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OZET
Doktora Tezi

Onemi Belirsiz Klonal Hematopoez ile Alzheimer Hastalig1 arasindaki iliski: UK Biobank
WES data analizi

Burcu Cevik
Ankara Universitesi Biyoteknoloji Enstitiisii
Prof. Dr. Meram Can Saka

Alzheimer hastaligi (AH) beynin biligsel fonksiyonlarint yok eden ndrodejeneratif bir
hastaliktir. Diinya ¢apinda 50 milyon insan, AH’nin alt grubunu olusturdugu Demansa
sahiptir. Ik kez 1906°da tanimlanan AH’nin nedenleri giiniimiize kadar farkl1 yaklasimlarla
arastiritlmig, erken baslangicli AH igin genetik nedenler ortaya konmus, ancak gec
baslangicli AH’nin nedenleri heniiz aydinlatilamamistir. AH i¢in yas en belirgin risk
faktoriidiir ancak yaglanmanin hastalik tizerine etkileri tam olarak anlagilamamuistir.

Yaglanmayla birlikte hiicrelerde letal olmayan somatik mutasyon gelistirme riski
artmaktadir. Hematopoetik kok hiicrelerde ortaya ¢ikan belirli somatik mutasyonlar o kok
hiicrenin ve o hiicreden kdken alan kan hiicrelerinin klon olarak yayilimini arttirmaktadir.
Bu klonal ekspansiyon, Onemi Belirsiz Klonal Hematopoez ya da CHIP (Clonal
Hematopoiesis of Indeterminate Potential) olarak adlandirilir. CHIP geng yastaki insanlarda
nadir olarak goriulmekle birlikte, yas arttik¢a yayginlasmakta ve bu mutasyonlara sahip
bireylerde yaglanmayla iliskili kanser dis1 hastalik riskleri de artmaktadir.

Bu tez ¢aligmasinda; AH tanis1 almis (N=100) ve bu hasta grubuyla yas cinsiyet ve APOE
geni statlisii bakimindan benzer olan AH tanisi almamis (N=100) yash bireylerin UK
Biobank WES verileri hematolojik malignite ile iliskili genlerde ortaya ¢ikan somatik
mutasyon agisindan incelenmistir. Istatistiksel olarak anlamli olmamakla birlikte kontrol
grubunda CHIP varyantlarina daha fazla rastlanmistir.

2024, 132 sayfa

Anahtar kelimeler: UK Biobank (UKB); Tiim Exom Sekanslama (WES); Onemi Belirsiz
Klonal Hematopoez (CHIP); Alzheimer Hastaligi (AH).



ABSTRACT

PhD Thesis

Connections Between Clonal Hematopoiesis of Indeterminate Potential and Alzheimer's
Disease: Analysis of the UK Biobank WES data

Burcu Cevik
Ankara University Biotechnology Institute
Prof. Meram Can Saka

Alzheimer's disease (AD) is a neurodegenerative disease that destroys the cognitive
functions of the brain. 50 million people worldwide have Dementia, a subgroup of AD. The
causes of AD, which was first described in 1906, have been investigated with different
approaches until today, and genetic causes for early-onset AD have been revealed, but the
causes of late-onset AD have not yet been elucidated. Age is the most obvious risk factor for
AD, but the effects of aging on the disease are not fully understood.

The risk of developing non-lethal somatic mutations in cells increases with aging. Certain
somatic mutations that occur in hematopoietic stem cells increase the clonal spread of that
stem cell and the blood cells originating from that cell. This clonal expansion is called Clonal
Hematopoiesis of Indeterminate Potential or CHIP. Although CHIP is rare in young people,
it becomes more common as age increases, and it has been shown that the risk of non-
cancerous diseases associated with aging increases in individuals with these mutations.

In this thesis study; UK Biobank WES data of elderly individuals diagnosed with AD
(N=100) and those without AD (N=100) who were similar to this patient group in terms of
age, gender and APOE gene status were examined for somatic mutations in genes associated
with hematological malignancy. Although not statistically significant, CHIP variants were
more common in the control group.

2024, 132 pages

Keywords: UK Biobank (UKB); Whole Exome Sequence (WES); Clonal Hematopoiesis of
Indeterminate Potential (CHIP); Alzheimer's disease (AD)
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1. GIRIS

Yaslanma, bir dizi hastalik i¢in en giiglii risk faktoriidiir. Alzheimer Hastaligi (AH) ileri yas
ile direkt iligkili olup, bu siirecin hastalik iizerine etkisi tam olarak anlagilamamuistir.
Alzheimer hastalig1, yaslilarda morbidite ve mortalitenin 6nde gelen nedeni olmay1
siirdiirmektedir ancak ilerlemesini etkili bir sekilde yavaslatabilecek veya durdurabilecek

tedaviler eksiktir.

Yaslanan hematopoetik sistem, klonal genislemeye yatkin olan edinilmis somatik
varyantlarin artan prevalansi ile karakterizedir. Hematopoetik kok hiicrelerde ortaya ¢ikan
bu somatik varyantlar klonal ¢ogalma ile sonuglanir ve bu durum Onemi Belirsiz Klonal
Hematopoez (CHIP) olarak adlandirilir. CHIP tasiyicilari, hematolojik kanserler igin risk
altindadir. Son yillarda yapilan c¢alismalar bu somatik mutasyon tasiyicilarinin
Kardiyovaskiiler hastaliklar i¢in de risk altinda olduklarini ortaya c¢ikarmistir. Bu
baglantinin, mutant makrofajlardaki inflamasyonun artmasiyla iligskili oldugu hayvan

deneyleriyle gosterilmistir.

Alzheimer hastaligi ile beyindeki makrofaj benzeri hematopoetik hicreler olan
mikrogliadaki fonksiyonel degisikliklerin AH ile iliskili oldugu bilinmektedir. CHIP ile
iliskili mutasyonlar myeloid hiicrelerin fonksiyonunu etkilediginden, CHIP'in AH (zerine

etkisi olup olmadigi bu hastalifin yaslanma ile iligkisini gostermek agisindan énemlidir.



2. KURAMSAL TEMELLER
2.1. ALZHEIMER HASTALIGI

Demans vakalarinin %70’ini olusturan, yasa bagli bilissel bozuklugun en yaygin nedeni olan
Alzheimer hastalig1 beyin fonksiyonlarini asamali olarak yok eden nérodejeneratif bir beyin
hastaligidir. WHO 2019 verilerine gére AH 0lim nedenleri siralamasinda diinya ¢apinda
diger demans tiirleri ile birlikte 7. sirada, yiiksek gelirli iilkeler baz alindiginda ise 2. sirada
yer almaktadir (1). AH, tipik olarak bellek bozuklugu ile baslamakta, kademeli bir ilerleme
gostererek Oliimciil olmaktadir. Diger yaygin bulgular1 arasinda konflizyon, yargilama
bozuklugu, dil bozuklugu, gorsel sikayetler, ajitasyon, sosyal i¢e ¢cekilme ve haliisinasyonlar
yer almaktadir. Tan1 asamasinda beyin goruntileme yontemleri kullanilarak serebral

patolojiler ve diger demans alt tipleri dislanmaktadir (2).
2.1.1. ALZHEIMER HASTALIGININ NOROPATOLOJiSI

AH’ye hiicresel fazda bakildiginda temporal loblarda ve kismen hipokampusta birikim
gosteren Amyloid-B (A) plaklar1 ve norofibriler yumaklar (Neurofibrillary tangles - NFTS)
iki Onemli patoloji olarak karsimiza ¢ikmaktadir. Bu yerlesim 6zelligi hastaligin
baslangicindaki belirtilerinin neden bellekle ilgili oldugunu agiklamaktadir. AP plaklari,
amyloid Oncu proteinin (APP) hatali kesilmesi sonucunda olmasi gerecken 40 veya 42
aminoasitten daha uzun olmasi, NFTs ise mikrotiibiilleri stabilize eden mikrotiibiil iliskili
bir protein olan tau'nun hiperfosforilasyonundan kaynaklanir (3,4). Son 10 yildaki AH ile
ilgili arastirmalar, bu iki patolojik bulguya ek olarak inflamasyonun da AH’nin

patogenezinde katki sagladigini soylemektedir (5).
2.1.2. ALZHEIMER HASTALIGININ GENETIGi

AH’nin nedenlerine bakildiginda erken baslangiclh AH (EOAD) vakalari (yas <60-65) igin
genetik sebepler 6ne ¢ikmaktadir. 1990’larda kesfedilen APP, PSEN1, PSEN2 genlerindeki
otozomal dominant mutasyonlarin AP plaklarinin olusum siirecinin 6nemli bir pargasi
oldugu gozlenmistir (6-8). AH'min yaklasik % 95'ini olusturan geg¢ baslangicli AH (LOAD)
(yas > 60-65) vakalarinin ise nedeni heniiz tam olarak anlasilamistir (9). Hastaliga yas,

genetik ve cevresel etmenlerin katki sagladigi ve multifaktoriyel oldugu diisiiniilmektedir.



2.1.2.1. Apolipoprotein E ile Alzheimer Hastahg Arasindaki iliski

Apolipoprotein E (APOE), hepatositler ve astrositlerde uretilen, plazma ve beyin omurilik
stvisinda bulunan, kolesterol ve lipid metabolizmasinda rol oynayan bir glikoproteindir.
APOE geni 19. Kromozomda yer alir. U¢ ana APOE aleli (g4, €3 ve €2) 2 tekli niikleotid
polimorfizminde (rs429358 ve rs7412) varyantlarin kombinasyonuna gore isimlendirilir.
APOE geni 4. ekzon 112. ve 158. pozisyondaki aminoasitlerin kombinasyonlart APOE

genlerinin allellerini verir (10). Cizelge 2.1.”de bu kombinasyonlar 6zetlenmistir.

Cizelge 2. 1. APOE varyantlarinin gosterimi

Allel | SNP rsd429358 Protein 112 | SNP rs7412 | Protein 158

g2 TGC Cys TGC Cys (atasal olmayan
€3 TGC Cys CGC Arg

e4 CGC (Atasal olmayan) | Arg CGC Arg

AH icin APOE genindeki varyasyonlarin risk faktorii oldugu bulunmus (11) APOE-4
varyantina heterozigot olarak sahip olmanin 3-4 kat, homozigot olarak sahip olmanin da 12
kat AH riskini arttirdigi gézlenmistir (12). APOE-2 varyantina sahip olmak ise, APOE-3 ile
kiyaslandiginda az miktarda koruyucu etkiye sahip oldugu, APOE-3’ilin de hastalik iizerine

notr bir etkisi oldugu bulunmustur (13).

Alzheimer hastalig1 gelistirme riski ile iligkili cok sayida duyarlilik geni (veya lokus) ve
kodlama varyantlari tanimlanmis, ancak biiyiik etki boyutu ve yiiksek prevalansi nedeniyle,
Apolipoprotein E geni (APOE) polimorfizmi, AD ic¢in en gucli genetik risk belirleyicisi

olmustur.
2.1.3. ALZHEIMER HASTALIGININ VASKULER HASTALIKLARLA ILiSKiSi

AH, geleneksel olarak noronlari etkileyen ndérodejeneratif bir hastalik olarak kabul edilse de,
serebral makro ve mikrovaskiiler degisiklikler de mevcuttur. Beynin hassas bir sekilde
diizenlenmis kanlanmas1 ve kan-beyin bariyeri degisimine kritik bagimliligi géz oniine
alindiginda (14), bu vaskiiler degisiklikler néronal disfonksiyonda ve demansin altinda yatan

hasarda rol oynayabilecegi diistiniilmektedir (15). AH patolojisi, vaskiiler diizensizligi, kan-

3



beyin bariyeri (KBB) bozulmasini indiikleyerek ve aterosklerozu tesvik etmesiyle serebral
kan damarlarinda disfonksiyona ve hasara yol acar (16). Buna karsilik, kotii vaskiiler saglik,
AP tretimini artirarak ve vaskiler klirensini azaltarak amyloid birikimini destekler.
Vaskiiler ve AH patolojisinin zararl etkileri beyin {lizerinde birleserek néronal disfonksiyon
ve kognitif bozukluga neden olur (17). Serebral ve sistemik damarlarda ve kalpte meydana
gelen degisiklikler siklikla AH patolojisi ile bir arada bulunur. Ortaya ¢ikan serebrovaskiiler
yetmezlik, bilissel islev bozuklugunun baslamasina ve ilerlemesine katkida bulunur.
Ortalama yasin 88.8 oldugu, vakalarin %42’sinin AH teshisi aldigi, 1143 bireyin beyninin
incelendigi postmortem bir ¢caligsmada; ateroskleroz veya arteriolosklerozun siddetindeki her
bir seviye artig1 Alzheimer hastalig1 goriilme olasiligr ile iliskilendirilmistir. Ayrica epizodik,
anlamsal, algisal, gorsel-uzamsal alanlarda atesklerozun daha diisiik skorlarla iligkili oldugu
bulunmustur. Bu bulgular, serebral ateroskleroz ve arteriyolosklerozun AH ile iligkisini
gostermekte, ancak serebral damar patolojisinin, AH i¢in yeterince taninmayan bir risk
faktori oldugu diisiindiirmiistiir (18).

Aterosklerotik stireclerin AH patolojisi tizerine etkisi (19,20), aterosklerotik olaylarla iligkisi
gosterilen ve yasla birlikte prevelansinin da arttig1 bilinen hematopoetik kok hiicrelerdeki
somatik mutasyon birikimlerinin Alzheimer patolojisine de  katki yapabilecegini

diistindiirmektedir (21-23).
2.2. KLONAL HEMATOPOEZ

Tim hiicreler yasamlar1 boyunca, normal yaslanma siirecinde, genomlarinda apoptozla
sonuglanmayan ya da hiicrenin sag kalimi / ¢evreye uyumu agisindan onemli sonuglar
barindirmayan mutasyonlar biriktirir (21). Nadiren de olsa, meydana geldigi hiicreye segici
bir ¢cogalma avantaji saglayan bir mutasyon ortaya ciktiginda, bu mutasyon; hiicrenin ve
"klon" olarak adlandirilan soyunun zaman iginde asamali olarak g¢ogalip baskin klon
olmasini saglayabilir. Hematopoetik kok hiicreler (HSCs) dogas1 geregi daha fazla boliinme
gecirdigi igin daha fazla mutasyon gelisme riskine sahiptir. Bir HSCs, ona diger kok
hiicrelere gore avantaj saglayan bir mutasyon kazandiginda, farkli genetik alt yapiya sahip
myeloid hiicre alt popilasyonunu olusturur. Bu duruma "Klonal Hematopoez (CH)" denir
(24).

Klonal hematopoez ilk kez asemptomatik bireylerde X kromozomunun inaktivasyon (XCI)

modellerinin analizi yoluyla 90’11 yillarda gosterilmistir (25-28). Yeni nesil dizileme (NGS)



yonteminin gelismesiyle, kanser veya hematolojik fenotipe sahip olmayan bireylerin
periferik kan hucrelerindeki DNA’nin sekanslanmasiyla elde edilen Tim Exom Sekans
(WES) verilerinin analizi ile KH’ye sebep olan somatik mutasyonlar tespit edilmis (29,30),

gunimuzde de tespit icin yeni nesil dizileme yontemi yaygin olarak kullanilmaktadir.
2.2.1. ONEMI BELiRSiZ KLONAL HEMATOPOEZ

Hematolojik kanserlerin morfolojik kanitlari ortaya ¢ikmamig bireylerde kan veya kemik
iligi hiicrelerinde myeloid malignitelerle iliskili bir gende en az %2 varyant allel fraksiyonlu
(VAF) bir mutasyonun varlig1 “Onemi Belirsiz Klonal Hematopoez (Clonal Hematopoiesis
of Indeterminate Potential — CHIP)” olarak adlandirilmaktadir. Bu terim ilk kez Benjamin
L. Ebert ve ark. tarafindan 2015°te 6nerilmistir(31). Saptanan belirli bir varyatin, toplam
okuma (read) icerisinde yiizde kag¢ oranda gozlendigini ifade eden VAF degeri yeni nesil
dizileme teknolojileri (NGS) ile etkin olarak belirlenebilmektedir. CHIP kavrami Diinya
Saghk Orgiiti (WHO) Hematolenfoid Timarler: Myeloid ve Histiositik/Dendritik
Neoplaziler siiflandirmasinda ilk kez 2022 yilinda 5. Gincellemesinde resmi olarak
tamimlanmis (32) ve myeloid malignitelerin potansiyel bir éncisi olarak kabul edilmistir
(33).

CHIP prevalansi, bireyin yasi ile baglantili olarak degismektedir. CHIP prevalansinin 40
yasin altindaki bireylerde %1’den az, 70 yas ve lizeri yas bireylerde %10-30 oldugu
hematolojik malignitesi olmayan bireylerin katildigt c¢aligmalarda  gosterilmistir

(29,30,34,35).
2.2.2. CHIP’IN KANSER VE DiGER HASTALIKLARLA iLiSKiSi

CHIP, normal bireylerde sitopeni ve morfolojik displazi yoklugu ve <%5 kemik iligi blastik
hiicre oran1 durumunda >2 VAF degerine sahip somatik mutasyon varlig: ile olusan durum
icin kullanilan terimdir. Eger bu duruma 4 aydan uzun siiren nedeni agiklanamayan sitopeni
eklenirse bu Onemi Belirsiz Klonal Sitopeni (Clonal Cytopenia of Uncertain Significance —
CCUS) olarak adlandirilir. CCUS durumuna >%10 morflolojik displazi ve <%20 artmis
kemik iligi blastik hiicre orani1 eklenirse Myelodisplastik Sendrom (MDS) ortaya ¢ikar.
Kemik iligi blast hiicre oranimin > %20 olma durumunda da olusan tablo Akut Myeloid
Losemi (AML) olarak adlandirilir (36). CHIP bu sirecteki ilk basamak olarak kabul

edilmektedir ve myeloid maligniteler icin risk faktorudir (33). Myeloid Neoplasm riskini;



mutasyon sayisinin, belirli genlerde (SRSF2, SF3B1, ZRSR2, IDH1, IDH2, FLT3, RUNX1,
ve JAK2) mutasyona sahip olmanin, sadece DNMT3A geninde tek bir mutasyona sahip
olmanin, VAF degerinin %20’den diisiik ya da yiiksek olmasinin, yasin 65 {izeri ya da altinda
olmasinin, sitopeninin tabloya eklenmesinin ve kandaki eritrosit dagilim genisligi (RDW)

ile ortalama hiicresel hacim (MCV) degerlerinin bu riski etkiledigi gosterilmistir (37)

Kanser disinda CHIP’in aterosklerotik kardiyovaskiiler hastaliklar, koroner kalp hastaligi,
inme, iskemik kalp yetmezligi, iskemik olmayan kalp yetmezligi ile iliskisi son yillarda
cikan ¢ok sayidaki c¢alismayla desteklenmistir (38). CHIP’e sebep olan bir somatik
mutasyona sahip olmanin koroner kalp hastaligi riskini 1.9 kat, miyokard infarkttsini (MI)
ise 4.0 kat arttirdig1 gosterilmistir (19). Bir diger ¢alismada, mutasyonlar artmis mortalite
riski ile iliskilendirilmis, bu riskin kanser 6liimleri ile agiklanamayacagi, verilerin artmis
kardiyovaskiiler mortalite ile iligskili oldugu goriilmistir (29). CHIP igin in vivo
calismalarda, en sik rastlanan mutant genlere gore modellenen hayvan c¢alismalarina
bakildiginda CHIP ile inflamasyon arasinda karsilikl bir iliski oldugu gdsterilmistir. Tet2 -
/- fare modellerinde IL-6 ve IL-1pB ifadesinin arttig1 (19,20,39,40), bu fare modellerinden
elde edilen makrofajlarda Tet2 kaybinin, IL-1f3, IL-6, Argl ifadesinin artmasina sebep
oldugu, TET2 mutasyonuna sahip myelodisplastik sendrom (MDS) ve kronik
myelomonositik 16semi (CMML) hastalarindan alinan makrofajlarda ise IL-6’nin ifade artis1
gosterilmistir (41). 65 yas tizeri saglikli insanlarda, CH mutasyonlarina sahip olan bireyler,
mutasyona sahip olmayan bireylerle Kkarsilastirildiginda C-reaktif protein (CRP)
diizeylerinde ve eritrosit sedimentasyon hizinda (ESR) bir farklilik olmamasina ragmen
serum IL-6 duizeyinin iki katina ¢iktig1 gézlenmistir (42). Buna ek olarak bir bagka ¢alismada
da TET2 geninde mutasyona sahip CHIP tasiyicisi kisilerde daha yiiksek IL-8 dolasim
seviyeleri gosterilmistir (19). Kardiyovaskdler hastalik tanili bireylerin tim genom sekans
analizlerinin incelendigi bir diger ¢alismada da >%0.10’dan biiyiikk VAF ile CHIP bulunan
bireylerde, azalmis IL-6 sinyal yolag1 varyasyonuna sahip olmanin kardiyovaskiiler hastalik

riskini azalttig1 gosterilmistir (43).

Cesitli organ sistemlerindeki ¢ok cesitli diger saglik sonuglar1 KH ile iliskilendirilmistir;
(44-49). Bu hastaliklar Sekil 2.1°de 6zetlenmistir.
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Sekil 2. 1. CHIP'in hastaliklarla iliskisi (50)

2.2.3. CHIP’IN ALZHEIMER HASTALIGI iLE iLiSKiSi

Ileri yaslarda, hematopoetik kok hticrelerde hiicrelerin islevleri ile ilgili birgok fonksiyonu
olan genlerde somatik mutasyonlarin gelistigi ancak bunlarin hiicrelerin farklilasma veya
olgunlagmasini engellemeden Dbiriktigi bilinmektedir. Zaman iginde biriken bu
mutasyonlarin hiicre islevleri ile ilgili baz1 gen aktivasyonlarina ve inflamatuar etkilere yol

actig1 kesfedilmistir.

AH inflamasyon iliskisi de dikkat ¢ekici sekilde karsimiza ¢gikmaktadir. Baglangigta monosit
/ makrofaj gibi immiin hiicrelerin nérodejeneratif hastaliklarin patolojisinde rolii olmadigi,
kan beyin bariyeri (KBB)’nin beyin endotelyumunda 6zel tasiyicilar ya da reseptorler
olmadikga, kandaki molekiillerin beyine girigini kisitladig: diisiiniiliiyordu. Ancak merkezi
sinir sisteminin (MSS) bagisiklik sisteminden ayr1 ve beyin enfeksiyonu kosullar1 haricinde

bagisiklik hiicresi dolulugu agisindan steril oldugu diisiincesi son birkag¢ on yilda literatiire



eklenen yeni c¢aligmalarla degismistir (51). Yasa bagli olarak KBB gegirgenliginin arttigi,
vaskiiler ve AH demansina sahip kisilerin ayn1 yastaki kontrol 6rnekleri ile kiyaslandiginda
bu artisin daha da fazla oldugu bildirilmistir (52). AH’li bireylerin beyin dokularinin
incelendigi otopsi ¢alismasinda, Cyclooxygenase-2 pozitif makrofajlarin beyin perivaskiiler
bosluga ve noropile (neuropile) sizdigr (53), periferal makrofaj ve notrofillerin beyin
parankimine gectigi farkli galismalarda gosterilmistir (54)(55)(56). Ayrica kandan, merkezi
sinir sistemine (MSS), IL-1a, IL-1B, IL-6, TNF-a gibi sitokinlerin doyurulabilir transport
sistemi araciligiyla gectigi bulunmustur (57). Bu bulgulara dayanarak, beynin diistintildiigi
gibi kan hiicreleri ve kan bilesenlerinden ¢ok da izole bir ortam olmadig1 goriisii gilincel
literatiirde mevcuttur (51). Bununla uyumlu olacak sekilde de amyloid-p birikiminin NLRP3
inflamazom yolagimi1 aktive etmesi yoluyla AH ile inflamasyon iliskisi siklikla

bildirilmektedir (5,58-60).

Bu bulgular, inflamasyonla iliskili olabilecek AH’nin de i¢inde bulundugu nérodejeneratif
hastaliklarin patolojisinde CHIP’in etkili olabilecegini diisiindiirmektedir (21). Literatire
bakildiginda CHIP ve AH arasindaki iliskinin incelendigi ilk ¢alisma Kadin Sagligi
Inisiyatifi Hafiza Calismasi (Women’s Health Initiative Memory Study (WHIMS)) nin
verilerinin incelendigi, hafif bilissel bozukluk ya da olas1 demans grubu ile kontrol grubunu
CHIP mutasyonu varlig1 acisindan karsilagtiran, CHIP mutasyonu sahibi olmanin biligsel
bozulma riski agisindan iliskisiz oldugunu gosteren bir poster sunumudur (61). ikinci
calisma ise 2021 yilinda 63. Amerikan Hematoloji Birligi’nin (American Society of
Hematology) kongresinde sunulan (62) ve 2023 yilinda Nature Medicine dergisinde
yayimlanan CHIP mutasyonlarinin AH iizerinde koruyucu etkisi oldugunu gosteren
calismadir (63). Bu ¢alismada 3 farkli projeden (FHS, CHS, ADSP) 1362 AH ve 4368 AH
tanis1 olmayan bireyin tim genom/ekzom sekans verileri incelenmis, meta-analiz sonucunda
CHIP varyantlarma sahip bireyler icin AH riskinin 0.64 oraninda azaltic1 etkisi oldugu
gosterilmistir. Ayrica CHIP tagtyicilarinin kan hiicrelerinde goriilen mutasyonlarin beyin
dokusunda bulunup bulunmadigini belirlemek i¢in, CHIP tastyicisi oldugu tespit edilen 8
bireyin beyin dokulart bu somatik varyantlar agisindan incelendiginde 6’sinda kanda
rastlanan ayni1 varyantlara rastlanmig, 2’sinde kandaki varyantlar tespit edilmemistir.
Beyinlerinde kandaki CHIP varyant: ile ayn1 varyanta sahip olan 6 bireyin AH demansi
olmadig1 ve AH iliskili ndropatolojik degisime sahip olmadiklari, tespit edilen 2 bireyin ise

AH demansina sahip olduklar1 belirtilmistir.



3. GEREKCE VE AMAC

Son 10 yilda amyloid seviyelerini diisiirmeyi amaglayan, hastaligin gerilemesinde veya
biliste iyilesme saglamayan birden fazla ilacin tekrarlanan basarisizligindan elde edilen
icgorulerden biri, Klinik olarak Alzheimer hastalig1 olarak adlandirilan hastaligin basit bir
durum olmadig1 ve her hastada tek bir biyolojik mekanizmaya bagli olmadigidir. Su andaki
mevcut ilaglar AH'nin ilerlemesini durdurmamakta ve tersine gevirmemektedir. Bu durum
bilim insanlarin1 hastalikla ilgili yeni hipotezler, farkli ¢alisma stratejileri gelistirmeye
zorlamaktadir. CHIP kapsaminda bilinen mutasyonlarin yaglilikla arttig1 bilinmekle beraber,
yaglilarda sik goriilen AH ile iligkisinin ¢alisilmasi bu alanda yeni bir a¢ilim yapmaya

adaydir ve son yillarin en gézde konularindan birisidir.

Kardiyovaskiiler hastaliklarla iliskisi gosterilen ve yaslanmayla birlikte olusan hematopoetik
kok hucrelerdeki somatik mutasyonlarin, inflamasyon araciligiyla AH’nin patogenezine
katk1 saglayabilecegi diistinlilmektedir. Bu tez calismasinin amaci Hematopoetik kok
hiicrelerde meydana gelen somatik mutasyonlarin, Alzheimer hastalig i¢in bir risk faktori

olup olmadigini arastirmaktir. Bu amaca ulagmak i¢in:

1) UK Biobank boylamsal ¢alismasina katilan hematolojik maligniteye sahip olmayan
AH tanis1 almis ve almamis yagh bireylerde, periferik kandan elde edilen DNA ile ¢aligilmis
Tum Ekzom Sekanslama (Whole exome sequencing (WES)) datasi somatik mutasyon

acisindan incelenmistir.

2) Olusturulan kohorttaki tiim katilimcilarin sahip olduklart hematolojik malignitelerle
iliskilendirilmis 74 gendeki CHIP varyantlar tespit edilerek, bu genlerdeki mutasyon profili,
VAF (Varyant alel frekansi) degeri ve mutasyon sayisi tespit edilmistir. Ayrica kohort
olusturulurken yaslanma ve ileri yasla birlikte siklig1 artan kompleks hastaliklar, UKB

saglikla iligkili veriler klasoriindeki farkli data alanlar1 kullanilarak diglanmstir.

3) Kohort igerisindeki hasta ve kontrol grubunun CHIP tasiyicilik oranlari belirlenmis,

istatistiksel olarak anlamliliklar arastirilmistir.



4. MATERYAL VE YONTEM
41. MATERYAL

Bu tez c¢alismasinda UK Biobank (UKB)’a ait Tum Exom Sekanslama (Whole Exome
Sequencing (WES)) veri seti ve fenotipik veriler kullanilmistir. Veri erisimi i¢in UK

Biobank’a proje basvurusunda bulunulmus, https://www.ukbiobank.ac.uk/enable-your-

research/apply-for-access proje 20 Nisan 2022 tarihinde kabul edilmistir.

(https://www.ukbiobank.ac.uk/enable-your-research/approved-research/a-uk-biobank-

longitudinal-study-of-clonal-haematopoiesis-and-risk-of-alzheimer-s-disease) Tiim ¢alisma

81793 ID’li “A UK Biobank longitudinal study of clonal haematopoiesis and risk of

Alzheimer's Disease” baslikli proje kapsaminda gerceklestirilmistir.

Bu tez ¢alismasinda kullanilan UK Biobank verileri icin, etik kurul iznine gerek yoktur. UK
Biobank, 2011 yilinda “UK Biobank: a large scale prospective epidemiological resource of
500,000 people aged 40-69 from around the UK” (Birlesik Krallik Biyobankasi: Birlesik
Krallik'in dort bir yanindan 40-69 yas arast 500.000 kisiden olusan biiylik olcekli ileriye
donlk bir epidemiyolojik kaynak) basligi ile NHS National Research Ethics Service North
West Multi-centre Research Ethics Committee (MREC)’sine yaptiklari basvuruda
(Referans no: 11/NW/0382) Arastirma Doku Bankas1 Kaynagi olarak etik izin almistir. Bu
onay, UK Biobank resmi arastirmacilari i¢in ayr1 bir etik izne ihtiya¢ duyulmadigi ve bu
onay kapsaminda arastirmacilarin aragtirmalarin1 yapabilecekleri anlamina gelmektedir.

(https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics)

4.2. YONTEM
4.2.1. KOHORTUN OLUSTURULMASI

UK Biobank 2006-2010 yillar1 arasinda galismaya katilan 40-69 yas aras1 500.000'den fazla
katilimeinin yer aldigi ¢ok genis ve ayrmtili, ileriye donlk bir ¢alismadir (64). Bu tez
calismasinda UK Biobank calismasina katilan katilimeilarin genomik ve fenotipik verileri

kullanilmistir.

81793 ID’li proje kapsaminda kullanilacak olan verilere erisim i¢in, dncelikle UK Biobank
Research Analysis Platform (RAP)’da kullanilan kullanict adi ve sifre olusturulmus
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https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/enable-your-research/approved-research/a-uk-biobank-longitudinal-study-of-clonal-haematopoiesis-and-risk-of-alzheimer-s-disease
https://www.ukbiobank.ac.uk/enable-your-research/approved-research/a-uk-biobank-longitudinal-study-of-clonal-haematopoiesis-and-risk-of-alzheimer-s-disease
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics

sonrasinda https://ukbiobank.dnanexus.com web adresinden sisteme giris yapilmgtir. i1k

olarak RAP igerisinde UK Biobank bagvuru kodu girilerek bir proje olusturulmustur. User-

ukb.robot datasetini olusturulan proje i¢ine dagitmistir. Olusturulan her yeni proje igerisine

user-ukb.robot en son yayinlanan veriyi dagitmaktadir. Bu tez ¢alismasinda, 2 Agustos 2023

tarihinde yaymlanan data seti version 16.1 kullanilmistir. Olustrulan proje 6.23 PiB

biiytikligiindedir. Sekil 4.1.’de gosterilmistir.

biﬂba“kk PROJECTS ~ TOOLS ~ ORG ADMIN ~ HELP ~ Q o .
Projects AL + New Project [k SUEY
AnyName v | | AnyID v Any Creator v | AnyShared With ~ | Any BilledTo »+ | | AnyAccess v Any PHIStatus v n =
Name Data Usage ~ Access Members Status UK Biobank Application ID Modified Tags m
& \Version 16.1 6.23 PIB Admin 2 Ready 81793 11/14/2023 10:39 PM
& My thesis project vi3.1 - Dec 20, 2022 6.23 PiB Admin 1 Ready 81793 10/5/2023 8:41 PM
&= UKBPROJEGT - Apr 13, 2023 6.2 PiB Admin 1 Ready 81793 6/15/2023 12:52 PM
&= My thesis project- May 06, 2022 6.17 PiB Admin 1 Ready 81793 10/7/2023 8:25 AM
14 of 4 items o

© 2023 DNAnexus, Inc. All Rights Reserved  Terms - Privacy - Cookies - Report Violation

Sekil 4. 1. RAP igerisinde olusturulmus projelerin ekran goriintiisii

Kohort dizayn1 ve tiim ham veri analizi RAP icerisinde gergeklestirilmistir. Kohort dizayni

icin platform icerisinde yer alan Kohort Tarayicist (Cohort Browser (CB)) kullanilmustir.
Kohort dizayni icin “app81793 20231007002440.dataset™ baslikli data seti kullanilmistir.
Bu data setinde 502,355 katilimcinin verisi mevcuttur. Sekil 4.2.’de RAP igerisinde CB

Uzerinden dataseti gosterilmistir.
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https://ukbiobank.dnanexus.com/

biobahk“ PROJECTS ©  TOOLS - ORG ADMIN ~ HELP - ﬂ ov

app81793_20231007002440.dataset
502,355 Participants 502,355 Participants

«“

08 Dashboard Actions

e
B
X

+ Add Filter

502,355 of 502,355 Participants

OVERVIEW  DATAPREVIEW  GENOMICS

@ Clear All Tiles <+ Add Tile

Sekil 4. 2. RAP icerisinde datasetinin gosterimi

Kohort dizayn edilirken ilk olarak; CB iizerinde “Filtre Ekle (Add Filter)” o6zelligi
araciligiyla, hematolojik kanser tanisi almig katilimcilar, kardiyovaskiiler hastalik tanisi
almis katihimeilar ve AH disindaki Demans tanis1 almis katilimcilar veri seti icerisindeki
kohorttan belirli veri alanlari ve belirli secenekler kullanilarak dislanmistir. Ikinci olarak;
kohort igerisinde genotype verisi kullanilarak genetik akrabaliga sahip tiim bireyler
dislanmistir. Uclincti olarak; “Genomik filtre ekle (Genomic Add Filter)” 6zelligi araciligla,
APOE2 ve APOE4 varyantlarina homozigotik veya heterozigotik olarak sahip tum bireyler
dislanmigtir. Dislama kriterleri uygulandiktan sonra belirli veri alanlari kullanilarak
kohorttaki AH tanis1 almig bireyler tespit edilmistir. AH tanisi alan grup “Hasta grubu”
olarak adlandirilmistir. Kohort icerisinden hasta grubu ile benzer yas ve cinsiyete sahip AH

tanis1 almamig ayn1 sayida katilimer secilerek “Kontrol grubu” olusturulmustur.

4.2.1.1. Dislama Ve icerme Kriterleri icin Kullanilan Veri Alanlar1 Ve Secenekleri

Kullanilan diglama faktorleri, veri alanlarina gore belirtilerek asagidaki basliklarda

gosterilmistir.

UKB fenotipik verileri 8 ana baslik altindadir. UK Biobank Fenotipik verilerinin oldugu data

alanlariin basliklar1 agagida belirtilmistir:
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Participant information (Katilimci bilgisi)

Population characteristics (Popiilasyon karakteristigi)
Assessment centre (Degerlendirme merkezi)
Biological samples (Biyolojik 6rnekler)

Genomics (Genomiks)

Online follow-up (Cevrimigi takip)

Additional exposures (Ek maruziyetler)
Health-related outcomes (Saglikla iliskili veriler)

LN wNE

RAP CB uzerinde data seti igerisindeki tim katilimcilar igerisinden eger belirli bir hastalik
grubunu igeren tim katilmecilar dislanmak ya da belirli bir hastalik tanisina sahip tim
katilimcilar bulunmak isteniyorsa; birden fazla data alani, bu alanlarin alt gruplar1 olan
instance’lar ve bu instance’larin alt gruplar1 olan array’ler igerisinde, belirlenen kriterler
kullanilarak tek tek “dislama (excluded)” ve “igerme (included)” islemi yapilmasi
gerekmektedir. Clinkii sistem igerisinde tiim hastalik verilerini igeren ve tiim data alanlarin
kapsayan tek bir data alan1 bulunmamaktadir. Asagida kullanilan tiim data alanlar1 ve

bunlarin alt gruplar belirtilmis, filtreleme islemleri asama asama gosterilmistir.

4.2.1.1.1. Kanser Kayitlar1 Veri Alam1 Kullanilarak Hematolojik Kanser Tanili Grubun

Dislanmasi

UKB datasetinde Hematolojik kanser tamli katilimcilar1 dislamak igin “Saglikla Iliskili
Veriler” bashg: altindaki kanser kayitlar1 (Cancer register (Kategori 100092)) veri alani
kullanmilmistir. Kanser kayitlar1 ICD-9 ve ICD-10 olmak iizere iki farkli alt kategoriye
ayrilmaktadir. UKB, Kanser kayitlari i¢in 1979-1996 yillari arasinda ICD-9 kodlarini, 1997
sonrasi i¢in de ICD-10 kodlarin1 kullanmistir. Yillara gore gosterimi Sekil 4.3.’te

gosterilmistir.
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England

Cancer data

NHS England

1979 - 1994

1995 onwards

1971 onwards

31 December 2020

Wales

NHS England

1979 - 1994

1995 onwards

1971 onwards

31 December 2016

Scotland

National Records of Scotland, NHS
Central Register

1980 - 1996

1997 onwards

1957 onwards

30 November 2021

Sekil 4. 3. Kanser kayitlarinda kullanilan kodlarin yillara gore gosterimi

ICD-10’a gore kanser tiirii (Type of cancer) kayitlarinin oldugu (Data alani: 40006) data

alani igerisinde Ingiltere, Galler ve Iskogya’dan 22 farkli merkeze (Instance) ait alt veri

alanlar1 bulunmaktadir. Bu alt veri alanlar igerisinde Cizelge 4.1.’de belirtilen kodlar

secilerek hematolojik kanser tiirleri i¢in diglama islemi yapilmustir.
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Cizelge 4. 1. ICD-10'a gore hematolojik kanser kodlar ve isimleri

ICD-10 | Chapter Il Neoplasms

1 |C92 Myeloid leukaemia

2 | C93 Monocytic leukaemia

3 | C9%4 Other leukaemias of specified cell type

4 | C95 Leukaemia of unspecified cell type

5 | C96 Other and unspecified malignant neoplasms of lymphoid, haematopoietic
and related tissue

6 | D45 Polycythaemia vera

7 | D46 Myelodysplastic syndromes

8 | D47 Other neoplasms of uncertain or unknown behaviour of lymphoid,

haematopoietic and related tissue

9 | D76 Certain diseases involving lymphoreticular tissue and reticulohistiocytic

system

ICD-9’a gore kanser tiirii (Type of cancer) kayitlarinin oldugu (Data alani: 40013) data alanm
icerisinde 14 farkli merkeze (Instance) ait alt veri alanlar1 bulunmaktadir. Bu alt veri alanlari
igerisinde Cizelge 4.2.’de belirtilen kodlar secilerek hematolojik kanser tiirleri i¢in dislama

islemi yapilmistir.
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Cizelge 4. 2. ICD-9’a gore hematolojik kanser kodlar1 ve isimleri

ICD-9 | Chapter Il Neoplasms

1 |205 Myeloid leukaemia

2 | 206 Monocytic leukaemia

3 | 207 Other specified leukaemias

4 | 208 Leukaemia of unspecified cell type

5 |2384 Polycythaemia vera

6 | 2385 Neoplasms of uncertain behaviour histiocytic and mast cells

7 | 2386 Neoplasm of uncertain behaviour of plasma cells

8 |2387 Neoplasms of uncertain behaviour of lymphoid, haematopoietic tiss

9 | 2388 Neoplasm of uncertain behaviour of other specified sites

10 | 2389 Neoplasm of uncertain behaviour of unspecified sites

11 | 2023 Malignant histiocytosis

12 | 2029 Other and unspecified malignant neoplasms of lymphoid and histiocytic

tissue

ICD-10 icin sadece ilk 6 (0-5 Instance), ICD-9 i¢in de sadece ilk 5 alan (0-4 Instance) alan
kullanilmistir. Diglama isleminin yapildigi 11 alanin ekran goriintiisii Sekil 4.4.°te

gosterilmistir. Sekilde gosterilen “9 values™ Cizelge 4.1.”de belirtilen kodlar, “12 values” ise

Cizelge 4.2.”de belirtilen kodlardr.
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Select PARTICIPANT IType of cancer: IGD10 | Instance 0 EXCLUDES 9 values & | AND IType of cancer: IGD10 | Instance 1 EXCLUDES 9 values @l AND IType of cancer: ICD10 | Instance 2 EXCLUDES 9 values @ | AND

|Tvne of cancer: ICD10 | Instance 3 EXCLUDES 9 valuss ®| AND I'I'yna of cancer: ICD10 | Instance 4 EXCLUDES 0 valuss @& | AND |Tyne of cancer: ICD10 | Instance 5 EXCLUDES 3 valuss @ |AND

[Tvpe of cancer: ICD9 | Instance 0 EXCLUDES 12 values @ | AND [rme of cancer: 16Ds [Instance 1 excLupes 12values @ | AND [Type of cancer: ICD9 | Instance 2 EXCLUDES 12 values ® | AND

[Fee of cancer: ICD8 [ Instance 3 EXCLUDES 12 values_ ® | AND [fyme of cancer: ICDS | Instance 4 EXCLUDES 12 values @ | AND  Source of report of 121 acute myocardial infarction) ISNOTANY OF 8values ® AND

Sekil 4. 4. CB uzerinde kanser turu verileri igin eklenen filtrelerin gosterimi

Diger Instance’lar Cizelge 4.1. ve 4.2.’de belirtilen kodlar i¢in bos oldugundan bu veri
alanlar1 diglama islemi i¢in kullanilmamustir. Bos olan ICD-10 icin instance 20 ve 21, ICD-

9 icin instance 13 ve 14 Sekil 4.5.”teki ekran goriintiisiinde 6rnek olarak gosterilmistir.

biobank’

PROJECTS ~

TOOLS -

ORG ADMIN

HELP

- B

£

~ 502,355 Participants

Untitled Cohort

502,355 of 502,355 Participants

app81793_20231007002440.dataset

502,355 Participants

+ AddFilter

ohort has no filters

(08 Dashboard Actions

OVERVIEW ~ DATAPREVIEW  GENOMICS
& Clear Al Tiles | + Add Tile

Typeofcancer:ICD10|In.. ¥ @ ®& x Type of cancer:ICD10 | In... ¥ © @& X Typeofcancer:ICD?|Ins... ¥ @ #& x Type of cancer:ICD9 | Ins... ¥ © @& X

1 Participant 1 Participant 1 Participant 0 Participants

Item Gount / Freq. Item ‘Count / Freq. Item Count / Freq. Item ‘Count / Freq.
Chapter | Certain infectious and parasi... 0 0.00% Chapter | Certain infectious and parasi... 0  0.00% Chapter | Infectious and parasitic dise... 0 0.00% Chapter | Infectious and parasitic dise... 0 0.00%
Chapter Il Neoplasms 1 Chapter Il Neoplasms 1 0.00% Chapter Il Neoplasms {140-239) 1 0.00% Chapter Il Neoplasms (140-239) 0 0.00%
Chapter Il Diseases of the blood and ... 0 Chapter lll Diseases of the blood and 0 0.00% Chapter lll Endocrine, nutritional and ... 0 0.00% Chapter lll Endocrine, nutritional and ... 0 0.00%
Chapter IV Endocrine, nutritional and ] Chapter IV Endocrine, nutritional and ... 0 0.00% Chapter IV Diseases of the blood and .. 0 0.00% Chapter IV Diseases of the bloodand ... 0  0.00%
Chapter V Mental and behavioural diso... 0 Chapter V Mental and behavioural diso... 0  0.00% Chapter V Mental disorders (230-319) 0 0.00% Chapter V Mental disorders (230-319) 0
Chapter VI Diseases of the nervous sy. 0 Chapter VI Diseases of the nervous sy... 0 0.00% Chapter VI Diseases of the nervous sy. 0 0.00% Chapter VI Diseases of the nervous sy... 0 D.
Chapter VIl Diseases of the eye and ad... 0 Ghapter VIl Diseases of theeye and ad... 0  0.00% Chapter VIl Diseases of the circulatory ... 0 0.00% Chapter VIl Diseases of the circulatory ... 0
Chapter Vil Diseases of theearandm... 0 Chapter Vill Diseases of the earand m... 0  0.00% Chapter ViI| Diseases of the respirator.. 0 0.00% Chapter Vil Diseases of the respirator... 0  0.00%
Chapter IX Diseases of the circulatery ... 0 Chapter IX Diseases of the circulatory ... 0 0.00% Chapter IX Diseases of the digestives.. 0  0.00% Chapter IX Diseases of the digestive s... 0  0.00%

Search Search Search Search

L

Sekil 4. 5. CB iizerinde kanser kayitlar1 lizerinden ICD-10 ve ICD-9 kodlari i¢in instance
20-21 ve 13-14’iin goriniimii

4.2.1.1.2. ilk Rapor Veri Alam Kullamlarak Kanser-Disi Hastahk Tamli Grubun

Dislanmasi

Saglikla iliskili veriler bashg altindaki Ilk rapor verileri (First Occurrences (data alani:
1712) kayitlar1 kanser dis1 hastaliklar1 diglamak i¢in kullanilmigtir. Bunlar; Birinci Basamak,

Hastane, Oliim ve Kisisel bildirim alanlarin1 temel almaktadir.
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Health-related outcomes = First occurrences (Kategori 1712)

e Kanserdis1 hastaliklar i¢in kullanilir.

I.  Primary Care data (Kategori 3000)
ii.  Hospital inpatient data (Kategori 2000)
iii.  Death Register records (Kategori 4001, 4002)
iv.  Self-reported medical condition codes (Kategori 2002)

Asagida bu dislama i¢in kullanilan Kardiyovaskiiler hastaliklar ve AH dis1 demans

hastaliklarinin veri alanlarinin isimleri ve data alan numaralar1 gosterilmistir.

Data alani: 2409 Kan dolasim sistemi (Circulatory system disorders) baslig altinda yer alan hastalik alanlari:

131299 Source of report of 121 {acute myocardial infarction)

131301 Source of report of 122 (subsequent myocardial infarction)

131303 Source of report of 123 {certain current complications following acute myocardial infarction)
131305 Source of report of 124 (other acute ischaemic heart diseases)

131307 Source of report of 125 (chronic ischaemic heart disease)

131351 Source of report of 148 (atrial fibrillation and flutter)

131355 Source of report of I50 (heart failure)

131361 Source of report of 160 (subarachnoid haemorrhage)

131363 Source of report of I61 (intracerebral haemorrhage)

131367 Source of report of I63 (cerebral infarction)

131369 Source of report of 164 (stroke, not specified as haemorrhage or infarction)
131289 Source of report of I11 (hypertensive heart disease)

131293 Source of report of I13 (hypertensive heart and renal disease)
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Data alani: 2405 Zihinsel ve Davranigsal bozukluklar (Mental and behavioural disorders) basligi altinda yer

alan hastalik alanlari

130839 Source of report of FO1 (vascular dementia)

130841 Source of report of FO2 (dementia in other diseases classified elsewhere)

130843 Source of report of FO3 (unspecified dementia)

Bu hastalik alanlarinda asagida belirtilen 8 kayit i¢in dislama islemi gergeklestirilmistir.

1. Death register only

Death register and other source(s)

Primary care only
Primary care and other source(s)

Hospital admissions data only

Hospital admissions data and other source(s)

Self-report only

=T B = T - — T L

Self-report and other source(s)

Dislama isleminin yapildig1 ilk rapor kayitlari kategorisi icerisinde kullanilan 16 alanin CB

tizerindeki filtreleme islemi Sekil 4.6.’da gosterilmistir.

Select PARTICIPANT Type of cancer: [CD10 | Instance 0 EXCLUDES 9 valuss & AND Type of cancer: ICD10 | Instance 1 EXCLUDES Ovalues ® AND | Type of cancer: ICD10 | Instance 2 EXCLUDES Gvalues ® AND
Type of cancer: IGD10 | Instance 3 EXCLUDES 9values @ AND  Type of cancer: ICD10 | Instance 4 EXCLUDES Svaluss & AND Type of cancer: ICD10 | Instance 5 EXCLUDES 9values ® AND

Type of cancer: IGD9 | Instance 0 EXCLUDES 12 valuss ® AND Type of cancer: ICD3 | Instance 1 EXCLUDES 12 valuss ® AND Type of cancer: IGD9 | Instance 2 EXCLUDES 12 valves ® AND

Type of cancer: ICD8 | Instance 3 EXCLUDES 12valuss @ AND  Typs of cancer: ICDS | Instance 4 EXCLUDES 12valuss ® AND |5mm:e of report of 121 (acute myocardial infarction) IS NOT ANYOF 8 values @

[Source of report of 122 (subsequent myocardial infarction) IS NOT ANY OF 8 values AND [Source of report of 123 (certain current i following acute infarction) ISNOT ANY OF Bvalues @&
P quent myo

Source of report of 124 (other acute ischaemic heart diseases) ISNOTANYOF 8 values ® I AND ISource of repart of 125 (chronic ischaemic heart disease) ISNOT ANY OF 8 values & IAND

[Source of report of 148 (atrial fibrillation and fiutter) 1S NOT ANY OF 8 valuss ®| AND | Source of report of I50 (heart failure) ISNOT ANYOF 8valuss ® | AND

ISDur-:e of report of 160 (subarachnoid haemorrhage) ISNOTANYOF 8 values @ |AND| Source of report of I61 (intracerebral haemorthage) ISNOTANY OF 8 values ® | AND

[Source of repert of 163 (cerebral infarction) IS NOT ANY OF 8 valuzs @ | AND |Suume of report of 164 (stroke, not specified as haemorrhage or infarction) IS NOT ANY OF & values ®| AND

[Source of report of Fo1 (vascular dementia) IS NOT ANYOF_8 values @ | AND ISnulDe of report of FO2 (dementia in other diseases classified elsewhere) ISNOTANY OF 8values @ | AND

[Source of report of F03 funspecified dementia) ISNOT ANY OF 8valuss @ | AND | Gancer code, self-reported | Instance 0 EXCLUDES hasmatological malignancy @& = AND

Cancer code, self-reported | Instance 1 EXCLUDES haematclogical malignancy ® AND  Cancer code, self-reported | Instance 2 EXCLUDES haematclogical malignancy & = AND

Gancer code, self-reported | Instance 3 EXCLUDES haematological malignancy ®  AND  [Source of report of 111 (hypertensive heart disease] ISNOT ANY OF 8values @ | AND

ISDuﬂ:e of report of 13 (hypertensive heart and renal disease) ISNOTANYOF 8valuss ® I AND  Underlying (primary) cause of death: ICD10 | Instance 0 EXCLUDES 28 values ® AND

Sekil 4. 6. CB iizerinde ilk rapor kayitlar1 verileri i¢in eklenen filtrelerin gdsterimi
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4.2.1.1.3. S6zIU Goriisme Veri Alan1 Kullanilarak Hematolojik Kanser Tanili Grubun

Dislanmasi

Dataseti igerisindeki Hematolojik kanser tanili katilimcilari kohorttan ¢ikarmak igin
“Degerlendirme merkezi” baslig1 altindaki katilimci tarafindan beyan edilen kanser tanisi ile

olusturulan data alan1 kullanilmistir. Bu data alani 4 Instance igermektedir.
Degerlendirme merkezi basligi altindaki alt kategoriler asagida gosterilmistir.

Assessment centre = Verbal interview (Category 100071) - Medical conditions (Category
100074) - Cancer code, self-reported (Category 20001)

Instance 0
Instance 1
Instance 2
Instance 3

Bu alanlardan “haematological malignancy” klasoriindeki tiim katilimcilar diglanmistir.

Sekil 4.7.”de gosterilmistir.

Select PARTICIPANT  Type of cancer: ICD10 | Instance 0 EXCLUDES 9valuss & AND Type of cancer: ICD10 | Instance 1 EXCLUDES 9values @ | AND Type of cancer: ICD10 | Instance 2 EXCLUDES Qvalues ® AND
Type of cancer: ICD10 | Instance 3 EXCLUDES valuss ® AND Type of cancer: ICD10 | Instance 4 EXCLUDES 9values @ AND |Type of cancer: ICD10 | Instance 5 EXCLUDES Qvalues ® AND

Type of cancer: ICD8 | Instance 0 EXCLUDES 12 value: AND  Type of cancer: ICD | Instance 1 EXCLUDES 12values @ | AND  Type of cancer: ICD9 | Instance 2 EXCLUDES {2 values ® AND

Type of cancer: ICD8 | Instance 3 EXCLUDES AND Type of cancer: ICD9 | Instance 4 EXCLUDES 12 values @ | AND  Source of report of 121 (acute myocardial infarction) ISNOTANYOF 8values @ AND

Source of report of 122 (subsequent myoca: on) IS NOTANY OF 8values @ AND Source of report of 123 (certain current lications following acute infarction) ISNOTANYOF Bvalues ® AND

Source of report of 124 (other ad mic heart diseases) ISNOTANYOF Bvalues @ AND Source of report of 125 (chroni ic heart disease) ISNOTANY OF Svalues ® AND

Source of report of 148 (atrial fibrillation and flutter) ISNOTANYOF 8values @ AND Source of report of 150 (heart failure) ISNOT ANY OF Bvalues @ AND
Source of report of 160 (subarachnoid haemorrhage) ISNOTANY OF 8values @ AND  Source of report of 161 (intracerebral haemorrhage) ISNOTANYOF 8values ® AND
Source of report of 163 (cerebral infarction) ISNOT ANY OF Svaluss @ AND  Source of report of 64 (stroke, not specified as hasmorrhage of infarction) ISNOTANY OF 8values ® AND

Source of report of FO1 (vascular dementia) ISNOTANYOF 8valuss & AND  Source of report of F02 (dementia in other diseases classified elsewhere) ISNOTANY OF 8values & | AND

Source of report of F03 (unspecified dementia) ISNOT ANY OF 8values ® AND ICancer code, self-reported | Instance 0 EXCLUDES hasmatological malignancy @& | AND

Cancer code, self-reported | Instance 1 EXCLUDES hasmatological malignancy @ | AND [Cancer code, self-reported | Instance 2 EXCLUDES hasmatological malignancy & | AND

Gancer code, seli-reported | Instance 3 EXCLUDES haematological malignancy @ | AND | Source of report of H1 (hyperiensive heart disease) ISNOT ANYOF 8values @ AND

Sekil 4. 7. CB uzerinde 6z-bildirim verileri icin eklenen filtrelerin gosterimi

4.2.1.1.4. Hastane Kayitlar1 Veri Alam Kullamlarak Secilen 1CD-9 Ve ICD-10

Tanilarina Gore Dislama

Saglikla iligkili veriler baslig1 altindaki hastane tan1 kayitlarinin altinda yer alan ICD-10 ve

ICD-9 i¢in olan iki farkli data alani kullanilarak hematolojik kanser, kardiyovaskuler
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hastaliklar ve AH disindaki Demans tiirleri diglanmigtir. CB iizerinde diglama iglemi Sekil.
4.8‘de gosterilmistir. Dislama isleminde kullanilan ICD-10 ve ICD-9 kodlar1 ve agiklamalari
Cizelge 4.3. ve Cizelge 4.4.‘te gosterilmistir.

Contributory (secondary) causes of death: ICD10 | Instance 0| Array 2 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 3 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 4 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 5 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 6 EXCLUDES 28 values & AND

Genetic kinship to other participants 15 No kinship found ¢

anp o | With HOSPITAL DIAGNOSIS RECORD  Diagnoses - ICD9 EXCLUDES 32 values &

AND With HOSPITAL DIAGNOSIS RECORD  Diagnoses - ICD10 EXCLUDES 28 values &

Sekil 4. 8. CB iizerinde hastane kayit verileri i¢in eklenen filtrelerin gosterimi
Saglikla iliskili veriler bagligr altindaki kullanilan alt kategoriler asagida gosterilmistir.

1) Health-related outcomes - Hospital inpatient - Record level Access - Hospital

diagnoses record - Diagnoses ICD10

2) Health-related outcomes - Hospital inpatient - Record level Access - Hospital
diagnoses record - Diagnoses ICD9
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Cizelge 4. 3. Hastane kayitlari verisi kullanilarak dislanan ICD-10 kodlar

ICD-10 | Chapter 11 Neoplasms

1 |C92 Myeloid leukaemia

2 | C93 Monocytic leukaemia

3 | CY4 Other leukaemias of specified cell type

4 | C95 Leukaemia of unspecified cell type

5 | C96 Other and unspecified malignant neoplasms of lymphoid, haematopoietic and
related tissue

6 | D45 Polycythaemia vera

7 | D46 Myelodysplastic syndromes

8 | D47 Other neoplasms of uncertain or unknown behaviour of lymphoid,
haematopoietic and related tissue

9 |D76 Certain diseases involving lymphoreticular tissue and reticulohistiocytic
system
Chapter IX Diseases of the circulatory system

10 | 111.0 Hypertensive heart disease with (congestive) heart

111|113 Hypertensive heart and renal disease

12 | 120-125 | Ischaemic heart diseases

13| 148 Atrial fibrillation and flutter

14 1150 Heart failure
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Cizelge 4.3. (devam)

ICD-10 | Chapter IX Diseases of the circulatory system
15| 160 Subarachnoid haemorrhage
16 | 161 Intracerebral haemorrhage
17 | 163 Cerebral infarction
18 | 164 Stroke, not specified as haemorrhage or infarction
Chapter V Mental and behavioural disorders
19 | A81.0 Sporadic Creutzfeldt-Jakob disease
20 | FO1 Vascular dementia
21 | FO2 Dementia in other diseases classified elsewhere
22 | FO3 Unspecified dementia
23 | F05.1 Delirium superimposed on dementia
24 | F10.6 Mental and behavioural disorders due to use of alcohol - amnesic syndrome
25| G31.0 Circumscribed brain atrophy
26 | G31.1 Senile degeneration of brain
27 | G31.8 Other specified degenerative diseases of nervous system
28 | 167.3 Binswanger's disease
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Cizelge 4. 4. Hastane kayitlari verisi kullanilarak dislanan ICD-9 kodlart

ICD-9 | Chapter Il Neoplasms
1 |205 Myeloid leukaemia
2 | 206 Monocytic leukaemia
3 | 207 Other specified leukaemias
4 | 208 Leukaemia of unspecified cell type
5 |2384 Polycythaemia vera
6 | 2385 Neoplasms of uncertain behaviour histiocytic and mast cells
7 | 2386 Neoplasm of uncertain behaviour of plasma cells
8 |2387 Neoplasms of uncertain behaviour of lymphoid, haematopoietic tiss
9 | 2388 Neoplasm of uncertain behaviour of other specified sites
10 | 2389 Neoplasm of uncertain behaviour of unspecified sites
11 | 2023 Malignant histiocytosis
12 | 2029 Other and unspecified malignant neoplasms of lymphoid and histiocytic tissue
Chapter VII Diseases of the circulatory system
13 | 410 Acute myocardial infarction
14 | 411 Other acute and subacute forms of ischaemic heart disease
15 | 412 Old myocardial infarction
16 | 4140 Coronary atherosclerosis
17 | 4148 Other specified forms of chronic ischaemic heart disease
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Cizelge 4.4. (devam)

ICD-9 | Chapter VII Diseases of the circulatory system
18 | 4149 Chronic ischaemic heart disease, unspecified
19 | 4273 Atrial fibrillation and flutter
20 | 428 Heart failure
21 | 430 Subarachnoid haemorrhage
22 | 431 Intracerebral haemorrhage
23| 434 Occlusion of cerebral arteries
24 | 436 Acute but ill-defined cerebrovascular disease
Chapter V Mental disorders
25| 290.2 | Senile dementia, depressed or paranoid type
26 | 290.3 | Senile dementia with acute confusional state
27 | 290.4 | Arteriosclerotic dementia
28 | 291.2 | Other alcoholic dementia
29 | 294.1 | Dementia in other conditions classified elsewhere
30| 331.1 | Pick's disease
31 | 331.2 | Senile degeneration of brain
32| 331.5 | Creutzfeldt-Jakob disease
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4.2.1.1.5. Olum Kayitlar1 Veri Alam1 Kullamlarak Segilen ICD-9 Ve ICD-10 Tamlarina

Gore Dislama

Saglikla iliskili veriler bashg altindaki Oliim kayitlar alt baslig1 altindaki birincil ve ikincil
6lum sebepleri verileri ICD-10 kodlar1 kullanilarak hematolojik kanser, kardiyovaskuler
hastaliklar ve AH disindaki Demans tiirleri dislanmistir. CB iizerinde dislama iglemi Sekil.

4.9.°da gosterilmistir. Diglama isleminde Cizelge 4.3.’te belirtilen kodlar kullanilmistir.
Saglikla iliskili veriler baghigi altindaki kullanilan alt kategoriler agagida gosterilmistir.

1) Health-related outcomes - Death register - Death cause of record = Underlying

(primary) cause of death

2) Health-related outcomes - Death register - Death cause of record - Contributory

(secondary) causes of death

Birincil 6lim nedenleri (Underlying (primary) cause of death: ICD10 (data alan1:40001))

veri alan1 Instance 0 ve Instance 1’den olusmaktadir.

Ikincil 6liim nedenleri (Contributory (secondary) causes of death: ICD10 (data alani:
40002)) veri alan1 Instance 0 Array (0-14) Instance 1 Array (0-14) olmak Uzere toplam 30
farkli alandan olusmaktadir. Kullanilan alanlar Cizelge 4.5.’te gosterilmistir. Diger veri
alanlar1 dislama isleminde kullanilacak ICD-10 kodlarini igermediginden bu data alanlarina

filtre eklenmemistir. CB tizerinde kullanilan filtreler Sekil 4.9.’da gosterilmistir.
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Cizelge 4. 5. Oliim nedenleri kayitlar1 alaninda kullanilan alt veri alanlari

T

Death cause of record

L. Underlying (primary) cause of death Instance 0

2. Underlying (primary) cause of death Instance 1

3. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 0

4. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 1

5. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 2

6. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 3

7. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 4

8. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 5

9. Contributory (secondary) causes of death: ICD10 Instance 0 | Array 6

Select PARTICIPANT  Type of cancer: ICD10 | Instance 0 EXCLUDES 9 AND | Type of cancer: ICD10 | Instance 1 EXCLUDES 9valuss @ AND Type of cancer: ICD10 | Instance 2 EXCLUDES Jvalues &  AND

Type of cancer: IGD10 | Instance 3 EXCLUDES Type of cancer: ICD10 | Instance 4 EXCLUDES Svaluss @ AND  Type of cancer: IGD10 | Instance 5 EXCLUDES 9 values ® AND

® ® ®
>
z
=]

Type of cancer: ICD8 | Instance 0 EXCLUDES AND Type of cancer: ICD9 | Instance 1 EXCLUDES 12valuss @ AND Type of cancer: IGD3 | Instance 2 EXCLUDES 12 values @ AND

Type of cancer: ICD9 | Instance 3 EXCLUDES @  AND Type of cancer: ICD9 | Instance 4 EXCLUDES 12 values @ AND Source of report of 121 (acute myocardial infarction) ISNOT ANYOF 8values ® AND
Source of report of 122 (subsequent myocardial infarction) IS NOTANY OF Bvaluss ® AND | Source of report of 123 (certain current complications following acute myocardial infarction) IS NOT ANY OF 8values @ = AND
Source of report of 124 (other acute ischaemic heart diseases) ISNOTANYOF Bvalues ®  AND  Source of report of 125 (chronic ischaemic heart disease) ISNOT ANY OF 8values ® AND

Source of report of 148 (atrial fibrillation and Tlutter) ISNOTANY OF &values @& | AND  Source of report of 150 (heart failure) IS NOTANY OF Gvaluss ® AND

Source of report of 160 (subarachnoid haemorrhage) ISNOTANY OF 8values ® AND  Source of report of 161 (intracerebral haemorrhage) ISNOT ANY OF 8 values ® = AND

Source of report of 163 (cerebral infarction) ISNOT ANY OF 8 val

= @ AND Source of report of 164 (stroke, not specified as haemorrhage or infarction) ISNOTANY OF Buvalues @ AND
Source of report of FO1 (vascular dementia) ISNOTANYOF 8values @ AND Source of report of F02 (dementia in other diseases classified elsewhere) ISNOTANYOF 8values @ = AND
Source of report of F03 (unspecified dementia) ISNOT ANVOF 8valuss @ | AND  Cancer code, self-reported | Instance 0 EXCLUDES hasmatological malignancy ® = AND

Cancer code, self-reported | Instance 1 EXCLUDES haematological malignancy ® = AND | Cancer code, self-reported | Instance 2 EXCLUDES hasmatological malignancy ® AND

Cancer code, self-reported | Instance 3 EXCLUDES haematolegical malignancy ® | AND | Source of report of I11 (hypertensive heart disease) ISNOTANYOF valuss @& | AND

Source of report of 113 (hypertensive heart and renal disease) ISNOTANYOF 8valuss ® AND |Underlying (primary) cause of death: ICD10 | Instance 0 EXCLUDES 26 valuss @ | AND

Underlying (primary) cavse of death: ICD10 ] Instance 1 EXCLUGES 28 valu=s @ | AND [ Contributory [secondary] causes of death: IGD10 |Instance 0| Afvay 0 EXCLUDES 28 valves @I AND

GContributory (secondary) causes of death: ICD10 | Instance 0 | Array 1 EXCLUDES

AND |cunmbmoq (secondary) causes of death: ICD10 | Instance 0 | Array 2 EXCLUDES 28 values ® IAND

Gontributory (secondary) causes of death: ICD10 | Instance 0 | Array 3 EXCLUDES 28

AND [Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 4 EXCLUDES 28 values & | AND

I Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 5 EXCLUDES 28 ®| AND I Contributory [secondary) causes of death: ICD10 | Instance 0 | Array 6 EXCLUDES 28 values @I AND

Sekil 4. 9. CB uzerinde 6lum nedenleri verileri i¢in eklenen filtrelerin gosterimi
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4.2.1.1.6. Genotiplendirme Veri Alam1 Kullanilarak Genetik Akrabahg Olan

Katimcilarin Dislanmasi

UKB datasetinde Genotype verilerine gore en az bir akrabalik iligkisi belirlenenler, akrabalik
dislanimu siirecinde ¢ikarilan bireyler ile on ve daha fazla tiglincii dereceden akrabalik iligkisi

belirlenen katilimcilar kohorttan diglanmustir.
Bu dislama iglemi i¢in CB lzerinde asagida belirtilen data alanlar1 kullanilmstir.
1) Genomics = Genotypes > Genotyping process and sample QC

“genetic kinship to other participant” (Data-Field 22021) data alan1 igerisinde “No kinship
found” secenegi se¢ilmistir. Bu islem Sekil 4.10.’da gosterilmistir. CB (izerinde genetik

akrabaligin diglanmasi i¢in yapilan filtreleme Sekil 4.11.’de gosterilmistir.

4.2.1.1.7. Tim Dislama Islemleri Sonrasinda Olusturulan Kohort

502,355 katihmcili UKB datasetinden, fenotipik veriler kategorisindeki saglikla iliskili
veriler, degerlendirme merkezi verileri ve genomiks verileri kullanilarak hematolojik
maligniteler, kardiyovaskiiler hastaliklar ve AH dis1 demans hastaliklarina sahip katilimcilar
cikartlmistir. Ayrica kohort igerisinde genetik akrabaliga sahip tiim katilimcilar ¢alismadan
dislanmstir. Filtreme islemleri sonrasinda 270,735 katilimer elenmis, 231,620 katilimcidan
olusan “Cohort ICD9/10EXCLUDEDandNOKINSHIP_final” olarak isimlendirilen kohort
RAP igerisindeki projeye kaydedilmistir. Kohort Sekil 4.12.’de gésterilmistir.
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EDIT FILTER l Cohort without SNPs

Genetic kinship to other participants

IS ANY OF ~

Add value...

Mo kinship found

At least one relative identified

Ten or more third-degree relatives identified

Participant excluded from kinship inference process

Sekil 4. 10. Genetik akrabalik filtresinin CB {izerinde kullaniminin gosterimi

Source of report of F02 (dementia in other diseases classified elsewhere) ISNOT ANYOF Bvalues ® ~AND
Source of report of FO3 (unspecified dementia) ISNOT ANYOF Bvalues ® = AND

Cancer code, self-reported | Instance 0 EXCLUDES haematological malignancy ® ~AND

Cancer code, self-reported | Instance 1 EXCLUDES haematological malignancy & AND

Cancer code, self-reported | Instance 2 EXCLUDES haematological malignancy ® = AND

Cancer code, self-reported | Instance 3 EXCLUDES haematological malignancy & AND

Source of report of 111 (hypertensive heart disease) ISNOT ANYOF 8values ® ~AND

Source of report of 113 (hypertensive heart and renal disease) ISNOT ANYOF 8values @ ~AND
Underlying (primary) cause of death: ICD10 | Instance 0 EXCLUDES 28 values ® AND

Underlying (primary) cause of death: ICD10 | Instance 1 EXCLUDES 28 values ® AND

Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 0 EXCLUDES 28 values ® = AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 1 EXCLUDES 28 values ® =AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 2 EXCLUDES 28 values @ | AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 3 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0| Array 4 EXCLUDES 28 values & AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 5 EXCLUDES 28 values ® = AND

Gontributory {secondary) causes of death: IGD10 | Instance 0 | Array 6 EXCLUDES 28 values @ | AND

| Genetic kinship to other participants Is Mo kinship found @ |

anp With HOSPITAL DIAGNOSIS RECORD  Diagnoses - ICDS EXCLUDES 32 values &

Sekil 4. 11. CB lizerinde genetik akrabalik verisi i¢in eklenen filtrelerin gosterimi
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I)i()baﬂ'kuk PROJECTS ~  TOOLS~  ORGADMIN >~  HELP v Q o v

< app81793_20231007002440.dataset Cohort_ICD9/10EXCLUDEDandNOKINSHIP_final
¥ 502,355 Participants 231,620 Participants

T 08 Dashboard Actions

[
B

Cohort_ICD9/10EXCLUDEDar + AddFilter = & Clear All Filters x

231,620 of 502,355 Participants Select PARTICIPANT | Type of cancer: ICD10 | Instance 0 EXCLUDES 8 values @ AND |Type of cancer: ICD10 | Instance 1 EXCLUDES 9 values @
Type of cancer: IGD10| Instance 2 EXCLUDES 9values @ | AND  Type of cancer: IGD10 | Instance 3 EXCLUDES 9 values @
Type of cancer: ICD10 | Instance 4 EXCLUDES 9values @& AND Type of cancer: ICD10 | Instance 5 EXCLUDES 9values & AND
Type of cancer: ICDS | Instance 0 EXCLUDES 12 values @ AND Type of cancer: ICD9 | Instance 1 EXCLUDES 12 values
Type of cancer: IGD9 | Instance 2 EXCLUDES 12 values @ AND Type of cancer: ICD9 | Instance 3 EXCLUDES 12 values G AND
Type of cancer: ICD9 | Instance 4 EXCLUDES 12 values @ AND Source of report of 121 (acute myocardial infarction) ISNOT ANY OF 8 values ® AND
Source of report of 122 (subsequent myocardial infarction) ISNOTANY OF Bvalues ® AND

‘Source of report of 123 (certain current lications following acute ial infarction) 1S NOT ANY OF Bvalues @ AND

‘Source of report of 124 (other acute ischaemic heart diseases) IS NOT ANY OF Bvalues ® AND

Source of report of 125 (chronic ischaemic heart disease) ISNOTANYOF Bvalues ® AND

Source of report of 148 (atrial fibrillation and flutter) 1s NOT ANYOF 8values ® AND  Source of report of 150 (heart failure) IsNOT ANY OF 8values ® = AND
‘Source of report of 160 (subarachnoid haemerrhage) 1S NOT ANY OF 8values & AND

Source of report of 161 (intracerebral haemorrhage) 1S NOTANYOF Bvalues @ AND  Source of report of 163 (cerebral infarction) ISNOTANY OF B values &

AND  Source of report of 164 (stroke, not specified as haemorrhage or infarction) ISNOTANYOF 8values ® AND

Source of report of FO1 (vascular dementia) ISNOT ANY OF 8values ® ~AND
Source of report of FO2 (dementia in other diseases classified elsewhere) ISNOT ANYOF Bvalues ® = AND
Source of report of F03 (unspecified dementia) IS NOT ANYOF 8values ® ~AND

‘Gancer code, self-reported | Instance 0 EXCLUDES haematological malignancy @ AND

‘Cancer code, self-reported | Instance 1 EXCLUDES haematological malignancy &
‘Cancer code, self-reported | Instance 2 EXCLUDES haematological malignancy @ AND
Cancer code, self-reported | Instance 3 EXCLUDES haematological malignancy &
Source of report of 111 (hypertensive heart disease) IsNOTANY OF 8values & AND

‘Source of report of 113 {hypertensive heart and renal disease) IsNOT ANY OF Bvalues ® AND
Underlying (primary) cause of death: ICD10 | Instance 0 EXCLUDES 28 values ® AND
Underlying (primary) cause of death: ICD10 | Instance 1 EXCLUDES 28 values ® AND
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 0 EXCLUDES 28 values
Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 1 EXCLUDES 28 values

Contributory (secondary) causes of death: IGD10 | Instance 0 | Array 2 EXCLUDES 28 values

Contributory (secondary) causes of death: IGD10 | Instance 0 | Array 4 EXCLUDES 28 values

®
®
®

Contributory (secondary) causes of death: ICD10 | Instance 0 | Array 3 EXCLUDES 28 values @ AND
®
Gontributory (secondary) causes of death: IGD10 | Instance 0 | Array 5 EXCLUDES 28 values ®
®

‘Contributory (secondary) causes of death: ICD10 | Instance O | Array 6 EXCLUDES 28 values

‘Genetic kinship to other participants 15 No kinship found ®
anp With HOSPITAL DIAGNOSIS RECORD  Diagnoses - ICD9 EXCLUDES 32 values @

AND With HOSPITAL DIAGNOSIS RECORD  Diagnoses - ICD10 EXCLUDES 28 values &

Sekil 4. 12. Filtreleme iglemleri sonrasinda olusturulan kohort
4.2.1.1.8. Genomik Filtreleme Araci Kullamlarak APOE?2/4 Varyantlarinin Dislanmasi

CB uzerinde genomik filtreleme aract kullanilarak rs7412 ve rs429358 SNP’lerinden

herhangi birine homozigotik veya heterozigotik olarak sahip tiim bireyler diglanmistir.

Dislama igin ilk olarak dataseti icerisindeki bu SNP’lere sahip bireylerden olusan bir kohort
dizayn edilmistir. 502,355 katilimcidan rs7412 SNP’ine homozigotik veya heterozigotik
olarak sahip 71,915 katilime1, rs429358 SNP’ine homozigotik veya heterozigotik olarak
sahip 133,371 katilimcinin oldugu filtreleme araglari kullanilarak bulunmustur. Hem rs7412

hem de rs429358’e homozigotik veya heterozigotik olarak sahip 11.678 katilimc1 vardir.
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rs7412 ve 1s429358°den herhangi birine homozigotik veya heterozigotik olarak sahip olan
katilimcilardan olusan kohortun CB iizerinde dizayni Sekil 4.13.’te gosterilmistir. Toplamda
193,599 katilimcidan olusan ve “rs429358&rs7412” olarak isimlendirilen bir kohort

olusturup, proje igerisine kaydedilmistir. Kohortun CB Uzerinde gorinimii Sekil 4.14.’te

gosterilmistir.

-+ Edit Genomic Filter X

GENE/EFFECT  VARIANTID

Select Participant with matching variants:

Zygosity
Any Homozygous Heterozygous

Matching variants can be of any zygosity.

Variant IDs

rs7412, rs429358|

Enter Variant ID (chr_pos_ref_alt) or RSID (rs1234567). Only 100 values are accepted.

Cancel Apply Geno Filter

Sekil 4. 13. Genomik filtreleyici igerisine eklenen rsID’lerin CB {izerinde goriiniimii

biobank” rrokcts-  Tools-  ORGADMING  HELP - a o y
< app81793 20231007002440.dataset | rs429358&rs7412 05 Dashbosrd Actions
502,355 Participants 193,599 Participants
rs4293588&rs7412 + AddFilter | € Clear All Filters & x
193,599 0f 502,355 Participants Select PARTICIPANT +

AnD - With GENOTYPE ID rs429358 rs7412 &

OVERVIEW  DATAPREVIEW  GENOMICS

Sekil 4. 14. rs7412 ve rs429358¢ sahip bireylerden olusan kohortun CB (zerinde
gorinimu
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Ikinci olarak proje igerisindeki “Cohort ICD9/10EXCLUDEDandNOKINSHIP_final”
kohortu ile “rs429358&rs7412” kohortu CB’nin “Cohort Combine” &zelligi kullanilarak
“combination logic : subtraction” secenegi secilerek
“Cohort_ICD9/10EXCLUDEDandNOKINSHIP final” kohortundan rs7412 ve rs429358
SNP’lerinden herhangi birine homozigotik veya heterozigotik olarak sahip tiim katilimcilar

dislanmistir. Yapilan islem Sekil 4.15.’te gosterilmistir.

€ Cohort Combine X

Create a new cohort by combining existing cohorts.

Select Cohorts
(Up to 5 cohorts) A Cohort_ICD9/10EXCLUDEDandNOKINSHIP_final (€3]

B rs429358&rs7412 ®

4 Add Cohort

Combination Logic
C L) @ &

Intersection Union Subtraction Unique

Members must be in A but not in B.

(®) Calculate Result Size Cancel

Sekil 4. 15. Cohort combine 6zelliginin CB iizerindeki goriiniimii

Subtraction islemi sonrast 140,531 katilimcidan olusan
“Cohort ICD9/10EXCLUDEDandNOKINSHIP final without APOE2/4” olarak
isimlendirilen kohort proje igerisine kaydedilmistir. “Cohort Combine” islemi sonrasi

olusturulan kohortun CB iizerinde goriinimii Sekil 4.16.’da gosterilmistir.
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biobank" rrokcrs.  toois. oRGADMING  HELP - fa ev

< 2pp81793 20231007002440.dataset Cohort_ICD9/10EXCLUDEDandNOKINSHIP_final_without_APOE2/4
=~ 502,355 Participants 140,531 Participants

Cohort_ICD9/10EXCLUDEDar -+ AddFilter & B x

140,531 of 502,355 Participants Select PARTICIPANT | ®, SUBTRACTIONOF 2Cohorts | +

OVERVIEW  DATAPREVIEW  GENOMICS

Sekil 4. 16. “Cohort Combine” islemi sonrasi olusturulan kohortun CB iizerinde goriiniimii
4.2.1.1.9. Hasta Ve Kontrol Grubunun Belirlenmesi

“Cohort ICD9/10EXCLUDEDandNOKINSHIP final without APOE2/4” kohortuna CB

Uzerinde belirtilen 4 farkli alandan icerme kriterleri eklenmistir.

1. Hastane kayitlar1 ICD9 verileri icerisinde 3310 Alzheimer's disease koduna gore O

katilimc1 bulunmustur.

2. Hastane kayitlar1 ICD10 verileri icerisinde FOO Dementia in Alzheimer's disease ve G30

Alzheimer's disease koduna gore 283 katilime1 bulunmustur.

3. Ik rapor verileri veri alami icerisinde FOO Dementia in Alzheimer's disease alt baslig

altinda 211 katilimci bulunmustur.

4. ilk rapor verileri veri alani igerisinde G30 Alzheimer's disease alt bashig1 altinda 299

katilimc1 bulunmustur.

Bu 4 farkli veri alanindaki grup, CB’nin “birlestir” 6zelligi kullanilarak birlestirilmis,
toplamda Alzheimer Hastalig1 tanisi almis 299 katilimeir bulunmustur. Bu grubun CB
tizerinde “Data Preview” boliimiinden ID listesi, yas ve cinsiyet verileri elde edilmistir. Bu
grup yasa gore biiylikten kiiglige dogru gore siralanmig ilk 100 katilimer “hasta grubu”
olarak belirlenmistir. Bu grup igerisinde Bulk data klasériinde CRAM dosyas1 bulunmayan
katilimcilar gruptan ¢ikarilmis, siraya gore bir diger katilimc1 gruba dahil edilmistir.

“Cohort_ICD9/10EXCLUDEDandNOKINSHIP final without APOE2/4” kohortu
icerisinden, Hastane kayit ICD9 ve ICD10, ilk rapor verileri veri alanlarina gére Alzheimer
hastalig1 tanis1 almamis ve hasta grubu ile benzer yas ve cinsiyete sahip olan ve de Bulk data
icerisinde CRAM dosyasina sahip olan 100 katilimci segilerek “kontrol grubu” olarak

belirlenmistir.
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4.2.2. WES VERISININ ANALIiZi

4.2.2.1. WES Verisi

WES veri analizi icin ham data olarak veri seti 16.1 icerisinde Bulk data klasoriindeki,

Exome sequences alt klasértnin icerisindeki CRAM dosyalar1 kullanilmistir.

biobank' rerokcrs-  Tools-  orRGADMING  HELP- 0n ov
=] Version_jé‘j_ ~ SETTINGS ~MANAGE  MONITOR  VISUALIZE @ Back to Classic Version ~ Access: Admin &
~ B3 Version_16.1 & All Projects > Version_16.1 > Bulk > Exome sequences > Exome OQFE CRAM files > 10 Add v m h g 1
O BAM
Current Foider Only v | | AnyName ~ | AnyID v | | AnyType v | | AnyClass n =
~ & Bulk
» & Activiy Name Type/Class Created Created By Modified = m
> B Brain MRI o [ 23143_0_0.cram.crai File Sep 23 2021, 12:22 AM user-ukb.robot Oct 07 2023, 5:11 4
> © Carotid Ultrasound
1] 23143_0_0.cram.cral File Sep 23 2021, 2:50 AM user-ukb.robot Oct 07 2023, 5:11 4
> © Electrocardiogram I 5130 P
~ & Exome sequences 0 23143 0_0.cram.crai File Sep 23 2021, 3:28 AM user-ukb.robot Oct 07 2023, 5:11/
~ & Exome OQFE CRAM files
- o [ 23143_0_0.cram.crai File Sep 23 2021, 5:47 AM user-ukb.robot Qct 07 2023, 5:11 4
o o M 23143 0 o.cram.crai File Sep 23 2021, 6:14 AM user-ukb.robot Oct 07 2023, 5:11
D12
o1 0 [ 23143 _0_O.cram.crai Flle Sep 23 2021, 7:26 AM uset-ukb.robot Oct 07 2023, 5:11 4
B 14 0 23143 0_0.cram.crai File Sep 23 2021, 8:15 AM user-ukb.robot Oct 07 2023, 5:11/
D15
- n I 23143 0 0.cram.cral File Sep 23 2021, 8:17 AM user-ukb.robot Oct 07 2023, 5:11
1500F1,000 ftems () Total: 18,710 tems Q2345 . 20

© 2023 DNAnexus, Inc. All Rights Reserved  Terms - Privacy - Gookies - Report Violation

Sekil 4. 17. RAP uzerinde Exome sequences klasoriiniin gosterimi

Exome OQEF CRAM files klasorii sekans verilerinin i¢inde bulundugu 60 farkli klasérden
ve helper klasoriinden olusmaktadir. Dosya isimleri her katilimciya igin benzersiz (unique)
olan 7 haneli sayiya ek olarak data alan1 ismini (23143) de i¢ermektedir. CRAM dosyalari,
bu dosyalarin index dosyalar1 olan CRAI dosyalari ile birlikte bulunmaktadir. Bu data alani
toplamda 469,901 katilimcinin WES verisini icermektedir.

WES datasinin olusum asamasi, periferik kandan elde edilen genomik DNA 6rneklerinin
UK Biobank’tan Regeneron Genetics Center’a gonderilmesi ve hazirlik agamasina kadar -
80 °C’de saklanmasi ile baglamistir. Exome verileri, tamamlayici problar dahil olmak tizere
IDT xGen Exome Research Panel v1.0 kullanilarak tiretilmistir. Bu panelde 19,396 gen = 39
Mbp (milyon baz cifti) hedeflenmistir. DNA 0ornekleri enzimatik olarak 200 baz cifti
biiyiikliigiinde fragmentlere kesilmistir. Adaptor olarak Y-shaped adaptorler kullanilmistir.
DNA fragmentlerine 10 bazlik 6zgiin, asimetrik barkodlar eklenmistir. Overnight exome

yakalama igleminden 6nce tiim orneklerden esit miktarda alinarak pool olusturulmustur.
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Yakalanan DNA’lar PCR islemi ile amplifiye edilmistir. Quantatif PCR ile miktarlar
Ol¢iilmiistiir (65).

Multiplekslenmis drnekler, Illumina NovaSeq 6000 platformunda S2 (ilk 50.000 rnek) ve
S4 (sonraki tiim Ornekler) flow cell’leri kullanilarak dual-indexed 75x75 bp paired-end

okuma yoluyla sekanslanmistir (66).

CRAM dosyalar1 Original Quality Functionally Equivalent (OQFE) protokolii kullanilarak
FASTQ dosyalarinin orijinal kalite skorlarini koruyacak sekilde tiretilmistir. Bu protokolle,
tim ek hizalamalar korunarak ham data (FASTQ) BWA-MEM ile GRCh38 referansina
deterministik bir sekilde hizalanmistir (67).

4.2.2.2. WES Verisinin islenmesinde Kullanilan Araclar
4.2.2.2.1. Swiss Army Knife (Version 4.9.1)

Swiss Army Knife (SAK) ortak dosya islemlerini veya biyoinformatik manipiilasyonlari
gerceklestirmek i¢in kullanilabilecek genel bir uygulamadir. Bu uygulama bir veya daha
fazla giris dosyast ile "komut satirina" karsilik gelen uygun bir komutun yazilmasiyla
calistiritlir. SAK c¢alistiginda, giris dosyalarinizi sanal bir bulut bilgisayardaki gegici bir
Klasore indirir, komut satirini galistirir ve klasor ig¢inde olusturulan tiim yeni dosyalari

otomatik olarak geri yukler.

Bu uygulama ile Cizelge 4.6.”da belirtilen tiim biyoinformatik araglar ¢aligtirilabilir.
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Cizelge 4. 6. SAK icerisindeki araglar

Arac adl
1. bcftools (v1.15.1)
2. bedtools (v2.30.0)
3. BGEN (v1.1.7)
4. bgzip (v1.15.1)
5. BOLT-LMM (v2.4)
6. Picard (v2.27.1)
7. Plato (2.1.0-beta4)
8. plink (v1.90b6.26)
9. plink2 (v2.00a3.1LM)

10. QCTool (v2.2.0)

11. REGENIE (v3.1.1)
12. sambamba (v0.8.2)
13. samtools (v1.15.1)
14, seqtk (v1.3 r106)
15. tabix (v1.15.1)

16. | vcflib (v1.0.3)

17. vcftools (v0.1.16)

4.2.2.2.2. Mutectcaller (Parabricks Accelerated)

Mutectcaller uygulamasi, SNV ve indelleri tespit edebilmek i¢in kullanilan somatik varyant
cagirict GATK Mutect2’nin NVIDIA tarafindan GPU hizlandirilmis halidir. Sekil 4.18’de

uygulamanin is akis1 gosterilmektedir.
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Sekil 4. 18. Mutectcaller uygulamasinin is akisi

Bu uygulamanin ¢alismasi i¢in 3 girdi dosyasi zorunludur.

1. BWA Reference Genome Index dosyast

2. BAM dosyas1 (Tumor input)

3. Input dosyasinin ismi (Bu isim BAM dosyasinin SM tag’ini igermek zorundadir.)

BWA Reference Genome Index dosyasi asagida belirtilen 10 dosyadan .tar.gz dosyast
yaratilmasiyla olusturulmustur. Bu dosyalar DNAnexus Community websayfasinda
paylasilan link araciligiyla elde edilmistir. Link asagida belirtilmistir. Bu dosya icerisinde

yer alan 10 farkli dosyanin isimleri asagida belirtilmistir.

htips://s3 amazonaws.com/parabricks.sample/parabricks sample.tar. gz
parabricks_sample/Ref/Hxoma_sapiens_assembly38._fasta
parabricks_sample/Ref/Hxomo_sapiens_assembly38.fastapac
parabricks_sample/Ref/Hxoma_sapiens_assembly38. fasta.ann
parabricks_sample/Ref/Hxomo_sapiens_assembly38.known_indels.vcfgztbi
parabricks_sample/Ref/Hxoma_sapiens_assembly38 fastaamb
parabricks_sample/Ref/Hxomo_sapiens_assembly38.dict
parabricks_sample/Ref/Hxoma_sapiens_assembly38. fasta fai
parabricks_sample/Ref/Hxomo_sapiens_assembly38.known_indels.vefgz
parabricks_sample/Ref/Hxomao_sapiens_assembly38. fasta bwt
parabricks_sample/Ref/Hxomo_sapiens_assembly38.fasta.sa

Parabricks_sample.tar.gz dosyasi linkten indirildikten sonra, BWA Reference Genome

Index dosyast Windows isletim sistemi kullanilarak terminal iizerinden olusturulmustur.

37



Dosya 4.09 GiB biiyiikligiindedir. Olusturulduktan sonra RAP icerisinde daha Once

olusturulan proje igerisine yiiklenmistir.
4.2.2.2.3. SnpEff Annotate

VCF dosyalarinin anotasyonu i¢in kullanilmistir. Araci ¢alistirmak i¢in anote edilecek VCF

dosyasini ve referans genomu se¢mek yeterlidir.

4.2.2.3. WES Verisinin Islenme Basamaklari
4.2.2.3.1. CRAM Dosyasinin BAM Dosyasina Doniistiiriilmesi

Bu islem RAP igerisinde uygulamalar kitiiphanesinde yer alan Swiss Army Knife (SAK)
(Version 4.9.1) uygulamasi icerisindeki samtools Kiti kullanilarak ger¢eklestirilmistir.

Girdi dosyast olarak CRAM dosyasina ek olarak helper klasoriiniin igerisinde yer alan

GRCh38 full analysis set plus decoy hla.fa dosyas1 kullanilmistir.
Komut olarak;

“samtools view -T GRCh38_full_analysis_set_plus_decoy_hla.fa -b
XXXXXXX_ 23143 _0_0.cram > outputXXXXXXX.bam

kullanilmistir. Asagidaki sekilde RAP igerisinde Monitor boliimiinde yapilan ise ait is

Ozetini gosteren ekran goriintiisii yer almaktadir.

B My thesis project v13.1- Dec 20, 2022 SETTINGS MANAGE MONITOR  VISUALIZE Access: Admin &
All Executions / Swiss Army Knife » LaunchasNew Job [ Viewlog

Swiss Army Knife STATE STARTED RUNNING DURATION cosT

Job @ Done £0.0119 Final

Execution Tree Info

3:53:38PM 3:56:19PM 3:59:01PM 4:01:42PM 3/2,4:04:24PM
Name

@ Swiss Army Knife (i | ViewLog Swiss Army Knife =]
(]

Inputs and Qutputs
Job-GQe9j9QIbBpgqb5yVK7Q82Z (=}

INPUTS ® Show All Inputs OUTPUTS Instance Type

Input files (in} Outpuit files (out) mem1_ssd2 v2_x4

23143_0_0.cram
GRCh38_full_analysis_set_plus_decoy_hla.fa GRCh38_full_analysis_set_plus_decoy_hla.fa.fai Output Folder

Gommand line (ema)
view =T GRCh38_full_analysis_set_plus_decoy_hla.fa -b

CJ My thesis project vi3.1 - Dec... @
samtools )
I 23143 0 0.cram > output.bam

Executable

Sekil 4. 19. CRAM dosyasindan BAM dosyasina doniistiirme iginin RAP igerisindeki

goruntusu
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Bu uygulamada birden fazla girdi dosyasi secilebildigi i¢in kullanilan komutta for dongiisii
yaratilarak CRAM dosyalart BAM dosyalarina gruplar halinde dontistiiriilmustiir. Asagida

kullanilan komut gosterilmistir.

“for cram_file in *.cram; do samtools view -T
GRCh38_full_analysis_set_plus_decoy_hla.fa -b "${cram_file}" >

"output_${cram_file}.bam"; done”
4.2.2.3.2. BAM Dosyalarimin SM Taglerinin Bulunmasi

Bu islem RAP igerisinde uygulamalar kiitiiphanesinde yer alan Swiss Army Knife (SAK)

(Version 4.9.1) uygulamasi igerisindeki samtools kiti kullanilarak gergeklestirilmistir.
Girdi dosyasi olarak BAM dosyast segilmistir.

Komut olarak;

“samtools view -H XXXXXXX.bam | grep '‘@RG "~

kullanilmistir. Asagidaki sekilde RAP igerisinde Monitor boliimiinde yapilan ise ait is

Ozetini gdsteren ekran goriintiisii yer almaktadir.

& My thesis project v13.1 - Dec 20, 2022 SETTINGS ~ MANAGE ~ MONITOR  VISUALIZE Access: Admin &

All Executions / Swiss Army Knife » LaunchasNew Job [ ViewLog

Swiss Army Knife STATE STARTED RUNNING DURATION cosT

Job @ Done £0.0017 Final
Execution Tree Info
11:04:12PM 11:04:35 PM 11:04:58 PM 11:05:21 PM 9/24, 11:05:44 PM
Name
© Swiss Army Knife 2m  Viewlog Swiss Army Knife (=}
L}
Inputs and Outputs
job-GZ89GGQIbBPXXGTAYVEZO5T v D)
INPUTS ® Show All Inputs OUTPUTS Instance Type

Input files (in) 5 No Outputs mem1_ssd2_v2_x4

Command line (cmd) Output Folder

samtools view -H WENWWSBLban | grep 'GRG 3 My thesis projectvi3.1 - Dec...

Executable

Sekil 4. 20. BAM dosyasinin SM tag’ini bulma isinin RAP icerisindeki goriintiisii

Is tamamlandiktan sonra SM tag, log dosyas: goriintiilenerek elde edilir. Asagida érnek bir

log dosyas1 gosterilmistir.
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++ ++ samtools view -H 18@1615.bam

++ ++ grep @RG

@PG ID:bwa PM:bwa CL:bwa mem -t 4
«/GRCHh3B_full_analysis_set_plus_decoy_hla/GRCh38_full_analysis_set_plus_decoy_hla.fa

. /UKE_INN, ;| igned_1_R1.fastq ./UKB_J e, - | igned_1_R2.fastq -R

@RGN\TID: UKE S — , "\ Pl ILLUMINANTPU: HTYG3DSXX, 2\ t5M : UKE_ st | B : HTYG3DSKX Y -K
100000008 VN:0.7.17-r1188

@PG ID:bwa.l PN:bwa CL:bwa mem =t 4
./GRCh38_full_analysis_set_plus_decoy_hla/GRCh38_full_analysis_set_plus_decoy_hla.fa

. /UKE_Seeneeneeeenesde 2 | igned_2_R1.fastq ./UKE_DESoeeeneeesnesss . aligned_2_R2.fastq -R
@RGN\EID:UKB_2064881_339978959. 3\ tPL: ILLUMINANTPU: HTYG3DSKX . 3\ t5M : UKD _ et | 5 : HTYGIDSKX Y -K
100000000 VN:0.7.17-r1188

@PG ID:bwa.2 PN:bwa CL:bwa mem -t 4
./GRCh38_full_analysis_set_plus_decoy_hla/GRCh38_full_analysis_set_plus_decoy_hla.fa

. /UKE_ T . ;| igned @ R1.fastq ./UKE e o igned @ R2.fastq =R

@RG\tID: UKE_ . 1", t P : TLLUMINAN tPU: HTYG3DSXX. 1\ tSM: UKE_ T, | B : HTYG3DSXX -Y -K
100000000 VN:0.7.17-r1188

@PG ID:bwa.3 PN:bwa CL:bwa mem -t 4
./GRCh38_full_analysis_set_plus_decoy_hla/GRCh38_full_analysis_set_plus_decoy_hla.fa

«/UKE_ kbl 21 ioned 3 R1.Tastq ./UKE pieniiiiilly . 2L igned_3_R2.fastg -R

@RG\tID: UKE_ N . 4, tFL : TLLUMINAY tPU: HTYG3DSXX. 4\ tSM: UKE_ T ', t | B : HTYG3DSXX =Y -K
100000000 VN:9.7.17-r1188

@RG ID:UKB. 1 LB:HTYG3IDSKX PL:ILLUMINA PU:HTYG3DSXX.1 SM:UKB_.
@RG ID:UKB. 2 LB:HTYG3DSXX PL:TILLUMINA PU:HTYG3DSXX.2 SM:UKB_!
@RG ID:UKB. 4 LB:HTYG3DSXX PL:ILLUMINA PU:HTYG3DSXX.4 SM:UKB_!
@RG ID:UKB. 3 LB:HTYG3DSXX PL:ILLUMINA PU:HTYG3DSXX.3 SM:UKB_
++ + set +x

Close

Sekil 4. 21. BAM dosyasina ait SM tag’in log dosyasindaki goriintiisii

Bu uygulama “Batch Run” 6zelligine sahiptir. Bu islem birden fazla input dosyasi segilerek

ayn1 anda birden fazla run yapilarak gerceklestirilmistir.

4.2.2.3.3. BAM Dosyasinin VCF Dosyasina Doniistiiriilmesi

Bu islem RAP igerisinde uygulamalar kiitliphanesinde yer alan Mutectcaller (Parabricks

accelerated) (Version 4.1.0) uygulamasi kullanilarak gerceklestirilmistir.
Girdi dosyas1 olarak:

1. BWA Reference Genome Index i¢in; daha 6nce olusturulmus .bwa-index.tar.gz dosyasi

2. bam/cram file for tumor reads i¢in; CRAM dosyasinin doniistiirmesi ile elde edilmis BAM

dosyas1

3. Name of sample for tumor reads i¢in; log dosyasindan elde edilen SM tag

kullanilmistir. Bu islem sonunda VCF dosyasi elde edilmistir. Asagidaki sekilde RAP
icerisinde Monitor bdliimiinde yapilan ise ait is Ozetini gOsteren ekran goriintiisii yer

almaktadir.
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B3 My thesis project vi13.1 - Dec 20, 2022 SETTINGS ~ MANAGE MONITOR  VISUALIZE

Al Executions / Mutectcaller (Parabricks accelerated)

Access: Admin

&

» LaunchasNewJob [ ViewLog

Mutectcaller (Parabricks accelerated) STATE STARTED RUNNING DURATION cost
Job @ Done £0.2763 Final
Execution Tree Info
2:07:06 PM 2:09:40 PM 2:12:15PM 2:14:50 PM 8/29,2:17:25 PM
Name
@ Mutectcaller (Parabricks accelerated) 10m  Viewlog Mutectoaller (Parabricks accelerate 1
]
Inputs and Outputs
job-GYfx12QJbBpzj FOGIx35TP} (=}
INPUTS OUTPUTS Instance Type
BWA Reference Genome Index (ref) output_variants mem2_ssd1_gpud_x48
Ref.bwa-index. tar.gz Lvef
barm/cram file for tumor reads in_tumor_bam) Output Folder
[ My thesis project v13.1 - Dec... I
Name of sample for tumor reads. (tumor_name)
uKa_h_ Executable
@ pbmutectcaller_ukb
app-GVgk9ZjJXB9GE089Bgx3z... T

Sekil 4. 22. Mutectcaller uygulamasinda BAM dosyasinin VCF dosyasina doniistiirme

isinin RAP icerisindeki goriintiisii

Bu uygulama “Batch Run” 6zelligine sahiptir. Bu islem birden fazla input dosyasi segilerek

ayn1 anda birden fazla run yapilarak gerceklestirilmistir.

4.2.2.3.4. VCF Dosyasinin Anotasyonu

Bu islem RAP igerisinde uygulamalar kiitiiphanesinde yer alan SnpEff Annotate (Version

2.1.2) uygulamasi kullanilarak gerceklestirilmistir.

Girdi dosyast olarak VCF dosyasi kullanilmistir. Referans genome olarak default mode olan

“GRCh38.p13 release from NCBI’s RefSeq” se¢ilmistir. Asagidaki sekilde RAP igerisinde

Monitor béllmiinde yapilan ige ait is 6zetini gosteren ekran goriintiisii yer almaktadir.
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B My thesis project v13.1- Dec 20,2022 SETTINGS ~ MANAGE ~ MONITOR  VISUALIZE Access: Admin &

All Executions / SnpEff Annotate » LaunchasNew Job = [R ViewLog

SanffAnnotate STATE STARTED RUNNING DURATION COosT

Job @ Done £0.0120 Final

Execution Tree Info

11:24:55 PM 11:26:39PM 11:28:22 PM 11:30:05 PM 9/24,11:31:48 PM
Name

@ SnpEff Annotate 7m Viewlog SnpEff Annotate B
o

Inputs and Outputs
job-GZ89bGjIbBpzzyxGGVzvZX1 (=]

INPUTS @ Show All Inputs OUTPUTS Instance Type

Variants (variants_vcf) Annotated Variants (annotated_vef) mem1_ssd1_v2 x16

Lvef . s rpEff.vef.gz

Annotated Variants Index (annotated_vcf_tbi) Output Folder

- SNPEfT.vef.gz. thi [ My thesis project v13.1 - Dec... I

Executable

@ snpeff_annotate
2pp-G6xb40QOY 1P40VAEGFX}6... 0

Sekil 4. 23. SnpEff Annotate uygulamasinda VCF dosyasinin anotasyonu isinin RAP

icerisindeki goruntasi

Bu uygulama “Batch Run” 6zelligine sahiptir. Bu islem birden fazla input dosyasi segilerek

ayn1 anda birden fazla run yapilarak gerceklestirilmistir.
4.2.2.3.5. Anote Edilen VCF Dosyalarinin Filtrelenmesi

Bu islem RAP igerisinde uygulamalar kiitliphanesinde yer alan Swiss Army Knife (SAK)
(Version 4.9.1) uygulamas: icerisindeki beftools kiti kullanilarak gerceklestirilmistir. islem
sonucunda sadece incelenecek genlerdeki varyantlart1 igeren bir VCF dosyasi

olusturulmustur.

Bu islemde kullanilmak iizere incelenmek istenen genlerin lokasyonlarini igeren bir bed
dosyasi, IDT xGen Exome Arastirma Paneli v1.0 kapsaminda kullanilan hedeflenen genlerin
GRCh38’¢ gore koordinatlarin1 gosteren “xgen_plus_spikein.GRCh38.bed” dosyasi
modifiye edilerek yeniden olusturulmustur. Incelenecek genlerin isimleri ve GRCh38’e gore

koordinatlar1 Cizelge 4.7.’de gosterilmistir.
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Cizelge 4. 7. Incelenen genler ve lokasyonlari

Gen adi Kromozom numarasi & Lokasyon
1 |GNB1 Chrl: 1,785,286 - 1,891,087
2 |CSF3R Chrl: 36,466,043 - 36,483,314
3 |MPL Chrl: 43,337,818 - 43,354,466
4 |JAK1 Chrl: 64,833,229 - 65,067,746
5 |NRAS Chrl: 114,704,469 - 114,716,771
s |SETDBL Chrl: 150,926,263 - 150,964,737
7 |DNMT3A Chr2: 25,227,874 - 25,342,590
g |ASXL2 Chr2: 25,733,753 - 25,878,487
9 |SF3B1 Chr2: 197,389,784 - 197,435,093
10 |IDH1 Chr2: 208,236,227 - 208,255,071
11 |IKZF2 Chr2: 212,999,698 - 213,152,456
12 |SETD2 Chr3: 47,016,436 - 47,164,840
13 |CBLB Chr3: 105,655,461 - 105,869,449
14 |GATAZ Chr3: 128,479,422 - 128,493,201
15 |STAG1 Chr3: 136,336,236 - 136,752,378
16 |KIT Chr4: 54,657,957 - 54,740,715
17 |TET2 Chr4: 105,145,875 - 105,279,803
18 |CSFIR Chr5: 150,053,295 - 150,113,365
19 |[NPM1 Chr5: 171,387,116 - 171,410,900
20 |PHIP Chr6: 78,934,419 - 79,078,254
21 |PDSS2 Chré: 107,152,562 - 107,459,564
22 |IKZF1 Chr7: 50,303,455 - 50,405,101
23 |CUX1 Chr7: 101,816,007 - 102,283,958
24 |LUCTL2 Chr7: 139,340,472 - 139,423,454
25 |BRAF Chr7: 140,713,328 - 140,924,929
26 |EZH2 Chr7: 148,807,383 - 148,884,291
27 |RAD21 Chr8: 116,845,934 - 116,874,776
28 |JAK2 Chr9: 4,984,390 - 5,129,948
29 |GATA3 Chr10: 8,045,333 - 8,075,198
30 |PTEN Chr10: 87,863,625 - 87,971,930
31 |SMC3 Chr10: 110,567,695 - 110,606,048
32 |WT1 Chrl1: 32,387,775 - 32,435,539
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SF1

33 Chr11: 64,764,606 - 64,778,542
34 |EED Chrll: 86,244,753 - 86,287,615
35 |MLL/KMT2A Chrll: 118,436,492 - 118,526,832
36 |CBL Chrll: 119,206,339 - 119,308,149
37 |ETV6 Chrl2: 11,649,674 - 11,895,377
33 |ETNK1 Chr12: 22,625,171 - 22,690,665
39 |KRAS Chrl2: 25,205,246 - 25,250,929
a0 |MLL2/KMT2D Chrl2: 49,018,978 - 49,060,794
41 |PRPF40B Chr12: 49,622,646 - 49,644,665
42 |PTPN11 Chrl2: 112,418,947 - 112,509,918
43 |FLT3 Chr13: 28,003,274 - 28,100,576
44 |PDSSB Chr13: 32,586,452 - 32,778,019
45 |IDH2 Chr15: 90,083,045 - 90,102,468
46 |CREBBP Chri6: 3,725,054 - 3,880,713

47 |CTCF Chri6: 67,562,526 - 67,639,185
48 |PRPF8 Chrl7: 1,650,629 - 1,684,867

a9 |TP33 Chrl7: 7,668,421 - 7,687,490

so |NF1 Chr17: 31,094,927 - 31,377,677
51 |SUZ12 Chri17: 31,937,007 - 32,001,038
52 |IKZF3 Chrl7: 39,757,715 - 39,864,312
53 |PPM1D Chr17: 60,600,193 - 60,666,280
s4 |GNA13 Chrl7: 65,009,289 - 65,056,740
55 | SRSF2 Chrl7: 76,734,115 - 76,737,411
s6 |SETBP1 Chri8: 44,680,073 - 45,068,510
57 |JAK3 Chr19: 17,824,782 - 17,847,982
sg |CEBPA Chr19: 33,299,934 - 33,302,534
s9 |U2AF2 Chr19: 55,655,035 - 55,674,716
60 |ASXL1 Chr20: 32,358,331 - 32,439,319
61 |GNAS Chr20: 58,839,748 - 58,911,192
62 |RUNX1 Chr21: 34,787,801 - 35,049,302
63 |U2AF1 Chr21: 43,092,956 - 43,107,578
64 |SF3Al Chr22: 30,331,988 - 30,356,894
65 |EP300 Chr22: 41,092,592 - 41,180,077
66 |ZRSR2 ChrX: 15,790,484 - 15,823,260
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67 |BCOR ChrX: 40,051,246 - 40,177,329
68 |KDM6A ChrX: 44,873,188 - 45,112,779
69 |GATAL ChrX: 48,786,590 - 48,794,311
70 |SMCI1A ChrX: 53,374,149 - 53,422,728
71 |STAG2 ChrX: 123,960,560 - 124,102,656
72 |BCORL1 ChrxX: 129,980,313 - 130,058,071
73 |PHF6 Chrx: 134,373,312 - 134,428,790
74 |BRCC3 ChrX: 155,071,508 - 155,123,077

Girdi dosyasi olarak; .snpEff.vcf.gz, snpEff.vcf.gz.tbi ve bed dosyasi se¢ilmistir. Kullanilan
komut agagida belirtilmistir

“beftools  view  -R  xgen_plus_spikein.GRCh38.bed = XXXXXXX.snpEff.vcf.gz >
XXXXXXX filtered.vcf”

Asagidaki sekilde RAP igerisinde Monitor boliimiinde yapilan ise ait is Ozetini gosteren

ekran goriintiisii yer almaktadir.

[=] Versfon_].é.i N SETTINGS  MANAGE MONITOR  VISUALIZE Access: Admin &

All Executions / Swiss Army Knife » LaunchasNew Job = [ View Log

Swiss Army Knife STATE STARTED RUNNING DURATION cosT

Job @ Done £0.0015 Final
Execution Tree Info
349:21PM 3:49:43PM 3:50:04 PM 3:50:26 PM 11/13, 3:50:47 PM
Name
© Swiss Army Knife m  Viewlog Swiss Army Knife @
(]
Inputs and Qutputs
Job-Gb91fB8I2Z9yxplqyKz0zg: [u}
INPUTS @ Show All Inputs OUTPUTS Instance Type
Input files (in) Output files (out) mem1_ssd2 v2 x4
xgen_plus_spikein.GRCh38.bed B filtered.vcf
. snpEff.vcf.gz Output Folder

W . snpEff.vcf.gz.thi
[ Version_16.1/ panel of nomal  If

bcftools view -R xgen_plus_spikein.GRCh38.bed WENNEE.snpEff.vcf.gz >
wem———_filtered.vcf Executable

© swiss-army-knife
app-GKyyzJQ8514BKIq4iFkGX1K [0

Sekil 4. 24. SAK uygulamasinda anote edilmis VCF dosyasinin bed dosyas1 kullanilarak

filtrelenmesi isinin RAP igerisindeki goriintiisu

Bu uygulamada birden fazla girdi dosyasi secilebildigi i¢in kullanilan komutta for dongiisii
yaratilarak anote edilmis VCF dosyalar1 gruplar halinde filtrelenmistir. Asagida kullanilan

komut gosterilmistir.
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“for file in *.snpEff.vcf.gz; do bcftools view -R xgen_plus_spikein.GRCh38.bed "${file}" >
"output_${file}.vcf"; done”

4.2.2.3.6. Anote Edilen Ve Filtrelenen VCF Dosyasinin Tabular Veriye Doniistiiriilmesi

Bu islem RAP igerisinde Jupyterlab boliimiinde gerceklestirilmistir. Kullanilan komutlar
sekil 4.25.°te gosterilmistir. Bu islem ile VCF dosyalari .csv dosyalarina doniistiirilmiis ve

her 6rnek i¢in bir varyant listesi elde edilmistir.

DNARnexus Remaining 0d Oh47m51s (U TRTT)

° File DNAnexus Edit View Run Kemel Tabs Settings Help

- D * C Untitled.ipynb % | F exported_table.csv x |+ %
=+ K002 2 - ot O

El

E m/ import io &

2

2 Name - Last Modified

= - import os
H exported_t... 2 minutes ago

o «[A Untitled.ip... a minute ago import pandas as pd

def read_vcf(path):
= with open(path, 'r') as f:
- lines = [1 for 1 in f if not L.startswith{'##')]
return pd.read_csv(
» i0.StringIO("'.join(lines)),
dtype={'#CHROM': str, 'P0S': int, 'ID': str, 'REF': str, 'ALT': str,
'QUAL': str, 'FILTER': str, 'INFO': str},
sep="\t'
). rename(columns={"'#CHROM': 'CHROM'})
df_vcf = read_vcf('/mnt/project/Sonuc, M. vcf')

‘CHROM', 'POS', 'ID', 'REF', 'ALT', 'QUAL', 'FILTER'I], df_vcf['INFO'].str.split("|", expand=True).add_prefix('INFO_')], axis=1)

concat_vcf.to_csv('exported_table.csv', index=False)

Qimnla 0 M1 @ Duthon A linukarnall | idle Mnda: Cammand @1 In1 Gal1 lntitled inunh 1 N

Sekil 4. 25. Jupyterlab kod géruntusu

4.2.3.3.7. Kodlanmayan bdélgelerdeki varyantlarin ¢ikarilmasi

Son olarak Cizelge 4.7°deki 74 gene ait UTR, intronik ve intergenik bolgelerin pozisyonlari

belirlenerek filtrleme yapilmus, filtrelenen bolgeler EK-1’de gosterilmistir,

4.2.3.3.8. Is Akis1 Denemesi i¢in Kullanilan Pozitif Ornekler

Kullanilan tiim biyoinformatik araglarin dogrulugunu gostermek i¢in, UKB RAP igerisinde
CB’nin genomik filtreleme 6zelligi ile belirli rs kodlarinin kullanilarak 7 farkli katilimer
secilmistir. Bu katilimcilarin hangi SNP’lere sahip olduklari, bu SNP’lerin rs kodlari gizelge
4.8’ de gosterilmistir.
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Cizelge 4. 8. Pozitif 6rneklerin rs kodlar1 ve agiklamalari

type rs code Chr Position REF | ALT | type | Class. [ p. Gene
L homozygous | rs77375493 chr9 5073770 G T SNV | missense | ¢.1849 G>T | p. Val617Phe | JAK2
2 heterozygous | rs147001633 chr2 25234373 | C T SNV | missense c.2645 G>A | p.Arg882His DNMT3A
> heterozygous | rs141326438 chrl 1815790 T C SNV | missense | c.169 A>G | p.Lys57Glu GNB1
4 heterozygous | rs373145711 chr20 | 32433408 |C T SNV | nonsense | c.1210 C>T | p.Arg404Ter | ASXL1
> heterozygous | rs371369583 chr20 | 32434485 |C A SNV | nonsense | c.1773 C>G | p.Tyr591Ter | ASXL1
6. heterozygous | rs1231721810 | chr4 105242922 | A G SNV | missense ¢.3589A>G | p.Lys1197Glu | TET2
7. non
heterozygous | rs762540407 chrl7 | 7674299 T del | coding c.673-9del TP53

4.2.3.3.9. Sekans Artifaktlarimin Cikarilmasi i¢in Kullamlan Negatif Ornekler

CB iizerinde Saglikla iliskiler veriler baslig1 altindaki Hastane tan1 kayit verileri kullanilarak

dataseti igerisinde ICD-9 ve ICD-10 tami1 kayitina sahip olmayan en ge¢ katilimcilar

filtrelenmis, 40 yasinda 72 katilimc1 bulunmustur. Islem Sekil 4.26.”da gosterilmistir. Bu 72

katilimcidan 10 tanesinin CRAM dosyalart metod béliimiinde kullanilan is akisi ile analiz

edilmistir.

Bu islemin yapilmasmin temel amaci, degisken cagirma analizinin sonuglarini iyilestirmek

icin tekrarlanan teknik artifaktlar1 yakalayarak hasta ve kontrol grubunda tespit edilen

potansiyel sekans artifaktlarini belirleyebilmek ve sonuglardan ¢ikarmaktir.

biobank” rrokcrs-
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2 @
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Sekil 4. 26. CB iizerinde saglikli grubun gosterimi
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4.2.3. VARYANTLARIN DEGERLENDIRMESI

Tum ekzom sekans data analizini sonucu elde edilen .csv dosyalari kullanilarak drneklerin
CHIP statiileri sahip olduklar1 varyantlarin Kanserde Somatik Mutasyon Katalogu’nda yer
alan (COSMIC, http://cancer.sanger.ac.uk/cancergenome/projects/cosmic) 74 gendeki
varyantlardan en az bir tanesine, < 0.02 VAF degerinde sahip olmak olarak belirlenmistir

(19). Kullanilan Liste Cizelge 4.9.’da gosterilmistir.

Ayrica elde edilen varyantlar Varsome, Franklin, gnomAD veri tabanlarinda taratilmais,
degerlendirmede clinvar statiileri dikkate alinmistir. EKk olarak daha 6nce UK Biobank WES
verileri kullanilarak yapilan ¢alismalarin (68,69), bu veriler tizerinden tanimladiklar1 CHIP
varyantlart listesi ile karsilastirma yapilmig, degerlendirme kriterleri g6z Oniinde

bulundurulmustur.

48



Cizelge 4. 9. Sorgulanan Varyantlarin Listesi

Gene name Reported mutations used for variant calling Accession

ASXL1 Frameshift/nonsense/splice-site in exon 11-12 NM_015338
ASXL2 Frameshifi/nonsensel/splice-site In exon 11-12 NM_018263
BCOR Frameshift/nonsense/splice-site NM_001123385
BCORL1 Frameshift/nonsensel/splice-site NM_021946
ERAF G464E, G464V, GAG6E, G466V, GAGOR, G469E, G4B69A, G469V, VATIF, V4T2S, L485W, N581S, I582M, 1592M, 1592V,

D594N, D594G, D594V, D594E, F505L, F595S, GS96R, L597V, L597S, L597Q, L597R, A598V, VEDOM, VE0OL, VGOOK,
V60OR, VEODE, V6ODA, VBODG, VB0OD, KE01E, KGO1N, R603*, W604R, WE04G, S605G, S605F, SB05N, GEOGE, GBOBA,

GB06Y, HE0BR, HG0BL, GG615R. S616P, S616F, L6185, L618W NM_004333
BRCC3 Frameshift/nonsense/splice-site NM_024332
CBL RING finger missense p.351-421 NM_D05188
CEBLB RING finger missense p.372-412 NM_170662
CEBPA Frameshifi/nonsenselsplice-site NM_004364
CREBBP Frameshifiinonsense/splice-site, D1435E, R1446L, R1446H, R1446C, Y1450C, P1476R, Y1482H, H1487Y, W1502C, Y1503D,

Y1503H, Y1503F, S1680del NM_004380
CSF1R L301F, L301S, Y969C, Y96IN, YI69F, YI69H, YI969D NM_005211
CSF3R T615A, TG618l, truncating c.741-791 NM_000760
CTCF Frameshiftinonsense, R377C, R377H, P378A, P378L NM_006565
CcuUx1 Frameshiftinonsense NM_181552
DNMT3A Frameshiftynonsense/splice-site, F2901, F290C, V296M, P307S, P307R, R326H, R326L, R326C, R326S, G332R, G332E, V339A,

V339M, V339G, L344Q, L344P, R366P, R366H, R366G, A368T, A368V, R379H, R379C, 1407T, I407N, 1407S, FA14L, F414S, F414C,
A4B2V, KA68R, CAGTG, C497Y, Q527H, Q52TP, YR33C, S535F, C537G, C537R, G543A, G5435S, G543C, L54TH, L547P, L5ATF,
M5481, M548K, G550R, W581R, W581G, W581C, R604Q, RE04W, R635W, R635Q, S638F, G646V, GE46E, LE5IW, LE53F, I655N,
VB5TA, V65TM, R650H, YEE0C, V665G, VEESL, M6T4V, RETEW, R6T6Q, G685R, GES5E, GAA5A, D6S6Y, D6S6G, RE8SH, GEIIR,
G699S, G6YID, PTOOL, PT00S, PTO0R, P700Q, PT0O0T, PT00A, DT02N, D702Y, V704M, V704G, I705F, I705T, 17058, I705N, GTO7D,
G707V, C710S, CT10Y, ST14C, V716D, VT16F, V161, N717S, N7171, PT18L, R720H, R720G, KT21R, KT21T, Y724C, R729Q,
R729W, R729G, F731C, F731L, FT31Y, F7311, F732del, F732C, F732S, F732L, ET33G, E733A, F734L, F734C, Y735C, YT35N,
Y7358, RT36H, RT36C, R7T36P, L737H, LT37V, L737F, LT37R, AT41V, PT42P, PT43R, PT43L, RT49C, RT49L, RT49H, R749G,
F751L, F751C, F752del, F752C, FT52L, F7521, F752V, W753G, W753C, W753R, L754F, LT54R, LT54H, F755S, F7551, F755L,
MT7611, M761V, GT62C, V7631, STTOL, STTOW, STT0P, RT71Q, FT72I, FT72V, LT73R, LT73V, ET74K, ET74D, ET74G, I780T, D781G,
R792H, WT95C, W795L, G796D, GT96Y, N7O7Y, N797H, N797S, P799S, PT99R, P799H, R803S, RE0IW, PS04L, PE04S, KE26R,
S828N, K829R, TB35M, N838D, K341Q, Q842E, P849L, D857N, WS60R, E&63D, FB68S, G369S, GBEIV, M380V, S881R, S8811,
RA82H, R882P, RE82C, R8A2G, AGS4P, ABS4V, QBE6R, L8O, L8A9R, GBIOD, GBIOR, GIDS, VEI5M, PEYEL, V897G, VBITD,
RA99L, R899H, REYIC, LG01R, LOO01H, PY04L, FI0SC, PI04Q, AG10P, CI1IR, CO11Y

NM_D22552

EED Frameshiftinonsense/splice-site, 12400, 1363M NM_D037597
EP300 Frameshifinonsense/splice_site, VF1148_1149del, D1399N, D1399Y, P1452L, Y1467N, Y1467H, Y1467C, R1627TW, A1629Y  NM_001429
ETNK1 N2445, N244T, N244K NM_018638
ETVe Frameshift/nonsense/splice-site NM_001987
EZH2

Frameshifinonsense/splice-site, Q62R, N1025, F1458, F145C, F145Y, F145L, G159R, E164D, R202Q, K238E, E244K,

R283Q, H202R, P488S, R407Q, RS61H, TS68I, K620E, Y641N, YBA1H, Y641S, Y641C, YE41F, DE5OY, DESOG, VETAM,

AGTTG, AGTTY, R6TIC, R67IH, REB5C, RGB5SH, AGBTV, NGBS, NGBBK, HE89Y, S680F, 1708Y, ITO8T, I708M, E720K, EV40K NM_001203247
FLT3 V579A, VEG2A, V5021, F594L, FY500-591GD, D835Y, D835H, DB35E, del8ls NM_004118
GATA1 Frameshifiinonsense/splice-site NM_002049
GATA2 Frameshifinonsense/splice-site, R2930Q, N317H, A318T, A318V, A318G, G320D, L321P, L321F, L321V, Q328P, R330Q,

R361L, L359V, A372T, R384G, R384K NM_001145661
GATA3 Frameshiftinonsense/splice-site ZNF domain, R276W, R276Q, N286T, L343V, NM_001002295
GNA13 134T, G575, S62F, MGBK, Q134R, Y145F, L152F, E167D, Q169H, R264H, E273K, V322G, V362G, L3T1F NM_006572
GNAS R201(844)S, R201(844)C, R201(844)H, R201(844)L, Q227(B70)K, Q227(870)R, Q227(870)L, Q227(870)H, R3ITA(1017)C NM_0165592
GNB1 K57N, K57M, K57E, K57T, IS0T, 180N NM_002074
IDH1 R132C, R132G, R132H, R132L, R132P, R132V, V178l NM_005896
IDH2 R140W,. R140Q. R140L. R140G, R172W, R172G, R172K. R172T, R172M, R172N, R1725 NM_002168
IKZF1 Frameshiftinonsense NM_006060
IKZF2 Frameshiftinonsense NM_016260
IKZF3 Frameshiftinonsense NM_012481
JAK1 TAT8A, T4785, VE23A, A634D, L653F, R724H, R724Q, R724P, T782M, L783F NM_002227
JAK2 N533D, N533Y, N533S, H538R, K539E, K535L, 1540T, 1540V, VE617F, R6833, RG83G, delins537-539L, delfins538-539L,

dellins540-543MK, delins540-544MK, dellins541-543K, del542-543, del543-544, ins11546-547 NM_004972
JAK3 MS511T, M5111, AST2V, AST2T, A5T3V, R657Q, V715l V715A NM_000215
KDM86A Frameshift/nonsense/splice-site, del419 NM_021140
KIT ins503, V550A, V550D, V5590, V5501, V560D, V560A, V5600, VSE0E, dels60, ES61K, del579, P627L, PG27T, RG34W,

K642E, K642Q., V654A, VB54E, HESTY, HE697D, E7T61D, K807R, D816H, D816Y, D816F, D816, D816Y, D816H, del551-559 NM_000222
KRAS G12D, G12A, GI2E, G12V, G13D, G13C, G13Y, G13F, G13R, G13A, G13V, G13E, V14l T58l, GBOD, GBOA, GGOV, QE1K,

Q61E, Q61P, Q61R, Q61L, Q61H, K117E, K117N, A146T, A146F, A146Y NM_033360
LUCTL2 Frameshift/nonsense/splice-site NM_016018
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Cizelge 4.9. (devam)

MLL Frameshift/nonsense NM_005933
MLL2 Frameshift/nonsense NM_003482
MPL 5505G, S5505N, S505C, L510P, del513, W515A, W515R, W515K, W5155, W515L, A519T, A519V, Y591D, W515-518KT NM_005373
NF1 Frameshift/nonsense NM_000267
NPM1 Frameshift p W285fs (insertion at c 850_860, 860_861, 862_863, 863_864) NM_002520
NRAS G125, G12R, G12C, G12N, G12P, G12Y, G12D, G12A, G12V, G12E, G135, GI13R, G13C, G13N, G13P, G13Y, G13D,

G13A, G13V, G13E, G60E, G60R. Q61R, Q61L, Q61K, Q61FP, Q61H, Q61Q NM_002524
PDS5B Frameshift/nonsense/splice-site, R12520Q NM_015032
PDSS2 Frameshift/nonsense NM_020381
PHF& Frameshifi/nonsense/splice-site, A40D, M1251, 5246Y, F263L, R274Q, C297Y, H302Y, H329L NM_001015877
PHIP Frameshift/nonsense/splice-site NM_017934
PPM1D Frameshifi/nonsense, exon 5 or 6 NM_003620
PRPF40B Frameshift/nonsense/splice-site, P15H, M58I, P405L, P562S, NM_001031698
PRPF8 M1307I, C1534W, D1598Y, D1598N, D1598V (ADD MORE VARS) NM_006445
PTEN Frameshifinonsense/splice-site, D24G, R47G, F56V, L5TW, HE1R, KG66N, Y68H, CT1Y, F81C, Y88C, D92G, D92V, D9IZE,

HO3Y, HO3D, H93Q, NS4l POSL, HOIT, C105F, C1055, DI10TY, L112V, H123Y, C124R, C124S, K125E, A126D, K128N,

R130G, R130Q, R130L, G132D, 1135V, 1135K, C136R, C136F, K144Q, A151T, D153Y, D153N, Y155H, Y155C, R159K,

R159S, R161K, R161l, G165R, G165E, S170N, S1701, R173C, Y174D, Y177C, H196Y, R234W, G251C, D252Y, F271S,

D326G NM_000314
PTPN11 GE0V, GEOR, G6DA, D61Y, D61V, D61G, Y63C, E69K, E69G, EG9D, E69Q, FTIL, FT1K, AT2T, AT2V, AT2D, T73l, ET6K,

E76Q, ETEM, ETGA. ET6G. E139G, E138D. N308D, N308T, N3395. P491L. S502P, S502A, S502L, G503V, G503G, G503A,

GB03E, Q506F, THOTA, TSOTK NM_002834
RAD21 Frameshift/nonsense/splice-site, R65Q, H208R, Q474R NM_006265
RUNX1 Frameshiftinonsense/splice-site, S73F, H78Q, H7OL, R8O0C, RBOP, RBOH, L85Q, PBEL, PA6H, S114L, D133Y, L134P, R135G,

R135K, R1355, R139Q, R1425, A165V, R174Q, R177L, R177Q, A224T, D171G, D171V, D17T1N, R205W, R223C NM_0010015890
SETEP1 D868N, DSGST, S860N, GB70S, I871T, DSSON, DEB0Q NM_015559
SETD2 Frameshift/nonsense, V1190M NM_014159
SETDB1 Frameshift/nonsense, K715E NM_001145415
SF1 Frameshiftnonsensalsplice-site, T454M, Y476C, AS08G NM_004630
SF3A1 Frameshift/nonsense/splice-site, A57S, M1171, K166T, Y271C NM_005877
SF3B1 G347V, R38TW, R387Q, E592K, E622D, YE23C, R625L, R625C, R625G, HE62Q, HB62D, TEG3I, KEEEN, KBEET, KEEHE,

KE66R, K7TO0E, V701F, A708T, GT40R, GV40E, A744F, D781G, E783K, R831Q, L&33F, EB62K, RO5TQ NM_012433
SFRS2 Y44H, P95H, P95L, P95T, P95R, PO5A, P107H. P95fs NM_003016
SMC1A K180T, R586W, MG89Y, RBOTH, R1090H, R1090C NM_006306
SMC3 Frameshift/nonsense, R1551, Q367E, D392V, K571R, R661P, G662C NM_005445
STAG1 Frameshiftynonsense/splice-site, H1085Y NM_0058652
STAG2 Frameshifiinonsense/splice-site NM_DD6603
sUZ12 Frameshifnonsense NM_015355
TET2 Frameshifi/nonsense/splice-site, missense mutations in catalytic domains (p.1104-1481 and 1843-2002) NM_D01127208
P53 Frameshift/nonsense/splice-site, S46F, G105C, G105R, G105D, G1085, G108C, R110L, R110C, T118A, T118R, T118l,

S127F, S127Y, L1300V, L130F, K132Q, K132E, K132W, K132R, K132M, K132N, F134V. F134L, F1345, C135W, C135S,

C135F, C135G, C135Y, Q136K, Q136E, Q136F, Q136R, Q136L, Q136H, A138F, A138Y, A138A, A138T, T140I, C141R,

C141G, C141A, C141Y, C1415, C141F, C141W, V143M, V143A, V143E, L1450, W146C, W146L, L145R, V147G, P151T,

P151A, P1518, P151H, P151R, P1525, P152R, P152L, T155F, T155A, V157F, R158H, R158L, A159V, A150F, A1595,

A159D, A161T, A161D, Y163N, Y163H, Y163D, Y1635, Y163C, K164E, K164M, K164N, K164P, H168Y, H166P, H168R,

H1B68L, H168Q, M1691, M163T, M169V, E1T1K, E171Q, E171G, E171A, E171Y, E171D, V172D, V173M, VI73L, V173G,

R174W, R175G, R175C, R175H, C176R, C176G, C176Y, C176F, C1765, P177TR, P177R, P177L, H178D, H178PF, H1780Q,

H179Y, H179R, H179Q, R181C, R181Y, D186G, G187S, P190L, P190T. H193N, H193P, H193L, H193R, L194F, L194R

I195F, 195N, 1195T, R196P, V197L, G199V, Y205N, Y205C, Y205H, D208V, R213Q, R213P, R213L, R213Q, H214D,

H214R, 5215G, 52151, S215R, V216M, V217G, Y220N, ¥Y220H, Y2208, Y220C, E224D, [232F, 1232N, 1232T, 12328,

Y234N, Y234H, Y2345, Y234C, Y236N, Y236H, Y236C, M237Vv, M237K, M2371, C238R, C238G, C238Y, C238W, N239T,

N2395, S5241Y, 5241C, S5241F, C242G, C242Y, C2425, C242F, G2445, G244C, G244D, G24535, G245R, G245C, G245D,

G245A, G245V, G2455, M246Y, M246K, M246R, M2461, N2471, R248W, R248G, R248Q, R249G, R249W, R249T, R249M,

P250L, 1251N, L252F, 12545, 1255F, [255N, 12555, L257Q, L257P, E258K, E2580Q, D259Y, S261T, G262D, G262V, L265P,

G266R, G266E, G266V, R2Z6TW, R267Q, R267P, E2T1K, V272M, V272L, R2735, R273G, R273C, R273H, R2T3P, R2T3L

V2TAF, V274D, V2T4A, V274G, V2T4L, C275Y, C2758, C275F, A276P, C277F, C277Y, P278T, P270A, P278S, P278H,

P278R, P2T8L, G279E, R280G, R280K, R280T, R2801, R2805, D281N, D281H, D281Y, D281G, D281E, R282G, R282W,

R2820, R282P, E285K, E285V, E286G, E286V, E286K, K320N, L330R, G334V, R3I3TC, R337TL, ATT, L348F, T377P NM_001126112
U2AF1 D14G, 534F, 534Y, R35L, R156H, R1560, Q157R, Q157P NM_006758
U2AF2 R18W, Q143L, M1441, L1587V, Q190L NM_007279
WT1 Frameshift/nonsense/splice-site NM_024426
ZRSR2 Frameshiftinonsense, R126F, E133G, C181F, H191Y, 202N, F230V, F239Y, N261Y, C280R, C302R, C326R, H330R, N382K NM_005085
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5. ARASTIRMA BULGULARI

Bulgular asagidaki bagliklarda gésterilmistir.

51. POZITiF ORNEKLERIN MUTASYON PROFILIi

Dataseti icerisinde rs kodlar1 kullanilarak bulunan pozitif 6rneklerin CRAM verileri,
olusturulan is akisi ile analiz edildiginde Cizelge 5.1.’deki varyantlar tespit edilmistir. Bu
varyantlar materyal ve metod boliminde “pozitif kontroller” basligi altinda belirtilen rs
kodlariyla uyumludur. 7. 6rnekte tespite edilmesi beklenen varyant, intronik bolgede oldugu

icin tespit edilmemistir.

Cizelge 5.1°de AF siitununa bakildiginda homozigotik olan varyantin beklendigi gibi VAF
degerinin 1’e yakin (%100) heterozigotik varyantlar i¢inse VAF degerinin beklenen deger
0.5’ten (%50) gorece diisiik oldugu goriilmektedir. Sekil 5.1-5.’de heterozigotik oldugu
bilinen bu varyantlarin altAD (alternatif alel derinligi) ve DP (okuma derinligi) degerleri
kullanilarak binomial dagilimlari gosterilmektedir. Dagilim igin basart orani (p) 0.5
secilmistir. Deneme sayisi (n) igin DP degeri, gézlenen durum sayisi (x) igin de altAD degeri
kullanilmigtir. Sekillerde altAD degerleri dagilim igerisinde olsa da ihtimallerin ¢ok diisiik
oldugu goriilmektedir. Bu varyantlarin popiilasyon alel frekanslarina, dataseti icerisindeki
allel frekanslarina ve klinik anlamliliklar1 bakildiginda popiilasyonda alel frekanslarinin ¢ok
diisiik oldugu ve de klinik olarak patojenik olduklar1 goriilmiistiir. Cizelge 5.2.°de
gosterilmektedir. Bu sebeple bu varyantlarin germline bir heterozigotik varyant olmak
yerine, somatik bir varyant olma ihtimalinin daha yiiksek oldugu bu nedenle AF

degerlerlerinin beklenenden gorece diisiik oldugu diistiniilmektedir.

Ayni poztif kontrollerde tespit edilmis benign heterozigotik varyantlarin VAF degerlerine
bakildiginda bu degerlerin beklenen deger araliginda oldugu goriilmiistiir. Cizelge 5.3.°te

bu benign varyantlar ve rs kodlar1 gosterilmistir.
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Cizelge 5. 1. Pozitif 6rneklerde tespit edilen varyantlar

ID | chr | position ref | alt | gen type C. p- NM AD AF DP
1. 9 5073770 G T JAK2 missense_variant ¢.1849G>T p.Val617Phe NM_004972 0,32 0.967 | 32
2. |2 25234373 | C | T DNMT3A | missense_variant €.2645G>A p.Arg882His NM_022552 47,23 10315 | 70
3. 1 1815790 T C GNB1 missense_variant c.169A>G p.Lys57Glu NM_002074 16,5 0.237 | 21
4. [ 20 32433408 |C [T ASXL1 stop_gained c1210C>T p.Arg404* NM_015338 45,13 | 0.207 | 58
5. |20 [32434485 |[C | A ASXL1 stop_gained c.1773C>A p.Tyr591* NM_015338 61,20 | 0.243 |81
6. 4 105242922 | A G TET2 missense_variant ¢.3589A>G p.-Lys1197Glu NM_001127208 | 17,6 0.281 | 23
7. |na | na na |na_ | na na na na na na na na

Binomial Distribution

X ~ Bin(n,p)
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Sekil 5. 1. Ikinci drnekte tespit edilen varyant i¢in binom dagilimi
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Binomial Distribution
X ~ Bin(n, p)
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Sekil 5. 2. Uglincii drnekte tespit edilen varyant igin binom dagilimi

Binomial Distribution
X ~ Bin(n, p)
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Sekil 5. 3. Dordiincu 6rnekte tespit edilen varyant i¢in binom dagilimi
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Binomial Distribution
X ~ Bin(n,p)
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Sekil 5. 4. Besinci ornekte tespit edilen varyant i¢in binom dagilimi

Binomial Distribution
X ~ Bin(n, p)
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Sekil 5. 5. Altinci drnekte tespit edilen varyant i¢in binom dagilimi

Cizelge 5. 2. Tespit edilen varyantlarin popiislayon frekanslart ve klinik

Onemleri

Zygosity Allelle Frequency Data seti Clinical significance
(Total)(gnomAD) icerisindeki (Clinvar)
ID rs ID frekansi
0.0002681 0.00062705 Pathogenic
Likely pathogenic
2. heterozygous rs147001633 v ‘
0.0001127 0.00382199
3. heterozygous rs141326438
0.00002416 0.00004578 Pathogenic
4. heterozygous rs373145711
0.00001363 0.00004379 Likely pathogenic
5. heterozygous rs371369583
0.000005160 0.000007657 Pathogenic
6. heterozygous rs1231721810
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Cizelge 5. 3. Pozitif kontrollerde tespit edilen benign varyantlar

Allelle Clinical
Frequency | significance
re (Total) (Clinvar)
ID |rs chr position f alt gen c. p. AD AF DP
SF3B
2. | rs4685 chr2 197393071 T C 1 ¢.3657A>G p.Vall1219= 0.6789 Benign 10,10 0.524 20
Benign
3. | rs3822214 chr4 54727298 A C KIT ¢.1624A>C p.Met542Leu | 0.09531 32,35 0.483 67
4. | rs2285892 chrl7 31226467 G |A NF1 | c.2034G>A p.Pro678Pro | 0.3362 Benign 19,18 0.486 37
5. | rs1042522 chrl7 7676154 G |C TP53 | ¢.215C>G p.Pro72Arg 0.7079 Benign 33,35 0.521 68
6. | rs61744960 chr4 105235006 G A TET2 | c.1064G>A p.Gly355Asp | 0.03745 Benign 28,28 0.502 56

52. KOHORTUN OZELLIKLERI

Kohort, UKB katilimcilarindan materyal ve yontem bolimiinde belirtilen data alanlari
kullanilarak uygun filtreleme kriterleri eklenerek istenen kriterleri saglayan AH tanisi almig
hastalardan olusan “hasta grubu” (N=100) ve bu grup ile benzer yas ve cinsiyete sahip
“kontrol grubu” (N=100) olmak iizere 200 6rnekten olusmaktadir. Kohortun yas ve cinsiyet
dagilimlan1 Cizelge 5.1°de dzetlenmistir. Yas igin ortalama degerler ve minimum-maximum

degerler gosterilmistir.

Cizelge 5. 4. Orneklemin sosyodemografik 6zellikleri

Kontrol (N=100) Hasta (N=100)
Yas 68,06 68,17
[67-70] [66-70]
Kadin 68 68
(%68) (%68)
Erkek 32 32
(%33) (%32)

53. ORNEKLEMIN MUTASYON PROFILI

Metod boliimiinde belirtilen .csv dosyalart kullanilarak 6rneklem igerisinde CHIP
varyantlar1 materyal ve metod béliimiinde belirtilen varyant listesine gore belirlenmistir. Bu
varyantlarin yanlis pozitifligi (false positive) asagidaki bagliklara gore incelenerek

sorgulanmis ve nihayetinde bona fide (gercek) varyantlar belirlenmistir.
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5.3.1. OKUMA DERINLiGi DEGERLERI KULLANILARAK VARYANTLARIN
FILTRELENMESI

Tespit edilen varyantlarin gergek varyant olarak kabul edilmesi igin asagida maddeler

halinde yazilan yeterlilikleri saglamas1 gerekmektedir.

o DP degeri (okuma derinligi) > 20 olmasi

o altAD degeri (alternatif alel i¢in okuma derinligi) > 3 olmasi

o altAD degerinin her iki yonle de desteklenmesi yani Forward Read (ileri Okuma) ya
da Reverse Read (Geri Okuma) degerlerinden herhangi birisinin 0 olmamasi

o VAF degeri > 0.02 olmas1

Asagidaki alt basliklarda belirtilen yeterlilikleri saglamayan ve ¢ikarilan varyantlar

gosterilmistir.
5.3.1.1. Her iki Yonde Okumasi Olmadigi icin Sonuclardan Cikarilan Varyantlar

CHIP varyanti olarak tespit edilen ancak FR ya da RR degerlerinden herhangi birisi 0 oldugu
icin sonuglardan ¢ikarilan varyantlar Cizelge 5.5.’te gosterilmistir. Cizelgede varyantlarin
200 ornek igerisinde kag ornekte tespit edildigi goriilme sikligr siitununda gosterilmistir.
Varyantlarin tespit edildigi gen isimleri, varyant tipleri, GRCh38’¢ gore kodlayict DNA
referans dizisi (c.), protein degisimleri ve NM (RefSeq gen transkript sekanslar1) kodlari

gosterilmistir.
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Cizelge 5. 5. FR ya da RR degerlerinden herhangi biri 0 olan varyantlar

Goralme | Gen Mutasyon turi c. p. NM
sikligi
%9,5 SETDBP1 | stop_gained c.3022G>T p.Glu1008* NM_001145415
%2,5 SETDBP1 | stop_gained c.3005C>A p.Ser1002* NM_001145415
%0,5 SETDBP1 | frameshift_variant c.2394delA p.GIn798fs NM_001145415
%0,5 GATA3 stop_gained C.666C>A p.Tyr222* NM_001002295
%0,5 GATA3 stop_gained c.675C>A p.Tyr225* NM_001002295
%0,5 GATA3 frameshift_variant ¢.1307_1311delCCTCC p.Pro436fs NM_001002295
%0,5 KMT2A stop_gained €.2998A>T p.Lys1000* NM_005933
%0,5 KMT2A stop_gained c.7679C>A p.Ser2560* NM_005933
%0,5 SF1 frameshift_variant& c.859_887+13del p.His287fs NM_004630
splice_donor_variant& CACATTGCTTCAG
splice_region_variant& ACTGTAAATTCCA
intron_variant AAGGTGAGGGGC
TGGC
%0,5 KMT2D frameshift_variant c.15431_15432dupAA p.Glu5145fs NM_003482
%0,5 KMT2D frameshift_variant ¢.14755_14756insA p.Ser4919fs NM_003482
%0,5 KMT2D frameshift_variant& ¢.13840-4_13889delTCAGAATA p.Asn4614fs NM_003482
splice_donor_variant& ACCTGAGTAACCCGCCGACACCA
splice_region_variant& CCCTCGTCGCTGCCCCCCACCCC
intron_variant
%0,5 KMT2D stop_gained c.8906C>A p.Ser2969* NM_003482
%0,5 KMT2D frameshift_variant c.610_611delTT p.Phe204fs NM_003482
%5 STAG2 stop_gained c.1024G>T p.Glu342* NM_006603
%0,5 STAG2 frameshift_variant& ¢.1535-1_1535delGC p.Ala512fs NM_006603
splice_acceptor_variant&
splice_region_variant&
intron_variant
%0,5 STAG2 frameshift_variant& ¢.1536_1537insAAAAAAGTAAAG p.Leu513fs NM_006603
splice_region_variant AAAAATAGTT
%0,5 STAG2 frameshift_variant& ¢.1538_1539insTGGGGGTTTTTAAA p.Thr514fs NM_006603
stop_gained
%0,5 STAG2 frameshift_variant& ¢.1538_1539insTTGAAAA p.Thr514fs NM_006603
stop_gained
%0,5 STAG2 stop_gained ¢.1552G>T p.Glu518* NM_006603
%2,5 STAG2 stop_gained c.1567G>T p.Glu523* NM_006603
%4 STAG2 stop_gained c.2111C>A p.Ser704* NM_006603
%0,5 STAG2 stop_gained €.3283G>T p.Glu1095* NM_006603
%0,5 CREBBP stop_gained c.4446C>A p.Tyr1482* NM_004380
%0,5 CREBBP stop_gained c.2535C>A p.Cys845* NM_004380
%0,5 CREBBP stop_gained c.1156C>T p.Arg386* NM_004380
%0,5 CREBBP stop_gained c.1142C>A p.Ser381* NM_004380
%0,5 CREBBP frameshift_variant ¢.78_79insCGCACCGGTGTGGTCAC p.Ser27fs NM_004380
%0,5 ETV6 stop_gained c.89C>A p.Ser30* NM_001987
%1 CTCF frameshift_variant& ¢.950_951delCA p.Thr317fs NM_006565
splice_region_variant
%0,5 NF1 frameshift_variant& ¢.138_139insAAACCCTGCTAATGCT p.Sera7fs NM_000267
stop_gained AACAGAGAAACCTAGCAA
%0,5 NF1 frameshift_variant ¢.3200_3201insCTAT p.Leu1068fs NM_000267
%0,5 NF1 ¢.3203_3204insTTGACA p.Leu1068 NM_000267
delins
PheTerGIn
%1 NF1 stop_gained c.3233C>A p.Ser1078* NM_000267
%0,5 Suz12 splice_donor_variant ¢.1293_1293+1insCTAT NM_015355
&intron_variant
%0,5 IKZF3 stop_gained c.381C>A p.Cys127* NM_012481
%0,5 PPM1D stop_gained c.1073G>A p.Trp358* NM_003620
%0,5 SETD2 stop_gained c.5298C>A p.Cys1766* NM_014159
%0,5 SETD2 frameshift_variant €.2808dupT p.Pro937fs NM_014159
%0,5 SETD2 stop_gained c.1565C>A p.Ser522* NM_014159
%0,5 SETD2 stop_gained c.335C>A p.Ser112* NM_014159
%0,5 PHIP stop_gained c.705T>G p.Tyr235* NM_017934
%0,5 Cux1 frameshift_variant& c.1124_1125delAG p.GIn375fs NM_181552
splice_region_variant
%0,5 LUC7L2 stop_gained c.1073C>A p.Ser358* NM_016019
%0,5 RAD21 stop_gained c.219C>A p.Tyr73* NM_006265
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%0,5 BCOR frameshift_variant& c.3849delC p.Leu1284fs NM_001123385
splice_region_variant

%0,5 BCOR stop_gained c.756C>A p.Tyr252* NM_001123385
%0,5 BCOR stop_gained c.612C>A p.Tyr204* NM_001123385
%0,5 GATA1 stop_gained c.783C>A p.Cys261* NM_002049

%1 TET2 stop_gained c.3882C>A p.Tyr1294* NM_001127208
%0,5 TET2 stop_gained c.5081T>A p.Leul694* NM_001127208
%0,5 TET2 stop_gained c.5824C>T p.GIn1942* NM_001127208
%0,5 GNB1 missense_variant c.169A>G p.Lys57Glu NM_002074

%1,5 MPL conservative_inframe_deletion | c.1537_1539delCTG p.Leu513del NM_005373

%0,5 TP53 missense_variant c.800G>A p.Arg267GIn NM_001126112
%0,5 TET2 missense_variant c.3464C>A p.Pro1155His NM_001127208
%0,5 TET2 missense_variant c.3636G>T p.Leu1212Phe | NM_001127208
%0,5 TET2 missense_variant c.3650C>A p.Alal217Asp NM_001127208
%0,5 TET2 missense_variant c.3821A>G p.GIn1274Arg NM_001127208
%0,5 TET2 missense_variant c.3906A>T p.Arg1302Ser NM_001127208
%0,5 TET2 missense_variant c.3946C>A p.Pro1316Thr NM_001127208
%0,5 TET2 missense_variant c.4427C>A p.Alal476Asp NM_001127208
%0,5 TET2 missense_variant c.4435C>A p.Leu1479lle NM_001127208
%0,5 TET2 missense_variant c.5550C>A p.Ser1850Arg NM_001127208
%0,5 TET2 missense_variant ¢.5720T>A p.Met1907Lys | NM_001127208
%0,5 TET2 missense_variant c.5744C>A p.Ala1915Asp NM_001127208

5.3.1.1. Her Iki Yonde Okumasi 3’den Az Oldugu I¢in Sonuclardan Cikarilan

Varyantlar

CHIP varyant1 olarak tespit edilen ancak bu varyantin FR degeri=1, RR degeri=1 olup bu
degerlerin toplami olan altAD degeri 3’ten az olmasi sebebiyle ¢ikarilan varyantlar Cizelge
5.6.’te gosterilmistir. Cizelgede varyantlarin 200 6rnek igerisinde kag ornekte tespit edildigi
goriilme sikligr siitununda gosterilmistir. Varyantlarin tespit edildigi gen isimleri, varyant
tipleri, GRCh38’e gore kodlayict DNA referans dizisi (c.), protein degisimleri ve NM
(RefSeq gen transkript sekanslari) kodlar1 gésterilmistir.
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Cizelge 5. 6. AItAD degeri 3'den kii¢iik olan varyantlar

Goralme | Gen type c. p. NM
siklig
%0,5 SETDBP1 stop_gained c.3011_3012delTCinsAA p.Phe1004* NM_001145415
%0,5 GATA3 stop_gained c.675C>A p.Tyr225* NM_001002295
%0,5 GATA3 frameshift_variant ¢.1307_1311delCCTCC p.Pro436fs NM_001002295
%0,5 KMT2A frameshift_variant €.127_172delGGGCCC p.Gly43fs NM_005933

CCGGTCGGCGGTGGC

GGCCCCGGGGLGLeece

CCTCCcccc
%0,5 KMT2A frameshift_variant c.1432_1433delCG p.Arg478fs NM_005933
%0,5 KMT2A frameshift_variant c.1435delT p.Ser479fs NM_005933
%0,5 KMT2D frameshift_variant €.13890_13894delACCCC p.Pro4631fs NM_003482
%0,5 KMT2D frameshift_variant ¢.13450_13456delCGAGCTG p.Ala4485fs NM_003482
%0,5 KMT2D frameshift_variant €.9872_9882delCTGCCCAGGCC p.Pro3291fs NM_003482
%0,5 KMT2D stop_gained c.8804C>A p.Ser2935* NM_003482
%0,5 KMT2D frameshift_variant €.7437_7447delTAAGGCTGGGT p.Lys2480fs NM_003482
%0,5 KMT2D stop_gained c.7313C>A p.Ser2438* NM_003482
%0,5 STAG2 frameshift_variant c.763delA|p.Met255fs p.Met255fs NM_006603
%0,5 CREBBP frameshift_variant €.7129_7148delTCACCCCAGACTGGTTCCCC | p.Ser2377fs NM_004380
%0,5 CREBBP frameshift_variant c.5156delA p.His1719fs NM_004380
%0,5 CREBBP frameshift_variant c.3942_3943delAA p.Lys1314fs NM_004380
%0,5 CREBBP stop_gained ¢.3940A>T p.Llys1314* NM_004380
%0,5 CREBBP frameshift_variant c.3638delG p.Cys1213fs NM_004380
%0,5 CREBBP frameshift_variant c.3636delC p.Cys1213fs NM_004380
%1 CTCF frameshift_variant& €.950_951delCA p.Thr317fs NM_006565

splice_region_variant
%0,5 CEBPA stop_gained c.830C>A p.Ser277* NM_004364
%0,5 ASXL1 frameshift_variant c.1218delG p.His407fs NM_015338
%0,5 EP300 stop_gained c.35C>A p.Ser12* NM_001429
%0,5 EP300 stop_gained c.925C>T p.GIn309* NM_001429
%0,5 EP300 frameshift_variant ¢.1085_1086insTT p.Arg362fs NM_001429
%0,5 EP300 frameshift_variant c.1093_1094delAA p.Asn365fs NM_001429
%0,5 STAG1 stop_gained& c.2035G>T p.Glu679* NM_005862
splice_region_variant

%0,5 CUX1 stop_gained c.85C>T p.GIn29* NM_181552
%0,5 BCORL1 frameshift_variant ¢.2574_2577delGCCC p.Pro859fs NM_021946
%0,5 BCOR frameshift_variant ¢.1701_1720delAGCCTCCGCATCACCCGCCC | p.Ala568fs NM_001123385
%0,5 BCOR frameshift_variant c.1224_1233delGCATGCCCGG p.His409fs NM_001123385
%0,5 KDM6A stop_gained c.968C>A p.Ser323* NM_021140
%0,5 KDMG6A frameshift_variant c.2211_2212delAC p.Pro738fs NM_021140
%0,5 TET2 frameshift_variant ¢.803_807delCGCAT p.Ser268fs NM_001127208
%1 TET2 stop_gained c.3882C>A p.Tyr1294* NM_001127208
%0,5 TET2 frameshift_variant ¢.5888_5889delCT p.Thr1963fs NM_001127208
%1,5 MPL conservative_inframe_deletion | ¢.1537_1539delCTG p.Leu513del NM_005373
%0,5 DNMT3A | missense_variant c.1097G>A p.Arg366His NM_022552
%0,5 TET2 missense_variant c.4405C>A p.Leul469lle | NM_001127208
%0,5 EZH2 missense_variant c.435C>A p.Phel45Leu | NM_001203247
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5.3.2. SEKANS ARTIiFAKTLARININ BELIRLENEREK FiLTRELENMESI

Orneklem igerisinde ayn1 kromozomal pozisyonda en az 8 6rnekte (%4) tespit edilen, gizelge
5.7.de gosterilen varyantlar sekans artifakti potansiyelleri agisindan degerlendirilmis,
varyant tipleri, goriilme sikliklar1 ve UK Biobank Exome veri seti kullanilarak olusturulan
sekans artifaktlar1 listesi (70) kullanilarak sekans artifakti olarak kabul edilmis ve
Sekil 5.6-8.’de

sonuclardan ¢ikarilmistir. Cikarilan varyantlarin IGV  gorintiileri

gosterilmistir.

Ayrica sekans artifaktlarinin belirlenebilmesi i¢in olusturulan negatif grupta bu varyantarin
varligi arastirilmig, negatif grup igerisinde gorilme yizdeleri cizelgede N sutununa

eklenmistir. Artifakt olarak belirlenen varyantlarin kohort icerisindeki goriilme sikliklari ile

negatif grupta goériilme sikliklar1 benzerdir.

Cizelge 5. 7. Sekans artifakti olarak degerlendirilen varyantlar

Gorilme N Chr Position ref alt Gen type c. p. NM
sikligi
%61,5 %60 7 139409618 AAG A LUC7L2 frameshift_variant c.757_758delGA p.Glu253fs NM_016019
%4 %0 7 139409618 AAGAG AAAG LUC7L2 frameshift_variant ¢.755_758delGAGA p.Arg252fs NM_016019
%0,5 %0 7 139409618 AAG AAAGAG LUC7L2 frameshift_variant c.757_758dupGA p.Glu254fs NM_016019
%0 %10 7 139409618 AAGAG A LUC7L2 frameshift_variant c.755_758delGAGA p.Arg252fs NM_016019
%1 - 13 32770441 C CA PDS5B frameshift_variant | c.3954dupA p.Ser1319fs NM_015032
%2,5 - 13 32770441 CA C PDS5B frameshift_variant c.3954delA p.Lys1318fs NM_015032
%1,5 %10 13 32770749 CA C PDS5B frameshift_variant c.4169delA p.Asn1390fs NM_015032
%4 - 20 32434638 AG A ASXL1 frameshift_variant c.1934delG p.Gly645fs NM_15338
IGV hg38  chr7 =] Chr7:139,409,576-139,409¢ Q, © 81bp ((Curser Guide ) ((Center Line ) (GERRIERRE ((Save SVG ) ° — o
C I )]
ISB.WE“SEU bp ISU.WE“SEO bp IZW.WDI‘WIJ bop I3§.WE“61|J bp ISB.WDI.GZU bp I39.W5“630 bp ISU.WE“MD bp IZW.WE“E.W op 13¢

AAGCAGAGAGAAAAGAAACCAGAGAACAGAGCTAGAAACGAAGAGAAGAGAGAGAGAGAGAAGAAAGAGGAGAAGCTAGAGAGAGATAT n

= GENCODE va }

o

e
0

Sekil 5. 6. LUC7L2 geninde aranan pozisyonun 1GC'deki gorinim
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IGV hg3s  chriz [<] mnaaz,m,m1-az,m,4f| Q o 8ibp

GENGODE va9 I o4

= GENCODE vag |
°

13

= =)

Sekil 5. 7. PDS5B geninde tespit edilen ilk varyantin IGV'deki goriiniimii

| IGV hgss  chri3 B | chr1332,770,709-32770,74 Q o 81bp Track Label ° —_— o |
C [ D]
770710 bR ) 32770,720 bp ) 32,770,730 bp ) 32,770,740 bp ) 32,770,750 bp ) 32,770,760 bp ) 32,770,770 bp ) 32,770,780 bp ) 3277

GAACGAGAEAAGACCATCAAAAACAGCCATCACCATCACAACCAAAAAAAAATAGTATAAGTTAGTAAATATTACATTTCAAACC 'ﬂ

GENCODE va9 I o

66

]

[

Sekil 5. 8. PDS5B geninde tespit edilen ikinci varyantin IGV'deki goriiniimii



IGV ngss  ehr2o B ch20:32434598-32.43461 O o 81bp (Cursor Guide ) ((Center Line ) (Sawesve) @ )+
32.4:4,‘50D bp X 32.434,‘5|ﬂ bp . 32.434152D bp . 32.434,‘53D bp . 32‘4341540 bp . 32‘43415@ bp . 32‘4341550 bp X 32‘4341570 bp . 32
GTCACCACTGCCATAGAGAGGCGGCCACCACTGCCATCGOGAGOEGGGGEEAGTAEGCCCAGAGAGTAEGAGATAGGCAGAGCGGAACCACCA a
~{GENCODE vag ] e

I |
]

Sekil 5. 9. ASXL1 geninde tespit edilen varyantin IGV'deki goriiniimii

5.3.3. GERMLINE OLDUGU VARSAYILAN VARYANTLARIN CIKARILMASI

VAF degeri gorece yuksek olan ve kohort igerisinde goriilme siklig yiiksek olan varyantlar
potansiyel germline varyant oldugu diisinilmis ve bu varyantlar gruplar halinde
incelenmistir. Cizelge 5.8’de gosterilen IDH1 geni V178l varyant: kohort igerisinde %10
oraninda gorlilmustiir. Negatif grup icerisinde de goriilme siklig1 %20°dir. Bu varyant icin
altAD ve DP degerleri kullanilarak binom testi uygulandiginda p degerlerinin <0.01
olmadig goriilmiis, bu sebeple bu varyantlar germline olarak kabul edilerek sonuglardan
cikarilmigtir. Cizelge 5.8°de sadece 113 ID’li IDH1 V1781 varyant1 i¢in p degeri <0.01’dir
ve bu varyant somatik olarak degerlendirilebilir. Ancak bu varyatin DP degeri < 20 oldugu

icin gercek varyant olarak kabul edilmeyerek sonuglardan ¢ikarilmistir.
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Cizelge 5. 8. Germline olarak degerlendirilen varyantlar

ID chr | position ref | alt | gen type [ p. NM AD AF DP | p

152 [ 2 208243593 | C T |[IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 7,4 0.415 11 | 0.16113

31 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 8,16 0.588 24 | 0.04384

149 |2 208243593 | C | T |[IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 25,10 0.298 35 | 0.00534

65 2 208243593 | C | T |[IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 37,35 0.467 72 | 0.09117

57 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 10,7 0.421 17 | 0.14838

172 |2 208243593 | C T |[IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 11,18 0.572 29 [ 0.06444

10 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 14,14 0.48 28 | 0.14945

124 |2 208243593 | C | T |[IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 14,14 0.556 28 | 0.14945

113 |2 208243593 | C T | IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 16,3 0.176 19 | 0.00185

154 | 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 16,25 0.595 41 | 0.04687

8 2 208243593 | C T [IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 13,9 0.429 22 |0.11859

150 | 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 16,6 0.349 22 | 0.01779

79 2 208243593 | C T [ IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 16,11 0.5 27 | 0.09714

80 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 13,12 0.482 25 | 0.15498

72 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 18,15 0.467 33 | 0.12074

184 |2 208243593 | C T [IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 14,9 0.391 23 | 0.09742

109 | 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 18,9 0.291 27 | 0.03492

61 2 208243593 | C T [ IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 21,10 0.339 31 | 0.02065

15 2 208243593 | C T IDH1 missense_variant c.532G>A p.Vall78lle | NM_005896 | 20,22 0.543 42 | 0.11682

54 2 208243593 | C T [ IDH1 missense_variant c.532G>A p.Val178lle | NM_005896 | 17,13 0.464 30 | 0.11154

5.3.4. YANLIS ANLAM MUTASYONLARI DISINDAKI MUTASYONLARA
UYGULANAN EK FILTRELEME

Tespit edilen varyantlar yukaridaki basliklarda belirtilen filtrelemelerden gectikten sonra
missense (yanlis anlam) mutasyonlari diginda kalan frameshift (¢cergeve kaymasi) / nonsense
(anlamsiz ya da durma) / splice-site (kesim bdlgesi) olan varyantlar icin eger daha once hig
tanimlanmadiysa ve mutasyonun meydana geldigi bolge open reading frame (agik okuma
cercevesi-ORF)’in ilk ya da son %10’unun igindeyse bu varyantlar sonuglardan ¢ikarilmistir.
Cikarilan varyantlar ¢izelgede gosterilmistir. Cizelgede COSMIC’teki bulgulari son siituna

eklenmistir.
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Cizelge 5. 9. ORF'nin ilk ya da son %10'ununda yer alan varyantlar

Primary | Histology
ID chr pos ref | alt | gen type [ p. NM AD AF DP | Tissue
Malignant
58 11 86245249 C A EED stop_gained c.20C>A p.Ser7* S7* NM_003797 | 27,9 | 0.235 | 36 | Skin Melanoma
Malignant
151 6 79078043 G T PHIP stop_gained c.26C>A p.Ser9* S9* NM_017934 | 59,3 | 0.063 | 62 | Skin Melanoma
frameshift_
42 X 124100579 [ T TG | STAG2 variant ¢.3680dupG | p.Val1228fs | V1228Sfs*11 | NM_006603 | 31,7 | 0.185 | 38

5.3.5. CHIP VARYANTLARI

Tiim filteleme islemleri sonrasinda toplamda 200 6rnek icerisinden 45 érnekte 54 CHIP

varyant1 tespit edilmistir. Orneklem icerisinde CHIP pozitiflik oran1 %22,5 tur. Varyantlar
Cizelge 5.3.’de gosterilmistir. En fazla DNMT3A ve ASXL1 genlerinde CHIP varyantlar

tespit edilmistir. Tiim CHIP varyantlarmin ortalama alel fraksiyonu (VAF) degeri 0,10
(%10)’dur. Ortalama okuma derinligi (DP (read depth)) 73’tiir.

Sekil 5. 10. Tespit edilen varyantlarin sayisi

6rnek sayisi

180
160

e e
N DA OO O O N D
o O o o o o o o

155

CHIP mutasyon sayisi

37

1

2
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DNMT3A -

ASXL1-

TP53-

TET2-

CREBBP -

SF3B1-

KMT2D -

EP300-

ASXL2-

RUNX1 -

PPM1D -

PHF6 -

MPL -

IKZF1 -

GATA2 -

Cux1-

=}
=t
=
na
=3

Varyant_Sayisi

Sekil 5.10. Genlerde bulunan varyant sayis1 grafigi

CHIP tasiyiciligt oranlarina bakildiginda Kontrol grubunda daha fazla CHIP tasiyicisi
oldugu tespit edilmistir. Cizelge 5.12’de gosterilmistir.

Cizelge 5. 10. CHIP varyant: tagtyicilik orant

Kontrol (N=100) Hasta (N=100)
APOQOE statusu €3€3 €3€3
CHIP tasiyicihigr (VAF>0.02) %24 %21
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Cizelge 5. 11. Kohortun CHIP varyant profili

ID Chr Position Ref Alt Gene Class. c. p. NM code
AD AF DP

62 20 32433732 Cc T ASXLA1 stop_gained c.1534C>T p.GIn512* NM_015338 77,3 0.056 | 80
173 20 32434486 Cc T ASXLA1 stop_gained c.1774C>T p.GIn592* NM_015338 61,24 0.275 | 85

TCACC

ACTGC ¢.1900_1922del

CATAG AGAGAGGCGG

AGAGG CCACCACTGC
49 20 32434599 CGGC T ASXLA1 frameshift_variant | CAT p.Glu635fs NM_015338 64,1 0.157 | 74
167 20 32434611 TAG T ASXLA1 frameshift_variant | c.1904_1905delAG | p.Glu635fs NM_015338 79,5 0.062 | 84
137 2 25744311 (¢} CT ASXL2 frameshift_variant | c¢.2025_2026insA p.Ala676fs NM_018263 48,3 0.077 | 51

GCCGC
TGCCG ¢.2024_2025insG
137 2 25744312 G cc ASXL2 frameshift_variant | GCGGCAGCGG p.Ala680fs NM_018263 48,3 0.077 | 51
103 16 3729692 G T CREBBP | stop_gained c.5355C>A p.Cys1785* NM_004380 103,3 0.03 | 106
151 16 3731210 (o] T CREBBP | stop_gained c.5154G>A p.Trp1718* NM_004380 69,3 0.048 | 72
144 16 3767774 T TAA CREBBP | frameshift_variant | ¢.3195_3196insTT | p.Ser1066fs NM_004380 42,6 0.138 | 48
177 7 102196693 GC G CUX1 frameshift_variant | c.1289delC p.Pro430fs NM_181552 45,3 0.083 | 48
16 2 25234374 G A DNMT3A | missense_variant | c.2644C>T p.Arg882Cys | NM_022552 68,6 0.101 | 74
82 2 25234374 G A DNMT3A | missense_variant C.2644C>T p.Arg882Cys | NM_022552 78,3 0.051 | 81
97 2 25239142 G C DNMT3A | missense_variant | c.2396C>G p.Pro799Arg | NM_022552 65,7 0.097 | 72
147 2 25240379 G C DNMT3A | missense_variant €.2245C>G p.Arg749Gly NM_022552 52,5 0.095 | 57
29 2 25240402 G A DNMT3A | missense_variant €.2222C>T p.Ala741Val NM_022552 83,4 0.053 | 87
120 2 25240420 T C DNMT3A | missense_variant C.2204A>G p.Tyr735Cys | NM_022552 69,3 0.048 | 72
135 2 25240420 T C DNMT3A | missense_variant | c.2204A>G p.Tyr735Cys | NM_022552 70,3 0.045 | 73
disruptive_inframe | ¢.2193_2195
115 2 25240428 AAAG A DNMT3A | _deletion delCTT p.Phe732del | NM_022552 71,6 0.087 | 77
120 2 25240439 G A DNMT3A | missense_variant | c.2185C>T p.Arg729Trp | NM_022552 90,6 0.065 | 96
79 2 25240685 A T DNMT3A | missense_variant | c.2128T>A p.Cys710Ser | NM_022552 101,7 0.057 | 108
147 2 25240693 (¢} T DNMT3A | missense_variant | c.2120G>A p.Gly707Asp | NM_022552 58,3 0.063 | 61
27 2 25246659 A G DNMT3A | missense_variant | c.1240T>C p.Phe414Leu | NM_022552 69,6 0.099 | 75
105 2 25247629 G A DNMT3A | missense_variant | c.976C>T p.Arg326Cys | NM_022552 113,7 0.059 | 120
28 2 25235757 AG A DNMT3A | frameshift_variant | c.2546delC p.Pro849fs NM_022552 36,6 0.152 | 42
110 2 25236968 G A DNMT3A | stop_gained C.2446C>T p.GIn816* NM_022552 47,3 0.066 | 50
195 2 25239163 CG C DNMT3A | frameshift_variant | c.2374delC p.Arg792fs NM_022552 77,3 0.058 | 80
c.2119_2120

195 2 25240692 GCC G DNMT3A | frameshift_variant | delGG p.Gly707fs NM_022552 112,7 0.078 | 119
30 2 25241567 T A DNMT3A | stop_gained c.2077A>T p.Lys693* NM_022552 80,5 0.073 | 85
44 2 25241606 T A DNMT3A | stop_gained c.2038A>T p.Lys680* NM_022552 84,4 0.049 | 88
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c.1883_1884

21 2 25243949 CAG C DNMT3A | frameshift_variant | delCT p.Ala628fs NM_022552 46,6 0.139 | 52
21 2 25246052 T TA DNMT3A | frameshift_variant | c.1441dupT p.Tyr481fs NM_022552 71,5 0.059 | 76
196 2 25246163 T A DNMT3A | stop_gained c.1426A>T p.Arg476* NM_022552 91,8 0.10 |99
c.1284_1288
122 2 25246300 T TTCTTC | DNMT3A | frameshift_variant | dupGAAGA p.Asn430fs NM_022552 52,24 032 |76
149 2 25246672 (¢} T DNMT3A | stop_gained c.1227G>A p.Trp409* NM_022552 55,5 0.101 | 60
25 2 25247615 (¢} T DNMT3A | stop_gained c.990G>A p.Trp330* NM_022552 64,3 0.062 | 67
10 2 25247690 (¢} T DNMT3A | stop_gained c.915G>A p.Trp305* NM_022552 68,14 0.174 | 82
50 22 41131588 (¢} T EP300 stop_gained c.1483C>T p.GIn495* NM_001429 82,3 0.038 | 85
2 22 41150080 (¢} A EP300 stop_gained €.2699C>A p.Ser900* NM_001429 49,3 0.085 | 52
199 3 128483911 G T GATA2 stop_gained c.966C>A p.Tyr322* NM_001145661 | 57,3 0.053 | 60
2 7 50400459 C A IKZF1 stop_gained c.1392C>A p.Cys464* NM_006060 85,3 0.037 | 88
161 12 49039587 G A KMT2D stop_gained c.8077C>T p.GIn2693* NM_003482 83,3 0.039 | 86
5 12 49039605 G A KMT2D stop_gained ¢.8059C>T p.Arg2687* NM_003482 81,3 0.042 | 84
conservative_in c.1537_1539
70 1 43349321 CCTG C MPL frame_deletion delCTG p.Leu513del NM_005373 59,3 0.052 | 62
189 X 134417237 (o] A PHF6 stop_gained c.903C>A p.Tyr301* NM_001015877 | 41,3 0.072 | 44
150 17 60663015 G A PPM1D stop_gained c.1281G>A p.Trp427* NM_003620 38,13 0.288 | 51
30 21 34886874 (3 T RUNX1 missense_variant c.239G>A p.Arg80His NM_001001890 | 78,3 0.04 81
105 2 197402110 T © SF3B1 missense_variant | ¢.2098A>G p.Lys700Glu | NM_012433 76,3 0.059 | 79
157 2 197402635 (¢} G SF3B1 missense_variant | ¢.1998G>C p.Lys666Asn | NM_012433 43,4 0.114 | 47
99 4 105259635 (¢} A TET2 missense_variant | ¢.3820C>A p.GIn1274Lys | NM_001127208 | 86,3 0.039 | 89
30 4 105276427 G A TET2 missense_variant | ¢.5917G>A p.Glu1973Lys | NM_001127208 | 43,43 0.506 | 86
178 4 105234745 (¢} A TET2 stop_gained c.803C>A p.Ser268* NM_001127208 | 66,4 0.044 | 70
55 17 7674214 G A TP53 missense_variant | ¢.749C>T p.Pro250Leu [ NM_001126112 | 24,3 019 |27
47 17 7674891 G [} TP53 missense_variant c.640C>G p.His214Asp NM_001126112 | 71,6 0.08 77
118 17 7675185 C T TP53 missense_variant c.427G>A p.Val143Met NM_001126112 | 39,15 0.299 | 54
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5.3.6. ISTATISTIKSEL ANALIZ

CHIP ve AH arasindaki iliski lojistik regresyon analizi ile incelenmistir. Lojistik regresyon
modeline Cinsiyet ve Yas dahil edilmeden ve dahil edildikten sonraki Odds Orani ve % 95
giiven aralig1 degerleri Cizelge 5.11°de sunulmustur. Analizler SPSS 11.5 paket programi
kullanilarak ger¢eklestirilmistir. P<0.05 degeri anlamli olarak kabul edilmistir.

Cizelge 5. 12.istatistiksel bulgular

Odds Orani p Odds Orani p
(%95GA) (%95GA)*

CHIP (tastyic) | 0.842 (0.433-1.637) | 0612 | 0.823(0.421-1.610) | 0.570

Cinsiyet (Kadin) - 0.994 (0.547-1.809) 0.985

Yas (1 yil artig) - 1.134 (0.848-1.517) 0.397

GA: Giiven Araligi, *: Cinsiyet ve Yas diizeltilmis Odds Orani.

Cinsiyet ve yas diizeltmesi yapilmadan CHIP tasiyicist olmanin AH olma Uzerine etkisi
incelendiginde, CHIP tasiyicist olmanin Alzheimer riskini 0.842 kati oraninda (%95 GA:
0.433-1.637) azalttigi bulunmustur. Diger bir deyisle, 100*(1-0.842)=%15.8 diistirdiigi
sOylenebilir. Ancak bu deger istatistiksel olarak anlamli degildir (p=0.612). Cinsiyet ve yas
diizeltmesi yapildiktan sonra CHIP tasiyicisi olmann AH olma (zerine etkisi
incelendiginde, CHIP tasiyicist olmanin Alzheimer riskini 0.823 kati oraninda (%95 GA:
0.421-1.610) azalttigi bulunmustur. Diger bir deyisle, 100*(1-0.823)=%17.7 distirdiigi
sOylenebilir. Ancak bu deger istatistiksel olarak anlamli degildir (p=0.570).
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6. TARTISMA VE SONUC
6.1. TARTISMA

Yaslanma siirecinde normal dokulardaki bazi hiicreler o hiicreye i¢cinde bulundugu ortamda
daha fazla ¢ogalabilmesi i¢in avantaj saglayan mutasyonlar kazanabilirler ve bu mutant
hiicreler klon haline gelebilir. Eger bu siireg, hematopoetik kok hilcrelerde meydana gelirse
bu durum klonal hematopoez olarak adlandirilir. Klonal hematopoez periferik kan
orneklerinden izole edilen DNA’nin sekanslanmasi yolu ile tespit edilebilir. Eger bu
mutasyonlar hematolojik kanser tanisi almamis bireylerde tespit edilirse bu durum CHIP

olarak adlandirilir.

CHIP akut myeloid 16semi (AML), myelodisplastik sendrom (MDS), myeloproliferatif
sendrom (MPN) gibi hematolojik kanserler icin ilk basamak olabilir (31). Ancak kazanilan

her mutasyon kanserle sonuclanmaz.

CHIP, aterosklerotik kardiyovaskiiler hastaliklar ve myekord enfarktisu icin arttirct etkiye
sahiptir (19,20). Aym1 zamanda son yillarda CHIP ile kronik obstriiktif akciger hastaligi
(KOAH) (46), kronik karaciger hastaligi (49), osteoporoz (48) ve gut hastaligi (45) arasinda
iliski incelediginde yine arttirict etki goriilmiistiir. Cogu hastalikla pozitif bir iliskiye sahip
olan CHIP, AH ile iligkisi incelendiginde ilging bir sekilde negatif bir iliski goriilmiis, CHIP

tastyiciliginin AH tizerinde %36 oraninda koruyucu etkisi oldugu bulunmustur (63).

CHIP ile AH arasindaki iliskinin nedenselligi arastirildiginda, bu iligkiyi inceleyen tek
yaymda CHIP tasiyicilarinin otopsi sonrasi beyin dokusunun oksipital kortex, serebellum,
putamen bélgelerinden alinan 6rnekler incelendiginde, 8 6rnegin 6’sinda CHIP varyantlarina
rastlanmig, mutant mikroglia-benzeri hicrelerin oraninin %30 - %95 oldugu bulunmustur.
Bu durum, beyinde yerlesik endojen mikroglialarin, kemik iligi kaynakli mutant hiicrelerle
degismesinin  AH'ye karsi1 koruma i¢in nedensel bir mekanizma olabilecegini
diistindiirmiistiir. Ayrica CHIP tasiyic1 bireyler ve tasiyict olmayanlarin beyin dokular
CERAD (Consortium to Establish a Registry for Alzheimer’s Disease) tarafindan gelistirilen
norotik plak yogunlugu ve norofibriler yumak dagilimi gostergesi olan Braak evrelemesi ile

ol¢iildiigiinde CHIP tasiyicilarinin daha diisiik skorlar elde ettigi bulunmustur.
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Bu tez calismasi, Onemi Belirsiz Klonal Hematopoez ile Alzheimer Hastalig1 arasindaki
iliskiyi inceleyen ilk ¢alismalardan biridir. Bu doktora tez ¢alismasi ile uluslararasi alanda
ilk kez UK Biobank WES datasi, hematolojik malignitelerle iliskilendirilmis genlerdeki
somatik mutasyonlarin Alzheimer hastaligi tizerine etkisini incelemek amaciyla
kullanilmistir. Ik kez UK Biobank WES verileri, 2021 yilinda DNAnexus tarafindan UK
Biobank arastirmacilariin kullanimima sunulan, bulut tabanli veri analiz platformu olan,
Research Analysis Platform icerisinde, NVIDIA tarafindan gelistirilen somatik mutasyon
analiz arac1 olan Mutectcaller (Parabricks accelerated) ile analiz edilmistir. Bu c¢alisma ile
RAP icgerisinde ham veri dosyasi olan CRAM dosyasindan baglanarak, sadece iliskili 74 gen
icin filtrelenmis ve anote edilmis VCF dosyalarinin elde edildigi bir is akisi olusturulmus,
UK Biobank genotypes verileri kullanilarak belirlenen pozitif 6rnekler, bu is akisinda

denenerek is akiginin dogrulugu gosterilmistir.

Bu ¢alisma ile ilk kez, Tiirkiye’deki arastirmacilarin, UK Biobank genomik verilerine erisim
icin yaptiklar1 proje basvurusu kabul edilmis ve genomik verilerle somatik mutasyon
incelemesi yapilmistir. Bu calisma iilkemizde Onemi Belirsiz Klonal Hematopoez ve

Alzheimer hastalig1 arasindaki iliskiyi inceleyen ilk calismadir.

RAP igerisinde gergeklestirilen inceleme sonucunda bulgular, literatiirdeki tek yayimndan (63)
farkli olarak CHIP tasiyiciliginin AH Uzerinde koruyucu bir etkisi oldugunu gostermemistir.
CHIP ve AH iliskisini, 3 farkli proje (FHS, CHS, ADSP) verileri ile inceleyen literattrdeki
caligma ile bu calisma, orneklem biiyiiklikleri agisindan karsilastirildiginda; (sirasiyla
N=2437, N=743, N=2550) bu ¢alisma (N=200) daha kii¢iik bir 6rneklem biiyiikliigline
sahiptir. Ancak orneklem igerisindeki AH tanisi alan hasta grubunun biyiikliklikleri
karsilastirildiklarinda (sirasiyla %3.77, %22.34, %43.29) bu ¢alismanin 6rnekleminde daha
fazla AH tanili katilimcidan (%50) olustugu gorilmektedir. Yasin CHIP ile pozitif bir
iliskide oldugu, yas arttikca CHIP pozitiflik oraninin arttig1 bilinmektedir. Yas acisindan
projelerdeki hasta - kontrol grubu dagilimlar1 incelendiginde, bu ¢alismada CHS ve ADSP
projelerindeki gibi hasta ve kontrol gruplar1 benzer yas ortalamasina sahiptir. APOE geni
statlistiniin AH {izerinde direkt etkili oldugu bilinmektedir. Bu yiizden bu ¢alismada da diger
iki projeden (FHS, CHS) farkli olarak, ADSP projesinde incelendigi gibi sadece hastalik
Uzerine etkisi olmadigi bilinen APOE3 alleline sahip kisiler calismaya dahil edilmistir.

Somatik mutasyon analizinde kullanilan sekans verileri, okuma derinligi (read depth)
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acisindan karsilastirildiginda; (sirasiyla WGS ~38x, WGS ~38x, WES~80%) UK Biobank
verilerinin diger projelerdeki sekans verilerinin okuma derinliginden daha diisik (WES
~20x) okuma derinligine sahip oldugu goriilmiistiir. Okuma derinligi kiigiik klonlarin tespiti

i¢in 6nemlidir. Okuma derinliginin diisiikk olmasi, CHIP pozitiflik oranini diistirmektedir.

Somatik varyantlari tanimlamak i¢in kullanilan analiz araglar karsilagtirildiklarinda, 3
projenin (FHS, CHS, ADSP) sekans verilerinin analiz edildigi Mutect2, Mutect/Indelocator
araglari ile bu ¢alismada CHIP varyantlarinin belirlenmesinde kullanilan Mutectcaller araci
ayni c¢alisma algoritmalarina sahiptir. Bu calismada gergek varyantlari belirlemede
kullanilan sekans filtreleme Kkriterleri ve esik degerleri, 3 projenin (FHS, CHS, ADSP)
sekans verilerinin analizinde kullanilan kriterler ve degerlerle aynidir. Sonuglardan her iki
calismada da germline veritabanlarinda bulunan yaygin polimorfizmler hari¢ tutulmustur.
RAP icerisinde bulunan Mutectcaller, Mutect2’de var olan sekans artifaktlarinin
filtrenmesini saglayan “Panel of Normals” 6zelligine sahip degildir. Bu sebeple bu
caligmada ayrica negatif bir grup olusturularak sekans artifaktlar1 belirlenmis, bu varyantlar

sonuclardan hari¢ tutulmustur.

UK Biobank, 500,000 katilimcinin 2006-2010 yillar1 arasinda kan, idrar ve tiikiiriik
orneklerinin toplandig1r boylamsal bir ¢alismadir. Katilimcilarin 30 yil boyunca takibi
hedeflenmektedir. UK Biobank, aragtirmacilarina katilimcilara ait genetik (Genotypes,
WES, WGS) gorintuleme (beyin, kalp ve tim viicut MR), saglik kayitlari, alinan biyolojik
orneklerdeki biyomarker verileri, hayat tarzi (beslenme, fiziksel aktivite, calisma ge¢cmisi,
biligsel aktivite, zihinsel saglik) verileri sunmaktadir. Bu veriler; hastalanan insanlari neyin
hasta ettigini bulmaya yarayan retrospektif calismalardan ziyade, saglikli insanlar1 takip

ederek hastalik durumunda onlar1 neyi hasta ettiklerini bulmay1 amaglamaktadir.

CHIP c¢aligmalarina uygunlugu agisindan agisindan UK  Biobank WES verileri
degerlendirildiginde, CHIP’in yaslanmayla birlikte ortaya ¢iktig1 ve yas arttikga goriilme
sikliginin artmasi durumu g6z 6niinde bulunduruldugunda, UK Biobank katilimcilarinin kan
alinma yasinin 40-69 arasinda olmasi sebebiyle CHIP tasiyicilik oraninin gérece daha diisiik
olmasi, sonuglart degerlendirme asamasinda olusabilecek gii¢liiklerden biridir. Literaturdeki
yayinlarda UK Biobank kohortu igerisinde CHIP tastyicilik oram %3.4 - 5.8 olarak

bildirilmistir (68,71-73). Ancak data erisimi saglanan verinin neredeyse yarim milyona
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ulagmasi arastirmalar i¢in yeterli katilimci sayisini elde etmeyi olanakli kilmaktadir. UK
Biobank boylamsal ¢alismasi, ileri yasta ortaya ¢ikan Demans gibi hastaliklar i¢in hastalik
ortaya ¢ikmadan kan alindigindan, ileriye yonelik arastirmalar icin uygun bir desen
olusturmaktadir. Ancak takip siresi boyunca tekrar kan 6rnegi alinip sekans verisi elde

edilmediginden, tan1 Gncesi ve sonrasi karsilagtirma yapmak miimkiin degildir.

UK Biobank WES data seti 469,901 katilimcimmin WES datasini icermektedir. Data seti
icerisinde hematolojik malignite, kardiyovaskiiler hastaliklar, AH dis1 demans, genetik
akrabalik ve APOE2/4 statusiinlin dislanmasi sonucunda, AH tanis1 alan katilimci sayis1 262
olarak bulunmustur. UK Biobank dataseti igerisindeki kohortun yaklasik %1°1 AH tanisi
almig katilimcilardan olussa da, bu katilimeilarin %81°i ICD-10 hastane kayitlari verilerine
gore en az bir kardiyovaskiiler sistem hastalig1 tanis1 almigtir. AH tanili bireylerin kohort
icerisinde beklenenden az olmasi, bu kohortun kardiyovaskiiler hastalik bakimindan yiiksek
bir orana sahip olmasi ile agiklanmaktadir. Ayrica dataseti icerisinde kohortun %32’si
arasinda genetik akrabalik mevcuttur. Genetik akrabalik, arastirma sonuglarmin genel
gecerliligi kisitladig icin genetik akrabalia sahip bireyler calismalara dahil edilmez ya da
sadece 1 katilimci segilir. Bu ¢alismada, UK Biobank kohortunun igerisinde gorece daha
diisik sayida AH tanili katilimcmin olmasi, genetik akrabaliga sahip tiim katilimcilar

dislanmasi ile de iliskilidir.

Bu ¢alismada; UKB WES datasi kullanilarak AH tanis1 almis ve almamis bireylerde CHIP
varyantlar1 arastirilmis, 45 bireyde 54 CHIP varyant: tespit edilmistir. Istatistiksel olarak
CHIP tasiyicist olmanin AH iizerinde azaltici bir etkisi oldugu gosterilmemistir. Bu
calismada Orneklem biiyiikliigiiniin gérece daha kii¢iikk olmas1 ve WES verilerinin daha
diisiik okuma derinligine sahip olmasi, elde edilen sonucun istatistiksel olarak anlamliliga

ulagsmamasi iizerinde etkili olabilecegi diisliniilmektedir.
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6.2.

SONUC

Bu tez ¢alismasinda CHIP’in Alzheimer Hastalig1 igin bir risk faktorii oldugu hipotezinden

yola ¢ikilarak;

v

Hipotezi test etmek i¢in UK Biobank dataseti Version 16.1 kullanilmus, belirli diglama
ve icerme kriterleri veriseti icerisinde uygulanmis ve hasta & kontrol grubundan
olusan en uygun kohort yaratilmis,

UK Biobank data alan1 23143 icerisindeki ham tiim ekzom sekans dosyasi olan
CRAM dosyalarinin, Researh Analysis Platform igerisindeki araclar kullanilarak
somatik mutasyon analizi gergeklestirilmis,

Somatik mutasyon analizi sonrasinda tespit edilen varyantlarin CHIP icin belirlenen
kriterleri saglayip saglamadigi literatiir verileri ve genomik veri tabanlari kullanilarak
uygun olmayanlar filtrelenmis ve gergek varyantlar belirlenmis,

Ilk kez UK Biobank WES verileri kullanilarak CHIP ve AH iliskisi incelenmis ve
istatistiksel olarak anlamli olmamakla birlikte CHIP tastyiciliginin %17,7 oraninda

AH i¢in koruyucu oldugu bulunmustur.
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EKLER

EK-1 Filtrelenen varyantlarin bed dosyasinindaki pozisyonlari

chr2 25252201 |25252201 Intron 6 7 DNMT3A
chr2 25252264 |25252264 Intron 6 7 DNMT3A
chr2 25252282 25252282 Intron 6 7 DNMT3A
chr2 25252288 |25252288 Intron 6 7 DNMT3A
chr2 25252305 |25252305 Intron 6 7 DNMT3A
chr2 25281502 |25281502 Intron 4 5 DNMT3A
chr2 25281626 |25281626 Intron 4 5 DNMT3A
chr2 25281896 |25281896 Intron 4 5 DNMT3A
chr2 25282281 |25282281 Intron 4 5 DNMT3A
chr2 25282320 |25282320 Intron 4 5 DNMT3A
chr2 25282323 |25282323 Intron 4 5 DNMT3A
chr2 25282337 |25282337 Intron 4 5 DNMT3A
chr2 25314005 |25314005 Intron 12 DNMT3A
chr2 25314054 |25314054 Intron 12 DNMT3A
chr2 25314105 |25314105 Intron 12 DNMT3A
chr2 25314118 |25314118 Intron 12 DNMT3A
chr2 25314146 |25314146 Intron 12 DNMT3A
chr2 213150157 | 213150157 |intronic IKZF2
chr3 105868246 | 105868246 |Intron 12 CBLB
chr3 105868791 | 105868791 |UTR CBLB
chr3 105868810 | 105868810 |UTR CBLB
chr3 105868813 | 105868813 |UTR CBLB
chr3 105868826 | 105868826 |UTR CBLB
chr3 105868861 | 105868861 |UTR CBLB
chr3 105868880 | 105868880 |UTR CBLB
chr3 105868882 | 105868882 |UTR CBLB
chr3 105868903 | 105868903 |UTR CBLB
chr3 105869001 | 105869001 |UTR CBLB
chr3 105869019 | 105869019 |UTR CBLB
chr3 105869032 | 105869032 |UTR CBLB
chr3 105869035 | 105869035 |UTR CBLB
chr3 105869035 | 105869035 |UTR CBLB
chr3 105869037 | 105869037 |UTR CBLB
chr4 105237535 | 105237535 |Intron 34 TET2
chrd 105237581 | 105237581 |Intron34 TET2
chrd 105237698 | 105237698 |Intron 3 4 TET2
chr4 105237842 | 105237842 |Intron 34 TET2
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chr4 105240337 | 105240337 |Intron 34 TET2
chrd 105240465 | 105240465 |Intron34 TET2
chr4 105240699 | 105240699 |Intron 34 TET2
chr4 105240987 | 105240987 |Intron 34 TET2
chrd 105241003 | 105241003 |Intron 34 TET2
chrd 105241022 | 105241022 |Intron 34 TET2
chrd 105241026 | 105241026 |Intron34 TET2
chrd 105241054 | 105241054 |Intron 34 TET2
chrd 105241497 | 105241497 |Intron45 TET2
chrd 105241591 | 105241591 |Intron45 TET2
chrd 105241649 | 105241649 |Intron45 TET2
chrd 105241654 | 105241654 |Intron45 TET2
chrd 105241736 | 105241736 |Intron 45 TET2
chrd 105241765 | 105241765 |Intron45 TET2
chrd 105241817 | 105241817 |Intron45 TET2
chrd 105241876 | 105241876 |Intron45 TET2
chrd 105241935 | 105241935 |Intron45 TET2
chrd 105241938 | 105241938 |Intron45 TET2
chrd 105241943 | 105241943 |Intron 45 TET2
chrd 105241951 | 105241951 |Intron45 TET2
chrd 105241952 | 105241952 |Intron45 TET2
chrd 105241953 | 105241953 |Intron45 TET2
chr4 105241960 | 105241960 |Intron45 TET2
chr4 105241966 | 105241966 |Intron45 TET2
chrd 105241980 | 105241980 |Intron45 TET2
chrd 105241981 | 105241981 |Intron45 TET2
chrd 105241984 | 105241984 |Intron 45 TET2
chrd 105242067 | 105242067 |Intron45 TET2
chrd 105242169 | 105242169 |Intron45 TET2
chrd 105242453 | 105242453 |Intron 45 TET2
chrd 105242517 | 105242517 |Intron45 TET2
chrd 105242520 | 105242520 |Intron45 TET2
chrd 105242589 | 105242589 |Intron45 TET2
chrd 105242606 | 105242606 |Intron45 TET2
chrd 105242733 | 105242733 |Intron 45 TET2
chr4 105242752 | 105242752 |Intron45 TET2
chr?7 101817081 | 101817081 |5' upstream CUxX1
chr?7 101817086 | 101817086 |5' upstream CUxX1
chr7 101817135 | 101817135 |5' upstream Cux1
chr7 101817173 | 101817173 |5' upstream Cux1
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chr7 102249044 | 102249044 |3'UTR CUX1
chr7 102249048 | 102249048 |3' UTR CUX1
chr7 102249056 | 102249056 |3'UTR CUX1
chr7 102249113 | 102249113 |3'UTR CUX1
chr7 102249172 | 102249172 |3'UTR CUX1
chr7 102249243 1102249243 |3' UTR CUX1
chr7 102249254 1102249254 |3' UTR CUX1
chr7 102249337 | 102249337 |3'UTR CUX1
chr7 102249371 | 102249371 |3'UTR CUX1
chr7 102249380 | 102249380 |3'UTR CUX1
chr7 102249483 | 102249483 |3' UTR CUX1
chr7 102249527 | 102249527 |3'UTR CUX1
chr7 102249553 | 102249553 |3'UTR CUX1
chr7 102249707 | 102249707 |3'UTR CUX1
chr7 102249713 | 102249713 |3'UTR CUX1
chr7 102249716 | 102249716 |3'UTR CUX1
chr7 102249723 | 102249723 |3'UTR CUX1
chr7 102249725 | 102249725 |3'UTR CUX1
chr7 102249729 | 102249729 |3'UTR CUX1
chr7 102249733 | 102249733 |3' UTR CUX1
chr7 102249739 | 102249739 |3'UTR CUX1
chr7 102249741 | 102249741 |3'UTR CUX1
chr7 102249744 1102249744 | 3' UTR CUX1
chr7 102249745 102249745 |3' UTR CUX1
chr7 102249746 | 102249746 |3'UTR CUX1
chr7 102249747 | 102249747 |3'UTR CUX1
chr7 102249748 1102249748 |3' UTR CUX1
chr7 102249758 | 102249758 |3' UTR CUX1
chr7 102249761 | 102249761 |3'UTR CUX1
chr7 102249835 | 102249835 |3'UTR CUX1
chr7 102249971 | 102249971 |3'UTR CUX1
chr7 102250018 | 102250018 |3' UTR CUX1
chr7 102250042 | 102250042 |3'UTR CUX1
chr7 102250043 | 102250043 |3'UTR CUX1
chr7 102250052 | 102250052 |3' UTR CUX1
chr7 102250060 | 102250060 |3' UTR CUX1
chr7 102250062 | 102250062 |3'UTR CUX1
chr7 102250285 | 102250285 |3'UTR CUX1
chr7 102250366 | 102250366 |3'UTR CUX1
chr7 102250516 | 102250516 |3'UTR CUX1
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chr7 102250597 | 102250597 |3' UTR CUX1
chr7 102250793 | 102250793 |3' UTR CUX1
chr7 102250814 | 102250814 |3'UTR CUX1
chr7 102250839 | 102250839 |3'UTR CUX1
chr7 102250957 | 102250957 |3' UTR CUX1
chr7 102250962 | 102250962 |3' UTR CUX1
chr7 102250974 | 102250974 |3' UTR CUX1
chr7 102250975 | 102250975 |3'UTR CUX1
chr7 102250976 | 102250976 |3' UTR CUX1
chr7 102251106 | 102251106 |3'UTR CUX1
chr7 102251111 | 102251111 |3'UTR CUX1
chr7 102251217 | 102251217 |3'UTR CUX1
chr7 102251222 | 102251222 |3'UTR CUX1
chr7 102251232 | 102251232 |3'UTR CUX1
chr7 102251246 | 102251246 |3'UTR CUX1
chr7 102251253 | 102251253 |3'UTR CUX1
chr7 102251257 | 102251257 |3'UTR CUX1
chr7 102251260 | 102251260 |3'UTR CUX1
chr7 102251512 | 102251512 |3'UTR CUX1
chr7 102251628 | 102251628 |3' UTR CUX1
chr7 102251676 | 102251676 |3'UTR CUX1
chr7 102251792 | 102251792 |3'UTR CUX1
chr7 102251891 | 102251891 |3'UTR CUX1
chr7 102251962 | 102251962 |3' UTR CUX1
chr7 102252005 | 102252005 |3'UTR CUX1
chr7 102252044 | 102252044 |3'UTR CUX1
chr7 102252100 | 102252100 |3'UTR CUX1
chr7 102252129 | 102252129 |3'UTR CUX1
chr7 102252218 | 102252218 |3'UTR CUX1
chr7 102252239 | 102252239 |3'UTR CUX1
chr7 102252332 | 102252332 |3'UTR CUX1
chr7 102252571 | 102252571 |3' UTR CUX1
chr7 102252576 | 102252576 |3'UTR CUX1
chr7 102252584 | 102252584 |3'UTR CUX1
chr7 102252632 | 102252632 |3'UTR CUX1
chr7 102252691 | 102252691 |3' UTR CUX1
chr7 102252810 | 102252810 |3'UTR CUX1
chr7 102252941 | 102252941 |3'UTR CUX1
chr7 102252943 | 102252943 |3' UTR CUX1
chr7 102252952 | 102252952 |3'UTR CUX1
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chr7 102253037 | 102253037 |3'UTR CUX1
chr7 102253052 | 102253052 |3'UTR CUX1
chr7 102253073 | 102253073 |3'UTR CUX1
chr7 102253109 | 102253109 |3'UTR CUX1
chr7 102253153 | 102253153 |3'UTR CUX1
chr7 102253339 | 102253339 |3'UTR CUX1
chr7 102253445 102253445 |3'UTR CUX1
chr7 102253456 | 102253456 |3' UTR CUX1
chr7 102253488 | 102253488 |3' UTR CUX1
chr7 102253664 | 102253664 |3' UTR CUX1
chr7 102253703 | 102253703 |3' UTR CUX1
chr7 102253789 | 102253789 |3' UTR CUX1
chr7 102253885 | 102253885 |3'UTR CUX1
chr7 102253910 | 102253910 |3'UTR CUX1
chr7 102253947 | 102253947 |3'UTR CUX1
chr7 102254139 | 102254139 |3'UTR CUX1
chr7 102254164 | 102254164 |3'UTR CUX1
chr7 102254280 | 102254280 |3'UTR CUX1
chr7 102254383 | 102254383 |3' UTR CUX1
chr7 102254402 | 102254402 |3'UTR CUX1
chr7 102254477 | 102254477 |3'UTR CUX1
chr7 102254551 | 102254551 |3'UTR CUX1
chr7 102254647 | 102254647 |3' UTR CUX1
chr7 102254665 | 102254665 |3'UTR CUX1
chr7 102254671 | 102254671 |3'UTR CUX1
chr7 102254687 | 102254687 |3'UTR CUX1
chr7 102254702 | 102254702 |3'UTR CUX1
chr7 102254757 | 102254757 |3'UTR CUX1
chr7 102254792 | 102254792 |3'UTR CUX1
chr7 102254845 | 102254845 |3'UTR CUX1
chr7 102254845 102254845 |3' UTR CUX1
chr7 102254917 | 102254917 |3'UTR CUX1
chr7 102254968 | 102254968 |3' UTR CUX1
chr7 102255040 | 102255040 |3'UTR CUX1
chr7 102255100 | 102255100 |3'UTR CUX1
chr7 102255167 | 102255167 |3' UTR CUX1
chr7 102255259 | 102255259 |3'UTR CUX1
chr7 102255366 | 102255366 |3'UTR CUX1
chr7 102255376 | 102255376 |3' UTR CUX1
chr7 102255384 | 102255384 |3' UTR CUX1

86




chr7 102255385 | 102255385 |3'UTR CUX1
chr7 102255400 | 102255400 |3'UTR CUX1
chr7 102255401 | 102255401 |3'UTR CUX1
chr7 102255441 | 102255441 |3' UTR CUX1
chr7 102255469 | 102255469 |3' UTR CUX1
chr7 102255469 | 102255469 |3' UTR CUX1
chr7 102255626 | 102255626 |3'UTR CUX1
chr7 102255954 | 102255954 |3' UTR CUX1
chr7 102256035 | 102256035 |3'UTR CUX1
chr7 102256062 | 102256062 |3' UTR CUX1
chr7 102256062 | 102256062 |3' UTR CUX1
chr7 102256094 | 102256094 |3' UTR CUX1
chr7 102256094 | 102256094 |3' UTR CUX1
chr7 102256103 | 102256103 |3'UTR CUX1
chr7 102256110 | 102256110 |3'UTR CUX1
chr7 102256127 | 102256127 |3'UTR CUX1
chr7 102256132 | 102256132 |3'UTR CUX1
chr7 102256132 | 102256132 |3'UTR CUX1
chr7 102256133 | 102256133 |3' UTR CUX1
chr7 102256133 | 102256133 |3' UTR CUX1
chr7 102256139 | 102256139 |3'UTR CUX1
chr7 102256139 | 102256139 |3'UTR CUX1
chr7 102256149 | 102256149 |3' UTR CUX1
chr7 102256196 | 102256196 |3'UTR CUX1
chr7 102256196 | 102256196 |3'UTR CUX1
chr7 102256272 | 102256272 |3'UTR CUX1
chr7 102256314 | 102256314 |3'UTR CUX1
chr7 102256361 | 102256361 |3' UTR CUX1
chr7 102256427 | 102256427 |3'UTR CUX1
chr7 102256470 | 102256470 |3'UTR CUX1
chr7 102256686 | 102256686 |3' UTR CUX1
chr7 102256766 | 102256766 |3' UTR CUX1
chr7 102256767 | 102256767 |3' UTR CUX1
chr7 102256830 | 102256830 |3'UTR CUX1
chr7 102256842 | 102256842 |3'UTR CUX1
chr7 102256867 | 102256867 |3' UTR CUX1
chr7 102256890 | 102256890 |3'UTR CUX1
chr7 102257007 | 102257007 |3'UTR CUX1
chr7 102257014 | 102257014 |3'UTR CUX1
chr7 102257055 | 102257055 |3'UTR CUX1

87




chr7 102257101 | 102257101 |3'UTR CUX1
chr7 102257178 | 102257178 |3' UTR CUX1
chr7 102257186 | 102257186 |3' UTR CUX1
chr7 102257191 | 102257191 |3'UTR CUX1
chr7 102257194 | 102257194 |3' UTR CUX1
chr7 102257200 | 102257200 |3'UTR CUX1
chr7 102257233 | 102257233 |3'UTR CUX1
chr7 102257306 | 102257306 |3'UTR CUX1
chr7 102257324 1102257324 |3' UTR CUX1
chr7 102257421 | 102257421 |3'UTR CUX1
chr7 102257433 | 102257433 |3' UTR CUX1
chr7 102257435 | 102257435 |3'UTR CUX1
chr7 102257706 | 102257706 |3' UTR CUX1
chr7 102257711 | 102257711 |3'UTR CUX1
chr7 102257716 | 102257716 |3'UTR CUX1
chr7 102257724 1102257724 |3' UTR CUX1
chr7 102257726 | 102257726 |3' UTR CUX1
chr7 102257731 | 102257731 |3'UTR CUX1
chr7 102257735 | 102257735 |3'UTR CUX1
chr7 102257737 | 102257737 |3' UTR CUX1
chr7 102257739 | 102257739 |3'UTR CUX1
chr7 102257746 | 102257746 |3'UTR CUX1
chr7 102257748 | 102257748 |3' UTR CUX1
chr7 102257753 | 102257753 |3' UTR CUX1
chr7 102257803 | 102257803 |3'UTR CUX1
chr7 102257873 | 102257873 |3'UTR CUX1
chr7 102257880 | 102257880 |3' UTR CUX1
chr7 102257881 | 102257881 |3' UTR CUX1
chr7 102257898 | 102257898 |3' UTR CUX1
chr7 102257915 | 102257915 |3'UTR CUX1
chr7 102257918 | 102257918 |3' UTR CUX1
chr7 102257922 | 102257922 |3'UTR CUX1
chr7 102257923 | 102257923 |3'UTR CUX1
chr7 102257929 | 102257929 |3'UTR CUX1
chr7 102257930 | 102257930 |3'UTR CUX1
chr7 102257931 | 102257931 |3'UTR CUX1
chr7 102257932 | 102257932 |3'UTR CUX1
chr7 102257934 | 102257934 |3'UTR CUX1
chr7 102257935 | 102257935 |3'UTR CUX1
chr7 102257937 | 102257937 |3'UTR CUX1
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chr7 102257939 | 102257939 |3'UTR CUx1
chr7 102257947 | 102257947 |3'UTR Cux1
chr7 102257955 | 102257955 |3'UTR CUX1
chr7 102258006 | 102258006 |3'UTR CUX1
chr7 102258044 | 102258044 |3'UTR CUx1
chr7 102258115 | 102258115 |3'UTR Cux1
chr7 102258150 | 102258150 |3'UTR CUX1
chr7 139374921 | 139374921 |Intron12 LUC7L2
chr7 139375146 | 139375146 |Intron12 LUC7L2
chr7 139375218 | 139375218 |Intron 12 LUC7L2
chr7 139375255 | 139375255 |Intron 12 LUC7L2
chr7 139375422 | 139375422 |Intron 12 LUC7L2
chr7 139375581 | 139375581 |Intron 12 LUC7L2
chr7 140719342 | 140719342 |intergenic

chr7 140719370 | 140719370 |intergenic

chr7 140719517 | 140719517 |intergenic

chr?7 140719517 | 140719517 |intergenic

chr7 140719521 | 140719521 |intergenic

chr7 140719573 | 140719573 |intergenic

chr7 140719619 | 140719619 |intergenic

chr7 140719759 | 140719759 |intergenic

chr?7 140719833 | 140719833 |intergenic

chr7 140719946 | 140719946 |intergenic

chr7 140719946 | 140719946 |intergenic

chr?7 140719993 | 140719993 |intergenic

chr?7 140720013 | 140720013 |intergenic

chr7 140720060 | 140720060 |intergenic

chr7 140720151 | 140720151 |intergenic

chr?7 140720321 | 140720321 |intergenic

chr?7 140720368 | 140720368 |intergenic

chr7 140720709 | 140720709 |intergenic

chr7 140720919 | 140720919 |intergenic

chr?7 140721075 | 140721075 |intergenic

chr7 140721093 | 140721093 |intergenic

chr7 140721120 | 140721120 |intergenic

chr7 140721212 | 140721212 |intergenic

chr?7 140721227 | 140721227 |intergenic

chr?7 140721268 | 140721268 |intergenic

chr7 140721285 | 140721285 |intergenic

chr7 140721295 | 140721295 |intergenic
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chr7 140721308 | 140721308 |intergenic
chr7 140721449 | 140721449 |intergenic
chr7 140721553 | 140721553 |intergenic
chr7 140721652 | 140721652 |intergenic
chr7 140721668 | 140721668 |intergenic
chr7 140721690 | 140721690 |intergenic
chr7 140721741 | 140721741 |intergenic
chr7 140721746 | 140721746 |intergenic
chr7 140721808 | 140721808 |intergenic
chr7 140721890 | 140721890 |intergenic
chr7 140721903 | 140721903 |intergenic
chr7 140722072 | 140722072 |intergenic
chr7 140722304 | 140722304 |intergenic
chr7 140722316 | 140722316 |intergenic
chr7 140722318 | 140722318 |intergenic
chr7 140722322 | 140722322 |intergenic
chr?7 140722500 | 140722500 |intergenic
chr7 140722685 | 140722685 |intergenic
chr7 140722779 | 140722779 |intergenic
chr7 140722784 | 140722784 |intergenic
chr7 140722785 | 140722785 |intergenic
chr?7 140722792 | 140722792 |intergenic
chr7 140722793 | 140722793 |intergenic
chr7 140722796 | 140722796 |intergenic
chr?7 140722798 | 140722798 |intergenic
chr?7 140722805 | 140722805 |intergenic
chr7 140723023 | 140723023 |intergenic
chr7 140723147 | 140723147 |intergenic
chr?7 140723244 | 140723244 | intergenic
chr?7 140723250 | 140723250 |intergenic
chr7 140723453 | 140723453 |intergenic
chr7 140723672 | 140723672 |intergenic
chr?7 140723766 | 140723766 |intergenic
chr7 140723790 | 140723790 |intergenic
chr7 140723794 | 140723794 |intergenic
chr7 140723874 | 140723874 |intergenic
chr?7 140724097 | 140724097 |intergenic
chr?7 140724157 | 140724157 |intergenic
chr7 140724245 | 140724245 |intergenic
chr7 140724261 | 140724261 |intergenic
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chr7 140724299 | 140724299 |intergenic
chr7 140724305 | 140724305 |intergenic
chr7 140724308 | 140724308 |intergenic
chr7 140724310 | 140724310 |intergenic
chr7 140724500 | 140724500 |intergenic
chr7 140724782 | 140724782 |intergenic
chr7 140724788 | 140724788 |intergenic
chr7 140724870 | 140724870 |intergenic
chr7 140724912 | 140724912 |intergenic
chr7 140724924 | 140724924 |intergenic
chr7 140724935 | 140724935 |intergenic
chr7 140725168 | 140725168 |intergenic
chr7 140725204 | 140725204 |intergenic
chr7 140725302 | 140725302 |intergenic
chr7 140725351 | 140725351 |intergenic
chr7 140725418 | 140725418 |intergenic
chr?7 140725699 | 140725699 |intergenic
chr7 140725714 | 140725714 |intergenic
chr7 140725718 | 140725718 |intergenic
chr7 140725725 | 140725725 |intergenic
chr7 140725728 | 140725728 |intergenic
chr?7 140725732 | 140725732 |intergenic
chr7 140725763 | 140725763 |intergenic
chr7 140725813 | 140725813 |intergenic
chr?7 140725853 | 140725853 |intergenic
chr?7 140725920 | 140725920 |intergenic
chr7 140725920 | 140725920 |intergenic
chr7 140725973 | 140725973 |intergenic
chr?7 140725994 | 140725994 |intergenic
chr?7 140726173 | 140726173 |intergenic
chr7 140726223 | 140726223 |intergenic
chr7 140726342 | 140726342 |intergenic
chr?7 140726356 | 140726356 |intergenic
chr7 140726370 | 140726370 |intergenic
chr7 140726444 | 140726444 | intergenic
chr7 140726453 | 140726453 |intergenic
chr?7 140726457 | 140726457 |intergenic
chr7 140734210 | 140734210 |3'UTR BRAF
chr7 140734293 | 140734293 |3'UTR BRAF
chr7 140734300 | 140734300 |3'UTR BRAF
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chr7 140734334 | 140734334 |3'UTR BRAF
chr7 140734438 | 140734438 |3'UTR BRAF
chr7 140734494 | 140734494 |3'UTR BRAF
chrll |32430694 |32430694 Intron 12 WT1
chrll |64765663 |64765663 3'UTR SF1
chrll |64765679 |64765679 3'UTR SF1
chrll |64765685 |64765685 3" UTR SF1
chrll |64765689 |64765689 3'UTR SF1
chrll |64765691 |64765691 3'UTR SF1
chrll | 64765695 |64765695 3'UTR SF1
chrll |64765701 |64765701 3'UTR SF1
chrll |64765724 |64765724 3'UTR SF1
chrll |64765747 |64765747 3'UTR SF1
chrll |64765786 |64765786 3'UTR SF1
chrll |64771588 |64771588 Intron 34 SF1
chrll |64771636 |64771636 Intron 34 SF1
chrll |64771866 |64771866 Intron34 SF1
chrll |64772129 |64772129 Intron34 SF1
chrll |64772163 |64772163 Intron 34 SF1
chrll |64772185 |64772185 Intron 34 SF1
chrll |64772246 |64772246 Intron34 SF1
chrll |64772323 |64772323 Intron34 SF1
chrll |64772339 |64772339 Intron 34 SF1
chrll |64772783 |64772783 Intron 34 SF1
chrll |64772803 |64772803 Intron34 SF1
chrll |64772814 |64772814 Intron34 SF1
chrll |64772920 |64772920 Intron 34 SF1
chrll |64772987 |64772987 Intron 34 SF1
chrll |64773030 |64773030 Intron34 SF1
chrll |64773081 |64773081 Intron34 SF1
chrll |64773095 |64773095 Intron 34 SF1
chrll |64773127 |64773127 Intron 34 SF1
chrll |64773316 |64773316 Intron34 SF1
chrll |64773328 |64773328 Intron34 SF1
chrll |64777591 |64777591 Intron 12 SF1
chrll |64777653 |64777653 Intron 12 SF1
chrll |64777654 |64777654 Intron 12 SF1
chrll |64777737 |64777737 Intron 12 SF1
chrll |64777743 |64777743 Intron 12 SF1
chrll |64778405 |64778405 5' Upstream SF1
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chrll |64778441 |64778441 5' Upstream SF1
chrll |64778500 |64778500 5' Upstream SF1
chrll |64778519 |64778519 5' Upstream SF1
chrll |64778545 |64778545 intergenic

chrll |64778551 |64778551 intergenic

chrll |64778576 |64778576 intergenic

chrl2 25209531 |25209531 3" UTR KRAS
chrl2 |25209540 |25209540 3'UTR KRAS
chrl2 |25209618 |25209618 3'UTR KRAS
chrl2 |25209622 |25209622 3'UTR KRAS
chrl2 |25209843 |25209843 3" UTR KRAS
chrl2 |25215150 |25215150 Intron KRAS
chrl2 |25215154 |25215154 Intron KRAS
chrl2 |25215160 |25215160 Intron KRAS
chrl2 |25215162 |25215162 Intron KRAS
chrl2 |25215163 |25215163 Intron KRAS
chrl2 |25215165 |25215165 Intron KRAS
chrl2 49623649 |49623649 Intron 12 PRPF40B
chrl2 |49623658 |49623658 Intron 12 PRPF40B
chrl2 |49623750 |49623750 Intron 12 PRPF40B
chrl2 |49623767 |49623767 Intron 12 PRPF40B
chrl2 |49623837 |49623837 Intron 12 PRPF40B
chrl2 49623853 49623853 Intron 12 PRPF40B
chrl2 49623859 |49623859 Intron 12 PRPF40B
chrl2 49623861 |49623861 Intron 12 PRPF40B
chrl2 49624102 |49624102 Intron 12 PRPF40B
chrl2 49624119 |49624119 Intron 12 PRPF40B
chrl2 49624123 |49624123 Intron 12 PRPF40B
chrl2 |49624134 |49624134 Intron 12 PRPF40B
chrl2 |49624136 |49624136 Intron 12 PRPF40B
chrl2 |49624138 |49624138 Intron 12 PRPF40B
chrl2 |49624140 |49624140 Intron 12 PRPF40B
chrl2 49624141 |49624141 Intron 12 PRPF40B
chrl2 |49624144 |49624144 Intron 12 PRPF40B
chrl2 49624149 |49624149 Intron 12 PRPF40B
chrl2 |49624150 |49624150 Intron 12 PRPF40B
chrl2 49624151 |49624151 Intron 12 PRPF40B
chrl2 |112486642 |112486642 |Intron 11 12 PTPN11
chrl2 |112486684 | 112486684 |Intron 11 12 PTPN11
chr12 |112486858 | 112486858 |Intron 11 12 PTPN11
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chr12 |112486892 | 112486892 |Intron 11 12 PTPN11
chrl2 |112486902 | 112486902 |Intron 1112 PTPN11
chrl7 |7675261 7675261 Intron TP53
chrl7 |7675322 7675322 Intron TP53
chrl7 |7675327 7675327 Intron TP53
chrl7 |7675337 7675337 Intron TP53
chrl7 |7675340 7675340 Intron TP53
chrl7 |7675353 7675353 Intron TP53
chrl7 |7675358 7675358 Intron TP53
chrl7 |7675361 7675361 Intron TP53
chrl7 |7675393 7675393 Intron TP53
chrl7 |7675396 7675396 Intron TP53
chrl7 |7675397 7675397 Intron TP53
chrl7 |7675411 7675411 Intron TP53
chrl7 |7675432 7675432 Intron TP53
chrl7 |7675479 7675479 Intron TP53
chrl7 |7676460 7676460 Intron TP53
chrl7 |7676464 7676464 Intron TP53
chrl7 |7676477 7676477 Intron TP53
chrl7 |7676483 7676483 Intron TP53
chrl7 |7676487 7676487 Intron TP53
chrl7 |7676493 7676493 Intron TP53
chrl7 |39778096 |39778096 Intron 6 7 IKZF3
chrl7 |39778178 |39778178 Intron 6 7 IKZF3
chrl7 |60656962 |60656962 Intron 56 PPM1D
chrl7 |60657015 |60657015 Intron 56 PPM1D
chrl7 |65055628 |65055628 Intron 12 GNA13
chrl7 |65055646 |65055646 Intron 12 GNA13
chrl8 |44876688 |44876688 Intron34 SETBP1
chrl8 |44876705 |44876705 Intron34 SETBP1
chr18 |44876789 |44876789 Intron34 SETBP1
chrl8 |44876853 |44876853 Intron34 SETBP1
chrl8 |44876865 |44876865 Intron34 SETBP1
chrl8 |44876887 |44876887 Intron34 SETBP1
chrl8 |44876939 |44876939 Intron34 SETBP1
chrl8 |44876966 |44876966 Intron34 SETBP1
chrl8 |44876969 |44876969 Intron34 SETBP1
chrl8 |44876980 |44876980 Intron34 SETBP1
chrl8 |44877011 |44877011 Intron 34 SETBP1
chr18 |44877087 |44877087 Intron 34 SETBP1
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chrl8 |44877141 |44877141 Intron34 SETBP1
chrl8 |44877388 |44877388 Intron34 SETBP1
chr20 |32372271 |32372271 Intron 4 5 ASXL1
chr20 |32372310 |32372310 Intron 4 5 ASXL1
chr20 |58841631 |58841631 Intron 12 GNAS
chr20 |58841634 |58841634 Intron 12 GNAS
chr20 |58841676 |58841676 Intron 12 GNAS
chr20 |58841688 |58841688 Intron 12 GNAS
chr20 |58841689 |58841689 Intron 12 GNAS
chr20 |58841698 |58841698 Intron 12 GNAS
chr20 |58841705 |58841705 Intron 12 GNAS
chr20 |58841740 |58841740 Intron 12 GNAS
chr20 |58841773 |58841773 Intron 12 GNAS
chr20 |58841789 |58841789 Intron 12 GNAS
chr20 |58841802 |58841802 Intron 12 GNAS
chr20 |58841838 |58841838 Intron 12 GNAS
chr20 |58853106 |58853106 Intron 12 GNAS
chr20 |58853160 |58853160 Intron 12 GNAS
chr20 |58853232 |58853232 Intron 12 GNAS
chr20 |58889219 |58889219 Intron 12 GNAS
chr20 |58889222 |58889222 Intron 12 GNAS
chr20 |58889233 |58889233 Intron 12 GNAS
chr20 |58889296 |58889296 Intron 12 GNAS
chr20 |58889302 |58889302 Intron 12 GNAS
chr20 |58891488 |58891488 Intron 12 GNAS
chr20 |58891555 |58891555 Intron 12 GNAS
chr20 |58891624 |58891624 Intron 12 GNAS
chr20 |58891659 |58891659 Intron 12 GNAS
chr20 |58891679 |58891679 Intron 12 GNAS
chr20 |58891700 |58891700 Intron 12 GNAS
chr20 |58891706 |58891706 Intron 12 GNAS
chr20 |58891753 |58891753 Intron 12 GNAS
chr20 |58891808 |58891808 Intron 12 GNAS
chr20 |58891852 |58891852 Intron 12 GNAS
chr20 |58892146 |58892146 Intron 12 GNAS
chr20 |58892148 |58892148 Intron 12 GNAS
chr20 |58892149 |58892149 Intron 12 GNAS
chr20 |58892152 |58892152 Intron 12 GNAS
chr20 |58892153 |58892153 Intron 12 GNAS
chr20 |58892154 |58892154 Intron 12 GNAS
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chr20 |58892159 |58892159 Intron 12 GNAS

chr20 |58892182 |58892182 Intron 12 GNAS

chr21 |34821290 |34821290 intronic RUNX1
chr21 |34821346 |34821346 intronic RUNX1
chr21 |34821574 |34821574 intronic RUNX1
chr21 |34821641 |34821641 intronic RUNX1
chr21 |34887242 |34887242 5'UTR RUNX1
chr21 |34887252 |34887252 5'UTR RUNX1
chr21 |34887258 |34887258 5'UTR RUNX1
chr21 |34887260 |34887260 5'UTR RUNX1
chr21 |34887261 |34887261 5'UTR RUNX1
chr21 |34887263 |34887263 5'UTR RUNX1
chr21 |34887312 |34887312 5'UTR RUNX1
chr21 |34887489 |34887489 5'UTR RUNX1
chr21 |34887568 |34887568 5'UTR RUNX1
chr21 |34887636 |34887636 5'UTR RUNX1
chr21 |34887693 |34887693 5'UTR RUNX1
chr21 |34887694 |34887694 5'UTR RUNX1
chr21 |34887754 |34887754 5'UTR RUNX1
chr21 |34887787 |34887787 5'UTR RUNX1
chr21 |34887917 |34887917 5'UTR RUNX1
chr21 |34887970 |34887970 5'UTR RUNX1
chr21 |34888052 |34888052 5'UTR RUNX1
chr21 |34888114 |34888114 5'UTR RUNX1
chr21 |34888270 |34888270 5'UTR RUNX1
chr21 |34888310 |34888310 5'UTR RUNX1
chr21 |34888315 |34888315 5'UTR RUNX1
chr21 |34888325 |34888325 5'UTR RUNX1
chr21 |34888332 |34888332 5'UTR RUNX1
chr21 |34888335 |34888335 5'UTR RUNX1
chr21 |34888346 |34888346 5'UTR RUNX1
chr21 |34888368 |34888368 5'UTR RUNX1
chr21 |34888505 |34888505 5'UTR RUNX1
chr21 |34888612 |34888612 5'UTR RUNX1
chr21 |34888617 |34888617 5'UTR RUNX1
chr21 |34888619 |34888619 5'UTR RUNX1
chr21 |34888656 |34888656 5'UTR RUNX1
chr21 |34889795 |34889795 intronic RUNX1
chr21 |34889820 |34889820 intronic RUNX1
chr21 |34889823 |34889823 intronic RUNX1
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Compared to the general population, individuals diagnosed with Schizophrenia (SCF) experience a higher fre-
quency and an earlier anset of chronic medical disorders, resuliing im a reduction in life expectancy by an
average of 15-25 years, Recently, it has been hypothesized that 5CZ 05 & syndrome of accelerated aging.
Childhood adversity was also associated with the pathogenesis and course of SC2 Our hypothesis was that both
SCT patients and their unalfected siblings woiild have shorter telomers length (TL) compared to of noa-clinical
controls. Our additional goals were to determine {11 whether shorter TL correlates with intermediate phenotypes
of SCE (Le Paychosis-like sympromsd aml schizotypal traisl and (2] whether childboosd] sdversities have a
moderating role in TL shortening among SCZ and their unaffectsd shlings. Ta this end, SCZ patients (n = 100),
their umalfected sillings (n = 100) and nen-clini<al controds (m = 1000 were ennolled, The main variables were
TL, measured by aTL-gPCK,; psychotic-like and schizotypal symptoms, assessed by The Community Assessment of
Paychic Experience (CAPE) and the Stroctured Interview for Schimotypy-Revised (815:H), respectively; and
childhood sdwersithes evaluated by the Childhood Experience of Cane and Abuse [CECA)-Trmterview, Potentially
relevant variables akso included dn the analyses were: Global Assessment of Functoning (GAF) scores, cognitive
perfermance, aned socio-demographic features. In conbesst e cur hypothesis patients had similar TL when
compared to the mon-clinical controds. Interestingly, unaffected ssthlings hiad langer TL compared to both patients
aned eomtrals (p < DO, Independent from group Saius a negative cormelation wid ohserved hetwesn TL and
pavchotic like symptoms as rated by the CAFE (p = 0.01). Childhood adversities, especially loneliness between
ages { and 11 were also negatively associabed with TL {p < 0005) Our findings suggest that psychometric
liabiliny vo psychasiz and childbood adversities may be asseciated with sharter TL. Unaffected siblings had langer
TL, suggesting the potential robe of resilience on both the TL and the clinical presentation. These findings must be
congidersd preliminary, calling for larger-scale réplication #florie
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The exclusion criteria were the same as with the Sibs. Non-clinical
controls with any serious comorbid medical condition were also ex-
eluded.

Sociodemographic, clinical, and paychosocial information wers
abtained via face-to-face interviews at the research site for the sib-pairs,
and at hame for the Cae. All interviews were conducted by a research
team who received specific training for the use of standardized as-
sestments. Blood samples were taken and ranslerred immediately 1o
the Biobank Facility of Ankara University Brain Research Center
(AUBRC) for DMA isolation. The complete details of the entire study
and procedures were in accordance with the Declaration of Helsinki.
Written informed consent was obtained from each participant. This
study was approved by the Medical Ethics Commitles of Ankara
University, Ankara, Turkey (approval #07-302-15).

2.2 Measures

All the measures were applied o all groups, except for the Structured
Interview for Schizotypy-Revised (515-R) and Scale for the Assessment of
Megative Symploms (SANS)/the Seale for the Assessment of Positive
Symploms (SAPS). SI15-R was given only o Sihs and Cre, SANS/SAPS
were applied only w SCZ

2.3 Symptoms and functioning

Salf-reported subelinical psycholic experiences in the affective and
non-affective domains were evaluated by the Community Assesment af
Psychic Experiences (CAPE) (Konings el al, 2006) in all groups. Clinical
assessment of subelinical 5CZ symptoms was completed in the Sibs and
Cret with the SI5-R, a semi-structured interview originally developed by
Kendler et al. (1989), and revised 1?].- Vodlema and Ormel (1997). Psy-
chosoeial functioning was examined in all groups using the Glohol As-
sessment of Functioning (GAF) Scale, as described in the DSM-TV-TR Axis
4, yielding seores in the range of 0-100. SAME/SAPS were wied 1o rate
the severity of SCZ symploms only in the patient group (Andreasen,
1984, 1981). Descriptions of the CAPE, 515-R and SANS/SAPS are
provided in the Supplemental Methods (available at journals web site).

2.4, Cognitive assessment

The brief version of the Wechsler Adult Intelligence Scale-Third
Edition (Briel WAIS-III R), including the subscales of Arithmetic,
General Information, Digit-Symbol Coding, and Block Design was used
for the estimation of global 1) (Wechder, 1997). As the reliability and
validity af WAIS-TII R in Turkey are in progress, age-adjusted Z-scores -
based on the present sample - were wied in the statistical analyses, since
noarmative data for WAIS-III R are nat available from any other study.

2.5, Childhood adversity

Infermation abowt childhood adversity experiences of the study
groups was obtained via the Childheod Experience of Care and Abuse-
Interview (CECA-Interview), which was desdgned 1o assess a wide range
of negative childhood experiences up 1o the age of 17 in adolescents or
aduls and covers four main type of childbood trasmae howsehold dis-
cord, physical abuge, piychological abuse and sexual abuse (Bifuleo
el al., 1994). CECA-Interview was applied as semi-structured interview
and all the flems were asked pwice retrospectively for the age periods of
both 0-11 and 12-17 by dicholemous ves/ao cesponses. These age
ranges were defined accarding o EU-GEI protocol o see the effects of
trauma exposure during eacly childhood and adolescence, separately.
Seoring af each item was done where (0) was adversity “absent (na)®,
and (1) was adversity “present (yes)”. Global adversity score for up o
the age of 17 was caleulated as a numerical variable and equals the sum
of all item's seores. To this end, each item was scored ag (1), if the
individual responded “yes™ wo that item for at least one of the two age
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ranges.

2.6 Telomere kngth measurement: aTL-gPCR

Telomere length was meagured by aTL-gPCR method develaped by
O'Callaghan and Fenech (2011). Far details abowt the aTL-gPCR pro-
tocol, see Supplemental Methods and Supplementary Table 1 (available
al journals web site).

27 Srastical analyses

Seatistical analyses were pecformed with the IBM SPSS 23.0 (SPSS
Ine., Chicago, IL, USA). Graphs were drawn by GraphPad Prism 8.0.1.
Drata were presented both as mean = standard deviation (5D) and
median (minimum-maximum). Three groups (SCZ, Sibs and Cnt) were
compared in terms of TL, age, CAPE, SIS-R, GAF, and estimated 1)
soores first by Kruskal Wallis test. Since our variables were not normally
distributed, pair-wise comparisons were conducted by the Mann-
'I"ﬂ'lin'ley U/ test (S0 va Sths, 50 ws. Ont, Sibs wa. Ont). Pearson X2 best
wiad used to compare these three groups in terms of categorical vari-
ables including gender, obesity, education, smoking, and childhood
wdversity. Post hoc Bonferroni correction was applied 1o all multiple
comparisons. Camparative analyses of TL of independent groups were
conducted by Mann-Whitney U test both in subsamples of SCZ, Sibs, and
Cnt and in the whole sample. Independent from group status association
between TL and other continuous wariables including age, CAPE scores,
SIS-R scores, WAIS-IIT R sub-test scores, and SANS/SAPS scores were
tested by non-pasametric Spearman's cho test, The predictors of TL were
analyzed by bivariate logistic regression where longer or shorter than
median TL was the dependent variable. Statistical significance was et
atp = 0.05, otherwise indicated.

3. Results

2.1, Demagraphic, (sub)elinical and cognitive characteristics of the study
papulmtion

Demaographic, subelinical, and cognitive characteristics of the study
sample are summarized in Table 1. Because of an unidentified technical
prablem in the aTL-gPCR, TL could not be measured in one participant
in the Sibs group, who was excluded from the analyses The three
growps were similar in terms of age, gender, and the frequency of
abesity (fe. body mass index [BMI] =300 distribution. There were
significant differences across groups in terms of education level and
smoking. Sihs were more educated (p = 0.002) compared to the SCE
and Cnt groups. The frequency of smoking was significantly higher in
ECI (p = D.0O1).

The SCE group showed the highest score af psychotic-like symploms
for all CAPE sub-scores and CAPE total score when compared w both
Sibs (p = 0.001) and Cne (p < 0.001) (Table 1, Fig. 1% Sibe displayed
significantly mare positive and negative schizotypal sympiloms than the
Cnt {p = 0.001) (Table 1, Fig. 2). Functionality as assessed by the GAF
seale differed acrods groups (p = 0.001). The SCI group displayed
significantly decreased functioning compared to both Sibs (p = 0.001)
and Cne {p = 0001} Sibs had significantly higher levels of subelincal
pevehatic symploms compared 1o Crt (p = 0.001), however, their level
of functioning was found to be cloer o that of Car (Table 1, Fig. 3

Age-adjusted Z-scores of cognitive WAIS-TI R sulbtests in each group
are presented in Table 1. Cognitive performances significantly differed
acrods groups with the exception of General Information. SCZ had the
lowest scores for all subtests, whereas $ibs showed the best cognitive
performance.

3.2 Childhood adversity experiences of the seudy population

The relationship between childhood adversity and group status was
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Tabde 1
Demegraphic, (sublclinical and cognitive characteristics of the sy pogulation,
SCE S Tt Stafistical Comparison Effect siee
Age (Years)
Mean (511
Misdian (Min-Max)
Mals n = &8 n=57 n= g n= 192
I (751 31,61 (A1) X1 (F.56) HEZh = D1E p = Q541"
30 (18-51} 31 (18-47) 31 [18-53}
Femnls n= 312 n=42 n=3 n = 14
3309 (8.95) 31.98 (B.15] Z2 91 (B.79) HiZ} = 058, p = O.746%
TS0 17— a1 C18=500 NN
Gensral 0= 100 =199 o= 100 n o= 29
4% (801 3177 (B LA (T.99 HEZ) = 0003 p = 05997
55 (17-51) a1 1850 X2 [18-52)
Gender
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Ml BE [65]) 57 (57.6} &7 [57] po=0a4
Famink 32 (33 42 (42.4} 33 [33) X = 286, df = 2
Oeesity
()
e = 30 7H (TR B4 (4.} BE (8] p=aois®
B = 30 7 (37 15 {15.2} 12 12) X% = B.45, df = 2 Coamér's ¥ = 0.2
Edmcation
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= High schosd A5 [85] 63 (5.6} &2 [2.8) p =002 "
= Univernpy 15 (193] EERECE 17T (78 A =qarsdi=2 Cramérs ¥ = 0.2
Smoking
n %)
Moa-smkir 3% [33) 50 {50.5} &3 [56.3) p o< oo™
Smivher 19 (19 28 (28.9) ETERT] X = 4030, df = 4 Coamérs ¥ = 0.3
Heavy mmisker A8 (4] FANES B 9 (1055
CAFE soore
Mean (511
Medsan (Min-Max]
Depression n=T8 no=92 0= 6 H{2] = 25.28, p = 0L001%
1478 (4,50 11,96 (29K 1138291} S0 ve Sibe U= ZAS050. p < 0001 Y r=03
135 [5-20) 11.5 (B-23) 11 {523} SCEwa Ont: U = 2182.00, p = Q001" =04
Sitd viL Col U = 404100, p = 0998 ¥
Wegnitve ympioms n= 7% n= 4] n=4%1 L) = 35,94, p < BoBO1"
2595 (7.87) 20,93 (4.80) 1981 {4.41) SCE va Sibse U = 213000, p < 0001 % ¢ =04
24 (14-52¢ 20 (1437 214-32) SCEve Cnb U = 1832.50, p < o.om ¥ r= 04
Siba v, Cni: U = 373750, p = 0.5827
Pasitive symptams n= T4 n= B9 no= S BR) = 0,17, p < 0up®
ARAT(I0.6Z0 26,19 (4.67) 2607 (6.0 S0 ve. Sibe U= 106800 p < 0001 % =04
31 (2067} 25 (20-4F) 2450 (20-53) SCEva Cab U = 171100 p = QLODIW =04
Sibs vy Cnt: U = J05050, p = 1.000 ¥
Tatal n= &2 no= B4 0 =87 H{Z) = B5.71, p = 0L001%
TREE (2011 80,71 (11.02) S50 (10620 S0 ve Sk U= 144350, p < 0001 Y r=04
B9 [£-142) 56,50 (43070 b (4280} SCEve Cnb U = 123100, p = o.0n" r= Q%
Sibs ve, Con U = 342600, p = 0,385 ¥
515-R score
Mizan (5T
Medsan (Min-Max)
Pasitive na no= 83 0=l
3,33 2400 Q78 {1.42) BCE vs, Sibs mo
A 80-11) LR Y] S ws, Cnk: ne
Sibs va. Cni: U = 1384.50, p = D.001* =06
Wegnifee na n= 4% n= S
1.76 (171} 031 (161 SCE vs. Sibx ne
1 {07 0 -1 S ws, Cnk: ne
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Table 1 (zontiaid)
BCE S Cnt Statistical Comparisen Effect size
Total m n=# n= B
5.00 (358 1% [1.81) BET vi. b me
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fibeva, Gnb U = 281700, p = 00017 =04
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a9k (16210 H1,33 (95 ST {150 SCE v Sibe U = 501,50, p < o001 ¥ r=08
50 (1587} 81 {55-100) &T (8291} SCEva Cnc U= 10600, p =< a.om® F=05

Sibs va. Cne: U = 265950, p < 0.000 " PO

Age adjusted WAIS-II B T seores
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Median (Min-flax)

[continued on next page}
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Table 1 (continued)
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SCE aths Cni Statistical Comparison Effect wee
Gemargl mformation n = &% n=41 mo= 100 HEZy = 599, p = Q08
=000 [0.99) 0001 (1.24] Q0T {71) SCZ vs. Sibk U = 3940.5 p o= 1.000 *
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=043 [-L63-2I1) .45 {— 1.97-2.45) 00l {~1.19-245) SCE va Cac U = ZA88.50, p = 0.000% =03
Sibs ve, St U= 407050, p = 1000 ¥
Elock design n= 5% no=00 o= 103 HY{2) = &2.18, p < 0u001°
— 028 (1.03) 059 (1% — 028 (.65 SCE v Sibe U = 215750, p < 00017 r= Q04
-5 [—L03-231) 054 (- 1.34-2.55) —0.30 {—1.31-1.82) SCE s, Cab U = $085.00, p = 1000 ¥
Sibs va. CRe: U = 2204.00, p = 0.001 * =04
Bigit-Symbel coding n = &4 n=43 mo= 100 2] = 24,40, p < 0U001"
~- 0.5 [(0.82) 0,66 (0.8} ~ 036 {0.92) SCE v Sibsc U = 220800, p < QLO01* =05
— 040 [—L13-1.44) 077 (= 1.07-2.300 — 037 {—1.91-238) 502 ve Cnb U = 208200, p < o.0m" r=qa%
Sibs ve, St U= 391650, p = 1000 ¥
* Bruskal Wallis test. Significance walues were adjusted by Bonferroni correction for mulirple tests.
¥ Mann-Whitney [ test,
¥ Pearson's chi square test. Significance values were adjusted by Bonferrani correction. p walues less than (L008 were considered significant.
na; il applicable,
nc not calculated.
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Fig, 1. Box plot representation of CAPE subscale comparisons of the SCE, Sile and Cnf groups. (A) Depression, (B) Megative symproms, (2 Pasitive sympioms, and
{D) Total symptom scare. Data are presents as median (min-max). ***p = 0.001, Mann Whimey U test. CAPE: The Community Assessment of Psychic Experience;
SCE: Schizephenia patbents; Sibs: Unaflected siblings; Co Nos-clinical contrels,
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Mosr-clinical controls,
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Table 2
Childhond care and sbuse experienoes of the study population (%),
CECA item BCE m (M) Hibs n (% Cab m (M) P x 2 & Cramérs V
Bieath of mother heflore ngs 17
Mo W {uE G2 (935 b (286) LRk 0084 (E}
s T & 1610 404}
Total 100 {100y S8 (100} 100 (169)
Beath of fatker befars ags 17
Mo G (000 4 (918} 06 [25] 2.251 2.283 (2}
e 1 1m LT 4 (4}
Taotal L0 (100p S C100p 100 (1620
Being eeperpied from mether more than & months bafore gge 17
Mo BY (BP0} LINEERH R (98] EHIZ 120005 (2} [-¥]
Wik 12¢12.1} 16 (165} 202y
Taotal S 100k Lils Bl 100 (105)
Bsing cepergted from facher more than & months before age 17
Ho a0 (816} 7 (A4} o8 (98] = 001 18.336 (2} o3
e 18184} FANES 268
Tuotal 38 (100} @7 (100} 100 (1520
Chomge of wohaol
11 years age
Ho T4 (FATH &8 (687} o9 (99 = 001 39147 (2} o3
e 25 8.0 a1 (18 161
Total 59 (1000 59 (100} 100 (169)
1217 years age
Mo TR P 100 (100) B E ] 25,075 (2} [k
ik 31 421.4} 23 (227} ooy
Total 98 (100} 97 (100} 100 (163
Being expeled from soheol
=11 years age
Mo LA 56 (U7 100 (100) 168 LETA(Z
e 11l fEH ] o
Total 94 (100} 94 (100} 100 (163
13-17 yoars oge
Ho 95 (96) 96 (DE) o9 (99 357 2.062 (2}
Wik 4(4) 22 101}
Total 4% (100K S8 (100} 100 (100)
Being taken burs care
o-11 years age
Ho 98 (09} 94 (100} 100 (163 3365 2017 (2}
ek 11} [ H] 0oy
Total 4% (100K S4 (100} 100 (100)
1217 years age
Ho 38 (oo a8 (100} 100 (153 0.367 2007 (2}
e 11l LR ooy
Total 94 (100} 98 (100} 100 (163
Run away from home
0-11 years age
1] 97 {08} 99 (100} 00 (93 0.363 2.027 (2}
Yes 202) i 1(1y
Total L0 {100} 10D {100} 100 (163
12-17 years age
Mo 29290 99 (949} oY e w102 4568 (2}
Wik FLERN] 5{5.1) 101}
Tutal 9% {100} 99 (100} 100 (153
Significantly sort of money
011 years age
Mo o (69,7 69 (9T oY e < Ll A5.04% (2} 23
Wik 30{30.3} 30 (0.5} 101}
Tutal 9% {100} 99 (100} 100 (153
13-17 years gze
Ho &5 (B5.7} &6 (667} o9 (95 = 001 40711 (2} o4
s 34 (34.3} 33 (33.3} 101}
Tutal S5 (100 S9 (100} 100 (162
Megleer of basie seeds
11 years age
Ho 48 (BE.O} a7 (879} 100 (163 [ 12659 (2} %]
s 111113 12 (121} o ooy
Total 59 (1000 59 (100} 100 (169)
1217 years age

(continued on next page)
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Tabde 2 (continued)
CECA ifem SCE (W) Sthr n (%) Ot m {4 P L] Cramiér's ¥
Mo LLCLEH S0 (9090 100 (1850 (L)) 13179 (2 ¥
ek 13{13.1} F{0.1) ooy
Total % (100} S (100} 100 (1950
Freguest argamensts n the family
17 years age
Mo 52 (860 (RN oy i) R SLAST (2 o4
b= 45 {464} a7 (374} 22y
Tatal EERN L LU EiL )
12-17 yoars age
Mo 52 {53.1} 50 (50.5) o7 (97 = 0uDDl 61.50% (2} as
Yes Atk (46.4p 44 (495 aid
Tuotal 98 (100} 39 (100} 100 (10
Trested cruefly
17 years age
Ho 1 (9193 a9 (B9.9) a0 (99 0022 7625 (2h
ez H91h 1061008 161}
Tuotal 3% (100} 34 (100} 100 (100
12-17 years age
Mo LERUERH LERCEE o4 (99 [T LElEY w4
¥en 1 {10.13 10 £10.1% 101}
Tuotal 3% (100} 39 (100} 100 (10
Experience gf daphit
0-11 years age
Mo i (64 01 69 (69 Th Uy () < Bl JO95T (2} 24
ik 35 (354} 0 (30.5) 202
Tuotal 3% (100} 34 (100} 100 (100
F3-17 years gge
Mo 5% (59.6} &8 (604} o7 e7m = dubbl 40,415 () (=2}
¥en 41 {404} 30 (30.5) 3 (3}
Tatal G (100 S0 C100 100 (1000
Unwarsted senual experience
11 years age
Mo 95 (99 97 (28} 100 (12 365 2018 (2}
ik 11} L] 0oy
Total S (L0 G4 (100} 100 (16060
12-17 years age
Mo G (94.7) 36 (07 100 (100 0076 5.152 (I}
e 50500 g oo
Tuotal 95 (100} 39 (100} 100 1

Mawing sdulis to po io with problems or o diccuce ferlimgs

0-11 years age
Mo 45 (45.9) 36 (3645 a1 (91] T 69.561 (2} 1]
s 5 (54,13 (SR oy

Total 98 (100} 99 (100} 100 (1000

12-17 years age

oL EERECE 34 (84T LR ] = oI B 274 (E) o5
ik 54 (55.13 &4 (655} 11 (11]

Total S8 (100} S8 (100} 100 (1660

Hawing saliers pour ape o fo b0 with proddavs oF to disces feelings

0-11 years age

Mo A1 (41.9) 22y i (93 BT 105,548 (2] o
s 57 (57.1} 7 (7T B (E}

Total 98 (100} 99 (100} 100 (1000

12-17 years gge

Mo 35 (36.1} 2} (20.4) B0 (80 < D0l 108.105 ] o6
Yim 2 (63.9) o el 10 (14

Total a7 (100} S8 (100} 100 (1660

Lomeliness

o-11 years age

Mo 83 (B5.6} &1 (92.9) 100 (100) < U001 15.51% (2} o0z
s 14 (14,4} TR oy

Total 7 (100p G (100} 100 (1661

12-17 yoars age

Mo 8 (77 B (W4 5p an (100) BT L3405 (2} ol
s 232 (22.7} 15 (155} oo

Total 7 (100p 7 (100} an (100)

® Pearson's Chi square test. Significance values were adjusted by Bonferroni correction. p values less than 0.008 were considered significant.

T
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Table 3
Telomere length comparisens of the groups.
SCE it Cnf ARl sibfects
Telomere Length (kbp/diploid genome)
Mean (5T¥) TTAZ (3.0% 97,63 (29.19) HH3 [30.75) HEBS (3302

Mitian (Min-flas]

Mulbpde companson best

72.45 [I5.99-93.45)
n= 1{0

HiZ) = ZH.265, p < 0L001*

94.98 (15 F3-214.45)
n=4

7477 (21.90-260.99)
n =100

B2.95 (15 29-260.99)
n = i¥

50T W Siks U= 3573, p = 0001 F=0.4
SCE v Ont U = 4928, p = 1000
Sfe . Cnt U= 3633, p = ao0n® r=0.2
Gender
Mk n= &8 n= 57 n = &7 n= 192
77.15 [33.16) 96.05 [2813) BA.1D [45.39) BE.GE [35.59)
69,22 (29.9%-190.45) Y78 (16.35-171.53) W55 (21.50-23057) W79 (16.25-220.57)
Famole n=3z n= 4z no=3% n= 107
794 (27.00) G470 (B080) FLAD (54300 W41 (4017)
0069 (811-16267) G943 (45 21-214 48) 49,13 (24, 45-260.55) FUOT (24.45-260.55)
Statistical comparien® U = §74, p = 0.400 U= 1100, p = 0497 U = 841, p = 2053 U = 9973, p = 0L677
DHsexity
n=73 no= B4 n= B8 no= 245
e = 30 P09 (31,500 G050 (29.76) B4, 45 (50.38) 0e. A8 (7.55]
6707 (29.99-153.45) G460 (16.35-214 48) W13 (21.50-260.55) WALED (16, 25-360.54)
n=3I7 n=15 n=12 no=54
EM = 30 BP0 (3415 GATH (2807 BOL20 (51 EY) WIL00 (3535

Staistical companken

76.28 (45.51-162ET)
U = 743, p = 0.060

07.43 (5242-14134)
U = 586, i = 0.EEA

40.65 [24.45-22057)
U = 419, p = 0.248

76.54 (24 45-Z205T)
U = 6271, p = 550

Edueacion
= High sehood n= &5 n=h% n o= B no= 230

HOE (33115 4697 (31.47) HLET (21.50-200.59] HE.91 (4122

7316 [35.99-153.45) G250 (16 35-144.75) B2LET (20.50-260 .55 H1.06 (15.29-260.59)
= Unirernty n=1% n= % n =17 n = &%

FE.59 (1569 97,14 (2554 FLEE (40.74) H5.74 (2386)

Statistical comparsen®

6703 [30.25-13506)
U = 597, p = (il

05,80 (25 55-146.42)
U =491, p = Q304

69.38 (X1 86-152T1)
U= 619, p = 0489

HE.2E (2386152 73)
U = 703, p = G465

Smoking
Hon-smoker n= i3 n= & n = &3 n = 144

B1.2% (33.51) 96.70 (2297 B1.90 (5350 B6.81 (4X95])

73.17 (35.11-193.45) 095.43 (16 T5-214.45) 71.51 (23.56-260.99) B4.21 (1&6.23-261.000
Smoker n=1% n= 28 n=3 n= 5

B4.B7 (316 96.92 (2651) B2.56 (457 91.488 (2535

0H0 (A2 AG-1TE G0 U5.54 (45 21-15241) W53 (T7.35-B5 57 HH AT (42 46-178841
Hia vy ker o= &8 o= 21 o= 2 =98

7185 [3A.60) 1L (31850 GOL51 (4742 WIL5H (X7.44)

Staristical comparken*

00,23 [26.00-162.671
HiZ} = 4.01&, p = 2476

44,41 [S324-171.5%)
HiZ) = G011, p o= D955

4640 [ZT02-181.15)
HEZ) = 1.485, p = D476

0,12 [26.00-181.18)

H(Z) = 3.274, p = 0155

* Kruskal Wallis vest, Significance values were adjusted by Bonferroni correction for multiple ess,

¥ Mann-Whitney L' best.

assesged by multinamial logistie regression analysis in which the group
status (e SCZ Sibe, and Cnt) was the dependent variable. We found the
substantial excess af childhood adversities up to age of 17 among SCZ
{OR: 5.52B, 95%C: 3.544-B.623, p < 0.001) and also their Sibs
{OR:5.391, 95%C1: 3.460-8.400, p = 0.001) when campared o Cnt
{Supplernuuary Table 2). As can be seen from Table 2, differences
between the groups were observed for the CECA-Interview items: Being
Separated from Mother more than six months (p = 0.001), Being Se-
parated from Father more than six months (p < 0.001), Change of
School (p = 0.001), Suffering from Significantly Short of Money
{p = 0.001), Neglect of Basic Requirements (p = 0.01), Frequent Ar-
guments in Family (p = 0.001), Experience of Being Hit or Slapped
{p =< 0.001) and Loneliness (p < 0,001} for both age ranges (i.e. 0-11
and 12-17).

2.3 Telownere length of the study poprlation

Mean and median (min-max) TLs of the study groups are shown in
Table 3. Although mean TL of the SCZ was sharter than the Cnt, this
difference did not reach the statigtical significance level (Fig. 4. On the
other hand, Sibs had significantly longer TL compared to bath SCZ
{p = D0.001) and Cne (p = 0.001L

Independent from group status no significant correlation was de-
tected between age and TL (r = —0.06; p = 0.35, see Supplementary
Fig. 1). Gender, obesity, and smoking had also no effect an TL in any of
the groups. When the TLs of SCZ, Sibe. and Cne were compared in terms
of their education level, we couldn't find any significant difference
(Table 3). Similarly, the duration of education had no effect on TL (data
nol shawi).
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Fig. 4. Box plot representations of the TL in $C&, $#s and Cnr growps. Data are presents as median (min-max). **p < 001, **p < {0601, Mann Whitney L test.

SCE: Schizophenia pat Sibe: Unaflected =il

A4 (Sublelinical and cognitive measurements and telomere [ength

Independent from group status and clinical diagnosis, we found a
significant negative correlation between TL and the CAPE sub-scores af
Depression (r = —0.144; p = 0.019), Positive symptoms {r = —0.25;
p < 0.001), Negative symptoms (r = —0.155; p = 0.012), as well as
the Total soore (r = —0.204: p = 0.0D2]), while with r\e|all1.-=|_l,l srmall
effect sizes (Fig. 5). However, there was no significant correlation be-
tween schizotypal symptoms and TL {p = 0.05) The comelation be-
tween TL and functioning as asveseed by the GAF scale also was not
significant (p = 0.05). The analysis of the relationship between cog-
nitive performance and TL in the whole sample revealed significamt
positive correlations for Block-Design (r = 0.22; p = 0.001) and Ar-
ithmetic subscales {r = 0.18; p = 0.003). However, General Informa-
tion and Digit-Symbol Coding subscales were not significantly corre-
lated with the TL (p = 0.05) (Fig. 6). We also evaluated the possible
relationship between symplom severity and TL in SCZ We find oo
correlation between TL and total SANS/SAPS scores. Although not
reaching statistical significance level, negative correlation betwesn
delusions and TL was noteworthy (r= —0.229; p = 0.054)
{Supplementary Fig. Z).

3.5, Childhood adversities and tefomere leapgth

The relationship between each of the childhood adversity items and
TL was tested both in the whole sample and in the subsamples of S5CZ,
Sits, and Cne (Table 4% Our results showed that Death of Mother before
age of 17, Being Treated Cruelly and Loneliness before age of 11, and
Loneliness between ages 12-17 were significantly associated with
shorter TL. Independent fram group status, people lost their mother
before age of 17 had shorter TL compared 1o those who didat
{p = 0LOS). Loss of mother before age of 17 had a more pronounced
effect on TL in the Sihs (p = 0.005). Telomere length of the peaple who
reported the experience of being treated crpelly before age of 11 was
found significantly shorter in both Sibs {p = 0.005) and in the whole
sample (p = 0.04). Loneliness longer than 6 months before age of 11
was found 1o be associated with shorter TL in the whole sample
{p = 0LO43). SCZ group reported loneliness most frequently and the
effect of this adversity on TL shortening was more pronounced in this
group (p = 0.008). Loneliness during age periods of 12-17 was also

s Cne Mos-clinical controls,

amgociated with shorter TL in SCZ (p = 0.025)

Since we found a negative association between same of the child-
hood adversity items and TL, we alio wanted to test whether degree of
exposure to childhood adversities would be associated with TL short-
ening in each group. To this end, we categorized each group into two
sub-groups based on their global adversity scores: the lowest quartiles
(01 + Q2+ 03) and the highest quartile (Q4). In the SCZ group, TL was
found to be significantly shorter in the highest quartile, when campared
o the lowest quartiles {p = 0.022) (Table 5, Fig. 7). In addition, ne-
gative association between childhood adversity and TL was intriguing
in the SCZ group (r = —0.205, p = 0LO51), even though not statistically
significant. On the contrary, TL did not differ between the two sub-
groups in Siba

3.6, Lagistic regression

Table 6 shows the logistic regression model by which all the po-
tentially related parameters, stood out as significantly associated with
TL, were tested agains one another. The predictors significantly con-
tributed 1o the TL were being in the Sibs group, having positive pay-
chotic-like symploms, and having experience of laneliness during early
childhood. Being in the Sibs group predicted longer TL (OR: 4.196; 95%
Cl [1.764-9.983); p= 0.001), whereas positive paychotic-like symp-
toms (OR: 0.908; 95%C] [0.828-0.994]; p = 0.036) and loneliness be-
fore age of 11 (OR: 0.078; 95%CI [0.007-0.851]; p = 0.036) predicted
sharter TL. Other potentially confounding factors including cognitive
function, age, sex, obesity, and smoking had no effect on TL

4. Discussion

In this sudy, we tested whether SCZ patients and their unaffected
siblings have shorter TL compared 1o non-clinical controls. We aimed
also pa determine (1) whether shorter TL correlates with psychometric
liability to piychosis; (2) whether childhood adversities have a mod-
erating role in TL shortening. We found no significant difference be-
pween SCZ and Crt with regard to their TL. Interestingly, Sibs had the
longest TL amaong the other groups. Our results showed that shorter TL
is negatively associated with paychotic-like symptoms. In addition, we
found that childhood adversities are negatively associated with TL

In contrast Lo our accelesated aging hypothesis in 5CZ, we couldnt
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detect any significant telomere shorlening in the SCZ group when
compared to the Cne Our finding is consistent with some of the pre-
vious reports indicating TL in SCZ was similar to controls (Li et al,
2015; Malaspina et al., 2014; Mansour et al., 2011). Apart from the TL
measurement, McKinney et al (2017) have used a different method
which compares DNA methylation levels a1 353 genomic sites to test the
accelerated aging hypothesis of 5CZ in the postmortem superior tem-
poral gyris and suggested no acceleration of brain aging in SCZ. In the
patient group, we also explored the relationship between TL and
symptom severity. Our results showed TL is not associated either with
SAME or SAPS tolal scores. On the other hand, negative correlation
between delusions and TL was noteworthy, although not reached sia-
tistically significance level. Pawelezyk et al. (2015) have reparted that
the severity of SCZ symptoms correlated significantly with telomere
altrition. Maurya el al. (2018), on the other hand, have reported that
the severity of psychopathology measured by PANSS scores was posi-
tively correlated with TL

Reasons of controversial results about SCT and TL are mot clear,
however, may include methodological variations for TL measurement,
along with demographic and lifestyle factors such as age, smoking, BEMI,
education, as well as life stressors such as childhood adversities. In the

current  study, we have wed aTL-gPCR method developed by
¥ Callaghan and Fenech (2011). This method unilizes telomeric repeat
and single copy gene standards and allows measuring the absolute TL as
kbp/diploid genome in contrast to the other methods that use T/S ratio
o estimate the relative TL. In addition, we explored the confounding
elffects of sther variables on TL including age, gender, smoking, obesity,
and cognitive function. We found that these variables did not sub-
stantially contribute ta our TL findings.

All studies have been reported so far based on clinical diagnosis of
SCT jtself. Intermediate phenotypes that lie mid-distance between ge-
netie risk and clinical end-point of interest have never been taken into
eonsideration. An important strength of our study is that, for the firs
time, we investigated the association between TL and inlermediate
phenatypes of SCZ (ie psychometric liability 1o paychosis), in-
dependent of the clinical diagnosis. We showed that the psychotic-like
experiences seem o be associated with shorter TL in all subscales in-
cluding depression, positive symploms, and negative symptoms, while
with relatively small effect sizes. Both owur correlation and regression
analyses suggest that this asseciation was particularly noticeable be-
mween TL and positive psychosis-like symploms.

Recent studies have suggested that psychological stress is associated
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with shorening of TL For example, it has been shown that young
msthers who have ta give primary care to their chronically ill children
have significantly shorter TL when compared to age-matehed mothers
with a healthy child. In addition, the number of years of providing care
significantly predicted shorter telomeres, lower telomerase activity and
higher axidative stress (Epel et al., 2004). Shorter TL has also been
associated with depression and post-traumatic stress disordess (Kim
el al, 2017; Verhoeven et al, 2018 As suggested by models of bio-
logical embedding in early life, although cumulative lifespan adversity
should have bigger impacts than single events, it is also possible that
adversity in childhood has larger effects on later life health than adult
stresgors (Puterman el al., 2016). Shalev et al. (2012) have reported
that children exposed to two or more lraumatic stressors at age 5, in-
cluding maternal domestic violence, physical maltreatment by an aduly,
have significantly shorter telomeres at age 10 compared to children
exposed o less or oo vielence. Tt has also been reported that the
childhood adversities negatively associated with TL of adulthood. For
example, Drury eb al. (2014) have shown that cumulative exposure o
interpersonal violence and family disruption was correlated with
shorter TL. Riley et al. (2018) have recently investigated the effect of
aarly trauma on TL in SCZ patients with a small sample size containing
only 4B patients and 18 contrals. They have reported SCZ patients had

significantly more global trauma and traumatic events, but case and
cantral groups had similar TL. They have reported significant negative
ameocialiong in male cases and, conversely, in female controls. However,
the association between childhood adversities and TL has yet o be
investigated in a large group of SCE patients and also their unaffected
siblings who had shared similar environmental factors during their
childhood. Our results showed that SCF and Sibs groups reported sig-
nificantly higher frequencies of abuse and neglect experiences during
their childhood than Cne. Death of Mother before age of 17, Being
Treated Cruelly and Loneliness before age of 11 and Loneliness between
ages 12-17 were associated with telomere shortening. Balzan et al
(201E) have investigated the effect of social isolation and lonaliness on
TL in a small number of male SCZ patients {n = 44). They reported a
significant relationship between living alone and telomere attrition
which is in accordance with our findings. Our results suggest that
loneliness, especially during early childhood is associated with shorter
TL in SCZ. As far as we know, this is the firs study reporting the ne-
gative association of childhood adversities with TL in SCZ patients and
their unaffected siblings in a relatively larger sample size.

Stressors over Lhe lifetime (eg. maternal stress, early life adversity,
unemployment, caregiving, relationship conflict ete) stimulate the
hypothalamic-hypophyseal-adrenal  axis and  immunological and
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Table 4
Childhood adwersities and telomere length,
Mean (514 BLE Siby one Al subjrects
Medsn (Min-Max)
Desth of mother belese age 17
Ko B=193 B=192 =05 == 28]
TEAN (1212 9.8 (0,09 LB LG (002
7143 (25.99-193.45) §6.02 (16.29-214.48) T6.78 (21.90-260 .99 83.52 (16.29-260.99)
Yer m=7 m= =4 =17
A0 (17043 TEH (16,37 A1 (A2 AN &5.50 (2017

Siptistical comparizon®

75.63 (37.31-85.72}
U= 300, p= 070

Treated eruelly berween ages 0-11

58,56 (52.42-07.20}
U= B, po= 0,005, ¢ = 0.0

TiL75 (24.45-102 58)
U= 158, p = Q35

74,42 (24.45-102.58)
V= 1713, p = 0030

Mo =4l m= BY =99 m= 179

TROF (I1TE) 10025 (29.74) Lo BT LH (40150

TLd44 (215.99-193.45} #5.33 (16.28-214.48} T7.59 (21.80-260.99] &3.52 (16.29-260.99}
b n=H == 10 m= 18

F5.50 (1095} B0 (14,060 BC FOF (1914}

53,31 (39.20-93.64) £1.01 (52.42-107.513 B £4.32 (39.20-107.51}
Statistical comparison” U= 224, p= 0072 U= 20% p= 0,008 r=03 3 U= 1519 po= L r = 0,1
Lonelinessbetween ages 0-11

=il ==l == 100 m= I
Mo [ =EER RS 708 (25,720 BT (51.00) B BY (9010

7318 (25.99-193.45} F5.80 (16.28-152.41} T4.77 (21.80-260.99] &3.85 (16.29-260.99}

m=14 m=7 m= 2l
L] HEAY (15.80) 10543 (59.92) B THAT (A2.95)

51.25 {(37.31-90.18} &2.20 (53.89-214.88) B &6.11 (37.31-214.48)
Siptistical companizon® U= 32N, po= 0,008, r= 0,3 U= 28], p= 0608 B U= 2004, p= 0,048 r= 0,1
Loneliness berween ages 12-17
Mo m=73 = B2 =98 m= 255

AL EH RS 918 (8.4 BT (51.00) LS (4053}

73.79 (15.99-193.45} §6.02 (16.20-21.48) T4.77 (21.90-260 .99 83.52 (16.29-260.99)

n= il m=15 m= i7
L] SR (16.55) 459 (14,42 THO (29,57

Statistical compansony

&1.94 (37.31-92.64)

U = 584, p = 0.02% r = 0.2

85.14 (25.99-171-03}
U= 556, p= 055

T4.05 (25.99-171.9%}
U= 3903, p = 0050

Only the CECA items that reached the significance level were induded in this Table

¥ Mann-Whitney 7 test,
nc Mot calculated becamse o = 4 in this group.

Table 5
Relationship berween TL and global childbood adversity score,
Mean (51 s il Car
Median (Min-
Maxd
Three lovest n=Tl B=m n = ug
gurels (1 B1426 [34.450) 97.102 (25.358) A2.730 (51.003)
+ 0+ Qir PaIe S3HAY 4771
[FRS94%-1534510  (16.290-152407) (21 501-260554)
Higheir quarrile 0= 30 =17 =l
(L H BT (15,5900 104570 (42443)  nc
61941 53.747 ne
[¥.200-97.476)  (53.243-214.476)
Statistical L= AT 00 U= L0 nc
compasison”  po= 0.022 B o= 0.930

i Mot ealeulated,
¥ Mann-Whithey 7 test,

aulonamie systems (o create a response and adapt the organism Lo these
conditions. Hormones and cytokines seereted by the excestive frequent
response at the cellular level canse w increass in the allostatic load
(Tegos el al, 2016). However, not all individuals are under the risk of
an equal cellular allostatic burden to the same streseor exposure. The
net effect of the sressors depends on the presence of resilience factors.
Recent studies have led 1o the idea that TL might be a biomarker re-
fecting differences between individisals in terms of their psychologieal

stress resilience. Low resilience factors such as high vulnerability to
slress peactivity, weak social interactions and unhealthy lifestyle are
amsumed o be related o increased cellular response, which in tum
cause Lo increase in allostatic load and eventually accelerated telomere
erodion [Mainous et al., 2011; ODonovan el al, 2012} Swdies have
supported that mullisystem resilience factors including psychological
stress resilience, social connections, and healthy lifestyle factors are
amsociated with longer telomeres, and all of these are supposed to
protect people from stress-induced telomere erosion (Puterman and
Epel, 2011). In the current study, contrary o our hypothesis, Sibs
showed the longest TL. Sibs in this study are a subgroup of thase whe
participated in a large EU-GEI study. They were the siblings who agreed
o participate upon invitation with a phone call and accompanied the
patients to the hospital. Despite having more psychatic and schizotypal
symploms than Crt, the functionality of the Sibs was found as better as
af Cat. When compared to the SCZ and Cnt groups higher educational
lewel, higher cognitive performance, higher work experiences (data not
shown), and higher long-term relationship frequencies (data not
shown) were remarkable in the Sibs In our recent study, we have
eviluated the liability to psychosis and Liability 1o T2DM in discordant
siblings and non-clinical controls in a larger cohort invalving study
population of the current study. We have reported that the Sibs had a
mare favorable metabolic profile on several measures, including lower
frequencies of metabolic syndrome and abnormal triglyceride and high-
density lipoprotein cholestersl (HDL-C) levels (Atbasoglu et al, 2018).
We could hypothesize that even though sibs have paychometric liability
w psychosis, genetic and/or enviconmental resilience factors that are
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nat shared by the affected sibling might have protected Sihe from stress.
induced telomere erosion and als from the onsel of piychosis. One af
the reslience factors might be higher emotional intelligence (E1) in the
Sites. It has been reported that people with high EI cope better with the

stressful encounters since they are able o effectively regulate their
mood states. El is thought to buffer the effects of aversive evenls
through emotional sell-awareness, expression, and management
(Armstrong et al., 2011; Salovey el al., 2002). Indeed, our data showed

Table &

Bivariate bogistic regression.
Dependent variable: Longer Telomere Length® ] 5K Wald (3 O (RS CID
Independent vaHables
Group
Lo =R n.anz (=i ) nurs 1104 £0.808-2 508
=1 L.434 0442 10,516 .00 4 106 (1.764-5.9E3]
Cnr [Referame
Prychotic-like symptoms
CAFE despreisian 0055 0.085 0406 D.524 1.057 (0.892-1.251}
CAPH negmtte —Qm? sk (=X ) LU ] 0,983 C0.0881-1, 008}
CAFE pasithee —0u0a7 0045 4400 0035 CUD0E (0. B350, Fd]
Dearh of medher bafre age 17 =130 0754 (=12 0.8eT BB £0.200-0.804)
Treated cruslly herwess aps 0411 =107 0.838 1472 0.225 0362 (0.07D-1.870}
Lonelinese benwren ages 0-11 — k582 1220 4377 0,038 LT 0, 00 -0, 850 )
Lenelmess between ages 12-17 =k %] =8 k) 0674 1.0 £0, 77844801
Cogmitive performance
Finck desigm (=L n.zis QLo 0.Aazs 1240 (0, B08-1 902}
Ao 2.054 0.211 Q065 0.7 1.055 (06981504}
Ape Q.1 nozz 0 0152 1L 0, 989-1 078
Gender -0.570 0.367 407 0.1zl 0.566 (0.375-1.162}
Dienity =@l 0458 [=h ] LR 0,794 £0. 3241947
Smoking [=Xerp] 026 QUL 0.HZZ 1.0 (0, ShE-2, 308}
* mhowe median.
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that similar to SCZ group, Siks were more exposed to childhood ad-
versity experiences compared to Cht. In the SCZ group TL was found to
be even further shortened in people more exposed to childhood ad-
versities; however, this is not the case for the Sibe. This alsa might
support the idea that Sibs in this study have resilient profile. However,
resilience status of the stsdy group including EI and need to be ad-
dressed by future studies.

4.1, Limitations

The resulls found in the present study should be interpreted con-
sidering the following limitations. First limitation &5 that there is a
problem inherent to the application of seli-report measures such as
CAPE, SIS-R, and CECA-Interview. Although they allow gathering
qualitative and guantitative data quickly, self-reported measures pos-
sest several limitations like social desicability bias, a lack of flexibility,
and law response rates especially to the childhood adversity experi-
ences. Second limitation of this study is that our SCE group was not
drug-naive and frst episode patients. To date, a limited number af
stndies have investigated the association between TL and AP treatment
in SCZ Yu et al. (2008} have evaluated clinical response 1o APs in a
group of 68 patients with 5CZ and reported that poorer treatment re-
sponse was associated with shorter TL. Li et al. (2015) have asessed TL
in first-episode, AP-naive patients with SCZ (n = 89) priar 1o 8 weeks af
risperidone treatment and found that patients with poorer treatment
response had shorter TL. Our SCZ group was selected fram amang the
participants of a large gene-environment interaction study: EU-GEL As
for the most genome-wide association studies (GWAS), it was difficult
1o find a homogeneaus graup of patients receiving the same treatment
regimen in terms of a type of the APs, dosage level, and duration.
Therefore, effects of AP treatment which might be ane of the potential
cofounding factors of TL could oot be analyzed Indeed, our patiemt
group had significantly higher prevalence of abesity and smoking that
might affect TL, however, thase variables that were likely 1o confound
the results were inclsded in the statistical analyses and showed no ef-
fect on TL. Our results do not suppart the premature aging hypothesis in
SCZ, but do not preclude vice verse. Another limitation of this study was
the lack of a random sampling procedure in the recruitment of the Sibs.
This was unaveidable, given that the study sample was a subgroup af
individisals participating in the EU-GEI Project, stipulating the re-
cruitment of unaffected siblings without randomization. In order to
contral for patential bias, however, several variables that were likely to
confound our TL results were included in the statistical analyses.

In conclusion, our data suggest that psychometric liability 1o pay-
chosis and childhood adversities are associated with shorter TL, al-
though these findings must be considered preliminary, pending larges-
scale replication. Further longitudinal studies evaluating the effects af
lifestyle factors (physical activity, diet, and sleep), blood stress hor-
mone levels (norepinephrine, epinephrine, etc), pro-inflammatory cy-
tokines, oxidant/antioxidant status and telomerase activity are war-
ranted in order to identify the physiological mechanisms underlying the
relationship between telomere shortening, paychometric liability
peychosis and childhood adversities. In addition, further investigations
are needed o identify which biological/enviranmental factars have
protected Sihs from telomere attrition and onset of psychosis.

Conflicts of interest

The authors declare that they have no conflict of interest.
Acknowledgements

This work was supparted by the Scientific and Technological
Research Council of Turkey [TUBITAK, Project Moo 21551510, and

partially funded by the Tth Frame Work Programme aof the European
Union (grant agreement no. HEALTH-F2-2009-241909, Project EL-

Jownal af Piychioc Reisarch 171 (2019F 165-185

GEIL All the DNA samples were provided by the Biobank facility of the
Ankara University Brain Research Center funded by Ankara Univessity
Seientific Research Projects (AUBAPRO) (grant number: 10A6055003).

Appendix A. Supplementary data

Supplementary data o this article can be found online at hieps: /7
doi_erg/ 1001016/ jpeychires 2019.01.022.

References

Andresses, N.C, 1981, Tha Scale foe thee Adsemest of Negalve Syspress [SANE]L Uaiv.
Iowa. Jows iy, . LA,

Andresses, N.C, 1984, The Scale for the Assessment of 134 Fositive Symploms (SAPSL
Univ. lowa. Jowm Clry, |, L&

Anthes, B, 3014 Love faster, die younger, Mabare 508, 16-17,

Armatrong, A, Galligan, FLP., Critchley, TR, 2011, Emotonal intelligence and psy-

al nesilience o negative life eventi Pers. [adiv. Differ. 51, 331-336. hompe /7
doi org B0 101 6 paid 200 1,000,025,

Atbamgh, L Gemus-akay, G, Guloksuz, % Saka, MO, Liook, A, Alpbekin, K 2018
Eiighes schizatypy prodicts bertes r_-cmbuln. profile s maffecsed siblings of patients
with schivepdeeada. Paychophasmesology (Beslin) 235, 1029-10349,

Bacalini, M.G., D'&quila, P, Marasco, B, Nardira, C, Montesanso, A Franceschi, £,
Famarins, G, Carsgnied, P., Bellizsl, D, 2007, The metbylation of soclear and -
techendrial OMA in ageing phenotypes and longevity. Mich. Ageing Dev. 165,
186-161. baipswsdot orp 100100 & mead 2017 00, 006,

Balean, B, Dhallos, V.5, Liv, D, Hahn, L., Penech, MLE,, Gallethy, £, 2018, Shorter
relomere lenglh & people witk sehizophienia who Eve slee? Schizephe. Res. 199,
422420, betps/Adolorp/ 10100 &0 aschres 2018.02.0 59,

Bandall, 5. .Llci.lun FLL, Hulbert, CA., McGomry, .08, 2000, Chakiboed trauma and

gy e, eritical review of the evidesos. Schizophe. Bull. 34,
SEB-E-G"‘I Baips el o 10 1093 selvibal shan 121

Bifukn, A, Broan, GW., Hamis, T.0x, 19594, Childhood experience of care and abuse
[CEICA] @ recrospective [sberview Child Paychal, Peyehiamy Allied Dicip
35, 1419-1435. batps:/ el org 10, 1007 /2001 27-002-0589-9.

Mackburs, B, Bpel, L5, Lim, J., 2005, Haman telomere bicloge 2 comtritamory and
inberactive factor in aging. disease risks, and protection. Srience 69 {80, 1153-1158,

Beafl, B.L., Freodman, B, Schoek, NI, Gortesman, L1, 2007, Deconstroctisg schize-
phrenia: an overview of the use of endophenotypes in order fo snderstand a complex
disorder. Schizophr. Bull, 33, 21-32

Creplelewski, L5, Masvada, R, Panlezund, B., da Rosa, E D, de Lucens, D, Maceds, I,
tirumn, LK., Barbe-Twana, FM., Gama, C5., 2014, Telomere lengih in subjecis wath
schizophrenia, thesr unaffected sblings and healthy conirols evidence of acceleraged
ugieg. Schizephe. Res. 174, 39-&2

Diesen, L, Andreisses, DA, Haukvik, UK, 3016, 5 [ et dicy in
some possible Biological mechanisms across the life spam. Schizophr. Bull, 42
1316-1319. horpa:/ ol org 10,1 093 /achbel Sw 28,

Dipury, 5.5, Malile, E, Bretr, LH., Esewves, K, Jones, E., Shirckfl, EA, Theall, KF.,
2014, The asmciation of ielomere length wish family viokence and disnipiion
Fediatncs 1734, ¢1 28-2]175T.

Epel, E5, Blackbuen, EH, Lis J., Dhabdar, F3., Adler, BE., Morsow, J.0., Cawthon,
ML, 2004, Aocelerated telomere shortening in respomse bo life stress. Proc, Mol
e, Soi, WLEA 10T, 1R 2-1T30S,

Fernmdtez-Egen, B, Bernardo, b, Heaphy, CM., Geiffith, 1K, Parellada, E., Esmates, E,
Conget, [, Nguyen, L., George, V., Suipples, H, Krkparick, B., 2009, Telomer:
length amd pulse pressure in pewly diapnosed, antipsychotic-naive patients with
nonaffective paychosis. Schizaphs. Bull. 35, 437842

Gotressan, LL, Gould, T.0., 2003. The endophenatype concept in prychiamy: eymology
and strabegic mitentons. Am. J. Prychistry 160, S36-645,

Cilmiis, G, Thkdn, &, 2002 Telomere and telomerase in Cancer: podent prognes. e L
B {Ed.], Resiews on SBelected Topbes of Telomere Biology. [aTech, pp. 95-122.
Hansmen, LW, Schuite, M5, Maloaff, 180, Epel, E5, 2017, The relabonship between
chaldhood paychosocal sressor level and telomere length: a meta-analysis, Heal.

Poyehal. Res. 5, 14-22 hirps://dod oeg /10,8081 /hjir 2017.6378.

Huffman, KL, Levene, 510, Tesmer, V.M., Shay, LW, Wnight, W E, 2000, Telomers
shoriening is propertional &0 the size of the G-rich telomenic 3-overbang. J. Biol
Chem. 275, 19719-19722,

Eao, H.-T., Cewthon, LML, Delisi, LE, Bertisch, HC, I, F., Gondon, D, 15, P., Benedier,
MM, Greenherp. WML, Porten, B, 2008. Rapid telomere ercsion i schizophrenia
Mol. Peychiar. 13, 118-11%.

Eendler, B35, Licherman, JA, Wakh, [, 1989, The souctured inperview for sohdzatypy
(515); a preliminary report. Schieophr. Bull. 15, 559-571.

Keshavan, M5, Marallah, BL&, Tandon, B, 3001, Schizephrenda, “Hust the Facis™ &
Moving shead with the schizophrenia conecps: fram e clephant to the mose.
Schizophr, Bes. 127, 3-13,

Kim, T.¥., Kim, 5.1, Choi, LB, Lee, ST, Kim, J., Hwang, LS., Chong, WG, Choi, LI,
Elim, HW., I{I.In.SEL Basg, M1, 2007 The effes of trauma aed FTSD on elesten:

: A ry sudy in people expesed o combat rauma Sci. Rep. 7, 1-7.
hizpsssdolorg/ 140 lLJU.ﬂHIb“U 017-04682w,

Wrkpanrick, B, Kennedy, 8K, J016. Aecelesuted aging in schizsphrenla and relatit

dierse fuliee h Schizophs. Res. 196, 4-8. hope /Aol o/ 100101640
schres, 2017 06,004,

T —

112



B Gl e el

Kirkpairick, B, Messiar, E, Harvey, B.D., Femander-Egea, E, Bowie, CH., 2008 |3
schizopheenia a syndrome of acceleraed aging? Schizophe. Bull 34, 1024-1052

Komirgs, ML, Bak, ML, Masssen, 8., Yan O, J, KErabbendam, L, 2006, Validity and re-
Eability of the CAPE: a sl-report imstrument for the messuremens of pepchotic ex-
pumence in tee general population. Aetm Psyehisr. Seand. 114, 55-61.

Koin, LM, Pureshottam, B, Moily, ME, Jam, 5, 30035 Shortened telomere i un-
remattesd schizophrenia, Psychiatr. Clin, Meurceoi, &9, 2932-397,

Lz, EE Blartin, A5, Tu, X., Palmer, BW., Jeme, TV, 2018, Chldod adversiny sed

b J. (En. It T hmpe/Adolorg 104088/ 0.1 Pm 1 1776

L, 2., ]!‘uM Zong, X, He, Y., 'ﬁ'-:n:Il' Diga, L., Dong, M., Zhou, ., Sao, W, Ly, L, Chen,
X, Tnn:g, 1., 2015, Asseciation of nelomsere kength and mitochondria DA opy
s b wich risperidons eamment reponse i e-cpiode asripryoiok. naive
wehieopirenis. 5o Hep, 5,

Lindgviss, O, Epel, 1.5, Mellon, 5.1, Pennine, BW,, Réviéaz, D, Verhomven, JE, R,
WL, Ls, J, Mahes L, Hoegh, M., Rosser, B, Bersand, PS5, Blackburn, E.H.,
Wolkowitz, 0.8, 2015, Prychistric disorders and beukscyte telomere length s un-
derl¥ing mechamems lisking mestal illness wath cellular aging Meuroeci. Bobebay
Rev. 55, 333-364,

Malnous, AG., Evererr, C0., Diax, V.A., Baker, B, Manging, M., Codd, V., Samanl, N1,
2011, Lewkocyte telomere length and marital stabes: among middle-aged aduli= fAge
Ageing 4, TI-TE

Mlakarow, V.1, Hisase, V., Langrore, JF., 1997, Long G alls ar By ends of husan
chromosomes suggest 2 £ sirand degradation mechanizm for selomene shortening
Cell BE, 657665,

Belalicspdea, T, Dracules, B, Walsh-Messinger, 1., Haslap, 8., Geew, LR, Keele, O, Perrin,
BLEL, 2014, Telomere length, family history, and pasernal ape in schizophrenia. Mol
Genet. penomic Med. 2, 326-331. hiips-/dol. org/ 101000 mgrd 71,

Mlangous, H., Chiadar, K., Fathi, W, Eliay, M., Iheahim, 1, Wosd, I, Bamne, M., Telai,
§., Yasgin, A, Balah, H., Elsaped, H., Elssa, A, El-Boraie, H., [beahim, N.E., Elsayed,
ol El-Bahgei, 'W., Gomaa, £, El-Chennawi, F,, Nmgaoskar, V.L., 2011, Does belo-
mere lengih mediane association Benween inbreeding and increased sisk for Bipolar 1
disorder amd ¥ Paychlarr. Res 188, 129-132 hompe/Adolorg /1000016
Apwychres. 20010.60, 000,

Maurya, F.E., Rmeo, LB, Savier, G, Tempaky, P.F, O, V.K, Santors, ML, Spindols,
LM., Miopent, P35, Mampect, LR, Gadelha, A, Gouven, ES, Moo, C, Macs, M,
ﬁwd.dm, Q,, !m R.A Urieszke, K, Belangers, 51, 2018, Leukocyte belomere
length duff of shaoph AL Prychiatr. Res. 98, Z18-223
BaIps:, .".-'denl.nrg,r]n TOR&ES) jpaychise. 200 7. 1000&.

MbcKinney, B.C, Lin, H, Ding, Y., Lewis, DU, Sweet, BAL, 2007, DNA methylacios evi-
dience agaaret the sccelerated aping hypothess of schizophrenia. npj Schizephr 3,
1-3. himpe/Adolorg/ 101 038,/541 537 I:I:I? 00175,

Mbsegan, C., Fisher, H., 2007, Eswi | faactioors in
wehizophrersy: childhood trauma - l.crle] n.-rlm. Schizophr, bull %3, 3-10,
Baripa: S Aded g 100 1093, sehbal S hI0EE.

Mguyen, T.T, Evier, LT, Jeme, DV, 2017, Systemé hinmaekess of accelerated aging in
wehieophreriy: 3 ontical review and future directions. Schizophr, Bull. 44, 398408,
tps:fdod orp 10, 1050 schbul shailag,

Mecrarchier, V., Lahtines, J., Meier, 5., Strobssaier, J., Prank, 1, Heinrieh, A, Beeuer, B,
Witt, S ML, Mothen, M.M., Biebschel, M., Hovatia, 1, 2013 Lonper telomere lengih in
patienis with schaopbrenda, Schizophr, Bes, 149, 116-130,

Dliveira, BS., Tenpesepel, MY, Quinles, 1., Fahed, H., T, MT., Guesra, RO, 2016,
Symematic review of the assoclation betwesn chronie soclal stress and relomere
lengzh: a life course perpective. Ageng Res, Rev, 26, 17-52

Dbwmikow, AR, 1973, A theory of marginomey. J. Theor. Biol. 41, T21-190

OCallaghas, M., Feeeh, M., 2011, & quasstitative PCR metiad for messuring absoline
telomese length. Biol, Proced. Online 13, %

¥ Donovan, A., Temiyaema, AJ, Lis, J,, Puterman, B, Adler, B.E., Eemeny, M.,
Waolkewite, OM., Blackburs, EH., Epel, EX, 3012 Soecis appralsaly and eellular
aging: a key role for anticpatery threat @ the relationship between prychological
siress and belomere length. Brain Behav, Immun 26, 573574,

Pawelezyk, T, Seymiscka, B, Geaseow-Orabke, ML, 2015 Telomere kength in blesd cells
iz related g0 the chronicity . severity , and recuresce maie of schizephrenia
Weuropasychimtric M, Treak, 18931503,

Perala, I, Suvisaard, J., Ssarnd, 81, KDeoppasalmi, K, lsesesa, B, Pirkela, 8., Pasmenen,
T., Tuulio-Henrfiseos, A, Himikks, J., Kieseppa, T., Harkanes, T., Esskinen, 5.,
Lonngvist, J., 2007, Lifetime prevalence of psychotic and bipolar 1 disorders in 8
geseral population. Arch. Ges Paypchiamr. &4, 19-25.

Palho, G.B., De-Paula, V.1, Cardills, G, dos Sestcd, B, Berr, DS, 2005, Leskooyte el
omere length in patients with schizophrenia: a meta-analysis, Schizophr, Res, 165,
1920,

Paserman, E., Epel, E, 2001, An intricate dance: life experiense, maltisystem resilieney,
and rate of telomere decline throughout the lifespan, Soc Pers, Prychol Compass, 4,
BT -HES.

Pumerman, E., Gemmill, A, Kesoek, D, Weir, D, Mdr H.E., Frather, AA., Epd.. EE.,
016 Lifespan adversity asd lacer In the i
presentative LS Health and Retirement Study. Proc, Natl Acad. S0, Unat &lﬁu F.m
113, ES335-Ea34L

Ray, 5., Kota, LML, LL X, Yao, ¥, Tang, J, Mas, C, Jain, 5., Xa, ¥, Xa, Q., 2016.
Arcelerated leukocyie telomere erosion in scharopbrenda: evidence from the present
wtudy and a mess-anabysis, J. Povchistr, Res 759, 50-56,

Ridowt, EK., Levandowskl, M., Bidour, 5., Gasez, L., Goonan, K., Palerma, D, Price,
Lat, Torka, AR 2017, Barly Wfe adversity and telomere length: 2 meta-amalysis

it

Jownal af Piychiaric Rensarch 111 (20190 168-185

Muol, Prychiatr, 1-14,

Riley, 0., Ferrin, M, Vacz-Azizl, LM, Ruby, E., Goerz, LE., Dracales, R, Walsh-
Mesrnger, J., Keefn, L., Buckley, P.F,, Szeseho, BB, Malaspina, D, 2018, Telomere
length and early trooma in schizophrenia Schizophr. Res, 199, 436450 htipsidoy
org/ 101016 | schees 200 8.02.059.

Birgen, P.A, Engh, LA, Birkenaes, A0, Dieset, |, Andreassen, 8., 2004, Incressed
m.urldi‘h'inu" shrenia due o cardi ular disease - a pon-wy review of

& iy, poaible causes and Interveni Fronr T y 5, 1-11. hicgs: /'
dol.corg 10,3380, Fpsyt. 101 4 DOD 27,

Salovey, P., Strowd, LA, Woolery, &, Bpel, E5., 2002, Percerved emotional imiclkigence,
SIFiSs FEacCiviny, amd symplom repaoris! feter cxplorarions using due il sero.
mood seake. Fsyehal. Health 17, 611-827. hoopa/ded org/ 1001080
DEEFISIS00EEE 2,

Shalev, 1., Moffit, T.0., Sugden, K, Willams, B, Houts, B.M., Danese, A, Mill, J,
Arsengaull, L, Caspi, &, 2012, Expasure o violence during childhosd is msocloed
with telomere erosion from S to 10 years of ape: & longitudinal sody, Mol, Psychiatr,
18, G-,

Shalev, 1., Entringer, &, Wadhwe, P.I, m-m,a.nr. PIH‘I:M.!.,E HFL4. Siress asmd
telomere Tall Psy logy 5, 1835-1842
higps/dolorg 10 10162 pn-ruum mu.ux A0 Stress,

Simm, A, Mass, N., Barlisg, B, Holmess, B, Silber, BE., Mavarsete Sannos, A, 2008
Fotential bisssarkers of ageing. Biol. Chese 389, 257265, hirps: /ol oeg/10.1515/
B B0 )4,

Trigos, £, Kyrou, L, Kassi, B, Chrouses, G.P,, 2016, Siress, Endocrine Physiology and
Fathophysiology. MDTextcom, ke,

Waer-Azizm, LML, Ruby, &, Dracsler, R, Rothmam, K., Pernn, M., Walsh-Messinger, 1.
Antonius, D, Goetx, LR, Goetx, 0.M., Keefe, L., Ma].lq:llnu,. o, ﬂﬂill!- 'T‘:lum.u!
lergrh variasaity s related o sympaoss and cognits in I i
Res. 164, 268-258. haps://del org/ 101005, | schres 3015.03. I]]]

wan O, ., Ratten, 0P, Myin-Gemmeys, L, Delespaal, P, Viechibauer, 'W., Yan Zels, C,
Brugiernan, B, Reininghaes, U., Meorgas, C Marrey, LML, Di Foetd, B, MoGuise, F.,
Valsaggia, LR, Kempoon, 8., Gayer-Anderson, C, Hubbard, K, Beands, 5., Stibs,
S0, Orvejiska, &, Dourgee, B, Modines, G, Togmim, £, Callem, M., O Donovan,
MG, Drwen, ML, Holmans, P, Williams, &, Craddeck, N, Rachards, A, Humphreys,
L, Meyer-Lindenberg, A, Leweke, F.M, Test, H., Akdeniz, C, Rabdeder, C., Bumb,
2B, Schwars, 1., Alptekin, K., Ucck, &., Saka, M.C., Athasoglu, E£., Gulokmz, &,
Gumus-fkay, G, Cihan, B, Kaadag, 1., Soygur, I, Cankurtaran, E5., Ulusor, &,
Akdade, B., Binbay, T., Ayer, A, Noyan, H., Karadayi, 0., Aluran, E, Ulas, H.,
Arangs, C, Parellada, M, Besnards, M., Sanjuan, J., Bebes, 1., Arsajo, M., Setod,
AL, Cusdrado, P, Solano, JuI K., Carscedo, A, Bemardio, B.G., Boldan, L, Loge, G,
Cabrers, B, Cruz, &, Mega, EMD., Pouss, B, Jimenez, E., Sanches, T., Rap i, M,
Gonzaler, E., Mastinez, C, Sanches, E, eseda, M5, Dv Haan, L, Velshonit, E, Vas
Der Gaag, M., Selien, J.P., Vam Dam, [, Van Der Yen, E, Van Oer Meer, F,,
Meschast, B, Eragn, T., Burger, N., Lebover, M., Saoke, A, Schurhadl, F., Uorck,
P.M, Jameis 8., Tomelll, A, Feljda, F., Vilids, J, Gallion, A, Baudin, O, Ferckbs,
A, Bichard, )0, Bukacka, E, Champeaud, T., Trenche, AM., De Hert, M., ¥an
‘Winkel, K., Decoster, )., Derom, C, Thiery, B, Stefanis, ®.C., Sachs, G, ﬁ.!:hl.m' I,
Lasser, I, Wiskilbaur, B, Schlogelholer, ML, Riccher-Rmsles, A,

‘Walter, A Marmsberger, F., Smaeskovs, B, Happ, ©, Itig. &, S-WLEI-IJIMF
ftuderus; K, Kloserkotter, J., Buhmann, &, Pamch, J., fullowssi, 0, Hilball, 0.
Sham, P.C., (eray, 5.5, Chen, EY.H, Casphell, 0.0, Li, M., Bosteo-Casabona,
C8, Crion, AE, Mora, AU, Jesmes, P, Kirkbride, J., Cannos, M., Rujescu, On,
Tarncome, L, Berardi, v, Bomora, L., Seri, M., Marcaca, T, Chan, L, Chierzi, F.,
Srorbind, W, Braca, b, Mineina, MG, Doseganl, 1, Fiofm, A&, La Barbera, I, La
Casela, CE, Mal??, A, Sideli, L, Saroris, B, Persane, L, Teipall, ., Sesiseds, F,
Marmaro, &M, McGorry, P Nelson, B, Ammdnger, G, Pantelis, C, Menezes, PR,
Ded-Ben, CM., Tenan, 5.1.G., Shuhama, B, Rugper, M., Tomino, 5., Lasalia, &,
Bonenng, O, len, E., Nordentolt, M., Ereba, M.0., Barsams-Vidal, N, Crscedal, F.,
Bwapal, T.K., Orietzke, E, Bressan, BA, Gadeha, A, Maric, N.B., &ndnic, 5.,
Mibaljevic, M., Mirame, T, 304, Identfying mmmﬂtinmm-
schimsphipenla: cxitemporary <hilk fiaf i imvesti
Schizephr. Bull 40, TE-736. hwmﬂm.wmlwmmwf b6,

Warese, I, Smeets, F., Drukker, M., Lievene, B, Latyser, T, Viechtbaver, W, Read, J,,
Was 05, I, Besitall, R.P., 20012 Childhood adversiries incrense s risk of prychssis: a
metd-analysls of parient-contred, prospective-iand croke-seetonal colort somes.
Schizophr, Bull. 38, &81-671. hisps.doi orgs 10,1040 schbul /sbe150,

Werhoeven, 1E., Révész, O, Fezard, M., Epl, EE, \'JMII.EM Mk, K,
Penniny, EW.LH, P E., 2018. Dy i inach
DNA: between- and within-persmn asmeiations from a 10-year Iuru:lh.rdirulm.rd'_r
Miol. Prychintr, 23, BS0-857, hetps:/ dod orp/ 10, 1058, mp 201 7. 40,

Wollema, MG, Ormel, 1., 1997, Reliability of the stnectured Esterview Tor schizotypy-
revised (515-R), Schizophr, Bes. 24, 8,

Wechsler, [x, 1957, Wechsler adult intelligence scale, 3nd edn. Admanistration and
Seoring Manual [ WAIS-IIL Psycholegical Cerporatios, San Antonio, TX, USA.

Weinberg, S0, Jenkisg, EA., Marazitg, ML, Maker, B.E, 2007 Minor physical
anomalies in schizophrenia: a meta-analysis. Schizophr. Res. 4, 7285,

Xia, X, Chen, W, MeDermomn, 1., Han, J-00, 3017, Molesulas and phessryplc hio-
mirkess of aging. F1000Reseaneh 6, B60. baips,/ /8ol oep/ 10,1 2552, 11 0D0reseasc.
1069321,

Fu, W.-Y., Chang. W.-W., Lin, C-H, Cho, C-L, 2008, Short telomeres i patients with
chsnnic schizophrenia who show a poor respasse o reatment. J. Peychinry
Meurosci, X5, 244247,

113



