyte antigen D related) genlerinin ifadesinde diisiis gozlemlenmistir (Giamarellos-
Bourboulis ve digerleri, 2020). Bu ¢alismada da HLA Class I ve Class Il genlerine ait
ifadesi anlamli olarak degisen genler hiicre tilirlerine gére Tablo 10°da gosterilmistir.
Bulgularimiz HLA-DRBS5 geninin ifadesi monosit, B ve DC hiicrelerinde diiserken, DRA
ve DRBI tiirlerinin B, NK ve monosit hiicrelerinde artis gosterdigini goriiyoruz. Bunun
yan1 sira bu gen setindeki en 6nemli bulgunun DC hiicrelerinde hemen hemen tiim HLA
tirlerinin olduk¢a anlamli bir sekilde (¢ogunda [logFC| > 3 olmak {izere) diisiis
gostermesidir.  Diger tiirlerde bariz bir disiisiin  gézlemlenmemesinin sebebini
caligmamizdaki hasta grubunun hastaligi nispeten hafif atlatan, hastaneye yatarak
ventilasyon miidahalesi almak zorunda kalmayan bireylerden olusmasindan kaynakli
oldugunu diisiiniiyoruz. Bunun yani sira, Class I genlerinin ¢ogunun ifadesinin tiim hiicre

tiirlerinde kismi diisiis gosterdigi gdzlemlenmektedir.

Tek hiicre RNA dizileme teknolojisinin stratejik 6nemi bu sonu¢ta da kendini
gostermektedir. Veri setindeki tim kiimeler birlestirilip Covid-19lu ve saglikli bireyler
karsilastirildiginda hiicre tiirlerinde ifadesi farkli yonde degisen genlerin etkisinin tespit
edilmesi miimkiin olmamaktadir (Bkz. Tablo 10). Ornegin, HLA Class Il genlerinin hemen
hemen hepsinin Dendritik Hiicrelerde [logFC| degeri -3’ten kiiglik olacak sekilde
azalmasina ragmen, hiicrelerin transkripsiyonel cevabi total RNA dizileme teknigi gibi
birlikte incelendiginde bu degisimin diger hiicrelerdeki ifade artis1 ile dengelendigini ve
[logFC| degerinin genlerin tamaminda 1’den kii¢iik oldugunu goézlemliyoruz. Bu da bize
tek hiicreli RNA dizilemenin biyolojik sistemleri anlamlandirmada neden 6nemli oldugunu

gostermektedir.

Cytoscape kullanarak elde ettigimiz protein-protein etkilesim analizlerinde Kritik
diigtimleri belirlemek amaciyla 11 hiicre tiiriine ag icin “Derece” ve “Arasindalik
Merkeziligi” degerlerine bakilmistir. “Derece” bir diiglimiin sahip oldugu kenar sayisina
tekabiil eder. Dolayisiyla en ¢ok baglantiya sahip diigiimler en yiiksek dereceye
sahiptir. “Arasindalik” degeri ise bir diiglimiin agdaki diger diigiimlerin baglantilarini
kontrol etme giiciinii gosterir (Yoon, Blumer ve Lee, 2006). Diger bir deyisle, bir diigiim
az sayida kenar baglantisina sahip olmasina ragmen agda yogun baglanti alanlar1 arasinda
bir koprii gorevi goriiyorsa “Arasindalik™ degeri yiiksektir. Bu sekilde, agin merkezinde
olmadig1 i¢in diisiik derece skoruna sahip olan ama agin ic¢inde kritik bir konuma sahip
diigiimlerin tespit edilmesi miimkiin olur. Bu iki 6lgiime gore 11 hiicre tiirlinde en sik

rastlanan tli¢ diigiim HSP90AB1, GRB2, ATXNI1 genleridir (Bkz. Tablo 16). Bu ii¢ genin
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Covid-19 enfeksiyonuna verilen bagisiklik cevabi agisindan 6nemli oldugunu sonucuna
varabiliriz. Shcherbak ve arkadaslarinin (2022) COVID-19 enfeksiyon siddetini belirleyen
risk faktorlerini belirlemeye calistigi ¢alismalarinda da ATXN1’in rs16885 lokusunun
hastaligin nicel belirtilerini belirleyen aday bdlgelerden biri olabilecegi sonucuna
varilmistir. Diger bir ¢alismada ise Covid-19 ve Covid19 tedavisi i¢in kullanilan Klorokin
adl ilaca ait ortak diigiim listesinde ATXN1 geni de yer almaktadir (Souchelnytskyi &
Souchelnytskyi, 2020).

Tablo 17°de ortak IDG ve ortak diigiim sayilarina gdére hiicre gruplarmm birbirine
benzerligini ortaya koymak istedik. Ortak IDG’ler bizim verilerimizin analizi ile elde
ettigimiz, diglimler ise literatiirdeki (APID Veri tabani) etkilesim kanitlarina dayanarak
stiziip elde ettigimiz degerlerdir. Tablonun sadece B ve NK degerlerine bakacak olursak, B
hiicrelerinde toplam 2532 IDG ve 1505 diigiim, NK hiicrelerinde 4531 IDG ve 3143 diigiim
bulunmaktadir (Sekil 7). Bu iki hiicre tiiriinde ortak olan diigiimler (Tablodaki {ist licgen)
NK hiicrelerinin diigiimlerinin %33,88’1, B hiicrelerinin diigiimlerinin %70,76’sina tekabiil
etmektedir. Benzer sekilde bu iki hiicre tiiriindeki ortak IDGleri (Tablodaki alt iiggen) NK
hiicrelerinin IDG’lerinin %38,71’ine, B hiicrelerinin IDG’lerinin %69,27’sine denk
gelmektedir. Ust liggen ve alt {icgen kiyaslandiginda, ortak IDG ve ortak diigiim yiizdeleri

bu 6rnekte oldugu gibi tablonun genelinde birbirine yakin degerlere sahiptir.

Tablo 20: Tablo 17 ’nin B ve NK hiicrelerini iceren kesiti

DG SAYISI 0 =
Duglim | 4555 | 3143
Sayis1

33,88

B 1505 2532
70,76

69,27
NK 3143 4531

38,71

Cytoscape’in bir uygulamasi olarak olarak gelistirilen DyNet bize birden fazla agi
karsilagtirarak kenar baglantilar1 acisindan topolojisi en farklilasan diigtimleri belirleme
imkan1 sunmaktadir. Bu dogrultuda, belirledigimiz 9 ayr1 periferik mononiikleer kan
hiicrelerini ikiserli gruplar halinde karsilastirarak her bir karsilastirma i¢in yeniden
baglanma skoru (Rewiring Score) en yiiksek 10 diigiim i¢inden en sik goriilen 20 diigiim

belirlenmistir. Tablo 18’de listelenen bu diiglimlerin ilk besinin (FOS, HSP90AB1, UBC,
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EEF1Al, KDM1A) Covid-19 enfeksiyona verilen bagisiklik cevabi agisindan 6nemli
oldugunu diisiinmekteyiz.

Ik siradaki FOS (Fos proto-oncogene, AP-1 transcription factor subunit) proteini tiim
PBMC tiirlerinde asag1 diizenlenmis IDG listelerinde, logFC degeri -3’ten kiigiik olacak
sekilde bulunmaktadir. Bu da ilgili genin ifadesinin Covid-19 hastalarinda saglikli bireylere
gore istatistiksel olarak anlamli bir sekilde diistiigiinti gostermektedir. FOS gen ailesi (FOS,
FOSB, FOSL1 ve FOSL2) proteinlerinin JUN ailesi proteinleri ile birlikte dimer
olusturarak transkripsiyon faktorii AP-1’i olusturdugu ve bu proteinin hiicre ¢ogalmasi,
farklilagsmasi ve doniisiimiinde 6nemli rol oynadigi bilinmektedir (Dam ve Castellazzi,
2001). FOS gen ifadesinin Covid-19 enfeksiyonlarinda diistiigiinii gésteren galismalarin
yani sira (Xing ve digerleri, 2020), arttigin1 gosteren ¢aligmalar da (Li ve digerleri, 2022;
Jha ve digerleri, 2021; Kusnadi ve digerleri, 2021) mevcuttur. Huang ve arkadaslari
yaptiklar tek hiicreli RNA-seq ¢aligsmasinda ise FOS geninin ifadesinin hastaligin erken
donemlerinde oldukca arttigini, iyilesme donemine gecen bireylerde ise anlamli bir sekilde
azaldigini gostermistir (Huang ve digerleri, 2020). Bizim kullandigimiz veri setlerinin elde
edildigi kan drneklerinin hastaligin ilk semptomundan itibaren 17., 15., 20. ve 16. glinlerde
alindig1 g6z oniline alinirsa (Bkz. Tablo 1) sonuglarin literatiirle uyumlu oldugu, 6rnek
alinan hasta bireylerin iyilesme doneminin sonlarina yaklastigi icin ilgili gende diisiis
gorildiigli anlasilmaktadir.

HSP90AB1 (Heat Shock Protein 90 Alpha Family Class B Member 1) geninin ise sinyal
iletimi, protein katlanmas1 gibi mekanizmalarda iliskili proteinlerden birini kodladig1 ve
SARS-Cov-2 Enfeksiyon yolaginda mevcut oldugu bilinmektedir (Selkrig ve digerleri,
2021). Bu proteinin otoantijen islevi gordiigii ve “SARS-Cov-2 enfeksiyonunun
tetiklemesiyle baslayan ve ¢oklu organ yetmezligine neden olan otoimmiinite” hipotezini
destekledigi diisiiniilmektedir (Mohkhedkar, Venigella ve Janakiraman, 2021). Bu gen
Cytoscape uygulamasi olan DyNet’te ikili ag karsilastirmalari ile elde ettigimiz “yeniden
baglanmig” diigiimlerin de basinda yer almaktadir. Bu a¢idan da HSP90OABI geninin
Covid-19 enfeksiyonuna karst gelistirilen bagisiklik cevabinda onemli rol oynadigi
savunulabilir.

Bu calismayi literatiirdeki tek hiicreli RNA dizileme calismalarindan ayiran en 6nemli
faktdr, verileri sadece ifadesi anlamli olarak degisen genler (IDG) agisindan
incelemememiz, bunun yanmi sira hiicre gruplarini bahsedildigi gibi ikiserli olarak
kiyaslayip “yeniden baglanmis” diigiimleri de ¢aligmamizin pargasi haline getirmemizdir.

Total RNA dizileme verisi yerine tek hiicre RNA dizileme verisi kullanarak hiicre tiirlerinin
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kiminde artig gosterirken kiminde azalis gosteren genlerin tespiti miimkiin kilindi. Daha
sonra da sadece IDGlerle yetinmeyerek protein-protein etkilesim aglarinda kritik islev
goren genler tespit edilerek hastaliga karsi verilen bagisiklik cevabina biitiinciil bir bakis
acistyla yaklasmayr hedefledik. Tek hiicre RNA dizileme caligsmalarindaki en biiytlik
smirlilik  verilerin analizi i¢in olduk¢a yliksek kapasiteli bilgisayarlara ihtiyag
duyulmasidir. Bu tiir donanimsal kisitlamalar 6rnek numune boyutunu kiiciiltme
gereksinimi dogurmaktadir. Bunun yani sira, kullandigimiz veri seti i¢in alinan drneklerin
hastaligin ilk semptomundan itibaren en erken 15. giinde alinmis olmasinin hastaliga
verilen ilk bagisiklik cevabi hakkinda bilgi edinmemizi kisitladig:r iddia edilebilir.
Yapilacak caligmalarda hastalardan enfeksiyonun erken ve ge¢ donemlerinde ayri ayri
numune alarak transkripsiyonel degisimlerine bakip yorum yapmak daha saglikli olabilir.
Yine de, 6rnek numune boyutundaki diisiiklige ve numunelerin hastaligin iyilesme
donemine yakin bir zamanda alinmasina ragmen tespit ettigimiz genlerden 6zellikle FOS,
HSP90AB1, GRB2, ATXNL1 ve UBC genlerinin Covid-19 teshis ve tedavisinde 6nemli rol
oynayabilecek biyobelirtegler olabilecegini ve bu dogrultuda ilag yeniden konumlandirma

caligmalarinin yapilmasinin yararl olabilecegini sdyleyebiliriz.
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Ek-1: PBMC tiirlerine Ait Yukari Diizenlenmis ve Asagi Diizenlenmis IDG Listeleri
Icin GO ve KEGG Zenginlestirme Analizleri

Asag diizenlenmis IDG lerin GO zenginlestirme analizi sonug¢lart

T Benjamini-
It}l;i%e Terim Gen Sayis1 % HorJ:hberg
p degeri
B G0:0043312~neutrophil degranulation 130 6,50 5,06E-25
G0:0038095~Fc-epsilon receptor signaling pathway 56 2,80 3,13E-13
G0:0038096~Fc-gamma receptor signaling pathway involved in
phagocytosis 45 2,25 1,31E-10
G0:0006120~mitochondrial electron transport, NADH to
ubiquinone 24 1,20 2,81E-08
G0:0043488~regulation of MRNA stability 36 1,80 5,12E-07
G0:0050776~regulation of immune response 51 2,55 1,38E-06
G0:0032981~mitochondrial respiratory chain complex | assembly 25 1,25 8,2E-06
G0:0000209~protein polyubiquitination 58 2,90 1,4E-05
G0:0006898~receptor-mediated endocytosis 40 2,00 2,47E-05
G0:0018149~peptide cross-linking 29 1,45 2,6E-05
G0:0002479~antigen processing and presentation of exogenous
peptide antigen via MHC class I, TAP-dependent 24 1,20 0,000141
G0:0006955~immune response 81 4,05 0,000141
G0:0050900~leukocyte migration 43 2,15 0,000142
G0:0008228~0psonization 23 1,15 0,000167
G0:0006915~apoptotic process 93 4,65 0,000233
G0:0016236~macroautophagy 27 1,35 0,000233
G0:0042776~mitochondrial ATP synthesis coupled proton
transport 12 0,60 0,000233
G0:0016032~viral process 79 3,95 0,000249
G0:0050853~B cell receptor signaling pathway 32 1,60 0,000249
G0:0090263~positive regulation of canonical Wnt signaling
pathway 36 1,80 0,000276
GO0:0031145~anaphase-promoting complex-dependent catabolic
process 25 1,25 0,000342
GO0:0016579~protein deubiquitination 51 2,55 0,00043
G0:0061418~regulation of transcription from RNA polymerase 11
promoter in response to hypoxia 22 1,10 0,00043
GO:0070498~interleukin-1-mediated signaling pathway 26 1,30 0,000564
G0:0006521~regulation of cellular amino acid metabolic process 18 0,90 0,000664
GO0:0050852~T cell receptor signaling pathway 39 1,95 0,000844
G0:0000398~mRNA splicing, via spliceosome 49 2,45 0,001071
G0:0002377~immunoglobulin production 25 1,25 0,001071
G0:0006956~complement activation 25 1,25 0,001071
GO:0006754~ATP biosynthetic process 13 0,65 0,001475
GO0:0034341~response to interferon-gamma 12 0,60 0,001731
G0:0006958~complement activation, classical pathway 34 1,70 0,001731
GO0:0030168~platelet activation 27 1,35 0,001731
GO0:0007165~signal transduction 159 7,95 0,001808
G0:0033209~tumor necrosis factor-mediated signaling pathway 29 1,45 0,002571
G0:1901990~regulation of mitotic cell cycle phase transition 22 1,10 0,002583
G0:0042407~cristae formation 13 0,65 0,002608
G0:0043123~positive regulation of I-kappaB kinase/NF-kappaB
signaling 38 1,90 0,002699
G0:0030449~regulation of complement activation 26 1,30 0,005125
G0:0002223~stimulatory C-type lectin receptor signaling
pathway 27 1,35 0,005928
G0:0045087~innate immune response 88 4,40 0,005928
GO0:0006470~protein dephosphorylation 32 1,60 0,005928
G0:0006119~oxidative phosphorylation 12 0,60 0,006318
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GO0:0060337~type | interferon signaling pathway 19 0,95 0,006318
G0:0016567~protein ubiquitination 81 4,05 0,006931
G0:0032091~negative regulation of protein binding 20 1,00 0,007142
G0:0051092~positive regulation of NF-kappaB transcription
factor activity 34 1,70 0,00718
G0:0007049~cell cycle 58 2,90 0,00718
G0:0036388~pre-replicative complex assembly 18 0,90 0,008762
GO0:0034314~Arp2/3 complex-mediated actin nucleation 10 0,50 0,009843
G0:0015031~protein transport 66 3,30 0,009984
G0:0010972~negative regulation of G2/M transition of mitotic
cell cycle 17 0,85 0,010314
GO0:0050821~protein stabilization 37 1,85 0,012203
G0:0019886~antigen processing and presentation of exogenous
peptide antigen via MHC class 1l 23 1,15 0,013043
G0:0043161~proteasome-mediated ubiquitin-dependent protein
catabolic process 37 1,85 0,013043
G0:0032438~melanosome organization 10 0,50 0,013228
G0:0031146~SCF-dependent proteasomal ubiquitin-dependent
protein catabolic process 22 1,10 0,016388
G0:0038061~NIK/NF-kappaB signaling 18 0,90 0,016407
G0:0007229~integrin-mediated signaling pathway 24 1,20 0,016718
G0:0006123~mitochondrial electron transport, cytochrome ¢ to
oxygen 10 0,50 0,018099
G0:1902036~regulation of hematopoietic stem cell differentiation 18 0,90 0,018809
G0:0045071~negative regulation of viral genome replication 14 0,70 0,020218
G0:0050901~leukocyte tethering or rolling 9 0,45 0,023218
G0:0000165~MAPK cascade 49 2,45 0,023779
G0:0006974~cellular response to DNA damage stimulus 44 2,20 0,024032
G0:0030833~regulation of actin filament polymerization 12 0,60 0,026853
G0:0045893~positive regulation of transcription, DNA-templated 91 4,55 0,028292
G0:0006911~phagocytosis, engulfment 24 1,20 0,028862
G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling pathway 10 0,50 0,031587
G0:0031663~lipopolysaccharide-mediated signaling pathway 12 0,60 0,032975
GO:0006511~ubiquitin-dependent protein catabolic process 47 2,35 0,034721
G0:0050871~positive regulation of B cell activation 21 1,05 0,041543
GO:0006457~protein folding 33 1,65 0,042235
G0:0002250~adaptive immune response 65 3,25 0,045103
G0:0060071~Whnt signaling pathway, planar cell polarity pathway 20 1,00 0,045607
M.CD4T GO:0006958~complement activation, classical pathway 79 7,23 3,18E-55
G0:0008228~0psonization 49 4,48 5,39E-42
G0:0050853~B cell receptor signaling pathway 62 5,67 1,31E-41
GO:0006956~complement activation 54 4,94 5,95E-41
G0:0030449~regulation of complement activation 57 5,22 5,86E-40
G0:0038096~Fc-gamma receptor signaling pathway involved in
phagocytosis 60 5,49 5,19E-38
GO:0006955~immune response 107 9,79 2,39E-37
G0:0018149~peptide cross-linking 51 4,67 1,53E-36
G0:0050776~regulation of immune response 71 6,50 1,48E-35
G0:0050871~positive regulation of B cell activation 49 4,48 2,7E-34
G0:0038095~Fc-epsilon receptor signaling pathway 61 5,58 2,95E-32
G0:0006910~phagocytosis, recognition 47 4,30 1,48E-31
G0:0006911~phagocytosis, engulfment 49 4,48 5,02E-30
G0:0050900~leukocyte migration 62 5,67 1,03E-29
G0:0002377~immunoglobulin production 45 4,12 1,15E-29
G0:0006898~receptor-mediated endocytosis 54 4,94 9,26E-27
G0:0002862~negative regulation of inflammatory response to
antigenic stimulus 60 5,49 5,45E-26
G0:0002250~adaptive immune response 87 7,96 2,36E-25
GO0:0042742~defense response to bacterium 58 5,31 3,27E-22
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G0:0045087~innate immune response 89 8,14 1,13E-17
G0:0043312~neutrophil degranulation 54 4,94 1,12E-05
G0:0002576~platelet degranulation 23 2,10 3,98E-05
G0:0030889~negative regulation of B cell proliferation 8 0,73 0,003663
G0:0031663~lipopolysaccharide-mediated signaling pathway 10 0,91 0,010208
G0:0019882~antigen processing and presentation 11 1,01 0,013253
G0:0060333~interferon-gamma-mediated signaling pathway 13 1,19 0,031277
G0:0006915~apoptotic process 50 4,57 0,039173
GO0:0007165~signal transduction 88 8,05 0,039293
GO0:0050901~leukocyte tethering or rolling 7 0,64 0,039293
G0:0002504~antigen processing and presentation of peptide or
polysaccharide antigen via MHC class Il 7 0,64 0,039293
GO:0070527~platelet aggregation 10 0,91 0,039293
G0:0030168~platelet activation 16 1,46 0,048359
N.CD4T GO:0043312~neutrophil degranulation 184 6,03 9,94E-36
G0:0038096~Fc-gamma receptor signaling pathway involved in
phagocytosis 74 2,42 2,97E-24
GO:0050776~regulation of immune response 89 2,92 7,15E-19
G0:0038095~Fc-epsilon receptor signaling pathway 73 2,39 7,03E-16
G0:0006958~complement activation, classical pathway 67 2,20 1,87E-14
G0:0008228~0psonization 42 1,38 2,82E-14
G0:0050900~leukocyte migration 76 2,49 3,15E-14
G0:0006898~receptor-mediated endocytosis 66 2,16 4,09E-13
G0:0050853~B cell receptor signaling pathway 57 1,87 4,45E-13
G0:0018149~peptide cross-linking 48 1,57 4,72E-13
G0:0030449~regulation of complement activation 52 1,70 6,76E-13
G0:0006955~immune response 133 4,36 3,6E-12
G0:0006956~complement activation 45 1,47 2,41E-11
G0:0050871~positive regulation of B cell activation 44 1,44 1,83E-10
G0:0006911~phagocytosis, engulfment 48 1,57 5,83E-10
G0:0045087~innate immune response 148 4,85 4,28E-09
G0:0006910~phagocytosis, recognition 41 1,34 2,35E-08
G0:0016032~viral process 120 3,93 4,71E-08
G0:0002862~negative regulation of inflammatory response to
antigenic stimulus 67 2,20 4,83E-08
GO0:0042742~defense response to bacterium 71 2,33 5,05E-08
G0:0002377~immunoglobulin production 38 1,25 6,66E-07
G0:0002250~adaptive immune response 111 3,64 9,94E-07
GO:0009615~response to virus 42 1,38 1,36E-06
GO0:0050852~T cell receptor signaling pathway 57 1,87 4,26E-06
G0:0006915~apoptotic process 133 4,36 4,66E-06
GO0:0045071~negative regulation of viral genome replication 23 0,75 1,24E-05
G0:0032091~negative regulation of protein binding 30 0,98 4,65E-05
GO:0002576~platelet degranulation 41 1,34 6,74E-05
G0:0048010~vascular endothelial growth factor receptor
signaling pathway 27 0,88 8,83E-05
G0:0000209~protein polyubiquitination 72 2,36 9,91E-05
G0:0034599~cellular response to oxidative stress 36 1,18 0,000111
G0:0016236~macroautophagy 34 1,11 0,000133
G0:0019083~viral transcription 37 1,21 0,000153
G0:0006468~protein phosphorylation 112 3,67 0,000199
G0:0051092~positive regulation of NF-kappaB transcription
factor activity 49 1,61 0,000346
GO:0006888~ER to Golgi vesicle-mediated transport 54 1,77 0,000346
GO0:0006413~translational initiation 40 1,31 0,00054
G0:0006614~SRP-dependent cotranslational protein targeting to
membrane 31 1,02 0,000567
G0:0006412~translation 58 1,90 0,000567
G0:0043488~regulation of MRNA stability 37 1,21 0,000634
G0:0006886~intracellular protein transport 76 2,49 0,001216
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G0:0036498~IRE1-mediated unfolded protein response
G0:0035722~interleukin-12-mediated signaling pathway
G0:0007165~signal transduction
G0:0007229~integrin-mediated signaling pathway
G0:0015031~protein transport
G0:0019221~cytokine-mediated signaling pathway
G0:0030168~platelet activation

GO0:0051607~defense response to virus

G0:0033209~tumor necrosis factor-mediated signaling pathway
G0:0032436~positive regulation of proteasomal ubiquitin-
dependent protein catabolic process

GO0:0050690~regulation of defense response to virus by virus
G0:0002479~antigen processing and presentation of exogenous
peptide antigen via MHC class I, TAP-dependent
G0:0006914~autophagy

G0:0006919~activation of cysteine-type endopeptidase activity
involved in apoptotic process

GO:0046777~protein autophosphorylation
G0:0006457~protein folding

G0:0042110~T cell activation

G0:0019882~antigen processing and presentation
G0:0042307~positive regulation of protein import into nucleus
G0:0000184~nuclear-transcribed mMRNA catabolic process,
nonsense-mediated decay

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

G0:0002181~cytoplasmic translation

G0:0000165~MAPK cascade

G0:0050870~positive regulation of T cell activation
GO0:0070527~platelet aggregation

G0:0016241~regulation of macroautophagy
G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling pathway
G0:0019886~antigen processing and presentation of exogenous
peptide antigen via MHC class 1l

G0:0032872~regulation of stress-activated MAPK cascade
G0:0043066~negative regulation of apoptotic process
GO:0006754~ATP biosynthetic process

G0:0031334~positive regulation of protein complex assembly
GO0:0050790~regulation of catalytic activity

G0:0045454~cell redox homeostasis
G0:0070125~mitochondrial translational elongation
GO0:0050901~leukocyte tethering or rolling
G0:0097190~apoptotic signaling pathway
GO0:0070126~mitochondrial translational termination
GO0:0016567~protein ubiquitination
GO0:0061077~chaperone-mediated protein folding
G0:0042407~cristae formation

G0:0000398~mRNA splicing, via spliceosome
G0:0060333~interferon-gamma-mediated signaling pathway
G0:0043123~positive regulation of I-kappaB kinase/NF-kappaB
signaling

G0:0006974~cellular response to DNA damage stimulus
G0:0019058~viral life cycle

GO:0050729~positive regulation of inflammatory response
GO0:0060337~type | interferon signaling pathway
GO0:1901216~positive regulation of neuron death
G0:0035590~purinergic nucleotide receptor signaling pathway
GO:0007049~cell cycle

G0:0046825~regulation of protein export from nucleus
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GO0:0007159~leukocyte cell-cell adhesion 13 0,43 0,031713
G0:0032981~mitochondrial respiratory chain complex | assembly 22 0,72 0,033747
G0:0006366~transcription from RNA polymerase Il promoter 45 1,47 0,034298
G0:0018105~peptidyl-serine phosphorylation 42 1,38 0,035281
GO0:0050765~negative regulation of phagocytosis 10 0,33 0,035696
G0:2000060~positive regulation of protein ubiquitination
involved in ubiquitin-dependent protein catabolic process 10 0,33 0,035696
G0:0006325~chromatin organization 58 1,90 0,038489
G0:0030433~ubiquitin-dependent ERAD pathway 24 0,79 0,041745
G0:0050860~negative regulation of T cell receptor signaling
pathway 12 0,39 0,04181
GO0:0006110~regulation of glycolytic process 16 0,52 0,044515
GO0:0006511~ubiquitin-dependent protein catabolic process 63 2,06 0,046263
G0:0048013~ephrin receptor signaling pathway 25 0,82 0,048866
G0:0007596~blood coagulation 45 1,47 0,049468
CD8T G0:0043312~neutrophil degranulation 197 4,65 2,83E-23
G0:0038096~Fc-gamma receptor signaling pathway involved in
phagocytosis 81 191 1,21E-20
G0:0016032~viral process 178 4,20 1,56E-16
G0:0038095~Fc-epsilon receptor signaling pathway 84 1,98 3,2E-14
G0:0006915~apoptotic process 199 4,69 2,74E-13
GO0:0050852~T cell receptor signaling pathway 83 1,96 2,94E-11
GO:0050776~regulation of immune response 89 2,10 5,31E-10
G0:0000209~protein polyubiquitination 106 2,50 2,1E-09
G0:0050853~B cell receptor signaling pathway 61 1,44 3,59E-09
GO:0006955~immune response 157 3,70 5,7E-09
G0:0002250~adaptive immune response 149 3,51 9,34E-09
G0:0008228~0psonization 41 0,97 9,54E-09
G0:0006974~cellular response to DNA damage stimulus 99 2,33 1,36E-08
G0:0006898~receptor-mediated endocytosis 70 1,65 1,37E-08
G0:0050900~leukocyte migration 79 1,86 2,67E-08
G0:0000398~mRNA splicing, via spliceosome 97 2,29 3,2E-08
G0:0045087~innate immune response 185 4,36 3,53E-08
G0:0016579~protein deubiquitination 98 2,31 3,94E-08
G0:0007049~cell cycle 122 2,88 5,81E-08
G0:0006511~ubiquitin-dependent protein catabolic process 105 2,48 5,83E-08
G0:0015031~protein transport 139 3,28 1,32E-07
G0:0006468~protein phosphorylation 157 3,70 2,47E-07
G0:0018149~peptide cross-linking 46 1,08 7,14E-07
G0:0006911~phagocytosis, engulfment 51 1,20 9,87E-07
G0:0006325~chromatin organization 93 2,19 9,97E-07
G0:0018105~peptidyl-serine phosphorylation 68 1,60 1,28E-06
G0:0060333~interferon-gamma-mediated signaling pathway 37 0,87 2,01E-06
G0:0051092~positive regulation of NF-kappaB transcription
factor activity 67 1,58 2,39E-06
G0:0051301~cell division 122 2,88 2,64E-06
G0:1901796~regulation of signal transduction by p53 class
mediator 62 1,46 2,64E-06
G0:0006958~complement activation, classical pathway 62 1,46 5,94E-06
G0:0043123~positive regulation of 1-kappaB kinase/NF-kappaB
signaling 71 1,67 6,83E-06
GO0:0050871~positive regulation of B cell activation 43 1,01 1,38E-05
G0:0019886~antigen processing and presentation of exogenous
peptide antigen via MHC class 11 44 1,04 1,73E-05
G0:0016236~macroautophagy 43 1,01 1,86E-05
G0:0070126~mitochondrial translational termination 40 0,94 3,52E-05
G0:0006470~protein dephosphorylation 59 1,39 3,86E-05
G0:0051607~defense response to virus 77 1,82 4,01E-05
G0:0006397~mRNA processing 73 1,72 4,01E-05
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G0:0043161~proteasome-mediated ubiquitin-dependent protein
catabolic process

G0:0019882~antigen processing and presentation
G0:0070125~mitochondrial translational elongation
G0:0006956~complement activation

G0:0032091~negative regulation of protein binding
GO:0009615~response to virus

G0:0006910~phagocytosis, recognition
GO:0006366~transcription from RNA polymerase Il promoter
G0:0002377~immunoglobulin production
G0:0010508~positive regulation of autophagy
GO:0050870~positive regulation of T cell activation
G0:0006338~chromatin remodeling

G0:0042110~T cell activation

G0:0042795~snRNA transcription from RNA polymerase 11
promoter

G0:0030168~platelet activation

GO:0006888~ER to Golgi vesicle-mediated transport
G0:0030449~regulation of complement activation
G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling pathway
G0:0016567~protein ubiquitination

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

GO:0042742~defense response to bacterium
G0:0048010~Vvascular endothelial growth factor receptor
signaling pathway

GO0:0007165~signal transduction
G0:0002381~immunoglobulin production involved in
immunoglobulin mediated immune response
G0:0046777~protein autophosphorylation

G0:0008380~RNA splicing

G0:0032760~positive regulation of tumor necrosis factor
production

G0:0033209~tumor necrosis factor-mediated signaling pathway
G0:0000186~activation of MAPKK activity
G0:0031145~anaphase-promoting complex-dependent catabolic
process

G0:0000086~G2/M transition of mitotic cell cycle
G0:0043488~regulation of MRNA stability
GO0:0016241~regulation of macroautophagy
G0:0002479~antigen processing and presentation of exogenous
peptide antigen via MHC class I, TAP-dependent
GO0:0050790~regulation of catalytic activity
G0:0034198~cellular response to amino acid starvation
GO0:0035722~interleukin-12-mediated signaling pathway
G0:0032981~mitochondrial respiratory chain complex | assembly
GO:0051726~regulation of cell cycle

G0:0002503~peptide antigen assembly with MHC class Il protein
complex

G0:0018107~peptidyl-threonine phosphorylation
G0:0002862~negative regulation of inflammatory response to
antigenic stimulus

G0:1901990~regulation of mitotic cell cycle phase transition
G0:0007030~Golgi organization

G0:0010803~regulation of tumor necrosis factor-mediated
signaling pathway

G0:0030833~regulation of actin filament polymerization
G0:0032729~positive regulation of interferon-gamma production
GO0:0070936~protein K48-linked ubiquitination
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G0:0006406~mRNA export from nucleus
G0:0034599~cellular response to oxidative stress
G0:0000165~MAPK cascade
G0:0007229~integrin-mediated signaling pathway
G0:0097190~apoptotic signaling pathway

G0:1902036~regulation of hematopoietic stem cell differentiation

G0:0006914~autophagy

G0:0006120~mitochondrial electron transport, NADH to
ubiquinone

G0:0061024~membrane organization

G0:0010389~regulation of G2/M transition of mitotic cell cycle
G0:0031124~mRNA 3'-end processing

G0:0019058~viral life cycle

G0:0045893~positive regulation of transcription, DNA-templated

G0:0007163~establishment or maintenance of cell polarity
G0:0043044~ATP-dependent chromatin remodeling
G0:0043029~T cell homeostasis

G0:0042407~cristae formation

G0:0045944~positive regulation of transcription from RNA
polymerase 1l promoter

GO:0060544~regulation of necroptotic process
G0:0045945~positive regulation of transcription from RNA
polymerase 111 promoter

G0:0032481~positive regulation of type I interferon production
G0:0060337~type | interferon signaling pathway
G0:0032436~positive regulation of proteasomal ubiquitin-
dependent protein catabolic process

G0:0007264~small GTPase mediated signal transduction
G0:0032727~positive regulation of interferon-alpha production
G0:0032147~activation of protein kinase activity
G0:0006886~intracellular protein transport
G0:0006368~transcription elongation from RNA polymerase |1
promoter

G0:0042307~positive regulation of protein import into nucleus
GO:0097191~extrinsic apoptotic signaling pathway
GO:0006281~DNA repair

G0:0043066~negative regulation of apoptotic process
GO0:0001558~regulation of cell growth
G0:0006369~termination of RNA polymerase |1 transcription
G0:0031647~regulation of protein stability
GO:0050765~negative regulation of phagocytosis
G0:0030220~platelet formation

G0:0051603~proteolysis involved in cellular protein catabolic
process

G0:0045454~cell redox homeostasis

GO:0046825~regulation of protein export from nucleus
GO:0046677~response to antibiotic

G0:0035307~positive regulation of protein dephosphorylation
G0:1990090~cellular response to nerve growth factor stimulus
GO0:0038061~NIK/NF-kappaB signaling

GO:0097711~ciliary basal body docking

GO:0071346~cellular response to interferon-gamma
GO:0070527~platelet aggregation

G0:1900034~regulation of cellular response to heat
G0:0043065~positive regulation of apoptotic process
G0:0002504~antigen processing and presentation of peptide or
polysaccharide antigen via MHC class |1
G0:0035522~monoubiquitinated histone H2A deubiquitination
G0:0032728~positive regulation of interferon-beta production
G0:0097352~autophagosome maturation
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0,016817
0,017219
0,019484
0,021345
0,021985
0,02285
0,023932
0,024862
0,02504

0,025377
0,025517
0,025891
0,025891



G0:0000122~negative regulation of transcription from RNA

polymerase Il promoter 230 5,42 0,026435
G0:0032508~DNA duplex unwinding 28 0,66 0,027864
G0:0090263~positive regulation of canonical Wnt signaling
pathway 49 1,16 0,030589
GO:0070498~interleukin-1-mediated signaling pathway 34 0,80 0,030589
G0:0070534~protein K63-linked ubiquitination 20 0,47 0,030589
GO0:0045071~negative regulation of viral genome replication 20 0,47 0,030589
G0:1902902~negative regulation of autophagosome assembly 10 0,24 0,033789
GO0:0032757~positive regulation of interleukin-8 production 25 0,59 0,033831
G0:0006919~activation of cysteine-type endopeptidase activity
involved in apoptotic process 32 0,75 0,033886
GO0:0002576~platelet degranulation 41 0,97 0,034352
G0:0007050~cell cycle arrest 43 1,01 0,034525
G0:0006119~oxidative phosphorylation 15 0,35 0,035396
G0:0070979~protein K11-linked ubiquitination 15 0,35 0,035396
G0:0032872~regulation of stress-activated MAPK cascade 8 0,19 0,036418
G0:0034329~cell junction assembly 11 0,26 0,036796
G0:0045892~negative regulation of transcription, DNA-
templated 146 3,44 0,037735
G0:0030307~positive regulation of cell growth 31 0,73 0,037788
G0:0042776~mitochondrial ATP synthesis coupled proton
transport 12 0,28 0,037788
G0:1903077~negative regulation of protein localization to plasma
membrane 12 0,28 0,037788
GO:0034644~cellular response to UV 22 0,52 0,03825
G0:0006412~translation 64 1,51 0,041786
GO:0050729~positive regulation of inflammatory response 35) 0,83 0,042069
G0:0072659~protein localization to plasma membrane 48 1,13 0,043174
G0:0016310~phosphorylation 41 0,97 0,044424
G0:0016197~endosomal transport 33 0,78 0,047807
G0:0034138~toll-like receptor 3 signaling pathway 9 0,21 0,047895
GO0:0010506~regulation of autophagy 28 0,66 0,047895
GO0:0042127~regulation of cell proliferation 49 1,16 0,047967
GO0:0002115~store-operated calcium entry 7 0,17 0,047967
GO:0035556~intracellular signal transduction 115 2,71 0,04843
G0:0021762~substantia nigra development 20 0,47 0,048515
CcD14AT G0:0006413~translational initiation 54 7,46 1,34E-40
G0:0002181~cytoplasmic translation 46 6,35 3,89E-40
G0:0006614~SRP-dependent cotranslational protein targeting to
membrane 46 6,35 9,87E-40
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 48 6,63 1,62E-35
G0:0019083~viral transcription 46 6,35 8,03E-35
GO0:0006412~translation 54 7,46 3,72E-28
G0:0006364~rRNA processing 38 5,25 8,23E-16
G0:0043312~neutrophil degranulation 50 6,91 9,14E-10
G0:0019221~cytokine-mediated signaling pathway 38 5,25 1,43E-08
G0:0006954~inflammatory response 39 5,39 1,89E-06
G0:0043066~negative regulation of apoptotic process 45 6,22 6,14E-06
G0:0045727~positive regulation of translation 16 2,21 1,64E-05
GO:0006955~immune response 40 5,52 4,55E-05
G0:0043065~positive regulation of apoptotic process 34 4,70 8,25E-05
G0:0008285~negative regulation of cell proliferation 38 5,25 9,89E-05
G0:0006915~apoptotic process 42 5,80 0,000874
GO:0071222~cellular response to lipopolysaccharide 21 2,90 0,000885
G0:0010628~positive regulation of gene expression 38 5,25 0,001426
G0:0000122~negative regulation of transcription from RNA
polymerase 1l promoter 58 8,01 0,001817
G0:0032743~positive regulation of interleukin-2 production 9 1,24 0,002784
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G0:0006935~chemotaxis 15 2,07 0,008009
G0:0030593~neutrophil chemotaxis 12 1,66 0,009627
G0:0048661~positive regulation of smooth muscle cell
proliferation 11 1,52 0,00989
G0:0000027~ribosomal large subunit assembly 7 0,97 0,013306
GO:0006977~DNA damage response, signal transduction by p53
class mediator resulting in cell cycle arrest 10 1,38 0,013615
GO:0070301~cellular response to hydrogen peroxide 11 1,52 0,016142
G0:0045429~positive regulation of nitric oxide biosynthetic
process 9 1,24 0,018183
G0:0001732~formation of cytoplasmic translation initiation
complex 6 0,83 0,019229
GO:0071356~cellular response to tumor necrosis factor 15 2,07 0,025321
GO0:0007163~establishment or maintenance of cell polarity 9 1,24 0,025329
G0:0042273~ribosomal large subunit biogenesis 7 0,97 0,025786
G0:0042542~response to hydrogen peroxide 9 1,24 0,031205
G0:0030308~negative regulation of cell growth 14 1,93 0,031892
G0:0030335~positive regulation of cell migration 21 2,90 0,033521
G0:0008284~positive regulation of cell proliferation 34 4,70 0,040987
GO0:0007165~signal transduction 62 8,56 0,042915
GO:0006414~translational elongation 6 0,83 0,042915
G0:0051092~positive regulation of NF-kappaB transcription
factor activity 16 2,21 0,046668
G0:0050729~positive regulation of inflammatory response 12 1,66 0,046668
G0:0032496~response to lipopolysaccharide 15 2,07 0,048371
DC G0:0043312~neutrophil degranulation 64 9,55 1,15E-17
G0:0019886~antigen processing and presentation of exogenous
peptide antigen via MHC class |1 24 3,58 1,79E-10
G0:0002479~antigen processing and presentation of exogenous
peptide antigen via MHC class I, TAP-dependent 19 2,84 3,29E-08
G0:0002503~peptide antigen assembly with MHC class |1 protein
complex 10 1,49 2,87E-07
GO0:0006614~SRP-dependent cotranslational protein targeting to
membrane 19 2,84 3,89E-07
G0:0002381~immunoglobulin production involved in
immunoglobulin mediated immune response 10 1,49 3,95E-07
G0:0006413~translational initiation 22 3,28 7,68E-07
G0:0002181~cytoplasmic translation 18 2,69 1,27E-06
G0:0050870~positive regulation of T cell activation 12 1,79 1,44E-06
G0:0002504~antigen processing and presentation of peptide or
polysaccharide antigen via MHC class |1 10 1,49 1,5E-06
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 20 2,99 3,56E-06
G0:0016032~viral process 42 6,27 4 59E-06
G0:0050852~T cell receptor signaling pathway 24 3,58 1,15E-05
G0:0043488~regulation of MRNA stability 19 2,84 1,22E-05
G0:0019882~antigen processing and presentation 12 1,79 5,13E-05
G0:0000398~mRNA splicing, via spliceosome 27 4,03 0,000101
G0:0019083~viral transcription 17 2,54 0,00012
G0:0019082~viral protein processing 11 1,64 0,00016
G0:0030433~ubiquitin-dependent ERAD pathway 14 2,09 0,000343
G0:0006457~protein folding 21 3,13 0,000442
GO:0070498~interleukin-1-mediated signaling pathway 15 2,24 0,000442
GO0:0010972~negative regulation of G2/M transition of mitotic
cell cycle 12 1,79 0,000442
G0:0061418~regulation of transcription from RNA polymerase 11
promoter in response to hypoxia 13 1,94 0,000442
G0:0060333~interferon-gamma-mediated signaling pathway 13 1,94 0,000442
G0:0006412~translation 23 3,43 0,000481
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G0:0006120~mitochondrial electron transport, NADH to

ubiquinone 11 1,64 0,000482
G0:0030970~retrograde protein transport, ER to cytosol 7 1,04 0,000514
G0:1902600~hydrogen ion transmembrane transport 16 2,39 0,000792
G0:0036388~pre-replicative complex assembly 12 1,79 0,000796
G0:0006915~apoptotic process 41 6,12 0,001049
GO0:0002474~antigen processing and presentation of peptide
antigen via MHC class | 8 1,19 0,00188
GO0:0031145~anaphase-promoting complex-dependent catabolic
process 13 1,94 0,002744
G0:0015986~ATP synthesis coupled proton transport 7 1,04 0,00283
GO:0034599~cellular response to oxidative stress 14 2,09 0,00335
G0:0002223~stimulatory C-type lectin receptor signaling
pathway 15 2,24 0,00335
G0:0098869~cellular oxidant detoxification 12 1,79 0,00335
GO0:0042776~mitochondrial ATP synthesis coupled proton
transport 7 1,04 0,003436
G0:0048010~vascular endothelial growth factor receptor
signaling pathway 11 1,64 0,004219
G0:0031146~SCF-dependent proteasomal ubiquitin-dependent
protein catabolic process 13 1,94 0,00486
G0:0034976~response to endoplasmic reticulum stress 12 1,79 0,005314
G0:1901990~regulation of mitotic cell cycle phase transition 12 1,79 0,005314
GO0:0006405~RNA export from nucleus 10 1,49 0,005585
G0:0045454~cell redox homeostasis 9 1,34 0,008927
GO0:0038156~interleukin-3-mediated signaling pathway 4 0,60 0,009058
G0:0043687~post-translational protein modification 26 3,88 0,013183
G0:0006521~regulation of cellular amino acid metabolic process 9 1,34 0,017284
GO:0006888~ER to Golgi vesicle-mediated transport 18 2,69 0,017805
G0:0018279~protein N-linked glycosylation via asparagine 7 1,04 0,022059
GO0:0006754~ATP biosynthetic process 7 1,04 0,022059
G0:0038061~NIK/NF-kappaB signaling 10 1,49 0,024013
G0:1902036~regulation of hematopoietic stem cell differentiation 10 1,49 0,025175
G0:0032981~mitochondrial respiratory chain complex | assembly 10 1,49 0,025175
GO0:0006886~intracellular protein transport 24 3,58 0,025175
GO:0006890~retrograde vesicle-mediated transport, Golgi to ER 11 1,64 0,025175
G0:0051092~positive regulation of NF-kappaB transcription
factor activity 16 2,39 0,029846
G0:0038095~Fc-epsilon receptor signaling pathway 16 2,39 0,029846
G0:0006892~post-Golgi vesicle-mediated transport 9 1,34 0,029851
G0:0008380~RNA splicing 17 2,54 0,029851
GO:0006364~rRNA processing 17 2,54 0,031062
GO:0006465~signal peptide processing 5 0,75 0,031454
GO0:0006406~mRNA export from nucleus 12 1,79 0,03217
G0:0016192~vesicle-mediated transport 18 2,69 0,033036
G0:0010499~proteasomal ubiquitin-independent protein catabolic
process 6 0,90 0,035717
G0:0051603~proteolysis involved in cellular protein catabolic
process 8 1,19 0,035904
G0:0035722~interleukin-12-mediated signaling pathway 8 1,19 0,035904
G0:0031124~mRNA 3'-end processing 9 1,34 0,036376
GO:0045047~protein targeting to ER 5 0,75 0,038413
G0:0045048~protein insertion into ER membrane 6 0,90 0,040678
GO0:0050821~protein stabilization 17 2,54 0,041179
G0:0048208~COPI|I vesicle coating 9 1,34 0,047294
GO:0006955~immune response 30 4,48 0,049568
G0:0034198~cellular response to amino acid starvation 10 1,49 0,049568
FCGR3A+ GO0:0002181~cytoplasmic translation 45 18,07 2,59E-58
GO0:0006614~SRP-dependent cotranslational protein targeting to
membrane 45 18,07 4,91E-58
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G0:0019083~viral transcription 45 18,07 4,75E-53
G0:0000184~nuclear-transcribed mMRNA catabolic process,
nonsense-mediated decay 45 18,07 2,39E-51
G0:0006413~translational initiation 46 18,47 3,78E-51
GO0:0006412~translation 46 18,47 9,33E-40
GO:0006364~rRNA processing 35 14,06 2,14E-27
G0:0043312~neutrophil degranulation 21 8,43 0,000435
GO:0042542~response to hydrogen peroxide 8 3,21 0,000659
G0:0030335~positive regulation of cell migration 14 5,62 0,003051
G0:0019221~cytokine-mediated signaling pathway 15 6,02 0,006992
GO:0071356~cellular response to tumor necrosis factor 10 4,02 0,007747
GO0:0045727~positive regulation of translation 8 3,21 0,007747
G0:0034976~response to endoplasmic reticulum stress 8 3,21 0,007747
G0:0031668~cellular response to extracellular stimulus 5 2,01 0,008153
G0:0043066~negative regulation of apoptotic process 19 7,63 0,010741
GO:0006414~translational elongation 5 2,01 0,010898
G0:0008285~negative regulation of cell proliferation 17 6,83 0,015448
G0:0000027~ribosomal large subunit assembly 5 2,01 0,016821
G0:0042493~response to drug 13 5,22 0,018187
GO:0007050~cell cycle arrest 9 3,61 0,018522
GO0:0051591~response to CAMP 6 2,41 0,019196
G0:0019882~antigen processing and presentation 6 2,41 0,019196
G0:0051726~regulation of cell cycle 12 4,82 0,023354
G0:0042273~ribosomal large subunit biogenesis 5 2,01 0,023709
G0:1904667~negative regulation of ubiquitin protein ligase
activity 4 1,61 0,030409
G0:0032496~response to lipopolysaccharide 9 3,61 0,040247
G0:0045736~negative regulation of cyclin-dependent protein
serine/threonine kinase activity 5 2,01 0,040334
G0:0006955~immune response 16 6,43 0,047396
G0:0006915~apoptotic process 18 7,23 0,047921
NK GO0:0006413~translational initiation 73 15,18 1,25E-80
G0:0002181~cytoplasmic translation 62 12,89 2,49E-77
G0:0006614~SRP-dependent cotranslational protein targeting to
membrane 62 12,89 1,57E-76
G0:0000184~nuclear-transcribed mMRNA catabolic process,
nonsense-mediated decay 65 13,51 1,19E-70
G0:0019083~viral transcription 63 13,10 3,49E-70
G0:0006412~translation 67 13,93 1,12E-52
GO:0006364~rRNA processing 55 11,43 3,85E-41
G0:0000027~ribosomal large subunit assembly 10 2,08 4,38E-07
G0:0042274~ribosomal small subunit biogenesis 9 1,87 2,82E-06
G0:0000028~ribosomal small subunit assembly 7 1,46 0,000319
G0:0042273~ribosomal large subunit biogenesis 8 1,66 0,000511
GO0:0042542~response to hydrogen peroxide 10 2,08 0,00055
G0:0036499~PERK-mediated unfolded protein response 6 1,25 0,000755
GO:0006414~translational elongation 7 1,46 0,000925
G0:0000122~negative regulation of transcription from RNA
polymerase Il promoter 44 9,15 0,003021
GO0:0071353~cellular response to interleukin-4 7 1,46 0,003117
G0:0001732~formation of cytoplasmic translation initiation
complex 6 1,25 0,004102
GO:0006955~immune response 27 5,61 0,005683
GO:0006446~regulation of translational initiation 7 1,46 0,0092
GO0:0045727~positive regulation of translation 10 2,08 0,011115
G0:0034976~response to endoplasmic reticulum stress 10 2,08 0,011115
G0:0043066~negative regulation of apoptotic process 28 5,82 0,011115
GO:0000470~maturation of LSU-rRNA 5 1,04 0,030346
G0:0045892~negative regulation of transcription, DNA-
templated 28 5,82 0,039206
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G0:0032689~negative regulation of interferon-gamma production 7 1,46 0,048921
T Reg. G0:0002181~cytoplasmic translation 52 5,56 7,43E-43
G0:0006413~translational initiation 59 6,30 1,54E-40
G0:0006614~SRP-dependent cotranslational protein targeting to
membrane 49 5,24 2,75E-38
G0:0000184~nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay 54 5,77 4,42E-37
G0:0019083~viral transcription 49 5,24 5,69E-33
GO:0006412~translation 63 6,73 2,69E-30
GO:0006364~rRNA processing 45 4,81 2,58E-17
G0:0043312~neutrophil degranulation 55 5,88 1,04E-07
G0:0008380~RNA splicing 26 2,78 0,000375
G0:0000027~ribosomal large subunit assembly 9 0,96 0,001712
G0:0000398~mRNA splicing, via spliceosome 29 3,10 0,003701
G0:0006915~apoptotic process 49 5,24 0,006343
G0:0006338~chromatin remodeling 19 2,03 0,006413
G0:0045944~positive regulation of transcription from RNA
polymerase Il promoter 83 8,87 0,008712
G0:0006397~mRNA processing 24 2,56 0,009068
G0:0061024~membrane organization 18 1,92 0,011055
G0:0001732~formation of cytoplasmic translation initiation
complex 7 0,75 0,011055
G0:0016032~viral process 41 4,38 0,011335
G0:0045893~positive regulation of transcription, DNA-templated 52 5,56 0,014735
G0:0042273~ribosomal large subunit biogenesis 8 0,85 0,02642
G0:0006892~post-Golgi vesicle-mediated transport 11 1,18 0,030104
Yukart diizenlenmis IDG lerin GO zenginlestirme analizi sonuclart
Benjamini-
Hiicre Tiirii GO Terimi Gen Sayis1 % Hochberg
p degeri
B G0:0043312~neutrophil degranulation 130 6,50 5,06E-25
G0:0038095~Fc-epsilon receptor signaling pathway 56 2,80 3,13E-13
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 45 2,25 1,31E-10
G0:0006120~mitochondrial electron transport, NADH to
ubiquinone 24 1,20 2,81E-08
G0:0043488~regulation of mMRNA stability 36 1,80 5,12E-07
GO:0050776~regulation of immune response 51 2,55 1,38E-06
G0:0032981~mitochondrial respiratory chain complex |
assembly 25 1,25 8,2E-06
G0:0000209~protein polyubiquitination 58 2,90 1,4E-05
G0:0006898~receptor-mediated endocytosis 40 2,00 2,47E-05
G0:0018149~peptide cross-linking 29 1,45 2,6E-05
G0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class |, TAP-
dependent 24 1,20 0,000141
GO:0006955~immune response 81 4,05 0,000141
G0:0050900~leukocyte migration 43 2,15 0,000142
G0:0008228~0psonization 23 1,15 0,000167
G0:0006915~apoptotic process 93 4,65 0,000233
G0:0016236~macroautophagy 27 1,35 0,000233
G0:0042776~mitochondrial ATP synthesis coupled
proton transport 12 0,60 0,000233
G0:0016032~viral process 79 3,95 0,000249
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G0:0050853~B cell receptor signaling pathway

G0:0090263~positive regulation of canonical Wnt
signaling pathway

GO0:0031145~anaphase-promoting complex-dependent
catabolic process

G0:0016579~protein deubiquitination

GO0:0061418~regulation of transcription from RNA
polymerase Il promoter in response to hypoxia

GO:0070498~interleukin-1-mediated signaling pathway

GO:0006521~regulation of cellular amino acid metabolic
process

G0:0050852~T cell receptor signaling pathway
G0:0000398~mRNA splicing, via spliceosome
G0:0002377~immunoglobulin production
G0:0006956~complement activation
GO:0006754~ATP biosynthetic process
G0:0034341~response to interferon-gamma
G0:0006958~complement activation, classical pathway
G0:0030168~platelet activation

GO0:0007165~signal transduction

G0:0033209~tumor necrosis factor-mediated signaling
pathway

G0:1901990~regulation of mitotic cell cycle phase
transition

GO0:0042407~cristae formation

G0:0043123~positive regulation of I-kappaB kinase/NF-
kappaB signaling

GO0:0030449~regulation of complement activation

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

G0:0045087~innate immune response
GO0:0006470~protein dephosphorylation
G0:0006119~oxidative phosphorylation
GO0:0060337~type | interferon signaling pathway
G0:0016567~protein ubiquitination
G0:0032091~negative regulation of protein binding

G0:0051092~positive regulation of NF-kappaB
transcription factor activity

GO:0007049~cell cycle

G0:0036388~pre-replicative complex assembly
GO0:0034314~Arp2/3 complex-mediated actin nucleation
G0:0015031~protein transport

G0:0010972~negative regulation of G2/M transition of
mitotic cell cycle

GO0:0050821~protein stabilization

G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class Il

G0:0043161~proteasome-mediated ubiquitin-dependent
protein catabolic process

G0:0032438~melanosome organization

G0:0031146~SCF-dependent proteasomal ubiquitin-
dependent protein catabolic process
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G0:0038061~NIK/NF-kappaB signaling 18 0,90 0,016407
G0:0007229~integrin-mediated signaling pathway 24 1,20 0,016718
G0:0006123~mitochondrial electron transport,
cytochrome c to oxygen 10 0,50 0,018099
G0:1902036~regulation of hematopoietic stem cell
differentiation 18 0,90 0,018809
G0:0045071~negative regulation of viral genome
replication 14 0,70 0,020218
GO0:0050901~leukocyte tethering or rolling 9 0,45 0,023218
G0:0000165~MAPK cascade 49 2,45 0,023779
GO:0006974~cellular response to DNA damage stimulus 44 2,20 0,024032
G0:0030833~regulation of actin filament polymerization 12 0,60 0,026853
G0:0045893~positive regulation of transcription, DNA-
templated 91 4,55 0,028292
G0:0006911~phagocytosis, engulfment 24 1,20 0,028862
G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling
pathway 10 0,50 0,031587
G0:0031663~lipopolysaccharide-mediated signaling
pathway 12 0,60 0,032975
G0:0006511~ubiquitin-dependent protein catabolic
process 47 2,35 0,034721
G0:0050871~positive regulation of B cell activation 21 1,05 0,041543
G0:0006457~protein folding 33 1,65 0,042235
G0:0002250~adaptive immune response 65 3,25 0,045103
GO0:0060071~Whnt signaling pathway, planar cell polarity
pathway 20 1,00 0,045607
M.CD4T G0:0006958~complement activation, classical pathway 79 7,23 3,18E-55
G0:0008228~0psonization 49 4,48 5,39E-42
G0:0050853~B cell receptor signaling pathway 62 5,67 1,31E-41
G0:0006956~complement activation 54 4,94 5,95E-41
G0:0030449~regulation of complement activation 57 5,22 5,86E-40
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 60 5,49 5,19E-38
GO:0006955~immune response 107 9,79 2,39E-37
G0:0018149~peptide cross-linking 51 4,67 1,53E-36
GO:0050776~regulation of immune response 71 6,50 1,48E-35
G0:0050871~positive regulation of B cell activation 49 4,48 2,7E-34
G0:0038095~Fc-epsilon receptor signaling pathway 61 5,58 2,95E-32
G0:0006910~phagocytosis, recognition 47 4,30 1,48E-31
G0:0006911~phagocytosis, engulfment 49 4,48 5,02E-30
G0:0050900~leukocyte migration 62 5,67 1,03E-29
G0:0002377~immunoglobulin production 45 4,12 1,15E-29
GO:0006898~receptor-mediated endocytosis 54 4,94 9,26E-27
G0:0002862~negative regulation of inflammatory
response to antigenic stimulus 60 5,49 5,45E-26
G0:0002250~adaptive immune response 87 7,96 2,36E-25
G0:0042742~defense response to bacterium 58 5,31 3,27E-22
G0:0045087~innate immune response 89 8,14 1,13E-17
G0:0043312~neutrophil degranulation 54 4,94 1,12E-05
GO0:0002576~platelet degranulation 23 2,10 3,98E-05
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G0:0030889~negative regulation of B cell proliferation 8 0,73 0,003663
G0:0031663~lipopolysaccharide-mediated signaling
pathway 10 0,91 0,010208
G0:0019882~antigen processing and presentation 11 1,01 0,013253
G0:0060333~interferon-gamma-mediated signaling
pathway 13 1,19 0,031277
G0:0006915~apoptotic process 50 4,57 0,039173
G0:0007165~signal transduction 88 8,05 0,039293
GO0:0050901~leukocyte tethering or rolling 7 0,64 0,039293
G0:0002504~antigen processing and presentation of
peptide or polysaccharide antigen via MHC class |1 7 0,64 0,039293
GO0:0070527~platelet aggregation 10 0,91 0,039293
G0:0030168~platelet activation 16 1,46 0,048359
N.CD4T G0:0043312~neutrophil degranulation 184 6,03 9,94E-36
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 74 2,42 2,97E-24
G0:0050776~regulation of immune response 89 2,92 7,15E-19
G0:0038095~Fc-epsilon receptor signaling pathway 73 2,39 7,03E-16
G0:0006958~complement activation, classical pathway 67 2,20 1,87E-14
G0:0008228~0psonization 42 1,38 2,82E-14
G0:0050900~leukocyte migration 76 2,49 3,15E-14
GO:0006898~receptor-mediated endocytosis 66 2,16 4,09E-13
G0:0050853~B cell receptor signaling pathway 57 1,87 4,45E-13
G0:0018149~peptide cross-linking 48 1,57 4,72E-13
G0:0030449~regulation of complement activation 52 1,70 6,76E-13
GO:0006955~immune response 133 4,36 3,6E-12
G0:0006956~complement activation 45 1,47 2,41E-11
GO0:0050871~positive regulation of B cell activation 44 1,44 1,83E-10
G0:0006911~phagocytosis, engulfment 48 1,57 5,83E-10
G0:0045087~innate immune response 148 4,85 4,28E-09
G0:0006910~phagocytosis, recognition 41 1,34 2,35E-08
G0:0016032~viral process 120 3,93 4,71E-08
G0:0002862~negative regulation of inflammatory
response to antigenic stimulus 67 2,20 4,83E-08
GO0:0042742~defense response to bacterium 71 2,33 5,05E-08
G0:0002377~immunoglobulin production 38 1,25 6,66E-07
G0:0002250~adaptive immune response 111 3,64 9,94E-07
GO:0009615~response to virus 42 1,38 1,36E-06
GO0:0050852~T cell receptor signaling pathway 57 1,87 4,26E-06
G0:0006915~apoptotic process 133 4,36 4,66E-06
G0:0045071~negative regulation of viral genome
replication 23 0,75 1,24E-05
G0:0032091~negative regulation of protein binding 30 0,98 4,65E-05
GO0:0002576~platelet degranulation 41 1,34 6,74E-05
G0:0048010~vascular endothelial growth factor receptor
signaling pathway 27 0,88 8,83E-05
G0:0000209~protein polyubiquitination 72 2,36 9,91E-05
G0:0034599~cellular response to oxidative stress 36 1,18 0,000111
G0:0016236~macroautophagy 34 1,11 0,000133
G0:0019083~viral transcription 37 1,21 0,000153
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G0:0006468~protein phosphorylation

G0:0051092~positive regulation of NF-kappaB
transcription factor activity

GO:0006888~ER to Golgi vesicle-mediated transport
GO0:0006413~translational initiation

G0:0006614~SRP-dependent cotranslational protein
targeting to membrane

G0:0006412~translation

G0:0043488~regulation of mMRNA stability
G0:0006886~intracellular protein transport
G0:0036498~IRE1-mediated unfolded protein response
GO0:0035722~interleukin-12-mediated signaling pathway
G0:0007165~signal transduction
G0:0007229~integrin-mediated signaling pathway
G0:0015031~protein transport
G0:0019221~cytokine-mediated signaling pathway
G0:0030168~platelet activation

G0:0051607~defense response to virus

G0:0033209~tumor necrosis factor-mediated signaling
pathway

G0:0032436~positive regulation of proteasomal
ubiquitin-dependent protein catabolic process

G0:0050690~regulation of defense response to virus by
virus

G0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class |, TAP-
dependent

G0:0006914~autophagy

GO:0006919~activation of cysteine-type endopeptidase
activity involved in apoptotic process

GO:0046777~protein autophosphorylation
G0:0006457~protein folding

G0:0042110~T cell activation
G0:0019882~antigen processing and presentation

G0:0042307~positive regulation of protein import into
nucleus

G0:0000184~nuclear-transcribed mRNA catabolic
process, nonsense-mediated decay

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

G0:0002181~cytoplasmic translation
GO0:0000165~MAPK cascade
G0:0050870~positive regulation of T cell activation
GO:0070527~platelet aggregation
GO0:0016241~regulation of macroautophagy

G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling
pathway

G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class I1

G0:0032872~regulation of stress-activated MAPK
cascade

G0:0043066~negative regulation of apoptotic process
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GO:0006754~ATP biosynthetic process 14 0,46 0,00913
G0:0031334~positive regulation of protein complex
assembly 20 0,66 0,010508
G0:0050790~regulation of catalytic activity 84 2,75 0,01136
G0:0045454~cell redox homeostasis 18 0,59 0,012124
G0:0070125~mitochondrial translational elongation 27 0,88 0,01264
GO0:0050901~leukocyte tethering or rolling 11 0,36 0,012771
G0:0097190~apoptotic signaling pathway 23 0,75 0,014567
G0:0070126~mitochondrial translational termination 27 0,88 0,01489
GO0:0016567~protein ubiquitination 109 3,57 0,015236
GO:0061077~chaperone-mediated protein folding 16 0,52 0,017275
G0:0042407~cristae formation 14 0,46 0,017635
G0:0000398~mRNA splicing, via spliceosome 59 1,93 0,021248
G0:0060333~interferon-gamma-mediated signaling
pathway 23 0,75 0,021248
G0:0043123~positive regulation of I-kappaB kinase/NF-
kappaB signaling 46 1,51 0,025516
GO:0006974~cellular response to DNA damage stimulus 59 1,93 0,028077
G0:0019058~viral life cycle 27 0,88 0,028869
G0:0050729~positive regulation of inflammatory
response 29 0,95 0,028869
G0:0060337~type I interferon signaling pathway 22 0,72 0,028869
G0:1901216~positive regulation of neuron death 16 0,52 0,028869
G0:0035590~purinergic nucleotide receptor signaling
pathway 12 0,39 0,031713
G0:0007049~cell cycle 75 2,46 0,031713
G0:0046825~regulation of protein export from nucleus 7 0,23 0,031713
GO0:0007159~leukocyte cell-cell adhesion 13 0,43 0,031713
G0:0032981~mitochondrial respiratory chain complex |
assembly 22 0,72 0,033747
GO:0006366~transcription from RNA polymerase 11
promoter 45 1,47 0,034298
G0:0018105~peptidyl-serine phosphorylation 42 1,38 0,035281
GO:0050765~negative regulation of phagocytosis 10 0,33 0,035696
G0:2000060~positive regulation of protein ubiquitination
involved in ubiquitin-dependent protein catabolic process 10 0,33 0,035696
G0:0006325~chromatin organization 58 1,90 0,038489
G0:0030433~ubiquitin-dependent ERAD pathway 24 0,79 0,041745
G0:0050860~negative regulation of T cell receptor
signaling pathway 12 0,39 0,04181
GO0:0006110~regulation of glycolytic process 16 0,52 0,044515
GO0:0006511~ubiquitin-dependent protein catabolic
process 63 2,06 0,046263
G0:0048013~ephrin receptor signaling pathway 25 0,82 0,048866
G0:0007596~blood coagulation 45 1,47 0,049468
CcD8T G0:0043312~neutrophil degranulation 197 4,65 2,83E-23
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 81 1,91 1,21E-20
G0:0016032~viral process 178 4,20 1,56E-16
G0:0038095~Fc-epsilon receptor signaling pathway 84 1,98 3,2E-14
G0:0006915~apoptotic process 199 4,69 2,74E-13
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GO0:0050852~T cell receptor signaling pathway
GO:0050776~regulation of immune response
G0:0000209~protein polyubiquitination
G0:0050853~B cell receptor signaling pathway
GO:0006955~immune response
G0:0002250~adaptive immune response
G0:0008228~0psonization
GO:0006974~cellular response to DNA damage stimulus
G0:0006898~receptor-mediated endocytosis
G0:0050900~leukocyte migration
G0:0000398~mRNA splicing, via spliceosome
G0:0045087~innate immune response
G0:0016579~protein deubiquitination
G0:0007049~cell cycle

G0:0006511~ubiquitin-dependent protein catabolic
process

G0:0015031~protein transport
G0:0006468~protein phosphorylation
G0:0018149~peptide cross-linking
G0:0006911~phagocytosis, engulfment
G0:0006325~chromatin organization
G0:0018105~peptidyl-serine phosphorylation

G0:0060333~interferon-gamma-mediated signaling
pathway

G0:0051092~positive regulation of NF-kappaB
transcription factor activity

G0:0051301~cell division

G0:1901796~regulation of signal transduction by p53
class mediator

G0:0006958~complement activation, classical pathway

G0:0043123~positive regulation of I-kappaB kinase/NF-
kappaB signaling

G0:0050871~positive regulation of B cell activation

G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class I1

G0:0016236~macroautophagy
GO0:0070126~mitochondrial translational termination
G0:0006470~protein dephosphorylation
GO0:0051607~defense response to virus
GO:0006397~mRNA processing

GO0:0043161~proteasome-mediated ubiquitin-dependent
protein catabolic process

G0:0019882~antigen processing and presentation
G0:0070125~mitochondrial translational elongation
G0:0006956~complement activation
G0:0032091~negative regulation of protein binding
GO:0009615~response to virus
G0:0006910~phagocytosis, recognition

G0:0006366~transcription from RNA polymerase Il
promoter
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1,28E-06

2,01E-06

2,39E-06
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6,83E-06
1,38E-05

1,73E-05
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9,64E-05
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G0:0002377~immunoglobulin production
G0:0010508~positive regulation of autophagy
GO:0050870~positive regulation of T cell activation
G0:0006338~chromatin remodeling
GO0:0042110~T cell activation

GO0:0042795~snRNA transcription from RNA
polymerase 1l promoter

G0:0030168~platelet activation
GO:0006888~ER to Golgi vesicle-mediated transport
G0:0030449~regulation of complement activation

G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling
pathway

G0:0016567~protein ubiquitination

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

GO0:0042742~defense response to bacterium

G0:0048010~vascular endothelial growth factor receptor
signaling pathway

G0:0007165~signal transduction

G0:0002381~immunoglobulin production involved in
immunoglobulin mediated immune response

GO0:0046777~protein autophosphorylation
G0:0008380~RNA splicing

G0:0032760~positive regulation of tumor necrosis factor
production

G0:0033209~tumor necrosis factor-mediated signaling
pathway

G0:0000186~activation of MAPKK activity

G0:0031145~anaphase-promoting complex-dependent
catabolic process

G0:0000086~G2/M transition of mitotic cell cycle
G0:0043488~regulation of mMRNA stability
GO0:0016241~regulation of macroautophagy

GO0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class I, TAP-
dependent

G0:0050790~regulation of catalytic activity
G0:0034198~cellular response to amino acid starvation
G0:0035722~interleukin-12-mediated signaling pathway

G0:0032981~mitochondrial respiratory chain complex |
assembly

GO0:0051726~regulation of cell cycle

G0:0002503~peptide antigen assembly with MHC class
Il protein complex

G0:0018107~peptidyl-threonine phosphorylation

G0:0002862~negative regulation of inflammatory
response to antigenic stimulus

G0:1901990~regulation of mitotic cell cycle phase
transition

G0:0007030~Golgi organization

G0:0010803~regulation of tumor necrosis factor-
mediated signaling pathway
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G0:0030833~regulation of actin filament polymerization

G0:0032729~positive regulation of interferon-gamma
production

G0:0070936~protein K48-linked ubiquitination
GO0:0006406~mRNA export from nucleus
G0:0034599~cellular response to oxidative stress
GO0:0000165~MAPK cascade
G0:0007229~integrin-mediated signaling pathway
G0:0097190~apoptotic signaling pathway

G0:1902036~regulation of hematopoietic stem cell
differentiation

G0:0006914~autophagy

GO0:0006120~mitochondrial electron transport, NADH to
ubiquinone

G0:0061024~membrane organization

G0:0010389~regulation of G2/M transition of mitotic
cell cycle

G0:0031124~mRNA 3'-end processing
G0:0019058~viral life cycle

G0:0045893~positive regulation of transcription, DNA-
templated

G0:0007163~establishment or maintenance of cell
polarity

G0:0043044~ATP-dependent chromatin remodeling
G0:0043029~T cell homeostasis
G0:0042407~cristae formation

G0:0045944~positive regulation of transcription from
RNA polymerase Il promoter

GO0:0060544~regulation of necroptotic process

G0:0045945~positive regulation of transcription from
RNA polymerase 11l promoter

G0:0032481~positive regulation of type I interferon
production

GO0:0060337~type | interferon signaling pathway

G0:0032436~positive regulation of proteasomal
ubiquitin-dependent protein catabolic process

G0:0007264~small GTPase mediated signal transduction

GO0:0032727~positive regulation of interferon-alpha
production

GO0:0032147~activation of protein kinase activity
G0:0006886~intracellular protein transport

G0:0006368~transcription elongation from RNA
polymerase Il promoter

G0:0042307~positive regulation of protein import into
nucleus

G0:0097191~extrinsic apoptotic signaling pathway
GO:0006281~DNA repair

G0:0043066~negative regulation of apoptotic process
G0:0001558~regulation of cell growth

G0:0006369~termination of RNA polymerase Il
transcription

G0:0031647~regulation of protein stability
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G0:0050765~negative regulation of phagocytosis
G0:0030220~platelet formation

G0:0051603~proteolysis involved in cellular protein
catabolic process

G0:0045454~cell redox homeostasis
G0:0046825~regulation of protein export from nucleus
GO:0046677~response to antibiotic

G0:0035307~positive regulation of protein
dephosphorylation

G0:1990090~cellular response to nerve growth factor
stimulus

G0:0038061~NIK/NF-kappaB signaling
GO:0097711~ciliary basal body docking
GO:0071346~cellular response to interferon-gamma
G0:0070527~platelet aggregation
G0:1900034~regulation of cellular response to heat
G0:0043065~positive regulation of apoptotic process

G0:0002504~antigen processing and presentation of
peptide or polysaccharide antigen via MHC class |1

G0:0035522~monoubiquitinated histone H2A
deubiquitination

G0:0032728~positive regulation of interferon-beta
production

G0:0097352~autophagosome maturation

G0:0000122~negative regulation of transcription from
RNA polymerase Il promoter

G0:0032508~DNA duplex unwinding

G0:0090263~positive regulation of canonical Wnt
signaling pathway

GO:0070498~interleukin-1-mediated signaling pathway
G0:0070534~protein K63-linked ubiquitination

G0:0045071~negative regulation of viral genome
replication

G0:1902902~negative regulation of autophagosome
assembly

G0:0032757~positive regulation of interleukin-8
production

GO:0006919~activation of cysteine-type endopeptidase
activity involved in apoptotic process

GO0:0002576~platelet degranulation
GO:0007050~cell cycle arrest
GO0:0006119~oxidative phosphorylation
G0:0070979~protein K11-linked ubiquitination

G0:0032872~regulation of stress-activated MAPK
cascade

G0:0034329~cell junction assembly

G0:0045892~negative regulation of transcription, DNA-
templated

G0:0030307~positive regulation of cell growth

GO0:0042776~mitochondrial ATP synthesis coupled
proton transport

G0:1903077~negative regulation of protein localization
to plasma membrane
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GO:0034644~cellular response to UV 22 0,52 0,03825
GO0:0006412~translation 64 1,51 0,041786
G0:0050729~positive regulation of inflammatory
response 35 0,83 0,042069
GO0:0072659~protein localization to plasma membrane 48 1,13 0,043174
G0:0016310~phosphorylation 41 0,97 0,044424
G0:0016197~endosomal transport 33 0,78 0,047807
G0:0034138~toll-like receptor 3 signaling pathway 9 0,21 0,047895
G0:0010506~regulation of autophagy 28 0,66 0,047895
GO0:0042127~regulation of cell proliferation 49 1,16 0,047967
GO0:0002115~store-operated calcium entry 7 0,17 0,047967
GO:0035556~intracellular signal transduction 115 2,71 0,04843
G0:0021762~substantia nigra development 20 0,47 0,048515
CD14+ G0:0016032~viral process 228 4,48 1,17E-27
G0:0043312~neutrophil degranulation 228 4,48 1,23E-26
G0:0000398~mRNA splicing, via spliceosome 132 2,59 1,36E-17
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 83 1,63 5,17E-17
G0:0015031~protein transport 187 3,67 8,01E-17
G0:0038095~Fc-epsilon receptor signaling pathway 93 1,83 2,3E-14
GO0:0006886~intracellular protein transport 145 2,85 4,92E-14
G0:0006325~chromatin organization 122 2,40 1,2E-12
GO:0006974~cellular response to DNA damage stimulus 121 2,38 4,09E-12
G0:0050900~leukocyte migration 96 1,88 2,1E-11
G0:0006898~receptor-mediated endocytosis 84 1,65 2,48E-11
G0:0006915~apoptotic process 218 4,28 5,46E-11
G0:0006397~mRNA processing 97 1,90 3,47E-10
GO:0006468~protein phosphorylation 191 3,75 4,59E-10
G0:0008228~0psonization 46 0,90 1,24E-09
G0:0008380~RNA splicing 90 1,77 1,41E-09
G0:0006338~chromatin remodeling 70 1,37 1,8E-09
G0:0045087~innate immune response 216 4,24 5,88E-09
GO:0006958~complement activation, classical pathway 74 1,45 1,69E-07
G0:0045893~positive regulation of transcription, DNA-
templated 228 4,48 1,77E-07
GO0:0051607~defense response to virus 95 1,87 1,86E-07
G0:0000209~protein polyubiquitination 113 2,22 2,52E-07
GO0:0006511~ubiquitin-dependent protein catabolic
process 117 2,30 3,18E-07
G0:0018149~peptide cross-linking 51 1,00 7,74E-07
G0:0006956~complement activation 50 0,98 1,04E-06
GO0:0006366~transcription from RNA polymerase 11
promoter 82 1,61 1,18E-06
G0:0031647~regulation of protein stability 49 0,96 1,35E-06
G0:0007049~cell cycle 134 2,63 1,55E-06
G0:0006661~phosphatidylinositol biosynthetic process 43 0,84 2,19E-06
GO0:1901796~regulation of signal transduction by p53
class mediator 70 1,37 2,19E-06
G0:0030449~regulation of complement activation 55 1,08 3,02E-06
GO:0006888~ER to Golgi vesicle-mediated transport 83 1,63 3,83E-06

61



G0:0006914~autophagy
G0:0006406~mRNA export from nucleus

G0:0060333~interferon-gamma-mediated signaling
pathway

G0:0032456~endocytic recycling
GO0:0050852~T cell receptor signaling pathway
GO0:0042147~retrograde transport, endosome to Golgi

G0:0045944~positive regulation of transcription from
RNA polymerase Il promoter

GO:0006281~DNA repair

G0:1900034~regulation of cellular response to heat
GO0:0050790~regulation of catalytic activity
G0:0050853~B cell receptor signaling pathway
G0:0016579~protein deubiquitination

G0:0032981~mitochondrial respiratory chain complex |
assembly

G0:0016567~protein ubiquitination
G0:0006606~protein import into nucleus
G0:0050821~protein stabilization

G0:0006120~mitochondrial electron transport, NADH to
ubiquinone

G0:0006368~transcription elongation from RNA
polymerase Il promoter

G0:0032147~activation of protein kinase activity

G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class 11

G0:0043488~regulation of MRNA stability
GO0:0051301~cell division
G0:0016192~vesicle-mediated transport
GO:0034644~cellular response to UV
G0:0043547~positive regulation of GTPase activity
G0:0006911~phagocytosis, engulfment

G0:0032728~positive regulation of interferon-beta
production

G0:0019058~viral life cycle

G0:0050871~positive regulation of B cell activation
GO0:0016241~regulation of macroautophagy
G0:0061024~membrane organization

GO:0006890~retrograde vesicle-mediated transport,
Golgi to ER

G0:0016236~macroautophagy

G0:0043161~proteasome-mediated ubiquitin-dependent
protein catabolic process

GO0:0070126~mitochondrial translational termination
G0:0097711~ciliary basal body docking
GO:0051726~regulation of cell cycle

G0:0043123~positive regulation of 1-kappaB kinase/NF-
kappaB signaling

G0:0043044~ATP-dependent chromatin remodeling

G0:0051056~regulation of small GTPase mediated signal
transduction
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42
44
94
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1,32
1,02

0,79
0,65
1,55
0,84

7,13
2,08
0,81
2,77
1,16
2,00

0,75
3,59
0,92
1,59

0,59

0,77
0,79

0,94
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2,63
1,65
0,61
2,20
1,02

0,51
0,86
0,88
0,75
1,10

0,81
0,88

1,53
0,82
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1,85

1,45
0,43

1,26
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9,39E-06
1,31E-05
1,33E-05
1,49E-05
1,5E-05
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2,08E-05
2,93E-05
2,97E-05
2,98E-05

3,17E-05

3,41E-05
3,73E-05

4,09E-05
4,5E-05
5,49E-05
5,76E-05
6,26E-05
7,92E-05
7,92E-05

9,28E-05
0,000195
0,000196
0,000215
0,000236

0,000241
0,00026

0,000267
0,000341
0,000346
0,000432

0,000502
0,000505

0,000552



G0:0032091~negative regulation of protein binding
G0:0006897~endocytosis

GO:0006364~rRNA processing
G0:0006370~7-methylguanosine mRNA capping
G0:0030036~actin cytoskeleton organization
G0:0030866~cortical actin cytoskeleton organization
G0:0007030~Golgi organization
GO:0009615~response to virus

G0:0060337~type | interferon signaling pathway
G0:0006457~protein folding
G0:0048511~rhythmic process
G0:0030433~ubiquitin-dependent ERAD pathway
G0:0016197~endosomal transport
G0:0046777~protein autophosphorylation
G0:0000086~G2/M transition of mitotic cell cycle
G0:0031124~mRNA 3'-end processing
G0:0018105~peptidyl-serine phosphorylation
G0:0006910~phagocytosis, recognition
G0:0070125~mitochondrial translational elongation
G0:0010506~regulation of autophagy

G0:0018279~protein N-linked glycosylation via
asparagine

G0:0042307~positive regulation of protein import into
nucleus

G0:0060260~regulation of transcription initiation from
RNA polymerase Il promoter

G0:0042789~mRNA transcription from RNA
polymerase Il promoter

G0:0010508~positive regulation of autophagy
GO0:0050870~positive regulation of T cell activation

G0:0061418~regulation of transcription from RNA
polymerase Il promoter in response to hypoxia

G0:0001933~negative regulation of protein
phosphorylation

G0:0090307~mitotic spindle assembly
G0:0006260~DNA replication
GO:0050776~regulation of immune response
G0:0048208~COPI|I vesicle coating
G0:0002218~activation of innate immune response

G0:0090316~positive regulation of intracellular protein
transport

G0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class |, TAP-
dependent

G0:0008360~regulation of cell shape

G0:0000184~nuclear-transcribed mRNA catabolic
process, nonsense-mediated decay

G0:0016573~histone acetylation
G0:0002377~immunoglobulin production
GO:0006405~RNA export from nucleus
G0:0016310~phosphorylation
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0,003481
0,003492
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G0:0070936~protein K48-linked ubiquitination

G0:0032436~positive regulation of proteasomal
ubiquitin-dependent protein catabolic process

G0:0042407~cristae formation
G0:0043065~positive regulation of apoptotic process
G0:0006470~protein dephosphorylation
GO0:0042742~defense response to bacterium
GO:0006401~RNA catabolic process
GO:0007040~lysosome organization

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

G0:0010389~regulation of G2/M transition of mitotic
cell cycle

G0:0036498~IRE1-mediated unfolded protein response
G0:0006892~post-Golgi vesicle-mediated transport

G0:0002862~negative regulation of inflammatory
response to antigenic stimulus

G0:0006283~transcription-coupled nucleotide-excision
repair

G0:0032731~positive regulation of interleukin-1 beta
production

GO0:0007264~small GTPase mediated signal transduction
G0:0016070~RNA metabolic process

GO0:0006413~translational initiation
G0:0043001~Golgi to plasma membrane protein
transport

G0:0071260~cellular response to mechanical stimulus
G0:0008286~insulin receptor signaling pathway
G0:0000165~MAPK cascade

G0:0031398~positive regulation of protein ubiquitination
G0:0046854~phosphatidylinositol phosphorylation
G0:0018107~peptidyl-threonine phosphorylation

GO:0006367~transcription initiation from RNA
polymerase 1l promoter

G0:0051092~positive regulation of NF-kappaB
transcription factor activity

GO0:0032869~cellular response to insulin stimulus

G0:0000724~double-strand break repair via homologous
recombination

G0:0006302~double-strand break repair
G0:0000245~spliceosomal complex assembly
GO:0035556~intracellular signal transduction

G0:2000249~regulation of actin cytoskeleton
reorganization

GO0:0007097~nuclear migration

G0:0048010~vascular endothelial growth factor receptor
signaling pathway

G0:0006909~phagocytosis
GO0:0007165~signal transduction

G0:0006369~termination of RNA polymerase Il
transcription

G0:1901990~regulation of mitotic cell cycle phase
transition
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0,007014
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0,008147
0,00834
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0,008968

0,009213

0,009239
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0,013398

0,013417
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G0:0043066~negative regulation of apoptotic process
G0:0030168~platelet activation
G0:0006337~nucleosome disassembly

GO0:0032727~positive regulation of interferon-alpha
production

G0:1902036~regulation of hematopoietic stem cell
differentiation

G0:0032760~positive regulation of tumor necrosis factor
production

G0:0016925~protein sumoylation
G0:0043966~histone H3 acetylation
G0:0072659~protein localization to plasma membrane

G0:0032481~positive regulation of type I interferon
production

G0:0006412~translation

G0:0008654~phospholipid biosynthetic process
G0:0017148~negative regulation of translation
G0:0006110~regulation of glycolytic process
G0:0043967~histone H4 acetylation

GO:0006754~ATP biosynthetic process
GO0:0035722~interleukin-12-mediated signaling pathway
G0:0019882~antigen processing and presentation

G0:0051603~proteolysis involved in cellular protein
catabolic process

G0:1901215~negative regulation of neuron death
G0:0043087~regulation of GTPase activity
G0:0070498~interleukin-1-mediated signaling pathway

G0:0043928~exonucleolytic nuclear-transcribed mRNA
catabolic process involved in deadenylation-dependent
decay

G0:0033146~regulation of intracellular estrogen receptor
signaling pathway

G0:0006895~Golgi to endosome transport
GO0:0000278~mitotic cell cycle
G0:0007041~lysosomal transport
G0:0038061~NIK/NF-kappaB signaling
G0:0019083~viral transcription
G0:0097352~autophagosome maturation
GO:0006955~immune response
G0:0019827~stem cell population maintenance

G0:0090263~positive regulation of canonical Wnt
signaling pathway

G0:0042795~snRNA transcription from RNA
polymerase Il promoter

G0:0002230~positive regulation of defense response to
virus by host

GO:0060544~regulation of necroptotic process

G0:0045945~positive regulation of transcription from
RNA polymerase Il promoter

G0:0007052~mitotic spindle organization
GO:0007050~cell cycle arrest
G0:0034198~cellular response to amino acid starvation
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G0:0031122~cytoplasmic microtubule organization 24 0,47 0,034926
G0:0045071~negative regulation of viral genome
replication 22 0,43 0,034926
GO:2000641~regulation of early endosome to late
endosome transport 8 0,16 0,037578
G0:0006294~nucleotide-excision repair, preincision
complex assembly 16 0,31 0,038345
G0:0035522~monoubiquitinated histone H2A
deubiquitination 16 0,31 0,038345
G0:1905618~positive regulation of miRNA mediated
inhibition of translation 0,14 0,038349
G0:2000779~regulation of double-strand break repair 7 0,14 0,038349
G0:0007596~blood coagulation 66 1,30 0,038454
G0:1903077~negative regulation of protein localization
to plasma membrane 13 0,26 0,038721
G0:0008104~protein localization 51 1,00 0,039673
GO:0042752~regulation of circadian rhythm 28 0,55 0,040397
G0:0090503~RNA phosphodiester bond hydrolysis,
exonucleolytic 18 0,35 0,043304
G0:0032543~mitochondrial translation 19 0,37 0,044941
G0:0001782~B cell homeostasis 14 0,27 0,045453
G0:0006289~nucleotide-excision repair 20 0,39 0,045453
G0:0030218~erythrocyte differentiation 23 0,45 0,045453
G0:0000413~protein peptidyl-prolyl isomerization 21 0,41 0,045681
DC G0:0006958~complement activation, classical pathway 17 22,97 6,46E-17
G0:0008228~0psonization 14 18,92 6,46E-17
G0:0018149~peptide cross-linking 15 20,27 6,46E-17
GO:0006955~immune response 23 31,08 1,13E-16
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 16 21,62 1,13E-16
GO0:0006956~complement activation 14 18,92 1,15E-15
G0:0002377~immunoglobulin production 14 18,92 1,15E-15
G0:0030449~regulation of complement activation 14 18,92 9,31E-15
G0:0002250~adaptive immune response 19 25,68 1,32E-12
G0:0002862~negative regulation of inflammatory
response to antigenic stimulus 15 20,27 1,32E-12
GO:0050776~regulation of immune response 15 20,27 1,55E-12
G0:0050900~leukocyte migration 13 17,57 2,28E-10
G0:0006898~receptor-mediated endocytosis 12 16,22 5,95E-10
G0:0038095~Fc-epsilon receptor signaling pathway 12 16,22 9,35E-10
G0:0002181~cytoplasmic translation 10 13,51 9,35E-10
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 10 13,51 1,08E-09
G0:0019083~viral transcription 10 13,51 6,83E-09
G0:0000184~nuclear-transcribed mRNA catabolic
process, nonsense-mediated decay 10 13,51 1,3E-08
GO0:0006413~translational initiation 10 13,51 2,7E-08
G0:0050853~B cell receptor signaling pathway 9 12,16 5,08E-07
G0:0006412~translation 10 13,51 2,34E-06
GO0:0050871~positive regulation of B cell activation 9,46 2,77E-05
G0:0006910~phagocytosis, recognition 7 9,46 2,81E-05
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G0:0006911~phagocytosis, engulfment 7 9,46 6,93E-05
G0:0042742~defense response to bacterium 8 10,81 0,000369
GO:0006364~rRNA processing 7 9,46 0,001233
GO:0007166~cell surface receptor signaling pathway 7 9,46 0,014939
G0:0045087~innate immune response 9 12,16 0,025116
FCGR3A+ G0:0006958~complement activation, classical pathway 43 8,01 1,57E-27
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 40 7,45 3,25E-27
G0:0038095~Fc-epsilon receptor signaling pathway 41 7,64 3,81E-24
G0:0008228~0psonization 29 5,40 2,14E-23
G0:0006956~complement activation 31 5,77 3,75E-22
G0:0050900~leukocyte migration 41 7,64 3,82E-22
G0:0018149~peptide cross-linking 30 5,59 9,55E-21
G0:0030449~regulation of complement activation 31 5,77 5,13E-20
G0:0006898~receptor-mediated endocytosis 35 6,52 4,28E-19
GO:0006955~immune response 56 10,43 1,32E-18
G0:0050853~B cell receptor signaling pathway 31 5,77 3,16E-18
G0:0002377~immunoglobulin production 25 4,66 2,69E-15
G0:0002862~negative regulation of inflammatory
response to antigenic stimulus 34 6,33 1,12E-14
G0:0006911~phagocytosis, engulfment 26 4,84 1,73E-14
GO:0050776~regulation of immune response 34 6,33 1,73E-14
G0:0050871~positive regulation of B cell activation 24 4,47 3,44E-14
G0:0006910~phagocytosis, recognition 24 4,47 4,14E-14
G0:0042742~defense response to bacterium 30 5,59 2,13E-10
G0:0043312~neutrophil degranulation 42 7,82 2,46E-09
G0:0002250~adaptive immune response 39 7,26 1,64E-08
G0:0045087~innate immune response 43 8,01 6,11E-07
GO0:0050852~T cell receptor signaling pathway 18 3,35 0,000756
G0:0060333~interferon-gamma-mediated signaling
pathway 11 2,05 0,001654
G0:0016032~viral process 30 5,59 0,001654
G0:0006614~SRP-dependent cotranslational protein
targeting to membrane 12 2,23 0,001987
G0:0006413~translational initiation 14 2,61 0,003306
G0:0006120~mitochondrial electron transport, NADH to
ubiquinone 9 1,68 0,003563
G0:0002503~peptide antigen assembly with MHC class
Il protein complex 6 1,12 0,003563
G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class |1 12 2,23 0,004612
G0:0002381~immunoglobulin production involved in
immunoglobulin mediated immune response 6 1,12 0,004612
G0:0032981~mitochondrial respiratory chain complex |
assembly 10 1,86 0,006154
G0:0002181~cytoplasmic translation 11 2,05 0,006966
GO0:0050870~positive regulation of T cell activation 1,30 0,013625
G0:0019882~antigen processing and presentation 1,49 0,014078
G0:0000184~nuclear-transcribed mRNA catabolic
process, nonsense-mediated decay 12 2,23 0,019923
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G0:0031334~positive regulation of protein complex

assembly 8 1,49 0,035983
G0:0019083~viral transcription 11 2,05 0,040412
G0:0001895~retina homeostasis 7 1,30 0,040412
G0:0006412~translation 16 2,98 0,040688
NK G0:0043312~neutrophil degranulation 191 4,95 2,17E-25
G0:0016032~viral process 181 4,69 5,61E-22
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 75 1,94 1,1E-18
G0:0038095~Fc-epsilon receptor signaling pathway 87 2,25 1,37E-18
G0:0015031~protein transport 153 3,96 2,49E-15
G0:0045087~innate immune response 183 4,74 1,41E-10
GO:0006974~cellular response to DNA damage stimulus 97 2,51 7,74E-10
G0:0008228~0psonization 41 1,06 7,74E-10
G0:0000209~protein polyubiquitination 101 2,62 7,94E-10
G0:0016579~protein deubiquitination 96 2,49 2,62E-09
G0:0006898~receptor-mediated endocytosis 68 1,76 2,78E-09
GO0:0051607~defense response to virus 84 2,18 3,26E-09
G0:0000398~mRNA splicing, via spliceosome 94 2,43 3,94E-09
G0:0006886~intracellular protein transport 109 2,82 7,41E-09
G0:0060337~type | interferon signaling pathway 38 0,98 1,21E-08
G0:0006958~complement activation, classical pathway 64 1,66 3,85E-08
G0:0006915~apoptotic process 168 4,35 5,12E-08
GO:0050776~regulation of immune response 79 2,05 5,12E-08
G0:0016567~protein ubiquitination 158 4,09 1,48E-07
G0:0045071~negative regulation of viral genome
replication 28 0,73 2,95E-07
GO:0009615~response to virus 49 1,27 5,73E-07
G0:0018149~peptide cross-linking 44 1,14 5,73E-07
GO0:0006511~ubiquitin-dependent protein catabolic
process 96 2,49 5,73E-07
G0:0043488~regulation of MRNA stability 50 1,29 6,14E-07
G0:0006325~chromatin organization 88 2,28 7,04E-07
G0:0060333~interferon-gamma-mediated signaling
pathway 36 0,93 7,82E-07
G0:0006956~complement activation 43 1,11 7,99E-07
G0:0043161~proteasome-mediated ubiquitin-dependent
protein catabolic process 72 1,86 8,23E-07
G0:0016192~vesicle-mediated transport 75 1,94 8,61E-07
G0:0006338~chromatin remodeling 54 1,40 1,19E-06
GO:0007049~cell cycle 110 2,85 1,24E-06
G0:0051301~cell division 115 2,98 1,61E-06
G0:0030449~regulation of complement activation 47 1,22 2,08E-06
G0:0006281~DNA repair 89 2,30 3,73E-06
GO0:0050852~T cell receptor signaling pathway 66 1,71 4,82E-06
G0:0043123~positive regulation of 1-kappaB kinase/NF-
kappaB signaling 67 1,73 6,05E-06
G0:0050900~leukocyte migration 68 1,76 7,51E-06
G0:0006911~phagocytosis, engulfment 46 1,19 1,09E-05
G0:0006468~protein phosphorylation 140 3,63 1,12E-05
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G0:0019886~antigen processing and presentation of
exogenous peptide antigen via MHC class |1

G0:0050853~B cell receptor signaling pathway

G0:0002479~antigen processing and presentation of
exogenous peptide antigen via MHC class |, TAP-
dependent

G0:0051092~positive regulation of NF-kappaB
transcription factor activity

G0:0070125~mitochondrial translational elongation
GO0:0050871~positive regulation of B cell activation
G0:0070126~mitochondrial translational termination
G0:0006914~autophagy
GO:0070498~interleukin-1-mediated signaling pathway
G0:0018105~peptidyl-serine phosphorylation
GO0:0031647~regulation of protein stability
G0:0006406~mRNA export from nucleus
GO0:0006888~ER to Golgi vesicle-mediated transport

G0:0045893~positive regulation of transcription, DNA-
templated

G0:0033209~tumor necrosis factor-mediated signaling
pathway

G0:0032091~negative regulation of protein binding

G0:1902036~regulation of hematopoietic stem cell
differentiation

G0:0061024~membrane organization
G0:0006955~immune response
G0:0000165~MAPK cascade
G0:0006910~phagocytosis, recognition

G0:0002223~stimulatory C-type lectin receptor signaling
pathway

G0:0006366~transcription from RNA polymerase |1
promoter

GO0:0043044~ATP-dependent chromatin remodeling

GO0:0061418~regulation of transcription from RNA
polymerase 1l promoter in response to hypoxia

GO0:0006521~regulation of cellular amino acid metabolic
process

G0:0031145~anaphase-promoting complex-dependent
catabolic process

G0:0030168~platelet activation
G0:0006470~protein dephosphorylation
G0:0036258~multivesicular body assembly

G0:0006368~transcription elongation from RNA
polymerase 1l promoter

G0:0016236~macroautophagy
G0:0008380~RNA splicing

G0:0002230~positive regulation of defense response to
virus by host

GO0:0042742~defense response to bacterium
G0:0032456~endocytic recycling
G0:0046777~protein autophosphorylation
G0:0050790~regulation of catalytic activity

69

42
50

35

61
38
40
38
54
40
60
38
41
64

169

46
32

30
46
126
87
37

43

60

30

24

34
40
51
17

30
36
59

18
68
24
56
105

1,09
1,29

0,91

1,58
0,98
1,04
0,98
1,40
1,04
1,55
0,98
1,06
1,66

4,38

1,19
0,83

0,78
1,19
3,26
2,25
0,96

1,11

1,55
0,49
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0,000276
0,000368

0,000517
0,000536
0,000605
0,000729
0,000751

0,000751

0,000795
0,000836

0,000879

0,001191

0,00128
0,001298
0,001309
0,001348

0,001508
0,001746
0,002043

0,002092
0,002151
0,002162
0,002162
0,00224



G0:0006892~post-Golgi vesicle-mediated transport

G0:0032436~positive regulation of proteasomal
ubiquitin-dependent protein catabolic process

G0:0032481~positive regulation of type I interferon
production

G0:0002862~negative regulation of inflammatory
response to antigenic stimulus

G0:0016197~endosomal transport
GO:0070527~platelet aggregation
G0:0097352~autophagosome maturation

G0:1901990~regulation of mitotic cell cycle phase
transition

G0:0032727~positive regulation of interferon-alpha
production

G0:0002377~immunoglobulin production
G0:0035722~interleukin-12-mediated signaling pathway
G0:0019882~antigen processing and presentation
G0:0050821~protein stabilization
G0:0038061~NIK/NF-kappaB signaling
G0:0070936~protein K48-linked ubiquitination
G0:0030433~ubiquitin-dependent ERAD pathway
G0:0019058~viral life cycle

G0:0032869~cellular response to insulin stimulus
G0:0007229~integrin-mediated signaling pathway

G0:1901796~regulation of signal transduction by p53
class mediator

G0:0006397~mRNA processing
GO0:0051726~regulation of cell cycle
G0:0051865~protein autoubiquitination

G0:0032728~positive regulation of interferon-beta
production

G0:0048013~ephrin receptor signaling pathway
G0:0097711~ciliary basal body docking

G0:0001934~positive regulation of protein
phosphorylation

GO0:0000186~activation of MAPKK activity

G0:1900740~positive regulation of protein insertion into
mitochondrial membrane involved in apoptotic signaling
pathway

G0:0042307~positive regulation of protein import into
nucleus

G0:0006457~protein folding
G0:0043066~negative regulation of apoptotic process
G0:1900034~regulation of cellular response to heat

G0:0032760~positive regulation of tumor necrosis factor
production

G0:0048010~vascular endothelial growth factor receptor
signaling pathway

GO0:0002474~antigen processing and presentation of
peptide antigen via MHC class |

G0:0031334~positive regulation of protein complex
assembly

G0:0006986~response to unfolded protein
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25

31

24

63
35
21
20

31

14
34
21
21
59
27
25
30
33
37
37

48
60
71
27

19
31
33

59
18

14

19
54
129
28

35

25

14

22
22

0,65

0,80

0,62

1,63
0,91
0,54
0,52

0,80

0,36
0,88
0,54
0,54
1,53
0,70
0,65
0,78
0,85
0,96
0,96

1,24
1,55
1,84
0,70

0,49
0,80
0,85

1,53

0,47

0,36

0,49
1,40
3,34
0,73

0,91

0,65

0,36

0,57
0,57

0,002518

0,002622

0,00293

0,00293
0,003092
0,003179
0,003621

0,004196

0,005739
0,005857
0,006314
0,006314
0,00689
0,00689
0,007674
0,007963
0,008433
0,008433
0,008433

0,009131
0,009432
0,010848
0,010848

0,011237
0,012115
0,012208

0,012515
0,012745

0,013539

0,015194
0,015905
0,016497
0,017025

0,017025

0,019342

0,020453

0,020453
0,020453



G0:0006661~phosphatidylinositol biosynthetic process 28 0,73 0,020504
G0:0010389~regulation of G2/M transition of mitotic
cell cycle 29 0,75 0,020595
GO0:0070106~interleukin-27-mediated signaling pathway 10 0,26 0,020642
GO0:0016575~histone deacetylation 20 0,52 0,021943
G0:0042766~nucleosome mobilization 12 0,31 0,022181
G0:0090307~mitotic spindle assembly 18 0,47 0,022821
G0:0010972~negative regulation of G2/M transition of
mitotic cell cycle 23 0,60 0,027062
G0:0007165~signal transduction 262 6,78 0,027062
G0:0042981~regulation of apoptotic process 67 1,73 0,029857
GO0:0016241~regulation of macroautophagy 27 0,70 0,029857
G0:0034198~cellular response to amino acid starvation 28 0,73 0,029857
G0:0090263~positive regulation of canonical Wnt
signaling pathway 46 1,19 0,032379
G0:0031503~protein complex localization 0,23 0,032379
G0:0001682~tRNA 5'-leader removal 0,23 0,032379
G0:0007052~mitotic spindle organization 39 1,01 0,032379
G0:0036388~pre-replicative complex assembly 24 0,62 0,034238
G0:0006623~protein targeting to vacuole 10 0,26 0,035263
G0:0031398~positive regulation of protein ubiquitination 27 0,70 0,035263
G0:0000086~G2/M transition of mitotic cell cycle 42 1,09 0,037887
GO:0035556~intracellular signal transduction 108 2,80 0,038907
G0:0045944~positive regulation of transcription from
RNA polymerase Il promoter 259 6,71 0,039777
G0:0060071~Wnt signaling pathway, planar cell polarity
pathway 30 0,78 0,041153
G0:0032880~regulation of protein localization 28 0,73 0,041433
G0:0032508~DNA duplex unwinding 26 0,67 0,041433
G0:0016070~RNA metabolic process 19 0,49 0,041433
G0:0008333~endosome to lysosome transport 19 0,49 0,041433
G0:0006275~regulation of DNA replication 19 0,49 0,041433
GO0:0061077~chaperone-mediated protein folding 17 0,44 0,045557
G0:0031146~SCF-dependent proteasomal ubiquitin-
dependent protein catabolic process 31 0,80 0,046517
G0:0032438~melanosome organization 12 0,31 0,049004
G0:0035455~response to interferon-alpha 0,21 0,049004
GO0:0035456~response to interferon-beta 0,21 0,049004
G0:0018107~peptidyl-threonine phosphorylation 25 0,65 0,049328
T Reg. G0:0008228~0psonization 19 39,58 6,86E-31
G0:0006958~complement activation, classical pathway 22 45,83 1,32E-30
GO:0006956~complement activation 19 39,58 5,94E-29
G0:0018149~peptide cross-linking 19 39,58 6,71E-29
G0:0038096~Fc-gamma receptor signaling pathway
involved in phagocytosis 20 41,67 2,78E-28
G0:0030449~regulation of complement activation 19 39,58 7,4E-28
G0:0002377~immunoglobulin production 18 37,50 4,03E-27
GO:0006898~receptor-mediated endocytosis 20 41,67 7,62E-27
G0:0050900~leukocyte migration 20 41,67 2,6E-25
GO:0006955~immune response 24 50,00 3,63E-24
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G0:0002862~negative regulation of inflammatory

response to antigenic stimulus 19 39,58 6,3E-23
G0:0038095~Fc-epsilon receptor signaling pathway 18 37,50 1,03E-22
GO:0050776~regulation of immune response 18 37,50 4,68E-21
G0:0002250~adaptive immune response 21 43,75 4,24E-20
G0:0042742~defense response to bacterium 14 29,17 5,48E-14
G0:0050871~positive regulation of B cell activation 10 20,83 1,38E-11
G0:0006910~phagocytosis, recognition 10 20,83 1,43E-11
G0:0006911~phagocytosis, engulfment 10 20,83 5,96E-11
G0:0050853~B cell receptor signaling pathway 10 20,83 1,74E-10
G0:0045087~innate immune response 14 29,17 7,99E-09
G0:0001895~retina homeostasis 5 10,42 2,69E-05
G0:0003094~glomerular filtration 3 6,25 0,007451
G0:0043312~neutrophil degranulation 7 14,58 0,008385
G0:0030593~neutrophil chemotaxis 4 8,33 0,008578
G0:0006954~inflammatory response 6 12,50 0,02195
G0:0050832~defense response to fungus 3 6,25 0,02536
G0:0070488~neutrophil aggregation 2 4,17 0,040094
Asag diizenlenmis IDG lerin KEGG zenginlestirme analizi sonuglar
Benjamini-
Hiicre Tiirii GO Terimi Gen Sayis1 % Hochberg
p degeri
B hsa00190:Oxidative phosphorylation 57 2,85 6,76E-18
hsa05020:Prion disease 85 4,25 1,69E-17
hsa05415:Diabetic cardiomyopathy 70 3,50 6,43E-17
hsa05014: Amyotrophic lateral sclerosis 97 4,85 2,16E-15
hsa05208:Chemical carcinogenesis - reactive oxygen species 71 3,55 2,71E-15
hsa05010:Alzheimer disease 98 4,90 3,31E-14
hsa05012:Parkinson disease 77 3,85 3,91E-14
hsa05016:Huntington disease 81 4,05 1,39E-12
hsa04714:Thermogenesis 67 3,35 3,41E-12
hsa05022:Pathways of neurodegeneration - multiple diseases 106 5,30 1,71E-11
hsa04932:Non-alcoholic fatty liver disease 51 2,55 1,71E-11
hsa04662:B cell receptor signaling pathway 33 1,65 9,14E-10
hsa04144:Endocytosis 63 3,15 9,69E-09
hsa04666:Fc gamma R-mediated phagocytosis 33 1,65 1,14E-07
hsa05131:Shigellosis 59 2,95 2,39E-07
hsa05166:Human T-cell leukemia virus 1 infection 52 2,60 3,71E-06
hsa05132:Salmonella infection 53 2,65 5,92E-05
hsa05135:Yersinia infection 35 1,75 6,01E-05
hsa03050:Proteasome 18 0,90 6,01E-05
hsa04218:Cellular senescence 38 1,90 6,61E-05
hsa04723:Retrograde endocannabinoid signaling 36 1,80 0,000123
hsa05140:Leishmaniasis 23 1,15 0,000259
hsa05235:PD-L1 expression and PD-1 checkpoint pathway in
cancer 25 1,25 0,000304
hsa05417:Lipid and atherosclerosis 45 2,25 0,000408
hsa04625:C-type lectin receptor signaling pathway 27 1,35 0,000536
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hsa04810:Regulation of actin cytoskeleton 45 2,25 0,000536
hsa04062:Chemokine signaling pathway 41 2,05 0,000538
hsa05170:Human immunodeficiency virus 1 infection 44 2,20 0,000538
hsa05100:Bacterial invasion of epithelial cells 22 1,10 0,000631
hsa04611:Platelet activation 30 1,50 0,000631
hsa04071:Sphingolipid signaling pathway 29 1,45 0,000728
hsa04380:0steoclast differentiation 30 1,50 0,001088
hsa05211:Renal cell carcinoma 20 1,00 0,001109
hsa05152: Tuberculosis 38 1,90 0,001109
hsa04370:VEGF signaling pathway 18 0,90 0,001296
hsa05169:Epstein-Barr virus infection 41 2,05 0,001321
hsa05163:Human cytomegalovirus infection 44 2,20 0,001694
hsa04659:Th17 cell differentiation 26 1,30 0,001886
hsa05167:Kaposi sarcoma-associated herpesvirus infection 39 1,95 0,002236
hsa05212:Pancreatic cancer 20 1,00 0,003501
hsa05220:Chronic myeloid leukemia 20 1,00 0,003501
hsa04670:Leukocyte transendothelial migration 26 1,30 0,004107
hsa04720:Long-term potentiation 18 0,90 0,005488
hsa04660:T cell receptor signaling pathway 24 1,20 0,005708
hsa04145:Phagosome 31 1,55 0,007309
hsa04933: AGE-RAGE signaling pathway in diabetic
complications 23 1,15 0,007586
hsa04140:Autophagy - animal 29 1,45 0,009225
hsa05017:Spinocerebellar ataxia 29 1,45 0,011283
hsa04664:Fc epsilon RI signaling pathway 17 0,85 0,016046
hsa05200:Pathways in cancer 79 3,95 0,027912
hsa04728:Dopaminergic synapse 26 1,30 0,029088
hsa04722:Neurotrophin signaling pathway 24 1,20 0,030804
hsa05161:Hepatitis B 30 1,50 0,033681
hsa04260:Cardiac muscle contraction 19 0,95 0,035502
hsa04926:Relaxin signaling pathway 25 1,25 0,040051
hsa04114:0ocyte meiosis 25 1,25 0,047738
M.CD4T hsa04662:B cell receptor signaling pathway 22 2,01 5,61E-07
hsa04650:Natural killer cell mediated cytotoxicity 24 2,20 4,49E-05
hsa05140:Leishmaniasis 18 1,65 6,78E-05
hsa05332:Graft-versus-host disease 13 1,19 0,000101
hsa05152:Tuberculosis 28 2,56 0,000101
hsa04370:VEGF signaling pathway 15 1,37 0,000124
hsa04664:Fc epsilon RI signaling pathway 16 1,46 0,000124
hsa04611:Platelet activation 22 2,01 0,000124
hsa04612:Antigen processing and presentation 17 1,56 0,000124
hsa05166:Human T-cell leukemia virus 1 infection 31 2,84 0,000124
hsa04510:Focal adhesion 29 2,65 0,000131
hsa04640:Hematopoietic cell lineage 19 1,74 0,000145
hsa04071:Sphingolipid signaling pathway 21 1,92 0,000145
hsa05167:Kaposi sarcoma-associated herpesvirus infection 28 2,56 0,000145
hsa04933:AGE-RAGE signaling pathway in diabetic
complications 19 1,74 0,000145
hsa05170:Human immunodeficiency virus 1 infection 29 2,65 0,000253
hsa05163:Human cytomegalovirus infection 30 2,74 0,000268
hsa05417:Lipid and atherosclerosis 29 2,65 0,000282
hsa05211:Renal cell carcinoma 15 1,37 0,000282
hsa04666:Fc gamma R-mediated phagocytosis 18 1,65 0,000282
hsa05164:Influenza A 25 2,29 0,000282
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hsa04380:0steoclast differentiation
hsa01521:EGFR tyrosine kinase inhibitor resistance
hsa04926:Relaxin signaling pathway
hsa04015:Rap1 signaling pathway
hsa04218:Cellular senescence
hsa05214:Glioma

hsa04062:Chemokine signaling pathway
hsa04672:Intestinal immune network for IgA production
hsa04072:Phospholipase D signaling pathway
hsa04810:Regulation of actin cytoskeleton
hsa05161:Hepatitis B

hsa04659:Th17 cell differentiation
hsa05416:Viral myocarditis
hsa05169:Epstein-Barr virus infection
hsa04144:Endocytosis

hsa05142:Chagas disease

hsa05330:Allograft rejection

hsa04014:Ras signaling pathway
hsa05220:Chronic myeloid leukemia
hsa04722:Neurotrophin signaling pathway
hsa04210:Apoptosis

hsa04940:Type | diabetes mellitus
hsa04658:Th1 and Th2 cell differentiation
hsa05131:Shigellosis

hsa05135:Yersinia infection
hsa05218:Melanoma

hsa04660:T cell receptor signaling pathway
hsa04012:ErbB signaling pathway
hsa04935:Growth hormone synthesis, secretion and action
hsa05205:Proteoglycans in cancer
hsa05100:Bacterial invasion of epithelial cells
hsa05160:Hepatitis C

hsa05020:Prion disease
hsa05145:Toxoplasmosis

hsa05310:Asthma

hsa04670:Leukocyte transendothelial migration
hsa04917:Prolactin signaling pathway
hsa04730:Long-term depression
hsa04921:0xytocin signaling pathway
hsa04151:P13K-Akt signaling pathway
hsa05225:Hepatocellular carcinoma
hsa05320: Autoimmune thyroid disease
hsa05215:Prostate cancer
hsa05210:Colorectal cancer
hsa05132:Salmonella infection
hsa05212:Pancreatic cancer

hsa04010:MAPK signaling pathway

hsa05235:PD-L1 expression and PD-1 checkpoint pathway in

cancer
hsa05221:Acute myeloid leukemia
hsa05415:Diabetic cardiomyopathy
hsa04371:Apelin signaling pathway
hsa05418:Fluid shear stress and atherosclerosis
hsa04145:Phagosome
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21
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21
28
23
15
26
12
22
28
23
18
13
26
30
17
10
28
14
18
19
10
15
28
19
13
16
14
17
24
13
20
29
16

16
12
11
19
34
20
10
14
13
26
12
29

13
11
22
17
17
18

1,92
1,46
1,92
2,56
2,10
1,37
2,38
1,10
2,01
2,56
2,10
1,65
1,19
2,38
2,74
1,56
0,91
2,56
1,28
1,65
1,74
0,91
1,37
2,56
1,74
1,19
1,46
1,28
1,56
2,20
1,19
1,83
2,65
1,46
0,73
1,46
1,10
1,01
1,74
3,11
1,83
0,91
1,28
1,19
2,38
1,10
2,65

1,19
1,01
2,01
1,56
1,56
1,65

0,000282
0,000283
0,00029
0,000376
0,000481
0,000534
0,000534
0,000568
0,000568
0,000589
0,0007
0,00071
0,000752
0,000966
0,000966
0,001068
0,001344
0,001356
0,001737
0,00193
0,003215
0,003215
0,003227
0,003252
0,003272
0,003275
0,003381
0,004365
0,00473
0,005195
0,005515
0,005602
0,00589
0,00648
0,006616
0,00745
0,00745
0,007553
0,009899
0,009899
0,010575
0,010575
0,01156
0,011724
0,011805
0,012684
0,014074

0,014772
0,014845
0,016583
0,016583
0,016583
0,016736



hsa05213:Endometrial cancer 10 0,91 0,016736
hsa05340:Primary immunodeficiency 8 0,73 0,016766
hsa04625:C-type lectin receptor signaling pathway 14 1,28 0,017784
hsa05165:Human papillomavirus infection 31 2,84 0,018468
hsa04657:1L-17 signaling pathway 13 1,19 0,020254
hsa04068:FoxO signaling pathway 16 1,46 0,020828
hsa05223:Non-small cell lung cancer 11 1,01 0,021715
hsa04066:HIF-1 signaling pathway 14 1,28 0,024885
hsa05231:Choline metabolism in cancer 13 1,19 0,026903
hsa04514:Cell adhesion molecules 17 1,56 0,028185
hsa04929:GnRH secretion 10 0,91 0,028551
hsa04668: TNF signaling pathway 14 1,28 0,029603
hsa05133:Pertussis 11 1,01 0,029603
hsa04540:Gap junction 12 1,10 0,029821
hsa05171:Coronavirus disease - COVID-19 23 2,10 0,029821
hsa05321:Inflammatory bowel disease 10 0,91 0,029821
hsa04726:Serotonergic synapse 14 1,28 0,034784
hsa04720:Long-term potentiation 10 0,91 0,035427
hsa04912:GnRH signaling pathway 12 1,10 0,042144
hsa05230:Central carbon metabolism in cancer 10 0,91 0,045636
hsa05216:Thyroid cancer 7 0,64 0,046973
N.CD4T hsa04144:Endocytosis 79 2,59 9,27E-07
hsa04659:Th17 cell differentiation 42 1,38 4,69E-06
hsa05163:Human cytomegalovirus infection 70 2,29 4,69E-06
hsa04714:Thermogenesis 71 2,33 4,92E-06
hsa05020:Prion disease 80 2,62 4,92E-06
hsa05014: Amyotrophic lateral sclerosis 99 3,24 5,08E-06
hsa05012:Parkinson disease 78 2,56 5,08E-06
hsa04666:Fc gamma R-mediated phagocytosis 38 1,25 6,89E-06
hsa00190:Oxidative phosphorylation 47 1,54 7,36E-06
hsa04650:Natural killer cell mediated cytotoxicity 45 1,47 7,36E-06
hsa05415:Diabetic cardiomyopathy 63 2,06 7,36E-06
hsa05166:Human T-cell leukemia virus 1 infection 67 2,20 8,4E-06
hsa04141:Protein processing in endoplasmic reticulum 55 1,80 1,08E-05
hsa05131:Shigellosis 72 2,36 1,08E-05
hsa05208:Chemical carcinogenesis - reactive oxygen species 66 2,16 1,81E-05
hsa05170:Human immunodeficiency virus 1 infection 63 2,06 2,68E-05
hsa04932:Non-alcoholic fatty liver disease 50 1,64 2,89E-05
hsa04612:Antigen processing and presentation 31 1,02 3,67E-05
hsa05169:Epstein-Barr virus infection 60 1,97 4,27E-05
hsa04660:T cell receptor signaling pathway 37 1,21 6,03E-05
hsa05022:Pathways of neurodegeneration - multiple diseases 115 3,77 9,63E-05
hsa04662:B cell receptor signaling pathway 31 1,02 9,95E-05
hsa05164:Influenza A 51 1,67 0,000198
hsa04210:Apoptosis 43 1,41 0,000215
hsa05010:Alzheimer disease 95 3,11 0,000215
hsa05417:Lipid and atherosclerosis 60 1,97 0,000261
hsa05132:Salmonella infection 67 2,20 0,00028
hsa04658:Th1 and Th2 cell differentiation 32 1,05 0,000371
hsa05135:Yersinia infection 42 1,38 0,000487
hsa05100:Bacterial invasion of epithelial cells 28 0,92 0,000487
hsa05140:Leishmaniasis 28 0,92 0,000487
hsa05167:Kaposi sarcoma-associated herpesvirus infection 54 1,77 0,00063

75



hsa04810:Regulation of actin cytoskeleton 59 1,93 0,000635
hsa04370:VEGF signaling pathway 23 0,75 0,000776
hsa04062:Chemokine signaling pathway 53 1,74 0,000863
hsa04380:Osteoclast differentiation 39 1,28 0,000939
hsa04611:Platelet activation 38 1,25 0,000999
hsa05016:Huntington disease 75 2,46 0,001715
hsa05152: Tuberculosis 49 1,61 0,002127
hsa05160:Hepatitis C 44 1,44 0,002294
hsa05130:Pathogenic Escherichia coli infection 52 1,70 0,002866
hsa05171:Coronavirus disease - COVID-19 59 1,93 0,003047
hsa00240:Pyrimidine metabolism 21 0,69 0,003298
hsa04071:Sphingolipid signaling pathway 35 1,15 0,003847
hsa04720:Long-term potentiation 23 0,75 0,004762
hsa05235:PD-L1 expression and PD-1 checkpoint pathway in
cancer 28 0,92 0,004938
hsa04640:Hematopoietic cell lineage 30 0,98 0,005857
hsa04625:C-type lectin receptor signaling pathway 31 1,02 0,006209
hsa04910:Insulin signaling pathway 38 1,25 0,00648
hsa03010:Ribosome 42 1,38 0,008191
hsa05162:Measles 38 1,25 0,008309
hsa05203:Viral carcinogenesis 51 1,67 0,00965
hsa04218:Cellular senescence 41 1,34 0,011068
hsa04142:Lysosome 36 1,18 0,011068
hsa04728:Dopaminergic synapse 36 1,18 0,011068
hsa04670:Leukocyte transendothelial migration 32 1,05 0,012501
hsa05165:Human papillomavirus infection 75 2,46 0,012501
hsa04722:Neurotrophin signaling pathway 33 1,08 0,012665
hsa04621:NOD-like receptor signaling pathway 46 1,51 0,014968
hsa05214:Glioma 23 0,75 0,018368
hsa04145:Phagosome 39 1,28 0,020137
hsa05220:Chronic myeloid leukemia 23 0,75 0,020917
hsa05212:Pancreatic cancer 23 0,75 0,020917
hsa05216:Thyroid cancer 14 0,46 0,021732
hsa04933:AGE-RAGE signaling pathway in diabetic
complications 28 0,92 0,022659
hsa04926:Relaxin signaling pathway 34 1,11 0,022659
hsa04664:Fc epsilon RI signaling pathway 21 0,69 0,023935
hsa05211:Renal cell carcinoma 21 0,69 0,02824
hsa05321:Inflammatory bowel disease 20 0,66 0,030745
hsa05230:Central carbon metabolism in cancer 21 0,69 0,032665
hsa04066:HIF-1 signaling pathway 29 0,95 0,037332
hsa04961:Endocrine and other factor-regulated calcium
reabsorption 17 0,56 0,039268
hsa05223:Non-small cell lung cancer 21 0,69 0,043694
CcD8T hsa03010:Ribosome 61 7,01 6,97E-36
hsa05171:Coronavirus disease - COVID-19 69 7,93 4,78E-33
hsa05208:Chemical carcinogenesis - reactive oxygen species 27 3,10 0,004052
hsa05134:Legionellosis 12 1,38 0,006933
hsa05020:Prion disease 29 3,33 0,011991
hsa05167:Kaposi sarcoma-associated herpesvirus infection 22 2,53 0,030621
hsa00190:Oxidative phosphorylation 17 1,95 0,04053
CD14+ hsa03010:Ribosome 51 7,04 1,27E-27
hsa05171:Coronavirus disease - COVID-19 58 8,01 1,16E-25
hsa05323:Rheumatoid arthritis 20 2,76 1,67E-06
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hsa05132:Salmonella infection 28 3,87 0,000836
hsa04657:1L-17 signaling pathway 16 2,21 0,000836
hsa04061:Viral protein interaction with cytokine and cytokine
receptor 16 2,21 0,001209
hsa04668: TNF signaling pathway 17 2,35 0,001209
hsa05134:L egionellosis 12 1,66 0,001209
hsa05144:Malaria 11 1,52 0,001783
hsa05135:Yersinia infection 18 2,49 0,003188
hsa04145:Phagosome 19 2,62 0,003188
hsa05167:Kaposi sarcoma-associated herpesvirus infection 22 3,04 0,003188
hsa04068:FoxO signaling pathway 17 2,35 0,004715
hsa05417:Lipid and atherosclerosis 22 3,04 0,010793
hsa05164:Influenza A 19 2,62 0,010793
hsa04064:NF-kappa B signaling pathway 14 1,93 0,011941
hsa05120:Epithelial cell signaling in Helicobacter pylori
infection 11 1,52 0,015925
hsa04210:Apoptosis 16 2,21 0,015925
hsa05143:African trypanosomiasis 8 1,10 0,016135
hsa05130:Pathogenic Escherichia coli infection 20 2,76 0,016798
hsa04621:NOD-like receptor signaling pathway 19 2,62 0,017685
hsa04640:Hematopoietic cell lineage 13 1,80 0,017685
hsa05210:Colorectal cancer 12 1,66 0,017685
hsa05142:Chagas disease 13 1,80 0,02176
hsa04066:HIF-1 signaling pathway 13 1,80 0,036737
hsa05418:Fluid shear stress and atherosclerosis 15 2,07 0,038054
hsa05169:Epstein-Barr virus infection 19 2,62 0,039885
hsa05166:Human T-cell leukemia virus 1 infection 20 2,76 0,046956
hsa05416:Viral myocarditis 9 1,24 0,048048
DC hsa00190:Oxidative phosphorylation 28 4,18 2,4E-09
hsa05012:Parkinson disease 40 5,97 2,4E-09
hsa04145:Phagosome 29 4,33 5,5E-09
hsa04612:Antigen processing and presentation 21 3,13 5,5E-09
hsa04141:Protein processing in endoplasmic reticulum 29 4,33 6,3E-08
hsa05016:Huntington disease 39 5,82 2E-07
hsa05020:Prion disease 36 5,37 3,19E-07
hsa05022:Pathways of neurodegeneration - multiple diseases 49 7,31 1,24E-06
hsa05014: Amyotrophic lateral sclerosis 41 6,12 1,56E-06
hsa05415:Diabetic cardiomyopathy 29 4,33 1,56E-06
hsa05208:Chemical carcinogenesis - reactive oxygen species 30 4,48 3,06E-06
hsa05140:Leishmaniasis 17 2,54 3,73E-06
hsa05330:Allograft rejection 12 1,79 8,97E-06
hsa05310:Asthma 11 1,64 9,19E-06
hsa05332:Graft-versus-host disease 12 1,79 2,36E-05
hsa04940:Type | diabetes mellitus 12 1,79 2,85E-05
hsa05010:Alzheimer disease 39 5,82 2,85E-05
hsa05323:Rheumatoid arthritis 17 2,54 3,65E-05
hsa04142:Lysosome 20 2,99 6,35E-05
hsa05110:Vibrio cholerae infection 12 1,79 0,000113
hsa05320: Autoimmune thyroid disease 12 1,79 0,000195
hsa03040:Spliceosome 20 2,99 0,000268
hsa04714:Thermogenesis 26 3,88 0,000336
hsa03010:Ribosome 20 2,99 0,000681
hsa05169:Epstein-Barr virus infection 22 3,28 0,002249
hsa04672:Intestinal immune network for IgA production 10 1,49 0,002515
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hsa05416:Viral myocarditis 11 1,64 0,002515
hsa04659:Th17 cell differentiation 15 2,24 0,002515
hsa05152: Tuberculosis 20 2,99 0,003203
hsa03060:Protein export 7 1,04 0,003498
hsa05321:Inflammatory bowel disease 11 1,64 0,004437
hsa04658:Thl and Th2 cell differentiation 13 1,94 0,005722
hsa03050:Proteasome 9 1,34 0,006645
hsa04932:Non-alcoholic fatty liver disease 17 2,54 0,010079
hsa04640:Hematopoietic cell lineage 13 1,94 0,010079
hsa05171:Coronavirus disease - COVID-19 22 3,28 0,010079
hsa05166:Human T-cell leukemia virus 1 infection 20 2,99 0,031006
hsa00513:Various types of N-glycan biosynthesis 7 1,04 0,049475
FCGR3A+ hsa05171:Coronavirus disease - COVID-19 53 21,29 1,71E-39
hsa03010:Ribosome 46 18,47 5,02E-39
hsa04210:Apoptosis 12 4,82 0,006194
hsa05144:Malaria 7 2,81 0,023857
hsa05323:Rheumatoid arthritis 9 3,61 0,023857
NK hsa03010:Ribosome 65 13,51 1,6E-53
hsa05171:Coronavirus disease - COVID-19 70 14,55 1,14E-47
hsa05208:Chemical carcinogenesis - reactive oxygen species 20 4,16 0,007217
hsa05012:Parkinson disease 22 4,57 0,007217
hsa05134:Legionellosis 9 1,87 0,020956
hsa04668: TNF signaling pathway 12 2,49 0,036401
hsa05020:Prion disease 20 4,16 0,041626
T Reg. hsa03010:Ribosome 55 5,88 1,8E-27
hsa05171:Coronavirus disease - COVID-19 59 6,30 5,42E-22
hsa05012:Parkinson disease 33 3,53 0,001488
hsa00190:Oxidative phosphorylation 21 2,24 0,002252
hsa03040:Spliceosome 22 2,35 0,002252
hsa05208:Chemical carcinogenesis - reactive oxygen species 27 2,88 0,008012
hsa05022:Pathways of neurodegeneration - multiple diseases 45 481 0,011937
hsa05016:Huntington disease 31 3,31 0,039509
Yukar diizenlenmis IDG lerin KEGG zenginlestirme analizi sonuglart
Benjamini-
Hiicre Tiirii GO Terimi Gen Sayis1 % Hochberg
p degeri
B hsa00190:Oxidative phosphorylation 57 2,85 6,76E-18
hsa05020:Prion disease 85 4,25 1,69E-17
hsa05415:Diabetic cardiomyopathy 70 3,50 6,43E-17
hsa05014: Amyotrophic lateral sclerosis 97 4,85 2,16E-15
hsa05208:Chemical carcinogenesis - reactive oxygen
species 71 3,55 2,71E-15
hsa05010:Alzheimer disease 98 4,90 3,31E-14
hsa05012:Parkinson disease 77 3,85 3,91E-14
hsa05016:Huntington disease 81 4,05 1,39E-12
hsa04714:Thermogenesis 67 3,35 3,41E-12
hsa05022:Pathways of neurodegeneration - multiple
diseases 106 5,30 1,71E-11
hsa04932:Non-alcoholic fatty liver disease 51 2,55 1,71E-11
hsa04662:B cell receptor signaling pathway 33 1,65 9,14E-10
hsa04144:Endocytosis 63 3,15 9,69E-09
hsa04666:Fc gamma R-mediated phagocytosis 33 1,65 1,14E-07
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hsa05131:Shigellosis 59 2,95 2,39E-07
hsa05166:Human T-cell leukemia virus 1 infection 52 2,60 3,71E-06
hsa05132:Salmonella infection 53 2,65 5,92E-05
hsa05135:Yersinia infection 35 1,75 6,01E-05
hsa03050:Proteasome 18 0,90 6,01E-05
hsa04218:Cellular senescence 38 1,90 6,61E-05
hsa04723:Retrograde endocannabinoid signaling 36 1,80 0,000123
hsa05140:Leishmaniasis 23 1,15 0,000259
hsa05235:PD-L1 expression and PD-1 checkpoint pathway
in cancer 25 1,25 0,000304
hsa05417:Lipid and atherosclerosis 45 2,25 0,000408
hsa04625:C-type lectin receptor signaling pathway 27 1,35 0,000536
hsa04810:Regulation of actin cytoskeleton 45 2,25 0,000536
hsa04062:Chemokine signaling pathway 41 2,05 0,000538
hsa05170:Human immunodeficiency virus 1 infection 44 2,20 0,000538
hsa05100:Bacterial invasion of epithelial cells 22 1,10 0,000631
hsa04611:Platelet activation 30 1,50 0,000631
hsa04071:Sphingolipid signaling pathway 29 1,45 0,000728
hsa04380:0steoclast differentiation 30 1,50 0,001088
hsa05211:Renal cell carcinoma 20 1,00 0,001109
hsa05152: Tuberculosis 38 1,90 0,001109
hsa04370:VEGF signaling pathway 18 0,90 0,001296
hsa05169:Epstein-Barr virus infection 41 2,05 0,001321
hsa05163:Human cytomegalovirus infection 44 2,20 0,001694
hsa04659:Th17 cell differentiation 26 1,30 0,001886
hsa05167:Kaposi sarcoma-associated herpesvirus infection 39 1,95 0,002236
hsa05212:Pancreatic cancer 20 1,00 0,003501
hsa05220:Chronic myeloid leukemia 20 1,00 0,003501
hsa04670:Leukocyte transendothelial migration 26 1,30 0,004107
hsa04720:Long-term potentiation 18 0,90 0,005488
hsa04660:T cell receptor signaling pathway 24 1,20 0,005708
hsa04145:Phagosome 31 1,55 0,007309
hsa04933: AGE-RAGE signaling pathway in diabetic
complications 23 1,15 0,007586
hsa04140:Autophagy - animal 29 1,45 0,009225
hsa05017:Spinocerebellar ataxia 29 1,45 0,011283
hsa04664:Fc epsilon RI signaling pathway 17 0,85 0,016046
hsa05200:Pathways in cancer 79 3,95 0,027912
hsa04728:Dopaminergic synapse 26 1,30 0,029088
hsa04722:Neurotrophin signaling pathway 24 1,20 0,030804
hsa05161:Hepatitis B 30 1,50 0,033681
hsa04260:Cardiac muscle contraction 19 0,95 0,035502
hsa04926:Relaxin signaling pathway 25 1,25 0,040051
hsa04114:0ocyte meiosis 25 1,25 0,047738
M.CD4AT hsa04662:B cell receptor signaling pathway 22 2,01 5,61E-07
hsa04650:Natural killer cell mediated cytotoxicity 24 2,20 4,49E-05
hsa05140:Leishmaniasis 18 1,65 6,78E-05
hsa05332:Graft-versus-host disease 13 1,19 0,000101
hsa05152:Tuberculosis 28 2,56 0,000101
hsa04370:VEGF signaling pathway 15 1,37 0,000124
hsa04664:Fc epsilon RI signaling pathway 16 1,46 0,000124
hsa04611:Platelet activation 22 2,01 0,000124
hsa04612:Antigen processing and presentation 17 1,56 0,000124
hsa05166:Human T-cell leukemia virus 1 infection 31 2,84 0,000124
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hsa04510:Focal adhesion
hsa04640:Hematopoietic cell lineage
hsa04071:Sphingolipid signaling pathway

hsa05167:Kaposi sarcoma-associated herpesvirus infection
hsa04933: AGE-RAGE signaling pathway in diabetic
complications

hsa05170:Human immunodeficiency virus 1 infection
hsa05163:Human cytomegalovirus infection
hsa05417:Lipid and atherosclerosis
hsa05211:Renal cell carcinoma

hsa04666:Fc gamma R-mediated phagocytosis
hsa05164:Influenza A

hsa04380:0steoclast differentiation
hsa01521:EGFR tyrosine kinase inhibitor resistance
hsa04926:Relaxin signaling pathway
hsa04015:Rap1 signaling pathway
hsa04218:Cellular senescence
hsa05214:Glioma

hsa04062:Chemokine signaling pathway
hsa04672:Intestinal immune network for IgA production
hsa04072:Phospholipase D signaling pathway
hsa04810:Regulation of actin cytoskeleton
hsa05161:Hepatitis B

hsa04659:Th17 cell differentiation
hsa05416:Viral myocarditis
hsa05169:Epstein-Barr virus infection
hsa04144:Endocytosis

hsa05142:Chagas disease

hsa05330:Allograft rejection

hsa04014:Ras signaling pathway
hsa05220:Chronic myeloid leukemia
hsa04722:Neurotrophin signaling pathway
hsa04210:Apoptosis

hsa04940:Type | diabetes mellitus
hsa04658:Th1 and Th2 cell differentiation
hsa05131:Shigellosis

hsa05135:Yersinia infection
hsa05218:Melanoma

hsa04660:T cell receptor signaling pathway
hsa04012:ErbB signaling pathway
hsa04935:Growth hormone synthesis, secretion and action
hsa05205:Proteoglycans in cancer
hsa05100:Bacterial invasion of epithelial cells
hsa05160:Hepatitis C

hsa05020:Prion disease
hsa05145:Toxoplasmosis

hsa05310:Asthma

hsa04670:Leukocyte transendothelial migration
hsa04917:Prolactin signaling pathway
hsa04730:Long-term depression
hsa04921:0xytocin signaling pathway
hsa04151:P13K-Akt signaling pathway
hsa05225:Hepatocellular carcinoma

hsa05320: Autoimmune thyroid disease
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29
19
21
28

19
29
30
29
15
18
25
21
16
21
28
23
15
26
12
22
28
23
18
13
26
30
17
10
28
14
18
19
10
15
28
19
13
16
14
17
24
13
20
29
16

16
12
11
19
34
20
10

2,65
1,74
1,92
2,56

1,74
2,65
2,74
2,65
1,37
1,65
2,29
1,92
1,46
1,92
2,56
2,10
1,37
2,38
1,10
2,01
2,56
2,10
1,65
1,19
2,38
2,74
1,56
0,91
2,56
1,28
1,65
1,74
0,91
1,37
2,56
1,74
1,19
1,46
1,28
1,56
2,20
1,19
1,83
2,65
1,46
0,73
1,46
1,10
1,01
1,74
3,11
1,83
091

0,000131
0,000145
0,000145
0,000145

0,000145
0,000253
0,000268
0,000282
0,000282
0,000282
0,000282
0,000282
0,000283
0,00029
0,000376
0,000481
0,000534
0,000534
0,000568
0,000568
0,000589
0,0007
0,00071
0,000752
0,000966
0,000966
0,001068
0,001344
0,001356
0,001737
0,00193
0,003215
0,003215
0,003227
0,003252
0,003272
0,003275
0,003381
0,004365
0,00473
0,005195
0,005515
0,005602
0,00589
0,00648
0,006616
0,00745
0,00745
0,007553
0,009899
0,009899
0,010575
0,010575



hsa05215:Prostate cancer 14 1,28 0,01156
hsa05210:Colorectal cancer 13 1,19 0,011724
hsa05132:Salmonella infection 26 2,38 0,011805
hsa05212:Pancreatic cancer 12 1,10 0,012684
hsa04010:MAPK signaling pathway 29 2,65 0,014074
hsa05235:PD-L1 expression and PD-1 checkpoint pathway
in cancer 13 1,19 0,014772
hsa05221:Acute myeloid leukemia 11 1,01 0,014845
hsa05415:Diabetic cardiomyopathy 22 2,01 0,016583
hsa04371:Apelin signaling pathway 17 1,56 0,016583
hsa05418:Fluid shear stress and atherosclerosis 17 1,56 0,016583
hsa04145:Phagosome 18 1,65 0,016736
hsa05213:Endometrial cancer 10 0,91 0,016736
hsa05340:Primary immunodeficiency 8 0,73 0,016766
hsa04625:C-type lectin receptor signaling pathway 14 1,28 0,017784
hsa05165:Human papillomavirus infection 31 2,84 0,018468
hsa04657:1L-17 signaling pathway 13 1,19 0,020254
hsa04068:FoxO signaling pathway 16 1,46 0,020828
hsa05223:Non-small cell lung cancer 11 1,01 0,021715
hsa04066:HIF-1 signaling pathway 14 1,28 0,024885
hsa05231:Choline metabolism in cancer 13 1,19 0,026903
hsa04514:Cell adhesion molecules 17 1,56 0,028185
hsa04929:GnRH secretion 10 0,91 0,028551
hsa04668: TNF signaling pathway 14 1,28 0,029603
hsa05133:Pertussis 11 1,01 0,029603
hsa04540:Gap junction 12 1,10 0,029821
hsa05171:Coronavirus disease - COVID-19 23 2,10 0,029821
hsa05321:Inflammatory bowel disease 10 0,91 0,029821
hsa04726:Serotonergic synapse 14 1,28 0,034784
hsa04720:Long-term potentiation 10 0,91 0,035427
hsa04912:GnRH signaling pathway 12 1,10 0,042144
hsa05230:Central carbon metabolism in cancer 10 0,91 0,045636
hsa05216:Thyroid cancer 7 0,64 0,046973
N.CD4T hsa04144:Endocytosis 79 2,59 9,27E-07
hsa04659:Th17 cell differentiation 42 1,38 4,69E-06
hsa05163:Human cytomegalovirus infection 70 2,29 4,69E-06
hsa04714:Thermogenesis 71 2,33 4,92E-06
hsa05020:Prion disease 80 2,62 4,92E-06
hsa05014: Amyotrophic lateral sclerosis 99 3,24 5,08E-06
hsa05012:Parkinson disease 78 2,56 5,08E-06
hsa04666:Fc gamma R-mediated phagocytosis 38 1,25 6,89E-06
hsa00190:Oxidative phosphorylation 47 1,54 7,36E-06
hsa04650:Natural killer cell mediated cytotoxicity 45 1,47 7,36E-06
hsa05415:Diabetic cardiomyopathy 63 2,06 7,36E-06
hsa05166:Human T-cell leukemia virus 1 infection 67 2,20 8,4E-06
hsa04141:Protein processing in endoplasmic reticulum 55 1,80 1,08E-05
hsa05131:Shigellosis 72 2,36 1,08E-05
hsa05208:Chemical carcinogenesis - reactive oxygen
species 66 2,16 1,81E-05
hsa05170:Human immunodeficiency virus 1 infection 63 2,06 2,68E-05
hsa04932:Non-alcoholic fatty liver disease 50 1,64 2,89E-05
hsa04612:Antigen processing and presentation 31 1,02 3,67E-05
hsa05169:Epstein-Barr virus infection 60 1,97 4,27E-05
hsa04660:T cell receptor signaling pathway 37 1,21 6,03E-05
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hsa05022:Pathways of neurodegeneration - multiple
diseases

hsa04662:B cell receptor signaling pathway
hsa05164:Influenza A

hsa04210:Apoptosis

hsa05010:Alzheimer disease

hsa05417:Lipid and atherosclerosis
hsa05132:Salmonella infection

hsa04658:Th1 and Th2 cell differentiation
hsa05135:Yersinia infection
hsa05100:Bacterial invasion of epithelial cells
hsa05140:Leishmaniasis

hsa05167:Kaposi sarcoma-associated herpesvirus infection
hsa04810:Regulation of actin cytoskeleton
hsa04370:VEGF signaling pathway
hsa04062:Chemokine signaling pathway
hsa04380:Osteoclast differentiation
hsa04611:Platelet activation
hsa05016:Huntington disease
hsa05152:Tuberculosis

hsa05160:Hepatitis C

hsa05130:Pathogenic Escherichia coli infection
hsa05171:Coronavirus disease - COVID-19
hsa00240:Pyrimidine metabolism
hsa04071:Sphingolipid signaling pathway

hsa04720:Long-term potentiation
hsa05235:PD-L1 expression and PD-1 checkpoint pathway
in cancer

hsa04640:Hematopoietic cell lineage
hsa04625:C-type lectin receptor signaling pathway
hsa04910:Insulin signaling pathway
hsa03010:Ribosome

hsa05162:Measles

hsa05203:Viral carcinogenesis
hsa04218:Cellular senescence
hsa04142:Lysosome

hsa04728:Dopaminergic synapse
hsa04670:Leukocyte transendothelial migration
hsa05165:Human papillomavirus infection
hsa04722:Neurotrophin signaling pathway
hsa04621:NOD-like receptor signaling pathway
hsa05214:Glioma

hsa04145:Phagosome

hsa05220:Chronic myeloid leukemia
hsa05212:Pancreatic cancer

hsa05216:Thyroid cancer
hsa04933:AGE-RAGE signaling pathway in diabetic
complications

hsa04926:Relaxin signaling pathway
hsa04664:Fc epsilon RI signaling pathway
hsa05211:Renal cell carcinoma
hsa05321:Inflammatory bowel disease
hsa05230:Central carbon metabolism in cancer
hsa04066:HIF-1 signaling pathway
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115
31
51
43
95
60
67
32
42
28
28
54
59
23
53
39
38
75
49
44
52
59
21
35
23

28
30
31
38
42
38
51
41
36
36
32
75
33
46
23
39
23
23
14

28
34
21
21
20
21
29

3,77
1,02
1,67
1,41
3,11
1,97
2,20
1,05
1,38
0,92
0,92
1,77
1,93
0,75
1,74
1,28
1,25
2,46
1,61
1,44
1,70
1,93
0,69
1,15
0,75

0,92
0,98
1,02
1,25
1,38
1,25
1,67
1,34
1,18
1,18
1,05
2,46
1,08
1,51
0,75
1,28
0,75
0,75
0,46

0,92
1,11
0,69
0,69
0,66
0,69
0,95

9,63E-05
9,95E-05
0,000198
0,000215
0,000215
0,000261
0,00028
0,000371
0,000487
0,000487
0,000487
0,00063
0,000635
0,000776
0,000863
0,000939
0,000999
0,001715
0,002127
0,002294
0,002866
0,003047
0,003298
0,003847
0,004762

0,004938
0,005857
0,006209
0,00648
0,008191
0,008309
0,00965
0,011068
0,011068
0,011068
0,012501
0,012501
0,012665
0,014968
0,018368
0,020137
0,020917
0,020917
0,021732

0,022659
0,022659
0,023935
0,02824
0,030745
0,032665
0,037332



hsa04961:Endocrine and other factor-regulated calcium

reabsorption 17 0,56 0,039268
hsa05223:Non-small cell lung cancer 21 0,69 0,043694
CD8T hsa04144:Endocytosis 109 2,57 7,63E-12
hsa05166:Human T-cell leukemia virus 1 infection 94 2,22 1,2E-09
hsa05415:Diabetic cardiomyopathy 88 2,07 1,2E-09
hsa05169:Epstein-Barr virus infection 85 2,00 1,33E-08
hsa05131:Shigellosis 98 2,31 1,85E-08
hsa00190:Oxidative phosphorylation 62 1,46 4,31E-08
hsa04650:Natural killer cell mediated cytotoxicity 59 1,39 5,72E-08
hsa05020:Prion disease 103 2,43 9,6E-08
hsa04612:Antigen processing and presentation 42 0,99 9,6E-08
hsa04659:Th17 cell differentiation 52 1,23 1,27E-07
hsa05014:Amyotrophic lateral sclerosis 128 3,02 1,27E-07
hsa05164:Influenza A 72 1,70 1,28E-07
hsa04666:Fc gamma R-mediated phagocytosis 48 1,13 1,44E-07
hsa04714:Thermogenesis 90 2,12 1,44E-07
hsa04932:Non-alcoholic fatty liver disease 65 1,53 7,66E-07
hsa05208:Chemical carcinogenesis - reactive oxygen
species 85 2,00 8,96E-07
hsa05160:Hepatitis C 65 1,53 1,21E-06
hsa05163:Human cytomegalovirus infection 85 2,00 1,27E-06
hsa04660:T cell receptor signaling pathway 48 1,13 1,55E-06
hsa04062:Chemokine signaling pathway 75 1,77 1,55E-06
hsa04658:Th1 and Th2 cell differentiation 44 1,04 1,55E-06
hsa05132:Salmonella infection 91 2,15 2,02E-06
hsa05135:Yersinia infection 58 1,37 2,05E-06
hsa04621:NOD-like receptor signaling pathway 72 1,70 2,25E-06
hsa04380:0steoclast differentiation 55 1,30 2,33E-06
hsa05022:Pathways of neurodegeneration - multiple
diseases 152 3,58 2,45E-06
hsa04662:B cell receptor signaling pathway 40 0,94 2,68E-06
hsa04120:Ubiquitin mediated proteolysis 59 1,39 2,72E-06
hsa05012:Parkinson disease 95 2,24 2,72E-06
hsa05170:Human immunodeficiency virus 1 infection 79 1,86 4,5E-06
hsa04218:Cellular senescence 62 1,46 7,47E-06
hsa05220:Chronic myeloid leukemia 37 0,87 7,47E-06
hsa05152:Tuberculosis 69 1,63 7,49E-06
hsa05167:Kaposi sarcoma-associated herpesvirus infection 73 1,72 7,58E-06
hsa04611:Platelet activation 52 1,23 9,3E-06
hsa05417:Lipid and atherosclerosis 78 1,84 1,51E-05
hsa05161:Hepatitis B 62 1,46 2,8E-05
hsa05130:Pathogenic Escherichia coli infection 72 1,70 2,8E-05
hsa05140:Leishmaniasis 36 0,85 2,89E-05
hsa04722:Neurotrophin signaling pathway 49 1,16 3,25E-05
hsa05010:Alzheimer disease 122 2,88 3,94E-05
hsa05016:Huntington disease 101 2,38 4,7E-05
hsa05162:Measles 54 1,27 6,95E-05
hsa04071:Sphingolipid signaling pathway 48 1,13 7,3E-05
hsa04210:Apoptosis 53 1,25 7,34E-05
hsa04810:Regulation of actin cytoskeleton 76 1,79 8,65E-05
hsa05212:Pancreatic cancer 34 0,80 0,000149
hsa05145:Toxoplasmosis 45 1,06 0,00015
hsa04141:Protein processing in endoplasmic reticulum 62 1,46 0,000153
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hsa04720:Long-term potentiation 31 0,73 0,000161
hsa04625:C-type lectin receptor signaling pathway 42 0,99 0,000242
hsa05214:Glioma 33 0,78 0,000274
hsa05332:Graft-versus-host disease 22 0,52 0,000347
hsa05235:PD-L1 expression and PD-1 checkpoint pathway
in cancer 37 0,87 0,000356
hsa04110:Cell cycle 47 1,11 0,00072
hsa05223:Non-small cell lung cancer 31 0,73 0,00074
hsa05211:Renal cell carcinoma 30 0,71 0,000782
hsa04145:Phagosome 54 1,27 0,000864
hsa04114:00cyte meiosis 48 1,13 0,000921
hsa05120:Epithelial cell signaling in Helicobacter pylori
infection 30 0,71 0,001006
hsa05100:Bacterial invasion of epithelial cells 32 0,75 0,001121
hsa05200:Pathways in cancer 151 3,56 0,001188
hsa04370:VEGF signaling pathway 26 0,61 0,001738
hsa05416:Viral myocarditis 26 0,61 0,002332
hsa04217:Necroptosis 54 1,27 0,002739
hsa05203:Viral carcinogenesis 66 1,56 0,002768
hsa04150:mTOR signaling pathway 52 1,23 0,005514
hsa05165:Human papillomavirus infection 97 2,29 0,005956
hsa04728:Dopaminergic synapse 45 1,06 0,007404
hsa04933: AGE-RAGE signaling pathway in diabetic
complications 36 0,85 0,008409
hsa03015:mRNA surveillance pathway 35 0,83 0,009312
hsa03050:Proteasome 20 0,47 0,011077
hsa04530:Tight junction 54 1,27 0,011539
hsa04940:Type | diabetes mellitus 19 0,45 0,011669
hsa05110:Vibrio cholerae infection 21 0,50 0,012998
hsa04140:Autophagy - animal 46 1,08 0,015654
hsa05225:Hepatocellular carcinoma 53 1,25 0,016198
hsa05219:Bladder cancer 18 0,42 0,01628
hsa05330:Allograft rejection 17 0,40 0,0174
hsa05142:Chagas disease 35 0,83 0,020733
hsa01524:Platinum drug resistance 27 0,64 0,020733
hsa04919:Thyroid hormone signaling pathway 40 0,94 0,021629
hsa04015:Rap1 signaling pathway 63 1,49 0,02209
hsa04670:Leukocyte transendothelial migration 38 0,90 0,022856
hsa05134:Legionellosis 22 0,52 0,02833
hsa04664:Fc epsilon RI signaling pathway 25 0,59 0,030386
hsa05418:Fluid shear stress and atherosclerosis 44 1,04 0,030677
hsa04640:Hematopoietic cell lineage 33 0,78 0,039628
hsa05340:Primary immunodeficiency 16 0,38 0,040722
hsa04010:MAPK signaling pathway 82 1,93 0,04388
hsa04012:ErbB signaling pathway 29 0,68 0,044764
hsa05221:Acute myeloid leukemia 24 0,57 0,047488
hsa04215:Apoptosis - multiple species 14 0,33 0,047488
CD14+ hsa04144:Endocytosis 125 2,45 5,17E-13
hsa04714:Thermogenesis 111 2,18 3,29E-10
hsa05010:Alzheimer disease 154 3,02 1,69E-07
hsa04932:Non-alcoholic fatty liver disease 76 1,49 1,69E-07
hsa05415:Diabetic cardiomyopathy 93 1,83 1,69E-07
hsa05132:Salmonella infection 108 2,12 2,86E-07
hsa04120:Ubiquitin mediated proteolysis 70 1,37 3,48E-07
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hsa00190:Oxidative phosphorylation
hsa05164:Influenza A

hsa05208:Chemical carcinogenesis - reactive oxygen
species

hsa05020:Prion disease

hsa04141:Protein processing in endoplasmic reticulum
hsa05012:Parkinson disease

hsa05160:Hepatitis C

hsa05131:Shigellosis

hsa04666:Fc gamma R-mediated phagocytosis
hsa05014:Amyotrophic lateral sclerosis
hsa05221:Acute myeloid leukemia
hsa05166:Human T-cell leukemia virus 1 infection
hsa05169:Epstein-Barr virus infection
hsa05016:Huntington disease
hsa04070:Phosphatidylinositol signaling system
hsa05163:Human cytomegalovirus infection
hsa04621:NOD-like receptor signaling pathway
hsa04140:Autophagy - animal

hsa05161:Hepatitis B

hsa05211:Renal cell carcinoma
hsa05135:Yersinia infection

hsa04910:Insulin signaling pathway
hsa05220:Chronic myeloid leukemia
hsa04919:Thyroid hormone signaling pathway

hsa04662:B cell receptor signaling pathway
hsa05022:Pathways of neurodegeneration - multiple
diseases

hsa05170:Human immunodeficiency virus 1 infection
hsa05223:Non-small cell lung cancer

hsa05203:Viral carcinogenesis

hsa05212:Pancreatic cancer

hsa04625:C-type lectin receptor signaling pathway
hsa04210:Apoptosis

hsa05162:Measles

hsa04722:Neurotrophin signaling pathway

hsa05417:Lipid and atherosclerosis
hsa05235:PD-L1 expression and PD-1 checkpoint pathway
in cancer

hsa04370:VEGF signaling pathway
hsa05231:Choline metabolism in cancer
hsa04062:Chemokine signaling pathway
hsa04810:Regulation of actin cytoskeleton
hsa04150:mTOR signaling pathway
hsa04142:Lysosome

hsa03015:mRNA surveillance pathway
hsa05167:Kaposi sarcoma-associated herpesvirus infection
hsa04611:Platelet activation
hsa05214:Glioma

hsa04071:Sphingolipid signaling pathway
hsa04068:FoxO signaling pathway
hsa04380:0steoclast differentiation
hsa03040:Spliceosome

hsa04659:Th17 cell differentiation
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67
80

98
114
79
111
73
103
50
139
38
93
86
120
49
93
79
64
71
37
61
61
39
55
41

167
85
37
82
38
48
59
60
53
84

42
31
45
76
84
64
56
44
76
53
36
51
55
54
60
47

1,32
1,57

1,92
2,24
1,55
2,18
1,43
2,02
0,98
2,73
0,75
1,83
1,69
2,36
0,96
1,83
1,55
1,26
1,39
0,73
1,20
1,20
0,77
1,08
0,81

3,28
1,67
0,73
1,61
0,75
0,94
1,16
1,18
1,04
1,65

0,82
0,61
0,88
1,49
1,65
1,26
1,10
0,86
1,49
1,04
0,71
1,00
1,08
1,06
1,18
0,92

3,48E-07
4,29E-07

4,29€E-07
7,38E-07
8,23E-07
1,02E-06
1,84E-06
3,02E-06
5,43E-06
8,16E-06
8,16E-06
8,16E-06
9,5E-06
9,5E-06
1,15E-05
1,37E-05
1,68E-05
2,04E-05
2,37E-05
4,74E-05
6,84E-05
6,84E-05
8,68E-05
9,5E-05
0,000102

0,000118
0,000118
0,000129
0,000145
0,000189
0,000189
0,000189
0,000189
0,000215

0,00033

0,000331
0,000353
0,000365
0,000444
0,000522
0,000522
0,000534
0,000575
0,000596
0,000641
0,000695
0,000762
0,000762
0,000762
0,0009
0,000916



hsa01521:EGFR tyrosine kinase inhibitor resistance 37 0,73 0,000916
hsa04072:Phospholipase D signaling pathway 60 1,18 0,001064
hsa03013:Nucleocytoplasmic transport 46 0,90 0,001866
hsa00562:Inositol phosphate metabolism 34 0,67 0,001938
hsa04664:Fc epsilon RI signaling pathway 32 0,63 0,00238
hsa04211:Longevity regulating pathway 39 0,77 0,002848
hsa04152:AMPK signaling pathway 49 0,96 0,003446
hsa05213:Endometrial cancer 28 0,55 0,003494
hsa04912:GnRH signaling pathway 40 0,79 0,003551
hsa05152: Tuberculosis 68 1,34 0,003594
hsa05225:Hepatocellular carcinoma 64 1,26 0,004036
hsa03018:RNA degradation 35 0,69 0,004223
hsa04218:Cellular senescence 60 1,18 0,00444
hsa04935:Growth hormone synthesis, secretion and action 48 0,94 0,004869
hsa05205:Proteoglycans in cancer 75 1,47 0,005022
hsa04658:Th1 and Th2 cell differentiation 39 0,77 0,00521
hsa05210:Colorectal cancer 37 0,73 0,00521
hsa04931:Insulin resistance 44 0,86 0,006135
hsa05215:Prostate cancer 40 0,79 0,008016
hsa04660:T cell receptor signaling pathway 42 0,82 0,009518
hsa05140:Leishmaniasis 33 0,65 0,010319
hsa05100:Bacterial invasion of epithelial cells 33 0,65 0,010319
hsa05171:Coronavirus disease - COVID-19 81 1,59 0,012843
hsa05145:Toxoplasmosis 44 0,86 0,012962
hsa04010:MAPK signaling pathway 99 1,94 0,015072
hsa05130:Pathogenic Escherichia coli infection 70 1,37 0,015072
hsa04145:Phagosome 56 1,10 0,016793
hsa03440:Homologous recombination 20 0,39 0,017308
hsa04130:SNARE interactions in vesicular transport 17 0,33 0,019661
hsa04330:Notch signaling pathway 26 0,51 0,019883
hsa04612:Antigen processing and presentation 32 0,63 0,023845
hsa04730:Long-term depression 26 0,51 0,025168
hsa04650:Natural killer cell mediated cytotoxicity 47 0,92 0,025982
hsa05165:Human papillomavirus infection 108 2,12 0,026474
hsa05216:Thyroid cancer 18 0,35 0,027949
hsa05017:Spinocerebellar ataxia 52 1,02 0,028177
hsa00511:Other glycan degradation 11 0,22 0,028177
hsa04670:Leukocyte transendothelial migration 43 0,84 0,028272
hsa01524:Platinum drug resistance 30 0,59 0,028272
hsa04917:Prolactin signaling pathway 29 0,57 0,028482
hsa04720:Long-term potentiation 28 0,55 0,028583
hsa03050:Proteasome 21 0,41 0,028583
hsa05142:Chagas disease 39 0,77 0,031272
hsa04510:Focal adhesion 69 1,35 0,032561
hsa04066:HIF-1 signaling pathway 41 0,81 0,033968
hsa05219:Bladder cancer 19 0,37 0,035286
hsa04620:Toll-like receptor signaling pathway 39 0,77 0,042538
hsa01522:Endocrine resistance 37 0,73 0,04545
DC hsa03010:Ribosome 10 13,51 6,51E-07
hsa05171:Coronavirus disease - COVID-19 10 13,51 9,18E-06
FCGR3A+ hsa05140:Leishmaniasis 17 3,17 1,49E-07
hsa05208:Chemical carcinogenesis - reactive oxygen
species 27 5,03 1,65E-07
hsa00190:Oxidative phosphorylation 21 3,91 1,65E-07
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hsa05020:Prion disease
hsa04932:Non-alcoholic fatty liver disease
hsa04666:Fc gamma R-mediated phagocytosis
hsa05010:Alzheimer disease

hsa05152: Tuberculosis

hsa05415:Diabetic cardiomyopathy
hsa05132:Salmonella infection
hsa05171:Coronavirus disease - COVID-19
hsa04714:Thermogenesis

hsa04662:B cell receptor signaling pathway

hsa04380:0steoclast differentiation
hsa05022:Pathways of neurodegeneration - multiple
diseases

hsa05164:Influenza A

hsa04144:Endocytosis

hsa04612:Antigen processing and presentation
hsa05417:Lipid and atherosclerosis
hsa04650:Natural killer cell mediated cytotoxicity
hsa05221:Acute myeloid leukemia
hsa05145:Toxoplasmosis

hsa04664:Fc epsilon RI signaling pathway
hsa05166:Human T-cell leukemia virus 1 infection
hsa04722:Neurotrophin signaling pathway
hsa05135:Yersinia infection

hsa04660:T cell receptor signaling pathway
hsa05214:Glioma

hsa05014: Amyotrophic lateral sclerosis
hsa05016:Huntington disease

hsa05012:Parkinson disease

hsa05310:Asthma

hsa05170:Human immunodeficiency virus 1 infection

hsa04145:Phagosome
hsa04933: AGE-RAGE signaling pathway in diabetic
complications

hsa05131:Shigellosis

hsa04912:GnRH signaling pathway
hsa05133:Pertussis

hsa05100:Bacterial invasion of epithelial cells
hsa05130:Pathogenic Escherichia coli infection
hsa04210:Apoptosis

hsa03010:Ribosome

hsa05169:Epstein-Barr virus infection
hsa05418:Fluid shear stress and atherosclerosis
hsa04071:Sphingolipid signaling pathway
hsa05321:Inflammatory bowel disease
hsa04625:C-type lectin receptor signaling pathway

hsa04723:Retrograde endocannabinoid signaling
hsa05120:Epithelial cell signaling in Helicobacter pylori
infection

hsa04659:Th17 cell differentiation

hsa04141:Protein processing in endoplasmic reticulum
hsa05167:Kaposi sarcoma-associated herpesvirus infection
hsa04066:HIF-1 signaling pathway

hsa05330:Allograft rejection
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29
20
16
32
20
21
23
22
22
13
16

33
18
22
12
20
15
11
14
11
20
14
15
13
11
26
23
21

17
14

11
18
10

15
12
13
15
12
11

10
12

10
13
14
10

5,40
3,72
2,98
5,96
3,72
3,91
4,28
4,10
4,10
2,42
2,98

6,15
3,35
4,10
2,23
3,72
2,79
2,05
2,61
2,05
3,72
2,61
2,79
2,42
2,05
4,84
4,28
3,91
1,30
3,17
2,61

2,05
3,35
1,86
1,68
1,68
2,79
2,23
2,42
2,79
2,23
2,05
1,49
1,86
2,23

1,49
1,86
2,42
2,61
1,86
1,12

4,45E-07
5,86E-06
5,86E-06
1,03E-05
4,44E-05
6,14E-05
9,22E-05
9,22E-05
9,22E-05
9,22E-05
9,5E-05

0,000165
0,000184
0,000237
0,000242
0,000257
0,000257
0,000292
0,000292
0,000319
0,000319
0,000492
0,00051
0,000522
0,000623
0,000632
0,000865
0,000961
0,002108
0,004254
0,004288

0,005467
0,007434
0,012021
0,012329
0,013072
0,013842
0,01483
0,015749
0,016065
0,016065
0,016065
0,017269
0,020447
0,02442

0,024659
0,024726
0,024762
0,024775
0,024775
0,024775



hsa05323:Rheumatoid arthritis 9 1,68 0,029759
hsa04010:MAPK signaling pathway 18 3,35 0,029759
hsa04670:Leukocyte transendothelial migration 10 1,86 0,030884
hsa05160:Hepatitis C 12 2,23 0,031018
hsa05163:Human cytomegalovirus infection 15 2,79 0,031018
hsa05220:Chronic myeloid leukemia 8 1,49 0,031385
hsa05213:Endometrial cancer 7 1,30 0,031385
hsa05332:Graft-versus-host disease 6 1,12 0,0325
hsa04915:Estrogen signaling pathway 11 2,05 0,0325
hsa04370:VEGF signaling pathway 7 1,30 0,0325
hsa04371:Apelin signaling pathway 11 2,05 0,033444
hsa04940:Type | diabetes mellitus 6 1,12 0,034517
hsa01521:EGFR tyrosine kinase inhibitor resistance 8 1,49 0,034909
hsa04015:Rap1 signaling pathway 14 2,61 0,036942
NK hsa04144:Endocytosis 112 2,90 1,87E-16
hsa05131:Shigellosis 100 2,59 2,56E-11
hsa05132:Salmonella infection 94 2,43 1,02E-08
hsa04662:B cell receptor signaling pathway 42 1,09 8,75E-08
hsa05166:Human T-cell leukemia virus 1 infection 81 2,10 8,71E-07
hsa05170:Human immunodeficiency virus 1 infection 77 1,99 2,17E-06
hsa04611:Platelet activation 52 1,35 2,32E-06
hsa05160:Hepatitis C 61 1,58 3,37E-06
hsa05169:Epstein-Barr virus infection 73 1,89 4,32E-06
hsa05163:Human cytomegalovirus infection 79 2,05 4,44E-06
hsa05164:Influenza A 64 1,66 5,63E-06
hsa05220:Chronic myeloid leukemia 36 0,93 6,71E-06
hsa04218:Cellular senescence 59 1,53 9,51E-06
hsa05014: Amyotrophic lateral sclerosis 113 2,93 9,51E-06
hsa04141:Protein processing in endoplasmic reticulum 63 1,63 9,93E-06
hsa05161:Hepatitis B 60 1,55 1,48E-05
hsa05212:Pancreatic cancer 35 0,91 1,63E-05
hsa04666:Fc gamma R-mediated phagocytosis 41 1,06 2,31E-05
hsa04621:NOD-like receptor signaling pathway 65 1,68 2,75E-05
hsa04062:Chemokine signaling pathway 67 1,73 2,84E-05
hsa05417:Lipid and atherosclerosis 73 1,89 2,84E-05
hsa05135:Yersinia infection 52 1,35 2,89E-05
hsa05130:Pathogenic Escherichia coli infection 68 1,76 3,22E-05
hsa04120:Ubiquitin mediated proteolysis 53 1,37 3,72E-05
hsa05020:Prion disease 87 2,25 4,32E-05
hsa04650:Natural killer cell mediated cytotoxicity 48 1,24 5,76E-05
hsa04071:Sphingolipid signaling pathway 46 1,19 5,79E-05
hsa04810:Regulation of actin cytoskeleton 72 1,86 7,72E-05
hsa05010:Alzheimer disease 113 2,93 7,79E-05
hsa05152: Tuberculosis 62 1,61 7,79E-05
hsa05162:Measles 51 1,32 7,79E-05
hsa05211:Renal cell carcinoma 31 0,80 7,79E-05
hsa05208:Chemical carcinogenesis - reactive oxygen
species 73 1,89 7,97E-05
hsa04210:Apoptosis 50 1,29 8,55E-05
hsa04714:Thermogenesis 75 1,94 9,03E-05
hsa04625:C-type lectin receptor signaling pathway 41 1,06 9,03E-05
hsa04659:Th17 cell differentiation 42 1,09 9,92E-05
hsa05415:Diabetic cardiomyopathy 67 1,73 0,000128
hsa05167:Kaposi sarcoma-associated herpesvirus infection 64 1,66 0,000202
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hsa04660:T cell receptor signaling pathway
hsa05012:Parkinson disease

hsa05235:PD-L1 expression and PD-1 checkpoint pathway

in cancer

hsa03050:Proteasome

hsa04720:Long-term potentiation
hsa05213:Endometrial cancer
hsa05223:Non-small cell lung cancer
hsa04932:Non-alcoholic fatty liver disease
hsa04370:VEGF signaling pathway
hsa05100:Bacterial invasion of epithelial cells

hsa05140:Leishmaniasis
hsa05022:Pathways of neurodegeneration - multiple
diseases

hsa04658:Th1l and Th2 cell differentiation
hsa04722:Neurotrophin signaling pathway
hsa05210:Colorectal cancer
hsa04380:Osteoclast differentiation
hsa04142:Lysosome
hsa04140:Autophagy - animal
hsa05016:Huntington disease

hsa04917:Prolactin signaling pathway
hsa04933: AGE-RAGE signaling pathway in diabetic
complications

hsa04114:00cyte meiosis

hsa05221:Acute myeloid leukemia
hsa04612:Antigen processing and presentation
hsa04130:SNARE interactions in vesicular transport
hsa04728:Dopaminergic synapse
hsa05225:Hepatocellular carcinoma
hsa05214:Glioma

hsa01521:EGFR tyrosine kinase inhibitor resistance
hsa00190:Oxidative phosphorylation
hsa05203:Viral carcinogenesis
hsa01524:Platinum drug resistance
hsa04670:Leukocyte transendothelial migration
hsa04664:Fc epsilon RI signaling pathway
hsa05165:Human papillomavirus infection
hsa04530:Tight junction

hsa03015:mRNA surveillance pathway
hsa04110:Cell cycle

hsa04145:Phagosome

hsa05200:Pathways in cancer

hsa04012:ErbB signaling pathway
hsa04070:Phosphatidylinositol signaling system

hsa05120:Epithelial cell signaling in Helicobacter pylori

infection

hsa05216:Thyroid cancer
hsa05145:Toxoplasmosis

hsa05416:Viral myocarditis
hsa04730:Long-term depression
hsa04919:Thyroid hormone signaling pathway
hsa05215:Prostate cancer
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35
22
28
25
29
51
25
30
30

127
34
41
32
43
44
46
86
27

35
43
26
29
16
43
52
28
29
43
60
27
37
25
88
50
32
39
45
131
28
31

24
15
34
21
21
36
30

1,04
2,12

0,91
0,57
0,73
0,65
0,75
1,32
0,65
0,78
0,78

3,29
0,88
1,06
0,83
1,11
1,14
1,19
2,23
0,70

0,91
1,11
0,67
0,75
0,41
1,11
1,35
0,73
0,75
1,11
1,55
0,70
0,96
0,65
2,28
1,29
0,83
1,01
1,17
3,39
0,73
0,80

0,62
0,39
0,88
0,54
0,54
0,93
0,78

0,000205
0,000205

0,000417
0,000568
0,000804
0,001156
0,001198
0,001367
0,001485
0,001631
0,001631

0,00171
0,001758
0,002006
0,002325

0,00248
0,002488
0,003009
0,003069
0,003657

0,003839
0,003839
0,004061
0,004061
0,004232
0,004232
0,004232
0,00448
0,004736
0,005647
0,006197
0,006265
0,01022
0,010592
0,012831
0,013548
0,015529
0,017941
0,021343
0,02221
0,028427
0,028427

0,031479
0,037317
0,041044
0,041044
0,041044
0,044531
0,048854

T Reg.
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Ek-2: Hiicre Karsilastirmalarinda Elde Edilen “Yeniden Baglanmis” Diigiimlerin
I1k 10 Tanesi ve Yeniden Baglanma Skorlar

B - T Reg. Gen HSP90AB1 | CSNK2B FOS ZBTB16 GSN EEF1A1 EEF1G RABAC1 EEF1D RNF10
Skor 34 215 19,5 19 175 16 15,5 12,5 10 9
B -CD8 Gen HSP90AB1 SMAD2 KDM1A UBC VDAC1 VIM CSNK2B CDC42 RNF11 YWHAG
Skor 55,5 31 31 27,5 215 27 26 25 24,5 24,5
B-N.CD4T Gen HSP90AB1 RNF11 PRPF40A KDM1A SMAD2 VDAC1 GRN CDC42 FOS FXR2
Skor 43 25,5 25 24,5 24 23,5 22 20,5 20 20
B-M.CD4T Gen HSP90AB1 | CSNK2B KDM1A VIM KLF11 PRPF40A FOS PRKN CRK SNCA
Skor 56 40,5 38,5 36,5 35 32,5 32 28 21,5 27,5
B -FCGR Gen ZBTB16 UBC FOS CDC42 RAC1 HIST1H1C DNM2 GNB2 HRAS UBEZ2E3
Skor 17 16,5 16 13 13 12 115 10,5 10 9
B - CD14+ Gen HSP90AB1 RNF11 SMAD2 GRN VIM KDM1A CRK UBC YWHAG FOS
Skor 72 41 40,5 37 37 36,5 35 33 30,5 30
B-DC Gen GRN UBC EEF1A1 FOS GSN VIM HNRNPD PARK?7 EEF1G ACTB
Skor 23,5 195 17 17 16,5 14,5 14 14 13 10,5
B -NK Gen SMAD2 CSNK2B PRKN ZBTB16 TP53BP2 DNM2 PARK7 CRK SH3GLB1 HNRNPD
Skor 22 20 18,5 17 14,5 14,5 14 12,5 12,5 12,5
NK - T Reg. Gen HSP90AB1 UBE2I FOS GSN CALCOCO2 EEF1A1 ZBTB16 EEF1G TNIP1 ERG28
Skor 62 53 29,5 28,5 215 21 20 19,5 19 18
NK - CD8 Gen HTT HSP90AB1 | UBQLN1 OPTN KDM1A VDAC1 SMAD?2 RNF11 KIFC3 FXR2
Skor 84 48,5 32 24,5 24,5 24 22,5 22,5 22 22
NK-N.CD4T Gen UBE2I| HSP90AB1 | PRPF40A KDM1A RNF11 FXR2 CREB3 OPTN GRN SMAD2
Skor 47 47 34,5 32 28,5 28 275 27 26 255
NK-M.CD4T Gen HSP90AB1 UBE2I KDM1A VIM PRPF40A CDC37 PIK3R1 UBC FOS CRK
Skor 73 68,5 44 42 39 37,5 36 34 33 315
NK - FCGR Gen CDC42 FOS UBC HRAS RAC1 ZBTB16 TSG101 HIST1HIC | HIST1H1B DNM2
Skor 28,5 28 275 215 21 21 20,5 20 18,5 18
NK - CD14+ Gen HTT HSP90AB1 | GOLGA2 PICK1 UBQLN1 RNF11 SMAD?2 LAMP2 GRN OPTN
Skor 1195 64 59 51 39,5 39 35 33,5 33 32,5
NK-DC Gen UBC GRN GSN FOS VIM EEF1A1 HNRNPD HSP90AAL PARK7 TNIPL
Skor 315 315 275 27 26 22 20 19 18 17,5
M.CD4 T - T Reg. Gen HSP90AB1 UBE2I DLST CSNK2B FOS ERGIC3 ZBTB16 EEF1A1 JUN UBB
Skor 59 56,5 56,5 39 275 21,5 215 17,5 17,5 16,5
M.CD4 T -CD8 Gen ATXN1 DLST GRB2 HSP90AB1 | HIST1H2BH CSNK2B KDM1A VIM FYN PIK3R1
Skor 84 73 69 68,5 44 43,5 43,5 42,5 38 35
M.CD4T-N. CD4
T Gen ATXN1 HSP90AB1 LMNA SOD1 UBE2I KDM1A TFIP11 PRPF40A | TMEM14B TRAF1
Skor 77,5 62 60 55,5 54,5 38 34,5 335 33 31
DC - T Reg. Gen EEF1G ERGIC3 FOS GSN TCF4 EEF1A1 NME4 ACTB TNIP1 RNPS1
Skor 115 10,5 9,5 9 8,5 8 55 55 55 5
DC - CD8 Gen APP UBC VIM FOS GSN EEF1A1 HSP90AAL HNRNPD TNIP1 PARK?7
Skor 74,5 36 33,5 31 30,5 24,5 21 21 21 21
DC-N.CD4T Gen GRN GSN FOS UBC PARK7 EEF1A1 HSP90AAL EEF1G CALR HNRNPD
Skor 315 26,5 26 25,5 215 21 18,5 17,5 16,5 16,5
DC - CD4mT Gen VIM ZDHHC17 UBC FOS ERGIC3 SDHA SumMo1 EEF1A1 CCDC57 UBE2D2
Skor 33 31 30,5 30 25 25 20 195 18 18
DC - FCGR Gen UBC EEF1G FOS HMGB2 HIST1HIE SKP1 JUNB RPS3A YBX1 PLP2
Skor 12 9,5 8 55 55 35 3 3 3 25
DC - CD14+ Gen GRN UBC ZDHHC17 VIM TCF4 FOS EEF1A1 UBE2D2 HSP90AAL CCDC57
Skor 45,5 42,5 40,5 38,5 38,5 37 28,5 26 26 25
CD14+ - T Reg. Gen HSP90AB1 TCF4 FOS LMO2 EEF1A1 ZBTB16 JUN UBB RABAC1 RAD23A
Skor 86 37 36,5 31 28,5 25 25 22 215 215
CD14+ - CD8 Gen HTT HSP90AB1 ATXN1 GRB2 UBQLN1 HIST1H2BH RNF11 LAMP2 SETDB1 SMAD2
Skor 1225 72,5 65,5 57 44,5 44 39,5 33 32,5 32,5
CD14+-N.CD4T Gen ATXN1 LMNA HSPB1 HSP90AB1 KDM1A SMAD?2 RNF11 GRN DISC1 OPTN
Skor 7 715 67,5 67 42 39,5 39,5 39 38,5 37,5
CD14+-M.CD4AT Gen ATXN1 LMNA HSP90AB1 GRB2 REL TP53 HIST1H2BH | ZDHHC17 KDM1A BAG6
Skor 89,5 80,5 75 74 57,5 55 49 45,5 45 44
CD14+ - FCGR Gen GRB2 LMNA UBC CDKN1A FOS HIST1HIC CDC42 DNM2 HIST1H1B LMO2
Skor 83 78 355 35 34 32 31 28 21,5 27,5
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FCGR-M.CD4T Gen LMNA GRB2 FOS CDKN1A UBC HIST1H1B DNM2 HRAS HIST1H1C RAC1
Skor 65,5 61 32 315 29,5 26 255 24 24 22
FCGR-N.CD4T Gen LMNA CDC42 FOS HIST1H1B UBC LMO2 DNM2 RAC1 JUN ZBTB16
Skor 52,5 24,5 24 215 20,5 19,5 18 17,5 16 16
FCGR - CD8 Gen GRB2 UBC CDKN1A CDC42 FOS HIST1H1B HRAS HIST1H1C DNM2 RAC1
Skor 69 35 32,5 29 29 25,5 24,5 24,5 23,5 22
FCGR - T Reg. Gen ZBTB16 FOS EEF1G LMO2 JUN EEF1D LMO4 RPLP1 HISTIHIE DDIT3
Skor 10 9,5 9 75 55 55 55 4,5 4,5 4
N.CD4 T - T Reg. Gen HSP90AB1 UBE2I GSN FOS LMO2 EEF1A1 JUN ZBTB16 ERG28 TNIP1
Skor 61 41 28,5 26,5 22 22 18,5 18 16 15,5
N.CD4 T -CD8 Gen ATXN1 HSP90AB1 RNF11 OPTN UBC KDM1A LRRK2 CDC42 CRK FOS
Skor 60,5 48,5 27 26,5 26,5 26,5 25,5 24,5 23 23
CD8 - T Reg. Gen HSP90AB1 DLST CSNK2B GSN FOS EEF1A1 EEF1G CALCOCO2 TNIP1 ZBTB16
Skor 70,5 65,5 31,5 315 28,5 255 23,5 23,5 22,5 22
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Ek-3: Hiicre Tiirlerinin Belirlenmesine Kullanilan Genlerin Kiimelere Ait ifadeleri
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Ek-5: PBMC Hiicrelerinin iDG Listelerinde Bulunan Ortak Genler ve logFC

Degerleri

B CD4AmT | CD4ANT CD8 CD14 DC FCGR NK Treg
AREG -0,8567 | -1,0754 | -1,3130 | -0,8523 | -1,4968 | -1,4892 | -0,7283 | -3,5635 | -2,0489
CIRBP -0,9602 | -2,2828 | -0,8737 | -0,9608 | -0,9494 | -4,1296 | -0,6897 | -0,8706 | -6,2301
CYBA 3,7514 | 2,3136 | 3,0555 | 4,8922 | 3,4922 | -0,5458 | 1,6286 | 3,4840 | 1,9210
DAD1 0,7932 | 0,0992 | 1,2420 | 0,8713 | 1,1612 | -3,8385 | 1,5738 | 1,1252 | -4,2891
EEF1G -0,3200 | -1,1029 | -0,1630 | -0,4853 | 0,1852 | -3,1252 | -0,2653 | -0,2118 | -3,6165
EIF5 -0,8864 | -1,9659 | -1,2468 | -1,0684 | -0,3730 | -3,9349 | -0,5346 | -0,7042 | -3,9104
FOS -5,0670 | -4,0389 | -4,3002 | -3,5379 | -4,0996 | -5,1592 | -6,9981 | -4,2070 | -3,9237
GO0S2 -0,4674 | -1,4708 | -0,4582 | -0,7372 | -6,2202 | -1,6975 | -3,7116 | -0,8463 | -2,1421
GADD45B | -3,8783 | -3,0029 | -2,1182 | -4,4070 | -3,1785 | -5,3431 | -1,5533 | -2,4501 | -2,1959
HBP1 -0,8615 | -1,0255 | -1,0462 | -0,8081 | -0,7140 | -1,8675 | -0,8733 | -1,0943 | -1,6617
HIST1IH1D | 1,8514 | 2,3428 | 2,2626 | 2,8464 | 2,0324 | 2,6559 | 2,0635 | 4,4992 | 3,2146
HISTIH1E | 2,2715 | 3,3209 | 1,8366 | 2,9411 | 3,2469 | 5,0139 | 3,7664 | 3,5425 | 1,7250
HLA-C -0,2114 | -1,1257 | -0,3071 | -0,2612 | -0,3850 | -2,0497 | -0,4590 | -0,1731 | -1,4144
IER2 -2,7264 | -3,2720 | -2,4181 | -3,8548 | -2,1974 | -4,2852 | -1,1031 | -2,6260 | -3,1810
IGHV1-24 | 0,6893 | 1,5101 | 0,8635 | 0,9805 | 1,6295 | 1,9463 | 1,2032 | 1,3901 | 4,1658
IGHV4-34 | 0,9499 | 3,0286 | 1,0217 | 1,2619 | 1,8932 | 4,0981 | 1,8669 | 1,8489 | 6,8073
IGKV2-24 | 0,2966 | 0,8285 | 0,4080 | 0,5553 | 0,9232 | 1,0013 | 0,8109 | 0,6600 | 2,8204
IGKV3-20 | 2,8883 | 6,0350 | 3,6448 | 3,6872 | 3,9653 | 9,5778 | 4,3101 | 3,5529 | 8,5754
IGKV4-1 0,8955 | 19761 | 1,3666 | 0,8169 | 2,4231 | 1,0196 | 1,8703 | 2,0238 | 5,2276
IGLV1-44 0,8143 | 0,9448 | 0,7792 | 0,8624 | 0,7521 | 1,6134 | 0,9327 | 0,8011 | 1,4110
IGLV1-47 1,0195 | 1,3268 | 0,6816 | 0,8796 | 2,0612 | 0,9129 | 1,9696 | 2,0950 | 5,2208
IGLV3-10 | 0,5613 | 0,7609 | 0,5008 | 0,5605 | 0,7407 | 1,3018 | 0,5752 | 0,6079 | 1,6575
IGLV3-19 | 0,9544 | 3,5548 | 1,2509 | 1,2486 | 2,4536 | 4,7247 | 2,5493 | 2,2364 | 8,0465
IGLV3-21 1,0462 | 1,0887 | 1,0358 | 1,0396 | 1,0529 | 1,0251 | 0,7992 | 1,1999 | 1,8997
IGLV3-25 0,6684 | 2,0039 | 0,8086 | 0,8783 | 3,0421 | 1,1541 | 2,4805 | 2,8186 | 7,4000
IGLV4-69 | 0,4054 | 0,4138 | 0,2081 | 0,2508 | 0,4332 | 1,2491 | 0,4064 | 0,3522 | 1,5340
IGLV6-57 1,3117 | 1,5671 | 1,5832 | 1,1886 | 1,0342 | 2,3354 | 1,1574 | 0,8516 | 1,9434
JUNB -4,1963 | -4,5182 | -4,5923 | -2,6808 | -3,0244 | -4,0585 | -1,9133 | -3,6292 | -6,9610
MT-ND4 -0,1304 | -1,0451 | -0,0198 | -0,2977 | 0,2177 | -0,0161 | -0,3916 | 0,0596 | -3,5248
RPL10 -0,1340 | -0,1298 | -0,0513 | -0,1856 | -0,2429 | -0,2712 | -0,1217 | -0,2518 | -0,5967
RPL18 -0,1623 | -0,2979 | -0,0601 | -0,1585 | -0,2369 | -0,5882 | -0,3139 | -0,3020 | -1,9275
RPL3 -0,2564 | -0,4968 | -0,0587 | -0,1560 | -0,1571 | -1,1470 | -0,4716 | -0,2883 | -2,0630
RPL7A -0,0770 | -0,2769 | -0,0474 | -0,1581 | -0,2156 | -0,5335 | -0,1201 | -0,2688 | -1,7717
RPLPO -0,2001 | -0,3595 | -0,1223 | -0,2258 | -0,1196 | -0,6827 | -0,1820 | -0,4004 | -1,5201
RPS2 1,3471 | 1,2337 | 0,8824 | 1,6531 | 1,6411 | 1,2057 | 1,2840 | 2,5199 | 1,0445
RPS26 0,9443 | 1,3970 | 1,1935 | 1,0953 | 0,9354 | 1,3219 | 1,1838 | 1,4558 | 0,4442
RPS3A -0,1943 | -0,3439 | -0,1924 | -0,2629 | -0,3342 | -0,3205 | -0,2891 | -0,3197 | -2,3387
RPS5 -0,2016 | -0,5209 | -0,0642 | -0,2121 | -0,5188 | -0,8373 | -0,0749 | -0,4585 | -3,4338
RPS6 -0,2425 | -0,3838 | -0,0897 | -0,1854 | -0,0129 | -0,5649 | 0,0245 | -0,3670 | -1,9360
RPS7 -0,0788 | -0,3668 | -0,0998 | -0,1494 | -0,1787 | -0,4485 | -0,2479 | -0,2697 | -2,2769
RPS8 -0,0979 | -0,1283 | -0,0464 | -0,1139 | -0,2239 | -0,2132 | -0,1898 | -0,2349 | -0,8715
RPS9 -0,3386 | -0,8265 | -0,1722 | -0,4530 | -0,1994 | -1,5644 | -0,3851 | -0,5951 | -2,0664
SNHG5 -1,4503 | -2,1070 | -2,1002 | -2,0472 | -1,0998 | -2,8574 | -1,7996 | -1,9114 | -3,2758
YBX1 2,5177 | 0,8281 | 1,7489 | 3,5605 | 2,0284 | 0,9899 | 0,8905 | 3,4740 | 1,5979
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Ek-6: : Hiicre tiirlerine gore ortak diigiim ve ortak IDG sayilar.
(Ust iiggen: Ortak diigiim sayilar1. Alt iiggen: Ortak IDG sayilar1. Kdsegen: Hiicre
tiirlerine ait IDG sayz1lari)

- |-

IDG Sayis o0 % 8 % g é é § an g §
> pd

Ds‘g‘fsrf 1505 3143 | 326 | 4363 | 320 | 3475 | 2726 | 3746 | 474 | 39 |1718

B 1505 | 2532|1065 | 118 | 1082 | 209 | 774 | 1045 | 1198 | 129 | 24 | 406

NK 3143 | 1754|4531 | 162 | 2154 | 244 | 1246 | 1565 | 2261 | 208 | 31 | 726

DC 326 | 282 [ 365|769 | 183 | 41 | 235 | 164 | 181 | 67 | 10 | 129

CD14+ 4363 |1798|3078 | 433 | 6216 | 287 | 1716 | 1755|2341 | 247 | 36 | 915

FCGR 320 | 531 | 629 | 143 | 733 | 832 | 225 | 255 | 267 | 63 6 | 107

M.CD4T | 3475 |1310|1931| 524 | 2576 | 594 |5212 | 1325|1511 | 309 | 30 | 1009

N.CD4T | 2726 |1757|2427| 384 | 2670 | 634 |2145|4261 | 1885 | 214 | 32 | 657

CDs8 3746 | 1992|3281 | 416 | 3330 | 685 | 2326 | 2920 | 5434 | 237 | 30 | 837
T Reg. 474 | 271 | 414 | 184 | 513 | 174 | 636 | 439 | 502 | 1007 | 10 | 206
Neut 39 100 | 123 | 35 | 130 | 74 | 117 | 128 | 125 | 54 | 157 | 21

Plat 1718 | 700 | 1156 | 304 | 1445 | 293 | 1603 | 1101 | 1316 | 441 | 92 | 2721

98



Ozgecmis
KIiSISEL BiLGILER

Adi Soyadi: Nesibe Sebnem Paluluoglu

Uyrugu: T.C.

EGITIM

Derece Kurum

Lisans Bogazici Universitesi, Fen Edebiyat Fakiiltesi,
Molekiiler Biyoloji ve Genetik

Lisans Istanbul Bilgi Universitesi, Fen Edebiyat Fakiiltesi,
Karsilastirmali Edebiyat

Yiiksek Lisans Yeditepe Universitesi, Sosyal Bilimler Enstitiisii,
Bilissel Bilimler

YABANCI DILLER

Ileri diizeyde Ingilizce, Baslangig diizeyinde Fransizca ve Arapga.

YAYINLAR

Raman, llhan, Raman, Evren, Ikier, Simay, Kilecioglu, Elgin, Uzun Eroglu, Dilek and Zeyveli,
Sebnem (2018) Differential effects of age of acquisition and frequency on memory: evidence from
free recall of pictures and words in Turkish. Writing Systems Research, 10 (1). pp. 1-14. ISSN

1758-6801 [Article] (doi:10.1080/17586801.2017.1420727)

TEZ

Paluluoglu, S. (2017) Syntactic processing differences and the effects of memory-load interference
for object relative and subject relative clauses in Turkish. Yaymlanmamis yiiksek lisans tezi.

Yeditepe Universitesi, Sosyal Bilimler Enstitiisii.

POSTER SUNUMU

Paluluoglu, N. S. & Sener, S. (2018, May). Processing of Subject and Object Relative Clauses in

Ogrenim Siiresi

2007-2011

2011-...

2013-2017

Turkish Revisited. International Symposium on Brain and Cognitive Science, Istanbul.

99


https://eprints.mdx.ac.uk/view/creators/Raman=3AIlhan=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Raman=3AEvren=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Ikier=3ASimay=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Kilecio==011Flu=3AEl=E7in=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Uzun_Ero==011Flu=3ADilek=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Zeyveli=3A==015Eebnem=3A=3A.html
https://eprints.mdx.ac.uk/view/creators/Zeyveli=3A==015Eebnem=3A=3A.html
https://eprints.mdx.ac.uk/view/publications/Writing_Systems_Research.html
https://doi.org/10.1080/17586801.2017.1420727

	1
	3

